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Preface

Intended Audience

This manual is written for Digital customer service engineers doing field-
level repairs or programming and for OEMs who are writing specialized
applications, such as their own operating systems.

Document Structure
This manual has four chapters.
e Chapter 1 introduces the VAX 6000 Model 500 system and its parts.
¢ Chapter 2 explains the KA66A CPU module.
¢ Chapter 3 explains the FV64A vector processor.
¢ Chepter 4 explains the MS65A memory module.
¢ The Index provides additional reference support.

VAX 6000 Series Documents

There are two sets of documentation: manuals that apply to all VAX 6000
series systems and manuals that are specific to one VAX 6000 model.
Table 1 lists the manuals in the VAX 6000 series documentation set.

Table 1 VAX 6000 Series Documentation

Title Order Number
Operation

VAX 6000 Series Owner’s Manual EK-8COEA-OM
VAX 6000 Series Vector Processor Owner’s Manual EK-80VAA-OM
VAX 6000 Vactor Processor Programmer's Guide EK-60VAA-PG

Service and Installation

VAX 6000 Platform Technical User's Guide EK-800EA-TM
VAX 6000 Series Installation Guide EK-600EA-IN
VAX 6000 installationsanleitung EK~-B800GA-IN
VAX 6000 Guide d'installation EK-800FA-IN
VAX 6000 Guia de instalacion EK-600SA-IN
VAX 6000 Platform Service Manual EK-800EA-MG

xvil
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Table 1 (Cont.) VAX 6000 Series Documentation

Title

Order Number

Options and Upgrades

VAX 6000: XMI Conversion Manual EK-650EA-UP

VAX 6000: Installing MS65A Memonias EX-MSE5A-UP

VAX 6000: Installing the H7236-A Battery Backup Option EK~-60BBA-IN

VAX 6000: Inatalling the FV64A Vector Option EK-B0VEA-IN

VAX 6000: Installing the VAXBI Option EK-80BIA-IN

Manuals specific to models are listed in Table 2

Table 2 VAX 6000 Model Level Documentation

Thtle Order Number

Models 200/300/400

VAX 6000 Model 300 and 400 Service Manual EK-824EA-MG

VAX 8000: Installing Model 200/300/400 Processors EK-8234A-UP

VAX 6000 Model 200/300/400 Procsssor Console and EK-60ROM-UP

Diagnostic ROM Upgrade Instructions

VAX 6200400 Options and Maintenance EX-B40EB-MG

VAX 6000-400 System Technical User's Guide EK-84CEB-TM

VAX 6200/6300 Options and Maintenance EK-820AB-MG

VAX 6200/6300 System Tachnical User's Guide EK-820AB-TM

Model 500

VAX 6000 Mods! 500 Mini-Refsrence EK-850EA-HR

VAX 6000 Mode| 500 Service Manual EK-850EA-MG

VAX 6000 Mode! 500 System Technical User's Guide EK-850EA-TM

VAX 6000: installing Model 500 Processors EK-KAB5A-UP
Associated Documents

Table 3 lists other documents that you may find useful.

Table 3 Associated Documents

Title Order Number

System Hardware Options

VAXBI! Expander Cabinet Instailation Guide EK-VBIEA-IN

VAXBI Options Handbook EB-32255-46

xviil




Table 3 (Cont.) Associated Documents

Preface

Title

Order Number
System /O Options
CIBCA User Guide EK-CIBCA-UG
CIXCD Interface Ussr Guide EK-CIXCD-UG
DEC LANcontroller 200 Instailation Guide EK-DEBNI-IN
DEC LANcontroller 400 Installation Guide EXK-DEMNA-IN
InfoServer 100 Installation and Owners Guide EK-DIST1K~IN
KDB50 Disk Controller User’s Guide EK-KDB50-UG
KDM?0 Controller User Guide EK-KDM70-UG
RRD40 Disc Drive Owner's Manual EK-RRD40-OM
RA90/RA92 Disk Drive User Guide EK-ORAS0-UG
SA70 Enclosure User Guide EK-SA70E-UG
Operating System Manuals
Guide to Maintaining a VMS System AALA34A-TE
Guide to Setting Up a VMS System AA-LA2S5A-TE
Introduction to VMS System Management AA-LA24A~TE
ULTRIX-32 Guide to System Exercigers AA-MEDBEB-TE
VMS Upgrade and Installation Supplement: VAX 6000 Series AA-LB36C-TE
VMS Networking Manual AA-LA4BA-TE
VMS System Manager's Manual AA-LAOOA-TE
VMS VAXcluster Manual AA-LA27B-TE
Peripherais
HSC Installation Manual EK-HSCMN-IN
H4000 DIGITAL Ethernet Transceiver Installation Manual EK-H4000-IN
Installing and Using the VT320 Video Terminal EK-VT320-UG
RV20 Optical Disk Owner’s Manual EK-ORV20-OM
SC008 Star Coupler User’s Guide EK-SC008-UG
TA78 Magnetic Tape Drive User’s Guide EK-OTA78-UG
TA90 Magnetic Tape Subsystem Owner's Manual EK-OTA90-OM
TK70 Streaming Tape Drive Owner's Manual EK-OTK70-OM
TUB1/TA81 and TU/81 PLUS Subsystem User's Guide EK-TUAB1-UG
VAX Manuals
VAX Architacture Refsrence Manual EY-3450E-DP
VAX Systems Hardware Handbook — VAXBI Systsms EB-31692-46
VAX Vector Processing Handbook EC-H0739-46
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1

The VAX 6000 Model 500 System

The VAX 6000 Model 500 computer system is designed for growth and can
be configured for many different applications. Like other VAX systems,
the VAX 6000 Model 500 system can support many users in a time-sharing
environment. This system does the following:

Supports a full range of VAX applications and operating systems
Supports writeback caching which enhances system performance

Functions as a standalone system, a member of a VAXcluster, a boot
node of a local area VAXcluster, or as a VAX file server for workstations

Allows for expansion of processors, memory, and I/O
Supports scalar and vector processors

Implements symmetric multiprocessing where all processors have
equal access to memory

Uses a high-bandwidth system bus designed for multiprocessing

Performs automatic self-test on power-up, reset, reboot, or system
initialization

This chapter describes the system packages and introduces the location of
components in the cabinet. Sections include:

System Architecture
Sample System
System Front View
System Rear View
Supported Adapters



The VAX 6000 Model 500 System

1.1 System Archit;cture

The high-speed XMI bus is usad to interconnect processors,
memory modules, and I/O adapters.

Figure 1-1 System Architecture
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The VAX 6000 Model 500 System

The XMI is the 64-bit system bus that interconnects the processor 3,
memory modules, and /O adapters.

The XMI bus uses the concept of a node. A node is a single functional
unit that consists of one or more modules. The XMI has three types of
nodes: processor nodes, memory nodes, and I/O adapters.

A processor node is a single-board scalar processor or a scalar/vector
processor pair. The central processor unit (CPU) is comprised of two chips,
one of which is a floating-point accelerator. A writeback cache subsystem
improves system performance. In a multiprocessing system one scalar
processor becomes the boot processor during power-up, and that boot
processor loads the operating system and handles communication with the
operator console. The other processors become secondary processors and
receive system information from the boot processor.

Model 600 supports multiprocessing with up to six scalar processors and
vector processing with up to four scalar/vector processor pairs. Symmetric

multiprocessing is supported, allowing a program to execute on any
Processor.

A memory node is one memory module. Memory is a global resource
equally accessible by all pracessors on the XMI. Each memory module may
have 32, 64, or 128 Mbytes of memory consisting of ECC and control logic.
The memories are automatically interleaved. An optional battery backup
unit protects memory in case of power failure. The system supports up to
eight memories.

IO adapters are installed on the XMI bus (see Section 1.5). If the system
has a VAXBI, then the DWMBB adapter is used to connect VAXBI I/0
adapters to the ¥XMI bus.



The VAX 6000 Mode! 500 System

1.2 Sample System

A sample system has a system cabinet, a console load device—
either in-cabinet or a compact disk server on the Ethernet—
a console terminal and printer, an accessories kit, and a
documentation set. The system may have additional storage
devices and may be 2 member of a VAXcluster.

Figure 1-2 Sample System
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The VAX 6000 Model 500 System

Table 1-1 System Components

Component Function

System cabinet Houses system components and optional storage
Console load device Software distribution; stores and transfers data
Consoie terminal Manages system and ita resources

Console printer Provides hardcopy of console transactions
Documentation See the Preface for a full list of documentation

related to VAX 6000 Model 500 systems

Storage cabinet Provides additional storage capacity

The VAX 6000 Model 500 components include:

The system cabinet may house a console load device, the XMI card
cage (which contains the processors, memories, and /O adapters),
two optional VAXBI card cages, optional disk drives, the control panel
switches, status indicators, and restart controls.

The console load device is used for installing operating systems,

software, and some diagnostics. It may be an Ethernet-based compact
disk server or an in-cabinet tape drive.

A storage cabinet provides local storage and archiving capability.

The console terminal is used for booting and for system
management operations.

A system documentation kit includes:
— Instaliation Guide
— Owner’s Manual

— Mini-Reference

£



1.3

The VAX 6000 Model 500 System

System Front View

The console load device, system control panel, and optional disk
control panels are on the front of the system cabinet, accessible
with the doors closed. With the front decor spen, Digiiai cusiomer
service engineers can access the power regulaiors, the XMl card
cage and optional VAXBI card cages, the cooling system, and the
optional battery backup unit.

Figure 1-3 System Front View
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The VAX 6000 Model 500 System

WARNING: The inside « 'the system cabinet is not designed to be accessed by
the customer. The cabinet doors are to be opened only by Digital
customer service engineers.

These components are visible from the inside front of the cabinet (see
Figure 1-3 for their location):

Control panel
XMI power regulators
XMI card cage

Cooling system
One of the two blowers is visible from the front of the cabinet.

Power and logic box

Optional components visible from the inside front of the cabinet include:

Console load device

VAXBI power regulators

Two VAXBI card cages (one 12-slot channel)
Battery backup unit

Disks

1-7



The VAX 6000 Model 500 System

System Rear View

With the rear door open, Digital customer service engineers can
access the power sequencer module (XTC); the power regulators;
the 'O bulkhead space behind the card cages; Ethernet and
congole terminal connectors; cooling system; power and logic
box; battery backup unit and disks, if present; and the AC power
controller.

Figure 1-4 System Rear View
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WARNING: The inside of the system cabinet is not designed to be accessed by

the customer. The cabinet doors are io be opened only by Digital
customer service engineers.

These components are visible from the rear of the cabinet (see Figure 1-4):

Power sequencer module (XTC) located on the back of the system
control assembly and control panel unit

XMI card cage (with I/O bulkhead unlatched)
XMI power regulators

I/O bulkhead space

The panel covering the XMI and VAXBI areas is the I/0 bulkhead
panel and provides space for additional I/O connections.

Ethernet and console terminal connectors
Cooling system, with open grid over a blower
Power and logic box

AC power controller

Optional components visible from the inside rear of the cabinet include:

VAXBI power regulators

VAXBI card cages (with I/O bulkhead unlatched)
Battery backup unit
Disks



1.5

The VAX 6000 Model 500 System

Supported Adapters

The system supports the following adapters: CIXCD, DEC
LANCcontroller 400 (DEMNA), DWMBB, KDM70, and the KFMSA.

Figure 1-5 Adapters
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The VAX 6000 Model 500 System

Table 1-2 lists some devices supported by the system. Some adapters have
more than one module, requiring more than one slot on the XMI. For more
information on adapters, see Digital's Systems and Options Catalog or the
VAX 6000 Platform Service Manual.

Table 1-2 Adapters

Std No.

Adapter Opt't Siots  Function

CIXCD O 1 Cl port interface; connects the system to a Star
Coupler.

DEMNA S 1 Ethemet port interface; connects a system to a local
area network.

CWMBB ) 1 VAXBI-to-XMI interface, a two-module set. The
DWMBBVA is in the XMI card cage; the DWMBB/B is
installed in the VAXBI card cage.

KDM70 o] 2 Disk adapter; enables connection to RAxx disk drives.

KFMSA o 1 Adapter; enables connection to RFxx and TFxx

devices.

1-1
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KAG65A CPU Module

This chapter describes the KA65A CPU module, the processor for the VAX
6000 Model 500 system.

This chapter includes the following sections:

Overview

Block Diagram Description

CPU Section

Cache Memory

System Support Chip

XMI Interface

Scalar/Vector Interaction

KA65A CPU Module Registers
Initialization, Self-Test, and Booting
Interprocessor Communication Through the Console Program
Error Handling
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2.1 Overview

The KA85A CPU module is a single-board VAX CPU using five chips
for the processor section and two chips for the MAXMI interface to
the XMI bus.

Figure 2-1 KA65A CPU Module Block Diagram

8ystem and Auxiliary Console .

Control
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The processor set consists of five chips:

MP-chip (CPU-chip) (DC595)

MF-chip (floating-point accelerator chip) (DC596)
MC-chip (backup cache controller chip) (DC597)
Clk-chip (clock distribution chip) (DC598)

MSSC (system support chip) (DC224)

The MAXMI interface set consists of two chips:

MDA (data path chip) and MCA (control chip)

The two chipsets implement a VAX CPU with the following features:

A VAX CPU that supports the 242-instruction VAX base instruction
group, associated data types, and full VAX memory management.

Support for 2 Gbytes of physical memory and 512 Mbytes of I/O space.

A floating-point accelerator that improves the execution of the F_, D_,
and G_format floating-point instructions and the longword variants of
integer multiply.

A two-level instruction and data cache subsystem consisting of a
2-Kbyte primary cache and a 512-Kbyte backup cache.

A writeback cache system that allows multiple read and write
operations to be serviced which reduces XMI bus traffic.

Control for an optional vector module.

A VAX-compatible macrocoded console program.

A set of processor clock registers that support the following:
—~ A VAX-standard time-of-year (TOY) clock with battery backup
— An interval timer with 10 millisecond interrupts

— Two programmable timers

A bootstrap and diagnostic facility that provides:

—~ Full microcode and macrocode power-up self-testing

— Noede initialization

— Booting from various VAXBI and XMI devices

An XMI interface that includes:

— A writeback buffer with eight hexword entries.

— Hexword cache fill logic that loads the backup cache with eight
longwords of data on each cache miss.

~ XMI read/write monitoring logic
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2.2 Block Diagram Description

The KA85A CPU module consists of four major blocks.
e CPU and floating-point accelerator

¢ MC-chip and backup cache

¢ System support chip

e XMI interface

Figure 2-1 shows the KA65A CPU module block diagram.

2.2.1 CPU and Floating-Point Accelerator

The MP-chip and the MF-chip cooperate as the CPU section of the KA65A
CPU module. They implement the base instruction group of the VAX
architecture.

The MP-chip is a pipelined CPU that provides the hardware and
microcode needed to execute instructions, handle exceptions, and otherwise
implement the VAX architecture. The MP-chip contains a 64-entry, fully
associative translation buffer where both process- and system-space
mappings are kept.

The MP-chip also includes the primary cache, which is a 2-Kbyte, direct-
mapped instruction and data cache with a quadword block and fill size.
Access to this cache takes one cycle. The data/address lines (DAL)
interface is a high-performance, fully-handshaked, synchronous bus that
includes a write buffering protocol to isolate the instruction pipeline from
the DAL.

The MF-chip is a pipelined execution unit that enhances the computation
phase of floating-point and certain integer instructions. The MF-chip
receives operands from the MP-chip, computes the results, and passes the
result and status back to the MP-chip to complete the instructions.
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2.23

2.2.4

KAG65A CPU Module

MC-Chip and Backup Cache

The backup (or secondary cache) uses the MC-chip which contains the
tag store and control logic for a 5612-Kbyte backup cache using 64-Kbyte
x 4 data RAMs on the module. The backup cache is direct-mapped and
contains 4-Kbyte tags organized to provide a hexword fill size and a 4-
hexword block size. Access to data in the backup cache takes three cycles
longer than access to the primary cache.

The MC-chip includes a special address interface to check XMI write/read
address against data in both caches. If the address corresponds to cached
data, the MC-chip requests an invalidate or writeback cycle to purge the
cached data.

The MC-chip also provides the operand and control interface between
the KA65A CPU module and an optional vector module. This MC-chip
issues vector instructions over the vector interface bus (VIB) to the vector
module, which then executes the instructions, including all memory
references needed to load or store vector registers.

System Support Chip

The MSSC system support chip provides support functions to the CPU in
a system environment. Included in the MSSC is support for external ROM
/EEPROM, 1 Kbyte of battery-backed-up RAM, console terminal UARTS,
bus reset logic, an interval timer, programmable timers, a time-of-year
clock, bus timeout logic, and halt arbitration logic.

XM! Interface

The XMI interface is between the DAL bus and the XMI bus and consists
of the XMI Corner (one XCLOCK chip and seven XLATCH chips) and the
MAXMI chipset (one MCA-chip and one MDA-chip).
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2.3 CPU Section

The CPU section of the KA65A CPU module consists of the MP-
chip and the MF-chip floating-point accelerator that cooperate
to execute the VAX base instruction group and provide full
VAX memory management. For more information, see the VAX
Archiiecture Rejerence Manual.

The CPU description that follows includes the following topics:
* Data Types

¢ Instruction Set

e Memory Management
e Exceptions and Interrupts
e System Control Block

¢  Process Structure

¢  Primary Cache
¢ Floating-Point Accelerator .

2.3.1 Data Types

The KA65A CPU module supports the following subset of VAX data types:

* Byte

e Word .
¢ Longword

¢ Quadword

¢  Character string
¢ Variable-length bit field
¢  Absolute queues

¢  Self-relative queues

o F_floating
o G_floating
¢ D_floating

The remaining VAX data types are supported by macrocode emulation.
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KAG65A CPU Module

Instruction Set

The KA65A CPU module supports the following instruction classes:

Integer arithmetic and logical
Address

Variable-length bit field
Control

Procedure call
Miscellaneous

Queue

Character string
Operating system support
F_floating

G_floating

D_floating

The KA66A CPU module has special microcode to aid the macrocode
emulation of the following instruction groups:

MATCHC, MOVTC, MOVTUC
Decimal string

CRC

EDITPC

The following instruction groups are not implemented but are emulated by
macrocode:

Octaword

H_floating

POLYF, POLYD, and POLYG
EMODF, EMODD, and EMODG
ACBF, ACBD, and ACBG

Compatibility-mode instructions

The KA656A CPU module decodes the VAX vector instruction set and
passes operands and control informatior. to the optional vector module, if
one is installed. If a vector module is not installed, execution of a vector
instruction results in a reserved instruction fault.
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2.3.3 Memory Management

The KA65A CPU module implements full VAX memory management.
System space addresses are mapped through single-level page tables, and
process space addresses are mapped through two-level page tables. The
KAG5A CPU module supports 25-bit page frame numbers (PFNs). Refer
to the VAX Architecture Reference Manual for descriptions of the virtual-
to-physical address translation process and the format for VAX page table
entries (PTEs).

2331 Translation Buffer
The MP-chip includes a 64-entry, fully associative, translation buffer
to reduce the overhead associated with translating virtual addresses to
physical addresses. The translation buffer caches VAX PTEs. Each entry
stores a PTE for translating virtual addresses in either VAX process space
or VAX system space. Each entry is divided into two parts: 5 Z4-bit tag
register and a 31-bit PTE register.

The tag register is used to store the virtual page number (VPN) of the
virtual page that the corresponding PTE register maps. The tag register
i also stores a valid bit (TB.V) that indicates a valid VPN in the tag. The
" PTE register stores bits <22:0> of the page frame number (PFN) field, the
PTE.V bit, the PTEM bit, and the 4-bit protection (PROT) field from the
e corresponding VAX PTE. Bits <24:23> of the PFN are ignored.

During virtual-to-physical address translation, the contents of the 64

tag registers are compared with the VPN field (bits <31:9> of the virtual
address of the reference). If there is a match with one of the tag registers
and the TB.V bit indicates that the entry is valid, 2 translation buffer "hit"
has occurred, and the contents of the corresponding PTE register are used
for the translation.

If there is no match, the translation buffer doez not contain the necessary
VAX PTE information to translate the address of the reference. The

PTE that maps the page is fetched from memory and the translation
buffer is updated by replacing the entry at the location indicated by the
replacement pointer. The replacement algorithm is Not Last Used (NLU),
because hardware does not replace the last valid transaction accessed. The
replacement pointer is called the NLU pointer.
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233.2

NOTE:

CAUTION:

Memory Management Control Registers
Four internal processor registers (IPRs) control memory management:

IPR56, Memory Management Enable Register (MAPEN)
IPR57, Translation Buffer Invalidate All Register (TBIA)
IPR58, Translation Buffer Invalidate Single Register (TBIS)
IPR63, Translation Buffer Check Register (TBCHK)

Three pairs of IPRs specify the base and length of P0, P1, and S0 space:

IPR8, PO Base Register (POBR)

IPR9, PO Length Register (POLR)
IPR10, P1 Base Register (P1BR)
IPR11, P1 Length Register (P1ILR)
IPR12, System Base Register (SBR)
IPR13, System Length Register (SLR)

Two IPRs are used by diagnostic software to test the translation buffer:

IPR47, Translation Buffer Tag Register (TBTAG)
IPR59, Translation Buffer Data Register (TBDATA)

Memory management is enabled/disabled using MAPEN, IPR56. Writing
zero to MAPEN with a Move To Processor Register (MTPR) instruction
disables memory management; a one enables. MAPEN is read with a
Move From Processor Register (MFPR) instruction to determine if memory
management is enabled.

The contents of the translation buffer are UNPREDICTABLE
whenever memory management is disabled. The MP-chip flushes
the entire translation buffer contents before memory management
is enabled.

Translation buffer entries that map a particular virtual address are
invalidated by writing the virtual address to TBIS (IPR58) using the
MTPR instruction.

All affected process pages MUST be invalidated in the translation
buffer whenever software changes a valid PTE for the system

or the current process region, or whenever software changes a
eystem PTE that maps any part of the current process page table.
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The entire translation buffer is invalidated by writing a zero to TBIA
(IPR57) using the MTPR instruction.

The base and length of the PO, P1, and SO page tables are changed by
writing the appropriate address or length to POBR, POLR, P1BR, P1LR,
SBR, or SLR. The entire translation buffer is flushed whenever a change
is made to any of these six registers.

NOTE: A full invalidation of the translation buffer, whether performed as
the result of an explicit write to TBIA or as an implied clear due
to writes to MAPEN or any base/length register, resets the NLU
pointer to the first location in the translation buffer.

When a process context is loaded with the Load Process Context (LDPCTX)
instruction, all translation buffer entries that map process-space pages are
automatically invalidated. System-space mappings are preserved.

Changes to memory management parameters due to an MTPR instruction
to POBR, POLR, P1BR, P1LR, SBR, SLR, MAPEN, TBIA, or TBIS are
sent to the vector module, if one is installed. Changes due to a LDPCTX
instruction are not sent to the vector module.

To determine if the translation buffer contains a valid translation for
a particular virtual page, write a virtual address within that page to
TBCHK using an MTPR instruction. If the translation buffer contains a

valid translation for the page, the condition code V bit (PSL<1>) would be
get. .

Diagnostic software uses TBTAG and TBDATA to test the operation of the
translation buffer. A write to TBTAG writes bits<31:9> of the source data
into the VPN field of the current tag location and clears the TB.V bit. A
subsequent write to TBDATA interprets the source data as a page table
entry (PTE) and writes PTE.V, PTEM, PTE.PROT, and PTE.PFN into the
current PTE location, sets the TB.V bit, and increments the NLU pointer.

TBTAG and TBDATA are for diagnostic purposes only and are not to be

written during normal operation. The following restrictions apply to writes .
to these registers:

* The NLU pointer must be in a known state. A write of zero to TBIA
initializes it to the first location in the array.

¢ Memory management must be enabled before using TBTAG and
TBDATA, since writing to MAPEN implicitly writes a zero to TBIA
and resets the NLU pointer.

¢ During diagnostic use of TBTAG and TBDATA, data- and instruction-
stream references must not change the NLU pointer.

The TBIS, TBIA, TBCHK, TBTAG, and TBDATA IPRs are write only. An
MFPR instruction to them causes a reserved operand fault.
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2.3.4 Exceptions and interrupts

Sometimes events require execution of software routines outside the
explicit flow of instructions.

An exception is an event caused by the currently executing process that
invokes a software routine in the context of the currently executing

process. Exception handlers are often system routines, not process
routines.

An interrupt is an event caused by some activity outside the current

process that invokes a software routine outside the context of the current
process.

. The CPU chip reports exceptions and interrupts by constructing a frame
on the stack and then dispatching to the service routine through an event-
specific vector in the system control block (SCB). The minimum stack
frame for any interrupt and exception is a program counter/processor
status longword (PC/PSL) pair, as shown in Figure 2-2.

Figure 2-2 Minimum Stack Frame

Program Counter (PC) : 8P

Procesesor Status Longword (PSL) 8P + 4

msb-p209-89

This minimum stack frame is used for all interrupts. Certain exceptions

expand the stack frame by pushing additional parameters on the stack
above the PC/PSL pair, as shown in Figure 2-3.

The parameters that are pushed on the stack above the PC/PSL pair, if
any, depend on the exception being reported.
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Figure 2-3 Large Stack Fruine

-
o

Parameter n . 8P
Parameter 1 :8P 4+ [4(n-1)]
Program Counter (PC) :8P + [4(n)]
Procesaor Status Longword (PSL) :8P + [4(n+l)]

meb-p210-89

2341 Iinterrunts
A subeet of the 31 VAX interrupt priority levels (IPLs) is implemented
by the MP-chip. When an interrupt request is generated, the MP-chip
hardware compares the request with the current IPL of the CPU. If the
new request is of higher priority, an internal request is generated. At
the completion of the current instruction, or at selected points during the
execution of interruptable instructions, a microcode interrupt handler is
invoked to process the request. The microcode handler, with hardware
assiatance, determines the highest priority interrupt, updates the IPL,
pushes a PC/PSL pair o the stack, and dispatches to a macrocode
interrupt handler through the appropriate location in the SCB.

Multiprocessor invalidate aserialization is guaranteed only for device or
special interrupts requested by the MAXMI at IPL 14 through 17 (hex).

The interrupt system is controlled by three IPRs:

e JPR1S, Interrupt Priority Level (IPL) Register

¢ IPR20, Software Interrupt Request Register (SIRR)
o JPR21, Software Interrupt Summary Register (SISR)

The IPL register is used for loading the interrupt priority level field in
PSL<20:16>. The SIRR is used for creating software interrupt requests.

The SISR records pending software interrupt requests at levels 1 through
15.

Table 2-1 lists the IPLs implemented by the KA656A CPU module.
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Table 2-1 KAG65A CPU Module Interrupts

interrupt Level (hex)

intarrupt Condition

SCB Vector (hex)

iF — Forced console entry or
machine check

1F - Machine check
1E -~ Power Fail

1D -~ “Hard" error notification

iC - 1B

1A —~ "Soft" error notification

19 - 18

17 - Devige interrupt

16 - Device or gspecial interrupt

CTRU/P typed at the console,
Node HALT bit (XBER<29>) set,
node reset, or system reset

Machine check
XMI AC LO L assertion

MAXMI-detected smrars in XBER

MAXMi-detected errors in XBEER

Vector module hard errors (VINTSR<2>), VINTSR<7>
MC.-chip-detected errors in BCSTS

Unused

P-cache tag parity error on read, write, or invaiidate
(PCSTS<B> set)

P-cache data parity error on i-stream or nonrequested
D-stream read (PCSTS<10> set)

Data parity error on |-stream or nonrequested D-
stream read (PCSTS<9> set)

Memory error on |-stream or nonrequested D-stream
read (PCSTS<11> set)

Parity arror on an XMI cycle (XBER<23> set)

Corracted XMl CNF error (XBER<27> set if XCR<6>
not set)

Correctable read data etror (XBER<19> set if XCR<5>
not set)

Vector module soft errors (VINTSR<1> set)
Unused

XM! Level 7 interrupt (INTR)

XMI interprocessor interrupt (IVINTR)'
XMl jevel 6 interrupt (INTR)

interval timer interrupt

None; the consoie
is entered using
the console halt
procedure and is
nonmaskable.

04

8

2388

g £ ¢ € ¢ ¢ £

Supplied by the
device

80

Supplied by the
device

Cco

' At this IPL, the priority of interrupts is shown in descending order.
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Table 2-1 (Cont.) KA65A CPU Module Interrupts

Interrupt Level (hex) Interrupt Condition SCB Vector (hex)
15 — Device or special interrupt Console terminal receive interrupt’ F8
Console terminal transmit interrupt FC
Programmable timer interrupt (timer O takes priority Programmable by
over timer 1) writing to the TIVRn
regisier
XMt level 5 interrupi <{NTR) Supplied by the
device
14 - Device interrupt XMI level 4 interrupt (INTR) Supplied by the
device
13 - 10 Unused
OF - 01 Software interrupt request 80 to 9C indexed
by the level

At this IPL, the priority of interrupts is shown in descending order.

234.2 Exceptions
Exceptions fall into one of three types:

¢ Traps
* Faults
* Aborts

A trap occurs at the end of an instruction. This means that the PC saved
on the stack poirts to the next instruction had the trap not occurred.

A fault occurs during an instruction that leaves the registers and memory
in a consistent state so that eliminating the fault condition and restarting
the instruction gives correct results. After the instruction faults, the PC
saved on the stack points to the instruction that was executing when the
fault occurred.

An abort occurs during an instruction that leaves the value of the
registers and memory UNPREDICTABLE, so that the instruction cannot
be restarted, completed, simulated, or undone. In most cases the MP-chip’s
microcode attempts to convert an abort into a fauit by restoring the state
that was present at the start of the instruction that caused the abort.

Table 2-2 lists the KAG65A CPU module-specific instances of the seven
classes of exceptions in the VAX.
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Table 2-2 KA65A CPU Module Exceptions

Exception Class

Instances

Arithmetic traps/faufts

Memory managemant exceptions

Operand reference exceptions

Inetruction execution exceptions

Tracing axceptions
System failure exceptions

Machine-check e <-eptions (aboris)

integer overflow trap

Integer divide-by-zero trap
Subscript range trap

Floating overflow fauit

Floating divide by zero fault
Floating underflow fauit

Access control violation fault
Translation not valid fault
Reserved addressing mode fault
Reserved operand fault or abort
Reserved/privileged instruction fauit
Emulated instruction fault
Frterded function (XFC) fault

Y ge  ode uap
B. gl = aplit
Trace ¢

Kernst s o 3 .bont

interrupt .. _k not valid abort
MP-cache read error abort

DAL read erro: abort

DAL write error abort

MF-chip status eror abort

Translation buffer status error abort
internally detected inconsistency abort

2343

Unique Exceptions

The following exceptions are unique to the MP-chip. The other exceptions
are described in the VAX Architecture Reference Manual.

Arithmetic Exceptions

Arithmetic exceptions are detected during the execution of integer or
floating-point arithmetic instructions. The exception is reported as either
a trap or a fault, depending on the specific event. Figure 2—4 shows the

arithmetic exception stack frame.

The exceptions are reported in the manner shown in Table 2-3.
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Figure 2-4 Arithmetic Exception Stack Frame

1 0
Type Code : 8P
Program Counter (PC) 8P + 4
Processor Status Longword (PSL) :8P + 8
msb-p211-89

Table 2-3 Arithmetic Exceptions Type Codes

Code (hex) Type Exception
1 Trap Integer overflow
2 Trap Integer divide-by-2¢r0
7 Trap Subscript range
8 Fauit Floating overiiow
9 Fault Floating divide-by-zero
A Fault Floating underflow

Memory Management Ezceptions

Memory management exceptions are detecied during a memory reference
and are always reported as faults. The memory management exceptions
are listed in Table 24

Table 2-4 Memory Management Exceptions

SCB Vector (hex) Exception

20 Access control violation

20 Vector alignment fault (vector module only)

20 1/0 space vector referencs (vector module only)
24 Translation not valid

All memory management exceptions push the same frame on the stack, as
shown in Figure 2-5.
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Figure 2-5 Memory Management Exception Stack Frame

1 4 3210
MUST BE ZERO J;Jvh M|P[{L| :8P
some virtual address in the faulting page :8P + 4
Program Counter (PC) ;8P + 8
Processor Status Longword (PSL) :8F + 12

mesb-p212-89

The M, P, and L bits (bits<2:0>) of the parameter pointed to by the stack
pointer are described in the VAX Architecture Reference Manual under
Memory Management Faults and Parameters. The A bit (bit<3>) is used
to distinguish an access control violation from a vector alignment fault,
which are both reported through SCB vector 20 (hex). When A is zero, the
exception is an access control violation; when A is one, the exception is a
vector alignment fault. For all other memory management faults, or if a
vector module is not installed, A is zero.

The I bit (bit<4>) indicates that the exception reported through SCB vector
20 (hex) was caused by a vector module reference to an I/0 space address.

Emulated Instruction Exceptions

The MP-chip implements the VAX base instruction group and provides
microcode that supports the macrocode emulation of certain other
instructions. Two types of emulation exceptions depend on the state of
PSL<27> (First Part Done, FPD). If FPD is zero at the beginning of the
instruction, the instruction has no microcode assistance and the exception
is reported through SCB vector C8 (hex) as a trap with the stack frame
shown in Figure 2-6 and the stack frame’s parameters listed in

Table 2-5.

If PSL<FPD> is a one at the beginning of the instruction, the instruction
has microcode assistance and the exception is reported through SCB vector
CC (hex) as a fault with the stack frame shown in Figure 2-7. In this
case, PC is the opcode of the emulated instruction.
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Figure 2-6 Emulated Instruction Trap

3
1 0
Opcode : 8P
Old Program Counter 8P + 4
Specifier #1 :8P + 8
Specifier §2 8P + 12
specifier #3 18P + 16
Specifier #4 :8P + 20
npecifier #5 : 8P + 24
specifier #6 18P 4+ 28
Specifier §7 :8P + 32
=
Specifier §8 187 + 36
New Program Counter :8P + 40
Processor Status Longword (PSL) 189 + 44

msb-p214-89

Table 2-5 Emulated instruction Trap Stack Frame Parameters

Parameter

Description

Opcode
Old PC
Specifiers

New PC

PSL

Zero-extended opcode of the emulated instruction.

Program counter of the opcode of the smulated instruction.
Address of the specified operand for specifiers of either access
type write (.wx) or address (.ax).

Operand value for specifiers of access type read (.rx).

For read-type operands whose size is smaller than a longword,
the remaining bits are UNPREDICTABLE.

For those instructions that do not have eight specifiers, the
remaining specifier longwords contain UNPREDICTABLE values.

Program counter of the instruction following the emulated
instruction.

PSL saved at the time of the trap.
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Figure 2-7 Emulated Instruction Fault

Proegram Counter (PC) 18P

Processor Status Longword (PSL) 8P + 4

msb-p215-89

Vector Module Disabled Fault

A vector module disable fault is initiated through SCB vector 68 (hex)
if the MP-chip issues a vector instruction to the optional FV64A ve ‘or
processor and the vector module is disabled. There are no parameters
for this exception other than the PC/PSL pair. The reason for the

exception can be found in the appropriete vector module registers (see
Section 3.9.4.3).

Machine Check Exceptions

A machine check exception is reported through SCB vector 04 (hex) when
the MP-chip detects an error condition. The frame pushed on the stack
for a machine check indicates the type of error and provides internal state
information that may help identify the cause of the error. The machine
check stack frame is shown in Figure 2-8 and its parameters are described
in Table 2-8. Table 2-7 lists and describes the machine check codes.

Software must acknowledge machine checks by writing a =ero to IPR38,

MCESR, as a second machine check causes an ERR_MCHK_MCHK
console halt.
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Figure 2-8 Machine Check Stack Frame

Parameter Byte Count (18 hex) : 8P

Rl 0 l, Machine Check Code 8P + 4

VA 18P + 8
VIBA 8P 4+ 12
ICCS..SISR 8P + 16
Internal State :8P + 20

31 24,23 21,20 18;17 16,15 8,7 4,3 0
DELTA-PC IUnulod AT [, DL l OPCODE lunu-odl RN

8C 8P + 24
PC 18P + 28
PSL 18P + 32

mab-p216-89

Table 2-6 Machine Check Stack Frame Paramaeters

Paramaeter

Description

Parameter Byte Count

R (VAX Restart bit)

Machine check code
(bits<15:0>)

VA

VIBA
ICCS..SISR
internal State

2-20

The size of the stack frame in bytes, not including PSL, PC, and the byte count longword.
it is always 18 (hex) bytes. Stack frame PC and PSL vaiuas are always referenced using
this count as an offset from the stack pointer.

A flag from the hardware and microcode to the operating system to be used in the
software equation to determine if the current macroinstruction is restartable after emor
cleanup. Other terms in the equation are PSL<27> (First Part Done, FPD), PCSTS<6>
(Trap2), and NSCSR<20> (Unlock Write Panding, UWP.)

Table 2-7 lists and describes the machine check codes.

The virtual address being processed by the CPU at the time of the faull. VA is not
necessarily relevant; the error handler checks the specific error address cormresponding to
the device or mechanism that signaled the error.

The CPU prefetch virtual instruction buffer address at the time of the fault.
The interrupt state information where bit<22> is ICCS<6> and bits<15:1> are SISR<15:1>.
The internal state at the time of the fault. The intemal state has the following layout:

Delta-PC, bita<31:24>  Difference between the values of the current incremented PC
at the time that the machins ciheck was datected and the PC
of the instruction opcode. The exact interpretation of Deita-PC
requires a detailed knowledge of the interna! pipeline operation
of the MP-chip and is not used by software to make recovery
decisions.
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Table 2-6 (Cont.) Machine Check Stack Frame Parameters

Parameter Description
Unused, bits<23:21>
AT. bits<20:18> The current setting of the E-box (the MP-chip's execution unit
or main data path) access-type latch, relating to the last (or
upcoming) memory reference.
Value (binary) Interpretation
000 Read
001 Write
010 Modify
011 Unassigned, MP-chip error
100 Unassigned, MP-chip srror
101 Address
110 Variable bit
11 Branch
DL, bits<17:16> The current setting of the E-box data length latch, relating to the
last (or fothcoming) memory reference.
Value (binary)  Interpretation
oo Byte
01 Word
10 Lorg, F_Floating
11 Quad, D_Floating, G_Floating
Opcode, bits<15:8> The opcode (second opcode, if two-byte) of the instruction being
processed at the time of the fault.
Unused, bits<7:4>
RN, bits<3:0> The value of the E-box RN register at the time of the fault,
which may indicate the last GPR referenced by the E-box during
spacifier or instruction flows,
sC Internal microcode-accessible register.
PC, PSL

The program counter and processor status longword at the time of the fauit.
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Table 2-7 Machine Check Codes

Code
{hex) Mnemonic

Description

Restart Condition

01 MCHK_FP_PROTOCOL_ERROR

02  MCHK_FP_ILLEGAL_OPCODE
03  MCHK_FP_OPERAND_PARITY
04  MCHK_FP_UNKNOWN_STATUS
05  MCHK_FP_RESULTS_PARITY

08 MCHK_TBM_ACV_TNV

09 MCHK_TBM_ACV_TNV

0A  MCHK_INT_TD_VALUE
0B MCHK_MOVC_STATUS

0C  MCHK_UNKNOWN_IBOX_TRAP

0D  MCHK_UNKNOWN_CS_ADDR

10 MCHK_BUSERR_READ_
PCACHE

" VICHK_BUSERR_READ_DAL
12 MCHX_BUSERR_WRITE_DAL

13 MCHK_UNKNOWN_BUSERR_
TRAP

14 MCHK_VECTOR_STATUS
15 MCHK_ERROR_ISTREAM

Protocol error during
MF-chip operand/result
transfer.

legal opcode detected by
MF-chip.

Operand parity error
detected by MF-chip.
Unknown status returned
by MF-chip.

Returned MF-chip result
parity error.

Translation buffer miss
status generatad in
ACV/TNV microflow.

Translation buffer hit
status generated in
ACV/TNV microflow.

Undefined INT.ID value
during interrupt service

Undefined state bit
combination in MOVCx

Undefined trap code
produced by the |-box (the
MP-chip's instruction fetch
and decode unit)

Undefined control store
address reached

MP-cache tag or data
parity error during read

DAL bus or data parity
error during read

DAL bus error on write or
clear write buffer

Undefined bus error
microtrap

Veactor module srror
Error on l-stream read

(Re=1).(FPD=0).{UWP=0)

(Rm1).(FPD=0).(UWP=0)
(R=1).(FPDeD).(UWP=0)
(R=1).(FPD=0).(UWP=0)
(R=1).(FPD=0).(UWP=0)

((R=1)+(FPDa=1)).(UWP=0)

((Ra1)+(FPD=1)).(UWP=0)

((Re1)+(FPD=1)).(UWP=0)
(FPD1)(UWP=0) (See

Section 2.11.4.9)
(Re1)+(FPD=0).(UWP=0)

((R=1)+(FPD=1)).(UWP=0)
((R=1)+(FPDa1)).(WUP=0).(TR2=0)
((Ra1)+(FPD=1)).(WUP=0).(TR2=0)
None

None

None
((R=1)+(FPDm1)).(UWP=0).{TR2=0)

Where:

R is the VAX restart bit in the machine check stack frame

FDP is PSL.<27>, First Part Done

UWP is NSCSR<20>, Unlock Write Pending

TR2 is PCSTS<6>, Trap2
. Is the logical AND operation
+ is the logical OR operation
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2344

Consgcle Hait

A console halt i8 a microcode-initiated hardware restart sequence. Control
passes to the console program during the restart sequence. A console halt
happens when the MP-chip's microcode detects:

An inconsistency in internal state

Ar incorrectly terminated DAL transaction
A kernel-mode HALT instruction

An asserted XBER<NHALT>

A system reset

The hardware restart sequence is as follows:

1

The MP-chip’s microcode saves the current CPU state.
e The stack pointer is saved in the appropriate stack pointer IFR
— IPRO, Kernel Stack Pointer
— IPR1, Executive Stack Pointer
— IPR2, Supervisor Stack Pointer
— IPR3, User Stack Pointer
— IPR4, Interrupt Stack Pointer

2 The current PC is saved in IPR42, SAVPC.
3 The PSL, halt code, MAPEN<0>, and a validity bit are saved in IPR43,

SAVPSL.
o SAVPSL<31:16> and <7:0> are loaded from PSL<31:16> and <7:0>.
o  SAVPSL. 15> is set to MAPEN<0>.

® SAVPSL<14> is set to zero if the PSL is valid and is set to one
if the PSL is not valid. If the halt is due to a system reset,
SAVPSL<14> i3 undefined.

° SAVPSL<13:8> is set to the console halt code. The console halt
codes are listed in Table 2-8.

The MP-chip’s microcode then initializes the following CPU state to
the values shown:

State Initialized Vaiue

spP IPR4, Interrup! Stack Peinter
PSL 041F 0000 (hex)

PC E004 0000 (hex)

MAPEN 0

ACCS<31> 0

n"Cs 0 after reset only (halt code = 3)
SISR 0 after reset only {halt code = 3)
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State

Inltialized Value

ASTLVL
ACCS«<1:.0>
All olse

4 after reset only (halt code = 3)
0 after reset only (halt code = 3)
Undefined

5 Control passes

Table 2-& Hait Codes

to the console program code at 2004 0000 (hex).

Code (hex) Mnemonic

Description

02 ERR_HLTPIN

03 ERR_PWRUP

04 ERRA_INTSTK

05 ERR_DOUBLE

06 ERR_HLTINS

07 ERR_ILLVEC

08 ERR_WCSVEC

0A ERR_CHMFi

10 ERR_MCHK_ACV_TNV
11 ERR_KCHK_ACV_TNV
12 ERR_MCHK_MCHK

13 ERR_KSNV_MCHK

19 ERR_IE_PSL26_24_101
1A ERR_IE_PSL26_24_110
1B ERR_IE_PSL26_24_111
1D ERR_REI_P$1.26_24_101
1E ERR_RE!_PSL26_24_110
1F ERR_REI_PSL26_24_111
aF ERR_SELFTEST_FALED

CTRL/P, break. or external hait

Initial power-up

Interrupt stack not valid during exception processing
Machine check during exception processing

HALT instruction executed in kernel mode

SCB vector bits<1:0> = 11

SCB vector bits<1:0> = 10

CHMux instruction executed while on interrupt stack
ACV/TNV during machine check processing
ACV/TNV during kemel-stack-not-valid

Machine check during machine check processing
Machine check during kernel-stack-not-valid processing
PSL<26:24> = 101 during interrupt or exception
PSL<26:24> = 110 during interrupt or excaption
PSL<26:24> = 111 during interrupt or exception
PSL<26:24> = 101 during RE!

PSL<26:24> = 110 during RE!

PSL<26:24> = 111 during REI

Microcoded self-test failed in the MP-chip. This can only happen
during power-up.
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2.3.5 System Control Block

The system control block (SCB) contains pages of vectors for servicing
traps, faults, software interrupts, and exceptions. IPR17, the System
Control Block Base Register, points to the SCB. Since SCBB contains a
32-bit physical address, the SCB cen reside anywhere in memory space.

An SCB vector is an aligned longword in the SCB. The MP-chip's
microcode dispatches interrupts and exceptions through the SCB vector,
shown in Figure 2-9.

I Figure 2-9 System Control Block Vectors
3
1 2109
Longword address of ssrvica routine ]
Code —J
msb-p217-89
. Bits <31:2> of each vector supply the virtual address of the service routine

for the interrupt or exception. The routine is longword aligned, as the
microcode forces the lower two bits of the address to 00 (hex).

Bits <1:0> of each vector are a code:

00 - The event i8 to be serviced on the kernel stack unless the CPU is
already on the interrupt stack. If the CPU is already on the interrupt
stack, the event is tc be serviced on the interrupt stack.

01 — The event is to be serviced on the interrupt stack. If the event is
. an exception, the IPL is raised to 1F (hex).

10 - Unimplemented; results in a console error halt.

11 - Unimplemented; results in a console error halt.

Table 2-9 shows the SCB layout.
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Table 2-9 System Control Block Layout

Number of

Vector (hex) Name Type Parameters Notes

00 Passive release Interrupt None IPL is raised to requested IPL

04 Machine check Abort 6 Parameters reflect machine
state

08 Kernel! stack not valid Abort None Must be serviced on the
interrupt stack

ocC Power fail interrupt None (PL is raised to 1E (hex)

10 Reserved/privileged instruction Fault None

14 Customer reserved instruction Fault ¢ one XFC instruction

18 Resarved operand Fault None Not always recoverable

/abort
1C Reserved addressing mode Fault None
20 Access control violation/vector Fault 2 Parameters are virtual
alignment fault address, status code

24 Translation not valid Fault 2 Parameters are virtual
address, status, code

28 Trace pending (TP) Fault 0

2C Breakpoint instruction Fault 0

30 Unused - - Compatibility mode in other
VAXes

31 Arithmetic TrapAauit 1 Parameter is type code

38 - 3C Unused - -

40 CHMK Trap 1 Parameter is sign-extended
operand word

44 CHME Trap 1 Parameter is sign-extended
operand word

43 CHMS Trap 1 Parameter is sign-extended
operand word

4C CHMU Trap 1 Parameter is sign-sxtended
operand word

50 Unused - -

54 Soft error notification interrupt None IPL is 1A (hex)

58 - 5C Unused - -

60 Hard error notification interrupt None IPL is 1D (hex)

64 Unused - -

88 Vector module disabled Fault None Vector instructions

6C ~ 7C Unused - -

80 Interprocessor interrupt interrupt None IPL is 16 (hex)

84 Software level 1 Interrupt None

88 Software level 2 Interrupt None Usually used for AST delivery
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2.3.7

Table 2-9 (Cont.) System Control Block Layout

KA65A CPU Module

Number of
Vector (hex) Name Typse Parameters Notes
8C Sottware level 3 Interrupt None Usuaily used for process
scheduling
90 — BC Software levels 4 through 15 Interrupt None
co Interval timer Interrupt None IPL is 16 (hex)
C4 Unused - -
cs Emulation start Fault 10 Same mode exception,
FPD0; parameters are
opcode, PC, specifiers
cC Emulation continue Fault None Same mode exception,
FPD=1; no parameters
DO - F4 Unused - -
F8 Consols receiver Interrupt None IPL is 15 (hex)
FC Console transmitier interrupt None IPL is 15 (hex)
100 - FFFC Device vectors Interrupt None Device irterrupt vectors
Process Structure
A process is a single thread of execution. The context of the current
process is contained in the process control block (PCB).
The physical address of the current PCB is changed by writing to the
Process Control Block Register. PCBB contains a 32-bit physical address
so that the PCB may be located anywhere in memory space. The LDPCTX
instruction loads a process context from the PCB as described in the VAX
Architecture Reference Manual, except for the PME (bit<31>) of PCB +
92, shown in Figure 2-10. PME is ignored. LDPCTX flushes only the
process-space entries from the translation buffer; system-space entries are
preserved.
Other process structure functions are implemented as described in the
VAX Architecture Reference Manual.
Primary Cache

The primary cache is located in the MP-chip. It works with the backup (or
secondary) cache to boost system performance. The caches are discussed

in Section 2.4.

2-27



KAG65A CPU Module

Figure 2-10 Process Control Block

1 1
KSP : (PCBB)
EsSP +4
ase +8
osp +12
RO +16
Rl +20
R2 +24
R3 +28 ¢
R4 +32
RS +36
R6 +40
R7 +44
R3 +48
RS9 +52
R10 +56
R11 +60
AP (R12) +64
FP (R13) +€8
PC +72
P8L +76
POBR +80
MBZ AST |MBZ POLR +84
P1BR +88
MBZ P1LR +92

L—- Performance Monitor Enable (PME)
mab-p218~29
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2.3.8 Floating-Point Accelerator

The KA65A CPU module includes the MF-chip floating-point accelerator
that enhances the performance of floating-point and certain integer
calculations.

The following VAX instructions are processed by the MF-chip:

¢ F_floating add, subtract, multiply, divide, convert, move, compare,
negate, and test instructions. ACBF, EMODF, and POLYF are not
processed by the MF-chip.

¢ D_floating add, subtract, multiply, divide, convert, move, compare,
negate, and test instructions. ACBD, EMODD, and POLYD are not
. processed by the MF-chip.

* G_floating add, subtract, multiply, divide, convert, move, compare,
negate, and test instructions. ACBG, EMODG, and POLYG are not
processed by the MF-chip.

¢ Longword-length integer multiply instructions.

The MF-chip is enabled/disabled by using the MF-Chip Present bit

(Accelerator Control and Status Register, ACCS<1>). When the MF-

chip is disabled, the execution of a floating-point instruction results in a
‘ reserved instruction exception. The execution of a longword-length integer

multiply instruction is emulated by the MP-chip's microcode.

The MF-chip supports the fcllowing data types:

* F_floating
* D_floating
* (G_floating
‘ The MF-chip supports the following conversions:

* Byte conversion to/from floating formats
* Word conversion to/from floating formats
¢ Longword conversion to/from floating formats and multiply

The MP-chip parses the opcode and instruction specifiers and sends opcode
and operands to the MF-chip. The MP-chip explicitly transfers operands
from the GPRs, the instruction stream, and the primary cache to the
MF-chip. Floating-point short literals are transferred in unexpanded form
as the MF-chip expands them to the correct format. Operands from the
backup cache or from memory are returned to both the MP-chip and the
MF-chip simultaneously.

When the MF-chip receives the last operand for an instruction, it begins

the computation of the result. In parallel, the MP-chip completes any

instruction setup, such as parsing a destination specifier. The MP-chip
. next requests the result from the MF-chip and stalls until the result

is returned. The MP-chip then stores the result where the destination
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CAUTION:

specifier indicates, either in a GPR or memory, and sets the PSL condition
codes.

The MF-chip cannot fetch operands from 1/O space. 1/0 space operands
cause a reserved operand fault.

The MF-chip tests for exception conditions and reports any to the MP-
chip when the result is requested. Detected exceptions include reserved
operands, floating divide by zero, floating overflow, floating underflow, and
data parity errors.

The MP-chip's microcode disables the MF-chip as part of the power-up
initialization process. The execution of any floating-point instruction
results in a reserved instruction exception until the MF-chip is enabled.
The console program enables the MF-chip by setting ACCS<1:> and then
tests the operation of the MF-chip using self-test diagnostics. If the MF-
chip fails these tests, the console program clears ACCS<1>, leaving the
MF'-chip disabled.

The MF-chip accepts memory operands in /O space. Since the
MF-chip executes longword-length integer multiply instructions, it
might not produce correct results or might report operand parity
errors if it is enabled during the execution of the console code
from the boot ROM.

To avoid this, disable the ' -_"-chip on any console entry by writing
a zero to ACCS<1>, causiag the MP-chip to execute the integer
instructions in microcode and to invoke a reserved instruction
fault for the floating-point instructions.
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Cache Memory

The KA656A CPU module has a two-level cache to maximize CPU
performance. The first-level cache is a 2-Kbyte primary cache
(P-cache) contained in the MP-chip. The second-level cache is a
512-Kbyte backup cache (B-cache) consisting of the MC-chip, for
tag storage and cache control, and 32 64-K x 4 static RAMs, for
data storage.

The P-cache is direct-mapped, with a quadword fill and allocate (block)
size. It is read-allocate, no-write-allocate, and write-through. The P-cache
tag store contains one tag and one valid bit for each P-cache block, totaling
256 tags mapping 256 quadword data blocks. Each tag entry includes an
18-bit tag, one valid bit, and one parity bit. Each data block contains eight
data bytes, each byte having one parity bit.

The 512-Kbyte B-cache is direct mapped, with a hexword fill and a
4-hexword allocate (block) size. The B-cache is read allocate, write-
allocate, and writeback. The MC-chip implements the B-cache tag store
and provides control for the cache RAMs, which contain data, data parity,
and ECC codes. The backup cache tag store contains 4096 tag entries and
each tag entry contains a 12-bit tag, four valid bits, four dirty bits, and
two parity bits. Dirty bits are defined as bits that have been written by
the backup cache. The data RAMs are organized into 64-K locations of
eight data bytes, with a parity bit for each data byte and 48 ECC bits, 6
bits for each data byte.

Figure 2-11 shows the memory hierarchy.

Figure 2-11 CPU Module Cache Memory

Primary Backup XMI Main
CPU Cache Cache Mamory
2KB 512KB Up te 2GB

I1¢D-Stream 1&D-8troam

l-cycle acceas d-cycle access

Direct-mapped Direct-mapped

Write-through Write~back

8-byte block 1289-byte block

8-byte fill 32-byte fill
8-byte access size

mab-p219-90
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Writeback Cache

2-32

In a write-through cache, the processor writes to both the B-cache and
memory simuitaneously. In a writeback cache, data is written to the B-
cache only. Since it is not written into memory, the amount of data on the
XMI bus is reduced significantly.

To implement the writeback cache method, the KA65A processor uses a
writeback protocol that includes the concept of ownership. The memory
controller keeps a lock bit and an ownership bit for each block of memory
corresponding to the 32-byte subblock B-cache. The memory controller
uses the ownership bit to allow only nne system component write or
interlock access to a particular block at a time.

The KAG65A processor issues an Ownership Read (OREAD) command to

a hexword memory bleck when it has a cache miss for a location that is
likely to be written, since the processor was actually performing a write to
the location or a read with the "modify intent flag" signal asserted. If the
memory block ie not currently owned, the processor gets ownership.

Each cache subblock of the MC-chip kas both a valid bit and a "dirty" bit.
The KA65A CPU module’s writeback protocol sets the dirty bit to indicate
that the cache subblock is owned by this processor and is not accessible
by any other processor or 1/O adapier. Ai some later time, the cache block
with its updated data will be written back to memory and ownership of
the block will be given up. The updated data will then be availabie to all
other system components.

Processor memory writes to cache subblocks that do not have the dirty bit
set have to wait until ownership of the memory block can be obtained. The
MC-chip uses the dirty bit for both ownership and interlock access.

The MC-chip monitors all memory accesses on the XMI for other system
components wanting to gain read, write, ownership, or interlock access to
memory. When other system components have read, write, ownership, or
interlock requests for a particular memory block that is dirty, the MC-chip
writes the cache subblock back to memory. This is called a writeback.
The MC-chip then clears the dirty bit, giving up ownership of the block.
On write, ownership, or interlock requests, the MC-chip also invalidates
the subblock in the B-cache and P-cache. On read requests, the MC-chip
keeps a read-only copy of the subblock. On write (ownership) or interlock
requests, the MC-chip invalidates the cache subblock in the B-cache and
P-cache if a read-only copy of the block is being cached.
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2.4.2 Cache Coherency

Data cached by a CPU must remain coherent with data in main memory.
Therefore, any main memory writes done by a processor or an 1/O device
must invalidate data cached by all processors in the system. The MAXMI
interface uses the Inval-Bus (which connects the MAXMI and the MC-chip)
to forward all invalidate requests it sees on the XMI to the MC-chip.

When the MAXMI interface sees a main memory write or read vequest
on the XMI bus, it presents the address on the Inval-Bus and makes an
Inval-Bus request to the MC-chip. These addresses are stored in a 4-entry
invalidate queue in the MC-chip. The MC-chip uses otherwise idle cycles

to look up the address in the B-cache to determine if any data is being
. cached for the address.

If the MC-chip finds data is being cached at the specified address, the
operation of the MC-chip is determined by the type of invalidate request
and the status of the cached data in the B-cache, as shown in Table 2-10.
By knowing the invalidate type and cache state, a filtering mechanism for
invalidates is used that avoids using the DAL except when an invalidate

eddress ig being cached.
Table 2-10 Invalidate Operations
. Cache
invailidate Type State MC-Chip Action
Read access Clean Discard request.
Read access Dirty Wirite data back; keep a clean copy of data in the
B-cache.
Write or ownership Clean Invalidate data in both caches.
access
. Wirite or ownership Dinty Write data back; invalidate data in both caches.
access
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2.4.3 Primary Cache

The primary cache (P-cache) resides in the MP-chip. The P-
cache is arranged in 64 rows with four data quadwords and
four tag entries per row, as shown in Figure 2-12. Each physical
address is logically subdivided as shown in Figure 2-13. The
organization of each tag entry is shown in Figure 2-14. The data
array organization of each qur lword is shown in Figure 2-15.

Figure 2-12 Primary Cache Organization

f—————— Data Array -——————P-<t——— Tag Array —————Pn I
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mab-p250-950

Figure 2-13 Primary Cache Physical Address
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Bits <31:2> The physical addressss supplied to the P-cache.

Bit <31> Specifies /O space. /O space
addresses are not cached.

Bits <30:11> Teg

Bits <10:9> Selects one of four columns of tags.

Bits <8:3> Selects one of the rows of the P-cache
memory.

Bit <2> Selects a longword out of the
quadwords of the P-cache.

Bits <1:0> Unused.

Figure 2-14 Tag Entry Organization

r———— Physical Address<30:11> -——

N
onNn

1
9 0

l L—- Parity Bit
Valid Bit

Tag

meb~p252~ 10

The tag consists of:

Bit <21> The valid bit, used ‘> indicate that tle corresponding entry in the
P-cache is valid. The velid bit is not ‘ncluded in the tag parity
calculation.

Bit <20> The tag parity, which is parity computed by the P-cache over the
20 tag bits.

Bits <19:0> The tag. bits <30:11> of the physicai address.

Figure 2-15 Quadword Data Array Organization of the Primary Cache

EI\BYTE 7fPS—LBYTE GIPSlBYTE S[PdlBYTB 4]!3]8!1'2 JEZFBYTZ ZlPITBYTB IJPO]BYTE Ol

mab-p253-90

Each P-cache entry consists of one quadword. Parity information is
maintained separately for each byte. When an error is detected, the P-
cache is automatically disabled and error information is read from the
Primary Cache Status Register (PCSTS) and the Primary Cache Error
Address Register (PCERR). The error is then corrected ard PCSTS is
cleared.
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Four registers are used to control the P-cache, store status, test, and
recover from errors:

* Primary Cache Tag Array Register, PCTAG (IPR124)

* Primary Cache Index Register, PCIDX (IPR125)

* Primary Cache Error Address Register, PCERR (IPR126)
* Primary Cache Status Register, PCSTS (IPR127)

An IPR read can be accomplished in two ways, by software using a Move
Frem Processor Register (MFPR) instruction, or by the console operator
using the EXAMINE/I console command.

An IPR write can also be accomplished in two ways, by software using a
Move To Processor Register (MTPR) instruction, or by the console operator
using the DEPOSIT/I console command.

Normal operational control of the P-cache is with writes to PCSTS, which
has bits to enable the use of the P-cache and allow it to be flushed.

When an error is detected in the P-cache or in a DAL transaction, the
P-cache latches error information. This information is available by reading
PCSTS and PCERR. Bits in PCSTS can be written to tell the P-cache that
error information has been read, enabling the P-cache to detect subsequent
errors.

To maintain P-cache consistency, it is important to use the proper sequence
of events for reenabling a tag store that has been disabled. Any state
change to the CPU’s P-cache must be reflected in the MC-chip copy of the
primary cache tag store. During normal operation, changes are updated
automatically by the MC-chip when a cacheable read occurs.

Cache and memory error recovery are done with the P-cache disabled

and the backup cache in error transition mede (ETM). To maintain cache
coherency, the primary cache should be disabled when enabling the backup
cache. Once the backup cache is enabled, the primary cache may b=
flushed and disabled.
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Backup Cache
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The backup cache (B-cache) is a 612-Kbyte cache, direct mapped,
quadword access size, with a hexword fill (subblock) size and

a 4-hexword allocate (block) size. The backup cache is read-
allocate, write-allocate, and writeback. The backup cache sends

quadwords of data to the primary cache. The backup cache is
shown in Figure 2-16.

Figure 2-16 Backup Cache Organization
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The data and control signals for the B-cache RAMs are:

D_BUS<63:0>. Eight bytes of data.

DP<7:0>. Eight bits of data parity. One bit for each data byte.

ECC<47:0>. 48 bits of data ECC. Six bits for each data byte,

A_BUSc18:3>. Address for the cache RAMs; used as the cache index.

BC_WE_L. Write enable. The MC-chip drivea write enable, which is
normally deasserted. It asserts for memory read misses, cache fills,

and writes.
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* BC_CS_L<7:0> Chip select. One line for each byte of data and
associated parity bit. The MC-chip drives these signals. During a
cache read, BC_CS_L<7:0> asserts and BC_WE_L deasserts, so all
cache PAMs drive the D_BUS. During a read miss and cache fill, BC_
CS_L<7:0> and BC_WE_L assert, allowing every byte to be written
with roturned data. During a memory write transaction, the MP-chip
drives BM_L<7:0> as a byte mask for the data. The MC-chip asserts
the corresponding BC_CS_L<7:0> lines so that only the intended bytes
are written.

244.1 Backup Cache RAM Addrassing
The VAX physical address, as used by the B-cache RAMs, is shown in
Figure 2-17. The B-cache index is the portion of the address used to
address the RAAMs, while ¢k e remaining high-order bits, except the 1/0 bit,
are used as the tag for the ntry.

Figure 2-18 shows MC-chip tag store addressing.
Figure 2-17 Backup Cache RAM Addressing
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Figure 2-18 MC-Chip Tag Store Addressing
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2442

Backup Cache Tag Store Organization

The tag store is organized with one tag and four valid/dirty bit pairs
corresponding to each four-hexword block of the cache. Each valid/dirty bit
pair corresponds to one hexword subblock. When a cache tag miss occurs
on a read, a block is allocated (which may require the deallocation of a
block already in the cache), a subblock is filled, and the corresponding
valid bit is set. When a cache tag compare is successful but the valid bit is

not set, a subblock is filled from memory, and the corresponding valid bit
is set.

Figure 2-19 shows the backup cache tag store organization.

Figure 2-15 Backup Cache Tag Store Organization

j—————— MC-Chip Tag -————————7» j———— RAMS ————— =

[ TAG

'r_

—» Valid 1| Dirty 1p——® Hexword 1 Data

—®>1 valid 2| Dirty 2 1 Hexword 2 Data

L'—D Valid 3| bDirty 3 | Hexword 3 Data

8ize

—3>{ Valid 0| Dirty © 1 Hexword O Data i Subblock

Block Size

msb-p257-90

2443

Backup Cache Internal Processor Registers
Several MC-chip registers are accessed using IPR reads and writes.

An IPR read can be accomplished in two ways, by software using a Move
From Processor Register (MFPR) instruction, or by the console operator
using the EXAMINE/ console command.

An IPR write can also be accomplished in two ways, by software using a
Move To Processor Register (MTPR) instruction, or by the console operator
using the DEPOSIT/I console command.

During the IPR access, A_BUS_H<10:3> tel's which IPR is being
addressed. The MC-chip internal processor registers are:

¢ Backup Cache Index, BCIDX (IPR112)

e Backup Cache Status, BCSTS (IPR113)

* Backup Cache Control, BCCTL (IPR114)

¢ Backup Cache Error Address, BCERA (IPR115)
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* Backup Cache Tag Store, BCBTS (IPR116)
* Backup Cache Deallocate Tag, BCDET (IPR117)
¢ Backup Cache Error Tag, BCERT (IPR118)

2444 Backup Cache Tag Store Block Diagram Description
Figure 2-20 is the backup cache tag store block diagram. Figure 2-21
shows the backup cache tag store addressing using a physical address.

Figure 2-20 Backup Cache Tag Store Block Diagram
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A tag store entry (tag, valid bits, dirty bits, and parity bits) can be written
explicitly by using an IPR write of the tag store or read using an IPR read
of the tag store. The location of the entry that is accessed by the IPR read
is contained in the index register, BCIDX.
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Figure 2-21 Backup Cache Tag Store Addressing Using Physical Address
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Figure 2-22 D_BUS Format to Access BCBTS

1
0987 4 3 0

Cache Entry Tag 9[ MUST BE ZBRO —l LI [ J

Tag Parity Bit -J l
V/D Parity Bit
Dirty Pite<d:1>

Valid Bite<q:1>

33
10
0

l

mab-p260~-90

The MC-chip responds to an IPR read of the backup cache tag store
register by driving the D_BUS as shown in Figure 2-22. The backup
cache tag store row and column index fields of BCIDX, bits<16:6>, are
used as the irdex to the tag array. BCIDX must have been previously
written, using an IPR write, to ensure predictable resulta from the IPR
read of the tag store.

On an IPR write of the tag store register, the MC-chip writes the contents
of the D_BUS into the tag store. The backup cache tag store row and
column index fields of BCIDX are used as the index to the tag array.
BCIDX must have been previously written, using an IPR write, to ensure
predictable results for the IPR write of the tag store.

The cache entry tag contains the tag portion cf the tag store entry, which
is the high order of the physical address bits. The parity bit is for odd
parity, as calculated on the tag. For more inf~rmation, refer to the Backup
Cache Tag Store Register (BCBTS).

2445 Using Backup Cache Registers
The 10 MC-chip registers control the backup cache tag store and the MC-
chip copy of the primary cache teg store. Operating system software reads
these internal processor registers with Move To Processor Register (MTPR)
instructions and writes them with Move From Processor Register (MFPR)
instructions, which must be executed in kernel mode. A console operator
can do an IPR read using an EXAMINE/l command and can do an IPR
write using a DEPOSIT/I command.
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Control ot the Backup Cache

Normal operational control (enable and disable) of the backup cache and
the MC-chip copy of the primary cache tag store is done with writes to
the Backup Cache Control Register (BCCTL). The backup cache is flushed
during normal operation. At power-up, the backup cache tag store is
initialized by writing each entry with an invalid tag with good parity.
Each entry is written with a write to BCIDX, followed by a write to
BCBTS. Both caches are left disabled.

Dlagnostics

The backup cache data, the backup cache tag store, and the MC-chip copy
of the primary cache tag store are tested by reading and writing cache
tags via BCIDX and BCBTS. Error detection is tested by constructing an
error and then reading the state from BCSTS and BCERR.

Backup Cache Status Register (BCSTS), IPR113

BCSTS is read using an IPR read. All bits are writable by the hardware,
although some bits can ve cleared using an IPR write.

BCSTS<25:22> (DAL CMD), BCSTS<26> (DMG L), BCSTS<27> (SYNC
L), BCSTS<28> (AC PARITY), and BCSTS<20> (OREAD PENDING) are
loaded at every transaction. In addition, BCSTS<20> (IBUS CYCLE),
BCSTS<21> (IBUS CMD), BCSTS<16> (BTS HIT), BCSTS«16> (BTS
COMPARE), BCSTS<17> (PPG), and BCSTS<19:18> (BTS PARITY) are
loaded every time the backup tag store is accessed. This occurs for all
memory read and write DAL transactions, DMA cache fills, Inval-Bus
request lookups, invalidates, and writebacks from the DAL.

The BCSTS<0> (ERR SUMMARY) bit is set when any error bit
(BCSTS<1> (BTS TPERR), (BCSTS<2> (BTS VDPERR), (BCSTS<5:4>
(IPERR), (BCSTS<6> (FILL ABORT), (BCSTS<7> (AC PERR), or
(BCSTS<8> (SECOND ERR) is set. The Backup Cache Status Register,
Backup Cache Error Address Register, and Backup Cache Error Tag
Register loads are also disabled to allow the MP-chip to examine the
state of the MC-chip when the error occurred. If the MC-chip is not in
ETM, all errors that occur within the same error-causing transaction are
logged into the Backup Cache Status Register. If the MC-chip is in ETM,
unrecoverable subsequent errors set BCSTS<8> (SECOND ERR). Other
bits are not affected.

All error bits are cleared through an IPR write of the status register
or during a reset. When all error bits are cleared, BCSTS<0> (ERR
SUMMARY) is cleared and the MC-chip exits ETM.
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2.5

System Support Chip

The system support chip (MS8SC) provides functions to support
the VAX 6000 Model 500 system environment, including the VAX
console. The VAX console is the combined hardware-software
interface that controls the system at power-up and when the

system is halted.

Figure 2-23 Control Panel Connections including Console Lines
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2.5.1 Console Serial Line

2-44

The console serial line provides a full-duplex, EIA RS-423 serial line
interface that is also RS-232C compatible. The console serial line is shown
in Figure 2-23. The only format supported is 8-bit data with no parity and
one stop bit. Four internal processor registers (IPRs) control the operation
of the console serial line:

¢ Console Receiver Control/Status, RXCS (IPR32)

¢ Console Receiver Data Buffer, RXDB (IPR33)

e Console Transmitter Control/Status, TXCS (IPR34)

¢ Console Transmitter Data Buffer, TXDB (IPR35) ‘

Console Serial Line Connections

The XMI bus provides bused console signals to each node in the system.
This means that each processor node has equal access to the system
console lines. During power-up initialization, all CPU modules examine
each other’s XBER<STF>, NSCSR0<BPD>, and node ID to determine
whirh node will be the boot processor and drive the console transmit line,
which is a tristate TTL line.

Each KA85A CPU module can drive and receive from the system console
device. Only the boot processor communicates with the system console;
the other KA65A CPU modules communicate with an auxiliary console
through a serial transmit/receive pair that attaches to the I/O section of

CREGO<TERM SEL> selects which console lines are attached to the
MSSC'’s console transmit and receive registers.

CTRL/P Detection .

The console serial line unit of the MSSC recognizzs CTRL/P as a
BREAK condition. When the MSSC detects a valid BREAK condition,
RXDB<RBR> is set. If halts are enabled (XMI HALT EN L asserted, a
function of a control panel key switch) when RXDB<RBR> sets, the CPU
halts and transfers program control to ROM location EG04 0000 (hex).
RXDB<RBR> is cleared by reading RXDB.

2511

the KAG65A CPU module.
2512
25.1.3 Baud Rate Selection

The receive and transmit baud rates are always identical and are
controlled by SSCCNR<TERM BAUD SEL>.

The console program attempts to set the console terminal baud rate to
the value contained in an EEPROM location during initialization. If that
location does not contain a value, then the terminal is interrogated to
ascertain the terminal baud rate. If this also fails, the baud rate is set to

1200. '
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25.1.4

Console Serlal Line Interrupt Levels and Vectors

The console serial line receiver and transmitter both generate interrupts
at IPL 15 (hex). The receiver interrypts with a vector of F8 (hex), and the
transmitter interrupts with a #&tor of FC (hex).

Time-of-Year Clock and Timers

The KA65A CPU module includes a time-of-year clock, a subset of the
VAX interval clock, and two additional programmable timers. The
implementation of the time-of-year clock (TODR) and the subset of the
interval clock (ICCS) are as described in the VAX Architecture Reference

Manual. The programmable timers contain additicnal functions beyond
the interval clock.

The two programmable timers are modeled after the standard VAX
interval clock, with a control bit added to stop the timer on overflow.

The prorrammable timers are accessed through I/O space registers instead
of IPRs. If enabled for interrupts, the timers interrupt at IPL 15 (hex) on
overflow. The SCB vector is programmable. Each timer is composed of
four registers: a timer control register, a timer interval register, a timer
next interval register, and a timer interrupt vector register.

The time-of-year clock and timers include these registera (addresses are in
hexadecimal):

¢ Time-of-Year Clock Register, TODR (IPR27)
* Interval Clock Control and Status Register, ICCS (IPR24)

¢ Timer Control Registers 0 and 1, TCR0O and TCR1 (E014 0160 and
EQ014 0170, respectively)

¢ Timer Interval Registers 0 and 1, TIRO and TIR1 (E014 0164 and E014
0174, respectively)

¢ Timer Next Interval Registers 0 and 1, TNIR0 and TNIR1 (E014 0168
and E014 0178, respectively)

¢ Timer Interrupt Vector Registers 0 and 1, TIVR0O and TIVR1 (E014
916C and E014 017C, respectively)
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2.6 XMl Interface

The KAG65A CPU module uses the MAXMI chipset to interface
between the XCI bus and the CPU module’s DAL bus. The XCI bus
is the interface between the MAXMI chipset and the XMI Corner.
The MAXMI blc¢: = diagram is shown in Figure 2-24.

Figure 2-24 MAXMI Block Diagram
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The MAXMI control array chip (MCA-chip) is responsible for the address
path, DAL control logic, XMI control logic, and the data path chip (MDA).
The MAXMI has 8 Kbytes of RAM located in node private space, from
addresses E100 8000 through E100 9FFF (hex). This is used as local
storage space by the console program and self-test. The MAXMI RAM is in
addition to the 1 Kbyte of MSSC RAM. The MAXMI RAM supports byte,
word, and lengword references. The RAM array is not parity protected and
the DAL bus parity is neither checked nor generated on reads or writes to
the RAM.

The MAXMI supports ECC protectior. of the B-cache data. The ECC codes
provide single-bit correction and multi-bit detection for each byte in the
B-cache with a 6-bit code iu: each byte of data. The MAXMI writes ECC
codes into the B-cache on all cache fills and, in parallel with the MP-chip,
on MP-chip-generated write transactions. The MAXMI corrects all single-
bit errors when data is being written back to memory from the B-cache.
When multi-bit errors are detected, the main memory location is tagged
bad by the MAXMI. This is done since ti.e MAXMI detects multi-bit errors,
but does not correct them.

The MCA-chip monitors XMI traffic and buffers up to 16 invalidate
addresses for transfer to the MC-chip on the Inval-Bus. If an XMI read
or write by another node hits the cache, the writeback or invalidate

is performed by the MC-chip. Writeback control, an 8-entry writeback
address queue, and DAL bus parity checking are also provided by the
MCA-chip.

The MDA-chip implements the interface between the 64-bit DAL bus and
the 64-bit XCI bus. It provides parity generation and checking for the XMI
data path and parity and ECC generation and checking for the DAL data
path. This ECC checking on the DAL bus provides correction of all single-
bit errors and detection of multi-bit errors. The MDA-chip also supports a
4-quadword read queue and an 8-hexword writeback data queue.
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KAG65A XMl Private I/0 Address Space Map and Transactions

Figure 2-25 KAG5A CPU Module Private /O Address Space Map
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Figure 2-25 shows the CPU m--Jule’s implementation of its XM] private
space. Addresses E000 0000 to E17F FFFF (hex) of XMI I/O apace are not
accessible from the XMI bus.

Certain sections of the XMI private space contain self-test, console, and
boot code that is halt protected. That is, the code continues to execute
after a CTRL/P halt is received. Other sections of self-test, console, and
boot code in XMI private space are not halt protected, and execution halts
upon receipt of a CTRL/P halt.

Table 2-11 describes the MAXMI generation and response for various MP-
chip-to-XMI operations, while Table 2-12 describes the MAXMI generation
and response for various XMI-to-MP-chip operations.

Table 2-11  MAXMI Transaction Generation/Response for MP-Chip-to-XMi Operations

MP-Chip Operation Resuiting XMl Operation
Memory Space Reterences
Read (misses both caches) Hexword Read
interlock/Modify Read (misses Hexword Ownership Read
both caches)
Wirite Mask (misses both Hexword Ownership Read
caches)
Unlock Write Mask (always hits  Nons
the B-cache)

/O Space References (outside of XM
Private Space)

Read (forced to miss both Longword Read

eaches)

Interiock Read (forced to miss Longword Interlock Read

both caches)

Writes Mask Longword Write

s Unleck Write Mask Longword Unlock Write Mask
Miscellaneous References

Interrupt acknowiedge XMi IDENT (assuming that an XMI interrupt is pending and no MSSC or
IP IVINTR interrupts are panding)

/0 space write to IVINTR XMI IVINTR

generation space

Clear write bufler Complets any ouistanding Owneiship Reads and proceas aii queued
invalidates

2-49



2.6.2

KAG65A CPU Module

Table 2-12 MAXMI Transactlon Generation/Response for XMi-to-MP-Chip Operations

XMi Transaction

Resulting MP-Chip Operation

XMI memory space writes

Load invalidate queue, perform Inval-Bus lcokup.

XMl writes to XMI nodespace Write tha appropriate CSR.

XMIi read to XMI nodespace
XMI INTR

XMI interprocessor IVINTR
XMl write error IVINTR
XM parity error detected

XMI IDENT

Respond with appropriate CSR data.

Set the appropriate interrupt-pending bit and post interrupt request to
MP-chip.

Set the IP IVINTR pending bit and post IPL 16 (hex) interrupt request.
Set XBER<WEI!> and post "hard error” interrupt.

Set XBER<PE> and post a "soft error” interrupt. if “inconsistent,” aiso set
XBER<IPE>.

Clear the appropriate interrupt-pending bit.

invalidates
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The MAXMI monitors all write traffic from other nodes to memory space
to maintain cache coherency between the KA65A CPU module caches and
main memory. This monitoring also allows other XMI nodes access to
memory locations owned by the KA65A CPU module. When the MAXMI
detects an XMI write to a currently cached memory location, the MAXMI
performs an invalidate on the DAL. The MC-chip works with the MAXMI
to determine if the data is currently cached. The MC-chip maintains

a duplicate copy of the primary cache tag store whenever invalidate
addresses are placed on the Inval-Bus. If the MC-chip detects an Inval-
Bus address mismatch in either tag store, it notifies the MAXMI of the
hit. This implements a filtering mechanism for invalidates that avoids
using the DAL except when an address is found cached and needs to be
disowned.

When the MAXMI detects a memory write by another node on the XM, it
places the write address into an invalidate queue. This address is driven
onto the Inval-Bus, and the MAXMI requests the MC-chip to do a cache
lookup. If this address misses both caches, the MAXMI deietes the entry
from the invalidate queue and goes to the next entry. If the address hits in
either cache, the MAXMI performs a DMA write transaction on the DAL
to this address, invalidating the address in both caches.

The MAXMTI’s invalidate queue is 16 entries deep. The MAXMI uses the
XMI suppress line (XMI SUP L) to suppress XMI transactions, keeping
the invalidate queue from overflowing. The suppression of XMl commands
allows the MAXMI and MC-chip tc catch up on invalidate processing and
to open up queue entries for future invalidate addresses.

The MAXMI processes all invalidates that arrived in the XMI cycles before
the read command is acknowledged on the XMI bus in response to a read-
type DAL command. The MAXMI accomplishes this by logically "marking"
the valid entries in the invaldiate queue when the entries must all be
processed before this data is returned. If the XMI command is retried,
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the valid entries in the invalidate queue are re-marked every time the
command/address cycle is driven onto the XMI bus.

While processing invalidates, the MC-chip might find an entry
corresponding to data being cached. If this happens, the MC-chip requests
a retry of the command to process the invalidate. When the MC-chip
completes processing all invalidates, the MP-chip retries the read-type
command. The MAXMI responds with the data that it buffered from the
XML

If an invalidate address is received in the same cache subblock as an
outstanding cacheable memory read, a cache miss occurs. The M >-chip
stays in an internal state until the cache fill is completed. However, the
MC-chip continues to process invalidates while waiting for the cache fill to
complete.

The MAXMI processes all queued invalidates before acknowledging the
DAL transaction during a clear write buffer command. If any of these
invalidates hit in either cache, the MAXMI retries the clear write buffer
command and processes all invalidates that hit the DAL before letting the
MP-chip retry the clear write buffer command.

Writeback Queue

The MAXMI contains an eight-entry writeback queue to hold cache
subblocks that need to be written back from the cache to memory. Both
the MC-chip and the MAXMI retry MP-chip commands that might not
complete if the MC-chip has a writeback to perform. The XMI control
logic in the MAXMI gives priority to writeback commands over MP-chip-
generated requests.

. 2.6.4 Lockout Avoidance

2.6.5

The MAXMI supporte a lockout avoidance function that prevents an XMI
node from being denied access to an interlocked or owned memory location
or to preven! the node from being denied access to 1/O space.

Interrupts

The XMI supports device interrupts (INTRs) and implied vector interrupts
(IVINTRs). Device interrupts are generated by the XMI 1/0 devicea.
IVINTRSs are either interprocessor interrupts or write error interrupts.
The MAXMI responds to all XMI interrupts and generates IVINTRs.
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26.5.1

Device Interrupts (INTRs)

The four priority levels of XMI deice interrupts are IPL 14 (hex) through
IPL 17 (hex). The MAXMI keeps a set of 40 interrupt-pending bits (ten
1/O-capable nodes with four IPL levels). If an interrupt command with an
interrupt destination field matching the node ID of the CPU is received,
the MAXMI sets the appropriate interrupt-pending bit, based on the IPL
of the interrupt and the node ID of the commander. All ten bits at each
interrupt level are ORed together and sent to the CPU on device interrupt
lines IRQ L<3:0>.

26.5.2

implied Vector Interrupts (IVINTRS)

The MAXMI generates and responds to interprocessor (IP) and write error
IVINTRs.

The MAXMI sets an interprocessor interrupt-pending bit when an IP
IVINTR command with an interrupt destination field matching the CPU
module’s node ID ia received. This bit is ORed with the eight IPL 16 (hex)
interrupt-pending bits and sent to tha MP-chip.

Write error interrupts cause the MAXMI to set XBER<WEI> (write error
interrupt) and request a hard error interrupt at IPL 1D (hex).

A byte-length I/O space write, such as MOVB or CLRB, to the IVINTR-
generation "virtual" registers causes the MAXMI to generate an IVINTR
command on the XMI bus. The addresses, in hexadecimal, for these
IVINTR-generation "virtual” registers are:

¢ E101 0000 to E101 FFFF for IP IVINTRs
¢ E102 0000 to E102 FFFF for WEIs

The low 16 bits of the address are used as the XMI destination mask
during the IVINTR command cycle for both types of IVINTRs. The
MAXMI treats IVINTR transactions like normal I/O space writes on

the DAL. The MAXMI does not acknowledge the write until after the ACK
for the IVINTR command is received. If an error occurs on the IVINTR
command, the DAL transaction is acknowledged, and the error is reported
by requesting a hard error interrupt at IPL 1D (hex).

