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PREFACE

This document is the Standard Maintenance (STD) Manual for the VS-25/45
Computer Systems. It is organized in accordance with the approved STD outline
established at the Field/Home Office Publications meetings conducted on
September 1l4th and 15th, 1982. The scope of this manual reflects the type of
maintenance philosophy selected for this product (swap unit, printed circuit
assembly, chip level or any combination thereof).

The purpose of this manual 1is to provide the Wang-trained Customer
Engineer (CE) with instructions to operate, troubleshoot and repair the
VS-25/45 Computer Systems. It will be updated on a regular schedule.

The last page before the back cover is a comment sheet. Please take the
time to fill out the comment sheet and return it, via the Home Office mail
pouch, addressed to:

Wang Laboratories, Inc.

Customer Engineering Technical Documentation
M/S 8237

437 South Union Street.

Lawrence, Mass.
01843-9984

Fourth Edition (October 1984)

This edition of the VS-25/45 Computer Systems STD manual obsoletes
document(s) no. 729-1032-B/B-1. The material in this document may only be
used for the purpose stated in the Preface. Updates and/or changes to this

document will be published as Product Service Notices (PSN's) or subsequent
editions,

This document is the property of Wang Laboratories, Inc. All information
contained herein is considered company proprietary, and its use is restricted
solely for the purpose of assisting the Wang-trained CE in servicing this Wang
product. Reproduction of all or any part of this document is prohibited
without the prior consent of Wang Laboratories, Inc.

C>Copyright WANG Labs., Inc. 1982, 1983, 1984
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WARNING

L e e T L e T

* *

* DO NOT OPEN THE SWITCHING POWER SUPPLY UNDER ANY *

*  CIRCUMSTANCE. EXTREMELY DANGEROUS VOLTAGE AND *

| *  CURRENT LEVELS (IN EXCESS OF 300 VOLTS DC AND UN- *
*  LIMITED CURRENT) ARE PRESENT WITHIN THE POWER SUPPLY.  *

* *

* DO NOT ATTEMP1 TO REPAIR THE SWITCHING POWER *

*  SUPPLY: IT IS FIELD REPLACEABLE ONLY. *

* *

‘ *  AFTER POWERING THE UNIT DOWN AND DISCONNECTING THE AC  *

*  POWER CONNECTOR FROM THE POWER SOURCE RECEPTACLE, *

| *  ALLOW ONE MINUTE BEFORE REMOVING THE POWER SUPPLY TO *
| *  PROVIDE ADEQUATE TIME FOR ANY RESIDUAL VOLTAGE TO *
*  DRAIN THROUGH THE BLEEDER RESISTORS. *

* *

L R e e o L g o e L T e S e g e T T
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1.1 PURPOSE

This manual
VS-25/45 cCPU.

CHAPTER 1

INTRODUCTION

contains information necessary to install and maintain the
As new information becomes available it will be provided as

either update or revisions to this manual, or as Product Service Notice (PSN)

documents.

1.2 SCOPE

This manual is divided into eight chapters, as follows:

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter
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"Introduction" provides information on available VS documen-
tation; gives a brief description of the VS-25/45 system and
system software, system configurations, and associated per—
ipherals; and provides system specification information.

"Theory of Operation'" provides a discussion of block diagram
level theory for the VS-25/45 CPU and main frame components.
The theory explains each logical element beginning at the

'System' level and includes the major component subgroups
within a given board.

"Operation" identifies all VS-25/45 main frame switches and
indicators, including a functional description of each,
together with settings and operating procedures.

"Installation" gives guidelines necessary to make sure that
the installation site conforms to specific requirements of
the VS-25/45 system; provides procedures for unpacking and
inspecting the VS-25/45 main frame; and provides instruct-
ions for initial set-up and operation of the VS-25/45, toge-

ther with associated program-loading and operation-confir-
mation procedures.

"Preventive and Corrective Maintenance" gives guidelines and

. schedules for necessary preventive maintenance routines.

Included in this chapter is a list of tools and test equip-
ment required for proper repair and maintenance of the
VS-25/45 system. Also included are removal and replacement
procedures pertaining to disassembly and replacement of
System components that are field-replaceable.

"Schematics" are not provided as part of this Standard Man-
ual. The schematics are published in the VS-25/45 Computer
System Schematics Manual, WLI P/N 729-1185-A.

"Illustrated Parts Breakdown (IPB)" contains the illustrated

parts breakdown used for identification when ordering field-
replaceable components.

1-1



INTRODUCTION

Chapter 8: "Troubleshooting" identifies the available microcode diagno-
stics, and off-line and on-line diagnostic test programs and
gives guidelines for their use. Also provides flow charts ‘
for remote diagnostic certification, and troubleshooting
flow charts for isolating fault locations to field-replace-
able or field-repairable components.

Appendices: The appendices provide the customer engineer with a ready
reference of necessary information. These appendices in-
clude a mnemonics listing, definitions for signal names,
VS-25/45 microinstructions, and the complete list of
VS-25/45 Self-test Monitor Diagnostic Error Codes.

1.3 RELATED PUBLICATIONS

The following is a list of current documents published by Customer Engin-
eering required to ensure correct installation and maintenance of a VS-25/45.
Also included is a list of current VS documents and data sheets published by
Corporate Publications.

Taole 1-1. Customer Engineering Publications

[ SUBJECT CLASS PART NUMBER

" 1.2-Mbyt- Diskette Drive (Service SA 850/851) 3101 729-0862
33-Mbyte Quantum Disk Drive 3108 729-1048/53/60
75-Mbyte CDC SMD Disk Drive 3106 729-0211-A
90-Mbyte CDC Phoenix Disk Drive 3105 729-0198-B '
288-Mbyte CDC SMD Disk Drive 3106 729-0211-A
620-Mbyte CDC FMD Disk Drive 3106 729-1253/54
2529V Cartridge Tape Drive 3203 729-1184-A
928W Master Data Link 7303 729-1268
6554 TC Processor 7303 729-1043
FTU (Field Test Unit) Operator's Manual 2201 729-0073
Systems Installation Guide - VS, 2200, WP/OTS 1106 729-0907
VS 25/45 Schematics Manual 6104 729-1185-A1 |
VS Printers 33XX 729-XXXX
VS Reference Summary Guide 6101 729-0716
VS Workstations 3404 729-XXXX

Table 1-2. Corporate VS Documents

DOCUMENT TITLE PART NUMBER
Customer Site Planning Guide 700-5978D
VS Customer Planning and Resource Guide 700-6727
VS 25/45 SHOWNV/LOADNV NVRAM Utilities, Version 9350 760-1135
VS 25 Bulletin 800-3108-02
VS 3271 Emulation User's Guide (2nd Edition) 800-1306EM-02
VS ATMSWPS Conversion Guide 800-1499TU-02
VS Assembler Language Pocket Guide 800-6203AP-02
VS Assembler Language Reference 800-1200AS-03
VS BASIC Language Reference 800-1202BA-04
VS BASIC Quick Reference 800-6205BQ-01 ’
VS Batch Communications User's Guide 800-1305BC-01
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Table 1-2.

Corporate VS Documents (cont'd)

INTRODUCTION

DOCUMENT TITLE

PART NUMBER

VS

Batch Communication User's Guide Addendum

800-1305BC-01.

01

VS

COBOI. Conversion Guide

800-1204CC-02

VS

COBOI. Quick Reference

800-6200CP-04

VS

COBOT, Roference

800-1201CB-06

VS

Card Reader Utility Reference

800-1323CU-01

VS

EZQUERY Reference

800-1129EQ-01

VS

Emulation of SNA 3274 and 3777, General Description

800-1326SE-01

VS

FORTRAN Reference

800-1208FR-01

VS

File Management Utilities Reference

800-1308FM-02

VS

General Purpose Asynch. Comm. Programmers Guide

800-1325A1-01

VS/T1IS 55487 Typesetter Operating Instructions

800-1501T0-01

VS/I1IS Advanced Functions Reference Guide

800-1122AR-01

VS/TIS List Management Operator's Guide

800-1120L0-01

VS/IIS Supervisor's Procedures

800-1110WS-02

VS KEYENTRY Operator's Guide 800-1113K0-02

VS KEYENTRY Supervisor's Guide 800-1114KS-01

VS 2265V-3 Disk Drive Operating Procedures Sum. Card 800-6209

VS Model 2529V Cartridge Tape Drive Summary Card 800-6212

VS Model 5575 Band Printer User's Manual 800-1504

VS Operating System Services 800-11070S-04

VS Operating System Services Pocket Guide 800-62040P-02

VS PL/1 Language Reference Manual 800-1209PL-02

VS Principles of Operation 800-1100P0-05

VS Procedure Language Quick Reference 800-6201PP-03

VS Procedure Language Reference 800-1205PR-04

VS Program Development Tools Reference 800-1307PT-03

VS Programmer's Guide to VS/TIS 800-130.4PW-04

VS Programmer's Guide to VS/TIS Update 800-1304-04.01

VS Programmer's Tntroduction 800-1101PI-06

VS RPG II Language Reference 800-1203RP-05

VS RPG IT Language Reference Addendum 800-1203RP-05.01

VS RPG 1T Language Reference Addendum 800-1203RP-05.02

VS Software Bulletin - Release 5.3 800-3109

VS Software Bulletin - Release 5.3 Addendum 800-3109.01

VS Software Bulletin - Release 5.3 Addendum 800-3109.02

VS Software Bulletin - Releasc 6.0 800-3111-01

VS SNA 3777-3 Emulator User's Guide 800-1330

VS SYSGEN Procedure (Release 5.01) 800-8201SP-05

VS System Activity Monitor (SAM) Reference Manual 800-1324-01

VS System Management Guide 800-1104SM-03

VS System Operation Guide 800-TT0250-06

VS System Utilities Reference 800-1303UT-03

VS TOTAL Pocket Guide 800-6207

VS TOTAL Reference Guide 800-1123TR-01

VS Teletypewriter Emulation (TTY) User's Guide 800-1314TU-02

VS USERSUBS Reference 800-1315US-01

VS User Aid COMPILE 800-3312

VS User Aid COMPUTE 800-3301¢P-02

VS User Aid LIBRXREF 800-3309XR-01

VS User Aid MAIL 800-3302MA-01

VS User Aid PRINTIBM 800-3308P1-01

VS User Aid PRINTVS 800-3303PR-01
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Table 1-2. Corporate VS Documents (cont'd)

DOCUMENT TTTLE
VS User Aid SORT LINK
VS User Aid TAPEDUMP
VS/WP Introducing Word Processing on the VS

PART NUMBER
800-3310SL-01
800-3311
800-14071IW-02

Table 1-3. Corporate VS Data Sheets

DATA SHEET TITLE PART NUMBER

VS Data Communications 800-2107-03
VS Disk Drives 800-2504-03
VS Ergo 2 Ergonomic 800-2500-01
VS EZQUERY 800-2113-01
VS Graphics Facility 800-1446-01
VS Ideographic Data Processing System (Chinese) 800-2502-01
VS Ideographic Data Processing System (Japanese) 800-2501-01
VS/1IS List Management 800-2407LM-01
VS/1IS Readability Index Generator 800-2406RI-01
VS/IIS 5548Z Typesetter 800-2110-01
VS KEYENTRY 800-2300-01
VS Languages 800-2201-07
VS MATHPLANNER 800-1484-01
VS MATHPLANNER 800--1484-02
VS Printers 800-2507-01
VS Processors 800-2105-03
VS Punched Card Reader 800-2506-01
VS Remote WangNet 800-2304-02
VS SNA 3274 Emulation 800-2302-01
VS SNA 3777 Emulation 800-2303-01
VS SNA Emulation 800-2307-01
VS System Activity Monitor (SAM) 800-2116

VS System Software 800-2101-04
VS Tape Drive 800-2505-01
VS Teletypewriter Emulation (TTY) 800-2109-02
VS Transdata 810 800-2119

VS Workstations 800-2503-01
VS/WP Integrated Information System 800-2103-04
VS25 and VS45 800-3107-01

1.4

The Wang VS-25/45 computer system 1is
with the programming flexibility of Virtual Storage.
the VS8-25 and the VS-45 are configuration differences only.
graph 1.13). The VS-25/45 supports interactive,
general purpose computer environment and offers
BASIC, COBOL, FORTRAN, PL/1, and RPG TI languages.
Assembler and Procedure languages.

