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About This Manual

The KA650-AA CPU Module Technical Manual documents the functional,
physical, and environmental characteristics of the KA650-AA CPU modaule,
and includes information on the MS650 memory expansion modules. The
manual also covers the KA650-BA CPU module, designed for workstation
usage. The KA650-BA is functionally equivalent to the KA650-AA, except
that it does not support multiuser VMS and ULTRIX operating system
licenses.

This document is intended for a design engineer or applications
programmer who is familiar with Digital’s extended LSI-11 bus (Q22-bus)
and the VAX instruction set. The manual should be used along with the VAX
Architecture Reference Manual as a programmer’s reference to the module.

The manual is divided into four chapters and four appendices.

Chapter 1, Overview, introduces the KA650-AA MicroVAX CPU module
and MS650 memory modules, including module features and specifications.

Chapter 2, Installation and Configuration, describes the installation and
configuration of the KA650-AA and MS650 modules in Q22-bus backplanes
and system enclosures.

Chapter 3, Architecture, describes the KA650-AA registers, instruction set,
and memory.

Chapter 4, Firmware, describes the entry/dispatch code, boot diagnostics,
device booting sequence, console program, and console commands.

Appendix A, KA650-AA Specifications, describes the physical, electrical,
and environmental specifications for the KA650-AA CPU module.

Appendix B, Address Assignments, provides a map of VAX memory space.

Appendix C, Q22-bus Specification, describes the low-end member of
Digital’s bus family. All of Digital’s microcomputers, such as the MicroVAX
I, MicroVAX 11, MicroVAX 3500, MicroVAX 3600, and MicroPDP-11, use the
Q22-bus.

Appendix D, Acronyms, provides a list of the acronyms used in this manual.

XV



xvi About This Manuali

Conventions
The following table lists the conventions used in this manual.

Convention Meaning

<xiy> Represents a bit field, a set of lines, or signals,
ranging from x through y. For example, RO <7:4>
indicates bits 7 through 4 in general purpose

register RO.
[x:y] Represents a range of bytes, from y through x.
[Return] A label enclosed in a box represents a key (usually

a control or special character key) on the keyboard
(in this case, the carriage return key).

Note Contains general information.

Caution Contains information to prevent damage to
equipment.

n Boldface small ns indicate variables.

Related Documents

The following documents related to the KA650 CPU are available from
Digital.

Microcomputer Interfaces Handbook EB-20175-20
Microcomputers and Memories Handbook EB-18451-20
VAX Architecture Handbook EB-19580-20
VAX-11 Architecture Reference Manual EK-VAXAR-RM

You can order these documents from:

Digital Equipment Corporation
Accessories and Supplies Group
P.O. Box CS2008

Nashua, NH 03061

Attention: Documentation Products



Chapter 1
Overview

This chapter provides a brief overview of the KA650-AA CPU module and
MS650 memory modules.

1.1 KA650-AA Central Processor Module

The KA650-AA is a quad-height VAX processor module for the Q22-bus,
also known as the extended LSI-11 bus. The KA650-AA is designed for
use in high speed, real-time applications and for multiuser, multitasking
environments. The KA650-AA incorporates a two-level cache to maximize
performance.

The KA650-AA CPU module and MS650 memory modules combine to form
a VAX CPU/memory subsystem that uses the Q22-bus to communicate with
mass storage and 1/O devices. The KA650-AA and MS650 modules are
mounted in standard Q22-bus backplane slots that implement the Q22-bus
in the AB rows and the CD interconnect in the CD rows. A single KA650-AA
can support up to four MS650 modules, if enough Q22-bus/CD backplane
slots are available.

The KA650-AA communicates with the console device via the H3600-SA
CPU cover panel, which also contains configuration switches and an LED
display.
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Figure 1-2 shows the major functional blocks of the KA650-AA CPU
module.
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Figure 1-2 KAB50-AA Block Diagram
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Figure 1-3 shows the system level block diagram.
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1.2 Clock Functions

All clock functions are implemented by the CVAX clock chip. The
CVAX clock chip is a 44-pin CERQUAD surface mount chip that contains
approximately 350 transistors, and provides the following functions.

* Generates two MOS clocks for the CPU, the floating-point accelerator,
and the main memory controller.

e Generates three auxiliary clocks for other miscellaneous TTL logic.

e Synchronizes reset signal for the CPU, the floating-point accelerator,
and the main memory controller.

e Synchronizes data ready and data error signals for the CPU, floating
point accelerator, and the main memory controller.

1.3 Central Processing Unit

The central processing unit is implemented by the CVAX chip. The CVAX
chip contains approximately 180,000 transistors in an 84-pin CERQUAD
surface mount package. It achieves a 90 ns microcycle and a 180 ns bus
cycle at an operating frequency of 22 MHz. The CVAX chip supports full
VAX memory management and a 4 gigabyte virtual address space.

The CVAX chip contains all VAX visible general purpose registers (GPRs),
several system registers (MSER, CADR, SCBB), the first-level cache (1
Kbyte), and all memory management hardware including a 28-entry
translation buffer.

The CVAX chip provides the following functions.

e Fetches all VAX instructions.

e Executes 181 VAX instructions.

e Agsists in the execution of 21 additional instructions.
e Passes 70 floating-point instructions to the CFPA chip.

The remaining 32 VAX instructions (including H-floating and octaword) must
be emulated in macrocode.
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The CVAX chip provides the following subset of the VAX data types.

e Byte

e Word

e Longword
e  Quadword

e Character string
e Variable length bit field

Support for the remaining VAX data types can be provided by macrocode
emulation.

1.4 Floating-Point Accelerator

The floating-point accelerator is implemented by the CFPA chip. The
CFPA chip contains approximately 60,000 transistors in a 68-pin CERQUAD
surface mount package. It executes 70 floating-point instructions. The
CFPA chip receives opcode information from the CVAX chip, and receives
operands directly from memory or from the CVAX chip. The floating-point
result is always returned to the CVAX chip.

1.5 Cache Memory

The KA650-AA module incorporates a two-level cache to maximize CPU
performance.

The first-level cache is implemented within the CVAX chip. The first-level
cache is a 1 Kbyte, two-way associative, write through cache memory, with
a 90 ns cycle time.

The second-level cache is implemented using 16 K by 4-bit static RAMs.
The second-level cache is a 64 Kbyte, direct mapped, write through cache
memory, with a 180 ns cycle time for longword transfers, and 270 ns cycle
time for quadword transfers.
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1.6 Memory Controller

The main memory controller is implemented by a VLSI chip called the
CMCTL. The CMCTL contains approximately 25,000 transistors in a 132-
pin CERQUAD surface mount package. It supports up to 64 Mbytes of ECC
memory, with a 450 ns cycle time for longword transfers and a 720 ns cycle
time for quadword transfers. This memory resides on one to four MS650
memory modules, depending on the system configuration. The MS650
modules communicate with the KA650-AA through the MS650 memory
interconnect, which utilizes the CD interconnect and a 50-pin ribbon cable.

