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PREFACE

This manual provides the necessary information for a technician
to install and maintain the Perkin-Elmer Model 3210 and Model
3210/A Digital Systemse.

While the Model 3210 is a complete system, the Model 3210/RA 1is
completely unbundled +to allow the OFH user to use as much or as
little hardware needed to develop his product.

Chapter 1 is the installation guide that <covers wunpacking,
staging hardware and cabling, initial power-up checkout, and
online testing information. Chapter 2 provides unpacking
procedures and general configurations for the Perkin-Elmer Model
3210. Chapter 3 contains descriptions and figures of mechanical
components, cooling facilities, and electrical plugs and
receptacles required for the Perkin-Elmer Model 3210. It also
provides a breakdown of all the subassemblies available in the
Model 3210/A. Chapter 4 contains general information for the
Yodel 3210 Power Subsystem. Chapter 5 provides installation and
operation procedures for the system control panel. The remaining
chapters include processor and memory board installation, block
diagram analyses, and a microword description. Also described
are the functions of the CPU-A, CPU-B, CPU-C, CPU-D, 1local bDPank
controller (LBC), and storage module (STM) boards. Adjusting and
troubleshooting procedures, test aid data, high speed data
handling, hardvware documentation, microcode and bootloader
listings are included.

Revision 22 includes revisions 18, 19, 20, 21, and 22 and
provides the following changes:
e Signal cable has been 1lengthened to avoid possible short

against rear flange of chassis.

o The 35-813F01 and 35-813F02 terminators have been superseded
by 35-813F01¥01 and 35-813F02MO01.

e Information drawing 01-196D12 has been revised to reflect the
IDC.

e Drawing 17-597 has been revised to correct cable length table.

e Drawing 11-296M01D03 has been added to reflect the stabilizer
legs as an integral part of the base welding assembly.
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The following publications can be used in conjunction with this
manual:

PUBLICATION

MANUAL NUMBER
Loader Storage Unit (LSU) Programming Manual 29-450
Mass Storage Module (MSM) Haintenance Manual 29-518
Removable Media Mass Storage Module (MSM)
Maintenance Manual 29-64L
2-Line and 8-line Communications Multiplexor
Maintenance Manual 29-650
Sub-Channel Controller Installation and
Maintenance Manual 29-678
Model 550 Video Display Unit (VDU) Maintenance
Manual 29-690
Model 550 Video Display Unit (VDU) Installation
and Maintenance Manual 29-691
Perkin-Elmer 3220 High Performance Floating-Point
Processor (HPFPP) Installation and Maintenance
Manual 29-705
8KB Loader Storage Unit (LSU) Installation and
Maintenance “anual 47-019
Model 3210 Power Subsystem Installation and
Maintenance Manual 47-020

For information on the contents of all Perkin-Elmer 32-Dbit

manuals, see the 32-Bit Systems User Documentation Summary,
Publication Number 50-003.
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CHAPTER 1
PROCESSOR INSTALLATION GUIDE

1.1 STAGING NEW HARDWARE

Unpack equipment and inspect for damage.

The Basic Processor is housed in a modified "low boy"
rack which <contains a processor chassis, a fan cooling
system, an AC power distribution system, and a DC power
system (battery backup)e.

Refer to the Model 3210 Power Subsystem Installation anid
Maintenance Manual, Publication Number 47-020, for AC
power connection and requirements.

Install the processor rack in the space allocated ani
connect the power cable with the AC circuit breaker off.

Adjust the permanent 1leveling 1legs to the rack to
prevent rack rollers from moving the rack. The cabling
between the processor and I/0 peripherals are interfaced
between the cable convenience panel and the applicable
I1/0 devicee.

1.2 MODEL 550 VDU STAGING AND CABLING

1.

2.

3e

Carefully check the VDU for mechanical shipping damage.
Install the VDU in the space provided.

Install the signal cable, 17-272F01, from the VDU to the
cable convenience panel.

With the power switch in the OFF position, 1install the
power cord into the customer's power receptacle.

1.3 INITIAL POWER-UP

1.

Prior to initial power-up of the processor, ensure that
all printed circuit boards are securely seated and all
cables are securely fastened.

Turn on the AC distribution panel circuit Dbreaker and
power up the processor. Check the voltages for proper
settings on all chassis.
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1.4

FINAL ON-

LINE TESTING

To test the system's on-1
multimedia diagnostics that apply to the configuration:

06-230R01
06-228R02
06-229R02
06=-236R02
06-238R00

06-235R02

06-243R01
06-127R09
06-159R07
06-133R09
06-246R01
06-161R06

Perkin-Elnmer
Perkin-Elmer
Perkin-Elmer
S3200 19-221
Perkin-Elmer
Set Test

Perkin-Elmer
Translator/C
Model 550 Vi
Common RS-23
Perkin-Elmer
Common Unive
3200 Error L
Perkin-Elmer

Test programs
indicated or highere.

Refer to the appropriate
encountered.

1.5

TEST EQUIPMENT

CeEe tool

kit

Extender board (15")
Extender board (17")
Oscilloscope

Extender board ribbon cables (shielded)
Model 3220 Test Aid

ine capabilities, run the following

Series 3200 Basic Confidence Test

Series 3200 Processor Test Part 1

Series 3200 Processor Test Part 2

MOS Memory Test Program

Series 3200 Commercial Instruction

Series 3200 Memory Address
ACHE (MAT/CACHE) Test
deo Display Unit (VDU) Test
2 Interface O0ff-Line Test
32-Bit System Exerciser
rsal Clock Module Test
ogger/Correction Diagnostic Test
32-Bit Selector Channel Test

NOTE

must be at revision level

maintenance manuals if problems are
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SYSTEM INSTALLATION
CHECKLIST

Customer___ Date Started

INITIAL

Staging Hardware and Cabling

Initial Power-up Checkout

Final Testing W/MMD

Customer 0S Running

NOTES:
Date Completed______________
Installation C.E.
Figure 1-1 System Installation Checklist
47-022 RO7






CHAPTER 2
INTRODUCTION

2.1 GENERAL INFORMATION

The Model 3210 Processor features a highly modular structure that
permits configuration to the user's exact processing
requirementse. The system can be configured for convenient
expansion as the user's requirements grow. Circuit descriptions
are provided in the appropriate maintenance or instruction
manuals. A front view of the Model 3210 system is shown in
Figure 2-1.

2.2 UNPACKING

The system is shipped with all mounting hardware, cables, plugs,
etc., necessary for complete installation.

Read the following procedures before starting an installation:

1. Carefully remove each component from 1its carton or
crate. Observe any special unpacking instructions
included with the component.

2. Inspect all components for physical damage. Consult
your local Perkin-Elmer office in the event of damage.

3. If any components are shipped from the factory already
mounted, ensure that all terminals and connectors are
secured properly.

2.3 GENERAL CONFIGURATION AND EXPANSIONS

This section provides a general configuration for the Model 3210
System. Cables, memory expansion, power supplies, and mechanical
components are discussed in detail in later chapters.

The basic Model 3210 system consists of:

Model 3210 Processor with 512 kb of MOS Memory
Loader Storage Unit

Consolette Panel

2-1line Communications Multiplexor

Model 550 VDU

Universal Clock .

Perkin-Elmer 3200 SELCH

75 A Power Supply with battery backup

I/0 Chassis

Removable cartridge disk system

— e d ) e e e e D D
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CHAPTER 3
MECHANICAL CONFIGURATION

3.1 INTRODUCTION

This chapter describes the mechanical components and
subassemblies of the Perkin-Elmer Model 3210 and Model 3210/A
Digital Systems. While the Model 3210 is a complete system, the
Model 3210/A provides unbundled subassemblies to allow the J0EM to
use as much or as little hardware needed to develop his product.

Sections 3.2 through 3.10 describe a typical Perkin-Elmer systen
and provide general mechanical information for the Model 3210 and

Model 3210/1. Figure 3-1 illustrates the basic cabinet
structure, outline dimensions, and subassembly mounting
information. Figure 3-2 definsas a typical component

configuration within a basic cabinet.

Section 3.11 begins, in conjunction with the information drawings
provided, a complete breakdown of the subassemblies available in
the Model 3210/R. A list of these subassemblies is provided in
Table 3-1.

3.2 CONTROL PANEL

The control panel is mounted in the top front panel position of
the cabinet, fastened to the uprights by two each #4-40 machine
screws and lock washers, and connected through a ribbon cable to
the processor backpanel at P1. Refer to Chapter 5 for control
panel cabling and operatione.

3.3 DISK DRIVE

The disk drive is mounted on a slide assembly fastened to front
and rear uprights per Disk Information Drawing 16-876C12. Refer
to the appropriate disk manual for cabling and operation.

WARNING

PRIOR TO INSTALLING THE DISK DRIVE IN THE
CABINET OR PULLING OUT THE DRIVE FOR
SERVICE, THE FOUR LEVELLERS ON THE
UNDERSIDE OF THE STABILIZER LEGS MUST BE
ADJUSTED TO MAKE SECURE CONTACT WITH THE
FLGOR. FAILURE TO DO THIS MAY CAUSE THE
CABINET TO TIP OVER WHEN THE DISK IS 1IN
AN EXTENDED POSITION.
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3.4 CENTRAL PROCESSING UNIT (CPU) CHASSIS

The CPU chassis is fastened to the front uprights with eight
#10-32 thread forming screws. The chassis will accommodate up to
5 17-inch boards and 11 15-inch boards as determined by system
requirements.

3.4.1 Half-Boards (7-inch)

One or two 7-inch boards (half-boards) can be inserted into a
15-inch <chassis slot by using a 16-398 Half-Board Adapter Kit.
Refer to Figure 3-3. The kit may hold two active boards or one
active and one blank board as required.

3.5 POWER SUBSYSTEM

The power subsystem mounts directly behind the CPU chassis,
fastened to rear uprights with six #10-32 thread forming screws.
Mounting and cable routing is designed to allow the subsystem to
swing out for installation and service. See the Model 3210 Power
Subsystem Installation and Maintenance Manual, Publication Number
47-020 for cabling and operation.
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2501-1

UPRIGHTS (FRONT AND REAR)

PANEL SPACE 19.0 WIDE x 26.25 HIGH ON : CABINET (.059 C.R.S)
STANDARD E1A MOUNTING CENTERS. 4
(28.0 BETWEEN FRONT AND REAR UPRIGHTS) LIGHT GREY (P.E7464)

'_//SIDE SKIN (REMOVABLE) (2)
(C.R.S. .059 THK)
LIGHT GREY (P.E. #464)

CONNECTOR PANEL —_

DOOR LATCHES AND
PIVOT PINS
(FRONT ONLY)

AC DISTRIBUTION PANEL
(115/230 V AC)

POWER CORD

CABLE ROUTING SLOTS

BASE, 208 V AC
(C.R.S. .089 THK) #
STATIC BROWN (P.E."476)

N

CASTERS (4)/ / g

)

TABILIZER LEGS (2)

LEVELLERS (4)

Figure 3-1 Basic Cabinet Structure
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Figure 3-2 System Component Configuration
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3.6 COOLING

HALF-BOARD HALF-BOARD
178 mm (7’) x 381 mm (15") 178 mm (7'') x 381 mm (15")

Figure 3-3 16-398 Half-Board Adapter

The cabinet is designed to provide cooling and ventilation, using
room ambient air, for three primary heat-generating components:

1« The CPU chassis is cooled by a modular fan

assembly

mounted

to the cabinet structure along the right side of the chassis.

Air is forced across the CPU boards from right to left.

2. The power subsystem includes a fan that forces air across the
unit from left to right.

3. The disk drive is equipped with a built-in fan assembly

pulls air from front to rear.

47-022 RO7

NOTE

Air enters and exits the cabinet through
perforated side skins and doors. The
most sensitive element is the left side
of the cabinet where the warm air exits.
One foot (1') of clearance is recommended

that



to allow the warm air to exit. If one
foot (1') of clearance is not possible,
the cabinet should be moved forward or
backward one foot (1') to allow air flowe.
To insure maximum component 1life, keep
the cabinet clear of any obstructions
that might restrict air flowe.

3.7 POWER DISTRIBUTION

The system cabinet is powered from a 30 AMP, 208 V service.
Filtered AC is distributed within the cabinet through an AC panel
attached to the left center upright. The panel, accessible from
the rear of the cabinet, provides AC for the power subsystenm,
disk drive, and two fan modules., In addition, a duplex
receptacle is included for an accessory device.

3.8 CABLE ROUTING AND CONNECTIONS

Cables within the cabinet are generally routei along the left
side of the enclosure as shown in Information Drawings 01-158D12
and 01-196D12. Connector panels are included along both center
uprights to provide a convenient 3interface for terminations
between internal and external cables., Cables that exit the
cabinet are routed through one of three slots in the base
assembly. Care must be taken to insure that cables are dressed
and secured to allow sufficient clearance and slack to
accommodate swing-out or slide-mounted subassemblies.

3.9 SYSTEM GROUNDING

For safety and reliability, system Signal Ground (DC Ground) is
connected to Chassis Ground (AC Ground) at a single point
(Uni-point Ground) in the basic processor cabinet. The Uni-point
Ground is maintained throughout all multiple cabinet
configurations. Refer to Figure 3-4.

3.10 EXPANSION CABINETS

Cabinets for system expansion can be supplied to accommodate
various requirements within the scope of established systen
parameters. (See your Perkin-Elmer Sales Representative.)

Power requirements, AC distribution, and system grounding in
these enclosures are identical to the specification indicated for
the base system cabinet.

In general, expansion cabinets are available in two types of

enclosures, and their wuse is 1limited within the guidelines
described in the following paragraphs.
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3.10.1 Expansion Cabinet (30") 76.2cnm

30" expansion cabinets are available for disk drives and I/O
expansions. The disk drive expansion <cabinet is zapable of
housing a single disk drive, two disk drives, or a single disk
drive and two I/0 chassis. The I/0 expansion cabinet is equipped
with a single I/0 chassis and master power supply and is capable
of housing three I/0 chassis. 1I/0 may be expanded +to only one
expansion <cabinet. Mountings and accessory hardware for these
configurations is illustrated in Figure 3-5.

3.10.2 Expansion Cabinet (56") 142.2cm

The 56" expansion cabinet is supplied only where a magnetic tape
expansion 1is required. Additional I/0 chassis and disk drives
may be rack-mounted in the available space directly below the
tape drive.

e For magnetic tape drives with external formatters,
combinations may include one disk drive, two I/0O chassis, or
one of eache

e For tape drives without external formatters, two disk drives,
two I/0 chassis, or a combination of both may be used.

These configurations and accessory hardware are illustrated in
Information Drawing 02-752D12.
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EXPANSION CABINET

PROCESSOR CABINET
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BACKPANEL
{PROCESSOR CHASSIS)

FASTON TAB
(DC GND)

GROUND STRAP

|

FASTON TAB
(DC GND)
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(EXPANSION CHASSIS) /‘
e
INTERCABINET
GROUND STRAP
NOTE

CABLES DO NOT EXIT CABINET

Figure 3-4
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FILLER PANEL

FRONT DOOR

FILLER PANEL

EXPANSION CABINET

SINGLE DISKW/OR W/O

TWO (MAX.) 1/0 CHASSIS
(SEE NOTE)

FILLER PANEL

FRONT DOOR

Ae;-J /=H=/

EXPANSION CABINET

THREE (MAX.) I/0 CHASSIS
(SEE NOTE)

FILLER PANEL

EXPANSION CABINET

NOTE: 1/0 MAY BE EXPANDED TO ONLY DOUBLE DISK

ONE EXPANSION CABINET.

Figure 3-5 Expansion Cabinet Accessory Hardware




3.11 MODEL 3210/A

The following paragraphs describe the options available in the
Model 3210/A System. All optional subassemblies are listed in
Table 3-1. The information drawings provided must be followed
during this discussion.

TABLE 3-1 LIST OF MODEL 3210/A SUBASSEMBLIES

MARKETING PERKIN-ELMER

NUMBER PART NUMBER - DESCRIPTION
—— ——————momeme — ————
M32-525 02-784F01 3210/A CPU chassis with 256 kb

of memory. Includes the
processor boards, memory
controller (LBC), a 256 kb
memory module, a 2-line
communications multiplexor, a
16-slot CPU chassis with float-
ing-point backpanel, and a con-
trol panel for a 30" cabinet.

M32-526 02-784F02 3210/R CPU chassis with 512 kb
of memary. Includes the pro-
cessor boards, memory control-
ler (LBC), a 512 kb memory
module, a 2-line communicza-
tions multiplexor, a 16-slot
CPU chassis with floating-
point backpanel, and a control
panel for a 30" cabinet.

M32-527 02-784F03 3210/A CPU chassis with a 1 MB
of memary. Includes the pro-
cessor boards, memory control-
ler (LBC), a 1 MB memory
module, a 2-line communica-
tions multiplexor, a 16-slot
CPU chassis with floating-
point backpanel, and a control
panel fior a 30" cabinet.

M32-528 02-784F04 3210/A CPU chassis with 2MB of
memory. Includes the proces-
sor boards, memory controller
(LBC), a 2 MB memory module, a
2-line communications multi-
plexor, a 16-slot CPU chassis
with floating-point backpanel
and a control panel for a 30"
cabinet.
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TABLE 3-1 LIST OF MODEL 3210/A SUBASSEMBLIES (Continued)

MARKETING PERKIN-ELMER
NUMBER PART NUMBER ‘DESCRIPTION

M32-529 This is the substitution of a
non-floating-point backpanel
-on orders for M32-525, M32~-526,

| M32-527, and M32-528. This
option is not field install-
able and must be specified
with the processor order.
02-783F01 M32-529 with 256 kb of memory
02-783F02 M32-529 with 512 kb of memory
02-783F03 M32-529 with 1 Mb of memory
02-783F0U4 M32-529 with 2 Mb of memory

Not 35-764F01 256 kb (1/4 Mb) expansion

Assigned memory module

M32-510 35-764F02 512 kb (1/2 Mb) expansion
memory module

M32-511 35-764F03 1 Mb expansion memory module

M32-512 35-76U4F04 2 Mb exransion memory module

M32-560 02-785 8K Loader Storage Unit (LSU)
with bootloader

M32-561 11-295 MO1 Cooling Fan Assembly

M32-563 02-663 Test Aid

M32-564 02-745 Battery Backup (for use with
M32-540 master power supply)

M32-565 02-788F01 3210/A 30" system cabinet.
Does not include front door,
cooling, or power subply,
60Hz.

M32-566 02-788F02 © 3210/A 30" system cabinet.
Does not include front door,
cooling, or power supply.,
50Hz.

M32-567 02-786F02 Front door for a 30" cabinet
with a single CDD disk drive
cutout.
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TABLE 3-1 LIST OF MODEL 3210/A SUBASSEMBLIES (Continued)

MARKETING PERKIN-ELMER

NUMBER PART NUMBER DESCRIPTION
M32-568 02-786F03 ] Top and bottom filler panels

for a 30" cabinet with dual CDD
disk drivese.

M32-569 02-786F01 Full front door for a 30" cab-
inet.
M32-570 09-147F01 3210/A 56" system cabinet

including control panel and AC
distribution panel. Does not
include front door, or cool-
ing, 60H=z.

M32-571 09-147F02 3210/A 56" system cabinet
including control panel and AC
distribution panel. Does not
include front door, or cool-

ing, 50Hz.
M32-572 02-787 I/0 interface panel for 56"
cabinet.
M32-540 02-743F01 Master power supply (P5 only)
M32-541 02-744 Slave power supply
M32-513 02-752 I/0 chassis for a 30" cabinet
M32-514 02-752F01 I/0 chassis for a 56" cabinet
M32-509 02-665 Floating-point processor

3.11.1 Model 3210/A CPU Chassis With Floating-Point Backpanel
(M32-525, M32-526, M32-527, M32-528)

Refer to sheet 1 of Information Drawing 02-784D12. This is the
minimum package available and includes the processor boards,
memory controller board (LBC), a 2-1line communications
multiplexor, a 16-slot CPU chassis with floating-point backpanel,
and a system control panel for a 30" cabinet. It also includes
one memory module (STM) of either 1/4 Mb, 1/2 Mb, 1 Mb, or 2 Mb
size as described in Table 3-1.
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The CPU chassis comes with all boards installed. The 09-140
system control panel is included, along with its related cabling
and mounting hardware. All chassis mounting hardiware is
included.

Outline and mounting dimensions are shown for the <chassis and
system control panel. In the event that an OEM desires to
provide his own cooling, a cooling specification chart for
individual PC boards is shown at the bottom of the sheet.

NOTE

The direction of airflaw through the
processor chassis is from right to 1left
(viewing it from +the front). When the
Perkin-Elmer cooling fan assembly is
used, the clearance instructions shown on
Sheet 1 of Information Drawing 02-784D12
must be adhered to.

This drawing also shows the slot locations for the processor
boards, the High Performance Floating-Point Processor (HPFPP),
and other optional boards.

Refer to Sheet 2 of Information Drawing 02-784D12. A Functional
Schematic, 09-140B08 is provided fior the 30" cabinet system
control panel. When the OEM prefers #to use his own power source,
a PC Assembly Power Requirements chart is provided at the top
left corner. This chart 'shows the individual printed circuit
board power requirements for P5. The P5U (uninterruptible)
requirements for the memory boards are also shown.

The chassis power requirements chart at the 1lower 1left 1locates
and describes various sense points for test purposes. This chart
also describes other power requirements necessary for proper
chassis operatione.

At the bottom center of the sheet, a connector pin assignment
chart 1is provided +to aid the OEM in interfacing his own power
supply to the chassis. A description of each connectors's
function is givene.

The backpanel is provided with a P5/P5U0 Jjumper depending on
whether or not battery backup is used. See Detail B for
instructions.

3.11.2 Model 3210/A CPU Chassis Without Floating-Point Backpanel
(M32-529) '

This is the substitution of a non-floating-point backpanel on the
M32-525, M32-526, M32-527, and M32-528 CPUs. This is not field
installable and must be specified with the processor order. The
1/4 Mb, 1/2 Mb, 1 Mb, and 2 Mb memory modules are available under
this option as shown in Table 3-1. This option is described in
Information Drawing 02-783D12.
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3.11.3 Expansion Memory Modules

Four expansion memory modules are available with both the Model
3210 and Model 3210/A. The memory sizes are 256 kb (35-764F01),
512 kb (35-764F02), 1 Mb (35-764F03), and 2 Mb (35-764F0u4),
These memory boards are described in detail in Chapter 14 of this
manual.

3.11%.4 8 kb Loader Storage Unit (LSU)Y With Bootloader (H32-560,
02-785)

The primary function of the 8 kb LSU is to automatically load,
upon initialization, a program stored in nonvolatile programmable
read-only memories (PROM) located on the 35-805 8 kb LSU printed
circuit board. The standard program loaded is the Perkin-Elmer
3200 Series 8 kb LSU Bootloader Program (03-337). The first part
of this program is a basic confidence test. The remainder of the
program allows the user to load an 0S/32 fronm a disk or magnetic
tape. A vuser can load a unique program by following the
procedures described in the Loader Storage Units (2 kb LSU and 8
kb LSU) Programming Manual, Publication Number 29~450 (RO1 or
higher). Also, refer to the 8 kb LSU 1Installation and
Maintenance Manual, Publication Number 47-019.

3.11.5 Cooling Fan Assembly (M32-561)

Refer to Information Drawing 11-295M01C12. This drawing provides
the outline and mounting dimensions far the cooling fan assembly.
Rirflow direction, necessary clearances with regard to the CPU
chassis, and power requirements are also provided. Fan
specifications and performance curves are provided in the tables
at the bottom of the sheet. 111l mounting hardware is included in
this package.

3.11.6 02-663 Test Aid (M32-563)

The 02-663 Test Aid is a compact, durable, and simple to use test
fixture. It provides the hecessary control to display the B, S,
and ROM DATA (RD) buses of the brocessor, as well as the control
store address (CSA), four processor flags, instruction register
(IR), and I/O attention lines (INT). Complete details on the
operation, installation, and maintenance of the test aid are
provided in Chapter 16 of this manual.

3.11.7 Battery Backup (M32-564)

The battery backup option is intended for use with the M32-540
master power supply. The battery backup provides up to 15
minutes of backup to memory in case of power failures or
brownouts. ‘
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Refer to Information Drawing 02-745C12. This drawing provides
the information necessary to install the battery and P5U board
into the master power supply. MNore detail on the battery backup
and P50 board is provided in the Model 3210 Power Subsystenm
Installation and Maintenance Manual, Publication Number 47-020.

3.11.8 3210/A 30" System Cabinet

This option is available in 50Hz (M32-566, 02-788F02) and 60Hz
(M32-565, 02-788F01). This option does not include front door,
cooling, or power supplies.

Refer to Information Drawing 02-788D12. This drawing shows the
30" system cabinet without +the front door and filler panels.
Wiring is shown for both international and domestic usage.
Cabinet outline and chassis mounting dimensions are provided to
aid installatione. Receptacle and plug configurations and
recommended usage for both domestic and international
applications are shown in Details A, B, C, and D.

A.C Distribution panel for fan power connectors, and fuse
information is shown in the cabinet rear view.

3.11.9 Front Door, 30" Cabinet (M32-567)

Refer to Information Drawing 02-786D12. The 02-786F02 front door
and filler panel is used in a single disk configuration. Disk
location and filler panel 1location are shown on sheet 1. The
filler panel (16-875F02) may be interchanged with a systenm
control panel. All mounting hardware is provided.

3.11.10 Top and Bottom Filler Panels For A 30" Cabinet with
Double Disk (M32-568)

Refer to Sheet 2 of Information Drawing 02-786D12. The 02-786F03
top and bottom filler panels are used for double disk
applications. A front view and partial section locating the
installed panels is showne. All mounting hardware is included in
this package.

3.11.11 Full Front Door For A 30" Cabinet (M32-569)

Refer to Sheet 1 of Information Drawing 02-786D12. The 02-786F01
full front door is used for CPU and I/0 <chassis installations.
"Two filler panels are supplied to provide interchangeability with
a system control panel as shown in partial section A-A on Sheet
1« All mounting hardware is included in this package.
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3.11.12 56" Cabinet (M32~570, M32-571)

This option is available in either a 50Hz (M32-571) or 60Hz
(M32-570) version. This option does not include front door or
chassis cooling. It does include, however, an AC distribution
panel fo for either international or domestic applications, a top
exhaust fan assembly, an adaptor mounting plate for use with
Perkin-Elmer cooling fan assembly 11-299M01, and a systenm control
panel for 56 inch cabinets. A1l mounting hardware is included in
this package. Details on this cabinet are provided in
Information Drawing 09-147D12. Functional Schematic 09-148B08 is
provided for the system control panel.

3.11.13 I/0 Interface Panel For A 56" Cabinet (M32-572)

The panel shown in Information Drawing 02-787C12 provides
interconnection capability with Peripheral devices outside the
cabinet. All mounting hardware is provided. Mounting and
outline dimensions are provided.

3.11.14 Master Power Supply (M32-540, 02-743F01)

Refer to Information Drawing 02-743D4%2. Outline and mounting
dimensions are provided. Cable lengths and interfacing
information are shown at the upper right of the drawing. Input
power plug information is given, along with fan power plug
information for when the slave bower supply is used. CPU chassis
interconnection (2 plugs) is shown. All mounting hardware is
supplied in this package. More detail on the master power supply
is provided in the Model 3210 Power Subsystem Installation and
Maintenance Manual, Publication Number 47-020.

3.11.15 Slave Power Supply (M32-541, 02-744)

The slave power supply is shown on Information Drawing 02-744D12.
CPU interconnections and master power supply interconnections are
shown at the right side of the drawinge. The interface signal
cable that is connected to the master power supply is shown at
the top of the drawing. Al1l mounting hardware is provided in
this package. More detail on the slave power supply is provided
in the Model 3210 Power Subsystem Installation and Maintenance
Manual, Publication Number 47-020.

3.11.16 I/0 Chassis (M32-513, M32-514)

The I/0 chassis for the 30" cabinet (M32-513, 02-752) and the I/O
chassis for the 56" cabinet (M32-514, 02-752F01) are described on
sheet 7 of Information Drawing 02-752D12. The basic difference
between the chassis (M32-513 and M32-514) is in the mounting
hardware. Mounting dimensions, airflaw direction, and fan power
cables are showne. All mounting hardware is supplied in this
package. The hardware includes cables, retainers, distribution
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panels, chassis rails, I/0° tetminators, jumpers, and other
hardware necessary to install the chassis as shown on Sheets 1
through 6 of 02-752D12.

To install the chassis into a Perkin-Blmer 30" or 56" cabinet,
refer to sheets 1 through 6 of 02-752D12.

3.11.17 Floating-Point Processor (M32-509)

Chassis slots 07 and 08 are dedicated to the floating-point

processor A and B boards as shown on 02-784D12. This option
cannot be installed in a non-DFU backpanel.
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CHAPTER 4
POWER SUBSYSTEM

4.1 INTRODUCTION

The Perkin-Elmer Model 3210 Power Subsystem is a modularly
designed power converter system suitable for use with the
Perkin-Elmer Model 3210 System. This subsystem provides 5 volt
logic power (P5), uninterruptible 5 volt memory power
(PSU/Battery Backup), and can be expanded for use with the
optional 34-040 slave power suppbly.

The Perkin-Elmer Model 3210 Power Subsystem and its companion
34-0040 slave power supply option are designed to meet
Underwriter's Laboratory (UL), Canadian Standard Association
(CSA), and Verband Deutscher Electrotechniker (VDE) approval.
For detailed information on ratings, installation, and
maintenance, refer to the Model 3210 Power Subsystem Installation
and Maintenance Manual, Publication Number 47-020.
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CHAPTER 5
SYSTEM CONTROL PANEL

5.1 INSTALLATION

The system control panel mounts at the top front panel mounting
position of the cabinet, fastened to the vertical uprights with
two each #4-40 machine screws and lock washers. Refer to Figure
5_10

The panel is connected through a ribbon <cable (P1), to the
processor backpanel (J1). Connector P1 1is keyed to ensure
correct orientation.

5.2 OPERATION

Function switches and indicators are described in the following
sections. Refer to Figure 5-2.

5.2.1 Function Switches

5211 Key-Operated Security Lock

This 1is a 3~-position (STANDBY/ON/LOCK) key-operated 1locking
switch +that controls the primary power to the system. The key
lock pverforms the following functions:

® STANDBY - Processor 5 volts is OFF. 5 volts STANDBY (P5U) is
ON.

e ON - Primary power is ON.

e LOCK - Primary power is ON, and the INITIALIZE HALT/EXE and
SINGLE switches on the system control panel are disabled.

52142 Initialize (INIT) Switch (Momentary Switch)

This switch causes the system to be initialized. After the
initialize operation, all device controllers on the systen
multiplexor bus are cleared, and certain functions in the
processor are reset. This switch is disabled when the key is in
the LOCK position.
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5.2.1.3 IPL ENABLE/DISABLE Switch

When the IPL ENABLE/DISABLE switch is in the ENABLE position and
AC power 1is restored, if the security lock switch is placed in
the ON position from the STANDBY position, or if the INIT switch
is depressed, the system is reloaded from the loader storage unit
(LSU).

5.2.1.4 HALT/RUN Switch

When depressed, this single action switch causes a running systenm
to halt and enter the processor consale service state, or it
forces a halted system in the processor console service state to
enter the run mode.

5.2+.1.5 SINGLE Switch

This switch, when placed in the ON position, puts the processor
in the single instruction cycle mode and takes a running program
to the processor console service mode. When in the single
instruction cycle mode, the processor 1is returned to the
processor console service mode after execution of each user
instruction. The 1location counter displays the address of the
next instruction to be executed. The status portion of the PSW
reflects the execution of the previous instruction.

5e2.2 Indicators

5¢2+.2+1 Central Processing Unit (CPU) Power

This indicates that the processor system power (P5) is ON.

5¢2¢2.2 Memory Power

This indicates that memory system powar (P5U) is ON.

5¢2.2.3 WAIT

The running program can place the processor into the WAIT state
by setting the WAIT bit of the current program status word (PSH).
The WAIT indicator is 1it to inform the operator of this
condition. The indicator is also 1lit when the ©processor is 1in
the console service mode.

5.2.2.4 FAULT
This indicator is 1lit during system initialization and remains

lit until microcode power-up test is successfully completed. The
indicator remains on if the processor self-test fails.
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Figure 5-1 System Control Panel Installation (Cabinet Skins
Omitted For Clarity)
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Figure 5-2 Function Switches and Indicators System
Control Panel
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CHAPTER 6.
PROCESSOR AND MEMORY INSTALLATION

6.1 INTRODUCTION

This chapter describes the installation of the Model 3210
Processor and memorye. All processor and memory boards occupy
slots in one of two basic system chassis, with or without
floating-point, as shown in Figures 6~1 and 6-2.

The basic processor and memory consists of:

1 CPU-A board, 35-816 in slot 9

1 CPU-B board, 35-768 in slot 10

1 CPU-C board, 35-769 in slot 11

1 CPU~D board, 35-770 in slot 12

1 CPU-LBC board (4 Mb), 35-771FO04 in slot 13
or

1 CPU-LBC board (8 Mb), 35-806F02 in slot 13

1 STM 35-764 in slot 14/15

1 cable 17-234F08 (50 pin)

1 cable 17-234F10 (50 pin, 3 header)

NOTE

Figures 6-1 and 6-2 show two separate
chassise. Slots 7 and 8 in the
floating-point chassis are dedicated
slots and cannot be used for other
boards.
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Front View of Chassis With Floating-Point
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6.2 CPU-A (35-816)

The CPU-A board must always be installed in slot 9. Before
installing this board, ensure that the privileged illegal ROM and
option strapping are correct. The privileged illegal read-only
memory (ROM) (19-188F25) is in location A39.

The COMM option and the HPFPP option must be disabled by
strapping TPA to TPG and TPC to TPG, respectively; the DROMs are
enabled by strapping TPE to TPu.

The Test Aid DIP switches in the front of the CPU-A board must be
in the OFF (open) position. The CPU-A board can then be
installede.

6.3 CPU-B (35-768)

The CPU-B board must always be installed in slot 10. There is no
strapping on the CPU-B board.

6.4 CPU-C (35-769)

The CPU-C board must always be installed in slot 11 of the CPU
chassis. This board contains the strapping required for
allocating segments of memory to shared memoryY. At the time of
manufacture, the board is strapped so that all memory is local.
¥emory can be allocated as shared memoryY in 1 M¥b increments.
Refer to the functional schematic for the CPU-C board, 35-769D02,
Sheet 13, for strapping informatione.

6.5 CPU-D (35-770)

The CPU-D board must be installed in slot 12 of the CPU chassis.
No strapping options are contained on this board. Certain straps
located on this board are used for factory maintenance purposes.

Refer to Chapter 15, Adjustments, for this informatione.

On the CPU-D board, the DMA systenm hangs up if the following
straps have not been installed:

LOCATION STRAP

OO0R 10 to 72
02A 09 to 73
CONN 6 112-6(TPD) 113-6(TPC)
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6.6 CPU-LBC (35-771F04 (4 Mb) or 35-806F02 (8 Mb))

The CPU-LBC board is always installed in slot 13. Before
installing the LBC, check CONN 5 for the following:

® 215-5 (TP10) connected to 216-5 (TP9)

e 221-5 (TP4) connected to 222-5 (TP3)

e TPA connected to TPB (35-806F02 only)

e No connection between 224-5 (TP1)-and 223-5 (TP2)

e No connection between 214-5 (TP11) and 213-5 (TP12)

e No connection between 217-5 (TP8) and 218-5 (TP7)

6.7 STORAGE MODULE (STHM)

The STMs must be installed in ascending slots beginning with slot
14, Refer to Chapter 14 for proper setting of the module select
switch at location AU46 on each STH.

6.8 DISK CONTROLLER

The basic system comes equipped with a 35-811 Disk File
Controller and a 35-627 Disk Controller installed in the first
two slots immediately below the selector channel (SELCH).
Detailed information for these boards is provided in the
Removable Media Mass Storage Module (MSM) Maintenance Manual,
Publication Number 29-644. A functional schematic and assembly
drawing for the 35-811 Disk File Controller are provided at the
back of this manual.

The file control board is configured to operate with one of three

CMD drives as shown in Table 6-1. All drives connected to the
controller must be of the same CMD type.

TABLE 6-1 CMD DRIVE TYPE SELECTION

CMD LCRIVE TYPE
STRAPPING 32MB 6uUMB 96MB
B B1 - B2 B2 - G B2 - G
B1 - N/C B1 - N/C
C C2 - G c1 - C2 C2 - G
C1 - N/C c1 - N/C
D D2 - G D2 - G D1 - D2
D1 - N/C L1 - N/C |~
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6.9 PROCESSOR CABLING

Install the following cables:

CABLE FROM TO TO

17-234F08 (50 pin) CPU-D CONN 5 CPU~C CONN 5 NA

17-234F10 (50 pin) CPU-D CONN 4 CPU-C CONN 4 | CPU-B CONN 3

6.10 CPU MULTIPLEXOR BUS EXPANSION

6101 Sub-Channel Controller
The Sub-Channel Controller (SCC) is used to extend the 3210 CPU
multiplexor bus to one I/0 expansion cabinet. The following is
a guide for installing the SCC in the CPU chassis:

BACKPANEL PIN IDENTIFICATION

XX,X, - YYZZ

X = ROW NUMBER
X,X, = PIN NUMBER

YY = SLOT

ZZ = CONNECTOR

The SCC must reside in slot 0 of the CPU chassis. Strap the SCC
as follows:

1« Set the switch at location A28 to X'0'.

2. Remove the following straps:

A to A, C to D, B to B, E to F, 1 to 2

3. Add the following straps:

1 to 3, C to G
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Perform the following CPU backpanel wiring modifications:

1. Remove multiplexor bus wires on slot '0°' connector 1, pins 11
through 26, rows 1 and 2.

2. Perform the following RACKO/TACKO rerouting on the CPU

chassis. The twisted pair wire (yellow/black) must be used
for long jumpers. See Figure 6-3.,

a+. Remove wire jumper between 222-0000 and 122-0801 (3210
without HPFPP) or 122-0601 {3210 with YPFPP).
b. Remove wire jumper between 122-0000 and 222-0100.

c. Remove RACKO/TACKO jumpers on slot 0, both <connectors 0
and 1.

de Add twisted pair wire between the following pins:

3210 with HPEFPP

122-0601 =-==> 222-0100 (yellow)
140-0601 =-=--=> 140-0100 (black)

3210 ¥ithout HREPRP
122-0801 -=-=> 222-0100 (yellow)
140-0801 ----> 140-0100 (black)

e. Add twisted pair wire between the following pins:

122-0000 ==-=> 222-YYO01 (yellow)
140-0000 =----> 140-YY01 (last I/0 slot on CONN1) (black)
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Figure 6-3 Rear View of CPU Chassis (RACKO/TACKO Routing)

6.10.2 I/0O Expansion Chassis Wiring Instructions For Extended
CPU Multiplexor Bus

RACKO/TACKO rerouting is shown in Figure 6-4, Perform the
following steps:

1« On all I/0 expansion chassis, remove the following wires:

134-0700 to 122-0701
122-0700 to 222-0001

2. On all I/0 expansion chassis (except the top most chassis)
add the following wire:

134-0700 to 122-0700
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3. RETACKO Routinge. Twisted pair wire (yellow/black) must be
used.

Last I/0 slot on Connector 0 to the first I/O slot on
Connector 1.

134-0000 to 122-YY01 (yellow)
140-0000 to 140-YY01 (black)

Route wire between pins 140-YY0O0 and 141-YY00 of all 1I/O

slotse.
2981 ‘0' SIDE ' ‘1* SIDE
SLOT #
¢ e e——— - - 122
7 b4 ols ) SECOND 1/0
¢ 140 | 141 ¢ EXPANSION
6 ¢ ¢ CHASSIS
[ ] ' <
5 [ ] [ ]
o I N )
4 ] )]
® ' ¢
3 [} ¢
¢ I ¢
2 : !
1 ® I [ ]
] 134 I [
0 222 ¢ ¢
(CABLE) l (CABLE)
7 122 :}n___aa 134 | $ FIRST 1/0
¢ *® EXPANSION
6 ‘ | ¢ CHASSIS
® ®
5 ¢ I 'y
® [ ]
4 ¢ I 'y
[ ] @
3 s ¢
2 ® I [ ]
@ [ ]
L $ 1 MJlM $
I
0 20 L _ 2l ,
NOTE

==== denotes twisted pair wire.

Figure 6-4 Rear View of I/0 Expansion Chassis Showing
RACKO/TACKO Routing
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CHAPTER 7
BLOCK LIAGRAM ANALYSIS

7.1 INTRODUCTION

This chapter provides an overview of the Model 3210 Processor.
Refer to Functional Schematic 01-158D08, Sheet 1, for a block
diagram. Each bocard in the Central Processing Unit (CPU) \is
discussed 1individually in order to understand how the logic is
partitioned within the CPU. This understanding is necessary in
order to isolate faults to the board level.

7.2 SYSTEM ORGANIZATION

The CPU is organized between three 32-bit buses: the A, B, and
S Dbuses. The A bus presents data to the Arithmetic Logic Unit
(ALU). The B bus presents data to the ALU, HPFPP, and Link
Register. The S bus transfers the ALU output data to the
appropriate destination. The source and destination of the A, B,
and S buses and the functions performed by the ALU are controlled
by microinstructions contained in the control store.