2653

Read interrupt Vector and IDENT

The MP-chip generates a read interrupt vector transaction in response
to the assertion of one of the device interrupt lines, IRQ L<3:0>. The
interrupt vector can come from an XMI I/O device, the MSSC, or the
MAXMI (if an IP IVINTR is pending). The IPL of MSSC interrupts is
programmable through control bits in the MSSC and the MAXMI, and is
set to IPL 15 (hex) by the conaole program. IP IVINTRs are serviced at
IPL 16 (hex). If multiple interrupts are pending at the same level, the
MAXMI gives the read interrupt vector command priority in the order:

* MSSC interrupts (only if the read interrupt vector is at the MSSC-
programmed IPL, which sheuld be IPL 15 (hex))

* IP IVINTRs (IPL 16 (hex) only)
¢ XMI interrupts
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The MAXMI determines the source of the interrupt vector after receiving
a read interrupt vector command. If an MSSC interrupt is pending at the
MSSC-programmed IPL (normally, IPL 15 (hex)), the MAXMI allows the
MSSC to service the interrupt request. If the interrupt is at IPL 16 (hex)
and an IP IVINTR is pending, the MAXMI returns a vector of 80 (hex) to
the MP-chip. If the interrupt source is the XMI bus, the MAXMI sends an
XMI IDENT command to requesi the interrupt vector.

While the MAXMI waits for the vector offset from the XMI during an
XMI IDENT, any invalidaie that hits in either cache forces the MAXMI

to request a retry of the read interrupt vector transaction, to allow
gerialization of events on the XMI during read operations (memory reads,
I/O space reads, and read interrupt vectors). All invalidates received prior
to the ACK of the IDENT command are processed. Once the vector is
returned and all invalidates are processed, the MAXMI allows the MP-chip
to retry the read interrupt vector transactions. The MAXMI then returns
the vector it buffered from the XMI.

If the MAXMI receives a read interrupt vector transaction at the MSSC-
programmed IPL and no MSSC interrupt is pending, it transmits an
IDENT on the XMI. If an invalidate hit occurs, the MAXIMI retries the
read interrupt vector transaction so it can first process the invalidate. If
an MSSC interrupt request is pending when the read interrupt vector
transaction is retried, the MAXMI cannot allow the MSSC to respond

to the transaction, as this would cause the IDENT to be lost. Instead,
the IDENT data is returned to satisfy the iransaction, and service of the
MSSC interrupt is delayed until the original interrupt is completed.

If an XMI error occurs during an IDENT transaction, the MAXMI
terminates the DAL transaction in error and reports the error by
requesting a hard error interrupt at IPL 1D (hex).

XMl Registers

The MAXMI registers are located in the KA66A CPU module’s nodespace
and are directly accessible by all XMI nodes. A read or write access to
any nonimplemented nodespace causes the MAXMI to NO ACK the XMI
transaction. Nonimplemented nodespace includes node 0 and node F (hex)
and empty slots on the XMI backplane.

Addresses, in hexadecimal, of the MAXMI registers are as follows:
® Device Register, XDEV (nodespace + 0000 0000)

* Bus Error Register, XBER (nodespace + 0000 06004)

¢ Failing Address Register, XFADR (nodespace + 0000 0008)

* General Purpose Register, XGPR (nodespace + 0000 600C)

® Node-Specific Control and Status Regisfer. NSCSR
(nodespace + 0000 001C)

e XMI Control Register, XCR (nodespace + 0000 0024)
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* Failing Address Extension Register, XFAER
(nodespace + 0000 002C)

* Bus Error Extension Register, XBEER
(nodespace + 0000 0034)

¢ Failing Address Register for Wbhack0, WFADRO
{nodespace + 0000 0040)

¢ Failing Address Register for Wbackl, WFADR1
(nodespace + 0000 0044)

The MAXMI'’s registers have the following characteristics:

¢ The mask bits are ignored on writes to the MAXMI's CSRs. A full
longword write is always performed.

¢ Interlocks are not supported. Interlock Read and Unlock Write
Mask commands are treated like Read and Write Mask commands,
respectively.

* The XMI responder queue is only one deep so the MAXMI NO ACKs
subsequent CSR references until the read data for the queued CSR
read has been returned.
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2.7 Scalar/Vector Interaction

The KAG56A CPU module supports an optional attached vector
module. For details on the FV64A vector processor, see Chapter 3.

Figure 2-26 Scalar/Vector Pair Block Diagram

SCALAR PROCESSbR VECTOR PROCESSOR
vIB
Cable
R 2 Vector Contrel Unit
CPU-Chip MC-Chip < hor Qor
Cache Data Bus
DAL {CD Bus)
Artthmetic
Cache Pipelines
¥e XMt l
MF-Chip Interface
. Duplicate Load/Store
1 and
Tag Store XM! interface

—— S

. mab-0528A-91

The scalar module includes support for an optional vector module that
executes VAX vector instructions. The interface between the MP-chip
and the vector module is provided by the MC-chip (see Figure 2-26).

. Command and control information are transferred between the MC-chip
and the vector module over the vector interface bus, the VIB. The VIB is a
cable between the scalar and vector modules.

Control of the vector module is distributed between the vector interface
in the MC-chip and the vector module itself. The MC-chip contains the
Vector Interface Error Status Register (VINTSR), IPR123, which containg
information about the scalar CPU side of the VIB (see Section 2.8.1 for
the VINTSR description). Information about the vector module is also
provided by the scalar module’s Accelerator Control and Status Register
(ACCS), IPR40. ACCS<0>, when set, indicates that a vector module is
. attached to the scalar module.
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The registers that reside on the vector module contain information about
the vector module side of the interface. For deacriptions of these registers,
see Section 3.8,

2.7.1  Vector Iinstruction Execution

2-56

CAUTION:

To an executing program, the scalar/vector pair of modules appear as

one processor. The MP-chip decodes vector instructions and parses

their specifiers as it does for other instructions. Then one, two, or three
longwords of operand and contro! information are transferred to the vector
module using IPR write commands.

Operand information, if any, is transferred to the vector module in reverse
specifier order. That is, the last specifier's operand is transferred first,
followed by the next-to-last, and so forth. The final transfer passes the
opcode and control information to the vector module, which validates any
previous transfers and enables the vector module to begin executing the
instruction.

The vector module executes most vector instructions in parallel with the
scalar CPU execution of subsequent instructions. Some vector instructions
(the load, store, gather, scatter, MFVP, and MFPR instructions) require
the synchronization of the two modules. To synchronize, the scalar module
reads the Vector Memory Activity Check (VMAC) Register at the end of
the instruction. Until the vector module responds the MP-chip stalls,
effectively forcing the synchronous execution of (at least part of) the vector
instruction.

The programmer must take special steps to ensure that this barrier
synchronization operates correctly.

TS ensure that the barrier synchronization operates correctly,
the programmer must read the Vector Processor Status Register
(VPSR), IPR144, and spin on reading this register until the VPSR
Busy bit is ciear. Then reading the Vector Memory Activity Check
Register (VMAC), IPR148, twice guarantees synchronization and
that all errors have been reported.
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2.7.2 Exceptions and Errors

There are three types of exceptions reported by the vector module: memory
management exceptions, hardware errors reported through machine
checks, and hardware errors reported through interrupts.

Memory management exceptions are reported to the MP-chip in response
to the register read done at the end of the MP-chip instruction execution.
The MP-chip passes these exceptions to the operating system through the
normal ACV, TNV, and machine check SCB vectors.

Hardware errors that are reported by a machine check are reported using
the syste:n control block (SCB) machine check vector 04 (hex). Other
hardware errors are reported by hard error interrupts to the CPU using

. SCB vector 60 (hex). Soft errors are reported using SCB vector 54 (hex).
See Section 2.3.4 for more on exceptions and interrupts.

Exceptions other than memory management exceptions cause the vector
module to disable itself. Hard errors also disable the vector processor. The
disabled condition is detected when the MP-chip attempts to issue another
instruction to the vector module and at the end of all MFPR instructions.
Both cases result in a vector module disabled fault (SCB vector 68 hex) to
the operating system.
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KAG65A CPU Module Registers

The KAG5A CPU module registers consist of internal processor
registers, KAGSA CPU module registers in XMI private space, and

XMI required registers.

Internal Processor Registers

The processor state is stored in internal processor registers rather than in
memory. See Table 2—-13 and Table 2-14. The processor state is componed

of 16 general purpose registers (GPRs), the processor status longword
(PSL), and internal processor registers (IPRs).

Nonprivileged software can access the GPRs and the lower half of the
processor status longword (PSL<15:0>). The IPRs and PSL<31:16> can

only be accessed by privileged software. The IPRs are explicitly accessiole

by the Move To Processor Register MTPR) and Move From Processor
Register (MFPR) instructions, which require kernel mode privileges. The
console operator can read an IPR with the EXAMINE/I command and
write an IPR with the DEPOSIT/I command.

Table 2-13 KA65A CPU Module Internal Processor Registers

Address decimal (hex) Register Mnemonic Type' Scope’ Class® Location
0 (0) Kemnel Stack Pointer KSP RW PROC 1 MP-chip
1Q1) Executive Stack Pointer ESP RW PROC 1 MP-chip
2(2) Supervisor Stack Pointer SSP RW PROC 1 MP-chip
3 (3) User Stack Pointer USP RW PROC 1 MP-chip
4 (4) interrupt Stack Pointer ISP RW CPU 1 MP-chip
5§-7(5~-7 Reserved 4

'See Table 2-14.

Key to Scopes:

PROC = Per-process register, loaded by LDPCTX (load process context instruction).

CPU = CPU-wide register, not aftected by LDPCTX.
3Key to Classes:

1 = Implemented by the KAG5A CPU module as specified in the VAX Architecture Reference Manual.

2 = Implemented uniquely by the KA65A CPU module.
3 = Implemented by the FVE4 vector module.

4 = Not implemented. Read as zero; NOP on write. These registers should not to be referenced during normal
operation as no other instructions can be executed by the CPU until a imeout period ihat might be longer than

device or CPU timeouts has expired.

5 = Access not allowed; accessas result in a reserved operand fault.

6 = Accessible, but not fully implemented; accesses yield UNPREDICTABLE results.
n Init = The register is initialized on a KAB5A CPU module reset (powar-up, system resst, and node reset).
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KA65A CPU Mcdule

Address decimal (hex)  Register Mnemonic Type' Scope® Cilass® Location

8 (8) PO Base POBR RW PROC 1 MP-chip

9 (9) PO Length POLR RW PROC 1 MP-chip

10 (A) P1 Base P1BR RW PROC 1 MP-chip

11 (B) P1 Length PILR RW PROC 1 MP-chip

12 (C) System Base SBR RW CPU 1 MP-chip

13 (D) System Length SLR RW CcPU 1 MP-chip

14 — 15 (E - F) Reserved 4

16 (10) Process Control Block Base PCBB RW PROC 1 MP-chip

17 (1) System Control Block Base SCBB RW CPU 1 MP-chip

18 (12) interrupt Priority Level iPL RW CPU 1init  MP-chip

19 (13) AST Level ASTLVL RW PROC 1init MP-chip

20 (14) Software Interrupt Request SIRR WO CPU 1 MP-chip

21 {15) Sofiware Interrupt Summary SISR RW CPU 1Init MP-chip

22 - 23(16 - 17) Reserved 4

24 (18) Interval Clock Control and ICCS RW CPU 2init MP-chip
Status*

25 — 28 (19 — 1A) Reserved 4

27 (1B) Time-of-Year Clock® TODR RW CPU 1 MSSC

28 (1C) Console Storage Receiver CSRS RW CPU 6 Init MSSC
Status

29 (1D) Console Storage Receiver Data CSRD RO CPU 6 Init MSSC

30 (1E) Console Storage Transmitter CSTS RwW CPU 6 Init MSSC
Status

31 (1F) Console Storage Transmitter CsSTD wo CPU 6init MSSC
Data

'See Table 2-14.

2Key to Scopes:

PROC « Per-process register, loaded by LDPCTX (load process context instruction).
CPU = CPU-wide register, not affected by LDPCTX.

Key to Classes:

1 = implemented by the KA65A CPU module as specified in the VAX Architecture Reference Manual.

2 = Implemented uniquely by the KA65A CPU moduls.

3 = Implemented by the FV64 vector module,
4 = Not implemented. Read as zero; NOP on write. These registers should not to be referenced during normal

operation as no other instructions can be executed by the CPU until a timeout period that might be longer than
device or CPU timeouts has expired.

5 = Access not allowed; accesses result in a reserved operand fault.
6 = Accessible, but not fully implemented; accesses yield UNPREDICTABLE results.
n Init = The register is initialized on a KA65A CPU module reset (power-up, system reset, and node reset).

“Interval timer requests are posted at IPL 16 with a vector of CO (hex). The interval timer is the lowest priority

device at the IPL.

*TODR ia maintained during power failure by the XM! TOY BBU PWR line on the XMi backplane.
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Table 2-12 (Cont.) KA65A CPU Module Internal Processor Registers

Address decimal (hex)  Register Mnemonic Type' Scope® Class® Location

32 (20) Console Receiver Control/Status RXCS AW CPU 2Init MSSC

33 (21) Console Receiver Data Buffer RXDB RO CPU 2Init MSSC

34 (22) Console Transmitter Control TXCS RW CPU 2Init MSSC
/Status

35 (23) Console Transmitter Data Buffer TXDB WO CPU 2Init MSSC

36 — 37 (24 - 25) Reserved 4

38 (26) Machine Check Error Summary MCESR wo CPU 2 MP-chip

39 (27) Reserved 4

40 (28) Accelerator Control and Status ACCS RW CPU 2Init  MP-chip

41 (29) Reserved 4

42 (2A) Console Saved Program SAVPC RO CPU 2 MP-chip
Counter

43 (28) Console Saved Processor SAVPSL RO CcPU 2 MP-chip
Status Longword

44 - 46 (2C - 2E) Reserved 4

47 (2F) Translation Buffer Tag TBTAG WO CPU 2 MP-chip

48 - 54 (30 - 36) Reserved 4

55 (37) /O Resst IORESET WO CPU 2 MSSC

56 (38) Memory Management Enable MAPEN RW CPU 1Init MP-chip

57 (39) Translation Buffer Invalidate Al TBIA WO CPU 1 MP-chip

58 (3A) Transiation Buffer Invalidate TBIS WO CPU 1 MP-chip
Single

59 (3B) Translation Buffer Data TBDATA WO CPU 2 MP-chip

60 - 61 (3C - 3D) Resarved 4

62 (3E) System |dentification SiD RO cPU 1 MP-chip

63 (3F) Translation Buffer Check TBCHK WO CPU 1 MP-chip

64 — 111 (40 ~ 6F) Reserved 4

112 (70) Backup Cache Index BCIDX RW CPU 2 MC-chip

1See Table 2-14.
2Key to Scopes:

PROC = Por-process register, loaded by LDPCTX (load process coniext instruction).
CPU = CPU-wide register, not affected by LDPC X.

3Kev to Classes:

1 = Implemented by the KA65A CPU module as specified in the VAX Architecture Reference Manuali.

2 = Implemented uniquely by the KA6SA CPU module.
3 = Implemented by the FV64 vector module.
4 = Not implemented. Read as zero; NOP on write. These registers should not to be referenced during normal

operation as no other instructions can be executed by the CPU until a timeout period that might be longer than
device or CPU timeouts has expired.

5 = Access not allowed; accesses result in a reserved operand fault.
6 = Accessible, but not fully implemented; accessas yisld UNPREDICTABLE resulis.
n init = The register is initialized on a KA6SA CPU module reset (power-up, system reset, and node reset).
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KAG5A CPU Module

Address decimal (hex)  Register Mnemonic Type' Scope? Cilass® Locatlon
113 (71) Backup Cache Status BCSTS AW CPU 2 1Init  MC-chip
114 (72) Backup Cache Control BCCTL RW CPU 2 Init  MC-chip
115 (73) Backup Cache Error Address BCERA RO CPU 2 MC-chip
116 (74) Backup Cache Tag Store BCBTS RW CPU 2 MC-chip
117 (75) Backup Cache Deallocate Tag BCDET WO CPU 2 MC-chip
118 (76) Backup Cache Error Tag BCERT RO CPU 2 MC-chip
119 - 122 (77 - 7A) Backup Cache Reserved - RW CPU 6 MC-chip
123 (78) Vector interface Error Status VINTSR RW CPU 2 MC-chip
124 (7C) Primary Cache Tag Array PCTAG AW  CPU 2 MP-chip
125 (7D) Primary Cache Index PCIDX RW  CPU 2 MP-chip
126 (7E) Primary Cache Error Address PCERR RW CPU 2 MP-chip
127 (7F) Primary Cache Status PCSTS RW CPU 21init  MP-chip
128 — 143 (80 - &F) Reserved 4
144 (90) Vector Processor Status VPSR RW CPU 3 VECTL
145 (91) Vector Arithmetic Exception VAER RW CPU 3 VECTL
146 (92) Vector Memory Activity Check VMAC RO CPU 3 VECTL
147 (93) Vector Translation Buffer VTBIA WO CPU 3 s
Invalidate All
1486 — 156 (94 — 8C) Reserved 6
157 (9D) Vactor Indirect Register Address  VIADR RW CPU 3 VECTL
158 (9E) Vector Indirect Data L.ow ViDLO RW CPU 3 VECTL
159 (9F) Vactor Indirect Data High VIDHI W CPU 3 VECTL
160 ~ 255 (A0 - FF) Resarved 4
256 (100) and up Reserved 5

'See Table 2-14.
“Key to Scopes:

PROC = Psi-process register, loaded by LDPCTX (load process context instruction).
CPU = CPU-wide register, not affected by LDPCTX.

*Key to Classes:

1 = Implemented by the KA65A CPU module as specified in the VAX Architecture Reference Manual.

2 = Implemented uniquely by the KAGSA CPU module.
3 = Implemented by the FV64 vector module.
4 = Not implemented. Read as zero; NOP on vrrite. These regiaters should not to be referenced during normal

operation as no other instructions can be executed by the CPU until a timeout period that might be longer than
device or CPU timeouts has expired.

5 = Access not allowed; accesses result in a reserved operand fault.
6 = Accessible, but not fully implemented; accesses yield UNPREDICTABLE results.
n Init = The register is initialized on a (A65A CPU module reset (power-up, system reset, and node reset).

NOTE: The vector internal processor registers IPR144 through IPR159 are

described in Chapter 3.
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Table 2-14 Types of Registers and Bita

Type Description

] initialized to logic level zero

1 Initialized to logic level ons

X Initialized to sither logic level
RO Read only

RW Read/write

R/Cleared on W Read/cleared on write

RWIC Read/cleared by writing a one
WO Write only
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interval Clock Control and Status Register (ICCS)

Interval Clock Control and Status Register (ICCS)

The ICCS contains control information for the interval clock. The interval clock
is used for accounting, for time-dependent events, and for maintaining the
software date and time. Interval timer requests are posted at IPL 16 (hex)
through SCB vector CO (hex). The interval timer is the lowest priority device
at IPL 16.

ADDRESS IPR24 (MP-chip)
i 768 0
{ MUST BE ZERO LLHUBT BE 25301
Interrupt Enable (IE) —-I
msb~p376-90
bits<31:7>
Name: Resarved

Mnemonic: None
Type: -

Reserved; must be zero.

bit<6>

Name: interrupt Enable

Mnemonic: |E

Type: RW. 0

IE enabies and disables interval timer interrupts. When IE is set, an

interval timer interrupt is requested every 10 milliseconds. When IE
i8 clear, interval timer interrupts are disabled.

bits<5:0>

Name: Reserved
Mnemonic: None

Type: -

Reserved; must be zero.
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Console Receiver Control and Status Register (RXCS)

Console Receiver Control and Status Register

(RXCS)

seorial line.
ADDRESS IPR32 (MSSC)
3
1 8 768 0
MUST BE ZERO MUST BER ZERO
Receiver Done (RX DONE) -—l
Receiver Interrupt Enable (RX IB)
msb-p266-90
bits<31:8>
Name: Reserved
Mnemanic: None
Type: -

bit<7>

bit<6>

2-64

The RXCS controls and reports the status of incoming data on the console

Reserved; must be zero.

Name: Receiver Done
Mnemonic: RX DONE
Type: RO, 0

RX DONE is set when an entire character has been received and

is ready to be read from RXDB<7:0> (Received Data). RX DONE is

automatically cleared when RXDB<7:0> is read.

Name: Receiver Interrupt Enable
Mnemonic: RX IE
Type: RW, 0

RX IE enables receiver interrupts. if RX IE is set and a character is
received, as indicated by the setting of RX DONE, a receiver interrupt
is requested. If RX DONE is set and software then sets RX IE, a

receiver interrupt is requested. The interrupt request is cleared

when it is serviced, when RXBD is read, or when RX IE is cleared by

goftware.
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Console Receiver Control and Status Register (RXCS)

bits<5:0>
Name: Reserved
Mnemonic: None
Type: -

A=served, must be zero.
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Console Receiver Data Buffer Register (RXDB)

Console Receiver Data Buffer Register (RXDB)

RXDB buffers incoming serial-line data and captures error information. Error
conditions remain until the next character is received, at which point the error
bits are updated.

ADDRESS IPR33 (MSSC)

3
1

-
e
Y
w -

MUST BE ZERO

Brror (ERR) —J l
Overrun Error (OVR ERR)
Framing Error (FRM ERR)

Received Break (RCV BRK)
Received Data

mab-~p267-90

bits<31:16>

Name: Reserved
Mnemonic: None

Type: -

Reserved; must be zero.

bit<15>

Name: Ermror
Mnemonic: ERR
Type: RO, 0

ERR is set if either bit<14> or <13> is set. ERR is clear if both bita
are clear.

bit<14>

Name: Overrun Enor

Mnemonic: OVR ERR

Type: RO, 0

OVR ERR is set if a previously received character was not read before

being overwritten by the present character and remains set until the
register is read.
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bit<13>

bit<i2>

bit<11>

bits<10:8>

bits<7:0>

KAG65A CPU Module Internal Processor Registers
Console Receiver Data Buffer Register (RXDB)

Name: Framing Error
Mnemonic: FRM ERR
Type: RO, 0

FRM ERR is set if the present character did not have a valid stop bit
and remains set until the register is read.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Received Break
Mnemonic: RCV BRK
Type: RO, 0

RCV BRK is set following the receipt of a CTRL/P character =d
remains set until the register is read.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Received Data
Mnemonic: None
Type: RO

Received Data contains the last character received from the console.
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Console Transmitter Control and Status Register (TXCS)

Console Transmitter Control and Status Register
(TXCS)

TXCS controls and reports the status of outgoing data on the console serial
line.

ADDRESS -  IPR34 (MSSC)
i 8 76%5 3210

[7 MUST BE ZERO |41 lrnnz lﬁlOJ

Transmitter Ready (TX RDY) —J
Transmitter Interrupt Enable (TX IE)
Loopback

Tranemit Break (XMIT BRK)

meb-p266-90

bits<31:8>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bit<7>
Name: Transmitter Ready
Mnemonic: TX RDY
Type: RO, 1
TX RDY sets when TXDB<7:0> (Transmit Data) can receive a
character. It clears when TXDB<7:0> is loaded with a character, and
it remains clear until the character is transferred to the serialization
buffer.
bit<6>
Name: Transmitter interrupt Enable
Mnemonic: TX |E
Type: RW, 0

TX IE enables transmitter interrupis. If TX IE is set and the
transmitter interrupt becomes ready (that is, TX RDY sets), then a
transmitter interrupt is requested. If TX RDY is set and software
sets TX IE, then a transmitter interrupt is requested. The interrupt
request is cleared when it is serviced or if TX IE is cleared by software.
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bits<5:3>

bit<2>

bit<1>

bit<0>

KA65A CPU Module Internal Processor Registers
Console Transmitter Control and Status Register (TXCS)

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Loopback

Mnemonic: None

Type: RW, 0

When Loopback is set, loopback mode is enabled o that the external

serial output is set to MARK and the serial output is connected to the
serial input (a loopback).

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Transmit Break
Mnemonic: XMIT BRK
Type: RW, 0

When XMIT BRK is set, the serial output is forced to the SPACE
condition. While XMIT BRK is set, the transmitter operates normally,

but the output line remains low so that software can transmit dummy
characters to time the break.
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Console Transrnitter Data Buffer Register (TXDB)

Console Transmitter Data Buffer Register (TXDB)

TXDB butfers outgoing data on the console serial line.

ADDRESS IPR35 (MSSC)

a
1 8 7 0

L MUST BE ZERO J J

Transmit Data —J

mab-p269-90

bits<31:8>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bits<7:0>

Name: Transmit Data
Mnemonic: None
Type: wo

Transmit Data contains the character to be transmitted on the console
serial line.
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Machine Check Error Summary Register (MCESR)

Machine Check Error Summary Register (MCESR)

MCESR allows software to acknowledge receipt of a machine check.

ADDRESS IPR38 (MP-chip)
3
1 0
L Machine Check Error Summary Register (MCESR) ]
msb-p270-90
bits<31:0>
Name: Machine Check Emor Summary Register
Mnemonic: MCESR
Type: WO

MCESR allows software to acknowledge receipt of a machine check.
When the microcode invokes the software machine check handler, it
sets a "machine check in progress” flag. If a machine check or memory
management exception occurs when this flag is set, the microcode
initiates a console double error halt. Machine check handler software
needs to clear the "machine check in progress” flag as soon as possible
by writing a zero to MCESR to reenable normal machine check and
memory management exception reporting.
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Accelerator Control and Status Register (ACCS)

Accelerator Control and Status Register (ACCS)

The ACCS provides control for the MF-chip, the optional vector module, and
the generation of bad data parity on write operations.

ADDRESS IPR40 (MP-chip)
3 3
10 3210
[J MUST BE ZERO l
l— Write Even Parity Addressing Mode (ADRM) —-—J__I
MF-Chip Present ‘
Vector Present
mab-p271~90
bit<31>
Name: Write Even Parity
Mnemonic: None
Type: WO, 0

Write Even Parity enables the generation of bad data parity for write
operations. If this bit is set to a one, all subsequent cache or memory
writes and MF-chip operand transfers are done with bad data parity
on all bits. This bit is used for diagnostics only and is never set during
normal operations.

Write Even Parity is automatically cleared if ACCS is read with

an MFPR (Move From Processor Register) instruction. This bit is
also cleared at the start of any interrupt, exception, or console halt,
preventing an exception stack frame from being written with bad data
parity.

CAUTION: The PTE.M bit MUST BE SET in any page table entry (PTE)
mapping puges to be written while Write Even Parity is
enabled. Otherwise, a PTE may be written with bad parity

during a PTE.M bit update.
bits<30:3>

Name: Reserved

Mnemonic: None

Type: -

Reserved; must be zero.
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bit<2>

bit<1>

bit<0>

KAG5A CPU Module Internal Processor Registers
Accelerator Control and Status Register (ACCS)

Name: Addressing Made
Mnemonic: ADRM
Type: AW, 0

Addressing Mode controls the MP-chip's use of either 30- or 32-bit
physical addressing. When ADRM is a zero, 30-bii addressing is used;
when ADRM is a one, 32-bit addressing is used. Memory management
must be disabled to change ADRM.

Name: MF-Chip Present
Mnemonic: None
Type: RW, 0

The MF Chip Present bit enables use of the MF-chip. If this bit is a
one, florting-point and longword-length integer multiply instructions
are passed to the MF-chip for execution. If this bit is a zero,

the execution of a floating-point instruction results in a reserved
instruction fault. MF-Chip Present is set during normal operation.
If an MF-chip error is detected, the MF-chip may be disabled if the
operating system emulation software is loaded.

Name: Vector Present
Mnemonic: None
Type: RW

Vector Present enables use of the optional vector processor. If this

bit is a one, vector instructions are decoded and passed to the vector
processor for execution. !f this bit is a zero, the execution of a vector
instruction results in a reserved instruction fault. At power-up, the
console code determines if a vector processor is in the system and, if
the vector processor passes seif-test and extended test, it sets the state
of this bit. The bit is cleared during reset.
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Console Saved Program Counter Register (SAVPC)

During a hardware restart sequence, the current program counter (PC) is
saved in SAVPC.

ADDRESS IPR42 (MP-chip)
3
1 0
[ Console Saved Program Counter (SAVPC) ]
mnsb-p272-90
bits<31:0>
Name: Console Saved Program Counter
Mnemonic: SAVPC
Type: RO

If the MP-chip microcode detects an inconsistent internal state, an
incorrectly terminated DAL transaction, a kernel-mode HALT, a
system reset, a node halt, a node reset, or the detection of CTRL/P,
the microcode initiates a console halt (a hardware restart sequence
which passes control to the console code). During the hardware restart
sequence, the current program counter (PC) is saved in SAVPC.
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Console Saved Processor Status Longword
(SAVPSL)

f the MP-chip's inicrocode detects an inconsistent internal state, an incorrectly
terminated DAL transaction, a kernel-mode HALT, or a system reset, the
microcode initiates a console halt (a hardware restart sequence which passes
control to the console code). During the hardware restart sequence, the
processor status longword (PSL), halt code, MAPEN<0>, and an invalid bit
are saved in SAVPSL.

ADDRESS IPR43 (MP-chip)

C [ T ]

Procesasor
Status
Longword«<31:16>

(PSL<31:16>)

L N o
(U
-~ -
W

Memory Management Enable

(MAPEN<0>)
Invalid
Halt Code
Processor Status Longword<7:0> (P8S8L<7:0>)

mab-p273~90

bits<31:16>

Name: Processor Status Longword<31:16>
Mnemonic: PSL<31:16>
Type: RO

At the time of a console halt, PSL<31:16> is loaded into
SAVPSL<31:16>.

bit<15>
Name: Memory Management Enable<0>

Mnemonic: MAPEN<O>
Type: RO

At the time of a console halt, MAPEN<0O> is loaded into SAVPSL<15>.
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Console Saved Processor Status Longword (SAVPSL)

bit<14>

Name: invalid

Mnemonic: None

Type: RO

At the time of a console halt, a zero is loaded into the Invalid bit if the

PSL is valid and a one is loaded if it is not valid. The Invalid bit is
undefined after a halt due to a system reset.

bits<13:8>
Name: Halt Code

Mnemonic: None
Type: RO

At the time of a console halt, console halt code is 10aded into
SAVPSL<13:8>.

bits<7:0>
Name: Processor Status Longword<7:0>

Mnemonic: PSL<7:0>
Type: RO

At the time of a console halt, PSL<7:0> is loaded into SAVPSL<7:0>.
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Translaiion Buffer Tag Register (TBTAG)

TBTAQG is a diagnostic register used to test the operation of the translation
bufter. A write to TBTAG writes bits <31:9> of the source data into the Virtual
Page Number (VPN) field of the current tag location and dears TB.V {valid
bit). A subsequent writs to TBDATA interprets the source data as a page
table entry (PTE) and writes TPE.V (valid bit), PTE.M (modify bit), PTE.PROT
(protection field), and PTE.PFN (page frame number) into the current PTE
location, sets the TB.V bit, and incroments the NLU pointer. This register is
not written to during normal operation.

ADDRESS

bits<31:9>

blis<8:0>

IPR47 (MP-chip)

3
1 98 0

[ Virtual Page Number (VPN) MUST BE ZERO

meb-p274~90

Name: Virtual Page Number
Mnemonic: VPN
Type: WO

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.
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/0 Reset Register (IORESET)

IORESET forces a system reset.

ADDRESS IPR55 (MSSC)
L IORESET ]
meb-p275-90
bits<31:0>
Name: IORESET
Mnemonic: NONE
Type: RW

A KA65A CPU module can force a system reset by writing to IORESET
with an MTPR (Move To Proce or Register) instruction.
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Translation Buffer Data Register (TBDATA)

TBDATA is a diagnostic register used to test the operation of the translation
buffer (TB). A write to TBDATA, after a write to TBTAQ, interprets the source
data as a page table entry (PTE) and writes PTE.V (valid bit), PTE.M (modify
bit), PTE.PROT (protection field), and PTE.PFN (page frame number) into the
current PTE iocalion, sets the TB.V (valld bit), and increments the not last
used (NLU) pointer. This register is not written to during normal operation.

ADDRESS IPRS59 (MP-chip)

33 222
10 765

Ll ] l
Page Table Entry Page __J
Frame Number (PTE.PFN)
Page Table Entry Modify (PTIEB.M)

Page Table Entry Protection (PTE.PROT)
Page Table Entry Valid (PTE.V)

. meb-p276-90

bit<31>

22
3 2

Name: Page Table Entry Valid
Mnemonic: PTE.V
Type: WO

This field is a repeat of the entry valid bit of the VAX PTE. When
‘ PTE.V is a one, then PTE.M and PTE.PFN are valid.

bits<30:27>
Name: Page Table Entry Protection

Mnemonic: PTE.PROT
Type: wo

This field is a repeat of the protection field of the VAX PTE. It indicates
what access modes a process can use to reference the page.
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Translation Buffer Data Register (TBDATA)

bit<26>

bits<25:23>

bits<22:0>

2-80

Name: Page Table Entry Modify
Mnemonic: PTE.M
Type: WO

This bit is a repeat of the modify bit ¢f the VAX PTE. When M is one,
the page may have been modified. M is not valid if V is zero.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Page Tabls Entry Page Frame Number
Mnemonic: PTE.PFN
Type: woO

This field is a repeat of the page frame number field of the VAX PTE.
It contains the upper 23 bits of the physical aduress of the base of the
page. PFN ias not used if V is zero.
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System ldentification Register (SID)

SID specifies the processor type and its microcode revision level. it can only
be accessed locally. Other devices on the XMI determine the nature of a node
by reading its XMI Device Register (XDEV).

ADDRESS IPR62 (MP-chip)

3 22 11
1 4 3 65 8 7 o

MUST BE ZBRO ‘

L—- CPU Type __l
Microcode Options
Microcode Revision

meb-p277-90

bits<31:24>
Name: CPU Type
Mnsmonic: None
Type: RO
This field is always 18 (decimal), indicating the KAG5A CPU module’s
MP-chip.
bits<23:16>
Name: Ressrved
Mnemonic: None
Type: -
Reserved; must be zero.
bits<15:8>
Name: Microcode Options
Mnemonic: None
Type: RO

Microcode Options specifies the microcode options included in this MP-

chip. At present, there are no defined options and the field contains
zeros.
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System Identification Register (SID)

bits<7:0>
Name: Microcode Revision
Mnemonic: None
Type: RO

This field specifies the microcode revision of the MP-chip.
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Backup Cache !ndex Register (BCIDX)

The Backup Cache Index Register accesses the Backup Cache Tag Store
Register through IPR reads and writes.

ADDRESS IPR112 (MC-chip)
3 11 11
1 9 8 10 76 0
r MUST BE ZERO l I I MBZ

Backup Tag Store Row Index _J
(BTS ROW INDEX)

Backup Tag Store Column Index
(BTS COL INDEX)

msb-p281-90

bits<31:19>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<18:11>
Name: Backup Tag Store Row Index

Mnemonic: BTS ROW INDEX
Type: RW, 0

BTS ROW INDEX stores the backup tag store row index.

bits<10:7>
Name: Backup Tag Store Column Index

Mnemonic: BTS COL INDEX
Type: RW, 0

BTS COL INDEX stores the backup tag store column index.

bits<6:0>

Name: Reserved
Mnsmonic: None
Type: -

Reserved; must be zero.
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Backup Cache Status Register (BCSTS)

2-84

NOTE:

BCSTS is a status register that shows the results of tag stores, DAL
transactions, and invalidates. BCSTS is read using an IPR read. Only
hardware can write to BCSTS, but certain bits can be cleared with an IPR
write. All error bits are cleared through an IPR write of the status register or
during reset. When all error bits are cleared, ERR SUMMARY clears and the
MC-chip exits error transition mode (ETM).

The MC-chip is in ETM when either BCSTS<ERR SUMMARY> is
set or both Backup Cache Control Register <ENABLE BTS bit <1>
and Backup Cache Control Register <BTS ERROR TRAN bit <2>
are set.

During nomal operation, the following are loaded every transaction:
+ DAL CMD <22:25>

+ DMG L <26>

* SYNCHL <27>

« AC PARITY <28>

* OREAD PENDING <29>

Inval-Bus Cycle, bit <20>, and Inval-Bus Command, bit <21>, are loaded
every time the backup tag store is accessed for:

* Memory read and write DAL transactions
DMA cache fills

* Inval-Bus request lookups

* Invalidates and writebacks from the DAL

When ERR SUMMARY, bit <0> is set, the MC-chip is forced into emor
transition mode. The MC-chip cannot tumn itself off when it encounters an error
because there might be dirty subblocks (subblocks that have been written to)
in the cache. The MC-chip must enter ETM. During ETM, the MC-chip will
only respond to transactions that hit dirty subblocks. BCSTS, BCERA, and
BCERT have their loads disabled to allow the MP-chip to examine the state of
the MC-chip when the error occurred. If the MC-chip is in ETM, unrecoverable
subsequent errors set SECOND ERR, bit <8, but do not affect the other bits.
When the MC-chip is not in STM, all errors that occur in the same transaction
are logged into the status register.




KA65A CPU Module Internal Processor Registers
Backup Cache Status Register (BCSTS)

ADDRESS IPR113 (MC-chip)
3 322222 222111111
1098765 210987654 987 65 43210
MB2 MB2Z 0 l

- Error Summary
(ZRR SUMMARY)
Backup Tag Store Tag
Parity Error (BTS8 TPERR)
Backup Tag 8tore Valid/
Dirty Parity Error (BTS VDPERR)
Invalidate Parity Error<l: o>

L_ (I PERR<1:0>)
Fill Abort
— Address/Command Parity Error

(AC PERR)

‘— Second Brror (SECOND BRR)

—— Backup Tag Btore Hit (BTS HIT)

| Backup Tag Store Compare (BTS COMPARE)
Predicted Parity Generator (PPQ)

L_ l— Backup Tag Store Parity<1l:0> (BTS PARITY<1:0>)
Inval-Bus Cycle (IBUS CYCLE)

—- Inval-Bus Command (IBUS CMD)

' Data Address Lines Command<?i:0> (DAL CMD<3:0>)

—- DMG L

l— sync

— Addreass NMuas/Command Parity (AC PARITY)

— Ownership Read Pending (OREAD PENDING)

mesb~p262-90

bits<31:30>
Name: Ressrved
Mnemonic: None
Type: -~
Reserved; must be zero.
bit<29>
Name: Ownership Read Pending
Mnemonic: OREAD PENDING
Type: RO, 0

OREAD PENDING sets when there is a pending Ownership Read
during the last DAL transaction. It is used with the DMG L and
SYNC L signals to determine if a cache fill sequence was due to a
pending Ownership Read. If IBUS CYCLE, bit <20>, is set, OREAD
PENDING is unpredictable.
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Backup Cache Status Register (BCSTS)

bit<28>
Name: Address Bus/Command Parity
Mnemonic: AC PARITY
Type: RO, 0
AC PARITY stores the parity for the Address Bus and Command fields
of the last DAL transaction. If IBUS CYCLE, bit <20>, is set, AC
PARITY is unpredictable.

bit<27>
Name: SYNCL
Mnemonic: None
Type: RO, 0
SYNC L contains the value of the SYNC L signal from the last DAL
transaction. It is used with DMG L to determine if a hexword cache
fill sequence is in progress. If IBUS CYCLE, bit <20>, is set, SYNC L
is unpredictable.

bit<26>
Name: DMG L
Mnemonic: None
Type: RO, 0
DMG L contains the value of the DMG L signal from the last DAL
transaction. It is used to distinguish beiween MP-chip generated
transactions and DMA DAL transactions. It is also used, with SYNC
L, to determine if a hexword cache fill sequence is in progress. If IBUS
CYCLE, bit <20: , is set, DMG L is unpredictable.

bits<25:22>
Name: Data Address Lines Command<3:0>
Mnemonic: DAL CMD<3:0>
Typs: RO, 0

DAL CMD<3:(> contains the last DAL command. If IBUS CYCLE, bit
<20>, is set, DAL CMD<3:0> is unpredictable.
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Backup Cache Status Register (BCSTS)

bit<21>

Name: Inval-Bus Command
Mnemonic: IBUS CMD
Type: RO. 0

IBUS CMD is loaded during the same cycle that IBUS CYCLE,
bit <20> sets. IBUS CMD is the invalidate command signal that
was received for the XMI for the Inval-Bus request being serviced
by the tag store. If IBUS CYCLE <20> i not set, IBUS CMD is
unpredictable.

bit<20>

Name: inval-Bus Cycle
Mnemonic: IBUS CYCLE
Type: RO, 0

IBUS CYCLE sets when this register is loaded. during the servicing of
an Inval-Bus request.

bits<19:18>
Name: Backup Tag Store Parity<1:0>

Mnemonic: BTS PARITY<1:0>
Type: RO. 0

BTS PARITY<1> contains the parity generated from the tag on the
last tag store access.

BTS PARITY<0> contains the parity generated from the valid/dirty
bits on the last tag store access.

bit<17>
Name: Predicted Parity Generator

Mnemonic: PPG
Type: RO, 0

PPG contains the output of the predicted parity generator for the tag

on the last backup tag store access. PPG is the parity generated on
A BUS<18:7>.

bit<16>
Name: Backup Tag Store Compare

Mnemonic: BTS COMPARE
Type: RO. 0

BTS COMPARE contains the result of the tag comparison from the
last backup tag store access.
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Backup Cache Status Register (BCSTS)

bit<15>
Name: Backup Tag Store Hit

Mnemonic: BTS HIT
Type: RO. 0

BTS HIT sets when an Inval-Bus invalidate request hits a valid
subblock in the B-cache, a memory read hits a valid subblock in the B-
cache, or a memory write completes by either hitting a valid subblock
in the B-cache or by performing a write-and-run. *

bits<14:9>

Name: Reserved
Mnemonic: None
Type: -

Unused; must be zero.

bit<8>
Name: Second Error

Mnemonic: SECOND ERR
Type: RWtC, 0
SECOND ERR sets if the MC-chip is in ETM and an unrecoverable

subsequent error occurs on another transasction. No other staie
changes when SECOND ERR sets.

bit<7>
Name: Address/Command Parity Emror

Mnemonic: AC PERR
Type: RWI1C, 0

AC PERR sets if there is an address/command parity error as the
result of the last DAL transaction. It is loaded for all modes of MC-
chip operation.

bit<6>
Name: Fill Abort

Mnemonic: None
Type. RO, 0

Fill Abort sets when a cache fill abort command is received from
the XMI. Fill Aborts sets only when Backup Cache Control Register
<ENABLE BTS bit <1> is set and Backup Cache Control Register
<FORCE BHIT bit <0> is not set.
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bit<3>

bit<2>

bit<i>

KAG65A CPU Module Internal Processor Registers
Backup Cache Status Register (BCSTS)

Name: Invalidate Bus Parity Error<1:0>
Mnemonic: | PERR<1:0>
Type: RWI1C, 0

This field contains the result of the last invalidate lookup.

I PERR<1> sets if the second half of the Inval-Bus transaction caused
a parity error. I PERR<0> sets if the first half of the Invalidate Bus
transaction caused a parity error. Thie field is not loaded until the
invalidate request has done the tag store lookup. 1 PERR<1:0> is
always loaded, even if the MC-chip is disabled.

Name: Reserved
Mnemonic: None
Type: -

Unused; must be zero.

Name: Backup Tag Store Valid/Dirty Parity Error
Mnemonic: BTS VDPERR
Type: RW1C, 0

BTS VDPERR sets when a parity error occurs in the valid/dirty
(written into) part of a tag entry as a result of the last access of the
tag store. This bit sets only when Backup Cache Control Register
<ENABLE BTS bit <1> is set and Backup Cache Control Register
<FORCE BHIT bit <0> is not set.

Name: Backup Tag Store Tag Parity Eror
Mnemonic: BTS TPERR
Type: RW1IC, 0

BTS TPERR sets when a parity error occurs in the tag entry rs a
result of the laat access of the tag store. This bit sets only when
Backup Cache Control Register <ENABLE BTS bit <1> is ret and
Backup Cache Control Register <FORCE BHIT bit <0> is not set.
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Backup Cache Status Register (BCSTS)

bit<0>

Name: Error Summary
Mnemonic: ERR SUMMARY
Type: RO, 0

ERR SUMMARY sets whenever any of the following sets:
¢ BTS TPERR (bit <1>)

e BTS VDPERR (bit <2>)

* I PERR <1:0> (bits <5:4>)

o FILL ABORT (bit <6>)

s AC PERR (bit <7>)

e SECOND ERR (bit <8>)

When ERR SUMMARY sets, the MC-chip is forced into ETM. ERR
SUMMARY clears when all the error bits are cleared.
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Backup Cache Control Register (BCCTL)

Backup Cache Control Register (BCCTL)

Logic external to the MC-chip uses BCCTL to control the MC-chip. BCCTL is
read using an IPR read and is written using an IPR write. Since all bits are
written at once, they must contain valid data when the IPR write is issued.

]

ADDRESS IPR114 (MC-chip)

3
1 43210

r’ MUST BE ZERO l l IALJ

Generate Bad Address/Command Parity l
({GEN BAD ACP)
Backup Tag 8tore Error Transaction (BTS ERRROR TRAN)

Enable Backup Tag S8tore (ENABLRE BTIS)
Force Backup Tag Store Cache Hit (FORCE BHIT)

mab~p283-90

bits<31:4>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bit<3>
Name: Generate Bad Address/Command Parity
Mnemonic: GEN BAD ACP
Type: RW, 0

GEN BAD ACP, when set, causes the MC-chip to generate incorrect
address/command parity (ACP) for its transactions. GEN BAD ACP is
used for diagnostic purposes.
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bit<2>

Name: Backup Tag Store Error Transaction
Mnemonic: BTS ERROR TRAN
Type: RW, 0

If ENABLE BTS is zero, BTS ERROR TRAN is ignored. When BTS
ERROR TRAN and ENABLE BTS are both set, the backup cache is
forced into error transition mode (ETM). While in ETM, all MP-chip
memory space references are treated as though the backup cache

is disabled, except for those references that have a valid and dirty
subblock in the B-cache. References that hit a dirty subblock are
serviced from the B-cache. All invalidate requests from the Inval-Bus
are forwarded to the P-cache as writeback-and-invalidate commends
for dirty hits or as invalidate-only commands for all other invalidate
requests. The MC-chip services forwarded writeback-and-invalidate
commands and ignores invalidate-only commands.

bit<1>
Name: Enable Backup Tag Store

Mnemonic: ENABLE BTS
Type: RW, 0

When ENABLE BTS is clear, the backup cache is disabled. When the
backup cache is disabled:

¢ All memory reads produce a cache miss, and no memory writes to
the cache are done.

¢ The MC-chip response to cache fill transactions is unpredictable.

¢ [PR read and write transactions continue normally.

¢ All Inval-Bus lockups are forwarded to the MP-chip as invalidate-
only. The MC-chip ignores the forwarded invalidate-only.

¢ No B-cache tag store parity errors and no cache fill abort
commands are reported.

ENABLE BTS should be cleared by software only when BTS ERROR
TRAN, bit <2>, is set. However, software may clear ENABLE BTS
independently for diagnostic purposes.

CAUTION: Software should not clear ENABLE BTS until all cache fills are
completed for outstanding memory reads or writes.
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bit<0>

KAG65A CPU Module Internal Processor Registers
Backup Cache Control Register (BCCTL)

CAUTION:

Name: Force Backup Tag Store Cache Hit
Mnemonic: FORCE BHIT
Type: RW, 0

When FORCE BHIT is set, all memory space backup tag store accesses
produce a cache hit, including read lock accesses. The cache RAM data
i8 written for each memory space write and read on every memory
space read. The MC-chip response ia unpredictable to cache fill
transactions. All Inval-Bus invalidates are forwarded to the MP-

chip as invalidate-only. The MC-chip ignores forwarded invalidate-only
commands. IPR read and write transactions continue normally, but
the state of the backup tag store is unpredictable and must be flushed
before returning to normal operations. No backup tag store parity
errora nor cache fill abort commands are reported.

If ENABLE BTS is clear and FORCE BHIT is set, the backup tag store
response is unpredictable. The MC-chip response is also unpredictable
if the MC-chip is in ETM and FORCE BHIT is set.

Scftware should not clear FORCE BHIT until all cache fills are
completed for outstanding memory reads or writes.

FORCE BHIT clears during reset and is only set to one by diagnostics.
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Backup Cache Error Address Register (BCERA)

BCERA contains the address of the current transaction. if the MC-chip
goes into error transition mode (ETM), BCERA locks against further writes,
regardless of subsequent errors, until the MC-chip exits ETM. BCERA is read
using an IPR read. IPR wiites are ignored.

R e L ™ |
ADDRESS IPR115 (MC-chip)
3
1 32 o
[ Error Address I MB2 I
meb-p279~90
bits<31:3>
Name: Backup Cache Error Address
Mnemonic: BCERA
Type: RO, 0
BCERA is loaded by hardware for every new DAL transaction and
every Inval-Bus request lookup. BCERA contains the address of the
current transaction. There are two sources for BCERA: the Address
bus for normal DAL transactions and the Inval-Bus for invalidate
request lookups.
bits<2:0>
Name: Reserved
Mnemonic: None
Type: -

Unused; must be zero.
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Backup Cache Tag Store Register (BCBTS)

BCBTS is used to access the tag store, which contains 4096 entries of 22 bits
each. Each entry consists of a tag parity bit, one 12-bit tag (address<30:19>),
four dirty (or written) bits, four valid bits, and one dirty/valid parity bit for each
4-hexword block of the backup cache. The entries are arranged in rowe that
are eight entries wide. Only one entry can be accessed at a time by an MTPR
/MFPR instruction. The location of BCBTS is pointed to by the Backup Cache
index Register (BCIDX).

ADDRESS

bit<31>

bits<30:19>

bite<18:10>

IPR116 (MC-chip)
3 11 1
Py 9 8 0987 4 3 0
Cache Entry Tag AT MUST BER ZERO 4] l I l J

Tag Parity -———————J
Valid/pirty Parity

Dirty
valid

msb-p278-90

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Cache Entry Tag
Mnemonic: None
Type: RW

The Cache Entry Tag field contains bits <30:19> of the backup cache
address.

Name: Reserved
Mnemonic: None

Type: -

Reserved; must be zero.
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Backup Cache Tag Store Register (BCBTS)

bit<9>
Name: Tag Parity
Mnemonic: None
Type: RW
The Tag Parity bit contains odd parity for the 12-bit tag. The user
supplies correct parity when writing to BCBTS.
Dit<8>
Name: Valid/Dirty Parity
Mnemonic: None
Type: AW
The Valid/Dirty Parity bit contains odd parity for BCBTS<7:0>, the .
Valid and Dirty bits. The user supplies correct parity when writing to
BCBTS.
bit<7:4>
Name: Dirty

Mnamonic: None

oo of th fo &
Each of the four Dirty bits is associated with one hexword subblock
of the 4-hexword block. Bits <6:5> of the backup cache address are

used to select the valid bit corresponding to the addressed hexword, as
shown:

BCBTS Bit A_bus<6:5> Value Subblock Number

4 ) 1
5 01 2
] 10 3
7 11 4




bits<3:0>

KAG65A CPU '..odule Internal Processor Registers
Backup Cache Tag Store Register (BCBTS)

Name: Valid
Mnemonic: None
Type: RW

Each of the four Valid bits is associated with one hexword subblock

of the 4-hexword block. Bits <6:5> of the backup cache address are
used to select the valid bit corresponding to the addressed hexword, as
shown:

BCBTS Bit A_bua<5:5> Value Subblock Number

0 00 1
1 01 2
2 10 3
3 11 4
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Backup Cache Deallocate Tag Register (BCDET)

BCDET is a write-only register that provides software with a means of flushing
the backup cache by sequentially deallocating each block.

ADDRESS IPR117 (MC-chip)

3
1 10

I MUST BE ZERO ng

Backup Cache Deallocate Tag —J

meb-p280-90

bits<31:1>
Name: Reserved
Mnemonic: None
Type: -
Unused; must be zero.
bit<0>

Name: Deallocate Tag
Mnemonic: None
Type: WO, X

Deallocate Tag provides software with a means of flushing the backup
cache by sequentially deallocating each block. The backup tag store
row index and the backup tag store column index fields of BCIDX are
used to index the tag array. BCIDX must have been previously written
using an IPR write to ensure predictable results when performing the
deallocate. The MC-chip immediately invalidates or writes back the
current block being deallocated, if required.
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Backup Cache Error Tag Register (BCERT)

BCERT is loaded by hardware every time the backup tag store is accessed
for all memory reads and write DAL transactions, for all DMA cache filis,

for all Inval-Bus request lookups, and for all invalidates and writebacks from
ihe DAL. il the MC-chip sntors ETM, BCERT locks against turther writes,
regardiess of subsequent errors, until the MC-chip exits error transition mode.
BCERT is read using an IPR read. IPR writes are ignored.

ADDRESS IPR118 (MC-chip)

[ N g
® -
>

33

10

F MUST BE ZERO _] ]

Backup Cache _I Tag Parity —-l l
Entry Tag Valid/birty Parity

Dirty<3d: 0>

valid<3:0>
meb-p284-90

bit<31>

Name: Resarved

Mnemonic: None

Type: -

Unused; must be zero.
bits<30:19>

Name: Backup Cache Entry Tag

Mnemonic: None

Type: RO, 0

Backup Cache Entry Tag contains the tag.
bit<18:10>

Name: Resarved

Mnemonic: None

Type: -

Unused; must be zero.
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bit<9>
Name: Tag Parity

Mnemonic: None
Yvge: RO, 0
Tag Parity contains the parity bit for the tag.

bit<8>
Name: Valid/Dirty Parity

Mnemonic: V/D PARITY
Type: RO, 0

V/D PARITY contains the valid/dirty parity bit for the tag.

bits<7:4>
Name: Dirty<3:0>

Mnemonic: None
Type: RO, 0

Dirty<3:0> contains the four dirty bits for the tag.

bits<3:0>
Name: Valid<3:0>

Mnemonic: None
Typs: RO, 0

Valid<3:0> contains the four valid bits for the tag.
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Vector Interface Error Status Register (VINTSR)

VINTSR contains error status and control information for the scalar/vector
interface and tor the vector module.

Software reads this register to determine it VECTL VIB HERR, CCHIP VIB
HERR, Bus Timeout, or Vector Absent are set before accessing the vector
module over the VIB. It any of these bits is set, the VIB is not functioning
properly, and it is impossible to communicate with the vector module without
first resetting it. If resetting is not sufficient, ACCS<Vector Present> needs to
be cleared.

No VIB transactions are initiated if any of the following is set:

» Hard error bits:
VHE, VECTL VIB HERR, CCHIP VIB HERR, or Bus Timeout

*  Vector Module Reset
« Disable Vector Interface
=  Vector Absent

ADDRESS IPR123 (MC-chip)
3 111
1 210987605 43210
Fﬁ MUST BE ZERO l l JAJ

Disable Vecter Interface
(DISABLE VECT INTF)
Vector Module Resst
Bus Timeout
C-Chip VIB Hard Error (CCHIP VIEP HERR)
C-Chip VIB Soft Error (CCHIP VIB SERR)
VECTL VIB Hard Error (VECTL VIB HERR)
VECTL VIB Soft Brror (VECTL VIEB SERR)
Vactor Hard Error (VHE)
Vector Soft Error (VSE)
Vector Absent

Force Bad Command Parity — l
Force Bad Data Parity

mab-p175-90

bits<31:12>
Name: Reserved
Mnemonic: None
Typs: -

Reserved; must be zero.
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bit<11>
Name: Force Bad Command Parity

Mnemonic: None

Type: RW, 0

Force Bad Command Parity, when set, causes the MC-chip to generate
bad command parity on all subsequent VIB operations. Clearing Force

Bad Command Parity returns the MC-chip to normal mode, and good
parity is generated.

bit<10>
Name: Force Bad Data Parity

Mnemonic: None
Type: RW, 0

Force Bad Data Parity, when set, causes the MC-chip to generate bad
data parity on all subsequent VIB operations. Clearing Force Bad
Data parity returns the MC-chip to normal mode, and good parity is
generated.

bit<9>

Name: Disable Vector Interface
Mnemonic: DISABLE VECT INTF
Type. RW, 1

DISABLE VECT INTF, when set, disables the vector interface
functions of the MC-chip. The MC-chip does not respond to any

IPR read or write operations directed at the vector interface (addresses
08-0B (hex)). Reads and writes of VINSTR still function normally.

It is possible that errors resulting from both outstanding VIB
operations and from the assertion of either the VECT SERR L or
VECT HERR L signals are reported (through the HERR IRQ L and
SERR IRQ L signals) while the interface is disabled. Also, previously
reported error status bits are not explicitly cleared when the interface
ic disabled or enabled.

The MC-chip powers up with DISABLE VECT INTF set, disabling the
interface. The console always clears this bit whether there is a vector
module or not. Software determines the presence of the vector module
beforz enabling the vector interface to avoid possible errors. If the
vector interface is enabled at any time other than power-up, software
must first reset the vector module by setting Vector Module Reset,
VINTSR<8>, before enabling the vector interface.
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Name: Vector Module Reset
Mnemonic: None
Type: RW. 0

Vector Module Reset is set by software to reset the vector module and
return it to ite power-on state.

If Vector Module Reset is set and DISABLE VECT INTF is not set,
any IPR reads or writes directed at the vector interface (addresses
08-0B (hex)) are terminated with the ERR L signal on the scalar DAL
asserted. If the IPR operation is a read, the MC-chip returns the VIB
machine check code (D BUS H<8:7> = 00 (binary)) to the MP-chip.
Reads and writes of VINTSR still function normally. The MC-chip
deasserts the VECTOR UNIT ENABLED L signal as long as this bit is
set, inhibiting further vector instructions.

While Vector Module Reset is set, the MC-chip ignores any vector
module errors reported through the VECT SERR L or VECT HERR
L signals. As no VIB transactions are initiated while Vector Module
Reset is set, these are the only types of errors possible.

Vector Module Reset is not to be set for leas than 100 scalar module
cycles in order to allow the vector module sufficient time to return
to its power-on state. Because the VIB clocks stop when this bit is
set, the VIB outputs of the MC-chip (with the exception of the VECT
MODULE RESET L signal) are indeterminate until two full cycles
of the VIB clocks have comnpleted. As a result, software must wait
at least 100 acalar module cycles after clearing Vector Module Reset
before accessing the vector module. At the end of two full VIB cycles,
the MC-chip deasserts the VECT AS L signal, asserts the VECT
INTERFACE RESET L signal, and drives indeterminate data with
good parity on the VECT DATA H and VECT DP H signals.

If Vector Module Reset is set during a pending VIB transaction, the
MC-chip VIB interface returns to the home state. It is only possible
for this bit to be set during a pending VIB write transaction, as a read
ties up the scalar DAL and preventa VINTSR from being written.
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bit<7>

Name: Bus Timeout
Mnemonic: None
Type: RW1C, 0

Bus Timeout sets when the MC-chip detects that an IPR read or write
to one of the vector interface IPR addresses has been terminated with
the ERR L signal asserted on the DAL by a third party, indicating that
a bus timeout has occurred. The MC-chip asserts the HERR IRQ L
signal for one cycle on the scalar DAL when Bus Timeout sets.

If Bus Timeout is set and DISABLE VECT INTF is not set, any IPR
reads or writes directed at the vector interface (addresses 08—0B (hex))
are terminated with the ERR L signal on the scalar DAL asserted.

If the IPR operation is a read, the MC-chip returns the VIB machine
check code (D BUS H<8:7> = 00 (binary)) to the MP-chip. Reads

and writes of VINTSR still function normally. The MC-chip also
deasserts the VECTOR UNIT ENABLED L signal and asserts the
VECT INTERFACE RESET L signal as long as Bus Timeout is set,
inhibiting the execution of further vector instructions.

If an instruction transfer operation caused the timeout error, the MC-
chip interface logic resets to the idle state and asserts ihe VECT
INTERFACE RESET L signal, causing VECTL to reset its VIB .
interface state.

If a read operation caused the timeout error, the MC-chip drives the
VIB machine check code (D BUS H<8:7> = 00 (binary)) when the

read is terminated with the ERR L signal on the scalar DAL asserted,
resulting in a machine check in the scalar CPU. The MC-chip deasserts
the VECT AS L signal to terminate the read operation on the VIB. The
VECTL chip then stops driving the VECT DATA H and VECT DP H
signals in the next VIB cycle, and the MC-chip begins to drive these
lines again in this same cycle. The MC-chip interface logic resets to
the idle state and asserts the VECT INTERFACE RESET L signal,
causing the VECTL chip to reset its VIB interface state.

Software must reset the vector module by setting the Vector Module
Reset bit, VINTSR <8>, before attempting to access the vector module
after a timeout has occurred.
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bit<5>

KA65A CPU Module Internal Processor Registers
Vector Interface Error Status Register (VINTSR)

Name: C-Chip VIB Hard Error
Mnemonic: CCHIP VIB HERR
Type: RW1C, 0

CCHIP VIB HERR sets when the MC-chip detects an unrecoverable
V1B error. The only unrecoverable VIB error is the second occurrence
of a read data parity error during a VIB read operation. The read that
caused the error is terminated with the ERR L signal on the scalar
DAL asserted, and the VIB machine check code (D BUS H<8:7> = 00
(binary)) driven back as the read data. This results in a machine check
in the scalar CPU. When CCHIP VIB HERR sets, the MC-chip asserts
the HERR IRQ L signal for one cycle on the scalar DAL.

If CCHIP VIB HERR is set and DISABLE VECT INTF is not set,
any IPR reads or writes directed at the vector interface (addresses
08-0B (hex)) are terminated with the ERR L signal on the scalar DAL
asserted. If the IPR operation is a read, the MC-chip returns the VIB
machine check code (D BUS H«<8:7> = 00 (binary)) to the MP-chip.
Reads and writes of VINTSR still function normally. The MC-chip
also deasserts the VECTOR UNIT ENABLED L signal and asserts the
VECT INTERFACE RESET L signal as long as CCHIP VIB HERR is
set, inhibiting the execution of further vector instructions.

Name: C-Chip VIB Soft Error
Mnemonic: CCHIP VIB SERR
Type: RWIC, 0

CCHIP VIB SERR sets when the MC-chip detects a recoverable VIB
error. The only recoverable VIB error is the first occurrence of a read
data parity error during a VIB read operation. When CCHIP VIB
SERR sets, the MC-chip asserts the SERR IRQ L signal for one cycle
on the scalar DAL.
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bit<4>
Name: VECTL ViB Hard Error

Mnemonic: VECTL VIB HERR
Type: R/WIC, 0

VECTL VIB HERR sets when the VECTL chip detects an
unrecoverable VIB error, which are unrecoverable command and
write data parity errors on the VIB. The MC-chip detects these by
recognizing that a VIB operation has terminated in the assertion of
the VECT ERR L signal. When VECTL VIB HERR sets, the MC-chip
asserts the HERR IRQ L signal for one cycle on the scalar DAL.

If a read operation caused the command parity error, the read is
terminated with the ERR L signal on the scalar DAL asserted, and the
VIB machine check code (D BUS H«<8:7> = 10 (binary)) driven back as
the read data, resulting in a machine check in the scalar CPU.

If VECTL V1B HERR is set and DISABLE VECT INTF is not set,
any IPR reads or writes directed at the vector interface (addresses
08-0B (hex)) are terminated with the ERR L signal on the scalar DAL
asserted. If the IPR operation is a read, the MC-chip returns the VIB
machine check code (D BUS H<8:75> = 00 (binary)) to the MP-chip.
Reads and writes of VINTSR still function normally. The MC-chip
also deasserts the VECTOR UNIT ENABLED L signal and asserts the
VECT INTERFACE RESETL signal as long as VECTL VIB HERR is
set, inhibiting the execution of further vector instructions.

bit<3>
Name: VECTL VIB Soft Error

Mnemenic: VECTL VIB SERR
Type: RW1C, 0

VECTL VIB SERR sets when the VECTL chip detects a recoverable
VIB error, which are recoverable command and write data parity
errors on the VIB. The MC-chip detects these cases by recognizing that
a VIB operation has terminated with the VECT RTY L signal asserted.

When VECTL VIB SERR sets, the MC-chip asserts the SERR IRQ L
signal for one cycle on the scalar DAL. The VECT INTERFACE RESET
L signal is asserted for one VIB cycle before another transaction is
started on the VIB.
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bit<1>

KA65A CPU Module Internal Processor Registers
Vector Interface Error Status Register (VINTSR)

Name: Vector Hard Error
Mnemonic: VHE
Type: RW1C, 0

VHE sets when the vector processor asserts the VECT HERR L signal
as a result of detecting an unrecoverable error internal to the vector
module. When VHE sets, the MC-chip asserts the HERR IRQ L signal
for one cycle on the scalar DAL.

If the VECT HERR L signal is asserted during a pending VIB read
transaction, the read is unaffected, and completes ar if the VECT
HERR L signal had not been asserted. Therefore, the MC-chip waits
until the read completes on the DAL before asserting the VECT
INTERFACE RESET L signal. If the VECT HERR L signal is asserted
while the MC-chip has write data in its instruction buffer, the MC-chip
flushes the instruction buffer and returns to the home state. The
VECT INTERFACE RESET L signal is asserted immediately in this
case.

If the pending read operation caused the vector module internal error,
the read is terminated on the VIB with the VECT RDY L and VECT
EXCEP L signals asserted, in addition to reporting the error through
the VECT HERR L signal. The data returned indicates a vector
module machine check. The read is then terminated with the ERR

L signal on the scalar DAL asserted, and the vector module machine
check code (D BUS H<8.7> = 10 (binary)) driven back as the read data.
This results in a machine check in the scalar CPU.

If VHE is set and DISABLE VECT INTF is not set, any IPR reads
or writes directed at the vector interface (addresses 08—0B (hex)) are
terminated with the ERR L signal on the scalar DAL asserted. If
the IPR operation is a read, the MC-chip returns the VIB machine
check code (D BUS H<8:7> = 00 (binary)) to the CPU. Reads and
writes of VINTSR still function normally. The MC-chip also deasserts
the VECTOR UNIT ENABLED L signal and asserts the VECT
INTERFACE RESET L signal as long as VHE is set, inhibiting the
execution of further vector instructions.

Name: Vector Soft Error
Mnemonic: VSE
Type: RWI1C, 0

VSE sets when the vector processor asserts the VECT SERR L signal
as a result of detecting a recoverable error internal to the vector
module. When VSE sets, the MC-chip asserts the SERR IRQ L signal
for one cycle on the scalar DAL.
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bit<0>

Name: Vector Absent
Mnemonic: None
Type: RWIC, 0

Vector Absent sets when the MC-chip detects the deassertion of the
VECT PRESENT L signal on the VIB, which the MC-chip samples to
determine the presence of a vector module. This signal is pulled high
on the scalar module and low on the vector module. If the cable is
connected, the VECT PRESENT L signal will be asserted, and if it is
not connected, the VECT PRESENT L signal will be deasserted.

When Vector Absent sete, the MC-chip asserts the HERR IRQ L signal
for one cycle on the scalar DAL. Vector Absent remains set until it

is cleared either by software or by resetting the MC-chip, even if the
VECT PRESENT L signal becomes asserted again.

To determine if the absence of the vector module was transient or
permanent, software writes a one to Vector Abgent and then checks to
see if it cleared. If it did clear, the error was transient, and the vector
module is again present. If the bit did not clear, the vector module

is still absent and should be marked as such in ACCS<VECTOR
PRESENT>. The HERR IRQ L signal does not assert in this case.

If Vector Absent is set and DISABLE VECT INTF is not set, any IPR
reads or writes directed at the vector interface (addresses 08~0B 'hex))
are terminated with the ERR L signal on the scalar DAL asserted.

If the IPR operation is a read, the MC-chip returns the VIB machine
check code (D BUS H<8:7> = 00 (binary)) to the CPU. Reads and
writes of the status register still function normally.

While Vector Absent is set, the MC-chip deasserts the VECTOR UNIT
ENABLED L signal to stop further issue of vector instructions, and
the VECT MODULE RESET L signal is asserted to force the vector
module to its reset state.

Because the VIB clocks may or may not be running when Vector
Absent is set, the VIB outputs of the MC-chip (with the exception of
the VECT MODULE RESET L signal) are indeterminate until two
full cycles of the VIB clocks have been completed with the VECT
PRESENT L signal asserted. As a result, software waits at least 100
scalar module cycles after clearing Vector Absent before accessing the
vector module. At the end of two full VIB clock cycles with the VECT
PRESENT L signal asserted, the MC-chip deasserts the VECT AS L
signal, asserts the VECT INTERFACE RESET L signal, and drives

indeterminate data with good parity on the VECT DATA H and VECT
DP H signals.

If Vector Absent is set during a pending VIB transaction, the MC-chip

VIB interface returns to the home state. If the pending transaction

is a read, it is terminated with the ERR L signal on the scalar DAL

asserted, and the VIB machine check code (D BUS H<8:7> = 00 .
(binary)) is returned to the CPU.
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Primary Cache Tag Array Register (PCTAG)

PCTAG provides the mechanism for reading and writing the tag array of the
primary cache. To read the tag array, the desired index Is first written into
PCIDX with an MTPR (Move To Processor Register) instruction. PCTAG is
then read with an MFPR (Move From Processor Register) instruction. To write
the tag array, the desired index is written into PCIDX with an MTPR. PCTAG
is then written with an MTPR.

ADDRESS

bit<31>

bits«30:11>

bits<10:1>

bit<0>

IPR124 (MP-chip)
33 11
10 10 10
L Tag MUST BE ZERO l
(- Parity Vvalid -—]
mab~-p312-90
Name: Parity
Mnemoniz: None
Type: /W

Parity bit (odd parity) for tag.

Name: Tag
Mnemonic: None
Type: RW

The primary cache tag contents.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Valid
Mnemonic: None
Type: RW

Valid bit for tag.
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Primary Cache Index Register (PCIDX)

PCIDX must be written with the desired index of the tag entry before an IPR
write to PCTAG is performed.

ADDRESS IPR125 (MP-chip)

3 11
1 10 3 2 0

l MUST BE ZERO I 4] MSEA]

Tag Array Index —

mab-p311-90

bits<31:11>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<10:3>

Name: Tag Array Index

Mnemonic: None

Type: RW

The Tag Array Index field must be written with the desired index of

the tag entry before an IPR read or write to PCTAG is performed.
bits<2:0>

Name: Resserved

Mnemonic: None

Type: -

Reserved; must be zero.
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Primary Cache Error Address Register (PCERR)

PCERR latches and holds the physical address of an error when PCSTS<7>,
Trap1. sets for read commands. PCERR remains locked until Trap1 is
cleared. PCERR is valid only if Trap1 is set.

ADDRESS IPR126 (MP-chip)

3
1 0
[7 Primary Cache Error Address Register (PCERR)
mab-p286-90
bits<31:0>

Name: Primary Cache Error Address Register

Mnemonic: PCERR

Type: RO

PCERR latches and holds the physical address of an error when
PCSTS<7>, Trapl, seis for read commands. Since write errors are
asynchronous to the instruction pipeline, the address latched for write
commands i8 not the address of the error and the write error address
i8 not available.
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Primary Cache Status Register (PCSTS)

PCSTS is used to control the primary cache mode of operation, flushing the
cache, and maintaining error information.

ADDRESS IPR127 (MP-chip)

k] 1111
1 321098768 43210

l MUST BE ZERO 0

Backup Cache Hit (B CACHE HIT) —————J |
DAL Bus Error (BUS ERROR)
Primary Data Parity Error
(P DATA PARITY ERROR)
DAL Bus Data Parity Errorx
(DAL DATA PARITY ERROR)
Tag Parity Error
Trapl
Trap2
Interrupt
Primary Cache Hit
(P CACHE HIT) —-
Flush Cache -
Enable Primary Tag Store
(ENABLE PT8) -~

Force Hit
meb-p28S-90

bits<31:13>

Name: Reserved

Mnemonic: None

Type: -

Reserved; must be zero.
bit<12>

Name: Backup Cache Hit

Mnemonic: B CACHE HIT

Type: RO, 0

B CACHE HIT is updated on every primary cache reference unless
Interrupt, Trapl, or Trap2 is already set. B CACHE HIT indicates
that the condition that caused PCSTS to lock was a reference that hit
in the backup cache. For DAL data parity errors, B CACHE HIT is set
to indicate that the backup cache is the source of the error or is clear
to indicate that the memory subsystem is the source.
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bit<1i>

bit<10>

bit<9>

KA65A CPU Module Internal Processor Registers
Primary Cache Status Register (PCSTS)

Name: DAL Bus Error
Mnemonic: BUS ERROR
Type: RO. 0

BUS ERROR is updated on every primary cache reference unless
Interrupt, Trapl, or Trap2 is already set. BUS ERROR sets when a
DAL read, write, or clear write buffer command terminates by ERR
L and is otherwise clear. If the DAL command was an I-stream read,
Interrupt is also set, and the error is reported as an IPL 1A (hex) soft
error interrupt. If the DAL command was a D-stream read, write, or
clear write buffer, Trap 1 or Trap2 is also set, and a microtrap error is
reported with a subsequent machine check.

Name: Primary Data Parity Error
Mnemonic: P DATA PARITY ERROR
Type: RO, 0

P DATA PARITY ERROR is updated on every primary cache reference
unless Interrupt, Trapl, or Trap2 is already set. This bit is set when
a read hits in the primary cache and the requested data has a parity
error. It is clear otherwise. If the DAL command was an [-stream
read, Interrupt is also set and the error is reported as an IPL 1A (hex)
soft error interrupt. If the DAL command was a D-stream read, write,
or clear write buffer, Trapl or Trap2 is also set, and a microtrap error
is reported with a subsequent machine check.

Name: DAL Bus Data Parity Error
Mnemonic: DAL DATA PARITY ERROR
Type: RO, 0

DAL DATA PARITY ERROR is updated on every primary cache
reference unless Interrupt, Trapl, or Trap2 is already set. This bit is
set when the data returned in response to a memory space DAL read
has a parity error. It is clear otherwise. If the error is detected on
the non-requested longword of a D-stream read, or on either longword
of an I-stream read, Interrupt is also set and the error is reported as
an IPL 1A (hex) soft error interrupt. If the error is detected on the
requested longword of a D-stream read, Trapl or Trap?2 is also set, and
a microtrap error is reported with a subsequent machine check.
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bit<8>
Name: Tag Parity Error

Mnemonic: Norne
Type: RO. 0

Tag Parity Error is updated on every primary cache reference unless
Interrupt, Trapl, or Trap2 is already set. This bit is set if a tag parity
error is detected during a read, write, or invalidate reference. It ia
clear otherwise. If Tag Parity Error is set, Interrupt is also set and
the error is reported as an IPL 1A (hex) soft error interrupt. If the
reference was a D-stream read that hit, Trapl or Trap2 is also set, and
a microtrap error is reported with a subsequent machine check.

bit<7>
Name: Trapt

Mnemonic: None
Type: RWI1C, 0

Trapl sets when a detected error is to be reported as a microtrap and
subsequent machine check. PCSTS<12:8> and PCERR are latched
unless Trapl is already set. If Trapl sets, tha primary cache is
automatically disabled without changing ENABLE PTS, PCSTS<1>.
Trapl clears during an IPR write to PCSTS.

NOTE: If Interrupt, PCSTS«<8>, is already set when another error
sets Trapl, the information the error reported as an interrupt
is lost. Because errors reported as interrupts are nonfatal,
software assumes that PCSTS<11:8> are all set und performs
the error recovery procedures for each of the four possible
errors.

bit<6>

Name: Trap2
Mnemonic: None
Type: RW1C, 0

Trap2 sets when a detected error is to be reported as a microtrap and
subsequent machine check and Trapl is already set. If Trap2 sets,

a nested, FATAL error has occurred, and PCSTS<12:8> and PCERR
contain information about the first error. If Trap2 sets, the primary
cache is automatically disabled without changing ENABLE PTS,
PCSTS<1>. Trap2 clears during an IPR write to PCSTS.
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bit<5>

bit<d>

bit<3>

bit<2>

KAG65A CPU Module Internal Processor Registers
Primary Cache Status Register (PCSTS)

Name: Interrupt
Mnemonic: None
Type: RWIC, 0

Interrupt sets when an error is detected that is to he reported as a
soft error interrupt at IPL 1A (hex). PCSTS<12:8> are latched unless
Interrupt or Trapl is already set and remain latched until Interrupt is
cleared or another error sets Trapl. If Trapl sets, the primary cache
automatically disables, although PCSTS<1>, ENABLE PTS, is not
changed. Interrupt clears during an IPR write to PCSTS.

Name: Primary Cache Hit
Mnemonic: P CACHE HIT
Type: RO, 0

P CACHE HIT is the latched value of the primary cache comparator
output. It is updated for all D-stream reads, writes, or invalidate
cycles and is used only during diagnostic testing of the primary cache
hit logic.

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.

NOTE:

Name: Flush Cache
Mnemonic: None
Type: RW1C, 0

Flush Cache clears all valid bits in the primary cache tag array when
it is written with a one. Hardware then clears Flush Cache in the next
cycle, go it is always read as a zero.

The state of the primary cache is unpredictable if PCSTS<1>,
ENABLE PTS, is zero. Therefore, the primary cache must be
flushed before it is enabled, with either a separate IPR write
before ENABLE PTS is set or by setting both Flush Cache and
ENABLE PTS with the same IPR write.
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KA65A CPU Module Internal Processor Registers
Primary Cache Status Register (PCSTS)

bit<i>
Name: Enable Primary Tag Store
Mnemonic: ENABLE PTS
Type: RW, 0
ENABLE PTS controls normal operation of the primary cache. When
ENABLE PTS is a one, both 1-stream and D-stream references are
cached and primary cache tag and data parity errors are reported.
I/O references are never cached. When ENABLE PTS is a zero, all
references (read, write, and invalidate) result in a miss.

bit<0>

Name: Force Hit

Mnemonic: None
Type: RW, 0

Force Hit is used only for diagnostic testing and must be clear during
normal operation. When set, the primary cache forces a hit for all
memory references. Memory write requests still go to the external
memory. Since I/O references are not cached, they are not affected by
Force Hit.

When Force Hit is set, primary cache tag parity error reporting
associated with D-stream reads, writes, and invalidates and primary
cache data parity errors associated with D-stream reads are disabled.
DAL errors (parity errors associated with the data present on the
DAL or bus errors) are not affected. Force Hit is not used to satisfy
I-stream reads, as primary cache tag or data parity errors detected
during I-stream reads cause a loop. Force Hit can be used to initialize
the primary cache data array. Force Hit is cleared on chip reset.

NOTE: When ENABLE PTS is zero (primary cache is disabled)
and Force Hit is set, the operation of the primary cache is
unpredictable.
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2.8.2

XMI Registers

KAG5A CPU Module

In addition to the internal processor registers, the KA65A CPU module
contains registers in XMI private space and XMI required registers in XMI
nodespace. These registers are listed in Table 2-15 and Table 2-16.

The KA65A CPU module’s XMI registers have the following
characteristics:

¢ The mask bits are ignored on writes to the KA65A CPU module’s
control and status registers. The CPU always performs a full longword

write.

¢ Interlocks are not supported. Interlock Read and Unlock Write
Mask transactions are treated as Read and Write Mask transactions,
respectively.

¢ The XMI responder queue is only one deep so the KA65A CPU module
will NO ACK subsequent CSR references until the read data for the
queued CSR read has been returned.

* Write transactions directed at read-only registers are accepted and

acknowledged but no action is taken and the register’s value is not
changed.

Read or write access to any unimplemented nodespace regions result in a
NO ACK for the XMI transaction

Table 2-15 KA65A CPU Module Registers in XMi Private Space

Register Mnemonie Address Location

Control Register 0 CREGO none A “virtual” register
Control Register 1 CREG1 none A "virtual™ register
CREG Write Enable CREGWE E000 0000 MSSC

Console ROM (halt protected) E004 0000 — E009 FFFF Console ROM
Consocle EEPROM (halt protected) EOOA 0000 — EOOA 7FFF Console EEPROM
Console ROM (not halt protected) EOOC 0000 — EO1t FFFF Console ROM
Console EEPROM (not halt protected) E012 0000 —- EO012 7FFF Console EEPROM
MSSC Base Address SSCBAR E014 0000 MSSC

MSSC Configuration SSCCNR EO14 0010 MSSC

MSSC Bus Timeout Control SSCBTR E014 0020 MSSC

MSSC Output Pont OPORT EO014 CU30 MSSC

MSSC Input Port IPORT E014 0040 MSSC

CREG Base Address CRBADR EO14 0130 MSSC

CREG Address Decode Mask CRADMR EO014 0134 MSSC

EEPROM Base Address EEBADR E014 0140 MSSC

EEPROM Address Decode Mask EEADMR E014 0144 MSSC

Timer 0 Control TCRO E014 0160 MSSC
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KAG65A CPU Module

Table 2-15 (Cont.) KAG65A CPU Module Fagisters in XMi Private Space

Register Mnemonic Address Location
Timer O Interval TIRO EO14 0164 MSSC

Timer 0 Next Interval TNIRO E014 0168 MSSC

Timer 0 Interrupt Vector TIVRO E014 016C MSSC
Timer 1 Control TCR1 EO014 0170 MSSC
Timer 1 Interval TIR1 E014 0174 MSEC
Timer 1 Next interval TNIR1 E014 0178 MSSC
Timer 1 Interrupt Vector TIVR1 E014 017C MSSC
interval Counter SSCICR €014 O1F8 MSSC
MSSC Internal RAM E014 0400 — EO014 O7FF MSSC

DAL Diagnostic Register DCSR E100 0000 MDA-chip
Failing DAL Register 0 FDALO E100 0020 MDA-chip
Failing DAL Register 1 FDAL1 E100 0028 MDA-chip
Failing DAL Register 2 FDAL2 E100 0030 MDA-chip
Falling DAL Register 3 FDAL3 E100 0038 MDA-chip
MAXMI RAM E100 8000 — E100 BFFF MAXMI RAM
interprocessor Implied Vector interrupt  IPIVINTR E101 0000 — E101 FFFF MAXMI RAM
Generation

Write Error Implied Vector Generation WEIVINTR E102 0000 - E102 FFFF MAXMI RAM
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Table 2-16 XM! Registers for the KA65A CPU Module

Register Mnemonic  Address Location
Device Register XDEV BB’ + 0000 0000 MCA-chip
Bus Error XBER BB + 0000 0004 MCA-chip
Failing Address XFADR BB + 0000 0008 MCA-chip
XMI General Purpose XGPR BB + 0000 000C MCA-chip
Node-Specific Control and NSCSR 8B + 0000 001C MCA-chip
Status

XMI Control Register XCR BB + 0000 0024 MCA-chip
Failing Address Extension XFAER BB + 0000 002C MCA-chip
Bus Error Extension XBEER BB + 0000 0034 MCA-chip
Writeback O Failing Address  WFADRO BB + 0000 0040 MCA-chip
Writeback 1 Failing Address ~ WFADR1 BB + 0000 0044 MCA-chip

'BB = base address of a node, which is the address of the first location in nodespace.




KA65A CPU Module XMI Private Space Registers
Control Register 0 (CREGO)

Control Register 0 (CREGO)

CREGO controls some KAG65A CPU module functions.
Writing to CREGO is a multistep process:

1

Write OPORT<9:2> (CREG DATA) with the data to be written to
CREGO.

Write OPORT<0> (CREGO SEL) with a one and OPORT<«<1> (CREG1
SEL) with a zero.

Write anything to CREGWE. The data is ignored and may be of any
value.

Steps 1 and 2 provide the data to be written and give CREGO as the
destination. Step 3 transfers OPORT<CREG DATA> to CREGO.

ADDRESS

bits<31:7>

bit<6>

None (Virtual Register)

3
1

76543210

-

MUST BE ZERO J l [;F

Force Parity Select (FPSEL) —J |
1/0 2 (10 2)

I1/0 1 (10 1)

Salf-Test Passed LED (8TP LED)
Consnle Terminal Enable (TERM ENA)

Conscle Terminal Mode Select (TERM SEL)

mab-p313-90

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Force Parity Select
Mnemonic: FPSEL
Type: WO, 0

FPSEL is used with the XMI Control Register bits <21:19> to force
bad parity on the XMI. Setting FPSEL enables the uae of XMI Controi
Register bils <21:195.
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KAG65A CPU Module XMI Private Space Registers
Control Register 0 (CREGO)

bit<5>
Name: Vo2

Mnemonic: 02
Type: WO, 0
I0 2 is used by selt-test as a trigger. The value written to 10 2 is

inverted before it is driven directly to a pin on the I/O section of the
backplane.