SYSTEM DESCRIPTION

The VS Procedure Language

a high performance data processor
The differences between
(Refer to para-
multiuser operations
programming
The VS-25/45 also supports
Interpreter

allows operational sequences to be performed without user interaction.

capability

Serving as a complete commercial data processing system housed in a com-
pact cabinet, the VS-25/45 consists of a CP5 processor with up to 1.024 mega-
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bytes of Main Memory; from 33 megabytes (VS-25) to 2.4 gigabytes of on-line
disk storage (VS-45 w/large external disk drives); up to 20 workstations; and

from one to twelve other types of serial devices. Parallel workstations or
printers are not supported on the VS-25/45.

The basic differences between the VS-25 and the VS-45 are as follows:

VS-25 VS-45
1-10 workstations 1-20 workstations
1-6 nonworkstation serial devices 1-12 nonworkstation serial devices
Internal disk drives only Internal or external disk drives

The VS-25/45 main frame is based on the three ma jor board assemblies shown
in figure 2-1, the System Block Diagram. These assemblies are the Central
Processor (CP), the Main Memory, and the 8086 microprocessor controlled Bus
Processor (BP). The BP and I/0 device adapter (DA) section serve as an inter-
face between the peripheral devices and the VS-25/45 system bus.

The following paragraphs provide general descriptions of the major compon-
ents that make up the VS-25/45 main frame.

1.4.1 CENTRAL PROCESSOR

The CP5 Central Processor (CP) consists of a single CPU board, housed in a
compact cabinet with the Main Memory and optional I/0 device adapters. The
CP5 processor is a faster, more sophisticated version of the CP3 processor
used in the VS-50/60/80. It supports the same instruction set as the CP3,

with the exception of certain privileged instructions related to address tran-
slation.

The VS-25/45 CP supports binary, packed decimal, and floating-point arith-
metic. Included in the CP are 32 16-bit general purpose registers and 32
16-bit floating-point and control registers. As in the VS 50/60/80, the mach-
ine instruction set is compatible with the IBM 370 instruction set.

1.4.2 CONTROL MEMORY

Control Memory (CM) in the VS-25/45 is 8K words (5 bytes per word) of
loadable RAM chips located on the CPU board. Operational or diagnostic micro-
code may be loaded into CM using either the 2270V-4 Diskette Drive, provided
at the front of the VS-25/45 cabinet, or the System Disk Drive. A loadable CM
allows for functional CP expansion. For example, CP microcode updates and the

use of loadable CP microdiagnostics, is accomplished by using a diskette inst-
ead of replacing expensive PROMs.

Eight (K)bytes of PROM, on the Bus Processor board, stores the bootstrap
program needed to load the operational or diagnostic microcode into CM.

1.4.3 MAIN MEMORY

The VS-25/45 uses one Main Memory board containing 512K bytes, 768K bytes,
or 1.024M bytes. The board is logically divided into 8 rows of 128K bytes
with 16 RAM chips per row. Each chip supplies 64K bits X 1-bit of dynamic RAM.

729-1032-B
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1.4.4 BUS PROCESSOR

The Bus Processor (BP) board, with the 16-bit 8086 microprocessor, has
control of the VS-25/45 1/0 section. Only one BP can be installed in the
VS-25/45. The 8086 microprocessor executes the BP microcode to communicate
with the VS-25/45 CPU and to control the Device Adaptors (DAs).

The BP has three major functions. The first is interfacing between the
CPU/Main Memory and the device adapters. The second is as a controller for
the standard dual-sided, double-density diskette drive, used for loading micr-
ocode, diagnostics, and the operating system software. The third is as a
telecommunications controller for the Remote Diagnostic functions.

1.5 CPU MOTHERBOARD

The 210-7907 CPU Motherboard provides the link between the CP board, the
Main Memory board, the Bus Processor, and all I/0 device adapter boards. A
brief description of all circuit boards installed, in order, in the VS-25/45
CP Motherboard follows:

1. 210-7900 Main Memory (MM) board - Used for storage of software instr-
uctions and data. Three versions are currently available;
210-7900-3A, 4A, or 5A, accessing 512, 768, or 1,024K bytes of RAM
respectively. Also contains the Error Detection & Correction circui-
try, and the Address Refresh Generator circuitry.

2. 210-8303 Central Processing Unit (CPU) - Contains Control Memory, all
general and work registers, status registers, branch decision logic,
multiplier, real-time clock, Translation RAM, binary ALU, decimal

ALU, instruciion counter, trap handling logic, and the System Identi-
fication PROM.

3. 210-8304 Bus Processor (BP) board - Has the logic to interface be-
tween the CPU, Main Memory, and the Device Adapters; the Diskette
Drive Controller; the bootstrap PROM; the NVRAM; and the System
Clock. The current version of the BP (210-8304-A) supports 128K
bytes of Code RAM (CRAM). A new version (210-8304-1A), under develo-
pment, will contain 256K bytes of CRAM.

1.6 INPUT/OUTPUT DEVICE ADAPTERS

In the VS-25/45, the BP relieves the CPU of the time consuming task of
communicating directly with attached peripherals. With this feature, 1/0
Processing and data processing can run concurrently on the VS-25/45 with the
resultant increase in processor job handling speed. Following is a list of
the available device adapters for the various peripherals:

1. 25V27 (210-7906) 32-port Serial I/O Device Adapter (SIO DA) - A modi-
fied serial data 1link double buffers the data to/from Main Memory.
Control Mode code and all relevant BP information are transferred
and/or stored by the BP via the Data RAM (DRAM). Supports the 2246S
Serial Workstation, the 2246/56C Combined Workstations, the
2266/765/C Archiving Workstations, the 2229V Archiving Cartridge Tape
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Drive, and the 6554 Telecommunications Processor, plus all serial
printers. May be used in place of, but not with, the Intelligent
Serial I/0 Device Adapter (ISIO DA).

25V37 (210-8616) 32-port Intelligent Serial I/0 Device Adapter (ISIO
DA) - An intelligent serial master data link of the 928 type. The
ISIO DA allows the VS-25/45 to interface with the high speed slave
data link channels. Parallel processing supports concurrent Central
Processing and multiple Direct Memory Access operations. All of the
workstations and serial devices supported by the SIO DA are also
supported by the ISIO DA. May be used in place of, but not with, the
standard Serial I/0 Device Adapter (SIO DA).

NOTE

The 25V37 device adapter requires the installa-
tion of the 210-8304-1A Bus Processor and Operat-
ing System software version 6.20.

25V55 (210-8325) Quantum Fixed Disk Drive I/O Device Adapter - Desig-
ned to support one or two Media Tolerant Quantum Winchester fixed
disk drives. The unformatted capacity of each is 34M bytes.

2. 50-1/4 (210-8312/13/14/15) 1 to &4-port Storage Module Disk Drive
(SMD) I/0 Device Adapter - Interfaces with externally housed large
disk drives of the CMD (2280v-1/3), SMD (2265V-1,2), and FMD
(2265V-3) types. Each SMD DA will only support the number of disk
drives indicated by its dash number and cannot be field upgraded.
Storage capacity may range from 30 megabytes (one 2280V-1) to 2.4
gigabytes (4 unformatted 2265V-3 FMDs).

NOTE

The 22V65-3 620 Megabyte drive requires support
by Operating System software version 6.10.

25V76-1/2 (210-8337/8367) 1 and 2-port Telecommunication I/O Device
Adapters (TC DA) - Intelligent adapters which support up to four
lines per VS-25/45, using either four 25V76-1 single port adapters,
or two 25V76-2 dual port adapters. The system may run a different
protocol on each line concurrently from the same DA. Each line is
software selectable for RS 232C, RS 366, RS 449, or X.2l. and supp-
lied with applicable hardware. Currently supported industry standard
protocols for bisynchronous transmission include 2780/3780 emulation,
3271 emulation, and HASP. Data transfer rates to 19.2K Baud per
second with protocols of asynchronous, bisynchronous, and bit-orient-
ed synchronous are supported. The device adapter supports bidirec-
tional Direct Memory Access (DMA) on a 16-bit bus to the VS-25/45
Main Memory and the Bus Processor's Data RAM.
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NOTE

The 25V76-1 Device Adapter requires minimum
Operating System software version 5.03.70.

The 25V76-2 Device Adapter requires the installa-

tion of the 210-8304-1A Bus Processor and Operat-
ing System software version 6.20.

1.7 SYSTEM DISKETTE DRIVE

The Model 2270V4 Diskette Drive is used for loading microcode, diagnos-
tics, and the operating system software (Coldstart) and will support all of
the standard VS utilities.

The drive writes 154 data tracks, with eight 256-byte sectors ver track,
on two surfaces at double density for a capacity of 1.25 Megabytes. Double-

density is obtained by using the modified frequency modulation (MFM) recording
method.

1.8 FRONT PANEL

There are facilities available for mounting visual display indicators on
the front of the VS-25/45 cabinet.

The Bus Processor has four hexadecimal displays, located on the front
panel, to visually display status information to the System Operator.

Each of the Telecommunication lines has an 8-LED display mounted on the
front panel which indicates to the System Operator one of three TC states;
Off, Normal Status, and Diagnostic Status. In addition, there are two moment-
ary contact switches, Clear and Disconnect, which are used to signal the
communication interface of a change in operational status.

Refer to Chapter 3, Operation, and Chapter 8, Troubleshooting, for further
details.

1.9 POWER SUPPLY

Power for the VS-25/45 main frame is supplied from a Wang built Model
SPS450 Switching Power Supply (279-0735) and supplies all dc voltages. The
unit is located on the left side behind the front cover. A red 'LED' located
on the front of the supply indicates that all dc voltages are on.

This unit is not accessible by the customer and is not field adjustable.
Any work involving this unit should be done by a Wang Customer Engineer (Refer

to Chapter 5, Preventive and Corrective Maintenance). Make sure to heed the
following warning.
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WARNING
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DO NOT OPEN THE SWITCHING POWER SUPPLY UNDER ANY
CIRCUMSTANCE. EXTREMELY DANGEROUS VOLTAGE AND
CURRENT LEVELS (IN EXCESS OF 300 VOLTS DC AND UN-
LIMITED CURRENT) ARE PRESENT WITHIN THE POWER SUPPLY.