7.3 CPU-A BOARD

The CPU~-A board contains the heart of the microprocessor which is
used to emulate the instructicn set. This board houses all
elements of control store for the machine, the control store

addressing, interrupt handling, and pover fail/initialize
controle.

7.3.1 Fixed Control Store (FCS)

Fixed Control Store (FCS) consists of 2 k words, 32 bits each, of
Read-Cnly-Memory (ROM) which 1is a high-speed, solid-state,
nonvolatile memory. Each word in FCS 4is 32 bits long and
represents one microinstruction. Each microinstruction read out
of FCS is placed in the 3Z2-tit ROM Data Register (RDR). RDR is
the instruction register for the microprocessor and drives the RD
-bus. Most microinstructions are executed in one machine cycle of
200 nanoseconds. RD bits are decoded to direct the processor
through its operations. The meaning of the microinstruction word
is explained in Chapter 8.
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7.3.2 RCM Data Register (RLR)

The RCM Cata Register (RDR) is a 32-bit register which is 1loaded
at the beginning of every machine cycle with microinstructions
fetched from control store. The RDR drives +the RD bus. This
register can =also be described as a pipeline register, since it
allows for overlapping of RCM access and instructiocn execution.

7343 Control Store Address Register (CSAR)

Locations in centrol store are addressed by +the 12-bit Control
Store Address Register (CSAR). Microinstructions are normally

located at sequential addresses in the control stcre. The CSAR
is an up-counter which increments by one as each new
microinstructicn is read into the RLERe. The CSAR, therefore,

holds thé address of the next sequential microinstruction to be
executed. When it becomes necessary to jump out of sequence, the
CSAR can be loaded with a new address from the RDR register, the
Decoder Read-Only-Memories, the Link Register, or the priority
interrupt encoder; or it can be cleared by the hardware to zero
for an instruction read or system initialization.

734 Link Begister (LR)

A branch and link capability is provided in this machine by means
of the 12-kit Link Register (IR).

When the microprogram specifies Link, the LR is unconditionally
loaded with the address of the current microinstruction being
executed and is automatically incremented by one prior to the
next system clocke. When the microprogranm executes a
Branch/Return, the CSAR is loaded from the LR.

The LR may alsc be loaded frocm the B bus in order to nest
microsubroutines.

7.3.5 Decoder Read-Only-Memory (DROM) and Privileged
Illegal ROM (PILROMNM)

The DROMs are ccnstructed using three 512x4-bit ROMs which are
addressed by the 8-bit op=-ccde field of the Instruction Register.
They contain the D1 and T[2 vector addresses which are entry

points for instruction emulation rcutines. The microprogranm
interrogates the D1 address at instruction read time and the D2
vector during instruction emulation. The 12 bits of the

resulting readout are Jammed 4into the CSAR, resulting in an
automatic transfer to an address which is related to the wuser's
operation code.

The Privileged/Illegal ROM (PILROM) is also addressed by the

8~bit op-code field and is interrogated at D1 time to supply
privileged instruction and illegal instruction. .
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7.3.6 Priority Interrupt Enccder (PIE)

The priority interrupt encoder provides high-speed interrupt
handling to the microprecgrame It monitors 14 interrupt lines,
sets their priorities, and when interrogated by the microprogranm,
provides a vectored branch intc the interrupt service table in
the microcode.

7.3.7 1Initialize Logic

System initialization is controlled on the CPU-A board by the
initialize logic. This logic interfaces to the power system and,
together, they monitor and control the DC power required in the
system. Early Power Fail (EPF) and Primary Power Fail (PPF)
interrupts are also generated by this logic.

7.3.8 Ccnsole Support logic

The console support logic mcnitors the EXECUTE/HALT switch and
the =single switch from the System Control Panel and Creates
console attenticn interrupts to the micropregram.

7.3.9 Test Aid

The CPU-A has a built-in test aid. Sixteen switches in two DIP
packages at the front of the CFU-A board provide CSAR match/SYINC,
microcode single step, MAT or MPE fault match, and external match
capabilities for trcubleshocting.

7.4 CPU=-B BOARD

The CFU-B board is the processor's arithmetic board. It contains
a 32-bit ALU which is fed by the 32-bit & multiplexor and a
32-bit B multiplexor, a 32-bit shift register, the PSW, a flag
register, and the A and B register stacks.

7.4.1 Arithmetic lLogic Unit (ALU)

The Arithmetic logic Unit (ALU) is 32 bits wide with full
look-ahead carry 1logic. It is fed by the 32-bit A and B
multiplexors and its output generates the S bus.

7.4.2 A Multiplexor

The 32~bit A multiplexor feeds the ALU from either the A bus or
the shift register.
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7«4.3 B Multiplexor (B Bus Shifter)

The 32-bit B multiplexor feeds the A input to the ALU and is used
as the input to the register stacks fer divide operationse. It
also rperforms all of the ALU shift operations defined in the
shifter microcode field.

Teloeli 32-Bit Shift Register

This register can be loaded from the S bus, shifted 1left or
shifted right (one ©place rer processor clock), and can be
rresented to the B bus or tc the ALU via the A multiplexor.

7.4.5 Flag Register (FLR)

The Flag Register (FLR) is a U4-bit register «containing the
following flags: Carry (C), Overflcw (V), Greater than Zero (G),
and Less than Zero (L). These flags are mcdified at the
conclusion of arithmetic and logical microoperations to reflect
the result of the operaticn. The FLR is loaded from bits 28:31
of the S bus when either the FLR or the Program Status Word (PSW)
is the specified destination register.

7«46 Program Status Word (PSH)

The Prcgram Status Word (PSW) is a 24-bit register used ¢to
indicate the system status relative to the user progranm being
emulated. Bits 8:27 of the PSW are used as interrupt masks to
define the operational status or mode of the wuser-level
processor. 5Some of the ©PSW bits have hardware significance,
while others are of significance only to the microprogram. Bits
28:31 of the PSW make up the Conditicn Code (CC) field which
reflects the result of the previous user instruction.

The status portion of the PSW is 32 bits 1long. Only 24 bits,
however, are implemented in the hardware of this machine. Bits
0:7 are not used and are forced to zero.

The CC may be updated only from the FLR. When PSW is the
specified destination register, bits 8:27 of the S bus are loaded
into bits 8:27 of the PSW, and S bus bits 28:31 are captured in
the FLR. The CC field remains unchanged until the microprogranm
causes it to be updated from the FLR when the jam bit is set in
the microword. The PSW is unlcaded onto the A bus.

7.4.7 A and B Register Stacks
The 22-bit A and B register stacks hold the 4 microregisters, 8

general register sets of 16 registers =ach, and an alternate
register set of 16 registers. These stacks are loaded
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simultaneously from the S bus (from the B multiplexor in the case
of a divide) and always hold identical data. The A& and B
register stacks can be unloaded by the R and/or B source field of
the microword tc their respective latch registers.

7.4.,8 Register Stack Contrcl

The register stack control prcvides address and timing for the
register stacks

7.5 CPU-C BOARL

The CPU-C board provides an interface between the <central
prrocessing unit and memory system. All registers associated with
memory addressing and memory data are located on this board.
This unit also contains the Memory Address Translator (MAT). The
MAT provides dynamic address relocation and memory protection.

7.5.1 Location Counter (LOC)

The Location Counter (LOC) is a 24-bit addendum to the PSW which
holds the address of the next user instruction to be executed in
main memorye. The LCC is implemented as an up-counter which
increments by two for each halfword of data required to execute
an instruction.

7+542 Processor Memory Address logic

The Memory Address Register (MAR) is a 2u4-bit register which
contains the address of main memory to be accessed. The LOC is
selected as the address to memory during instruction reads
through the Prcgram Address (FA) multiplexor; in all other cases,
the PA selects the MAR.

Each time a memory reference 1is made, 3including instruction
reads, the output of the FA multiplexor 1is 1loaded into an
auxiliary address register (ZFAR). If a fault is detected in the
system, the data in the ZMAR remains unchanged until directed by
the microprogram. The first time, after a fault, that MAR is the
selected B source, the data ccntained in the ZMAR is unloaded.

On a processor operation to memory, the 13 most significant bits
of the program address are subject tc relocation and placed on
the LKA bus, while the 11 leact significant bits are ©placed on
the bus unchanged.

753 Memory Address Translator (MAT)
Cynamic memory relocation is provided when enabled by bit 21 of

the PSW. This is accomplished by adding the relocation field of
the selected segmentation register to bits 16:20 of the progran
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address which has bits 8:15 forced to =zero. This relocated
address is then used to access memory.

The segmentation registers also contain the necessary information
to provide memory access protection for the selected segment.

7.5.4 Memory Lata Register (MDR)

Frocesscr data from/to main memory is <contained in the HMemory
Data Register (MDR). This register is 32 bits wide and is loaded
from the S bus before initiating a memory write operation. The
data contained in the MDR is gated onto the local memory bus (MDS
bus) fcr writes to local memorye.

The data, when it becomes available on a memory read, 1is loaded
into the MDR from the MDS Lus or EDMA bus. The microprogram can
then access the data by specifying the MLCR as the B bus source.

7.6 CPU-D BOARD

The CFU-D board is the machine‘'s control board. The system
clocks for the processor, as well as I/0, EDMA, and memory
centrcl logic, are all contained on this unit. Refer to Chavter
12 for a detailed analysis cf the CFU-D and for all information
concerning clocks and contrecl logice.

7661 Instruction Register (IR)

The Instruction Register (IR) is a 16-bit register divided into
three fields: operation code (OP), user destination (YD), and
user source (YS). The IR is loaded during an instruction fetch,
when the data is available frcm memory.

7.6.2 Input/Output (I/0)

The 16-bit parallel Input/Cutgut (I/C) bus is used +to send and
receive information to and from device controllers. These
operaticns are achieved by gating S bus data onto the D bus and
activating an I/0 control line, or by activating a control line
and gating D bus data onto the internal B bus.

7.6.3 Extended Direct Memory Access (EDMA) Registers

Data paths for Extended Direct Memory Access (EDMA) operations to
memory are contained within the CPU-D board. The 1local memory
addrecss on an EDMA cperaticn 1is loaded into the EDMA Memory
Rddress Register (EMAR) and sent to the LMA bus. Data on write
operations from an EDMA device, e+.g9., a BSELCH, is loaded into
the ELMA Memory Data Register (EMDR) and presented to the 1local
memory tus through the MDS nmultiplexor. For memory read cycles,
data goes from memory to the EMLCR and then onto the EDMA bus.
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7.7 LOCAL BANK CONTROLLER (LBC)

This board provides an interface between the processor and the
storage module (main memory) in the system (refer to Chapters 13
and 18). The major functions of this module are +the generation
of the necessary timing for the storage modules, error code
generation and checking, error 1logging, and memory refresh
contrcl.

Address and data informaticn between the processor and main
memory is latched in registers contained on the LBC. Refer to
Chapters 13 and 18 for detailed descriptions of the timing and
control logic c¢n this board.

7.7.1 Input Data Register (ILR)

At the start of a memory write operation, the data on the MDS bus
(MDS000:310) from the processor is 1latched in the Input Data
Register (IDR). This data is then presented to the error
correction logic in order tc generate the seven parity bits used
for error correction. The data, along with the parity bits, is
then gated to the local memcry bus (LMB000:380).

77«2 Output Lata Register (CODR)

For memory read operations, good data (data which has been
checked and corrected if necessary) is latched in the Output Data
Kegister (ODR). The ODR is constructed using tri-state devices.
These outputs are used to form the bidirectional MDS bus.

7.7.3 Good Data Register (GDR)

The Good Data Register (GDR) is used to latch checked/corrected
data to be returned to the processcr on memory read cycles, or
which is to be written into memory. Data is written to memory
from the GDR any time a memory read is initiated and an error is
detected and corrected, or ¢n a partial word write operation
(byte or halfword write) whether or not an error has been
detected.

7.7.4 Uncorrected Data Register (UDR)

Data read from memory 1is stored into the Uncorrected Data
Register (ULR). This data is used as an input to the error
correction/detection logic along with the parity bits contained
in the Uncorrected Parity Register (UER).

If the data is found to be valid, this good data is loaded into
the GLCR, unmodifieds If a single-bit error is detected, the
error correcticn 1logic generates correct data and loads it into
the GDR vwhere it is then transferred to the applicable
destination.
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7«7.5 Error logger

Fach time an error is detected on a read from memory, information
concerning the type of error (single-bit or multiple~bit) and the
chip location for single-bit errors are stored in a random access
memory. The data in this memcry can be accessed by the processor
by issuing a read error logger command.
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CHAPTER 8
MICROWORD DESCRIPTION

8.1 INTRODUCTION

The microword consists of groups of data bits that are fetched
from control store as a 32-bit microinstruction word. Groups of
ROM Data (RD) bits of the microinstruction <control various
hardware functions of the microprocessor. The specific function
of the data bit groups may be altered by the format of the
microinstruction, the operation modifiers, or the specific source
or destination register. The following is a breakdown of these
data bit groups which are called instruction word fields. Refer
to Table 8-1 and Figure 8-1 during this description.

8.2 MEMORY CONTROL FIELD (MC) - RD BITS O, 1, 2, AND 3

The Memory Control Field (MC) is primarily used either to read
from, or +to write into, memory. The memory address selected
deprends upon the contents of the Location Counter (LOC) (during
IR only) or the Memory Address Register (¥AR) and the bias added
by the MAT. The type of memory operation (read or write) and the
amount of data fetched 1is controlled by the MC. Privileged
memory operations disable the relocation and protection of the
MAT. Fullword memory operations must be aligned on fullword
memory address boundaries. Halfword memory operations must be on
halfword or fullword boundaries. Violation of these alignments
causes alignment faults. All memory read operations access
memory as a fullworde. The MC causes the processor hardware to
steer and load only the required portion of the data.

NOTE

All MC options which cause data to be
written to main memory (with the
exception of TEL) also cause the ECC
bits, corresponding to the fullword
receiving the data, to be updated.
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TABLE 8-1 INSTRUCTION WORD FIELDS

FIELD MEANING
————

A Selects register to be used as first operand. Data
is available on the A bus.

ADDRESS Specifies branch address data to be loaded into the
CSAR.

B Selects register to be used as second operand. Data
is available on the B bus.

COND Specifies conditions teéted for conditional branch.

D Selects destination register to receive the result.
Data is available on the S bus.

DATA Specifies immediate data as second operand on B bus.

E Specifies the extended options to be performed.

I Enables loading of immediate data to the B bus. The
data used is controlled by the D field.

J Causes condition code to be updated, or controls data
direction (read or write) when module 3 (WCS) is
selected.

L Causes the 1link register to be 1loaded with the
address of the current microinstruction plus one.

R Specifies that a branch to the address contained in
the 1link register 1is performed if the specified
branch conditions are met.

MC Memory control field specifies type of memory
operation.

MOD Selects active CPU, fixed-point ALU, or
floating-point processor.

oP Specifies the fixed-point or floating-point
operation.

RC Control store addressing and alternate register set
control field.

SHIFTER Specifies B bus shifter function.

T/F Specifies whether COND must be true or false to
branch.

VJ Enables interrupt vector jam when branch is takene.

YDFF Specifies extended operations addressed by <the YD
field of the instruction register and enabled by the
E field.
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MC Value

0000 - NOP
0001 - DW1
0010 - PH2
0011 - DH2
0100 - TEL
0101 - ENACLK
0110 - PW4
0111 - DWu4
5§-4

NOTE

The E field, in formats other than
register-to-register immediate data,
identifies additional operations to be
performed or options to the primary
operation.

The MC field, in all formats, controls
main memory accesses.

No memory operation is attempted.

Nonprivileged byte data write. Byte of data
contained in the Memory Data Register (MDR) is
written to the byte memory address specified by
the MAR. Bits 16:31 of the MDR are gated to the
memory bus. The data to be written must be in the
appropriate byte position of the least significant
halfword of MDR.

Privileged halfword data write. Halfword of data
contained in MDR bits 16:31 is written to the
halfword specified by the MAR.

The same operation as PW2, except that the MAR
address may be relocated and/or protected by the
MAT.

Test error logger operation causes a byte write
operation to the address specified by MAR. Bits
24:31 of MDR are written into memory. The byte
write is privileged and the error correction logic
is disabled; thus, if +the byte written is
different from the previous contents, the Error
Correction Code (ECC) in memory is incorrect. No
error is logged in the error logger.

No memory operation is implied. Destination
clocks for all machine registers (except YDI,
flags, and CSAR) are disabled whenever a fullword
or halfword boundary error, ECC error, or MAT
violation occurs.,. To allow loading machine
registers following such a condition, the ENACLK
option must be specified.,

Privileged fullword memory write. The data
contained in MDR 0:31 is written to the address
specified by MAR.

Nonprivileged fullword memory write. The
relocation and protection of the MAT is enabled.
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1000
1001

1010

1011

1100

1101

1110

1111

- UNDEF

- RAS

- PR2

- DR2

- REL

- PR4

- DR4

The MC and the hardware are undefined.

The halfword addressed by MAR is read into MDR,
bits 16:31. Bit 16 of the data is set, and the
halfword is written back to memory. The MAT is
not disabled. The data in MDR, bits 16:31,
reflects the previous state of the data in memory.
Bits 0:15 of the MDR are undefined.

Privileged halfword read from memory. The MAT is
disabled. A halfword of data selected by the
address in MAR is loaded into MDR 16:31. Bits
0:15 of the MDR are undefined. The address is in
the MAR.

Nonprivileged halfword read from memory. The MAT
is enabled. Data is loaded into MDR in the same
manner as PR2. The address is in the MAR.

Read error logger is treated as a PR2. The error
logger, at the address corresponding to the
contents of MAR, is interrogated. Error logger
data replaces the contents of MDR bits 16:31.
Bits 0:15 of the MDR are undefinei.

Instruction read from memorye. This operation
causes a fullword read from memory. The data from
the read 1is loaded into the instruction register
and the MDR. The address 1is specified by the
location <countere. If CNTR contains a nonzero
value, the IR is deferred until the CNTR equals
Zer0 .

Privileged fullword memory read operationse. MDR
bits 0:31 are loaded with the data read from the
fullword address contained in the MAR. The MAT 1is
disabled during the memory cycle.

Nonprivileged fullword memory read ©operation.
Similar to PR4, except that the MAT is enabled.

ROM CONTROL FIELD (RC) - RD BITS 4 AND 5

NOP

ARS
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Normal operation microinstructions are fetched in
sequential order. The CSAR is incremented by one,
unless IR is specified in the MC field.

Sequential order of microinstruction fetch 1is
unaffected. The alternate register set is
selected for use with a general register. The
user-level machine has no access to this set of
registers.



10 - D2 Jam the address which is contained in Decoder ROM
2 (DROM2) into the CSAR. The address specified by
DROM?2 is controlled by the contents of the
instruction register.

11 - BRANCH Allows the CSAR to be jammed by RD bits 16:27 if
conditions are met.

8.4 MODULE SELECT FIELD (MOD) - RD BITS 6 AND 7

00 - ALU The microinstruction operation uses the
fixed-point ALU and the fixed-point operation
codes (RD bits 9, 10, and 11).

01 - SPFP The microinstruction operation wuses the High
Performance Floating-Point Processor (HPFPP) for
single-precision operations. Single-precision
registers are used. The fixed-point ALU is
conditioned to load the B bus to the S bus. The
type of single-precision operation is defined by
RD bits 9, 10, and 11.

16 - LPFP The microinstruction operation uses the HPFPP for
double-precision operations. Double-precision
registers alone are affected by the operation.
The fixed-point ALU is conditioned to load the B
bus to the S bus. The type of double-precision
operation is defined by bits 9, 10, and 11.

11 = RESERVED

8.5 JAM CONTROL - RD BIT 8

RD bit 8 is used to jam the flag register into the condition code
portion of the PSW.

8.6 OPERATION INSTRUCTION WORD FIELD - RD BITS 9, 10, AND 11
Refer to Table 8-2 for fixed-point operationse. Tables 8-3 and

8-4 list the single-precision and double-precision floating-point
operations, respectively.
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TABLE 8-2 FIXED-POINT ALU OPERATIONS

RD BITS
MNEMONIC MEANING
9 10 11 ‘
0 0 0 A Add the A bus and B bus shifter output
’ datao

0 0 1 S Subtract the A bus and B bus shifter
output data.

ol 1] o N AND the A bus and B bus shifter output
datae. )

0 1 1 OR OR the A bus and B bus shifter output
data.

1 0 0 XOR Exclusive-OR the A bus and B bus shifter
output data.

1 0 1 UNDEF Undefined operation

1 1 0 LDB Load B bus shifter output data to S bus.

1 1 1 LDA Load A bus data to the S bus.

TABLE 8-3 SINGLE-PRECISION FLOATING-POINT OPERATIONS
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RD BITS

. MNEMONIC MEANING

9110 | 11

I=

0 0 0 RCC Read condition code - place contents of
HPFPP flag register on B bus.

0 0 1 RRE Read register single-precision and place
contents on B bus.

0 1 0 LE Load single-precision data from B bus to
HPFPP.

0 1 1 CER Compare single-precision data register-to-
register.

1 0 0 AER Add single-precision data register-to-
register.




TABLE 8-3 SINGLE-PRECISION FLOATING-POINT OPERATIONS (Continued)

RD BITS
MNEMQONIC MEANING

9 110 | 11

1 0 1 SER Subtract single-precision data register-
to-register.

1 1 G MER Multiply single-precision data register-
to-register.

1 1 1 DER Divide single-precision data register-to-
register.

TABLE 8-4 DOUBLE-PRECISION FLOATING-POINT OPERATIONS

RD BITS
MNEMONIC MEANING

9 |10 | 11

0 0 0 LW Load word - load most significant 32-bit
portion of 64-bit double-precision
floating-point number.

0 0 1 RRD Read register double-precision and place
contents on B bhus.

0] 1 0 LD Load least significant 32-bit portion of
64-bit double-precision floating-point
number.

0 1 1 CDR Compare double-precision register~-to-
register.

1 0 0 ADR Add double-precision register-to-register.

1 0 1 SDR Subtract double-precision register-to-
registere.

1 1 0 MDR Multiply double-precision register-to-
register.

1 1 1 DDR Divide double-precision register-to-
register.
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8.7 DESTINATION INSTRUCTION WORD FIELD - RD BITS 12, 13, 14,

AND 15

Result data on the S bus 1is 1loaded 4into the specified
destination. (Refer to Table 8-5.).

TABLE 8-5 DESTINATION REGISTERS

1 |10 |0 |O YD or ARSYD

1 10 10 {1 YS or ARSYS

110 |1 |0 YDI
1 ]0 |1 |1 CNTR

1 {1 {0 |0 NULL

1 {1 |0 (1 IO
T 11 {110 SR
L O I B FLR

RD BITS
MNEMONIC MEANING

12113114 |15
0o |0 {0 |O MRO Microregister 0
o (o |o |1 MR1 Microregister 1
0 (0 |1 [0 MR2 Microregister 2
0 |0 1 |1 MR3 Microregister 3
0 |1 10 |0 LocC Location counter
o |1 {0 |1 MDR Memory data register
o {1 |1 (O MAR Memory address register
o 11 |1 i1 PSW Program status word

General register specified by YD
field of IR

General register specified by YS
field of IR

YD field of IR
Counter

No destination. Used when the HPFPP
is the implied destination.

Used for output I/0 instructions
Shift register

Flag register
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8.8 TIMMEDIATE DATA CONTROL BIT - RD BIT 16

Microinstructions other than Branch may use the immediate data
control bit. When this bit is active, RD bits 24:31 provide the
least significant eight bits into +the B bus shifter. The
remainder of the B source is null.

When the PSW 1is the destination, bits 28:31 of the S bus are
captured in the Flag Register (FLR). The PSW condition code
field 1is wupdated from the FLR only when the JAM option is
specified in the microinstruction word.

When the destination is YD or YS, the general or scratchpad
register whose number is in the YD or YS field of IR receives the
S bus data. The <current set is selected by bits 24:27 of the
PSW. When module 1 or 2 is selected (by RD bits 6 and 7), the
floating-point register specified by the YD field of IR receives
the resultant floating-point data.

By specifying YDI as the destination, the YD field of IR is
loaded from S bus bits 28:31. Microflags resulting from the
operation are still valid in this case. YDI is also the
destination for CYDESWA, YDP1, and YDM1 E field options.

8¢9 A SOURCE INSTRUCTION WORD FIELD - RD BITS 17, 18, AND 19

Refer to Table 8-6 for first operand registers. Data from the A
source appears on the A bus input to the fixed-point ALU only.

TABLE 8-6 FIRST OPERAND REGISTERS (A BUS DATA)

RD BITS
MNEMONIC MEANING
17 | 18 |19
0 0 6] MRO Microregister 0 B ==j
0 0 1 MR1 Microregister 1
0 1 0 MR2 Microregister 2
v 1 1 MR3 Microregister 3
1 0 0 YD or ARSYD | Register specified by YD field of IR
1 0 1 YS or ARSYS | Register specified by YS field of IR
1 1 0 SR Shift register
1 1 1 PSW Program status word
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When module 0 is selected, use of YD or YS as a source causes the
general or scratchpad register whose number is in the YD or YS
field of IR to be presented to the A ALU input.

When module 1 or 2 1is selected, the specified floating-point
register is presented as the HPFPP first operand input.

8.10  SHIFTER INSTRUCTION WORD FIELD - RD BITS 20, 21, 22, AND 23
Refer to Table 8-7 for shifter options. The shifter alters B bus

data according to the selected option. The modified data is
supplied to the fixed-point ALU as second operand data.

TABLE 8-7 SHIFTER OPTIONS

RD BITS »
MNEMONIC ACTION

20121122123

0 0 0 0 - No action =- pass data unmodified.

0 0 0 1 NULLB Force data to zero.

0 0 1 0 SLHL Shift left halfword 1logical (bits
16:31) by one.

0 0 1 1 SLHA Shift left halfword arithmetic (bits
16:31) by one.

0 1 0 0 EXB Exchange bytes (least significant 16
bits).

0 1 0 1 EXT Extend sign - MDR must be source.

0 1 1 0 SRHL Shift right halfword 1logical (bits
16:31) by one.

0 1 1 1 SRHA Shift right halfword arithmetic
(bits 16:31) by one.

1 0 0 0 LHL Load halfword logical.

1 0 0 1 RLL Rotate left logical by one.

1 0 1 0 SLL Shift left logical by one.

1 0 1 1 SLA Shift left arithmetic by one.

1 1 0 0 EXH Exchange halfwords.
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TABLE 8-7 SHIFTER OPTIONS (Continued)

RD BITS
MNEMONIC ACTION
20 21 122| 23
_:—————g
1 1 0 1 RRL Rotate right logical by one.
1 1 1 0 SRL Shift right logical by one.
1 1 1 1 SRA Shift right arithmetic by one.

8.11 B SOURCE INSTRUCTION WORD FIELD - RD BITS 24, 25, 26,
AND 27

Refer to Table 8-8 for second operand register options. Second
operand register data is propagated onto the B bus. The data is
then passed through the shifter to the ALU.

812 E INSTRUCTION WORD FIELD - RD BITS 28, 29, 30, AND 31
Refer to Table 8-9 for the extended field optionse. The extended
field provides the ability to extend the function of any

microinstruction without requiring the use of a second
microinstruction.

TABLE 8-8 SECOND OPERAND REGISTERS

RD BITS
MNEMONIC MEANING
24 1 25 |1 26 | 27
0 0 0 0 MRO Microregister 0
0 0 0 1 HRA1 Microregister 1
0 0 1 0 MR2 Microregister 2
0 0 1 1 MR3 Microregister 3
0 1 0 0 LocC Location counter
0 1 0 1 MDR Memory data register
0 1 1 0 MAR Memory address register
0 1 1 1 CBUS Data bus from modules 1 and 2
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TABLE 8-8

SECOND OPERAND REGISTERS (Continued)

RD BITS
MNEMONIC MEANING
20| 25| 26 | 27
1 0 0 0 YD or ARSYD Register specified by YD field of
‘ IR
1 0 0 1 YS or ARSYS Register specified by YS field of
IR

1 0 1 0 YDI YD field of IR

1 C 1 1 YSIT YS field of IR

1 1 0 0 I0 Used for input I/0 instructions

1 1 0 1 SR Shift register

1 1 1 0 LR Link register

1 1 1 1 LENGTH Length in halfwords of last

instruction fetched
TABLE 8-~9 EXTENDED FIELD OPTIONS
RD BITS
MNEMONIC MEANING

28 1 29130 31

0 0 0 0 - No action

0 0 0 1 CYDESWA Clear YD field of IR and set wait

indicator.

0 0 1 0 YDP1 Increment YD field of IR by one.

0 ¢ 1 1 YDM1 Decrement YD field of IR by one.

0 1 0 0 I4 Increment the MAR by 4.

0 1 0 1 JAMCI Jam carry in ALU (arithmetic

mode only)

0 1 1 0 MPY Multiply

0 1 1 1 DIV Divide
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TABLE 8-9 EXTENDED FIELD OPTIONS (Continued)

RD BITS
MNEMONIC MEANING

291 30 | 31

0 0 0 COMM Data on S bus is gated onto the
I/0 bus and accepted by the com-
munication assist unit.

0 0 1 YDFF YD function field

0 1 0 UNNLD Unnormalized floating-point load -
defeats HPFPP normalizing logic.

0 1 1 RCATN Reset console attention and CPU
fail indicator.

1 0 0 DWSHFT Doubleword shift

1 0 1 RFAULT Reset MAT, MPE, and ALIGN errors.

kY

1 1 0 LLINK Load 1link register from B bus
bits 20:31.

1 1 1 LYST Load YS field of IR from S bus
bits 28:31..

1 o] 0 ADRS I/0 must be destination. ADRS
selects device on the I/0 bus.

0 1 0 ocC I/0 must be destination. Data on
the I/0 bus 4is command for se-
lected device.

0 0 1 WD I/0 must be destination. Data on
the I/0 bus is character infor-
mation for selected device.

1 0 0 ACK I/0 must be source. Interrupting
device address is received.

0 1 0 SS I/0 must be source. The status
data of a selected device is
received.

0 0 1 RD I/0 must be source. Data is re-
ceived from the selected device.

NOTE

I/0 is neither a source nor a
destination.
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If the ARS bit 1is set in -the BRC field, all sources or
destinations specifying YD or YS for module 0 or 3 operations
access the alternate register  set. This bit 1is set by the
microcode assembler whenever ARSYD or ARSYS is specified in the
micreinstruction.

Specifying MDR as a source immediately following a memory read
operation causes the processor to stop until memory data becomes
available. After a fullword memory read, all 32 bits of MDR are
loaded.

NOTES

EXT may be specified only if the B
source is MDR.

If MDR is either the B source or the
destination, EXB performs as follows:

- If MAR contains an even number, EXB
occurs; otherwise, no EXB occurse.

- If MDR is specified as the
destination register and MAR
contains an even number, only MDR
17:23 is modified. If MAR contains
an odd number, only MDR 24:31 is
modified.

Unless otherwise stated, extended field
options shown in Table 8-9 may not be
used when I/0 is specified as either a
source or a destination.

The POW command causes the system clear
sense line to go inactive, thereby
causing the signal SCLRO to become
active from the PSC. The entire systen
is consequently initialized.

The JAMCI option forces a carry-in of
one to the least significant bit of the
ALU. If +the microinstruction is an
add, the result on the S bus is one
greater than the expected sum. If the
microinstruction is a subtract, the
result on the S bus in one less than
the expected difference. If the
microinstruction is neither add nor
subtract, JAMCI has no effect.

The DWSHFT option causes SR to
participate as the least significant 32
bits of the doubleword being shifted
according to the B bus shifter option.
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The most significant 32 bits are
supplied by the specified second
operand register. The doubleword
shifted result replaces the contents of
the specified destination register
(most significant 32 bits) and the
shift register (least significant 32
bits).

- When YSI is specified as the B
source and LYSI is specified as the
E field modifier, the YS field of
the instruction register increments
by one, regardless of any other
microword directive.

- Any fullword memcry operation
specified in the MC field (i.e.,
PR4, DR4, PWu, DW4), when specified
with YDP1 or YDM1 as E field
modifiers, causes an automatic IU4
(causing the MAR to increment by
X'y*),

8.13 YD FUNCTION FIELD (YDFF)

The

YD

operationse.
YD field of the instruction register and are enabled

Function Field (YDFF) 1is an extension

The YDFF functions are selected by the

of E field
value in the
by code X*'9°

- YDFF in the E field. Refer to Table 8-10 for YDFF operations.
TABLE 8-10 YD FUNCTION FIELD OPERATIONS
YDI
MNEMONIC FUNCTION
08|09 |10 |11
0 {0 |0 |O LPSTD Load Process Segment Table Descriptor
o (o |0 |1 LSSTD Load Shared Segment Table Descriptor
D10 1 1|0 RMVF Reset Memory Voltage Failure Interrupt
0 |0 |1 |1 POW Power Down, Initialize
o {1 (0 |0 REPF Reset Early Power Fail Interrupt
o [t |0 |1 RSMPF Reset Shared Memory Early Power Fail
Interrupt
0 |1 1 |0 SETSNGL Set the Single-Step User Instruction
Interrupt
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TABLE 8-10 YD FUNCTION FIELD OPERATIONS (Continued)

IDI |
MNEMONIC FUNCTION
oe|o9|1o 11 ,
o |1 [1 |1 RESERVED
110 lo o RESERVED
1 o fo |1 RESERVED
1 {0 |1 |o RESERVED
1 o {1 |1 RESERVED
1 {1 fo Jo RESERVED
1 {1 |o |1 RESERVED
1 {1 |1 |o RESERVED
101 |1 | RESERVED

814 DATA FORMATS

R11 internal data paths, except those +to input/output control,
are 32 bits wide. The basic machine operand is consequently a
32-bit fullword. Positive fixed-point data is expressed in true
binary form with a sign bit of zero. Negative fixed-point data
is expressed in two's complement notation with a sign bit of one.
Floating-point data is expressed as a signed magnitude fraction
with a biased exponent. The quantity expressed is the product of
the fraction and 16 raised to the power of the exponent. Each
single-precision floating-point number requires a 32-bit
fullword; 8 bits are used for the fraction sign and exponent, and
24 bits are wused for the fraction. Each double-precision
floating=-point number requires a 64-bit doubleword; 8 bits are
used for the fraction sign and exponent, and 56 bits are used for
the fraction.

Binary information is represented in hexadecimal notation (base
16) for simplicity.

8.15 INSTRUCTION FORMATS
Microinstructions can be in any one of three formats designated

Branch, Register-to-Register, and Register-to-Register Immediate.
The instruction formats are shown in Figure 8-2.
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BRANCH

0 34567 1213141516 2728 31

MC 1 14T COND VJ| L|R ADDRESS E

REGISTER-TO-REGISTER

0 34567829 1112 151617 1920 2324 2728 31

MC RC [(MOD|J| OP L 0| . A SHIFTER B E

REGISTER-TO-REGISTER IMMEDIATE

0 3 4567829 1112 151617 1920 2324 31
IMMEDIATE
MC RC |MOD|J 0P L 1 A |SHIFTER DATA

Figure 8-2 Instruction Word Formats

When the branch format is not specified by bits 4 and 5 of the
microinstruction word being set, bits 6 and 7 select the
processor module that performs the microinstruction. Module 0 is
the internal fixed-point ALU. Module numbers 1 andi 2 are
directed to the optional High Performance Floating-Point
Processor. Module number 1 identifies a single-precision
operation, and module number 2 identifies a double-precision
operation.

84151 Branch

The specified condition(s) are matched against the corresponding
machine state. If a match exists, the condition is true; if
there are no matches, the condition is falsee.

The T bit in the branch formats specifies whether +the true or
false state of the conditions specified by the COND field is to
be used. For example, if the condition is true and the T bit is
one, or if the condition is false and the T bit is zero, a branch
is executed by loading CSAR with the effective branch address.

If the L bit is set in the branch formats, the contents of CSAR
are copied to the Link Register (LR), and the LR is incremented
by one. If the branch conditions are met, the branch addiress is
copied to CSAR. This is a Branch-and-Link operation.

If the R bit is set, the L bit reset, and branch conditions are
met, the contents of LR are gated to CSAR, effecting a return
from a prior Branch-and-Link operation.
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If the L and R bits are both set and the branch conditions are
met, a branch to the address specified by the contents of LR
occurs, and LR is loaded with the address of the instruction
following the branch instruction. This is a
Branch~and-Link-Register operation.

The VJ bit enables direct-vectored hardware interrupts when set
in the branch format. If the branch conditions are not met, no
branch is taken, and VJ has no effect. If the branch conditions
are met and VJ is set, one of eight distinct hardware interrupt
vectors can become the branch address if a machine or 1I/0
interrupt 1is gqueued. If no interrupt is gqueued, VJ has no
effect, nor has it any effect on the loading of LR when the L bit
is set. Refer to Table 8-11 for a description of the possible
interrupt vectors. Interrupts have a priority reflected in the
order of the vector addresses; the interrupt with the 1lowvest
vector address takes precedence over any other gueued interrupt.
The floating-point fault interrupt vector can be branched to only
when a floating-point fault has occurred and the microword
specifies an Instruction Read (IR) and a floating-point Read
Condition Code (RCC). '

TABLE 8-11 HARDWARE INTERRUPT VECTORS

VECTOR
ADDRESS INTERRUPT CAUSE
07 MAC or MPE error during instruction fetch, or illegal
instruction detected
08 Alignment fault - halfword or fullword
09 "MAT or MPE (noncorrectable memory error)
OA Console attention, SNGL (single instruction cycle)
or PPF
OB EPF (Early Power Fail) or SEPF
(Shared Memory Early Power Fail)
oC I/0 interrupt, ATNO
oD I/0 interrupt, ATN1
OE I/0 interrupt, ATN2
oF I/0 interrupt, ATN3
18 Floating-point processor arithmetic fault
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8.15.2 Register-to-Register

These instructions combine a first operand register and a second
operand register. The result is copied to one or two destination
registerse.

The OP field specifies the fixed-point or floating-point
operation to be performed. The MOD field, in formats other than
branch, acts as an extension to the OP field by causing the
fixed-point ALU or optional HPFPP to be selected.

The J field (JAM) causes the PSW <condition code field to be
updated from the FLR.

The D field selects the S bus destination register; the A field
selects the A input to the ALU; and the B field selects the B bus
source.

The RC field (ARS) causes the scratchpad registers to be selected
when YD or YS is the source or destination for module 0.

The SHIFTER field selects the function to be performed by the B
bus shiftere.

8.15.3 PRegister-to-Register Immediate

These instructions are similar to the register-to-register format
except that the second operand 1is taken from the least
significant 8 bits of the microinstruction, known as the
immediate DATA field. These 8 bits become the least significant
8 bits on the B bus. The remaining 24 bits are forced reset.
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CHAPTER 9
CPU-A BOARD

9.1 INTRODUCTION

The main function of the CPU-A board 1is the <control of the
micromachine. Fixed Control Store (FCS), branch logic, interrupt
support, and initialize control are contained on this board.
Functional Schematics 35-816D08 should be referenced with this
chapter.

9.2 CONTROL STORE

9.2.1 Control Store Address Register (CSAR)

The CSAR provides the control store with the address of the next
microinstruction to be fetched. The CSAR, a 12-bit up counter,
is normally in the increment mode, addressing sequential
microinstructions. When the microprogram specifies a D2, branch,
calculate address (D1), or instruction read, the CSAR is loaded
from its strobed 4-to-1 multiplexors (Sheet 2). The signals
VSELAO, VSELBO, GDIR1A, and LDCSARO control the loading of the
CSAR and steering for its multiplexors. Refer to Table 9-1 for
the CSAR control line functions. The CSAR can be loaded from one
of the four multiplexed inputs (two of which have steering of
their own), or the outputs of the multiplexors can be disabled in
order to load zeros on an instruction read. Refer to Figure 9-1
for a simplified block diagram of CSAR load sources. Figure 9-2
shows a flowchart which depicts the conditional 1loading of the
CSARe. The CSAR can also be <cleared to zero by System Clear
(SCLROD) for initialization.