Bit<d>
Name: Vo1
Mnemonic: 101
Type: WO, 0

10 1 is used by selt-test as a trigger. The value written to 10 1 is
inverted before it is driven directly to a pin on the I/O section of the
backplane.

bit<3>
Name: Self-Test Passed LED

Mnemonic: STP LED
Type: WO, 0

STP LED sets to drive the self-test-passed LED that indicates that
self-test was successful.

bit<2>

Name: Console Terminal Enable
Mnemonic: TERM ENA
Type: WO, 0

TERM ENA enables the KA65A CPU module to drive the system
console line on the XMI backplane. If TERM ENA is a one, console
output is transmitted to both the auxiliary console and the system
console lines on the XMI backplane. If TERM ENA is a zero, console
output is transmitted only to the auxiliary console line.
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bits -1:0>

KAG65A CPU Module XMI Private Space Registers

Control Register 0 (CREGO)

Name: Console Terminal Mode Seiect

Mnemonic: TERM SEL
Type: WO, 0

TERM SEL selects the console terminal mode as shown beiow:

«<1:0» Mode

Description

00 Auxiliary Console
01 System Console

10 Auxillary Console
Loopback

11 System Console
Loopback

The auxiliary console line is connected to the
MSSC console termineal input.

The XMl backplane console line is connected to
the MSSC console terminal input.

The auxiliary console output is connected back to
the MSSC console terminal input.

The XMI consale output is connected back to the
MSSC console terminal input. # TERM ENA is
zoro, the transmitted character is not transmitted
on the XMI backplane console line.
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KA65A CPU Module XMI Private Space Registers
Control Register 1 (CREG1)

Control Register 1 (CREG1)

CREG" drives eight module LEDs.
Writing to CREG1 is a multistep process:

1 Write OPORT<9:2> (CREG DATA; with the data to be written to
CREGI1.

2 Write OPORT<0> (CREG1 SEL) with a one and OPORT<1> (CREGO
SEL) with a zero.

3 Write anything to CREGWE. The data is ignored and n:a; be of any
value.

Steps 1 and 2 provide the data to be written and give CREG1 as the
destination. Step 3 transfers OPORT<CREG DATA> to CREG1.

ADDRESS None (Virtual Register)

3
1 8 76543210

[ MUST BE ZERO HRERRRER

Self-Test LED 8 (ST LEDS) — I
Self-Test LED 7 (ST LED7) —-] l l
Self-Test LED 6 (8T LEDS)
Self-Test LED 5 (ST LEDS)
Self-Test LED 4 (8T LED4) —mm——r
Self-Test LED 3 (8T LED3) _
Self-Test LED 2 (ST LED2) J |
Self-Test LED 1 (°T LED1}
msb-p3l4-~90
bits<31:8>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bits<7:0>
Name: Self-Test LED 8 through Saelf-Test LED 1
Mnemonic: ST LEDn
Type: WO, 0

These eight bits drive the eight module LEDs that indicate the current
state of the self-test or extended test. Writing a one to these bits lights
the corresponding LED.
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KA65A CPU Module XMl Private Space Registers
Control Register Write Enable Register (CREGWE)

Control Register Write Enable Register (CREGWE)

CREGWE is used, together with OPORT, tc write to CREGO and CREGH.

ADDRESS E000 0000 (MSSC)
3
1 0
L Control Register Write Enable Register (CREGWE) ‘]
meb-~p008-89
bits<31:0>
Name: Control Register Write Enable
Mnemonic: CREGWE
Type: WO, 0

CREGWE enables writes to Control Register 0 and Control Register 1
(CREGO and CREG1). The data that is in OPORT<9:2> (CREG DATA)
is sent to the selected Control Register (OPORT<0>, OPORT<1>)
whenever anything is written to CREGWE.

2-123



KAG5A CPU Module XMI Private Space Registers
MSSC Base Address Register (SSCBAR)

MSSC Base Address Register (SSCBAR)

SSCBAR controls the base address of a 2-Kbyte block of control and status
registers and RAM that is part of the MSSC. Hardware reset initializes
SSCBAR 10 E014 0000 (hex).

ADDRESS £014 0000 (MSSC)
3322 11
1098 10 0
sz[lr MSSC Base Address (3SSCBA) [ MUST BE ZERO 1
mab-p322-90
bits<31:30>
Name: Reserved

Mnemonic: None
Type: -

Reserved; must be zero.

bit<29>

Name: Reserved
Mnemonic: None

Type: -~

Reserved; must be one.

bits<28:11>
Name: MSSC Base Address

Mnemonic: SSCBA
Type: RW

SSCBAR controls the base address of the 2-Kbyte block and is set to
E014 0000 (hex) by console code during processor initialization.

bits<10:0>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.
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KAG65A CPU Module XM! Private Space Registers
MSSC Configuration Register (SSCCNR)

MSSC Configuration Register (SSCCNR)

SSCCNR provides configuration informaticn for MSSC-controlled features.

ADDRESS E014 0010 (MSSC)
I

3
1
[T

aN

2222 2 111 111
S 4 32 0 6% 4 210 876 4 3 2 0

[ -

1
9

(=)

0 MBZ 0

L CREG Addresns
Enable (CREG ADS ENA)
EEPROM Enabl~s
(EEPROM ADS ENA)
Console Terminal Bagud Rats Select
(TERM BAUD SEL)
CTRL/P Enable (CTRL/P EBNA)
ROM Halt Protect Address Bpace 8ite
(HALT PROT)
ROM Addrese Space 8ize Select (ROM SI2E)
ROM 8Speed
Interrupt Priority Level Select (IPL SEL)
Interrupt Vector Disable (IV Disable)
Battery Low (BLO)

msb-p323-90

bit<31>
Name: Battery Low

Mnemonic: BLO
Type: RW1C

BLO is set if the TOY clock battery voltage goes below threshold while

the module is powered down. If set after power-up, the TODR register
is cleared.

bits<30:28>

Name: Reserved
Mnemonic: WNone

Type: -
Reserved; must be zero.
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KA65A CPU Module XMI Private Space Registers
MSSC Contiguration Register (SSCCNR)

bit<27>
Name- Interrupt Vactor Oisable
Mnemonic: |V Disable
Type: RW. 0
When IV Disable is set, the MSSC is disabled from returning an
interrupt vector in response to a read interrupt vector transaction
from the MC-chip. IV Disable is clear for normal operation.
bit<26>
Name: Reserved
Mnemonic: None
Type. -
Reserved; must be zero.
bite<25:24>
Name: Interrupt Priority Level Select
Mnemonic: IPL SEL
Type: RW, 0
IPL SEL specifies the IPL level ¢f interrupt acknowledge cycles that
the console serial line and programmable timers respond to. This field
ia set to 01 (IPL 16) by console code for normal operation.
CAUTION: IPL SEL must match XCR<MSCIPL> to ensure correct
operation. If these values are different, the operation of the
interrupt system is undefined.
bit<23>
Name: ROM Speed
Mnemonic: None
Type: RW, 0

ROM Speed selects the access time of the RGM/EEPROM, which is a
function of the CPU cycle time. Setting ROM Speed to zero selects 250
ne while setting it to one selects 150 ns. ROM Speed must be set to
zero for normal operation.
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bits<22:20»

bit<19>

KA65A CPU Module XMI Private Space Registers
MSSC Configuration Register (SSCCNR)

CAUTION:

Name: ROM Address Space Size Select
Mnemonic: ROM SIZE
Type: RW, 0

ROM SIZE controls the size of the range of addresses to which the
ROM responds, as shown. ROM SIZE is set to zero during reset and
must be set to 111 (binary) before self-test, yielding an address range
of 1 Mbyt: (E004 0000 to E013 FFFF).

«22:20> Size (Kbytes) Address Range (hex)

000 8 E004 0000 - EO004 1FFF
001 16 E004 0000 — £004 3FFF
010 a2 E004 0000 - E004 7FFF
on 64 E004 0000 - E004 FFFF
100 128 E004 0000 - EO0S FFFF
101 256 E004 0000 — E007 FFFF
110 512 E004 0000 - E00B FFFF
m 1024 E004 0000 —~ EO013 FFFF

Before the consocle code attempts to access any ROM or
EEPROM code outside the first 8 Kbytes of ROM, console code
must first set ROM SIZE to 111 (binary) since hardware resets
ROM SIZE to 000 (binary).

Name: Resarved
Mnemonic: None

Type: -
Reserved; must be zero.

2-127



KAG65A CPU Module XMI Private Space Registers
MSSC Configuration Register (SSCCNR)

bits<18:16>

Name: ROM Halt Protect Address Space Size Select

Mnemonic: HALT PROT
Type: RW, 0

HALT PROT selects the size of the halt-protected ROM/EEPROM
address space as shown below. If the last instruction fetch seen by
the MSSC was within the address range specified by this fieid, console
halts are disabled, allowing console code to disable nested console
entries. To permit the ROM and EEPROM to be double-mapped in
the address space, HALT PROT is set to 110 (binary), 512 Kbytes, by
console code during processor initialization (before self-test).

«18:16> Size (Kbytes) Address Range (hex)

000 8 E004 0000 - E004 1FFF
001 16 E£004 0000 — E004 3FFF
010 32 E004 0000 - E004 7FFF
on 64 E004 0000 - EQ04 FFFF
100 128 EO04 0000 - E005 FFFF
101 256 E004 0000 - EQ07 FFFF
110 512 E004 0000 - EQOB FFFF
i None
bit<15>

Name: CTRL/P Enable

Mnemonic: CTRUP ENA

Type: RW, 0

If CPU halts are enabled, (XMI CON SECURE deasserted), CTRL/P
ENA is used to select either CTRL/P or BREAK to cause the halt.

When CTRL/P ENA is set, it causes the CPU to be halted, if halts are
enabled, when CTRL/P is typed at the console. When CTRL/P ENA
i8 clear, it causes the CPU to be halted, if halts are enabled, when
BREAK is typed at the console. CTRL/P ENA is set to one by console

code.
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KAG65A CPU Module XMI Private Space Registers
MSSC Configuration Register (SSCCNR)

bits<14:12>»
Nama: Console Terminal Baud Rate Select
Mnemonic: TERM BAUD SEL
Type: RW, 0

TERM BAUD SEL uses the following codes to select the console baud
rate for both the system console and the auxiliary console lines:

<14:12»> Baud Rate

000 300
001 600
010 1200
011 2400
100 4800
101 9600
110 19200
1 38400

The console program sets TERM BAUD SEL to 010 (1200 baud) during
initialization. The baud rate may be changed by the user.

NOTE: The MSSC baud clock runs about 1.759% fast.

bit<11:7>
Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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KA65A CPU Module XMI Private Space Registers
MSSC Configuration Register (SSCCNR)

bits«<6:4>
Name: EEPROM Address Enable

Mnemonic: EEPROM ADS ENA
Type: RW, 0

EEPROM ADS ENA configures the programmable address strobe
used to enable writes to the EEPROM, as shown below. EEPROM
ADS ENA is set to 000 (binary) by the console code during processor
initialization. When set to 101 (binary), updates to the EEPROM are
enabled.

Bit Operation

6 Enable RDY termination of DAL transaction
5 Enable response to DAL read commands
4 Enable response to DAL write commands

bit<3>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<2:0>
Name: CREG Address Enable

Mnemonic: CREG ADS ENA
Type: RW, 0
CREG ADS ENA configures the programmable address strobe used to

enable writes to CREG0 and CREG1 by controlling the address strobe
as follows:

Bit Operation

2 Enable RDY termination of DAL transaction
Enable response to DAL read commands
0 Enable response to DAL write commands

CREG ADS ENA is set to 101 by the console program during
initialization.
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KA65A CPU Module XMI Private Space Registers
MSSC Bus Timeout Control Register (SSCBTR)

MSSC Bus Timeout Control Register (SSCBTR)

SSCBTR contains the timeout value used to terminate DAL bus transactions.
When a DAL transaction is started, the MSSC starts a timer that increments
every microsecond until the transaction completes. If the time reaches the
value contained in Bus Timeout Interval, the MSSC asserts the ERR L signal
to terminate the transaction, causing a machine check and preventing system

hangs.
ADDRESS E014 0020 (MSSC)

['lfl, MB2 L Bus Timeout Interval 4;]

| l—-Rond Write Timecut (RWT)

Bus Timeout (BTO)

meb-p324-~90

bit<31>

Name: Bus Timeout

Mnemonic: BTO

Type: RWIC, 0

BTO sets when any CPU transaction times out and terminates with
the ERR L signal asserted. If a CPU read, write, or clear write buffer

command is timed out, both BTO and RWT sget. For IPR reads and
writes, only BTO sets.

bit<30>

Name: Read Write Timeout

Mnemonic: RWT

Type: RW1C, 0

RWT sets when a CPU read, write, or clear write buffer command
times out and terminates with the ERR L signal asserted. RWT

is examined *v error recovery software to determine if the error
termination was due to a problem with the MSSC or with the MAXMI.
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KAG65A CPU Module XMi Private Space Registers
MSSC Bus Timeout Control Register (SSCBTR)

bits<29:24>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<23:0>
Name: Bus Timeout Interval
Mnemonic: None
Type: RW, 0

The Bus Timeout Interval field supplies the timeout period in 1
microsecond units, with a range of 1 (hex) to FFFFFF (hex). This
corresponds to a timeout range of 1 microsecond to 16.77 seconds. The
timeout function is disabled if the field is zero.
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KAG5A CPU Module XMI Private Space Registers
MSSC Output Port Register (OPORT)

MSSC Output Port Register (OPORT)

OPORT selects the desired control register and writes it with data.

ADDRESS EO014 0030 (MSSC)
I MUST BE 2ERQ I l I ]

Control Reglster Data (CREG DATA) —J l
Control Register 1 Select (CREG1l SEL)
Control Register 0 Select (CREGO SEL)

mab-p325-90

bits<31:10>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<9:2>
Name: Control Register Data

Mnemonic: CREG DATA
Type: RW, 0

CREG DATA supplies one byte of data to be transferred to the selected
control register.

bit<1>
Name: Control Register 1 Select

Mnemonic: CREG1 SEL
Type: RW, 0

When set, CREG1 SEL selects Control Register 1 as the target to write
the data in CREG DATA.
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KAG65A CPU Module XMI Private Space Registers
MSSC Output Port Register (OPORT)

bit<0>
Name: Control Register 0 Select
Mnemonic: CREGO SEL
Type: RW, 0

Wher: set, CREGO SEL selects Control Register 0 as the target to write
the data in CREG DATA.
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KA65A CPU Module XMI Private Space Registers
MSSC Input Port Register (IPORT)

MSSC Input Port Register (IPORT)

IPORT gives KA65A CPU module state information.

ADDRESS E014 0040 (MSSC)
33
10 98765 43 0
[ I MUST BE ZERO l l,lA l J
- Console Enable |
::;:—;::: Ei:;béznblo (8TL DISBABLE) —-‘ |
XMI AC LO State (XACL!)

Front Panel BEPROM Enaple
(FP EEPROM ENARLE)

Front Panel Boot Disgble (FP BOOT DIBABLE)

Node Identification (NODE 1ID)

msb-p326~90

bit<31>
Name: Console Enable
Mnemonic: None
Type: RO
Console Enable indicates the state of the control panel upper key
switch, as taken from the XMI CON SECURE L signal. Console
Enable is zero when console halts are diasabled and 18 one when console
halts are enabled, that is, when the upper key switch is in the Enable
position.
bits<30:9>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bit<8>
Name: Scan Test Disable
Mnemonic: None
Type: <RO, 1

Scan Test Disable indicates the state of the module’s I/O pin.
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KAG65A CPU Module XMI Private Space Registers
MSSC Input Port Register (IPORT)

bit<7>
Name: Seli-Test Loop Disable

Mnamonic: STL DISABLE

Type: RO.1

STL DISABLE indicates the state of the 10 SELF TEST LOOP L
module's 1/O pin. A zero indicates that the console loops on self-test,

and a one, the default value, indicates that the console performs
self-test only once.

bit<6>
Name: XM!I AC LO

Mnemonic: XACLO

Type: RO

XACLO shows the state of the XMI AC LO L signal. A zero indicates
that XMI AC LO L is asserted, and a one indicates that the line is

deasserted. The console does not attempt to reference memory until
XACLO is a one.

bit<5>
Name: Front Panel EEPROM Enable

Mnemonic: FP EEPROM ENABLE
Type: RO

FP EEPROM ENABLE shows the state of the control (front) panel
lower key switch as a reflection of the XM1 UPDATE EN H signal.
When FP EEPROM ENABLE is a zero, the EEPROM is disabled; a
one indicates that the EEPROM is enabled, that is, the lower key
switch is in the Update position.

bit<4>
Name: Front Panel Boot Disable

Mnemonic: FP BOOT DISABLE

Type: RO

FP BOOT DISABLE indicates the state of the control (front) panel
lower key switch. Tte input to the bit is the XMI BOOT EN L signal.

A zero indicates that booting is enabled, that is, the lower key switch is
in the Auto Start positi:a, and a one indicates that booting is disabled.

bits<3:0>
Name: Node Identification

Mnemonic: NODE ID
Type: RO

NODE ID contains the node identification of the XMI backplane slot.
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KA65A CPU Module XMl Private Space Registers
Control Register Base Address Register (CRBADR)

Control Register Base Address Register (CRBADR)

CRBADR supplies the base address for Control Register 0 and Control
Register 1 write enables.

ADDRESS E014 0130 (MSSC)
332
109 210
[EE?] Control Register Base Address (CRBAD) lumz]

meb-p327-90

bits<31:30>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<29:2>
Name: Control Register Base Address
Mnemonic: CRBAD
Type: RW, 0
CRBAD supplies the base address for Control Register 0 and Control
Register 1 write enables. CRBADR is loaded with 2000 0000 (hex)
during normal operation.
bits<1:0>
Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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KAG65A CPU Module XMl Private Space Registers
Control Rcp 'ster Address Decoue Mask Register (CRADMR)

Control Register Address Decode Mask Register
(CRADMR)

CRADMR supplies the bit mask that selects the address extent of the Control
Register address decode.

ADDRESS E014 0134 (MSSC)

332
1009 210

[HBZ] Control Ragiater Address Decode Mask (CRADM) HBZ]

meb-p328-90

bits<31:30>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.

bits<29:2>
Name: Control Register Address Decode Mask

Mnemonic: CRADM
Type: RW, 0

CRADM supplies the bit mask that selects the address extent of the
Control Register address decode. Ones in CRADM indicate those bits
that are to be ignored during the address compare. CRADM is loaded
with zero during normal operation as there is only one address being
decoded by this strobe.

bits<1:0>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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KAG65A CPU Module XMl Private Space Registers
EEPROM Base Address Register (EEBADR)

EEPROM Base Address Register (EEBADR)

EEBADR supplies the base address for EEPROM write enables.

e S G R

ADDRESS E014 0140 (MSSC)
332
1009 210
Lmz[ REPROM Base Address (EEBAD) lnnz]
mab~p329-90
bits<31:30>
Name: Resarved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<29:2>
Nams: EEPROM Base Address

Mnemonic: EEBAD
Type: AW, 0

EEBAD supplies the base address for EEPROM write enables. EEBAD
is loaded with 200A 0000 (hex) during normal operation.

NOTE: Although the EEPROM is doublé-mapped in the address space,

it is written only through the first mapping (through addreases
E00A 6000 to E0OA TFFF (hex)).

bits<1:0>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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KAG65A CPU Module XMI Private Space Registers
EEPROM Address Decode Mask Register (EEADMR)

EEPROM Address Decode Mask Register (EEADMR)

EEADMR supplies the bit mask that selects the address extent of the
EEPROM address decode.

ADDRESS E014 0144 (MSSC)

2
9 210

oW

3
1

MB2Z EEPROM Address Decode Mask Register (EEADMR) JHBZI

meb-p330-90

bits<31:30>

Name: Researved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<29:2>
Name: EEPROM Address Decode Mask Register

Mnemonic: EEADMR
Type: RW, 0

EEADMR supplies the bit mask that selects the address extent of the
EEPROM address decode. Ones in EEADMR indicate those bits that
are to be ignored during the address compare. EEADMR is loaded
with 0000 7FFF (hex) during normal operation as the address range of
the EEPROM is 32 Kbytes.

bits<1:0>

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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Timer Control Register 0 (TCRO0)

TCRO controls timer 0.

ADDRESS E014 0160 (MSSC)

313
10 87635 4 2 0

T T TTTT T T ]

L—- Brror (ERR) Interrupt (INT) —————J
Interrupt Enable (IE)
Single (8GL)

Transfer (XFR)

Stop (8TP)
Run (RUN)

msb-p331-90

bit<31>
Name: Emror
Mnemonic: ERR
Type: RWIC, 0
ERR is set whenever the Timer Interval Register overflows and INT is
already set, indicating a missed overflow.
bits<30:8>
Name; Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bit<7>
Name: interrupt
Mnemonic: INT
Type: RWIC, 0

INT is set whenever the Timer Interval Register overflows. If IE is set
when IN1 is set, an interrupt is posted at IPL 156.
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Timer Control Register 0 (TCRO0)

bit<6>

Name: Interrupt Enable
Mnemonic: IE
Type: RW, 0

When IE is set, the timer interrupts at IPL 15 when INT is set.

bit<5>

Name: Single

Mnemonic: SGL

Type: RW, 0

Setting SGL causes the Timer Interval Register to increment by one if

the RUN bit is cleared. If RUN is set, then writes to SGL are ignored.
SGL ie always read as zero.

bit<4>

Name: Transfer
Mnemonic: XFR
Type: RW, 0

Setting XFR causes the Timer Next Interval Register to be copied into
the Timer Interval Register.

bit<3>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.

bit<2>
Name: Stop

Mnemonic: STP
Type: R/W, O
STP determines whether the timer stops after an overflow. If STP

is set at overflow, RUN is cleared by the hardware at overflow and
counting stops.
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bit<1>

bit<0>

KAG65A CPU Module XM! Private Space Registers
Timer Control Register 0 (TCRO)

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Run
Mnemonic: RUN
Type: RW, 0

When RUN is set, the Timer Interval Register is incremented once
every microsecond. INT is set when the timer overflows. If STP is
set at overflow, RUN is cleared by the hardware at overflow and

counting stops. When RUN is clear, the Timer Interval Register is not
incremented automatically.
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Timer Interval Register 0 (TIRO)

TIRO contains the interval count for timer 0.

ADDRESS E014 0164 (MSSC)
3
1 0
Timer Interval Register ]
meb~p332-90
bits<31:0>
Name: Timer Interval Registar 0
Mnemonic: TIRO
Type: RO, 0

2-144

When TCR0<0> (RUN) is one, TIR0 is incremented once every
microsecond. When the counter overflows, TCR0<7> is set, and an
interrupt is posted at IPL 15 if TCR0<6> is set. Then, if TCR0<2> is
zero, TCRO<0> is cleared and counting stops.
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Timer Next Interval Register 0 (TNIRO)

Timer Next Interval Register 0 (TNIRO)

TNIRO sets the interval timer 0.

L o S S S G S

ADDRESS E014 0168 (MSSC)

3
1 0

Timer Next Interval Register

meb-p333-90

bits<51:0>
Name: Timer Next Interval Register 0
Mnemoric: TNIRO
Type: RW, C

TMIRO contains the two's complement of the interval in microseconds
of the value that is written into TIRO after an overflow or in response
to the setting of TCR0<4> (XFR). Therefore, to set the interval to 200

microseconds, the value of -200 (FFFF FF38 (hex)) needs to be ioaded
into TNIRO.
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Timer Interrupt Vector Register 0 (TIVRO)

TIVRO is used by timer 0.

ADDRESS E014 016C (MSSC)

W

10 9 210

[V MUST BE ZERO I AJHBEJ

SCB Vector Offset -—J

msb~p334-90

bits<31:10>

Name: Ressrved
Mnemonic: None

Type: -
Reserved; must be zero.

bits<9:2>
Name: SCB Vector Offset

Mnemonic: None

Type: RW, 0

When TCR0<6> (IE) and TCRO<7> (INT) transition to a one,
an interrupt is posted at IPL. 15. When a timer's interrupt is

acknowledged, the contents of SCB Vector Offset are passed to service
the interrupt request.

NOTE: Both timers interrupt at the same IPL as the console serial
line. When multiple interrupts are pending, the console serial

line has priority over the timers, and timer 0 has priority over
timer 1.

bits<1:0>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.
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Timer Control Register 1 (TCR1)

TCR1 controls timer 1, which is used by the console program.

ADDRESS E014 0170 (MSSC)

33
10 8768 4 2

MUST BE ZERO 0 0

L— Error (ERR) Interrupt (INT) -————{J
Interrupt Enable (IE)
8ingle (8GL)

Transfer (XFR)
Stop (STP)
Run (RUN)

[ _1°

mab-p331-90

bit<31>
Name: Error
Mnemonic: ERR
Type: R/WIC, 0
ERR is set whenever the Timer Interval Register overflows and INT is
already set, indicating a missed overflow.
bit<30:8>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bit<7>
Name: Interrupt
Mnemonic: INT
Type: RW1C, 0

INT is set whenever the Timer Interval Register overflows. If IE is set
when INT is set, an interrupt is posted at IPL 15.

2-147



KAG65A CPU Module XMl Private Space Registers
Timer Control Register 1 (TCR1)

bit<6>

Name: imterrupt Enable
Mnemonic: 1E
Type: RW, 0

When IE is set, the timer interrupts at IPL 16 when INT is set.

bit<5>

Name: Single

Mnemonic: SGL

Typse: RW, 0

Setting SGL causes the Timer Interval Register to increment by cne if

the RUN bit is cleared. If RUN is set, then writes to SGL are ignored.
SGL is always read as zero.

bit<d>

Name: Transter
Mnemonic: XFR
Type: RW, 0

Setting XFR causes the Timer Next Interval Register to be copied into
the Timer Interval Register.

bit<3>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.

bit<2>
Name: Stop

Mnemonic: STP
Type: RW, 0
STP determines whether the timer stops after an overflow. If STP

is set at overflow, RUN is cleared by the hardware at overflow and
counting stops.
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bite<1>

bit<0>

KAG65A CPU Module XMl Private Space Registers
Timer Control Register 1 (TCR1)

Name: Resarved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Run
Mnemonic: RUN
Type: RW, 0

When RUN is set, the Timer Interval Register is incremented once
every microsecond. INT is set when the timer overflows. If STP is
set at overflow, RUN is cleared by the hardware at overflow and

counting stops. When RUN is clear, the Timer Interval Register is not
incremented automatically.
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Timer Interval Register 1 (TIR1)

TIR1 contains the interval count for timer 1, which is used by the console

program.
R e R
ADDRESS E014 0174 (MSSC)
3
1 o
r Timer Interval Register J
msb-p332-90
bits<31:0>
Name: Timsr Intarval Register 1
Mnemonic: TIR1
Type: RO, 0

2-750

When TCR1<0> (RUN) is one, TIR1 is incremented once every
microsecond. When the counter overflows, TCR1<7> is set, and an
interrupt is posted at IPL 15 if TCR1<6> is set. Then, if TCR1<2> is
zero, TCR1<0> is cleared and counting stops.
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Timer Next Interval Register 1 (TNIR1)

Timer Next Interval Register 1 (TNIR1)

TNIR1 sets the interval for timer 1. It is used by the console program.

ADDRESS E014 0178 (MSSC)
3
1 0
[ Timer Next Interval Register ]
meb-p333-90
bits<31:0>
Name: Timer Next interval Rugister 1
Mnemonic: TNIR1
Type: RW, 0

TNIRI1 contains the two's complement of the interval in microseconds
of the value that is written into TIR1 after an overflow or in response
to the setting of TCR1<4> (XFR). Therefore, to set the interval to 200

microseconds, the value of —200 (FFFF FF38 (hex)) needs to be loaded
into TNIR1.
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Timer Interrupt Vector Register 1 (TIVR1)

TIVR1 is used by timer 1, which is used by the console program.

L i

ADDRESS E014 017C (MSSC)
3
1 10 9 210
l MUST BE ZERO l ‘[HBZ—I
8CB Vector Offget ~J
meb-p334-90
bits<31:10>
Name: Reserved
Mnemonic: None
Type. -

Reserved; must be zero.

bits<9:2>
Name: SCB Vector Ofiset

Mnemonic: None
Type: RW, 0

When TCR1<6> (IE) and TCR1<7> (INT) transition to a one,

an interrupt is posted at IPL 15. When a timer's interrupt is
acknowledged, the contents of SCB Vector Offset are passed to service
the interrupt request.

NOTE: Both timers interrupt at the same IPL as the console serial
line. When multiple interrupts are pending, the console serial
line has priority over the timers, and timer 0 has priority over
timer 1.

bits«<1:0>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.
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Interval Counter Register (SSCICR)

SSCICR controls transitions of the INT TIM L pin on the MP-chip during
diagnostic testing.

ADDRESS E014 01F8 (MSSC)
3 11
1 32 0
r MUST BE ZERO T Current Count ‘l
mab-p335-90
bits<31:13>
Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<12:0>
Name: Current Count
tAnemonic: None
Type: W

Current Count controls transitions of the INT TIM L signal or: the
MP-chip. A high-to-low transition of that signal, when enabled by
ICCS<6> (Interrupt Enable) and PSL<20:16> (IPL), causes an interval
timer interrupt at IPL 16 (hex).

Current Count increments once every microsecond. When this results
in a carry out (from 1FFF (hex)), the INT TIM L signal is toggled anéd
Current Count resets to a value of 0C78 (hex). This causes the INT
TIM L signal to toggle every 6 milliseconds as 2000 (hex) through
0C78 (hex) = 1388 (hex) = 5000 (decimal), which causes a high-to-low
transition every 10 milliseconds.

On reset, Current Count clears to zero, so the first interval is 8192
microseconds rather than the expected value of 5000 microseconds.
SSCICR is used only for diagnostic purposes and is not written during
normal system operation.
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DAL Diagnostic Register (DCSR)

DCSR holds information used to test or disable various MDA-chip functions.

ADDRESS E100 0000 (MDA-chip)

3
1

0 -

b 1
7 4

[ W g

1 1 1
8 5 3 8 76 843 0

MUST BE ZERO ‘ I L, 1
Diagnostic MDA XMI _J
Parity<1:0> (FXMIP<1:0>)

Enable Force

MDA XMI Parity (EFXMIP)

Write Data Parity

Check Disable (WDPCD)

Diagnoatic DP (FDP)

Diagnostic ECC<5:0> (FRCC<5:0>)

Writeback ECC Check Disable (WBECCD)
Read Upper Longword (RUP)

Enable Force Data Parity (BFDP)
Enable Force BECC (EBFECC)
MDA Revision (MDAREV)

meb-p336-90

bits<31:19>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.
bits<18:17>
Name: Diagnostic MDA XMI Parity<1:0>
Mnemonic: FXMIP<1:0>
Type: RW, 0
FXMIP<1:0>, when enabled by setting DCSR<EFXMIP>, forces bad
parity on the corresponding XMI P<1:0> signals when driven by the
MDA-chip.
bit<16>
Name: Enable Force MDA XM! Parity
Mnemonic: EFXMIP
Type: RW, 0
EFXMIPF, when set, enables the forcing of bad parity on the XMI from
the MDA-chip.
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bit<15>

bit<14>

bits<13:8>

bit<7>

bit<6>

KA65A CPU Module XMl Private Space Registers
DAL Diagnostic Register (DCSR)

Name: Write Data Parity Check Disable
Mnemonic: WDPCD
Type: RO, 0

WDPCD, when set, disables the checking of parity on write data cycles
on the DAL.

Name: Diagnostic DP
Mnemonic: FDP
Type: RO, 0

FDP, when set with DCSR<EFDP>, forces bad parity for each byte
instead of generated MAXMI DP<7:0>.

Name: Diagnostic ECC<5:0>
Mnemonic: FECC<5:0>
Type: RO, 0

FECC<5:0>, when set with DCSR<EFECC>, forces bad ECC bits.
FECC is used for each byte instead of the generated MAXMI
ECCc<c47:0>.

Name: Writeback ECC Check Disable
Mnemonic: WBECCD
Type: RO, 0

WBECCD, when set, disables the detection and correction of writeback
data errors on the DAL.

Name: Read Upper Longword
Mnemonic: RUP
Tvpe: RO, 0

When set, read data on XMID<63:32> is mapped to XMID<31:0> while
remaining the same on XMID«63:32>. RUP must not be set during
memory-space XMI reads.
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bit<5>

Name: Enable Force Data Parity

Mnemonic: EFDP

Type: RO, 0

EFDP, when set, causes DCSR<FDP> to be driven on DP<7:0> in place

of the MAXMI-generated parity during cache filla. All eight bytes are
given the same FDP parity value.

bit<4>
Name: Enable Force ECC

Mnemonic: EFECC
Type: RO, 0
EFECC, when set, drives DSCR<FECC<6:0> on ECC<47:0> in place of

the MAXMI-generated ECC codes during cache fills and memory-space
writes. All eight bytes are given the same 6-bit FECC value.

bits<3:0>
Name: MDA Revision

Mnemonic: MDAREV
Type: RO, 0

MDAREYV identifies the revision level of the MDA-chip.
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Failing DAL Register 0 (FDALO)

This register contains DAL<31:0> and is ioaded on all quadwords of a
writeback and on memory-space reads. FDALO locks when a corrected or
uncorrected writeback error occurs.

ADDRESS E100 0020 (MDA-chip)

3
1 [
I DAL<31:0> v]

mab-p337-90

bits<31:0>
Name: Failing DAL Register 0
Mnemonic: FDALO
Type: RO, 0

FDALO contains DAL<31:0> and is loaded on all quadwords of a
writeback and on memory-space reads (hits or misses). Cache data
is sampled at the beginning of the DAL read transaction. For read
misses, the data is indeterminate.

FDALQO locks if a writeback error occurs (XBEER<WFDQ0> or
XBEER<WFDQ1> set), whether corrected or uncorrected. It is not
locked on read data errors.
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Failing DAL Register 1 (FDAL1)

This register contains DAL<63:32> and is loaded on all quadwords of a
writeback and on memory-space reads. FDAL1 locks when a corrected or
uncorrected writeback error occurs.

ADDRESS E100 0028 (MDA-chip)
3
1 0
| DAL<63:32> ]
meb~p338-90
bits<31:0>
Name: Failing DAL Register 1
Mnemonic: FDAL1
Tvpe: RO, 0

FDALI1 contains DAL<63:32> and is loaded on all quadwords of a
writeback and on memory-space reads (hits or misses). Cache data
is sampled at the beginning of the DAL read transaction. For read
misses, the data is indeterminate.

FDAL1 locks if a writeback error occurs (XBEER<WFDQO> or
XBER<WFDQ1> set), whether corrected or uncorrected. It is not
locked on read data errors.
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Failing DAL Register 2 (FDAL2)

This register contains ECC<31:0> and is loaded on all quadwords of a
writeback and on memory-space reads. FDALZ locks when a corrected or
uncorrected writeback efvor occurs.

ADDRESS E100 0030 (MDA-chip)

3
1 0

[ ECC<31:0> j

msb-p339~90

bits<31:0>
Name: Failing DAL Register 2
Mnemonic: FDAL2
Type: RO, 0

FDALZ2 contains ECC<31:0> related to DAL<63:0> and is loaded on all
quadwords of a writeback and on memory-space reads (hits or misses).
Cache data is sampled at the beginning of the DAL read transaction.
For read misses, the data is indeterminate.

FDALZ2 locks if a writeback error occurs (XBEER<WFDQO0> or
XBEER<WFDQ1> set), whether corrected or uncorrected. It is not
locked on read data errors.
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Failing DAL Register 3 (FLAL3)

FDAL3 is loaded on all quadwords of a writeback and on memory-space
reads (hits or misses). Cache data is sampled at the beginning of the DAL
read transaction. For read misses, the data is indeterminate.

FDALS3 locks if a writeback error occurs (XBEER<WFDQO> or
XBEER<WFDQ1> set), whether corrected or uncorrected. it is not locked
on read data errors.

R O N T

ADDRESS E100 0038 (MDA-chip)
3 22 11
1 43 65 0
LHUS'.I' BE ZERO [ DP<T7: 0> r BCC<47:32> _I
mab-p340-90
bits<31:24>
Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<23:16>

Name: Data Parity<7:0>

Mnemonic: DP<7:0>

Type: RO, 0

DP<7:0> contain the data parity bits related to DAL<63:0>.
bits<15:0>

Name: Error Correction Code<47:32>

Mnemonic: ECC<47:32>

Type: RO, 0

ECC<47:32> ccatains the error correction code bits related to

DAL<G3:0>.
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Interprocessor Implied Vector Interrupt Generation
Register (IPIVINTR)

The MAXMI has a generic procedure for generating interprocessor XMl
IVINTR transactions. A byte-length 1/O space write, using a byte-length
instruction such as MOVB or CLRB, causes the MAXMI to generate an
IVINTR command on the XMI.

ADDRESS E1010000-E101 FFFF
(A "virtual" register in MAXMI RAM)

3 11
1 [ 3% 0

r MUST BE ZERO IPIVINTR Destination Mask

meb~-p341-90

bits<31:16>

Name: Resserved
Mnemonic: None
Type: -

Reserved; must be zero.

bits<15:0>
Name: IPIVINTR Destination Mask

Mnemonic: None

Type: RO, 0

The low 16 bits of the address are used as the XMI destination
mask during the IVINTR command. The MAXMI treats IVINTR

transactions as normal 1/O space writes until after the ACK for the
IVINTR is received.
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Write Error Impiied Vector Interrupt Generation
Register (WEIVINTR)

The MAXMI has a generic procedure for generating write error XMI IVINTR
transactions. A byte-length /O space write, using & byte-length instruction
such as MOVB or CLRB, causes the MAXMI to generate an IVINTR command
on the XMl.

2 U e S e

ADDRESS E102 0000-E102 FFFF
(A "virtuai” register in MAXMI RAM)

3 1
6

1
1 S 0

[ MUST BE ZERO l WEIVINTR Destination Mask

mab-p342-90

bits<31:16>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.

bite<15:0>
Name: WEIVINTR Destination Mask

Mnemonic: None

Type: RO, 0

The low 16 bits of the address are used as the XMI destination
mask during the IVINTR command. The MAXMI treats IVINTR

{ransactiona as normal I/O space writes until after the ACK for the

IVINTR is received.
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Device Register (XDEV)

The Device Register contains information to identity the node. Both fields are
loaded during node initialization. A zero value indicates an uninitialized node.

ADDRESS Nodespace base address + 0000 0000 (MCA-chip)
3 11
1 65 [v}
[ Device Revision T Device Type (8080) ‘J
msb-344-90
bits<31:16>
Name: Device Revision
Mnemonic: DREV
Type: RW, 0

Identifies the revision level of the module in hexadecimal. The DREV
field always reflects the letter revision of the module as follows:

KAG5A CPU Module Revision DREYV (decimal) DREV (hex)

A0 1 0001

A1 1 0001

80 2 0002

B1 2 0002

20 26 001A
bits<15:0>

Name: Device Type

Mnemonic: DTYPE

Type: RW, 0

Identifies the type of node. The Device Type field is broken into two
subfields: Class and ID. The Class field indicates the major category
of the node. The ID field uniquely identifies a particular device within
a specified class. DTYPE contains 8080 (hex) for the KA656A CPU
module.
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Bus Error Register (XBER)

The Bus Error Register contains error status on a failed XMl transaction. This
status includes the failed commander ID and an error bit that indicates the
type of error that occurred. This status remains locked up until software resets
the error bit(s).

ADDRESS Nodespace base address + 0000 0004 (MCA-chip)
3 3 2222 221111111 1

09876 3 10987654273 1 9 4 3 0
L1L°L°L1L°lolololololoi lomoloﬁmo B M e | |

‘ L— Failing Commander ID
Self~-Test Fail (8TF)

Extended Teat Fail (ETF)
Node-8Specific Error Summary
(NSRS)

Commander Errors

— Transaction Timeout (TTO)

Command NQ ACK (CNAK)
Read Error Response (RER)
Read Sequence EBrror (RSE)
No Read Response (NRR)
Corrected Read Data (CRD)
Write Dats NO ACK (WDNAK)

Responder Errors

—— Read/IDENT Data NO ACK (RIDNAK)
Write Sequence Error (WSE)
Parity BError (PE)

Inconsistent Parity Error (IPE)

Miscellansous

—=— Write Brror Interrupt (WEI)

\e—————— Corrected Confirmation (CC)
-  XMI BAD (XBAD)

L —————— Node Halt (NHALT)

Node Reset (NRST)

Error Summary (ES)

msbp-~343-90
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bit<30>

bit<29>

KAG65A CPU Module XMI Nodespace Registers
Bus Error Register (XBER)

Name: Error Summary
Mnemonic: ES
Type: RO, 0

The state of ES represents the logical OR of the error bits STF, ETF,
NSES, TTO, CNAK, RER, RSE, NRR, CRD, WDNAK, RIDNAK, WSE,
PE, 1IPE, WEI, and CC in this register. Therefore, ES is asserted if any
error bit is asserted. ES clears when all error bits are cleared.

NOTE:

Name: Node Reset
Mnemonic: NRST
Type: RW. 0

Writing a one to NRST initiates, FOR THIS NODE ONLY, a complete
power-up reset similar to the assertion and deassertion of XMI DC LO
L (see note below); the node performs self-test and asserts XMI BAD
L until self-test is successfully completed. Like power-up reset, nodes
are preciuded from accessing the node from the time it is node reset
until it completes self-test (or the maximum self-test time iz exceeded).

During the time that a node is responding to node reset, the
node does not access other nodes on the XMI end it asserts the
XMI BAD L signal. In response to a real power-up sequence
(caused by XMI DC LO L), the NRST bit resets. Following a
node reset sequence, NRST remains set, allowing the processor
to recognize that it should not attempt to go through the
normal boot process.

Name: Node Halt
Mnemonic: NHALT
Type: RW, 0

Writing a one to NHALT while halts are enabled, forces the node to
go into a "quiet” state while retaining as much state as possible. The
KA65A CPU module will force the CPU to halt at the next instruction
boundary and go into console mode waiting for console commands.
The console code clears NHALT before exit to prevent an immediate
reentry.
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Bus Error Register (XBER)

bit«<28>

bit<27>

bit<26>

bit<25>

2-166

Name: XMI BAD
Mnemonic: XBAD
Type: R/W, 1

On reads, XBAD indicates the state of the XMI BAD L signal. A one
indicates that XMI BAD L is asserted. XMI BAD L is asserted when
any one (or more) nodes assert the line and deasserts only when no
node asserts it.

Writes to XBAD cause the state to be driven on the wired-OR XMI
BAD L line by this node; writing a one asserts XMI BAD L, while
writing a zero releases this node’s contribution to XMI BAD L.

XBAD asserts on reset, causing XMI BAD L to assert. XMI BAD L
remains asserted until all nodes stop asserting it.

Name: Corrected Confirmation
Mnemonic: CC
Type: RW1C, 0

CC sets when the KA65A CPU module detects a single-bit CNF error.
Single-bit CNF errors are automatically corrected by the XCLOCK
chip. When CC sets, Error Summary (ES) also sets.

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.

Name: Wirite Error Interrupt
Mnemonic: WEI
Type: RWIC, 0

When set, WEI indicates that the KA65A CPU module received a write
error interrupt IVINTR transaction. When WEI sets, a hard error
interrupt is sent to the CPU and Error Summary (ES) sets.




bit<24>

bit<23>

bit<22>

bit<21>

KA65A CPU Module XMI Nodespace Registers
Bus Error Register (XBER)

Name: Inconsistent Parity Error
Mnemonic: IPE
Type: RW1C, 0

When set, IPE indicates that the KA65A CPU module detected a parity
error on an XMI cycle and the confirmation for the erroneous cycle was
ACK. This indicates that at least one node (the responder) detected
good parity during the cycle time that this KA656A CPU module
detected a parity error. If this wae a successful write to memory, it
could leave the cache incoherent. The KA66A CPU module checks

all XMI transactions, not just those it generates. When IPE sets, at
least one of XBEER<MDAXPE> and XBEER<MCAXPE> sets and both
Parity Error (PE) and Error Summary (ES) set.

Name: Parity Error
Mnemonic: PE
Type: RWI1C, 0

When set, PE indicates that the MAXMI detected a parity error on
an XMI cycle. When PE sets, at least one of XBEER<MDAXPE>
and XBEER<MCAXPE> set and Error Summary (ES) also sets. If
appropriate, Inconsistent Parity Error (IPE) sets.

Name: Write Sequence Error
Mnemonic: WSE
Type: RWIC, 0

During CSR writes to this KA66A CPU module, the MAXMI checks
the transmitted sequence number against the one that it expects. If
the numbers do not match, WSE and Error Summary (ES) set, and the
CSR write is ignored.

Name: REAUD/IDENT Data NO ACK
Mnemonic: RIDNAK
Type: R/W1C, 0

When set, RIDNAK indicates that this KA65A CPU module received a
NO ACK confirmation in response to a CSR read. When RIDNAK sets,
Error Summary (ES) sets.
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bit<20>

bit<19>

bit<18>

bit<17>

2-168

Nama: Write Data NC ACK
Mnemonic: WDNAK
Type: RW1C, 0

When set, WDNAK indicates that a write data cycle transmitted by
the KA65A CPU module received a NO ACK confirmation. WDNACK
sets only if the reattempt fails or is disabled. When WDNAK sets,
Error Summary sets. If error retry is enabled, Transaction Timeout
(TTO) also sets.

Name: Corrected Read Data
Mnemonic: CRD
Type: A/WIC, 0

When set, CRD indicates that this KA66A CPU module received a
CRD read response, meaning that memory saw a parity error when
reading data out of memory and corrected it. When CRD sets, Error
Summary (ES) also sets.

Name: No Read Response
Mnemonic: NRR
Type: RWIC, 0

When set, NRR indicates that a transaction initiated by this KA66A
CPU module failed due to a read response timeout (no LOC, RER,
CRD, or GRD). When NNR sets, Error Summary (ES) and Transaction
Timeout (TTO) also set.

Name: Read Sequence Error
Mnemonic: RSE
Type: RW1C, 0

When set, RSE indicates that a transaction initiated by the KA66A
CPU module failed due to a read sequence error, since the MAXMI
checks the transmitted sequence number against the one that it
expects. The data returned as the result of a read transaction or
interrupt vector returned in an IDENT transaction is out of sequence.
When RSE sets, Error Summary (ES) also sets.




bit<16>

bit<15>

bit<14>

bit<13>

KA65A CPU Module XMI Nodespace Registers
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Name: Read Error Rasponse
Mnemonic: RER
Type: RW1C, 0

When set, RER 'ndicates that a node on the XMI received a Read
Error Response, meaning that the result of a read transaction or an
interrupt vector returned in an IDENT transaction is in error. When
RER sets, Error Summary (ES) also sets.

Name: Command NO ACK
Mnemonic: CNAK
Type: R/WIC, 0

When set, CNAK indicates that a command cycle transmitted by the
KA65A CPU module received a NO ACK confirmation, usually caused
by a reference either to a nonexistent memory location or to an /O
space location. This bit is set only if the error recovery reattempts fail
or are disabled. When CNAK sets, Error Summary (ES) also sets.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Transaction Timeout
Mnemonic: TTO
Type: R/W1C, 0

When set, TTO indicates that a transaction initiated by this KA656A
CPU module failed due to a iransaction timeout. The timeout counter
is started when the MAXMI requests the XMI for a transaction. This
bit is set only if retries fail. Write Data NO ACK (WDNAK), No Read
Response (NRR), Command NO ACK (CNAK), and XBEER<OLR>
indicate the cause of the timeout. If none of the bita are set, the
MAXMI was never granted the XMI bus for the transaction. When
TTO sets, Exror Summary (ES) also sets.

2-169



KAB5A CPU Module XMI Nodespace Registers
Bus Error Register (XBER)

bit<12>

bit<11>

bit<10>

bits<9:4>

bits<3:0>

2-170

Name: Node-Specific Error Summary
Mnemonic: NSES
Type: RO, 0

When set, NSES indicates that a node-specific error condition

was detected. NSES is the logical OR of the implemented bits in
XBEER except XBEER<UWP> and <UUW>. When NSES sets, Error
Summary (ES) also sets. NSES clears when all err. « bits clear.

Name: Extended Test Fail
Mnemonic: ETF
Type: R/WIC, 1

When set, ETF indicates that the KA66A CPU module has not yet
passed its extended test. This bit is cleared by console code when the
KA65A CPU module passes its extended test. When ETF sets, Error
Summary (ES) also sets.

Name: Self-Test Fail
Mnemonic: STF
Type: RW1C, 1

When set, STF indicates that the KA65A CPU module has not yet
passed its self-test. This bit is cleared by console code when the
KA65A CPU module passes its self-test. When STF sets, Error
Summary (ES) also sets.

Name: Failing Commander 1D
Mnemonic: FCID
Type: RO

FCID holds the commander ID of a failing transaction.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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Failing Address Register (XFADR)

The Failing Address Register logs address and length information associated
with a failing transaction. XFADR has an undetermined value on power-
up. XFADR and XBER<9:4> (FCID) are latched at the start of every XMl
transaction unless one or more of XBER<20> (WDNAK), XBER< 18> (NRR),
XBER<17> (RSE), XBER<16> (RER), XBER«<15> (CNAK), XBER<13>
(TTO), or XBEER<1> (SEO) are set at the beginning of the transaction.
There are three interpretations of XFADR, depending on the XMI command.
XFAER<31:28> determine the hex value of the XMI command.

ADDRESS

bits<31:20>

Nodespace base address + 0000 0008 (MCA-chip)

XFADR, when the XMI command is 9 (hex), an IDENT transaction:

3 21 11
1 09 65 0

[7 MUST BE ZERO ‘I' J: ‘¥J

Interrupt Priority Lovel_J
(IPL)
Interrupt Source

msb-p346-~-90

Namae: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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bits<19:16>

Name: Interrupt Priority Level
Mnemonic: IPL
Type: RO

IPL is a bit mask that specifies the interrupt priority level for the
IDENT command as shown below:

Bit IPL (hex)

19 17
18 16
17 18
16 14

bits<15:0>

Name: interrupt Source

Mnemonic: None

Type: RO

The Interrupt Source field is a bit mask that specifies the IDENT

command target-node ID. Bit<14> corresponds to node E, bit<13>
corresponds to node D, . . . bit<1> corresponds to node 1.

XFADR, when the XMI command is F (hex), an IVINTR transaction:
3 1 1
1 8 [
L MUST BE ZERO l ] ]
Write Error |
Interrupt (WEI IVINTR)
Interprocesacr
Interrupt (1P IVINTR)

Interrupt Destination

1 1
7 5

msb-p347-%0

bits<31:18>

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.
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bit<17>

bit<16>

bits<15:0>

KAESA CPU Module XMl Nodespace Registers
Failling Address Register (XFADR)

Nams: Write Error intarrupt
Mnemonic: WEI IVINTR
Type: RO

WEI IVINTR sets if the implied vector interrupt request was for a
write error interrupt.

Name: Interprocessor Interrupt
Mnemonic: P IVINTR
Type: RO

IP IVINTR sets if the implied vector interrupt request was for an
interprocessor interrupt.

Name: interrupt Destination
Mnemonic: None
Type: RO

The Interrupt Destination field is a bit mask that specifies the IVINTR
command target-node ID. Bit<14> corresponds to node E, bit<13>
corresponds to node D, . . . bit<1> corresponds to node 1.
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B s i L i i i
XFADR, when the XMI command is neither an IDENT transaction
nor an IVINTR transaction:

32
o9

3
1
r l Failing Address ]

- Failing Length (FLN)

mab-p345-90

bits<31:30>

Name: Failing Length
Mnemonic: FLN
Type: RO

FLN logs the value of XMI D«31:30> during the command cycle of a
failing transaction.

bits<29:0>
Name: Failing Address

Mnemonic: None
Type: RO

The Failing Address field logs the value of XMI D<29:0> during the
command cycle of a failing transaction.
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XMl General Purpose Register (XGPR)

The XGPR is a genaral purpose register that is visible to the XMI bus. This
register is used during self-test and by the ROM-based diagnostics.

ADDRESS Nodespace base address + 0000 000C (MCA-chip)

3
1 0

l XMI General Purpose Register (XGPR) ]

msb-p201-89

bits<31:0>
Name: XMI General Purpose Register

Mnemonic: XGPR
Type: AW, 0

The general purpose register is used by self-test and during ROM-
based diagnostics.
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Node-Specific Control and Status Register (NSCSR)

NSCSR provides the KA65A CPU module control and status to the XMl bus.

ADDRESS

bits«<31:11>

bits<10:7>»

bit<6>

2-176

Nodespace base address + 0000 001C (MCA-chip)

3 11
1 10 7 6 5%5 4 3 Q. i

MUST BE ZERO ]

High Drive Output Disable (DHOD) —J l
Boot Processor Disable (BPD)

Boot Procesescor {(BP)
Warm Start (¥WS)
MCA Ravision (MCALEV)

meb-p348-90

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: High Drive Output Disable
Mnemonic: HDOD
Type: RW, 0

HDOD, when set, selectively disables individual stages of the 48
milliamp output drivers. Each bit corresponds to one stage. The
output stage is disabled when set to a one. HDOD is used only for
testing and must be zero for normal operation.

Name: Boot Processor Disable
Mnemonic: BPD
Type: AW, 0

BPD is set by console code on power-up to indicate that this node is not
eligible to become the boot processor. Following self-test, all KA66A
CPU modules examine the BPD and XBFR<1> (Self-Test failed) of
each processor node to determine which processor will become the boot
processor. A processor node must be initialized before STF clears if ils
BPD is to take part in the selection of a boot processor.




bit<5>

bit<4>

bits<3:0>

KA65A CPU Module XMI Nodespace Registers
Node-Specific Control and Status Register (NSCSR)

Name: Boot Processor
Mnemonic: BP
Type: RW, 0

BP is set by console code to indicate that this node is the boot
Processor.

Name: Warm Start
Mnemonic: WS
Type: RO, 0

WS sets to indicate that battery-backed-up power was maintained
during a power failure and that the console code should attempt a
"warm start."” WS is loaded with the state of the XMI RESET L signal
when the XMI DC LO L signal is deasserted. WS is not used after a
node reset.

Name: MCA Revision
Mnemonic: MCAREV
Type: RO, 0

MCAREV contains the revision of the MCA-chip.
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XMl Control Register (XCR)

The XMI Control Register contains toggles tor various XMl and processor

functions.
ADDRESS XMI nodespace base address + 0000 0024 (MCA-chip)
3322222 2 2 1111111111
1098765 21 98765 4321098765 43210
L[] e [ L[ I1 Jlo] fwe]]| ]

Roquirod
l Lockout Moade (LOCMOD)
XMI BAD Drive (XBADD)

Trigger Control (TRIGC)
Corrected Read Data
interrupt Disable (CRDID)
Corrected Confirmation Interrupt

Disable (CCID)
MSBSC IPL<1:0> (MSCIPL)

XMI-Related

L— Lockout Debug Timaout Enable (LDTR)
‘\———— LED Control (LEDC)
-—————— Vector Mode Enable (VME)
Timeout Select (TO0S)
Enable Self-Invalidates Only (ESIO)
¥MI Force Parity<2:0> (XMIFP)
Gate Array Vieibility MUX Sel (GMXSL)

DAL-Related

~— Force Inval-Bus Bad Parity (FIBP)

'—— Clear Write Buffer Disable (CWBD)
—w—— Addresa/Command Parity Check Disable (ACPCD)
Force Address/Command Bad Parity (FACBP)

msb-p349-90

bit<31>
Name: Force Address/Command Bad Parity
Mnesmonic: FACBP
Type: RW, 0

FACBP, when set, forces bad parity on the Address/Command Parity
(ACP) signals during all cache fills.
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bit<30>

bii<29>

bit<28>

bits<27:26>

bits<25:22>
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Name: Address/Command Parity Check Disable
Mnemonic: ACPCD
Type: RW, 0

ACPCD, when set, disables parity checking on XMI Address<31:3> and
CMD<3:0> for all DAL transactions.

Name: Clear Write Bufter Disable
Mnemonic: CWBD
Type: RW, 1

CWBD, when set, causes the MAXMI to return RDY synchronous to
the MP-chip without flushing the MAXMI invalidate queue. When
CWBD is clear, the clear write buffer command proceeds normally.

Name: Force inval-Bus Bad Parity
Mnemonic: FIBP
Type: RW. 0

When FIBP ia set, the invalidate addresses are forwarded from the
MAXMI to the MC-chip with bad Inval-bus parity and must be clear
during normal operation.

Name: Reservad
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Gate Array Visibility Multiplexer Selact
Mnemonic: GMXSL
Type: RO, 0

GMXSL contains multiplexer selection lines to permit access to
internal gate array signals.
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bits<21:1S>

bit<18>

bits<17:16>

bit<15>

2-180

Name: XM! Force Bad Parity<2:1>
Mnemonic: XMIFP
Type: RW, 0

Each bit of XMIFP corresponds to the XMI P<2:0> parity bits. When
an XMIFP bit is set, it forces bad parity on the XMI. Bad parity can be
transmitted on XMI P<2:0>, during command/address cycles, and on
XMI P<2> only, during data cycles.

Neme: Enable Self-Invalidates Only
Mnemonic: ESIO
Type: RW, 0

ESIO, when clear, causes the MAXMI to process invalidates from other
nodes. ESIO, when set, causes the MAXMI to process invalidates for
memory reads and writes generated by this node only. This allows a
single CPU node to verify the operation of the invalidate logic. ESIO
is set for diagnostic purposes only and must be clear during normal
operation.

Name: Timeout Select
Mnemonic: TOS
Type: RW, 0

TOS selects one of four timeout values used to detect both response
and reattempt timeout conditions for commands and writebacks. TOS
is for debug and diagnostic purposes only and must be cleared during
normal operation. The timeout values are as follows:

TOS<1:0> Timeout (Time/XMI Cyciles)

00 16  ms/250K

01 16.38 usec/256

10 4.01 usec/64

1 1.92 usec/32
Name: Vector Mode Enable
Mnemonic: VME

Type: RW, 0

VME, when set, causes the MAXMI to drive a null cycle after every
Ownership Read command address cycle. VME is set by console code
when a vector processor is on the XMI.




bit<14:13>

bit<12>

bit<11>
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Name: LED Control
Mnemonic: LEDC
Type: RW, 0

LEDC controls the status selection of the KA65A CPU module LEDs
as follows:

LEDC

<1:0» Description

00 The module's LED is lit whan the Error Summary bit (XBER<ES>) is
set.

01 The module’s LED is lit if the backup cache is oft or is in error
transition mode.

10 The module's LED is lit when either the Error Summary bit
(XBER<ES>) is set or if the backup cache is oft or is in error
transition mode.

11 oft

Name: Lockout Debug Timeout Enable

Mnemonic: LDTE

Type: RW, 0

When LDTE is set and lockout is enabled (XCR<LOCMOD> = 00, 01,
or 10 (binary)) both the lockout assertion timer (LAT) and the lockout
de¢ assertion timer (LDT) are forced to one microsecond. When lockout
is disabled (XCR<LOCMOD> = 11 (binary)), LDTE has no effect.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.
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bits<10:9>

bits<8:7>

bit<6>

bit<5>

2-182

CAUTION:

Name: MSSC Interrupt Priority Level<t:0>
Mnemonic: MSCIPL
Type: RW, 0

MSCIPL selects the interrupt priority level for MSSC interrupt
requests as follows:

MSSC IPL<1:0>  IPL (hex)

00 14
01 15
10 16

" 17

MSCIPL is set to 01 (binary) by console code for normal operation.

SSCCNR<IPL SEL> must match MSCIPL to ensure correct

operation. If these values are different, the interrupt system
operation is UNDEFINED.

Name: Reserved
Mnemonic: None

Type: -

Reserved; must be zero.

Name: Corrected Confirmation interrupt Disable
Mnemonic: CCID
Type: RW, 0

CCID controls the generation of interrupts caused by corrected
confirmations. A zero enables interrupts; a one disables interrupts.

Name: Corrected Read Data interrupt Disable
Mnemonic: CRDID
Type: RO, 0

CRDID controls the generation of interrupts caused by corrected read
data. A zero enables interrupts; a one disables interrupts.




bits<4:3>

bit<2>

bits<1:0>

KA65A CPU Module XMI Nodespace Registers
XMI Control Register (XCR)

Name: Trigger Control
Mnemonic: TRIGC
Type: RO. 0

TRIGC contrels the setting of the XMI TRIGGER L signal. The default
code of zero means that the signal is never asserted. The codes of one,
two, or three are undefined.

Name: XMi! BAD Drive
Mnemonic: XBADD
Type: RW, 1

On reads, XBADD indicates the state of the module'’s driver for the
XMI BAD L signal, which could be different from XBER<XBAD>.
This is because XBADD is used to assert or deassert XMI BAD L,
while XBER bit <25> XBAD only showa the state of XMI BAD L.
Writes to XBADD cause the state to be driven on the wired-OR XMI
BAD L signal by this node. Writing a one asserts XMI BAD L; a zero
deasserts the node's driver for XMI BAD L, which deasserts the signal
if no other nodes are asserting it.

Name: Lockout Mode
Mnsmonic: LOCMOD
Type: RW, 0

LOCMOD determines the lockout assertion timer (LAT) and lockout
deassertion timer (LDT).
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Failing Address Extension Register (XFAER)

The Failing Address Extension Register logs command, address, and write
mask information associated with a tailing transaction.

XFAER is the higher 32-bits of a 64-bit register formed by concatenating
XFADR and XFAER. The 64-bit register is used to log command, address,
length, and write mask information associated with a failing transaction.

XFADR and XFAER latch on the first XMI bus error. The following rules
govern the overwriting of the information in the registers:

* i no error information is in the registers, they are written on the first hard
or soft error.

* It soft error information is being latched, the registers are not changed on
subsequent soft errors.

» I soft error information is being latched, the registers are overwritten by a
hard error.

+ |f hard error information is being latched, the information is not changed
on subsequent errors.

Setting of one or more of the following XBER and XBEER bits are hard
errors and force the latching of XFADR and XFAER: XBER<20> (WDNAK),
XBER<18> (NRR), XBER<17> (RSE), XBER<16> (RER), XBER<15> (CNAK),
XBER<13> (TTO), and XBEER<1> (SEQ).

ADDRESS Nodespace base address + 0000 002C (MCA-chip}
3 222 2 11
1 87 €5 65 0
CM4 MBZ| Address Extension Mask

meb-p200-89

bits<31:28>

Name: Command
Mnemonic: CMD
Type: RO

CMD logs the value of XMI D<63:60> during the command cycle of
a failing transaction. The field contains the command code of the
transactions during the command cycle.
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bits<25:16>

bits<15:0>
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Name: Reserved
Mnemonic: None
Type: -

Unused; must be zero.

Name: Address Extension
Mnemonic: None
Type: RO

The Address Extension field logs the value of XMI D<57:48> during
the command cycle of a failing transaction. Address Extension
contains address bits<38:29> of the specified address in read and
wrife transactions.

Name: Mask
Mnemonic: None
Type: RO

The Mask field logs the value of XMI D<47:32> during the command
cycle of a failing transaction. It contains the write mask for write
transactions and is undefined for other transactions.
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Bus Error Extension Register (XBEER)

The Bus Error Extension Register contains error status on XMi-related,
writeback-related, and DAL-related transactions. This status includes parity
errors, NO ACKs, and timeouts.

ADDRESS Nodespace base address + 0000 0034 (MCA-chip)

2222222
90765 4 3

(T LIIL]

2
1

~

111
S 4 3

-
o~

1
9 9 87 3210

TTLIILILIIL = LT

Required

Only Lockout
Response (OLR)
— Unexpected Read
Response (URR)
XMI-Related

Unexpected Unlock Write (UUW)
MCA XMI Parity Brror (MCAXPE)
MDA XMI Parity Error (MDAXPR)
Unlock Write Pending (UWP)

firiteback-Related

*— WBack0 Failing DAL Qualifier (WFDQO)

\—— WBack0 Second Error Occurred (WSEROO)
“———— WBack(0 Command NO ACK (WCNAKO)

—————— WBack0 Write Data NO ACK (WWDHAKO)

WBack0 Transaction Timeout (WTTOO)

WBack0 Tagged Bad Data (WTBDAT()

WBack0 Sequence Error (WSQRO)

WBack{ Corrected Data Brror (WCDEO)

- WBackl Failing DAL Qualifier (WFDQl)

‘—— WBackl Second Error Occurred (WSEO1l)

‘———— WBackl Command NO ACK (WCNAK1)

WBackl Write Data NO ACK (WWDNAK1)

WBackl 7Transaction Timeout (WTTO1l)

WBackl Tagged Bad Data (WTBDAT1)

WBackl Sequonce Error (WESQEl)

WBackl Corrected Data Error (WCDE1l)

DAL-Related

~— Address/Command Parity Error (ACPE)
—-——— Write Data Parity Error (WPDE)
Cache Fill Error (CFE)

mab-p350-90
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bit<31>
Name: Cache Fill Error
Mnemonic: CFE
Type: R'W 1C
When this bit is set, an error occurred in the second, third, or fourth
quadword of an MP-chip read requesi or in any quadword of an MC-
chip read request (write and run). The cause of the error can be found
in XBER <RSE, RER, TTO, and NRR>. A cache fill abort is sent to the
MC-chip as a result of this error. If CFE is set, XBER <NSES> is also
set.

bit<30>
Name: Write Data Parity Eror
Mnemonic: WDPE
Type: RW 1C
WDPE sets when a parity error is detected on the data bus during a
cache-off memory space write or 1/0 space write transaction. An XMI
write is not performed. This detection is disabled if DCSR<WDPCD>
is set. If WDPE is set, XBER <NSES> is also set.

bit<29>
Name: Address/Command Parity Emor
Mnemonic: ACPE
Type: R/W 1C
ACPE sets when the MAXMI detects a parity error on ABUS<31:3>
and CMD<3:0>.

bit<28>
Name: Reserved
Mnemonic: None
Type: -
Reserved; must be zero.

bit<27>
Name: Wiritebackt Corrected Data Emror
Mnemonic: WCDE1
Type: RW 1C

WCDEL sets when a single-bit ECC error is detected and corrected
by the MAXMI before the Disown Write is issued on the XMI bus. If
WCDEL is set, XBER <NSES> is also set.
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bit<26>

bit<25>

bit<24>

bit<23>

2-188

Name: Writeback1 Sequence Error
Mnemonic: WSQE1
Type: RW 1C

WSQEL1 is set during a writeback involving writeback queue 1, if the
second, third, or fourth quadword transaction on the data address
line is not completed due to an address/command parity error. The
writeback is issued on the XMI bus with a tagged bad data cycle. If
WSQEL1 is set, XBER <NSES> is also set.

Name: Writebacki Tagged Bad Data
Mnernonic: WTBDAT1
Type: RW 1C

If this bit is set, an uncorrectable (multiple-bit) ECC error was
detected by the MAXMI during a data address line data cycle. The
MAXMI issues the Tag Bad Data command instead of a Disown Write
on the XMI bus for the corrupied hexword. If WTBDAT1 is set, XBER
<NSES> is also set.

Name: Writeback1 Transaction Timeout
Mnemonic: WTTO1
Type: RW 1C

When a writeback transaction is initiated from writeback queue 1 by
the MAXMI, a timeout counter is started. If the transaction does not
complete before the timeout interval expires, this bit is set. WCNAK1
and WWDNAKI1 indicate the cause of the timeout. If neither bit is
set, the MAXMI was never granted the XMI bus for the transaction, If
XBEER <WTTO1> is set, XBER <NSES> is also set.

Name: Writebackt Write Data NO ACK
Mnemonic: WWDNAK1
Type: RW 1C

If the transaction timeout period (WTTO1) expires while the MAXMI
is issuing the Disown Write command and is receiving a NO ACK in
response to the transmission of any data cycles, this bit is set. XBEER
<WTTO1> should also be set. If WWDNAK]I1 is set, XBER <NSES> is
also set.
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bit<21>

bit<20>

bit<19>

bit<18>
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Name: Writebackt Command NO ACK
Mnemonic:. WCNAK\1
Type: RW 1C

This bit is set if the traneaction timeout period (WTTO1) expires while
the MAXMI is receiving a NO ACK in response to transmission of the
Disown Write command cycle. XBEER <WTTO1> should also be set.
If WCNAK]1 is set, XBER <NSES>is also set.

Name: Writebackt Second Error Occurred
Mnemonic: WSEO1
Type: RO, 0

When set, this bit indicates that a second writeback hard error
occurred while another one was being reported.

Name: Writeback Failing DAL Qualifier
Mnemonic: WFDQ
Type: RW 1C

This bit is set with XBEER0 <WTBDAT1> or XBEERO <WBCDE1>

if the corresponding error locked the FDAL register. If this bit is set,
writing a one to it clears the bit and enables the reloading of the FDAL
register.

Name; Writeback0 Corrected Data Ermor
Mnemonic: WCDEO
Type: RW 1C

If this bit is set, a single-bit ECC error was detected on the data
address lines and corrected by the MAXMI before the Disown Write
was issued on the XMI bus. If WCDEO is set, XBER <NSES> is also
get.

Name: Writeback0 Sequence Error
Mnemonic: WSQEO
Type: RW 1C

During a writeback involving writeback queue 0, this bit is set if the
second, third, or fourth quadword transaction on the data address
lines does not complete successfully due to an address/command parity
error. The writeback is issued on the XMI bus with a tagged bad data
cycle. If WSQEO is set, XBER <INSES> is also set.
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bit<17>

bit<16>

bit<15>

bit<td>
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Name: Writeback0O Tagged Bad Data
Mnemonic: WTBDATO
Type: RW 1C

If this bit is set, an uncorrectable (multiple-bit) ECC error was
detected by the MAXMI on a data address line data cycle. The MAXMI
issues the Tag Bad Data command instead of a Disown Write on

the XMI bus for the corrupted hexword. If WI'BDATO is set, XBER
<NSES> is also set.

Name: Wiriteback0 Transaction Timeout
Mnemonic: WTTOO
Type: RWI1C

When a writeback transaction is initiated from writeback queue 0 by
the MAXMI, a timeout counter is started. If the transaction does not
complete before the timeout interval expires, this bit is set. WCNAKO
and WWDNAKO indicate the cause of the timeout. If neither bit ins
set, the MAXMI was never granted the XMI bus for the transaction. If
XBEER <WTTO0> is set, XBER <NSES> is also set.

Name: Writeback0 Write Data NO ACK
Mnemonic: WWUDONAKO
Type: RW1C

When set, this bit indicates that Disown Write data cycles were
continually NO ACKed and the transaction eventually timed out
(causing WTTO <16> to be set). If WWDNAKO is set, XBER <NSES>
is also set.

Name: WritebackO Command NO ACK
Mnemonic: WCNAKO
Type: RW1C

Thie bit is set if the transaction timeout period (WTTOOQ) expires
while the MAXMI is receiving NO ACKs during transmission of the
Disown Write command cycle. XBEER <WTTOQO0> should also be set.
If WCNAKO is set, XBER <NSES> is also set.
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bit<12>

bit<11>
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Name: WritebackQ Second Error Occurred
Mnemonic: WSEQOO
Type: RO, 0

When set, this bit indicates that a second writeback hard error
occurred while another one was being reported.

Name: Wiriteback Failing DAL Qualifier
Mnemonic: WFDQ
Type: RW 1C

This bit is set with XBEERO <WTBDAT0> or XBEERO <WBCDE(>
if the corresponding error locked the FDAL register. If this bit is set,
writing a one to this bit clears the bit and enables the reloading of the
FDAL register.

Name: Unlock Write Pending
Mnemonic: UWP
Type: RW 1C

The MAXMI sets this bit when an Interlock Read is generated by this
node. It clears the bit when a subsequent Unlock Write is generated.
The setting and clearing of this bit is not gated by the successful
completion of the XMI transaction.

Name: MDA XMI Parity Error
Mnemonic: MDAXPE
Type: RW 1C

This bit is set whenever the MDA chip detects a parity error on XMI
D<63:0>. If MDAXPE is set, XBER <PE> is also set.

Name: MCA XMI Parity Error
Mnemonic:. MCAXPE
Type: RAWV 1C

This bit is set whenever the MCA detects a parity error on XMI
D<«63:0>, XMI F<3:0>, or XMI ID<5:0>. If MCAXPE is set, XBER
<PE> is also set.
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bith<8>

bits<7:3>

bit<2>

bit<1>

bit<0>
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Name: Unexpexcted Unlock Write
Mnemonic: UUW
Type: RWI1C

This bit is set when the MAXMI issues an Unlock Write without the
corresponding Interlock Read having preceded it.

Name: Reserved
Mnemonic: None
Type: -

Reserved; must be zero.

Name: Unexpected Read Response
Mnemonic: URR
Type: RO, 0

When set, this bit indicates that the CPU received a read response
when it was not expecting one. A node is defined as not expecting a
response when there are no outatanding reads or identifiers for that
particular commander ID.

Name: Only Lockout Response
Mnemonic: OLR
Type: RO, 0

When set, this bit indicates that the CPU received only lockout
responses while attempting a read-type transaction. This identifies
the timeout case due to failure of the lockout mechanism to provide

timely access to a resource such as interlock or ownership of a memory

location. If OLR is set, XBER <TTO> is also set.

Name: Reserved
Mnemonic: None

Type: -
Reserved; must be zero.
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Writeback 0 Failing Address Register (WFADRO)

WFADRQO is loaded at the start of every XMI writeback transaction It is set as
the result of Transaction Timeout (XBER<TTC> bit <13>), Writeback0 Tagged
Bad Data (XBEER<WTBDATO> bit <17>), and Writeback0 Sequence Error
(XBEER<WSQEOQ> bit <13>) being set. WFADRO unlocks when these error
bits clear.

R R R N R )

ADDRESS Nodespace base address + 0000 0040 (MCA-chip)

| Failing Writeback Address

l— Failing Writeback Address Extension

msb~p351-90

bits<31:29>
Namas: Failing Writeback Address Extension
Mnemonic: None
Type: RO, 0

The Failing Writeback Address Extension field logs the writeback
queue § address extension during the command cycle of a failing
writeback transaction as follows:

. WFADRO Value
<31> XMi D<29>

<30:29> XMI D<49:48>

bits<28:0>
Name: Failing Writaback Address
Mnemonic: None
Type: RO, 0

The Failing Writeback Address field logs the writeback queue 0 XMI
D«<28:0> during the command cycle of a failing writeback transaction.
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Writeback 1 Failing Address Register (WFADR1)

WFADR1 is loaded at the start of every XMI writeback transaction. it is set as
the result ot Transaction Timeout (XBER<TTO> bit <13>), Writeback1 Tagged
Bad Data (XBEER<WTBDAT 1> bit <25>), and Writebackl Sequence Error
(XBEER<WSQE 1> bit <26>) being set. WFADR1 unlocks when these error

bits clear.
ADDRESS Nodespace base address + 0000 0044 (MCA-chip)
3 20
b 9 6 0
r o Failing Writeback Address

L-— Failing Writeback Address Extension

mab=-p351-90

bits<31:29>
Name: Falling Writeback Address Extension
Mnemonic: None
Type: RO. 0
The Failing Writeback Address Extension field logs the writeback
queue 1 address extension during the command cycle of a failing
writeback transaction as follows:
WFADR!1 Value
<31> XMl D<29>
<30:29> XMl D<49:48>
bits<28:0>»
Name: Failing Writeback Address
Mnemonic: None
Type: RO, 0

The Failing Writeback Address field logs the writeback queue 1 XMI
D<«28:6> duaing the command cycle of a failing writeback transaction.
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2.9 KAG65A CPU Module Initialization, Self-Test, and Booting

This section gives the KAG6SA CPU module initialization
overview, describes the results of initialization, and discusses
the bootstrapping or restarting of the operating system.

2.9.1 Initialization Overview

. The three ways to reset the KA65A CPU module are:

Power-Up Sequence—When the VAX 6000 Model 6§00 is powered up,
XMI AC LO L and XMI DC LO L are sequenced so that all XMI nodes
are reset.

System Reset—The XMI emulates a power-up sequence by asserting
the XMI RESET L line, causing the power supply to sequence XMl AC
LOL and XMI DC LO L as in a "real” power-up. The XMI does not
differentiate between a "real” power-up and a system reset. A system
reset is caused by:

— Software that asserts XMI RESET L by writing to IPR55,
IORESET, with an MTPR instruction. For example, the console

INITIALIZE command generates a system reset if no argument is
given by using this mechanism.

— The XTC power sequencer asserts the XMI RESET L line when
the control panel Restart button is pushed.

Node Reset-—Any CPU can be "node reset” by setting its XBER<30>
(NRST) bit. The console INITIALIZE command generates a node reset
if a.node ID argument is provided. The difference between the node
reset and a system reset is that XMI AC LO L is noi sequenced during
a node reset.
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Typing CTRL/P at the console terminal or certain errors also caure
initialization. Refer to Section 2.11 for a discussion of error handiing.
The VAX 6000 Series Owner’s Manual discusses the operation of the
system console.

In response to a power-up or system reset, the KA65A CPU module(s)
perform the following sequence:

1 Reset(s) to a known state. (Refer to the individual registers and their
bits for their state on reset, after microcode self-test completes.)

2 All CPUs start executing the console program at E004 0000 in ROM.
The console program initializes the registers and executes a complete
ROM-based diagnostic (RBD) self-test and extended tests.

3 The operating system initialization code performs the final system
initialization.




2.9.2

KA65A CPU Module

Detailed Initialization Description

The following is a flowchart and summary of the initialization
process.

Figure 2-27 initialization Flowchart

Power-up or System Repet (Cold)
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CPU n CPU/MEM
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NOTE: The second determination of the Boot Processor occurs
even if the original Boot Processor passes all memory
teste.
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Figure 2-27 Cont'd on next page
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Figure 2-27 (Cont.) Initialization Flowchanrt
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When a CPU module resets, it first performs a microcode nelf-teat that
briefly checks the MP-chip. Then the console program transfers control
to the RBDs, which run a more extensive CPU self-test. After the RBDs
complete, control is returned to the console program. Nodes do not access
other nodes on the XMI during CPU self-test, limiting CPU self-test to
intramodule operations and loopback transactions on the XMI to check
their interface to the XMI.

If the CPU self-test is successful, the Self-Test Passed (STP) LED is lit,
XBER<STF> is cleared, and the XMI BAD L signal is cleared.

After CPU egelf-test completes, a boot processor (BP) is selected from those
CPU nodes that passed self-test. This is the first of two BP selections
before the operating system starts. The BP prints the results of the
self-test.

The BP then controls an additional test that requires all CPU nodes to
access memory. This test is called the CPU/MEM test and allows CPU
nodes to check additional logic that could not be tested during the CPU
self-test. If a vector module is present, it too participates in the CPU/MEM
testing.

Each processor extinguishes its STP LED when the CPU/MEM tests are
initiated. During the CPU/MEM tests, the CPU nodes continue testing
themselves and access preallocated blocks in memory. These tests verify
CPU logic that requires memory for testing.

If these tests complete succeasfully, each CPU node lights its STP LED
and clears its XBER<ETF> bit.

The second BP selection now occurs. If the original boot processor
completes all of its CPU tests successfully, it remains the BP. Otherwise,
another processor node is chosen to be the BP.

The BP then tests all the DWMBBs in the system. If the DWMBB tests

are successful, the BP lights the DWMBB/A’s yellow LED and the DWMBB
/B's yellow LED.

Finally, the BP configures the memory nodes with correct interleave and
address parameters, initializes the console communications area (CCA),
and allocates at least 266 Khytes of memory to each of the other CPU
nodes.

During a warm restart DWMBB tests are performed. If a warm restart
occurs after the operating system has elected a new primary processor (via
a CCA field), a third boot processor is selected.

On node reset, the CPU initializes its state and runs self-test. The console
program performs an additional CPU initialization before the operating
system starts the processor running.

Wher: the console initialization is completed, the boot processor either
restarts the operating system (if a warm restart), boots the operating
system, or halts in console mode. The secondary processors enter console
mode and wait for the operating system to issue console commands that
start them running. See Table 2-17 for the console-initialized state of the
CPU module’s registers.
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29.2.1

initiallzation State Summary
When a KA65A CPU module node is reset, the module hardware and

microcode initialize certain state to known values (called the hardware-
initialized state). The hardware-initialized state is shown for each register
field, as explained in Table 2-14. The console then runs its self-test, and in
the process loads new states into many of the registers. The KA65A CPU
module'’s state that results from a successful self-test is called the console-

initialized state and is the state when the console program transfers

control to the operating system.

Table 2-17 CPU Module Register's Console-initialized State

Register  Bit Settings'

pL? 0000 ©0000 0000 0000 0000 0000 0001 1111
ASTLVL? 0000 0000 0000 0000 0000 0000 0000 0100
SISR* 0000 0000 0000 ©0OO 0000 0000 0000 0000
iccs® 0000 0000 0000 0000 0000 QOO0 0000 0000
RXCS 0000 0000 0000 0000 0000 0000 0000 0000
RXDB 0000 0000 0000 O000 Q000 OOOO  xxxx XXXX
TXCS 0000 0000 0000 0000 0000 0000 Q000 0000
TXDB 0000 0000 0000 000D 0000 0000 0m¢ XXX
Accs® 0000 0000 0000 0000 0000 0000 0000 OOxx
MAPEN’ 0000 0000 0000 0000 0000 ©COO 0000 0000
BCSTS® 0000 Owoxx oxxx  xxx0 Q000 0000 0000 0000
BCCTL® 0000 0000 0000 0000 Q000 0000 0000 0000
VINTSR® 0000 0000 0000 0000 0000 0000 0000 0OOx
PCSTS™ 0000 0000 Q0Q0 0000 000x XX 000x  x000
CREGO" 0000 0000 0000 0000 0000 0000 0000  Oxxx
CREG1 0000 0000 0000 0000 0000 ©0O0 1100 0000
SSCBAR 0010 0000 0001 0100 0000 0000 0000 0000
SSCCNR'™ x000 0001 0111 0110 1xxx 0000 0000 0101
SSCBTR 0000 0000 0000 0000 1001 0000 0000 0000
OPORT 0000 0000 0000 0000 0000 OOxx  XxxXxXx  XXXX
IPORT  x000 0000 0000 0000 0000 0000 Ofxx XXX
CRBADR 0010 0000 0000 0000 0000 OQODOO Q000 0000
CRADMR 0000 0000 ©00DO 0000 0000 0000 0000 0000
EEBADR 0010 0000 0000 1010 0000 0000 0000 0000
EEADMR 0000 0000 0000 0000 O111 111 1M 1100
XDEV' XX xxxx  Xxxx  xxxx 1000 0000 1000 0000
XBER™ 0000 0000 0000 0000 0000 OOXX  XKXX  XXXX
XBEER 0000 0000 0000 0000 0000 0000 0000 0000
XCR 0000 0000 0000 0000 x000 0010 0000 0000




KAG65A CPU Module

Table 2-17 (Cont.) CPU Module Register’'s Console-initialized State
Register  Bit Settings’
NSCSR'™ 0000 0000 ©000 ©0DOO 0000 O1Hd IXXXX  XXXX

'Power-up, system, or node reset

2IPL = 31

SASTLVL = 4

“No interrupts

3No timer interrupts

8The lower two bits of ACCS reflect the configuration. MF-Chip Present, bit<1>, sr.ould
always be 1 unless the MF-chip failed self-test. Vector Present, bit <0>, should e 1 if
a good vector module is present, and 0 otherwiss.

"Memory management disabled

®All error bits in BCSTS are cleared. The tag stores in the MC-chip are set to
refreshing and disabled. All tags have good parity and the valid bit off.

*DISABLE VECT INTF, bit <9>, and all error bits should be cleared in VINTSR. If the
vector module passes seif-test, ACCS<Vector Present> should be set.

'YINTERRUPT, TRAP1, and TRAP2 are cleared in PCSTS. The tag store is set to
refreshing and disabled. All tags have good parity and the valid bit off.

"'For the BP, TERM_SEL and TERM_ENA select System Console Mode. For all other
CPUs, TERM_SEL and TERM_ENA select Auxillary Console Mode.

2810 is asserted if the battery power dropped below threshold.

3The IPORT bits reflect the state of the module signals, including the node ID of the
module.

1“XDEV<31:16> identify the revision level of the KA65A CPU module.

'SXBER<FCID> and XBER<FCMD> are latched during self-test and extended test.
The final values are unpredictable.