1.7 MicroVAX System Support Functions

System support functions are implemented by the system support chip
(8SC). The SSC chip contains approximately 83,000 transistors in an 84-
pin CERQUAD surface mount package. The SSC provides console and
boot code support functions, operating system support functions, timers,
and many extra features, including the following.

¢ Word-wide ROM unpacking

¢ 1 Kbyte battery backed-up RAM

* Halt arbitration logic

e Console serial line

° Interval timer with 10 ms interrupts

¢ VAX standard time of year (TOY) clock with support for battery back-up
* IORESET register

® Programmable CDAL bus timeout

¢ Two programmable timers similar in function to the VAX standard
interval timer

* A register for controlling the diagnostic LEDs
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1.8 Resident Firmware

The resident firmware consists of 128 Kbytes of 16 bit-wide ROM, located
on two 27512 EPROMs. The firmware gains control when the processor
halts, and contains programs that provide the following services.

e Board initialization
e Power-up self-testing of the KA650-AA and MS650 modules

e Emulation of a subset of the VAX standard console (automatic/manual
boostrap, automatic/manual restart, and a simple command language
for examining/altering the state of the processor)

¢ Booting from supported Q22-bus devices
e  Multilingual capability

1.9 Q22-bus Interface

The Q22-bus interface is implemented by the CQBIC chip. The CQBIC chip
contains approximately 40,870 transistors in a 132-pin CERQUAD surface
mount package. It supports up to 16-word, block mode transfers between
a Q22-bus DMA device and main memory, and up to 2-word, block mode
transfers between the CPU and Q22-bus devices. The Q22-bus interface
contains the following. '

e A 1l6-entry map cache for the 8,192-entry, main memory-resident scatter-
gather map, used for translating 22-bit Q22-bus addresses into 26-bit
main memory addresses

o Interrupt arbitration logic that recognizes Q22-bus interrupt requests
BR7-BR4 :

e (Q22-bus termination (240 2)

1.10 MS650-AA Memory Modules

The MS650-AA memory modules are 8 Mbyte, 450 ns, 39-bit wide arrays
(32-bit data and 7-bit ECC) implemented with 256 Kbytes of dynamic RAMs
in zig-zag in-line packages (ZIPs). MS650-AA memory modules are single,
quad-height, Q22-bus modules, as shown in Figure 1-4.
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1.11 MS650-BA Memory Modules

The MS650-BA memory modules are 16 Mbyte, 450 ns, 39-bit wide arrays
(32-bit data and 7-bit ECC) implemented with 1 Mbyte dynamic RAMs in
surface-mount packages. MS650-BA memory modules are single, quad-
height, Q22-bus modules, as shown in Figure 1-4.

MS650-AA MS650-BA

MA-0578.88

Figure 1-4 MS650-AA and MS650-BA Memory Modules



Chapter 2
installation and Configuration

This chapter describes how to install the KA650-AA in a system. The chapter
~ discusses the following topics.

* Installing the KA650-AA

e Configuring the KA650-AA
e KA650-AA connectors

e CPU cover panel

e Configuration board

e Compatible system enclosures

2.1 Installing the KA650-AA

The KA650-AA and MS650 modules must be installed in system enclosures
having Q22-bus/CD backplane slots. These modules are not compatible
with Q/Q backplane slots, and therefore should only be installed in Q22-
bus/CD backplane slots.

The KA650-AA CPU module must be installed in slot 1 of the Q22-bus/CD
backplane. (See Figure 2-1.) MS650 memory modules must be installed
in slots immediately adjacent to the CPU module. Up to four MS650

modules can be installed, occupying slots 2,3,4 and 5 respectively. A 50-pin
ribbon cable is used to connect the KA650-AA CPU module and the MS650
memory module(s), as shown in Figure 2-2.

11
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Figure 2-1 CPU and Memory Module Placement
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Figure 2-2 Cable Connections
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2.2 Configuring the KA650-AA

The following parameters must be configured on the KA650-AA.
® Power-up mode

e Break enable switch

¢ (Console serial line baud rate

These parameters are configured using either the H3600-SA CPU cover
panel, or the KA630CNF configuration board (for servicing/troubleshooting
and custom enclosures).

2.3 KA650-AA Connectors

The KA650-AA uses three connectors (J1, J2, and J3) and four rows of
module fingers (A,B,C, and D) to communicate with the console device,
main memory, and the Q22-bus. Users can configure the KA650-AA
through the H3600-SA CPU cover panel or the KA630CNF configuration
board. The slot pinouts on the fingers of the KA650-AA are listed in
Appendix C.

The orientation of connectors J1, J2, and ]3, and the LED indicators is shown
in Figure 2-3.

ssccccnne
oo oo| Jeecesssese ‘f°°°“’\ .........................

8421 50 2

DCOK  DIAGNOSTIC
J1 J2 LED LEDS J43

MR-17280
MA-1068-87

Figure 2-3 KAB50-AA Pin and LED Orientation

2.3.1 Console SLU Connector (J1)

The 10-pin console SLU connector provides the connection between the
KA650-AA and the console terminal. It is connected to the inside of the
H3600-SA CPU cover panel by a 10-conductor cable, or directly to connector
J3 of the KA630CNF configuration board. A cable from the outside of the
H3600-SA CPU cover panel or J1 of the KA630CNF provides the external
connection to the console terminal. Table 2-1 lists J1 pinouts.
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Table 2-1 Console SLU Connector (J1) Pinouts

Pin Signal Meaning

01 Data terminal ready

02 GND Ground

03 SLU OUT L Console SLU output from the KA650-AA
04 GND Ground

05 GND Ground

06 Key (no pin)

07 SLUIN + Console SLU differential inputs to the
08 SLU IN - KA650-AA

09 GND Ground

10 +12V Fused +12 volts

2.3.2 Configuration and Display Connector (J2)

The KA650-AA has no jumper or switch settings to change or set. The
module is configured via switches on an H3600-SA CPU cover panel, or
a KA630CNF configuration board. The 20-pin configuration and display
connector is connected to the inside of the H3600-SA CPU cover panel
by a 20-conductor cable, or directly to connector J2 of the KA630CNF
configuration board. Table 2-2 lists J2 pinouts.

Table 2-2 Configuration and Display Connector (J2) Pinouts

Pin” Signal Meaning

01 GND Ground

02 GND Ground

03 GND Ground

04 CPU CDO L CPU code <01:00>. This 2-bit code can be

05 CPUCD1L configured only by using switches 7 and 8 on the

KA630CNF configuration board. (See Figure 2-7.)
CPU code <01:00> configuration

00 Normal operation

01 Reserved

*The KA650-AA module has 4.7 k ohm pull-up resistors for the § input signals (pins 4 and
5, 13 through 15, and 17 through 19).
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Table 2-2 (Cont.) Configuration and Display Connector (J2) Pinouts

Pin" Signal Meaning
10 Reserved
11 Reserved
CPU code <01:00> is read by software from the
BDR.