The CSAR is loaded or incremented by the rising edge of RCLK1.
When LDCSARO (3F4) is active, the CSAR is loaded on the rising
edge of RCLK1; in all other cases it is incremented on this edge.
Refer to Figure 9-3 for CSAR timing informatione.
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TABLE 9-1 CSAR CONTROL LINE FUNCTIONS

CONTROL LINE

<

= |22

S i el =

a 1l jlnn |n

H o [ = CEAR OPERATICN

OO0 |00 LOAD FROM LINK REGISTER
olo0o 0] 1 LOAD FROW RD 16-27

Q10 (110 LOAD INTERRUPT VECTGR
010 11 1 LOAD DECCDER RCM VECTOR
011 X1} X LOAD ZERO (INSTRUCTION READ)
11X |X]X INCREMENT CSAR

1668-1

VSELBO VSELAO

LINK
REG

7 4:1 12, 12 ADDRESSING
RDR MUX 7 CSAR }—#/—»TO CONTROL
16:27 5, STORE

FPPFLT1 1, e

PRIORITY
INTERRUPT .
ENCODER 4 GDIR1A LDCSARO

DECODER
ROM
{DROM)

FDIR1
——]

Figure 9-1 Simplified Block Diagram of CSAR Sources
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L0Y¥ TZO0-Lh

1006-1

VECTOR
D2
CSAR=—D2

CONDITION
SATISFIED

~D

NEXT MICRO
INSTRUCTION
CSAR-$—CSAR+1

Figure 9-2

LR <€— CSAR
LR~s— LR+1

INTERRUPT
PENDING,

CALCULATE
ADDRESS
CSAR-=—0
FDIRI=—1

INTERRUPT
PENDING

VECTOR TO
INTERRUPT
SERVICE TBL. |
CSAR=#— X'ONN
NN = INT. PRIORITY
NUMBER

VECTOR TO
INTERRUPT
SERVICE TBL,
CSAR-e—X'NN
NN = INT. PRIORITY
NUMBER

LR-e— CSAR
LR-==— LR+1

YES

ILLEGAL
+MA'I;+NCE

VECTOR TO
ILLEGAL
FAULT
CSAR-e—X'007"

RETURN AND
LINK

CSAR==LR

LR-<—LR+1

RETURN

CSAR-+—LR

RD BRANCH
CSAR=—RD16:27

VECTOR TO
INSTRUCTION
EMULATION

CSAR-«—D1.

LR-+—CSAR
LR~e—LR+1

Flow Chart of CSAR lLoading and Microinstruction Sequencing




1669
LOAD RD BRANCH LOAD RD

4

RCLK1 I\\ L \ S
INCREMENT CSAR LOAD CSAR

LDCSARO

Figure 9-3 CSAR Timing

9.2.2 Link Register (LR)

The 12=-bit Link Register (LK) (Sheet 3) provides the microprogran
with a branch and 1link capability. In addition, it ©provides a
means of branching to a calculated microprogram address. 1In a
branch and 1link microinstruction, the LR 1is wunconditionally
loaded with the contents o¢of the CSAR. The LR, a 12-bit up
counter, is then allowed to increment by one, pointing to the
microlccation immediately following the branch and 1link
microinstruction. Timing fcor a branch and link microinstruction
is illustrated in Figure 92~4. When a link is specified in the
microrrogram, gate A93-03 (3F5) goes high (a function of RD
decoding), enabling gate A2Z-08 (3H7) to generate Link Register
Clock (LRCLKO). LRCLKO goes active twice during a link
instruction. The first active condition performs a load from the
CSAR, and the second active state increments the loaded quantity
by one., LRCLKO is generated by the following term:

LRCLK0O=RA93-03e[(RCLKOR@SCLKOA)+ (RCLK1eSCLK1)].

The low active load input to the LR, A93-06 (3H5), goes active
during a register-to-register microinstruction specifying load
link from the B bus via A93-05 (3H5) or a branch instruction
specifying 1link A93-04 (3HS). Refer to Figure 9-5 for 1load
timing. LCLRT A88-02 (3H4) active selects the CPU-B bus on the
LR's input multiplexors and also generates LRCLKO via A92-09 at
RCLK1 time. The LR <can be unloaded to the B bus via the
multiplexors on Sheet 7.
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1670
LOAD OR INCREMENT CSAR

LINK ///

m'/

.SCLK1 -

09E111

| —
|

LRCLKO

09E080 /

LINK REG \X LR LOADED WITH x LR INCREMENTED
OUTPUT PRIOR CSAR BY 1

Figure 9-4 Link Register Timing for Branch and Link

1671-1
LD LINK

RCLK1 %
LDLRO YO
LDLR1 /
09E080 N\ j_
LRCLKO N\

P

s

LR LOADED
FROM B BUS

Figure 9-5 Link Register Load Timing
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9.2.3 Fixed Control Store (FCS)

The Fixed Control Store (FCS) holds the processor emulator in
high-speed ROM. FCS is organized as 2,048 words of 32 bits.
Fach 32-bit word represents one microinstruction. FCS is
comprised of four 2k x 8-bit ROMs which are addressed by the
CSAR.

FCS is addressed by the CSAR which is settled no later than 13 ns
after the rising edge of RCLK1. The FCS ROM should be settled a
maximum of 70 ns after CSAR addresses are settled. FCS is input
to the ROM Data Register (RLR), which is clocked by the falling
edge of RCLK1 and requires an 8 ns set-up. Figure 9-6 shows FCS
timing.

1672

LOAD OR INCREMENT LOAD
CSAR RDR
e 100 ns :’]
RCLK1 ESAR
ROP
'|13nsb
CSAR CSAR201-311 SETTLED
le—————— FCS ACCESS 70 ns ————+]
. FCS x XSRDOO1-311 SETTLED

Figure 9-6 FCS Timing

9.,2.4 ROM Data Register (RDR)

The RCM data register latches the output of control stors on a
microinstruction fetch and presents its outputs to the processor
as the ROM Data (RD) bus. (Refer to Sheet 5 of the schematics.)
The four most significant bits of the RDR (RDO0O1-RDC31) are
composed of J-K flip-flops and are clocked by the falling edge of
RCLK1A. The remaining 28 bits (RDO41:RD311) are composed of
guad-L flip-flops and are clocked by the rising edge of RCLKO.
(Refer to Figure 9-6, FCS Timing.)

On an initialize, the RDR is cleared by the ROM Data Clear signal
(RDCLRO). RLCCLRO is the output of a cross-coupled 1latch (2K7)
whickh is set by SCLROD (Systems Clear) and remains set, holding
the RLDE cleared, until the CSAR increments to X'004°'. RDCLRO is
reset when CSAR250 goes activee.
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9.2.5 Decoder ROM (DROM) and Privileged/Illegal ROM (PILROM)

The DROM and PILROM provide the hardware with the <calculats
address (D1, D2), privileged and illegal instruction vector
addressing for the Processor Emulator (05-090). Listings for the
DROM and PILROM (and the format ROM on the CPU-D board) appear in
the microprogram listing (05-C90A13). Refer to Table 9-2 Ffor an
explanation ¢of this data.

The TROM 1is organized as 512 words of 12 bits each and consists
of three 512k x 4-bit high-speed ROMs (Sheet 7). The DROM is
addressed by the 8-bit op-code field of the instruction register
(IR000-IR070), located on the CPU-D board, and provides the D1 or
D2 vector address to the CSAR multiplexor. FDIR1 (3E8) (decoded
instruction read flip-flop) goes active on the first clock of an
instruction fetch and is used as the most significant address of
the TRONM. When FDIR1 is active, D1 is selected: when inactive,
the DROM outputs the D2 vector address.

TABLE 9-2 LISTING INFORMATION FOR DROM, PILL ROMs AND FORMAT ROM

Refer to the listing of the Processor Emulator (G5-090A13).

ADDRESS DATA DESCRIPTION
OBNN 0000 XYYY PILL, D1 VECTOR
O9NN 0000 ZWWW Format, D2 VECTOR

where: NN = IR001 - IR0O71, the 8=bit op~code field of the
instruction register.

X = PRIV1, COMILL1, and FLTILL1, respectively,
the output of the PILL ROM (see Note) in hexadeci-
rale.

YYY = DD201 - DD311, the output of the decoder ROM*'s D1

vector in hexadecimal.

WWHW

Hi

DD201 - DD311, the ocutput of the decoder ROM's D2
vector in hexadecimal.

Z = RX1, RI20, RXRX1, and RR1, respectively, the out-
put of the CPU-D format ROM in hexadecimal.
NOTE
The 1isting (05-090A13) represents the
19~-188F27 PILROM, for a WCS equipred

CPU-AR board in a Model 3230 only. A
Model XXXX CPU-A board, however, is
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equipped with the 19-188F25 PILL ROM
which has the following differences
underlined:

08ES 0000 43B5 ILEG
08ES8 000C 43B7 ILEG
08E9 0000 43B3 ILEG

The PILROM is addressed by the op-code field of the instruction
register and its outputs are tested at D1 time (FDIR1 active) to
determine whether the instructicn is a privileged or illegal
operation. Refer to Sheets 3 and 7 of the schematics. Having
passed all prior interrupt tests, the CSAR, at D1 time, |is
conditioned to load the D1 vector address, (i.e., LDCSARO-active;
VSELAO, VSELRO, and LDIR1A-inactive) unless one of the conditions
listed in Table 9-3 causes an illegal fault. In the latter case,
VSELAG goes active and the CSAR is loaded from the priority
interrupt encoder input. The priority interrupt encoder is
jammed to X'007* by FDIR1 (Sheet 13), the illegal fault
microrrcgram location.

TABLE 9-3 ILLEGAL FAULT CONDITIONS
Base Alqgorithm for VSELAO at [1 time
VSELAQ = FDIR1e{COMILL1+FDIR1e¢ PRIV1ePSW231+FLTILLe

(FPP1+FPP1ePSW131)+MATMPEO]

EXPLANATICN OF FRULT CONDITIOCNS

FAULT CONDITION REASON
FDIR1eCOMILL1 Illegal Instruction
FDIR1ePRIV1ePSW231 Privileged Instruction
FDIR1eFLTILL1eFPP1 Illegal Floating-Point

Instruction (HPFPP not
equipped)
FLCIR1eFLTILL1e FPP1e PSW131 Privileged Floating-Point
Instruction -
FDIP1*MATMEEQ Machine Malfunction

O
i
oo
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9.3 BRANCH LOGIC

The branch logic provides 16 testable conditions for microprogran
decisionse. These conditions are input to four 4-to=-1
multiplexors with RD0O71 and RLCO81 controlling their select lines,
breaking the conditions down into four groups of four conditions
each (see Sheet 6). Furthermore, the outputs of the multiplexors
are NORed, which allows more than one condition to be tested at
a time by enabling or disabling individual multiplexors. Refer
to Table 9-4, which shows the grouping of conditions and tha
controlling RD bitse. A branch microinstruction begins with RDOY41
and RDO51 active, causing BRANCHO and its complement BRANCH1 to
become active (see Sheet 3). The four multiplexor outputs are
NORed with RRANCHO to cause True Branch (TBRCHO) active when the
selected condition(s) are true. RDO61 determines whether a true
branch (RDO61 inactive) or a false branch (RD0OG1 active)
condition is specified. Load CSAR (LDCSARO) is used to load the
CSAR with the branch address. LDCSARO goes active on a branch by
the following algorithms:

LLCSARO=TRBRCH1+FBRCH1
True branch TRBRCH1=TBRCHCeRDO60eBRANCH1
False branch FBRCH1=TBRCHO®RDO61

Vector selects A and B (VSELAO and VSELB0N), used to steer the
CSAR input multiplexor, are affected by the following algorithms
during a branch:

VSELBO=BRANCH1eGBRCH1eRT 13 1@INT 1
GERCH1=TRBRCH1+FBRCH1
VSELAO=RD131eINT1eRD1500(RD060@TBRCH14BRANCH1+TBRCHO®RD0O61)

A conditional return is specified during a branch when RD150 is
active, which causes VSELAO to be lowe An Interrupt Vector Janm
Enable (IVJE) may also be specified with a branch and 1is
represented above as RC1371eINT1, IVJE inactive. IVJE is
‘explained in Section 9.4.
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TABLE 9-4 BRANCH CONDITION GROUPS

ol o |rora
Sl OO
a
== 2 |=28=a | coNDITICN DESCRIPTION
0 BT Branch True
1 BEF Branch False
C 01 C Carry Flag
Group 1 1 \'f Overflow Flag
1 G Greater Than Flag
1 L Less Than Flag
0 1|1 PPF Primary Power Fail Interrupt
Group 2 1 MAT Memory Address Translator
Interrupt
1 MFE Noncorrectable Memory
Error Interrupt
1 CATN Console Attention Interrupt
1 011 INT Priority Encoder Interrupt
Pending
Grcup 3 1 MASK User Branch
1 MVF Memory Voltage Failure
1 HW I/0 Halfword Signal
I COMM Communications Option Strap
Group 4 1 EEF Early Power Fail Interrunt
1 FPP Floating-Point Processor
Strap
1 YI.C Carry-out from YD Register

9.4 TINTERRUPT SUPPORT

9.4.1 Priority Interrupt Enccder (PIE)

The Priority Interrupt Encoder (PIE) provides the microprograms
with the means of bhandling interrupts in the order of their
priority. Inputs provide 11 possible conditions. The PIE
generates the vector address for the highest priority interrupt
pending (if enabled) and jams the interrupt 1line (INT1) active
(8H8). Refer to Table 9-5 for a listing of interrupt priorities
and their resulting vector addresses. At calculate address time
(D1 time), FCIR1 goes active and disables the priority encoder,
jamming its output to X*007' which is used for the illegal fault
vector.

External interrupts (ATNOO-ATN30) are masked by certain PSW bits.
Fefer to Table 9-6 for external interrupt masking. A 256 x u4-bit
ROM decodes the PSW mask bits and outputs external interrupt
enable lines (8D6). A listing for the external interrupt mask
ROM appears in Table 9-7.
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TABLE 9-5 INTERRU?T PRIORITIES
ENTRY TO ENTRY TO
INTERRUPTS INTERRUPT ILLEGAL
(IN ORDER OF ACTIVE SERVICE FAULT
PRICRITY) SIGNAL MASK TABLE SERVICE
Alignrment Fault ALGNO None 008 Disabled
Noncorrectable
Memory Error FNCEO PSW21 009 007
Memory Address
Translator Fault MATO
Primary Power Fail FPPF1
Console Attention CATNO None 00A
Single Step SNGLO
Early Power Fail FEPF1 PSW18 00R Disabled
External Interrupt
Level 0O ATNOO 0ocC
External Interrupt
Level 1 ATN10 See 00D
External Interrupt
Level 2 ATN20 Table 00FE
External Interrupt
Level 3 ATN30 9-7 COF
Illegal Instruction CCMILL1| None
Privileged
Instruction PRIV1 PSW23] Disabled 007
Floating~-Point
Instruction FLTILL1} PSW13
Floating-Point
Processor See
Arithmetic Fault FPPFLTO Note 018 Disabled
NOTE

FPPFLTO

is enabled

by an Instruction

Read (IR) and Read Condition Code (RCC)
from the HPFPP.
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EXTERNAL INTERRUPT MASKING

All Levels Cisabled

TABLE 9-6
PSW BITS
17 20
0 0
0 1 Higher Lle
1 0 All Level
1 1

vels Enabled
s Enabled

Current and Higher Levels Enabled

vhere the current level is a function of the currently active
register set.

PSW BITS EXTEKNAL INTERRUPT ENABLED
17| 26 | 25 | 26 | 27 LEVEL 0 LEVEL 1 LEVEL 2 LEVEL 3
0 0 X X X NO NO NO NO
0 1 0 0 0 NO NO NO NO
0 1 0 0 1 YES NO NO NO
0 1 0 1 0 YES YES NO NO
0 1 0 1 1 YES - YES YES NO
0 1 1 0 0 YES YES YES YES
0 1 1 0 1 YES YES YES YES
0 1 1 1 0 YES YES YES YES
0 1 1 1 1 YES YES YES YES
1 0 X X X YES YES YES YES
1 1 0 0 0 YES NO NO NO
1 1 0 0 1 YES YES NO NO
1 1 0 1 0 YES YES YES NO
1 1 0 1 1 YES YES YES YES
1 1 1 0 0 YES YES YES YES
1 1 1 0 1 YES YES YES YES
1 1 1 1 0 YES YES YES YES
1 1 1 1 1 YES YES YES YES
X = Don't Care
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TABLE 9-7 LISTING FOR ROM IC 19-142F44 EXTERNAL INTERRUPT

MASK ROM
ADDRESS DATA ADDRESS DATA ADDRESS DATA
00 0 10 F 20
01 0 11 F ® Not used,
02 0 12 F ° should be
03 0 13 F FF Zero
ou 0 14 - " F
05 0 15 F
06 0 16 F
07 0 17 F
03 0 18 3
09 8 19 C
ORA C 1A E
0B E 1B F
ocC F 1C 13
oD F 1T F
0F F 1E F
OF F 1F F

All data in hexadecimal

9.4.2 Interrupt Vector Jam Enable (IVJE)

The IVJE logic provides the microprogram with a <conditional
vectored branch capability for interrupt handling. The
microprogram can enable the IVJE 1logic with a branch IVJE
microinstructione. A branch microinstruction enables IVJE by
setting RD151. In this case, a 2~way branch is possible. If the
branch «condition is satisfied (GBRCH1 active), and INT1
(interrupt) is active, the CSAR 1lcads from the priority interrupt
encoder and a branch 1is taken to the Interrupt Service Table,
Y*'008~-00F*', (refer to Figure 9-2). If the branch <condition \is
satisfied and INT1 is not active, the CSAR loads the RD branch
address (Sheet 2). If the tranch condition is not satisfied, the
CSAR does not load (LDCSARO-inactive, 3ES), INT1 is ignored, and
the CSAR increments to the next sequential microprogram address.
An instruction read microinstruction enables IVJE automatically.
INT1 active Jjams GDIR1 and GLIR1A inactive, aborting the
Instruction Read:; the CSAR 1lcads from the ©priority iJnterrupt
encoder causing a branch to the Interrupt Service Table. If INT1
is inactive, GDIR1 and GDIR1A go active, beginning an Instruction
Read.

Branch IVJE and IR may be specified in the same microinstructione.
Refer to Figure 9-7 for an example of thlis condition.

47-022 RO7 : ]
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1674-1

START,
X'0012

CONTROL LINE
INT1

GBRCH1
TRBRCH1
LDCSARO
VSELAO
VSELBO
GDIR1{A)

BRANCH

VECTOR TO
INTERRUPT
SERVICE

TABLE

>
>
>
>
>
p=4
2

RD BRANCH
TO NJAJAJA|N]JAI|N
WAIT

\ VECTOR TO
INT YES INTERRUPT
X SERVICE A[IN|N[AJA|IN|N
TABLE

INSTRUCTION

READ NININJAIX|X]A
CSAR=<—0

A = ACTIVE
N = NOT ACTIVE
X = DON'T CARE

NOTE: THIS EXAMPLE IS EXTRACTED FROM THE PROCESS EMULATOR - 05-090.

Figure 9-7 Example of a Branch with IVJE and IR

9.5 INITIALIZE CONTROL CIRCUITRY (ICC) THEORY OF OPERATION

9.5.1 General

The ICC is located on the CPU-A board and is responsible for the
following three interface and control functions:

1. Receipt of power supply generated power fail detect
signal (PFDTO) and coordination of system clear signal
(SCLRO) during power-up and power-down of the systen.



2. Receipt of microcode generated shutdown signal (POW9))
and coordination of SCLRO during an initialize sequence.

3. Generation of a latched memory voltage fault signal
(MVF1) in response to reestablishment of the memory
voltage (P5U) supply. '

The logic <circuits found in the ICC are implemented using
quad-comparator (19-190) and transistor logic, which allows the
ICC to operate with supply voltages (PS5 and P5SU) as 1low as 2.5
vDC,. The logic block diagram for the ICC is presented in Figure
9-8. This diagram is a close functional approximation of the ICC
schematic appearing in Sheet 9 of Functional Schemetic 35-798D0S8
(CPU schematic). The following description of operation is
referenced to the logic block diagram.

9.5.2 Description of DC Power-0On Control Segquence

Initially, with all system DC voltages down, relay K1 1is
depowvered and a set of normally oren contacts clamps SCLRO to
ground potential. BRefore the power supply starts to build up the
P50 voltage, a logic low is applied +to PFDTO and this active
signal is maintained until the PS5 voltage is fully established.
This occurs aprroximately 800 milliseconds after the consolette
mounted key switch is set in the ON (or LOCK) position. At this
time, the power supply drives the PFDTO input inactive, which
provides an enabling input to gate # after propagating through a
600 millisecond time delay (Te.De2)e During the power-on
sequence, the POWO 4input from the microcode comes up in the
inactive state and this signal provides the second enabling input
to gate U4 after propagating through a 350 millisecond time delay
(TeDat)o The other two =enabling inputs to Gate U4 are present
when both the P5 and P5U system voltages are ahove 4.0 VDC. When
the input enabling conditions to Gate 4 are met, K1 relay coil iz
energized through ©power driver Gate S5 and SCLRO is driven
inactive by the attacheé pull-up resistor. A relay debounce
circuit, consisting of cross-tied power gates across the normally
open and normally closed contacts of K1, ensures that the SCLRO
signal remains clean (no multiple edges) during making and
breaking of the K1 relay contacts.
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N T™1*
POWO Ll" P
Ps>av |
SENSING = P5
R
o |78 3
‘ P 6
P5U >4V —. 0 ‘
SENSING -
‘ K1 ¢ SCLRO
N TD2* = RELAY
PFDTO 2 DEBOUNCE
| N\ CIRCUIT
{§:> = BPFDTO
MEMORY TaTon
VOLTAGE
RESET s (MXF) o} MVF1
SENSING
RMVF1 ::::>____
6
* HIGH LOW

TO LOW | TO HIGH
TDt | 350ms | <0.1ms
TD2 | 600 ms 4 ms

Figure 9-8 1Initialize Control Circuit Logic/Block Diagram

9.5.3 Description of Initialize Control Seqguence

If the CPU detects a request for initialize while it is running;
i.€ee, SCLRO 1is 1inactive, the microcode issues an active POWO
signal after completing its initialize routines. This removes
one of the enabling input signals to Gate 4 which causes K1 to
de-energize and drive SCLRO into the active state. The POWO
signal from +the microcode is driven inactive once SCLRGO is
changed to the active state. With POWO inactive, Gate 1 provides
the missing enabling input to Gate U4 after a propagation delay of
350 milliseconds through T.L.1. In turn, Gates 4 and 5 outputs
result in the K1 relay coil being energized and SCLRO is returned
to the inactive state.

9.5.4 Description of DC Power-Down Control Sequence

Initially, with the CPU operating normally and SCLRO inactive,
the power supply will notify the ICC of an imminent DC power-down
conditicn by driving PFDTC active. This signal is then applied
to the CPU through buffer Gate 3 (BPFDTO) and initiates a CPU
shutdcwn seguence; i.e., shutdown of software and subsequent
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microcode shutdown. Upon completion of microcode shutdown, the
microcode (approximately 1 millisecond after receiving BPFDTO)
drives POWO active. This removes one of +the enabling input
signals to Gate 4, which causes K1 to de-energize and drive SCLRO

into the active state. Concurrent to the CPU shutdown path
initiated by BPFDTO, the ICC starts a backup time-out through
TeDeZe If after 4 milliseccnds POWO is not driven active, fate

4L receives a disabling input from T.D.2, which also results in
SCLRO being driven active.

9.5.5 Memory Vocltage Fault Latching

During a CPU restart sequence, the CPU requires notification of
a memory voltage fault; i.e., the memory voltage decayed to 0
rrior to the restart, indicating a dropout of the battery backup
for P&5U. During the DC power-on control sequence, if the P5U is
reestablished, the ICC Memory Voltage Reset Sensing circuit sets
the Memory Voltage Fault (MVF) 1latch. After SCLRO is driven
inactive, the MVF1 signal is interrogated by the microcode. If
MVF1 1is active, +the micrococde initiates a cold start and after
completion of the cold start, issues a MVF latch reset signal by
driving the RMVF1 line active for 1.4 milliseconds. If the MVF1
signal is inactive during a CPU restart, no RMVF1 signal is
generated by the microcode.

9.5.6 Block Diagram Correspondence to Schematic Components

This section provides a correlation between the active (I.C. or
semiconductor) schematic components and the functions (gates,
time delays, and sensing circuits) depicting on the Logic/Rlock
diagram.

® Gate 1: A118-02

¢ T.L.1: A118-01

e P& > U4V SENSING: D9

e P50 < 4V SENSING: D6

e Gate U: A118-14, RA119-14

® Gate 2: A119-13

e Gate 3: A119-02

e T.L.2: A119-14

e Gate 5: 0Q3, 02

e RELAY DEBOUNCE CIRCUIT: A117

® MEMORY VOLTAGE RESET SENSING and MVF LATCH: A119-01

® Gate €: 21, D2

O
t
-
<
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9.6 TEST AID

A Test Aid is provided on the CPU-A board which gives the
customer engineer or technician the means for halting the
microprogram or a SYNC pulse for troubleshooting. (Refer to
Sheet 10 of the schematicse.)

The Test Aid provides four switch selectable methods of halting
the processor. The 16 DIP switches in the connector 5 1location
of the CPU-A board enable the four match conditions, as well as
providing an input for the microaddress match/SYNC. A <chart is
provided at schematic location 15H1 which shows the switch
functions. The external trap (EXTRAPO) condition is enabled by
placing switch 1 in the ON position. Its input must be settled
20 ns before the falling edge of CLK1.

The second DIP switch causes the processor toc halt whenever a MAT
or MPE is active. This is to provide a convenient memory fault
or memory access fault trap. The single switch (switch 3) places
the microprocessor in the single-step mode. In this mode, one
microinstruction is executed each time the ADVANCE switch located
on the CPU~D board is depressed.

The fourth switch enables the CSAR address match conditione.
Switches ©5-8 and 1-8 on the right-hand DIP provide the address
match informatione. '

Any of the previously mentioned conditions, when enabled, cause
TRAPO to go active, signaling the CPU-D to halt clocks.

The SYNC (SYNO) output goes active when the match switches and
the CSAR outputs are the same and RCLKO is inactive, providing a
low active pulse at the beginning of the selected
microinstruction. This pulse may be used as SYNC input to an
oscilloscope or logic analyZzer.

9.7 MNEMONICS

The following is a list of mnemonics found on the CPU-A board.
The meaning and the 35-816D08 schematic source of each signal are
provided.

SCHEMATIC
MNEMONIC MEANING LOCATION
AENHO “A" enable high - used by CPU-B 8EU4
to control the most significant
16 bits of the A bus
AENLO “A" enable low - used by CPU-B to 8ES5

control the least significant 16
bits of the A bus
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MNEMONIC

ALGNO

APSW281:311

ATNO0O:030

B161: 311

BRANCHO

RSTKSO

CATN1
CCATNO

CLO70

CLK1A

CLKCCO

CLKPSWO

COMTLLA1

COMA1

CSAR200:310

47-022 RO7

MEANING

Alignment error signal from CPU-D
that indicates an alignment fault
has been detected

Ruxiliary PSW bits 28:31 -
used by the branch logic to deter-
mine user mask match

I/0 attention lines - these are
the four levels of I/0 interrurts
from the multiplexor bus.

B bus bits 16:31 - B bus
source data from the CPU-A

Branch decoded from RD bits

RD decoded output for the B
stack latch on the CPU-~B

Conscle attention interrupt fron
the System Control Panel

RD decoded clear console atten-
tion

Contrel line 7 - early indication
of pending pcwer failure provided
for I/0 devices

Syster clock net fcr CPU-A from
the CPU-D board

Clock condition code - used by the
CPU-AR to lcad the auxiliary condi-
tion code

Clock PSW - clock decoded by RD
to load the PSW

Communication illegal - defines
communication instructions option
as being illegal

Strap option to allow the communi-
cation instruction package

Control stecre address register
bits 20:31 - used to select
words in cocntrol store

SCHEMATIC

LOCATION

8A9

6G8

8RA7

Sheet 7

3E4

BNU

§F4

7J3

742

6D9

8E3

7F9, 10K9

6J2

Sheet 2



MNEMONIC

DCLKO

DD201: 311

DEXBOC

DEXTO

DFTENO

DIRGC

DISAC

DISBO

DIVe

DSTOFO

DWSHFTO

ENBO

ENBSOC

MEANING

Destination clock -~ clock used
to load registers

Decoder read-only-memory data -
data used to vector to instruc-
tion emulation routine

RD decoded exchange byte for the
CPU-C board

RD decoded <=ign extension -
signal to CPU~-C to perfornm
sign extensicn on the MDEK source

RD decoded dcuble-precision
floating-point enable - optional
High Performance Floating-Point
Processor i1s conditicned for a
double-precision operatione.

RD decoded instruction read - used
to initiate instruction fetch and
calculate address

Disable A source data - gener-
ated on the CPU-D board during
calculate address to inhibit data
from the general register selected
by the YS or X2 fields

Disable B source data - generated

on the CPU-D board during calculate

address to inhibit data from the B
source MDR

RD decoded fixed-point divide
operation

Destination stop - inhibits the
generation of destination clocks

BD decoded doubleword shift -
provides 64-bit shift capability

Enable CPU-A board B bus sources

Enable B scurce data on the CPU-B
board - gates bits 0:15 of the
shift register or zeros onto

t+he B bus

SCHEMATIC
LOCATION
TEL4

Sheet 7

8N9

3B5

8B5

8J3

773

7B4

7L8

7L8

718
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: SCHEMATIC
MNEMONIC MEANING LOCATION

ENCSAR1 Enable control store address reg- 2B5
ister - allows the CSAR to count
up by one ¢en.each RCLK

EXTRAPO External trap - test feature 10C9
‘ provided to allow an external
function to cause the micro-
processor to halt when the
external event occurs

FCATN1 Flip-flop set side output of 6HS5
console attention

FDIRO Flip-flop reset side output of 3E8
gated decoded instruction read -
set first clock after DIR if
branch is not valid '

FEPF1 Flip-flop set output of early 9H1
power fail detections

FLR281:311 Output of the flag register used Sheet 6
to be directly tested by the
microcode or to be loaded into the
auxiliary ESH

FLTILL4 Floating-point instructions are 7G9
illegal - Privileged/Illegal
read-only-memory output that
can force vector tc illegal
instruction

FNCEQ Flip-flop recet output from CPU-D 6B2
board which indicates that a double-
bit error has occurred in local
memory

FPPFLTO Floating-point processor fault - 8A9
indicates an arithmetic fault
interrupt from the high perfor-
mance floating-point processor

FPPFO Output of the primary power fail- 9H1
ure flip-flor - the signal causes
a testable branch condition to be-
come valid, causing the microprogram
to shut down.
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SCHEMATIC
MNEMONIC MEANING LOCATION

FPP1 Strap oprtion on the CPU-A that, 6HS5
depending cn how it is strapped,
indicates the presence, or lack of
presence, of the high-speed float-
ing-point processor

FSCATNO OQutput of latch used to synchro- 6G3
nize the console attention
interrupt to the system clocks

FSMPEO Output of latch used to delay the 6G2
receipt of the double-bit error
indicaticen frem the CPU-D

FSPPFCQ Cutput of latch used to delay the 6G2
branch tegstability cof the primary
power failure flip-flop

GBRCH1 Gated branch - this signal indi- ER3
cates that a branch occurs, regard-
less of whether it is a true or
false branch.

GDIRD Gated decoded instruction read - 3E7
signal provided for the CPU-D
bocard to indicate the start of
an instructicn fetch. Consists
of RD deccoded IR and branch not
valid.

GFLR291 Gated flag register bit 26 - flag 8N1
register bit 29 (overflow) is ORed
with the false SYNC timeout
of the I/0 systenm.

GMVFO GMVFO indicates, if NCEO is also 6R6
active, that nonpresent memory has
bheen accessed.

GRD0O91:111 Gated RD bits that control the type 8N2
of operation to be performed by the
fixed-point ALU. When floating-
point operations are specified in
the microinstruction, the ALU is
forced intc a load B operation.

When the calculate address logic
disables the B source, the ALU is
forced intc a load A operatione.

GSNGLO Gated single - the single cycle 6F5

flip~flop output is gated by
decoded instruction read.
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MNEMONIC

HWO

INT1

IR000-IR0O70

JAMCIO

LDCSARO

LDIOO
LDLRO
LFLRO
LR201-LR311

LRCLKO

LSRO

47-022 RO7

KEANING

Halfword I/Q signal - when this
signal is low, the currently
selected I/0 device provides
for halfword data paths.

Interrupt pending = this signal
is used by the CSAR control
logic to force pending inter-
rupt service.

Instruction register bits 0:7 -
this is the user-level operation
code portion of the Instruction
Register. The DROM uses the

op-code for vector address data.

Jam carry-in to the ALU on
CPU-B board

Load the control store address
register - the outputs of the CSAR
multiplexors are loaded into the
CSAR on the leading edge of RCLK.

RD decocded lcad I/0 - used to
disable E field decoding during
I/0 operations

RD decoding of load link register -

data in the B bus is loaded into
the CSAR on the trailing edge of
DCLK.

RD decoding of load flag
signal generated by the CPU-B
enables the flag register to load
from the S bus.

Link register bits 20:31

Link register clock - used to load
and increment the link register

RD decoded lcad shift register -
the shift register on the

CPU-B is the destination and

is loaded with the data

on the S bus.

raegister -

SCHEMATIC
LOCATION

686

8HS

7A8

7¥3

8E2

734

BE3

Sheet 3

337

8D2

23



MNEMCNIC

MATO

MATMPEO

MAT201-MAT311

MEXTC

MPYO

MSK1

MSNGLO

MVF1

PFDTO

POWC

PRIV1

PSW131:271

MEANING

Signal supplied by the CPU-~C board
that indicates a MAT interrupt

Logical OR of MAT interrupt and
noncorrectable error interrupt -
used to force interrupt vector

Test aid match data switches used
to select CSAR address match

Match external switch - allows
the stopping of the micro-
program because of an external
event

RD decoding cf the E field
specifying a multiply cperation

Branch mask valid - the ANDing of
the PSW condition code and the
YD field of IR has been satisfied.

SCHEMATIC
LOCATION
6G3

8ES

Sheet 10

10Cs8

733

6L7

User instruction branch takes place.

Test aid switch that allows the
microprogram to be advanced ona
step at a time. Actual stepping
is done on the CPU-D board.

Memory voltage failure - this

signal indicates that the Memory
Voltage (P5U) went out of regula-
tion (memeory data is unreliable).

Power failure detected - caused

by the power supply, INITIALIZE
switch, or KEY switch. This signal
causes the eventual shut-down of
the processor.

RD decoding of the E and YDFF,
indicating a command to power-down
the processor

Privileged instruction op-code

is contained in the instruction
register. This is an output of

the PILROHN.

Program status word bits 13:27

10C8

11Bs6,

959

9Cs

8N8

7F9

Sheets 3,8
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MNEMONIC

RCATNO

RCLKO

RDOC1:311
RDCLRO

REPFO

.RSMINTO

RSTOPO

SCATNO

SCLX1

SCLRO

SETSNGLO

SFTENO

SHO

SMINTO

47-022 RQ7

SCHEMATIC
MEANING LOCATION

Reset conscle attention - part of 6B5
the HALT/RUN switch on the Systen

Control Panel. Controls console
attention interrupt.

System clock that is allowed only 7D3
when RSTOP is inactive - used to

advance CSAR, load RD register,

etc.

RD register data output bits 0:31 ~ Sheet

this data represents the micro-
instruction word.

RD register clear ‘ 2L9
Reset early power fail interrupt 8 M6
Reset shared memory early power 8M7

fail interrurpt

ROM stop - used to inhibhit system 7B2
clocks when necessary to prevent

the incrementing or lioading of

the CSAR and RDR

Set console attention - part of 6B5
the HALT/RUN switch on the Systen

Control Panel. This controls the

console attention interrupts.

Skevwed system clock - this clock 7B5
is delayed by 50 ns from the
regular clock.

Systems clear - resets the 97
processor and all devices

Set single step - active low 8M7
causes the single-step user in-
struction flcp to be set.

Single-precision floating-point aJ3
obperation enabled

Shift - generated by the CPU-B 885
board - disakbles the A bus

multiplexor during multiply

operations when a shift only

is required

Shared memory early power fail 8M5
interrupt



SCHEMATIC

MNEMONIC MEANING LOCATION
SNGLO Signals from the single switch 6BY4
SNGL1A on the System Control Panel - 3B9

these signals cause the micro-
program t¢ cycle each user in-
struction and halt until HALT/RUN
is depressed.

SKR00:10 Shift register control signals - 8E3
these signals are generated
for the CPU-P to control shift
register operations (load,
shift right, shift left).

SRD0O01:311 Source RD bits 00:31 - Sheet 4
these are control store output
signals that set or reset
RD bits.

SVC Set overflow - generated by the 8G2
I1/0 control logic on the CPU-D
when a false SYNC timeout occurs.

SWAOQ Set wait - decoded from the E 7J2
field portion of the micro-
instruction

SYNO SYNC - test point which is 10K5

activated each time a systen
clock occurs during the selected
CSAR address match

TBRCHO True branch - indicates the speci- 6R2
fied branch condition has been
met

TRAPO Trap - test aid signal indicating 10K 6

that the selected match function
has been found. The CPU-D causes
an RSTOP to occur when Trap is

active .

ULLRO Unload link register - RD decod- 7K6
ing of the 1link register as a
source

ULSRO Unlcad shift register - RD 7J6

decoding of the shift register
as a source; supplied to the
CPU-R

ODNNLDO Unnormalized load - E field 733
decoding of unnormalized
load. The normalizing logic
of the HPFFP is disabled.
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SCHEMATIC

MNEMONIC MEANING LOCATION
UPSWO Unload program status word 8Dy
VECT0O1:31 Vector jam data lines - these Sheets 2,3

lines are loaded into the least
significant four address lines
of the CSAR for interrupt

service.
VSELAO Data select lines on the U4:1 3L2
VSELEOC multiplexors that determine 2B1

the source of data to be
loaded intc the CSAR

WRAITO This signal is generated by the 9M1
CYDESWA E field optione. When
active, the WAIT indicator on the
System Control Panel is illuminated.

YDO81:111 YD field of the instruction Sheet 6
register - the YD field selects
one of 16 general registers,
normally used for a user in-
struction destination.

YDC1 YD field carry - this signal 6K5
indicates that the Y[ field is
equal to X'F°‘'.

YDFENO YD function enable - low active 733
enables the YL function field
decoder.
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CHAFTER 10
CPU-B BOARD

10.1 INTRODUCTION

The CPU-B board contains the main Arithmetic Logic Unit (ALU),
the register stack, the Program Status Word (PSW) register, the
Flag Register (FLR), and a 32-bit Shift Register (SR). Logic is
also 1located on this board to perform fixed-point multioly,
divide, and shift operations.

All of the above functions are described in this chapter. The
functional schematics for the CPU-B board, 35-768D08, should be
used as a reference for this chapter.

10.2 INTERNAL PROCESSOR BUSES

Within the CPU, data is transferred between the various registers
of the processor over three distinct 32-bit buses. These are
identified as the A bus, the B bus, and the S bus.

Data from the source registers, specified by the microprogram, is
gated onto the A and B buses and presented to the 3 and A inputs
of the ALU, respectively. The ALU, in turn, performs the
operation specified by the awmicroprogram. The result of that
operation is formed at the ocutputs of the ALU and is called the
S bus. Data on the S 'bus is 1loaded into the indicated
destination register. The A and B buses are high impedance buses
formed by devices with 3-state outputs. The only source on the
S bus is the output of the ALU and is, therefore, driven by totem
pole devices.

10.3 ARITHMETIC LOGIC UNIT (ALU)

The ALU section comprises a 32-bit parallel arithmetic/logic
network using a fast look-ahead carry. The arithmetic or logical
result, performed by the ALU network, is formed on the 32-bit S
bus. Refer to the table on Sheet 14 of the functional schematics
for information concerning the logical level of the select and
- mode inputs to the ALU integrated circuits for the functions
used. Each ALU function wused is described in the following
paragraphs. All gate references are to the arbitrary labels on
Figure 10-1.
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Figure 10-1 Least Significant ALU Stage

10.3.1 AND

The AND function, produced by the AND microinstruction,
conditions the ALU to logically AND each bit from the output of
the B bus shifter with the cutput of the A bus multiplexor. In
this mode, the output equation for gate 5 is (Bo.Ro) and the
output equation for gate 6 is (Ao). The simplified expression
for the output from gate 7 is (Ao.Bo). Since gate 8 is disabled
by the M1 input to the ALU, 1its output is high, causing the
cutput from gate 9 to be defined by the same equation as the
outrut from gate 7, the AND function.

10.3.2 OR

The OF microinstruction causes each bit from the output of the B
bus shifter to be logically CRed with the corresponding bit fronm
the gated output of the A bus multiplexor. Gate 5 produces a low
because of the complementary Bo inputs. The outputs equation for
gates § and 7 is (Ro+Bo) which corresponds to the Fo output fronm
gate 9,

10¢3+.3 Exclusive-0OR

The Exclusive-CR microinstruction produces a logical low at. the
S bus 1if the <corresponding bits from the output of the B bus
shifter with the output of the A bus multiplexor are at different

logic levels, The expressions for the outputs from gates 5 and

10- 47-022 RO7
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6 are (Ro.Bo) and (AoBo), respectively. The function of the
output from gate 7 is, therefore, AoBo+XoBo, the Exclusive-0R
function. Since the output from gate 8 is again high, Fo is the
same as the output from gate 7.

10.3.4 Add

The ALU is conditioned to the Add mode, an Add wmicroinstruction.
Note that with the exception of the M1 control line, Ad4 is the
same as Exclusive-OR. The M1 control line enables the Carry
network internal to the ALU device so that the output from gate
8 is CN. The function, Fc, now becomes CN (AoBo+AoBo)+CN
(AoBo+RoBo). Figure 10-1 shows only the least significant stage
of the 19-067 U4-bit ALU. The next three stages are identical
except for the internally proragated Carrye.