DO NOT ATTEMPT TO REPAIR THE SWITCHING POWER
SUPPLY; IT IS FIELD REPLACEABLE ONLY.

AFTER POWERING THE UNIT DOWN AND DISCONNECTING THE AC
POWER CONNECTOR FROM THE POWER SOURCE RECEPTACLE,
ALLOW ONE MINUTE BEFORE REMOVING THE POWER SUPPLY TO
PROVIDE ADEQUATE TIME FOR ANY RESIDUAL VOLTAGE TO
DRAIN THROUGH THE BLEEDER RESISTORS.

F O Ok X X X X F X F ¥ * * ¥ *
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1.10 SOFTWARE DESCRIPTION

The current minimum operating system support for the VS-25/45 systems is
Release 5.03.70. However, this operating system will not support the 22V65-3
620 Megabyte Fixed Module disk drive or the soon to be released Intelligent
Serial Device Adapter (ISIO). These and other pending hardware introductions

will require a later version of the VS Operating System; e.g. Release 6.10. or
6.20.

Software release 5.03. contained several additional new features and func-
tional improvements over previous releases. Major areas of change are in the
Command Processor, the Operator's Console Menu, and the SYSGEN procedure.
Most other features of Release 5.03. are similar to previous releases and are
discussed in paragraphs 1.10.1 through 1.10.4.

A new operating system release, 6.10, includes several new features and
functional changes to VS systems. For complete details, refer to VS Software

Bulletin Release 6.10, WLI P/N 800-3111-01. Some of the highlights are listed
below.

1. Operating system enhancements:

a. A Broadcast facility to allow workstation messages to be sent
between an Operator's Console and user workstations, including
Operator-to-user and user-to-Operator facilities.

b. Allows assignment of Operator privileges to a User ID as well as
to a workstation.

c. Allows reservation of diagnostic cylinders on 2265V-3 and Q2040
disk drives for stand-alone disk diagnostics.

d. Extends disk I/O operation timeout period from 60 seconds to 160
seconds.

e. Changes in the Set Print Mode Default screen to allow spooled
print files to be sent to a specific device address (a printer,
or a TC device which may be changed to a remote printer) instead
of the lowest device-numbered printer available.
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2. Networking Operations:
a. Allows automatically queuing a print file to the Transmit queue
so that it can be printed on a remote system.
b. Allows automatically queuing a print file to the physical system
after logging on to a remote VS.

3. COLDSTART:
a. Can now be used with any VS system, not just VS-25/45 systems.
b. Permits bringing up a new system by formatting the system disk
and copying a minimum system to it.

4. Control Mode Dump: g
a. Is now the same for all VS systems.
b. Supports an option on VS-24/45/90/100 processors to put a dump on
a disk volume as a file, using DISKINIT, while preserving the
volume's VTOC.

5. System Software:
a. Enhancements to several utilities, including BACKUP, CONTROL,
COPY, DISKINIT, EDITOR, and SECURITY.
b. Supports a new utility, IOELOG, for examining an 1/0 error log
file.

6. New Devices:
a. Release 6.0 supports the following new devices - Wang Profession-
al Computer, 6300GM Graphics workstation, 2529V cartridge tape
drive, 2265V-3 620Mb disk drive, and the 5575 band printer.

1.10.1 USER CONVENIENCE FEATURES

The continuing implementation of user convenience features make the
VS-25/45 casy to use by programmers and nonprogrammers alike. These features,
along with many others, include a versatile data entry, file maintenance, and
report generation facility; an interactive text editor for entering and edit-
ing source programs; an easy-to-use symbolic debug facility for program debug-
ging; and a large assortment of system utility programs.

1.10.2 EXPANDED OPERATING SYSTEM FEATURES

Recent changes in the Command Processor include a slightly changed Main
Menu to reflect the combination of two commands, SHOW DEVICE STATUS and MOUNT/
DISMOUNT VOLUMES, into one called COMMAND DEVICES. This new command also
includes several new options that allow the user to perform such functions as
changing mount restrictions and modifying work and spool file eligibility more
easily.

Changes in the Operator's Console menu iaclude the displaying and control-
ling of all devices through separate PF keys (PF9 through PF13). PFl4 now

allows setting up eight workstations as dual operator/user mode terminals, and
the activating of the PRINT I/0 ERROR LOG command.

1.10.3 ADDITIONAL SYSTEM UTILITIES

The VS-25/45 system provides a variety of additional system utility
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programs to support the general programming task. These include, among oth-
ers, the COPY, SORT, and LINK utilities gsummarized below.

The versatile COPY utility permits the user to copy a single program or
data file, an entire library of such files, or a complete disk volume. For
data files, the COPY utility provides an option to change the file organiza-
tion from sequential to indexed or indexed to sequential.

The SORT utility provides high-speed sorting and merging capabilities for
both indexed and sequential files, with either fixed or variable length records.

The LINK program is used to link together two or more program modules into

a single large program, and also offers the option to remove the symbolic debug
information previously inserted for debugging purposes.

Other utilities include a translation utility which translates from EBCDIC
to ASCIT and vice-versa; a special copy utility which copies and automatically
translates Wang 2200 program and data files to VS format (and vice-versa); a
display utility, which can be used to display and/or print printer files; a
procedure language interpreter utility which allows the programming of opera-
tional sequences performed without user interaction.

Table 1-4 lists currently available VS-25/45 utility programs with a brief
description of the function of each.

Table 1-4. VS-25/45 System Utility Programs

PROGRAM NAME DESCRIPTION

ASSEMBLER Assembles a source program written in VS assembler language.

BACKUP Copies, consolidates, and Restores a file, library, volume.

BASIC Compiles a program written in VS BASIC.

COBOL Compiles a program written in VS COBOL.

COMPRESS Consolidates used and free extents on a volume.

CONDENSE Generates single record type data file from multi-record type.

CON1ROL Creates a Control file that defines all field, record, and
file attributes for a specified data file.

COPY Copies files/libraries/volumes from one location to another.
Also modifies/rebuilds file organization or index structures.

COPY2200 Copies and automatically converts files from standard 2200
format to standard VS format, and vice versa.

COPYWP Copies/deletes/renames/reorganizes/merges documents/libraries

from one VS WP system to another. Converts a document to file
or a file to document for VS data, source, print, or 2780 TC.

DATENTRY Creates and/or maintains records in a data file as defined by
specifications in Control File(s); also lists or prints files.

DEBUGGER VS Symbolic Debugger allows user to interactively monitor an
executing program, locate and correct errors, and alter flow.

DISKINIT Initializes, Reformats, Relabels, or Verifies a disk volume.

Writes a volume label and optional Volume Table 0% Contents
in VS format. Removes and identifies all bad blocks in VTOC.
DISPLAY Displays file contents on the workstation screen.

DUMP Creates a print file from a full Segment 2 memory dump which
includes a program's variables, buffers, and control blocks
using the DUMP function of the Debug Processor.
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Table 1-4. VS-25/45 System Utility Programs (cont'd)

PROGRAM NAME DESCRIPTION

EDITOR Enters, displays, and edits source procedure or program text.

EZFORMAT Generates a customized data entry and maintenance program
corresponding to a user-designed screen format and control
file. Alternate to DATENTRY for existing DMS files.

FORMCNTL Croates Forms Definition file for VS forms-loadable printers.

FORTR AN Compilec a program written in VS FORTRAN.

FLOPYDUP Duplicates diskettes, creates/transfers diskette image fiies.

IBMCOPY Copies/converts IBM format diskette file to/from VS file for
mat soft-sectored diskettes. Translates ASCII to/from EBCDIC.

INFO A custom on-line help and information documentation facility.

INQUIRY Interrogates/tests data files for user-specified field values.

LINKER Combines two or more compiled or assembled program modules
into a single executable program.

LISTVTOC Producrs complete or selective listings of a specified
volume's Table of Contents, and examines the VTOC for errors.

LISTWP Generates summary reports of VS WP documents/file attributes.

PL/1 Compiles source programs written in VS PL/1.

PATCH Modifies specific HEX values or object files. Prints HEX dump.

PRINT Places a print file in print queue with user-selected options.

PROCEDURE An Interpreter utilizing a source program written in Procedure
Language to perform interactive and/or background operations.

REPORT Produces customized reports from a data fil=.

RPG 1I Compiles source programs written in VS RPG II.

SAM Interactive monitor provides performance/usage of VS system.

SECURITY Protects system resources at System, File, and Access level.

SORT Sorts records in data file(s) by key values, with optional
capability to merge two or more sorted files.

SYSGEN Generates control blocks that comprise the Operating
System nucleus.

TAPECOPY Copies any combination of files where tape is in/output media.

TAPEINIT Initializes 7 or 9 track tape to Wang std., IBM , or NO label
format; user select Parity, Density, write end-of-tape marker.

TCCOPY Emulates IBM 2780/3780 protoculs for non-VS communication.

TRANSL Automatically translates files to or from ASCII or EBCDIC
character sets. Also translates files according to USER
defined translation table.

TTY Emulates standard, asynchronous (ASCIT) teletypewriter device.

VERIFY Tests primary index, alternate indices, and data chain of
indexed files to disclose file structure problems.

VSCOPY VS to VS communication/manipulation of executable image files.

.10.4 FILE PROTECTION AND SECURITY

All VS-25/45 system disk and tape files are classified according to a

flexible file protection and security system, tailored at installation to the
specific needs of the user. This system is under the direct control of the
System Security Administrator(s) at each installation. The System Security
Administrator(s) are specially recognized users who determine the meaning and
use of the file protection classes. They are able to access all files on the
system, including the System User List and have unlimited access rights.
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1.16.4.1 File Protection Codes

Every program, procedure, and data file on the system can be placed in one
of thirty file protection classes. Protection class codes are designated by a
capital letter, 'A' through '2', which represent protection classes whose
meanings are assigned by the System Security Administrator(s). Such assign-
ments normally are given mmnemonic relationships, as indicated jn the following
list of "typical'" examples:

Class W = The Work Order File
Class P = The E}oduct File
Class C = The Customer File
Class Q = The Sales Quota File

1.10.4.2 Special Protection Codes

The system also recognizes four special (system) classes, " " (space or

blank), "$" (currency symbol), "@" (at sign), and "#" (number or pound sign),
each of which are reserved for specific uses:

Class - Designates UNPROTECTED FILE: Files in this class may be
deleted, executed, read, and/or written to by all users.
This is the default class for files that are not assigned a

system class.

Ciass "$" - Designates READ/EXECUTE FILE: This file class allows any
system user or program to read and/or execute the file, but
only the owner of record (that is, the user who created the
file) and the system security administrator can write to
it. This class is used for subroutines and macros that can
be read and incorporated into other program files, but most
be protected against direct modification. All system macros
are assigned to this file class.

Class '"@" - Designates EXECUTE-ONLY FILE: All users may use the file,
but only the owner of record and the system security admini-
strator can read it or write to it. Files which must be
protected from modification, should be assigned this classi-
fication. All system utility files, at system generation
time, should also be assigned to this class.