If the CPU distribution panel insert is used, no
connections are made to pins 4 and 5. In that case,
signal levels are negated by pull-up resistors on the
KA650-AA.

06 GND Ground

07 DSPLOOL Display register bits <03:00>. When asserted each

08 DSPLO1L of these four output signals lights a corresponding

09 DSPLO2 L LED on the module.

11 DSPLO3L DSPL <03:00> are asserted (low) by power-up and
by the negation of DCOK when the processor is
halted. They are updated by boot and diagnostic
programs from the BDR.

10 BTRY VCC Battery back-up voltage for TOY clock

12 GND Ground

13 BDG CDO L Boot and diagnostic code <01:00>. This 2-bit code

14 BDG CD1L indicates power-up mode, and is read by software
from the BDR.

15 BRKENBL Break enable. This input signal controls the response

to an external halt condition. If BRK ENB is asserted
(low), then the KA650-AA halts and enters the
console program if any of the following occur.

e  The program executes a halt instruction in
kernel mode

e  The console detects a break character

o  The Q22-bus halt line is asserted

If BRK ENB is negated (high), then the halt line and
break character are ignored and the ROM program
responds to a halt instruction by restarting or
rebooting the system. BRK ENB is read by software
from the BDR.

*The KA650-AA module has 4.7 k ohm pull-up resistors for the 8 input signals (pins 4 and
5, 13 through 15, and 17 through 19).
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Table 2-2 (Cont.) Configuration and Display Connector (J2) Pinouts

*

Pin Signal Meaning

16 GND Ground

17 CSBR 02 L Console baud rate <02:00>. These three bits

18 CSBR 01 L are configured by using either the baud rate

19 CSBR 00 L select switch on the H3600-SA CPU cover panel, or
switches 2, 3, and 4 of the KA630CNF configuration
board.

20 +5V Fused +5 volts

“The KA650-AA module has 4.7 k ohm pull-up resistors for the 8 input signals (pins 4 and
5, 13 through 15, and 17 through 19).

2.3.3 Memory Expansion Connector (J3)

The 50-pin memory expansion connector provides the interface between
the KA650-AA and MS650 memory modules installed in slots 2, 3, 4 and 5
of a Q22-bus backplane containing the CD interconnect. Table 2-3 lists J3
pinouts.

Table 2-3 Memory Expansion Connector (J3) Pinouts

Pin  Signal Pin  Signal

01 GND 26 D MD10 H
02 D MD9 H 27 GND

03 D MD8 H 28 D MD29 H
04 D MD7 H 29 D MD28 H
05 GND 30 D MD27 H
06 D MDé6 H 31 GND

07 D MD5 H 32 D MD26 H
08 D MD4 H 33 D Mb25 H
09 D MD3 H 34 D MD24 H
10 GND 35 D MD23 H
11 DMD2H 36 GND

12 D MD1 H 37 D MD22 H
13 D MDO H 38 D MD21 H

14 D MD19 H 39 D MD20 H
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Table 2-3 (Cont.) Memory Expansion Connector (J3) Pinouts

Pin  Signal Pin  Signal

15 GND 40 D MD38 H
16 D MD18 H 41 GND

17 D MD17 H 42 D MD37 H
18 D MD16 H 43 D MD36 H
19 D MD15 H 44 D MD35 H
20 GND 45 D MD34 H
21 D MD14 H 46 GND

22 D MD13 H 47 D MD33 H
23 D MD12 H 48 D MD32 H
24 GND 49 D MD31 H
25 D MD11 H 50 D MD30 H

2.4 H3600-SA CPU Cover Panel

The H3600-SA CPU cover panel is a special I/O panel that is used in BA213
enclosures. A one-piece ribbon cable on the H3600-SA CPU cover panel
plugs into the console SLU and baud rate connectors on the KA650-AA. The
H3600-SA CPU cover panel fits over backplane slots 1 and 2, covering both
the KA650-AA CPU module and the first of four possible MS650 memory
modules.

The H3600-SA CPU cover panel (see Figure 2-4) includes the features and
controls specified in Table 2-4.

Table 2-4 H3600-SA CPU Cover Panel Features and Controls

Outside Inside

Modified modular jack (MM]) SLU Baud rate rotary switch

connector

Power-up mode switch Battery back-up unit (BBU) for TOY clock
Hex LED display List of baud rate switch settings

Break enable switch 30-pin cable connector
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Figure 2-4 H3600-SA CPU Cover Panel

2.5 KA630CNF Configuration Board

A KA630CNF configuration board (H3263-00) (see Figure 2-5, Figure 2-6,
and Figure 2-7) is provided with each KA650-AA. The KA630CNF plugs
directly into connectors J1 and ]2 on the KA650-AA. It allows the user to
configure the KA650-AA by setting the 10 switches on SW1 as listed in

Table 2-5.

Connector J1 is used to connect a cable to the console SLU. Connector J4
is for a BBU. The J4 pin closest to connector J1 is the positive pin.
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Figure 2-5 KAB30CNF Configuration Board
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Figure 2-7 KA630CNF J1 and J4 Pin Orientation
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Table 2-5 KAG630CNF Switch Selections

Switch/Setting Mode/Function

1 Halt Mode

Off Disabled

On Enabled

2 3 4 Console Baud Rate

Off Off Off 300

On Off Off 600

Off On Off 1,200

On On Off 2,400

Off Off On 4,800

On Off On 9,600

Off On On 19,200

On On On 38,400

5 6 9 10 Power-Up Mode"

Off Off On Off Normal operation. Transmit line connected.
Receive line connected.

On Off On Off Language inquiry mode. Transmit line
connected. Receive line connected.

Off On Off On Loopback test mode (maintenance). Transmit
line connected to receive line and console.

On On On Off Manufacturing use only. Bypasses memory test.

7 8 CPU Operation Mode

Off Off Normal operation

On Off Reserved

*Do not use any other settings for switches 5, 6, 9, and 10.
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Table 2-5 (Cont.) KAG630CNF Switch Selections

Switch/Setting Mode/Function

7 8 CPU Operation Mode
Off On Reserved

On On Reserved

Table 2-6 lists the pins on the KA650-AA ]2 and J1, and the corresponding
KAG630CNF connectors and switches on SW1. Note that connectors J2 and
J3 both have more connectors than there are pins on the corresponding
KA650-AA connector. The two left and two right side connectors on ]2 and
J3 of the KA630CNF are unused. Switches 1 through 8 on SW1 set values
that enable or disable halts; and determine CPU operation mode, power-up
mode, and console baud rate. SW1 switches 9 and 10 connect transmit and
receive lines as required for normal operation or loopback testing.