103.5 Subtract

The Subtract function produced by the 4-bit ALU device is RA-B-1.
For +this reason, the carry-in to the least significant stage is
inverted by the Exclusive-OR gate (14C1) on a Subtract
microinstruction. The outrut equaticn for gate 5 is (Ao.Bo) and
the equation for gate 6 is (Ao+Bo). Gate 7 produces a high
output when the equation (Ao.Bo+AoBo) is satisfied. The output
function, Fo=CN (RoBo)+CN (AoBo+RoBo), yields A-B.

10.3.6 Load B

For the Load B operation, the ALU is conditioned to the F=A nmode
since the B bus shifter is tied to the A input to the ALU. 1In
this mode, gates 1, 2, 3, and 4 are enabled by S01, S11, S21, and
531, respectively, and gate 8 is disabled by M1. Since both
gates 1 and 2 are enabled, at least one of their outputs is high,
producing a low at the output from gate 5. The state of gate 6
is the inverse of RKo. If Ko is low, the output of gate 7 is high
and the output of gate 8 is low (Fo). For Ao high, the inverse
is true at each stage, causing Fo to also be high. Therefore, in
this mode, the state of Fo 4is the same as the state of Ro,
independent of the Bo input. The state of the gated B bus is
passed, unmodified, to the S bus.

10e3.7 Load A

During a Load A, the ALU is conditioned to the F=B mode since the
A bus is tied to the B inputs to the ALU. 1In this mode, gates 1
and 3 are disabled, gates 2 and 4 are enabled, and gate 8 is
disabled by M1. If the BG inrut is low, the output of gate 5 is
low and the output of gate 6 is high, causing two highs at the
inputs to gate 9 and a low at Fo. When Bo is high, the inputs to
gate 7 are equal (both low if Ao is high or both high if 1Xo is
low), causing Fo to follow Eo.
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10.4 REGISTERS

10.4.1 Register Stack

The 8 sets of 16 user general registers, 4 microregisters used by
the microprogram, and the 16 auxiliary registers used for
interruptible instructions are all located in the register stack
(Sheets 8, 9, 10, and 11).

The register stack is actually comprised of two separate stacks
with common inputs and independent outputs forming a dual output
port stack. Any of the registers may be accessed on the A stack,
independent of the register specified on the B stack. Since the
inputs to the A stack and B stack are common, the corresponding
registers in each half contain identical information.

Data inputs to the register stack (DINOOO-DIN310) are generated
from 2:1 multiplexors (Sheets 8 and 9). In the normal mode,
these multiplexors are conditicned to select the S bus data. The
only exception to this is during a divide operation. (Refer to
Section 10.6.) The outputs of the register stack are stored by
transrprarent octal latches. During the read mode, READOA and
FEADOE inactive (6H5), these latches are in the transparent mode.
The outputs follow the inputs. When READQO goes active, the data
present at the inputs becomes latched. (Refer to Figure 10-2,)

1394
READ ADDRESS WRITE ADDRESS

SELECTED SELECTED -——~\\

CLK1 \\\\
\

X OO

READO

A

AWEO1
BWEOQ

Figure 10-2 Register Stack Timing

The address and chip select inputs to the register stack are
generated on Sheets 6 and 7 of the functional schematicse. The
functions are decoded serarately during the read and write
porticns of the cycle using AND/NOR . gates, so that different
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registers within the stack may be accessed and modified for a
single microinstruction. Refer to the table on the nupper
right-hand quarter of Sheet 7 for information on the logic levels
of the various address lines for the specific register being
used.

10.4.2 Shift Register

The Shift Register (SR), 1located on Sheet 12, is a 32-bit
register which may be used as a general purpose registar by the
microprogram, or may operate in either a shift right mode or a
shift 1left mode for multiply and divide operations (refer to
Sections 10.5 and 10.6). The SR is also used in conjunction with
the B bus shifter for 64-bit =shift operations. Eefer to the
table on Sheet 12, location S8, for information on the logical
states of the select inputs for the various modes of operation
for the shift register.

The decoding for the mode select inputs to the SR is located on
the functional schematics for the CPU-}A board, 35~-767D0S8,
Sheet 13.

10.4.3 ‘Program Status Word (FSW) Register

The Program Status Word (PSW) register contains the status
portion of the user's PSW. The status portion of the PSW is 32
bits long. Only 24 bits, however, are implemented in the
hardware of this machine. PSW bits 00:07 are forced to appear
reset when the PSW is unloaded.

The PSW, located on Sheet 13 c¢f +the functional schematics, 1is
constructed wusing 19-231 integrated circuits. This device is a
b-bit edge-triggered latch with both totem pole (Q) and tri-state
(Y) outputs. The Y outputs are used to form the A bus while the
Q outputs are used for decoding functions.

Bits 08:27 are loaded on the trailing edge of CLK1 from the S bus
when FSW 1is the selected destination register (CLKPSWO active).
The condition code portion cf the PSW, bits 28:31, is copied fronm
the flag register on the leading edge of the next SCLKY after jam
condition code is specified by the microprocgram (CLKCCO active).
The +tri-state outputs of the PSW are enabled when PSYW is the
selected A bus source, 03T03 low (13E9).

10.8.4 Flag Register (FLR)

The Flag Register (FLR) (Sheet 15) is a U4-bit register which
contains additional information about the 1last 1logical or
arithmetic microcinstruction. The FLR contains the Carry flag
(C), the Overflow flag (V), the Greater Than flag (G), and the
Less Than flag (L).
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The FLR is loaded from the £ bus whenever either the FLR or the
PSW register is specified as a destination. The contents of the
FLR are copied into the CC when Jam CC is specified. The outputs
from the FLR are also used by the branch circuit for conditional
branches.

On any microinstruction other than a branch, and if the FLR and
PSW are not the specified destination registers, the FLR is
modified as follows:

1« Carry Flag - The C flag sets on an add operation if the
carry-ont of the RLU look=-ahead carry circuits (CARRY1)
(2B9) is active, or cn a subtract operation if CARRY1 is
inactive. The C flag is modified on shift operations
according to the =state <¢f the B bus bit indicated in
Table 10~1. The C flag sets 1f the corresponding B bus
bit is set and resets if the B bus bit is inactive. For
all other cases, the C flag is reset.

TABLE 10-1 SHIFT TABLE

OPERATION B BUS BIT
Shift left halfword logical (16 bits) B161
Shift left halfword arithmetic (16 bits) B171
Shift left logical (32 bits) B0OO1
Shift left arithmetic (32 bits) B0O11
Shift right halfwoxd logical (16 bits) B311
Shift right halfword arithmetic (16 bits) B311
Shift right logical (32 bits) B311
Shift right arithmetic (32 bits) B311

2« Overflow Flag - The V flag is set on an Add if:

- +the B bus number sign is positive, and if the B bus
sign 1is the same as the A bus sign and the resulting
sign (S bus) is negativee.

- the B bus number is negative, and if the B bus sign
is the same as the A bus sign and the result is
positive.

This flag is also set on a Subtract operation if +the B
bus sign 1is positive and the signs of the B bus and A
bus differ and the result sign is negative, or if the
sign of the B bus is negative and the B and A bus signs
differ and the result 1is positive. For all other
combinations of A, B, and S bus signs on Add and
Subtract, the V flag becomes reset.
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3 Greater Than and Less Than - The G flag is set if the
result of the operation is not zero and the sign bit is
not set. (For fullword operations (32-bit), the =sign
bit is S001; for halfword operations (16-bit), the sign
bit is S161.) The L flag is set if the sign bit is
active. Either flag is reset if 1its corresponding
conditicns are not mets

10.5 MULTIPLY OPERATIONS

Since a signed multiply algorithm is used, no special set-up is
required for the operands. (Refer to Figure 10-3.) During a
multiply, the ALU is conditioned to the Add mode and the B bus
shifter and SR are conditioned to the shift right mode.

13956

>| o
al| I
S BUS | MuLTIPLICAND 2|
(MRO)
\  FRSUB1 A BUS
ALU ABUS o
ﬂ MULTIPLEXOR
MPY B BUS S311 SHIFT | SR
CARRY SHIFTER | REGISTER | exr
)
| BBUS - SR311
SHO
MULTIPLY oo
(YD) LOGIC FRSUBY

Figure 10-3 Simplified Block Diagram for Multiply

~Refer to Table 10-2 to determine the function to be performed for
each setting of SR131 and the SR extension (SR EXT) bits. TIf a
shift operation is required (SH1 active) (14G9), +the A bus
multiplexor is disabled, forcing the B bus data to be shifted by
the B bus shifter and added tc zero. When a subtract is called
for, the ALU select bits are changed from an add, as indicated by
the microprogram, to a subtract (FRSUB1 active) (14H8), yielding
B minus A. The Add mode is selected by default.
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1051 H
Initial S
MRO bits
MRO bits
SR bits 1
Counter=1

Operaticn

Te

5

Result

Result is

10.5.2 F
Initial 3
MEO=multi

SR=multip
Counter=3

10

i
o

TABLE 10-2 MULTIPLY TABLE

SR311 SR EXT~ OPERATION
m
0 0 SHIFT
0 1 ADD
1 0 SUBTRACT
1 1 SHIFT

alfword Multiply
etup
0:15=multiplicand
16: 31=zero

6:31=multiplier
6

Shift YD right one place, bringing in multiply carry
(¥MPCY1).

Test SR311, SR EXT

If ¢,0 or 1,1 - lIoad YL with shifted data (A bus
multiplexor disabled). MPCY=last value of MPCY1.

If 0,1 - Load YD with multiplicand added to shifted
data. MPCY1=sign of multiplicand.

If 1,0 - Load YD with @multiplicand subtracted fron
shifted data (FRSUE active). MPCY=sign of multiplicand.

Shift SR right one place.
Repeat 1, 2, and 3, 1% times.

Shift YD right one place to YD.

contained in YD.

ullword Multiply
etup
plicand

lier
2
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Operation

Same as halfword multiply, Section 10.5.1.

Result

Most significant 32-bit result in YD; 1least significant 32-bit
result in SR.

10.6 DIVIDE OPERATIONS

During a divide microinstruction, the ALU is conditioned to the
Bdd mode; the B bus shifter and shift register are conditioned to
the shift left mode. Prior +to executing a divide, the
microprogram ensures that the divisor is in two's complement
negative form and the dividend is positive. Refer to Figure 10-4
for a simplified block diagram of divide operations.

1396
S BUS

DIVIDE (DiV1) CARRY / ALU DIVISOR

Iljr-Jr——_—\L—q (MRO)

v

)

P\

B BUS SHIFT
SHIFTER REGISTER (SR)
(YD)

Figuare 10-4 Simplified Block Diagram for Divide
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10.6.1

Initial

Halfword Divide

Setup

MRO bits 0:15=divisor
MRO bits 16:31=zero
YD=positive dividend (32 bits)

Counter=

16

Operation

1.

~

Loe

3.
Result
YD bits
SR bits
106642

Initial

Shift YD left one place and add to divisor.
Test for carry-out from RALU.

If Carry=1, load YT from S bus and shift SR left,
bringing in Carry.

If Carry=0, icad YD from shifted B bus (shift only) and
shift SR left, bringing in zero.

Repeat 1 and 3, 1% times.

16:31 contain remainder.
16:31 contain quotient,

Fullword Divide

Setup

MRO=divisor

YD=most

significant 32 bits of dividend

SR=least significant 32 bits of dividend

Counter=

32

Operation

Te

2.

16-1¢C

Shift YD left one place and add to divisor.
Test for carry-cut frcm ALU.

If Carry=1, load YL from S bus and shift SR 1left,
bringing in Carrvy.

If Carry=0, load YD from shifted B bus (shift only) and
shift SR left, bringing in zero.

Repeat 1 and 2, 32 times.
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Result

YD=remainder
SR=quotient -

10.7 B BUS SHIFTER

The B bus shifter (Sheets 2 through 5) performs all the shift
functions indicated by the shift control field of the microformat
word, except sign Extension (EXT). For EXT, the B bus shifter is
conditicned to the load mode and the sign extension is actually
prerformed on the CPU-C board.

The shift control ROM data bits, RD201-RD231, are decoded by
three Read-Only-Memories (ROMs, Sheet 14) in order to condition
the integrated circuits forming the shifter to the correct mode
for each operation. The table provided in the schematics
indicates the information contained in the ROMs.

Generally, the B bus shifter 1is constructed by using two
tri-state 2:1 multiplexors that are wire OR-tied for four bits.
One multiplexor ©provides the Load and Exchange Halfword
functions, while the other provides for shifting left or right
one position. For bhits 16:31, a +tri-state buffer 4is also
provided +to implement exchange byte. Additional open collector
AND/NCR gates are used at bit positions 0, 16, and 31 to control
bits shifted into the B bus shifter at the boundary positions.

10.8 MNEMONICS

The following is a list of mnemonics found on the CPU-B board.
The meanings and 35-768D08 schematic source of each signal are
also provided.

SCHEMATIC

MNEMONIC MEANING LOCATION
AOO1-A311 A bus. A source data bus. 10H
ADD1 Rdd operation decoded. 14G2
AFNHO Enable for the most significant 2H1

8 bits of the A bus multiplexor.
AENLO Enable for the least significant 3N1

284 bits of the A bus multiplexor.
AMUXSO The select input to the A bus 13€9

multiplexor.
AMXO000 . The most significant bit of the 2D6

A bus multiplexor. The second
operand sign bit.
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MNEMONIC

ASTKSO

AWEO

AYDEN1

AYSDEN1

AYSEN1

BO0O1-B311

BMCOO 1-BMC111

BMX000-BMX31C

BRD20C
BRD21¢C
BSTKSO
BWEO

BYDEN1

BYSDEN1

BYSEN1

CARRY1

CISR1

10=-12

MEANING

Output enable for the A stack
latche.

Write enable to the A half of the
register stacke.

Enables the A stack address decoding
logic to look at the YD field of the
Instruction Register (IR).

Enables the A stack address decoding
logic to select the general registers

or alternate register set.

Enables the A stack address decoding
logic to look at the YS field of the
IR.

B bus - B source data bus.

B bus shifter control bits used for
selecting the operation to be per-
formed by the B bus shifter.

Outputs of the B bus shifter used
as the first cperand to the ALU.

Ruffered RCM data bit 20.

Buffered RCHM data bit 21.

Output enatle for the B stack latch.
Write enable to B stack.

Enables the B stack address decoding
logic to look at the YD field of the
IR.

Fnables the R stack address decoding
logic to select the general registers
or alternate register set.

Enables the P stack address decoding
logic to 1lcok at the ¥YS field of the
IR.

Carry out frcm the ALU.

Carry in tc rtit zero of the shift
register.

SCHEMATIC

LOCATION

13Cs8

5A4

6Cu

Sheets 8,9

Sheet 14

Sheets 2,3,

4,5
14M9
14M8
8Fu
8D1

7C4

7R 4

7Cu

2B9

5N9
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MNEMONIC

CLFLRO

CLK1B

CLKCCO
CLKPSHWO

CNO8111
CN12151
CN24271

CYIN1

DCLKO

DCLK1

DINCOO-DIN310

DIV1

DSTOPO

ENBSO

EXBOC

FLR281
FLR291
FLR301
FLR311

FRSUB1

47-022 RO7

MEANING
Clear the flag register. Clears the
flag register for I/C operations if
FLR is not the destination.
Basic system clock.

Clock conditicn code. Copies FLR to
condition code register.

Clock program status word. Loads
status porticn of the FESW.

Carry out from bits 8:11 of ALU.
Carry cut frcm bits 12:15 of AlLU.
Carry out from bits 24:27 of ALU.

Carry in to least significant ALU.

Destination clock low active.
Destination clock high activee.
Data input to register stacke.
Divide oreration deccded.
Destination stop. Disables
destirnation clock when required.
Enable B scurce. Gates bits 0:15
of SR or all zeros onto the B bus.
Exchange byte. Condition B bus
shifter to perform an exchange
byte operaticne.

Carry flag

Overflow flag

Greater Than flag

Less Than flag

Force subtract. Changes the mode
of the ALU from an add operation

to a subtract operation during a
multiplye.

SCHEMATIC
LOCATION

15N2

6J1

13E3

13E8

2C7
2A8
ucz

14DP1

6H3

6H3

Sheets 8,9

8G8

6J1

1229

4Cc1

15N8
15N6
15N4
15N2

1439
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MNEMONIC
Gog11
G012151
G16311
G24271
G28311

GFLR291

GPSHXX1

GED091

GRD101

GRD111

HZERO1

JAMCIC

LOAD1

LFLRO

M1

MPCY1

MPYO

PO8111

10-14

MEANING
Generate out from bits 8:11 of ALU.
Generate out from bits 12:15 of ALU.
Generate out from bits 16:31 of ALU.
Generate out from bits 24:27 of ALU.
Generate out from bits 28:31 of ALU.

Gated overflow flag. Set overflow
when false SYNC is detected on an

I/0 operation,

Gated PSW bits 25, 26, and 27. These
bits are fecrced high when the
alternate register set is selected
by the microgrogranm.

Gated ROM data bit 9. RD091 forced
high for HPFPP operations.

Gated ROM data bit 10. RD101 forced
high for HEFFFP operations.

Gated ROM data bit 11. RD111 forced
low for HPFPF operations.

Halfword zerc. An all-zeros condition
detected on tits 16:31 of the S bus.

Jam carry in to ALU decoded.

The ALU conditioned to the load mode.
F=R or F=B,

Load flag iegister. The flag register

is the selected destination register.

Mode select to the ALU. Conditions
the ALU to the logical mode when high.

Multiply carry. Carry in to bit 0 of
B bus shifter during a multiply.

Multiply ocreration decoded.

Propagate out from bits 8:11 of ALU.

SCHEMATIC
LOCATION

2BS

13L4

1431
1484

14B2

15D4

1481
1461

15E9

14G1
14G7

14C9

2C5
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SCHENATIC

MNEMCNIC MEANING LOCATION
P12151 Propagate out from bits 12:15 of ALU. 2B5
P1€311 Propagate out from bits 16:31 of ALU. 4B8
P24271 Propagate out from bits 2u4:27 of ALU. 4B5
P283f1 Propagate cut from bits 28:31 of ALU. 4BS
PSW081:271 The Q outputs of the Program Status Sheet 13

Word register.

RAAQO:70 Address bus to the A half of the Sheet 6
register stacke.
RBAQOO:70 Address bus to the R half of the Sheet 7
register stacke.
RDXXO ROM data bits low active. Sheets 6,
7,13
RDXX1 ROM data bits high active. Sheets 6,
7,13
S000-S310 S bus. Low active outputs of the ALU. Sheets 2,3,
4,5
S001-S311 S bus. Buffered outputs of the ALU. Sheets 2,3,
4,5
SCLK1 Skewed clock. A clock skewed by 50 ns 6J1
past CLK1.
SCLROB System clear. Initialize signal to 12A1

the B board.

SHO Shift. Disables the A bus multiplexor 1439
during multirly operations when a
shift only is required.

SHCRY 1 Shifted carry. The input to the 15E1
C flag during shift cperations.
SRO00-SR10 The select inputs to the shift 129
register.
SRO01-SR311 Outputs of the shift register.: Sheet 12
SSELO Select line to the input multiplexors 8J9

of the register stack.

SUB1 Decoded subtract operation. 14G2
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KNEMONIC

ULSRO

XRP1

YD0O81-YD111

Y501-YS031

ZERO1

ZERRO

10-16

MEANING
Unload shift register. Selects
the SR as the B bus source.
External pullup resistor.
The user destination field of the
instruction register.
The user scurce field of the
instruction register.
All zeros detected on the most
significant 16 bits of the S bus.

All zeros detected on the full
32-bit S bus.

SCHEMATIC
LOCATION

1281

6E1

Sheet 6

Sheet 6
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CHAPTER 11
CPU-C ‘BOARD

11«1 INTRODUCTION

The CPU-C Board, Part Number 35-769, contains the processor's
Location Counter (LOC), Memory Address Register (MAR), and the
Memory Data Register (MDR). In addition, the CPU-C contains the
MDR adder (or summer) which is used during calculate address for
RX2 and RX3 user instructions. The C board also has the Memory
Address Translator (MAT) 1logic which provides memory address
relocation and protection.

The functional schematics for the CPU-C board, 35-769D08, should
be used as a reference for this chaptere.

11«2 PROCESSOR MEMORY ADDRESS LOGIC

11.2.1 Memory Address Register (MAR) and Fault Memory
Address (ZMAR) Register

Refer to Sheets 2, 6, 7, 14, 15, and 16 of Functional Schematic
35-769D08 during this discussion.

The MAR is a 24-bit register/counter. The contents of MAR are
used for addressing a specific location in memory. If the
Program Status Word (PSW) bit 21 is set, the contents of MAR are
used by the MAT to generate a new (relocated) address.

MAR is loaded from the S bus when the microinstruction specifies
Load MAR (LMARO) or a Decocded Instruction Read (DIRO), provided
MAR Stop (MARSTPO) is inactive. If the microinstruction calls
for Increment MAR (IMARO), the register increments by four. The
load cr increment occurs on the trailing edge of CLK1C unless
Memory Stop (MSTCPO) is active.

The output of MAR (MAR0S81:311) connects to the program address
multirlexors and the ZMAR multiplexars. MAR081:151 are also
output to the multiplexors that source SPA081:151 for the MDR
- adder. '

When DIRO is not active, MARO81:311 drive program address lines
PAO8:31 which feed the program address latch, FPAO81:311. These
lines also input to the ZMAR multiplexorse. The FPA register
latches the current processor memory access when the Data
Unavailable flip-flop (FDUAO) goes active. The ZMAR multiplexors
normally output MAR081:311 on their corresponding ZMAR 1lines.
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nowever, 1f uurLllig a MemorLy accesSsS a MeMOry fault O0OLCurS \le.€a,
alignment, MAT fault or uncorrectable error), Enable Interrupt
MAR (EIMAR1 and EIMARO) go active to ocutput the contents of the
FPA register to ZMAR lines, and to inhibit the FPA register from
latching a new program address. A microinstruction, specifying
MAR as a source after a memory fault, Unload MAR (UMAR),
retrieves the faulting address from ZMAR via the B bus
multiplexors. (Note that the faulting address is the progran
address unmodified, even if MAT is enabled.) All subseguent HAR
reads return the contents of MAR.

MAROB1:MAR151 through SPA081: 151 and FPA161:311 input to the MDR
adder during Calculate Address (CAMAO).

112.2 Location Counter (LOC)
Refer to Sheetes 2, 6, 7, 14, 16, 22, and 23 of 35-769D08.

The LOC is a 2u4-bit register/counter and its contents always
point to the address c¢f the next user instruction to be executed.
On an instruction fetch, LCC is used during calculate address.
LOC is loaded from the S bus when it 1is specified as the
destination by the microinstruction and Destination Stop (DSTOPO)
is not active. In additicn, LOC is 4incremented by 2 when
Increment LOC is active during calculate address. The 1locad or
increment is performed on the trailing edge of CLK1C.

The LOC outputs, LOC081:301, input +to the program address
multiplexors and B bus nmultiplexors. LOC081:151 drive the
multiplexors that source SPA081:151 for the MDR adder. Note that
LOC311 is not implemented and is forced reset.

1M1.2.3 Program Address Multiplexors (PA MUX)
Refer to Sheets 6, 7, and 16 cf 35-769D08
The PR MUX selects aither the LOC or MAR outputs. LOC outputs

are selected during instruction fetch and calculate address; the
MAR outputs are selected at all other times. PA081:311 input to

the program address 1latch. PA0O81:151 connect to the Process
Segment Table Entry (PSTE) comparator and the MAT relocation
summer. PAO81:201 are used by the program address relocation

summer and PA211:311 input to LMA drivers. The segment limit
detection involves PA161:201. PR301 is transmitted to the CPU-D
board and defines the halfword memory boundaries. PAO80:150 are

used to select one of 256 Segment Table Entries from the MAT
register stack.

11.2.4 Memory Data Register Summer (MDRX)
Refer to Sheet 20 of 35-769L08 during this description.

The MLCR summer (MDRY) is a 24-bit full adder using bits 8:31 of
the Memory Data Register (MDR) and the 24-bit PA multiplexor



outputs as the numbers to be added. The MDR is used excliusively
during calculate address to determine the address displacement of
the second operand for RX2 and RX3 instructions. The RX2 and RX3
format instructions require three values to arrive at the progranm
address of the second operand data to complete the instruction.
The RX2 format requires that a 15-bit displacement (negative or
positive) in the second halfword of the instructien be added to
an index value contained in a general register specified by the
YS field of the Instruction Register (IR). The result of this
addition is then added to the value of the incremented LOC
(location of next instruction). This final number is the program
address of the second operand. The RX3 format requires that the
least significant 28 bits of MDR (represented by the 1least
significant 24 bits of the 48-bit RX3 instruction) be added to an
index value contained in the general register specified by the YS
field of the 1IR. The result is then added to a second index
value contained in the general register specified by MDR bits
b:7a This f£inal number 1ics the program address of the second
operande.

The MDRY provides the ability to add three numbers together in
a single microinstructione. During an RX2 address calculation,
the incremented LOC and the least significant 15 bits of MDR are
added and provided as SUM&:31. The MDR data is sign extended at
the inputs of the MDRYX by 2:1 multiplexors and logic on MDR161.
The MDR during RX2 contains the same data in both halfwords of
the MDR. MDR bit 01 represents the sign of MDR displacement
data. The state of MDR bit 01 is forced on the adder inputs fronm
bits 16:12. This provides either a negative or positive
displacement. The PA multiplexor has the incremented LOC on its
outputs.,. The MDR, when specified as a B bus source during
calculate address of the RX2 format, yields the added MDR and
LOC. If +the RX3 format seccend operand address is being
calculated, the MAR contains the first level index indicated by
the YS field of +the IKk. The first level index and the MDR
displacement are added and supplied as the MDR data on the B bus.

1125 Memory Address Bus Drivers
Refer to Sheets 10 and 12 of 35-769D08 during this description.

The memory address bus drivers provide a zZU-bit physical address
in memory on the LMAOC80:310 lines. These lines are active if the
processor or MAT access the memory. A set of tri-state line
drivers is provided for =zach. On a processor access of memory,
ENRPAO (Enable Regular Path) outputs the program addiress
relocation summer and PA211:311 to the LMA bus. On a MAT access,
ENMAAO (Enable MAT Access) outputs the MAT relocation summer and
four gated MAT bits, GHA251:281 to LMR, and LMA290:310 are forced
inactive.
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11.3 PROCESSOR MEMORY DATA LCGIC

11¢3.1 Processor Memory Data Register

Refer to Sheets 17, 18, and 19 of 35-769D08 during this
description.

The MDR is a 32-bit register wused by the microprocessor to
receive or send data to memory.

Data loaded into the MDR from the MDR data multiplexors may come
from two different sources: the S bus when the microinstruction
specifies the MDR as a destination, or the Memory Data Sense
(MDS) bus during instruction read or memory read operations. The
MDPR is split into two halfwords: MDH and MDL. Each may be
loaded independently. On a fullword read, a fullword of data is
loaded into the MDR. On a halfword read, only MDL (MDR161:311)
is loaded. For an instruction read on a fullword address
boundary, MDS160:310 are 1loaded 3into both MDH and MDL. On an
instruction read that resides on a halfword bocundary, MDR is not
loaded. If a second hnalfword has to be fetched for the
instruction, it is loaded into both halves of MDR.

11.3.2 Menmory Data Multiplexors

Refer to Sheasts 17, 18, and 19 of 135-769D08 during +this
descrigtion.

The memory data multiplexors select the data to be 1loaded into
the MDR and the bus from which it is loaded: the MDS bus or the
processor S bus. When selecting the buffered MDS bus, the memory
data multiplexor can load either the most significant or 1least
significant halfword of MDS into MDRH or MDRL. The MAT status
register also may be loaded into the MDRL. This occurs when a
microinstruction specifies a memory read operation and Reset
Fault (RFAULT) is specified Lty +the microprogram with a MAT
interrupt queued. The memory operation must be performed within
resident local memory. When these conditions are satisfied, the
multiplexors ocutput the MWAT status bits EMAT291:311 to the MDR
forcing zeros on all other bhits.

17«3¢3 local Memory Data Bus Drivers
Refer to Sheet 21 of 35-769D08 during this description.

The local Memory Data Bus (MDB) drivers supply the data to be
written 1into memory by the processor. The MDB drivers are
cornnected to the MDS bus, which is a bidirecticnal data bus used
for reading from and writing to memory. The MDB drivers are
enabled only during a memory write operation provided that the
MAT doces not require an access (FMATCY1). Halfword memory write
operations from the processcr always rosition the halfword to be
written in the MDR (bits 16:31). This data may be written to a
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halfword or fullword boundary. MDR161:311 drive MDS160:310 on
any processor to memory write operation (LWRTO, LHWRTO). To
write a halfword to a fullword boundary, LHWRTO is active to
output MDR161:311 to MDS000:150.

11.4 MEMORY RDDRESS TRANSLATOR (MAT)

11.4.1 MAT Function

When the MAT is disabled, the program address 1lines (PA081:310)
directly address the memory via the 1local memory bus
(LMAO80:310). With MAT enabled, the memory location specified by
LMAO80:310 is the sum of the least significant 16 bits of the
program address (PA161:311) and a bias value contained in an
entry of the Process Segment Table (PST) in memorye.

The PST for a task can consist of a maximum of 256 contiguous
double fullwords or entries. Only the first 32 bits of an entry
are of significance to the hardware. The starting address of the
PST is specified by the Process Segment Table Descriptor (PSTD).
The CPU~C board has a PSTD register which is loaded from the MDR
on command from a microinstruction - Load PSTD (LPSTD). The PSTD
register is implemented in hardware as shown in Figure 11-1.

1862
0 6 7 14 15 31

SEGMENT TABLE SIZE
OF PST (NUMBER OF (SEGMENT TABLE ADDRESS) ~ 128

SEGMENTS) — 1

Figure 11-1 Process Segment Table Descriptor (PSTD)

When the MAT 1is enabled, the program address is considered to
consist of two fields - the segment field and the offset field,
as shown in Figure 11-2. With PSTD bits 15:31, PAOS8:15 are used
as an index into the PST to select an entry. The accessed entry
indicates 1if it 1is private or shared. If private, the Segment
Table Entry (STE) contains the starting address of a segment in
memory to which .the offset field of the PA serves as an index.
If PAC8:15 is greatexr than the =segment size specified by the
PSTLD, a MAT fault is generated.
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1863
'8 15 16 31

SEGMENT OFFSET

Figure 11-2 Program Address (MAT Enabled)

If the wentry 1is shared, the Shared Segment Table (SST) must be
accessed to obtain the STE. The SST can consist of 8,192 double
fullwords or entries. The starting address in memory of the SST
is contained in the Shared Segment Table Descriptor (SSTD). The
CPU-C board has an SSTD register which is loaded from the MDR on
command by a microinstruction - Load SSTD (LSSTD). The SSTD is
implemented in hardware as shown in Figure 11-3. Before the SST
is accessed, the shared segment size in the STD is compared with
the FST STE. If SSTD bits 2:14 are less than the STE size, a MAT
fault results; if not, the SST is accessed. SSTD bits 15: 31
point to the first location in the SST and the STE serves as an
index. The STE obtained from the SST points to the segment in
memory and PA16:31 index into the segment. Only +the first 32
bits o©f a Segment Table Fntry relate to the hardware. An STE,
whether private or shared, has the format shown in Figure 11-u4,

1864
0 12 14 15 31

?ﬁﬁ",&gg; E‘;BSLEEGS,{,:ES%; 557 (SEGMENT TABLE ADDRESS) = 128

Figure 11-3 Shared Segment Table Descriptor (SSTD)

1865
0123 5 6 7 8 9 10 14 15 31

R{P|D A L }S SLF SRF

Figure 11-4 Hardware Segment Table Entry
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The fields are defined as follows:

Bit(s)

0

6, 7

10: 14

15231

R - Beference Bit« This bit is set in the STE when the
segment is accessed.
P - Presence Bit. This bit is set when the seqment

described is present in memory; it is reset when the
segment is not present. A reference to a segment that
is not present (P=0) results in a MAT fault and the CPU
ignores bits 2:31 of the STE.

L - Dirty Bit. This bit is set by hardware when a
Write is to be executed in the segment.

A - Access Mode Bits. The A field specifies the
allowed modes of access to the segment. Bit 3, when
set, allows read accesses; bit 4, when set, allows
write access; and bit S5, when set, allows instruction
read accesses. An attempt to access a segment in a
mode that is not enabled results in a MAT fault.

L - Access lLevel Bits. The L field 1is wused in
conjunction with PSW 10 and 11. If the contents of PSW
10 and 11 are greater than or equal to the L field,
then access of the segment is allowed. If the contents
of PSW 10 and 11 are less than the L field, a MAT fault
occurs.

S - Shared Bit. If the Shared bit is zero, MAT
performs the protection and the relocation functions as
defined for a rprivate segment. If S=1, the selected
segment is shared. In this case, the SRF field of the
FST STE is wused in conjunction with the address
contained in the STL as a byte offset into the Shared
Segment Table. The S bit in the Shared Segment Table
must be zero for all entries. The contents of the A
fieldz of +the PST STE and the SST STE are ANDed to
determine the allcwed access mode. All other
protections and relocations are performed using the
data from the SST STE.

SLF - Segment Limit Field. The SLF specifies the size
of the segment. If the SLF is less than PA161:201, a
MAT fault results.

SRF- Segment BRelccation Field. The interpretation of
this field depends upon the state of the S bit. If S=0
in the PST, the SRF is the bias value of the segment
divided by 128, to which the offset field of the
program address is added to obtain the physical address
in memory. If S=1 in the PST, the PST SRF is the byte
offset or index intc the SST where the STE for the
segment 1is located. If the PSTE SRF is greater than
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the segment size specified by the STD, a MAT fault
results. Note that for a shared segment the least
significant three bits of the PST SRF must be zero
because the SST is aligned on a docuble fullword
boundary. For all cther cases, the 1least significant
four bits must Le zero as the SRF is the address of a
segment aligned to a 2! byte boundary divided by 27,
As a result, bits 29:31 are not implemented in the
hardware.

In order to eliminate repeated memory accesses to gain a sSegment
entry, the CPU-C board stores the STE in a register stack when it
is first obtained. The stack has a capacity for 256 entries.
The only other memory access to an entry that resides in the
stack would be to set the Dirty bit on a memory write operation
1f the access mode permits a write.

Two stacks are provided for the Presence bit. The Presence
stacks must be set to zero whenever the CPU is powered up or
initialized. When the PSTD register is loaded, a Presence stack
is initialized to zero. ,( When both stacks are in the process of
initializing, the CPU is halted.

11.4.2 Process Segment Table Descriptor (PSTD) and Segment
Size Comparator (Sheet 3 of 35-769D08)

The PSTD is loaded from MDR0O71:311 by Load PSTD (LPSTDO). The
first eight bits - the segment size - are compared to PAJ81:151.
An error (EPSTD1) is generated if the program address exceeds the
segment size.

Segment Table LCescriptor bits STD161:311 are disabled when
GETSSTE1 is active. These bits are tied to those of the SSTD and
input to the MAT Relocation Summer.

11.4.3 Shared Segment Table Lescriptor (SSTD) and Shared
Segment Size Comparator (Sheet 4 of 35-769D08)

The SSTD is loaded from MDR021:311 by DCLK1 when a Load SSTD
(LSSTIC) is sgecified. The first 13 bits (the shared segment
size) are compared with the Buffered Relocation bits BRF091:211.
An error (ESSTDO) is generated if BRF091:211 is greater than the
shared segment size when a shared $TE is to be accessed.

STD151:311 are enabled on an STE memory access (GETSSTEO). These

connect with those of the PSTL and input to the MAT Relocation
Summer.
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11.4.4 MAT Relocation Summer and LMA Drivers (Sheet 10 of
35-769L08)

The MAT Relocation Summer generates the memory address for the
MAT when an STE must be obtained. The Segment Table Descriptor
bits STD151:311 are input to the summer. On a nonshared access,
PAOB1:111 are added +to the STD bits. PA121:151 generate Gated
Memory Address bits GMA251:281 and are input to the LMA drivers.
When ' a Shared Segment Entry is to be obtained (GETSSTEO active),
Buffered Relocation bits BRF091:171 are selected for the addition
and BRF181:211 assert GMA251:281.

The adder outputs and GMA251:281 connect to the LMA drivers when
enabled by Enable MAT Access (ENMAAOA). 1LMA290:310 are forced
inactive.

MAT Program Address bits MPA0O81:111 are wused in decoding the
memory that is to be accessed.

11.4.5 Stack Load Buffer (Sheet 8 of 35-769D08)

The buffer is lcaded from the buffered Memory Data Bus (MDS
lines) with an STE when MAT Cycle (FMATCY(Q) goes inactive. The
buffer has both active and tristate outputs. The latter are
enabled by Pisable Stack (LISSTKO) when the STE is to be written
in the Segment Table Register Stacks.

The following outputs connect to the stack:

PRES1 - Presence bit

DIRTO - Dirty bit

LC1:11 - Access level bits

SLFO1:41 - Segment Limit Field
SEF081:201 - Segment Relocation Field

The active buffer outputs FSHARED1 and the Buffered Access Mode
bits BA01:21 connect to a tristate 2:1 multiplexor and a quad
register which stores the bits if the buffer indicates that the
PSTE is shared. The stored access bits are ANDed with BAO1:21 of
the <chared STE. ASHARED1 selects the guad-register outputs, and
the multiplexor drives SHAKED1, A01, A11, and R21 of the stacke.

The remaining active buffer outputs are Buffered Relocation bits
(BRF091:211) which specify the Shared Segment Table Entrv.

11.4.6 Segment Table Register Stacks (Sheet 8 of 35-769D08)

The MAT stacks consist of three 256x9 and two 256x1 Random Access
Memories. The two Presence stacks - A stack and B stack - are

accessed by AP0B81:151 and BF081:151, respectively. The remaining
stacks are directly addressed by Program Address bits PAQ80:150.
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The 2£6x9 stacks are always selected and the Presence stacks are
enabled by A/B Chip Select (ACSO and BCSO). The outputs of the
stacks go tristate when Disable Stack (DISSTK1) and A/B VWrite
Enable (AWEO or BWEQO) go active. The Presence bit is written to
the selected stack by an active write enable. The 256x9 stacks
are written into by Write Stack 0 (HWSTKO).

11.4.7 MAT Control (Sheet 9 of 35-769D08)

The MAT control determines if the MAT requires a memory access.
When a MAT memory cycle is necessary, the MAT control takes care
of loading the stack buffer, writing into the =stacks, and
generating a MAT <cycle to memnry if the retrieved PSTE is a
shared entry.

On initialize or power up (BSCLROA), the MAT is disabled (MATEN1
low) until the ©PSTD register (LPSTDCKO) is loaded. The MAT is
enabled when PSW 21 is set; a privileged memory operation (RD031)
is not to be executed and Decoded Enable Clock is 4inactive. If
a segment 1is not present in the stack or if present and a
processor write to memory is to be performed, ENRAPO 1is gated
inactive and ENMAOO active. Figure 11-5 shows the timing
waveforms for a MAT cycle tc memory.

ENPRPO disables the LMA drives of the PA Relocation Summer and
ENAMAQCO enables those of the MAT Relocation Summer. ENMAOO goes
to the CPU~-D board 35-770 to initiate a memory cycle, and the MAT
Read and Set Reference bit (MATRSR0) goes to the memory. The MAT
Read and Set Dirty bit (MATRSLO) is sent to memory if the segment
is to be written into and a write is permitted.

When FMATCY is set, it disables the MLS drivers to memory and
allows FFMATCY to toggle set on the trailing edge of the CLK1
which directly sets FMATCY. Tata Unavailable (DUAO) fronm memory
is toggled into FDUA if it is active on CLKO. An inactive DUAO
allows FMATCY and FDUA to toggle reset on the +trailing edge of
CLK1. FMATCYO goirg high toggles the MDS lines into the stack
buffer. After FDUAO goes high, +the stacks are disabled
(DISSTK1), SHCLKO is generated and, if the segment is not shared,
the stack is written into (WSTKO) from the buffer register. CLKO
then toggles FMATCY reset.

If FSHARED1 is active, GETSSTEO is generated to indicate that
another MAT cycle is required.
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11.4.8 Program Address Relocation Summer and LMA Drivers
(Sheet 12 of 35-769D08)

When the MAT is disabled, PA081:201 are gated through the adder
to the LMA drivers. PA211:311 connect directly to the drivers.
With the MAT enabled (MATENO), PAO81:151 are zeroed to the adder.
The Segment Relocation Fields - SRF081:201 and PA161:201 are
summed. ENRPAO enables the LMA drivers. Relocated Progranm
Address bits (RPA081:111) are used in decoding the memory that is
to be accessed.

1M1.4.9 MAT Fault Decode (Sheet 11 6f 35-769D08)

On memory references when the MAT is enabled, the protect
function comes into play. MAT interrupts (MATFALTOC and MAT) are
set when a MAT violation occurs. The checks that are made are
listed in +the table on Sheet 11 - MAT Fault Codes. The fault
code is generated by the 8:3-line priority encoder and the code
is latched in EMAT291:311. It remains Jatched until Clear States
(CLSTAQ) goes active; this also clears the MAT. MATFLTO can also
set on a Memory Fault (MFAULTO) and 4is directly cleared by
RFAULTO.