*NSCSR<BP>, NSCSR<BPD>, and NSCSR<WS> are set as appropriate.

29.2.2

Power-Up initialization

Entry to the initialization sequence starts at physical address E004 0000
(hex), the entry point of the console program. Housekeeping chores,
such as establishing a scratch area and stack happen first. The SCBB
contents are then saved in MSSC RAM, and the SCBB is set to point to

the console’s SCB, allowing the console program to handle any exceptions
or machine checks.

The console program next turns on the Self-Test Valid LED, the first
visible indication that the console program has begun executing. The
console program then determines the type of reset as more initialization is
performed for power-up starts than for warm starts.

If set, the NSCSR<WS> (Warm Start) bit indicates that power to the
memory arrays was not lost and the memory contents are valid. If
the Warm Start bit is zero, memory was lcst and the entry is a cold
start. If NSCSR<NRST> is set, this is a node reset and not a system
reset. Memory is assumed to be preserved for node resets. Refer to

Section 2.9.2.3 for the warm start initialization and to Section 2.9.2.4 for a
node reset.

Significant events of a power-up initialization include the following:
® Self-test is run.
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SSCCNR is configured.

TIR1 is started.

SSCBTR is set for its bus timeout interval.

The interrupt vectors for the programmable timers are set.
The primary cache and backup cache are initialized:

— P-cache refresh is enabled, errors are cleared, and the P-cache is
disabled.

— All P-cache tag entries are written with a tag that has good parity
and a clear valid bit.

— B-cache refresh is enabled, errors are cleared, and the backup
cache is disabled.

— All B-cache tag entries are written with a tag that has good parity
and a clear valid bit.

— All B-cache primary cache tag store tag entries are written with a
tag that has good parity and a clear valid bit.

— Both caches are disabled.
EEADMR is set.
The contents of the EEPROM are verified by checksum.

SSCCNR is set to allow the CTRL/P key to be the console break
character.

The initialization of the console scratch area is completed.

If appropriate, the NSCSR<Boot Processor Disable> bit is set.

The MAXMI is initialized:

~— XDEV is loaded with the appropriate module revision and device
type values.

~ All error bits in NSCSR and XCR are cleared and those bits that
require initialized state are initialized.

— SSCCNR<IPL SEL> and XFADR<IPL> are set to the value of 15
(hex).

— All error bits in XBER are cleared and those bits that require
initialized state are initialized.

If appropriate, XBER<XBAD> is cleared to deassert the XMI BAD L

signal. XBAD stays set if self-test fails.

The console terminal baud rate is sziected.

The boot processor is selected, as described in Section 2.9.2.5. The BP
prints the initial self-test results on the console terminal and sets its
NSCSR<BP>.

All CPU nodes that pass initial self-test execute the CPU/MEM tests
and the multiprocessor exerciser tests.




KA65A CPU Module

If these tests are successful, the CPU again clears XBER<XBAD> and
NSCSR<BP>.

Vector registers are initialized (if present) and the vector processor is
enabled if it passed self-test.

The BP is redetermined. This newly determined BP prints the results
of the CPU/MEM test and the multiprocessor exerciser tests on the
console terminal.

The BP runs the DWMBB self-test and prints the results on the
console terminal. The status of each VAXBI node is printed.

The BP configures system memory, as described in Section 2.9.2.6 and
prints the memory configuration. The memory interleave parameters
are read from EEPROM, and the console communications area (CCA)
is built in high memory.

Initialization of each VAXBI node is performed, as described in
Section 2.9.2.7.

The BP's NSCSR<BP> bit is set, indicating to the nonboot processors
that they can enter console mode.

All nonboot processors are queried by the BP for their ROM revision,
EEPROM revision, and system serial number. A revision banner is
printed with warnings about any mismatches found.

The autostart sequence, described in Section 2.9.3, is entered.

29.23

Warm Start initialization
Some of the cold start and initialization steps are inappropriate with a

warm start because the contents of memory are preserved. The sequence
is modified by:

Running a minimal set of tests for the memory interface and DWMBB
that do not disturb the memory configuration or contents.

No memory configuration is performed. Instead, each CPU searches
memory for the CCA. If a nonboot processor fails to find the CCA, it
displays an error code in its LEDs and hangs. If the BP fails to find
the CCA, it reconfigures memory as if a cold start had occurred.

2924

Node Reset

A node reset is a modified full system reset since some testing and
initialization is inappropriate when the remainder of the system continues
to function. The modifications are:

Self-test results are not displayed.

Additional tests are not run. Instead, the XBER<ETF> and
XBER<XBAD> bits are cleared. Additional test results are not
printed.

DWMBB sgelf-test is not run. No initialization of the DWMBB is
performed and, therefore, no test results are printed.

No memory configuration is performed and no revision banner is
printed.
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* The XBER<NRST> has its initial value stored in the console scratch
memory and is then cleared by self-test. This stored value is used by
the console program to determine if the entry resulted from a node
reset or a system reset.

29.2.5

Boot Processor Determination

Each processor examines all other CPU XBER<STF> (Self-Test Failed),
XBER<ETF> (Extended Test Failed), and NSCSR<BPD> (Boot Processor
Disabled) bits. Any processor with these bits clear is a candidate for BP.
The candidate with the lowest XMI node ID is expected to become the BP
and set its NSCSR<BP>. All nonboot processors wait for the designated
BP to set its NSCSR<BP> bit. If there is a failure, failure codes are
displayed on each processor’s LEDs.

If no processor is eligible to become BP (any combination of the
NRSCR<BPD> bit being set or ali CPUs failing self-test), the system
appears total'y unresponsive. 'The system operator can then intervene
to designate one of the processors as BP by typing ">>n" on the console
terminal. Processor n then becomes the BP. This method of selecting the
BP does not change the state of the BP's STF or BPD bits.

29.2.6

Memory Configuration

The console program configures memory by setting the interleave and
starting address for each array. The console program completely controls
the memory configuration because the console uses a portion of the main
memory to hold the console communications area (CCA). The console also
builds a physical memory bitmap showing all usable and unusable pages.
The results of the CPU/MEM test are used to determine the defective
pages.

The memory configuration process verifies that a minimum of 256 Kbytes
of usable memory per processor is available plus the space used by the
CCA and bitmap. The location of the CCA is determined and marked as
unusable in the bitmap.

If the boot processor (BP) is unable to find the minimum required memory,
it displays an error code on the LEDs and hangs. The BP also sets its
NRCSR<Boot Processor Disabled> bit, causing the nonboot processors, if
any, to determine a new BP. The new BP repeats the memory configuration
attempt.

29.2.6.1

Selectlon of Interleave

The interleave is specified by parameters stored in the EEPROM. These
parameters are set with the SET MEMORY command. There are three
types of interleave:

¢ DEFAULT - The console program makes all interleave decisions.
¢ EXPLICIT - The user supplies configuration data.
¢ NONE -~ No arrays will be interleaved.
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The VAX 6000 Model 500 supports interleave sets of mixed densities.
Interleave sets are built from like-sized memory modules or memory
modules whose cumulative value is equal to the largest memory module in
the set. For example, a 64-Mbyte memory module can be combined with
another 64-Mbyte memory module to form a two-way interleave set. If
another 64-Mhyte memory module is not present, two 32-Mybte memory
modules can be used to complete the interleave set.

Any array containing unrecoverable errors is not included in a default
interleave set. Instead, it is configured as uninterleaved. The remaining
arrays that would have formed the set are freed up for inclusion in another
interleave set, if one can be formed.

If the EEPROM specifies EXPLICIT interleave sets, the console program
interleaves and configures the arrays in the order specified. When an
array in the set has unrecoverable errors, all arrays in the set are
configured without interleaving. If a set specifies a nonexistent array
or is otherwise inconsistent, all arrays in the set are configured without
interleaving.

If the EEPROM specifies NO interleave, the console configures arrays in

order by node ID, with the lowest numbered array at the lowest physical
address.

29.26.2

N.emory Testing and the Bitman

Memory self-test indicates that an array has no unrecoverable (hard)
errors, one hard error, or multiple hard errors. Self-test executes on all
arrays in parallel and is faster than software testing of memory. An

attempt is made to use the results of self-test and avoid performing
software testing of memory.

A hard (unrecoverable) error is called an RDS error and is defined as
one that is an uncorrectable double-bit error by memory hardware.
A correctable (CRD) error is not considered a hard ervor, and pages
containing CRD evrors are marked as usable.

If self-test indicates vhat an interleave set contains no hard errors, the set
never undergoes softwace testing. If an array in an interleave set contains

one or more hard errors, that set is uninterleaved and the failing array is
software tested.

Software testing is perforined, one page at a time, beginning with the
lowest addressed r2ze in the array. If required, this testing takes about 7
seconds per mzgabyte. All locations in the page are written with patterns.
The locations are then read. If the value read from any location does not
match the pattern, or if a machine check occurs reading any location, that
page is marked as unusable, and testing resumes with the next page. The
testing patterns are in this order:

¢ All ones

* All zeros

* Alternating one/zero/one

* Alternating cne/zero/one with ECC bits complemented
* The address of each longword
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e  The complement of the address of each longword

The memory bitmap is initially built in the first block of memory large
enough to hold it. When the bitmap has been configured, it is then moved
to a page-aligned location below the CCA.

If pages must be marked as bad before enough memory has been found to
hold the bitmap, some pages are retested after the bitmap has been built.
The bitmap shows, in addition to pages marked with hard errors, pages
marked as unusable because they are either the bitmap's own pages or
are CCA pages. A page is marked as unavailable when its corresponding
bitmap bit is cleared.

29.27

DWMBB Configuration
The console program performs minimal initialization of the DWMBBs
following self-test. The initialization performed for each DWMBB is:

1 The BI Starting Address Register (bb+20) and the BI Ending Address
Register (bb+24) are initialized to the starting and ending limits of
XMI memory (under 512 Mbytes).

2 The BICSR (bb+04) has its BI Broke bit cleared.
3 The DMA-B Transmit Buffer is disabled under these conditions:

¢ The DWMBB/A module Device Register shows less than 10
(decimal).

¢ The system contains five or more XMI commanders and the

DWMBB/B module device register shows a revision of less than 0A
(hex).

If a DWMBB/A module fails its self-test, as indicated by its XBER<STF>

being set, the BP asserts its owr: XBER<XBAD> bit to drive the XMI BAD
L line.

2.9.3 Bootstrapping or Restarting the Operating System
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A VAX processor can be in one of these five major states:

¢ Powered off.

° Bootstrapping (which is attempting to load and start) the operating
system. If the memory has lost power before bootstrapping starts, it is

a "cold start.”" If the memory’s contents are valid because of the battery
backup option, it is a "warm start.”

¢ Halted.

® Restarting a halted operating system.

* Running.

It is the console program that bootstraps a copy of the operating system

from a tape or disk device and can attempt to restart an existing memory-
resident copy of the halted operating system.
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Only the boot processor (BP, also called the primary processor) can execute
a BOOT command or perform the automatic bootstrap sequence. Nonboot
processors (also called secondary processors) remain in console mode
awaiting further commands.

Only the BP attempts a bootstrap following a power-up. If the control
panel lower key switch is set to Auto Start, the BP restarta and attempts a
bootstrap. Any nonboot processors are in a halt until the operating system
starts the nonboot processors by passing START commands through the
console communications area (CCA). The nonboot processors do not restart

system software unless the control panel lower key switch is set to Auto
Start.

29.3.1

Operating System Restart

The boot processor console program attempts to startrestart the operating
system whenever one of the following events occurs:

e Power is restored to the processor. If the memory was kept valid by

the optional battery backup, it is a warm start; otherwise, it is a cold
start.

¢ A gystem reset occurs. This is treated as a cold start.

¢ The running processor halts due to an error halt. This is a restart. A
CTRL/P from the console terminal is not considered an error halt.

Restart is suppressed if the control panel key switches are set to Enabled
and Halt.

A nonboot processor console attempts a restart only following an error halt
only if the control panel lower key switch is in the Auto Start position. For
all other halt conditions, the BP is responsible for restarting the nonboot
Processor.

Restart of the operating system is controlled by a memory deta structure
called the restart parameter block (RPB), constructed by the operating
system. The RPB is a page-aligned structure. The console program’s
warm start code searches memory for an RPB and, if a valid RPB is
found, restarts the operating system at an address stored in the RPB.
Figure 2-28 shows the RPD format.

Figure 2-28 Restart Parameter Block Format

PHYSICAL ADDRESS OF RPB

PHYSICAL ADDRESS OF RESTART ROUTINE

CHECKSUM OF THE FIRST 31 LONGWORDS OF RESTART ROUTINE

SOFTWARE RESTART IN PROGRESS FLAG BIT<O0>

meb-p354-90
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The algorithm used to locate the RPB is:

1 Examine the first longword of each page of memory for a location that
contains its own physical address. If none is found, the search fails.

2 Test that the second longword of the page containa a valid non-zero
physical address. If this test fails, resume Step 1.

3 Obtain the restart address from the second longword. Calculate the
signed longword sum of the first 31 longwords of the restart routine,
ignoring overflows. If this value does not match the contents of the
third longword of the page, resume Step 1.

If all the above tests pass, a valid RPB has been found.

The console program also keeps internal flags to indicate that a restart
ie in progress. There is one flag for each processor, located at CCA$Q_
RESTARTIP, in the CCA. These flags allow the console to avoid repeated
attempts to restart a failing system. The operating system clears these
flags following the successful restart of a processor.

293.2

Falling Restart

If the vestart of a boot processor fai's, a message is displayed on the
console terminal and a bootstrap is attempted. A failed restart is a serious
condition and causes the other processors to abandon whatever is still
running.

If a nonboot processor’s restart fails, the console program examines

the CCA$_SECSTART field of the CCA. The console program forces a
bootstrap in the same manner as for a BP if the bit corresponding to the
failing processor is clear. If this bit is set, the console program does not
force a bootstrap and the failing processor enters console mode.

The CCA$Q_SECSTART bits are set by the operating system when it
attempts to start a nonboot processor. The operating system clears these
bits when it is satisfied that the nonboot processor has successfully started
executing.

The following scenario, which is peculiar to multiprocessors, is prevented
by the CCA$Q_SECSTART bits:

1 A nonboot processor encounters an error halt and then fails to restart.
2 The console program forces a bootstrap.

3 The BP boots and begins running the operating system.

4

The boot processor starts the defective nonbhoot processor if the nonboot
processor passed CPU self-test.

The nonboot processor repeats its error halt and fails to restart.

6 The console program again forces a bootstrap and the sequence
repeats.
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NOTE: A nonboot processor cannot directly perform a reboot because

it cannot notify the other nonboot processors that an expected
console entry is planned. If the location of the BP changed during
the system reset, the fact that a boot was in progress could be
lost. To avoid this problem, a nonboot processor forces the boot
processor into console mode (via NHALT) and then signals through
the CCA that a bootstrap is needed.

The console program transfers control to the restart address when a valid
RPB is found. The console program then passes these restart parameters
in the GPRs, as specified by the VAX Architecture Reference Manual:

GPR12, Argument Pointer - Halt code
GPR14, Stack Pcinter — Address of the RPB + 512

2933 Restart Parameters
GPR10 - Halt PC
GPR11 - Halt PSL
29.34

Operating System Bootstrap
The console program causes the BP to attempt to bootstrap the operating
system whenever one of the following events occurs:

® The control panel is Enabled and the BOOT command is typed on the
console terminal.

¢ A restart is attempted and fails.

¢ A power-up occurs when the lower key switch is in the Auto Start
position.

Bootstrap attempts to load the primary system bootstrap program, VMB,
into memory and begin its execution. VMB is loaded from the device
specified by the BOOT command or from a default device recorded in the
EEPROM. The VAX 6000 Model 500 uses a set of minimal device handler
routines, called boot primitives, to read VMB from the boot device, a
technique called "bootblock™ booting.

The console program saves the target device information in MSSC RAM as
the first phase of bootstrap. The target device information is propagated
to all CPUs in the system since the location of the BP can change after

a system reset. This causes all processors, memories, and I/O adapters

to perform self-test, with the memories being tested as fast as possible.
When the console program is reentered, following the reset, it determines
that there was an "expected entry,” and continues with the bootstrap.

The second phase of bootstrap begins as the console program searches
tables in the EEPROM and then the ROM to locate a boot primitive that
matches the specified device as the first phase of bootstrap. If a suitable
primitive is found, the target device information is saved in GPRs and
control transfers to the primitive.
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If the boot device is a disk, the primitive loads logical block zero (the
"bootblock”) into memory and transfers control to it. The bootblock
contains code giving the location and size of the VMB image on disk.

The bootblock code uses a service routine in the boot primitive to read
each block of VMB into memory. If the target device is not a disk, the boot
primitive must know how to ask for VMB from the device.

Once VMB is loaded, the console program or the boot block passes control
to it. The boot primitive preserves the boot parameters stored in the
GPRa.

A bootstrap can also be triggered by the operating system, via the CCA$V_
REBOOT flag in the CCA. This bit is only recognized by the BP.

2935 Boot Algorithm
The console maintains a "bootstrap in progress” flag, stored at CCA$V_
BOOTIP. This "cold start” flag is used to prevent repeated attempts to
automatically bootstrap a failed system.

This algorithm is used to perform the system bootstrap:

1 If this boot attempt is a result of a console BOOT command, skip to
Step 3.

If the CCA$V_BOOTIP flag is set, the boot fails.
Set the CCA$V_BOOTIP flag.

Store the boot device and parameters in MSSC RAM on all processors
in the system and force a system reset.

5 When the console program is reentered on the BP, resume the
bootstrap at this point.

6 Starting at location zero, search for the first page-aligned block of 256
Kbytes of good memory. If such a block cannot be found, the boot fails.
This seach is performed by scanning the bitmap built during memory
configuration.

7 Search the boot primitive tables in the EEPROM and ROM, in that
order, for a primitive that matches the specified boot device. If none is
found, the bootstrap fails.

Load the GPRs with the boot parameters in the primitive.
9 The console initializes the registers, as described in Table 2-17.
10 Transfer control to the boot primitive.

11 Transfer control to the memory image of VMB or the boot block at the
address loaded in the SP.

If the bootstrap fails, the console program displays a message on the
console terminal and then displaye the console prompt. If bootstrap
succeeds, the operating system clears CCA$V_BOOTIP.

2-210



2936

Boot Parameters

KAGSA CPU Module

The console program loads parameters into the GPRs before passing
control to VMB. These parameters describe the boot device and any
bootstrap options that are to be used. Table 2-18 shows how the regiaters

are used.

Table 2-18 Boot Parameters Loaded into GPRs

Register  Bits

Description

GPRO <7:0>

GPR1 <7:4>
<3:0>

GPR2 <156:0>

GPR3
GPR4
GPR5
GPR6

GRP7
GPR8
GPR9
GPR10
GPR11
AP

FP

sp

VMB device type code, supplied by the boot primitive
XMl node number of the boot adapter
VAXBI node number (if nacessary)

Remote (HSC) node numbers, if the Boot/Node qualifiar
was specified

Boot device unit number
Reserved
Software boot control flags

Used by the boot primitive to pass information to the
bootblock program

Physical address of the CCA

Reserved

Reserved

The halt PC

The halt PSL

The halt code

Resserved

Address of the 258-Kbyte block of good memory + 512
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2.10 Interprocessor Communication Through the Console Program

Each CPU of a multiprocessor system must communicate with the
other CPUs and the operating system. This section describes the
interprocessor communication for a VAX 6000 Model 500 system.

The console program runs on each processor of a multiprocessor VAX 6000
Model 500 system. These copies of the console program must be able to
communicate with each other and with the operating system.

When two processors needing to communicate are running, that is, not in
console mode, the communications take place using mechanisms provided
by the operating system. When one, or both, of the processors is in console
mode, communications take place using a shared data structure called the
console communications area (CCA).

The boot processor (BP) controls the console terminal and, therefore,
most of the communication in the VAX 6000 Model 500. There is no
communication between secondary (nonboot) processors.

2.10.1 Required Communications Paths Q

A processor can be in one of four communication states: a running BP, a
BP in console mode, a running nonboot processor, or a nonboot processor
in console mode. The following are the communication paths:

1 Running processor to running processor, independent of boot or
nonboot.

The console program is not involved. The processors are supported by .
the communications mechanisms within the operating system. These

paths are used even when the communication is related to the console
program. For example, when the system time is modified, the new

time must be stored in the time-of-year clock on each processor. The
operating system uses its own method to examine or propagate this
information.

A special case of communications on these paths involves the XDELTA
system debugger when ii is entered on a nonboot processor. The
operating system is responsible for passing characters to and from the
boot processor and, thus, to the console terminal.

2 Running boot processor console program to/from nonboot processor
console program.

The operating system on the BP must send complete console

commands to the nonboot console, such as to start or stop the '
nonboot processor. The nonboot console program must be able to

send responses (human readable messages) to the operating system

on the boot processor, such as when the nonboot processor encounters
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an error halt. The nonboot processor can send these responses at any
time.

The nonboot processor does not send commands to the boot processor,
and the BP does not send responses to the nonboot processor.

3 Console mode BP to/from running nonboot processor.

Whenever the boot processor halts, the nonboot processors eventually
wait for resources locked by the BP. The woot processor console

supports receiving complete respnonses from the running nonboot
processor.

4 Boot processor console to/from nonboot processor console—two different
types of communication.

The boot console sends complete commands to the nonboot processor,
allowing the BP console to update the zopy of a parameter stored

on each processor. An example of this type of communication is to
synchronize the console terminal baud rate whenever it is changed

on the BP. The nonboot consoles send complete responses to the BP
console to report, for example, a processor halt. Since responses arrive
complete, there are no interleaving messages on the console terminal.

The nonboot processor does not send commands, and the boot processor
does not send responses.

The “Z" command allows the boot processor to communicate with VAXBI
devices and, potentially, to nonprocessor XMI nodes. The consoles support
character-at-a-time communications to implement the "Z" command,
which transfers characters to and from another node so that the other
node appears to be directly connected to the console terminal. Tha boot
processor sends single characters of a command to the nonboot processor.
The receiving nonboot processor performs all the processing of the input
characters, including echoing and line editing. The nonboot processor
sends single characters of a response to the BP for immediate display on
the console terminal.

2.10.2 Console Communications Area

The console communications area (CCA) is the shared data structure in
high physical memory used for communications between console programs.
It consists of a one-page header followed by a variable number of pages
containing buffers for each node. The header contains status information
that must be visible systemwide. The buffers, one pair for each XMI node,
are used for passing messages between processors.

The CCA is initialized by the boot (primary) processor at system reset. It
is allocated beginning on a page boundary from the highest addressed page
of system memory that can be located by the boot processor. The header
Lies in the lowest addressed page of the CCA, followed by buffers.

The CCA is not initialized under any other console entry conditions (node
reset or halts). The address of the CCA is obtained from the console state
remaining in MSSC RAM.
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Diagnostic tests that must test or reconfigure memory could overwrite
the CCA. If this should happen, the diagnostic tests must observe the
following conventions:

¢ The diagnostic tests can only be run from the BP.

¢ The diagnostic tests must force the nonboot processors to stop polling
the CCA.

¢ The diagnostic tests must rebuild the CCA after completing testing.

¢ The nonboot processors must wait for a signal passed through the
XGPR register before locating the new CCA.

The location of the CCA is passed to the operating system at bootstrap
time through GPR7. During system initialization, each processor is
triggered to search for the CCA. This search starts at the highest
addressed memory that can be located by each processor and then works
backward. If a processor cannot locate the CCA, it enters an endless loop
and cannot participate in the system. The algorithm used by the console
program to the existing CCA is as follows:

1 Next = highest memory address in the system + 1-512.
If next <0, then "Failed to find CCA."

If (next + CCAS$L_BASE) <> n=xt, then goto Step 7.

If (next + CCA$W_IDENT) <> "CC", then goto Step 7.

Compute sum of bytes at (next) through (next + CCA$B_CHKSUM~
1) ignoring overflow.

6 If sum = (next + CCA$B_CHKSUM), then "Exit with CCA found at
next."

Next = next—-512.
Goto Step 2.

N b W N

The overall layout of the CCA is shown in Figure 2-29. The contents of
the fields are described in Table 2~19.
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Offset (hex)

CCASL_BASE

00

CCA$W_IDENT

CCA$W_SIZE

04

ccnsa_nzvxszonlccnsa_uanG CCA$B_CHKSUM

CCA$B_NPROC o8

CCA$Q_READY

oc

CCA$Q_CONSOLE

14

CCA$Q_ENABLED

1c

CCASL_BITMAP_S2

24

CCA$L_BITMAP

28

CCASL_BITMAP_CKSUM

2C

CCAS$R_RESERVEDO T

CCA$B_TK_NODE

30

CCA$Q_SECSTART

34

CCASQ_RESTARTIP

3c

CCA$W_S8SN_EXTENSION

CCASB_POWER

CCASB_PRIMARY

44

CCASL_RESERVED1

48

CCASL_RESERVED2

4c

CCA$Q_USER_HALTED

50

CCA$Q_SERIALNUM

58

CCA$Q_HARDWARE_REVISION

60

CCA$Q_VECTOR_ENABLED

EO

CCA$Q_VECTOR_PRESENT

CCA$L_VECTOR_REVISION

FO

CCA$L_CONSOLE_XGPR

130

CCASL_ENTRY_XGPR

170

msb-p355-90
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Table 2-19 CCA Fields

Fleld Description

CCASL_BASE Physical address of the base of the CCA.
CCASW_IDENT The ASCIl characters "CC".
CCASW_SIZE The size, in bytes, of the CCA.
CCA$B_REVISION The ravision number for the CCA.
CCA$B_HFLAG Systemwide status flags:
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=

CCASV_CON_
REBOOT
CCA$V_REPROMPT

CCA$V_REBOOT

CCA$V_BCACHE_
CLEARABLE

CCAS$V_USE_
BCACHE

CCA$V_USE_
PCACHE

CCA$V_BOOTIP

CCASV_BOOTIP
CCAS$V_USE_PCACHE
CCASV_USE_BCACHE
CCA$V_BCACHE_CLEARABLE
CCA$YV_REBOOT
CCASV_REPROMPT
CCA$V_CON_REBOOT
Reserved

mab-p386-91

This bit is used by the console program to trigger a reboot
following a failed restart.

This bit is used by the console program to support the SET
CPU command.

This bit is tested whenever the console is entered as a resuit
of a CTRL/P or a node halt. If the bit is set, the operating
system is requesting a reboot. The system is rebooted from
the default boot device. The front panel lower key switch
does not inhibit such a reboot. This bit is ignored if the key
switch is in the Secure position.

When set, the backup cache clear opsration can be used
successfully. This telis the operating system that error
recovery requiring cache clears can be performed. This bit is
set based on a value in the EEPROM. The default setting is
a one.

When set, the external (backup) cact:e is to be enabled by
the operating system. This bit is set based on a value in the
EEPROM. The default setting is a one.

When sst, the MP-chip internal (primary) cache is to be
enabled by the operating system. This bit is set based on a
value in the EEPROM. The default setting is a one.

When set, a bootstrap is being attempted. This prevents
repeated attempts to bootstrap after a failure.
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Table 2-19 (Cont.) CCA Flelds

Fleld

Description

CCA$B_CHKSUM
CCA$B_NPROC

CCA$Q_READY

CCA$Q_CONSOLE

CCAS$Q_ENABLED

CCAS$L_BITMAP_SZ

CCASL_BITMAP

CCASL_BITMAP_
CKSUM

CCA$R_RESERVEDO
CCA$B_TK_NODE

CCA$Q_SECSTART

CCA$Q_RESTARTIP

CCASW_SSN_
EXTENSION

CCA$B_POWER
CCA$B_PRIMARY

CCA$L_RESERVED1
CCAS$L_RESERVED2

Checksum of the first CCA$B_CHKSUM-1 bytes of the CCA. Computed by doing
signed, byte addition, ignoring any overflow.

The number of processors supported by the CCA. The normal value is 16. The
maximum value is 64, limited by the bitmasks in the other fisids.

A bitmask of the processors that have data posted in their transmit buffer for
processing by the boot processor. This field aliows the operating system to use a
Find First Set (FFS) instruction to locate any pending messages. The bits and nodes
are numbered, starting with zero.

A bitmask indicating the processors known to be in console mode. The appropriate bit
is set and cleared by each processor as it enters and leaves console mode.

A bitmask indicating which processors are enabled to leave console mode. A
processor sets or clears its bit during console initialization, based on a bit stored
in the EEPROM. The EEPROM bit is set with the SET CPU command.

The size, in bytes, of the physical memory bitmap. The bitmap is always an even
number of longwords in length.

The physical eddress of the physical memory bitmap. The bitmap contains one bit
for each page uf physical memory present on the system. The bt is clear if the page
contains a hard error or if the page is in use by the bitmap or CCA. The bitmap is
always page aligned.

Reserved; not used.

Reserved; not used.

This field is used to pass %o the operating system the XMl (in bits <7:4>) and VAXBI
(in bits <3:0>) node nuinbers of the adapter that controls the TK tape drive. This field
is set initially from a value stored in the EEPROM. if the initially specified node does
not contain a TK tape drive adapter, the console program searches each VAXBI for a
suitable adapter. The serach starts with the highest XM| and from the highest VAXBI
node 1D on each VAXBI. The field sets to the location of the adapter, or zero if no
adapter is found.

A bitmask indicating which processors are currently being startes by the boot
processor. The console program uses this information to avoid repeatedly forcing
a bootstrap. This field is set and cleared by the operating system.

A bitmask indicating which processors are currently attempting restarts. Multiple flags
are maintained to allow simultaneous arror restarts to be performed. The operating
system clears thess fields if restart or boot succeeds.

The highest two bytes of the serial number.

An ASCII character representing the type of power system.

The XMI node number of the primary processor. The console selects a primary or boot
processor, which may be changed by the operating system. i a reboot occurs, the
console references these bits to reboot the operating system.

Resarved; not used.
Reserved; not used.
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Table 2-19 (Cont.) CCA Filelds

Fleld

Description

CCA$Q_USER_HALTED

CCA$Q_SERIALNUM

CCA$Q_HW_REVISION

CCA$Q_VEC_ENABLED

CCA$Q_VEC_
PRESENT
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A bitmask indicating which processors entered console mode as a result of user
intervention (CTRL/P or STOP command). This information allows the operating sytem
to make decisions about timeouts in a symmetric multiprocessing configuration.

The system serial number. This field contains the least significant eight characters of
the serial number string stored in the EEPROM.

Consists of a 16-quadword array containing compatibility and module revision
information for the processors. Module revisions are an ASCIl string. The quadword is
Zero for nonprocessor nodes. The layout of each quadword is:

Offset (hex)

Compat MUST BE ZERO 00 .

Module Reviasion 04

The reserved area is filled in from the module-specific area of the EEPROM. The

contents of this area (with the exception of the module serial number and module

revision) are filled with blanks. The reserved area in the CCA field is also filled with

blanks. Anything in ‘he EEPROM will be written into the CCA araa. The Module

Revision field contains a four-character ASCHl representation of the module revision.

if the revision is a single alphabetic character, the string begins with a leading blank.

The alphabetic part of the revision is used to set the revision field of the CPU Device .
Register. These fields are set based on values stored in the EEPROM. it the EEPROM

is unusable, the chip revisions are set to 30 (hex) and the Module Revision is zero.

The layout of the Compat field is:

L. COM_GRP

COM_GRP Compatibility Group. This binary field is used by the operating .
system to determine it all processors in the system are
hardware compatible. Any processors not in the same group
as the boot processor are not started.

Module Revision A four-character ASCll representation of the module revision.
If the revision is only a single alphabetic character, the string
begins with a leading blank, such as * B02." The alphabetic
part of the revision is used to set the revision tield of the
CPU's XDEV<DREV> field. This field is set based on values
stored in the EEPROM. If the EEPROM Is unusable, the
Module Revision is zero.

A bitmask indicating which processors have enabled vector processors. A processor
sets or clears its bit during console initialization, based on a bit in the EEPROM. The
EEPROM bit is set with the SET CPU/VECTOR_ENABLE command.

A bitmask indicating which processors have working vector processors. A vector

processor is working if it passes self-test. During console initialization a scalar .
processor sets its bit if it has a working vector processor attached.
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Table 2-19 (Cont.) CCA Flelds

Fleld

Description

CCASL_VEC_REVISION

CCASL_CONSOLE_
XGPR

CCAS$L_ENTRY_XGPR

An array of 16 longwords containing vector module revision information, which Is
obtained from the Moduls Revision Register on the vector module. The Module
Revision and VECTL Revision are indicated as follows:

4 8 7 0 Offset (hex)

l —l 00

L—- Module Revision
VECTL Revision

An array of 16 longwords containing the XGPR value used while the console is
operating.

The XGPR value used by the system software before console entry.

The CCA contains a buffer area for each possible XMI node. Each buffer
area contains fields to support both message-oriented and character-at-a-
time communications.

The address of the buffer area for XMI node n is given by:
Buffern = Base address of CCA + 512 + (n * 168)

The layout of the buffer area is shown in Figure 2-30, and the buffer fields
are described in Table 2-20.
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Figure 2-30 ' -out of XMI Node Buiters

Offset (hex)
200

CCA$R_BUFF!R0
l6-entry table of communication buffers indexed
by XMI node.

BASE = physical address of sach buffer =
CCASL_BASE + TCASR_BUFFERC + (XMI Node *
CCAS8_BUFFERO)

CCASB_ZNID| CCA$B_ZBRC| CCA$B_ZDEST|CCASB_FLAGS| BASE + 00

CCA$W_ZRXCD CCASB_RXLEN 'CCASB_TXLEK! BASE + 04
CCRIT_7TX BASE + 0B
(80 bytes)
CCAST_RX BASE + 58
(80 bytes)
mab-p356-90

Table 2-20 Bufter Fields
Fleld Description

CCAS$R_BUFFERO A 16-entry table of communication buffers indexed by the XMl node. See Figure 2-30 for
more information.

CCAS$B_ZNID #t CCASB_ZNID ie set, this fisid contains the XMI node number of the originator of the Z
connsction.

CCA$B_ZSRC i CCA$B_ZSRC is set, this field contains the XM| node number of the node transmitting
*Z" command data fo this node.

CCA$B_ZDEST When CCASV_ZDEST is set, this fiekd contains the XM node number of the node

receiving the "Z” command data that this node is sending. if the low four bits of this field
identify a node that is a DWMBB, the high order four bits contain the destination VAXBI
node number.

CCAS$P _FLAGS Status flags:

l L CCA$V_RXRDY
CCA$V_2ZDEST
CCA$V_zSRC

CCASV_ZALT
Spares

msb-p388-91
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KA65A CPU Module

Fleld Description

CCASV_ZALT When sat, the target of the current "Z" command cannot
communicate through the CCA. The target is either a non-
processor XMi node or a VAXBI node and must be accessed
using alternate RXCD protocol, as describod in the VAXB/
System Reference Manual.

CCAS$V_ZSRC When set, this node is receiving "Z" command data from the
node listed in CCA$B_ZSRC. This bit is always set or cleared
by the node originating the "Z" command.

CCA$V_ZDEST When set, this node is sending “Z" command data o the node
listed in CCA$8_ZDEST.

CCASV_RXRDY When set, there is a complete message in the CCAS$T_RX
buffer. The equivalent bit for CCA$T_TX is in CCA$Q_READY
of the CCA header.

CCASW_ZRXCD This field is used for charactei -at-a-time communication in the same manner as a VAXBI
RXCD Register. The layout is:

11 11
s4 21 7 0
e |
| l L CCA$B_ZDATA
CCASV_ZNODE
CCASV_2ZRDY
mab-p389-91

CCA3V_ZRDY When this bit is set, there is valid data in the other CCASW_
ZRXCD fislds.

CCAS$V_ZNODE When CCA$V_ZRDY is set, this four-bit field contains the XM!
node number of the node that transmitted the data in CCA$B_
ZDATA.

CCA$B_ZDATA When CCA$V_ZRDY is sst, this field contains one byte of "Z"
command data being sent to this node.

CCAS$B_RXLEN tf CCA$V_RXRDY is sat in CCA$B_FLAGS, then this field contains the length, in bytes,
of the message in CCA$T_RX.

CCASB_TXLEN if the bit corresponding to this node is set in CCA$Q_READY, then this field contains the
length, in bytes, of the message in CCA$T_TX.

CCAST_TX This buffer is used by the node to transmit a response to the BP. Only response data is
passed through this buffer since a nonboot processor does not send commands to the
boot processor.

CCAST_RX This buffer is used by the node to receive a command from tivs bozt processor. Only

command data is passed through this buffer since a nonboot pracecsor does not receive
responses from the BP. Commands must end with a carriage raturn.
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2.10.3 Sending a Message to Another Processor

The following two examples show how the CCA is manipulated when a
complete message is sent between two processors.

For the first example, the boot processor, located at XMI node 1, sends a
START command to the nonboot processor, located at XMI node 4.

1 Node 1 examines the CCA$V_RXRDY bit in the CCA buffer area for
node 4. If the bit is clear, then go to Step 3.

2 Node 1 polls the bit until it clears or until a timeout of 12 seconds is
reached. If a timeout occurs, an error is reported.

3 Node 1 moves the text of the START command into the CCA$T_RX
buffer for node 4.

4 Node 1 sets the length of the command into the CCA$B_RXLEN field
for node 4.

5 Node 1 sets the CCA$V_RXRDY bit for node 4 to indicate that a
command is waiting.

6 Whenever node 4 enters its main console loop, it will eventually check
for commands to execute. It will examine its local command buffer and
then check its CCA$V_RXRDY bit for a command from another node.

7 Node 4 will now process the command contained in its CCA$T_RX
buffer.

8 After reading the command, node 4 then clears its CCA$V_RXRDY bit,
indicating that the buffer is again available.
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For the second example, the nonboot processor, which is located at XMl
node 4, halts, enters console mode, and sends a "halted” message to the
boot processor, located at XMI node 1.

1

N &b BN

Node 4 examines bit 4 of the CCA$Q_READY field. If the bit is clear,
then go to Step 3.

Node 4 polls this bit until it clears.
Node 4 moves the text of its response into its CCA$T_TX buffer.
Node 4 sets the length of the response in its CCA$B_TXLEN field.

Node 4 sets bit 4 in CCA$Q_READY to indicates that a response is
waiting.

Node 4 issues an IVINTR interrupt to node 1. If node 1 is running,
this alerts the operating system that a response is waiting. Node
4 polls CCA$Q _READY until bit 4 clears, preventing the nonhoot

processor from performing any action that might cause the response to
be lost before the BP can display it.

If node 1 is running, it responds to the IVINTR and eventually checks
for console responses, using an FFS instruction to check CCA$Q_
READY. If node 1 was in console mode, it would be polling CCA$Q_
READY and discover bit 4 set.

Node 1 (either the operating system or the console program) processes
the response from the CCA$T_TX buffer for node 4. If the console
program is running, it displays the response on the console terminal.

Node 1 clears bit 4 in CCA$3Q_READY, indicating that the buffer is
again available.
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2.11 Error Handling

This section describes the system-specific error exceptions and
interrupts that enable the operating system interface macrocode
programmer to determine the cause of the error, console HALT
code, or interrupt/exception. This section is organized around the
SCB entry points (vectors pointing to service routines) through
which all error notifications pass. Recommendations are offered
for error recovery strategies.

This section contains the following information:
e An overview of error detection and reporting. .

® FHow to determine what error(s) happened, given the SCB entry point
through which the error was dispatched.

¢  What parameters are pushed on the stack.
¢  What the failure codes are for halts and machine checks.

e  What information exists for each error.

* How to clean up the error once itas cause has been determined.
e  How to restore the state of the machine, and what level of recovery is .
possible.

Table 2-21 lists the internally generated system control block (SCB) entry
points. The complete list of supported SCB vectors is in Section 2.3.5.
Table 2-22 describes the levels of hardware-detected errors by level of
severity. Table 2-23 lists the categories of errors, organized by entry
point.

Refer to these sections: .
¢ Section 2.3.5 for an explanation of the SCB.
e Section 2.3.4 for an explanation of exceptions and interrupts.

Table 2-21 MP-Chip internaliy Generated SCB Entry Points

SCB index
Mnemonic (hex) Description
SCB_MACHCHK' 004 Machine check
SCB_KSNV' 008 Kernel stack not valid
SCB_PWRFL' ooc Power fail
SCB_RESPRIV 010 Ressrved/privileged instruction
SCB_XFC 014 Extended function call (XFC) instruction
SCB_RESOP 018 Reserved operand

'This section describes the antry-point vector in detail.
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Table 2-21 (Cont.) MP-Chip Internally Generated SCB Entry Points

SCB Index
Mnemonin (hex) Description
SCB_RESADD 01C Reserved addressing mode
SCB_ACVY 020 Access control violation
SCB_TNV 024 Translation not valid
scB_TP 028 Trace pending
SCB_BPT 02C Breakpoint trace fault
SCB_ARITH 034 Arithmetic fault
SCB_CHMK 040 Change mode to kernel
SCB_CHME 044 Change mode to executive
SCB_CHMS Lua8 Change mode to supervisor
SCB_CHMU 04C Change mode to user
SCB_SMERR' 054 Soft error interrupt
SCB_HMERR!' 060 Hard error interrupt
SCB_VECT_ 068 Vector module disabled exception
DISABLED
SCB_IPLSOFT 080 — 0BC Software interrupt levels
SCB_INTTIM 0Co Interval timer interrupt
SCB_EMULATE ocs Emulated instruction trap (PSL<FPD>=0)
SCB_EMULFPD ocC Emulated instruction trap (PSL<FPD>=1)

'This section describes the entry-point vector in detail.

Table 2-22

Hardware-Detected Errors

Error

Description

Console halt

Machine
check

Kernel stack
not valid

Power fail

Soft error
interrupt

Hard error
interrupt

A halt to console mode is caused by one of the errors listed in
Table 2-8. For some halt conditions, the console prompts for a
command and waits for operator input. For other halt conditions, the
console attempts a system restart or a system bootstrap.

A hardware error occurred synchronously with the MP-chip's
execution of instructions. Instruction-level recovery and retry may be
possible.

During exception processing, a memory management exception was
sncountered while trying to push information on the kernel stack.

The power supply asserted the power fail signal XCl AC LO L.
Software has 4 milliseconds to save processor state.

A hardware error occurred that was not fatal to the process or

system. System error software should be able to recover and
continue.

A hardware error occurred asynchronously with the MP-chip's

execution of instructions, Instruction-level recovery and retry may be
possible.
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Table 2-23 Error Summary Based on Notification Entry Points

SCB
Index Entry Point Error Categories

N/A Consols halt interrupt stack not valid, kernel-mode halt, double error, iflegal SCB vector,
node halt (XBER<NHALT>w=1), CTRL/P, node reset

04 Machine check Floating-point processor related
Memory management, interrupt, microcode/CPU errors
Primary cache read error
Tag parity errors
Data parity errors
DAL error on memory read
DAL data parity errors
B-cache RAMs
MAXMI-to-MP-chip parity error
ERR L signal asserted
MC-chip tag store parity errors
XBER-notified emrors
MSSC DAL timeout
DAL error on memory write or flush write buffers
ERR L signal asserted
MC-chip tag/VD parity error
XBER-notified errors (backup cache off)
MSSC DAL timeout
Veactor module errors

08 Kemel stack not valid

ocC Power fail

84 Soft error interrupt P-cache errors
MAXMi-detectad errors
Vector module errors

80 Hard error interrupt MC-chip tag store parity error
Inval-Bus parity errors
Address/command bus parity errors
Cache fill errors
XBER-notitied errors
XBEER-notified errors
Vector module errors
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2.11.1  General Error Detection and Reporting Characteristics

The following sections describe the general operation of error handling and
recovery not associated with specific errors.

211141

MAXMI Error Handling

The MAXMI implements the error detection and logging required for the
XMI protocol. When an error is detected, the command, address, and error
status are logged in XBER, NSCSR, and XFADR. If retry is enabled, the
normal state, the MAXMI retries all NO ACKed command and write data
cycles until the timeout counter expires.

The method of error reporting is a function of the type of error detected
and the transaction that was in progress at the time. Errors are reported
either as a hard error interrupt at the IPL 1D (hex), or as a soft error
interrupt at IPL 1A Chex).

Software uses the MAXMI error summary bits XBER<ES> (general XMI
errors) and XBER<NSES> (MAXMI node-specific errors) to determine if
the MAXMI is the source of any errors.

All XMI command/address transfers are reattempted until acknowledged
or a transaction timecut (XBER<TTO>) occurs. All XMI write data
transactions are reattempted until acknowledged or a transaction timeout
occurs.

All XMI memory writes are disconnected; that is, they are acknowledged
by the MAXMI and the data is placed in the write buffer to be written
later. If a subsequent write buffer unload or purge results in an XMI
memory write failure, it is signaled to the MP-chip by posting a hard error
interrupt.

All XMI I/O space reads and wriies are "connected.” They cause purging
of the write buffer prior to their initiation on the XMI, and they are not
acknowledged until all XMI transactions are successfully completed. If
the write buffer purge results in an XMI memory write failure, the /O
transaction is allowed to complete and the error is reported by posting

a hard error interrupt. If the write buffer purge is successful, but the
subsequent IO transaction fails to complete, the MP-chip is released with
a read error response or a write DAL Ready command (RDY)hard error
interrupt.

All XMI memory reads are "connected.” The MP-chip waits for all demand-
requested data to be returned. If the XMI cannot deliver the data, the
failure is signaled by a machine check. Failures to deliver nondemand
data, such as cache fill data, result in a hard error interrupt.

Soft errors are signaled by posting a soft error interrupt while hard
errors are signaled by posting a hard error interrupt or by using the DAL
terminator, the ERR L signal line assertion.

XMI IVINTR transactions are treated like 1/0 writes but XMI IDENT

transactions that end in an error are signaled by the posting of a hard
error interrupt.
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The XMI interface maintains complete error status on a failed XMI
iransaction that was initiated by every node. This status includes the
failed command, commander ID, address, and an error bit that indicates
the type of error that occurred. This status remains latched until software
resets the error bit(s).

The XMI supports three parity bits, covering both data and command
information. The MAXMI generates and checks XMI parity. Both the
MDA-chip and the MCA-chip check parity across the XCI D<63:0> lines.

The MAXMI checks parity on every XMI cycle. If a parity error is detected,
a soft error interrupt is posted. However, if the XMI operation is a cycle
where the MAXMI participates, such as read data, the MAXMI either
posts a hard error interrupt or asserts ERR L, causing a machine check.
In general, read-type transactions are terminated with a machine check,
and write-type transactions are posted with a hard error interrupt if an
error is detected.

The MAXMI generates parity on read data that it drives on the DAL bus.
The MAXMI detects DAL parity errors using one parity bit for each data
byte across the 64 bits. Table 2-24 shows the MAXMI parity coverage.

Table 2-24 MAXM! Parity Coverage

Side of Number of
MAXMI Parity Bits Scope Generate Detect Error i Detected, Then
XMl 3 total Yes Yes
1 Low 32 data bits
1 High 32 data bits
1 Control bits
MAXMI passive Soft error inverrupt
MAXMI active Write Hard emor interrupt
MAXMI active Read ERR L asserted
DAL 8 total 1 per data byte Yes Yes Hard error interrupt
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The MAXMI generates ECC on all cache fill and cache write operations.
Six bits of ECC are generated per byte. The MAXMI checks ECC on all
writeback operations. Single-bit errors are corrected and reported as soft
errors. Multiple-bit errors result in a Tag Bad Data XMI transaction to
mark the memory location as bad and are reported as hard errors. The
MAXMI generates bad ECC by flipping the six ECC bits if a DAL parity
error is detected on a memory space write. This error is reported as a hard
error when the cache subblock is written back to memory.

Asgertion of the ERR L signal causes a machine check (MCHK_BUSERR_
READ_DAL, MCHK_BUSERR_WRITE_DAL). These are the only
nonparity DAL-related errors that are detected.

D-stream read, write, and clear write buffer transactions always cause
machine checks. IPR and read interrupt vector transactions are handled
by microcode.
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Severe hardware errors, such as when the DAL is being driven by a source
other than the MP-chip and the MP-chip is waiting for a response, might
cause chip short-circuit damage. There is no mechanism available to avoid
this type of bus driver conflict and return to synchronization.

The MF-chip reports all errors through pretocol signals on the bus between
the MP-chip and the MF-chip. Certain severe protocol errors between the
MP-chip and the MF-chip are handled through a special mechanism
involving discharging resistors on the control lines to time out to an illegal
state. This causes a machine check and can also be used for an indication
that the MF-chip is present.

211.1.2

Parity Generation and Detection

Parity generation and check characteristics of the KA66A CPU module are
as follows:

° The MP-chip generates parity on write data and checks parity on
memory transaction read data. The MP-chip does not generate parity
on command/address information.

® An MP-chip I-stream parity error is reported as an interrupt with the
appropriate bits set ir: the P-cache status register. This error may also
result in the MCHK_ERROR_ISTREAM machine check.

» The MP-chip’s primary cache supports parity on both the tag and data
stores.

* The backup cache supports parity on both the tag and data stcres.

On cache fills and writes, parity is stored and then checked by the
MP-chip during reads.

¢ The MAXMI detects DAL parity errors on memory writes when the
backup cache is off.

* The MAXMI generates and checks the three XMI parity bits, which
cover both data and command information.

¢ The MF-chip generates parity for MF-chip results and checks parity on
D_BUS floating operands.

¢ The MSSC.daes not support parity so the internal battery-backed-up

one Kbyte of RAM is not protected, nor are any of the MSSC internal
registers.

e The MAXXMI CSR registers are not parity protected.

¢ The MC-chip's vector interface retries all vector interface bus errors
once. Recoverable errors are reported as soft error interrupts.

Unrecoverable errors are reported 2s hard error interrupts or as
machine checks.
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21113

Microcode-Detected Errors

Errors detected by microcode checks that result in conaole halts and
machine checks are listed in Table 2-26. Microcode checks also detect the
kernel stack not valid exception.

Table 2-25 WMicrocode-Detected Errors

Code (hex) Mnamonle Description
Console Halts
02 ERR_HLTPIN HALT_L asserted (CTRL/P, break or external halt)
03 ERR_PWRUP initial power-up
04 ERR_INTSTK Interrupt stack not valid during exception processing
05 ERR_DOUBLE Machine check during exception processing
06 ERR_HLTINS HALT instruction executed in kernel mode
07 ERR_ILLVEC SCB vector bits<1:0> = 11
08 ERR_WCSVEC SCB vector bits<1:0> = 10
0A ERR_CHMFI CHMx instruction executed while on interrupt stack
10 ERR_MCHK_ACV_TNV ACV/TNV during machine check processing
1" ERR_KCHK_ACV_TNV ACV/TNV during kernel-stack-not-valid
12 ERR_MCHK_MCHK Machine check during machine check processing
13 ERR_KSNV_MCHK Machine check during kernel-stack-not-valid
processing
19 ERR_IE_PSL26_24_101 PSL<26:24> = 101 during interrupt or exception
1A ERR_IE_PSL26_24_110 PSL<26:24> = 110 during interrupt or exception
1B ERR_IE_PSL26_24_111 PSL<26:24> = 111 during interrupt or exception
10 ERR_REI_PSL26_24_101 PSL<26:24> = 101 during REI
1E ERR_REI_PSL26 24 110 PSL<26:24> = 110 during REI
1F ERR_REI_PSL26_24_111 PSL<28:24> « 111 during REI
3F ERR_SELFTEST_FAILED Microcoded power-up self-test failed in the MP-chip
Machine Checks
01 MCHK_FP_PROTOCOL_ERROR Protocol enor during MF-chip operand/result transfer
02 MCHK_FP_ILLEGAL_OPCODE MNegal opcode detected by MF-chip
03 MCHK_FP_OPERAND_PARITY Operand parity error detected by MF-chip
04 MCHK_FP_UNKNOWN_STATUS Unknown status returned by MF-chip
05 MCHK_FP_RESULT_PARITY Returned MF-chip result parity emror
08 MCHK_TBM_ACV_TNV Translation buffer miss status generated in ACV/TNV
microflow
09 MCHK_TBH_ACV_TNV Translation buffer hit status generated in ACV/TNV
microfliow
0A MCHEK_INT_ID_VALUZ Undefined INT.ID value during interrupt service
0B MCHK_MOVC_STATUS Undefined state bit combination in MOVCx
ocC MCHK_UNKNOWN_IBOX_TRAP
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' ®

Table 2-25 (Cont.) Microcode-Detected Errois

Code (hex) Mnemonic Description
oD MCHK_UNKOWN_CS_ADDR Undefined control store address reached
10 MCHK_BUSERR_READ_PCACHE P-cache tag or data parity error during read
11 MCHK_BUSERR_READ_DAL DAL bus or data parity error during read
12 MCHK_BUSERR_WRITE_DAL DAL bus on write or clear write buffer
13 MCHK_UNKNOWN_BUSERR_ Undefined bus error microtrap
TRAP
14 MCHK_VECTOR_STATUS Vector module error
16 MCHK_ERROR_ISTREAM Error on |-stream read
‘ 21114 Self-Test-Detected Errors

There are two levels of self-test errors: power-up MP-chip microcode
self-test and boot-ROM macrocode self-test. A failing microcode self-test
results in a console halt with code ERR_SELFTEST_FAILED. A failing
macrocode self-test results in:

* The CPU module not deasserting the XMI BAD L signal
* XBER<STF> not clearing
‘ * The module'’s Self-Test Passed (STP) LED not turned on

2.11.2 Operating System (Macrocode) Error Handling and Recovery

All errors except those leading to a console halt go through SCB vector

entry points and are handled by service routines provided by the operating

system. A console halt, on the other hand, transfers macrocode execution
Q control directly to the console entry point, 2004 0000.

Error handling and recovery is divided into these steps:
1 State collection

2 Analysis

3 Recovery

4 Retry

211.2.1 Error State Collection
All relevant state must be collected before error analysis can begin. The
stack frame provides the PC/PSL pair for all exceptions and interrupts.
For machine checks, the stack frame also provides details about the error.

Besides the stack frame, machine checks and hard and soft error
interrupts usually require analysis of other registers. The state of these
. registers should be read and saved:

* Bus Error Register (XBER)
¢ XMI Failing Address Register (XFADR)
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e XMI Failing Address Extension Register (XFAER)
¢ Bus Error Extension Register (XBEER)

° Writeback 0 Failing Address Register (WFADRO)
® Writeback 1 Failing Address Register (WFADR1)
¢ Failing DAL Register 0 (FDALO)

¢ Failing DAL Register 1 (FDAL1)

¢ Failing DAL Register 2 (FDAL2)

° Failing DAL Register 3 (FDAL3)

¢ MSSC Bus Timeout Control Register (SSCBTR)
* Backup Cache Control Register (BCCTL)

¢ Backup Cache Status Register (BCSTS)

¢ Backup Cache Error Address Register (BCERA)
¢ Backup Cache Error Tag Register (BCERT)

¢ Primary Cache Swatus Register (PCSTS)

¢ Primary Cache Error Address Register (PCERR)
¢ Vector Interface Error Status Register (VINTSR)

Pseudocode examples assume that each of these registers is saved in a
variable whose name is constructed by prepending "s_" to the register
name. For example, the XBER would be saved in the variable s_xber.

21122 Error Analysis
The error condition is analyzed with the error state obtained during the
collection process. See Section 2.11.4, Section 2.11.6, and Section 2.11.7
for guides to analyze machine checks, hard error interrupts, and soft error
interrupts, respectively.

Errors detected in or by one of the caches usually result in the cache
being automatically disabled. Error analysis and recovery for memory or
cache-related errors should be performed with the primary cache disabled
and the backup cache in error transistion mode (ETM) to minimize the
possibility of nested errors.

In some cases an error is reported in two ways. Such a case is P-cache
tag parity errors for D-stream read hits, which are reported both as soft
error interrupts and as machine checks. The machine check handler error
recovery cleans up the error condition so that the error interrupt handler
finds no error bits set. Software needs to handle such error interrupts
when there is no apparent cause.
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2.11.2.3

Error Recovery

Error recovery consists of clearing any latched error state and restoring
the system to normal operation.

If full operation cannot be restored, it is necessary to disable the section
of hardware that causes errors. Software can maintain error counts that
can be compared against error thresholds on every error report. When the
count per unit time exceeds the threshold, the hardware section should
be disabled. For example, if a cache reports many errors, it should be
disabled.

There are special considerations for recovery from cache or memory errors:

Cache and memory error recovery is always done with the primary
cache disabled and the backup cache in ETM:

PCSTS := ENABLE.BTS + FORCE_RIT;

BCCTL := ENABLE.BTS + BTS_LERROR.TRAN + FORCE.BHIT

The primary cache must be disabled when enabling the backup cache
to maintain cache coherency. Once the backup cache is enabled, the
primary cache is flushed and enabled.

Error recovery is performed starting with the most distant component
and then working toward the CPU. MAXMI errors are to be processed
first, followed by MSSC errors, MC-chip errors, and P-cache errore.

MAXMI errors are cleared by writing the read/write-one-to-clear
(R/W1C) bits in XBER and XBEER. The suggested procedure is to
write the values saved during error state collection back to registers:

XBER := s_xber
XBEER := s_xbeer

MSSC errors are cleared by writing the R/W1C bits in SSCBTR. The
suggested procedure is to write the value saved during error state
collection back to the register:

SSCBTR := s_sscbtr;

MC-chip internal parity errors are recovered by reconstructing the

tag and valid/dirty bits for dirty subblocks from the following system
state:

Backup Cache Status Register (BCSTS)
Backup Cache Error Address Register (BCERA)
Backup Cache Error Tag Register (BCERT)

Memory controller block state (using memory block state registers
BSCTL and BSADR)

Any of the four cache subblocks indexed by the failing tag could be
dirty and, therefore, contain the only "good” copy of that data. These
subblocks must be identified, the tag and valid/dirty bits rewritten
into the tag store, and then written back to memory. If the failing tag
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contained no dirty subblocks, the tag is rewritten with good parity and
all valid/dirty bits cleared.

Error bits BCSTS<BTS TPERR> and BCSTS<BTS VDPERR> indicate
if the tag and/or the valid/dirty bits have parity errors. If only the
valid/dirty bit contained the parity error, the error address can be
obtained by concatenating the following fields:

test_addr<31> :=0;
test_addr<30:19> := s_bceert<31:19>;
test_addr<18:7> := s_bcera<18:7>;
test_addr<6:0> := 0;
The correct tag can then be created as shown below:
new_tag<30:9> := s_bcert<30:9>; .
new_tag<8:0> := 0;
Fori:=0to 3 DO
BEGIN

IF memory_state(test_addr) = (OWNED AND (ID = KAG66A
CPU Module)) THEN

BEGIN

new_tag<i> = 1;

new_tag<i+d> = 1;
END;
test_addr<6:5> := test_addr<6:5> + 1;
END;
new_tag<8> := odd_parity(new_tag<7:0>)

The tag is now written back into the tag array and the block written
back to .aemory.

BCIDX := a_bcerr;
BCBTS := new_tag;
BCDET := 0;

If the tag had bad parity and all dirty/valid bits are clear, the tag may
be rewritten with good parity:

BCIDX := s_bcerr;

BCBTS := %x00000300;

If the tag had bad parity and one or more dirty bits are set, or the
valid/dirty bits also contain a parity error, a number of memory
locations must be searched to re-create the correct address. Thirteen
posgible addresses (12 tag bits, 1 parity bit) are created using the
search method shown below:

test_addr<31> = 0;
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test_addr<30:19> := s_bcert<30:19>;
test_addr<18:7> := s_bcera<18:7>;
test_addr<6:0> := 0;

The correct tag is now created:
new_tag<31:0> := 0,
tag_found := false;
For j:=0t0 3 DO

BEGIN

IF memory_state(test_addr) = (OWNED AND (ID = KA66A

CPU Module)) THEN
BEGIN
tag_found := true;
new_tag<g> = 1;
new_tag<j+i> := 1;

END;
test_addr<6:5> := test_addr<6:5> + 1;
END;
i:=19
While (i < 30) AND tag_found DO
BEGIN

test_addr<i> := test_addi<i>
For j :=0to 3 DO
BEGIN

If memory_state(test_addr) = (OWNED AND (ID = KA656A

CPU Module)) THEN
BEGIN
tag _found := true;
new_tag<i> = 1;

new_tag<i+d> = 1;

END;
test_addr<6:5> := test_addr<6:5> + 1;
END;
IF tagfound Then test_addr<i> := test.addr<i>;
END; (While)

new_tag<8> := odd_parity(new_tag<7:0>)
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If an owned block was found during the memory search, the created
tag is now written back into the tag array and the block written back
to memory. If an owned block was not found, it is assumed that the
cache block was not dirty and the tag is cleared as shown below:

IF tag_found THEN
BEGIN
BCIDX := s_bcerr;
BCBTS := new_tag;
BCDET := 0;
END

ELSE
BEGIN
BCIDX := s_bcerr;
BCBTS := %x00000300;
END;

MC-chip errors are cleared by writing the R/W1C bits in BCSTS. The
suggested procedure is to write the value saved during error state
collection back to the register:

BCSTS := s_best 3;
* P-cache tag parity errors are recovered by rewriting all tags:
IF s_pcsts<TAG_PARITY_ERROR> THEN
FOR i := 0 to 255 DO

BEGIN

PCIDX := i*8;

PCTAG := %x80000000;
END;

P-cache errors are cleared as part of the reenabling of the cache
process, which requires the following sequence:

BCSTS := s_bcsts; For i := 0 to 4095 DO

BEGIN

BCIDX := 1*128;
BCDET := 0;

BCBTS := %$x00000300,
END;

BCCTL := ENABLE_BTS + FORCE_BHIT + BTS_.ERROR_.TRAN

PCSTS := s_pcsts OR
(ENABLE_PTS + FLUSH_CACHE) AND NOT FORCE_HIT;

2-236



KA65A CPU Module

Either cache may be disabled by clearing the appropriate enable bits in
BCCTL and PCSTS while performing the sequence as shown above.

System performance degrades if one or both caches are disabled.

2.11.24

Vector Error Recovery

Nested machine checks during the analysis and recovery of vector errors
must be prevented. Bits in VINSTR determine the error analysis and
recovery procedure as follows:

1 If VINTSR<Vector Absent> (VINTSR<0>) is set, the vector processor
module is not connected to the VIB cable. Immediately discontinue
using the vector module.

2 If VINTSR<VECTL VIB Hard Error>, <C-Chip VIB Hard Error>,
or <Bus Timeout> (VINTSR<4>, <6>, or <7>, respectively) is set, an
unrecoverable VIB error was detected and no other registers should be
read.

3 If VINTSR<Vector Hard Error> (VINTSR«2>) is set, an unrecoverable
error was detected by the vector module. All VINTSR error bits must
be cleared to determine the error source. Do this by writing the values
saved during the error state collection back to the register:

VINTSR := s_vintsr;

VECTL CSR must be read to determine the vector module error source.
This register can be written to the VA longword of the stack frame for
vector machine checks. Depending on the error conditions indicated by
VECTL CSR, read additional vector module registers. See Chapter 3
for more information on vector module errors.

4 If an unrecoverable vector module error occurred, the vector module
must be reset by setting VINTSR<Vector Module Reset> (VINTSR<8>)
for at least 100 CPU cycles and then clearing it. Image exit must be
forced for the process that was executing in the vector module at the
time of the ervor.

All error bits in VINTSR must be cleared, using the above technique,
if the vector module is to be used after reset. Perform a self-test before
returning the vector module to service. Software must not continue
using a vector module that fails self-test or has reported more than
one unrecoverable zrror.

To discontinue using the vector module, the VIB must be disabled
by setting VINTSR<Disable Vector Interface> (VINTSR<9>) and
execution of vector instructions must be disabled by clearing
ACCS<Vector Present> (ACCS<0>).

5 If VINTSR<Vector Soft Error>, <VECTL VIB Soft Error>, <MC-chip
VIB Soft Error> (VINTSR<1>, <3>, or <b>, respectively) is set, a
recoverable error has cccurred. Error state must be cleared in the
vector module and VINTSR error bits must be cleared, using the above
technique, to recover from these errors.
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Software can count the number of reported vector module soft
errors and, if the count exceeds a threshold, save process state and
discontinue using the vector module.

2.11.25 Error Retry
Error retry is a function of the error type (machine check or error
interrupt) and the error state. If a retry is to be attempted, the stack
must be trimmed of all parameters except the PC/PSL pair for machine
checks (error interrupts have no additional parameters on the stack). A
Return from Exception or Interrupt (REI) instruction will then restart the
instruction astream and retry the error. Some form of software loop control
needs to be provided to limit the possibility of an error loop.

If a retry is not be be attempted, software must determine if the error was
fatal to the current process, the processor, or the entire system and then
take the appropriate action.

2.11.3 Console Halt and Hait Interrupt

A console halt is not an exception but is a transfer of control by the MP-
chip microcode directly into console program macrocode in the boot ROM
at address E004 0000 (hex). Console halts are initiated at power-up, by

certain microcode-detected double-error conditions, and by assertion of a
halt interrupt from the MSSC.

A halt interrupt is generated by either of two conditions:
© CTRL/P is typed on the (unsecured) console terminal
e XBER<NHALT>(Node Halt) is asserted

No exception stack frame is associated with a console halt, but SAVPC and
SAVPSL provide the necessary information, including the halt code, which
is loaded into SAVPSL<13:8>.

Table 2-8 lists and describes the console halt codes.
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2.11.4 WMachine Check Exceptions

A machine check exception indicates a serious system error that is
sometimes recoverable by restarting the instruction.

The recoverability is a function of the:

® Machine check code

¢ VAX Restart bit (R) in the machine check stack frame
e State of PSL<FPD>

¢ State of the Unlock Write Pending bit (XBEER<UWP>)

. e State of the Backup Cache Second Error bit (BCSTS<SECOND ERR>)
° State of the double-error bit (PCSTS<Trap2>)

A machine check results from an internally detected consistency error,
such as the microcode reaches an "impossible” state, or from an externally
detected hardware error, such as a memory parity error.

A machine check is technically an aborted macro instruction. The MP-
chip’s microcode attempts to convert the condition to a fault by unwinding
the current instruction, with no guarantee that the instruction can be

. properly restarted. As much information as possible is pushed on the
machine check stack frame, and the rest of the error parsing is left to the
operating system.

When the software machine check handler routine receives control, it must
explicitly acknowledge receipt of the machine check early in the routine
to clear the internal machine-check-in-progress flag with the following

instruction:
MTPR #0, #PR$_MCESR ; PR$_MCESR=38
. The machine check stack frame is shown in Figure 2-8, and its parameters

are described in Table 2-6. These parameters are parsed by the error
handling macrocode to determine what caused the machine check.
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2-240

Figure 2-31 contains the machine check parse tree, which indicates

the causes of each machine check. For those machine checks that have
multiple causes. the registers and bits that isolate the cause are listed.
The sections following the parse tree provide a description of the machine
check, the procedure to recover, and the conditions for restarting the
operation.

Figure 2-31 Machine Check Parse Tree

(select one)

MCHK_FP_PROTOCOL_ERROR (01 hex)
>~ MF-chip protocol error

MCHK_FP_ILLEGAL_OPCODE (02 hex)
# MF-chip illegal opcode

MCHK_FP_OPERAND_PARITY (03 hex)
# MF-chip operand parity error

MCHK_FP_UNKNOWN_STATUS (04 hex)
# MF-chip unknown result status

MCHK_FP_RESULT_PARITY (05 hex)

» MF-chip result parity error
MCHK_TBM_ACV_TNV (08 hex)

— TB mias status during
ACV/TNV processing
MCHK_TBH_ACV_TNV (09 hex)

# TB hit status during ACV/TNV
processing
MCHK_INT_ID_VALUE (OA hex)

— tindefined interrupt ID value

MCHK_MOVC_STATUS (OB hex)

¥ MOVCx status encoding error

MCHK_UNKNOWN_IBOX_TRAP (0C hex)
< Unknown I-bex trap

MCHK_UNKNOWN_CS_ADDRESS (0D hex)
—p> Unexpected contrcl store address

MCHK BUSERR_READ PCACHE (10 hex) (select all)

PCSTS<P_TAG_PARITY_ERROR> (PCSTB<8>)
# P-cacha tag parity error on
D-stream read hit

PCSTS<P_DATA_PARITY_ERROR> (PCST8<105>)
# P-~cache data parity error on
D~stream read hit

otherwise

- Inconsistent atatus (one or
both bits must be set)

msb-p358-90

Figure 2-31 Cont’d on next page
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Figure 2-31 (Cont.) Machine Check Parse Tree

MCHK_BUSERR_READ DAL (11 hex) DAL bus or data parity during read
PCSTS<DAL_DATA_PARITY ERROR> (PCSTS8<9>) DAL data parity error

I PCSTS<B_CACHE_HIT> {PCSTB<12>)
# Backup cache data parity error

SSCBTR<RWT> (SSCBTR<30>) MS8SC bus timeout on D-stream read

BCSTS<AC PERR> (BCSTS8<7>)
> MC~chip~detected command/address
parity error on D-stream r=ad

XBEER<ACPE> (XBEER<29>) MAXMI-detected command/address
parity error on D-stream read

PCERR<PHYS ADDR = 1/0> (PCERR<29>)
% DAL bus error during an I/O read

I PCERR<PHYS ADDR = MEMORY> (PCERR<29>)
# DAL bus error during a memory read

SSCBTR<RWT> (SSCBTR<30>) MSSC bus timeout on D-strsam read

XBER<ERR SUMMARY> (XBER<31>)
— Logical srror bit state

XBEER<TTO> (XBEER<13>) (melsct cne)
— Transaction failed due to timeout
XBER<RER> (XBER<16>)

= XMI read response error on first
quadword of a D-stream read
XBER<RSE> (XBER<17>)

> XMI read sequence error on first
quadword of a D-astream read

otherwise

= Inconsiatent status (one or
both bits must be set)
XBER<CNAK> (XBER<15>)
- Nonexistent memory (NXM) on a write

XBER<NRR> (XBER<18>) XMI no read response for first
quadword ¢f a D-atream read
XBER<PE> (XBER<23>)
> MAXMI-detected XMI parity error

XBEER<OLR> (XBEERR<1>)
- Only lockout response on a read

BCSTS<TP_ERR> (BCSTS<1>)
- Tag store on an error write

BCSTS<BTS_VDPERR) (BCSTB<2>)
— Valid/dirty bit error on write

otherwise

— Inconsistent status (one or
moth bits must be set)

YVY

msb-p359~90

Figure 2-31 Cont'd on next page
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Figure 2-31 (Cont.) Machine Check Farse Tree

MCHK BUSERR_WRITE_DAL (12 (hex))
1

SSCBTR<BUS_TIMEOUT> (31 (hex))

| SSCRTR<RWT> {(select all)

BCSTS<AC_PERR> (BCSTS<7>)

XBEER<ACPE> (XBEER<29>)

otherwise
ooy

DAL bus error during a write
Transaction failed
due to bus timeout

MS8C bus timeout
on D-stream read

= MC-chip-detected internal

parity srror on write

> MAXMI-detected erroxr on

firast guadword write

Nonexistent memory (NXM)

XBEER<PHYS ADDR = I/0O> (XBEER<29>)

= Incomplete write due to
nonexistent 1/0 address

XBEER<PHYS ADDR = MEMORY> (XBEER<29>

BCBTS<ERR SUMMARY> (BCSTS8<0>)

# Incomplete write due to
nonexistent memory address

Brror summary bit set

Nonexistent memery (NXM)

BCSTS<ERR SUMMARY> (BC8STS8<0>)

BCSTS<TP_ERR> (BCSTS<1>)
= ot

BCSTS<BTS_VDPERR> (BCBTS<2>)
-

otherwise

: o

Incomplete write due to
nonexistent I/0 address

~— Incomplete write due to

nonexistent memcry address
Data NO ACK on write

No XMI gzant on write

XBER<TTO> (XBER<13>) Transaction failed
F— due to timeout
XBER<CNAK> (XBBER<15>)

— on write
XFADR<PHYS ADDR = I/0> (XFADR<Z9>)
XFADR<PHYS ADDR = MEMORY> (XFADR<29>)

XBER<WDNAK> (XBER<20>)
L
otherwise
.
otherwise
:

Inconsaistent status
{no supporting bits set)

Brror summary bit set

Tag parity error on a write

Valid/dirty bit
error on write

Inconsistent status
{no error bits set)

mab-p361-90

Figue 2-31 Cont'd on next page
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Figure 2-31 (Cont.) Machine Check Parse Tree

(select one)

MCHK_UNKNOWN_BUSERR_TRAP (13 hex)

—- Unknown bus error trap

MCHK_VECTOR_STATUS (14 hex)

—

Lond Vecteor module error

VA MCHK<UNCORRECTABLE_VIB> (sslect one) Uncorreztable VIB error

VINTSR<KVEC MODULE ABSENT> (VINTSR<O0>)

i

o Vector module not present

VINTSR<VECTL VIR HERR> (VINTSR<4>)

—>- VCECTL VIB errors

VINTSR<CCHIP VIB HERR> (VINTSR<6>)

— MC-chip detected VIB errors

VINTSR<BUS TIMEOUT> (VINTBR<I>)

- MC-chip DAL timeocut »n
vector operation
VINTSR<VECTOR MODULE RESET> (VINTSR<8>)

]

— Vector module reset

NON_VALID VA FIX (select one)

VPSR<IMP> (VPSR<24>)

= Vector processor disabled
due to hardware error

VCTL_CSR<CDH> (VCTL_CSR<3>)
—~—3» VECTL chip detected an
unrecovarable parity errer

VCTL_CSRCISE> (VCTL_CSR<6>)
- Illegal sequence occurred

meb-p360a.pmd

Figure 2-31 Cont'd on next page
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Figure 2-31 (Cont.) Machine Check Parse Tree

VCTL_CSR<VHE> (VCTL_CSR<11>) (select one)
— Verse chip detscted hard error

ALU_DIA_CTL<ABE> (ALU_DIA_CTL<B>)
# Parity error during

AB bus transfer
ALU_DIA_CTL<CPE> (ALU_DIA_CTL<9>)
—= Parity error during
C bus transfer
ALU_DIA_CTL<IFO> (ALU_DIA_CTL<10>)

— Illegal Favor opcode

VCTL_CSR<LSH> (VCTL_CSR<1>)

# Hard arror occurred during

Load/Store chip operatien
LSX_CCSR<XHE> (LSX_CCSR<11>)

= XMI hard error has occurred

VA MCHK<UNEXPECTED_ VECTOR_TNV> Translation not valid vector error

VA MCHK<UNRECOVERABLE VECTOR_MODULE_ERR> Unrecoverable vector

-—1 module error
VPSR<IMP> (VPSR<24>)

——» Vector processor disabled

due to hardware arror
VCTL_CSR(CDH> (VCTL_CSR(S))

- VECTL chip detected an
unrecoverable parity error

VCTL_CSR<ISE> (VCTL_CSR<6>)

Illegal sequence occurred

VCTL_CSR<VHE> (VCTL_CSR<11>) (select one)
— Verse chip detected hard error

ALU_DIA_CTL<ABE> (ALU_DIA_CTL<8>)

¥ PpParity error during
AB buas transfer

ALU_DIA_CTL<CPE> (ALU_DIA_CTL<9>)

— Parity error during
C bus transfer

ALU_DIA_CTL<IFO> (ALU_DIA_CTL<10>)

-~ Illegal Favoer opcode

VCTL_CSR<LSH> (VCTL_CSR<1>)
—— Hard error occurrsd during

Load/Store chip operation
L8X_CCSR<XHE> (Lsx_ccsn<11>)

—p» XMI hard error has occurred

VA MCHK<UNEXPECTED_VECTOR_ACV> Unexpected access violation error
o

mei>-p360B-91

Figure 2-31 Cont’d on next page




KA654 CPU Module

Figure 2-31 (Cont.) Machine Check Parse Tree

—

MCHK_ERROR_ISTREAM (15 hex) (selact one)

I-stream read error

PCSTS<DAL_DATA_PARITY_ERROR> (PCSTS<9>) {(select one)

DAL data parity error
PCSTS<B_CACHE_HIT> (PC8TS<12>)

P Backup cache data parity error on
I~ptream read
otherwise

% Memory datas parity error on
I~stream read

PCSTS<BUS_ERROR> (PCSTS<11>) (select one)

Bus error caused by DAL operation error

SSCBTR<BUS_TIMEOUT> (8SBTR<31>) Transaction failed

due to bus timeout
| SSCBTR<RWT> (SSCBTR<30>)

- MBSC bus timeout on I-stream read

XBER<RSE> (XBER<17>)

- XMI read sequence error on first

quadword of I-stream read
XBER<RER> (XBER<16>)

¥ XMI read error responase on firat
quadword of I-stream read

XBER<STTO> (XBER<13>) Transaction failed due

— (select one) to transaction timeout

XBER<CNAK> (XBER<15>)

> Nonexistent memory (NXM) on
first quadword of I-stream read

XBER<NRR> (XBER<18>) XMI no read reaponse for first
quadword of I-stream read

XBER<PE> (XBER<23>}
—= MAXMI-detected
XMI parity error

otherwise
- No XMI grant to I-stream read
otherwise
Inconsistent status (no error
bits set)
otherwise
- lInconsistent status (no PCSTS
error bits set)
otherwise
— Inconsistent ststus (unknown
machine check code)
NOTES :
{select one) - exactly one case must be true. If 2erc or more
than one is true, the atatus is inconsistent.
(select all) - more than one came may be true.
otherwise - fall-through case for (select one) if no other
optionas are true.
neither ~ fall-through case for (select all) if none of

the options are true.

meb-p362-90
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2.11.4.1 MCHK_FP_PROTOCOL_ERROR

Description: A protocol error was detected by either the MP-chip or the
MF-chip during an operand/result transfer. During a result return, this
machine check is caused by one of these cases:

CPSTA CPDAT

<1:0> <2:0> Detected By
00 XX MP-chip

1" 00X MP-chip

10 000 MF-chip

The error is probably due to a bit flipped on either the CPSTA or CPDAT
signal lines between the MP-chip and the MF-chip during an opcode,
operand, or result transfer.

Recovery procedure: No explicit error recovery is required. If the error
reoccurs, disable the MF-chip by writing a zero to ACCS<MF-Chip
Present>.

Restart condition: Because this error is detected during the execution flow
of an MF-chip instruction, The restart bit (R) in the stack frame should
always be one, PSL<FPD> should always be zero, and XBEER<UWP>
should always be zero. Retry if:

(R=1) AND (PSL<FPD>=0) AND (XBEER<UWP>=0)

2114.2 MCHK_FP_ILLEGAL_OPCODE

Description: An illegal opcode was detected by the MF-chip and reported
during result return. This is nrobably due to a bit flipped on the CPSTA
or CPDAT lines during opcode transfer to the MF-chip.

Recovery procedure: No explicit error recovery is required. If the error
reoccurs, disable the MF-chip by writing a zero to ACCS<MF-Chip
Present>.

Restart condition: Because this error is detected during the execution flow
of an MF-chip instruction, R should always be one, PSL<FPD> should
always be zero, and XBEER<UWP> should always be zero. Retry if:

(R=1) AND (PSL<FPD>=0) AND (XBEER<UWP>=0)
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21143

NOTE:

MCHK_FP_OPERAND_PARITY

Description: A parity error was detected by the MF-chip during an
operand transfer and reported during a result return. Backup cache or
memory parity errors are also detected by the MC-chip, resulting instead
in a MCHK_BUSERR_READ_DAL machine check. This machine check
indicates that the parity error was detected only by the MF-chip, implying
that the MP-chip generated bad parity, or that the MP-chip and the MF-
chip saw different operands or parity from the backup cache or memory.
The error is a function of the data source, which cannot be determined
from the machine check. The possible data sources are:

e GPR

¢ I-stream

e P-cache

e B-cache

¢ Memory

The possible causes are an MP-chip parity checking error, an MF-chip

parity checking error, and an error on the D-bus (the data lines on the
DAL bus) during operand transfer.

It is possible to get this machine check if an MF-chip operand

is read from an IO space location. MP-chip parity checking is
disabled for /O space reads but the MF-chip checks parity for all
operands. Also see Section 2.3.8.

Recovery procedure: No explicit error recovery is required. If the error
reoccurs, disable the MF-chip by writing a zero to ACCS<MF-Chip
Present>.

Restart conditicn: Because this error is detected during the execution flow
of an MF-chip instruction, R should always be one, PSL<FPD> should
always be zero, and XBEER<UWP> should always be zero. Retry if:

(R=1) AND (Puw<FPD>=0) AND (XBEER<UWP>=0)

21144

MCHK_FP_UNKNOWN_STATUS

Description: An unassigned status code was returned by the MF-chip.
This is caused when CPSTA=10 and CPDAT<2:0>=111 appear with the
returned result (from MF-chip to MP-chip). This is probably due to a
bit flipped on the CPSTA or CPDAT lines during result transfer to the
MP-chip.

Recovery procedure: No explicit error recovery is required. If the error
reoccurs, disable the MF-chip by writing a zero to ACCS<1>.
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2-248

Restart condition: Because this error is detected during the execution flow
of an MF-chip instruction, R should always be one, PSL<FPD> should
always be zero, and XBEER<UWP> should always be zero. Retry i.

(R=1) AND (PSL<FPD>=0) AND (XBEER<UWP>=0)

MCHK_FP_RESULT_PARITY

Description: A result data parity error was detected by the MP-chip during
MF-chip result transfer. This is probably due to a bit flipped on the D-bus

Recovery procedure: No explicit error recovery is required. If the error
reoccurs, disable the MF-chip by writing a zero to ACCS<MF-Chip

Restart condition: Because this error is detected during the execution flow
of an MF-chip instruction, R should always be one, PSL<FPD> should
always be zero, and XBEER<UWP> should always be zero. Retry if:

(R=1) AND (PSL<FPD>=0) AND (XBEER<UWP>=0)

Description: During ACV/TNV microcode processing, the MMGT.STATUS
field specified a TB-miss status, which is not possible during ACV/TNV
processing. Probably due to an internal error in the memory management
hardware or in the microbranch logic.

Recovery procedure: No explicit error recovery is required.

Restart condition: This error happens during the microcode processing of
an ACV/TNV exception on any virtual memory reference. Retry if:

((R=1) AND (PSL<FPD>=1)) AND (XBEER<UWP>=0)

21145
or parity lines.
Present>.
2.11.4.6 MCHK_TBM_ACV_TNV
2.11.4.7

MCHK_TBH_ACV_TNV

Description: During ACV/TNV microcode processing, the MMGT.STATUS
bits specified a TB-hit status, which is not possible during ACV/TNV
processing. Probably due to an internal error in the memory management
hardware or in the microbranch logic.

Recovery procedure: No explicit error recovery is required.

Restart condition: This error happens during the microcode processing of
an ACV/TNV exception on any virtual memory reference. Retry if:

((R=1) AND (PSL<FPD>=1)) AND (XBEER<UWP>=0)
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Description: During interrupt processing, the microbranch on the contents
of the INT.ID register resulted in an unexpected interrupt ID. Probably
due to a failure in the interrupt encoding logic or in the microbranch logic.

Recovery procedure: No explicit error recovery is required.

Restart condition: This error can happen during the microcode processing
of an ACV/TNV exception on any virtual memory reference. Retry if:

((R=1) AND (PSL<FPD>=1)) AND (XBEER<UWP>=0)

Description: During the execution of MOVCx, the two state bits that
encode the state of the move (forward, backward, fill) were found set to the
fourth, illegal, combination. Probably due to a failure in the state bit logic
or in the microbranch logic.

Recovery procedure: No explicit error recovery is required.

Restart condition: Because the state bits encode the operation, the
instruction cannot be restarted in the middle of the MOVCx. If software
can determine that no specifiers have been overwritten (MOVCx destroys
RO-R5 and memory due to string writes), the instruction may be restarted
from the beginning by clearing PSL<FPD>. This should be done only if
the source and destination strings do not overlap and if:

(PSL<FPD>=1) AND (XBEER<UWP>=0)

2.11.4.8 MCHK_INT_ID_VALUE
2.11.4.9 MCHK_MOVC_STATUS
2.11.4.10

MCHK_UNKNOWN_IBOX_TRAP

Description: The I-box requested a microtrap to report an illegal
instruction or a reserved operand fault, but the bits that encode the
reason specified an illegal value. Probably due to a failure in the I-box
/E-box interface, or in the microsequencer trap logic.