Class "#" - Designates PRIVATE or SYSTEM SECURITY ADMINISTRATION FILES:
~ These files are not available to any of the normal class
codes. The "#" class, unlike the other file protection
classes, is used to define one protection class (PRIVATE)
for each user. When specified, the "#' class code identi-
fies those files which can be accessed only by the owner of
record and by the System Security Administrator.

1.10.4.3 User Access Rights

Before users of the system can access a protected file, they must identify
themselves using the LOG-ON command. At log-on time, the user's LOG-ON ID and
PASSWORD are validated by lookup in the SYSTEM USER LIST, and the user's "acc-
ess rights" are determined relative to the defined file protection
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classes. Access rights are listed in the SYSTEM USER LIST for each file
of a protection class and are used to specify three different levels of privi-
lege in order of increasing responsibility, as follows:

1.  BLANK L Access by System Security Administrator(s) Only.

2. EXECUTE '"E" - Execute-Only Access. Applicable to program files
only. User may run files of this class, but may
not copy, examine, link, modify, or read them.

3. READ "R" - Read, and Execute Access. Program files may be

copied, debugged, and linked. Data files may be
opened in INPUT mode only.

4. WRITE Wo- Write, Read, and Execute Access. User has comp-
lete access rights and may also Scratch, Protect,

Modify, Delete and Debug this classification of
files.

These access rights are checked whenever a user attempts to execute a
program or procedure, open an existing file, or rename or scratch a file.

1.11 ERROR DETECTION AND CORRECTION

To ensure the integrity of information stored in memory and on external
storage devices (disks), the system provides automatic error detection and
correction facilities. In physical memory, all single-bit errors are correct-
ed automatically, while multi-bit errors cause an error indication. Similar
checks also are performed on information stored on disk.

1.12 REMOTE DIAGNOSTIC FACILITIES

Remote Diagnostic Service is a maintenance program that is offered to
V5-25/45 customers. The primary goal of the service is to isolate problems
remotely so that the Customer Engineer can bring the correct parts and supply
the customer with a responsive and efficient level of service.

The VS-25/45 hardware includes a Telecommunication capability on the Bus
Processor board to establish a link with the Remote Maintenance Center. The
two basic features of the Remote Diagnostic Service involves the ability to
read the Nonvolatile RAM (NVRAM), located on the BP board, and the capability
to run all the off-line diagnostics remotely. Remote Diagnostic Support is
described in paragraph 8.3.

1.13 CONFIGURATIONS

The modular design of the VS-25/45 system permits it to be readily expand-
ed with additional physical memory (to a maximum of 1.024M bytes), on-line
storage devices, and additional workstations and printers (to a maximum of 32
SERIAL peripherals). Expansion can be carried out with no impact on existing
software, except for the need to '"regenerate' the Operating System software to
reflect the newly added devices. Consequently, the user with distributed data
processing requirements can purchase several assorted system configurations of

differing size and complexity, and can use a common set of application soft-
ware on all systems.
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Table 1-5. VS-25/45 Models
MODEL # SERIAL TAG # MEMORY SIZE MAIN MEMORY P/N
VS25-8A 157/177-7131 512Kb 210-7900-3A
V§25-12A 157/177-7132 768Kb 210-7900-4A
VS25-16A 157/177-7133 1024Kb 210-7900-5A
V§25-8C 157/177-7168 512Kb 210-7900-3A
V§25-12C 157/177-7169 768Kb 210-7900-4A
V§25-16C 157/177-7170 1024Kb 210-7900-5A
VS45-8A 157/177-7176 512Kb 210-7900-3A
VS45-12A 157/177-7177 768Kb 210-7900-4A
VS45-16A 157/177-7178 1024Kb 210-7900-5A
VS45-8C 157/177-7181 512Kb 210-7900-3A
VS45-12C 157/177-7182 768Kb 210-7900-4A
VS45-16C 157/177-7183 1024Kb 210-7900-5A
VS45-8X 157/177-7171 512Kb 210-7900-3A
VS45-12X 157/177-7172 768Kb 210-7900-4A
V845-16X 157/177-7173 1024Kb 210-7900-5A
NOTE

The serial tag number prefix for 50 cps ac line

frequency machines
prefix for 60 cps ac line fre

Table 1—6.

is 157.

VS-25 CPU Configurations

The serial tag number
quency machines is 177.

MODEL

MEMORY SIZE

DISK DRIVE(S)

SERIAL PORTS

VS25-8A

512K bytes

25V55 Disk DA
33 Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

16

V§25-12A

768K bytes

25V55 Disk DA
33 Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

16

VS25-16A

1024K bytes

25V55 Disk DA
33 Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

16

VS25-8C

512K bytes

25V55 Disk DA
Two 33 Megabyte Fixed Disks
Model 2270V-4 DSDD Disk

16

V§25-12C

768K bytes

25V55 Disk DA
Two 33 Megabyte Fixed Disks
Model 2270V-4 DSDD Disk

16

V§25-16C

1024K bytes

25V55 Disk DA
Two 33 Megabyte Fixed Disks
Model 2270V-4 DSDD Disk

16

Table 1-7.

VS-45 CPU Configurations

MODEL

MEMORY SIZE

DISK DRIVE(S)

SERIAL PORTS

VS45-8A

512K bytes

25V55 Disk DA
33 Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

32

729-1032-B
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Table 1-7.

VS-45 CPU Configurations (cont'd)

MODEL

MEMORY SIZE

DISK DRIVE(S)

SERIAL PORTS

VS45-12A

768K bytes

25V55 Disk DA
33 Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

32

VS45-16A

1024K bytes

25V55 Disk DA
33 Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

32

VS45-8C

512K bytes

25V55 Disk DA
Two 33 Megabyte Fixed Disks
Model 2270V-4 DSDD Disk

32

V845-12C

768K bytes

25V55 Disk DA
Two 33-Megabyte Fixed Disk
Model 2270V-4 DSDD Disk

32

V845-16C

1024K bytes

25V55 Disk DA
Two 33-Megabyte Fixed Disks
Model 2270V-4 DSDD Disk

32

V845-8X

512K bytes

25V50 Disk DA
Model 2270V-4 DSDD Disk

32

VS45-12X

768K bytes

25V50 Disk DA
Model 2270V-4 DSDD Disk

32

VS45-16X

1024K bytes

25V50 Disk DA
Model 2270V-4 DSDD Disk

32

1.13.1

1. VS-25/45 Options:

TYPICAL VS-25/45 SYSTEM-OPTION CONF IGURATIONS

MODEL

DESCRIPTION

25V37

32-port Intelligent Serial Device Adapter

25V50-1

l-port Storage Module Disk Drive DA (VS-45X

only)

25V50-2

2-port Storage Module Disk Drive DA (VS-45%X

only)

25V50-3

3-port Storage Module Disk Drive DA (VS-45X

only)

25V50-4

4-port Storage Module Disk Drive DA (VS-45X

only)

25V55

Quantum Fixed Disk Device Adapter (except VS-45X)

25V76-1

Single Port Telecommunications Device Adapter

25V76-2

Dual Port Telecommunications Device Adapter

ADMS

Key Entry

ADMS

Mailway
Key Entry
Voice

Facsimile

2. Software For VS-25 System:
All compilers and utilities
Word Processing
Mailway Level II

3. Software For VS-45 System:
All compilers and utilities

Word Processing
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1.14 ASSOCIATED PERIPHERALS

The VS-25/45 system supports
except parallel workstations and printers.

peripherals available for the VS-25/45.

INTRODUCTION

currently offered VS peripheral devices,
The following tables 1list those

Table 1-8. Serial Devices
SYSTEM DEVICE MAXIMUM # ADAPTER . NOTES
VS-25 Workstations 10 25V27 S10/ | All VS workstations, except
25V37 ISI0 | remote workstations/printers
VS-25 Printers 6 25V27 S10/ | All VS printers
25V37 1SI0
VS-45 Workstations 20 25V27 SI0/ | All VS workstations, except
25V37 ISI0 | remote workstations/printers
VS-45 Printers 12 25V27 S10/ | All VS printers
25V37 1SIO0
Table 1-9. Disk Devices
SYSTEM DEVICE MAXIMUM # ADAPTER NOTES
VS-25 Quan tum 2 25V55 67M bytes maximum capacity
VS-45 Quan tum 2 25V55 67M bytes maximum capacity
VS-25 2270V-1/2/3 ) 25V27 S10/ | Plus 8 Archiving
25V37 ISI0 | Vorkstations
VS-45 2270V-1/2/3 16 25V27 S10/ | Plus 16 Archiving
25V37 1ISIO | Workstations
VS-45 2280V-3 4 25V50 VS-45X models only.
CMD 360M bytes maximum capacity
VS-45 2265V-1 4 25V50 VS-45X models only.
SMD 300M bytes maximum capacity
VS-45 2265V-2 4 25V50 VS-45X models only. 4
SMD 1.2G bytes maximum capacity
VS-45 2265V-3 4 25V50 VS-45X models only.
FMD 2.4G bytes maximum capacity
Table 1-10. Tape Devices
SYSTEM DEVICE MAXIMUM # ADAPTER NOTES B
ve-25 2529V 1 25V27 S10/ | Serial cartridge tape drive ;
25V37 ISIO |
VS-45 2529V 1 25V27 S10/ | Serial cartridge tape drive |
25V37 1SI0 ‘
Table 1-11. Telecommunications Processors
SYSTEM DEVICE MAXIMUM # ADAPTER NOTES
VS-25 6554 TCP 1 25V27 S10/ 1 TCP with maximum of 4 ports
25V37 1S1I0
VS-45 6554 TCP 1 25v27 S10/ 1 TCP with maximum of 4 ports
25V37 1ISIO0 I
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1.15 TELECOMMUNICATIONS

Versatile data communications facilities for the VS-25/45 are supported by
the 25V76-1 (210-8337) and 25V76-2 (210-8637) Telecommunications Device Adapt-
ers.

The 25V76-1 (single port option) and the 25V76-2 (dual port option) are
intelligent device adapters which support RS-232, RS-449, RS-366, and X.21
interfaces at speeds up to 19.2-K Baud per second. These adapters will be
capable of managing asynchronous, bisynchronous, and bit-oriented synchronous
proto- cols currently supporting the TCB-1 controller. The device adapters
support bidirectional Direct Memory Access (DMA) on a 16-bit bus to the
VS-25/45 Main Memory and the Bus Processor's Data RAM.

1.16 SYSTEM SPECIFICATIONS

DIMENSIONS INCHES CENTIMETERS
Width 27.0 68.6
Height 36.0 91.4
Depth 26.5 67.3
SERVICE CLEARANCES INCHES CENTIMETERS
Front 36 91.4
Rear 24 60.9
Left 0 0
Right 0 0
Top 20 50.8
NET WEIGHT POUNDS KILOGRAMS
250 110
POWER REQUIREMENTS 115V/60Hz 230V/50Hz
Ac Variation +/-10% +/-107%
Amps 15 7.8
Watts 850 850
Dedicated Yes. With 20 Amp
Circuit circuit breaker in
computer room

HEAT OUTPUT BTU/HR KCAL/HR
2890 730
TEMPERATURE MINIMUM MAXIMUM
Fahrenheit +60° +90°
Celsius +15.5° +32,2°
HUMIDITY MINIMUM MAXIMUM
Noncondensing 207 807
1-20
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‘ ALTITUDE
Maximum

INTRODUCTION

FEET METERS
10,000 3048

NOTE

Tape drives installed above 4000 ft. (1200

meters) and disk

drives installed above 6500 ft.