11.4.10 Presence Bit Initialization (Sheet 5 of 35-769D08)

Fach of the Presence stacks has its own initialization control.
The 1logic consists of a pair of 8-bit counters that are cleared
by BSCLRO. This line also sets FAINCR and FBINCR and their
associlated J-K registers. With these registers set, Write Enable
(AWEO and BWEO) and Chip Select (ACSO and BCS0O) to the stacks go
active. FAINCR1A and FBINCR1A select the output of the counters
as the address (APA0O81:15%1 and BPAOB1:151) for their stacks.
ACP1 and BCP1 increment the counters on the trailing edge of CLK1
until a carry is generated. At this time, A11 is allowed to
toggle the first set of J-K registers reset and A/BWEO and A/BCSO
are disabled and directly clear their respective FA/BINCR.

-If neither stack is selected, the A stack is chosen when LPSTD1
goes active and generates APE1 +to permit the first J-K to be
toggled set and the R counter to be 1loaded from MDRO80:150 by
ACP1. The A stack remains selected while a new task is loaded in
the PSTP., LPFSTLC1 now activates BPEO, allows the first J-K of the
B stack 1logic to be toggled =<set, and enables the J input of
FAINCR. BFEO permits the B counter to be loaded from MDROS80O:150
hy BCP1 and A1B11 toggies FAINCR set; the A stack then
initializes. When both stacks are being initialized, MATSTOPO is
generated to halt the processcr.
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11.4.11 Local/Shared Memory Letection (Sheet 13 of 35-769D08)

The chosen strarping option is a function of shared memory. The
strapring shown is for nc¢ shared memory. RPAOB81:111 are
generated by the Program Address Relocation Summer and MPAO81:111
by the MAT Relocaticn Summer. If Processor +to Shared Ruffer
Controller (PSBCO) is active, it indicates a shared memory access
by +the processor. If MAT to Shared Buffer Controller (MSBCO) is
active, it indicates a shared memory access by the MAT.

115 B BUS MULTIPLEXOR
Refer to Sheets 22 and 23 of 35-769L08 during this description.

The CPU-C B bus multiplexor supplies the data contents of the
register specified by the microinstruction B source field. The
B bus multiplexor is capable of driving the B bus from the
following four sources: memory data register (processor MDR),
memory address register, location counter, and the memory data
register adder output. The memory data register adder output is
used only during the calculate address sequence of instruction
reads. The MDR data contents may be sign extended from bit 16 of
the MDR. The state of MLR 16 is propagated through to MDR bit
00. This is used for halfwecrd reads from memory where MDR bits
0:15 are undefined. LOC is a 24-bit source. Bits 0:7 and bit 31
are forced reset by the B bus multiplexor when LOC is specified
as the source. The MAR is a 2U4-bit source. Bits 0:7 are forced
reset by the B bus multiplexor when the MAR is the specified
source. When the MAR is the source under special conditions, the
fault memory address register (ZMAR) contents are used instead of
the MAR. :

11.6 MNEMONICS

The following is a list of the mnemonics found on +the CPU-C
board. A brief description and +the schematic source of each
signal are provided.

SCHEMATIC
MNEMONIC MEANING LOCATION
A01:21 Access mode bits &8B9
A1B11 Pulse generated from the AND of CLK1 3H6
and SCLK1
ACP1 A presence stack clock 5M3
ACTRO80:150 A presence stack counter output Sheet 5

 47-022 RO7 11-13



MNEMONIC

ALGNO

APAOB1:111
APA121:151

APE1
ASHAREDO
ASHRD1

RXRP1

BOO1:311

BAO1:21
BCLRO

ECP1

BCSC
BCTR080:150

BPA:081:111
BPA:121:131

BPEO

BRF091:211

BWEOQ

11-14

MEANING

When low, a memory alignment fault
has occurred. This fault may be
caused by a fullword access to a
halfword address or a halfword
access to a byte address.

Program address bits for the A presence
stack

A presence stack counier load enable
Shared bit of auxiliary register
Second buffered shared bit

1 k ohm resistor connected to P5 =~

used to give noise immunity to
unused inputse.

Second operand data (B bus) from the
CPU-C board - RL bits 24, 25, 26, and

27 determine the specific source regis-
ter. The source registers may be: Loca-
tion Counter (LCC), Memory Data Register
(MDR), Memory Address Register (MAR), or
Fault Memory ARddress Register (ZMAR)

and the adder output of the MDR (SUM).
The MDR may be sign extended from bit
16:00.

Access mode bits of stack buffer
B net of system clear

B presence stack clock

B presence stack chip select

B presence stack counter output

Program address bits for the B presence
stack

B presence stack counter load enable

Segment relocation field bits - active
outputs of stack buffer register

B presence stack write enable

SCHEMATIC
LOCATION

15F8

Sheets 6
and 7

5H2
8AS5
8C9

4R6

Sheets 22
and 26

8C3
3L7
549
5M6
Sheet 5

Sheets
6' 7

5N8

Sheet 8

5M5
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MNEMONIC

CRGDIRO

CAMAO

CLK1

CLKAC

CLRAO
CLSTAO

CWRO

DCLK1

DERCLKO

DEXBO

DEXTO

DIR

DIRTO

47-022 RO7

MEANING

Calculate address gated decoded
instruction read

Calculate memory address signal

from CPU-D during calculate address
that controls the output of the PA
multiplexor - during RX2, LOC is added
to the MDR. During RX3, when CAMAO is
low, the MAR (first) level of index

is added to the MDR.

Buffered ouctput of CLK1C, system clock -
this clock is to synchronize the CPU-C
logic to the rest of the processor.

The CPU-C net of system clock generated
on the CPU-D

Clear auxiliary register
Clear MAT status (fault) register

Change write to a read memory operation -
this signal is generated after any

memory fault (MAT, MPE, or ALGN) ana
prevents any further access until error
recovery startse.

Destination clock - DCLK1 allows a
selected destination on the CPU-C to
be loaded; similar to CLK1, except no
clock is generated during DSTOP.

Decoded enable clock

Decoded exchange byte - RD decoding of
exchange byte supplied by the CPU-A

Necoded sign extension - RD decoding of
MDR sign extend; if not inhibited by the
calculate address sequence, the state of
MCR16 is propagated through to MDROO.

Lecoded instruction read - RD decoding
of instruction read used to control PA
multiplexors (when low selects the LOC
contents) and loading of the MDR during
calculate address

Dirty bit - tri-state output of stack
buffer register

SCHEMATIC
LOCATION

14F2

14B2

5N3

3G4

11N2
11N4

11N5

3H7

15D8

19K6

22F8

4He6

8B3
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SCHEMATIC
MNEMONIC ' HEANING LOCATION

DISA1 Disable A byte - enables locading of MDR 19R6
bits 8:15. This signal is also used to
inhibit loading the most significant
byte of the least significant MDR half-
word.

DISB1 Cisable B byte - enables loading of MDR 19R6
bits G:7. This signal is also used to
inhibit loading the most significant byte
of the MDR most significant halfword.

DISEXTC Disable MDR sign extension - signal from 22G8
CPU-D during calculate address to inhibit
BRD implied MDR sign extend

DISSTK1 Cisable stack 9R5

DRD1 Decoded data read - RL decoded memory 15B8
data read (memory data read, not instruc-
tion read). This signal is used to help
define when to clear a fault.

DSTOPO Cestination stor - this is used to con- 3H4
trol whether to allow a clock to occur
and thereby locad a selected destination.

DUAO Pata unavailable - line from memory 9J3
EAL Error of access level 9G8
EEDCLKO Even EDMA memory data register clock - 1141

signal from the CPU~D that, on the posi-
tive transiticn, loads the data from
either the iocal memory or from the EDMA.

EIMARC Enable interrupt MAR - this signal, when 15E4
low, indicates that a memory fault has
occurred and that the fault address may
be read. The cutput enable of the normal
MAR ies disabled and the ZMAR is enabled.
Reading the fault address resets the EIMAR
flip-flop allowing the MAR to be read.

EMAT291:311 MAT code fault bits 11M6,11M8,
11M9
ENMAAC Enable MAT LMA drivers - also indicates 9GS5

MAT access to memory
ENPARC Enable MAT relocated LMA drivers - 9G4y

when inactive on a PMENM, it indicates
a MAT access cf memory
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MNEMONIC

EP241

EPSTD1
ESLF1
ESSTCO

EXBO

FAINCRA1
FBINCR1
FDIRTO
FDUAD
FFMATCY
FMATCY

FNCEO

FPRC81:151

FPACLK1
FPRES1

FSCLK

GLCIRD

GETSSTEO

GEXT1

47-022 RO7

MEANING

Execute
active,
segment
if used

protect bit 24 - this bit, when
indicates that the current memory
selected causes a MAC interrupt
for program execution.

Error - process segment size

Error of segment limit field

Error - shared segment cize

Exchange byte - when low, an exchange
byte occurs on the least significant
halfword on the B bus (bits 16:31).

A presence stack increment flip-flop

B presence stack increment flip-flop
PDirty bit of stack buffer register

Pata unavailable from memory flip-flop
Auxiliary MAT memory cycle flip-flop
MAT memory cycle flip-flop

Flop output of noncorrectable error -
signal is generated on the CPU-D. It is
an indication that a double-bit error

has occurced.

Program address register bits - stores

8 bits of PA on a memory fault

Clock for FPA register

Presence bit of stack buffer register
Skewed SCLK flip-flop

Gated decoded instruction read - controls
steering of PA multiplexor during calcu-
late address

Get shared segment table entry

Gated MDR sign extension - when active,

causes the state of MDR16 to be propa-
gated to MDROO

SCHEMATIC
LOCATION

4N>5S

3B9
9L7
4cC9

19R7

5N2
5N7
83
9L2
9M3
9K 3

6B8

Sheet 15

1575
8A3

9RY

3N9

aN6

22F7
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MNEMONIC

HALTO

IL0CO

INMAR

JAMDIRTO

JAMSHRD1

L01:11

LEWRTO

LLOCO

LMAO8BC:310

LMARO

LMDRO

L0Co81:301
LPSTDO

LPSTDCKO

LSSTDO

LWRTO

MARO81:311

11-18

MEANING

Halt processor - DMA request queued or

memory is busy
Increment location counter - generated
on CPU-D during calculate address

Increment MAR

Jam dirty bit into stack buffer register

Jam shared bit into stack buffer register

Access level bits

Local halfword memcry write - used to
gate least significant halfword to local
memory for halfword memory write

lLoad location counter - RD decoding
specifying the location counter as a
destination

Memory address data line - this is the
physical addrese presented to memory.

Load memory address register - RD
decoding of MAR as a destination regis-
ter

Load memory data register - RD decoding
of MDR as a destination register

Location counter output lines
Load process segment table descriptor

Load process segment table descriptoer
clock

Load shared segment table descricptor
Local memory write enable - gates the

selected inputs ¢f the 2:1 multiplexor
onto the MDS tus

Memory address register data output
lines

SCHEMATIC
LOCATION

9G2
2N6
211

19E6

19E6

8D3, B8E3

21A8

23Cs8

Sheet 25

23C7

23C7

Sheet 2
311

3M1
4L5

21A1

Sheet 2
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MNEMONIC

MARSTEFO

MATO
MATENA1
MATRSTCO
MATRSRO
MATSTCEO
MCLK1

MDHLKO

MDHSA1

MDLCKO

MDLSA1

MDR0O0OO:311

MDEZO0

MLS000:310
¥DSBRO
MEMSRO

MEMSBO

47-022 ROT

: SCHEMATIC
MEANING LOCATION

MAR stop - generated on CPU-D during 2A1
calculate address of RX squared (RXRX)

format. This signal allows the MAR to

be loaded with LSTOP active.

MAT interrupt 11N4
MAT enable 9D2
MAT read and set dirty bit 19E8
MAT read and set reference bhit 9J5
BAT stop 5K3

System clock gated by memory stop (MSTOP) SL1

Memory data register high clock - data 17R1
on the inputs of MDR bits 00:15 are latched
on the positive transition of clock.

Memory data register multiplexor steering 17M1
signal - select data input to MDR bits
00:15

Memory data register low clock - data on 18R 1
the inputs of memory data register bits

16:31 are latched on the positive transi-

tion of clocke.

Memory da+*a rcgister low multiplexor 15B1
select line - selects the type of data
input to the memory data register bits

16:31

Memory data register data output lines Sheets
17,18,19

Memory data register sum output select 23B2

Memory data system bidirectional data Sheet 16

lines - data either to be written to

or read from local memory

Memory data register multiplexor select 18D1

generated by CPU-D - selects type of

data to be loaded into the MDR

B bus multiplexor enable for CPU=C 22G2

source registers 22G3
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MNEMONIC

MFAULTO

MPROB1:111
MSBCO
MSELBA1

MSTCPO

PAGB1:311

PMEMA

PRES1

PSBCO

PSEL1

PSW10
PSW11

PSW211

RDCO:03

RD150

RD240

11-20

MEANING
Memory fault - indicates that a memory
fault has been queued because of a non-
correctable errcr, MAT interrupt, or
alignment fault
MAT program address bits
MAT to shared buffer controller
B bus multiplexcr select line
Hemory stop - used to inhibit system

clocks while the memory system is busy
or data is unavailable

Program address multiplexor outputs =
the cutputs reflect the contents of the

SCHEMATIC
LOCATION

15A6

Sheet 13
13F4
23B2

3G4

Sheets 6,
7 and 14

location counter during calculate address

or the contents of the MAR at any other
time.

Processor memory operation request

Presence bit - tri-state output of stack
buffer register

Processor to shared buffer controller
Processor selected - generated by the
CPU-D when memory address and data are
relevant to a processor as opposed to an
EDMA memory cycle

Program status word bits indicating
access level of the processor

Program status word bit 21 - this is the

relocation/prctection bit of the PSW that

enables the MAC.,

Memory controi field of microinstruc-
tion

ROM data register bit of the microin-
struction word - the RD bits control all
processor level functions. They do not
control EDMA ¢r memory refresh.

ROM data register bit of the microin-
struction word - the RD bits control all
processor level functions. They do not
control EDMA ¢r memory refresh.

9G2

8B3

13F2

9A3

9A8,
9A7

9A2

Sheet 4

23A5

22B2
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MNEMONIC

RD0O1:041

RD261

RDO51

RD121:141

RD161

RD251:271

RD271A

READ1

RFAULTO
RPAO81: 111

S001:311
SCLROC
SHCLKO
SCLK1
SHARED
SLFO1:41

SPR081:151

47-022 Ro7

MEANING

RCM data register bits of the microin-
struction word - the RD bits control
all processor level functions.

ROM data bit 26

ROM data register bits of the microin-
struction word - the RD bits control
all processor level functions. They do
not control ELMA or memory refreshe.

ROM data register bits of the microin-
struction word - the RD bits control
all processor level functions. They do
not contrel EDMA or memory refreshe.
ROM data register bits of the microin-
struction word - the RD bits control
all processor level functions. They do
nct control ELCMR or memory refresh.
RCM data register bits of the microin-
struction word - the RD bits control
all processor level functions. They do
not control ELCMA or memory refresh.
ROM data register bits of the microin-
struction word - the RD bits control
all processor level functions. They do
hot control ELCMA or memory refreshe.
Read but not read and set

Reset fault - used to clear memory
fault conditicns

Relocated program address bits

S bus data output from the CPU-B
Systems clear CEU-C net

Shared clock

Skewed CLK1 clock

Shared bit of stack

Segment limit field bits

Frogram address bits

SCHEMATIC
LOCATION

346,341,
3A7,16B2
23B2

16B2

2316,
23h7

22B2

22B1,
23B1

23B1

11D7

11N3

Sheet 13

Sheet 13
3L4
9N3
3H5
8B9
8E3, 8G3

Sheet 16
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SRF091:201
STD151:311

SUNMO81:311

ULOCO

UMAR

UMDRO

WSTKQ
XRPA
XRPB
XRPC
XEPD
XRPF

XRPG

ZMARO81:311

11-22

SCHEMATIC

MEANING LOCATION
Segment relocation field bits - tri- Sheet 8
state outputs of stack buffer register
Address field of segment descriptors Sheets 3,
4,10
Cutputs of adder used during calculate Sheet 20

address to resolve effective address of
RX2 and RX3 forwmats. The contents of MDR
and LOC (EX2) or the MDR and MAR (RX3)

are added together. The resulting data

is available on the B bus as the MDR data.

Unload locaticn counter - RD decoding of 22F1
location counter as the B bus source
register

Unload memory address register - RD 22H2
decoding of the MAR as the B bus source
register

Unload memory data register - RD decod- 22G2
ing of MDR as the source register

Write into segment table register stacks 9N3
Pull-up terminations for unused inputs 3K1

to provide noise immunity

Pull-up terminations fof unused inputs 3E1
to provide noilse immunity

Pull-up terminations for unused inputs 548
to provide noise immunity

Pull-up terminations for unused inputs 6D8
to provide noise immunity

Full-up terminations for unused inputs 7A1
to provide noise immunity

Full-up terminations for unused inputs 14L9
to provide noise immunity

Outrut of a 2:1 MUX-ZMAR is the contents Sheet 15
of the FPA register on an MFAULTO; other-
wise, it is the contents of MAR.
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CHAPTER 12
CPU-D BOARD

12.1 INTRODUCTION

The CPU-D Board, part number 32-770, contains the processor clock
control, processor-to-memory laogic, and memory control. It also
has the extended direct memory access (EDMA) protocol control,
ELCMA transceivers, EDMA-to-memory contention and mode logic, EDMA
address and data registers, and the memory bus logic. In
addition, the board includes the user's instruction and auxiliary
instruction registers, instruction ROHM format, calculate address
logic, source, destination, and & field decoders, the repeat
counter, input-output control, S bus buffers, and B bus
nultiplexors.

12.2 PROCESSOR AND MEMORY TIMING SIGNALS

Processor timing signals are derived from a 2-stage Johnson
counter (Sheet 9) whose sequence is modified by the skip logic
when memory is accessed. The two J-K flip-flops of the counter
and the two [ flip-flops of the skip logic are initialized by
A System Clear (ACLRO) c¢n power up/down. O0OSC0, a 20 MHz
square-wave, is the buffered output of a crystal oscillator and
the toggle input for these flip-flops. Clock (CLK) and Skew Clock
(SCLK) are each a buffered cutrut of the Johnson counter. 21B1 is
a decoded state of the counter.

When memory is not being accessed, the J 1input of TFA is a
functicn of the state of the FB flip-flop, and CLK and SCLX are
square-vwaves of a 200 ns pericd (refer to Figure 12-1). A1B1 is
active for 50 ns.

When memory is accessed, the rrocessor timing is modified by the
skip 1logic tc accommedate the remory cycle. Figure 12-2 shows
the waveforms cf a Erocesscr-tc~memcry operaticn.

A memory cycle is started when the processor activates an Early
Read Line (LERO or SERD, Sheet 4)e In responsa, the memory
enables and then disables the Data Unavailable line (DUAO). DUAO
must Le brought low before the trailing edge of CLK1, and when
DURO 1is brought high by the merory, it must 42 so again before
the trailing edge of CLK1. 1In addition, on the first falling
edge of CLK1 after EFEROD, memory enables the Memory Busy line
(LMBSYC or SMBSYO) if memory has not completed its cycle at that
time. The basic memory cycle is 500 ns.
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0sco I I I I l I l I l I | I I I l I l I I l I I I I l I l I I I l I l
CLK1 I | l I I I l l I

SCLK1

FERO | LI |

A1B1

J- INPUT
OF FA . :

Figure 12-1 Processor Timing - No Memory Access

All memory, whether 1local or shared, has the same address and

data bus. Local ERO (LERO) and Shared ERO (SERO) determine which
memory is to be accessed.

A processor-to-memory operaticn (PMEM1) is decoded on Sheet U4
after the falling edge of CLK1. If no EDMA memory access is
pending and the memory is nct tusy (HALTO high), the J-input of
FA is now also controlled by FERO. An inactive FERO and HALTO
and a decoded FMEM1 inhibits the Johnson c¢ounter from changing
state for an interval of 50 ns - the period of the crystal
oscillatcr. FER1 enables the LERO 1line (assume shared memory
does noct exist) nominally 2Ff ns before the rising edge of CLK1.
The memory ncw enables LCUAQ. CGAO remains low wuntil after the
trailing edge of CLK1. On this edge, FDUA and FDUSKP are toggled
set (Sheet 4) and the memory asserts the LMBSYO line which brings
HALTC down. With FDUSKP set, FERO again controls the J-input of
FA and causes the Johnson counter to remain in the reset state
for an additicnal 50 ns. Before the trailing edge of CLK1, the
memory removes DUAO, and FDUA and FDUSKP toggle reset on this
edge. If L[CURO 1is not removed, FDUA remains set but FDUSKP
toggles reset and further skirs are crrevented for this memory
cycle.

Nermally, LMBSYC is removed on the CLK1 falling edge following
the remcval of DUAO. Memory can maintain LMBYSO active if it is
not ready to accept another memory access in the following clock
cycle or whenever it must perform a refresh operation. For
refresh, no skips are performede.
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MEMORY

LK “ ACCESS
SCLK1 | | [ 1 r

FSCLKO

FERO | | | ‘ _ | | ]____I

PMEM1 - HALTO

LERO

DUAO \\\ ﬂ_ _____ _ 17"
FDUA1 | | -1
FDUSKP1 | 1

A1B11 1 1

MDHCLKO/MDLCKO | | '__r {_ _}
J- INPUT

TO FA

LMBSYO | I

Figure 12-2 Processor Timing - Processor-To~Memory Access

12.3 FROCESSOR MEMORY OPERATICN DECOLE

Processor-to-memory operations are decoded from the memory
contrcl field of the microinstruction, RLC00:03. Table 12-1 lists
the operations specified by these bits.
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TABLE 12-1 RD BIT OPERATIONS

RD BIT
00 01 02 03 OPERATION
0 0 0 0 Nc Action
0 0 0 1 DW1 - Data Write Byte
0 0 1 0 PW2 - Privileged Write Halfword
0 0 1 1 DWZ - Data Write Halfword
0 1 0 0 TFL - Data Write Byte, No ECC
0 1 0 1 ENACLK - Enable Destination Clocks
0 1 1 0 PW4 - Privileged Write Fullword
0 1 1 1 DRY4 - Data Write Fullword
1 0 0 0 Undefined
1 0 0 1 RAS - Read and Set
1 (0] 1 0 PR2 - Privileged Read Halfword
1 0 1 1 DR2 - Data Read Halfword
1 1 G N REL - Read Error Logger
1 1 C 1 IR - Instruction Read
1 1 1 0 PR4 - Privileged Read Fullword
1 1 1 1 DER4 - LCata Read Fullword

Microinstructions are clocked on the trailing edge of CLK.

Decoded Memory (LCMEM) is generated from RD0O0O:03 on Sheet 4,
Processor-to-Memory (PMEM) is asserted by DMEMO, a gated decoded
instruction read (GGDEO), seccnd part of instruction read (2IR0),
gated second instruction read (GSIRO) or calculate memory address
read halfword (CMR20).

Memory orerations are more finely resclved on Sheet 6 vwhere the
result of the decoding is latched in a pair of quad-D registers.
On power up/down, the registers are initialized reset by D Systenm
Clear (LCLRO). Latching is dcne on the leading edge of CLK1E and
the clocking is inhibited if Frocessor Data Unavailable (PDUAO)

is active. PDUROC is always enabled/disabled on the trailing edge
of CLK.
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The quad registers store the following information about the
memcry access:? Both Instruction Read (FBIR), 0dd Instruction
Read (FOIR), Even Instruction Read (FEIR), Read (FRD), Even Data
(EVDAT), and fullword data. Instruction read accesses are
contained in Set Calculate Address Part 1 (SCAP11), which is a
function of GDIRO and inhibited by ROM Stop (RSTOPOA). A Read
operation is an active RDOO1 c¢cr CHRO - change write to a read.
A write 1is the complement of the read, provided the Instruction
Register flip-flop (FINRO) is reset. Fullword data is signaled
when RD0O11 and RD021 are both active and halfword data is
signaled when either of these rits is inactive. CMR20 and DMEMO
serve as a gate enabling function.

On instruction reads and halfword data operations, progran
address bit 30 (PAR30) indicates whether or not the instruction
to be fetched or the halfword data operaticn is on a fullword
address boundary. If the instruction 1lies on a fullword
boundary, FBIR is toggled set and a fullword is accessed. The
first 16 bits of the readout. are 1loaded in the instruction
register and the second 16 titgs are lcaded in both halves of the
Memory Cata Register (MLR). If the instruction resides on an odd
boundary (PAR 301 active), FCIR is toggled set, the halfword is
accessed, and the second Instruction Read flip-flop (FSIR) is set
on the trailing edge of MCLKO.: The accessed 16 bits are stored
in +the instruction register and, if the instruction is not of a
short-format (RRO inactive), GSIR0 1is generated and FEIR is
toggled set on +the next available CLK1E. The even halfword is
accessed and loaded into ©bcth halves of the MDR, If the
instruction fetched from the odd halfword is a short (16-bit)
format (RRO), FEIR and GSIRO are not enabled and memory is rot
accessed.

On a halfword data operation that is to be executed on a fullword
address boundary, EVDAT gets set. For a halfword read, memory
bus data bits 00:15 are lcaded into 16:31 of the MDR, and for a
halfwecrd write, bits 16:31 ¢f the MLR are asserted on memory data
lines 00:1%.

Outputs of the quad-D registers and their 1logical combinations
generate Fullword (FW) and Read Ffullword (RDFW). Gated Read
(GRD) is generated from FRD when PDUA1 is active or HALTO |is
high.

12.4 LOCAL/SHARED MEMORY

Local and shared memory are accessed over the same memory address
and data buses. An access is initiated by activating an ERO
line. Each memory has a dedicated ERO line - Local ERO (LERO)
and Shared ERO (SERO), Sheet 4. In addition, each memory has a
dedicated busy 1line - Lccal Memory Busy (LMBSYO) and Shared
Memory Busy (SMBSY0O) controlled by the respective memory. The
Data Unavailable (DUAO) line is common to both.

LERO and SERO (Sheet U4) can be activated by the processor, the
Memory Address Translator (MAT), or by an EDMA device,
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12.5 PROCESSOR-TO-MEMORY

Figure 12-2 shows waveforms for a processor~-to-memory operation.
All rrocessor accesses are to local memory unless Processor to
Shared Bank Controller (PSBCO), Sheet 4, is active. On a
brocessor-to-memory operation (PMMEM1), if an EDMA bus operation
is not pending (HALTO high), the Enable MAT Access (ENMARO),
PSBCO, and LMBSYOA lines are inactive, and LERO is pulsed low by
FER1 if the Change Write to Read line (CWRO) is high. If PSBCO
is active, SERO is gated low by FER1. 1In either case, if CWRO is
low, nc FRO can be sent.

If the processor must perform a MAT access of memory, ENMAAOD
active inhibits the CPU path to the ERO lines and enables the MAT
pathe. Here again, PSBCO determines whether LERO or SERO is to be
gated.

Before an ERO line is pulsed, the processor has output the memory
address and, in the case of a write into memory operation, the
memory datae. Cn a write to memory, DAWT1 has been decoded and
the write line (WRTO) enabled. In addition, Load Write (LWRTO),
Sheet 7, outputs the memory data bits of the MDR to their
Fespective MLS lines. For an even data halfword write (EDAT1),
Load Halfword Write (LHWRTO) steers MLR bits 16:31 to MDS00:15.

For a processor read from memcry, MDSBO, MDHSA1, and MDLSA1
(Sheet 7) =teer the readout into the approrriate half or halves
of the MLR. Memory Data Register Low Clock and High Clock,
(¥DLCKO and MLHCLKO) +toggle the MDR halves as a function of
A1B11. MDR is loaded on the rising edge of MDLCKO and MDHCLKO.
MDHCLKO pulses low for an RDEW, FBIR, or FEIR, and MDLCKO during
an FEIR cr GRD. Note that the MDR clocks are present until FDUA
is reset. When FDUA resets, the memory operation decode register
changes state and disables the MDR toggles,

Periodically, the memory requires time to perform a refresh which
is under the control of +the nemcry logice. The memory
cycle-steals a refresh cycle by asserting its memory busy line.
As long as a busy 1line is active, no access to memory is
attempted.

12.6 PROTOCOL LOGIC TO ACQUIRE THE ELMA BUS

Bus occupancy on the EDMA is «controlled by +the EDMA Protoccl

Logic. Figure 12-3 shows the =signals and nominal timing
generated by the 1logic in response to a request for Dbus
occupancy. The Extended Request (XREQO) line, common to all

devices on the EDMA, is activated by a device that wants to usa
the bus. An active XREQO results in a QUEO which queues and
synchronizes the requesting ELHMA device to the protocol timing.
Transmit Priority <Chain (TPCO) is then sent. TPCO is connected
to each device in a daisy chain fashion. A device that has not
been queued sends TPCO to the next device on the bus. A gueued
device does not transmit TPCO. The ELMA device that has captured
TPCC now must activate the local Memory Request line (LMREQO) if
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it desires access to local memory; otherwise, the access will be
interprreted as that for shared memory. The device that has
captured TPCO 1is granted the EDMA only when the 3Start of
Transmission (SOT) signal is received from the protocnl logic.
When the device is finished with the bus, it signals the protocol
logic by sending an End of Transmission (EOT) signal, not shown
in Figure 12-3.

The protocol logic is found on Sheet €. It is saparated into two
parts:
1« Three flip-flops (twc D and one J-K) toggled by an LC

oscillator, and

Z. A quad-D register cobnected as a ring counter that is
toggled by a separate L-C oscillator.

1681

XREQO I I
aueo  —+] 0usje-

—»] 90us |e—

TPCO 120 us
LMREQO I l

Figure 12-3 EDMA FErotocol

Each oscillator is adjusted for a nominal 60 ns period. Figure
12-4 contains the waveforms fcr the protocol logic.

Cn power up/down, the C net of System Clear (CCLRO) inhibits the
upper oscillator and forces the two D flip-flops clear. System
Clear (SCLR1) (Sheet 8) forces FPC reset through Eeset C (RESCO).
This initialized state inhibits the lower oscillator and holds
the quad-D register cleared. In the idle state, the clock inputs
te all registers are low.
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Figure 12-4 EDMA Frotocol Logic Waveforms

On XREQO, the forced clear is removed from the D flip-flops, and
the upper oscillator is enabled. On the first rising edge of the
buffered output of the oscillator, QUEQO is enabled and terminated
on the next rising edge and the enabling of the lower oscillator
sStarts. The next falling edge sets FPC which gates TPCO. FPCO
disables the upper oscillatcr, forcing the D flip-flops reset and
removes the low from the clear inputs of the quad-D register.
This register also changes state on the rising edge of the
buffered oscillator output. TEFCO is disabled when FPF is set.
SCTO is gated when FPG is set and terminated by the cleared state
of FPH.
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The protocol logic returns to the idle state when RESCO goes
actives, RESCO (Sheet 8) is pulsed low by the protocel oscillator
(PROSC1) during the interval when FPG is set and FPD reset. A
reset FPC disables the 1lcwer oscillator, holds the quad-Ds
cleared, and allows another protocol sequence to start if XREQO
is active.

The width of TPCO is increased if an EOT has not been received in
response to the previous SO0T0 to clear FEOT (Sheet 8). Hold
Start (HOST1) inhibits the transmission of SOTO (Sheet 8) if a
burst mode to local memory is being executed; or if an EDMA
device is waiting for an answver from memory
( (FLADR+FLADRA )eFERD+DMASEL@FERD+ENACSC] .

Test prcints are available fcr maintenance and factory use.

F5 pull-up resistor = TPH, TPC, TPE, and TPF
GED = TPD

NOTE

TEC and TPD are ncrmally strapped.

12.7 EDMA BUS TRANSMISSIONS

When the selected device has received an SOTO, it must output an
address and a memory contrcl field followed by a Load (LOADO)
pulse. If the access is a read from memory, LOADO is accompanied
by an End of Transmission (EOT). If the access is a write, EOT
is not sent with the address LOADO; rather, after the address,
the device outputs a halfword of data followed by a LOADO. On a
halfword write, an EOT is =ent with this LOAD). However, on a
fullwcrd write, an EOT is not +transmitted wuntil the device
outputs the second halfword, and then outputs a LOADO with FEOT.
(Refer to Figure 12-%),

When a memory outputs a halfwcrd readcut, it alsoc sends two bits
to identify the responding memory, a parity error bit, and a
memory malfunction bit. This is followed by an Answer (ANS))
pulse. On a fullword read, another halfword is sent, also
followed by an ANSO.
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ADDRESS I

LOADO

EOTO - IF READ I '

HALFWORD DATA l

ANSO

1st HALFWORD DATA L |

ANSO l I I l

2nd HALFWORD DATA

HALFWORD DATA

LOADO II l

EOTO

~

1st HALFWORD I

ANSO

2nd HALFWORD

Figure 12~

/

EDMA to Memory

— HALFWORD

e

RESPONSE

READ

RESPONSE
~ FULLWORD
READ

HALFWORD
WRITE

FULLWORD
WRITE
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12.8 EDMA TO MEMORY

An EDMA request to memory is indicated by XREQO (Sheet 2) which
is activated by the EDMA device (refer to Figure 12-6) and
directly sets FMREQ. The state of FMREQ is synchronized by the
edges of A1B11 (Sheet 2) and the double-ranked quad-~l registers
to the processor timing. On synchronization, HALT is generated
to prevent the processor from accessing local memory on the next
available memory cycle. When the device is granted the EDMA bus
via SCTO, FSCT is set and generates LLMALO (Load EDMA MAR) (Sheet
7) and enables the ILDMAO (Increment or Load MAR) gate. FSOT
alsc enablecs the D input of FIADR (Locad EDMA Address Register)
(Sheet 2).

The EDMA transceivers, memory address register (EDMAR), the data
register (EDMA MDR), LMA bus drives, and the data bus logic are
found on Sheets 15-18.

FLADR =sets on the leading edge of LCALO. ILDMAQ goes high to
load +the memory address; HOST1 goes active; and the memory
control field (DMA15:17) is lcaded into the D registers (Sheet
5). In addition, the state2 of FLADR is synchronized to the
processor timing. If the stored CMA15:17 bits indicate a read
from wmemory (FERD1), the trailing edge of SCLK1 enables DMASEL if
memory is not busy. The decision to select DMA to local memory
(DMAL¥1) or LKA to shared memcry is determined by the FLMRQO
state which was set by SCT0O. A low FLMRQO is an EDMA to local
memory and a high to shared memorye. However, if a read of memory
is not indicated (FERDO), EEDCLKO (Even EDMA Data Clock) is 1low
(FLADRAO inactive), and/or if a halfwerd write is to be performed
(FEFWO ard DL301D), OEDCLKO (0dd EDMA Data Clock) is low (Shect
7)e The leading edge of the LOADO for the first halfword of data
sets FLDARA (Load EDMA Data A) and the data loaded into the EDMA
MDCR and FLDARAO keeps HOST1 active. The state of FLDARA is also
synchronized to the processcr clocks for a write halfword. On
synchronization, DMASEL would be asserted on the trailing edge of
SCLK1 if the memory is availatle.

If the EDMA request is neither a read nor write halfword, a
fullword write 1is indicated (FEFW1). With EDMA Fullword Write
(EFWRT1) active, OELCLKO is lcwe On the 1leading edge of the
second data halfword LOADO, FIDARB toggles set and OFEDCLKQ clocks
the data intec +the lower half of the ELCMA MDR. The state of
FLDARR is synchronized tc the processcr timinge. On
synchrcnization, DMASEL1 is asserted on the falling edge of SCLK1
if the memory is available.

When LCMASEL1 goes active, the skip logic comes intec play to
modify the prccessor timing as described in Section 12.2.
DMASEL1 and CMBZY1 (the latter on Shest 2) perform the first
skip; FDUSKP1 and FERO perfcrr the second skip.

For a write operation, DMASFLY and FERDO enable WRTO to memory
(Sheet 4) and DMAWRTO (Sheet 7) tc output the EDMA MDR to the
memory data bus (Sheet 7). An EDMA halfword operation to memory
is signaled by LCMAHWO (Sheet £).
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HALTO | [

rga

SOTO - | |
FSOT1 [ |

LOADO L__[

FLADR1 1
FERD1 ﬂ
FEFW1 Ea

LMBSY0 l |
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FDB1 r_l
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ENXCVRO l I
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Figure 12-6 EDMA to Memory - Halfword Read
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For a read operation, FERL1 and FERLOA (Sheets 17 and 18) stear
the HLS. This data register is loaded on the trailing edge of
CLK1D during DDUA1 (DMA Data Unavailatle) via EEDCLKO and OEDCLKO
(Sheet 7) lines to the EDMAR MILR input.

CLSO is asserted immediately after DMASEL1 goes high by DMBZY1,
FBO, and FSCLK1 (Sheet 2). <CLSO directly clears FMREQ, FSOT, and
the LMRQO latch. This signal also gates CLADO (Clear Address and
Cata flip-flors) (Sheet 7) tc clear FLADR, FLDARAR and FLDARB if
a Burst Read (ERTRDO) is not teing processed.

On an EDMA read, the memory to FDMA <control 1logic (Sheet ©5)
(Figures 12-6 and 12-7) will transmit the readout to the EDMA
device. The output of the E-input NOR gate is normally low. It
goes high for an EDMA read (FERD1) but not a burst mode (BRST1)
during an active DDUAO. At this time (CLK1), the J-K flip-flop
sets to generate ENCSCO (enakle oscillator). The set state also
removes the low clear on the 3-stage Johnson counter. ENAOQOSCD
starts DOSCO (DMA ©Oscillator) (Sheet 3) and enables the
transceiver via ENLANDO for ANSO. The state of the Johnson
counter and the steering logic on Sheet 8 generate EMDENDBO (Even
Data Enable), OMDENBO (0dd Data Enable), and DANS?1 (DMA Answer).
CANS1 drives the ANSO line c¢f the transceiver. The transceivers
that transmit the answer to the EDMA are enabled by ENXCVRO.

1688-1

ENAOSCO I

LML su

FDA1 |

FDB1

FDC1

FDD1

EMDENBO 1 |

OMDENBO

ENXCVRO 1 |

DANS1 [ | I ]
ANSO | | | |

Figure 12-7 LM to ELMA Answer - Fullword Read
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For a fullword read, EMDENBO is activated when FDA sets and DANS1
is activated by FLCB1. These signals terminate when FDC sets:
this enables CMLENBO. DANS1 is again enabled when FDA resets.
Roth CMDENBO and DANS1 are disabled when FDB clears.

For a halfword read from an even memory address boundary, EMDENBO
outputs the data to the EDMA device. On a halfword read from an
odd boundary, OMDENBO enables the data to the EDHMA bus.

The o©scillator is steopped by logic that examines the memory mode
of operaticn and the state cf the counter. For a halfword or
fullwcrd read, FNOSCO is driven high when the last ANSO pulse is
disabled. The J-K flip-flor that disables ENOSCO clears the J-K
that began the sequence. The reset state of this J-K initializes
the counter and the last J-K is forced to the clear state.

A  burst mode operation «c¢n the ELMA bus requires handshaking
between the ©processor and the reguesting device. This
handshaking is performed over +the LOADO and ANSO lines. The

requesting device always sends LOADO and the processor sends
ANSC.

In a burst read mode and in respcnse to ANSO, the device
transmits LOADO to the processor to indicate that the device is
ready tc¢ receive another fullword. If the device requires no
additional data, it then transmits EOT to signal the end of the
burst read mcde.

In a burst write mode, the bprocessor transmits an ANSO to
indicate that it can handle ancther fullword of data to store in
nemory. In response, the device transmits a fullword of data.
With the last fullword to be written in memory, the device also
sends FOT to =signal the end of the burst write mode.

The first fullword write cf a burst write operation begins as a
nermal ELCMA fullword write to local memorye. However, when ST1
rulses high because of CISO and RRWRT1 (the decode of the FEDMA
memory operaticn field) direct sets the J-K flip-flop to enable
the <¢scillater (ENAOSCO), DCSCO toggles the Johnson counter and
FDA1 gates DANS1 (Sheet 8) to output ANSO through the enabled
transceiver. The device resrcnds with two halfwords of data and
two LCADOs. With BRWRTO and FEFW1 active, the LOADOs set FLDARA
and FLDARB in turn and another EDMA to local memory request is
synchronized to the processcr timing. ENAOSCO is disabled after
ANSO and the 1local memory tc EDMA control logic is initialized
reset. During the first fullwerd store of the burst write, DDUA1
and CLK1F toggle FBRWRT set., When the device transmnits the last
fullwecrd c¢f the burst write, it also sends EOT which, with
BRWRT1, changes the memcry corntrol field from a burst write mode
to a fullword write. The last fullword is then stored az a
normel fullwcrd write.