Recovery procedure: No explicit error recovery is required.

Restart condition: Because this microtrap can only occur at an instruction
boundary, R should always be one, PSL<FPD> should always be zero, and
XBEER<UWP> should always be zero. Retry if:

(R=1) AND (PSL<FPD>=0) AND (XBEER<UWP:>=0)
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2.11.4.11 MCHK_UNKNOWN_CS_ADDR

Description: An unexpected address was reached in the control store.
Probably due to a failure in the microsequencer logic or a microcode bug.

Recovery procedure: No explicit error recovery is required.
Restart condition: Retry if:
((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0)

2114.12  MCKH_BUSERR_READ_PCACHE

One of two errors was detected during a D-stream read that hit in the
P-cache. The P-cache must be enabled to get either the P-cache tag parity
error on D-stream read hit or the P-cache data parity error on D-stream
read hit.

PCSTS<Tag Parity Error> and PCSTS<P Data Parity Error> distinguish
the cases. If neither bit is set, the status is inconsistent, and the read
should not be retried. In both cases, PCERR contains the physical address
of the error.

2.11.4.12.1 PCSTS<P_TAG_PARITY_ERROR>

Description: A P-cache tag parity error was detected on a D-stream read
hit. PCSTS<TRAP1>, PCSTS<Interrupt>, and PCSTS<Tag Parity Error>
should all be set. This error is also reported as a soft error interrupt.

Recovery procedure: Write all P-cache tags with good parity and cleared
valid bits, and perform the full memory error recovery procedures in
Section 2.11.2.3. If the error reoccurs, disable the P-cache.

Restart condition: Retry if

((R=1) OR (PSL<FPD>=0)) AND XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.12.2 PCSTS<P_DATA_PARITY_ERROR>

Description: A P-cache data parity error was detected on a D-stream read
hit. PCSTS<TRAP1> and PCSTS<P DATA PARITY ERROR> should both
be set.

Recovery procedure: Perform the full memory error recovery procedures in
Section 2.11.2.3. if the error reoccurs, disable the P-cache.
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Restart condition: Retry if

((R=1) OR (PSL<FPD>=0)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.13

MCHK_BUSERR_READ_DAL

One of two classes of errors was detected during a D-stream read.
PCSTS<DAL DATA PARITY ERROR> and PCSTS<BUS ERROR>
distinguish the two classes. If neither or both bits are set, the status
is inconsistent and the read should not be retried.

2.11.4.131

PCSTS<DAL_DATA_PARITY_ERROR>

A data parity error was detected during a D-stream read. The source

of the data parity error is either the backup cache or memory and is
distinguished by PCSTS<B CACHE HIT>. In either case, PCERR contains
the physical address of the error.

2.11.4.13.2

PCSTS<B_CACHE_HIT>

Description: A data parity error was detected during a D-stream read
hit in the backup cache. PCSTS<TRAP1>, PCSTS<DAL DATA PARITY
ERROR>, and PCSTS<B CACHE HIT> should all be set.

Recovery procedure: Perform the full memory error recovery procedures in
Section 2.11.2.3. If the error reoccurs, disable the backup cache.

Restart condition: Retry if

((R=1) OR (PSL<FPD>=1)) AND XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.13.3

SSCBTR<RWT>

Description: The MSSC timed out on a D-stream read. SSCBTR<RWT>,
SSCBTR<BTO>, PCSTS<BUS ERROR>, and PCSTS<TRAP1> should all
be set. PCERR contains the physical address of the error. This error is
due to either a reference to a reserved address or an address parity error.
On an address parity error, BCSTS<AC PERR> and/or XBEER<ACPE>
will be set.

Recovery precedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform the full memory error recovery procedures in Section 2.11.2.3.
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Restart condition: This siror may cause other XMI nodes to experience
XMI timeouts because writeback and invalidates cannot be performed
by the MC-chip while it is waiting for the MSSC to time out a DAL
transaction. Retry may or may not be desirable. Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.13.3.1 BCSTS<AC PERR>

Description: The MC-chip detected an internal parity error on a D-
stream read. PCSTS<BUS ERROR>, PCSTS<TRAP1>, BCSTS<ERR
SUMMARY>, and either BCSTS<BTS TPERR> and/or BCSTS<BTS
VDPERR> shculd be set. BCSTS<DAL CMD> must be a read,
BCSTS<DMG L> and BCSTS<SYNC L> must be set, BCSTS<OREAD
PENDING> must be clear, and BCERA must match PCERR. Otherwise,
the status is inconsistent and the error should not be retried. BCERA and
PCERR contain the physical address of the error.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform the error recovery procedure in Section 2.11.2.3.

Restart condition: Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.13.3.2 XBEER<ACPE>

Description: The MAXMI and/or MC-chip detected an address/command
parity error on a DAL command. XBEER<ACPE> and/or BCSTS<AC
PERR> should be set. Probably due to a bit flipped on the A bus or
command lines. When either the MAXMI or the MP-chip detect an address
/command parity error, they ignore the transaction. This err~r can also be
reported as an MSSC bus timeout. The source of the error is determined
by the state of these bits:

PCERR<PHYS A DAL problem exists while attempting to do a read operation. The

ADDR = VO> MP-chip requested an I/O location from the XMl bus. A valid VO
location indicates a CPU module or node problem. An invalid VO
location indicates a CPU module or software problem.

PCERR<PHYS A DAL problem exists while attempting to do a read operation.

ADDR = The MP-chip requested a memory location from the XM! bus. A

MEMORY > valid I/O location indicates a CPU module or memory problem. An
invalid /O location indicates a CPiJ module or software problem.

Recovery procedure: Clear all error bits in XBEER and BCSTS.
Restart condition: Retry is not possible,
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SSCBTR<RWT>

Description: The MSSC timed out on a D-stream read. SSCBTR<RWT>,
SSCBTR<BTO>, PCSTS<BUS ERROR>, and PCSTS<TRAP1> should all
Le set. PCERR contains the physical address of the error. This error is

due to either a reference to a reserved address or an address parity error.

On an address parity error, BCSTS<AC PERR> and/or XBEER<ACPE>
will be set.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform the full memory error recovery procedures in Section 2.11.2.3.

Restart condition: Thia error may cause other XMI nodes to experience
XMI timeouts because writeback and invalidates cannot be performed
by the MC-chip while 1t is waiting for the MSSC to time out a DAL
transaction. Retry may or may not be desirable. Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.13.4.1

XBER<ERR SUMMARY>

Description: The state of this bit represents the logical OR of the error bits

in this register. This bit is asserted if any error bit is asserted and cleared
when all error bits are cleared.

The source of the error is determined by the state of these bits:

XBER<TTO> The first quadword of read data was not returned before the MAXMI
timeout expired. XBER<NRR> or XBER<CNAK> should also be
set in the normal case. If neither bit is se?, the MAXMI was never
granted the XMi for the read command. PCSTS<BUS ERROR>,

PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Fill
Abort> should all be set.

XBER<RER> The first quadword of read data was returned with an RER
response, indicating that the memory got a double-bit error
reading the array. Probabily not recoverable, but it is possible.
PCSTS<BUS ERROR>, BCSTS<TRAP1>, BCSTS<ERR
SUMMARY>, and BCSTS<Fill Abort> should all be set.

XBER<RSE> The first quadword of read data was retumned with the wrong
sequence number. Probably due to a parity error on the returned
data. If so, XBER<PE> will also be set. PCSTS<BUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Fill
Abort> £ ould all be set.
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XBER<CNAK> The read data command was NO ACKed by the XM} and
retry failed (if retry was enabled). Probably indicates a read to
nonexistent memory (NXM). XBER<TTO>, PCSTS<BUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY >, and BCSTS<Status
Lock> should all be set. K this is a real NXM, retry will not succeed
and should not bue attempted if NXMs are expected. it NXMs are
not expected and retry is desired, retry under the conditions stated
above.

XBER<NRR> The first quadword of read data was not returned before the
MAXMI timout expired. The read command was ACKed on
the XMI, so thiz is not an NXM. NRR probably set because
of a parity arror on the returned data (XBER<PE> will also be
set). XBER<TTO>, PCSTS<BUS ERROR>, PCSTS<TRAP1>,
BCUSTS<ERR SUMMARY >, and BCSTS«Fill Abort> should all ba
sel.

XBER<PE> The MAXMI detected a parity error on an XMl c¢ycle. The
command sent was acknowledged, but data was never
returned to the CPU. XBEER<MDAXPE> or XBEER<MCAXPE>
and XBER>BITMAP>(ES) should be set. it appropriate,
XBER>BITMAP>(IPE) is also set.

XBEER<OLR> Lockout responses were received while attempting to do a read-
type transaction. This is duz to faliure of the lockout mechanism
to provide access to an interiock or the ownership of a memory
location. if OLR is sat, XBER<TTO> is also set.

Recovery procedure: Perform the full memory error recovery procedures
described in Section 2.11.2.3.

Restart condition: Retry if:

((R=1) OR (PSL<FPD>=1)) AND XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

unless atated otherwise above.

2.11.4.13.4.2 BCSTS<TP_ERR>

Description: The backup (secondary) cache chip detected a tag parity error.
This bit sets when a parity error occurs in the tag entry as a result of the
last access of the tag store. This bit sets only when BCCTL<ENABLE
BTS> is set and BCCTL<FORCE BHIT> is not set.

Recovery procedure: Clear BCSTS<TP_ERR> and BCCTL<ENABLE BTS>.
Restart condition: Do not attempt retry.
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2.11.4.13.4.3 BCSTS<BTS_VDPERR>

Description: The backup (secondary) cache chip detected a valid/dirty
parity error. This bit sets when a parity error occurs in the valid/dirty
part of the tag entry as a result of the last access of the tag store. This bit
sets only when BCCTL<ENABLE BTS> is set and BCCTL<FORCE BHIT>
is not set.

Recovery procedure: Clear BCSTS<TP_ERR> and BCCTL<ENABLE BTS>.
Restart condition: Do not attempt retry.

2.11.4.14

MCHK_BUSERR_WRITE_DAL

Description: A DAL write or clear write buffer transaction was terminated
with the ERR L signa! asserted. The MSSC timed out a write or clear
write buffer transaction. SSCBTR<RWT>, SSCBTR<BTO>, PCSTS<BUS
ERROR>, and PCSTS<TRAP1>, should all be set. This error is due to
either a reference to a reserved address or an address parity error. On an
address parity error, BCSTS<AC PERR> and/or XBEER<ACPE> will be
set.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>.
Then perform the full memory error recovery procedures described in
Section 2.11.2.3.

Restart condition: Do not attempt retry. The error is reported after
the instruction that issued the write is completed. Since no address is
available, the error is considered to be systemwide.

2.11.4.141

SSCBTR<BUS_TIMEOUT>

Description: A CPU transaction timed out and terminated with the ERR
L signal asserted. If a CPU read, write, or clear write buffer command is
timed out, this bit and SSCBTR<RWT> are set. For IPR reads and writes,
only this bit sets.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform the full memory error recovery procedures in Section 2.11.2.3.

Restart condition: This error may cause other XMI nodes to experience
XMI timeouts because writeback and invalidates cannot be performed
by the MC-chip while it is waiting for the MSSC to time out a DAL
transaction. Retry may or may not be desirable. Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)
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2.11.4.14.110

SSCBTR<RWT>

Description: The MSSC timed out on a D-stream read. SSCBTR<RWT>,
SSCBTR<BTO>, PCSTS<BUS ERROR>, and PCSTS<TRAP1> should all
be set. PCERR contains the physical address of the error. This error is
due to either a reference to a reserved address or an address parity error.
On an address parity error, BCSTS<AC PERR> and/or XBEER<ACPE>
will be set.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform: the full memory error recovery procedures in Section 2.11.2.3.

Restart condition: This error may cause other XMI nodes to experience
XMI timeouts because writeback and invalidates cannot be performed
by the MC-chip while it is waiting fer the MSSC to time out a DAL
transaction. Retry may or may not be desirable. Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.14.1.1.1BCSTS<AC PERR>

Description: The MC-chip detected a command/address parity error on a
DAL command. Either XBEER<ACPE> and/or BCSTS<AC PERR> will
be set. Probably due to a flipped bit on the A bus or CMD lines. The
MC-chip will ignore the transaction when this error occurs. This error
may also be reported as an MSSC bus timeout.

Recovery procedure: Clear all error bits in XBEER and BCSTS.

Restart condition: No retry is possible because this error could indicate a
failed write.

2.11.4.14.1.1.2XBEER<ACPE>
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Description: The MAXMI and/or MC-chip detected an address/command
parity error on a DAL command. XBEER<ACPE> and/or BCSTS<AC
PERR> should be set. Probably due to a bit flipped on the A bus or
command lines. When either the MAXMI or the MP-chip detect an address
/command parity error, they ignore the transaction. This error can also be
reported as an MSSC bus timeout. The source of the error is determined
by the state of these bits:

XBEER<PHYS A CPU write command did not complete its operation. Since

ADDR = /O> thera ware no internai bus timeouts, a nonexistent address was
accessed. A valid VO location indicates a node problem. An invalid
/O location indicates a CPU address or software problem.
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XBEER<PHYS A CPU write command did not complete its operation. Since

ADDR = there were no internal bus timsouts, a nonexistent address was

MEMORY > accessed. A valid memory location indicates a node problem.
An invalid memory location indicates a CPU address or software
problem.

Recovery procedure: Clear all error bits in XBEER and BCSTS.
Restart condition: Retry i8 not possible.

2.11.4.14.2

BCSTS<ERR_SUMMARY>

Description: ERR SUMMARY sets whenever any of the following sets:
e BCSTS BTS TPERR (bit <1>)

e BCSTS BTS VDPERR (bit <2>)

o BCSTS I PERR <1:0> (bits <5:4>)

* BCSTS FILL ABORT (bit <6>)

o BCSTS AC PERR (bit <7>)

s BCSTS SECOND ERR (bit <8>)

When ERR SUMMARY sets, the MC-chip is forced into ETM. ERR
SUMMARY clears when all the error bits are cleared.

Recovery procedure: Clear all error bits to clear BCSTS<ERR
SUMMARY>.

Restart condition: Retry is not possible.

2.114.15

Other MAXMI-Detected Errors

Description: The MAXMI detected an error during an XMI transaction.
The state of these bits determine the various cases:

XBER<TTO> The first quadword of read data was not returned before the MAXMI
timecut expired. XBER<NRR> or XBER<CNAK> should also be
sat in the normal case. H neither bit is set, the MAXMI was never
granted the XMl for the read command. PCSTS<BUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Fil!
Abort> should all be set.

XBER<CNAK> The read data command was NO ACKed by the XM! and
retry failed (it retry was enabled). Probably indicates a read to
nonexistent memory (NXM). XBER<TTO>, PCSTS<BUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Status
Lock> should all be set. If this is a real NXM, retry will not succeed
and should not be attempted if NXMs are expected. li NXMs are

not expected and retry is desired, retry under the conditions stated
above.

2-257



KAG65A CPU Module

XFADR<PHYS A CPU write command did not complete its operation. Since there

ADDR = VO> were o internal bus timeouts, 2 nonexistent address was accessed.
A valid V'O location indicates a node problem. An invalid I/O location
indicates a CPU address or software problem.

XFADR<PHYS A CPU write command did not complete its operation. Since there

ADDR = were no internal bus timeouts, a nonexistent address was accessed.

MEMORY > A valid memor, location indicates a node problem. /.n invalid
memory loce ..n indicates a CPU address or software problem.

XBER<WDNAK> The write data cycle was NO ACKed by the XMI and all retries failed.
XBER<TTO> should also be set.

Recovery procedure: Clear all error bits in XBER.

2.11.4.15.1 BCSTS<ERR_SUMMARY>

Description: ERR SUMMARY sets whenever any of the following sets:
* BCSTS BTS TPERR (bit <1>)

¢ BCSTS BTS VDPERR (bit <2>)

o BCSTS I PERR <1:0> (bits <5:4>)

e BCSTS FILL ABORT (bit <6>)

¢ BCSTS AC PERR (bit <7>)

e BCSTS SECOND ERR (bit <8>)

When ERR SUMMARY sets, the MC-chip is forced into ETM. ERR
SUMMARY clears when all the error bits are cleared.

Recovery procedure: Clear all error bits to clear BCSTS<ERR
SUMMARY>.

Restart condition: Retry is not possible.

2.11.4.15.1.1 BCSTS<TP_ERR>

Description: The backup (secondary) cache chip detected a tag parity error.
This bit sets when a parity error occurs in the tag entry as a result of the
last access of the tag store. This bit sets only when BCCTL<ENABLE
BTS> is set and BCCTL<FORCE BHIT> is not set.

Recovery procedure: Clear BCSTS<TP_ERR> and BCCTL<ENABLE BTS>.
Restart condition: Do not attempt retry.
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2.11.4.15.1.2 BCSTS<BTS_VDPERR>

Description: The backup (secondary) cache chip detected a valid/dirty
parity error. This bit sets when a parity error occurs in the valid/dirty
part of the tag entry as a result of the last access of the tag store. This bit
sets only when BCCTL<ENABLE BTS> is set and BCCTL<FORCE BHIT>
is not set.

Recovery procedure: Clear BCSTS<TP_ERR> and BCCTL<ENABLE BTS>.
Restart condition: Do not attempt retry.

MCHK_UNKNOWN_BUSERR_TRAP

Description: The bus interface unit (BIU) requested a microtrap to report
a cache or bus error, but the bits that encode the reason specified an illegal
value. Probably due to a failure in the BIU or microsequencer trap logic.

Recovery procedure: No explicit error recovery is required.
Restart condition: Retry should not be attempted because this error may

Description: A vector processor related error was detected and reported to
the scaiar processor. There are two classes of errors: VIB related errors
reported by the MC-chip and vector processor related errors. See also

Recovery procedure: In general, a MCHK_VECTOR_STATUS machine

Restart condition: Retry should not be attempted. Reset and initialize the

2.11.4.16
be masking a write error.
2.11.4.17 MCHK_VECTOR_STATUS
Section 3.9.1.
check is not recoverable.
vector processor module.
2.11.4.47.1

VA MCHK<UNCORRECTABLE_ViB>

Description: The CPU detected an uncorrectable VIB error and flagged
it executing machine checks. The state of this error is determined by the
errors listed below.
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2.11.4.17.1.1 VINTSR<VEC MODULE ABSENT>

Description: The MC-chip has detected that the vector module is not
installed properly or is not present.

Recovery procedure: This error is caused by on-: of three components: the
vector module, the CPU module, or the vector cable. Check the vector
cable first to be sure that it is connected properly. Then examine the CPU
module and/or vector module for defects.

Restart condition: Retry can be attempted if the recovery procedure is
successful.

2.11.4.17.1.2 VINTSR<VECTL VIB HERR>

Description: The VECTL detected an unrecoverable command or write
data parity error during a VIB transaction. VINTSR<VECTL VIB HERR>
should be set.

Recovery procedure: Perform the full vector error recovery described in
Section 2.11.2.3.

Restart condition: Since hardware retry already failed, communication
with the vector module is no longer possible and no retry should be
attempted. An image exit should be forced on the process executing in the
vector module at the time of the error.

2.11.4.18 VINTSR<CCHIP ViB HERR>

Description: The MC-chip detected an unrecoverable data parity error
during a VIB read transaction. VINTSR<CCHIP VIB HERR> should be
set.

Recovery procedure: Perform the full vector error recovery described in
Section 2.11.2.3.

Restart condition: Since hardware retry already failed, communication
with the vector module is no longer possible and no retry should be
attempted. An image exit should be forced on the process executing in the
vector module at the time of the error.

2.11.4.19 VINTSR<BUS TIMEOUT>

Description: The MC-chip detected the assertion of the ERR L signal
while holding a vector EPR read transaction on the DAL. This error may
be due to an insufficient timeout value in the MSSC timeout register.
VINTSR<Bus Timeout> and SSCBTR<BTO> should both be set.
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Recovery procedure: Perform the full vector error recovery described in
Section 2.11.2.3. Then clear SSCBTR<BTO>.

Restart condition: Since a DAL vector EPR transaction was terminated
before the corresponding VIB transaction completed, the VIB is in an
inconsistent state and no retry should be attempted. An image exit should
be forced on the process executing in the vector module at the time of the
error.

VINTSR<VECTOR MODULE RESET>

Description: The MC-chip has detected that an external processor read
operation on the Vector Interface Bus (VIB) was in progress while the

Recovery procedure: This problem can be caused by the vector not
initializing properly, the reset function failing, or the software not waiting
long enough between cycles to attempt vector transactions. The first

two problems can be fixed by replacing the CPU or vector modules. The
software problem requires additional software support.

Restart condition: Retry can be attempted if the recovery procedure is

2.11.4.19.1
vector module was reset.
auccessful.

2.11.4.19.2 NON_VALID VA FIX

Description: The CPU detected vector errors and flagged them by
executing machine checks. The state of these bits determine the various
cases:

VPSR<IMP> The vector processor is disabled due to a hardware error.
VCTL_CSR<CDH> The VECTL ¢*~ ‘ound an urrecoverable parity error
on the VIB. " .« =07 is not racovered by retrying the
transaction.
VCTL_CSR<!SE> An illegal sequence occurred. The following sequerices
set this bit:
lliegal instruction issue sequence
lllegal VIB command
Asserting Load/Store exception after MMOK
VCTL_CSR<VHE> The Verse chip detected a hard error condition and
reported it to the VECTL chip.
ALU_DIA_CTL<ABE> A parity error was detected during an AB bus transfer.
ALU_DIA_CTL<CPE> A parity error was detected during a C bus transfer.
ALU_DIA_CTL<IFO> An illegal Favor opcode was transmitted.
VCTL_CSR<LSH> A hard error conditi. .1 occurred during an operation being

performed by the Load/Store chip. The cause is stored
in the status registers in the Load/Store chip.

LSX_CCSR<XHE> An XMI hard error has occurred.

Recovery procedure: Clear all error bits to clear the errors.
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Restart condition: Retry is not possible.

2.11.4.19.3

VA MCHK<UNEXPECTED_VECTOR_TNV>

Description: The MC-chip detected an unexpected translation not valid
(TNV) vector ervor. This is a programming error.

Recovery procedure: Clear all error bits to clear this error.

Restart condition: Retry is possible.

2.11.4.19.4

VA MCHK<UNRECOVERABLE_VECTOR_MODULE_ERR>

Description: The vector module detected an unrecoverable internal error.
VINTSR<VECTOR HERR> should be set. The VECTL CSR is returned
in bits<31:9> and bits<6:0> of the VA longword in the machine check
stack frame and indicates the source of the error. Other vector module
registers may contain additional information. Refer to Chapter 3 for a list
of possible errors. The state of these bits determine the various cases:

VPSR<IMP> The vactor processor is disabled due to a hardware error.

VCTL_CSR<CDH> The The VECTL chip found an unrecoverable parity error
on the VIB. The error is not recovered by retrying the
transaction.

VCTL_CSR<ISE> An illegal sequence occurred. The following sequences
set this bit:

llegal instruction issue sequance
llegal VIB command
Asserting Load/Store exception after MMOK

VCTL_CSR<VHE> The Verse chip detected a hard error condition and
reported it to the VECTL chip.

ALU_DIA_CTL<ABE> A parity error was detected during an AB bus transfer.

ALU_DIA_CTL<CPE> A parity error was detected during a C bus transfer.

ALU_DIA_CTL<IFO> An illegal Favor opcode was transmitted.

YCTL_CSR<LSH> A hard error condition occurred during an operation being

performed by the Load/Store chip. The cause is stored
in the status registers in the Load/Store chip.

LSX_CCSR<XHE> An XMI hard error has occurred.
Recovery procedure: Clear all error bits to clear the errors.

Restart condition: Retry is not possible.
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211.4.19.5

VA MCHK<UNEXPECTED_VECTOR_ACV>

Descriptinn: The MC-chip detected an unexpected access violation (ACV)
vector err.'r. This is a programming error.

Recovery procedure: Clear all error bits to clear this error,

Restart condition: Retry is possible.

2.11.4.20

MCHK_ERROR_ISTREAM

Description: The MP-chip has detected an I-stream read error. This error
is generated internally in the CPU module.

Recovery procedure: No explicit error recovery is required. Replacing the
CPU module should fix the problem.

Restart condition: Retry is possible.

2.11.4.20.1

PCSTS<DAL_DATA_PARITY_ERROR>

A data parity error was detected during an I-stream read. Te source

of the data parity error is either the backup cache or memory and is
distinguished by FCSTS<B CACHE HIT>. In either case, PCERR contains
the physical address of the error.

2.11.420.1.1

PCSTS<B_CACHE_HIT>

Description: A data parity error was detected during an I-stream read
hit in the backup cache. PCSTS<TRAP1>, PCSTS<DAL DATA PARITY
ERROR>, and PCSTS<B CACHE HIT> should all be set.

Recovery procedure: Perform the full memory error recovery procedures in
Section 2.11.2.3. If the error reoccurs, disable the backup cache.

Restart condition: Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.20.1.2

Memory Data Parity Error on |-Stream Read

Description: A memory data parity error was detected during an I-stream
read. An actual memory parity error would be reported as a bus error,
described next. This error implies that the parity went bad between

the MAXMI and the MP-chip. PCSTS<TRAP1> and PCSTS<DAL DATA
PARITY ERROR> should both be set. PCSTS<B CACHE HIT> should be
cleared.
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Recovery procedure: Perform the full memory error recovery procedures in
Section 2.11.2.3.

Restart condition: Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.20.2 PCSTS<BUS_ERROR>

A bus error was detected during an I-stream read. The I-stream read
transaction was terminated with the ERR L signal asserted. The error
source is determined by the state of SSCBTR<RWT>. The backup cache
must be enabled and the reference must be a non-I/O space address for
BCSTS to log the error.

2.11.4.20.2.1 SSCBTR<BUS_TIMEOUT>

Description: A CPU transaction timed out and terminated with the ERR
L signal asserted. If a CPU read, write, or clear write buffer command is
timed out, this bit and SSCBTR<RWT> are set. For IPR reads and writes,
only this bit sets.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform the full memory error recovery procedures in Section 2.11.2.3.

Restart condition: This error may cause other XMI nodes to experience
XMI timeouts because writeback and invalidates cannot be performed
by the MC-chip while it is waiting for the MSSC to time out a DAL
transaction. Retry may or may not be desirable. Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

2.11.4.20.2.2 SSCBTR<RWT>

Description: The MSSC timed out on an I-stream read. SSCBTR<RWT>,
SSCBTR<BTO>, PCSTS<BUS ERROR>, and PCSTS<TRAP1> should all
be set. PCERR contains the physical address of the error. This error is
due to either a reference to a reserved address or an address parity error.
On an address parity error, BCSTS<AC PERR> and/or XBEER<A “PE>
will be set.

Recovery procedure: Clear SCCBTR<RWT> and SSCBRT<BTO>. Then
perform the full memory error recovery procedures in Section 2.11.2.3.

2-264



KA65A CPU Module

Restart condition: This error may cause other XMI nodes to experience
XMI timeouts because writeback and invalidates cannot be pe.ormed
by the MC-chip while it is waiting for the MSSC to time out a DAL
transaction. Retry may or may not be desirable. Retry if:

((R=1) OR (PSL<FPD>=1)) AND (XBEER<UWP>=0) AND
(PCSTS<TRAP2>=0)

The source of the error is determined by the state of these bits:

XBER<RSE>

XBER<RER>

XBER<TTO>

XBER<CNAK>

XBER<NRR>

XBER<PE>

The first quadword of read data was returned with the wrong
sequence number. Probably due to a parity error on the returned
data. If so, XBER<PE> will also be set. PCSTS<BIUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Fill
Abort> shouid all be set.

The first quadword of read data was returned with an RER
response, indicating that the memory got a double-bit error
reading the array. Probably not recoverable, but it is possible.
PCSTS<BUS ERROR>, BCSTS<TRAP1>, BCSTS<ERR
SUMMARY>, and BCSTS<Fill Abort> should all be set.

The first quadword of read data was not returned before the MAXMI
timeout expired. XBER<NRR> or XBER<CNAK> should also be
set in the normal case. If neither bit is set, the MAXMI was never
granted the XMI for the read command. PCSTS<BUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Fill
Abort> should all be set.

The read data command was NO ACKed by the XM and

retry failed (if retry was enabled). Probably indicates a read to
nonexistent memory (NXM). XBER<TTO>, PCSTS<BUS ERROR>,
PCSTS<TRAP1>, BCSTS<ERR SUMMARY>, and BCSTS<Status
Lock> should all be set. i this is a real NXM, retry will not succeed
and should not be attempted if NXMs are expected. f NXMs are
not expected and refry is dasired, retry under the conditions stated
above.

The first quadword of read data was not returned before the
MAXMI timout expired. The read command was ACKed on

the XM, so this is not an NXM. NRR probably set because

of a parity error on the returned data (XBER<PE> wili also be
set). XBER<TTO>, PCSTS<BUS ERROR>, PCSTS<TRAP1>,
BCSTS<ERR SUMMARY>, and BCSTS<Fill Abort> should all be
set.

The MAXMI detected a parity srror on an XMI cycle. The
command sent was acknowledged, but data was never
relurned to the CPU. XBEER<MDAXPE> or XBEER<MCAXPE>
and XBER>BITMAP>(ES) should be set. If appropriate,
XBER>BITMAP>(IPE) is also set.
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2.11.5 Power Fail Interrupt

2-266

Power fail interrupts are requested by the XTC power sequencer to report
an imminent loss of power to the CPU module.

Power fail interrupts are requested at IPL 1E (hex) and are dispatched
through SCB vector 0C (hex). The stack frame for a power fail interrupt is
shown in Figure 2-2.

The VAX 6000 Model 500 supports the standard XMI time of 4
milliseconds to execute the software necessary to save processor state
for systems without a battery backup unit; software has 500 milliseconds
to save processor state in systems with battery backup.




2.11.6 Hard Error Interrupt

KAG65A CPU Module

Software must flush the cache to memory in the power fail service routine
since backup cache state is not saved across a power fail. This routine is:

BCCTL := ENABLE_BTS + BTS_ERROR_TRAN + FORCE.BHIT

FOR i := 0 to 40956 DO

BEGIN

BCIDX =i * 128;
BCDET :=0;

BCBTS := %x00000300;
END;

In a system without a battery backup unit, software may not have time to
flush the entire cache to memory.

A hard error interrupt reports an error that was detected asynchronously
with instruction execution.

A hard error interrupt results in an interrupt at IPL 1D (hex) being
dispatched through SCB vector 60 (hex). Typically, these errors indicate
that machine state has been corrupted and that a retry is not possible.
The stack frame for a hard error interrupt is shown in Figure 2-2.

Figure 2-32 contains the hard error interrupt parse tree, which indicates
the causes of each hard error interrapt. For those hard error interrupts
that have multiple causes, the registers and bits that isolate the cause are
listed. The seciions following the parse iree provide a description of the
hard error, the procedure tc recover, and the conditions for restarting the
operation.
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Figure 2-32 Hard Error interrupt Parse Tree

——1 {salect all)

HBERCWEI> {XBER<25>)

> WE IVINTR received

XBEER<WTBDATAX> (XBEER<17> if x=0; XBEER<25> 1f xal)

- Uncorrectable cache RECC error
detected, memory location
tagged bad

XBEER<WSQEX> {(XBEER<18> if x=0; XBEER<26> if xwl)
- Sequence error detected on the
DAL during a writeback

XBEER<RTTOX> (XBEER<16> if x=0; XBEBR<24> if xw=])
(sealect ons) XMI writeback erzor

—~

XBEER<WCNAKX> (XBEER<14> if x=0; XBRER<22> if x=l)
= NXM on writeback

XBEERCWWDNAKX> (XBRER<15> if xe0; XBRER<23> if x=]l)
—» Data NO ACK on write

octherwise

- No XMI grant on writeback

XBRER<WSBROX> (XREBR<13> if x=0; XBEER<21> if xw=])
—i»- Second writeback error
detected on same commander ID

BCS8T3<BTS8 TPERR> and/or BCSTB<BTB VDPERR>
(BCSTB<1> and/or BCS8TS<2>)
— (select one)

BCSTS<IBUS CYCLE> (BCSTS8<20>)
- Internal parity error on
invalidate

BCSTS<DAL CMD> = cache fill and BCSTB<DMG> = 0
(BCB8TB<2%5:22> » cache fill and BCBT8<26> = 0)

- Internal parity error on cache
£i1l

BCSTS<DAL CMD> = invalidate or writeback and BCSTS<DMG> = 0

(BC8ST8<425:22> = invalidate or writeback and BCSTB8<26> = 0)

~» Internal parity error on
invalidate or writeback

BCS8TB<I PER<1:0> (BC8TS8<5:4>)

# Inval-Buas parity ezror

BCSTE<FILL ABORT> (BCBTS<6>)
— Cache f£ill abort: received

XBER<R3E> (XBER<17>)

# XMI read sequence error on return
of interrupt vector

XBER<RER> (XBER<16>)
—# XMI read error response on return
of interrupt vector

mab~p3638-91

Figure 2-32 Cont'd on next page
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Figure 2-32 (Cont.) Hard Error Interrupt Parse Tree

XBER<TTO> (XBER<13>) Transaction failed
(sslect one) due to timesout

XBER<CNAK> {XBER<15>)
= No adapter ACK to IDENT

XBER<NRR> {XBER<18>)
~——® XMI no rezd response to IDENT

otherwise

—= Ho XMI grant on IDENT

BCSTS8<AC PERR> (BC8T8<T>)

> Command/address parity error

BCSTS8<SRCOND ERR> (BCS8T8<8>)

— gSecond error

XBER<PE> (XBER<23>) (select one) XMI parity error

—_—

XBER<IPE> (XBER<24>)

—3 ACKed parity error

otherwise

—# Inconsistent status (PE not
aet)
XBEER<WDPE> {XBEER<30>)

= DAL write data parity error
XBEER<ACPE> (XBEEBR<29>)

— Command/address parity error

XBEER<URM> (XBEER<2>)

- Unexpected read resaponse

VINTSR<VHE> (VINTBR<2>)

- Yector module hard error

VINTSR<VECTL VIB HERR> (VINTBR<4>)
- VECTL detected VIB hard error

VINTSR<CCHIP VIB HERR> (VINTSR<6>)
— MC~chip detected VIB hard error

VINTSR<BUS TIMEOUT> (VINTBR<T7>)
—- MC~chip DAL timeout on vector
operation

mab-p364B-91

Figure 2-32 Cont’d on next page
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Figure 2-32 (Cont.) Hard Error interrupt Parse Tree

Y
XFAER<FCMD> = IDENT (XFARR~31:28> = IDENT)
———l (seslect one)

XBER<RSE> (XBEBR<17>)
—= XMI read soquence error on return
of interrupt vector

XBER<RER> (XBER<16>)
—® XMI read urror responge on return
of interrupt vector

XBER<TTO> (XBER<13>) Transaction failed due to
—— (select one) a transaction timeocut

XBER<CNAK> (XBER<15>)
- No adapter ACK to IDBNT

XBER<KER> (XBRER<18>)

¥ XMI no read response to IDENT

XBEER<OLR> (XBEER<1l>)
- XMI no read response to IDENT

otherwise
- No XMI grant on IDENT
otherwise
- Inconsistent status (no XBER
error bits aset)
otherwise

~ Inconsistent statua (machine
check during error interrupt)

NOTES:

(select one) -~ exactly one case must be true. If zero or more
than one is true, the status is inconsistent.

{select all) - more than one case may be true.

otherwise ~ fall-through case for (select one) if no other
options are true.

msb-p365B-91

2.116.1 XBER<WEI>

Description: An XMI write error IVINTR command was received by the
MAXMI. XBER<WEI> indicates this condition. ‘WE]s are generated by
other nodes, so the interrupt source (for example, the DWMBB) must be
examined to determine if recovery is possible.

Recovery procedure: Clear all error bits in XBER.
Restart condition: Retry is not possible.
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2.11.6.2

XBEER<WTBDATAx> and XBEER<WSQEx>

Description: The MAXMI detected an error on the DAL during a
writeback. The source of the error is distinguished by bits in XBEER,
as shown:

XBEER<WTBDATAx> An uncorrectable (multiple-bit) ECC error was detected by
the MAXMI on a writeback transaction. This error is due
to a cache RAM failure, an interconnect failure, or a parity
error on an MP-chip write. Parity errors on writes can be
distinguishad from other errors since the MAXMI inverts all
six ECC bits for any byte with a parity srror on a write and
allows the bad parity to be written into the cache.

XBEER<WSQEx> The second, third, or fourth quadword of a writeback on the
DAL did not complete successtuily due to a command/
address parity error.

1]
XBEER<WFDQO> and XBEER<WFDQ1> indicate where the date, parity,

and ECC for this error are stored in the FDALn registers. WFADRn
contains ihe physical address of the write that caused the error. The
MAXMI issues an XMI Tag Bad Data transaction to memory to mark this
memory location bad.

Recovery procedure: Clear all error bits in XBEER.

Restart condition: No retry is possible because this error indicates a failed
write. Software must determine if the error is limited to a process or if the
entire system is affected.

21163

XBEER<WTTOx>

Description: The MAXMI detected an XMI error during an XMI Disown
Write transaction. The source of the error is distinguished by bits in
XBEER, as follows:

XBEER<WTTOx> A Disown Write was not completed on the XMI before
the MAXMI timeout expired. XBEER<WCNAKx> or
XBEER<WWDNAKx> -hould also be set. If neither bit is

set, the MAXMI was never granted the XMl for the Disown
Write.

XBEER<WCNAKx> The Disown Write command was NO ACKed on the XMi and
retry failed. This does not indicate an NXM since the block
must have been read from memory in order for the MC-chip
1o start a writeback. XBEER<TTO> should also be set.

XBEER<W'VDNAKx>  The write data cycle was NO ACKed by the XMI and all
retries failed. XBEER<TTO> should aiso be set.

WFADRn contains the physical address of the write that caused the error.
Recovery procedure: Clear all error bits in XBEER.

Restart condition: No retry is possible because this error indicates a failed
write. Software must determine if the error is limited to a process or if the
entire system is affected.

2-2Mm



KAG5A CPU Module
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Description: The MAXMI detected a second writeback error before the first
error was serviced. XBEER<WSEOn> will be set.

Recovery procedure: Clear all bits in XBEER.
Restart condition: This error indicates that multiple writes have failed,

Description: The backup (secondary) cache chip detected a tag parity error.
This bit sets when a parity error occurs in the tag entry as a result of the
last access of the tag store. This bit sets only when BCCTL<ENABLE
BTS> is set and BCCTL<FORCE BHIT> is not set.

Recovery procedure: Clear BCSTS<TP_ERR> and BCCTL<ENABLE BTS>.
Restart condition: Do not attempt retry.

Description: The backup (secondary) cache chip detected a valid/dirty
parity error. This bit sets when a parity error occurs in the valid/dirty
part of the tag entry as a result of the last access of the tag store. This bit
sets only when BCCTL<ENABLE BTS> is set and BCCTL<FORCE BHIT>

Recovery procedure: Clear BCSTS<TP_ERR> and BCCTL<ENABLE BTS>.
Restart condition: Do not attempt retry.

21164 XBEER<WSEOx>
and retry is not possible.
21165 BCST5<BTS TPERR>
2.11.6.6 BCSTS<BTS VDPERR>
is not set.
2.11.6.6.1 BCSTS<IBUS CYCLE>

Description: The MC-chip detected an internal parity error on an
invalidate lookup. BCSTS<BTS TPERR> and/or BCSTS<BTS VDPERR>
will be set. BCSTS<IBUS CYCLE> distinguishes this error from other
internal parity errors. BCERA contains the physical address of the lookup,
and BCERT contains the failing tag entry.

Recovery pr.-edure: Perform the full memory errcr recovery procedures
described in Section 2.11.2.3. If the error reoccurs, disable the backup
cache.

Restart condition: Other XMI nodes may experience XMI timeouts if a
writeback is delayed because of this error.
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2.11.6.6.2 BCSTS<DAL CMD> = Cache Fill

Description: The MC-chip detected an internal parity error while
attempting to set the valid and/or dirty bit at the end of a cache fill
sequence. BCSTS<BTS TPERR> and/or BCSTS<BTS VDPERR> will be
set. BCSTS<DAL CMD> = cache fill and BCSTS<DMG> = 0 distinguish
this error from other internal parity errors. BCERA contains the physical
address of the fill, and BCERT contains the failing tag entry. Correct data
is always loaded into the cache during this error.

Recovery procedure: Perform the full memory error recovery procedures
described in Section 2.11.2.3. If the error reoccurs, disable the backup
cache.

Restart condition: Other XMI nodes may experience XMI timeouts if a
writeback is delayed because of this error.

2.11.6.6.3 BCSTS<DAL CMD»> = Invalidate or Writeback

Description: The MC-chip detected an internal parity error while
attempting to clear the valid and/or dirty bit at the end of a cache
invalidate or writeback sequence. BCSTS<BTS TPERR> and/or
BCSTS<BTS VDPERR> will be set. BCSTS<DAL CMD> = write and
BCSTS<DMG> = 0 distinguish this error from other internal parity errors.
This invalidate or writeback will complete and the valid and/or dirty bit
will be cleared in the tag array. BCERA contains the physical address of
the invalidate or writeback, and BCERT contains the failing tag entry.
The valid, dirty, and VD parity bits in BCERT are unpredictable during
this error.

Recovery procedure: Perform the full memory error recovery procedures
deacribed in Section 2.11.2.3. If the error reoccurs, disable the backup
cache.

Restart condition: Other XMI nodes raay experience XMI timeouts if a
writeback is delayed because of this error.

2.116.7 BCSTS«<l PER«<1:0>

Description: The MC-chip detected an Inval-Bus parity error on an
invalidate request transaction. BCSTS<IBUS CYCLE> and

BCSTS<I PER<0> and/or ECSTS<I PER<1> will be set. BCSTS<IBUS
CMD> contains thz value cf the invalidate command line received on
the Inval-Bus. BCERA contains the physical address that the MC-chip
received on the Inval-Bus.

Recovery procedure: Perform the full memory error recovery procedures
described in Section 2.11.2.3. If the error reoccurs, disable the backup
cache.
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Restart condition: Other XMI nodes may experience XMI timecuts if a
writeback is delayed because of this error.

2116.8

BCSTS<FILL ABORT>

Description: The MC-chip received a cache fill abort command from: the
MAXMI, indic.iing that an error occurred on the second, third, or fourth
quadword of a read transaction or an error occurred on any guadword of
an Ownership Read for a write transaction. The source of the error is
distinguished by bits in XBER, as shown:

XBER<RSE> A quadwoid of read data was returned with the wrong sequence
number. Probakly due to a parity error on the returned data, in
which case XBER<PE> will also be set.

XBER<RER> A quadword of read data was returned with an RER, indicating that
the memory got a double-bit error reading the array. Probably not
recoverable, but it is possible.

XBER<TTO> The first quadword of read data was not returned before the MAXMI
timeout expired. XBER<NRR> or XBER<CNAK> should also be
set in the normal case. I neither bit is set, the MAXMI was never
granted the XMI for the read command.

XBER<CNAK>  The read data command was NO ACKed by the XMl and
ratry failed (if retry was enabled). Probably indicates an NXM
{nons: istant memory). XBER<TTO:- ehould aiso be set.

H# th i a real NXM, retry will not succeed and shouid not be
atte pted if NXMs are expected. It NXMs are not expected and
retry s desired, do so under the conditions stated above.

XBER<NRR> The firet quadword of raad data was not returned before the
MAXMI timesaut expired. The read command was ACKed on ta
XM, indicating that his is not an NXM. Probably due to a parity
error on the returned data (if so, XBER<PE> will aiso be set).
XBER<TTO> should also bo set.

Recovery procedure: Perform the full memory error recovery procedures
described in Section 2.11.2.3.

Restart condition: Restart is not possible if XBER<FCMD> = OREAD,
since a write may have been lost.

2.116.9

BCSTS<AC PERR>

Description: The MAXMI and/or MC-chip detected & command/address
parity error on a DAL command. Either XBEER<ACPE> and/or
BCSTS<AC PERR> will be set. Probably due to a flipped bit on the A bus
or CMD lines. The MAXMI and the MC-chip will iznore the transaction
when this error occurs. This error may also be reported as an MSSC bus
timeout.

Recovery procedure: Clear all error bits in XBEER and BCSTS. _
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Restart condition: No retry is possible because this error could indicate a
failed write.

Description: The MC-chip detected an error while a previous error was
still being serviced. BCSTS<SECOND ERR> will be set.

Recovery procedure: Perform the full memory error recovery prccedures
described in Section 2.11.2.3.

Restart condition: Retry is not possible since the second error state is

Description: During every XMI cycle, the MAXMI checks the XMI parity
bits against the computed parity on the received information. If a parity
error is detected, XBER<PE> sets and a soft error interrupt is requested.
If the cycle is subsequently ACKed, XBER<IPE> sets and the error is
reported as a hard error interrupt. Since parity is checked every cycle,
XBER<IPE> does not imply that this node transmitted the failing data.

Recovery procedure: Clear all error bits in XBER.

Restart condition: Retry is not possible since this is a systemwide error.

Description: The KA65A CPU module detected a parity error on an XMI
cycle. At least one node detected good parity during the cycle time that
the KA65A CPU module detected a parity error. When this bit is set,
at least one bit (XBEER<MDAXPE> XBEER<MCAXPE>) sets and both
XBER<PE:> and XBER<ES>» are set.

Recovery procedure: Clear all error bits in XBER and XBEER.
Restart condition: Retry is not possible since this is a systemwide error.

2.11.6.10 BCSTS<SECOND ERR>
unknown.

2.11.6.11 XBER<PE>

2.11.6.12 XBER<IPE>

2.11.6.13 XBEER<WDPE>

Description: The MAXMI detected a parity error on the DAL data for a
write from the MP-chip. XBEER<WDPE> should be set. Probably due

to a bit flipped on the D bus or to intentional/unintentional bad parity
generated by the MP-chip. The XMI transaction is suppressed. This bit is
only used for /O writes and memory space writes when the backup cache
is off or in ETM.
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Recovery procedure: Clear all error bits in XBEER.
Restart condition: Retry is not possible.

2.11.6.14 XBEER<ACPE>

Description: The MAXMI and/or MC-chip detected an address/command
parity error on a DAL command. XBEER<ACPE> and/or BCSTS<AC
PERR> should be set. Probably due to a bit flipped on the A bus or
command lines. When either the MAXMI or the MP-chip detect an address
/command parity error they ignore the transaction. This error can also be
reported as an MSSC bus timeout.

Recovery procedure: Clear all error bita in XBEER and BCSTS.
Restart condition: Retry is not possible.

2.11.6.15 XBEER<URR>

Description: The MAXMI received a read response on the XMI when it was
not expecting one. XBEER<URR> is set. This indicates a communication
problem between the MAXMI and other XMI devices. Other information
about this error is not saved.

Recovery procedure: Clear all error bits in XBEER.

Restart condition: Restart from this error is not possible since the
processor state might have been corrupted.

2.11.6.16 VINTSR<VHE>

Description: The vector module detected an unrecoverable internal error.
VINTSR<VECTOR HARD ERROR> should be set. The VECTL CSR
indicates the source of the error. Other vector module registers may
contain additional information. Refer to Chapter 3 for a list of possible
errors.

Recovery procedure: Perform the full vector error recovery described in
Section 2.11.2.3.

Restart condition: Since hardware retry failed, vector state may be
corrupted and no retry should be attempted. An image exit should be

forced on the process executing in the vector module at the time of the
error.
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VINTSR<VECTL ViB HERR>

Description: The VECTL detected an unrecoverable command or write
data parity error during a VIB transaction. VINTSR<VECTL VIB HERR>

Recovery procedure: Perform the full vector error recovery described in

Restart condition: Since hardware retry already failed, communicetion
with the vector module is no longer possible and no retry should be
attempted. An image exit should be forced on the process executing in the
vector module at the time of the error.

VINTSR<CCHIP VIB HERR>

Description: The MC-chip detected an unrecoverable data parity error
during a VIB read transaction. VINTSR<CCHIP VIB HERR> should be

Recovery procedure: Perform the full vector error recovery described in

Restart condition: Since hardware retry already failed, communication
with the vector module is no longer possible and no retry should be
attempted. An image exit should be forced on the process executing in the
vector module at the time of the error.

2.11.517

should be set.

Section 2.11.2.3.
2.11.6.18

set.

Section 2.11.2.3.
2.11.6.19 VINTSR<BUS TIMEQUT>

Description: The MC-chip detected the assertion of the ERR L signal
while holding a vector EPR read transaction on the DAL. This error msy
be due to an insufficient timeout value in the MSSC timeout register.
VINTSR<Bus Timeout> and SSCBTR<BTO> should both be set.

Recovery procedure: Perform the full vector error recovery described in
Section 2.11.2.3. Then clear SSCBTR<BTO>.

Restart condition: Since a DAL vector EPR transaction was terminated
before the corresponding VIB transaction completed, the VIB is in an
inconsistent state and no retry should be attempted. An image exit should
be forced on the process executing in the vector module at the time of the
error.
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2.11.6.20

XFAER<FCMD> = IDENT

Description: The MAXMI dstected an XMI error while processing an
IDENT command. XFAER<FCMD: contains the encoding for an IDENT,
which is what distinguishes these errors from those caused by other
commands. XFADR contains the node that the IDENT was sent to and the
encoded IPL.

The MAXMI terminated the DAL command with the ERR L signal
asserted, which is then reported as a hard error.

The source of the error is determined by the state of these bits:

XBER<RSE> The interrupt vector was returned with the wrong sequence number.
The adapter returned an RER response.

XBER<RER> A quadword of read data was returned with an RER, indicating that
the memory got a double-bit error reading the array. Probably not
recoverabile, but it is possible.

XBER<TTO> The interrupt vector was not returned before the MAXMI timeout
oxpired. XBER<NRR> or XBER<CNAK> should also be set. Hf
neither bit is set, the MAXMI was never granted the XMl for the
IDENT.

XBER<CNAK> The IDENT command was NO ACKed by the adapter and retry
failed, if retry is enabled. This may indicate that the target for the
IDENT is not preseni. XBER<TTO> should also be set.

XBER<NRR>  The interrupt vector was not returned before the MAXMI timeout
expired. The read command was ACKed on the XM, so the adapter
received the IDENT. XBER<TTO> should also be set.

XBEER<OLR> Lockout responses were received while attampting {5 do & read-
type iransaciion. This is due to failure of the iockout mechanism
to provide access to an interlock or the ownership of a memory
location. if OLR is set, XBER<TTO> is also set.

Recovery procedure: Clear all error bits in XBER.

Restart condition.: Error retry may automatically occur as the result of
device timeouts done by the device driver because an IDENT error implies
a missed interrupt. If there is no automatic retry, no explicit retry is
possible.
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2.11.7 Soft Error Interrupt

Soft error interrupts are requested to report an error that was detected
but which did not affect instruction execution. Soft error interrupts result
in an interrupt at IPL 1A (hex) being dispatched through SCB vector 54
(hex). Retry is always possible, after recovery, for soft errors unless stated
otherwise for the specific error.

The stack frame for a soft error interrupt is shown in Figure 2-2.
Figure 2-33 contains the soft error interrupt parse tree, which indicates
. the causes of each soft error interrupt. For those soft error interrupts
that have multiple causes, the registers and bits that isolate the cause
are listed. The sections following the parse tree provide a deacription of
. the soft error interrupt, the procedure to recover, and the conditions for
restarting the operation.

21171 Cache or Memory Errors

A ¥P-cache error, data parity error, or bus error was detected during a
memory reference. PCSTS<Interrupt> distinguishes this class from others.
At least one of these bits should be set: PCSTS<P TAG PARITY ERROR>,

. PCSTS<P DATA PARITY ERROR>, PCSTS<DAL DATA PARITY ERROR>,
or PCSTS<BUS ERROR>. PCERR does not contain the error address in
this class of error.

2.11.7.2 P-Cache Errors

One of two P-cache errors was detected during an I-stream read, write,

. or invalidate. The P-cache must be enabled to get either the P-cache tag
parity error or the P-cache data parity error on an I-stream read. The
state of PCSTS<P TAG PARITY ERROR> and PCSTS<P DATA PARITY
ERROR> determine the error.

2173 PCSTS<P TAG PARITY ERROR>

Description: A P-cache tag parity error was detected during an I-stream
read, a D-stream resd miss, a write, or an invalidate. If the error was
detected during a D-stream read hit, the error would be reported as a
machire check with code MCHK_BUSERR_READ_PCACHE. PCSTS<P
TAG PARITY ERROR> and PCSTS<Interrupt> should both be set.

Recovery procedure: Write all P-cache tags with good parity and cle: = valid
bits. Then perform the full memory error recovery procedures described in
Section 2.11.2.3. If the error reoccurs, disable the P-cache.
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Figure 2-33 Soft Error interrupt Parse Tree

] (salect all)

PCB8TS<P TAG PARITY ERROR> (PCSTS<8>)
= P-cache tag parity error on
read, writa, or invalidate

PCSTS<P DATAR PARITY ERROR> (PCBT8<10>)
- P-cache data parity srror on
I-stream read hit

PCSTS<DAL DATA PARITY ERROR> (PCBTB<9>)
— (select one)

PCSTS<B CACHE HIT> (PCSTS8<12>)

= Backup cache data parity
error on lI-stream read or
nonrequested longword of
D-stream read

otherwise

= Memory data parity exror on
I-stream read or nonrequeat-
ed longword of D-stream read

PCS8TS<BUS ERROR> (PCS8TB<11>) Bus error caused by
r——l (select one) DAL operation srror

S8SCBTR<RNT> (SSCBTR<30>)
-~ MS8C bus timeout on I~stream
read

XFAER<FCMD> = ISTREAM READ (XFAER<31:28>)
{select onea)

XBER<RSE> (XBERR<17>)

> XM1I read ssgquence error on
firest quadword of I-stream
read

XBER<RER> (XBRR<16>)

¥ XMI read error response on
first quadword of I-stream
read

XBER<TTO> (XBER<13>) Transaction failed due to
—1 (select one) transaction timeout

XBER<CNAK> (XBER<1S5>)
—= NXM on first quadword of
i-stream read

¥BER<NRR> (XBER<18>) XMI no read responss for
— first quadword of I-stream read

otherwise

—= No XMI grant tc I-stream

mesb~pIGEA-91

Figure 2-33 Cont'd on next page
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Figure 2-33 (Cont.) Soft Error interrupt Parse Tree

XBER<PE> (XBER<23>)

-~ XM1 parity error
XBER<CC> (XBEBR<27>)

P Corrected confirmation

XBER<CRD> (XBER<19>)

- Corrected read data on
memory read
XBERR<WCDEXx> (XREER<27> or <19>)

# Single~bit cache ECC error
on writeback
VINTSR<VSE> (VINTSR<1>)

- Vector soft error

VINTSR<SVECTL VIB SERR> (VINTS8R<3>)
P VECTL~detectacd
VIB soft error

VINTBR<CCHIP VIB SERR> (VINTSR<S>)
- MC-chip detectad
VIB aoft error

XBER<PE> (XBER<23>)

# XMI parity error
XBER<CC> (XBBR<27>)

- Corrected confirmation

XBER<CRD> (XBER<19>)

—3 Corrected read data on
memory read
XBEERR<WCDEXx> (XBEER<27> or <19%>)
— 8ingle~bit cache ECC exror
on writeback

VINTSRCVSE> (VINTSR<1>)

- Vector soft erxor

VINTSR<VECTL VIB SERR> (VINTSR<3>)
o URCTL-datactesd VIR a2o0ft error

VINTSR<CCHIP VIB SERR> (VINTSR<S5>)
—» MC~chip detected VIB scft error

otherwise

B Inconsistent status

NOTES:

(sslect one) - exactly one case muat be true. If gero or more
than one ia true, the status is inconsistent.

(select all) - more than one case may be true.

otherwise - fall-through case for {saelact osne) 1f no other
options are true.

mab-p367A-91
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21174 PCSTS<P DATA PARITY ERROR>

Description: A P-cache data parity error was detected during an I-stream
read hit. If the error was detected during a D-stream read hit, the error
would be reported as a machine check with code MCHK_BUSERR_READ_
PCACHE. PCSTS<P DATA PARITY ERROR> and PCSTS<Interrupt>
should both be set.

Recovery procedure: Perform the full memory error recovery procedures
described in Section 2.11.2.3. If the error reoccurs, disable the P-cache.

21175 PCSTS<DAL DATA PARITY ERROR>

A DAL data parity error was detected during an I-stream read or was in
the nonrequested longword of a D-stream read. If the error was detected
in the requested longword of a D-stream read, the error would be reported
as a machine check with code MCHK_BUSERR_READ_DAL. The source of
the data parity error is either the backup cache or memory. It is indicated
by PCSTS<B CACHE HIT>.

2.11.7.5.1 PCSTS<B CACHE HIT>

Description: A data parity error was detected during an I-stream read or
in the nonrequested longword of a D-stream read that hit in the backup
cache. PCSTS<Interrupt>, PCSTS<DAL DATA PARITY ERROR>, and
PCSTS<B CACHE HIT> should all be set.

Recovery procedure: Perform the full memory error recovery procedures
desacribed in Section 2.11.2.3. If the error reoccurs, disable the backup
cache.

2.11.7.5.2 Mamory Data Parity Error

Description: A memory data parity error was detected during an I-stream
read or in the nonrequested longword of a D-atream read. An actual
memeory parity error would be detected by the MAXMI and reported as a
memory read error. A Memory Data Parity Error implies that the parity
went bad between the MAXMI and the MP-chip. PCSTS<Interrupt> and
PCSTS<DAL DATA PARITY ERROR> should both be set. PCSTS<B
CACHE HIT> should be clear.

Recovery procedure: Perform the full memory error recovery procedures
deacribed in Section 2.11.2.3.
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A DAL I-stream read transaction was terminated with ERR L. If the error
was detected during a D-stream read, the error would be reported as a
machine check with code MCHK_BUSERR_READ_DAL. The source of the
error is indicated by SSCBTR<RWT>. The backup cache must be enabled,
and the reference must be a non-1/O space address for BCSTS 1o log the

Description: The MSSC timed out on an I-stream read. SSCBTR<RWT>,
SSCBTR<BTO>, PCSTS<BUS ERROR>, and PCSTS<Interrupt> should

Recovery procedure: Clear SSCBTR<RWT> and SSCBTR<BTO>.
Then perform the full memory error recovery procedures described in

Restart condition: This error should never occur unless the reference is to
an unimplemented node private space address to which the MAXMI does
not respond since the MSSC timeout should be longer than the MAXMI

2.11.75.3 PCSTS<BUS ERROR>
error.

2.11.75.3.1 SSCBTR<RWT>
all be set.
Section 2.11.2.3.
timeout.

2.11,7.5.3.2

XFAER<FCMD> = ISTREAM_READ

Description: The MAXMI detected an error on the first quadword of an
I-stream read. XFAER<FMCD> should be a read. XFADR and XFAER
contain the physical address of the error.

The source of the error is determined by the state of these bits:

XBER<RSE>  The first quadword of read data was returned with the wrong
sequence number. PCSTS<BUS ERROR> and PCSTS<Interrupt>
should be set.

XBER<RER> The first quadword of read data was returnied with a read error
response, indicating that the memory got a double-bit error while
reading the array. PCSTS<BUS ERROR> and PCSTS<«interrupt>
should be set.

¥XBER<TTO>  The first quadword of read data was not retumed before the MAXMI
timeout expired. XBER<NRR> or XBER<CNAK> should also be
set. If naither bit is set, the MAXMI was never granted the XM for
the read command. PCSTS<BUS ERROR> and PCSTS<Interrupt>
should be set.

XBER<CNAK> The read data command was NO ACKed by the XMl and retry failed,
if retry is enabled. This probably indicates an NXM. XBER<TTO>
should also be set. PCSTS5<BUS ERROR> and PCSTS<«interrupt>
should be set.
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XBER<NRR>  The first quadword of read data was not returned before the MAXMI
timeout expired. The read command was ACKed on the XMI, so
this is not an NXM. Probably a parity error occurred on the returned
data (if so, XBER<PE> will also be set). XBER<TTO>, PCSTS<BUS
ERROR>, and PCSTS<Interrupt> should be set.

Recovery procedure: Perform the full memory error recovery procedures
described in Section 2.11.2.3.

2.11.7.6 Other MAXMI-Detected Errors

Description: The MAXMI detected an error during an XMI transaction.
The state of these bits determine the various casea:

XBER<PE> A parity error was detected during an XMI cycle. If the cycle was
subsequently ACKed, XBER<IPE> is set and the error is reported as
a hard error interrupt.

XBER<CC> The XMI Comer corrected a single-bit error in a confirmation code.
This interrupt is posted unless XCR<CCID> is r.at.

XBER<CRD> One or more quadwords of read data was retumed with a CRD
response, indicating the memory corrected a single-bit error. This
interrupt is posted unleas XCR<CRDID> is set.

XBEER<WCDEx>A single-bit ECC emror was detected on the data address lines and
corrected by the MAXMI before the Disown Write was issued on the
XMi bus. XBER <NSES> will also be set.

VINTSR<VSE> The vector module detected a recoverable internal error.
VINTSR<VSE=> should be ssat and the vector module registers should
indicated the exact error. Refer to Chapter 3 for a list of possible
errors.

VINTSR<VECTL The VECTL detected a recoverable command or write data parity
ViB SERR> error during a VIB transaction. VINTSR<VECTL VIB SERR> should
be set, and the VECTL CSR should indicate the exact error.

VINTSR<CCHIP The MC-chip detected a recoverable data parity error during a VIB
VviB SERR> read transaction. VINTSR<CCHIP VIB SERR> shouid be set.

Recovery procedure: Clear all error bits in XBER.

211.7.7 XBER<PE>

Description: During every XMI cycle, the MAXMI checks the XMI parity
bits against the computed parity on the received information. If a parity
error is detected, XBER<PE> zets and a soft error interrupi is requested.
If the cycle is subsequently ACKed, XBER<IPE> sets and the error is
reported as a hard error interrupt. Since parity is checked every cycle,
XBER<IPE> does not imply that this node transmitted the failing data.

Recovery procedure: Clear all error bits in XBER.

Restart condition: Retry is not possible since this is a systemwide error.
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Description: The XMI Corner corrected a single-bit error in a confirmation
code. This interrupt is posted unless XCR<CCID> is set.

Recovery procedure: Clear all error bits in XBER and XCR.
Restart condition: Retry is possible.

Description: One or more quadwords of read data was returned with a
CRD response, indicating the memory corrected a single-bit error. This
interrupt is posted unless XCR<CRDID> is set.

Recovery procedure: Clear all errur bits in XBER and XCR.
Restart condition: Retry is not possible.

Description: A single-bit ECC error was detected on the data address lines
and corrected by the MAXMI before the Disown Write was issued on the
XMI bus. XBER<NSES> will also be set.

Recovery procedure: Clear all error bits in XBER and XBEER.
Restart condition: Retry is possible.

Description: The vector module detected a recoverable internal error.
VINTSR<VSE> should be set and the vector module registers should
indicate the exact error. Refer to Chapter 3 for a list of possible errors.

Recovery procedure: Perform the full vector error recovery procedures
described in Section 2.11.2.3. If the error reoccurs, discontinue use of the

2.11.7.8 XBER<CC>
2.11.75 XBER<CRD>
2.11.7.10 XBEER<WCDEx>
2.11.7.11 VINTSR<VSE>

vector module.
2.11.7.12

VINTSR<VECTL VIB SERR>

Description: The VECTL detected a recoverable command or write data
parity error during a VIB transacticn. VINTSR<VECTL VIB SERR>
should be set, and the VECTL CSR should indicate the exact error.

Recovery procedure: Perform the full vector error recovery procedures
described in Section 2.11.2.3. If the error reoccurs, discontinue use of the
vector module.
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2.11.7.13 VINTSR<CCHIP VIB SERR>

Description: The MC-chip detected a recoverable data parity error during
a VIB read transaction. VINTSR<CCHIP VIB SERR> should be set.

Recovery procedure: Perform the full vector error recovery procedures
described in Section 2.11.2.3. If the error reoccurs, discontinue use of the
vector module.

2.11.8 Kernel Stack Not Valid Exceptior

exception is detected while attempting to push information on the kernel
stack during microcode processing of another exception. A console halt
with an error code of EPR_INTSTK is taken if a memory management
exception is encountered while attempting to push information on the
interrupt stack.

The kernel stack not valid exception is dispatched through SCB vector 08
(hex) and the stack frame is shown in Figure 2-2.

A kernel stack not valid exception occurs when a memory management 0

2.11.9 Errors with No Notification &

One category of MAXMI-detected errors cause no explicit notification. The
error status bits are set and, the next time software inspects the register
for other reasons, it may wart tc check/log these bits.

2.11.9.1 CSR Read Dsta NC ACK .

Description: When another XMI node reads a MAXMI CSR, the MAXMI
responds with the requested data. If the data transfer is nct ACKed by
the receiving node, the MAXMI gets XBER<RIDNAK>. This will usually
be reported on the receiving node as a o read response error.

Recovery procedure: Clear all error bite in XBER.

2.11.9.2 CSR Write Sequence Error

Description: When another XMI node writes a MAXMI CSR, the MAXMI
ccmpares the transmitted ezquence number with the one that it expects
and NO ACKs the cycie if the two do not match. The CSR write is ignored
and XBER<WSE> is set.

Recovery procedure: Clear all error its in XBER.
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Example 2-1 is pseudocode that demonstrates the process of analyzing and
recovering from errors reported as machine checks, hard error interrupts,
and soft error interrupts. This is not intended to be a complete description
but is a means of documenting the important aspects of the process. The
code is organized into a number of support procedures followed by the

main error handlers.

Example 2-1 Error Recovery Coding

PROCEDURE collect error_ state;

! This support procedure ceollscts error stats from the
! appropriate KA6SA CEF'. module registers.

BEGIN

s_xber

-
s_xfadr :=

1= XFAER;
a_xbeer :=

s_xfaer

a_wfadro

s_wfaarl :

s_fdalo
a_fdail
s_fdal2
a_fdal3

s_sacbhtr :

8_bcectl
g _ bct o
8_bcera
8_bcert
8_pecste
8_pcerr

XBER;
XEADR;

XBEER;
:= WEADRO
= WFADR1,
= FDALO;
= FDALL;
:»= FDAL2:;
= FDAL3;
= SSCBTR;

:= BCCTL;

BCSTS:;
BCERA;
BCERT;
PCSTS;
PCERR;

s_vintsr := VINTSR;

- am e eem e beP M veh e B s e R e e E e em

END; | collect_srror state

PROCEDURE disable_cache;

save
save
save
save
save
Bave
save
Save
save
save
save
save
save
=avVe
save
save
aave
save

MAXMI XBER register
MAXMI XFADR register
MAXMI XFAER register
MAXMI XBEER register
MAXMI WFADRO register
MAXMI WEADR]1 regirter

MAXMI FDALO
MAXMI FDAL1
MAXMI FDAL2
MAXMI FDAL3
MSSC S88CBTR

MC-chip
MC-chip
MC-chip
MC-chip
P~cache
P~cache
MC-chip

! This support procedure disables the P-cache and forces
cache into ETM during error recovery.

BEGIN

Disable the P-cache and make sure
force hit is off, while leaving the WC bits alone.

PCSTS := “ENABLE_PTS+“FORCE_HIT;

Put the backup cache into ETM.

BCCTL := ENABLE_BTS+BTS_ERROR_TRAN+~FORCE_BHIT;

BCCTL
BCSTS
BCERA
BCERT
PCSTS
PCERR

VINTSR register

registus
register
register
register
register

register
register
register
register
register
register

the backup

Initialize flags used to determine if cache should be resnabled.

If either cache is already disabled, they are not reenablad on restart.

pcache_disable := s pcats<ENABLE PTS> AND s_bcct1<ENABLE PT8>;
becache_disable := s_bect1<ENABLE BTS>;

END; ! disable_cache

Example 2-1 Cont'd on next page
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Example 2-1 (Cont.) Error Recovery Coding

PROCEDURE snhable_cachs;

t
!
!

This support procedurs conditionally reenables both caches if they
were anabled bafore, and no srror thresholds have besn excesded. The
backup cache must be enabled befores the P-cache to ensure cache cocherency.

BEGIN

Assume that both caches will bs enabled.
bc_enable := ENABLE BTS+~BTS ERROR_TRAN+“FORCE BHIT:
pc_enable := ENABLE_PTS+~FORCE_HIT+FLUSH_CACHE;

If backup cache shouldn’'t be enabled, clear enable bit

IF bcache_disable THEN
bc_enable := bc_anable AND NOT ENABLE BTS;

If P-cache shouldn’t be snabled, clear enable bit.

IF pcache_disable THEN
BEGIN
pc_enable := pc_snable AND NOT ENABLE PTS;
END;

Flush all tag stores and reenable the caches as appropriate.

For 1 1= 0 to 4095 DO

BEGIN

BCIDX := 1%128;
BCDET := G;

BCBTS := %x00000300;
BND;

BCCTL := Pc_enabls;
PCSTS := pc_enable;

END; | enable_cache

PROCEDURE recover_ from memory subsystem erroxs;

This support procedure is called to parform arror recovery
for those errors that are related to the cache or memory
subaystem. Most error recovery consists of writing the
original register contenta back to the KA65A CPU module
registera. Tais restores the "M" bits to their orignal atate
and clears the "WC" error bits.

BEGIN
Clear MAXMI arrors.

XBER := s_xber; ! clear XBER error
¥BEER := s xbeer; ! clear XBEER error

Clear MSSC bus timeout errxors.

8SCBTR := s_sacbty; 1 clear M85C timemout errors

Example 2-1 Cont'd on next page
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! Check for MC-chip backup tag store parity error.

| Correct tag store and write any dirty blocks back to mamory.

! If error threahold ia exceeded,

IF “s_bcats<BTS_TPERR> AND s_bcats<BTS_VDPERR> THEN
BEGIN

disable the cache cn exit.

! Tay address is good, valid/dirty bits have error. Check mamory
! controller for dirty subblocks, rewrite, and thun deallocate tag.

test_addr<3l> := 0;
test_addr<30:19> := g bcert<30:19>;
test_addr<18:7> := s_bcera<l8:7>;
test_addr<6:0> := 0;

new_tag<30:2> := & _bcert<30:9>;
new_tag<8:y> := 0;

For i := 0 to 3 DO
BEGIN

IF memory state(test_addr) = (OWNED AND (ID = KA65A CPU Module)) THEN

BEGIN
new tag<i> := 1;

new_tag<i+d> = 1;

END;
test_2ddr<6:5> := test_addr<6:5> + 1;
END;

new_tag<8> := odd_parity(new_tag<?:0>)
BCIDX := s_bcerr;

BCBTS := new_tag;

BCDET := 0;

END;
IF 3 _bcasts<BTS_TPRRR> AND “s_bcsts<BTS_VDPERR> AND

s_kTsrt<7:4> = 0 THEN
BEZGIN

! Valid/dirty bits are good and subblocks are not owned.

! with good parity.

BCIDX := s_bcerr;
BCRT8 :« %x00000300;

END;
IF (s_bcsta<BTS_TPERR> AND a_bcsts<BTS_VDPERR>) OR

(s_bcats<BTS_TPERR> AND “a_bcats<BTS_VDFERR> AND
a_bcert<7:4> <> 0) THEN

e ]

the tag with good parity.

Rowrite tag

Both address and valid/dirty bits have parity errors, or address haas
parity error and at least 1 subblock is dirty. Search 13 possible
block addresses for dirty subblocks. If any dirty subblocks are found,
rewrite and deallocate tag. If no dirty subblocks ars found, rewrite

Example 2-1 Cont'd on next page
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Example 2-1 (Cont.) Error Recovery Coding

BEGIN

test_adde<3l> :w 0;
test_addr<30:19> :w= ._bcort<30:19>;
test_addr<i8:7> :e s bcera<l8:7>;
teat_addr<é6:0> := 0;

new_tag<3l:0> := 0;
tag_found := felse;

For §J:= 0 to 3 DO

BEGIN
IF memory_state(test_zddr) = (OWNED AND (ID = KA6SA CPU module)) THEW
BEGIN
tag_found := true;
new_tag<i> :e 1;
new_tag<ij+d> = 1;

test_addr<é6:5> := test_addr<é:5> + 1;

BND;

i = 19

While (i <= 30) AND “tag_found DO
BEGIN

teat addr<i> := “test_ addr<i>
For j :«= 0 to 3 DO

BEGIN
IF memory_ state(test_addr) = (OWNED AND (ID = KA6SA CPU module)) THEN
BEGIN
tag_found := true;
new_tag<i> := 1;
new_tag<i+{> = 1;

END;
test addr<€:5> := test_addr<é€:5> + 1;
END;
IF “tag_found THEN test_addr<i> :w “test_addr<i> ;
BHD; (While)

new_tag<8> := odd parity(new_tag<7:0>)

IF tag found THEN
BERGIN
BCIDX := s _bcerr;
BCBTS := new_tag;
BCDET := O;
END
ELSE
BEGIN
BCIDX :
BCBTS8 :
BRD;

8_bcerr;
2x00000300;

END;

IF {backup tag store error threshold exceeded} THEN
bcache _disable := TRUE;
END;

! Clear MC-chip errors.
BCSTS := a becats;

1 Check for P-cache tag parity errors, which require rewriting the
! entire tag store. 1If error threashcold is sitceeded, disable the cache
! on exit.

Example 2-1 Cont'd on next page
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IF s_pcste<TAG_PARITY_ERROR> THEN | 1f P-cache tag parity error
BEGIN
FOR { := 0 to 255 DO ! rewrite all tags with
BEGIN ! good parity and invalid tag

PCIDX := { * 8;
PCTAG := %X80000000;
END;
IF {pcache error threshold exceeded) THEN
pcache_disable := TRUE;
END:

! Clear P-cache errors. Note that this leaves the cache enable
! state unchanged.

pc_enable := s_pcsts AND (TRAP1+TRAP2+INTERRUPT)
IF PCSTB<ERNABLE PTEB> THEN
pc_snable := pc_enable OR ENABLE_PTS;

END;
PROCEDURE machine_check_handler;

! This procedure is invokved via SCB vector 04 (hex) to process
! machine checks.

BEGIN

| Use software flag to detect nested machine checks, then aet
I the flag and ACK the machine check.

IF mc_in_progress THEN | nested machins check?

“ugcheck; ! yes, bugcheck
mc_in_progress := TRUE; ! indicate machine check in progress
MCESR := 0O; ! ACK the machine check

! Collect error state from KAG65A CPU module registers and the machine check frame.

collect error_ state; | read KAE5A CPU module registers
a_psl := mc_frame [32]; ! extract PSL from MC stack frame
s_code := mc_frame [4]<15:0>; ! sxtract machine check cods

8_r := mc_frame {(4]}<31>; | extract VAX restart bits

! Disable P-cache and backup cache during error recovery to minimize
! the chance of nestsd errors.

disable_cache;
| Case on machine check code for per-code processing.

CASE s_code OF ! case on machine check fault code

MCHK_FP_PROTOCOL_ERROR,

MCHK_FP_ILLEGAL_OPCODE,

MCHK_FP_OPERAND_PARITY,

MCEK_FFP_UNKNOWN_STATUS,

MCHK_FP_RESULZ_PARITY:
BEGIN

! MF-chip related error
I If the MF-chip error threshold is exceaded, disable
! the MF-chip by clearing ACCS<MF_CHIP_PRESENT>

IF {MF-chip error threshold exceeded} THEN
ACC8 := ACCS AND NOT MF_CHIP_PRESENT;
retry := s_r AND (NOT s_psl<FPD>) AND (NOT s_XBEER<UWE>);

END;

Example 2—1 Cont’d on next page
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MCHK_TBM_ACV_TNV,

MCHK_TBH_ACV_TNV,

MCHX_INT_ID_VALUE,

MCHK_UNKNOWN_IBOX_TRAP,

MCHK_UNKNOWN_CS_ADDR:
BEGIN

! Internal MP-chip error
| Disable retry if internal error threshold is excesded

disable_retry := {internal error threshold excesded};
retry := (m_r OR s_psl<FPD>) AND (NOT 8_XBEER<UWP>)} AND
(NOT disable_retry);

END;

MCHK_MOVC_STATUS:
BEGIN

MOVCx error

Disable retry if the internal error threshold is exceeded,

an instruction specifier used R0O-RS or part of the destination
string, or the source and destination strings overlap.

If retry is to bes done, clear PSL<FPD> in the machine check
frame so that the instruction is restarted from the beginning.

disable_retry := {internal error threshold exceeded};
specifier destroyed := {specifier in RO-RS or string}:
string overlap := {source and destination strings overlap};
retry := s psl<FPD> AND (NOT s _YBEER<UWP>) AND
(NOT disable_retry) AND (NOT specifier_destroyed) AND
(NOT string overlap);
IF retry THEN
mc_frame [32])<FPD> := 0;

END;

MCHK_BUSERR_READ PCACHE,

H:HR BUBBR.R R.EAD DAL,

mﬂ! BRROR _ TSTRERM;
BEGIN

! P~cache or DAL read error
! Perform full memory error recovary

recover_from memory subsystem errors;
retry := (s_r OR s_psl<FPD>) AND (NOT s_XBEER<UWP>) AND
(NOT s_pcats<TRAP2>);

BND;

MCHK_BUSERR_WRITE DAL,
H‘.‘EK UNKNOWN |_BUSERR_TRAF :
BEGIN

! Unexpected erroxs
! Perform full memory error recovery

recover from mamory subsystem_errors;
retry := PFALSE;

END;
NCHK_VECTOR_STATUS:
BEGIN

! Vactor module error
| Perform full vector error recovery

Example 2-1 Con:'d on next page
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recover_from vector_errors;
retry := FALSE;

END:

OTHERWISE
BEGIN

! Unknown machine check code
retry := FALSE;
BND;
1 Fault-specific handling complete.
! Conditionally reenable the P-zache and backup cache.
snable_cache; { Enable cache as appropriate

! Log all registers and the machine check frame in the error
! log for later analysia. It is important to leog everything for
! all errors as this will aid in the analysis of cascaded errors.

{log error state and machine check paramaters};

! If the error is to be retried, trim the machine check parameters
{ from the stack and REI. If the error is not to be retried,
| force image exit, gensrate a bugcheck, or whatever is appropriate.

mc_in_progress := FALSE; machine check complete

!
IF retry THEN ! retry?
BEGIN 1 yea,
BP := BP + mc_frame (0] + 4; ! trim parameters
REI; ! and restart instruction
END
ELSE 1 no,

{perform appropriate action};
BEND; | machine_check_handler

PROCEDURE soft_error_interrupt_handler;

! This procedure is invoked via S8CB vector 54 (hex) to process
! soft error interruptas at IPL 1A (hex).

BEGIN

! Collect srror atate from KA65A CPU module registers.
collect_error_state;

| If cache-related error, disable cache during processing.

IF »_pcsts<INTERRUPT> THEN
disable cache;

! Recovar from errors by performing the mamory error recovery procedures.
recover_from memory subsystem errors;

! Recover from soft vector errors by performing the vecter
| error recovery procedures.

recover_from_vector_ errors;

! Log errore if neceasary. Cache-related errors ahould always
! be logged. Other errors such as CRD may be counted instead.

{selectively log errors};

| Make sure cache is back on if turned off

Example 2-1 Cont’d on next page
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IF s_pcata<INTERRUPT> THEN
snable_cache;

! Soft error interrupts should be retried.
REI;

END; | soft_error_interrupt handler

PROCEDURE hard error_ interrupt handler;

! This procedure is invoked via 8CB vector 60 (hex) to process
! hard error interrupts at IPL 10 (hex).

BEGIN

Collect arror state from KA65A CPU module registers.

collect_error_state;

Disable P-cache and backup cache to minimize the posaibility of
generating a machine check while servicing this interrupt.

disable_cache;

Hard error interrupts are recovered by perfcrming the memory
! error recovery procedures.

recover_from memory_subsystem errors;

! Recover from any hard vector errors by performing the
! vector error recovery procedures.

recover_from_ vector errors;

! Log all registers and the PC/PSL pair in tho error log for later
! analysis. It is important to log everything as this will aid
! in the analysis of unexpected errors.

{log error state and interrupt stack frame};
! Conditicnally resnable caches
enable_cache;

Restart from this interrupt is a function of the exact cause of
the error. XFAULT, WBI, and IPE are usually fatal to the system.
Write errors are fatal to the process or the system depending on
the write address. IDENT errors may potentially be retried at
the device level. Vactor errors are fatal to the process.

{perform appropriate restart action};
REI;

END; ! hard error_ interrupt_handler;
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3 F'/64A Vector Processor Module

Thic chapter describes the FV64A vector processor module. The chapter
includes the following sections:

¢ Overview
¢ Functional Units
¢ Block Diagram Description
. o Vector Control Unit
‘ e Arithmetic Unit
¢ Load/Store Unit
e Cache Memory
e Vector Processor Registers
¢ Error Handling
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3.1

FV64A Vector Processor Module

Overview

3-2

The FVE@4A vector processor is a single-board option that
implements the VAX vector instruction set. Figure 3-1 is a block
diagram of a scalar/vector pair.

Figure 3-1 Scalar/Vector Pair Block Diagram
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FVG4A Vector Processor Module

The FV64A vector processor requires a scalar KA66A CPU module (KAG64A
CPU module for the Model 400 system) for operation. Together they
implement the base instruction group of the VAX architecture plus the 63
vector instructions.

The scalar and vector modules occupy adjacent slots in the XMI cage. All
communication between the scalar and vector modules takes place across
the vector interface bus (VIB), a cable that connects the two modules at
the rear edges of the modules.

Instructions to the vector module pass over the VIB from the MC-chip on
the scalar module to the VECTL chip on the vector module. In addition
to controlling the operations on the vector module, the VECTL chip also
returns status to the acalar processor. All error reporting is done by the
scalar processor.

The FV64A vector processor is a standard XMI module but it is not a
full-fledged XMI node. The vector processor functions only as an XMI
commander. It performs memory transactions over the XMI bus without
intervention from the scalar module. The FV64A vector processor does not
issue transactions to I/O space or respond to XMI transactions directed to
it.

A multiprocessor system can have four scalar/vector pairs. For optimal

performance, two memory modules are required with a scalar/vector pair.
Four memory modules are required with two or more scalar/vector pairs.
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FV64A Vector Processor Module

Functional Units

Figure 3-2 shows the three functional units of the FV84A vector
processor module — the vector control unit, the arithmetic unit,
and the load/store unit, which includes the XMI interface.

Figure 3-2 FV64A Vector Processor Functional Units
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FV64A Vector Processor Module

The FV64A vector processor module has three functional units. All
operations of the vector control unit are implemented by the VECTL
chip. The arithmetic unit consists of the arithmetic pipelines, which
consist of four pairs of register file and FPU chips. The load/store unit
controls cache operations, and it performs reads and writes to memory or
to the arithmetic pipelines.

The VECTL chip passes instructions to the Load/Store chip over the CD
bus. The Load/Store chip then issues XMI memory transactions. Some
instructions are issued directly to the arithmetic pipelines to be executed
by the register file (Verse) and FPU (Favor) chips. The 16 vector data
registers are in the Verse chips. The Favor chips perform the arithmetic
operations on the data held in the Verse chips.

The vector processor can perform the overlapped execution of arithmetic
and load/store instructions. This capability is possible because the VECTL
chip conforms to rules dealing with the issue of instructions. It will not
issue instructions that require the results of a previous instruction. The
vector processor also supports chaining, a special form of instruction
overlap that is possible with multiple function units. The results of an
arithmetic instruction can be stored into memory while the arithmetic
instruction is still executing.

The three functional units are described in more detail in these sections:
e  Vector control unit — Section 3.4

¢  Arithmetic unit — Section 3.5

* Load/store unit — Section 3.6
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Biock Diagram Description

Figure 3-3 is a block diagram of the vector module. This section
summerizes the major chips on the module.