Table 2-6 KAG630CNF Connector and Switches

CPU J2 Pin Signal

GND

GND

GND

CPU CDO L
CPUCD1L
GND
DSPL 00 L
DSPL'01 L
DSPL 02 L
BTRY VCC

R0 N U kR W N e

—
o

CNF SW1
CNF J2 Pin Switch CNF J4 Pin
1
2
3
4
5
6 7
7 8
8
9
10
11
12 1"

*+5 V from BBU to TOY clock chip on CPU
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Table 2-6 (Cont.) KAG630CNF Connector and Switches

CNF SW1

CPU J2 Pin Signal CNF J2 Pin Switch CNF J4 Pin
11 DSPL O3 L 13
12 GND 14
13 BDG CDO L 15 5
14 BDG CD1L 16 6
15 BRK ENB L 17 1
16 GND 18
17 CSBR 02 L 19 2
18 CSBRO1L 20 3
19 CSBR 00 L 21 4
20 +5V 22

23

24

CNF SW1

CPU J1 Pin Signal CNF J3 Pin Switch CNF J1 Pin

1

2
1 DTR 3
2 GND 4 2,459
3 SLU OUT L 5 10 3
4 GND 6 2,459
5 GND 7 2,459
6 Key (no pin) 8
7 SLU IN + 9 7
8 SLU IN - 10 9
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Table 2-6 (Cont.) KAG630CNF Connector and Switches

CNF SW1
CPU J1 Pin Signal CNF J3 Pin Switch CNF J1 Pin
9 GND 11 2,459
10 +12V 12 10
13
14 .

2.6 Compatible System Enclosures
The KA650-AA is compatible with the following Digital enclosures.

BA213

The BA213 contains a 4 row by 12 slot backplane, with the Q22-bus
implemented in the A/B rows of slots 1 through 12. The CD interconnect
is implemented in the C/D rows of slots 1 through 12, allowing up to four
memory modules to be used. The BA213 has mounting space for up to
four 13.2 cm (5.25 inch) mass storage devices. The BA213 is equipped with
two modular power supplies. Each power supply delivers 7.0 A (maximum)
at +12 Vdc and 33.0 A (maximum) at +5 Vdc. The combined maximum
current at +12 Vdc and +5 Vdc must not exceed 230 W of power for each

supply.

BA123-A

The BA123-A contains a 4 row by 12 slot backplane, with the Q22-bus
implemented in the A/B rows of slots 1 through 12 (and the C/D rows of
slots 5 through 12). The CD interconnect is implemented in the C/D rows
of slots 1 through 4, allowing up to three memory modules to be used.
The BA123-A has mounting space for up to five 13.2 cm (5.25 inches) mass
storage devices. The BA123-A is equipped with a power supply that includes
a master console and two regulators that each provide 36 A at +5 V and 7
A at +12 V. Total power from each regulator must not exceed 230 W.
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BA23-A

The BA23-A contains a 4 row by 8 slot backplane, with the Q22-bus
implemented in the A/B rows of slots 1 through 8 (and the C/D rows of
slots 4 through 8). The CD interconnect is implemented in the C/D rows
of slots 1 through 3, allowing up to two memory modules to be used. The
BA23-A has mounting space for up to two 13.2 cm (5.25 inch) mass storage
devices. The BA23-A is equipped with a power supply that includes a master
console and provides 36 A at +5 V and 7 A at +12 V. Total power must
not exceed 230 W.

The BA23-A is also available in an H9642 cabinet, which provides eight
additional backplane slots and space for two 26.5 cm (10.5 inches) mass
storage devices.

BA11-S

The BA11-S contains a 4 row by 9 slot backplane, with the Q22-bus
implemented in the A/B rows of slots 1 through 9. The CD interconnect
is implemented in the C/D rows of slots 1 through 9, allowing up to four
memory modules to be used. The BA11-S is equipped with a power supply
that includes a master console and provides 36 A at +5 V and 5 A at +12
V. Total power must not exceed 230 W.



Chapter 3
Architecture

This chapter describes the KA650-AA registers, instruction set, and
memory. The chapter covers the following KA650-AA topics.

¢ Central processor

¢ Floating-point accelerator

¢ Cache memory

®* Main memory system

¢ Console serial line

¢ Time of year clock and timers
e Boot and diagnostic facility

e (Q22-bus interface

3.1 KA650-AA Central Processor

The central processor of the KA650-AA supports the MicroVAX Chip subset
(plus six additional string instructions) of the VAX instruction set and data
types, and full VAX memory management. It is implemented by a single
VLSI chip called the CVAX.

3.1.1 Processor State

The processor state consists of that portion of the state of a process which is
stored in processor registers rather than in memory. The processor state is
composed of sixteen general purpose registers (GPRs), the processor status
longword (PSL), and the internal processor registers (IPRs).

Nonprivileged software can access the GPRs and the processor status word
(bits <15:00> of the PSL). The IPRs and bits <31:16> of the PSL can
only be accessed by privileged software. The IPRs are explicitly accessible
only by the move to processor register (MTPR) and move from processor
register (MFPR) instructions which can be executed only while running in
kernel mode.

25
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3.1.1.1 General Purpose Registers

The KA650-AA implements sixteen general purpose registers as specified in
the VAX Architecture Reference Manual. These registers are used for temporary
storage, as accumulators, and as base and index registers for addressing.
These registers are denoted RO through R15. The bits of a register are
numbered from the right <0> through <31> (see Figure 3-1).

313029282726252423222120191817161514131211109 8 7 6 6 4 3 2 1 0

IIINERENRIRRENERRRINRENRENENINY

MA-1100-87

Figure 3-1 General Purpose Register Bit Map

Certain of these registers have been assigned special meaning by the VAX-
11 architecture.

e RI15 is the program counter (PC). The PC contains the address of the
next instruction byte of the program.

e R14 is the stack pointer (SP). The SP contains the address of the top of
the processor defined stack.

e R13 is the frame pointer (FP). The VAX-11 procedure call convention
builds a data structure on the stack called a sfack frame. The FP contains
the address of the base of this data structure.

e R12is the argument pointer (AP). The VAX-11 procedure call convention
uses a data structure called an argument list. The AP contains the address
of the base of this data structure.

Consult the VAX Architecture Reference Manual for more information on the
operation and use of these registers.

3.1.1.2 Processor Status Longword

The KA650-AA processor status longword (PSL) is implemented per the
VAX Architecture Reference Manual, which should be consulted for a detailed
description of the operation of this register. The PSL is saved on the stack
when an exception or interrupt occurs and is saved in the process control
block (PCB) on a process context switch. Bits <15:00> may be accessed
by nonprivileged software, while bits <31:16> may only be accessed by
privileged software. Processor initialization sets the PSL to 041F 0000 4.
Figure 3-2 shows the processor status longword bit map.
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Figure 3-2 PSL Bit Map

Data Bit Definition

<31> Compatibility mode (CM). Reads as zero. Loading a 1 into
this bit is a NOP.

<30> Trace pending (TP).

<29:28> Unused. Must be written as zero.

<27> First part done (FPD).