12=-14 47-022 RrRO7



If a Burst Read (BRTRD) mode is decoded, CLADAQ is inhibited from
being pulsed by ST1 (Sheet 7). As a result, FLDAR remains -et,
still synchronized ,to the ©processor timing. During the first
fullwerd read of the burst read, DDUA1 and CLK1F tocggle FBRTRD
set. At the same time, ENAOSCO is enabled to output the first
fullword of data to the device. When FDA sets, CLADAO is enabled
to clear (FLADR) and disabled when FDRA sets. The fullword of
data 1is transmitted to the device as for a normal EDMA fullword
read. In response to ANSO, the device sends a LOADO +to signal
for another fullword read. If LOADO is not returned before the
next memory cycle becomes available, due to the fact that FLADR
resetting 1is delayed, FLADR1 4is still stored in the quad-D
register (Sheet 2). DMASEL remains active and the next fullword
is read from memory. Dvring this access, FDRDY gets set to
indicate that valid data resides in the EDMA MDR. Whenever FLADR
is toggled set by the handshaking LOADO, ENAOSCO is enabled by
FBRTRL10FLADR1oFLRDY1. On the 1last fullword transmission of a
burst read, the device sends ECT which gets synchronized as FQEOT
(Sheet 2) and changes the ELMA memory control field to a fullword
read.

The ELKA memory address register is incremented (ILDMAO) during
burst modes on the trailing edge of DDUA1 after FSOT is cleared
(Sheet 7).

12.9 CLOCK STGPS

Clock stops are used to inhibit microprocessor clocks for an
event requiring more thar one clock period. There are three
types of clock stops that suspend different levels of processor
functionse. Destination «clock stops (DSTOP) inhibit the loading
of data into a destination register. ROM c¢lock stovs (RSTOP)
inhibit the loading of a2 new microword into the ROM data register
and prevent the CSARR address from changing. Memory clock stops
(MSTOP) stop all microprocesscr functions. DSTOP and RSTOP are
forced active by MSTOP. Refer to Sheet 9 of Functional Schematic
35-770D08 during the follcwing breakdown of the signals causing
DSTOP and RSTOE.

MFAULTO Femory fault causes DSTOP +to inhibit the
loading ¢f destinations after a memory fault.
This condition remains in effect until the
memory fauvlt is serviced.

BRANCHOQ Branch causes DSTCP to prevent the 1loading of
random data into random registerse.

OPTSTEO Option stcp causes both DSTOP and RSTOP during
operations with the High Performance

Floating-Foint Processor (HPFPP). Option stop
remains active until the HPFPP operation is
complete.
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AFINRO This signal causes [STOP during the second half
of the RYX squared calculate address. This
signal rrevents the source string address
contained in the =shift register fronm being

destroyed.

CMR20 This signal causes L[STOP and RSTOP during the
calculate address of the RX3 or RI2 formats.

IOSTCEC I/0 operation in process stop. Both DSTOP and
RSTOP arc pmade active wuntil the I/0 Sync is
received.

2IR0O This signal is generated during the beginning

of the second part of the RX squared format
address calculation and causes DSTOP to save
the shift register contents.

AMSTOEQ/BMSTOPO Memory contention signal that causes DSTOP and
RSTOF during the period of contention.

RX2STEQ Stop generated during calculate address of an
RX2 format instruction. This stop causes RSTOP
and allcws the location counter to be
incremented to point to the next instruction.

RX3STFO RX2 format calculate address stop that causes
RSTOP to remain active.

CNTECO Counter nct equal toc zero. When the repeat
counter is loaded, RSTOP remains active until
the count is reduced to zero.

GMATSTGCPO This signal activates both DSTOP and RSTOP when
the MAT needs to access memory.

COMSTFO Communicaticn stop asserts DSTOP and RSTOP for
loading into the communication hardware assist
board.

NOCNTu Causes a [STCP for one clock period if repeat

counter is loaded with a zero value.

Memory Stop (MSTOP) occurs if a memory access is attempted by the
processor (PMEM1) or the MAT (GENMAA1), and the desired memory is
busy (LMBSY1/SMBSY1). MSTOF is also activated if the MDR is
specified as a source (UMLCR1) and a memory operation is in
progress (PDUA1)., In addition, the clock single-step <control
test feature <causes FTIT1 as 1long as TRAPO remains active to
contrcl MSTOP. Depressing the advance pushbutton disables FTIT1
for one <clock period. MSTOP alsoc activates if the processor
(PMEM1) is trying to activate a memory cycle but an EDMA port has
won ccntention for the memory (HALT1).
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12.10 INSTRUCTION REGISTER AND AUXILIARY INSTRUCTION REGISTER

The Instruction Register (IR) is a 16-bit register that is loaded
with the user-level instructicn to be emulated. The IR is broken
into three major segments. An 8-bit operation code (0P CODE)
defines the format (RR, RI, or RX) and an address location within
the [ROM on CPU-AR. The LRCM address extracts the microprogram
address of the emulation segquence. Two 4=bit fields are called
the user general register destination (YD) and the user general
register source or index (YS). These U4-bit fields select one of
16 general registers on the CFU-B board.

The Auxiliary Instruction Register (AIR) is a 12-pit register
used during the RX squared fcrmat instructions.. (Refer to Sheet
12 of 35=770D08.) The first eight bits are the operation
modifier code. The remaining £four bits are used by the
microprogram as a data constant. The AIR may be examined by
unloading the YSI field of the IR after the calculate address of
an RX squared format. After reading the contents of the AIR, it
is clearede.

12.11 FCORMAT LCECODING

Format decoding controls the operation of the calculate address.
There are four basic formats of wuser-level instructions,
register-to-register (RR), immediate data-to-register (RI),
memory data to register (RX), and string manipulation (KX
squared). The format type is decoded from the OP CODE portion of
the IR. The 8-bit OP CODE field is used to select a U4-bit word
within the format ROM. The state of the four data outlines
determines the format currently being executed. The RI1 format
is implied by the default <(all fcur outputs inactive) of the
format ROM outputs. The format RCM output that indicates an RX
format is further decoded into three RX formats: RX1, RX2, and
RX3. The state of MDR bits 00, 01, and the RX format ROM output
selects one of the three RX fcrmats.

12.12 CALCULATE ADDRESS

The calculate address is initiated by a microprogram specified
Instruction Read (IR). The calculate address logic resolves the
Instruction Read (IR). The calculate address logic resolves the
format requirements of the current user instruction being
executed. At the <conclusicn of the calculate address, the
following conditions exist, depending on the selected instruction
format:

RR The Shift Register and the MAR equal the contents
of the general register specified by the YS field.

RI1 The Shift Register and the MAR coantain the 22-bit
data resulting from the addition of the contents
of the general register specified by the YS field
and the sign extended 1least significant 16 MDR
bits.
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RI2 The Shift Register (SR) and the MAR contain the
: 32-bit data resulting from the addition of the
contents of the general register specified by the

YS field and the full 32 bits of the MDR.

RX1 The Memory Address Register (MAR) and the SR
ccntain the program address of the second operand
data contained in memory. This address is the
result of adding the sign extended 1least
significant 16 bits of the MLR and the data
contained in the general register specified by the
¥YS field.

RX2 The MAR and the SR contain the program address of
the second cperand data contained in memory. The
program address 1is the result of adding the
contents of the general register specified by the
¥S field, the sign extended least significant 16
bits of the MLR, and the incremented contents of
the location ccunter. Bits 0:19 of the SR are
undefined.

BX3 The MAR and the SR contain the program address of
the second cperand data contained in memory. The
program address is the result of adding the
contents of the general registers specified by the
YS field and MCR bits 4:7 and the least
significant 20 bits of MDR. Bits 0:19 of the SR
are undefined.

RX Sgquared The SR contains the prrogram address of the source
data string. This address is generated during the
first half of +the RX squared format in the same
manner as defined by the RX1, RX2, or RX3 formats.
The MAR contains the program address of the
destination data string. This address is
generated dvring the second half of the RX
sauared. The address contained in the MAR is the
result of addition in the same method as RX1, RrRX2,
or RX3.

The microword ccntained in the RD register during the calculate
address is an Add operaticn. The SR is the destination. The
general register specified ty the YS field is the A bus source,
and the MDR is the B bus source. Instruction Read and MDR sign
extend are also specified. The MAR is forced to be a destination
during calculate address.

Figures 12-8 through 12-15 are examples of the logic segquences
during calculate addresse. All the figures show examples when
there 1is no memory contention. The microprogram and the
calculate address are suspended as required (MSTOPO). Refer to
Sheets 10 and 11 of 35-770D08 during this description.
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Figures 12~8 and 12-11 depict the sequence required for RR, PRX1,
or PRI1 formats. Figure 12-12 differs in that the fullword
instruction (RX1, RI1) starts on a halfword boundary and amust
therefore 1initiate two memcry cycles to fetch the reguir=4d 32
bits. GGDIR1 becomes active when the microword specifies an IE
and 1f no repeat counter operation is in progress or no
interrupts were gueued during the previcus instruction execution.
The next CLK1 causes a memory read to the address specified by
the Location Counter (LOC). The LOC is incremented (ILOC) at the
trailing edge of CLK1. The ALIR1 flip-flop is direct set during
CLK1. This allows the IR to te loaded when the memory data is
available (LCUAOQ). The FINRA1 and CAP1 flip-flops are set at the
trailing edge of CLK1. The | format of the instruction is
determined by the contents of the IR (if it is an RX format) and
MDCR bits 0 and 1. The instruction format determines if DISAO or
DISBO is active. Disable the A Source (DISAQ) is active on RX or
FI fermats if the YS field of the IR is zero. #hen the YS field
is zero, no index value is to be added. When DISAO is active,
the A bus source data is fcrced to be inactive. This results in
the MLR being added to zerc. ~ RR format instructions disable
DISRO. The YS field equal to zero is a valid A bus source for RR
instructions. TDisable the B Socurce (DISBO) is made active by the
RR instruction format. The FILR is specified by the microword +o
be the B source data. The MDR is invalid for REK instructions.
DISBO forces the B bus data tc be inactive. The contents of the
general register by YS are added to zero. The LOC is incremented
(ILOC) on the first clock after CAP1 is set by FCP1 if the format
is not RRe. FCF1 ensures that ILOC occurs for only one clock
period.

In Figure 12-11, in addition to the previous description, GSIRD
becomes active on the same CLK1 that FINR1 sets. GSIRG indicates
that a second read is initiated. The data contained in the MDR
is not wvalid until the second read, when memory data is
available. The <calculate address is suspended until the MDE is
valid. The GDIRO signal is inhibited by the RR format decoding.

The final CLK1 of the calculate address loads the SR and MAR with
the result of the microinstruction Add operation. The CSAR is
loaded con the 1leading edge of CLK1 with an X'007°* if a memory
fault occurred during the calculate address or if the instruction
in the op-code is not an exercised option: €.ge, HPFPP. If no
memory fault exists and if the instruction is legal, the D1
address vector, as selected by the op-code data, is 1loaded 1into
the CSAR. ‘

Figures 12-9 and 12-12 are examples of calculate address for the
RX2 format. The RX2 format starts the same as RX1 and is decoded
during FCF1 and causes RXZSTPO. RX2STPO keeps CAP1 from
resetting on the next MCLK1A. This allows LOC to be incremented
before it is added 4into the address calculation. The MDREO
signal becomes active during CAP1 when the RX2 format is decoded.
The MDREO causes the MDR data on the CPU-C to be added to the
incremented LOC which is available on the output of the PA
multirlexor. The MDR source data on the B bus reflects the
results of the addition. The SR and MAR are 1loaded with the
results of adding the contents of YS and the ¥DR adder output.
Figure 12-12 shows the effect of GSIR0O on the RX2 format.
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Figures 12-10 and 12-13 are examples of calculate address for
48-bit instructions, RX2 and RI2. RX3 and RI2 format
instructions use the full 3Z-tit MDR to complete the calculate
address. The calculate address for RX3 and RI2 formats is in two
parts, defined by CAP1 and CAP2. During CAP1, the LCC is
incremented, the format is decoded, and the contents of the
general register specified by the YS field are loaded into SR and
MAR. The B bus source data is disabled (DISBO) as it was during
RR formats. RX3S5TPO suspends the microprogram during the CAP1
cycle. CMR20 and CAP21 become active on the same MCLK1 that CAP1
resets. CMR2C0 <causes a halfword memory read to fetch the
remaining 16 bits for the leacst significant 16 bits of the MDR.
CHMR20 also causes the LOC tc¢ te incremented to reflect the U48-Lbit
instruction 1lengthe. The RIZ format causes the 32-bit MDR, when
it is valid (DURQ), to be added to the contents of YS and 1is
locaded into SR and MAR. The RX3 format causes MDREO to become
active, enabling the MDR adder on the CPU-C. CAMAO goes low when
CMR20 is inactive and CAP2 is active. This selects the contents
of the MAR on the outputs c¢f the FA multiplexor of the CPU-C.
During CAP2, with the RX3 fcrmat, X20 goes low, enabling MDR bits
4b:7 tc select the second level index general register. The final
clock cf the calculate address loads the added result of the
contents of the general register specified ky MDR bits 4:7 and
the MLR adder output. The MLR adder output consists of the
coentents of the MIR and the contents of the general register
specified by YS, which was loaded intc the MAR during CAP1. The
most significant 12 bits c¢f the MLR adder output are undefined.
Figure 12-13 shows the effect of GSIRO on u48-bit formats. GSIRO
is caused by starting the instruction on a halfword boundary.

The RX squared instruction format requires two calculate address
sequences. Each calculate address operation is essentially an RX
format calculate address. The back-to-back calculate address
sequences may each be RX1, RXZ, or RX3 format. The result of the
first calculate address is ccntained in the SR. The second
result is loaded into the MAR. Figures 12-14 and 12-15 are
examples of the RX squared format calculate address. Figure
12-14 shows the sequence for an RX1 followed by an RX1. Figure
12-15 shows an RX1 followed by an RX3. In either figure, there
are few differences betwecen the rreviously discussed RX format
calculate address and the individual RX formats calculated in the
RX squared. The MCLK1 that causes CAF1 to reset in the first
calculate address loads the SR and MAR with the RX1 address data.
2IR0 becomes active because of the RX squared format. BLIR1 sets
on the 1leading edge of MCIK1 and the memory read for the second
RX format is started. ALIRCKC enables the Auxiliary Instruction
Register (AIR) and the YS field of the IR (Sheet 12 of 35-770D08)
tc be 1loaded when the memcry data becomes available. DSTOPO is
held active by 2IR0 and AFINR1. This prevents the address data
contained in the SR from being overwritten. MARSTP1 enables the
MAR tc be loaded when DSTOP is active.

The Length Cocunter (Sheet 11) is incremented each time the LOC is
incremented. This provides an instruction length «count at the
conclusion of <calculate address. The length counter is cleared
at the beginning of each instruction read.
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2510

IR IN MICROWORD
RAR = DROM VECTOR

RAR =000 IF NO INTERRUPT ADDRESS OR X'007'
- A SR, YS, MDR, SR, MAR = YS IF RR OR
EXT, IR YS + MDR IF RX1/RI1
MCLK1 100 I\ 150 | ' 350 100 100

GGDIR1

ERO

50 /
N

\,
]

FINR1 \ N
CAP1 \ N
FORMAT OF INSTRUCTION x VALID
\ 7

1LOCO +2 +4 IF RX1
DISAO ACTIVE IF YS = 0, EXCEPT T

IF RR FORMAT
DISBO ONLY IF RR FORMAT
DSTOPO
RSTOPO } ALL STOPS ARE INACTIVE
MSTOPO

Figure 12-8 RR, RX1, or RI1 Format (Instruction on
a Fullword Boundary)
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RSTOP TO INCREMENT LOC
2511
RAR = DROM VECTOR

RAR = 000 IF NO INTERRUPT A SR, YS, MDR, ADDRESS OR X'007’
EXT, IR .
SR, MAR = YS
IR IN MICROWORD » MDR +
INCREMENTED
Loc
mcLk1 | 100 b\ 150 7|\ 100 | 350 100 | 100 | 100

_1oo \
s P ‘ |
R0 ( N /

DUAO

ALIR1

FINRT N
\ N
FORMAT OF INSTRUCTION x VALID

1ILOCO \ +2 ’ \ +4 ’

RX2STPO

CAP1

DISAO

RSTOPO

MDREO FORCES THE OUTPUT OF
THE ADDER (MDR + LOC)

MSTOPO

DSTOPO l INACTIVE

Figure 12-9 BRX2 Format (Instruction on a Fullword Boundary)



RSTOP + DSTOP TO
2512 RAR =000 IF NO INTERRUPTS LOAD MDR 16:31
IR IN MICROWORD A SR, YS, MDR, SR, MAR = X2 +
EXT, IR MDR + MAR
RAR = DROM
SR + MAR = YS VECTOR ADDRESS
- OR X'007'
MCLK1 100 150 100 |\ 350 100 |\ 150 I 100 350 100

GGDIR1

\
M

ALIR1 l » /

|\ / AvS

|
-

FORMAT OF INsTRUCTION X VALID

ILOCO \ +2 / \ +4 /\ v6 / [
/

DISAO ACTIVE IF YS=0 ‘ , \\ /\ X2 FROM MDR /

- N \

CMR20 \

CAP21 \]

DSTOPO | m
RSTOPO \ A /

MDREO ACTIVE ONLY IF RX3 FORMAT 1 MAR + MDR I

RX3STPO | I

Figure 12-10 RX3 or RI2 Format (Instruction on a Fullword
Boundary)
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RAR =000 IF NO INTERRUPT RSTOP MDR SR + MAR =

INVALID YS + MDR
IR IN MICROWORD RAR = DROM VECTOR
A SR, YS, MDR, EXT, IR ADDRESS OR X'007’
MCLK1 ] 100 I 150 100 400 100 | 350 100

GGDIR1 )

ERO (

DUAO

INSTRUCTION REGISTER : //
l DATA MDR DATA |

ALIR1 Y

FINR1

o \|

FORMAT OF INSTRUCTION x VALID
ILOCO \ +2 / \ +4 [

DISAO |

GSIRO ‘ | |

RSTOPO l : |

MSTOPO

DSTOPO l INACTIVE

Figure 12-11 RI1 or RX1 Fcrmat (Instruction on a Halfword
Boundary)
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2514

IR IN MICROWORD RAR = 000 IF NO RAR = DROM VECTOR
INTERRUPT RSTOP TO INCREMENT ~ ADDRESS OR X'007" SR + MAR = YS
LOC AND FETCH + MDR +
SECOND HALFWORD INCREMENTED
Loc
A SR, YS, MDR, EXT, IR _\
mcLk1 | 100 150 1\ 100 400 100 350 100
GGDIR1 '
ERO ( | '
DUAO 1 [ l
ALIR1 ' 1

FINR1 ' \L
CAP1 \I ~N
FORMAT OF INSTRUCTION x VALID

1ILOCO \ +2 / \ +a /
DISA0 ACTIVE IF YS =0 L ———————————————— -]_
RX2STPO | |
GSIRO - | |
RSTOPO | |
MDREO FORCES THE OUTPUT OF THE I | I I

MDR ADDER (MDR + LOC)

DSTOPO
MSTOPO

INACTIVE

Figure 12-12 RX2 Format (Instruction on a Halfword Boundary)
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3C-21

LOY ZZO0-Lh

2515

IR IN MICROWORD 7

MCLK1

/RAR=MOIF NO INTERRUPT SR + MAR = YS SR + MAR = X2 + MAR + MDR

/—— A SR, YS, MDR, EXT, IR RAR = DROM VECTOR ADDRESS —\

100 150 100 l 400 I 100 I 350 100 150 I 100 I 350 I 100

GGDIR1

ERO

( LI / L /

DUAO

ALIR1

FINR1

CAP1

\I [ 1 I/
\

wrdl

GSIRO

FORMAT OF INSTRUCTION * VALID

1LOCO

DISAO

IFX2=0 l

DISBO

CMR20

CAP21

DSTOPO

RSTOPQ

\ A /

MDREQ

ACTIVE ONLY IF RX3 FORMAT I {MDR + MAR)

Figure 12-13 RX3 or RI2 Format (Instruction on a Halfword Boundary)



2516

RAR=0001F NO INTERRUPT

IR IN MICRO WORD

/

MCLK1] 100 150 100

— A SR,YS,MDR,EXT,IR

350 I 100

SR+MAR=YS+MDR

{SOURCE STRING
ADDRESS)

160

START SECOND RX CALCULATE ADDRESS

MAR=YS+MDR DESTINATION STRING ADDRESS

ADDRESS OR X'007-
_7 /

100

RAR=ROM VECTOR

350 100

GGDIR1

—

D
|

\v

DuAo

AND MDR DATA l

INSTRUCTION REGISTER DATA

/

ALIR1

FINR1

AUXILIARY INSTRUCTION
REGISTER AND MDR DAT

l
L

N

CAP1

A

/

N

N

21R0

BLIR1

AFINR1

\/

FORMAT OF INSTRUCTION x RX1 {RXXT

1LOCO +2

DISA0  ACTIVE ONLY IF YS=0

CASTOPO

RSTOPO

DSTOPO

MARSTP1

Figure 12-14

47-022 RO7

RX Squared (RXX) Format (RX1 Followed by RX1)

(Instructicn Starts on a Fullword Boundary)

12-27



2517
RAR-000 IF NO INTERRUPT SR+MAR=YS+MOR START SECOND CA LOAD MDR 16:31 RAR=DROM VECTOR ADDRESS
A SR,YS,MDR, . MAR-YS MAR=X2+MAR+MDR
IR IN MICRO WORD, EXT.IR
150
mcLkt [ 100 150 }\ 100 350 150 [ wo | wo [

INSTRUCTION REGISTER L-'/WSTRUCTION REGISTER

AND MDR DATA AND MDRO0:15 DATA

L

MDR 16:31

DUAO |8 1

ALIR1 \\ﬂ ) | /<
& ‘ T

FINR1 \ ( ~a

CAP1 \ /

2180

BLIRY oA \ 1

AFINR1 y h| ]

FORMAT OF INSTRUCTION X AX1(RXX) X RX3 Y

1LOCO +2 w_ A /T = A +A /

DISAO ACTIVE ONLY IF Y§=0 | } _________________ [~~~
CASTOPD \ / V \ , /

RSTOPO \ A /-

DSTOPO \_/—L —
MARSTP1 | D V V ]

DISBO ] ]
CMR20 \‘{ |
CAP21 b | ]

MDREO I V MAR+MDR l__——

Figure 12-15 RX Squared (RXX) Format (RX1 Followed by RX3)
(Instruction Starts cn a Fullword Boundary)
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12.13 REPEAT COUNTER

The repeat counter {(Sheet 11) is a 6-bit down counter which
provides the ability to repeat a microinstruction up to 64 times.
This 1is accomrlished by lcading the counter with the complement
of the data on the S bus. Cnce the counter is loaded, RSTOPO is
forced active by CNTEOO wuntil the counter is enpty. The
counter's count is decremented by one for each CLK1F if MSTOP and
OPSTOFO are not active. "

12.14 B BUS MULTIPLEXORS

The B bus multiplexors on the CPU-D (Sheet 14) provide +the B
source information when I/C, LENGTH, YSI, or YDI is specified by
the microinstruction. The contents of the AIR and either LENGTH,
YSI, or YDI are provided cnce after an RX squared format
calculate address has occurred. RAfter the AIR has been read, it
is cleared and then provides the inactive data bits 16:27 for
LENGTH, YSI, and YDI. The most significant 16 bits of the 32-bit
CPU-D B Dbus source are suprlied by the CPU-B board as inactive
data bits.

12.15 1I/0 SYSTEM

The I/0 system provides the atility for the microprocessor to
communicate with devices external to the ©processor. These
devices and their controllers are connected to the I/0
multirlexor bus. Pefer ¢to Sheet 13 of 35-770D08 during this
description. The I/C multiplexor bus consists of a 16-bit
bidirectional data bus and nine contrcl lines.

Figure 12-1€ =<shows an example of an I/C output operation. This
sequence applies to the device addressing (ADRS), transmission of
data tc the device (DA), and transmission of command data (CMD).
When a microinstruction srecifies I/C as a destination, IOSTOPO
becomes active. IOSTOPGC causes RSTOPO (Sheet 9) which suspends
the nmicroprogram. This is necessary tc hold the data on the I/O
bus until the oreration is complete. The trailing edge of the
first MCLK1 causes FDATO to become active. FDATC enables the I/0
data Dbus transceivers and the data on the S bus is placed on the
I/0 multiplexor bus. The next MCLK1 causes FCOUT to become
active., FCOUT causes the I/0 output control line, selected by RD
bits 29, 30, and 31, to beccme active. When the I/0 control line
becomes active, the device, if selected, responds with SYNO. The
first leading edge of MCLK1 after the receipt of SYNO causes the
BSYNO (13K2) flip-flop to set. On the trailing edge of the MCLK1
causing BSYNO to set, FSYNO sets. When FSYNQ becomes active,
IOSTOF0 becomes inactive, allcwing the microprogram to continue.
The trailing edge of the MCIK1 following the setting of FSYNO
causes FCOUTO and FLATO to reset, completing the operation.
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1697

1/0 OPERATION SPECIFIED START NEXT
IN MICROWORD MICROINSTRUCTION

M_J_—I>_J rsTor | lﬂs\wﬂ [rstor] , [mstor l\_r.
|

I0STOPO A\ P
/.
FDATO Naf u |
) —. 7717
DO:15 A ¢ VALID DATA ~ [/ XJ

" [] [ ]
FCOUTO b

SYNO

BSYNO /

I~
FSYNO

WAIT FOR 1/0 SYNC

Figure 12-16 1I/0 Output Operation (ADRS, DA, CMD)

Figure 12-17 is an example of an I/0 input operation. The
sequence shown applies to request for device status (SR), request
for data from the selected device (LR), and acknowledge interrupt
(TACK). When a microinstruction specifies I/0 as a source,
IOSTOFQ becomes active suspending the microprogram until the data
is received from the selected device. FCINO sets on the leading
edge of MCLK1 after JIOSTOPO hecomes active. FCINO enables the
received data through the data transceivers. The selected device
responds by causing SYNO toc be active. When SYNO is active, the
data from the device is valid on the I/0 data bus. The leading
edge of the MCLK1 following the receipt of SYNO causes the BSYNO
flip-flop (13K2) to set. On the trailing edge of the MCLK1 after
BSYNO sets, FSYNO sets. When FSYNO becomes active, ISTOPO
becomes 1inactive, allowing the microprogram to continue. The
clock following the setting c¢f FSYNO becomes the destination
clock for the input I/0 operation.

The acknowledge interrupt control has four outputs. These are
used for the four possible I/C interrupt priority 1levels. - The
TACK lines are controlled by PSW27 and PSW26. When COMM is the
device tc be acknowledged, TACKOO is forced regardless of the
state of PSW27 and PSH26.
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CLK1

RSTOPl RSTOPR \

\

I/0 OPERATION SPECIFIED LOAD 1/0 DATA
/ IN MICROWORD [ INTO DESTINATION
)

|0STOPO
- \ /

FCINO

- [/

D15:31 \ . X | vaup pata

\
' /
e/ | / !*é /

Figure 12-17 1I1/0 Input Operation (SR, DR, TACK)

12.16 MNEMONICS

The following is a list of the mnemonics found on the CPU-D
board. The 35-770L08 schematic locaticn and a brief description
of each signal are provided.

SCHEMATIC
MNEMONIC MEANING LOCATION
ACLRO A clear signal cn power up or dJdown 2H1
ATDRSO Address contrcl line for I/0 bus - 13D§
selects specific I/0 controller
ADVO A device signal which defeats the 9D1
RSTOP caused by TRAPO from CPU-A
Test Aid
AFINR Auxiliary instruction read flip-flop 10D2
- used during second RX format
cf RXRX instruction
AIROO:11 Auxiliary instruction register - Sheet 12

bits 00:11 contain second RX format
ocp-code and YL fields
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MNEMONIC

AIRCO
ALIRO

ALIRCKO
A¥DROO1
AMDRO 11
A¥DRCKO

AMSTOEFQ

ANSO

ASEL1
A1B10
A1B11
A1B11RA
B161:311

BCLRO

BCNTO
BLIR
EMSTOFG

BRANCHO

12-32

MEANING

Auxiliary instruction register queue -
allows AIR tc lcad seccnd RX informa-
tion

A load instruction register flip-flop
signal - defines the loading of IR
as opposed tc the AIR

Auxiliary IR clock

Ruxiliary MDR Lits use no instruction
decoding for calculate address

Auxiliary MDR clock for loading the
YS field

A memory stop - inhibits MCLK, RCLK,
DCLK

Answer - EDMA tus control seguel
generated when either local or shared
memory is read from

Select line for CPU-L board B bus
source data

A timing pulse generated from CPU
clock generator logic

AR timing pulse generated from CPU
cleock generator logic

A timing pulse generated from CPU
clock generator logic

B bus signals

B clear signal on power up or down
Board control signal - use to load
data into the communication option
board.

E load instruction register flip-flop
- defines the 1lcad time for the AIR

as opprosed tc the IR

B memory stor signal inhibits MCLK,
RCLK, DCLK

Branch - deccded from microcode

SCHEMATIC
LOCATION

10L4

10M5

10RS
347
38
735

9F4

8K7

14H9

9L 4

9Ly

9L 4

Sheet 14

2H2

13C6

10H5

9F5

9G1
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SCHEMATIC
MNEMCNIC MEANING LCCATION

BRRSTO Burst mode deccded from ELMA bus - 5N8
defines EDMA mcde of data transfer
where more than one halfword is

transferred
BKTD1 Burst read mcde decoded from EDMA bus 5J6
BWRT1 Burst write mode decoded from EDMA bus 537
CACLK1 , Calculate address cleck - allows 10M7

either the exit from calculate address
or the second RX fetch in RXRX format

CAIR Clear auxiliary instruction register 12K4
flip-flop - clears the AIR so that
-bit sources dc not ccntinue to
display the AIR

CAMAC Calculate memory address - used by 10G 4
the CPU-C to cause the MDR adder to
use the MAR rather than LCC

CAP1 Calculate address part 1 - used by all 10G2
formats of instructions. Calculate
address is ccmrleted on all 32-bit or
less length instructions.

CAP2 Calculate address part 2 - used by 100Gy
4g-bit format instructions

CAR261 A carry line fcr the ELMA MAR 15J6

CASTOPO Calculate address stcp - while active, 1086
the processor is suspended in calculate
address.

CCLROQ C clear signal on power up or down 2H2

CLATROC Clear address and data registers for 7H1
ECMA to memory

CLFLRO Clear flag register 13H7

CLK1 Nonstoppable processcr clock gN5

CLK1R:1F Nonstoprable rrocessor clock Sheet 9

CLRDYO Clear ready flip-flop TE1

CLSO Clear local memory request and start 7D2
flip-flops
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MNEMCNIC
CLSTAOQ
CLSTO

CFDO

CHE20

CNTEC

COMMO

COMSTEC

CWRO

CYTO

D000: 150

DAO

DAKS1
DAWT1
DCLKC
DCLRO
DDURAC

CISAC

12-34

MEANING
Clear MAT status register
Clear FSOT

Command control line fecr I/0 bus -
define when data on the I/0 bus is
for command information

Calculate address memory read half-
word - during calculate address of
48-bhit formats, a thilrd halfword
must be fetched.

Count equal to zero - use to inhibit
a specified instruction read until
the microcode counter on the CPU-A
has been comrleted

Communication rcdule - decode of E

field. Data cn the S bus is gated into

the I/0 bus and loaded into the
communication hardware assist board.

Communication stop - causes an RSTCP
and inhibits the microprcgram

Change write memory to read memory
Clear YD field cf the instruction
register - decoded from the E field
of the microinstruction

I/0 data bus

Data available control line for I/O
bus - validates data on the I/0 bus
being sent tc¢ the devices

Answer to EDMA 2us

Data_write intc memory

Lestination clcck

L clear signal on power up or down

EDMA Jdata unavailable

Lisable A source data ~ used during

calculate address to inhibit A source

data when YS is egual to zero

SCHEMATIC
LOCATION

7F8
2M8

13E6

10G5

11R7

12E4

Sheet 13

13E6

8HS

6D3

9N 8

2H1

4N2

10G8
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MNEMONIC

PISBO

DISEXTGO

PL0B1:171
DL181:291
CL301
DMA0O0C:030
DMAOQUO:150
DMA1€C:170
DMABZA1
DMAHWOC
DMALMA

DMARSC

DMASEL
DMASHMAI
DMAWRTO

DMEMO

DMX080:150

DOITC

DOSCO

DRO

DRFAULTO

47-022 RO7

MEANING
Cisable B source data - used during
calculate address to inhibit MDR data
when it is inccmplete or when an RR
format is executing
Disable sign extension - disable the

MLCR sign extension during calculate
address

EDMA MAR output - after buffering,
these drive the LMA bus.

EDMA bus lines

EDMA bus lines

EDMA bus lines

‘EMA busy

EDMA halfword nmrcde

CLMA to lccal memory

EDMA read and set - memory reads
addressed location B ELMA and then
restores the AW with the MSD bit sete.
EDMA select flip-flop

DMA to shared memory

EDMA write

Decoded microinstruction memory
oreration

EDMA bus lines

Allows the MAR to be locaded during the
calculate address of RXRX format
instructions

EPMA oscillator for memory to EDMA
control logic

Cata request ccntrol 1line for I/C
bus - validates data on the I/0 bus
to be loaded into the processor

Lecoded reset fault

SCHEMATIC
LOCATICN

1005

11H2

Sheet 15
Sheet 16,
15B9
Sheet 15
Sheet 16
5R9
247
5H8
2¥7

5H9

ur?7

Sheet 15

1047

12E5

12=-35



MNEMONIC

DSTOrC

DUAO

EL001:151

ECATA
EEDCLKGC
FFLDENG
EFWRT1

EMDENEC

EMDRCOO1: 151

EMDR1€61

ENAGECO

ENCE1

ENEXCO

ENMARAO

ENXCVRO

ECTO

ERD1

EVDAT

EX0SCO

12-3¢6

MEANING
Destination stop - inhibits the
system clock from loading a destina-
tion. DCLK is stopped.
Data unavailable control line from
local memory - while this signal is

active, the data on the memory bus
is invalid.

Tristate output of ELMA MDR and
input to ELMA transceivers

Even data halfword memory operation
EDMA even data register clock signal
E field enable

EDMA fullword data write

Enable even half of EDMA data
register

EDMA MDR outputs used for driving
the MDS bus

Enable oscillator for memory to
ELMA data transmissicn

Noncorrectable error from memory on
an EDMA memory access

Enable external oscillator - for
maintenance rurposes

Enable MAT access

Enable transceivers for a processcr-
to-EDMA transceiver

End of transmission control line in
EDMA bus protocol

EDMA read

Even memory data operation for CPU
flip-flop

External oscillator connection - for
maintenance cnly

SCHEMATIC
LOCATION

9L1

uB2

Sheets 17,

6DY
N5
14F9
2NL

8G1

Sheet 17,

Sheet 18

5H3

10D7

SJ7

4Ge6

8H2

8H8

5G7

6GU

9F9

47-022 RO7



MNEMONIC

FADV1
FAULTO
FB

FBIR

FBRTRD
FERWRT

FCIN
FCOMHM
FCouT
FDA
FDAR
FDARO

FDAT

FDB
FLC
FDECT
FDRDY

FDUA

47-022 RO7

Advance flip-flop output in clock

single~step

Lights the FAULT lamp on the system

MEANING

control

control panel

The B flip-flor of CPU clock generator
Instruction read flip-flop indicating
an instructicn fetch on a fullword
memory address toundary

Rurst read flip-flop

Burst write flir-flop

Input control flip-flor fo; I1/C

operation

Communication module flip-flop for

I/0 operati

Output contrel flip-flop for I/O

operation

Flip-flop used for generating memory

to EDMA bus

Flip~-flop used for generating memory
to ELCHMA bus signals operation

Auxiliary FA used in the memory to

EDMA contro

Data control flip-flop for I/O
crerations - data on the S bus is
transmitted into the 1/0 bus.

Flip-flop used for generating memory

to EDMA bus

Flip-flop used for generating memory

to EDMA bus

Letected end of transmission flip-flop
used in burst read from local memory

Data ready flir-flop used for look-
ahead in burst read from local memory

Pata (from local memory) unavailable

flip-flop

on

csignals

1

signals

signals

SCHEMATIC
LOCATION
IE2

12G5

9J5

6G1

5M8

13A5

13C3

13H5

Sheet 5

Sheet &

5L2

13K4

Sheet 5

Sheet 5

2C9

5Ly

LE2
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SCHEMATIC

MNEMCNIC MEANING LOCATIOCN
FLCUSKXF Data unavailable skip flip~-flop - 4fF3
causes an added 50 ns cn the ur time
of CLK1
FEFW ECMA fullword flip-flop 5G8
FEIR Even address instruction read flip- 6G2
flop - used when instruction read
is started on a halfword boundary:;
suppressed on RR formats
FENCE The flip-flor that stores state of N2
ENCE1 ¢cn an EDMA access of memory
FFOT End of transmiesion flip~flop 3K8
FIR Farly read flip-flop 935
FERD ECMA read flip-flop 5G6
FINR Instruction read flip-flop 10G1
FLALDE lcad EDMA address flip-flop 244
FLADRA load first halfword of ELMA data 245
flip-flop
FLALRE Load second halfword of EDMA data 2Ny
flip-fleop
FLMROQ Local memory request flip-flop 2G8
FMREQ ¥emory reaguest flip-flop 2hu
FNCED Noncorrectable errcr flip-flop 10G6
indicates a detected multiple error
during a processor memory read
FCIR Cdd address instruction read flip- 6G2
flop - used when an instruction read
occurs on a halfword bcundary. Second
halfgord is feteched when FEIR is set.
FFA
FPB
FPC
FFD
FEE FLCHA protocol generating flip-flops Sheet 6
FPF
FFG
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MNEMONIC

FPPFO

FQEQT
FRD
FSCLK1

FSOT

GRRANCHO
GCATO

GDIRO

GENMAAA
GEOT

GGDIR1

GMATSTCPO
GRDC

GSIRC

HRLTO

HOSTA1

47-022 RO7

MEANING
Primary power fail - this signal is
generated on the CPU-A board and is
used to generate an I/0 device status
bit during sense status.
EOT queued fcr burst read to memory
Memory read cperation flip-flop

Skew clock flig-flop

Start of transmission flip-flop for
EDMA to local memory

SYNC flip-flcp for I/0C operations
When active, causes an MSTOP in order
to provide the ability tc single step
through the microprogranm

Fullword memcry operaticn flip-flop

Gated branch

Gate data frcm S bus tc I/0 bus

Gated decoded instruction read - this
signal is generated on the CPU-A. When
active, it indicates the attempt to
initiate an instruction read cycle.
Gated enable MAT access

Gated FOT signal

GLIPO is inhibited if the repeat
microinstructicn counter is not zero.

Gated MAT stcp

Gated memory read

Gated =econd instruction read -
queueing of the reguirement for a
csecond memory read when the instruc-
tion fetch is ¢n a halfwrod boundary

Halt honoring rrocesscr memory request

Hold EDMR prctocol oscillator stopped

SCHEMATIC
LOCATION

13G6

2G7

9ve6

2F4

13L5

53

4J6
848

10D1

4J4
6L 3

6N2
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MNEMONIC
I40
ILDMRO

ILocCo
IMAR
INHFSO
I0161:311
ICOP1

ICSTOFO

IRD001:151

IRXX0

LLCTRO

LDICO

LDMALC

LENZ271:301

LERO
LFLRO

LHWRTC

LINCT

LIR1

MEANING
Increment MAR ty 4 - an E field decode
Increment or locad EDMA MAR

Increment LOC - this signal occurs
during the calculate address sequence.

Increment MAR Lty 4.

Inhibit false SYNC test point - dis-
ables the generation of the I/Z0 false
SYNC escape

IC data bits received from multiplexor
bus

I/0 operaticn has been specified by
the microinstruction.

I0 =top to inhibit RCLK - prevents the
microinstructicn from changing during
I1/0 operaticns

Instruction register input data lines
that represent the CF CCDE, YD, and YS
fields

Used in the calculate address logic to

SCHEMATIC
LOCATION

12E3
NG

10C7

12J8

13N1

Sheet 13

13K5

13L6

Sheets 3,

10N2

inhibit the end of the calculate address

sequence on the first format completion

cf an RYRX fcrmat instruction

Load repeat counter

Load I/0

Load EDMA MAR

Length register bits

Local memory early read

Load flag register

Enables multiplexor to output
MPR16:31 to MDS00:15 for a write
even halfword '

Length increment for length register

Load instructicn register

12N8
12N9
M3
11N2
4N8
12L7

7N9

10M9

10R5

47-022 RO7



MNEMONIC
LIRCK1
LMAOB0:310
LMBSYC
LMDR1
LMREQO

LOALC

LPSTLO
LSSTDO

LWRTO

LYDIO

LYSIO

MARSTP1
MATSTCPO
MCLKO
MCHCLKO

MDHSA1

MDLCKO

MDLSA1

MDREO

MDS000:150
MDS160:310

47-022 RO7

MEANING
IR clock to load op-code
Memory address bus lines
Local memory busy
Load memory daia register
Local memory request

EDMA bus load =signal for address or
data

Load process segment table descriptor
Load shared segment tahle descrictor

Load write - enables the multiplexors
to drive MDSQ00C:310 to local memory

Ioad YD immediate - RI decoding of the

destination field that implies that the

YD portion of the IR is lcaded

Load YD immediate - RI decoding of the

E field that causes the YS field of the
IR to be lcaded from the least signifi-

cant U4 bits of the S bus. The register
specified in the destination field of
the microinstruction is also loaded.
Memory address register stop

MAT stop

Memory clock

MDK clock for MDROO: 15

Memory data register high (even)
select line for inputting to the MDR

MDR clock for MDR16:31

Memory data register low (odd) select
line for inputting to the MDR

Memory data register adder enable -
generated for the CPU-C board during
calculate address

Memory data hus

SCHEMATIC
LOCATION

10A3
Sheet 15
432
1289
274

8K7

12E1
12E1

N8

1249

12ES

9L1
4G4
gM8

734

7J6

7E3

1137

Sheet 17
Sheet 18

12~-41



MNEMCNIC

MLCSBO

MFAULTO

MOPCLK1
MREAD1
MSBCO

MSTOPO

NCEO

NOCNTC

OEDCLKO
OMDENEO

CPTSTEQ

0SCo

PA301
PDUA1

PMEHN1

PROSC1
PSBCO

PSEL1A

PSW1e1

12-42

MEANING

Memory data register select line for
inputting to the MLR

Memory fault indicates that a MAT,
NCE, or alignment fault interrupt is
rending. DSTCP is forced active until
the interrupt is serviced.