Figure 3-3 FV64A Vector Processor Block Diagram
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FVG64A Vector Processor Module

The FV64A vector processor chipset consists of five core chips, as follows:

VECTL, DC6582-—~Vector instruction issue and scalar/vector interface
chip

Verse, DC565—Vector register file chip, 4 chips

Favor, DC566—Vector arithmetic data path chip, 4 chips

Load/Store, DC560 — Vector module translation buffer, cache, and
XMI interface controller chip

Clock, DC521—Clock generation chip

The module also has a regulator that converts 5 volts to 3.3 volts.

3.3.1  Vector Control Chip

The vector control (VECTL) chip performs the following functions:

Interface to the scalar processor. The VECTL chip receives instructions
from the ascalar module and also returns status.

Instruction issue. The VECTL chip issues instructions to the other
functional units on the vector module and maintains a register
scoreboard for the detection of interinstruction dependencies.

Cache data (CD) bus master control. The VECTL chip controls the
CD bus. It relinquishes partial control to the Load/Store chip during
execution of load/store instructions.

10TA instruction execution takes place in the VECTL chip.

Implementation of the architecturally defined registers (VLR, VCR,
VPSR, VAER, and VMAC). The VECTL chip also has registers that

provide access to vector indirect address space (VIADR, VIDHI, and
VIDLO).
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3.3.2 Vector Register File Chip

The vector register file (Verse) chip is the interface between the Favor
(vector FPU) chip and the rest of the vector module. Among its features
are:

e It contains one quarter (2 Kbytes) of the storage needed to implement
the VAX vector architecture (8 Kbytes). Four Verse and four Favor
chips implement the full architecture.

s It provides four ports on the register file: a 64-bit, read/write port to
the CD bus for loads and stores, a 32-bit (64-bit internal) read port for
operand A, a 32-bit (64-bit internal) read port for operand B, and a 32-
bit (64-bit internal) write port for results. A load or store instruction
can be writing or reading the registers at one port, and an arithmetic
instruction can be reading its operands out of two other ports. Another
arithmetic instruction can be writing its results from still another
port. All three operations can be done in parallel. When two longword
operands are packed into the quadword, two separate Verse chips can
each select the appropriate longword.

¢ It contains registers for holding two instructions, two scalar operands,
the vector length embedded in the instruction, and the vector mask.
One instruction register is for the current instruction, and the other
is for the next instruction to be executed, known as the deferred
instruction register. The operand registers are also for the current and
deferred operands.

e It performs the vector logical and vector merge instructions and

formats integer operations so that they can be executed by the Favor
chip.

3.3.3 Vector FPU Chip .

The vector FPU (Favor) chip is a pipelined floating-point processor.
The Favor chip affers high-performance, pipelined vector floating-point
computation for the vector module. Among its features are:

¢ VAX vector floating-point instructions and data types. The Favor
chip implements instruction and data type support for all VAX vector
floating-point instructions as well as the integer multiply operation.
Floating-point data types F_, D_, and G_floating are supported.

* High-throughput external interface. The Favor chip receives two 32-
bit operands from the Verse chip through the multiplexed A/B port
every cycle. It drives back a 32-bit result to the Verse chip through the
C port in the same cycle.

® Five-stage pipelined data path. ‘
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3.3.4 Load/Store Chip

The Load/Store (L/S) chip implements the following functions:

Execution of all load, store, gather, and scatter instructions.
Virtual address generation logic for memory references.

Virtual-to-physical address translation logic, using a translation buffer.
A 136-entry translation buffer is on the Load/Store chip. The chip also
contains the data path and control necessary to implement full VAX
memory management (with assistance from the scalar CPU).

Cache control. The Load/Store chip supports the tag and data store for

a 1-Mbyte write-through data cache. It also supports a duplicate tag
store for invalidate filtering.

XMI interface. The Load/Store chip serves as the interface between
the vector module and the XMI bus. This includes support for four
outstanding cache misses on read requests and a 32-entry write buffer
to permit half the data from one store/scatter instruction to be held
in the buffer. The performance of the high-speed CD bus can thus be
isolated from the performance impact of the slower XMI bus.

. 33.5 ClockChip

The clock chip (CLK-chip, DC698) provides the main system clocks to all
chips on the vector module except for the Favor chips, which get their
clocks from the Verse chips.
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3.4 Vector Control Unit

The vector control (VECTL) chip perfcrms these functions:

* Receives vector instructions from the scalar module and then
controls the execution of those operations.

¢ Returns status to the scalar module.

Figure 3-4 VECTL Chip Instruction Flow

VECTL Recelves instruction
from Scalar over VIB

VECTL Stalls
Scalar Processor

VECTL Performs
Rules Checks

F

AlUorUS
Busy

VECTL issues
Butfered instruction

No l
v v
L/S Executes ALU Executos
instruction instruction
LS Asserts
MMOK

msb-0807A-00




3.4.1

FV64A Vector Processor Module

Instruction Flow

Vector instructions are received by the VECTL chip, which buffers the
instructions and controls instruction issue to other furnctional units in the
vector module. Figure 3—4 shows the instruction flow from the VECTL
chip.

The VECTL chip decomposes the instruction into its opcode and operands,
and then performs a check of issue rules (see Section 3.4.2). All source
and destir:aiion registers must be available before instruction execution
begins. The functional unit to be used (arithmetic or load/store) by the
instruction during execution must also be available. The instruction is not
issued until all required resources are available.

For arithmetic operations, the scalar CPU can then proceed. However,
for load/store instructions, the scalar CPU is stalled waiting completion of
all address translations. This guarantees that any memory management
violations are synchronous, and the scalar CPU can restart the faulting
instruction correctly.

The execution of arithmetic instructions and load/store instructions can
overlap, because the functional units are independent. To achieve this
overlap, the following conditions must be met:

® The arithmetic instruction must be issued bhefore the load/store
instruction.

e There must be o register conflict between the arithmetic and load
/store instructions.

After issuing a load/store instruction, the VECTL chip must not issue
new instructions until the Load/Store chip asserts MMOK, indicating that
there will not be any more memory management exceptions.

The interaction between the different functional units of the vector module
can greatly affect the performance/execution of vector instructions. For
more information on effective use of the vector processor, see the VAX 6000
Series Vector Processor Programmer’s Guide.
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3.4.2 Instruction Issue Rules

The availability of registers is handled by a method called "scoreboarding.”
The rules governing register availability depend on the type of instruction
to be issued.

¢ For a load instruction, the regisier to be loaded must not be modified
by any currently executing (arithmetic) instruction, and it must not
be modified or used as input by any currently deferred (arithmetic)
instruction.

e For a store instruction, the register to be stored must not be modified
by any currently executing or deferred instruction, but it may be in use
as input. The exception is when a chain into store may occur. In this
case the store instruction can be issued while the chaining arithmetic .
instruction is still executing.

© For a scatter or gather instruction, the restrictions for a load or store
instruction apply, but also the register containing the offset to be
used in the scatter or gather instruction must not be modified by any
currently executing or deferred instruction.

* for a load or store under mask instruction, the restrictions for a load
or store instruction apply, but also the mask register must not be
modified by any currently executing or deferred instruction. .

¢ An arithmetic instruction can be issued as soon as the deferred
instruction queue of the arithmetic unit is free. Register checking
for these instructions is handled by the arithmetic unit.

In general, there must be no outstanding writes to a needed register from
prior instructions, and the destination register of the instruction must not
be used by a currently deferred instruction.
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3.4.4

FV64A Vector Processor Module

Data Types
The FV64A vector processor supporta five data types:
¢ Longword
° Quadword
e F_floating
° G_floating
¢ D._floating
Instruction Set

The vector processor implements 63 vector instructions, as defined in the
VAX Architecture Reference Manual.
The vector processor supports the following instruction classes:
¢ Load/Store
° Gather/Scatter
® Masked Load/Store and Gather/Scatter
o JOTA
e VMERGE and Arithmetic
o MFVPMTVP
* MFPR/MTPR
¢ SYNC
s MSYNC
e VSYNC
When an illegal instruction is received by the VECTL chip, the instruction
is decoded and placed in the Illegal Instructior: Register. The vector
processor is disabled, and a hard error interrupt is posted. The Vector
Controller Status Register <ILL> bit is set to indicate an illegal
instruction.
The following list describes by instruction type the flow of instructions in
the machine.

34.4.1 Load Instruction

When a load instruction is received by the VECTL chip, it checks the
destination vector register against outstanding arithmetic instructions. If

there are no rezister usage conflicts, the instruction is sent to the Load
/Store chip.
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344.2

Store Instruction

When a store instruction is received by the VECTL chip, it checks the
source vector register against outstanding arithmetic instructions. If there
are no conflicts, the instruction is sent to the Load/Store chip. If the source
for the store is the destination of the current arithmetic instruction, and
the deferred arithmetic instruction does not conflict with the scurce vector
register, and the arithmetic instruction is not a divide, then the VECTL
chip waits for a signal from the Verse chips to indicate that the store
operation can start. The instruction is then sent to the Load/Store chip.

3443

Gather/Scatter Instructions

When a gather or scatter instruction is received by the VECTL chip, it
checks the destination/source register against outstanding arithmetic
instructions. If there are no conflicts, the instruction is sent to the Load
/Store chip. The Load/Store chip will then fetch the offset vector register.
When this is complete, the VECTL chip will reissue the instruction,
and the gather/scatter operation will take place using the previously
stoied oifset vector register to generate the virtual addresses. Scatter
instructions also permit chain-into-store.

3444

Masked Load/Store and Gather/Scatter instructions

The operation for masked memory instructions is identical to the
unmasked versions except the following operations are performed first.
The VECTL chip checks if any outstanding arithmetic instructions will
modify the mask register. If not, the VECTL chip reads the mask from
the Verse chips and sends it to the Load/Store chip. The sequence is then
performed as above.

3445

IOTA Instruction

When an I0TA instruction is received by the VECTL chip, it checks the
destination vector register against outstanding arithmetic 1nstructions.
The outstanding arithmetic instructions are checked tor modification of the
mask register as well. If there are no conflicts, the VECTL chip reads the
mask register from the Verse chips. The VECTL chip then executes the
instruction.

3446

VMERGE and Arithmetic instructions

When the instruction is received and there is room in either the Deferred
ALU Instruction Register or the Current ALU Instruction Register, the
instruction is loaded. The dispatch control checks for an outstanding load
/store or IOTA in progre:s. If none are found, th=2 instruction is written
into the Verse instruction queue.

3447

MFVP/MTVP instructions

When a request is made ‘rom/to a control register, the VECTL chip
performs the read/write transaction for the appropriate register. If the
scalar processor sends an MFVP/MTVP instruction before it recognizes
that the vector processor is disabled, the VECTL chip still honors the
request. The vector disable fault is taken when the scalar CPU recognizes
that the vector processor is disabled, and then an instruction or MFVP
/MTVP is encountered in the I-stream.
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When a request is made to read or write an internai processor register,
the vector processor honors the request and performs the required
operation independent of state. The scalar processor issues MFPR/MTPR
instructions even if the vector processor is disabled. The scalar CPU must
be in kernel mode to permit the instruction to be issued.

The SYNC instruction is a special case of the MFVP instruction. This
instruction stalls the scalar processor until the Busy bit of the Vector
Processor Status Register (VPSR) is clear, which indicates that the vector
processor has completed all instructions in its queues.

The MSYNC instruction is a special case of the MFVP instruction. This
instruction stalls the scalar processor until the Load/Store chip has
completed all memory transactions. Executing an MSYNC instruction
guarantees that all memory activity is complete and that the invalidate

3448 MFPR/MTPR Instructions

3449 SYNC Instruction

3.4.4.10 MSYNC Instruction
queue is empty.

3.4.4.11 VSYNC instruction

The scalar processor sends this instruction to the VECTL chip. The design
of the vector processor does not allow multiple outstanding load/store
instructions. This means that the VSYNC instruction is ignored when it is
decoded.
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Arithmetic Unit
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The arithmetic unit (ALU) consists of four pairs of vector register
file chips and FPUU chips. Vector instructions are received from the
VECTL chip.

Figure 3-5 Vector Arithmetic Unit
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All register-to-register vector instructions are handled by the arithmetic
unit (ALU). Figure 3—-5 shows the arithmetic unit and its four pairs

of chips: vector register file (Verse) chips and the vector FPU (Favor)
chips. The Favor chips perform all floating-point instructions as well as
compare, shift, and integer multiply. (There is no integer divide vector
instruction.) The Verse chips do everything else, including merge and
legical instructions and all initial instruction handling. The parts of the
arithmetic unit appear to perform as a single unit.

All instructions, except floating-point divide instructions, are fully
pipelined. For increased performance all arithmetic instructions are
executed by four parallel pipelines. After an initial startup time, the
fully pipelined instructions can produce four results each cycle for single-
precision instructions and after every other cycle for double-precision

instructions. .
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Each vector register file chip contains every fourth element of the vectcr
registers, thus permitting four-way parailelism. These chips raceive
instructions from the VECTL chip and data from the cache or load/store,
read operands from the registers, and write results back into the registers
or into the mask register. If two 32-bit operands come over in a single
64-bit transfer, they can be read or written by two separate register file
chips.

The register set has four 64-bit ports (one read/write for memory data,
two for read operands, and one for writing results). The register file is
implemented with one read/write port and one read-only port, and can be
accessed twice per cycle. While one instruction is writing its results, a
second can start reading its operands, thus hiding the instruction pipeline
delay. Variations in pipeline length between instructions are smoothly
liandled so that no gaps exist in the flow of write data. The register file
can hold two outstanding erithmetic instructions in its internal queue.
The arithmetic unit executes two arithmetic instructions in about the
time it takes one load or store operation to take place. The data from the
register file flows to the vector FPU chip.

Input data to the vector FPU chip comes over a 32-bit bus that is driven
twice per cycle, and results are returned on a separate 32-bit bus that

is driven once per cycle (see Figure 3—6). The two operands for single-
precision instructions can be passed in one cycle, while double-precision
operands require two cycles. The FPU chip has a throughput of one cycle
per single-precision operation, two cycles per double-precision operations,
and 10 or 22 cycles per single- or double-precision divide. Its pipeline delay
varies for different operations; for example, the pipeline delay is 5 cycies
for all longword-type instructions and 6 cycles for all double-precision
instructions except multiply.

Figure 3-6 Verse/Favor Chip Bus Operation
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An instruction continues executing until all resulte are completad. A
deferred arithmetic instruction begins execution after the instruction in
the pipeline completes or when all the following conditions are met:

® The deferred instruction must not be a "short" instruction; that is,
the vectors used by the instruction must be at least eight elements in
length.

® The current instruction must not be a "long” instruction; that is, the
instruction must not require more than two cycler per element to
execute. (The divide instructions are the only "long" instructions.)

In other words, overlap of instruction execution can occur if the results of
the deferred instruction will not be completed before the last results from
the current instruction. The overlap of instructions will be particularly
significant for shorter vectors.

3-18
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Load/Store Unit

Vector instructions are received by the vector control unit (the
VECTL chip) from the ecalar processor and then issued to either
the load/store unit or the arithmetic unit. The Load/Store chip
controle the load/store unit, which consists of a 1-Mbyte cache
and the XMI interface logic. There is a duplicate tag store and a
32-element write buffer.

The load/store unit handles all cache and memory accesses for the vector
module. It controls the vector cache and includes the XMI interface. The
vector module implements a single-level, direct-mapped cache. In addition,
the Load/Store chip has a 32-element write buffer that can hold the data
and addresses for one vector store or scatter instruction.

Figure 3-7 shows the flow of address and data in the load/store pipeline.
Each stage is & single or multiple stage based on the 44.44-ns vector
module clock. The XMI stage is a multiple of 64 ns, and the time taken
depends on the transaction type and the XMI bus activity. All memory
references must flow through the cache stage.

Once a load/store instruction is issued, the load/store unit becomes bus
master and controls the internal cache data (CD) bus. When a load
/store instruction starts execution, no further instructions can be issued
on the CD bus until the instruction completes. The scalar processor is
also stalled until the vector module indicates that it is ready to accept
more instructions. The Load/Store chip handles the memory reference
instructions, the address tranelation, the cache management, and the
memory bus interface.

Figure 3-7 Address/Data Flow in Load/Store Pipeline

Virtual Virtual Cache Deta
i [ Tt Lo "
< Trensiate mpare Bge
| ——
AMI
Road Miss
msb-0532-80

3-19



FV64A Vector Processor Module

3-20

If a memory instruction uses register offsets, the offeet register is first
read into a buffer and then each element of the offset register is added to
the base. This saves having to turn around the internal bus for each offset
read. If a register offset is not used, addresses are generated by adding
the stride to the base. The stride is the number of memory locations
(bytes) between the starting addrens of consecutive vector elements. This
virtual address is then translated to a physical address by using an on-
chip 136-entry, 68-way fully asscciative translation buffer. Two entries are
checked at once by an address predictor looking for "address translation
successful” on the last element (the assertion of the MMOK signal). The
early prediction permits the scalar processor to be released and appear to
be asynchronous on memory reference instructions. The Load/Store chip
handles translation buffer misses on its own but returns the necessary
status on invalid or swapped-out pages. When the scalar processor corrects
the situation, the instruction is retried from the beginning.

Once a physical address is obtained, the Load/Store chip looks it up in the
32K entry tag store. The address is delayed and passed to the 1-Mbyte
cache data store. This delay permits cache lookup to complete bafors daia
is written to the cache on store operations. In parallel, the corresponding
register file address is presented to the four register file chips. The data
and addresses are automatically aligned for load and store operations to
permit the correct reading and writing of the register file and cache data
RAMs. Up to four cache misses can be outstanding before the read data
for the first miss returns, and hits can be taken under misses. Cache
parity errors cause the cache to be disabled, and the instruction retried.
When the instruction completes, a soft error interrupt is sent to the scalar
processor.

A duplicate copy of the cache tag store is maintained for filtering cache
invalidates from the main memory bus. The cache is write through, with
a 32-element write buffer, and memory read instructions that hit in the
cache can start while the memory write instructions are emptying the
write buffer. The cache fill size is 32 bytes. The entire process is pipelined
go that a new 64-bit word can be read or written each cycle.

The load/store unit includes a five-segment pipeline that can accept a
new element every cycle. In general, the load/store pipeline handles a
single element request at a time. The exception occurs when a load or
store instruction is acting on single-precision, unity vector stride data. In
this special case, consecutive elements are paired and then each pair is
handled as a single request by the load/store pipeline.

The load/store unit does not respond to XMI transactions.

There are several ways to maximize instruction execution overlap. A
load/store instruction can execute in parallel with up to two arithmetic
instructions, provided the arithmetic instructions are issued first and there
are no register conflicte, and chain into store can reduce the perceived
execution time of a store instruction. Also, early MMOK allows the

scalar/vector communications to be overlapped with load/store instruction
execution.
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The handling of translation buffer misses has a large effect on the
performance of nonunity stride vectors. A stride of two pages (256
longwords or 128 quadwords) or more can result in a TB miss for each
data item. A stride of eight pages (1024 longwords or 512 quadwords) or
more can result in a TB miss that can cause a cache miss for each data
item. Unity stride is mosat efficient in that it runs sequentially through the
data and makes full use of all PTEs fetched.

The write size for a store operation depends upon the stride. The write
size for a store with unity stride is an octaword, whereas the write size for
a store with nonunity stride is a quadword.

Nonunity stride loads and stores significantly impact the performance
level of the XMI memory bus as compared to unity stride operations. A
far greater number of memory references are required for nonunity stride
than is the case for unity stride. If the ratio of cache-miss load/store to
arithmetic instructions is sufficiently high and nonunity atride is used,
XMI bus bandwidth can become the limiting performance factor.

For more information on effective use of the vector processor, see the VAX
6000 Series Vector Processor Programmer’s Guide.

Up to four XMI load operations can be queued at one time. The pipeline
continues processing vector element loads until a fourth cache miss occurs.
At that point the cache miss queue is full and the pipeline stalls. The
pipeline remains stalled until one of the cache misses is serviced. Cache
misses on a load instruction degrade the performance of the load/store
pipeline.

A cache miss is serviced by a hexword fill. On the XMI a hexword transfer
is 80 percent efficient since one address is sent to receive four quadwords
of data; an octaword transfer ie 67 percent efficient since one address

is sent to receive two quadwords of data; a quadword transfer is only

50 percent efficient since one address is sent to receive one quadword of
data. For this reason, stores are more efficient with unity stride than with
nonunity stride. A larger piece of memory can be referenced by a single
address eo that fewer memory references are required.

In the case of load instructions, the comparison of unity and nonunity
stride is less straightforward. A nonunity stride cache miss load causes a
full hexword to be read from memory even though the load requires only
a longword or quadword of data. If the additional data is not referenced
by subsequent, load instructions, then the nonunity stride load is much
less efficient than a unity stride load. If subsequent loads do reference the
extra data, then nonunity stride load performance improves due to higher
cache hit rates for the subsequent loads. For double-precigion data there is
little degradation due to nonunity stride in this case. For single-precision
data, unity stride loads will always show significantly higher performance
because of the load/store pipeline optimization for single-precision unity
stride loads.

The Load/Store chip has a write buffer that holds half of a vector register;
that is, 32 64-bit elements. However, all 64 elements can be packed into
the write buffer for single-precision, unity stride store operations. An XMI
write transaction is started as soon as the first element is written into the
write buffer.
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3.6.1 Memory Management

The vector processor implements memory management as described in
the VAX Architecture Reference Manual. During normal system operation
memory management is always enabled. Memory management can be
disabled for diagnostic purposes.

36.1.1 MMOK Signal
The Load/Store chip asserts MMOK (Memory Management Okay) when
all memory references are successful. The asgertion of MMOK indicates

that the scalar processor can then issue another instruction to the vector
processor.

36.1.2 Access Mode , .
Access control is the function of validating whether a particular type of

memory access is permitted to a particular page. The access is determined
using the following parameters:

¢ The virtual page number.

¢ The appropriate length registers.

¢ The processor mode.

¢ The protection code in the page table entry (PTE). .
¢ The alignment of the address is correct (must be naturally aligned).

e The intended reference when translated is not an I/O space reference.

The access mode of a running process is the processor mode at the time

the vector instruction is issued. The access mode is sent to the VECTL
chip when the ingtruction is issued.

The vector processor is not permitted to access I/0 space. If the virtual-
to-physical translation results in an address in I/Q space, an I/O space '
rafarence faull is generated.

If a protection check violation, a length violation, an 1/0 space reference,
or a vector alignment fault occurs, the vector module passes status back to
the scalar CPU indicating that an ACV fault occurred.
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3.6.1.3

Memory Management Control Registers

The vector processor has memory management control regiaters that
duplicate those in the scalar processor. These are automatically updated
whenever changes are made to the registers in the scalar processor.

Three internal processor registers (IPRs) control memory management:
e IPR566, Memory Management Enable Register (MAPEN)

e IPRb7, Translation Buffer Invalidate All Register (TBIA)

e [PRbE8, Translation Buffer Invalidate Single Register (TBIS)

Three pairs of IPRs specify the base and length of P0, P1, and S0 space:
e [PRS, PO Base Register (POBR)

e IPR9, PO Length Register (POLR)

¢ IPR10, P1 Base Register (P1BR)

e IPR11, P1 Length Register (P1LR)

e IPR12, System Base Register (SBR)

¢« JPR13, System Length Register (SLR)

One IPR and three vector indirect registers are used by diagnostic software
to test the vector translation buffer:

o [PR147, Vector Translation Buffer Invalidate All (VTBIA)

* RFA 509, Translation Buffer Control Register (LSX_TBCSR)
e RFA 530, Translation Buffer Tag Register (LSX_TBTAG)

e RFA 531, Translation Buffer PTE Register (LSX_PTE)

The vector processor uses ancther IPR for memory synchronization
between the scalar and vector modules:

¢ IPR146, Vector Memory Activity Check Register (VMAC)
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Translation Buffer
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The translation buffer (TB) contains 136 page table entries (PTEs). The
TB has 68 associative tags with two PTEs per tag. The TB uses a round-
robin replacement algorithm. When a TB miss occurs, two PTEs (1
quadword) are fetched from cache. If the fetch from cache results in a
cache miss, eight PTEs (one hexword) are loaded into cache from main
memory. Two PTEs are installed in the TB.

The translation buffer can be invalidated by executing a TB flush. This is
accomplished either by writing the VIBIA register or by writing the scalar
TBIA or TBIS registers with the desired virtual address to invalidate a
single location.

Modifying any of the scalar IPRs associated with memory management
also flushes the iranslation buffer.
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Cache Memory

The vector module implements a single-level, direct-mapped cache.
The cache is write through, and the &ize is one Mbyte.

The vector processor implements a 1-Mbyte cache, direct-mapped, with a
fil of a hexword (block) and a hexword allocate (block size). The cache is
read allocate, no-write allocate, and write through. There are 32K tags,
and each tag maps one hexword block. Each tag contains one block valid
bit, a 9-bit tag, and one parity bit. Each data block contains 32 bytes and
8 parity bits, one for each longword.

Asgociated with each of the 32K main tags is a duplicate tag in the XMI
interface. This tag is allocated in parallel with the main tag and is used
for determining invalidates. All XMI write command/address cycles are
compared with the duplicate tag data to determine if an invalidate should
take place. The resulting invalidate is placed in a queue for subsequent
processing in the main tag store.

Cache Organization

The cache is a 1-Mbyte, direct mapped, write-through cache. The cache
is arranged in 32K rowe with four quadwords and one tag entry per row.
Figure 3-8 shows the cache arrangement. Figure 3-9 shows how the
physical address is divided.

Figure 3-8 Cache Arrangement

<——————— Data Array -———————®& Tag
Array
QW 3 J Qw 2 J QW 1 17 QW 0 TAG 32K rows

meb~-p316-90

3-25



FV64A Vector Processor Module

Figure 3-9 Physical Address
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The physical address passed to the cache is 27 bits long and is longword
aligned. Bit <29> is never passed to the cache, because an I/O space
reference generates a memory management exception in the translation
buffer. Bits <28:20> are compared to the tag field. Bits <19:56> provide the
row select for the cache, bits <4:3> supply the quadword address, and bit
<2> supplies the longword address. '
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Figure 3-10 shows how the main tag memory is arranged. The main tag
is writien with PA<28:20>, and the valid bit covers a hexword block. The
parity bit covers the tag and valid bits. The duplicate tag is identical to
the main tag memory.

Figure 3-10 Tag Entry Organization
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Figure 3-11 shows the organization of the cache data. Each cache block
contains four quadwords, with eight longword parity bits.

Figure 3--11 Cache Data Organization

-G QW 3 —b , <@ QW 2 —> <t QW 1] —P  -t— QW 0 —P=
LW 1]97Lw ;]ps Lw 5]1’5[ 1w ALN LW isaru :ﬂpz Lw 1]£1[ w oTpo

meb-p319-90

3-27



FV64A Vector Processor Module

3.7.2 Cache Coherency

3-28

All data cached must remain coherent with data in main memory. This
means that any write done by a processor or /O device must displace data
cached by all processors.

The XMI interface in the Load/Store chip continuously monitors all XMI
write transactions. When a write is detected, the address is compared
with the contents of a duplicate tag store to determine if the write should
displace data in the main cache. If the write requires that the main cache
tag be invalidated, then an invalidate queue entry is generated. The
duplicate tag store is a copy of the main tag store. When a main cache
tag allocate is performed, the corresponding duplicate tag is also allocated.
When an invalidate request is generated, the duplicate tag is immediately ‘
invalidated. This mechanism permits full bandwidth operation of the main

cache without missing an invalidate requeat.

There is one invalidate scenario that the basic mechanism does not detect
which would lead to the cache being incoherent. The following sequence of
events can take place:

1 A load instruction generates a read miss in the cache.

2 The cache tag is allocated, and the read request is passed to the XMI
read queue.

3 The XMI read queue controller issues an XMI request and allocates
the duplicate tag.

A write to this location is performed by another node.
The duplicate tag lookup hits, and an invalidate request is generated.

6 The invalidate is immediately dispatched, and the main tag entry
cleared.

The return read data appears, the cache is filled, and the tag is written .
with a good tag.

-~

As the scenario shows, the memory returns good read data in the correct
order, but it has been updated by the write transaction. Because of the
relative order of the transactions, the cache shows that the read data is
valid, when it should be invalidated.
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To resolve this conflict when the duplicate tag is checked, the read queue
checks the write against all outstanding read requests. If a match is
found, the read queue sets a "Don't cache” flag in the read request buffer.
When read data returns, it is not written in cache.

The scenario now takes place as follows:

1
2

~N O O &

£ load instruction generates a read miss in the cache.

The cache tag is allocated, and the read request is passed to the XMI
read queue.

The XMI read queue controller issues an XMI request and allocates
the duplicate tag.

A write to this location is performed by another node.
The duplicate tag lookup hits, and an invalidate request is generated.
The read queue lookup hits, and a "Don’t cache” status flag is set.

The invalidate is immediately dispatched, and the main tag entry
cleared.

The return read data appears, the cache is net filled, and the tag is left
invalidated.

The invalidate queue is 16 entries. In its quiescent state the Load/Store
chip can pricess invalidates faster than the XMI can generate them.
However, during sxecution of a load or store instruction, the invalidate
queue can ill to a level where normal processing must cease, and tii»
invalidate queue is then emptied before an overflow occurs. The number of
entries before thia mechanism is enabled is 9.
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3.7.3 Memory Synchronization

Due to the acalar write buffer, the vector write buffer, and the pipeline
in the Load/Store chip, the possibility exists that all memory transfers
have not completed when the VECTL chip flags the scalar processor that
ai instmiction ia complete. Using data in memory before guaranteeing
coherency can lead to erronevus r&ucits. Two mechanisms permit the

scalar and vector processors to guarantee that all transactions have
finished.

® Issuing the MSYNC instruction—used by user programs

° Reading the Vector Memory Activity Check Register—used by
operating sysiems

3731 Nonprivileged Memory Synchronization
MSYNC, which can be executed in user mode, causes the scalar processor
to wait for the vector processor to finish all memory references and then
flush its write buffer. The vector processor also guarantees to field all
invalidates immediately until the next instruction is sent. By using the
MSYNC instruction, the user can suarantee memory coherency. However,
the MSYNC instruction can cause severe performance penalties if misused.

CAUTION: If a vector disable condition occurs, an MSYNC instruction
causes a vector disable fault. This would be fatsl if the MSYNC
instruction is in operating system code that runs at a high IPL.

3.73.2 Privileged Memory Synchr ‘(zation
The Vector Memory Activity Check Register (VMAC) is an IPR that can
be read in kernel mode using the MFPR instruction. VMAC allows the
processor to perform the MSYNC operation without incurring a disable
fault. When the IPR read is issued, the scalar processor is stalled in the
same way as above until all memory transactions have taken place.

NOTE: It is not possible to monitor the VPSR<BSY> bit to determine
ingtruction completion. This bit is cleared as soon as the
ingiruction compietes, not when the memory iransier completes.
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3.8 Vector Processor Registers

The vector module contains internal processor registers (IPRs)
and vector indirect registers. Both are acceased by MTPR/MFPR
instructions. The latter are read by using the indirect address
registers, VIADR, VIDHI, and VIDLO. The vector data registers
are also in vector indirect address space. The VLR, VCR, and

VMR control registers are read and written by MFVP/MTVP
instructions.

. The vector procesor has 16 data registers, each containing 64 elements
numbered 0 through 63. Each element is 64 bits wide. The VAX
Architecture Reference Manual specifies the registers used to access the
data registers. Other registers used with the data registers are the Vector
Length, Vector Count, and Vector Mask Registers (see Figure 3-12 and
Figure 3-13).

Figure 3-12 Vector Length and Vector Count Registers
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Figure 3-13 Vector Mask Register
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° The 7-bit Vector Length Register (VLR) controls how mnny vector
elements are processed. VLR is loaded prior to executing a vector
instruction. Once loaded, VLR specifies the length of all subsequent
vector instructions until it is loaded with a new value.

¢ The 7-bit Vector Count Register (VCR) receives the length of the offset
vector generated by the IOTA instruction.

° The Vector Mask Register (VMR) has 64 bits, each bit corresponding to
an element in a vector register. Bit <0> corresponds to vector element
zero. The vector mask is used by the vector compare, merge, IOTA,
masked ivad/store instructions, and masked arithmetic instructions.

VCR and VLR are in the VECTL chip. VMR and the vector data registers
are split across the four Verse chips. .

In addition to internal processor registers, the vector processor also has
registers in vector indirect address space, which are called "vector indirect
registers.” Table 3-2 lists the internal processor registers (IPRs), and
Table 3-3 lists the vecior indirect registers.

3.8.1 Access to Registers

The IPRs and the vector indirect registers are accessed through the MTPR .
and MFPR instructions, which require kernel mode privileges.

The console operator uses the EXAMINE and DEPOSIT commands to
read and write the IPRs and the vector indirect registers. The vector data
registers can also be accessed from the console. The qualifiers differ:

e /1 — to read and write the IPRs

¢ /M — to read and write the vector indirect registers, except for the 16
vector data registers

® /VE — to read and write the vector data registers

From the console, the Vector Length, Vector Count, and Vactor Mask
contro! registers can be specified as VLR, VCR, and VMR after DEPOSIT
and EXAMINE commands with no qualifiers.

The following example shows how a vector indirect register can be read
and written from the console (ALU_OP is the Arithmetic Instruction
Register at the register field address of 440):

EXAMINEM 440
DEPOSIT/M 440 xxxx

Software uses MTPR and MFPR instructions to access the vector indirect
registers.
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How to examine the contents of ALU_OP at address 440:
MTPR  #7X440, #VIADR

MFPR  #VIDLO, RO

MFPR  #VIDHI, R1

How to deposit data in ALU_OP at address 440:
MTPR  #°X440, #VIADR

MTPR R1, #VIDLO

MTPR RO, #VIDHI

The control registers, Vector Count, Vector Length, and Vector Mask, are
accessed with MTVP/MFVP instructions.



FV64A Vector Processor hNlodule

3.8.2 Internal Processor Registers

Internal processor registers (IPRs) are accessed through the MTPR

and MFPR instructions, which require kernel mode privilege. These
instructions to the vector registers can be used even if the vector module
is disabled.

Table 3-2 lists the vector module IPRs.

The IPRs in the vector module that are duplicates of registers in the scalar
module will be written whenever the scalar IPRa are written, if bit <0>,
Vector Present, is set in the scalar module ACCS register.

The Accelerator Control and Status (ACCS) and Vector Interface Error
Status (VINTSR) Registers are implemented in the scalar CPU and are
described in Chapter 3.

Table 3-1 lists the codes used to categorize the registers and bits in the
following register descriptions.

Table 3-1 Types of Registers and Bits

Type Description
0 Initialized to logic level zero
1 Initialized to logic level one
X Initialized to either logic level
RO Read only
RW Read/write
R/Cleared on W  Read/cleared on write
RWiC Read/cleared by writing a one
WO Write only
BR Broadcast read
BW Broadcast write

LY
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Table 3-2 Internal Processor Registers

Address
decimal (hex) Register Mnemonic Type' Clasa® Location
8 (8) Vector Copy--P0 Base POBR WO 4 s
9 (9) Vector Copy—P0 Length POLR WO 4 s
10 (A) Vector Copy—P1 Base P1BR wo 4 s
11 (B) Vector Copy—P1 Length PiLR WO 4 s
12 (C) Vector Copy—Sysiam Base SBR WO 4 us
13 (D) Vector Copy—System Length SLR WO 4 LS
40 (28) Accelerator Control and Status ACCS RW 2Init CPU-chip
56 (38) Vector Copy—Memory Management LSX_MAPEN WO 4 us
Enable
57 (3®) Vector Copy—Translation Buffer LSX_TBIA WO 4 us
Invalidate All
58 (3A) Vector Copy—Translation Butfer LSX_TBIS WO 4 s
Invalidate Single
123 (7B) Vector Interface Error Status VINTSR RW 2 C-chip
144 (90) Vector Processor Status VPSR RW 3 VECTL
145 (91) Vector Arithmetic Exception VAER RO 3 VECTL
146 (92) Vector Memory Activity Check VMAC RO 3 VECTL
147 (93) Vector Translation Buffer invalidate All VTBIA WO 3 us
157 (9D) Vector Indirect Register Address VIADR RW 3 VECTL
158 (9E) Vector indirect Data Low VIDLO RW 3 VECTL
159 (9F) Vector Indirect Data High VIDHI RW 3 VECTL
'See Table 3-1.
2Key to Classes:

1 = Implemented by the KA65A CPU module as specified in the VAX Architecture Refersnce Manual.

2 = Implemented uniquely by the KA65A CPU module.

3 = Implementsd by the FV64A vactor processor module,

4 = implemented in the KABSA CPU module with a copy in the FV64A vector processor module.

n Init = The register is initialized on a KAGSA CPU module reset (power-up, system reset, and node reset).
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Vector Processor Internal Processor Registers
Vector Processor Status Register (VPSR)

Vector Processor Status Register (VPSR)

The Vector Processor Status Register provides stalus to the scalar CPU about
the state of the vector processor.

ADDRESS IPR144 (VECTL chip)

33 2 2 22
0 6 5 4 3 8 76 210

Vector Arithmetic _J
Exception (AEX)
Reset (RST)

Vector Processor Enabled/Disabled (VEN)
Implementation~Specific Hardware EBrror (IMP)
Illegal Vector Opcode (IVO)

1
*T MB2Z MUST BE ZERO 1 MBZ l
‘ Vec.or Proceassor Busy (BSY)

mab-pl22-90

bit<31>
Namae: Vector Processor Busy
Mnemonic: BSY
Type: RO, 0
BSY, when set, indicates that the vector processor is processing vector
instructions. When BSY is clear, the vector processor is idle.
bits<30:26>
Name: Reserved
Mnemonic: None
Type: RO, 0
Unused; must be zero.
bit<25>
Name: llegal Vector Opcode
Mnemonic: VO
Type: RWIC, 0

IVO is set when the vector processor is disabled due tec receiving one
of the following: an illegal vector opcode, an illegal compare function
field (3, 7, 8-F), or an illegal convert code (0, B, E) Writing a one to
IVO clears IVO; writing a zero to IVO has no effect.




bit<24>

bits<23:8>

bit<7>

bits<6:2>

bite1>

Vector Processor Internal Processor Registers
Vector Processor Status Register (VPSR)

Name: implementation-Specific Hardware Error
Mnemonic: IMP
Type: RW1C, 0

IMP, when set, indicates that the vector processor is disabled due to
a hardware error. Writing a one to IMP clears the bit and the Vector
Controller Status Register (VCTL_CSR); writing a zero has no effect.

Name: Reserved
Mnemanic: None
Type: RO, 0

Unused; must be zero.

Name: Vector Arithmetic Exception
Mnemonic: AEX
Type: RW1C, 0

AEX, when set, indicates that the vecto: processor encountered an
arithmetic disabling condition. The nature of the exception can be
determined by examining VAER. Writing a one to AEX clears it and
the Vector Arithmetic Exception R:gister (VAER); writing a zero has
no effect.

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

Name: Reset
Mnemonic: RST
Type: WO, 0

Writing a one to RST clears VPSR, VAER, and VCTL_CSR. If RST is
set by software while BSY, bit <31>, is se., the operation of the vector
processor is undefined. RST is aiways zerc when read.

The following two sequences reset the vector processgor:
MTPR #2, VPER—Reset and leave processor disabled
MTPR #3, VPSR—Reset and leave processor enabled
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Vector Processor Internal Processor Registers
Vector Processor Status Register (VPSR)

bit<0>

Name: Vector Processor Enabled/Disabled
Mnemonic: VEN
Type: AW, 0

Enable the vector processor by writing a one to Vector Processor
Enabled/Disabled. Disable the :‘ector processor by writing a zero to
VEN. VEN sets if the processor encounters a disabling fault. When
this bit is zero, only MFPR/MTI R instructions can access the internal
registers; the scalar CPU blocks MFVP/MTVP instructions and takes
a vector disable fault (SCB vect.r 68 hex). If VEN is reset either

by software or by a disabling fau't, the vector processor finishes all
outstanding instructions, if possible. The disabling condition must be
removed before VEN can be set again.




Vector Processor Internal Processor Registers
Vector Arithmetic Exception Register (VAER)

Vector Arithmetic Exception Register (VAER)

NOTE:

Bits are set in VAER as instructions with arithmetic exceptions complete. The
bit is set in the Vector Destination Register Mask field for the vector register
for the faulting instruction. Writing a one to VPSR<7> (AEX) or VPSR<1>
(RST) clears VAER. Writing a one to these bits also clears the Exception
Summary Register.

The operating system must wait for VPSR<31> (Vector Processor
Busy) to be cleared before reading VAER. Spinning on busy
ensures that all instructions have completed, and their associated
exceptions have been reported. Setting VPSR<RST> before
VPSR<BSY> clears produces UNPREDICTABLE results.

ADDRESS

bits<31:16>

bits<15:6>

IPR145 (VECTL chip)

3
1

- Y
N -

6 S 43210

L MUST BE 2ERO 0 AJ

L Vector Destination Register Mask I

Integer Overflow (IOV)
Floating Overflow (FOV)
Floating Reserved Operand (FRS8)
Floating Divide by 2ero (FD2Z)
Floating Underflow (FUX)

meb-pl123-90

Name: Vector Destination Registar Mask
Mnemonic: None
Type: RO, 0

The Vector Destination Register Mask field contains the value of

the register in the VRC destination field of the currently executing
arithmetic instruction, except for VVCMP instructions. The
destination in this case is the mask register. If 1 exception occurs, no
bit sets.

Name: Resarved
Mnemonic: None
Type: RO, 0

Unused; must be zero.
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Vector Processor Internal Processor Registers
Vector Arithmetic Exception Register (VAER)

bit<5>

bit<d>

bit<3>

bit<2>

bit<i>

bit<0>

Name: Integer Overfiow
Mnemonic: 10V
Type: RO, 0

IOV sets when an integer arithmetic operation or a conversion from
F_. D_, or G_floating to integer ~verflows the destination precision.

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

Name: Floating Ovarfiow
Mnemonic: FOV
Type: RO, 0

FOV sets when an F_, D_, or G_floating arithmetic or conversion
operation overflows the destination exponent.

Namae: Floating Reserved Operand
Mnemonic: FRS
Type: RO, 0

FRS sets when an ettempt is made to perform an F_, D_, or G_floating
arithmetic, conversion, or comparison operation and one or more of the
operand values are reserved.

Pame: Floating Divide by Zero
Mnemonic: FDZ
Type: RO, 0

FDZ sets when an attempt is made io perform an F_, D_, or G_floating
divide operation with a divisor of zero.

Name: Floating Underilow
Mnemonic: FUN
Type: RO, 0

FUN sets when an F_, D_, or G_floating arithmetic or conversion
operation underflows the destination exponent.




Vector Processor Internal Processor Registers
Vector Memory Activity Check Register (VMAC)

Vector Memory Activity Check Register (VMAC)

VMAC tacilitates memory synchronization between the scalar and vector

modules.
ADDRESS IPR146 (VECTL chip)
3
1 0
l Vector Memory Xctivity Check Register _I
meb-pi24-90
bits<31:0>
Name: Vector Memory Activity Check
Mnemonic: VMAC
Type: RO, X

VMAC facilitates memory synchronization between the scalar and
vector modules. VMAC operation is identical to that of MSYNC,
except that the read bypasses the disable mechanism. VMS requires
VMAC to perform memory synchronization in kernel mode.



Vector Processor Internal Processor Registers
Vector Translation Buffer invalidate All Register (VTBIA)

Vector Translation Buffer Invalidate All Register
(VTBIA)

Writing VTBIA causes the vector translation buffer to be flushed.

i R R U R TNy

ADDRESS IPR147 (L/S)
3
1 [}
r Vector Tranelation Buffer Invalidate All Register ‘]
neb-pl25-90
bits<31:0>
Name: Vector Translation Buftsr Invalid.ite Al
Mnemonic: VTBIA
Type: WO, X

Writing VIBIA causes the vector translation buffe: to -2 flushed.




Vector Processor Internal Processor Registers
Vector Indirect Register Address Register (VIADR)

Vector indirect Register Address Register (VIADR)

VIADR provides access to the vector indirect registers and the vector data
registers. To acces= the vector processor indirect address space, you use
VIADR and the indirect data registers VIDHI and VIDLO. You load the Register
Field Address (RFA) field with the appropriate address, and a read or write to
the indirect data registers will then cause the data transfer to take place.

When a read from VIDLO is performed, a quadword is read from the vector
indirect register being addressed by VIADR. The quadword is loaded into the
VIDHI and VIDLO longword registers. The longword in VIDLO is passed back
to the scalar CPU. f a longword is writien io ViDH! folicwed by a longwaord
written to VIDLO, the quadword in VIDHI and VIDLO is loaded into the indirect
register corresponding to the address in VIADR.

For example, a vector indirect register such as the Arithmetic Instruction
Register (ALU_OP) at the register field address of 440 is accessed with
MTPR and MFPR instructions as follows:

To examine the contents of ALU_OP at address 440:

MTPR  #"X440, #VIADR
MFPR  #VIDLO, RO
MFPR  #VIDHI, R1

Jo deposit data in ALU_OP at address 140:

MTPR  #"X440, #VIADR
MTPR  Rf1, #VIDLO
MTPR RO, #VIDHI

ADDRESS IPR157 (VECTL chip)
3 11
1 10 0
[ MUST BE ZERO L J
Register Field Address -J
mab-pl26-90
bits<31:11>
Name: Reserved
Mnemonic: None
Type: RO, 0

Reserved; must be zero.



Vector Processor Internal Processor Registers
Vector Indirect Register Address Register (VIADR)

bits<10:0>

Name: Register Field Address
Mnemonic: RFA
Type: R/W, X

If RFA <10> is zero, then RFA <9:0> indicates access to the vector data
registers. The address is eplit into two fields:

® Vector register address (bits <9:6> )
¢ Vector element address (bits <5:0> )

If RFA <10> is one, then RFA <9:0> indicates access to the diagnostic
and control registers in the vector indirect address space.

Codes for address biis <5:6> are as foiiows:

<9:6> Location

0001 Verse chip registers

0010 VECTL chip registers

0100 Load/Stars and XMI interface registers
1000 Reserved

All other addresses are illegal and are ignored by the VECTL chip. A
read to an illegal location produces UNPREDICTABLE results; a write
is ignored.



Vector Processor Internal Processor Registers
Vector Indirect Data Low Register (VIDLO)

Vector Indirect Data Low Register (VIDLO)

VIDLO contains the low-order longword of an internal processor register

quadword.
ADDRESS IPR158 (VECTL chip)
3
1 0
[ Vector Indirect Data Low Regiater ]
meb-pl27-90
bits<31:0>
Name: Vector Indirect Data Low
Mnemonic: VIDLO
Type: RW, X

A read of VIDLO causes the vector processor to access the vector
register element or vector indirect register specified i1. VIADR. Bits
<31:0> of the selected register are loaded into VIDLO and returned to
the scalar CPU, where it is stored in dst.wl.

A write of VIDLO causes the vector processor to write the vector
register element or vector indirect register specified in VIADR. The
low 32 bits are supplied from src.rl in the scalar CPU.



Vector Processor Internal Processor Registers
Vector Indirect Data High Register (VIDH!)

Vector Indirect Data High Register (VIDHI)

VIDHI contains the high-order longword of an intemal processor register

gquadword.
e e R e R
ADDRESS IPR159 (VECTL chip)
3
1 0
_ Vactor Indirect Data High Register
meb-p128-90
bits<31:0>
Name: Vector Indirect Data High
Mnemonic: VIDHI
Type: RW, 0
VIDHI buffers the high 32 bits of quadword arguments when accessing
VIDLO.




FV64A Vector Processor Module

3.8.3 Vector Indirect Registers

The vector module has 16 Kbytes of indirect address space. Table 3-3 lists
the registers implemented in that space.

Table 3-3 Vector Indirect Registers

Register Fleld

Address

(hex) Register Mnemonic Type Location
000-03F Vector Register 0 VREGO RW Verse
040-07F Vector Register 1 VREGH RW Verse
080-0BF Vector Register 2 VREG2 Rw Verse
0CO-OFF Vector Register 3 VREG3 AW Verse
100-13F Vector Register 4 VREG4 W Verse
140-17F Vector Register § VREG5 W Verae
180-1BF Vector Register 6 VREG6 RW Verse
1CO-1FF Vector Register 7 VREG7 W Verse
200-23F Vector Register 8 VREGS RW Versa
240-27F Vector Register 9 VREGS RW Verse
280-2BF Vector Register 10 VREG10 RW Verse
2C0-2FF Vector Ragister 11 VREG11 RW Verse
300-33F Vector Register 12 VREG12 RW Verse
340-37F Vector Register 13 VREG13 RW Verse
380-3BF Vector Register 14 VREG14 RW Verse
3CO-3FF Vector Register 15 VREG15 RW Verse
440% Arithmetic Instruction ALU_OP RBW Verse
448 Scalar Operand Low ALU_SCOP_LO RBW Verse
44C Scalar Operand High ALU_SCOP_HI RBW Verse
450 Vectcr Mask Low ALU_MASK_LO BRBW  Verse
451 Vector Mask High ALU_MASK_HI BRBW  Verse
454 Exception Summary ALU_EXC RBW Verse
45C Diagnostic Control ALU_DIAG CTL RBW Verse
480 Current ALU Instruction VCTL_CALU RW VECTL
481 Deferred ALU Instruction VCTL_DALU RwW VECTL
482 Current ALU Operand Low VCTL_COP_LO RW VECTL
483 Current ALU Operand High VCTL_COP_HI RW VECTL
484 Deferred ALU Operand Low VCTL_DOP_LO RW VECTL

tAddresses from 400-45F in this column specify the address of Verse chip 0; addresses for Verss chips 1, 2, and
3 are found by adding 1, 2, and 3 to the address given. A read must specify each Verse chip by its own address;
& write to the address given in the table (for Verse chip 0) is broadcast to all Verse chips.



FV64A Vector Processor Module

Table 3-3 (Cont.) Vector Indirect Registers

Register Field
Address
{hex) Register Mnemonic Type Location
485 Deferred ALU Operand High VCTL_DOP_HI RW VECTL
486 Load/Store Inatruction VCTL_LDST w VECTL
487 Load/Store Stride VCTL_STRIDE RW VECTL
488 lllegal Instruction VCTL_ILL RW VECTL
489 Vector Controller Status VCTL_CSR RW VECTL
48A Module Revisicn MOD_REV RO VECTL
500 Vector Copy—P0 Base LSX_POBR wWo (W
501 Vector Copy—P0 Length LSX_POLR wo /s
502 Vector Copy —P1 Base LSX_P1BR WO s
503 Vector Copy —P1 Length LSX_PiLR WO us
504 Vector Copy —System Base LSX_SBR wo us
505 Vector Copy—System Length LSX_SLR AW s
508 Load/Store Exception LSX_EXC RO us
509 Transiation Buffer Control LSX_TBCSR WO us
50A Vector Copy—Memory LSX_MAPEN WO us
Management Enable
508 Vector Copy—Translation Buffer LSX_TBIA wo LS
invalidate All
50C Vector Copy—Transiation Buffer LSX_TBiS WO us
invalidate Single
510 Vactor Mask Low LSX_MASKLO WO s
511 Vector Mask High LSX_MASKHI WO s
512 Load/Store Stride LSX_STRIDE wo s
513 Load/Store Instruction LSX_INST wo /s
520 Cache Control LSX_CCSR RW Us
530 Translation Buffer Tag LSX_TBTAG RW /s
531 Translation Buffer PTE LSX_PTE AW s




Vector Processor Indirect Registers
Vector Register n (VREGnh)

Vector Register n (VREGN)

There are 16 vector data registers, each of which contains 64 elements,
numbered 0 through 63. Each element is 64 bits wide.

The 16 vector data registers are accessed through the indirect address
registars. For diagnostics and self-test, the VREGS are only accessible
from kernel mode using Move to Processor Register/Move From Processor
Register (MTPR/MFPR) instructions using tho indirect address registers.

R s I e S T Sy

ADDRESS VREGO 000-03F (Verse chips)
VREG1 040-07F
VREG2 080-0BF
VREG3 0C0-0OFF
VREG4 100-13F
VREGS5 140-17F
VREG6 180-1BF
VREG7 1C0-17F
VREG8 200-23F
VREGSY 240-27F
VREG10 280-2BF
VREG11 2C0-2FF
VREG12 300-33F
VREG13 340-37F
VREG14 380-3BF
VREG15 3C0-3FF

“ wo

RElement 0 J

r Element 63 J

mab-pl138-90
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Vector Processor Indirect Registers
Vector Register n (VREGnh)

bits<63:0>

Name: Vector Register n
Mnemonic: VREGnH
Type: RW

Vector logical instructions read source element bits <31:0> and write
the result into destination element bits <31:0> while destination
element bits <63:32> receive bits <63:32> of the corresponding element
of the Vb source operand.

Destination element bits <63:32> are UNPREDICTABLE for vector
instructions that read longword data from memory into a VREG. If
the same VREG is used as both source and destination in a Gather
Memory Data into Vector Register (VGATH) instruction, the result of
the VGATH is UNPREDICTABLE. Destination elementi bits <63:32>
are UNPREDICTAB'.E for the Generate Compressed Iota Vector
(IOTA) instruction.




Vector Processor Indirect Registers
Arithmetic Instruction Register (ALU_OP)

Arithmetic Instruction Register (ALU_OP)

ALU_OP contains the vector operate instruction and is a First In First Out
(FIFO) register. Data is put into the FIFO by writes and is removed when an
instruction completes, letting the vector controller load in a new instruction
while the previous instruciion is still operating. If the FIFO is emipty, a

new Instruction starts executing as soon as something is written to it. if an
instruction is already in ALU_OP, a new instruction starts reading its operand
as soon as the old instruction is finished.

VAX opcodes have been translated to an internal format.
ALU_OP is accessed using the indirect address registers.

ADDRESS 440 (Verse chip)

3 <111 11
0 987 4 3 9 876543 0

Lowd-Ll | HEERN

Vector Length Bit<é> (VL<6>) —J I ’ |

AN

Vector Length Bit<S$> (VL<S>)
Vector Register A (VRA)
Mask Operate Enable (M)
Vactor Length Bit<4> (VL<4>)
Vector Register B (VRB)

Function ’
Vector Length Bit<3d> (VL<3>)
Vector Length Bit<2> (VL<2>)
Vector Length Bit<l> (VL<1>)
Mask Sense (S)
Vector Length Bit<0> (VL<0>)
Vector Register C (VRC)

f |

meb-p139-90

bits<31:26>
Name: Opcode
Mnemonic: None
Type: RW, X
Opcode conteins the vector operate instruction opcode that is to be
performed.
bit<25>
Name: Vector Length Bit<6>
Mnemonic: V0L<6>
Type: RW, X

Vector Length Bit<6> contains the embedded vector length bit<6>.
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Vector Processor Indirect Registers

Arithmetic Instruction Register (ALU_OP)

bit<24>

bits<23:20>

bit<19>

bit<18>

bits<17:14>

3-52

Name: Vector Length Bit<5>
Mnamonic: VL<5>
Type: W, X

Vector Length Bit<6> contains the embedded vector length bit<6>.

Name: Vector Register A
Mnemonic: VRA
Type: RW, X

VRA selects the source operand for a vector operate instruction. VRA
is only valid when the vector operation requires two vector register
sources. VRA is ignored for instructions that require a scalar source
operand.

Name: Mask Opserate Enable
Mnemonic: WM

Type: RW, X .

M, when set, enables operations controlled by the mask register.
Elements must have the corresponding Vector Mask Register bit
match Mask Sense (ALU_OP<5>) to be operated on.

Name: Vector Length Bit<4>
Mnemonic: Vi<4>
Type: RW, X

Vector Length Bit<4> contains the embedded vector length bit<4>.

Name: Vector Register B
Mnemonic: VRB
Type: PN, X

VRB selects one of the source registers for vector operate instructions.




bits<13:9>

bit<8>

bit<7>

bit<6>

bit<5>

bii<4>

Vector Processor Indirect Registers
Arithmetic instruction Register (ALU_OP)

Name: Function
Mnemonic: None
Type: RW, X

Function contains the function code for the vector operate instruction.

Name: Vector Length Bit<3>
Mnemonic: Vi<3>
Type: RW, X

Vector Length Bit<3> contains the embedded vector length bit<3>.

Name: Vector Length Bit<2>
Mnemonic: VL<2>
Type: RW, X

Vector Length Bit<2> contains the embedded vector length bit<2>.

Name: Vector Length Bit<1>
Mnemonic: Vi<i>
Type: RW, X

Vector Length Bit<1> contains the embedded vector length bit<1>.

Name: Mask Sense
Mnemonic: S
Type: RW, X

Elements must have the corresponding Vector Mask Register bit match
Mask Sense to be operated on, when mask operations are enabled by
Mask Operate Enable (ALU_OP<19>).

Name: Vector Length Bit<0>
Mnsmonic: VL<0>
Type: RW, X

Vector Length Bit<0> contains the embedded vactor length bit<0>.
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Vector Processor Indirect Registers
Arithmetic Instruction Register (ALU_OP)

bits<3:0>
Name: Vector Register C
Mnemonic: VRC
Type: RW, X

VRC selects the destination register for the results of the vector
operate instruction.
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Vector Processor Indirect Registers
Scalar Operand Low Register (ALU_SCOP_LO)

Scalar Operand Low Register (ALU_SCOP_LO)

ALU_SCOP_LO is used to store the scalar operand.
ALU_SCOP_LO is accessed using the indirect address registers.

ADDRESS 448 (Verse chip)

3
i 0
I Scalar Operand Low Register

msb-p140-90

bits<31:0>
Name: Scalar Operand Low
Mnemonic: ALU_SCOP_LO
Type: AW, X

The scalar operand is stored when Scalar Operand Low is written.
ALU_SCOP_LO is a First In First Out (FIFO) register. Data is put
into the FIFO by writes and is removed when an instruction completes,
allowing the vector controller to load a new instruction and scalar
operand while the previous instruction is still executing. If the FIFO
is empty, a new instruction starts executing as soon as something is
written (o it. If an instruction s alveady in ALU_SCCOP_LQ, a new
instruction starts reading its operands as soon as the old instruction is
finished.



Vector Processor Indirect Registers
Scalar Operand High Register (ALU_SCOP_HI)

Scalar Operand High Register (ALU_SCOP_HI)

ALU_SCOP_HI is used to store the scalar operand.
ALU_SCOP_HI is accessed using the indirect address registers.

ADDRESS 44C (Verse chip)
3
1 0
I:v Scalar Operand High Register J
meb-pidi-90
bits<31:0>
Name: Scalar Operand High
Mnemonic: ALU_SCOP_HI
Type: RW, X

The scalar operand is stored when Scalar Operand High is written.
ALU_SCOP_HI is a First In First Qut (FIFO) register. Data is put into
the FIFO by writes and is removed when an instruction completes,
allowming the vector controller to load a new instruction and scalar
operand while the previous instruction is still executing. If the FIFO
is empty, a new instruction starts executing as soon as something is
written to it. If an instruction is already in ALU_SCOP_HI, a new
instruction starts reading its operands as soon as the old instruction is
finished.
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Vector Processor Indirect Registers
Vector Mask Low Register (ALU_MASK_LO)

Vector Mask Low Register (ALU_MASK LO)

ALU_MASK_LO, when read, causes the low 32 bils of the vector mask to be
read. When written, the appropriate mask bits are loaded.

ALU_MASK_LO is read by the Move From Vector Processor (MFVP) vector
instruction. It is modified either by a vector compare instruction or by writing
the register with a Move To Vector Processor (MTVP) vector instruction.

ALU_MASK_LO can also be accessed using the indirect address registers.

ADDRESS 450 (Verse chip)
3
1 0
L Vector Mask Low Reglstaer
mab-p142-90
bits<31:0>
Name: Vector Mask Low
Mnemonic: ALU_MASK_LO
Type: Special Read/Broadcast Write, X

Vector Mask Low, when read, causes the low 32 bits of the vector mask
to be read. When written, the appropriate mask bits are loaded.
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Vector Processor Indirect Registers
Vector Mask High Register (ALU_MASK_HI)

Vector Mask High Register (ALU_MASK_Hi)

ALU_MASK_HI, when read, causes the high 32 bits of the vector mask to be
read. When written, the appropriate mask bits are loaded.

ALU_MASK_Hi is read by the Move From Vector Processor (MFVP) vector
instruction. it is modified either by a vector compare instruction or by writing
the register with a Move To Vector Processor (MTVP) vector instruction.

ALU_MASK_HI can also be accessed using the indirect address regisiers.

ADDRESS 451 (Verse chip)
3
1 0
l Vector Maak High Register AJ
meb-pl43~90
bits<31:0>
Name: Vector Mask High
Mnemonic: ALU_MASK_HI
Type: Special Read/Broadcast Write, X

Vector Mask High, when read, causes the high 32 bits of the vector
mask to be read. When written, the appropriate mask bits are loaded.



Vector Processor Indirect Registers
Exception Summary Register (ALU_EXC)

Exception Summary Register (ALU_EXC)

Bits are set in the Exception Summary Register as vector instructions with
arithmetic exceptions complete. Any write to this register clears the entire
register. Also, writing a one to VPSR<1> (Reset) or VPSR<7> (Vector
Arithmetic Exception) clears this register.

ALU_EXC is accessed using the indirect address registers.

ADDRESS

bits<31:6>

bit<5>

bit<4>

454 (Verse chip)
3
1 €6 543210
Read as Onea 1
Tnteger Overflow (IOV) -—J l
Floating Overflow (FOV)
Floating Reserved Operand (FRS)
Floating Divide by Z2Zeroc (FDZ)
Floating Underflow (FUN)
meb-pld4-90
Name: Reserved
Mnemonic: Nons
Type: RO, 1

Unused; must read as ones.

Name: Integer Overflow
Mnemonic: OV
Type: RW, 0

IOV sets when an integer arithmetic operation or a conversion from
F_, D_, or G_floating to integer overflows the destination precision.

Name: Reserved
Mnemonic: None
Type: RO, 1

Unused; must read as one.
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Vector Processor Indirect Registers
Exception Summary Register (ALU_EXC)

bit<3>

bit<2>

bit<i>

bit<0>

Name: Floating Overflow
Mnemonic: FOV
Type: AW, 0

FOV sets when an F_, D_, or G_floating arithmetic operation or
conversion overflows the destination exponent.

Name: Floating Reserved Operand
Mnemonic: FRS
Type: RW, 0

FRS sets when an attempt is made to perform F_, D_, or G_floating
arithmetic, conversion, or comparison operations and one or more of
the operand values are reserved.

Name: Floating Divide by Zero
Mnemonic: FDZ
Type: RW, 0

FDZ sets when an attempt is made to perform an F_, D_, or G_floating
divide operation with a divisor of zero.

Name: Floating Underfiow
Mnemonic: FUN
Type: RW, 0

FUN gets when an F_, D_, or G_floating arithmetic operation or
conversion underflows the destination exponent.




Vector Processor Indirect Registers
Diagnostic Control Register (ALU_DIAG_CTL)

Diagnostic Control Register (ALU_DIAG_CTL)

ALU_DIAG_CTL is used for diagnostic testing and reporting errors.
ALU_DIAG_CTL is accessed using the indirect address registers.

ADDRESS

bits<31:11>

bit<10>

bit<9>

45C (VYerse chip)

3
1

11
109876543210

|

Read as Ones 4[ 1

Illegal Favor Opcode (IFO) - |
C-Bus Parity Error (CPR)
AB-Bus Parity Error (ABE)
Invert Internally Generated

C-Bus Parity (ICI)
Invert CD-Bus Parity igh (ICH)
Invert CD-Bus Parity Low (ICL)
Invert B Operand Parity Righ (IBH) -—
Invert B Operand Parity Low (IBL)
Invert Scalar Operand Parity High (ISH)
Invert Scalar Operand Paxity Low (ISL)

mgb-pl145-90

Name: Reserved
Mnemonic: None
Type: RO, 1

Unused; read as ones.

Name: Negal Favor Opcode “
Mnemonic: IFO '
Type: RWIC, 0

IFO sets if the transmitted Favor opcode is illegal.

Name: C-Bus Parity Eror
Mnemonic: CPE
Type: RWIC, 0

CPE cets if a parity error is detected during a C bus transfer.



Vector Processor Indirect Registers
Diagnostic Contro! Register (ALU_DIAG_CTL)

hit<8>

bit<7>

bit<6>

bit<5>

bit<4>

bit<3>

Name: AB-Bus Parity Error
Mnemonic: ABE
Type: RWIC, 0

ABE sets if a parity error is detected during an AB bus transfer.

Name: Reserved
Mnemonic: None
Type: RO, 1

Unused; read as one.

Name: Invert Internally Generated C-Bus Parity
Mnemonic: ICI
Type: RW, 0

ICI, when set, inverts the internally generated parity on the C bus
before writing it, causing bad register file parity.

Name: invert CD-8Bus Parity High
Mnemonic: ICH
Type: RW, ¢

ICH, when set, inverts the high longword parity bit of the CD bus,
causing bad par. ty.

Name: Invert CD-Bus Parity Low
Mnemonic: ICL
Type: RW, 0

ICL, when set, inverts the low longword parity bit of the CD bus,
causing bad parity.

Name: Invert B Operand Parity High
Mnemonic: 1BH
Type: RW, 0

IBH, when set, inverts the high longword parity bit of the B operand
from the register file before sending it on the ABPP, causing bad parity.




bit<2>

bit<1>

bit<0>

Vector Processor Indirect Registers
Diagnostic Control Register (ALU_DIAG_CTL)

Name: Invert B Operand Parity Low
Mnemonic: IBL
Type: RW, 0

IBL, when set, inverts the low longword parity bit of the B operand
from the register file before sending it on the ABPP, causing bad parity.

Name: Invert Scalar Operand Parity High
Mnemonic: ISH
Type: RW, 0

ISH, when set, inverta the high longword parity bit from the scalar
register before sending it on the ABPP, causing bad parity.

Name: Invert Scalar Operand Parity Low
Mnemonic: ISL
Type: RW, 0

ISL, when set, inverts the low longword parity bit from the scalar
register before sending it on the ABPP, causing bad parity.



Vector Processo! indirect Registers
Current ALU Instruction Register (VCTL_CALU)

Current ALU Instruction Register (VCTL_CALU)

VCTL_CALU shows the arithmetic instruction being executed in the vector
arithmetic pipeline. When the instruction completes, VCTL_CALU is loaded
with the contents of the Deferred ALU Instruction Register.

A write to this register while an instruction is executing changes the contents
of the register and causes UNPREDICTABLE results.

VCTL_CALU is accessed using the indirect address registers.

ADDRESS 480 (VECTL chip)

3
1

2 22 1111 1
4 32 6 5 413 1

1
2
0

Opcode 0| Vector Length

Masked Operations Enable (MOR) ——J l
Match True/False (MIF)

Exception Enable (EXC) or
Modify Intent (MI)
Vector Register A (VRA)

Vector Register B (VRB)

Vectoer Register C (VRC)

meb-pl46-90

bits<31:24>

Name: Opcode

Mnemonic: None

Type: RW, X

The first byte of the opcode is stripped by the scalar CPU during issue.
bit<23>

Name: Reserved

Mnemonic: None

Type: RO, 0

Unused; must be zero.




bits<22:16>

bit<15>

bit<14>

bit<13>

Vector Processor Indirect Registers
Current ALU Instruction Register (VCTL_CALU)

Name: Vector Length
Mnemonic: None
Type: RW, X

Vector Length specifies the highest element operated upon.

Name: Masked Operations Enable
Mnemonic: MOE
Type: RW, X

MOE, when set, enables masked operations. Only those elements that
correspond to the Vector Maek Register bit that matches Match True
/False (VCTL_CALU<14>) are enabled. If MOE is clear, all elements
are operated upon.

MOE must be zero for VMERGE and IOTA instructions; otherwise, the
results are UNPREDICTABLE.

Name: Match True/False
Mnemonic: MTF
Type: R/W, X

MTF controls the elements that are operated upon when masked
operations are enabled. Only those elements that correspond to the
Vector Mask Register bit that matches MTF are enabled.

Name: Exception Enable
Mnemonic: EXC
Type: RW, X

EXC, when set, enables floating underflow for vector floating-
point instructions and enables integer overflow for vector integer
instructions. When EXC is clear, floating underflow and integer
overflow are disabled.

For VLD/VGATH instructions, this bit is used and labeled differently.



Vector Processor Indirect Registers
Current ALU Instruction Register (VCTL_CALU)

alternate bit<13>

bit<i12>

bits<11:8>

bits<7:4>

bits<3:0>

Name: Modify Intert
Mnemonic: Ml
Type: RW, X

For VLD/VGATH instructions, bit<13> has another meaning.

M1, when set, indicates to the vector processor that 75 percent or more
of memory locations being loaded by a VLD/VGATH instruction will
be modified later by VST/VSCAT instructions. This allows the vector
processor to optimize the vector loads and stores performed on these
locations.

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

Name: Vector Register A
Mnemonic: VRA
Type: RW, X

VRA is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.

Name: Vector Registor B
Mnemonic: VRB
Type: RW, X

VRB is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.

Name: Vector Register C
Mnemonic: VRC
Type: RW, X

VRC is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.




Vector Processor Indirect Registers
Deferred ALV Instruction Register (VCTL_DALU)

Deferred ALU Instruction Register (VCTL_DALU)

VCTL_DALU shows the arithmetic instruction to be executed next in the vector
arithmetic pipeline.

A write to this register while an instruction is executing changes the contents
of the register and causes UNPREDICTABLE results.

VCTL _DALU is accessed using the indirect address registers.

ADDRESS

bits<31:24>

bit<23>

481 (VECTL chip)

3 222 111111
1 4 3 2 654321 8 7 413 0

L, Opcode Jql;ector Length AIV]O T i 1
Masked Operations Enable (MOE) -J I
Match True/False (MTF)

Exception Enable (EXC) or
Modify Intent (MI)
Vector Register A (VRA)

Vector Reglster B (VRB)

Vector Register C (VRC)

msb-pl46~90

Name: Opcode
Mnemonic: None
Type: RW, X

The first byte of the opcode is stripped by the scalar CPU during issue.

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.



Vector Processor Indirect Registers
Deferred ALU Instruction Register (VCTL_DALU)

bits<22:16>

Name: Vector Length
Mnemonic: None
Type: RW, X

Vector Length limits the highest element operated upon.

bit<15>
Name: Masked Operations Enable

Mnemonic: MOE

Type: RW, X

MOE, when set, enables masked operations. Only those elements that
correspond to the Vector Mask Register bit that matches Match True

/False (VCTL_CALU<14>) are enabled. If MOE is clear, all elements
are operated upon.

MOE must be zero for VMERGE and 10TA instructions; otherwise, the
results are UNPREDICTABLE.

bit<14>

Name: Match True/Falss

Mnemonic: MTF

Type: AW, X

MTF controls the elements .hat are operated upon when masked

operations are enabled. Only those elements that correspond to the
Vector Mask Regiater bit that matches MTF gre enabled.

bitci13>

Name: Exception Enable

Mnemonic: EXC

Type: AW, X

EXC, when set, enables floating underflow for vector floating-
point instructions and enables integer overflow for vector integer

instructions. When EXC is clear, floating underflow and integer
overflow are disabled.

For VLD/VGATH instructions, this bit is used and labeled differently.




@

alternate bit<13>»

bit<12>

bits<11:8>

bits<7:4>

bits<3:0>

Vector Processor Indirect Registers
Deferred ALU Instruction Register (VCTL_DALU)

Name: Modify Intent
Mnemonic: Ml
Type: R/W, X

For VLD/VGATH instructions, bit <13> has another meaning.

M1, when set, indicates to the vector processor that 75 percent or more
of memory locations being loaded by a VLD/VGATH instruction will
be modified later by VST/VSCAT instructions. This allows the vector
processor to optimize the vector loads and stores performed on these
locations.

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

Name: Vector Register A
Mnemonic: VRA
Type: R/W, X

VRA is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.

iName: Vector Register B
Mnemonic: VRB
Type: RW, X

VRB is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.

Name: Vector Register C
Mnemonic: VRC
Type: RW, X

VRC is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.
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Vector Processor Indirect Registers
Current ALU Operand Low Fegister (VCTL_COP_LO)

Current ALU Operand Low Register (VCTL_COP_LO)

Reading VCTL_COP_LO causes the contents of this register to be transferred
to the indirect data registers.

VCTL_COP_LO is accessed using the indirect address registers.

ADDRESS 482 (VECTL chip)
: 0
[ Scalar Operand Low J
mab-pl47-90
bits<31:0>
Name: Current ALU Operand Low
Mnemonic: VCTL_COP_LO
Type: AW, X

A read to VCTL_COP_LO causes the contents of this register to be
transferred to the indirect data registers.

A write to VCTL_COP_LO while an arithmetic instruction is executing
produces UNPREDICTABLE results.
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Vector Processor Indirect Registers
Current ALU Operand High Register (VCTL_COP_HI)

Current ALU Operand High Register (VCTL_COP_HI)

Reading VCTL_COP_HI causes the contents of this register to be transferred
to the indirect data registers.

VCTL_COP_HI is accessed using the indirect address registers.

ADDRESS 483 (VECTL chip)
3
1 o
[ Scalar Operand High J
meb-pl48-90
bits<31:0>
Name: Current ALU Operand High
Mnemonic: VCTL_COP_HI
Type: RW, X

A read to VCTL_COP_HI causes the contents of this register to be
transferred to the indirect data registers.

A write to VCTL_COP_HI while an arithmetic instruction is executing
produces UNPREDICTABLE results.
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Vector Processor Indirect Registers
Deferred ALU Operand Low Register (VCTL_DOP_LO)

Deferred ALU Operand Low Register (VCTL_DOP_
LO)

A read to VCTL_DOP_LO causes the contents of this register to be
transferred to the indirect data registers.

VCTL_DOP_LO is accessed using the indirect address registers.

ADDRESS 484 (VECTL chip)
3
1 0
[ Scalary Operand Low ]
msb-pl47-90
bits<31:0>
Name: Deferred ALU Operand l.ow
Mnemonic: VCTL_DOP_LO
Type: R/W, X

A read to VCTL_DOP_LO causes the contents of this register to be
transferred to the indirect data registers.

A write to VCTL_DOP_LO while an arithmetic instruction is executing
produces UNPREDICTABLE results.
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Vector Processor Indirect Registers
Deferred ALU Operand High Register (VCTL_DOP_HI)

Deferred ALU Operand High Register (VCTL_DOP_
Hl)

A read to VCTL_DOP_HI causes the contents of this register to be transferred
to the indirect data registers.

VCTL_DOP_HI is accessed using the indirect address registers.

ADDRESS 485 (VECTL chip)
3
1 0
Scalar Operand High ‘]
meb~pld8-90
bits<31:0>
Name: Deferred ALU Operand High
Mnemonic: VCTL_DOP_Hi
Type: RW, U

A read to VCTL_DOP_HI causes the contents of this register to be
transferred to the indirect data registers.

A write to VCTL_DOF_HI while an arithmetic instruetion is executing
produces UNPREDICTABLE results.
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Vector Processor Indirect Registers
Load/Store Instruction Register (VCTL_LDST)

Load/Store Instruction Register (VCTL_LDST)

VCTL_LDST shows the load/store instruction being executed.

A write to this register changes the contents of the register and causes
UNPREDICTABLE results.

VCTL_LDST is accessed using the indirect address registers.

ADDRESS

bits<63:32>

3-74

486 (VECTL chip)

6 3
2 2
L Load St re Base Address

3 222 111111

1 4 3 2 6 5423 2 1 8 7 43 0
l, Opcode I lv.cto: Longthl l 1

Modify Intent
(MI}
Masked Oporltiona Enable {MCE)
HMatch True/False (MTF)
Current Processor Mode (CUR MOD)
Vector Register A (VRA)

Vector Register B (VRB)
Vector Regiater C (VRC)

msb-pl49-90

Name: Load/Store Base Address
Mnemonic: None
Typs: RO, 0

Load/Store Base Address is the base address for this instruction.




bits<31:24>

bit<23>

bits<22:16>

bit<15>

bit<14>»

Vector Processor Indirect Registers
Load/Store Instruction Register (VCTL_LDST)

Name: Opcode
Mnemonic: None
Type: RW, X

The first byte of the opcode is stripped by the scalar CPU during issue.

Name: Modify Intent
Mnemonic: MI
Type: RW, U

MI applies only to VLD/VGATH instructions. MI, when set, indicates
to the vector processor that 75 percent or more of memory locations
being loaded by a VLD/VGATH instruction will be modified later by
VST/VSCAT instructions. This allows the vector processor to optimize
the vector loads and stores performed on these locations.

Name: Vector Length
Mnemonic: None
Type: RW, X

Vector Length specifies the highest element operated upon.

Name: Masked Operations Enable
Mnemonic: MOE
Type: AW, X

When MOE is set, masked operations are enabled. Only those
elements that correspond to the Vector Mask Register bit that matches
Match True/False (VCTL_CALU<14>) are enabled. If MOE is clear, all
elements are operated upon.

MOE must be zero for VMERGE and I0TA instructions; otherwise, the
results are UNPREDICTABLE.

Name: Match True/False
Mnemonic: MTF
Type: AW, X

MTF controls the elements that are operated upon when masked
operations are enabled. Only those elements that correspond to the
Vector Mask Register bit that matches MTF are enabled.
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Vector Processor Indirect Registers
Load/Store instruction Register (VCTL_LDST)

bit<13:12>

bits<11:8>

bits<7:4>

bits<3:0>

3-76

Name: Current Processor Mode
Mnemonic: CUR MOD
Type: R/W, X

CUR MOD is used for all memory reference instr. -tions.

Name: Vector Register A
Mnemonic. VRA
Type: AW, X

VRA is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information,

Name: Vector Register B
Mnemonic: VRB
Type: RW, X

VRB is one of three vector registers Some vector instructions use
these fields to encode instruction-specific information.

Name: Vector Register C
Mnemonic: VRC
Type: AW, X

VRC is one of three vector registers. Some vector instructions use
these fields to encode insiruction-specific information.




Vector Processor Iindirect Registers
Load/Store Stride Register (VCTL_STRIDE)

Load/Store Stride Register (VCTL_STRIDE)

VCTL_STRIDE contains the value of the stride that was sent as part of the
last load/store instruction.

VCTL_STRIDE is accessed using the indirect address registers.

ADDRESS 487 (VECTL chip)
3
1 0
r Load/Store Stride J
meb-pl50~-90
bits<31:0>
Name: Load/Store Stride
Mnemonic: VCTL_STRIDE
Type: R/W, X

VCTL_STRIDE contains the value of the stride that was sent as part
of the last load/store instruction.
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Vector Processor Indirect Registers
lllegal Instruction Register (VCTL_ILL)

liliegai instruction Register (VCTL_ILL)
VCTL_ILL stores any illegal instructions that are sent to the vector processor.
VCTL_ILL is accessed using the indirect address registers.
ADDRESS 488 (VECTL chip)
3 222 111111
1 432 654321 I 43 0
[ Opcode \lO—!VQcter Lonqthl l | lol ‘ J I
Masked Oparationse Enable (MOE) -—J I ‘ J
Match True/False (MTF)
Exception Enable (EXC) or
Modify Intent (MI) ’
Vector Regliester A (VRA)
Vector Regicter B (VRB)
Vector Regieter £ (VRC)
meb~-pldé~90
bits<31:24>
Name: Opcode
Mnemonic: None
Type: RW, X
The first byte of the opcode is stripped by the scalar CPU during issue.
bit<23>
Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.
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bits<22:16>

bit<15>

bit<14>

bit<13>

Vector Processor Indirect Registers
illegal instruction Register (VCTL_ILL)

Name: Vector Length
Mnemonic: None
Type: RW, X

Vector Length specifies the highest element operated upon.

Name: Masked Operations Enable
Mnemonic: MOE
Type: R/W, X

MOE, when set, enables masked operations. Only those elementa that
correspond to the Vector Mask Register bit that matches Match True
/False (VCTL_CALU<14>) are enabled. If MOE is clear, all elements
are operated upon.

MOE must be zero for VMERGE and 10TA instructions; otherwise, the
results are UNPREDICTABLE.

Name: Match True/False
Mnemonic: MTF
Type: RW, X

MTF controls the elements that are operated upon when masked
operations are enabled. Only those elements that correspond to the
Vector Mask Register bit that matches MTF are enabled.

Name: Exception Enable
Mnemonic: EXC
Type: RW, X

EXC, when set, enables floating underflow for vector floating-
point instructions and enables integer overflow for vector integer
instructions. When EXC is clear, floating underflow and integer
overflow are disabled.

For VLD/VGATH instructions, this bit is used and labeled differently.
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Vector Processor Indirect Registers
lllegal Instruction Register (VCTL_ILL)

alternate bit<13>

bit<12>

bits<11:8>

bits<7:4>

bits<3:0>

Name: Modify Intent
Mnemonic: Mi
Type: /W, X

For VLD/VGATH instructions, bit <13> has another meaning.

MI, when set, indicates to the vector processor that 75 percent or more
of memory locations being loaded by a VLD/VGATH instruction will
be modified later by VST/VSCAT instructions. This allows the vector
processor to optimize the vector loads and stores performed on these
locations,

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

Name: Vector Register A
Mnemonic: VRA
Type: RW, X

VRA is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.

Name: Vector Register B
Mnemonic: VRB
Type: RW, Y

VRB is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.

Name: Vector Register C
Mnemonic: VRC
Type: RW, X

VRC is one of three vector registers. Some vector instructions use
these fields to encode instruction-specific information.




Vector Processor Indirect Registers
Status Register (VCTL_CSR)

Status Register (VCTL_CSR)

VCTL_CSR gives status for errors within the vector processor.
VCTL_CSR is accessed using the indirect address registers.

ADDRESS 489 (VECTL chip)
ADRACCEARRRRADOERENEEORNNNEEE

L— Load/Store Chip
Soft Error (LSSB)

Load/8tore Chip

Hard Error (LSH)

Soft Internal Bus

Farity Error (CDS8)

Hard Internal Bus

Pavity Brror (CDH)

Vvin~Bus Soft

Error (VIS)

viB-Bus Hard

Error (VIH)

Illegal Sequence

Error (ISE)

L___— Machine Check Code (MCC)
Seft-Test Failed (STF)

Extended Teat Failed (ETF)

Verse Hard Brror (VHE)

\— Soft Error Enable (SEE)

Hard Error Enable (HEE)

Force Bad RFA Low Parity (FRL)

Force Bad RFA High Parity (FRH)

Force Bad CD-Bus Low Data Parity (FDL)

Force Bad CD-Bus High Data Parity (FDH)

Current Mode During Error (CUR MOD ERR)

Force Soft Error (FSE)
Force Bad VIB-Bus Data Parity (FVP)
Implementation-Specific Erreor ({IMP)

meb-pl51-90

bit<31>
Name: Implementation-Specific Error
Mnemonic: IMP
Type: RO, 0

IMP is the "OR" of error bits 1, 3, 5, 6, and 11. It is also reported as
bit <24> in VPSR. Writing a one to bit <1>, RST, or to bit <24>, IMP,

in VPSR clears all soft error and hard error bits, but not the STF and
ETF bits.
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Vector Processor Indirect Registers
Status Register (VCTL_CSR)

bit<30>
Name: Reserved
Mnemonic: None
Type: RO, 0
Unused; must be zero.
bit<29>
Name: Force Bad VIB-Bus Data rarity
Mnemonic: FVP
Type: RW
FVP, when set, causes the VECTL chip to send bad parity on data
transfers across the VIB bus. If bit <28> is set, the retry will be sent
with good parity.
bit<28>
Name: Force Soft Error
Mnemonic: FSE
Type: RwW
FSE, when set, causes a forced error on the VIB or the CD bus to retry
successfully, causing a soft bus error.
bits<27:26>
Name: Reserved
Mnemonic: None
Type: RO, 0
Unused; must be zero.
bits<25:24>
Name: Current Mode During Error
Mnemonic: CUR MOD ERR
Type: RO

The CUR MOD ERR field contains the complement of the CUR MOD
bits in the load/store instruction that incurtred the error. This permits
the operating system machine check handler to determine what mode
the processor was in when the instruction was issued.
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bit<23>

bit<22>

bit<21>

bit<20>

Vector Processor Indirect Registers
Status Register (VCTL_CSR)

Name: Force Bad CD-Bus High Data Parity
Mnemonic: FDH
Type: RW

FDH, when set, causes the VECTL chip to assert bad parity on CD
<63:32>. If bit <28> is clear, then the retry will also have bad CD
data parity and this will result in a hard CD bus error. If bit <28>
is set, the first transaction will have bad parity, but the retry will be
successful causing a soft CD bus error to occur.