(1960 meters) require high-altitude options.

CABLE LENGTH
Power

ARCHITECTURAL

FEET | METERS
6 1.8

Control Memory Size

- 8 K-Words Maximum.

Virtual Program Address Space

- 1 Mbyte per user (including program file).

Virtual Data Address Space

- 1 Mbyte per user (including system overhead).

Main Memory Size

- 512 Kbytes (min.) to 1.024 Mbyte (max.).

Main Memory Bus Size

- 16-bit half-word, 6-bit parity (ECC) field.

Main Memory Cycle Time, avg.

- 400 nanoseconds (normal read/write),
800 nanoseconds (extended cycle for RMW
Oor error correction).

| ‘ Main Memory Refresh Cycle

~- Every 12.5 microseconds.

System Clock

- 20 MHz, 50 nanosececonds.

| CP Microinstruction Size

- 40 bits long (18-bit Process Field,

5-bit Memory Field, 16-bit Branch Field,
1-bit odd parity)

| CP Microinstruction Time

- 500 nanoseconds (average)

CP Registers

-Thirty-two 16-bit File Registers.
Thirty-two 16-bit System (Control

and Floating Point) Registers.
Thirty-two 16-bit Auxiliary Registers.
Thirty-tv> 16-bit General Registers.
128 16-bit Work Registers

CP Cycle

- 200 .nanoseconds

CP Data Path

- 16 Bits Wide

CP Address Path

- 24 Bits Wide

Main Memory Data Path

- 16 Bits Wide

Main Memory Address Path

- 21 Bits Wide

Bus Processor DA Data Path

- 16 Bits Wide

Device Address Path

- 16 Bits wide
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CHAPTER 2

THEORY OF OPERATION

2.1 VS-25/45 OVERVIEW

This chapter provides a block-diagram level theory discussion of the
VS-25/45 CPU and main frame components.

The VS-25/45 main frame is based on the three major board assemblies,
three external busses, and up to six device adapters boards. The primary
functional units are the CP5 Central Processor, the Main Memory, and the 8086
controlled Bus Processor. The Bus Processor and I/0 Device Adapters serve as
an interface between the peripheral devices and the VS-25/45 Central Proces-
sing Unit (CPU). The VS-25/45 CPU consists of the CP5 Central Processor (with
it's Arithmetic and Logic Unit [ALU], and instruction interpretation, execu-
tion and control functions), Main Memory (MM) storage, and the three system
busses. (See figure 2-1, the System Block Diagram.) A brief explanation of
each function and their interaction follows.

2.1.1 VS-25/45 MAIN MEMORY BUS

The VS-25/45 Main Memory Bus was designed to integrate memory operations
and system communication between Main Memory (MM) and the Central Processor
(CP), the Device Adapters (DAs), and a newly designed and more sophisticated
Bus Processor (BP). The Main Memory Bus has 61 signal lines who's functions
are given in table 2-1 on page 2-3 following.

A requester acquires a bus cycle by raising its Memory Request In (MRI)
signal. Main Memory acknowledges this signal giving a Memory Grant Strobe
(MGS) to the highest priority requester, which immediately enables its address
and control buffers (and if doing a write, its data buffers) onto the Bus.
Later in the cycle, if Main Memory needs to give the requester data, it will
pulse the Memory Data Strobe (MDS) line. Each requester has a separate MRI
and MGS line, but all have a common MDS line. The MDS line notification must
be inhibited by the requesters except when their specific MGS is active.

The Main Memory controller uses three Memory Control Bits (MCB0-2) initi-
ated and supplied by the requester to control the request. These three bits
are defined to give eight read or write functions during a Main Memory opera-
tion: four read/write with error correction and four without. After the oper-
ation is complete, the MM controller responds with two Memory Status Bits
(MSB0O-1) which signals the results of the operation to the requester.

There are three defined states of completion using MSBO-1: a successful
operation, an Invalid (or nonexistent) Memory Address (IMA), and an error un-
corrected by Error Correction Code (ECC). A double bit error (or an ECC un-
corrected error) will be reported by MSBO-1. Corrected single bit errors are
not reported by MSBO-1 but are reported to the BP on the Error Count (ECNT)

line. The ECNT line sends each single or double bit parity error to a counter
on the Bus Processor board. )
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Table 2-1. Main Memory Bus

FUNCTION (No. of Lines) MNEMONICS OPERATION
Memory Address Lines (21) MA0-20 BP/CP/DAs to MM (Note 1)
Memory Data Lines (16) MD0-15 Bidirectional (Note 2)
Memory Control Bits (3) MCBO-2 BP, CP, or DAs to MM
Memory Status Bits (2) MSB0-1 MM to BP, CP, or DAs
BP Memory Request In (1) MRL5 BP to Main Memory
CP Memory Request In (1) MRI7 CP_to Main Memory
DA Mewory Request In  (6) MRIO-4, 6 DAs to MM {Note 1)

BP Menory Grant Strobe (1) MGS 5 MM to Bus Processor

CP Memory Grant Strobe (1) MGS7 MM to Central Processor

DA Memory Grant Strobe (6) MGS0-4, 6 MM to DAs (Note 1)

Memory Data Strobe (1) MDS MM to BP,CP,DAs (Note 3)

MM Error Count Signal (1) ECNT MM to Bus Processor

System Clock (20 MHz) (1) (Phi S) BP to CP and MM (Note 4)
NOTES

1. The SIO Device Adapter does not have access to
Main Memory via the Main Memory Bus. Access
is via the Data RAM Bus and the Data RAM which
serves as a double buffer.

2. Main Memory Data lines are bidirectional be-
tween BP, CP, DAs, and Main Memory except for
the SIO DA discussed in Note 1.

3. Inhibited by all requesters unless a specific
MGS is active.

4. The System Clock is intended for use by the CP
and MM only. (DCK is reserved for the DAs.)

2.1.2 VS-25/45 BUS PRUCESSOR BUS

The second major bus on the VS-25/45 is the Bus Processor Bus. The BP Bus
provides direct communication with, and control of, the various Device Adap-
ters. It also controls the exchange of status and other information between
the BP and the CP. Along with the BP Address and Data lines, it handles the
external interrupts from the DAs, the I/0 Device Adapter control signals, and
the CP control bits and interrupts. (An interrupt is an error condition or a
request-for-assistance condition that will cause a break in the normal
sequence of instruction execution.) The Control Mode and Initialize functions
are routed throughout the system via the BP Bus.

The BP 1/0 control signals, I1/0 Data Enable (IODEN), I/O Data Transmit or
Receive (IODT/R), 1/0 Read (IORD), and I/0 Write (IOWR), are use to control
the Device Adapters' operations and to perform disonostic functions on the

CP.  The Bus Processor Bus uses 56 operational signa tnes as shown in table
2-z.
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Table 2-2. Bus Processor bus

FUNCT1ON (No. of Lines) MNEMON1CS ~ OPERATION  — 77
BP Address Lines (11) BPA 0-10 BP to CP and DAs (Note 1)
BP Data Lines (16) BPD 0-15 Bidirectional (Notd 2)
BP Interrupt Lines (18) BPINT (-17 DA to BP 808b Processor |
Bus Processor 1/0 IODEN, 10DT/K, | BP to Central Processor ]
Control Signals (4) LORD, and 1OWR and Device Adapters.
CP_(Command) Control Bits (2) 103710438 IR (Note 3) 1
BP (Command) Control Bit (1) CMODE B to U““trﬂpriﬁﬁfiiﬂi-:i
CP Execution Interrupted (1) CPHALT CP ro B (Note &)
CP_Comparator Reached §9) CPSYNC CP to BT (Note 5)
System Initialization (1) INIT —PQ_LQ_QR, CP and DAy j:
CP Real Time Clock (1) KRECK PS to CP (Note 6) ]

NOTES

l. The current Bus Processor hardware only allowe
for eleven address lines.

N~
.

Bus Processor Data 1l.nes are bidirectional
between the BP, and the CP, or DAs.

3. 103 and 104B are CP to BP control lines wher:
I03 can be set by the CP and cleared (reset)
by the BP, and I104B 1is set by the BP a.d
cleared (reset) by the CP.

4. CPHALT is a status signal which indicates to
the BP that the CP is not running. The BP can
stop and/or start the CP as required.

5. This line 1is raised (during diagnostic mode
only) whenever the CP comparator value (ad-
dress) 1is reached.

6. The Real-Time-Clock on the CP is incremented
by a pulse from the Power Supply each 1/120th
of a second (8.33 ms).

2.1.3 VS-25/45 DATA RAM BUS

The third system-wide bus on the VS-25/45 is the Data RAM Bus. The DRAM
Bus provides direct communication with and subsequent control ot the Data RAM
by the various requesters (Device Adapters, etc.) when they are using the
DRAM. It supplies both address and data line access to the Data RAM for all
requesters. This allows independent operation of both the DRAM and the BP.

The DRAM Bus supports the path between the DRAM (with it's resident memory
controller and parity) and all Device Adapters, a direct path to the BP 8086
microprocessor, and a Direct Memory Access (DMA) path to Main Memory. Any De-
vice Adapter may utilize the DRAM as a double buffer data pool to Main Memory
1f the hardware and software for that device are so designed (eg: the SI0).
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The exchange of status and other information among the BP, the DAs, and
the DRAM 1s accomplished by the DRAM control and request lines on the DRAM
Bus. The operation of these lines 1is essentially the same as their counter-
parts on the Main Memory Bus (paragraph 2.1.1) with the exception of Error
Correction Code (ECC) capability.

The Data RAM does not have Error Detection and Correction circuitry.
Instead it uses parity error notification. Consequently, the number of lines
for control and status have been reduced by one each (DCBO-1, and DSB). A
parity error from the DRAM is reported to the requester on the DSB line. Lt
1s non-recoverable since ECC is not used. In addition, DRAM data is not
checked for an Invalid Memory Address.

The DRAM Clock (DCK) is a buffered output of the System Clock, and has the
same diagnostic feature of fast, normal, and slow operation. It is also con-
trolled by the Bus Processor software through the BP hardware latch, activated
by switch 51, and is used during system diagnostics. The Data RAM Bus carries
57 operational signal lines as shown in table 2-3.

Table 2-3. Data Ram Bus

FUNCTION (No. of Lines) MNEMONICS OPERATION

DRAM Address Lines (16) DA 0-15 . BP/DAs to DRAM (Note 1)

DRAM Data Lines (16) DD 0-15 Bidirectional (Note 2)

DRAM Request In (10) DRI 0-9 BP/DAs to DRAM (Note 3)

DRAM Grant Strobe (10) DGS 0-9 DRAM to BP/DAs (Note 3)

DRAM Control Bits  (2) DCB 0-1 BP or DAs to Data RAM

DRAM Status Bit (1) DSB DRAM to BP or DAs

DRAM Data Strobe (1) DDS DRAM to BP/DAs (Note 4)

DRAM Clock (20 MHz) (1) DCK DRAM to some DAs (Note 5)
NOTES

l. DRAM Address Line DALS5 is not currently used
by the DRAM and must always be zero.