HSTOP or OPSTOF clock

Memory read

MAT to shared tank contrcller

Memory stop

Noncorrectable error from memory

No repeat counter operation

0dd ELCMA MDR clock

Cdd EDMA MDR enable to EDMA bus

Cpticen stop - this signal is gener-
ated by either the WCS or HPFPP options
to inhibit the microprcgram during
their operations.

Oscillator - buffered ocutput of the

20 MHz crystal cr the external
ocscillator divider florp

Program address bit 30

Procescor data unavailable

Processor attempt to initiate a memory
cycle

Protocol oscillator
Frocessor to shared bank controller

Frocessor selected for memory oper-
ation

Frogram status bits 18, 26, 27

SCHEMATIC
LOCATICN

7E2

9G1

11K8
6D2
4G7

9H4

10A6

11R4

9L8

4B6
4N1

4Dp8

6M9
uG?7

2N5

1GA7
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MNEMONIC
PSW261

PSW271
QUEO"

RCLKO

Rﬁ001
RDO11
RD021
RDO31
RDO41
RDO051
RLE121
RC131
RB141
RD150
RD161
RC240
RD251

RD261

'47-022 RO7

SCHENMATIC

MEANING LOCATION
Frogram status bits 18, 26, 27 13BS
Program status bits 18, 26, 27 1385
Queuve control ¥ine of EDMA protocol 6NS

RCM clock - this clock is inhibited by 9N8g

RSTOP and, when stopped, the micropro-
gram stops.

RCHM data register data bits fofming 6A2
the microinstruction

ROM data register data bits forming 4BS
the microinstruction

ROM data register data bits forming 4B6
the microinstruction

ROM data register data bits forming 1277
the microinstruction

ROM data register data bits forming 9G 1
the microinstruction

ROM data register data bits forming 9G1
the microinstruction

ROM data register data bits forming 1239
the microinstruction

ROM data register data bits forming 1237
the microinstruction

RCM data register data bits forming 1237
the microinstruction

ROM data register data bits forming 1237
the microinstruction

ROM data register data bits forming 14D8
the microinstruction

RCM data register data bits forming 14D8
the microinstruction

ROM data register data bhits forming 12E7, 12ES8
the microinstruction

ROM data register data bits forming 14D7
the microinstruction
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MNEMONIC

RD271

RD281:311

RDAX081:151
RCAT0OO01:151
RDAT1€1:171
RDFWO

RESCO

RFAULTO

RI20

RI2RX31

RMSR1
ER1
RSTOPO
RX21

RX2STEO

RX31

RXXSTCPO

S161: 211

SAFINR1

SCAF11

12-44

MEANING

RCM data register data bits forming
the microinstruction

ROM data register data bits forming
the microinstruction

Received data lines from EDMA
transceivers
Read fullword

Reset C flip~-flop of ELMA protocol
logic

Reset memory fault interrupts

Format ROM outrut that indicates that
the current op-code in the IR is a
48-bit immediate instruction

Format decoded signal that indicates
that a 48-bit format instruction is
being processed (RI2 or RX3)

Read MAT status register
Register~-to-register user instruction
ROM stcp

RX2 user instruction format

RX2 user instruction stop - this stop
allows the LOC to be incremented for
the calculate address.

R¥3 user instruction fecrmat

RX squared fcrmat instruction stop

S bus bits 16:31

Set A instruction read flip-flop

Set bit 29 - this signal, when active,
causes bit 29 c¢f the sensed I/0 status
to be set.

Set calculate address part 1 - causes
the CAP1 flir-flop to be set

SCHEMATIC
LOCATION

14D7

12R6, 12A"

Sheet 15
Sheets 15,
5A9

6M2

8F6

12H6

11F3

11HS

7C6
11H1
9L3
11HS

10N1

11H4

11H3

Sheet 14
10A2

13F7

10D3
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MNEMCNIC

SCLK1

SCLRd
SDFF1
SERO
SMBSY1

SOTO
SRO
SRXX1
STB1

Svo

SYNO

TACKOOO
TACKC10
TACKO20
TACKO30

TPCO

TRAPO

ULICO

ULYSJO

47-022 RO7

MEANING
Skew clock - delayed system clock.
This clock starts 50 ns after CLK1.
While CLK1 is stretched during its
up time, SCLK1 is stretched during
its down time.
System clear
Set data flip-flop
Shared memory early read

Shared memory tusy

Start of transmission control line of
EDMA protocol

Status control line for I/0

Set RX squared format instruction -
causes the calculate address logic
to be gqueued fcr RX squared format

Strobe

Set overflow caused by the I/0 systenm
when a false SYNC timecut occurs

SYNC control line of I/0 - response

from selected device to any I/0 control

line activation

Transmit acknowledge level 0
Transmit acknowledge level 1
Transmit acknowledge level 2
Transmit acknowledge level 3

Transmit priority chain line of
EDMA protocol

Signal generated by the CPU-A on
board test aid - this signal causes
MSTOP which stcps the microprogranm.

Unload I/0 deccded from the destina-
tion field of KL

Unload YSI

SCHEMATIC
LOCATION

N6

2D2
13K2
UN9
2G8

6R7

13C6

11H1

14J9

13N6

1311

1349
13A9
13B9
13B9

6N6

9A3

14G6

14H8
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MNEMCNIC

UMDRA1

WRT

X20

XREQC

YDC81

YDOSH1

YD101

YD111

YDCLKO

YDM10

YDP10

YS01
YsS11
¥Ys21

YS31

SCHEMATIC

MEANING LOCATION
Unload processcr MDR decoded from the 1447
destination field of the micro-
instruction
Write ip memcry line 4M3
This signal is generated during the 10H3

calculate address of an RX3 format and
defines the second level index MDR
data rather than the YS field of the IR.

Request line of EDMA protocol 6B6

User destination register select bits 3M2
8, 9, 10, and 11

User destinaticn register select bits 342
8, 9, 10, and 11

User destinaticn register select bits 3M2
8, 9, 10, and 11

User destination register select bits 3M2
8, 9, 10, and 11

Clock to increment, decrement, or load 3Du4
the YD field of the instruction register

Cecrement the YL field of the IR by 12E3
one - this is decoded from the E field
of the microinstruction.

Increment the YL field of the IR by 11E8
one - this is decoded from the E field
cf the microinstruction.

User source select bits 0, 1, 2 and 3 3M3
User source select bits 0, 1, 2 and 3 3M4
User source select bits 0, 1, 2 and 3 3My
User source select bits 0, 1, 2 and 3 3M4
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CHAPTER 13
4 MEGABYTE (4 MB) LCCAL BANK CONTROLLER (LBC)

13.1 INTRODUCTION

13«1.1 General

The memory system consists of 1 LBC and up to 2 Storage Modules
(STHMs) with a maximum main memory capacity of 4 Mb. The LBC used

is the 35-771F0u4,

13.1.2 Power Requirements

Table 13-1 provides the power requirements for the LBC board.

TABLE 13-1 FOWER REQUIREMENTS

MAXIMUM CURRENT DRAIN (AMPS)

VOLTAGE NOMINAL CPERATING OPERATING BATTERY
SYMBOL VOLTAGE (SELECTED) | (UNSELECTED) MODE

PEU +5.0 V 1.84A 1.8A 1.83

P5 +5.0 V 13.7A 13.7RA 13.7h%*

*PE supply may be depowered in the battery mcde.

13.1.3 Strapping and Test Point Information

The following test points are located on the front edge
35-771F04 LBC Bcard:

1. ECC Disable (TP1 and TP2, Sheet 5)

Strapping TP1 to TF2 disables the Error Check

of

the

and

Correction (ECC) circuit, thereby preventing correction
or detection of data errorse. The error logger cannot be

updated with the ECC disabled.

47-022 RO7
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13.1.

4

For normal ECC and error logger operation, TP1 and TP2
should be left unstrarpped.

TE3-TE4 Strap
TP3-TP4 must always be strapred for this systen.
P5U Monitor (TP6, Sheet 13)

The PEU supply voltage (+5.0 V + 1%) may be monitored at
TP6 using TP1, TP3, or TP7 for the ground reference.

MB1 Monitor (TP5, Sheet 13)

The MB1 flip-flopr may be monitored at this point using
Tp1, TF3, TP7, TP1G, or TP12 for the ground reference.

TP7-TE8 Strap

TP7-TP8 must always be left unstrapped for this systenm.
TP9-TE1C Strap

TP9 and TP10 must always be strapped for this system.
UCF Lamp Reset (TP11 and TE12, Sheet 7)

The UCE lamp may be reset by momentarily shorting TP11

and TP12. This feature must be used only by trained
personnel.

LBC LED Indicator Information

The following LED indicators are located on the front edge of the
35-771F04 LBC board:

13=-2

1.

P50 Indicator

The PSU indicator lights whenever the P5U supply is
active. The P50 supply remains active at all times
unless the REMOTE POWER switch (X5) or the MAINTENANCE
RESET switch 1is bplaced to the OFF position. Before
removing the LBC bcocard or STMs, verify that the PSU LED
is extinguished and that the KEY switch on the Systenm
Control Panel (SCP) is in the OFF position.

Jncorrectable Errcr (UCE) and Module TIdentification
Indicators

The Uncorrectable Error (UCE) indicator lights whenever
a Storage Module (STM) outputs a data word containing a
detectable multiple it error. When the UCE indicator
is 1it, the module ID indicators contain the 256 kb
module address where the last Read error occurred.

47-022 RO7



The UCE indicator remains 1it until the SCP INITIALIZE
switch is depressed, until the KEY switch is placed in
the OFF position, until an REL instruction is executed,
until a Read is executed to nonpresent memory, or until
TP11 and TP12 are shorted. When the UCE indicator is
off and the module ID indicators are on, they indicate
a memory access was made to the module specified by the
lamps, but the system is not equipped with that module.

13.2 FUNCTIONAL ANALYSIS
1321 Refresh

Refer to Figures 13-1 and 13-Z for refresh timing information.
The Storage Modules (STMs) wutilize MOS dynamic Random Access
Memories (RAMs) which require periodic refresh cycles at each of
the 128 1row address locaticns every two milliseconds. This is
accomplished Lty executing a single refresh cycle every 16
microseconds (cycle steal mode) or a 128 refresh cycle burst
every two milliseconds (burst mode). During any refresh cycle,
every memory chip within the system is selected and refreshed at
the same row locatione.

1699-2 000 200 400 600 800 1000 1200

===
Cme—1 '

ERO

L.

|

e s B o o
Il

RSELO

REF1

DASHED LINES = MEMORY NOT BUSY

Figure 13-1 Refresh Cycle Steal Timing
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13.2.1.1 Burst Mode

The burst mode is entered whenever the consolette INITIALIZE
switch 1is depressed or the KEY switch is placed to the OFF
position, causing the System Clear (SCLRO) 1line to go active.
SCLRO (13C3) <causes REF1 (13C3) to go active, enabling the
refresh address driver 11C (3M42) and zetting the MB1 flip-flop.
MBO sets +he TA001 flip-flor (16B6), starting the TA timer, which
causes MCIO (16S5) to go active and initiate the refresh cycle to
the STM(s). With MREFO (9G5) active, all STMs in the system are
enabled to perform the refresh cycle (refer to the chapter on the
STM fcr a detailed description).

When TA201 (13G8) goes high, the refresh counter (13J5 and 13M5)
is advanced and the MB1 flipr-flop (13K7) is cleared. This causes
MCCO (9G2) +to go active, ending the first refresh cycle. When
TA181 (13G8) goces low, the MB1 flip-flor (13K7) is directly set,
starting the next refresh cycle. This mode of operation
continues for 256 cycles allowing the DPR1 flip-flop (13J2) to be
clocked set and PFSD (13N2) to be activated. PFSDO (9R4) going
active causes the STM(s) F5S regulator to shut down, placing it
intec a low power standby mode and activating RCLCO (SN5). RCLC1
(13E4) causes the refresh counter (13J5 and 13M5) and the DPR1
flip-flor (13J2) to be cleared, allowing the 1.8 ms one-shot
(13M2) to time out and deactivate FFSD1. PFSDO (9R4) going
inactive causes the STM(s) P5S regulator to turn on, deactivating
RCLCO (9N5), thereby setting +the MB1 flip-flop (13K7) and
initiating a 128 <cycle burst,. A 128 <cycle burst is then
performed every 1.8 msec.

This mode of operation continues until SCLROQO is brought high by
returning the System Contrcl Panel KEY switch to the ON position
and timing out the initialize function. This <causes the END1
flip-flop (13F5) to be clocked set after completing a 256-cycle
burst, allowing the STB1 flip-flop (13H1) to be clocked reset at
the end of that burst. STB1 going low causes REF1 (13K3) and
REFO (13L3) to go inactive, allowing LMRYO (15N8) to be returned
high, indicating to the processor that the memory is ready to
accept a command. Memory refreshing is continued by performing
a single refresh cycle steal every 16 microseconds.

13e2¢1¢2 Cycle Steal Refresh

A refresh cycle steal is initiated whenever the free-running 16
microseccnd oscillator (13B2) clocks the REQ1 flip-flcp {13D2)
set, thereby allowing the R¥Q1 flip-flop (15K7) to queue up this
request, Flip-flop 07A (13E2) and the RSELO flip-flop (13F2) are
used to . further synchronize +the start and end of the refresh
cycle to prevent overlapping c¢f memory operations. Operation in
the refresh <cycle =steal mode is identical to the burst refresh
cycle, with the exception that only one cycle is executed anrd the
DPR1 flip-flop (13J2) is never activated.
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13.2.2 LBC Operating Modes

The LBC operates in a number c¢f different modes (refer +to Table
13-2) as determined by the states of ROK data lines RD011:031
(3E7), WRTO (3A6), LMAHWO (3A€), PSEL1 (3A6) and LMA190 (3A5) at
the time FRO (13G7) goes active. These signals are loaded into
transparent latches whose outputs drive the mode selector logic
consisting of cone of eight decoders 20F (14C3) and 20J (14C5) and
miscellaneous gate functicns (left half of Sheet 14). For any
given operation, certain mode decoder outputs go active (refer to
Table 13-2), setting up the control locgic for the specific data
manipulaticn required.

TABLE 13-2 LBC OPERATING MODES

1873-1
MM
AlA P
T|T|D|S
R{R|R|EIW RD
S[S|{S|L|R PROCESSOR OPERATIONS MODE DECODER OUTPUTS ACTIVE
DIR|T(I|T (See Sheet 14 35-771D08)
0|0jO|A[O|011{021]|031
11111/1]0f © 0 0 No Memory Operation
111111110 o 0 1 Store Byte SBY1, SPW1, SPWO
111}111|0] © 1 0 Store Halfwvord (Privileged)* SHW1, SPW1, SPWO
1111 1j0] o 1 1 Store Halfword (Data)w* SHW1, SPHW1, SPWO
11111, 10] 1 0 0 Test Error lLogger
(Store Byte) TELO, TEL1, SBY1
1(11171{0] 1 0 1 No Memory Operation
1111 1{1]0| 1 1 0 Store Fullword (Privileged)* SFW1, SFHO
1111110 1 1 1 Store Fullword (Data)* SFW1, SFHO
11171111} o 0 0 No Memory Operation
1111111 0 0 1 Read and Set Halfword RSTO, RST1, SPW1, ROAST1
1111141} © 1 0 Read Halfword (Privileged)*
(Fullvord Operation) PRFWO, PRFW1, RFW1, ROAST1
111{1}11] o 1 1 Read Halfword (Data)*
(Fullwvord Operation) PRFWO, PRFW1, RFW1, ROAST1
1111 1 0 0 Read Error Logger ELO, REL1 (active with
LMA190 high), ELST1
(active with LMA190 low)
111 1 0 1 Read Fullword (Instruction Read)*| PRFWO, PRFW1, RFW1, ROAST1
T{111]1]11] 1 1 0 Read Fullvord (Privileged)* PRFWO, PRFW1, RFW1, ROAST1
111 1]1) 1 1 1 Read Fullword (Data)* PRFWO, PRFW1, RFW1, ROAST1
P D
S M
EiW| A DMA Operatiocns
LIR| H
I|T| W
A|jOo| O
1111100} o Store Halfword SHW1, SPW1, SPWO
111j1}0]0] 1 Store Fullword SFW1, SFHO
1111 1{011] © Read Halfword
(Fullword Operation) DRFWO, DRFW1, RFW1, ROAST1
11111101 1 Read Fullword ’
(Fullword Operation) DRFWO, DRFW1, RFW1, ROAST1
11110 DMA Read and Set DRSTO
110]1 MAT Read and Set Reference Bit MATRSRO
011]1 MAT Read and Set Lirty Bit MATRSDO

*'LBC does not differentiate between privileged and data instruction.
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There are five basic functiocnal modec used by the LRC to

all operations. They are:

1« Store Fullword (Figure 13-3)

2. Store Partial Word (Figure 13-4) including:

store byte

store halfword

read and set

test error logger

3« Read Fullword or L[MA read (Figure 13-5)

service

4, Read Error logger Status (LMA190 low) (Figure 13-6B)

f« Read Error lLogger (LFKA190 high)

(Refer to Figure 13-€3)

47-022 RO7

NOTE

All read halfword cperations are
decoded as read fullword operations by
the LBC. Data steering for halfword
orerations is rerformed on the CPU-C
board.
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Figure 13-3 Store Fullword
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1702-2
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Figure 13-4 Store Partial Word
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Figure 13-6 Read Error Logger Status



Timing diagrams for the A and B timers are provided in Figures
13-7 and 13-8, Table 13-3 provides data and address bus
alignment 1infcrmation. The subsequent sections describe each of
the five basic functional mcdes.

1707 000 100 200 300 400 500 600

MBO

TAOO1

TAO021

TAO041

TA061

Lbhr

TAO081

TA101

TA121

TA141 |

TA161

TA181 i ]
- L

Figure 13-7 A Timer
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Figure 13-8 B Timer
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TABLE 13-3 MEMORY SYSTEM DATA AND ADDRESS BUS ALIGNMENT

1874-1

LMA 8 9 10 1112 13 14 1516 17 18 19|20 21 22 23|24 25 26 27|28 29 30 3 DATA
00 01 {02 03 04 05{06 07 08 09|10 11 12 13| 14 15 16 — 31
LMB REFO 1 2 3 4 5 6 32— 38
le——— REFRESH ADDRESS ——
MWA MWA

35-764F02 (STM) MEAO] 1 2 |BLK 000 l 010
ERROR LOG oJ1fj2[3]4]s 6|7l8
ADDRESS & WORD ST.

STATUS BIT MOD. NO./BLK Lc&.um SO S1 S2|BIT
28 29

A BUS 8 9 10 1]12 13 14 15116 17 18 19)20 21 22 23124 25 28 27128 20 !35 3

MDS 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 —» 31
ERROR LOG '

DATA 16 —=31
ERROR LOG ST.
STATUS BIT BIT
ELA ADDRESS A A A A ELAELA ELAELA ELAELA ELAELA

BUS 10 11 12 13 04 05 06 07 08 09 10 11 CE
EL WRITE A A A A WA WA S S S S S s s
ADDRESS 0 11 12 13 0 1 0 1 2 3 4 5 8
EL READ AL A A A A A A A A A AD AD AD
ADDRESS 10 11 12 13 14 15 16 17 18 19 2 1 0

L0¥ TZO-Lt




13.2¢2¢1 Store Fullword

A store fullword cycle is initiated at the processor by setting
up the write data lines MDS000:310 (2A4), address lines
LMAO8C:310 (3A1-3R9), write control line WRTQO (3A6), and mode
controcl lines DMAHWO (3A6), PSEL1, and RD011:031 (3A7). After
these lines are set up, the processor generates an ERC (13G7),
clocking the MB1 flip-flop set, thereby starting the memory
cycle. MB1 goiny active causes write data to be latched in the
input data register (2G8), addresses to be latched in the address
register (33), and the control 1lines in their respective
registers (3A6). MBO having set the TA timer flip-flop (16B86)
causes MCIO (16S5) +to gc active, 1latching up the address
presented on LMB001:151 (3Ef,3K2) into the STM selected by 1lines
MEA030:000 (9G). After satisfying the STM address hold time, the
EA0 flip-flop (16R5) is set, thereby tristating the LMB001:151
address drivers (3EE£,3K2). TA101 (2R4 and 15B2) going active
enables the input data register (2G8) and the data bus drivers
(Sheets 8 and 9), placing the word to be written onto lines
D000:310 and LMBOOC:310. Lines D000:310 are input to the parity
generators (u4C5,U4F5), whose outputs FQ00:060 propagate through
the write parity register (7F7) onto 1lines GP000:060. This
causes the parity data to be rlaced onto lines LMB321:381 by the
parity data drivers (9E8). TAA121 (15A4) causes WEO to go low,
activating MWEO (9G3), allowing the data present on 1lines
LMB001:381 to be written into the selected STM. Following the
removal of WE1 (14J3), NCLR1 (14R4) goes active, clearing the MB1
flip-flop (13K7) which enables MCCO (9G2). With MCCO activated,
the write cycle is completed and CLKOD (15M9) causes LMBY) to go
high, signaling to the processor that the memory is no longer
busy.

132422 Store Partial Word

A store partial word cycle is initiated in the =same way as
described 4in the store fullword description. The cycles differ
in that the word to be modified must be read from the STM before
performing the write. This is necessary tc allow new parity data

to be generated from the modified word. The following
description continues from the point just prior to enabling the
input data register, as described in the store fullword

operation.

WDENO (2R4) going active enables the input data register (2G8),
placing the byte (store byte operation or test error 1log
operation) or halfword (store halfword operation) of write data
onto data lines LC000:310. WDENO (14K9) also activates LDBYO1:31,
causing DO000:310 to be loaded into the Good Data Registers (GLR)
" (Sheet €).

NOTE

WDENO does not go active during a read
and set operation.
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TR161 (1561) going active setc the RE1 flip-flop (15J3) which, in
turn, activates the Uncorrected Data Register (UDR) (Sheets 8 and
9) and MREO (9G1). The SIM responds in 2840 nanoseconds by
activating MRDSO (9G6), signaling that lines LMB0O1:381 have been
loaded with the read data. RDSO causes the RE1 flip-flop (15J3)
to be reset, removing MREO (9G1), latching the UDR (Sheets 8 and
9) and starting the TB timer (16B2). Data lines D000:310 and
UP000:C60 propagate through the parity checkers (Sheets 4 and 5),
generating the Error Check and Correction (ECC) syndrome code on
lines P000:060. If no data bit errors are generated, the
syndrocme code lines are all lcw deactivating MERO (5N2). If a
single data bit is in error, MERO goes low along with one output
from the DC error decoder (5J8) and one output from the DA or DB
errcr decoder. One of the ccrrecticn lines EB000:310 (Sheet 6)
or EPB000:06C (7C4) goes high, causing the data bit in error to
be input to the GDR (Sheet 6) or Good Parity Register (GPR) (7F4)
to be <corrected (inverted). If any two data bits are in error,
MERO goes 1low, correction lines EB000:310 and EPB0O00:060 remain
low (no <correction), and the uncorrectable error decoder (7M5)
goes lcw allowing the UCEOQO flip-flop (7N4) to he activated. UCEO
at AOI gate 20K (15B2) prevents activating ED1 and EDO when the
modified word is written back into the STM, causing all logical
ones tc be stored in the STM. This is necessary because the new
parity data generated could otherwise make the data appear error
free cn subsequent reads frcm this location. TB021 (14G9) going
active <causes LDGP1 (read and set or test error logger operation
only) and select LDBY01:31 lines (14M7) to go active, thereby
loading the part of the wcrd not to be modified into the GDRs
(Sheet 6). TB080 (14G9) going low deactivates LDBY01:31 and UDDO
(15L4) and activates GDL1 (15N4), placing the modified word onto
lines D000:310 (Sheet €). New parity data is generated from this
word and arppears on lines F000:060 (Sheets # and 5) which are
loaded intn the write parity register (7F7) and output on lines
GF000:060.

NOTE

A test error logger operation does not
store away new parity data, but it uses
the old parity by enabling the GPR
(7E4) onto lines GP000:060.

A read and set operation differs from the above description in
that the entire wcrd from the STM is locaded into the GDR and, in
turn, cutput to the processor from the output data register (see
read fullword oreration for descrirticn). Additicnally, the most
significant bit of the halfword D000 or D16C (15G6), as addressed
by TLMA140, is set on write data line DOOOA or D1602 (15K6) if
MATR3C, DMARSO, or RSTO are activated. DO20A is set on write
data line LCO20R if MATRSDO is activated.

TBB141 (1532) activates ED1 and EDO, placing the modified word
data and parity data onto lines IMB001:381 (Sheets 8 and 9).
TB161 (15A4) causes WEO and MWEO (9G3) to go active, placing the
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STM in the write mode. WE1 (14J3) going inactive causes NCLR1
(13G9) tc reset the MB1 flip-flop (13K7), -enabling HCCO (9G2).
LMBYO (15N8), having gone high at the previous edge of CLKOD,
signals to the processor that the <cycle 1is complete and the
memory is no lcnger busy.

A DMA read and set and MAT read and set operation is similar to
a regular read and set coperaticn, except that only bit 0 is set.

A MAT read and set dirty bit is also similar to a regular read
and set operation except that bit 2 is set.

13¢2¢2¢3 Read Fullword

A read fullword operation begins with the processor setting up
the address bus and contrcl lines to their appropriate states
followed by the initiation c¢f the cycle with ERO (13G7) being
activated. ERO sets the MB1 flip-flop (13K7), causing the
address register {(3B) and ccntrol. registers (3B, 3E) to be
latched and the TA timer flip-flcocp (16B6) to be set. Lines
MX011:031, L¥B001:1%51, and MEAQ00:030 (Sheet 9) are presented
with the address which is latched into the selected STH by MCIO
(16S5). After satisfying the STM address hold time, EAO (16S4)
going active tristates the address drivers (3E5,3J3,9K9).

TA161 (15G1) going active sets the REY1 flip-flop (15J3) which, in
turn, activates the UDR (Sheets 8 and 9) and MREO (9G1). The STHM
responds in 240 nanoseconds by activating MRDSO (9G6) signaling
that lines LMB0O0O1:381 have been loaded with the read data. RDSO
caucses the RE1 flip-flop (15J2) to be reset, removing MREO (3G1),
latching the ULR (Sheets 8 and 9) and starting <the TB timer
(16R2). Lata lines D000:310 and UP000:060 propagate through the
parity checkers (Sheets 4 and 5), generating the Error Check and
Correction (ECC) syndrome ccde on lines P000:060. If no data bit
errore are generated, the syndrome code 1lines are all low
deactivating MERC (5N2). If a single data bit is in error, MERO
goes low along with one output from the DC error decoder (5J8)
and one cutput from the DA ¢r LB errcr decoders. One of the
correction 1lines EB000:310 (Sheet 6) or EPB000:060 (7C4) goes
high, causing the data bit input to the GDR (Sheet 6) or GPR
(7F4) to be <corrected (inverted). If any two data bits are in
error, MERO goes low, correction lines EB0Q00:310 and EPB000:060
remain 1low (no correction}), and the uncorrectable error decoder
(7M5) goes 1low, allowing the UCE0O flip-flop (7N4) to be
activated.

TBO80 causes lines LDBY01:31 and LDGP1 (14M6) to lcad and enable
the GDRs (Sheet €6) and the GPR (7F3), placing the data
(corrected) ontc iines L000:310 and GFO00:060. OLDD1 (16N3) going
active places this data ontc the MDS000:310 lines (2A5) for the
processor. If an error has been detected, TBRB101 (15A1)
activates ED1 and ELO enabling the write data drivers (Sheets 8
and 9) onto LMB001:381; TEB121 (15A3) activates WEO, enabling
MWEC (9G4); and WEQ (14J3) going inactive causes NCLR1 (13G9) to
reset the ¥MB1 flip-flop (13K7). If no errors were detected, NE1
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(1432) going active causes NCLR1 (13G9) to reset the MB1
flip~-flop (13K7). CLKOD (15M9) going active with DUAO inactive
raises the LK¥BYO line, signaling to the processor that the memory
is no longer busvy.

1342.3 Read Error logger (Including ECC Description)

The errcr logger consists of a 16k x 1 (four 4k x 1 RAMs) buffer
(101L8), an address multiplexor (10E1), a 16-bit shift register
(10K1 and 1062), a shift address generator (10B3), a syndrome
code register (10C8), twe Error Status flip-flops (10K4), and
contrel circuitry (Sheet 10).

13¢2+43.1 ECC Circuit Description

The Error Check and Correction (ECC) circuitry (Sheets 4 through
7) ccneists of parity/syndtone generators P000:060 (Sheets 4 and
5); error detector MERQ (5M3); first-level error decoders DAO:7,
DB0O:7, and LCCO:7 (5J7); correction bit decoders EB000:160 (Sheet
6) and EPB00G:060; uncorrectatle error detector (UCEO) with LED
display indicator (7M5 and 7FK7); and Exclusive-OR bit correction
gates (Sheets 6 and 7). The ECC code implemented provides
detection and <correction ¢f all single-bit errors and detection
of all double-bit error combinations.

The Error Correction Code (ECC) logic is used to generate the
rroper parity bits (POO:F06) when writing into the STM
(LMB32:LMB37) or to check the 39-bit data word read from the STM.

When writing into memory, the data to be written is available on
DoQo:D31. The seven parity bits (UP00:UP0O6) are forced low. The
resulting parity bit (PO0O:P06) outputs, along with the 32-bit
data word, are written to the STM. (Refer to Table 13-4.)

Reading from the STM fetches a 39-bit data word, which is
precvided on the inputs c¢f the ECC logic (D0O:D31 and P0O0:06).
The syndrome output should be all zero if there is no @rrore.
(Refer to Table 13-5.) The syndrome output bits (POC:P06) are
deccded to correct any single-bit errcr. Refer to Table 13-5 for
decoding the syndrome bits after a read operation.
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TABLE 13-4 ERROR CORRECTION CODE (ECC) LOGIC TABLE
1003
PARITY TO BE
WRITTEN ON WRITE DATA TO BE WRITTEN ON WRITE FORCED LOW ON WRITE
s > N - 2% — \
P00:06 D000:310 (LOW ACTIVE BUS) UP00:06
I
o[1]2]3falsle]| Hol|1]2]3]2]s 7 N8 o J10]11 §12]13]1a [15]16]17 |18 |19 20[21 |22 | 23§24 [25 |26 |27 | 28]|29 |30 |31 2 (3|4 P
x| xIx| Ex|x]x X i x X X x |x 0DD
X X xIxix| [x x| Ix H X x| |x X X EVEN
X x| [xIx] [x|x X X X x| fIx X X x [x X 0oDD
X X x [ x[x x B [x]x]x x [x]x X X X EVEN
X x| x | x|x X |x | x|x x| x [ x]|x “ X X X 0DD
X x |x [ x [x Bx [x|x|x B Ix fx [ Ix [x [x EVEN
X x D Ix Ix Ex Dx Ix I x fx x [ x fx fx EVEN
X = BITS USED TO GENERATE SYNDROME ,
N J ~— _J

N
ON READ SYNDROME

OUTPUTS SHOULD BE ZERO
IF NO ERROR

DATA READ FROM THE STM

EXAMPLE: DATA TO BE WRITTEN = X'00000000' PARITY GENERATED = 1001000

DATA READ AFTER WRITE = X'80000000' PARITY READ = 1001000 SYNDROME RESULT = 1100100 DATA BIT 0 ERROR (SEE TABLE 134)
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ECC SYNDROME CODE (Continued)

TABLE 13-5
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TABLE 13-5 ECC SYNDROME CODE (Continued)

S000 | SO10 | S020| S030 | SOU4O | SC50 | S060 | ERROR | LCCATION
1 1 0 0 0 C 0 ME 96
1 1 C 0 0 0 1 ME 97
1 1 0 0 C 1 0 DRBR29 98
1 1 0 0 0 1 1 ME 99
1 1 C 0 1 0 o] DBO 100
1 1 C n 1 0 1 ME 101
1 1 0 0 1 1 0 ME 102
1 1 0 0 1 1 1 ME 103 6
1 1 0 1 C 0 0 DB5 104
1 1 0 1 Q 0 1 HE 105
1 1 0 1 0 1 0 ME 106
1 1 0 1 0 1 1 ME 107
1 1 0 1 1 0 0 ME 108
1 1 0 1 1 0 1 ME 109
1 1 0] 1 1 1 0 ME 110
1 1 C 1 1 1 1 ME 111
1 1 1 0 0 0 0 DBY 112
1 1 1 0 ¢ G 1 ME 113
1 1 1 0 0 1 0 ME 114
1 1 1 0 0 1 1 ME 115
1 1 1 0 1 0 0 ME 116
1 1 1 0 1 0 1 ME 117
1 1 1 0 1 1 0 ME 118
1 1 1 0 1 1 1 ME 119 7
1 1 1 1 0 0 0 ME 120
1 1 1 1 0 0 1 ME 121
1 1 1 1 0 1 o] ME 122
1 1 1 1 0 1 1 ME 123
1 1 1 1 1 0 0 ME 124
1 1 1 1 1 0 1 ME 125
1 1 1 1 1 1 0 ME 126
1 1 1 1 1 1 1 ME 127

NOTE
PB = Parity Bit
DB = Data Bit
ME = Multiple Bit Error
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During a faulty read operation, data from the STM is input to the
parity check generators causing one or more parity/syndrome lines
P000: 060 to go high and activating MERO (5N2). These 1lines are
also input to the first level decoders (5J5-5J8), vwhose outputs
are further decoded by the correcticn bit generators (Sheet € and
7C3). Jf a single-bit error is detected, one correction 1line
EBOO0O:160 or EPB000:060 goes high (active), correcting the bit in
€L ILOr. If the error detected was not a single bit error, lines
EB000:160 and EFBO00:060 remain low (no correction) causing UCEQ
(7N3) to go active and 1latching the address (1 of 4) of the
faulty STM in the uncorrected error display (7R7).

1362.3.2 Error lLogger Descrirption

The error logger records all detectable single and multiple bit
memory erTrors. (Refer tc¢ Table 13=-57. The error logger is
divided in two, with the first half covering the lower 4 Mbs of
memory and the other half covering the upper 4 Mbs of memory.
The system only uses the first half of the error logger since

there can only bhe 4 ¥Mbs maximum. An error can be detected down
to the 16k level.

Errors are recorded as follcws: ©parity/syndrome lines PO00:060
are latched 1in the syndrome register (10C8) whose outputs
S001:C51 are steered onto errcr logger address 1lines ELROL:11,
along with the word address lines WAOOO and 010, via the address
multirlexors (1001 and 10D3). Line §S061 1is wused, alecng with
BA09, as the error log RAM chir enable (CE) decode. BAO9 selects
between the lower 4 Mb 4k x 1 RAMS, 17k and 14% (1056 and 10M6),
and the uprer 4 Mb ULk x 1 RAMS, 16k and 15k (10J8 and 10M8).
5061 selects between the twc RAMs selected by BAO9, placing all
even errors (refer tc Table 18«6) into U4k x 1 RAM 17k or 16k, and
all odd errors into U4k x 1 RAM 14k or 15k. STM module select
lines ELMA11:31 and ERLAO1 (1CJ6, 10J8, 10L6é, and 10L8) are input
directly to the 4k x 1 RAMs as most significant addresses. ME1
(10H4) and MEO (10N6), having gone active, cause a 1low to be
written into the address lccation c¢f the selected RAM, and set
either flipr-flcp 02M (10K4) urper half of the error 1logger or
flip~flep OfK (10KE), lower half of the error logger. These two
flip-flops represent the status of their respective error 1logger
halves.

There are two operaticns provided for obtaining error 1logger
information, read error logger status, and read error logger.
Both crerations are initiated by sending the read error 1logger
code on lines RD011:31 and setting address bit LMA190 for a read
errer logger status or revettlng address bit LMKA190 for a read
error logger oreration.

A read error logger status cperation responds with 1line MDS160
being =set 1if the error 1lcgger contains error information, or
rteset if no errors have been stored. LMAO90 is wused ¢to select
between the =status for each errocr logger half; if LMRAO90 is
reset, MDS160 returns status for the lower half of the error
logger, and if LMAQO90 is set, MLS160 returns status for the upper
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After loading the shift registers, their contents are enabled
onto lines D160:310, which output onto lines MDS 160:310 by the
output data register (Sheet 2). AD31 (14J2) going active causes
NCLR1T (13G9) to reset the MB1 flip-flop (13K7), readying it to
accept the next ERO. RCARO (10M3), having gone active, allows
the ELDUA1 flip-flop to be reset, removing DUAQO (15M8) and
causing LMBYO (15NB) to be deactivated on the next transition of
CLKOD.

13.3 MNEMONICS

The following is a list of the mnemonics used on the LBC board.
The meaning and 35-771D08 schematic source of each signal are
provided.