<26> Interrupt stack (IS).

<25:24 > Current mode (CUR).

<23:22> Previous mode (PRV).

<21> Unused. Must be written as zero.

<20:16> Interrupt priority level (IPL).

<15:8> Unused. Must be written as zero.

<7> Decimal overflow trap enable (DV). Has no effect on
KA650-AA hardware. Can be used by macrocode which
emulates VAX decimal instructions.

<6> Floating underflow fault enable (FU).

<5> Integer overflow trap enable (IV).

<4> Trace trap enable (T).
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Data Bit Definition

<3> Negative condition code (N).
<2> Zero condition code.

<1> Overflow condition code (V).
<0> Carry condition code (C).

NOTE: VAX compatibility mode instructions can be emulated by macrocode, but
the emulation software runs in native mode, so the CM bit is never set.

3.1.1.3 Internal Processor Registers

The KA650-AA internal processor registers (IPRs) can be accessed by using
the MFPR and MTPR privileged instructions. Each IPR falls into one of the
following seven categories.

1.

Implemented by KA650-AA (in the CVAX chip) as specified in the VAX
Architecture Reference Manual.

Implemented by KA650-AA (in the SSC chip) as specified in the VAX
Architecture Reference Manual.

Implemented by KA650-AA (and all designs that use the CVAX chip)
uniquely.

Implemented by KA650-AA (and all designs that use the SSC chip)
uniquely.

Not implemented, timed out by the CDAL bus timer (in the SSC chip)
after 4 us. Read as zero. NOP on write.

Access not allowed; accesses result in a reserved operand fault.

Accessible, but not fully implemented. Accesses yield unpredictable
results.

Refer to Table 3-1 for a listing of each of the KA650-AA IPRs, along with its
mnemonic, its access type (read or write) and its category number.
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Table 3-1 KAG650-AA Internal Processor Registers

Decimal Hex Register Mnemonic Type Category
0 0 Kernel stack pointer KSpP riw 1

1 1 Executive stack pointer ESP rlw 1

2 2 Supervisor stack pointer SSP riw 1

3 3 User stack pointer uUsp rlw 1

4 4 Interrupt stack pointer ISP riw 1
7:5 7:5  Reserved 5

8 8 PO base register POBR riw 1

9 9 PO length register POLR riw 1
10 A P1 base register P1BR w1
1 B P1 length register P1LR rl'w 1
12 C System base register SBR riw 1
13 D System length register SLR rlw 1
15:14 F:E  Reserved 5
16 10 Process control block base PCBB rlw 1
17 11 System control block base SCBB riw 1
18 12 Interrupt priority level IPL w11
19 13 AST level ASTLVL 1w 1T
20 14 Software interrupt request SIRR w 1
21 15 Software interrupt summary SISR rw 11"
23:22 17:16 Reserved 5
24 18 Interval clock control/status ICCS rlw 31
25 19 Next interval count NICR w 5
26 1A Interval count ICR r 5
27 1B Time of year clock TODR rlw 2
28 1C Console storage receiver status CSRS w71
29 1D Console storage receiver data CSRD r 71
30 1E Console storage transmit status CSTS w71
31 1F Console storage transmit data CSTD w 71"
32 20 Console receiver control/status RXCS w41
33 21 Console receiver data buffer RXDB r 41
34 22 Console transmit control/status TXCS w41
35 23 Console transmit data buffer TXDB w a1
36 24 Translation buffer disable TBDR rl'w 5
37 25  Cache disable CADR 1w 3I
38 26 Machine check error summary MCESR rlw 5

*The 1 indicates that the register is initialized on power-up and by the negation of DCOK
when the processor is halted.
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Table 3-1 (Cont.) KAG650-AA Internal Processor Registers

Decimal Hex  Register Mnemonic Type Category
39 27 Memory system error MSER tiw 31
41:40 29:28 Reserved 5
42 2A Console saved PC SAVPC r 3
43 2B Console saved PSL SAVPSL r 3
47:44 2F:2C Reserved ) 5
48 30 SBI Fault/status SBIFS rl'w 5
49 31 SBI silo SBIS r 5
50 32 SBI silo comparator SBISC rlw 5
51 33 SBI maintenance SBIMT rlw 5
52 34 SBI error register SBIER rlw 5
53 35 SBI timeout address register SBITA r 5
54 36 SBI quadword clear SBIQC w 5
55 37 I/O bus reset IORESET w 4
56 38 Memory management enable MAPEN riw 1
57 39 TB invalidate all TBIA w 1
58 3A TB invalidate single TBIS w 1
59 3B TB data TBDATA r/w 5
60 3C Microprogram break MBRK rlw 5
61 3D Performance monitor enable PMR rl'w 5
62 3E System identification SID r 1
63 3F Translation buffer check TBCHK w 1
64:127  40:7F Reserved 6

“The I indicates that the register is initialized on power-up and by the negation of DCOK
when the processor is halted.

KAB650-AA VAX Standard Internal Processor Registers

Internal processor registers (IPRs) that are implemented as specified in the
VAX Architecture Reference Manual are classified as category 1 IPRs. The VAX
Architecture Reference Manual should be consulted for details on the operation
and use of these registers. The category 1 registers listed in Table 3-2 are
also referenced in other sections of this manual.
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Table 3-2 Category One IPRs

Number Register Mnemonic Section

12 System base register SBR Section 3.1.4.2
13 System length register SLR Section 3.1.4.2
16 Process control block base PCBB Section 3.1.5
17 System control block base SCBB Section 3.1.5.4
18 Interrupt priority level IPL Section 3.1.5.1
20 Software interrupt request SIRR Section 3.1.5.1
21 Software interrupt summary SISR Section 3.1.5.1
27 Time of year clock TODR Section 3.6.1
56 Memory management enable MAPEN Section 3.1.4.2
57 Translation buffer invalidate all TBIA Section 3.1.4.2
58 Translation buffer invalidate single  TBIS Section 3.1.4.2
62 System identification SID Section 3.1.6
63 Translation buffer check TBCHK Section 3.1.4.2

KA650-AA Unique Internal Processor Registers

Internal processor registers (IPRs) that are implemented uniquely on the
KA650-AA (for example, those that are not contained in, or do not fully
conform to the standards in the VAX Architecture Reference Manual are
classified as category 2 IPRs and are described in detail in this manual.
Refer to the sections listed in Table 3-3 for a description of these registers.

Table 3-3 Category Two IPRs

Number Register Mnemonic Section

24 Interval clock control/status 1ICCS Section 3.6.2
32 Console receiver control/status RXCS Section 3.5.1.1
33 Console receiver data buffer RXDB Section 3.5.1.2
34 Console transmit control/status TXCS Section 3.5.1.3
35 Console transmit data buffer TXDB Section 3.5.1.4
37 Cache disable CADR Section 3.3.2.5
39 Memory system error MSER Section 3.3.2.6
42 Console saved PC SAVPC Section 3.1.5
43 Console saved PSL SAVPSL Section 3.1.5

55 I/O bus reset IORESET  Section 3.7.5.1
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3.1.2 Data Types
The KA650-AA CPU supports the following subset of the VAX data types.