2. Data RAM data lines are bidirectional between
the DRAM and the BP, or Device Adapters.

3. There are thirteen DRI/DGS interrupts to the
DRAM, ten external and three internal.

4. The DDS line notification is common to all
DRAM requesters and must be inhibited by the
requesters unless their specific DGS is active.

5. The DRAM Bus Clock is a buffered output from
the System Clock (Phi S) on the Bus Processor
board and must be used by all Device Adapters
that require a 20 MHz clock signal.
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2.2 VS-25/45 CENTRAL PROCESSOR

The CP5 Central Processor's primary task is to execute the VS-25/45 ma-
chine instruction set and to monitor the results of execution. (There are
actually two instruction sets in the CP, the machine instruction set and the
microinstruction set. Each machine instruction is a microcode routine stored
in the CP's Control Memory.)

As can be seen in figure 2-2, the CP Block Diagram, the CP contains facil-
ities for addressing physical main memory; fetching and storing information;
arithmetic and logical processing of data; sequencing instructions in the
desired order; and initiating communication between Main Memory and the exter-

nal devices. The Central Processor is one board containing many standard and
unique logical elements.

The VS-25/45 CP is microcode compatible with the VS-50/60/80. Existing
V5-80 microcode can be run on the VS-25/45, with the exception of translation
and input/output differences. The VS-25/45 supports over 8 megabytes of vir-
tual memory address space and can access physical memory up to 1M byte, where
IM byte is defined as 1,048,576 bytes.

2.2.1 CP CONTROL MEMORY

The VS-25/45 Control Memory (CM), a loadable 8K-Word Random Access Memory,
is part of the CP5 board. The CM features twenty 2K-byte (where LK byte 1is
defined as 1024 bytes) high speed RAM chips which stores all CP microinstruc—
tions. The CP Control Memory Word (CMW) is 5 bytes long (39 bits, plus one

parity bit). The current microprogram contains approximately 6K-Words of
microinstructions.

The Control Memory Word has the same fields as the VS-60/80, including:
Microopcode Table, Stack-Operand Encuding, Process Field Encoding, Memory
Field Encoding, and Branch Field Encoding. The CP Branch Field allows 13 bits
(8K-byte possible locations) for Control Memory addressing.

The loadable Control Memory RAM permits CP microcode updates, microcode
expansion, and the use of microlevel diagnostics. All system microcode is
recorded on disk and is loaded into the Control Memory via the Bus Processor.

2.2.2 GENERAL CP/MAIN MEMORY (MM) OPERATIONS

Memory operations are write 8-bits (one byte), write 16-bits (two bytes),
and read 16-bits (halfword). The CP can initiate only one memory read or
write operation for each microinstruction. CP memory read or write requests
rely on a physical address contained in a Memory Address Register (MAR) and
data contained in a Memory Data Register (MDR). There are two MARs and one
MDR.  The memory operation field of the microinstruction selects a Memory

Address Register and indicates the type of read/write operation or address
ripple (incrementing or decrementing a MAR value) operation.

Main Memory Error Correction Code (ECC) testing takes place for each two-
byte (halfword) operation or a write one-byte operation. ECC attempts to cor-
rect a single bit error within a halfword. A CP microtrap is taken for multi-

bit parity errors within a halfword read operation, or for one-byte write
operations.
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2.2.2.1 Read And Write

The read operation uses the selected Memory Address Register contents at
the start of the microinstruction. The (P must wait for the data to be re-

turned befove resuming microinstruction execution. Error returns for read
operations are handled by parity error or invalid memory address (IMA) micro-
traps after the microinstruction has completed. When an IMA is encountered,

the memory operation is not completed, that is, Main Memory is not altered.

The write operation uses the contents of the MDR and the contents of one
of the MARs at the start of the microinstruction. The CP cannot continue pro-
gram execution until it receives a 'memory operation complete'. Parity error
returns for l-byte write operations and invalid addresses are handled by the
same microtrap as the halfword read operation.

2.2.2.2 Translation

When a translation operation changing virtual memory addresses into physi-
cal memory addresses is performed, memory read, write, and ripple operations
are allowed after the physical address is formed. A Translation RAM (T-RAM),
after translating the virtual address, supplies the physical addresses for the
two Memory Address Registers. One bit of the microinstruction selects the MAR.

2.2.2.3 Ripple

The Memory Address Register ripple operation involves a small increment or
decrement of the MAR value. Both Memory Address Registers support ripple
operations. The ripple operation is specified by the ripple portion of the
memory operation field format of the microinstruction. The ripple opecration
for the MARs only affects the low order bits of the MAR. The high order hits
are never modified by the ripple operation. If a memory read or write opera-
tion is also requested, then the ripple occurs after the memory operation has
been initiated. A ripple operation always involves a corresponding Page bit
to indicate that the MAR address has or has not crossed a 2K-byte memory page
boundary (page-break). A status bit is set if there is no carry-out and the
status bit is reset if the ripple causes a carry-out from the MAR.

2.2.2.4 Memory Address Registers

The CP uses the two Memory Address Registers (MARs) in conjunction with
the Memory Data Register. The MAR select bit of the microinstruction chooses
either the first or the second MAR. The select bit is also used for transla-
tion operations that involve a iMAR. The memory operation uses a 2l-bit physi-
cal address from either of the 24-bit MARs.

One MAR bit controls a byte-swap function for a 16-bit read or write.
(Two bytes of data can be logically swapped after data is read from memory or
before data is written to memory.) An 8-bit write uses the full MAR address
with the data taken from the high order byte of the Memory Data Register
(MDR). A read-modify-write (RMW) can be performed at the memory controller
for this one-byte write. (A RMW, a two-memory cycle operation, must read a
halfword, replace a byte, and rewrite the halfword.) An invalid memory ad-
dress trap is taken if the address exceeds the maximum memory size for either

read or write operations. The trap is taken one microinstruction after the
memory operation is completed.
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From an operational viewpoint, each MAR may be divided into two sections.
The low order bits of the MARs (bits 13-23) can be rippled +1, +2, or -1, but
the high order address bits (0-12) are not modified by a ripple. A ripple
sets or resets the PAGE status bit. MAR ripple operations are not allowed for
any microinstruction that loads or stores either of the MARs.

The MARs are not available as Arithmetic Logic Unit (ALU) operands but MAR
contents can be moved to and from a pair of registers with Transfer MAR and
Transfer Stack Pair instructions.

The high order bits, MAR 3-12, are transferred to the memory address lines
as MA 20-11 and the low order bits, MAR 13-23, as MA 10-0 due to the conven-
tion of the Intel 8086 microprocessor used on the Bus Processor board. The
8086 views the memory address lines as the reverse of the VS-25/45 CPU; that
is, the most significant bit as the least significant bit. This is also true
with the actual data as the 8086, during a memory access, sees the even byte
as the odd byte and the odd byte as the even byte. Table 2-4 shows the inver-
sion of the Memory Address Register bits to the Memory Address line values.

(Refer to table 2-10, VS-25/45 Main Memory Addresses, for complete memory
address values.)

Table 2-4. Memory Address Register Output Inversion

MAR BIT MA LINE BIT
MAR 23 MAO
MAR 22 MA1
MAR 21 MA2
MAR 20 MA3
MAR 19 MAG
MAR 18 MAS
MAR 17 MAG
MAR 16 MA7
MAR 15 MASB
MAR 14 MA9
MAR 13 MALO
MAR 12 MAL1
MAR 11 MA12
MAR 10 MA13
MAR 9 MAL4
MAR 8 MALS
MAR 7 MAL6
MAR 6 MAL7
MAR 5 MAL8
MAR & MAL9
MAR 3 MA20

2.2.2.5 Main Memory Data

Data to and from Main Memory is transferred through the Memory Data Regis-
ter (MDR). The MDR can be accessed as 2-byte halfwords and also as high and
low order bytes of the halfword. High MDR bytes are used for all 8-bit Arith-
metic Logical Unit operations.
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Data to be written to Main Memory (MM) are transferred from the MDR via
the Memory Data lines (MDO-15) on the Main Memory Bus and the CP waits for a
'memory operation complete'. Data from Main Memory is transterred by the Main
Memory Controller into the MDR via the Main Memory Bus.

2.2.3 CP ADDRESS TRANSLATION

The physical main memory storage capacity of the VS-25/45 is 1M bytes.
Because the VS-25/45 uses Virtual Memory techniques, Main Memory can be made
to appear as large as 8M bytes. The translation of virtual addresses to phys-
ical (Main Memory) addresses is performed by the CP. Three elements recog-

nized by the Operating System (the master control program) during translations
are segments, pages, and page f{rames.

The current operating system defines three segments of up to 1M byte
each. (A segment is required to be a block of contiguous disk storage.) The
first, Segment 0, stores the supervisory routines and data for the Operating
System. The sccond segment (Segment 1) is reserved for each user's program.
Segment 2, the third type, can vary from 64K bytes to 1M byte (in 4K byte
increments) for each user's data. A page is 2048 contiguous bytes (2K-bytes)
of disk storage space within the user program or data segments, and a page
frame is a Main Memory area exactly large enough to contain a disk page.

Since the system is intended to operate in a multitask, multiuser environ-
ment, it is necessary to have a mapping mechanism to direct the CP to the
pages of the tasks being executed. The CP uses a &4K-bit by 13-bit 1local
Translation RAM (T-RAM) to perform the mapping (translation) of a 24-bit
virtual memory address (VA) into its current corresponding 24-bit physical
main memory address. Each T-RAM entry, which can be loaded from the contents
of the Memory Data Register, contains a page frame number, a fault bit, and
read and write protect bits. These correspond to a particular page within the

total virtual address space. The translation operation addresses the T-RAM
entry using the virtual address.

The page frame number read from the T-RAM is loaded into a section of
elther of the MARs. The output of the MARs is concatenated with the low order
bits of the virtual address (a location within the page) from another section
of either of the MARs, to form a 24-bit physical Main Memory address. Only 21
bits are actually sent to Main Memory.

If the operation traps on an invalid virtual page address (page fault),
the macroinstruction can be restarted and the T-RAM entry can be updated. A
trap is also taken if the page is protected against being read or overwritten.

The CP maintains a table for each page frame entry in the T-RAM to record
a Reference (R) bit, indicating a page was recently used, and a Change (C)
bit, indicating the contents of a page were modified. A I1K-bit by 2-bit RAM
1s responsible for maintaining the Reference And Change Table (RCT). The R
bits tell the Operating System which pages have not been used recently and may
be written over with new pages. The C bits allows the Operating System to de-
termine which pages have been modified and should be written back onto disk to
make room in memory for new pages. These two R and C bits are updated to re-
flect the page frame status during each Memory Operation translation process.
The translation operation addresses the T-RAM entry using the virtual address.
Addressing the RCT is done by the MAR after it has been modified by the T-RAM

2-10
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entry. An RCT physical address entry can be cleared or inspected by microin-
structions.

2.2.4 CP STACK

The CP Stack, a local RAM storage area, is configured as 256 16-bit (half-

word) register.. The Stack is divided into five functional areas as follows:
FILE : Used as work registers by the CP microprogram. Also stores
REGISTERS: the microprogram constants created at initialization and

supprrts ALU Level 1 operationc.