Name: Force Bad CD-Bus Low Data Parity
Mnemonic: FDL
Type: Rw

FDL, when set, causes the VECTL chip to assert bad parity on CD
<31:0>. If bit <28> is clear, then the retry will also have bad CD
data parity and this will result in a hard CD bus error. If bit <28>
is set, the first transaction will have bad parity, but the retry will be
successful causing a soft CD bus error to occur.

Name: Force Bad RFA High Parity
Mnemonic: FRH
Type: RW

FRH, when set, causes the VECTL chip to assert bad parity on RFA
<10:6>. If bit <28> is clear, then the retry will also have bad RFA
parity and this will result in a hard CD bus error. If bit <28> is
set, the first transaction will have bad parity, but the retry will be
successful causing a soft CD bus error to occur.

Name: Force Bad RFA Low Parity
Mnemonic: FRL
Type: RW

FRL, when set, causes the VECTL chip to assert bad parity on RFA
<b5:0>. If bit <28> is clear, then the retry will also have bad RFA parity
and this will result in a hard CD bus error. If bit <28> is set, the first
transaction will have bad parity, but the retry will be successful
causing a soft CD bus error to occur.



Vector Processor Indirect Registers
Status Register (VCTL_CSR)

bit<19>

bit<18>

bits<17:16>

bits<15:12>

bit<1i>

Name: Hard Error Enable
Mnemonic: HEE
Type: RW

HEE enables reporting of vector hard errors through the hard error
reporting mechanism.

Name: Soft Error Enable
Mnemonic: SEE
Type: RW

SEE enables reporting of vector soft errors through the soft error
reporting mechanism.

Name: Reserved
Mnemonic: None
Type: RO, 1

Unused; must be one.

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

Name: Verse Hard Error
Mnemonic: VHE
Type: RWIC

Detection: A Verse chip detects a hard error condition and reports it to
the VECTL chip.

Correction: No corrective action is possible.

Reporting intent: Hard error interrupt.




bit<10>

bit<9>

bits<8:7>

Vector Processor Indirect Registers
Status Register (VCTL_CSR)

Name: Extended Test Failed
Mnemonic: ETF
Type: RW

Detection: This bit is set at power-up and clears after a successful
self-teet. The bit is not reset by VPSR bit <1>, RST. When ETF is set,
the VPSR IMP bit is not set. This bit permits the scalar processor to
detect whether the extended test passed, or causes the vector processor
to be disabled if the exter.}.d test does not pass.

Correction: No corrective action is possible.

Reporting intent: Permanently disable.

Name: Self-Test Failed
Mnemonic: STF
Type: RW

Detection: This bit is set at power-up and clears after a successful
self-test. The bit is not reset by VPSR bit <1>, RST. When STF is set,
the VPSR IMP bit is not set. This bit permits the scalar processor to
detect whether gelf-test parsed, or causes the vector processor to be
disabled if self-test does not pass.

Correction: No corrective action is possible.

Reporting inteni: Permanently disable.

Name: Machine Check Code
Mnsmonic: None
Type: RO, 1,0

The value 1,0 forces a machine check and is permanently set. If a
hard error occurs in the machine while an IPR read is outstanding,
the VECTL chip returns this CSR with an error response. Bits <8:7>
determine the scalar action on receipt of the data.



Vector Processor Indirect Registers
Status Register (VCTL_CSR)

bit<6>

bit<5>

bit<d>

Name: flegal Sequence Error
Mnemonic: ISE
Type: w1l

Detection: When set, indicates that an illegal sequence occurred. The
following sequences set this bit:

¢ [Illegal instruction issue sequence

* [Illegal VIB command

* Asserting Load/Store exception after MMOK
Carrection: No correction is possible.

Reporting intent: Meachine check if illegal read sequence; hard error
interrupt otherwise.

Name: ViIB-Bus Hard Error
Mnemonic: VIH
Type: RW1C

Detection: The VECTL chip detected a hard parity error condition on
the VIB bus.

Correction: The attempted retry failed.
Reporting intent: Hard error interrupt.

Name: ViB-Bus Soft Emor
Mnemonic: VIS
Type: FAMLC

Detection: The VECTL chip detected a parity error in the instruction
packet being sent by the scalar processor.

Correction: A retry will be attempted by the scalar processor.
Reporting intent: Soft error interrupt.




bit<3>

bit<«2>

bit<1>

bit<0>

Vector Processor Indirect Registers
Status Register (VCTL_CSR)

Name: Hard Intemnal Bus Parity Error
Mnemonic: CDH
Type: RW1C

Detection: The VECTL chip detected or was informed of an
unrecoverable parity error on the vector processor internal bus (the
error was not recovered by retrying the transaction).

Correction: Unrecoverable error has occurred.

Reporting intent: Machine check on read within current context; hard
error interrupt otherwise.

Name: Soft Internal Bus Parity Error
Mnemonic: CDS
Type: RWIC. 0

Detection: The VECTL chip detected a parity error on the vector
processor internal bus (the error was recovered by retrying the
transaction, if bit <3> (CDH) is clear).

Correction: CD bus master has recovered the error by retry.

Reporting intent: Soft error interrupt.

Name: Load/Store Chip Hard Error
Mnemonic: LSH
Type: RW1iC, 0

Detection: A hard error condition occurred during an operation being
performed by the Load/Store chip. The exact cause is stored in the
status registers in the Load/Store chip.

Correction: Unrecoverable Load/Store error has occurred.

Reporting intent: Machine check before MMOK; hard error interrupt
after MMOK.

Name: Load/Store Chip Soft Error
Mnemonic: LSS
Type: RW1C, 0

Dectection: A soft error or exception condition occurred during an
operation being performed by the Load/Store chip. The cause is stored
in the status registers in the Load/Store chip.

Correction: The Load/Store chip soft recovered the error.
Reporting intent: Soft error interrupt to the scalar processor.



Vector Processor Indirect Registers
Module Revision Register (MVOD_REV)

Module Revision Register (MOD_REYV)

MOD REV contains the vector module revision and the VECTL chip revision.
MOD_REV is accessed using the indirect address registers.

ADDRESS 48A (VECTL chip)
i ; i 8 7 6 0
[ Must Be lero [91 J
VECTL Chip Revision (VECTL REV) -‘l J

Module Revision {(MOD REV)

meb-p174-90

pits<31:12>

Name: Reserved

Mnemonic: None

Type: RO, 0

Unused; must be zero.
bits<11:8:»

Name: VECTL Chip Revision

Mnemonic: VECTL REV

Type: RO, 0

VECTL REYV contains the revision of the VECTL chip.
bit<7>

Name: Reserved

Mnemonic: None

Type: RO, 0

Reserved to Digital.
bits<6:0»

Name: Moduie Revision

Mnemonic: MOD REV

Type: RO, 0

MOD REV contains the revision of the vector module.




Vector Processor Indirect Registers
Vector Copy-P0 Base Register (LSX_POBR)

Vector Copy-P0 Base Register (LSX_POBR)

LSY_POBR is the vector module’s copy of the scalar CPU POBR.
LSX_POBR is accessed using the indirect address registers.

i T e S e

ADDRESS RFA 500 (L/S)
332
1009 98 0
[ 0 l Vector Copy -- PO Base Register l MUSBT BE ZERO J
mab~pl29-90
bits<31:30>
Name: Reserved

Mnemonic: None
Type: RO, 0

Unused; must be zero.

bits<31:9>
Name: Vector Copy—P0 Base Register
Mnemonic: POBR
Type: WO, X
POBR is the vector module's copy of the scalar CPU POBR. Both copies
are updated at the same time. When POBR is updated, the vector
translation buffer is flushed.
bits<8:0>
Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.



Vector Processor Indirect Registers
Vector Copy-P0 Length Register (LSX_POLR)

Vector Copy—P0 Length Register (LSX_POLR)

LSX_POLR is the vector module’s copy of the scalar CPU POLR.
LSX_POLR is accessed using the indirect address registers.

ADDRESS RFA 501 (L/S)
3 2 2
1 21 0
l MUST BE ZERO [ Vector Copy -- P0 Length Register 1
mab-pl130=-90
bits<31:22>
Name: Reserved

Mnemonic: None
Type: RO, 0

Unused; must be zero.

bits<21:0>
Name: Vector Copy-P0 Length Register
Mnemonic: POLR
Type: WO, X

POLR is the vector module’s copy of the scalar CPU POLR. Both copies

are updated at the same time. When POLR is updated, the vector
translation buffer is flushed.
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Vector Processor Indirect Registers
Vector Copy-P1 Base Register (LSX_P1BR)

Vector Copy—-P1 Base Register (LSX_P1BR)

LSX_P1BR is the vector module’s copy of the scalar CPU P1BR.
LSX_P1BR is accessed using the indirect address registers.

ADDRESS RFA 502 (L/S)
332
1009 98 0
L01 Vector Copy —- Pl Base Register MUST BE znoj
mab~-pl3l-90
bits<31:30>
Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

bits<29:9>
Name: Vector Copy—P1 Base Register
Mnemonic: P1BR
Type: WO, X
P1BR is the vector module’s copy of the scalar CPU P1BR. Both copies
are updated at the same time. When P1BR is updated, the vector
translation buffer is flushed.
bits<8:0>
Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.
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Vector Processor Indirect Registers
Vector Copy-P1 Length Register (LSX_P1LR)

Vector Copy-P1 Length Register (LSX_P1LR)

LSX_P1LR is the vector module’s copy ot the scalar CPU P1LR.
LSX_P1LR is accessed using the indirect address registers.

ADDRESS RFA 503 (L/S)

-

0

L—NN

3
1
r MUST BE ZERO Vector Copy -~ Pl Length Register 1

mob-pl132-90

bits<31:22>

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

bits<21:0>
Name: Vector Copy-P1 Length Register

Mnemonic: PILR
Type: WO, U
PILR is the vector module’s copy of the scalar CPU P1LR. Both copies

are updated at the same time. When P1LR is updated, the vector .
translation buffer is flushed.
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Vector Processor Indirect Registers
Vector Copy-System Base Register (LSX_SBR)

Vector Copy—-System Base Register (LSX_SBR)

LSX_SBR is the vector module's copy of the scalar CPU SBR.
LSX_SBR is accessed using the indirect address registers.

i T G s o i i i i i

ADDRESS RFA 504 (L/S)

3
0 9 8 0

I lewn

3
1
K

Vactor Copy -- System Base Address J MUST BE ZERO J

meb~pl33-90

bits<31:30>

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.

bits<31:9>
Name: Vector Copy-System Base Register

Mnemonic: SBR
Type: WO, X
SBR is the vector module'’s copy of the scalar CPU SBR. Both copies

are updated at the same time. When SBR is updated, the vector
translation buffer is flushed.

bits<8:0>

Name: Reserved
Mnemonic: None
Type: RO, 0

Unused; must be zero.
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Vector Processor Indirect Registers
Vector Copy-System Length Register (LSX_SLR)

Vector Copy-System Length Register (LSX_SLR)

SLR is the vector module's copy of the scalar CPU SLR.
LSX_SLR is accessed using the indirect address registers.

ADDRESS RFA 505 (L/S)
3 2 2
1 21 o]
[ MUST BE ZERO J Vector Copy -- System Length Register ]
mab-pl34-90
bits<31:22>
Name: Reserved

Mnemonic: None
Type: RO, 0

Unused; must be zero.

bits<21:0>
Name: Vector Copy-System Length Register
Mnemonic: SLR
Type: WO, X

SLR is the vector module’s copy of the scalar CPU SLR. Both copies
are updated at the same time. When SLR is updated, the vector
translation buffer is flushed.
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Vector Processor Indirect Registers
Load/Store Exception Register (LSX_EXC)

Load/Store Exception Register (LSX_EXC)

LSX_EXC contains the memory management fault parameters when an
exception occurs during a vector load or store irstruction.

When the Translation Buffer Control Register <MME> bit is clear, the
vector translation buffer is turned off. The contents of LSX_EXC are
UNPREDICTABLE in physical mode.

LSX_EXC is accessed using the indirect address registers.

ADDRESS RFA 508 (L/S)

3
1 9876 0

VA<31:9> of Faulting Reference

Fault Type (FT) — I
Exception Code (ECODE)

meb-p302-90

bits<31:9>
Name: Faulting VA Page Address

Mnemonic: VA<31:9>

Type: RO, 0

This field contains the virtual page address that caused the memory
management fault being flagged. Memory management exceptions are

not regarded as soft or hard errors by the Load/Store chip and are
reported differently from hard/soft errors.

bits<8:7>
Name: Fauit Type

Mnemonic: FT
Type: RO, 0

FT defines the type of fault that occurs.

<B:7> Fault

0 1 Translation not valid fault (TNV)
PTE<31>= 0 for a PTE.

1 1 Access coniroi vioiation (ACV)
Caused by one of the following: protection check error, vactor alignment
fauli, VO space reference, length check.
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Vector Processor Indirect Registers
Load/Store Exception Register (LSX_EXC)

bits<6:0>

3-96

A set bit indicates an abort and a memory management exception sent

Name: Exception Code

Mnemonic: ECODE

Type: RO, X

to the VECTL chip.

Bit Name Type

5 Modify Exception Modify
fauit

4 /O Space ACV

Reference (l)
3 Alignment fault (A) ACV
2 Modify Intent (M) ACV

TNV

1 PTE Reference (P) ACV

TNV

0  LlengthCheck(l) ACV

Cause

The faulting reference attempted to write a
page whose PTE<M> bit was not set, This
bit indicates that the vector proceseor is
running in virtual machine mcde. To enable
virtual machine mode, the MEE bit is set in
TBCSR.

This exception is accompanied by the

TNV fault type code. This code should
be ignored by scalar microcotia and a

modify exception taken.

The faulting reference attempted to access
/0 space.

The faulting reference was unaligned.

The faulting reference was a write
transaction. Thie bit indicates to the
operating system that the faulting reference
wiil set the M bit, which permits the
operating system to preset the M bit in

the PTE.

The fault occurred during a PTE fetch
rather than a normal PO, P1, or system
space reference. The bit is set either while
attempting to fetch a system space FTE to
translate a process space virtual address
or while fetching a PTE that translates a
system space reference.

The faulting reference was duse to a length
check.




Vector Processor Indirect Registers
Translation Buffer Control Register (LSX_TBCSR)

Translation Buffer Control Register (LSX_TBCSR)

LSX_TBCSR controls the translation bufter (TB) during testing.
LSX_TBCSR is accessed using the indirect address registers.

ADDRESS RFA 509 (L/S)

33
10

MUST BE ZERO lJ

L——- Modify Exception Enable (MEE) i
Diagnostic Mode Enable (DME)

Memory Manageament Enable (MME)

mab-p303-90

bit<31>
Name: Modity Exception Enable

Mnemonic: MEE
Type: AW, 0
Writing a one to MEE causes the Load/Store chip to generate modify

exceptions whenever a write is attempted to a page whose PTE<M> bit
is not set. The value of MEE is zero for normal operation.

bit<1>
Name: Diagnostic Mode Enable

Mnemonic: DME
Type: RW, 0

Writing a one to the DME bit causes the TB to enter diagnostic mode.

bit<0>

Name: Memory Management Enable

Mnemonic: MME

Type: W, 4

Writing a one to the MME bit enables memory management. The

vector processor memory management should be disabled only for
diagnostic purposes.
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Vector Processor Indirect Registers
Vector Copy—Memory Management Enable Register (LSX_MAPEN)

Vector Copy-Memory Management Enable Register
(LSX_MAPEN)

LSX_MAPEN is the vector module’s copy of the scalar CPU MAPEN.
LSX_MAPEN is accessed using the indirect address registers.

ADDRESS RFA 50A (L/S)
3
1 0
L Memory Management Enable Register (A Pseudo Register) ]
mab-p135%5-90
bits<31:0>
Name: Memory Management Enable
Mnemonic: MAPEN
Type: WO, X

When MAPEN is updated in the scalar CPU, the vector module copy is
also written. MAPEN is a pseudo register, meaning that it only exists
to permit a vector translation buffer flush to occur when MAPEN in
the scalar CPU is changed.
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Vector Processor Indirect Registers
Vector Copy-Transiation Butfer invalidate All Register (LSX_TBIA)

Vector Copy-Translation Buffer Invalidate Ali
Register (LSX_TBIA)

LSX_TBIA is the vector module copy of the scalar CPLJ TBIA.
LSX_TBIA is accessed using the indirect address registers.

ADDRESS RFA 508 (L/S)
3
1 o
r Translation Buffer Invalidate All J
msb-pl36-90
bits<31:0>
Name: Transiation Buffer Invalidate All
Mnemonic: TBIA
Type: WO, X

When TBIA is updated in the scalar CPU, the vector module copy is
also written.
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Vector Processor Indirect Registers
Vector Copy-Translation Buffer Invalidate Single Register (LSX_TBIS)

Vector Copy-Translation Buffer Invalidate Single
Register (LSX_TBIS)

LSX_TBIS is the vector module copy of the scalar CPU TBIS.
LSX_TBIS is accessed using the indirect address registers.

ADDRESS RFA 50C (L/S)

3
1

0

L

Tranalation Buffer Invalidate Single 4]

meb-pl37-90

bits<31:0>
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Name: Translation Buffer Invalidate Single
Mnemonic: TBIS
Type: WO, X

When TBIS is updated in the scalar CPU, the vector module copy is
also written.




Vector Processor Indirect Registers
Vector Mask Low Register (LSX_MASKLO)

Vector Mask Low Register (LSX_MASKLO)

LSX_MASKLO is written with the contents of the mask register prior to a
masked load/store operation taking place. The register is written whenever
the Verse mask registers are read. The Load/Store chip detects the read
request and loads the data into the high or low longword as appropriate.

LSX_MASKLO is accessed using the indirect address registers.

ADDRESS RFA 510 (L/S)
3
1 0
Vector Mask Low Register J
mab-p304-90
bit<31:0>
Name: Vector Mask Low
Mnemonic: LSX_MASKLO
Type: RW, X

LSX_MASKLO is written with the contents of the mask register
prior to a masked load/store operation taking place. The register is
written whenever the Verse mask registers are read. The Load/Store
chip detects the read request and loads the data into the high or low
longword as appropriate.
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Vector Processor Indirect Registers
Vector Mask High Register (LSX_MASKH!)

Vector Mask High Register (LSX_MASKHI)

LSX_MASKHI is written with the contents of the mask register prior to a
masked load/store operation taking place. The register is written whenever
the Verse mask registers are read. The Load/Store chip detects the read
request and loads the data into the high or low longword as appropriate.

LSX_MASKHI is accessed using the indirect address registers.

ADDRESS RFA 511 (L/S)

3
1 0

Vector Mask High Register

mab~p305-90

bit<31:0>
Name: Vector Mask High
Mnemonic: LSX_MASKHI
Type: RW, X

LSX_MASKHI is written with the contents of the mask register prior
to a masked load/store operation taking place. The register is written
whenever the Verse mask registers are read. The Load/Store chip
detects the read request and loads the data into the high or low
longword as appropriate.
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Vector Processor Indirect Registers
Load/Store Stride Register (LSX_STRIDE)

Load/Store Stride Register (LSX_STRIDE)

LSX_STRIDE contains the signed 32-bit stride that gives the address
increments for each vector element. The stride must be loaded before the
load or store instruction is issued.

LSX_STRIDE is accessed using the indirect address registers.

o S e

ADDRESS RFA 512 (L/S)
3
1 0
I Load/Store 8tride Register
meb-p306-90
bits<31:0>
Name: Load/Store Stride
Mnemonic: LSX_STRIDE
Type: W, X

LSX_STRIDE contains the signed 32-bit stride that gives the address
increments for each vector element. The stride must be loaded before
the load or store instruction is issued.
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Vector Processor Indirect Registers
Load/Store instruction Register (LSX_INST)

Load/Store Instruction Register (LSX INST)

LSX_INST is used to start a load/store operation. A write to this register
causes the Load/Store chip to starnt executing the instruction. Before writing
this register the LSX_STRIDE register must contain a valid stride.

LSX_INST is accessed using the indirect address registers.

ADDRESS RFA 513 (L/S)
6 3
3 2
L, Base Address

[T o

1 11
4 1009

ﬂ MUST BE ZERO Ji[ l I Ijll -]

[
D
o

L—— Valid Bit (V) l
Current CPU Mode (CUR MOD)
Mask Operate Enable (MOE)
Match True/False (MIF)

Offset Control (OFF)
Address Genheration Mode (AGM)
Load or Store (LB)

Data Length (LQ}
Vector Length (VL)

mab~-p307-90

bits<63:32>
Name: Base Address
Mnemonic: None
Type: RW, X

This field gives the virtual base address for the load/store or gather
/scatter instruction.
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bit<31>

bits<14:13>

bit<12>

bit<i1>

bit<10>

Vector Processor Indirect Registers
Load/Store Instruction Register (LSX_INST)

Name: Valid
Mnemonic: V
Type: WO, X

The V bit, when set, indicates that the instruction that was written is
a valid instruction and should be executed. The VECTL chip sets this
bit when it issues an instruction.

If this register is written with bit <31> = 1, the Load/Store chip
will start executing an instruction that produces UNPREDICTABLE
results. Diagnostics should always write bit <31> = 0 to prevent this
problem.

Name: Current CPU Mode
Mnemonic: CUR MOD
Type: WO, X

CUR MOD correspond to the scalar CPU Current Mod bits in the PSL
in effect at the time an instruction is issued.

Name: Mask Operate Enable
Mnsmonic: MOE
Type: WO, X

When set, the mask register in the Load/Store chip is used to control
the transaction.

Name: Match True/False
Mnemonic: MTF
Type: WO, X

MTF is used when bit <12> (MOE) is set to determine the sense of the
mask operation. Only bits in the mask register corresponding to the
sense of MTF are processed.

Name: Offset Control
Mnemonic: OFF
Type: WO, X

OFF is only valid if the AGM bit, bit <9> = 1. When OFF = 1, the Load
/Store chip loads the offset register into an internal FIFO. Following
this instruction the VECTL chip issues the same instruction with OFF
= 0, which causes the Load/Store chip to perform the scatter/gather
operation using the previously stored offsets.
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Vector Processor Indirect Registers
Load/Store Instruction Register (LSX_INST)

bit<9>
Name: Address Generation Mode

Mnemonic:. AGM
Type: WO, X
AGM specifies the address generation mode to be used. If AGM = 0,

a strided write load/store operation will be executed. fAGM =1, a
scatter/gather operation using an offset vector register will take place.

bit<8>

Name: Load or Store
Mnemonic: LS
Type: WO, X

LS specifies the direction of transfer of data. LS = 0 causes a load
or gather operation to take place; LS = 1 causes a store or scatter
operation to take place.

bit<7>
Name: Data Length

Mnemonic: LQ
Type: WO, X

LQ specifies if the load/store or scatter/gather instruction transfers
longwords (LQ = 0) or quadwords (LQ = 1).

bits<6:0>
Name: Vector Length

Mnemonic: VL
Type: WO, X
The VL field contains the contents of the Vector Length Register at the

time the load/store instruction was received from the scalar processor.

It can have values between 0~64. A value greater than 64 produces
UNPREDICTABLE results.
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Vector Processor Indirect Registers
Cache Control Register (LSX_CCSR)

Cache Control Register (LSX_CCSR)

LSX_CCSR provides control cver the vector cache functions. Bit <28>, DXT,
permits diagnostic features to be enabled or disabled. Bits <30>, DPS, and

<29>, DVS, should only be changed when DXT = 0. Changing DPS or DVS
while DXT = 1 can cause UNDEFINED operations.

LSX_CCSR is accessed using the indirect address registers.

ADDRESS RFA 520 (L/S)

2 22
9 8 7

N

2 2 22 11
L 210 8 7

[ W od
(& N
o

1 1
4 1

L- Memory Activity (ACT)
Load/8tore Chip Revision
Node 1ID {LSXREV]}

3 2 2 1 1
0 4 3 9 2

INNREREREEN NN

3
1 9 3 5 4 10

Cache Parity Error (CPE)
xux Interface Soft Error (XSE)
XMI Interface Hard Error (XHE)
Cache Error Enable (CEE)
Soft Error Enable (SEE)

— cCache Enable (ENA)
— Cache Hit (HIT)
L— Force Hit (FHT)
'— Flush Cache (FLU)
— Force Bad Low RFA Parity (FRL)
— Force Bad Low Data Parity (FDL)
L—— Force Bad High Data Parity (FDH)

Primary Tag Valid Sense (PVS)
— Primary Tag Parity Sense (PPB3)
L:—— Disable XMI Transactions (DXT)

Duplicate Tag Valid Sense (DVS)
‘“— Invert Duplicate Tag Parity Sense (DPS)
— Duplicate Tag Check (DIC)

msb-p308-50

bit<31>
Name: Duplicate Tag Check
Mnemonic: DTC
Type: RW, 0

When DXT bit <28> is set and DTC is clear, duplicate tag locations
can be written, as determined by the DVS <29> and DPS <30> bits. If
DTC is set, the duplicate tag store is unchanged.
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Vector Processor Indirect Registers
Cache Control Register (LSX_CCSR)

bit<30> .
Name: invert Duplicate Tag Parity Sense
Mnemonic: DPS
Type: RW, 0
DPS specifies the duplicate tag parity used when diagnostics are
enabled (DXT bit is set), and when bit <31>, DTC, is clear, and a store
or scatter instruction is executed. If DPS is clear, odd parity is written.
If DPS is set, even parity is written in the duplicate tag store.
During normal operation odd parity is used in the duplicate tag store.
bit<29>
Name: Duplicate Tag Valid Sense
Mnemonic: DVS
Type: RW, 0
When DXT bit <28> is set, the DTC bit, <31>, is clear, and a store or
seatter instruction is executed, the duplicate tag valid bit is written
with the value in DVS.
bit<28>
Name: Disable XMI Transactions
Mnemonic: DXT
Type: RW, 0
DXT, when set, permits diagnostics to perform operations in the
cache without generating XMI transactions on cache miss and writes.
Any physical address presented to the cache is truncated to a 19-bit
longword-aligned address. When DXT is set, all tag comparisons that
differ are flagged as tag parity errors.
Bits <30>, DPS, and <29>, DVS, should only be changed when DXT
= 0. Changing DPS or DVS while DXT = 1 can cause UNDEFINED
operations.
DXT, when clear, is the setting for normal machine operation.
bit<27>
Name: Primary Tag Parity Sense
Mnemonic: PPS
Type: RW, 0

When bit <28> (DXT) is set, the sense of the parity is determined by
PPS. If PPS = 1, even parity is used; if PPS = 0, odd parity is used.
This inversion applies to both reads and writes of the primary tag
store.
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bit<26>

bit<25>

bit<24>

bit<23>

bits<22:21>

Vector Processor Indirect Registers
Cache Control Register (LSX_CCSR)

Name: Primary Tag Valid Sense
Mnemonic: PVS
Type: AW, 0

When bit <28> (DXT) is set, the sense of the tag Valid bit is
determined by PVS. When the tag is being compared, the V bit is
compared to PVS. If they differ, a cache parity error is flagged. This
inversion applies to both reads and writes of the primary tag store.

Name: Force Bad High Data Parity
Mnemonic: FDH
Type: RW, 0

When set, FDH causes all Load/Store originated data transfers to have
bad data parity on the internal bus, CD<63:32>.

Name: Force Bad Low Data Parity
Mnemonic: FDL
Type: RW, 0

When set, FDL causes all Load/Store originated data transfers (cache
fills) to have bad data parity on the internzl bus, CD<31:0>.

Name: Force Bad Low RFA Parity
Mnemonic: FRL
Type: RW, 0

When set, FRL causes all Load/Store originated low RFAs to have bad
parity. T

Name: Reserved
Mnemeoenic: None
Type: RO, 0

Reserved; must be zero.

3-109



Vector Processor Indirect Registers
Ccache Control Register (LSX_CCSR)

bit<20>
Name: Flush Cache
Mnemonic: FLU
Type: R/W, 0
Writing a one to FLU causes the cache flush cycle to take place. This
bit remains set while the cache flush completes. Because of the cache
flush mechanism, this bit can never be read in the one state; it will
always appear as a zero. This bit must not be £2t until all error bits
are clear, and the VMAC register has been read.
bit<19>
Name: Force Hit
Mnemonic: FHT
Type: RW, 0
When set, FHT causes the cache to generate a hit on a cache reference.
This is true for loads and stores, and this bit overrides the enable bit.
If FHT = 1 and ENA = 0, the cache hit is still flagged.
bit<18>
Name: Cache Hit
Mnemonic: HIT
Type: RW, 0
HIT is the latched output of the cache comparator. This bit is only
updated on cache references from the Load/Store chip. HIT is not
modified if bit <17> ENA is not set.
bit<17>
Name: Cache Enable
Mnemonic: ENA
Type: RW, 1
ENA enables the data cache, when set, and disables the data cache
when clear. When ENA is clear, all cache references are riss. The
cache is disabled if any error bits (DCE, TPE) are set, even if ENA s
set. Following a DCE or TPE error, the ENA bit will not change state.
bit<16>
Nam a: Soft Error Enable
Mnsmonic: SEE
Type: RW, 1

SEE enables reporting of XMI soft errors. This bit provides the
mechanism for suppressing excessive memory CRDs or duplicate tag
parity error interrupts.
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bit<15>
bits<14:12>
bit<ii>
bit<10>
bit<S>

Vector Processor Indirect Registers
Cache Control Register (LSX_CCSR)

Namo: Cache Error Enable
Mnemonic: CEE
Type: RW, 1

CEE enables reporting of cache errors. All cache errors are recovered
by the Load/Store chip. This enable bit does not cover duplicate tag
store parity errors. This bit provides the mechanism for suppressing
excessive cache parity error interrupts.

Name: Reserved
Mnemonic: None
Type: RO, 0

Reserved; must be zero.

Name: XMl Interface Hard Error
Mnemonic: XHE
Type: RWIC, 0

When set, XHE indicates an XMI hard error has occurred. Writing a
one to XHE clears it.

Name: XMI interface Soft Error
Mnemonic: XSE
Type: RWIC, 0

When set, XSE indicates an XMI soft error has occurred. The sources
for this error are Duplicate Tag Parity Error or Corrected Read Data
from memory. Writing a one to XSE clears it.

Name: Cache Paritv Error
Mnemonic: CPE
Type: RWI1C, 0

CPE sets when a parity error is detected on a cache read from the data
cache or when a tag parity error occurs on tag lookup. CPE is reset by
writing a one to it.
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Vector Processor I 'irect Registers
Cache Control Register (LSX_CCSR)

bits<8:5>

bitg<4:1>

bit<0>

3-112

Name: Node D
Mnemonic: None
Type: RO, -

This field contains the XMI node ID.

Name: Load/Store Chip Revision
Mnemonic: LSXREV
Type: RO, X

This field contains the revision of the Loz a/Store chip.

Name: Memory Activity
Mnemonic: ACT
Type: RO, X

When set, ACT indictates that the vector processor is performing
memory references. This bit is used by the VECTL chip to implement
the MSYNC and MFPR #VMAC, dst functions.




Vector Processor Indirect Registers
Translation Buffer Tag Register (LSX_TBTAG)

Translation Buffer Tag Register (LSX_TBTAG)

LSX_TBTAQ is a pseudo-register. A write to this register causes the data to
be written into the transiation butter (TB) location specified by the Translation
Bufter Control Register (TBCSR) if the TBCSR DME bit <1> is set or written
into the location specified by the replacement algorithm if the TBCSR DME bit
is not set. A read operates in a similar fashion.

Writing different TB locations with the same tag causes contention and can
damage the Load/Store chip.

LSX_TBTAG is accessed using the indirect address registers.

e i e e

ADDRESS RFA 530 (L/S)
3 1
1 09 0
[- Address Tag Data r MBZ ]\
wab-p309-90
bits<31:10>
Name: Address Tag Data
Mnemonic: None
Type: RW, X
The address tag data corresponds to bits <31:10> of the virtual
address.
bits<9:0>
Name: Reserved
Mnemonic: None
Type: RO, 0

Reserved; must be zero.
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Translation Buffer PTE Register (LSX_PTE)

Translation Buffer PTE Register (LSX PTE)

LSX_PTE is a 64-bit pseudo-register. A write to LSX_PTE causes the PTE
to be written. The location written is specified either by the Translation
Buffer Control Register (if the TBCSR<DME> bit is enabled) or by a previous
transiation buffer hit. A read works in a similar fashion.

LSX_PTE is accessed using the indirect address registers.

ADDRESS RFA 531 (L/S)
6 6 555 55 3
3 2 98 7 32 2

Page Frame Number (PFN) 41

L—— Software Bits (BOFT)
Modify Bit (M)
Protection Field (PROT)

Valid Bit (V)

33 222 2 2
10 765 10
lJ J r Page Frame Number (FFHN) 1

L—— Software Bits (30FT)
Modify Bit (M)
Protection Field (PROT)

Valid Bit (V)

o

mab-p310-90

bit<63>
Name: Valid
Mnemonic: V
Type: RW, X
V indicates the validity of <68> (M) and <562:32> (PFN). V = 1 for
valid, and V = 0 for invalid.
bits<62:59>
Name: Protection
Mnemonic: PROT
Type: RW, X

PROT contains the protection code for referencing the page. This field
is valid even if V = 0.
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bit<58>

bits<57:53>

bits<52:32>

bit<31>

bits<30:27>

Vector Processor Indirect Registers
Tranglation Butfer PTE Register (LSX_PTE)

Name: Modity
Mnemonic: M
Type: RW. X

If M = 1, the page has been written and any permissible writes can
take place. If M = 0 and write access is permitted, a write attzmpt
to this page will cause the Load/Store chip to enter its modify flows
and the write is blocked. When the V bit <63> is clear, the M bit is
reserved for use by Digital software. When the V bit is set, the M bit
indicates the status of the page.

Name: Software
Mnemonic: SOFT
Type: RW, X

This field is used to record software information for each PTE so that
there is a record whenever the Modify bit <58> is set. The translation
buffer does not keep these bits.

Name: Page Frame Number
Mnemonic: PFN
Type: RW. X

PFN gives the upper 21 bits of the physical address of the base of the
page. Memory management uses the value of PFN only if the Valid bit
<63> is set (V = 1).

Name: Valid
Mnemonic: V
Type: RW, X

This bit indicates the validity of <26> (M) and <20:0> (PFN). V = 1 for
valid, and V = O for invalid.

Name: Protection
Mnemonic: PROT
Type: RW, X

PROT contains the protection code for referencing the page. This field
is valid even if V = 0.
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Vector Processor indirect Registers
Translation Buffer PTE Register (LSX_PTE)

bit<26>

bits<25:21>

bits<20:0>

3-116

Name: Modify
Mnemonic: M
Type: RW, X

If M = 1, the page has been written and any permissible writes can
take place. If M = 0 and write access is permitted, a write attempt
to this page will cause the Load/Store chip to enter its modify flows
and the write is blocked. When the V bit <31> is clear, the M bit is
reserved for use by Digital software. When the V bit is set, the M bit
indicates the status of the page.

Name: Software
Mnemonic: SOFT
Type: RW, X

This field is used to record software information for each PTE so that
there is a record whenever the Modify bit <26> is set. The translation
buffer does not keep these bita.

Name: Page Frame Number
Mnemcnic: PFN
Type: RW, X

PFN gives the upper 21 bits of the physical address of the base of the
page. Memory managemeni uses the vaiue of PFN only if the Valid bit
<31>is et (V =1).
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3.9 Error Handling

The vector processor provides extensive error detection and
reporting. Errors and interrupts are reported to the scalar
processor. Soft errors are automatically retried, and hard errors
cause the vector processor to disable itseif.

Table 3-4 Vector Processor Hardware-Detected Errors

Error Description
. Machine A hardware error occurred synchronously with the CPU-chip's

check execution of instructions. Instruction-level recovery and retry may be
possible.

Hard emor A hardware error occurred asynchronously with the CPU-chip'e

interrupt execution of instructions. Not recoverable.

Soft error A hardware error occurred that was not fatal to the process or

interrupt gystem. System error software should be able to recover and
continue.

The FV64A vector processor has been designed to provide extensive error
detection. Parity detection is the major technique used on the buses
and the large RAM structures. The VECTL chip also detects illegal
instructions and sequences.

The vector module provides for:
¢ Standard XMI error detection

. ¢ Parity on all cache data and tag stores
° Parity coverage on the internal data bus, both address and data
* Parity protection on the control and data signals on the VIB bus
e Instruction consistency checks

The vector module at times can detect an error immediately, or it may
take several cycles. The vector processor attempts to correct all errors that
occur. Some errors are fatal, and the instruction cannot be retried. When
an error cccurs, the last atomic transaction that contained the ermvor is
retried if possible.

The vector processor attempts to report all errors in a standard fashion.
Soft errors are reported by interrupts. Hard errors are reported either
by a hard error interrupt or by a machine check. The vector processor
consistently reports errors, but the system-level error result depends on
‘ the instruction stream. An interrupt or machine check can vary because

of the timing between the error and the reaction of the scalar processor to
the error.

3-117



FV64A Vector Processor Mcdule

A hard error interrupt can cause a disable fault low to be started because
of the way the scalar microcode handles vector instructions. If this occurs,
the interrupt is taken and by the time the scalar processor returns to the
disable flow the error condition has been reported. The operating system
must recognize this condition.

Soft errors may be followed by hard errors. Therefore, the soft error
interrupt handler may receive no valid data because the hard error
interrupt service routine has already taken the interrupt.

An error is treated either as a fault from which there is no recovery or as
a transient error with recovery possible after a single retry. The FV64A
vector processor retries atomic transactions. An atomic transaction is
defined as a collection of one or more small transactions that can be
restarted within the machine. An atomic transaction can be as small as
an internal bus transfer or as large as a complete load/store instruction.
Examples of atomic transactions are as follows:

° Single transaction error retry. A parity error is detected during a data
transfer on the internal bus. The bus master retries the transaction.

® A cache pariiy error occurs during a load. The load instruction is
restarted.

The operating system handles error reporting in three ways (see
Table 3-5):

¢ Hard errors are flagged as machine checks through SCB vector 04
(hex).

¢ Hard errors interrupt through SCB vector 60 at IPL 1D (hex).
¢ Soft errors interrupt through SCB vector 64 at IPL 1A (hex).

Table 3-5 Vector Processor Error Reporting

Reporting Intent System-Level Error Result Conditions
Machine check Machine check SCB vector 04 (hex) Hard error within current read context
Hard error interrupt  Hard error interrupt SCB vector 60 IPL 1D (hex)  Hard error interrupt only

Disable fault followed by hard error interrupt Hard error interrupt

Soft error interrupt followed by hard error Hard error interrupt

intsrrupt

Machine check SCB vector 04 (hex) Read after hard error flagged by C-chip

Soft error interrupt

Soft error interrupt SCB vector 54 IPL 1A (hex) Soft emor interrupt only
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3.9.1 Machine Checks

Machine checks occur when the operation requested by the scalar
processor cannot be completed because a hard error has occurred. Because
there are several sources of machine checks, the error registers are
conditionally logged to prevent further machine checks.

The following error conditions cause machine checks:

¢ Hard errors on read requests that occur within the context of the read
® Load/store hard errors during the memory management phase

® Any read passed to the C-chip while the VINTSR register is locked

e Any EPR read to the VECTL for an outstanding MFVP instruction or
load/store operation that cannot be completed

* Any read request to the Vector Memory Activity Check Register
(VMAC) after a hard error has occurred

An error within the context of a read means that the error is associated
with the read data. An example is a CD bus parity error when reading a
Load/Store register. An XMI error while the scalar processor is reading
a Load/Store register is an example of an error outside the context of the

. read request.
Figure 3-14 shows the frame pushed onto the stack by a machine check
related to the vector module (MCHK_VECTOR_STATUS 14 (hex)).
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Figure 3-14 Machine Check Stack Frame

Parameter Byte Count (18 hex) :SP
R 0 Machine Check Code SP + 4
Vector Controller Status Register
VIBA 8P+ 12
ICCS..SISR :SP + 16
Internal State 'SP + 20
sC :SP + 24
PC 'SP + 28
PSL ‘SP + 32
msb-p372-980
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CAUTION:

The operating system must guarantee that all errors are reported within
the context of the vector processor’s current process. To permit this, the
vector processor generates a machine check when a hard error occurs
during a read of the VMAC register.

The programmer must do the following to maintain synchronization.

To engure that the barrier synchronization operates correctly,
the programmer must read the Vector Processor Status Register
(VPSR), IPR144, and spin on reading this register until the VPSR
Busy bit is clear. Then reading the Vector Memory Activity Check
Register (VMAC), IPR148, twice guarantees synchronization and
that all arrors have been reported.

Depending on the error, the machine check error is parsed as shown in
Figure 3-15.
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Figure 3-15 Machine Check Parse Tree

- MCHK_VECTOR_STATUS
CODE w VA<B8:7> (SP + 8 on mtack frame)
(sslect one)

— CODE = 00 (Unreccverable VIB error)
(select one)

VINTSR<VECTL VIB HERR> <4>

—3p» VECTL detected VIB hard error
VINTSR<CCHIP ViB HERR> <6>

—~~ C-chip detected VIB hard srror
VINTSR<Bus Timeout> <7>

= Scalar DAL buas timeout error

VINTSR<Vector Module Rasat> <8>
= Vector module is being reset

'—-1 CODE = 10, VINTSRCVEBE> «2> (Unrecoverable vector hard error)

VPSRCIMP > <24> (Vector hardware error)
(select all)

VCTL_CSR<CDH> <3>

~» CD bus hard error

VCTL_CSR<ISE> <65

= Illegal ssquence error

[ VCTL_CSR<VHE> <11> (Verse chip hard error)
(select all)

ALU_DIAG_CTL<ABE> <8>

ooy

% AB bus parity error

ALU_DIAG_CTL<CPE> <9>

—» C bus parity error

ALU_DIAG_CTL<IFO> <10>

~» Illegal opcode

) VCTL_CSR<L8H> <1> Load/Store Chip Hard Error
(select all)

L8X_CCSR<XHE> <11> = 0

— Hard CD bus arror

L3X_CCSR<XHE> <11> = 1

~3» XMI interface hard error

mab-p287-90
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Hard Error Interrupt

3-122

When the vector processor encounters a hard error asynchronously to the
scalar processor, it disables itself and flags a hard error interrupt to the
scalar processor through SCB vector 60 at IPL 1D (hex). A hard error
pushes the PC/PSL pair to the stack.

When a hard error occurs that is asynchronous to the currently executing
instruction stream, a hard error interrupt is posted. Examples of this are:

¢ Any hard error on write transactions

¢ Any hard error on load/store operations following the memory
management phase when the scalar processor has been released

* Parity errors on the Verse/Favor chip interfaces

¢ Errors that occur asynchronously to the current operation

When a hard error is flagged, the vector processor is disabled. If another
instruction is then issued, it is ignored unless it is an MxPR instruction.
The C-chip locks the VIB interface and any attempt to read registers
across the VIB will be machine checked until the VINTSR IPR in the
scalar processor’s C-chip is unlocked. After unlocking the VINTSR
register, the scalar processor can examine the state of the vector processor
to determine the cause of the error. Because there are several sources of
hard errors, the error registers are conditionally logged to prevent hard
errors or machine checks.

Figure 3-16 shows how hard errors are parsed.
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Figure 3—-16 Hard Error interrupt Parse Tree

-T (seslact all)

[~ (Unrecoverable VIB error)
{(select one)

VINTSR<VECTL VIB HERR> <4>

VINTSR<CCHIP VIB HERR> <6>

¥ C-~chip

VINTSR<Bus Timeout> <7>

- Scalar

VINTSR<Vector Module Reset> <8>
- Jector

——— VINTBR<VHE> <2> (Unrecoverable vector

VPSR<IMP> <24> (Vector hardware error)
(select one)

VCTL_CSR<CDH> <3>

— CD buas

VCTL_CSR<ISE> <6>

(select all)

ALU_DIAG_CTL<ABE> <8>

= AB bus

ALU_DIAG_CTL<CPE> <9>

ALU_DIAG_CTL<IFO> <10>

(select all)

L8X_CCSR<XHE> <11> = 0

LSX_CCSR<XHE> <11> = 1

> VECTL detected VIP hard error

detected VIB hard error

DAL bus timeout error

module is being reset

hard error)

hard error

# Illegal sequence error

— VCTL CSR<VHE> <1ll1l> Verse Hard Error

parity error

4 C bus parity error
= Illegal opcode

i— VCTL CSR<LSH> <1> Load/S8tore Chip Hard B: or

- Hard CD bus error

- XM1 interface hard error

msb-p288-90
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3.9.3 Soft Error Interrupt

Soft errors are reported by soft error interrupts. Soft error interrupts are
the result of errors that are successfully retried.

If a soft error and a hard error occur simultaneously, the soft error
interrupt is posted, but the hard error interrupt takes precedence.
There are many examples where the first occurrence causes a soft error
interrupt, and the subrequent error during retry causes a hard error
interrupt. The operating systems must be able to support both soft and
hard error interrupts for the same error.

When the vector processor encounters a soft error, it posts a soft error
interrupt to the scalar processor through SCB vector 54 at IPL 1A (hex).
A soft error pushes the PC/PSL pair to the stack.

A soft error interrupt may be followed by a hard error interrupt. Because
of the relative priority, the hard error interrupt will interrupt the soft
error interrupt flow before it has completed. This will cause the soft error
interrupt routine to see all error bits clear. The operating system must
provide for such dual interrupts.

Figure 3-17 shows how soft errors are parsed.

Figure 3-17 Soft Error Interrupt Parse Tree

-~ {selezt all)

— (Rec>verabla VIB errcr)
tselect cne)

VINTSReVECTL VIR SBRR> <3>

49~ VECTL detected
VIB soft error

VINTSRCCCHIP VIB SERR> <35>

> C=chip detected
VI8 soft srror

|/ VINTSR<Vector Scft Error> <l1> (Recoverable vector error)
(select one)

VCTL_CSR<CDS>  «<2>

- CD bus ecoft aerror

——= VCTL_CS8P<L38> «0> Load/Store Chlp Soft Rrror
(select all)

LSX_CCSR<XSE> <10>

— XM! interface scft error

LSX_CCSR<CPE> «<9>

> Data cache parity srror

No ercor bits set

— Hard error interrupt

mab-p289-90

3-124



3.9.4

FV64A Vector Processor Module

Exceptions

The vector processor generates two kinds of exceptions: memory
management exceptions and arithmetic exceptions. Memory management
exceptions are dealt with by the operating system, whereas arithmetic
exceptions disable the vector proceasor.

3941

NOTE

Memory Management Exceptions

A memory mangement exception occurs if a fault is detected during the
virtual-to-physical translation phase of a memory reference instruction.
The SCB vector depends on the fault type.

The memory mangement exception flows are entered by a return status of
ERR L on the VIB bus following the read of the Vector Memory Activity
Check (VMAC) Register.

Vector memory management exceptions are serviced in the same
way as scalar memory management exceptions. See Section 2.3.4
for more on memory management exceptions.

The vector processor produces precise exceptions for memory management
faults. When a memory management exception occurs, microcode and
operating system handlers are used to fix the exception.

The vector processor cannot service translation-not-valid and access-
control violation faults. To handle these exceptions, the vector processor
passes sufficient state back to the scalar processor so that if a memory
management fault occurs, then microcode can build a vector exception
frame on the stack to permit vector processor memory management
exceptions to be handled precisely and restart the faulting instruction.

To enforce synchronous operation, when a vector load/store operation

is issued by the scalar processor, the scalar processor will not issue
more instructions until the memory management has completed. To
reduce this delay from issue of a load/store instruction to issue of the next
vector instruction, the load/store unit has logic to predict when memory
management can proceed fault free. When the load/store unit knows
that it can perform all virtual-to-physical translations without incurring
a memory management fault, it issues a signal called MMOK (memory
management OK) to the VECTL chip, which then releases the scalar
processor to issue more instructions while the load/store unit completes
the remainder of the data transfers. With this mechanism, the overhead
of providing precise memory management fauits is reduced.

394.2

Vector Arithmetic Exceptions

Vector arithmetic exceptions are called imprecise, because the program
counter in the scalar processor is pointing farther down the instruction
stream and cannot be backed up to point at the failing instruction. In this
case to report the condition, the vector processor disables itself so that the
acalar processor wiil tzke a vector disable fault when it attempts to send

a vector instruction. The vector disable fault handler then determines the
cause.
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NOTE:

Imprecise exceptions are caused by typical arithmetic problems such
as divide by zero and underflow. Because the vector processor executes
instructions out of order, it is not possible to determine the instruction
that caused the exception from the updated PC.

When an imprecise exception occurs, the VECTL chip sets a bit in the
register mask in the Vector Arithmetic Exception Register (VAER) to
indicate the destination vector register that received data from the
exception. It then informs the scalar processor of the exception.

To find the precise instruction causing a problem, you can include
a SYNC instruction after each arithmetic instruction. Each
instruction then completes before the next is attempted. The
machine, however, runs much slower than if imprecise exceptions
are permitted.
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3943

Disable Fauits

If the scalar processor issues a vector inst—iction when the vector
processor is disabled, it will take a vector module disable fault through
SCB vector 68 (hex). It is possible that a disable fault for a hard error
interrupt could occur before the interrupt request is serviced. This causes
the error to be logged and cleared before the service flow is complete. The
operating system must be aware that this sequence is possible.

A disable fault pushes the PC/PSL pair to the stack.
Table 3-6 showe the registers logged for an arithmetic exception.

Table 3-6 Disable Faults

Registers

Error/Exception  Logged Desacription

Arithmetic VPSR An arithmetic exception caused the disable fault;
VAER generally results in image rundown.

Figure 3-18 shows how disable faults are parsed.

Figure 3-18 Disable Fault Parse Tree

- VPSRCVEN> <0> = 0, Vactor disabled
{(select one)

VPBR<CIVO> <25>

—= Illegal vector opcode

——— VPSR<AEX> <7> Vector arithmetic exception
(select all)

VAER<FUN> <0>

# Floating Underflow
VAER<FDZ> <1>

—#= Fioating Divide by Zero
VABR<FRS> <2>

~#~ Floating Reserved Operand
VAER<FOV> <3>

> Floating Overflow

VAER<SIOV> <85>

> Integer Overflow

No error bits met

~$= Hard error interrupt

meb-p290-90

3-127



1900000900000 ¢0.¢00.6800849086.8008080980040.88698949984844
$8.0.0.0.6.0.00 8080880000888 88088800800888889800048.09909.04
)9.8.0.0.0.10.0.0.0.0.0.0.8.8.0.94.089.60489800088000009008¢000004
$0.0.0:0.0.0.0.0.0.8.0.8.0.0.6.0.8:0.8068$980.9.¢0¢800609880069840 04
$9.0.0.0:068.¢.90009.00.8.99000909.8608.0080009068$900.94
$910.9.6.0.0.060.09.000.9.0.909006080080¢8060404604000

P O0.0.0.0.68.089008.8.0.60004060.0086606.0000000604
19:6.0.0.9.9.0.0:0.0.6.0.0.4.4,0.0.9.9.0.9.0.9.0.6.6.9.6.8.¢.¢¢,60¢¢
P 0.6.0.9.00800.0.000.04.0640800088088080088084
XXXAXXXX XA KXARXKK KKK KKK LKL XXX XXX XXX
REUXAXXKAXKA XK AKX XK AKX XX XK KXXK
$.9.9.0.9.8.0.0.0.0.6.9.0.0.0.8.0,0.9.0.4.0.46669.¢64

B0 0.0:08.006.000.8.8.09.08988666809
10.0.0.0.0.0,8.8.0.0.0.5.6.8¢.¢6¢.8294¢90 84

1. 9.0.6.0.9.0.00609.08.9609400604
1.0.6.4.9.0.0.0.4.0.0,9.0.6.6.8.9.0.4.6.0.4
19.9.9.9.0.9,0.9.6.9.9.¢.9.9.0.9.0 .44

).6.0.0.9.6.9.0.0.0.0.0.9.0.0..6.9

18.9.8,0.0.0,0.¢.9.9.0.0 6,64

$.9.0.9.9.0.4.9.9.9.9.9.0 4

HAXXKXXXXXX

HXXKXEXXX

14.9.0.9.4.¢.¢

AAKXX

XXX

X

X

XXX

XXXXX

XXXAXXX

HXXXAXKXX

KAXXXXXXAXX
HAXXKKAXXAXXK
HAXAXKXKKLKXXAXX
EXAXXXXAAXXXEXAXX
XXEXXXXAKKKXAXXKX LKL
XX EXXXKXX X AKX K AKX AKX KX
0 8.5.0.08.60.0.0.0.9.89669.8.600004
19.9.9.0.0.9.¢.9.0.0.0.9.9.0.0.9.6.9.0.09.¢.9.94
),9.0.9.0.9.6.0.9.0.0.9.9.9.90.0.0.0.09 0008509 0.4
§:9.9.0.9.9.0.9.6.0.0.0.0.9.0.0.9.9.0.0.0 0.0.09.0.0.9.9,¢

L 0.9.8.:0.0:5:95.0.0.0.6.0.9.9.0.8.0.9.9.0.9.9,90,09,0..8.¢
19:0.6.0.6.0.0.6.0.9.0.9.6.6.0.0.9.9.0.0.9.0.9.0.0.9.908.0.8.9
1,:9.0.4.6.9.9.9.0.0.9.0.9.6.9.0.9 ¢.0.9.9.9.9.9.0.0.0.¢.60.0.9.0.9.9.¢

P 0.0.90.00.6.0.0.0069068¢06900890008660000904

P 0.9.¢.0.6.09.9.60.009.9.0.0.0688.9008.6090E00.9.9.0$.9.99

P 5.:0.0.0.8.0900.9.0.00.06004090008¢6850908609¢8084,
J0.9:9.0.0.0.0.000.089.090.09990600000906006000%008800004

0. 900000.0000800086080000.058000086.96080060848834

PO PSP PO 000060000000 0000 0604908 8.8.¢:9.09.4080808.¢4
J000.0.00800.09.0868080080.0600000088008809.90896088908684

P 09000808808 88080 08680880 80090898800080048048000.0080 0.4



4

MS65A Memory Module

The MS65A memory module is a metal-oxide semiconductor (MOS),
dynamic random access memory (DRAM), that provides up to 128 Mbytes

of data storage. The memory array can be used in any VAX 6000 system
and communicates over the XMI bus.

This chapter contains the following sections:
¢ Module Description

® Self-Test and Initialization

¢ Control and Status Registers

¢ Error Handling
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4.1 Module Description

The MS85A memory module is a dynamic random accegz memory

(DRAM) that communicates through the XMI bus to provids system

memory.

The MS65A memory module consists of the following major components:

XMI Corner
Memory control gate array

Memory storage array

The MS65A memory module has the following features:

4-2

The memory module contains MOS dynamic RAM (DRAM) arrays, a
CMOS memory control gate array (that contains error correction code
(ECC) logic and centrol logic), an EEPROM storage element, and an
XMI interface (the XMI) Corner.

Storage arrays are made up of two or four banks with 166 or 299
DRAMs.

ECC logic detects single-bit and double-bit errors and corrects single-
bit errors.

Memory self-test checks all DRAMS, the data path, and control logic
on power-up.

Quadwords, octawords, and hexwords ca2 be read from memory.
Quadwords, octawords, and hexwords can be written to memory.

The memory can be configured by the system for 2-, 4-, 8-way or no
interleaving.
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The XMI Corner is the module'’s interface to the XMI bus and contains
CMOS memory control gate arrays and interface logic. Ite primary
purpose is to transfer data between the MS66A memory module and
the XMI bus.

The memory control gate array controls the MS66A memory module
and transfers data between the XMI Corner and the DRAMs. The memory
control gate array also controls address multiplexing, command decoding,
arbitration, CSR logic functions, and the EEPROM.

The memory storage array within the memory control gate array
includes addreas und control logic to modify address bits received from the
XMI Corner. These modified address bits are used to control the selection
of the DRAMs during reading and writing.

A biock is defined as a contiguous 32-byte quantity of data, also known as
a hexword. The MS65A memory module uses an indicator to represent the
state of each block. This indicator is kr.own as the block state. The block

state is used to determine the proper read or write response un commands.

All power for the XMI memory array is supplied from the 45V rail. If the
optional battery backup unit (BBU) is not instalied and system power is
lost, memory is lost as well.

If the optional BBU is installed, it surnlies power to the system regulators
in the event of a power failure, ensur:..g that no data is lost. The BBU
supplies power to the XMI for up to 10 minutes.
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4.2 Self-Test and Initialization

The MS35A memory module performs an initialization and self-test
sequence on a cold power-up or when the sequence is requested by
a console command. On power-up the console firmware loads the
Starting Address Register (STADR) with the starting address,

the Segment/Interleave Register (INTLV) with the interleave
mode, and the Ending Address Register (ENADR) with the ending
address.

During a cold power-up the memory control gate array is initialized, all .
memory locations are tested, and the control and status registers are
initialized,

A warm power-up occurs when the system (excluding memory if a battery
backup unit (BBU) is present) loses power. During a warm power-up,

self-test is not run and memory contents are not modified.

Memory self-test takes about 5 seconds for a 32-Mbyte memory module, 10
seconds for a 64-Mbyte memory module, and 20 seconds for a 128-Mbyte
module. While self-test runs, the fault light on the system front panel

is on. When self-test completes, the fault light goes off and the console
printout of self-test begins. For details on the self-test console printout,
refer to Chapter 6 in the VAX 6000 Series Owner’s Manual.




4.2.1

4.2.2

MS65A Memory Module

Stariing and Ending Addresses

The memory responds to starting addresses on any 16-Mbyte boundary.
The ending address is also on any 16-Mbyte boundary. The ending address
must be greater than the starting address, otherwise commands are not
acknowledged. The ending address minus the starting address must be

equal to or less than the memory size multiplied by the number of ways
interleaved.

EA - SA = Memory Size * (# of ways interleaved)

Starting addresses for memory can be in the range from 0 to

7F FF00 0000 (16 Mbytes to 512 Gbytes in 16-Mbyte multiples). Ending
addresses can range from 0 to 80 0000 0000 (0 to 512 Gbytes in 16-Mbyte
multiples). Ending addresses greater than 80 0000 0000 are not permitted.
The area above 80 0180 0000 is reserved for CSR addresses.

interleaving

Interleaving achieves greater throughput to memory by optimizing
memory access {ime and increasing the effective memory transfer rate.
This is done by operating memory modules in parallel.

The memory array supports 2-way, 4-way, 8-way or no interleaving at
the system level. Up to eight memory array modules can be interleaved.
Interleaving is done on hexword boundaries.
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MS65A Memory Module

Control and Status Registers

4-5

The CSR names and their relative addresses are shown in
Table 4-1. Detailed descriptions of the CSRs are also included
in this section.

Table 4-1 MS65A Memory Module Control and Status Registers

CSR Name Mnemonic Address

Device Register XDEV BB' + 0000 0000
Bus Error Register XBER BB + 0000 0004

Memory Control Register 1 MCTL1 BB + 0000 0014

Memory ECC Error Register MECER 88 + 0000 0018

Memory ECC Error Address Register MECEA B8 + 0000 001C
Memory Control Register 2 MCTL2 8B + 0000 0030

TCY Tester Register TCY BB + 0000 0034

Block State ECC Error Register BECER BB + 0000 0038

Block State ECC Address Register BECEA 8B + 0000 003C
Starting Address Register STADR BB + 0000 0050

Ending Address Register ENADR BB + 0000 0054

Segment/interiesave Control Register INTLV 8B + 0000 0058

Memory Control Register 3 MCTL3 BB + 0000 GO5C
Memory Control Register 4 MCTL4 BB + 0000 0060

Block State Control Register BSCTL BB + 0000 0068

Block State Address Register BSADR 8B + 0000 006C
EEPROM Control Register EECTL BB + 0000 0070

Timeout Control/Status Register TMOER BB + 0000 0074

'"BB" refers to the base address of an XMl node (E180 0000 + (node ID x 8000)).

The memory ccntains 19 control and status registers (CSRs) to control
the memory and log errors. All C8Bs are 32 bits long and respond only

to longword read and write transactions. Only full writes are performed.

If a parity error occurs during a write, the operation is aborted and the
contents of the CSRs are unchanged.

Some bits in the registers are cleared on power-up, while others need a
one written to them to clear.

The CSRs start at an address dependent upon the node ID. All CSR

addresses are designated as BB + n, where n is the relative offset of the
register.




MS65A Memory Module

The following definitions apply to the descriptions of the control and status
registers.

CRD error - A correctable single-bit error.

RER error - A general uncorrectable multiple-bit error .adicator that
includes an RDS error (a hard unrecoverable error), a row parity error, a
column parity error, or a byte write error.

RO - Indicates a read-only register.

RO, 0 ~ Indicates a read-only register, cleared on power-up.

R/CW, 0 - Indicates a read conditional write register, cleared on power-up.
R/W - Indicates a read and write register.

R/W, 0 - Indicates a read and write register, cleared on power-up.

R/W1C - Indicates a read and write register, write a one to clear.

R/W1C, 0 - Indicates a read and write register, write a one to clear, and
cleared on power-up.

R/W1C, 1 - Indicates a read and write register, write a one to clear, and
set on power-up.

WO, 0 - Indicates a write-only register, cleared on power-up.
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Device Register (XDEV)

Device Register (XDEV)

The Device Register contains information to identify the MS65A memory
module. The fields are loaded during node initialization. A zero value
indicates an uninitialized node. The device class and device ID fields match
those of the device type code of the MS62A memory module.

ADDRESS Nodespace base address + 0000 0000

3 2 2 11
1 4 3 6 53 8 7 0

[7MUST BE ZERO AJ Tr ]

Davice Revision (DREV) —J l
Device Class (DCLS)
Davice ID (DEVID)

msb-p245-90

bits<31:24>
Name: Reserved
Mnemonic: None
Type: RO, 0
Reserved; must be zero.
bits<23:16>
Name: Device Revision
Mnemonic: DREV
Type: AW
Identifies the revision level of the MS66A memory module. The use of
the Device Revision field is implementation dependent. The field does
not indicate the hardware revison level, only the functional level.
bits<15:8>
Name: Device Class
Mnemonic: DCLS
Type: RO

Identifies the type of nede. The device type for an MS65A memory
module is 40 (hex) and 4001(hex) for an MS62A memory module. This
velue is set permanently in the Device Register.




bits<7:0>

MS65A Memory Module Registers
Device Register (XDEV)

Name: Device ID
Mnemonic: DEVID
Type: RW

Identifies the ID of node. The ID for an MS656A memory module is
0000 0001 (binary) or 01 (hex).
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Bus Error Register (XBER)

Bus Error Register (XBER)

The Bus Error Register records error and status information about the XMi

bus.
ADDRESS Nodespace base address + 0000 0004
22 22222 111
23210 321 9 0

L;l,[9i L,L,MBZ l,[ ‘ l MUST BE 2ERO lLOlol MUST BE 2ERO ]

‘ L Self-Test Fail (STF)
Node-S8pacific

Error Summary
{NSES)

Read Data NO ACK (RDNAK)

——— Write Sequence Error (WSR)

————— Bus Parity Exror {(BPR)

Corrected Confirmation Received (CCR)

~———— Node Reset (NRST)
Error Summary (ES)

msb-p244-90

bit<31>
Name: Error Summary
Mnemonic: ES
Type: RO, 0
This bit state represents the logical OR of the error bits in this
register.
bit<30>
Name: Node Reset
Mnemonic: NRST
Type: WO, 0
When set, this bit initiates a complete node reset, including self-test.
bits<29:28>
Name: Resarved
Mnemonic: None
Type: RO

Reserved; must be zero.
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blit<27>

bits<26:24>

bit<23>

bit<22>

MS65A Memory Module Registers
Bus Error Register (XBER)

Name: Corrected Confirmation Received
Mnemonic: CCR
Type: RWIC, 0

When set, the XMI Corner Interface (XCI) bus Aetected a single-bit
error on any of the three XMI confirmation lines. This error is always
logged, whether the MS65A memory module is responsible for the
faulty bus cycle or not.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Bus Parity Error
Mnemonic: BPE
Type: RWIC, 0

When set, the memory detected a parity error on the XMI data, ID,
fault, or parity lines. The MS65A does not acknowledge any cycle that
contains a bus parity error. Once the cycle is not acknowledged,

all other bus cycles associated with the transaction are flushed

from memory. No log is kept of which parity fields had the errors.
This error is always logged, whether the MS65A memory module is
responsible for th faulty bus cycle or not.

Name: Write Sequence Error
Mnemonic: WSE
Typs: RW1C, 0

When set, indicates that the memory aborted a write transaction,
due to one or more misging data cycles. All command and write data
entries associated with this error are flushed from queues.
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Bus Error Register (XBER)

bit<21»

bits<20:13>

bit<12>

bit<11>

bit<10>

4-12

Name: Read Data NO ACK
Mnemonic: RDNAK
Type: R/W1C, 0

When set, indicates that the memory failed to receive a response
for a LOC, RER, CRD, or GRD data response cycle. Any remaining
quadwords of the data packet being transmitted are sent normally.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Node-Specific Error Summary
Mnemonic: NSES
Type: RO, 0

When set, this bit indicates that a node-specific error condition has
been detected. The exact nature of the error is located in the memory
error status registers. A hierarchy of these registers is shown in
Figure 4-1.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must he zero.

Name: Self-Test Fail
Mnemonic: STF
Type: RWIC, 1

This bit is set when . '{-test starts and is cleared when self-test
successfully completes.




MS65A Memory Module Registers
Bus Error Register (XBER)

bits<9:0>

Name: Reserved
Mnemonic: None

Type: RO
Reserved; must be zero.

Figure 4-1 Error Bit Hierarchy

XBER<31>
NODE ERROR SUMMARY

| !

XAEBR<2T>

.

XBER< 23> XBER<22> XBER<2],> XBER<10>
XMI CNF XMI FARITY XMl WDAT XMI RD DATA SELF-TEST
ERROR ERROF SEQ ERROR NGO ACK ERROR FAIL
XBER<12>
NODE-SPECIFIC
ERROR SUMMARY
MCTL1<31> MCTL3c1> MCTL4<3]>
DATA DRAM DC7190 CONSISTENCY BLOCK STATE DRAM
ERR SUMMARY CHECK SUMMARY ERROR SUMMARY

t— MCTLl<1l1>
DATA RMW

MCTL3<29>»

ERR EEPROM WRITE ERR

rF— MCTLl<10>
LOCK PROTOCOL

MCTLI<22:16>
IHCONSISTENCY
ERROR

== MCTL2<16>

REFRESH ERROR

— MECEBR<31>
RER SUMMARY BIT

F—— MECRR<30>
SECOND RER

—— MECER<29>
CRD BERROR

P MECER<27>
BYTE WRITE ERROR

[~ MECER<26>
ROW PARITY ERROR

b MECER<25>
COL PARITY ERROR

F—— MCTL4<14>
BLOCK RMW ERR

—— MCTL4<11>
OWN PROTOCOL ERR

—— BECER<31>
RER SUMMARY BIT

— BECER<30>
2ND RER OCCURRED
— BECER<29>
CRD ERROR

j—— BECER<27>
BYTE WRITE RRROR

—— BRCRBR«<26>
ROW PARITY ERROR

b~ BECER<25>
COLUMN PARITY
ERROR

- BECER<24>
TAGGED BAD BLOCR
ACCESSED

mab-ples5-91
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MS65A Memory Module Registers
Memory Control Register 1 (MCTL1)

Memory Control Register 1 (MCTL1)

The Memory Control Register 1 contains memory-specific control, status, and
error bits. The MCTL1 Register also controls the diagnostic modes of the
memory module.

Nodespace base address + 0000 0014

22 1371111111
9 8 8 765 432109876543210

]

| L T1[ e

e [J1T1

Data Read/Modify/Write
Brror (DRMWER)
Interlock Sequence
Error (INSEQ)
Enable 2-Mbyte Data
Protection Mode (RPM)
Oon-Board Memory
Valid (MEMVAL)
Inhibit CRD Status
Genaration (ICRD)
—————— RAM Type (RAMTYP)
Memory Size (MEMBIZ)
- Data ECC Disable {(DECCD)

L

—— Data ECC Diagnostic Mode (DECCM)
Memory Ragister Error Bummary (ERRSBUM)

meb-p231-90

Name: Memory Register Error Summary
Mnemonic: ERRSUM
Type: RO

This bit contains the ORed sum of error bits in MCTL1, MCTLZ2, and
Memory ECC Error Registers.

ADDRESS
3
1
L
bit<31>
bit<30>

4-14

Name: Data ECC Diagnostic Mode
Mnemonic: DECCM
Typs: RW, 0

This bit is used for diagnostic purposes.



bit<29>

bits<28:18>

bits<17:16>

bit<i5>

bit<14>

MS65A Memory Module Registers
Memory Control Register 1 (MCTL1)

Name: Data ECC Disable
Mnemonic: DECCD
Type: R/W, 0

‘This bit is used for diagnostic purposes.

Name: Memory Size
Mnemonic: MEMSIZ
Type: Rw

These bits specify the memory module size in 256-Kbyte increments.
An upper extension of these bits is located in the MCTL4 Memory Size
<28:18> field.

Name: RAM Type
Mnemonic: RAMTYP
Type: Rw

These bits show the DRAM type used. They are used in conjunction
with <28:18> and Memory Control Register 4 (MCTL4) <17:16>.

Name: inhibit CRD Status Generation
Mnemonic: ICRD
Type: RW, 0

This bit inhibits the reporting of CRD status to the commander on
read cycles. When this bit is set, any CRD response is changed to a
GRD response. CRD errors are still logged, and RER errors are logged
and reported.

Name: On-Board Memory Valid
Mnemonic: MEMVAL
Type: RO, 0

This bit indicates that valid data is stored in memory. The bit is set on
the first write to the module memory space.
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MS65A Memory Module Registers
Memory Control Register 1 (MCTL1)

bit<t3>

bit<12>

bit<ii>

bit<10>

bits<9:8>

bits<7:0>

4-16

Name: Enable 2-Mbyte Protecticn Mode
Mpemonic: EPM
Type: RW, 0

When set, the operation of the MCTL1 ECC Diagnostic<30> MCTL1
ECC Disable <29>, MCTLA4 Block State Diagnostic Mode <30>, and
MCTLA Block State ECC Disable <29> bits are inhibited in the first 2
Mbytes of memory space.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Interlock Sequence Error
Mnemonic: INSEQ
Type: RWIC, 0

When set, this bit indicates that a system protocol violation has been
observed around an executed UWMASK to the on-board memory.

Name: Data Read Modify Write Error
Mnemonic: DRMWER
Type: RWIC, 0

When set, an uncorrectable error was detected in the data DRAM field
during a Read Modify Write cycle.

Name: Ressrved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Diagnostic Check
Mnemonic: DCK
Type: RW, 0

These bits are used in ECC diagnostic mode as substitute check bits.




MS65A Memory Module Registers
Memory ECC Error Register (MECER)

Memory ECC Error Register (MECER)

The Memory ECC Error Register logs ECC error status and syndrome
information for the data DRAMs. The MECER logs ECC error information
during read cycles only. |f an RER error occurs during a Write Mask cycle,
DRMWER bit<10> in the MCTL1 Register is set. Errors associated with block
state DRAMs are logged in MCTL4.

This register logs ECC error type and error syndrome information when
corectable and uncorrectable errors occur during Read transactions. During
a Write Mask transaction, only DRMWER bit<10> in the MCTL1 Register logs
the tact that the ECC error occurred.

For read accesses, the register logs the first correctable error and holds it
until either an uncorrectable error occurs or the arror is cleared. Additional
correctable errors are only reported and are not logged. An uncorrectable
error will overwrite a logged correctable error. A comectable error will not
overwrite a logged uncorrectable error or a previously logged comrectable eror
until the error has been cleared.

This register logs errors during module self-test.

ADDRESS

bit<31>»

Nodespace base address + 0000 0018

3 222
o] 8 76

(S X8

2 2 11 1
9 4 65 2 87 [+]

ARRERRES [ 5

L l— Data
Commander Syndrome
Ccode (COMCD) (DTSYN)
Commandsr ID (COMID)

Column Parity Error (Data Address) (CFER)
Row Parity Error (Data Address) (RPER)
Byte Write Error (Data Addressj (BWERR)
Data CRD Error (DCRDE)

Second Data Error Occurred (SDEO)
R Data RER Error (DRER)

1
1

meb-p236-90

Name: Data RER Error
Mnemonic: DRER
Type: RWIC, 0

When set, an uncorrectabie error occurred during a read transaction.
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Memory ECC Error Register (MECER)

bit<30>

bit<29>

bit<28>

bit<27>

bit<26>

4-18

Name: Second Data Errar Occurred
Mnemonic: SDEO
Type: RWiC, 0

When set, an RER or CRD error occurred before the previous one was
cleared from the register. The error information is logged only if the
second error is an RER type error and the first error was a CRD. A
second CRD error after the initial CRD error wil! set this bit.

Name: Data CRD Error
Mnemonic: DCRDE
Type: RWIC, 0

When set, a CRD error occurred during a read transaction. This
includes a single-bit error in the check bits, even though no correction
ia done on the data bits. The ervor address and error syndrome are
valid if no RER error log exists.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Byte Write Error (Data Address)
Mnemonic: BWERR
Type: RO, 0

When set, an RER error was due to reading a location that was
marked bad during a partial write cycle that had previously detected
an RER error. Cleared when MECER<31> is cleared. The setting of
this bit also sets MECER<31>.

Name: Row Parity Error (Data Address)
Mnemonic: RPER
Type: RO, 0

When set, an RER error occurs due to a row address parity error.
Cleared when MECER<315> is cleared. The setting of this bit also sets
MECER<31>.




bit<25>

bits<24:21>

bits<21:16>

bits<15:12>

MS65A Memory Module Registers
Memory ECC Error Register (MECER)

Name: Column Parity Error (Data Address)
Mnemonic: CPER
Type: RO. 0

When set, an RER error occurs due to a column address parity error.
Cleared when MECER<31> is cleared. The setting cf this bit also sets
MECER<31>.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Commander ID
Mnemonic: COMID
Type: RO, 0

This field logs the 6-bit commander ID (ID <56:0>) that was involved
in the transaction that caused the logging of MECER errors. A CRD
response i8 sent back to the commander and the CRD occurrence is
logged in the MECER. The MECER error log shows which CPU or /O
module encountered the error. These bits are not cleared when the
error status bits are reset by a system commander. Therefore, they
hold the ID of the last MECER error log7ed (or a zero if no errors
occurred since the last cold start).

Name: Commander Code
Mnemonic: COMCD
Type: RO, 0

This field logs the 4-bit command code associated with the logged
failure. The commander code identifies the command type associated
with the error that occurred. Knowing the type of command helps the
user to determine why the memory error occurred. These bits are not
cleared when the error status bits are reset. Therefore, they hold the
command code of the last MECER error logged (or a zero if no errors
occurred since the last cold start).
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Memory ECC Error Register (MECER)

bits<7:0>
Name: Data Syndrome
Mnemonic: DTSYN
Type: RO. 0

These bits are the syndrome bits of the location in an RER or CRD
error, when the memory module is not in diagnostic mode.
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Memory ECC Error Address Register (MECEA)

Memory ECC Error Address Register (MECEA)

The Memory ECC Error Address Register logs the address of correctable and
uncorrectable errors logged in the Memory ECC Error Register.

For read accesses, this register logs the address of the first corrected read
data (CRD) error and holds it until a double-bit uncorrectable error (RER)
occurs or the error is cleared. An RER error causes a logged CRD error
address to be overwritten. A CRD will not overwrite a logged RER error
address. It multiple RER ermors occur, only the first error address is logged.

This register logs errors during self-test.

ADDRESS Nodespace base address + 0000 001C
3
1 32 0
r- DATA ERROR ADDRESS (DERA) l MBZ I

meb~p235-90

bits<31:3>

Neme: Data Error Address
Mnemonic: DERA
Type: RO, 0

The error address of the RER or CRD error logged in the Memory ECC
Error Register. This register is valid only if the RER or CRD error log
bits are set in the Memory ECC Error Register. This address is the

bus address of the cycle that was being performed at the time of the
error.

bits<2:0>

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.
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Memory Conirol Register 2 (MCTL2)

Memory Control Register 2 (MCTL2)

ADDRESS

bits<31:18>

bit<17>

bit<16>

4-22

The second memory control register contains additional control and error
status information.

Nodespace base address + 0000 0030

3 1111
8 765 65 4 210

I MUST BE ZERO J MUST BE ZERO [

Force Memory Refresh (FMRE)-J I
Refresh Error (RERR)

Hold Mode (HLDM)
Refresh Rate (RRB)
Arbitration Suppression Mode (ARBSC)

meb~-p232-90

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Force Memory Refresh
Mnemonic: FMRE
Type: WO, 0

When set by a commander, the gate array initiates a single memory
refresh operation. This causes a refresh cycle to be generated for all
on-board DRAMs.

Name: Refresh Error
Mnemonic: RERR
Type: RWIiC, 0

When set, a second refresh request was asserted before the first one
was implemented, meaning that a refresh was missed.




bits<15:6>

bit<5>

bits<4:2>

bits<1:0>

MS65A Memory Module Registers
Memory Control Register 2 (MCTL2)

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Hold Mode
Mnemonic: HLDM
Type: RO, 0

This bit informs the gate array which hold mode is needed for read-
data response transfers.

Name: Refresh Rate
Mnemonic: RRB
Type: RW

This field controls the module’s DRAM refresh rate.

Name: Arbitration Supression Mode
Mnemonic: ARBSC
Type: RW. 0

These field controls the Arbitration Supression mode.
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TCY Tester Register (TCY)

TCY Tester Register (TCY)

The TCY Tester Register contains control bits to implement manufacturing

toests.
ADDRESS Nodespace base address + 0000 0034
33
10 4 3210
J7 MUST BE ZERO ]

Ignore Data ECC Check Bits (IDEC) —J J
Ignore Block State ECC cCheck Bits (IBEC)
Block State ECC Test (BSET)

Data ECC Teat (ECCT)
Refresh Requsst (TRR)
- TCY Mode (Refresh Enabled) (TCYER)
‘—=— TCY Mode (XMA Compatilble, Refresh Disabled) (TCYD)

msb-p242~90
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Block State ECC Error Register (BECER)

Block State ECC Error Register (BECER)

The Block State ECC Error Register is used to log ECC error status and
syndrome information, as well as tagged bad accesses, for the block state
DRAMs. This register logs errors during self-test and normal operation.
Diagnostic information is provided it self-test fails and Bus Error Register
(XBER) bit <10> is set.

Bits in this register are used for logging block state errors, byte write errors,
parity bit errors, commander 1Ds, commander codes, block state codes, block
state 1Ds, and block syndrome bits.

T R O W R S Yy R

ADDRESS Nodespace base address + 0000 0038

32
09

N

2222222 11 111
7654321 65 21098 5 4 0

H I N A C N ]

| ‘ L L Bloek
8yndrome
l

(B8YN)
Block State
‘ ID (BSID)
Block State
| Code (BLSC)
Commander Code (COMCD)
Commander ID (COMID)
Tagged Bad Block Accaessed (TBBA)
Column Parity Brror (CPER)
Row Parity Error (RPER)
Byte Write Errur (BWERR)
Block State Correctable Brror (BSCE)
Second Block State Error Occurrad {(SBBSE9D)
Block State Uncorrectable Error (BSUE)

I

msb-~-p224-~90

4-25



MS65A Memory Module Registers
Block State ECC Error Register (BECER)

Block State ECC Error Register (BECER)

The Block State ECC Error Register is used to log ECC eror status and
syndrome information, as well as tagged bad accesses, for the block state
DRAMs. This register logs errors during self-test and normal operation.
Diagnastic information is provided if self-test fails and Bus Error Register
(XBER) bit <10> is set.

Bits in this register are used for logging block state errors, byte write errors,
parity bit errors, commander IDs, commander codes, block state codes, block
state IDs, and block syndrome bits.

ADDRESS Nodespace base address + 0000 0038

5 4 0

[T T=T - °‘f ]

Block
Byndromo
(BSYN)
Block State
ID (BSID)
Block State

Code (BLSBC)

Commandsr Code (COMCD)
Commander ID (COMID)
L_: Tagged Bnd Block Accessed (TBBA)

Column Parity Error (CPER)

Row Parity Error (RPER)

Byte ¥Write Errur (BWERR)

Block 8tate Correctable Error (BSCE)
Second Block State Error Occurred (SBSEOD)
Block State Uncorrectable Error (BSUE)

msb-p224-20
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Starting Address Register (STADR)

Starting Address Register (STADR)

The Starting Address Register configures the starting memory address of
the MS65A memory module with a total memory address space less than or
equal to 512 Mbyles. It is used to place an MS65A memory module above
the 512-Mbyte limit in the address space. It can also be used for configuring
systems with less than 512 Mbytes of total memory.

ADDRESS Nodespace base address + 0000 0050

3 11
1 6 5 6 5

l MUST BE ZERO T 1 MBZ —]

Starting Address (STADD) 4

o

mab-p241-90

bits<31:16>

Name: Ressrved
Mnemonic: None
Type: RO

Reserved; must be zero.

bits<15:6>
Name: Siarting Address

Mnemonic: STADD
Type: RW, 0
This field contains the 10-bit memory starting address.

bits<5:0>

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.
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MS65A Memory Module Registers
Ending Address Register (ENADR)

Ending Address Register (ENADR)

The Ending Address Register configures the ending memory address of an
MS65A memory module with a total memory address space less than or
equal to 512 Mbytes. It is also used to place an MS65A memory module
above the 512-Mbyte limit in the address space. MS65A memory modules
use this register along with the Starting Address Register (STADR) and the
Segment/interieave Register (INTLV) to configure memory addresses.

B i b i o e S e e

ADDRESS Nodespace base address + 0000 0054
3 111 .
1 7 68 6 S 0
MUST BE Z2ERO MBZ
Top Segment Memory 4 L Ending Address
Bnding Address (TSMEA) (ENADD)

msb-p228-90

bits<31:17>

Name: Reserved
Mnemonic: None
Type: RO

Renerved; must be zero.

blt<16>
Name: Top Segment Memory Ending Address
Mnemonic: TSMEA
Type: RW, 0

This bit configures the ending address as the top byte of the 16-Gbyte
mernory address segment.
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MS65A Memory Module Registers
Ending Address Register (ENADR)

bits<15:6>

Name: Ending Address

Mnemonic: ENADD

Type: RW, 0

This field contains the 10-bit memory ending address.
bits<5:0>

Name: Reserved

Mnemonic: None

Type: RO

Reserved; must be zero.
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Segment/interleave Register (INTLV)

Segment/Interleave Register (INTLV)

The Segment/interieave Register gives memory interieave information. This
register is used to establish the interleave mode and allows the system

fo program in a non-zero segment value. it sets up an optional segment
comparison address for the upper bits of the memory bus address.

ADDRESS

bits<31:21>

bits<20:16>

bits<15:8>

4-30

Nodespace base address + 0000 0058

3 22 11
1 10 -] 8 17 L} 10
L MUST BE ZERO T L MUST BE ZERO l J_ MBZ fj
Segment Addresa (SEGADR) A Interleave J
Mode (INMD)
Interleave Address (INAD)
msb-p230~90

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Segment Address
Mnemonic: SEGADR
Type: RW, 0

This field is optionally configured to place memory address space at a
16-Gbyte offset in the memory bus address space. Reading these bits
tells the user the address of the failure. A zero in the field leaves the
memory segment based in the lowest 16-Gbyte memory address space.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.




bits<7:5>

bits<4:2>

bits<1:0>

MS65A Memory Module Registers
Segment/interieave Register (INTLV)

Name: Interleave Address
Mnemonic: INAD
Type: AW, 0

This field contains the address used for interleaving. The interleaving
address determines the address in which the memory module will
respond.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: interleave Mode
Mnemonic: [INMD
Type: RW, 0

This field shows how many ways the module is interleaved (none,
1-way, 2-way, 4-way, or 8-way interleaving). The Interleave Mode bits
are also used to determine the address in which the memory module
will respond.