Byte

Word

Longword

Quadword

Character string
Variable length bit field

Support for the remaining VAX data types can be provided via macrocode
emulation.

3.1.3 Instruction Set

The KA650-AA CPU implements the following subset of the VAX instruction
set types in microcode.

Integer arithmetic and logical
Address

Variable length bit field
Control

Procedure call

Miscellaneous

Queue

Character string moves (MOVC3, MOVC5, CMPC3
LOCC*, SCANC”, SKPC”, and SPANC")

Operating system support

v

, CMPC5”,

F_floating
G_floating
D_floating

* These instructions were in the microcode assisted category on the KA630-AA (MicroVAX

11) and therefore had to be emulated.
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The KA650-AA CVAX chip provides special microcode assistance to aid the
macrocode emulation of the following instruction groups.

o Character string (except MOVC3, MOVC5, CMPC3", CMPC5",
LOCC*, SCANC”, SKPC”, and SPANC")

e Decimal string
e CRC
e EDITPC

The following instruction groups are not implemented, but may be emulated
by macrocode.

e  QOctaword

¢ Compatibility mode instructions

3.1.4 Memory Management

The KA650-AA implements full VAX memory management as defined in
the VAX Architecture Reference Manual. System space addresses are virtually
mapped through single-level page tables, and process space addresses are
virtually mapped through two-level page tables. See the VAX Architecture
Reference Manual for descriptions of the virtual to physical address translation
process, and the format for VAX page table entries (PTEs).

3.1.4.1 Translation Buffer

To reduce the overhead associated with translating virtual addresses to
physical addresses, the KA650-AA employs a 28-entry, fully associative,
translation buffer for caching VAX PTEs in modified form. Each entry can
store a modified PTE for translating virtual addresses in either the VAX
process space, or VAX system space. The translation buffer is flushed
whenever memory management is enabled or disabled (for example, by
writes to IPR 56), any page table base or length registers are modified (for
example, by writes to IPRs 8 to 13) and by writing to IPR 57 (TBIA) or IPR
58 (TBIS).
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Each entry is divided into two parts: a 23-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 PTE
register stores the 21-bit PFN field, the PTE.V bit, the PTE.M bit and an 8-
bit partially decoded representation of the 4-bit VAX PTE PROT field, from
the corresponding VAX PTE, as well as a translation buffer valid (TB.V) bit.

During virtual to physical address translation, the contents of the 28 tag
registers are compared with the virtual page number field (bits <31:9>) of
the virtual address of the reference. If there is a match with one of the tag
registers, then a translation buffer hit has occurred, and the contents of the
corresponding PTE register is used for the translation.

If there is no match, the translation buffer does not contain the necessary
VAX PTE information to translate the address of the reference, and the
PTE must be fetched from memory. Upon fetching the PTE, the translation
buffer is updated by replacing the entry that is selected by the replacement
pointer. Since this pointer is moved to the next sequential translation buffer
entry whenever it is pointing to an entry that is accessed, the replacement
algorithm is not last used (NLU).

3.1.4.2 Memory Management Control Registers

There are four IPRs that control the memory management unit (MMU): IPR
56 (MAPEN), IPR 57 (TBIA), IPR 58 (TBIS), and IPR 63 (TBCHK).

Memory management can be enabled/disabled via IPR 56 (MAPEN). Writing
0 to this register with a MTPR instruction disables memory management,
and writing a 1 to this register with a MTPR instruction enables memory
management. Writes to this register flush the translation buffer. To
determine whether or not memory management is enabled, IPR 56 is read
using the MFPR instruction. Translation buffer entries that map a particular
virtual address can be invalidated by writing the virtual address to IPR 58
(TBIS) using the MTPR instruction.

NOTE: Whenever software changes a valid page table entry for the system or current
process region, or a system page table entry that maps any part of the current process
page table, all process pages mapped by the page table entry must be invalidated in
the translation buffer.

The entire translation buffer can be invalidated by writing a 0 to IPR 57
(TBIA) using the MTPR instruction.
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The translation buffer can be checked to see if it contains a valid translation
for a particular virtual page by writing a virtual address within that page
to IPR 63 (TBCHK) using the MTPR instruction. If the translation buffer
contains a valid translation for the page, the condition code V bit (bit <1>
of the PSL) is set.

NOTE: The TBIS, TBIA, and TBCHK IPRs are write only. The operation of a
MEFPR instruction from any of these registers is undefined.

3.1.5 Exceptions and Interrupts

Both exceptions and interrupts divert execution from the normal flow of
control. An exception is caused by the execution of the current instruction
and is typically handled by the current process (for example, an arithmetic
overflow), while an interrupt is caused by some activity outside the current
process and typically transfers control outside the process (for example, an
interrupt from an external hardware device).

3.1.5.1 Interrupts
Interrupts can be divided into two classes: nonmaskable, and maskable.

Nonmaskable interrupts cause a halt via the hardware halt procedure which
saves the PC, PSL, MAPEN < 0> and a halt code in IPRs, raises the processor
IPL to 1F and then passes control to the resident firmware. The firmware
dispatches the interrupt to the appropriate service routine based on the halt
code and hardware event indicators. Nonmaskable interrupts cannot be
blocked by raising the processor IPL, but can be blocked by running out of
the halt protected address space (except those nonmaskable interrupts that
generate a halt code of 3). Nonmaskable interrupts with a halt code of 3
cannot be blocked since this halt code is generated after a hardware reset.

Maskable interrupts cause the PC and PSL to be saved, the processor IPL to
be raised to the priority level of the interrupt (except for Q22-bus interrupts
where the processor IPL is set to 17, independent of the level at which the
interrupt was received and the interrupt to be dispatched to the appropriate
service routine through the SCB.

The various interrupt conditions for the KA650-AA are listed in Table 3-4
along with their associated priority levels and SCB offsets.
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Table 3-4 Interrupts
Priority Level Interrupt Condition SCB Offset
Nonmaskable BDCOK and BPOK negated then asserted ¥
on Q22-bus (power-up)
BDCOK negated then asserted while BPOK
asserted on Q22-bus (SCR<7> clear)
BDCOK negated then asserted while BPOK  +
asserted on Q22-bus (SCR<7> set)
BHALT asserted on Q22-bus +
BREAK generated by the console device t
1F Unused
1E BPOK negated on Q22-bus 0C
1D CDAL bus parity error 60
Q22-bus NXM on a write 60
CDAL bus timeout during DMA 60
Main memory NXM errors 60
Uncorrectable main memory errors 60
1C - 1B Unused
1A Second-level cache tag parity errors 54
Correctable main memory errors 54
19 -18 Unused
17 BR7 L asserted Q22-bus vector plus
200 14
16 Interval timer interrupt Cco
BR6 L asserted Q22-bus vector plus
200 44
15 BR5 L asserted Q22-bus vector plus
200 14
14 Console terminal F8,F6
Programmable timers 78,7C

13 through 10
OF through 01

BR4 L asserted

Unused
Software interrupt requests

Q22-bus vector plus
200 16

84-BC

*These conditions generate a hardware halt procedure with a halt code of 3 (hardware

reset).

tThese conditions generate a hardware halt procedure with a halt code of 2 (external halt).