SYSTEM : Used to hold the outer-program Control Registers and Floating
REGISTERS: Point Registers, and to support ALU Level 2 operations.
AUXILIARY: Used as work or spare registers and support only ALU Level 3
REGISTERS: operations.
GENERAL : Used to hold the outer-program General Registers and support
REGISTERS: ALU Level 2 operations.
WORK : Used in relation to translation operations and support ALU
REGISTERS: Level 3 operations.

NOTES

l. The term "ALU Level" describes the types of
ALU (Arithmetic Logical Unit) operations that
can be performed on the Stack elements.

2. ALU Level 1 - All ALU operations are supported
including binary and decimal arithmetic, logi-
cal, and shift operations for either 8-bit or
16-bit operands.

3. ALU Level 2 - Most ALU operations are sup-
ported but not the full set as described 1in
Level 1. (i.e. 16-bit ALU processing func-
tions and the 'generate base-displacement (BD)
operation'.)

4. ALU Level 3 - Only move operations are di-
rectly supported.

The unit of retrieval from the Stack can be eight bits (l-byte) or 16 bits
(2-byte halfword) increments. One Control Memory bit acts as a byte select

and determines which half of the Stack 1is used. The Stack wuses an 8-bit
address.

2.2.5 CP MICROT .APS

CP microtraps, interrupts to the CP microprogram, can occur due to pro-
cess, memory, branch field operations, or external conditions. When a trap
condition is detected, the CP hardware forces a branch to a specific Control
Memory address. This address is determined by the type of trap and is used to
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begin execution of a routine intended to take action in response to the condi-
tion causing the trap. All microtraps branch to locations in the Control Mem-
ory and the current microinstruction will finish before a trap is taken. Some
examples of CP microtraps are Address Translation and Protection, Invalid Mem-
ory Address, Memory Parity Errors, and Pagespans.

The Address Translation trap indicates an address translation fault or
that the virtual address is too large. The Protection trap indicates that the
RAM used for translation operations is protected (from use by other than the
'owner') against reading or overwriting of a page. The memory operation error
traps (address or parity errors) are traps that can occur during either read
or write operations. These traps are taken one microinstruction after the
operation is complete. A Pagespan trap indicates that a logical page boundary

in Main Memory has been crossed. The following table lists the microtraps in
descending priority: :

Table 2-5. Command Processor Microtraps

TRAP ADDRESS TRAP NAME CONDITION
0001 Not Used
0002 Not Used
0003 TRAPOQ3 Address Translation Trap (T-RAM Fault)
(Set Status Register Bit S6).
0004 TRAPQ4 Protection Trap.
0005 INVA Memory Trap (Invalid Physical Address).
0006 MPAR Main Memory Parity Error
(Bit S6 set = MAR in use on MPAR trap.
0007 TALIGN Alignment Trap (BOP = TRP ALIGNx).
0008 TBI Pagespan Trap (Page = 0 when BOP = BI).
0009 TCC Trap for BOP = TRP CC/MASK.

2.2.6 CP STATUS REGISTER

The CP maintains a 16-bit Status Register whose content is set as a result
of external conditions, CP arithmetic and logical operation results, and
microprogram flags. The status bits indicate to the CP that an "event" has
occurred. Status bits are accessed in 4-bit groups for conditional branch-
ing. Table 2-6 gives the eight CP Status Bits currently used by CP5.

2.2.7 GENERAL CP HARDWARE AND LOGIC

Included in the CP are many multipurpose hardware elements, a few of which
are described below.

2.2.7.1 8-Bit Binary Arithmetic Logic Unit

The 8-bit Binary ALU (BALU) consists of two 4-bit high speed parallel
arithmetic logic units cascaded for performing operations on one byte (8 bits)
of data. Controlled by four function select inputs and a Mode control input,
it can perform 16 possible logic operations or 16 different arithmetic opera-
tions. The Mode control input determines whether all internal carries are
inhibited and the device performs logic operations (Or, Nor, Exclusive Or,
And, Nand, or Compare) on the individual bits, or whether the carries are
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enbled and the device performs arithmetic operations (Add, Subtract, Compare,
or Double) cn the two bytes.

2.2.7.2 8-Bit Decimal Arithmetic Logic Unit

The 8-bit Decimal ALU (DALU) consists of two &4=bit high speed binary coded
decimal (BCD) arithmetic units cascaded to allow eight bits (one byte) of data
to be acted on as a whole. Depending on the state of the Add/Subtract con-
trol, the unit produces the BCD sum or difference of two decimal numbers. A
decimal addition (A plus B) is performed by adding two 8-bit fields. A deci-
mal subtract operation (A minus B) is performed by nine's complement addition
yielding the difference of two BCD numbers.

Table 2-6. Command Processor Status Bits

BIT NAME CONDITION /
S0 CA Carry Bit. Carry In/Out for Decimal/Binary Operations.
S1 - (Spare)

52 ALU O | Or Non 0 result for 8/16 Bit Move or Arithmetic Operations.
S3 PAGE Set/Reset when MAR Rippled. Carry-out of MARL3. (New Page)
S4 STATE | Protection Checking. Indicates System or User State.

S5 DEC Set for Invalid Decimal digit found in A or B Bus Operand for
Decimal Add/Subtract with Carry.

S6 MSEL From Trap 0003/0006. MAR in use when Trap taken.

S7 - (Spare)

S8 DEBUG | Required Microprogram convention; no hardware significance.
S9 CM Control Mode. CP Control Mode button.

S10 103 Set by BP. BP has stored 1/0 Status Word in memory.

S11 TIM Real-time-clock tick. Set from AC line frequency.

S12 OVF Overflow from 2"s compliment arithmetic. From Add with Carry
or Subtract with Carry instructions. ‘

S13 104 Receive bit I04B when CIO 0 issued.

S14 | TRCT Reference Bit--Read/reset access to Reference & Change Table.
S15 | TRCT Change Bit--Read/reset access to Reference and Change Table.

2.2.7.3 16-Bit Binary Arithmetic Logic Unit

The 16-bit Binary ALU (BALU) consists of four &4-bit high speed parallel
arithmetic logic units cascaded for performing operations on a halfword (16
bits) of data. Controlled by four function select inputs and a Mode Control
input, it can perform 16 possible logic operations or 16 different arithmetic
operations. The Mode Control input determines whether all internal carries
are inhibited and the device performs logic operations (Or, Nor, Exclusive Or,
And, Nand, or Compare) on the individual bits, or whether the carries are
enabled and the device performs arithmetic operations {Add, Subtract, Compare,
or Double) on the two halfwords (4 bytes).

2.2.7.4 Process Field Decoder

The Process Field Decoder stores control signals, in Programmable Read
Only Memory (PROM), that are used internally by the CP. Depending on the
process field of the microinstruction, each microinstruction is broken down
into 2 or 3 nanoinstruction cycles. The PROMs are addressed by the process
field, the signals are read out of the PROMs, and are distributed to various
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CP hardware elements to direct the data and address flow of the instruction
currently being executed.

2.2.7.5 Indirect Register

The Indirect Register, comprising two 4-bit up/down counters, is used as a
general work register and for addressing entries within the CP Stack. The
Indirect Register holds the second byte of each macroinstruction after decod-
ing and allows indirect access to the Stack General Registers. The Indirect

Register is loaded with A Bus and B Bus operands for 8-bit logical immediate
operations.

2.2.7.6 Program Mask Register

The Program Mask register holds the Condition Code bits, the System Mask
bits, and the Instruction Length Code bits. These three code fields are used
by specialized microinstructions to support outer-level machine language. The
Program Mask Register is a dedicated register and is part of the outer program
Program Control Word (PCW). (The PCW is used to control instruction sequenc-
ing and to hold and indicate the status of the system in relation to the pro-
gram currently being executed.) The Condition Code indicates the results of
the majority of the machine arithmetic, logical, and Input/Output operations,
while the System Mask is used to enable or disable various interrupts. The

Instruction Length indicates the length of the current machine language
instruction.

2.2.7.7 Microinstruction Counter (MIC) Source Selector

The MIC Source Selector has four channels used to select a source for the
address of the next microopcode to be executed.

When Channel 0 is selected, the CP is halted and data to be written into
Control Memory. is transferred by the Bus Processor. The CP is halted during
power-on initialization to allow the BP to load the system microcode. The CP
is also halted by the BP to let the BP control the CP for diagnostic purposes.

Channel 1 is selected and the input is the contents of the Subroutine

Return Register, the next microinstruction address, that will be used for a
Conditional Subroutine Return.

Channel 2 is selected and the input is the contents of the Memory Data
Register High, or four bits from the trap logic. If any trap is detected, the
address of the trap is placed into the MIC Source Selector.

Channel 3 is selected and used when an Unconditional branch is executed
and Control Memory bits are needed as a full branch address. Conditional

branching can be done by partially loading the Microinstruction Counter.

2.2.7.8 Microinstruction Counter Register

The Microinstruction Counter Register (MIC), a series of four, 4-bit count-
ers, 1s used as addressing for the Control Memory RAM. The MIC register con-
tains the current address and is incremented by one to prepare the next ad-
dress. The sequential incrementing of the Microinstruction Counter and the

fetching of microinstructions continues unless interrupted by traps or
branches.

2-14
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2.2.7.9 Subroutine Return Register

The Subroutine Return Register consists of four 4x4 register files used
for storing ‘the subroutine return address from the Instruction Counter Regis-
ter. It is counted down by a Conditional Subroutine Return Branch and counted
up by an Unconditional Subroutine Branch where the current microaddress plus

one 1s saved in the Subroutine Return Register. The branch is taken to the
microaddress.

2.2.7.10 A-Register Source Selector, A-Register, and B-Register

The A Register Source Selector, A Register, and B Register (a shift reglis-
ter) are data selection and transfer paths for inputs to the 16-bit binary
Arithmetic Logic Unit (ALU).

2.2.7.11 8-Bit ALU Input Selector, Stack Byte Selector,
and Immediate/Stack Data Selector

These three elements are all data selection and transfer paths for inputs
to the 8-bit binary and 8-bit decimal ALUs.

The 8-Bit ALU Input Selector has four channels to choose the Memory Data
Register high or low byte, the Program Mask register, or  the Indirect Regis-
ter, for 8-bit logical operands with immediate data.

The 8-bit Stack Byte Selector selects the high or low order byte of Stack
data for the 8-bit ALUs.

The 8-bit Immediate/Stack Data Selector chooses either the byte of data

from the Stack Byte Selector or an 8-bit logical operand with immediate data
from the Control Memory. »

2.2.7.12 System Identification FROM

A self-supporting System Identification Number (SYSID) feature was de-
signed into the CP hardware to prevent unauthorized use of software products
(which may be sold separately). The SYSID was designed to contain two types
of information, the System Number and Feature Mask.

The System Number is a machine readable serial number, and the Feature
Mask is a bit mask indicating which WANG-supplied software is authorized for
use on a given system.

The SYSID feature, however, which is to be stored in a PROM at 1location
L228 on the CP board, has not been implemented to date.