MS65A Memory Module Registers
Memory Control Register 3 (MCTL3)

Memory Control Register 3 (MCTL3)

The third memaory control register contains control and error status information.

ADDRESS Nodespace base address + 0000 005C
332222 111
109876 65 4 0
[ RY

L—-—— Trigger
Configuration Mode (TRCM)
Trigger Enable (TREN)

Inconsistency RBrrors (INCE)
Attempted Invalid EEPROM Update (AIEU)
EEPROM Updatae Enable (ERUER)
MCTL3 Error Summary (ERRSM)

msb-p233~-90

bit<31>
Name: MCTL3 Error Summary
Mnemonic: ERRSM
Type: RO, 0
This bit represents the error summary status for Memory Control
Register 3. When clear, all contributing error bits have been reset.
bit<30>
Name: EEPROM Update Enable
Mnemonic: EEUE
Type: RW, 0
This bit enables EEPROM updates. When it is set, selected locations
of the EEPROM can be updated.
bit<29>
Name: Attempted Invalid EEPROM Update
Mnemonic: AIEU
Type: RWIC, 0

This status bit is set if an invalid EEPROM update was attempted.

4-32




bits<28:23>

bits<22:16>

bit<15>

bits<14:0>

MS65A Memory Module Registers
Memory Control Register 3 (MCTL3)

Name: Reservad
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Inconsistency Errors
Mnemonic: INCE
Type: RW1C, 0

This field is used to report internal consistency errors. Set bits usually
indicate that the gate array has a fault.

Name: Trigger Enable
Mnemonic: TREN
Type: AW, 0

This bit controls trigger enabling. It is dependent on the state of
TRCM bit <14>.

Name: Trigger Configuration Mode
Mnemonic: TRCM
Type: RW

This field is used to enable or disable trigger generation.



MS65A Memory Module Registers
Memory Control Register 4 (MCTL4)

Memory Control Register 4 (MCTL4)

The fourth memory control register contains additional control and emor status

information.
ADDRESS Nodespace base address + 0000 0060
3322 2 2 111111111
1098 32 8 7 65 43210098 5 4 0
LLLL  wee | L e ] | ]
Block J
ECC Check
Bits (BSEC)
Block Btate
Ip (BSID)
Block State

L code (BSCD)
Ownership Sequence

Erroxr (O8SQE)

Block RMW Error (BRME)

Module Population (MODF)

RAM Type (RAMTYP)
Memory Size (MEMSIZ)

L— Block State ECC Disable (BSED)
——— Block Stats Diagnostic Mode (BSDM)
MCTL4 and BECBR Error Summary (ERSUM)

msb-p234-950

bit<31>
Name: MCTL4 Error Summary
Mnemonic: ERSUM
Type: RO, 0
This bit represents the error summary bit for Memory Control Register
4 and the Block State ECC Error Register. When clear, all contributing
error bits have been reset.
bit<30>
Name: Block State Diagnostic Mode
Mnemonic: BSDM
Type: RW, 0

This bit is used for diagnostic purposes.
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bit<29>

bits<28:23>

bits<22:18>

bits<17:16>

bit<15>

bit<14>

MS65A Memory Module Registers
Memory Control Register 4 (MCTL4)

Name: Block State ECC Disable
Mnemonic: BSED
Type: RW, 0

This bit is used for diagnostic purposes.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: Memory Size
Mnemonic: MEMSIZ
Type: RW, 0

This field provides an upper extension to the MCTL1 Memory Size
<28:18> field.

Name: RAM Type
Mnemonic: RAMTYP
Type: R/W, 0

This field shows the type of DRAM used.

Name: Module Population
Mnemonic: MODP
Type: R/W, 0

This bit shows the DRAM population status of the MS65A memory
module.

Name: Block Read Modify Write Error
Mnemonic: BRME
Type: RW1IC, 0

This bit is set if an error is found on the block state DRAM field.
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MS65A Memory Module Registers
Memory Control Register 4 (MCTL4)

bits<13:12>

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

bit<i1>

Name: Ownership Sequence Error
Mnemonic: OSQE
Type: RW 1C

This bit is set when a bus protocol violation has occurred.

bits<10:9>
Name: Block State Code

Mnemonic: BSCD
Type: RW, 0
This bit is used for diagnostic purposes.

bits<8:5>
Name: Block State ID

Mnemonic: BSID
Type: RW, 0

This field is used for diagnostic purposes.

bits<4:0>
Name: Block ECC Check Bits

Mnemonic: BSEC
Type: AW, 0

This field is used for diagnostic purposes.
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MS65A Memory Module Registers
Block State Control Register (BSCTL)

Block State Control Register (BSCTL)

The Block State Control Register is used to access a block state DRAM field
directly in diagnostic or error recovery modes of operation. This register is
used with the Block State Address Register (BSADR).

ADDRESS Nodespace base address + 0000 0068
3 322 11
1098 10938 5 4 0

MUST BE ZERO

L—- Block Stazte Access Mode (BSAM) L- Block l

State
Block State Port Enable (BSPE) (BS8TA)

Block Commander ID (BSID)
Block State ECC Check Bits (BSEC)

mab-p226-90

bit<31>

Nama: Block State Port Enable

Mnemonic: BSPE

Type: R/CW, 0
bits<30:29>

Name: Block State Access Mode

Mnemonic: BSAM

Type: R/ICW, 0
bits<28:11»

Name: Reserved

Mnemonic: None

Type: RO

Reserved; must be zero.
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MS65A Memory Module Registers
Block State Control Register (BSCTL)

bits<10:9>

Name:

Mnemonic:

Type:

Block State

BSTA
RO, 0

bits<8:5>

Name:

Mnemonic:

Type:

Block Commander ID
BCID
RO, 0

bits<4:0>

Name:

Mnemonic:

Type:

Block State ECC Check Bits
BSECB
RO, 0



MS65A Memory Module Registers
Block State Address Register (BSADR)

Block State Address Register (BSADR)

The Block State Address Register is used to set up a block address for
commander access to the block state DRAM field. This register is used with
the Block State Control Register (BSCTL).

ADDRESS Nodespace base address + 0000 006C
3
1 LI 0
I BLOCK ADDRESS (BLA) I MBZ
mab-p225-90
bits<31:5>
Name: Block Address
Mnemonic: BLA
Type: RW, 0

These bits contain the block address.

bits<4:0>

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.
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MS65A Memory Module Registers
EEPROM Control Register (EECTL)

EEPROM Control Register (EECTL)

The EEPROM Control Register is used to control EEPROM access modes.
This register ho'ds the address and data associated with EEPROM operations.
it also contains the read/write operation initiation control bits. EEPROM
update enable and status bits are located in Memory Control Register 3
(MCTL3). This register is used for diagnostic purposes only.

ADDRESS Nodespace base address + 0000 0070
105 76 HE 67 0

LJ, MBZ MUST BR ZERO ;]
l EEBPROM Data (BREDAT) ——l
EBPROM Address (EEADD)

EEPROM Operation Command (EEOC)
Initiate EEPROM Operation (IREO)

mab-p227-90

bit<31>

Name: Initiate EEPROM Operation

Mnemonic: IEEO

Type: R/CW, 0

This bit is used to initiate an EEPROM operation.
bit<30>

Name: EEPROM Operation Command

Mnemonic: EEOC

Type: RW1C, 0

This bit is used to specify an EEPROM operation.




bits<29:27>

bits<26:16>

bits<15:8>

bits<7:0>

MS65A Memory Module Registers
EEPROM Control Register (EECTL)

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: EEPROM Address
Mnemonic: EEADD
Type: RW1C, 0

This field contains the EEPROM address.

Name: Reserved
Mnemonic: None
Type: RO

Reserved; must be zero.

Name: EEPROM Data
Mnemonic: EEDAT
Type: R/CW, 0

This field contains the EEPROM data.



MS65A Memory Module Registers
Timeout Control/Status Register (TMOER)

Timeout Control/Status Register (TMOER)

The Timeout Control/Status Register is used with timeout counters and to log
the status of timed out commands.

ADDRESS Nodespace base address + 0000 0074
3 32 2 111
1098 € 5 4

lﬁl ngj]j MUST BE ZERO _I‘Tr MUST BE ZERO I]O]

L- Deferred Write Time- _J
out Occurred (DWTO) Timeout Counter
Deferred Read Time- Mode (TOCM)

out Occurred (DRTO)
Timeout Disable (TOCD)
Second Timeout Occurred (8TOC)
Timeout Occurred (TOOC)

mab-p243-90



4.4

MS65A Memory Module

Error Handling

The memory module performs single-bit correction and double-bit
detection on the data stored. Two error schemes are used: one for
the date DRAMs and another for the block state DRAMs.

Memory logic detects and corrects single-bit DRAM errors. Double-bit
errors are detected, but not corrected. All ones or all zeros are considered
to be uncorrectable errors. For more information, refer to the Bus Error
Register (XBER) bit descriptions.

Block state DRAM ECC errors are handled in the following way. Each
6-bit block state/commander ID location of the block state field has a 5-bit
ECC check field. Each block state access operation uses an 11-bit pattern
that is transferred between the memory control gate array and the block
state DRAM array. The ECC check bit pattern is a function of the 6-bit
block state commander ID pattern and the hexword block address.
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Index

A

AB-Bus Parity Error bit « 3-62
ABE bit
Ses AB-Bus Parity Error bit
ABORT instruction » 2-239
Aborts » 2-14
Accelerator Control and Status (ACCS) Register «
2-72
Accelerator Control and Status Register
See ACCS
ACCS «2-55
ACCS (Accelerator Control and Status) register «
2-72
ACLOL
Sese XMI AC LO L signat
AC PARITY (Address Bus/Command Pearity) bit .
2-86
ACPCD (Address/Command Parity Check Disable)
bit+2-179
ACPE (Address Command Parity Error) bit - 2-187
ACPE bit » 2-252, 2-256, 2-276
AC PERR (Address/Command Parity Error) bit - 2-88
ACT bit
See Memory Activity bit
ACV/TNV microcode processing « 2-248

Address Bus/Command Parity (AC PARITY) bit«
2-88

Address/Command Parity Check Disable (ACPCD)
bit« 2-179
Address/Command Parity Error (ACPE) bit » 2-187
Address/Command Parity =rror (AC PERR) bit-2-88
Address Extension field = 2185
Address Generation Mode bit « 3-108
Addressing Mode (ADRM) bit - 2-73
Address Tag Data field » 3—-113
ADRM (Addressing Mode) bit » 2-73
AEX bit
See Vector Arithmetic Exception bit
AGM bit
See Address Generation Mode bit
AIEU (Attempted Invalid EEPROM Update) bit » 4-32
ALU_DIAG_CTL register
See Diagnostic Control Register
ALU_EXC register

See Excepticn Summary Register

ALU_MASK_HI register

See Vector Mask High Register
ALU_MASK_LO register

See Vector Mask Low Register
ALU_OP register

See Arithwetic Instruction Register
ALU_SCOP_Hi register

See Scalar Operand High Register
ALU_SCOP_LO register

See Scalar Operand Low Register
Arbitration Supression Mode (ARBSM) bit » 4-23
ARBSM (Arbitration Supression Mode) - 4-23
Architecture » 12
ARD bit - 2-254, 2-265
Arithmetic exceptions » 2-15

vector » 3—-125
Arithmetic Instruction Register » 3-51
Arithmetic instructions » 3-17
Attempted Invalid EEPROM Update (AIEU) bit « 4-32
Auyxiliary console = 244

Backup cache » 2-31, 2-37, 2-202
Backup Cache Control Register (BCCTL) « 2-91

Backup cache daia parity error a on D-stream read »
2-251

Backup cache data parity error a on |-stream read «
2-263

Backup Cache Deallocate Tag Register (BCDET)«
2-08

Backup Cachs Entry Tag field - 2-09

Backup Cache Error Address Register (BCERA) »
2-94

Backup Cache Error Tag Register {BCERT) - 2-80

Backup Cache Hii (B CACHE HIT) bit+2-112

Backup Cache Index Register (BCIDX) » 2-83

Backup Cache Status Ragister (BCSTS)+2-84

Backup Cache Tag Store Register (BCBTS) - 2-85

Backup Tag Store Column Index (BTS COL INDEX)
field + 283

Backup Tag Store Compare (BTS COMPARE) bit
2-87

Backup Tag Store Error Transaction (BTS ERROR
TRAN) « 2-02

index-1



index

Backup Tag Store Hit (BTS HIT) bit-2-88

Backup Tag Store Parity<1:0> (BTS PARITY<1:05)
bit « 2-87

Backup Tag Store Row Index (BTS ROW INDEX)
field - 2-83

Backup Tag Store Tag Parity Error (BTS TPERR,) bit
2-89

Backup Tag Store Valid/Dirty Parity Error (BTS
VDPERR) bit - 289
Base Address bit- 3-104
Battery backup unit
location « 1-6, 1-8
Battery Low (BLO) bit- 2-125
B CACHE HIT (Backup Cache Hit) bit«2-112
B CACHE HIT bit« 2-251, 2-263, 2-282
BCBTS (Backup Cache Tag Store) register « 2-95
BCCTL (Backup Cache Control) register » 2-91

BCDET (Backup Cache Deallocate Tag) register -
2-98

BCERA (Backup Cache Error Address Register) «
2-94

BCERT (Backup Cache Error Tag Register) « 2-99

BCID (Block Commander ID) bits » 4-38

BCIDX (Backup Cache index) register - 2-83

BCSTS (Backup Cache Stitus) register - 2-84

BCSTS<AC PERR> » 2-252, 2-256, 2~-274

BCSTS<BTS TPERR> »2-272

BCSTS<BTS VDPERR> » 2-272

BCSTS<BTS_VDPERR>  2-255, 2-259

BCSTS<DAL CMD> « Cache Fill - 2-273

BCSTS<DAL CMD> = Invalidate or Writeback «
2-273

BCSTS<ERR_SUMMARY> « 2-257, 2-258
BCSTS<FILL ABORT> *2-274

BCSTS<IBUS CYCLE> «2-272

BCSTS«<l PER<1:0> +2-273

BCSTS<SECOND ERR> +2-275
BCSTS<TP_ERR> - 2-254, 2-258

BECEA (Block State ECC Addreas Register) * 426
BECER (Block State ECC Error Register) « 4-25
BLA (Block Address ) bits » 4-39

BLO (Battery Low) bit*2~125

Blovk Address (BLA) bits » 4390

Block Commander (D (BCID) bits » 4-38

Block ECC Check (BSEC) bits « 4-36

Biock Read Modify Write Error (BRME) bit » 4-35
Block state » 4-3

Block State (BSTA) bits « 4-37

Block State Aocess Mode (BSAM) bits » 4-27
Block State Address Register (BSADR) » 4-39
Block State Code (BSCD) bit+ 4-36

Block State Control Register (BSCTL) » 437

Index-2

Block State Diagnostic Mode (BSDM) bit « 4-34
Block State ECC Address Register (BECEA) « 4-28
Block State ECC Check (BSECB) bits « 4-38

Block State ECC Disable (BSED) bit « 4-35

Block State ECC Ernror Register (BECER) » 425
Biock State ID (BSID) bits » 4-36

Block State Port Enable (BSPE) bit - 4-37
Bootblock booting « 2-209

Boot processor

See BP

Boot Processor (BP) bits2-177

Boot Processor Disable (BPD) bit«2-176

Bootstrap in progress flag » 2-210

Bootstrapping « 2-206

BP » 2-199, 2204, 2-207

BP (Boot Processor) bite 2-177

BP bit « 2-202, 2-203

BPD (Boot Processor Disable) bit+2-178

BPD bit» 2-202, 2-204

BRME (Block Read Modify Write Error) bit  4-35

BSADR (Block State Address Register) » 4-39

BSAM (Block State Access Mode) bits « 4-37

BSCD (Block State Code bit) - 4-36

BSCTL (Block State Control Register) « 4-37

BSDM (Block State Diagnostic Mode) bit - 4-34

BSEC (Block ECC Check} bits « 4-38

BSECB (Block State ECC Theck) bits » 4-38

BSED (Block State ECC Cisable) bit - 4-35

BSID (Block State ID) bits « 4-38

BSPE (Block State Port Enable) bit » 4-37

BSTA (Block State) bits « 4-37

BSY bit

Ses Vector Processor Busy bit

BTO bite2-131, 2-251, 2-253, 2-255, 2-256,
2-264, 2-283

BTS COL INDEX (Backup Tag Store Column Index)
field + 2-83

BTS COMPARE (Backup Tag Store Compare) bit
2-87

BTS ERROR TRAN (Backup Tag Store Emor
Transaction) » 2-02

BTS HIT (Backup Tag Store Hit) bit* 2-88

BTS PARITY<1:0> (Backup Tag Store Parity<1:0>)
bit - 2-87

BTS ROW INDEX (Backup Tag Store Row Index)
fieud - 2-83

BTS TPERR (Backup Tag Store Tag Parity Error) bit
2-80

BTS VDPERR (Backup Tag Store Valid/Dirty Parity
Error) bit - 2-89

BUS ERR bit » 2-253, 2-257, 2-265

BUS ERROR (DAL Bus Error) bit (PCSTS) +2-113




BUS ERROR bit (ERR SUMMARY) » 2-253
BUS ERROR bit (PCSTS) » 2-251, 2-253, 2-256,
2-257, 2-264, 2-265, 2-279, 2-283
Bus Error Extension Register (XBEER) * 2-186
Bus error on |-stream read « 2-264
Bus Error Register (XBER) « 2-164, 4-10
Bus Parity Error (PE) bit « 4-11
Bus Timecut
See BTO bit
Bus Timeout bit » 2~-104, 2-237
Bus Timeout interval field « 2—122
BWERR (Byte Write Error (Data Address) bit) - 4-18
Byte Write Error (Data Address) (BWERR) bit+4-18

C

Cache

See Vector cache
Cache chip (MC-chip) » 2-5
Cache coherency » 2-33
Cache Control Register « 3-107
Cache design « 232
Cache Enable bit « 3-110
Cachs Error Enable bit« 3—111
Cache Fill Error (CFE) bit 2187
Cache Hit bit- 3-110
Cache memory « 2-31 to 2-41
Cache Parity Error bit« 3-111
C-Bus Parity Error bit- 3-61
CC (Corrected Confirmation) bit* 2-166
CCA - 2-189, 2-203, 2-204, 2-207, 2-212, 2-213

to 2-221

CCAS$B_CHKSUM - 2-217
CCA$B_FLAGS +2-220
CCA$B_HFLAGS «2-216
CCA$B_NPROC + 2-217
CCA$B_POWER - 2-217
CCAS$B_PRIMARY +2-217
CCA$B_REVISION+2-216
CCA$B_RXLEN « 2221
CCASB_TK_NODE »2-217
CCA$B_TXLEN - 2221
CCA$B_ZDATA - 2-221
CCAS$B_ZDEST »2-220, 2-221
CCAS$B_ZIND » 2-220
CCA$B_ZSRC + 2-220
CCAS$L_BASE - 2-218
CCASL_BITMAP » 2-217
CCASL_BITMAP_CKSUM » 2-217

Index

CCA$L_BITMAP_SZ -2-217
CCAS$L_CONSOLE_XGPR«2-219
CCASL_ENTRY_XGPR «2-219
CCAS$L_RESERVED1 « 2-217
CCASL_RESERVED2 - 2-217
CCASL_VEC_REVISION »2-219
CCA$Q_CONSOLE - 2-217
CCA$Q_ENABLED-2-217
CCA$Q_HW_REVISION +2-218
CCA$C_READY - 2-217
CCA$Q_RESTARTIP - 2208, 2-217
CCAS$Q_SECSTART - 2-217
CCAS$Q_SERIALNUM + 2218
CCA$Q_USER_HALTED - 2-218
CCA$Q_VEC_ENABLED -2-218
;CA$Q_VEC_PRESENT « 2-218
CCASR_RESERVEDO - 2-217
CCAST_RX»2-221
CCAS$T_TX-2-221
CCA$V_BOUTIP - 2-210, 2-216
CCA3V_CON_REBOOT - 2-216
CCA$V_ECACHE_CLEARABLE - 2-216
CCA$V_REBOOT +« 2-216
CCASV_REBOOT flag - 2-210
CCA$V_REPROMPT » 2216
CCASV_RXRDY - 2221
CCAS$V_USE_ECACHE - 2-218
CCA$V_USE_ICACHE - 2-216
CCAS$V_ZALT - 2221
CCA$V_ZNODE » 2-221
CCASV_ZSRC »2-221
CCASW_IDENT + 2-216
CCASW_SIZE - 2-216
CCASW_SSN_EXTENSION «2-217
CCASW_ZRXCD » 2-221
CCA$_SECSTART - 2208
CC bit+2-284, 2-285
C-Chip VIB Hard Error bit+ 2-105, 2237
CCHIP VIB HERR (C-Chip VIB Hard Error) bit«
2-105

CCHIP VIB SERR (C-Chip VIB Soft Error) bit - 2—105
C-Chip VIB Soft Error « 2-105, 2-237
CCID bit - 2-285

See Cortrected Confirmation Interrupt Disable bit
CCR (Corrected Confirmation Received) bit « 4—11
CDH bit

See Hard internal Bus Parity Error bit
CDS bit

See Soft Internal Bus Parity Error bit
CEE bit

See Cache Eiror Enable bit
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CFE (Cache Fill Error) bit«2-187
Chaining » 3-5, 3-12
Clear Write Buffer Disable (CWBD) bit+2-179
CMD {Command) field » 2-184
CNAK (Command NO ACK) bit » 2-169
CNAK bit » 2-254, 2-257, 2-265, 2-278, 2—283
Column Parity Error (Data Address) (CPER) bit -
4-19
COMCD (Commander Code) bit+ 4-10
COMID (Commander ID) bits » 4-19
Command (CMD) field - 2-184
Commander Code (COMCD) bit« 419
Commander ID (COMID) bits « 4-19
Command NO ACK (CNAK) bit« 2-169
Connected reads and writes « 2-227
Console communications area
See CCA
Console Enable bit » 2-135
Console halt*2-23 to 2-24, 2-238
Console program « 2-212
Console Recsiver Control and Status (RXCS)
Register « 2-64
Console Receiver Data Bufter (RXDB) Register «
2-68
Console Saved Processar Status Longword
(SAVPSL) « 2-75
Console Saved Program Counter Register (SAVPC) «
2-74
Console Terminal Baud Rate Select (TERM BAUD
SEL) field « 2-129
Console Terminal Enable (TERM ENA) bit - 2-120
Console Terminal Sslect (TERM SEL) field » 2-121
Console Transmitter Control and Status (TXCS)
Register - 2-68
Console Transmitter Data Buffer (TXDB) Register
2-70
Control Array chip (MCA-chip) » 2-5
Control panel
location * 1-6
Control Register 0 (CREGO) + 2-119
Control Register 0 Select (CREGO SEL) bit»2-134
Control Register 1
See CREG1
Control Register 1 Select (CREGt SEL) bit+»2-133
Control Register Address Decode Mask (CRADM)
field - 2-138
Control Register Address Decode Mask Register
(CRADMR) « 2-138
Control Register Base Address (CRBAD) fieid -
2-137

Control Register Base Addreas Register (CRBADR) »
2-137

index-4

Control Register Data (CREG DATA) field - 2-133
Control Register Write Enable (CREGWE) fisid «
2-123
Control Register Write Enable Register (CREGWE) «
2-123
Cooling system
location » 1-6, 1-8
Comrected Confirmation (CC) bit » 2-168
Corrected Confirmation interrupt Disable bit » 2-182
Corrected Confirmation Received (CCR) bit« 411
Corrected Read Data (CRD) bit » 2-168
Corrected Read Data Interrupt Disable bit - 2-182
CPDAT signal « 2-246
CPE bit
See Cache Parity Error bit

Ses C-Bus Parity Error bit

CPER (Column Pearity Error (Data Address)) bit
4-19

CPSTA signal «2-246

CPU chip (MP-chip) - 24

CPU/MEM test » 2-202

CPU transaction timeout « 2-255, 2-264

CPU Type field » 2-81

CRADM (Control Register Address Decode Mask)
field - 2-138

CRADMR (Control Register Address Decode Mask)
register - 2-138

CRBAD (Control Register Base Address) field
2-137

CRBADR (Control Registor Base Address) register «
2-137

CRD (Corrected Read Data) bit - 2-168

CRD bit - 2-205, 2-284, 2285

CRDID bit » 2-284

See Corrected Read Data Interrupt Disable bit

CREGO (Control Register 0) «2—119

CREGO SEL (Control Register 0 Select) bit+2-134

CREG1 register - 2-122

CREG?1 SEL (Control Register 1 Select) bit*2-133

CREG ADD ENA (CREG Address Enable) field »
2-130

CREG Address Enable (CREG ADS ENA) fleld »
2-130

CREG DATA (Control Register Data) field « 2~133

CREGWE (Control Register Write Enable) field «
2-123

CREGWE (Contro! Register Write Enable) register
2-123

CSR (Control and Status Registers) « 4-&

CTRL/P ENA (CTRL/P Enable) bit « 2128

CTRL/P Enable (CTRL/P ENA) bit-2-128

CUR MOD ERR bit




CUR MOD ERR bit (Cont.)

See Current Mode During Error bit
CUR MOD fleld

See Current CPU Mode field

See Current Processor Mode field
Current ALU Instruction Register « 3-84
Current ALU Operand High Register » 3-71
Current ALU Opsrand Low Register » 3-70
Current Count field »2-153
Current CPU Mode field * 3-105
Current Mode During Error bit - 3-82
Current Processor Mode field « 3-76
CWBD (Ciear Write Buffer Disable) bit+2-179

D

DAL (Data/address lines) » 2-4

DAL Bus Data Parity Error (DAL DATA PARITY
ERROR) bit*2-113

DAL Bus Error (BUS ERROR) bit (PCSTS)+2~113

DAL CMD<3:0> (Data Address Lines Com-
mand«<3:0>) fleld » 2-86

DAL control arrey (MDA-chip) * 2-48

DAL DATA PARITY ERROR (DAL Bus Data Parity
Error) bit+2-113

DAL DATA PARITY ERROR bit - 2-251, 2-263,
2-279, 2-282

DAL Diagnostic Register (DCSR) « 2-154

Data/address lines (DAL) » 2-4

Data Address Lines Command<3:0> (DAL
CMD<3:0>) field » 2-88

Data CRD Error (DCRDE) bit+4-18

Deta ECC Diagnostic Mode (DECCM) bit+4-14

Date ECC Disabie (DECCD) bit+4-15

Data Error Address (DERA) bit » 4-21

Data Length bit+ 3-106

Data Parity<7:0> (DP<7:0>) field + 2-160

Data parity error on D-stream read » 2-251

Data parity error on |-stream read » 2-263

Data Path Array chip (MDA-chip) « 2-5

Data Read Modify Write Ermor (DRMWER) bit + 4-18

Data RER Error (DRER) bit« 417

Data Syndrome (DTSYN) bits « 4-20

Data types supported by the KABSA CPU module -
2-8

DCK (Diagnestic Check) = 4-16
DCLOL

See XMI DC LO L signal
DCLS (Device Class) bits - 4-8
DCRDE (Data CRD Error) bit+ 4-18

index

DCSR (DAL Diagnostic Regisater) - 2—-154
Deallocate Tag bit - 2-08
DECCD (Data ECC Disable) bit * 4-15
DECCM (Data ECC Diagnostic Mode) bit * 4-14
Deferred ALU Instruction Register « 3—-87
Deferred ALLJ Operand High Register « 3-73
Deferred ALU Operand Low Register « 3-72
DERA (Data Error Address) bit » 4-21
Device Class (DCLS) bits * 4-8
Device ID (DEVID) bits » 4-9
Device interrupt (INTR) « 2-52
Device Register (XDEV) « 2~163, 4-8
Device Revision (DREV) bits « 4-8
Device Revision (DREV) field » 2-183
Device Type (DTYPE) field » 2-183
DEVID (Device 1D) bits « 4-D
Diagnostic Check (DCK) * 416
Diagnostic Control Register « 3-81
Diagnostic DP (FDP) bit « 2-155
Diagnostic ECC<5:0> (FECC<5:0>) » 2-155
Diagnostic MDA XMI Parity<1:0> (FXMIP<1:0>)
2-154
Diagnostic Mode Enable bit » 3-07
Dirty<3:0> « 2-100
Dirty bit » 2-32
Dirty bits « 2-06
Disable faults « 3-127
DISABLE VECT INTF (Disable Vector Interfacs) bit«
2-102
Disable Vector Interface (DISABLE VECT INTF) bit-
2-102, 2237
Disable XM! Transactions bit » 3-108
Disconnected writes * 2-227
DMAREV (MDA Revision) field » 2—156
DME bit
See Diagnostic Mode Enable bit
DMG L bit-2-86
Double-precision instructions « 3—17
DP<7:0> (Data Parity<7:0>) fiekd - 2-160
DPS bit
See Invert Duplicate Tag Parity Sense hit
DRER (Data RER Error) bit+4-17
DREV (Device Revision) bits - 4-8
DREV (Device Revision) field » 2-183
DREYV field - 2-218
DRMWER (Data Read Modify Write Error) bit + 4-18
DTC bit
See Duplicate Tag Check bit
DTSYN (Data Syndrome) bits « 420
DTYPE (Device Type) field » 2-183
Duplicate Tag Check bit » 3-107
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Ouplicate Tag Valid Sense bit » 3-108
DVS bit

See Duplicate Tag Valid Sense bit
DWMBA - 2-203
DXT bit

See Disable XM! Transactions bit

E

ECC<47:32> (Error Correction Code<d7:32>) field «
2-180
ECODE field
See Exception Code field
EEADD (EEPROM Address) bits » 441
EEADMR (EEPROM Address Decode mask) register
+2-140
EEBAD (EEPROM Base Address) field - 2—-139
EEBADR (EEPROM Base Address) register « 2-139
EECTL (EEPROM Control Register) » 4-40
EEDAT (EEPROM Data) bits « 441
EEOC (EEPROM Operation Command) bit » 4-40
EEPROM Address (EEADD) bits « 4-41
EEPROM Address Decode Mask Register
(EEADMR) « 2—-140
EEPROM Address Enable (EEPROM ADS ENA)
field » 2-130
EEPROM ADS ENA (EEPROM Address Enable)
fisld « 2-130
EEPROM Base Address (EEBAD) field « 2-139
EEPP.OM Base Addresa Register (EEBADR) - 2139
EEPHCM Control Register (EECTL) « 440
EEPR7M Data (EEDAT) bits « 441
EEPROM Operation Command (EEOC) bit « 440
EEPROM Update Enable {EEUE) bit»4-32
EEUE (EEPROM Update Enable) bit - 4-32
EFDP (Enable Force Data Parity) bit < 2-156
EFECC (Enable Force ECC) bit»2-156
EFXMIP (Enable Force MDA XMI Parity) bii » 2-154
Emulated Iinstruction exceptions » 2—17
ENA bh
See Cache Enable bit
Enable 2-Mbyte Protection Mode (EPM) bit « 4-16
Enable Backup Tag Store (ENABLE BTS) Bit+2-02
ENABLE BTS (Enable Backup Tag Store) bit « 292
Enable Force Data Parity (EFDP) bit+ 2-156
Enable Forca ECC (EFECC) bit«2-156
Enable Force MDA XMI Parity (EFXMIP) bit - 2-154
Enable Primary Tag Store (ENABLE PTS) bit
(PCSTS)2-116

Index-—-b6

ENABLE PTS (Enable Primary Tag Store) bit
(PCSTS) «2-116
Enable Self-invalidates Only (ESIO) bit+ 2-180
ENADD (Ending Address) bits « 4-29
ENADR (Ending Address Register) - 4-28
Ending Address (ENADD) bits » 420
Ending Address Register (ENADR) » 4-28
EPM (Enable 2-Mbyte Protection Mode) bit+ 4-16
EPR_INTSTK - 2-288
ERR (Error) bit « 2-66
ERR (Error) bit (TCR1) - 2-147
ERAR (Error) bit (TCRO) »2-141
ERR L signal - 2-228, 2-264, 2-278, 2-283
Emor (ERR) bit - 2-66
Eror (ERR) bit (TCRO) - 2-141
Eror (ERR) bit (TCR1) «2-147
Emor Cormection Code <47:32> (ECC«<47:325) field +
2-160
Error handling « 2-224 to 2-231, 3-117 to 3-127,
4-43
Emor Summary (ERR SUMMARY) bit « 2-00
Errcr Summary (ES) bit < 2185, 4-10
Eror summary bit* 2-257, 2-258
Error transition mode (ETM) - 2-84
ERRSM (MCTL3 Error Summary) bit » 4-32
ERRSUM (Memory Register Error Summary) bits «
4-14
ERR SUMMARY (Error Summary) bit + 2-90
ERR SUMMARY bit « 2-257
ERR_SELFTEST_FAILED - 2-231
ERR_SUMMARY bit » 2-257, 2-258
ERSUM (MCTi.4 Emor Summary) bit* 4-34
ES (Error Summary) bit - 2~185, 4-10
ESIO (Ensble Self-Invalidates Only) bit+2-180
ETF (Extended Test Fall) bit » 2-170, 2~-199, 2-203
ETF bit
See Extended Test Failed bit
ET™M
See Error transition mode
EXC bit
See Exception Enable bit
Exception Code field » 3-06
Exception Enable bit - 3-85, 3-88, 379
Exceptions » 3-125
arithmetic « 2-15
console halt » 2-23
emulated inatruction «2-17
machine check *2-19
memory management » 2-16, 3-06
Exception Summary Register » 3-59
Extended Test Fail (ETF) bit «2-170
Extended Test Failed bit - 3-85




=

FACBP (Force Address/Command Bed Parity) bit «
2-178
Falling Address Extension Register «2-184
Failing Address field «2-174
Failing Commander 1D (FCID) field - 2-170
Failing DAL Register 0 (FDALO) = 2-157
Failing DAL Register 1 (FDAL1)-2-158
Failing DAL Register 2 (FDAL2) » 2-158
Failing DAL Register 3 (FDAL3) * 2-160
Failing Length (FLN) fieid « 2-174
Failing Writeback Address Extension fieid + 2-193,
2-194
Falling Writeback Address field - 2-193, 2-194
Faulting VA Page Address field * 3-85
Faults * 2-14
vector module disabled « 2-19, 3-127
Fault Type fiekd « 3-95
FCID (Failing Commander ID) field « 2-170
FCMD field - 2-278
FDALO (Failing DAL Register 0) » 2-157
FDAL1 (Falling DAL Register 1) »2-158
FDAL2 (Failing DAL Register 2) - 2-159
FDAL3 (Failing DAL Register 3) » 2-160
FDH bit
See Force Bad CD-Bus High Data Parity bit
See Force Bad High Data Parity bit
FDL bit
See Force Bad CD-Bus Low Data Parity bit

See Force Bad Low Data Parity bit
FDP (Diagnostic DP bit) « 2-155
FDZ bit

See Floating Divide by Zero bit
FECC«<5:0> (Diagnostic ECC«<5:05) » 2-155
FHT bit

See Force Hit bit
FIBP (Force Inval-Bus Bad Parity) bit«2-178
Fill Abort bit - 2-88, 2-257
First Part Done (FPD) bit - 2-17, 2-18, 2-20
FLN (Failing Length) tield « 2~174
Floating Divide by Zero bit « 3-40, 3-60
Floating Overflow bit - 3-40, 3-80
Floating-point accelerator chip (MF-chip) « 2-4
Floating Reserved Operand bit » 3-40, 3-60
Floating Underflow bit » 3—40, 3-60
FLU bit

See Flush Ceche bit
Flush Cache bit*2~-115, 3-110
FMCD bit - 2-283

Index

FMRE (Force Memory Refresh) bit « 4-22
Force Address/Command Bad Parity (FACBP) bit -
2-178
Force Backup Tag Store Cache Hit (FORCE BHIT)
bit« 2-93
Force Bad CD-Bus High Data Perity bit+ 3-83
Force Bad CD-Bus Low Data Parity bit « 3-83
Force Bad Command Parity bit - 2-102
Force Bad Data Parity bit « 2-102
Force Bad High Data Parity bit+3-108
Force Bad Low Data Parity bit« 3-109
Force Bad Low RFA Parity bit+ 3-109
Force Bad RFA High Parity bit+ 3-83
Force Bad RFA Low Parity bit - 3-83
Force Bad VIB-Bus Data Parity bit« 3-82
FORCE BHIT (Force Backup Tag Store Cache Hit)
bit+2-93
Force Hit bit+ 2-118, 3-110
Force inval-Bus Bad Parity (FIBP) bit+2-179
Force Memory Retresh (FMRE) bit « 4-22
Force Parity Select (FPSEL) bit»2-119
Force Soft Error bit+3-82
FOV bit
See Floating Overfiow bit
FP BOOT DISABLE (Front Panel Boot Disable) bit «
2-138
FPD (First Part Done) bit+2-17, 2-18, 2-20
FPD bit « 2239, 2-248, 2-247, 2-248, 2-249
FP EEPROM ENABLE (Front Panel EEPROM
Enable) bit - 2-138
FPSEL (Force Parity Select) bit-2-119
Framing Emror (FRM ERR) bit » 2-87
FRH bit
Ses Force Bad RFA High Parity bit
FRL bit
See Force Bad Low RFA Parity bit

See Force Bad RFA Low Parity bit
FRM ERR (Framing Error) bit « 2-87
Front Panel Beot Disable (FP BOOT DISABLE) bit +
2-136
Front Pane! EEPROM Enable (FP EEPROM
ENABLE) bit-2-136
FRS bit :
See Floating Reserved Operand bit
FSE bit
See Force Soft Ermor bit
FT field
See Fault Type fisid
FUN bit
See Floating Underfiow bit
Function fisld « 3-53
FVP bit
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FVP bit (Cont.)

See Force Bad VIB-Bus Data Parity bit

FXMIP<1:0> (Diagnostic MDA XMi Parity<1:05)
2-154

G

Gate Array Visibility Multiplexer Select (GMXSL)
field»2-170

GEN BAD ACP (Generate Bad Address/Command
Parity) bit « 2-91

Generate Bad Address/Command Parity (GEN BAD
ACP) bit * 2-91

GMXSL (Gate Array Visibility Multiplexer Seiect)
field + 2170

H

Haelt Code field » 2-76
Halt interrupt « 2-238
HALT PRO™ (ROM Halt Protect Address Space Size
Select) field - 2-128
Heits
console * 2-23
node « 2-238
Hard Error Enable bits 2-84
Hard error interrupts « 2-287, 3-122
Hard Internal Bus Parity Error bit « 3-87
HDOD (High Drive Output Disable) field » 2~-176
HEE bit
See Hard Error Enable bit
High Drive Output Disable (HDOD) tield » 2-176
HIT bit
See Cache Hit bit
HLDM (Hold Mode Refresh Error) bit » 4-23
Hold Mode Refresh Error (HLDM) bit « 4-23

170 1 (10 1) bit-2-120
VO 2 (10 2) bit2~-120
/0O Reset (IORESET) Register < 2-78
IBH bit

See invert B Operand Parity High bit
IBL bit

See Invert B Operand Parity Low bit

Index-8

l-box » 2-22, 2-230, 2-249
IBUS CMD (Inval-Bus Command) bit » 2-87
IBUS CYCLE (lnval-Bus Cycle) bit - 2-87
ICCS (Interval Clock Control and Status) register «
2-83

ICH bit

See Invert CD-Bus Parity High bit
ICi bit

See Invert Internally Generated C-Bus Parity bit
ICL bit

See Invert CD-Bus Parity Low bit
ICRD (Inhibit CRD Status Generation) bit+ 4-15
IDENT transactions « 2-52
|E (Interrupt Enable) bit - 2-63
IE (Interrupt Enable) bit (TCRO) » 2-142
IE (interrupt Enable) bit (TCR1) « 2-148
IEEO (Initiate EEPROM Operation) bit » 440
IFO bit

See lllegal Favor Opcode bit
llegal Faver Opcode bit « 3-81
lilagal Instruction Register - 3—78
lllegal Sequence Error bit - 3-86
liegal Vector Opcode bit - 3-36
IMP bit

See Implementation-Specific Error bit

Ses Implomentation-Specific Hardware Emor bit
implementation-Specific Error bit » 3-81
implementation-Specific Hardware Error bit 3--37
implied vector interrupt (IVINTR) « 2-52
INAD {Interleave Adcress) bits + 4-30
INCE {Inconistency Error) bits « 4-33
Inconistency Ermor (INCE) bits » 4-33
Inconsistent Parity Error (IPE) bit - 2-50, 2-167
Inhibit CRD Status Generation (ICRD) bit+ 4-15
Initialization »2—195 to 2-2086, 44
Initiate EEPROM Operation (IEEO) bit » 4-40
INMD (Interieave Mode) bits » 4-31
INSEQ (Interiock Sequence Error) bit+ 4-16
Instruction set supported by the KA65A CPU module

*«2-7

INT (interrupt) bit (TCR0) » 2—141
INT (Interrupt) bit (TCR1) - 2~-147
INT.ID register - 2-249
Integer Overflow bit » 3-40, 3-59
interleave Address (INAD) bits » 4-30
interleave Mode (INMD) bits » 4-31
Interleaving « 4-5
interlock Sequence Error (INSEQ) bit+ 4-16
internal parity error

on a D-stream read « 2-252
Interprocessor communication » 2-212 to 2-223




interprocessor implied Vector Interrupt Generation
register (IPIVINTR) - 2-161
interprocessor Interrupt (IP IVINTR) bit-2-173
Interrupt (INT) bit (TCRO) » 2-141
Interrupt {(INT) bit (TCR1) «2-147
Interrupt bit « 2-115, 2-250, 2-279, 2-282, 2-283
Interrupt Destination field = 2-173
Interrupt Enable (IE) bit - 2-83
Interrupt Enable (IE) bit (TCRO) - 2-142
interrupt Enable (IE) bit (TCR1) «2-148
Interrupt Priority Level (IPL) field « 2-172
Interrupt Priority Level (IPL) register »2—12
Interrupt Priority Level Select (IPL SEL) field «2—-126
Interrupts * 2-51, 3-117 to 3-118
device * 2-52
hard error « 2-267, 3-122
implied vector « 2-52
soft error - 2-279, 3-124
Interrupt Source fisld « 2-172
Interrupt Vector Disable (IV Disable) bit « 2-126

Interval Clock Control and Status Register (ICCS) »
2-63

interval Counter Register (SSCICR) » 2—-153
INTLV (Segment/interleave Fegister) « 4-30
INTR (Device interrupt) » 2-52

INT TIM L signal - 2-153

Inval-Bus Command (IBUS CMD) bit « 2-87
inval-Bus Cycile (IBUS CYCLE) bit » 2-87

Invalidate Bus Parity Error<1:0> (| PERR<1:0>) bit«
2-89
Invalidates « 2-50
Invalid bit - 2-76
invert B Operand Parity High bit « 3-62
Invert B Operand Parity Low bit « 3-63
invert CD-Bus Parity High bit » 3-62
Invert CD-Bus Parity Low bit » 362
Invert Duplicate Tag Parity Sense bit» 3-108
Invert Internally Generated C-Bus Parity bit » 3-62
Invert Scalar Operand Parity High bit» 3-83
Invert Scalar Operand Parity Low bit « 3-83
10 1 (VO 1) bit=2-120
10 2 (VO 2) bit-2-120
IORESET (VO Reset) register « 2-78
IOV bit
See Integer Overflow bit
IPE (Inconsistent Parity Error) bit » 2-50, 2-167
IPE bit-2-275, 2-284
| PERR<1:0> (Invalidate Bus Parity Error<1:0>) bit+
2-89

IPIVINTR (Interprocessor Implied Vector Interrupt
Generation) register » 2-181

Index

IP IVINTR (interprocessor Interrupt) bit«2-173
IPIVINTR Destination Mask bit « 2-161
IPL (Interrupt Priority Level) fisld »2-172
IPL (Interrupt Priority Level) register » 2-12
{PL bits 2202
{PL SEL (Interrupt Priority Level Select) field - 2-126
IPL SEL bit - 2-202
IPORT (MSSC Input Port) register = 2-135
IPR reads and writes « 2-36
IRQ L<3:0> signals « 2-52
ISE bit
See lllegal Sequence Ermor bit
ISH bit
See Invert Scalar Operand Parity High bit
ISL bit
See Invert Scalar Operand Parity Low bit
IV Disable (Interrupt Vector Disable) bit - 2~126
IVINTR (Implied vector Interrupt) » 2-52
VO bit
See lllegal Vector Opcode bit

K

Kernel stack not valid exception « 2-231, 2-286

L

LDPCTX (Load Process Context) instruction «2-10
LDTE (Lockout Debug Timeout Enable) bit - 2-181
LEDC (LED Control) bit - 2-181
LED Control (LEDC) bit - 2-181
Load or Store bit - 3-106
Load Process Context (LDPCTX) instruction «2~10
Load/Store Base Address » 3-74
Load/Store Chip Hard Error bit » 3-87
Load/Store Chip Revision bits 3-112
Load/Store Chip Soft Error hit« 3-87
Load/Store Exception Registar » 3-95
Load/Store Instruction Ragister « 3-74, 3-104
Load/Store Stride Register » 3-77, 3103
Lockout avoidance « 2-51
Lockout Debug Timeout Enable (LDTE) bit » 2-181
Lockout Mode field » 2-183
LOCMOD field
See Lockout Mods fleld
Loopback bit « 2-69
LQ bit
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LQ bit {Cont.)
See Data Length bit M
LS bit
See Load or Store bit - :
LSH bit Machine Check Code bit » 3-85
Sew Load/Store Chip Hard Error bit Machine Check Error Summary Register (MCESR) -
2-71
LSS bit
. Machine check exceptions « 2~19
LSxnny ocStore Chip Soft Error &it Machine checks  2-239, 3119
See Load/Store Chip Revision bit MAPEN (Memory Management Enable) register -
2-9, 2-10
LSX_CCSR register MAPEN<0> bit » 2-75
See Cache Control Register MAPEN register » 323

LSX_EXC register

See Memory Management Enable Register
See Load/Store Exception Register

Masked Operations Enable bit - 3-85, 3-88, 3-75,

LSX_'NST register 3-79
See Load/Store Instruction Register Masgk field » 2-185
LSX_MAPEN register Mask Operate Enable bit - 3-52, 3-105
Sea Memcry Management Enable Register Magk Sense bit « 3-53
LSX_MASKHiI register Match True/False bit « 3-65, 3—-68, 3-75, 3-79, 3-105
See Vector Mask High Register MAXMI control array (MCA-chip) « 2-46
LSX_MASKLO register M bit
See Vector Mask Low Register See Mask Operate Enable bit
LSX_POBR register MCig:h Mo(d(l;ly l:“ A ey 2.8
-chip (Control Array chip)
Ls:.;oi‘:lar:;;:re gister MCA-chip (MAXMI control array) « 2-46
S;o PO Length Register MCAREYV (MCA Revision) field «2-177
LSX P1BR register 9 MCA Revision (MCAREV) field  2-177

MCA XMl Farity Error (MCAXPE) bit » 2-191
MCAXPE (MCA XMI Parity Error) bit+2-181
MC-chip (Cache chip) *2-5

See P1 Base Register
LSX_P1LR register

See P1 Length Register MCESR (Machine Check Error Summary) register
LSX_PTE register 2-71

See Translation Buffer PTE Register MCHK_BUSERR_READ_DAL - 2-247, 2-251,

See System Base Register — N -~ *
LSX_SLR register MCHK_BUSERR_WRITE_DAL «2-255

MCHK_ERROR_ISTREAM » 2-263
MCHK_FP_ILLEGAL_OPCODE »2-246
MCHK_FP_OPERAND_PARITY « 2-247
MCHK_FP_PROTOCOL_ERROR * 2-248
MCHK_FP_RESULT_PARITY »2-248

Ses System Length Register
LSX_STRIDE register

See Load/Store Stride Register
LSX_TBCSR register

See Translation Buffer Control Register MCHK_FP_UNKNOWN_STATUS - 2-247
LSX_TBIA registar MCHK_INT_ID_VALUE - 2-249

See Translation Buffer Invalidate All Register MCHK_MOVC_STATUS « 2-249
LSX_TBIS register MCHK_TBH_ACV_TNV - 2248

See Translation Buffer Invalidate Singie Register MCHK_TBM_ACV_TNV - 2-248
LSX_TBTAG register MCHK_UNKNOWN_CS_ADDR - 2-250

See Translation Buffer Tﬂg Regis"f MCHK_UNKNOWN_IBOX_TRAP *2-249

MCHK_UNKOWN_BUSERR_TRAP + 2-250
MCHK_VECTOR_STATUS « 2-259
MCH_ERROR_ISTREAM » 2-220
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MCKH_BUSERR_READ_PCACHE - 2-250
MCTL1 (Memory Control Register 1) <4-14
MCTLZ (Memory Control Register 2) « 4-22
MCTL3 (Memory Control Register 3) «4-32
MCTL3 Emror Summary (ERRSM) bit » 4-32
MCTL4 (Memory Control Register 4) » 4-34
MCTL4 Error Summary (ERSUM) bit*4-34
MDA-chip (DAL control array) » 2-46
MDA-chip (Data Path Array chip) »2-5
MDA Reviaion (MDAREYV) field +2-156
MDA XMI Parity Error (MDAXPE) bit« 2-191
MDAXPE (MDA XMI Parity Error) bit«2-191
MECEA (Memory ECC Error Address Register) »
4-21
MECER (Memory ECC Error Register) «4-17
MEE bit
See Modify Exception Enable bit
Memory « 1-3
Memory access mode * 3—22
Memory Activity bit »3-112
Memory configuration « 2-204
Memory Control Register 1 (MCTL1) 414
Memory Control Register 2 (MCTL2) » 4-22
Memory Cantrol Register 3 (MCTL3) « 4-32
Memory Control Register 4 (MCTL4) * 4-34
Memory ECC Error Address Register (MECEA) «
4-21
Memory ECC Error Register (MECER) «4-17
Memory errors
data parity on |-stream read « 2-263
Memory interface test
See CPU/MEM test
Memory interleave « 2-203, 2-204
Meamory management+2~-8 to 2-10, 3-22 to 3-23
exceptions « 3-96, 3-125
Memory Management Enable (MAPEN) register «
2-9, 2-10
Memory Management Enable bit« 3-87
Memory Management Enable Register, vector copy *
3-98
Memory management exceptions «2-16
Memory module
description « 4-2
Memory Register Error Summary (ERRSUM) bits »
4-14
Memory registers « 4-8
Memory Registers » 443
Memory Size (MEMSIZ) bits « 4-15, 4-35
MEMSIZ (Memory Size) bits - 4-15, 4-35

MF-chip (Floating-Point Accelerator chip) 24,
2-229

index

MF.chip Present bit * 2-246
MF-Chip Present bit« 2-73, 2-247, 2-248
MFPR (Move From Processor Register) instruction *
2-9
MFPRMTPR instructions « 3-33
MFVPMTVP instructions » 3-33
MI bit
See Modify Intent bit
Microcode Options field + 2-81
Microcode Revision field - 2-82
MME bit
See Memory Management Enable bit
MMGT.STATUS field « 2-248
MMOK signal « 3—-11, 3-22, 3-125
Modify (Page Table Entry Modify) bit « 2--10
Modify bit « 3-115, 3-116
Modify Exception Enable bit » 3-87
Modify intent bit « 3-66, 3-89, 3-75, 3-80
MODP (Module Population) bit - 4-35
MOD REYV field
See Module Revision field
Module Population (MODP) bit - 4-35
Module Revision field « 2-218, 3-88
Module Revision Register - 3-88
MOD_REV register
See Module Revision Register
MOE bit
See Masked Operations Enable bit
See Mask Operate Enable bit
MOVCx + 2-249
Move From Processor Register (MFPR) instruction «
2-9
Move To Processor Register (MTPR) instruction * 2-9
MP-chip (CPU chip) *2-4
M qualifier » 3-32
MSCIPL (MSSC Interrupt Priority Level<1:0>) field »
2-182
MSSC (system support chip) «2-6
MSSC Base Address (SSCBA) fieid « 2-124
MSSC Base Address Register (SSCBAR) « 2-124
MSSC Bus Timeout Control Register (SSCBTR) «
2-131
MSSC bus timeout on D-stream read « 2-251, 2-253,
2-256
MSSC bus timeout on I-stream read « 2-264
MSSC Configuration Register (SSCCNR) «2-125
MSSC Input Port Register (IPORT) » 2-135
MSSC Interrupt Priority Level<1:0> (MSCIPL) field «
2-182
MSSC Qutput Port Register (OPORT) + 2-133
MTF bit
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MTF bit (Cont.)
See Match True/Faise bit
MTPR (Move To Processor Register) instruction = 2-9
MTPR/MFPR instructions » 3-33
MTVP/MFVP instructions » 3-33
MVAL (On-Board Memory Valid) bit* 4-15

N

NHALT - 2-207
NHALT (Node Halt) bit * 2-165
NHALT bit-2-238
NLU (Not last used) pointer - 2-8, 210
Node Halt
See NHALT
Node Halt (NHALT) bit « 2-165
NODE ID (Node Identification) field « 2~136
Node ldentification (NODE ID) field « 2-136
Node ID field » 3-112
Node Reset (NRST) bit+2-165, 4-10
Node-Specitic Control and Status Register (NSCSR) »
2-176
Node-Specific Error Summary (NSES) bit » 2-170,
4-12
Nonboot processor « 2-207
Nonexistent memory locations
See NXM
Nonimplemented nodespace » 2-53
NON VALID VA FIX - 2-261
No Read Response (NRR) bit+2-168
Not last used (NLU) pointer « 2-8, 2-10
NRR (No Read Response) bit»2-168
NRR bit  2-253, 2-254, 2-257, 2-265, 2-278, 2-283
NRST (Node Ressat) bit« 2-165, 4-10
NRST bit - 2-195, 2-201, 2-204

NSCSR (Node-Specific Control and Status Register) »
2-176

NSCSR register « 2-202

MEES (Node-Specific Error Summary) bit » 2-170,
4-12

NSES bit - 2-285

NXM » 2-254, 2-257, 2-265, 2-283

O

OFF bit
Ses Offset Control bit
Oftset Control bit+ 3-105

Index—-12

OLR (Only Lockout Response) bit « 2-102
On-Board Memory Valid (MVAL) bit » 4-15
Only Lockout Response (OLR) bit - 2-182
Opcode field » 3-51, 3-64, 3-67, 3-75, 3-78
OPORT (MSSC Output Port) register » 2-133

OREAD PENDING (Ownership Read Pending) bit -
2-85

OSQE (Ownership Sequence Error) bit « 4-38

Overrun Error (OVR ERR) bit « 2-66

GOVR ERR (Overrun Error) bit « 2-66

Ownership Read Pending (OREAD PENDING) bit »
2-85

Ownership Sequence Error (OSQE) bit « 4-36

P

PO Base Register (POBR) + 2-9, 2-10
POBR (PO Base Register) - 2-10
POBR register » 3-23
See PO Base Register
POBR register (PO Base Register) - 2-9
PO Length Register (POLR) » 2-9, 2-10
PO Langth Register, vector copy » 3-890
POLR (PO Length Register) « 2-9, 2-10
POLR register « 3-23
See PO Length Register
P1 Base Register (P1BR) « 2-9, 2-10
P1 Base Register, vector copy + 3-01
P1BR (P1 Base Register) » 2-10
P1BR register » 3-23
See P1 Base Register
P1BR register (P1 Base Register) «2-9
P1 Length Register « 3-82
P1 Length Register (P1LR) - 2-9, 2-10
P1LR (P1 Length Register) - 2-8, 2-10
P1LR register « 3-23
See P1 Length Register
Page frame number (PFN) » 2-8
Page Frame Number field » 3-115, 3116
Page table entry (PTE) »2-8
Page Table Entry Modify (PTE.M) bit -2-10, 2-80
Page Table Entry Page Frame Number (PTE.PFN)
bit-2-10
Page Table Entry Page Frame Number (PTE.PFN)
field - 2-80
Page Table Entry Protection (PTE.PROT) bit-2-10
Page Table Entry Protection (PTE.PROT) field » 2-79
Page Table Entry Vaiid (PTE.V) bik »2-10, 2-78
Parity - 2-228, 2-229




Parity bit » 2-95
Parity bit (PCTAG) »2-109
Parity Error (PE) bit»2-50, 2-167
P-cache errors

data parity on D-stream read hit « 2-250

tag parity on D-stream read hit « 2-250
P CACHE HIT (Primary Cache Hit) bit+2-115
PCB (Process control block) « 2-27
PCBB (Process Control Block Base) register « 2-27
PCERR (Primary Cache Error Address Register)

2-111

PCERR register » 2-250, 2-251, 2-263
PCIDX (Primary Cache Index) register » 2~-110
PCSTS (Primary Cache Status) register - 2-112
PCSTS<B CACHE HIT>-2-282
PCSTS<BUS ERROR> » 2-283
PCSTS<BUS_ERROR> 2264
PCSTS<B_CACHE_HIT> - 2-251, 2-263
PCSTS<DAL DATA PARITY ERROR> « 2-282

PCSTS<DAL_DATA_PARITY_ERROR> « 2251,
2-263

PCSTS<P DATA PARITY ERROR> « 2-282
PCSTS<P TAG PARITY ERROR> « 2-279
PCSTS<P_DATA_PARITY_ERROR> - 2-250
PCSTS<TAG_PARITY_ERROR> = 2250
PCTAG (Primary Cache Tag Array) register « 2-109
P DATA PARITY ERROR (Primary Data parity Error)
bite2-113

P DATA PARITY ERROR bit = 2-250, 2-279
PE (Bus Parity Error) bit » 4-11
PE (Parity Error) bit+2-50, 2-167
PE bit - 2-253, 2-254, 2265, 2-275, 2-283, 2-284
Porformance Monitor Enable (PME) bit « 2-27
PFN (page frame number) - 2-8
PFN (page frame number) bit=2-10
PFN field

See Page Frame Number field
PME (Performance Monitor Enable) bit « 2-27
Power fail interrupt « 2-266
Power regulators

location  1-6, 1-8
PPG {Predicted Parity Generator) bit « 2-87
PPS bit

See Primary Tag Parity Sense bit
Predicted Parity Generator (PPG) bit « 2-87
F imary cache * 2-31, 2-34, 2202
Primary Cache Error Address Register (PCERR) »

2-111

Primary Cache Hit (P CACHE HIT) bit»2-115
Primary Cache Index Register (PCIDX) * 2-110
Primary Cache Status Register (PCSTS) » 2-112

Index

Primary Cache Tag Array Register (PCTAG) « 2-109
Primary Data Parity Error (P DATA PARITY ERROR)
bite2-113
Primary processor
See BP
Primary system bootstrap program
See VMB
Primary Tag Parity Sense bit- 3-108
Primary Tag Valid Sense bit « 3-109
Process context « 2-10
Process control block (PCB) » 2-27
Process Control Block Base (PCBB) register « 2-27
Processor » 1-3
Processor status longword (PSL) «2-12, 2-75
PROT (Page Table Entry Protection) bit « 2—-10
PROT (Protection) field « 2-8
Protection (PROT) field «2-8
Protection field « 3-114, 3115
PROT field
See Protection fleld
PSL (Processor status longword) «2-12, 2-75
P TAG PARITY ERROR bit-2-279
PTE (page table entry) - 2-8
PTE.M (Page Table Entry Modify) bit  2--10, 2-80
PTE.PFN (Page Table Entry Page Frame Number)
bits 2-10
PTE.PFN (Pags Table Entry Page Frame Numbaer)
field « 2-80
PTE.PROT (Page Table Entry Protection) bit+2-10
PTE.PROT (Page Table Entry Protection) field - 2-79
PTE.V (Page Table Entry Valid) bit « 2—-10, 2-79
PVS bit
See Primary Tag Valid Sense bit

R

RAMTYP (RAM Type) bits + 4-15, 4-35
RAM Type (RAMTYP) bits ¢+ 4-15, 4-35
R bit - 2-239

RBR bit« 244

RCV BRK (Received Break) bit - 2-67
RDNAK (Read Data NO ACK) bit»4-12
RDS errors » 2-205

Read Data NO ACK (RDNAK) bit+4-12
Read Error Response (RER) bit - 2-169
Read/IDENT Data NO ACK (RIDNAK) bit2-187
Read interrupt vector » 2-52

Read Sequence Error (RSE) bit - 2-168
Read Upper Longword (RUP) bit+2-155
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Read Write Timeout

See RWT bit
Received Break {(RCV BRK) bit « 2-67
Received Data bits » 2-67
Receiver Done (RX DONE) bit « 2-64
Receiver Interrupt Enable (RX IE) bit*2-54
Refresh Error (RERR) bit « 4-22
Refresh Rate (RRB) bits » 4-23
Register offsets « 3-20
Registers, KA65A CPU module + 2-58 to 2-184
REI instruction « 2—238
RER (Read Error Responss} bit« 2-169
RER bit-2-278
RERR (Refresh Error) bit»4-22
Reset bit « 3-37
Restarting + 2-206
Restart parameter block

See RPB
Peturn from Exception ar Interrupt

Ses REI instruction

RIDNAK (Read/IDENT Data NO ACK) bit « 2-167

RIDNAK bit+2-286

ROM Address Space Size Select (ROM SIZE) field
2-127

ROM Halt Protect Address Space Size Select (HALT
PROT) field » 2-128

ROM SIZE (ROM Address Space Size Select) field
2-127

ROM Spesd bit-2-126

Row Parity Error (Data Address) (RPER) bit+4-18

RPB - 2-207

RPER (Row Perity Error (Data Address)) bit+4-18

RRB (Refresh Rate) bits « 4-23

RSE (Read Sequence Error) bit+ 2-168

RSE bit » 2-253, 2265, 2-278, 2-283

RST bit

See Reset bit

RUN bit (TCR0) - 2-143

RUN bit (TCR1)+2-149

RUP (Read Upper Longword) bit - 2-155

RWT bit-2-131, 2-251, 2-253, 2-255, 2-256,
2-264, 2-283

RXCS (Consoie Raceiver Control and Status) register
«2-64

RXDB (Console Receiver Data Buffer) register « 2-66

RX DONE (Receivar Done) bit« 2-54

RX IE (Receiver Interrupt Enable) bit - 2-84

Index-14

S

SAVPC (Console Saved Program Counter) register «
2-74
SAVPSL (Consols Saved Processor Status
Longword) « 2-75
S bit
See Mask Senss bit
SBR (Systam Base Register) » 2-9, 2~10
SBR register « 3-23
See System Base Register
Scalar Operand High Register « 3-56
Scalar Operand Low Register » 3-58
Scan Test Disable bit«2-135
SCB (System control block) » 2-25
SCBB (System Control Block Base) register « 2-25
SCBB register « 2-201
SCB entry points « 2-224
SCB Vector Offget field « 2-146, 2-152
SCCBTR register « 2-202
Scoreboarding « 3-12
SDEO (Second Data Error Occurred) bits4-18
Secondary cache » 2-31
Secondary processor
See Nonboot processor
Second Data Error Occurred (SDEO) bite4-18
SECOND ERR (Second Error) bit - 2-88
Second Error (SECOND ERR) bit - 2-88
SEE bit
See Soft Error Enable bit
SEGADR (Segment Address) bits » 4-30
Segment Address (SEGADR) bits » 4-30
Segment/interieave Register (INTLV) « 4-30
Self-test *4—4
Sel-Test Fail (STF) bit - 2170, 4-12
Self-Test Failed bit- 3-85
Self-Test LED 8 thrcugh Self-Test LED 1 (ST LEDn)
bit»2-122
Self-Test Loop Disable (STL DISABLE) bit+2-138
Self-Test Passed LED (STP LED) bit-2-120
CGL (Single) bit (TCRO) » 2-142
SG. (Single) bit (TCR1)»2-148
SID (Jystem Identification) register » 2-81
Single (SGL) bit (TCRO) - 2-142
Single (SGL) bit (TCR1) - 2-148
Single-precision instructions « 3-17
SIRR (Software Interrupt Request Register) » 2-12
SISR (Software Interrupt Summary Registor) « 2-12
SLR (System Length Register) - 2-8, 2-10




SLR register - 3-23
See System Length Register
Soft Error Enable bit » 3-84, 3-110
Soft error interrupts » 2-279, 3-124
SOFT field
See Software field
Soft internal Bus Parity Error bit« 3-87
Sottware field « 3—-115, 3-116
Sottware Interrupt Request Register (SIRR) » 2-12
Sofiware Interrupt Summary Register {SISR) +2-12
SSCBA (MSSC Base Address) field « 2-124
SSCBAR (MSSC Base Address) register » 2-124
SSCBTR (MSSC Bus Timeout Control) register »
2-1N1
SSCBTR<BUS_TIMEOUT> » 2255, 2-264
SSCBTR<RWT> « 2251, 2-253, 2-256, 2-264,
2-283
SSCCNR (MSSC Configuration) register « 2-125
SSCCNR register « 2-202
SSCICR (interval Counter Register) » 2+-153
STADD (Starting Address) bits + 4-27
STADR (Starting Address Register) « 427
Starting Address (STADD) bits « 427
Starting Address Register (STADR) » 4-27
Status Lock bit « 2-253, 2-257, 2-265
Status Register « 3-81
STF (Self-Test Fail) bit-2-170, 4-12
STF bit - 2-199, 2-204, 2-231
See Seli-Test Failed bit
STL DISABLE (Sel-Test Loop Disable) bit-2-136
ST LEDn (Selt-Test LED 8 through Self-test LED 1)
bit « 2-122
Stop (STP) bit (TCR0) «2-142
Stop (STP) bit (TCR1) -2-148
STP (Stop) bit (TCR0) - 2-142
STP (Stop) bit (TCR1)+2-148
STP LED (Self-Test Passed LED) bit2-120, 2-199
Stride « 3-20
STV LED - 2-201
Synchronization « 2-56
SYNC L bit-2-86
System
architecture » 1-2
front view + 1-6
rear view * 1-8
typical « 1-5
System Base Register (SBR) » 2-9, 2-10
System Base Register, vector copy * 3-93
System console »2—44
System control block « 2-25
System Control Block Base (SCBB) register « 2-25

index

System Identification (SID) Register » 2-81
System Length Register « 3-04

System Length Register (SLR) «2-8, 2-10
System support chip (MSSC) «2-5

T

Tag Array Index field - 2-110

Tag field » 2-95, 2-109

Tag Parity bit « 2-96, 2-100

Tag Parity Error bit - 2-114, 2-250

TB (Translation buffer) « 2-8

TB.V (Translation Buffer Vaiid) bit « 2-8, 2-10

TBCHK (Translation Buffer Check) register « 2-9,
2-10

TBDATA (Translation Butter Data) register « 2-8,
2-10,2~-79

TBIA (Translation Buffer Invalidate All) register * 2-9,
2-10

TBIA register  3-23

See Translation Buffer Invalidate All Register

TBIS (Translation Buffer Invalidate Single) register «
2-0

TBIS register « 3-23

See Translation Buffer invalidate Single Register
TBTAG (Translation Buffer Tag) register  2-0, 2-10,
2-77
TCRO (Timer Control Register 0) +2-141
TCR1 (Timer Control Register 1) »2-147
TCY (TCY Tester Register) » 424
TCY Tester Register (TCY) « 4-24
TERM BAUD SEL (Console Terminal Baud Rate
Select) field « 2129
TERM ENA (Console Terminal Enable) bit « 2-120
TERM SEL (Console Terminal Selsct) fisld « 2—121
Timeout Control/Status Register (TMOER) - 4-42
Timeout Select (TOS} bit » 2-180
Timer Control Register 0 (TCRO) « 2-141
Timer Control Register 1 (TCR1) - 2-147
Timer Interrupt Vector Register 0 (TiVRO) = 2148
Timer Interrupt Vector Register 1 (TIVR1) »2-152
Timer Interval Register 0 (TIR0) « 2—144
Timer Interval Register 1 (TiRt) « 2-150
Timer Next interval Register 0 (TNIRO) « 2-145
Timer Next Interval Register 1 (TNIR1) « 2-151
TIRO (Timer Interval Register 0) » 2-144
TIRY (Timer Interval Register 1) « 2-150
TIR1 registar « 2-202
TIVRO (Timer Interrupt Vector Register 0) »2-146
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TIVR1 (Timer interrupt Vector egister 1) » 2-152
TK tape drive

location « 1—6
TMOER (Timeout Control/Status Register) « 4—42
TNIRO (Timer Next Interval Register 0) « 2-145
TNIR1 (Timer Next Interval Register 1) = 2-151

Top Segment Memory Ending Address (TSMEA) bit »
428

TOS (Timeout Select) bit «2-180
Transactions
IDENT » 2-52
implied vector interrupt » 2-62
INTR.2-52
Transaction Timeout (TTO) bit « 2~169
Transfer (XFR) bit (TCRO) « 2-142
Transter (XFR) bit (TCR1) +2-148
Translation buffer « 3-20, 3-24
Translation buffer (TB) *2-8
Translation Butfer Check (TBCHK) register « 2-8,
2-10
Translation Buffer Control Register « 3-23, 3-97
Translation Buffer Data (TBDATA) register « 2-8, 2-10
Translation Buffer Data (TBDATA) Register « 2-79
Transiation Buffer Invalidate All (TBIA) register » 2-9,
2-10
Transiation Buffer Invalidate All Register, vector
copy * 3-09
Translation Buffer Invalidate Single (TBIS) register «
2-9
Translation Bufter Invalidate Single Register, vector
copy * 3-100
Translation Buffer PTE Register « 3114
Translation Buffer PTE Register Register « 3-23
Transiation Buffer Tag (TBTAG) register « 2-9, 2-10
Translation Buffer Tag (TBTAG) Register « 2-77
Translation Buffer Tag Register » 3-23, 3-113
Translation Buffer Valid (TB.V) bit - 2-8, 2-10
Transmit Break (XMIT BRK) bit» 2-69
Transmit Data field - 2-70
Transmi‘ter interrupt Enable (TX IE) bit -« 2-68
Transmitter Ready (TX RDY) bit»2-88
Trapt bite2-114
TRAP1 bit - 2-250, 2-251, 2-253, 2-256, 2-257,
2-263, 2-264, 2-265
Trap2 bit+ 2-20, 2-114, 2-239
Traps«2-14
TREN (Trigger Enable) bit - 4-33
TRGM (Trigger Configuration Mode) bits » 4-33
TRIGC fisld
See Trigger Control field
Trigger Configuration Mode (TRGM) bits - 4-33
Trigger Control field - 2-183

Index-16

Trigger Enable (TREN) bit - 4-33

TSMEA (Top Segment Memary Ending Address) bit «
4-28

TTO (Transaction Timenu?) bit - 2-169

TTO bit - 2-253, 2-257, 2-266, 2-278, 2-283

TXCS register » 2-68

TXDB (Console Transmitter Data Butfer) register «
2-70

TX IE (Transmitter interrupt Enable) bit - 2-£8

TX RDY (Transmitter Ready) bit + 2-68

U

Unexpected Read Response (URR) bit « 2-192
Unexpected Unlock Write (UUW) » 2-182
Unlock Write Pending (UWP) bit - 220, 2-181
URR (Unexpected Read Response) bit* 2-192
UUW (Unexpected Unlock Write) bit « 2-192
UWP (Unlock Write Pending) bit - 2-20, 2-191
UWRP bit » 2239, 2-246, 2-247, 2-248, 2-249

\'

VAER register

See Vector Arithmetic Exception Register
Valid (Page Table Entry Valid) bit+2-10
Valid (Translation Buffer Valid) bit « 2-10
Valid<3:0> + 2—100
Valid bit « 3-105, 3-114, 3-115
Valid bit (PCTAG) *2-109
Valid/Dirty Parity (V/D PARITY) - 2-100
Valid/Dirty Parity bit « 2-06
Valid field  2-97
VA MCHK<UNCORRECTABLE_VIB> «2-259
VA MCHK<UNEXPECTED _VECTOR_ACV> + 2-263
VA MCHK<UNEXPECTED_VECTOR_TNV> » 2-262
VA MCHK<UNRECOVERABLE_VECTOR_

MODULE_ERR> » 2-262

VAXBI bus ¢ 1-3
VAXBI card zages

location  1-6, 1-8
V bit

See Valid bit
VCR - 3-31
VCTL_CALU register

See Current ALU Instruction Register
VCTL_COP_HI register




VCTL_COP_HiI register (Cont.)

See Current ALU Operand High Register
VCTL_COP_LO register

See Current ALU Operand Low Register
VCTL_CSR register

See Status Register
VCTL_DALU register

See Deferred ALU Instruction Register
VCTL_DOP_HI register

See Deferred ALU Operand High Reglster
VCTL_DOP_LO register

See Deferred ALU Operand Low Register
VCTL_ILL register

See lllegal Instruction Register
VCTL_LDST register
Swee Load/Store Instruction Register
VCTL_STRIDE register
See Load/Store Stride Register
V/D PARITY (Valid/Dirty Parity) - 2-100
VECTL Chip Revision field - 3-88
VECTL REV field
See VECTL Chip Revision field
VECTL VIB Hard Emror (VECTL VIB HERR) bit »
2-106
VECTL ViB Hard Error bit » 2~-237
VECTL VIB HERR (VECTL VIB Hard Error) bit«
2-108
VECTL VIB SERR (VECTL VIB Soft Error) bit+*2-106
VECTL VIB Soft Error » 2-237
VECTL VIB Soft Error (VECTL VIB SERR) bit+2-108
Vector Absent bit+ 2-108, 2-237
Vector Arithmetic Exception bit « 3-37
Vector Arithmetic Exception Register « 3-39
Vector Copy—P0 Base Register « 3-89
Vector Count Register « 3-31
Vector Destination Register Mask fisid « 3-39
Vector Hard Error (VHE) bit « 2-107
Vector Hard Error bit » 2-237
Vector Indirect Data High Register - 3-46
Vector indirect Data Low Reqgister - 345
Vector indirect Register Address Register - 343
Vsctor interface Error Status Register (VINTSR) «
2-55, 2-101
Vector Length Bit<O> bit+ 3-563
Vactor Length Bit<1> bit« 3-53
Vector Length Bit<2> bit» 3-83
Vector Length Bit<3> bit+ 3-53
Vector Length Bit<4> bit « 3-52
Vector Length Bit<5> bit» 3-52
Vector Length Bit<G> bit - 3-51

Vector Length field + 3-106

Vactor Length Field - 3-85, 3-68, 3-75, 3-79
Vector Mask High Register » 3-58, 3-102
Vector Mask Low Register » 3-57, 3-101
Vector Mask Register « 3-31

Vector Memory Activity Check Register (VMAC) »
2-58, 3-23, 3-41

Vector Mode Enable (VME) bit » 2-180

Vector module disable fault - 2-19, 3-127
Vector Module Reset bit» 2-103, 2-237

Vector Present bit - 2-73, 2-237

Vector Processor Busy bit » 3-36

Vector Processor Enabled/Disabled bit » 3-38
Vector Processor Status Register - 3-38

Vactor Processor Status Register (VPSR) - 2-66

Vector Register A field « 3-52, 3-66, 3-89, 378,
3-80

Vector Register B field « 3-52, 3-68, 3-89, 3~76,
3-80

Vector Register C field - 3-54, 3-68, 3-89, 3-76,
3-80
Vector Register n+3-49
Vector registers
availability » 3—12
Vector revision = 3-88
Vector Soft Error » 2-237
Vector Soft Error {VSE) bit +2-107
Vector Translation Bufier Invalidate All Regiater «
3-23, 342
VEN bit
See Vector Processor Enabled/Disabled bit
NE qualifier « 3-32
Verse Hard Error bit ~ 3-84
VHE (Vector Hard Error) bit «2-107
VHE bit
See Verse Hard Error bit
VIADR register
See Vector Indirect Register Address Register
VIB-Bus Hard Error bits 3-86
VIB-Bus Soft Error bit - 3-86
VIDHI register
See Vector Indirect Data High Register
VIDLO register
See Vector Indirect Data Low Register
VIH bit
See ViB-Bus Hard Error bit
VINTSR
See Vector Interface Error Status Register

VINTSR (Vector Interface Error Status Register) *
2-101

VINTSR<BUS TIMEOUT> «2-260, 2277
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VINTSR<CCHIP VIB HERR> « 2-260, 2-277
VINTSR<CCHIP VIB SERR> « 2-286
VINTSR<VEC MODULE ABSENT> « 2-260
VINTSR<VECTL VIB HERR> * 2-260, 2-277
VINTSR<VECTL VIB SERR> - 2-285
VINTSR<VECTOR MODULE RESET> » 2-261
VINTSR<VHE> « 2-276
VINTSR<VSE> - 2-285
Virtual page number (VPN) field » 2-8, 2-77
VIS bit

See VIB-Bus Soft Error b
VL<0> bit .

See Vector Length Bit<0> bit
Vict> bit

See Vector Length Bit<1> bit
Vi<2> bit

See Vector Length Bit<2> bit
VL<3> bit

See Vector Length Bit<3> bit
Vi<4> bit

See Vector Length Bited> bit
VL<5> bit

See Vector Length Bit<5> bit
Vi<B> bit

See Vector Length Bit<6> bit
VL field

See Vactor Length field
VLR - 3-31
VMAC register

See Vector Memory Activity Chack Register
VB« 2-209
VME (Vector Mode Enable) bit «2-180
VMR » 3-31
Voitage regulator, on vector module « 3-7
VPN (Virtual page number) field - 2-8, 2-77
VPSR register

See Vector Procaessor Status Register
VRA

See Vector Registsr A field
VRA field

See Vector Register A fleld
VRB

See Vector Register B field
VRB field

See Vectar Register B field
VRC

See Vector Register C field
VAC field

See Vector Register C field
VREGHn register

See Vector Register n
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VSE (Vector Soft Error) bit» 2-107
VTBIA register

Ses Vector Transiation Buffer Invalidate All
Regiater

W

Warm Start (WS) bit«2-177

WBECCD (Writsback ECC Check Disable) bit » 2-155

WCDEO (Writeback0 Corrected Data Ervor) bit«
2-189

WCDE1 (Writebacki Corrected Data Error) bite
2-187

WCDEX bit+ 2-285

WCNAKO (Writeback0 Command NO ACK) bit «
2-190

WCNAK?1 (Writeback! Command NO ACK) bit«
2-189

WDNAK (Write Data NO ACK) bit - 2188

WDPCD (Write Data Parity Check Disable) bit+
2-155

WDPE (Write Data Parity Error) bit - 2-187

WDPE bit - 2-275

WE! (Write Emror Interrupt) bit - 2-52, 2—-168, 2-270

WEI INVINTR (Write Error Interrupt) bit - 2-173

WEIVINTR (Write Error Implisd Vector Interrupt
Generation) register » 2-162

WEIVINTR Destination Mask bit - 2-182

WFADRO (Writeback O Falling Address Register)
2-193

WFADR1 (Writeback 1 Failing Address Register)
2-194

WFDQ (Writeback! Failing DAL Qualifier ) bit « 2-189

WFDQ (Writeback Failing DAL Qualifier) bit - 2-191

Writeback0 Command NO ACK (WCNAKO) bit «
2-180

WritebackO Comected Data Error (WCDEO) bit.
2-189

Writeback 0 Failing Address Register (WFADRO) »
2-193

Writeback0 Second Error Occurred (WSEOO) bit «
2-191

Writeback0 Sequence Error (WSQEOQ) bit- 2-189

Writeback0 Tagged Bad Data (WYBDATO) bit+ 2-190

Writeback0 Transaction Timeout (WTTOO0) bit « 2-190

Writeback0 Write Data NO ACK (WWDNAKO0) bit «
2-190

Writebacki Command NO ACK (WCNAK1) bit«
2-189

Wiriteback1 Corrected Data Error (WCDE1) bit«
2-187




Writeback 1 Failing Address Register (WFADR1) -
2-194

Writeback1 Failing DAL Qualifier (WFDQ) bit - 2-189

Writeback1 Second Error Oocurred (WSEO1) bit«
2-189

Writeback! Sequence Error (WSQE1) bit«2-188

Writeback Tagged Bed Data (WTBDAT1) bit+2-188

Writeback! Transaction Timeout (WTTO1) bit- 2-188

Writebackl Write Data NO ACK (WWDNAK1) bit -
2-188

Writeback cache design « 2-32

Writeback ECC Check Disable (WBECCD) bit - 2-155

Writeback Falling DAL Qualifier (WFDQ) bit« 2191

Writeback queue * 2-51

Write Data NO ACK (WDNAK) bit - 2-1688

Write Data Parity Check Disable (WDPCD) bite
2-155

Write Data Parity Error (WDPE) bit - 2-187

Write Error implied Vector interrupt Generation
Register (WEIVINTR) = 2--162

Write Error Interrupt (WEI) bit « 2-52, 2-166, 2270

Write Error Interrupt (WE! INVINTR) bit«2-173

Write Error IVINTR «2-270

Write Even Parity bit+ 2-72

Write Sequence Error (WSE) bit « 2-167, 4-11

Wirite-through cache design » 2-32

WS (Warm Start) bit2-177

WS bit « 2-201

WSE (Write Sequence Error) bit+2-167, 4-11

WSE bit < 2-286

WSEOO (Writeback0 Second Error Occurred) bit -
2-191

WSEO1 (Writebackl Second Error Occurred) bit «
2-189

WSQEO (Writeback0 Ssquence Error) bit»2-189

WSQE1 (Writeback! Sequence Enor) bit-2-188

WTBDATO (WritebackO Tagged Bad Data) bit «2-190

WTBDAT1 (Writebacki Tagged Bad Data) bit «2-188

WTTOO (Writeback0 Transaction Timeout) bit+2-190

WTTO1 (Writeback! Transaction Timeout) bit+2-188

WWDNAKO (Writeback0 Write Data NO ACK) bit
2-180

WWDNAK1 (Writeback1! Write Data NO ACK) bit
2-188

X

XACLO (XMl AC LO) bit-2-138
XBAD (XM! BAD) bit - 2-166
XBAD bit = 2-202, 2-203

index

XBADD bit

See XMI BAD Drive bit
XBEER (Bus Error Extension Register) - 2-186
XBEER<URR> « 2-276
XBEER<WCDEx> « 2-285
XBEER<WDPE> »2-275
XBEER<WSEOx> « 2-272
XBEER<WSQEx> * 2-271
XBEER<WTBDATAx> « 2-271
XBEER<WTTOx> » 2-271
XBER (Bus Error Register) « 2-164, 4-10
XBER<ACPE> - 2-252, 2-258, 2-276
XBER<CC> + 22685
XBER<CRD> «» 2-285
XBER<ERR SUMMARY> « 2-253
XBER<PE> * 2-275, 2-284
XBER<WEI>  2-270
XCR register

See XMI Control Register
XDEV (Device Register) » 2-163, 4-8
XDEV register » 2-202
XFADR (Failing Address Register ) * 2171
XFAER<FCMD> = IDENT « 2278
XFAER<FCMD> = ISTREAM_READ - 2-283
XFAER register (Failing Address Extension Register
}+2-184
XFR (Trensfer) bit (TCRO) » 2~142
XFR (Transfer) bit (TCR1) « 2-148
XGPR (XM! General Purpose Register) - 2-175
XHE bit
See XMI Interface Hard Error bit
XMI AC LO (XACLO) bit-2-136
XMI AC LO L signal «2-105
XMi adapters » 1-10 to 1-11
XMi BAD (XBAD) bit - 2-166
XM BAD Drive bit - 2-183
XM! BAD L signal  2~166, 2-109, 2-202
XMl bus * 1-3
XM card cage
location« 1-8, 1-8
XMl Control Register - 2-178
XMi DC LO L signal «2-195
XM Falling Addrass Register (XFADR) « 2-171
XM\ Force Bad Parity<2:0> (XMIFP) field « 2-180
XMIFP (XMI Force Bad Parity<2:0>) field » 2-180
XM\ General Purpose Register (XGPR) » 2-175
XMI HALT EN L signal « 2-44
XMI Interface Hard Error bit « 3-111
XMi Interface Soft Error bit+ 3111
XM registers » 2-53
XMI RESET L signal - 2-185
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index

XMi SUP L (XMl suppress) signal » 2-50
XM} suppress (XMI SUP L) signal - 2-50
XMIT BRK (Transmit Break) bit - 2-89
XSE bit

See XM! Iinterface Soft Error bit
XTC module

location « 1-8
XTC power sequencer » 2-195
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