NOTE: Because the Q22-bus does not allow differentiation between the four bus
grant levels (i.e., a level 7 device could respond to a level 4 bus grant), the KA650-
AA CPU raises the IPL to 17 after responding to interrupts generated by the assertion
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of either BR7 L, BR6 L, or BR4 L. The KA650-AA maintains the IPL at the priority
of the interrupt for all other interrupts.

The interrupt system is controlled by three IPRs: IPR 18, the interrupt
priority level register (IPL), IPR 20, the software interrupt request register
(SIRR), and IPR 21, the software interrupt summary register (SISR). The IPL
is used for loading the processor priority field in the PSL (bits <20:16>).
The SIRR is used for creating software interrupt requests. The SISR records
pending software interrupt requests at levels 1 through 15. The format of
these registers is shown in Figure 3-3. Refer to the VAX Architecture Reference
Manual for more information on these registers.

3 5 4 0
IGNORED, RETURNS 0 PSL<20:16>] :IPL
31 4 3 0
IGNORED REQUEST| :SIRR
31 1615 0
PENDING SOFTWARE INTERRUPTS :SISR

FEDCBA987654321

mMBZ

MR-15779
MA-1056-87

Figure 3-3 Interrupt Registers

3.1.5.2 Exceptions
Exceptions can be divided into three types.

e Trap
¢ Fault
e Abort

A trap is an exception that occurs at the end of the instruction that caused
the exception. After an instruction traps, the PC saved on the stack is the
address of the next instruction that would have normally been executed and
the instruction can be restarted.



38 Architecture

A fault is an exception that occurs during an instruction, and that leaves the
registers and memory in a consistent state such that the elimination of the
fault condition and restarting the instruction gives correct results. After an
instruction faults, the PC saved on the stack points to the instruction that
faulted.

An abort is an exception that occurs during an instruction, leaving the value
of the registers and memory unpredictable, such that the instruction cannot
necessarily be correctly restarted, completed, simulated or undone. After
an instruction aborts, the PC saved on the stack points to the instruction
that was aborted (which may or may not be the instruction that caused the
abort) and the instruction may or may not be restarted depending on the
class of the exception and the contents of the parameters that were saved.

Exceptions are grouped into six classes.
¢ Arithmetic exceptions

¢ Memory management exceptions

° Operand reference exceptions

* Instruction execution exceptions

¢ Tracing exception

* System failure exceptions

A list of exceptions grouped by class is given in Table 3-5. Exceptions
save the PC and PSL, and in some cases one or more parameters, on the
stack. Most exceptions do not change the IPL of the processor (except the
exceptions in serious system failures class, which set the processor IPL to
1F) and cause the exception to be dispatched to the appropriate service
routine through the SCB (except for the interrupt stack not valid exception,
and exceptions that occur while an interrupt or another exception are being
serviced, which cause the exception to be dispatched to the appropriate
service routine by the resident firmware). The exceptions listed in Table 3-5
(except machine check) are described in greater detail in the Vax Architecture
Reference Manual. The machine check exception is described in greater detail
in Section 3.1.5.3. Exceptions that can occur while servicing an interrupt or
another exception are listed in Table 3-8 in Section 3.1.5.6.
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Arithmetic Exceptions

Integer overflow

Integer divide-by-zero
Subscript range

Floating overflow

Floating divide-by-zero
Floating underflow

Memory Management Exceptions
Access control violation
Translation not valid

Operand Reference Exceptions
Reserved addressing mode
Reserved operand fault
Instruction Execution Exceptions
Reserved/privileged instruction
Emulated instruction

Change mode

Breakpoint

Tracing Exception

Trace

System Failure Exceptions
Interrupt stack not valid
Kernel stack not valid
Machine check

CDAL bus parity errors
First-level cache parity errors

Type
Trap
Trap
Trap
Fault
Fault
Fault

Fault
Fault

Fault
Abort

Fault
Fault
Trap
Fault

Fault
Abort

Abort
Abort

SCB Offset
34
34
34
34
34
34

20
24

1C
18

10

C8, CC
40-4C
2C

28

08
04

*Dispatched by resident firmware rather than through the SCB.
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Table 3-5 (Cont.) Exceptions

Second-level cache data parity errors
Q22-bus NXM errors

Q22-bus device parity errors
(Q22-bus no grant errors

CDAL bus timeout errors

Main memory NXM errors

Main memory uncorrectable errors

3.1.5.3 information Saved on a Machine Check Exception

In response to a machine check exception the PSL, PC, four parameters,
and a byte count are pushed onto the stack, as shown in Figure 3-4.

BYTE COUNT : SP

MACHINE CHECK CODE

MOST RECENT VIRTUAL ADDRESS

INTERNAL STATE INFORMATION 1

INTERNAL STATE INFORMATION 2

PC

PSL

MA-1121-87

Figure 3-4 Information Saved on a Machine Check Exception
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Figure 3-4 is explained in the following paragraphs.

Byte Count

Byte count<31:0> —indicates the number of bytes of information that follow
on the stack (not including the PC and PSL).

Machine Check Code Parameter

Machine check code<31:0>—indicates the type of machine check that
occurred. A list of the possible machine check codes (in hex) and their
associated causes follows.

Floating-point errors— indicates the floating-point accelerator (FPA) chip
detected an error while communicating with the CVAX CPU chip during
the execution of a floating-point instruction. The most likely cause(s) of
these types of machine checks are a problem internal to the CVAX CPU
chip, a problem internal to the FPA, or a problem with the interconnect
between the two chips. Machine checks due to floating-point errors
may be recoverable, depending on the state of the VAX can’t restart
flag (captured in internal state information 2 <15>) and the first part
done flag (captured in PSL <27>). If the first part done flag is set, the
error is recoverable. If the first part done flag is cleared, then the VAX
can’t restart flag must also be cleared for the error to be recoverable.
Otherwise, the error is unrecoverable and depending on the current
mode, either the current process or the operating system should be
terminated. The information pushed onto the stack by this type of
machine check is from the instruction that caused the machine check.