2.3 VS8-25/45 MAIN MEMORY

The VS-25/45 Main Memory (figure 2-3) is configured on one memory board
(module) containing up to 512K halfwords (1M-byte), and is logically divided
into eight rows of 64K halfwords per row. Main Memory (MM) uses a 64K-bit by
l1-bit dynamic RAM chip (16 chips per row). The Main Memory board also decodes
the memory operation, generates the internal memory control signals, decodes
addresses, and generates error .indications.
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2.3.1 MAIN MEMORY OPERATIONS

A requester acquires a bus cycle by raising its Memory Request In (MRI)
signal. Main Memory acknowledges this signal by giving a Memory Grant Strobe
(MGS) to the highest priority requester, which immediately enables its address
and control buffers (and if doing a write, its data buffers) onto the Bus.
Later in the cycle, if Main Memory needs to give the requester data, it will
pulse the Memory Data Strobe (MDS) line. Each requester has a separate MRI
and MGS line, but all have a common MDS line. The MDS line notification must
be inhibited by the requesters except when their specific MGS is active.

There are several types of Main Memory operations including: write-8-bits
(using either the high or low order byte of the halfword) which is known as a
Read-Modify-Write (RMW), write-l6-bits (2-bytes), and read-16-bits (halfword).
However, the actual memory data word written, or read, is either 8-bits or
lé-bits plus a 6-bit Error Correction Code field (ECC). Main Memory is writ-
ten or read under software control using the MCBO-2 control bits.

The Main Memory cycle time is eight system cycles (400 nanoseconds) for a
normal read or write, or 16 system cycles (800 ns) for an RMW or extended
operation (MM read with a single bit error c@rrection). A system cycle (sys-
tem T-state) is defined by the 20 MHz Systém Clock (Y2) located on the Bus
Processor board and is equal to 50 nanoseconds (50 ns).

2.3.2 MAIN MEMORY CONTROL AND STATUS /
/

The Main Memory controller uses thref externally generated Memory Control
Bits (MCB0-2) supplied by the requester/ to control the request. These three
bits are defined to give eight read or write functions during a Main Memory
operation, four read/write with error ¢orrection and four without. The three
MCB's are defined as follows: ;

i

Table 2-7. Main Memory Control Bits

MCB2 MCB1 MCBO OPERATION

0 0 0 WRITE-8 from low byte bus without error correction.
0 0 1 READ-16 wi “out error correction.
0 1 0 WRITE-16 witnout error correction.
0 1 1 WRITE-8 from high byte bus without error correction. |
1 0 0 WRITE-8 from low byte bus with error correction.

1 0 1 READ-16 with error correction.

1 1 0 WRITE-16 with error correction.

1 1 1 WRITE-8 from high byte bus with error correction.

Error detection still works regardless of MCB2. After the operation 1is
complete, the MM controller responds with two Memory Status Bits (MSBO-1)
which signals the success of the operation to the requester.

There are three defined states of completion using MSBO-1 (as given in
table 2-8): a successful operation; an Invalid (or .nonexistent) Memory Address
(IMA); and an error uncorrected by Error Correction Code (ECC). Single bit
errors, corrected by the ECC circuitry, are only reported on the Error Count
(ECNT) line and are not reported by MSBO-1.
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Each single or double bit parity error is sent to a counter on the Bus
Processor board using the ECNT line. When the error count reaches a predeter-
mined value, an ECC interrupt is generated to indicate that a RAM chip on the
Main Memory board is defective. Any double bit error will be reported using
Memory Status Bits MSBO and MSBl. Thus, error detection is accomplished on

the MM board and signaled to the various requesters using the two Memory Status
Bits and the ECNT line.

Table 2-8. Main Memory Status Bits

MSB1 MSBO RESULTS
0 0 Sucessful operation.
0 1 Invalid (non-existent) Memory Address.
1 0 Uncorrected ECC error. -
1 1 Undefined.

Internal Main Memory control signals, generated on the memory board, are
initiated by any one of the nine possible requesters. These requests are pri-
oritized with the highest priority being Main Memory refresh and the lowest
priority being a CP Main Memory request. A list of Memory Request In (MRI)
(and corresponding Memory Grant Strobe) priorities, with Main Memory Refresh
given a priority level of zero, is given below.

Table 2-9. Main Memory Priority Interrupts

PRIORITY 1/0 PORT REQUESTOR
0 - REFRESH (Note 1)
1 MRI 0 CMD/FMD/SMD  (Note 2)
2 MRI 1 Quantum
3 MRI 2 Reserved
4 MRI 3 SIO/ISIO
5 MRI 4 Reserved
6 MRI 5 DRAM to MM DMA (Note 2)
7 MRI 6 Telecommunication
8 MRI 7 CP5 (Note 2)

NOTES

l:  The REFRESH priority (0) has an internal control

path (hardwired) and is not connected to the Main
Memory Bus.

ro
.

MRI/MSG priorities will vary with the system con-
figuration. The order given above is the recom-
mended order of priorities with three provisos;
namely large disk drives will always have the
highest priorities, BP must always be MRI/MGS 5,
and the CP is always last (MRI/MGS 7).

The internal control signals generated are Row Address Strobo (RAS), Column
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Address Strobe (CAS), Read Enable (RDE), Write Pulse (WP), Check Bit Write
Pulse (CBWP), and Refresh (REF).

2.3.3 MAIN MEMORY ADDRESSING

Memory addresses are supplied by memory operation requesters. Of the 21
address bits available (MA0-20), eight bits (4Al-8) are used as row addresses
and eight bits (MA9-16) are used as column addresses. The row and column ad-
dresses are received and divided by the Memory Address Input Multiplexer.
Each of the eight rows of 128K bytes is selected by MA17-19, while MA20 is
always zero (only one board allowed). MAO, the low order bit, is used to ini-
tiate a data byte-swap select within the 16-bit data halfword (high to low and
low to high). The lowest addressable memory unit (MAl) is two byte: (16-bit
halfword). Refer to table 2-10, Main Memory Addresses.

Table 2-10. Main Memory Addresses

MA BIT MEMORY CAPACITY COMMENTS

MA 20 IM Byte (Must be Zero)

MA 19 512K Bytes 64K-Hal fword Select
MA 18 256K Bytes 64K-Halfword Select
MA 17 128K Bytes 64K-Halfword Select
MA 16 64K Bytes Column Address

MA 15 32K Bytes Column Address

MA 14 16K Bytes Column Address

MA 13 8K Bytes Column Address

MA 12 4K Bytes Column Address

MA 11 2K Bytes Column Address

MA 10 LIK Bytes Column Address

MA 9 512 Bytes Column Address 1
MA 8 256 Bytes Row Address

MA 7 128 Bytes Row Address

MA 6 64 Bytes Row Address

MA 5 32 Bytes Row Address

MA 4 16 Bytes Row Address

MA 3 8 Bytes Row Address

MA 2 4 Bytes " Row Address

MA 1 2 Bytes Row Address

MA O - Byte-swap Select

2.3.4 MAIN MEMORY WRITE

A Memory Request for a write results in a Memory Grant being returned to
the requester while the memory controller generates an internal memory grant
from the request. When the requester receives the Memory Grant, it replies by
placing addresses MAO-20, data MD0-15, and control bits MCBO-2 on the respec-
tive busses. The type of write operation (8-~bit or 16-bit) is decoded. The
Row Address Strobe (RA3) is generated and the row addresses are selected from
the Memory Address Input Multiplexer, followed by the Column Address Strobe
(CAS) and the column addresses from the multiplexer. The address is checked
for validity, and if the address is invalid, the appropriate response is taken
by the CP.

The CP checks the validity of an address by comparing the address with the
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switch settings on the Main Memory board. 1If the address exceeds the maximum
memory size allowable, and if the CP was the requester, the Invalid Memory
Address Trap 1is set in the CP. The trap is taken after the operation is com-
pleted. 1If the CP was not the originator of the request, the originator is

notified of the invalid address.

The data 1is also available at the Data lnput Multiplexer. It is now de-
termined whether the entire lh-bit halfword will be written as it appears, if
an 8-bit byte-swap will take place (where the low bus data is written Lo high
byte memory and high byte data is written to low byte memory), or if a Read-
Modify-Write (RMW) 1is required (where the high order or low order byte 1is se-
lected and replaced within the halfword). (The RWM is actually a two cycle
operation with the first cycle being the halfword read and the second cycle
being the modified write.) The resulting halfword is latched and held for ECC
generation. The ECC is generated by the Error Detection And Correction (EDAC)
circuit and accompanies the data halfword as it is written to Main Memory.
The parity RAMs are written at the same time as the data RAMs.

2.3.5 MAIN MEMORY READ

A Memory Request for a read (16-bit halfword only) also results in a Mem-
ory Grant being returned to the requester while the memory controller gener-
ates an internal memory grant from the request and again decodes the opera-
tion. When the requester receives the Memory Grant, it replies by placing ad-
dresses and controls on the bus. However, the requester does not place data
on the bus, but instead is notified to expect data from the Main Memory by MM
raising its Memory Data Strobe (MDS). The RAS is generated and the row ad-
dresses are selected, followed by the CAS and column addresses. The address

1s again checked for validity, and if the address is invalid, the appropriate
response is taken by the CP.

The write logic is now inactive allowing data to be read from the RAMs.
The data is checked and corrected, if necessary, (refer to paragraph 2.3.6,
Error Detection And Correction) and sent to the Memory Data Output Drivers
where the high and low order bytes can be swapped. As the requester has been

alerted to expect data to its Memory Data Register, the drivers are enabled
and the data is placed on the bus.

2.3.6 MAIN MEMORY ERROR DETECTION AND CORRECTION

Error detection and correction is done by using a unique Error Detection
And Correction (EDAC) integrated circuit. For a memory write cycle, this IC
generates a 6-bit ECC field from the incoming data halfword that is to be
written to memory . During a read cycle, the IC detects and corrects single
bit errors in either the 16-bit memory data field or the 6-bit ECC field. Any
single bit error will cause the memory cycle to be extended, the data in error
will be retained, corrected, and rewritten to memory. Corrected single bit
errors are not indicated to the requester, howeverv, thev are transferred to
the BP (via the ECNT line on the Main Memory Bus) for recording in the system
error log.

Double bit errors are detected by the EDAC, but are not corrected. These
two bit errors can occur in either the data or ECC field, or as a single bit
error in each field during the same memory operation. 1If the CF was the
requester, the dual bit errors set the Main Memory Parity Error Trap. Any
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other requester is also notified of the error. EDAC can be enabled or disabl-
ed by the appropriate request for memory operation instruction.

2.3.7 MAIN MEMORY REFRESH

Because a dynamic RAM cannot store data indefinitely, the data must be
rewritten at least once every 2 milliseconds. Rewriting the RAM is done in-
ternally and is called 'refresh'. This operation has priority over all other

memory operations. The VS-25/45 does a Main Memory refresh every 12.5
microseconds.

When a refresh cycle is initiated, the Row Address Strobe (RAS) 1is enabled
for all RAMs, as they require refresh with RAS only cycles. Row refresh ad-
dresses are supplied by a counter on the memory board. Memory Requests are
inhibited while the refresh counter is counting. Normal memory operations
also accomplish refresh but do not affect the normal refresh timing.

2.4 VS-25/45 INPUT/OUTPUT SECTION

The VS-25/45 Input/Output (I/0) section serves as the interface between
the peripheral devices and the VS-25/45 CPU. The 1/0 section consists of the
Bus Processor board and up to six device adapter boards.

The Bus Processor board supports three