Hex Code Error Description

1 A protocol error was detected by the FPA chip while
attempting to execute a floating-point instruction.

2 A reserved instruction was detected by the FPA while
attempting to execute a floating-point instruction.

3 An illegal status code was returned by the FPA while

attempting to execute a floating-point instruction.
(CPSTA<1:0> =10)

4 An illegal status code was returned by the FPA while
attempting to execute a floating-point instruction.
(CPSTA<1:0>=01)
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Memory management errors— indicates the microcode in the CVAX
CPU chip detected an impossible situation while performing functions
associated with memory management. The most likely cause of this
type of a machine check is a problem internal to the CVAX chip.
Machine checks due to memory management errors are nonrecoverable.
depending on the current mode, either the current process or the
operating system should be terminated. The state of the POBR, POLR,
P1BR, P1LR, SBR, and SLR should be logged.

Hex Code Error Description

5 The calculated virtual address for a process PTE was in
the PO space instead of the system space when the CPU
attempted to access a process PTE after a translation buffer
miss.

6 The calculated virtual address space for a process PTE
was in the P1 space instead of the system space when the
CPU attempted to access a process PTE after a translation
buffer miss.

7 The calculated virtual address for a process PTE was in
the PO space instead of the system space when the CPU
attempted to access a process PTE to change the PTE<M>
bit before writing to a previously unmodified page.

8 The calculated virtual address for a process PTE was in
the P1 space instead of the system space when the CPU
attempted to access a process PTE to change the PTE<M >
bit before writing to a previously unmodified page.

Interrupt errors—indicates the interrupt controller in the CVAX CPU
requested a hardware interrupt at an unused hardware IPL. The most
likely cause of this type of a machine check is a problem internal
to the CVAX chip. Machine checks due to unused IPL errors are
nonrecoverable. A nonvectored interrupt generated by a serious error
condition (memory error, power fail, or processor halt) has probably
been lost. The operating system should be terminated.

Hex Code Error Description

9 A hardware interrupt was requested at an unused
interrupt priority level (IPL).
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Microcode errors—indicates an impossible situation was detected by
the microcode during instruction execution. Note that most erroneous
branches in the CVAX CPU microcode cause random microinstructions
to be executed. The most likely cause of this type of machine check is a
problem internal to the CVAX chip. Machine checks due to microcode
errors are nonrecoverable. Depending on the current mode, either the
current process or the operating system should be terminated.

Hex Code Error Description

A An impossible state was detected during a MOVC3 or
MOVCS5 instruction (not move forward, move backward,
or fill).

Read errors—indicates an error was detected while the CVAX CPU was
attempting to read from either the first-level cache, the second-level
cache, main memory, or the Q22-bus. The most likely cause of this
type of machine check must be determined from the state of the MSER,
DSER, MEMCSR16, QBEAR, DEAR, and CBTCR. Machine checks due
to read errors may be recoverable, depending on the state of the VAX
can’t restart flag (captured in internal state information 2 <15>) and
the first part done flag (captured in PSL <27>). If the first part done
flag is set, the error is recoverable. If the first part done flag is cleared,
then the VAX can’t restart flag must also be cleared for the error to be
recoverable. Otherwise, the error is unrecoverable and depending on
the current mode, either the current process or the operating system
should be terminated. The information pushed onto the stack by this
type of machine check is from the instruction that caused the machine
check.

Hex Code Error Description

80 An error occurred while reading an operand, a process
page table entry during address translation, or on any read
generated as part of an interlocked instruction.

81 An error occurred while reading a system page table entry
(SPTE), during address translation, a process control block
(PCB) entry during a context switch, or a system control
block (SCB) entry while processing an interrupt.
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e Write errors—indicates an error was detected while the CVAX CPU was
attempting to write to either the first-level cache, the second-level cache,
main memory, or the Q22-bus. The most likely cause of this type of
machine check must be determined from the state of the MSER, DSER,
MEMCSR16, QBEAR, DEAR, and CBTCR. Machine checks due to write
errors are nonrecoverable because the CPU is capable of performing
many read operations out of the first-level cache before a write operation
completes. For this reason, the information that is pushed onto the
stack by this type of machine check cannot be guaranteed to be from
the instruction that caused the machine check.

Hex Code Error Description

82 An error occurred while writing an operand, or a process
page table entry to change the PTE<M> bit before writing a
previously unmodified page.

83 An error occurred while writing a system page table entry
(SPTE) to change the PTE<M > bit before writing a previously
unmodified page, or a process control block (PCB) entry during
a context switch or during the execution of instructions that
modify any stack pointers stored in the PCB.

Most Recent Virtual Address Parameter

Most recent virtual address<31:0>—captures the contents of the virtual
address pointer register at the time of the machine check. If a machine
check other than a machine check 81 occurred on a read operation, this
field represents the virtual address of the location that was being read when
the error occurred, plus four. If machine check 81 occurred, this field
represents the physical address of the location that was being read when
the error occurred, plus four.

If a machine check other than a machine check 83 occurred on a write
operation, this field represents the virtual address of a location that was
being referenced either when the error occurred, or sometime after the error
occurred, plus four. If a machine check 83 occurred, this field represents
the physical address of the location that was being referenced either when
the error occurred, or sometime after the error occurred, plus four. In other
words, if the machine check occurred on a write operation, the contents of
this field cannot be used for error recovery.
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Internal State Information 1 Parameter

Internal state information 1 is divided into four fields. The contents of these
fields are described as follows.

<31:24 > —captures the opcode of the instruction that was being read or
executed at the time of the machine check.

<23:16>—captures the internal state of the CVAX CPU chip at the time
of the machine check. The four most significant bits are equal to <1111>
and the four least significant bits contain highest priority software interrupt
<3:0>.

<15:8 > —captures the state of CADR<7:0> at the time of the machine
check. See Section 3.3.2.5 for an interpretation of the contents of this
register.

<7:0>—captures the state of the MSER<7:0> at the time of the machine
check. See Section 3.3.2.6 for an interpretation of the contents of this
register.

Internal State Information 2

Internal state information 2 is divided into five fields. The contents of these
fields is described below.

<31:24 > —captures the internal state of the CVAX CPU chip at the time of
the machine check. This field contains SC register <7:0>.

<23:16 > —captures the internal state of the CVAX CPU chip at the time of
the machine check. The two most significant bits are equal to 11 (binary)
and the six least significant bits contain state flags <5:0>.

<15> —captures the state of the VAX can’t restart flag at the time of the
machine check.

<14:8> —captures the internal state of the CVAX CPU chip at the time of
the machine check. The three most significant bits are equal to 111 (binary)
and the four least significant bits contain ALU condition codes.

<7:0>—captures the offset between the virtual address of the start of the
instruction being executed at the time of the machine check (saved PC) and
the virtual address of the location being accessed (PC) at the time of the
machine check.

PC

PC<31:0>—captures the virtual address of the start of the instruction being
executed at the time of the machine check.
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PSL

PSL<31:0>—captures the contents of the PSL at the time of the machine
check.

3.1.5.4 System Control Block

The system control block (SCB) consists of two pages in main memory that
contain the vectors by which interrupts and exceptions are dispatched to the
appropriate service routines. The SCB is pointed to by IPR 17, the system
control block base register (SCBB), represented in Figure 3-5.
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