SCHEMATIC
MNEMONIC MEANING LOCATION
A080O:A310 Internal address bus lines Sheet 3
ATLO1:RD31 Shift counter bits 10E6
PMCIC Buffered memory cycle initiate 9R6
BRSCLRO Buffered system clear 9R Y
CAR1 Refresh counter carry 13HS
CB011:CB031 Control bits 3G8
CLKOPD Buffered processor clock 10Dy
CLK1C Processor clock 9N 8
CLK1D Buffered processor clock 958
CLRO Cycle steal clear 13D2
CLROB Clear DU circuit 15E7
CLTB1 TB timer feedback 16A1
CPER1 Buffered cache parity detect 16R8
CVF1 Clear voltage fail detector 14E8
p000:TC310 Internal data bus lines Sheets 2,6,8,

9,10, 11
DOOCA Test and set bit 15K5
D160A Test and set bit 15K6
DAO:DRA7 First-level error decode bits 5K6,5K7
DBO:DB7 First-level error decode bits 5K5,5K6
DCO:DC7 First-level error decode bits 5K8,5K9
DERRO Disable error correction line 5G6
DHWO Buffered CMA halfword line 3D6
DMAHWO DMA halfwcrd 1line 3A6
DPR1 Depower line 13K2
DRFWO/1 DMA read fullword 14E7
DERSTO DMA read and set 14D1
DSFWO DMA store fullword 14Dy
DSHWO DHA store halfword 14D3
DUAG/1 Data unavailable 15N7
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MNEMONIC

EARO/1
EBOOO:EB310
EDO/1
ELMAOO:30
ELO
ELAO4:sELA11
ELDUAO/1
ELST1

END1
EPBOOC:EPB310
ERO

EWE1

FNPMO/1

GDD1
GP000:GP060

LDO1

LDO02
LDBYC1:LDBY31
LDGP1

LDOD1
LMAOBC:310
LMBOC1:381
LMBYO/1

MATRSTO
MATRSRO

MBO/1

MBORA

MB1A

MB1B

MB1C

MCCO

MCIO
MDS000:MDS310
MEO/1
MEAQCOO:MEAQ30
MERO

MERA1

MRDSO

MREO

MREFO
MVFO
MWROO1
MWRO11
MWEO

47-022 RO7

MERNING

Enable address flip~flop
Data bit correction lines
Enable data 1lines

Module address to error log
Error logger select line
Error logger address lines
Error logger data unavailab

Error logger status select line

Standby end flip-flop
Parity bit correction lines
Memory cycle start

End write enable flip-flop

Nonpresent memory flip-flop

Good data disable flip-flop
Good parity lines

Frror logger RAM output
Error logger RAM output
Load byte

Load good parity 1line
Load output data register

Local memory
Local memcry
Local memcry

MAT read and
MAT read and

address lines
bus lines
busy flip-flop

set dirty bit
set reference

Memory busy flip-flop
Buffered memory busy lines
Buffered memory busy lines
Buffered memory busy lines
Buffered memcry busy lines
Memory cycle complete 1line
Memory cycle initiate line
Processor data bus lines
Memory error flip-flop
Memory expansion address 1i
Memory error detect line
Memory error detect line
Memory read data strobe
Memory read enable control
line
Memory refresh 1line
Memory voltage fail
Memory word address line
Memory word address line
Memory write enable control
line

ger

le

bit

nes

SCHEMATIC
LOCATION

16S 4
Sheet 6
15G1
362,3G3
14HS
Sheet 10
10Nu
14H5
13F5
Sheet 7
13G7
15F3

14S5

15N4
7H2,7H4

1018

10E8

Sheet 14
14M5

16K9

Sheet 3
Sheets 3,8,9
15N8

14D1
14D1
13K8
13N7
1387
13N8
13N8

9G2

16R5
Sheet 2
15L2
9G1,4
15N1,5N2
15F8,5N6
9G6

9G1

9G5
gN8
9G3
9GS
9G3
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MNEMONIC

NCEOQ
NCLR1
NEO/1
NPMO
NVAL1

0DD1

PO00:PO60
PFSDO/1
PRFWO/1
PSBYO
PSEL1
PSEL1A
PSFWO
PSHWO
PUIO

CWEO
QWMO/1

RCARO
KCLCO/1
RCLRO
RCTO/1
RDO11
RD0O21
RDO0 31
RLS0/1

REO/1
REF0/1
REFOQA

RELA1

KEQ1
RFAO:RFA7
RFQ1

RFW1
ROAST1
RSELO
RSTO/1
RURE1

S5000:5060
SBY1
SCLKOA
SCLK1
SCLK1A
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MEANING

Noncorrectaktle error line
Normal clear line

No error flip-flop
Nonpresent memory line
Valid RAM data output

Output data disable

Parity/syndrome bits

P5 shutdown lines

Processor read fullword 1line
Processor store byte line
Processor select line

Buffered prccessor select line
Processor stcre fullword 1line
Processor store halfword 1line
Power-up initialize line

Quadword enable line
Quadword mode lines

Ripple carry 1line

STM refresh clear lines

Internal refresh clear line

Refresh clear time select lines

ROM data line

RO¥ data line

ROM data 1line

Buffered memory read data
strcbe lines

Read enable flip-flop

Eefresh mode control lines

Buffered refresh mode control
line

Read error logger line

Cycle steal request flip-flop

Refresh address bus

Refresh queue fligp-flop

Read fullword contrcl 1line

Read and/or set control line

Refresh cycle steal select line

Read and set control lines

Data bus control line

Syndrome bit lines

Store byte control line
Buffered processor shift clock
Processor shift clock

Buffered prccessor shift clock

SCHEMATIC
LOCATION

958

1uRY
15N2
14R 4G
12N3

16N3

Sheets 4,5
9R Y

14H5

14D2

3A6

3D6

14D4y

14D3

13F4

16S7
16S8

10L3

9N5
13F5,13H4
13G9,13L4
3E7

3E7

3E7

9R5

15K3
13N3
13J3

14H5
13D2
13N5
15L6
14G6
14H6
13G4y
14H2
1447

10D08,10D9
14H2

10D4

9N8

957
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MNEMONIC

SCLRO
SCLRORA
SCLROB
SCLROC
SCLR1B
SFWO/1
SHIFT1
SHW1
SPWO/1
STBRO/1

TRACO1:TA201
TBO01:TB1€1
TELO/1

UCEO0/1
UuDDO/1

UFP1
UPOOC:UP060

VALO/1
VF1

WAOQ0/1
WA010/1
WCO
WCCO/1
WDENO
WEOQ/1
WRTO
WRTOA
WRT1

XRP1
XRP2
XRP3
XRPUL
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MEANING

Systems clear relay contact
Systems clear 1line

Buffered systems clear line
Buffered systems clear line
Buffered systems clear line
Store fullwcrd lines

Shift register advance line
Store halfwcrd 1line

Store partial word line
Standby mocde flip-flop

TA timer cutrputs
TB timer ocutputs
Test error logger control lines

Uncorrectable errcr flip-flop

Uncorrectable data disable
flip-flop

P5U pullug

Uncorrected parity bit lines

Valid bit data input
Voltage fail flip-flop

Word address counter bits
Word address counter bits
Word counter carry

Word counter carry

Write data enable line
Write enable lines

Write contrcl 1line

Buffered write control line
Buffered write control line

P5 pullap
PE pullup
PS5 pullup
PS5 pullup

SCHEMATIC
LOCATION

1313
13RA3
13G4
13A4
1323
14HU
10L2
14H4
14H2
13H2

Sheet 156
Sheet 16
14H2

TRY
1513

13F1
9J8

12H1
13N4

3S5
3S5
3S8
357
14M9
15E3
1331
3M1
14A3

15N3
14K3
357

10Ny
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CHAPTER 14
STORAGE MODULE (STM)

14.1 INTRODUCTION

The STM is a random access memory {(RAM) using either 16 k or 64 k
dynamic MOS RAM chips as the storage element. Depending on the
STM's functional variation, the total memory per STM is either
256 kb (F01), 512 kb (F02), 1.024 Mb (F03), or 2.048 Mb (FO4).
The STM has on-board 4-way interleaving capability. The 39-bit
data field is broken into 32 data bits and 7 parity bits. A
organization 1list of the STM variations is shown in Table 14-1.
A block diagram of the STM is provided on Sheet 1 of 35-764D08.
A description of each block is given in the following sections.

TABLE 14-1 FUﬁCTIONAL'VARIATIONS

MEMORY STORAGE

PART NO. VARIATION CAPACITY ORGANIZATION ELEMENT
35-764 Fo1 256 kb 64 k x 39 16 k x 1
FO2 512 kb 128 k x 39 16 k x 1

FO3 1.024 Mb 256 k x 39 64 k x 1

Fou 2.0u48 Mb 512 k x 39 64 k x 1

18.1.1 Module Select

Fach STM contains a set of binary coded switches that permit
proper selection of that STM when placed in the system. Figure
14-1 shows a component blcck layout of the GSTH. Figure 14-2
shows the binary coded switches (module select switches) in more
detail. The actual switch settings depend on the memory
configuration. Tables 18-2 and 14-3 show the module select
switch settings for all possible memory configurations.

14.1.2 Memory Configurations
The basic system contains one LBC and one STM. The <ingle STHM

can be either a 256 kb (F01), 512 kb (F02), a 1 Mb (F03), or a 2
Mb (FOUu4) module. Referring to Figure 14-1, the only Jdifference



between the four versions of the STM is the number and type of
dynamic RAMs placed on the board. The 512 kb (F02) modules
contain 16 k, 5 V only RAMs in blocks A, B, C, and D. The 1 Mb
(FO03) modules contain 64 k, 5 V only RAMs in blocks A and B only.
Two (2) Mb (FO4) modules contain 64 k, 5 V only RAMs in blocks A&,
B, C, and D.

Many memory expansions are possiblé, up to 4 Mb. Tables 14-2 and
14-3 list all the possible combinations of STHMs for the nmemory
systeme.
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TABLE 14-2 MEMORY CONFIGURATIONS (35-771 LBC)
CHASSIS - STORAGE
SLOT STM TYPE|MEAO30|MEAO20| MEAO10{ MEAOOOQ| CAPACITY
BASIC SLOT 14 FO1 0 - 0 0 0 256 kb
SYSTEMS SLOT 15 (none) - - - -
SLOT 14 F02 X 0 0 0 512 kb
SLOT 15| (none) - - - -
SLOT 14 FO3 X X 0 0 1,024 kb
SLOT 15| (none) - - - -
SLOT 14 Foy X X X 0 2,048 kb
SLOT 15| (none) = - - -
POSSIBLE SLOT 14 FO1 0 0 0 0 512 kb
EXPANSIONS SLOT 15 FO1 1 0 0 0
SLOT 14 FO2 X 0 0 0 768 kb
SLOT 15 FO1 "0 1 0 0 |
SLOT 14 FO2 X 0 0 0 1,024 kb
SLCT 15 Fo2 X 1 0 0
SLOT 14 FO3 X X 0 0 1,280 kb
SLOT 15 FO1 0 0 1 0
SLOT 14 FO3 X X 0 0 1,536 kb
SLOT 15 FO2 X 0 1 0
SLOT 14 FO3 X X 0 0 2,0u8 kb
SLOT 15 FO3 X X 1 0
SLOT 14 Fouy X X X 0 2,304 kb
SLOT 15 FO01 0 0 0 1
SLOT 14 FOy X X X 0 2,560 kb
SLOT 15 FO2 X 0 0 1
SLOT 14 Fou X X X 0 3,072 kb
SLOT 15 FO3 X X 0 1
SLOT 14 FOuy X X X 0 4,096 kb
SLOT 15 Fouy X X X 1
X means "Don't Care"
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TABLE 14-3 MEMORY CONFIGURATIONS (35-806F02 LBC*)
CHASSIS STORAGE
SLOT STM TYPE |MEARO30|MEAO20|MEAO10{ MEAOOO| CAPACITY
BASIC SLOT 14 FO2 0 0 0 0 512 kb
SYSTEMS SLOT 15 (none) - - - -
SLOT 14 FO3 X 0 0 0 1,024 kb
SLOT 15 (none) - - - -
SLCT 14 Fou X X 0 0 2,048 kb
SLOT 15 (none) - - - =
POSSIBLE SLOT 14 FO2 0 0 0 0 1,024 kb
EXPANSIONS| SLOT 15 FO2 1 0 0 0
SLOT 14 FO3 X 0 0 0 1,536 kb
SLOT 15 F02 0 1 0 0
SLOT 14 FO3 X 0 0 0 2,048 kb
SLOT 15 FO3 X 1 0 0
SLOT 14 Fou X X 0 0 2,560 kb
SLOT 15 FO2 0 0 1 0
SLCT 14 ) X X 0 0 3,072 kb
SLOT 15 FO3 X 0 1 0
SLOT 14 FOu X X 0 0 4,096 kb
SLOT 15 Fou X X 1 0
X means "Don't Care"

*The 256 kb (F01) STM cannot be used with the 35-806F02 LBC
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TABLE 14-4 BUS LINE FUNCTIONS

LMB| R/W MODE ADDRESS NAME .| REFRESH MODE ADDRESS R/7W DATA
001 { Row Add AC Ref Address Data Bit 0
011 | Row Add A1 Ref Address 1
021 | Row Add AZ Ref Address 2
031 | Row Add A3 Ref Address 3
041 | Row Add AY Ref Address 4
051 { Row Add AE Ref Address 5
061 | Row Add A6 Ref Address 6
071 [ Column Add A7 7"
081 [ Column Add A8 - 8
091 | Column Add AS 9
101 | Column Add A10 10
111 | Column Add AN 11
121 | Column Add4d A12 12
131 | Column Add A13 13
141 | Chip Row Access (MS) | A1y 14
151 | Chip Row Access (LS) | A15 15
161 |Quad Word Enable QWEO 16
171 | Data 17
181 18
191 19
201 20
211 21
221 22
231 23
241 20
251 25
261 26
271 27
281 28
291 29
301 30
311 ' ' 31
321 |Check Bits Check Bit 00
331 01 -
341 02
351 03
361 ou
371 05
381 % v 0€

MX021 Memory Expansion *Cclumn Address

MX031 Memory Expansion *Row Address

* Expanded address lines for F03, FO4 STMs using 64 k RAM chips

47-c22 RroO7
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14.1.4.2 LMB 001:061

During the address time of the bus function, LMB 1lines 0:6
contain the address of one of the 128-cell rows within each RAH
chip in the array. This address is latched by the STM.

14.1.4.3 LMB 071:131

During address time of the bus function, LMB 1lines 071:131
contain the address of one of the 128-cell columns within each
RAM chip in the array. This address is latched by the STHM.

14.1.4.4 LMB 141:161

During the address time of the bus function, LMB 1lines 141:151
enable access to one of the U4-word rows in either the A or B
array. LMB line 161, when low (inactive), enables access to all
four rows (quadword) in either array.

14.1.5 I/0 Transceiver

The I1/0 transceiver carries data to and from the array on 39
bidirectional 1lines. The transceiver is controlled by the mode
control circuitry via the Data Out Enable (DOEO) and Data In
Enable (LIEO) signals.

14.1.6 Mode Control

The mode control receives Memory Write Enable (MWEQO) or Memory
Read Fnable (MREQO) signals from the LBC and generates Read, Data
Out Enable (LO¥%¥), or Write, Data In Enable (DIE) signals to the
I/0 transceiver.

14.1.7 Memory Read Data Strobe

The Memory Read Data Stroke (MRDSO) signal indicates availability
of the read data on the LMB lines.

14.1.8 Word Access Decoder

lines MWA001:011 enable access to one of the U-word rows in
either the A or B array. These lines must agree with LMB lines
1“1:151.

14.1.9 Strobe Clock Drivers

The address drivers access the storage cell within the selected
RAM chip. The Row Address Strobe (RAS) and Column Address Strobe

(CAS) <clock drivers facilitate the R/W operation of the selected
word in either the A or B arravYe.

14-6 47-022 RO7



14.110 RAM Chip Array

The RAM chip array is configured in a horseshoe arrangement as
shown in Figure 14-3, with one inner 39-bit quadword labeled A
array which is divided into two blocks: block A, which consists
of bits 0:18, and block B, which has bits 19:38. A complementary
outer 39-bit quadword lakeled B array is also divided into two
blocks: block C, consisting of bits 0:18, and block D,
consisting of bits 19:38,
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14.2 STORAGE MODULE OPERATION

The module select switches and memory expansion straps enable
selection of one of the possible 2 STMs. When a module is
selected, a high level is generated on (MS1), Sheet 2 (HS).
Figure 14-4 depicts module selection and Tables 14~-5 and 14-6
contain memory strarping information.

TABLE 14-5 MEMORY EXPKNSION STRAPPING (35-771 LBC)

S

35-764 A56 LCCATION A63 LOCATION
e = ———— = — ———— |
FO1 «256 Mb 12-6
FO02 .512 Mb 6-11 12-6 8-9 11-14
FO3 1.0 Mb 14-11 10-13 12-6 10-7 8-9
Fou4 2.0 MD 14-11 10-13 2-15 8-9 10-7 6-13 11-5

TABLE 14-6 MEMORY EXPANSION STRAPPING (35-806F02 LBC*)

3E-764 A56 LOCATION A63 LOCATION
Fo2 .g12 Mb 12-11 12-6 11-14
Fo3 1.0 M¥b 14-11 10-13 12-6 8-9
FO4 2.0 Mb 14-11 10-13 4-15 12-6 8-9 10-7 11-5

* The 256 kb (F01) STM cannot be used with the 35-806F02
LBC.
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14.2.1 Timing

14.2.1.1 Start of Memory Cycle

A memory cycle starts upon arrival of the negative-going edge of
(MCIO) as shown in Figure 14-5. Noting that the module hags been
selected (MS1 is high), MCIO clocks the memory busy flip-flop
(A49) and generates (MBO), which latches the LMB lines 0:16 on
the F02 version, as well as MX021 and MX031 on the FO03 and Fou
versions (3A4). Also generated by the memory busy flip-flop is
MB1, which passes through a delay line (A62) and generates the
row (RAS) and column (CAS) strobe timing, RAST1 and CAST1.

1402412 End of Memory Cycle

Every memory cycle ends on the low-going edge of the Memory Cycle
Complete (MCCO). MCCO resets the memory busy flip-flop which
disables RAST1 and CAST1, thus completing the memory cycle.

14¢2+1«3 Address lLatches and Drivers

Upon arrival of MCIO, MBO goes 1low and enables the address
latches and expansion address (depending on the functional
variation of the board) to latch in the row and column addresses
(refer to Figure 14-6). LMB lines 141:151 (3A7), which select
one of the 4-chip (word) rows (0-3) if a single fullword is
desired, are also latched. During the address time, LMB line 161

determines if a quadword is desired. If low, all four rows
(words) in the array are enabled, and 1lines ILMB 141:151 are
ignored. When the row and column address are propagated through

the driving circuitry, the single memory cell in the row or rows
is selected.

14.2+.1.4 RAS Drivers

The leading edge of MCIO clocks the Memory Busy flip-flop (A49).
MB1 1is then passed through a delay line and also propagated
through complementary AND gates (A50, A51), which generate RAS
timing for both A and B arrays (RASTA1, RASTB1). (Refer to
Figure 14-5.) The RAS timing strobes are then propagated through
the word row decoding circuitry with the selected word row or
rows depending upon the state of A141, A151, and QWEO at location
3R9. The output of the RAS drivers enables the selected rows of
RAMs. All RAS drivers are selected simultaneously during a
refresh cycle.
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14.2.1.5 Memory Word Access Decode

Refer to Table 14-7 during this discussion. The Memory Word
Access (MWA001:011) 1lines are similar in function to LMB 1lines
141:151, which are discussed in the section on address 1latches
and drivers. The lines in the decoder provide access to one of
the 4-word rows in the A or B array. The MWA 1lines generate
(WAO) and (WA1). These lines are used to steer the RAST1 and WT1
decoding to one of the 4-word rows during the Read-Modify-Write
operation. (Refer to Figure 14-7.)

TABLE 14-7 BLOCK AND ROW DECODE TABLE

STHM LMR *MX011 *MEAO020 BLOCK ROW
TYFE |141 T 151 **MEAR0O 30 **MEAQ010 DECODED DECCDED

*¥kx 1 Q0 0] X X 0

0 1 X X 1
FO1 | 1 0 X X A/B 2

1 1 X X 3

0 0 0 X 0

0 1 0 X C/D 1

1 0 0 X 2
Fo2! 1 1 0 X 3

0 0 1 X 0

0 1 1 X A/B 1

1 0 1 X 2

1 1 1 X 3

0 0 X b4 0

0 1 X X A/B 1
FOo3 | 1 0 X X 2

1 1 X X 3

0 0 X 0 0 |

0 1 X 0 C/D 1

1 0 X 0 2
Fou4 | 1 1 X 0 3

0 0 X 1 0

0 1 X 1 A/B 1

1 0 X 1 2

1 1 X 1 3

* Use MX0C11 and MEAO20 for the 35-806F02 LBC.
** Use MEAO30 and MEAO10 for the 35-771 LBC.
*** F01 STMs can only be used with the 35-771 LBC.

NOTE

Zero indicates low level (<.8 V at connector).
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18e2«1.6 H¥Write Clock Drivers

The MWA lines are used to steer the write timing pulse WTA1 and
WTB1 for selection of the appropriate word row to be written
into. The word row is selected by the decoding of these strobes
and by word select 1lines WAO and WA1 and their inverse, which
generate a low (active) pulse on the selected CWE 1line. (Refer
to Figure 14-8.)

1146-2 WAO WAOD
WAT1 WA1

MWAQ01
;8:::; MWAOQ11 )
L) e 23 /24

79

MBO 1

Figure 14-7 Word Access Decode
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Figure 14-8 Write Clock Drivers

14.2.1.7 HWrite Mode

A write to memory occurs upon arrival of Memory Write Enable
(MWEO) going low (active). The output generates a high
(inactive) level on the outrut of A66, Pin 7 (REO). This signal
disables the 4:1 multiplexocrs and thus enables the write data to
be rlaced onto the internal bidirectional data bus. The Data
Input Enable (DIEQ) going low (active) activates I/0 receivers
which place the write data into the RAM chip's D input, as shown
in Figure 14-9. Simultaneously, the Write Timing flip-flop (RA49)
is clocked and, along with single-shot pulse generator (A47),
produces Write Timing Pulse WTA1 or WTB1. (Refer to Figure
14-6.) The presence of Chip Write Enable (CWE) (4B1) at both A
and B arrays stores the data into the RAM location determined by
LMB 1lines 001:131 during the address time. Figure 14-10 shows
the timing during a write operation.

14.2.1.8 Read Mode

A read from memory occurs when the selected STM receives Memory
Read FEnable (MREO). This lcw-active signal generates the signal
Data Out Enable (DOEO). Since MWEO is high (inactive) during
this time, as shown in Figure 14-11, REO is low (active). This
enables the 4:1 multiplexors to receive data from the RAMs. In
addition, LCOEQ0 is propagated through a delay (typically 12 ns) to

47-022 RO7 . 14-15



an input of NAND gate A81 and 1is coupled with a delayed
(typically 100 ns) CASET1 to generate a Memory Read Data Strobe
(MRDSO) signal. (Refer to Figure 14-12.) The MWA 1lines then
select one of four channels of the multiplexor which places the
read data onto the internal bidirectional bus. The first MRDSO
(first word in the quadword mode) is delayed by CASET1 and delay
line A77 (typically 100 ns), to insure proper setup and access
time of +the RAM data. The second, third, and fourth MRDSOs (in
quadmode operation) are delayed by the RC circuit and propagation
delay of the gates between A81, pin 8 (DOEO) and A81, pin 14
(MRLSO) (typically 20 ns)e.
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Figure 14-12 STM Read Mode Timing Diagram

.
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14.2.1.9 Refresh

The dynamic nature of the RAM chips requires periodic refreshment
of stored data every 2.0 ms. (Refer to Figure 14-13.) Refresh
is accomplished when the STM receives the MREF0 signal. This
signal sets the STM into the refresh mode, prevents write
operations, and enables all RAS drivers to produce RAS clock to
all RAMs.

Refresh (row) address lines are latched by arrival of MCI% and
clocked by RAS into the RAMs. The STM operates in two refresh
modes: <cycle steal mode, and burst (battery backup) mode.

Cycle steal - 128 refresh cycles are generated every 2 ms in
between read or write operations.

Burst (battery backup) - 128 refresh cycles are generated in one
burst every 2 ms. In between the bursts, the P5S
is shut down, thus reducing the current drain on
PSU which is battery backed up.

1715-1

=', 30 MIN 150 MAX cYCLE
MCI0 200 MIN 30 MIN |
8000 MAX 1560 MAX
MCCo
-20 MIN 30 MIN 140 MIN
MREFO

LMB001:061 M XZX

-30MIN[ 10 MIN

50 MIN 0 MIN
RCLCO NOTES 1, 2
-
1st REF CYCLE 180 MIN
(LAST REF
PFSDO CYCLE)

NOTES
1« APPLICABLE IN THE BURST REFRESH MODE ONLY

2. THE RISE AND FALL TIME OF RCLCO IS LESS
THAN 100 ns (.8 V TO 2.4 V),

Figure 14-13 STM Refresh Made Timing Diagram
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14.2.2 Power Supply

14.2.2.1 Introduction

The STM uses two +5.0 V suprplies: E5 and P5U. P5 powers the

nonrefresh c¢ircuitry. P50 (which 1is a separate uninterrupted
+5.,0 V supply) is wused to supply the RAM chips and
refresh-related circuitry. P5U must be maintained to ensure

valid memory. Another source derived from P50 is P5S (switched).
The P55 is generated via an on-board PNP transistor switch
controlled by PFSDO. P5S powers refresh control circuitry which
is pulsed every 2 ms during battery backup operation.

14.2.2.2 P5S Power Down

A P5S power-down sequence starts upon arrival of PFSDO going 1low
(active). This sets cocmparator A61, pin 10 high, which is
compared to pin 11 (which maintains a 2.4 V level during normal
operation). Since A61, pin 10 is higher than pin 11, pin 13 of
A61 goes low, turning off the PNP transistor switch and thereby
causing P5S to discharge eventually to ground. As P55 discharges
below 4.8 V, A61, pin 14 goes low activating MCLCO, CCO, and
RCLLCO to prevent an accidental write aperation 1into RAMs. Low
RCLCO indicates to the controller (LBC) that the STM is in the
low-power mode.

14.,2.2.3 P5S Power Up

P5S power-up is accomplished following the release of PFSDO=1
(inactive). PFSDO going high turns cn the PNP transistor switch
which raises P5S to P5U level. Once PS5S reaches approximately
4.8 V, A61, pin 14 goes high releasing RCLCO, CCO, and RCLDO.
This signifies to the controller that the STM is ready to accept
refresh cycles.

14.3 MNEMONICS

The following is a list of the mnemonics on the STM board. The
meaning and the 35-764D08 schematic location of each signal are
provided.

SCHEMATIC

MNEMONIC ' MEANING LOCATION
BREFO Buffered refresh 2E1
BSCLRO Buffered systems clear 16B5S
CA"A*":CA"D"™ Chip address lines (A-D) 3G1-9
CAEO Column address enable 2Mu
CAS"A":CAS"D" Column address strobe 3M5-9
CASTA1:CASTB1 Column address strobe timing 2M4
CRARQ:CRADO Row address strobe 3k1-9
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MNEMONIC
CWEA:D

DIEO
DOEO

LMB001:061
LMBO71:131
L¥B141:151
L¥B161

LMB171:381

MBO

MCCo

MCIO
MEA0O:30
MRDSO
MREOQ
MREFO

MS1
MWAOC1:011
MWEO
MX031:011

P5
pP&sS
P5U
PFSLCO

RAEOQ
RAST1
RCLCO0:DD
REO

REFC

WAO, WA1
WT1

14=-22

MEANING
Chip write enable

Data in enable
Data out enable

Local memory bus (row address and
data lines)

Local memory bus (column address
and data lines) .

Local memory bus (word row
selection and data lines)

Local memory bus (single/quad
select and data line)

Local memory bus (data lines)

Memory busy .
Memory cycle complete
Memory cycle initialize
Memory expansion address
Memory read data strobe
Memory read enable
Memory refresh

Module select

Memory word access
Memory write enable
Memory super expansion address

+5 V supply

+5 V switched supply (internal)
+5 V uninterruptible supply
P5S shutdown

Row address enable

Row address strobe timing
Refresh clear

Read enable

Refresh

Word access select lines
Write timing

SCHEMATIC
LOCATION

4D1-9

2M7
2M8

372
3A5

3347
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CHAPTER 15
ADJUSTMENTS

15«1 INTRODUCTION
This section provides the adjustments £or the EDMA Protocol
Logic, EDMA control «c¢scillator, and the High Performance
Floating-Point Processor (HPFPP). The CPU <clocks are derived
from a crystal oscillator and require no adjustments.
15.2 EDMA PROTOCOL LOGIC OSCILLATOR ADJUSTMENT
These oscillators are set at the factory and usually do not
reguire further adjustments. If adjustments are necessary,
however, the following procedure should be followed (refer to
Sheet 6 of Functional Schematic 35-770D08):

1. Turn processor power off.

2. Connect O4HO9 to ground.

3. Connect OU4B11 to ground.

4., Connect Ou4BOY4 to grounde.

5. Turn processor power Oh.

6. With scope probe on QUEO (O4R08), adjust capacitor 0©2A
(80-02) for a 60 to 65 nanoseconds pulse width of QUEO.

7. Attach another scope probe -on SOTO (O4R11). Adjust
capacitor Ou4A (02-80) for 270 to 280 nanoseconds from
falling edge of QUEQO to falling edge of SOTO.

153 LOCAL MEMORY TO EDMR CONTROL COSCILLATOR ADJUSTMENT
Perform the following five steps (refer to Sheet 5 of Functional
Schematic 35-770D08):

1« Turn power off.

2. Connect 01A01 to ground.

3. Connect 01A04 to ground.
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15.4

4.

5.

Turn power on.

Adjust capacitor OOA (80-02) for FDA1 to be a square
wave period of 480 nanoseconds.

NOTE

If the waveform appears unstable,
readjust the capacitor to a different
positione.

CLOCK ADJUSTMENTS FOR THE HPFPP

Refer to the Perkin-Elmer 3220 High Performance Floating-Point
Processor Installation and Maintenance Manual, Publication Number
29-705,

15-2

while performing the following steps:

Turn CPU pcwer off and remove the HPFPP.

Install an M80 Extender Board (28-015) in slot 8 of +the
processor chassis.

Install the HPFPP in the M80 Extender Board with the
HPFPP-A Board on tcp.

Connect a scope prchbe to TP1 (100-2 on HPFPP-A) ACLK1A
and adjust the scope time base for 20
nanoseconds/division. (Refer to Functional Schematic
35-715D08, Sheet 4, Location M7.)

Select nominal clocks by setting the dip switches in
location 16A on the HPFPP-A to the following positions:

SWITCH # POSITION SWITCH # POSITION
1 CFF 5 OFF
2 CN 6 OFF
3 CFF 7 ON
u CFF 8 OFF

Turn CPU power on and momentarily ground pin 5 of the IC
at 16B (HPFPP-4).

NOTE

Grounding 16B05 forces the HPFPP
oscillator into a free-running
condition which <can be halted only by
an initialize or power down.

47-022 RO7



Set the HPFPP clocks to nominal by adjusting the trimmer
capacitor at location 14B on the HPFPP-A Board. Nominal
clocks are:

ACLK1A (TP-1) = 100 nanaseconds (rise edge to rise
edge at 1.5 V levels)

Turn CPU power off and remove HPFPP from the extender
board.

Remove extender toard from the processor chassis.

Install the HPFPP-B Board in slot 8 and the HPFPP-A
board in slot 7 cf the processor chassis. Install the
two 50-conductor cables between connectors 3 and 4 of
the HPFPP-A and -B Boards.
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CHAPTER 16
02-6€3 TEST AID

16.1 INTRODUCTION

The 02-663 Test RAid is a compact, durable, and simple-to-use test
fixture. It provides the necessary control to display the B, S,
and ROM DATA (RD) buses of the processor, as well as the Control
Store Address (CSR), four processor flags, Instruction Register
(IR), and I/0 attention lines (INT).

This <chapter covers the operation, installation, and maintenance
of the Test Lisplay.

16.2 GENERAL DESCRIPTION

The 02-663 Test Aid consists of two printed circuit board
assemblies, one of which is attached to the processor hoards by
two front cables. The other board is connected to the backpanel
on one of the processor bcard positions and cabled to the first
board by a single flat ribbon cable. Figure 16-1 shows the
connections to the processor.

Figures 16-2 and 16-3 show the switch, displays, and cable
connections of the test displavye.

The numbered prarts illustrated in Figures 16-2 and 16-3 have the
following functions:

1« Cable to CPU-B board connector 4, slot 10

2, Cable to CPU-A board connector 3, slot 09

3., Cable to Test Aid multiplexor

4. Control store address display

%« Display for selected bus

6. Bus selection switch

7. Flag register display

8 Cable from Test Aid multiplexor to display box
9. Connector to mate at location 0, slot 09

10« Connector to mate at location 1, slot 09
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1883-1

FRONT BACK

15 ST™M 15
14 STM 14
13 LBC 13
12 =07 CPU-D 12
1" L CPU-C "
10 - — - CPU-B 10
09 = CPU-A 09 - — —
08 1/0 08
07 1/0 07
06 1/0 06 STIFFENER
05 I/0 05 4——//
04 1/0 04
03 H 1/0 03
02 C— 4 1/0 02
01 F o4 H 1/0 01
00 F g /0 00

\ J )
Figure 16-1 Test Aid Connections to Processor

A VA

0906

6/

Figure 16-2 Display Box

16

[}
]
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0907

Figure 16-3 Test Aid Multiplexor Board

16.3 INSTALLATION AND OPERATION PROCEDURE

Install and operate the 02-663 Test Aid as follows:

Place the console power switch in the STANDBY positione.

Install cable 1 (refer to Figure 16-2) on connector U4 of
the CPU~-B board, slot 10. (Refer to Figure 16-1.)

Install cable 2 (refer to Figure 16-2) on connector 3 of
the CEFU-A board, slot 09. (Kefer to Figure 16-1.)

Put the Test Aid multiplexor on the backpanel CPU-A
position, slot 09.

Connect the cable from the display box to the Test Aid
multiplexor. The cable should lie flat with no twists.

Select the bus to be displayed, IR, B, S, or RD by
switch 6 (refer to Figure 16-2).

Operate the system in the usual manner. The displays
track the state of the buses.

16.4 POWER SUPPLY

Power is suprlied to the Test Aid multiplexor directly from the
backpanel. Power is supplied to the display board from the Test
Aid multiplexor through the cable.
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16.5 EXTENDER BOARD OPERATION

Cable 2 (refer to Figure 16-2) is provided with enough length for
extender board operation.

16.6 TEST AID OPERATION

1661 Test Aid Multiplexor

The Test Aid multirplexor buffers the flag register hits and sends
them to the display board; it also cocrrects the logic levels of
some signals and multiplexes the instruction register with I/0
attention lines, B bus, and ROM Data Bus (RD Bus) data to the
display board. The bus selection switch on the display board
generates the two multiplexor control lines, IRO and BRDO, which
steer the multiplexors as follows:

IRO RLO FUNCTION TC DISPLAY
F e ———
Low Low Not used
Low High IR bus with attention lines
High Low RLC bus
High High B bus
NOTE

The RD bus does not display RD bits 6,
7, or 8. Bit 7 is SFTEN1 (Single-
Precision Floating-Point Frnable); bit 6
is DFTEN1 (Dcuble Precision Floating-
Point Fnable); and bit 8 is tied to
ground.

16.6.2 Display Board

The display board selects either the input from the backpanel
board or the S bus data by a signal from the selector switch. It
then displays the selected bus on the hexadecimal display. The
controcl store address is also inverted and displayed on
hexadecimal displays. The flag register bits are displayed on
individual LEDs.

16.7 TEST AID DISPLAY
The 02-663 Test Aid uses the Model 8/32 test display printed
circuit assembly. The following is a mnemonic cross reference

between the 8/32 test display schematics provided (35-612D08) and
the Test Aid multiplexor board.
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TEST AID

CONN PIN NO.

203-5
103-58
121-5
221-5
120-S
220-5
216-3
116-3
218-3
117-3
219-3
118-3
220-~3
120-3
222-3
121=-3
223-3
122-3
1196-5
219-5
118-5
218-5
117-5
217-5
116-5
216~5
115-5
21&5-5
114-5
214-5
112-5
213-5
112-5
212-5
111-5
211-5
110-5
210-5
109-5
209-5
108=-5
208-5
107-5
207-5
106-5
206-5
105-5
20&-5
104-5
204-%
204-4
105-4
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8/32

SAB1ENO
SAB2ENO
cco
VCCo
GCCO
LCCO
CSADO4O
CSADOS0
CSADO60
CSADO70
CSADO8O
CSADO90
CSAD100
CSAD110
CSAD120
CSAD 130
CSAD140
CSAD150
SABO
SAR1
SABE2
SABR3
SARG
SABS
SAE6
SAR7
SABS8
SAB9
SAB10
SAB11
SAB12
SAB13
SAE14
SAB15S
SAB16
SAR17
SAB18
SAB19
SAR20
SAR21
SAB22
SAB23
SAE24
SAB25
SAB26
SAB27
SAE28
SAB29
SAP30
SAB31
CST001
CSLO11

02-663

IRO

RDO
FLR280
FLR2S0
FLR200
FLR310
CSAR200
CSAR210
CSAR220
CSAR230
CSAR240
CSAR250
CSAR260
CSAR270
CSAR280
CSAR290
CSAR300
CSAE310
MXDO0OO01
MXD0O11
MXD021
MXDO031
MXDou1
MXD051
MXD061
MXD071
MXDO081
MXDOS1
MXD101
MXD111
MXD121
MXD131
MXD141
MXD151
MXD161
MXD171
MXD181
MXD191
MXD201
MXD211
MXD221
MXD231
MXD2u41
MXD251
MXD261
MXD271
MXD281
MXD291
MXD301
MXD311
5001
S0
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TEST AID

CONN PIN

205-14
106-4
2074
107~4
206-14
109-4
209-4
110-4
211-4
111-4
212-4
113-4
212-4
114-4
215-4
115-4
216-14
117-4
217-4
118-4
219-4
119-4
22C-4
121-4
221-4
122-4
223-4
123-4
224-4
124-4

16-6

NC.

8/3z2

CSLO021
CSLO031
CSCo41
CSLoE
CSLO€E1
CSCO071
CS5L081

CSL091

CSL101
CSC111
CsSC121
C5C131
CSC14u1
CSL151
CSD1€1
CSIL171
CSC181
CSE1¢1
CSC201
CSL211
CSLC221
CsC231
CSC241
Csp2¢1
CsD261
CSL271
CSC281
CsC291
CSD301
CSC311

02-563

5021
S031
sSou1
S651
S061
S071
5081
5091
5101
S111
5121
S131
S141
5151
S161
S171
5181
S191
S201
S211
5221
S231
5241
S251
5261
5271
5281
S291
S301
5311
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CHAPTER 17
HIGH SPEED DATA HANDLING OPTION

17.1 INTRODUCTION

The High Speed Data Handling Option upgrades the autodriver
channel of the processor and adds two instructions to the user
instruction repertoire. The autodriver channel calculation time
for CRC-BISYNC 1is greatly reduced and error checking capability
is increased to include the CRC-SLCLC formate. The two added
instructions are: Process Byte (PB) and Process Byte Register
(PBR)., These provide the capability to perform error checking of
characters or generation of check characters one data byte at a
time. An error check can be calculated in any one of the three
formats: LRC, CRC-BISYRC (also called CRC-16), or CRC-SDLC.

17.2 BLOCK DIAGRAM ANALYSIS

The D bus receivers shown in Figure 17-1 buffer direct the I/0
hus data to the appropriate logic. The address logic determines
if the High Speed Data Handling Option has been selected by the
pProcessore. The steering counter logic determines what type of
data is being sent to the bcard and enables the appropriate
register for 1loading. Three types of data can be sent to the
board: format data, residual <check <character data, or the
current data <character tc¢ be 1included in the residual check
character. The format select register is set up by the format
data from the processor. One of three formats can be selected:
LRC, CRC-BISYNC, or CRC-SDLC. The current data character
register contains the current data character for inclusion into
the residual character. Table 17-1 contains the base numbers
used to <calculate the residual check character and is used to
calculate CRC-BISYNC and CRC-SDLC. The table in use is selected
by the format select logic. The check character buffer contains
the residual check character and is updated with a new residual
check character each time the current data character register is
loaded. The D bus drivers gate data to the D bus when the
processor attempts to read the check character buffer. The box
active logic is part of the control logic that allows the board
to accumulate an error check character,
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1716-2

ADRSO

8 D BUS
7 8
|
ADDRESS 10 |
LOGIC £ DBUS | RECEIVER
|
FORMAT
SELECT
LOGIC 8 15
CURRENT
A ; DATA
8 ¢48 8¢y 8 CHARACTER
REGISTER
COUNTER BUFFER . 8
LOGIC ’
8 8
' DRO
TABLE #1 116 BOX <
RACK
CRC-SDLC D BUS DRIVERS «— Active | PACR
LOGIC TACK
—
TABLE #2
CRC-BISYNC 8 8
& D BUS q
SYNC  HWO

Figure 17-1

17-2

High Speed LCata Handling Option Block Diagranm
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TABLE 17-1 DATA BASE TABLES

(a) Data fcr the CRC-BISYNC

00
08
10
18
20
28
30
38
40
us8
50
58
60
€8
70
78
80
88
S0
98
AQO
A8
Be
B8
Co
C8
Lo
D8
EC
ES8
FO
Fs
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0000
C601
cco1
0AOO
D801
1E00
1400
L201
F001
3600
3Co0
FRO1
2800
EEC1
EL01
2200
A001
6600
6C00
AAO1
7800
BEO1
Bu4o1
7200
5000
9601
9C01
SACO
8801
4E00
4400
8201

coC1 C181 0140 C30% 03¢0 02890
06CO 0780 C741 0500 C5C1 cCu81
0CCO 0D80O0 CC41 OF00 CFC1 CE81
CAC1? CB81 O0Bu40 <C901 09CO0 0880
18C0O 1980 D941 1B0OO DBC1 DAg1
DEC1 DF81 1F40 DDO1 1DCO 1C80
D4C1 D581 1540 D701 17CO0 1680
12C0 1380 D341 1100 D1C1 D081
30CO0 3180 F141 3300 F3C1 F281
F6C1 F781 3740 F501 35C0 3480
FCC1 FD81 3L40 FFO0O1 3FCO 3E80
3ACO 3B8O0 FB41 3900 F9C1 F881
F8C1 E981 2940 EBO1 2BCO 2A80
2ECO 2F80 EF41 2D00 EDC1 ECS81
24CO0 2580 ES541 2700 E7C1 E681
E2C1 E381 2340 E101 21C0 2080
60C0O 6180 A141 6300 A3C1 1281
A6C1 A781 6740 A501 65C0 6480
ACC1 AD81 6Lu40 AF01 6FCO 6E80
6ACO 6B80 AR41 690D A9C1 A881
B8C1 B981 7940 BBO1 7BCO 7RA80
7ECO 7F80 BF41 7LO00 BDC1 BC81
74CO0 7580 BEW1 7700 B7C1 B681
B2C1 B381 7340 B101 71C0 7080
90C1 9181 5140 9301 53C0 5280
56C0 5780 9741 5500 95C1 9481
5CCO 5080 9L41 SFOO0 9FC1 9E81
9AC1 9B81 5B40 9901 59C0 5880
48C0 0980 8941 U4BOO 8BC1 8A81
8EC1 8F81 L4F4O 8LO01 4DCO 4C890
84C1 8581 L4E40 8701 47CO 4680
42C0 4380 8341 4100 81C1 8081

c241
o440
0OE40
ceun
1240
DC41
Deu1
1040
3240
Faa1
FEu41
3840
EAU1
2C49
2640
EOU41
6240
AuL41
AE41
h840
BA 41
7CU0
7640
BOo41
9241
5440
5E40
9841
4240
8C41
8641
4040
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TABLE 17-1 DATA BASE TABLES (Continued)

(b) Data for the CRC-SDLC

I

060 0000 1189 2312 329B 4624 57AD 6536 7u4BF
08 8Cu8 9pC1 AF5A BEL3 CA6C DBES E97E F8F7
10 1031 6108 3393 2Z1A 56AS 472C 75B7 6U43E
18 9CC9 eDbuo BFDB AE52 DAED CBé64 FIFF E876
20 2102 308B 0210 1329 €726 76AF 4434 55BD
28 AD4A BCC3 B8ES58 9FD1 EB6E FAE7 C87C D9F5
30 3183 200A 1291 0318 77A7 662E 5u4BS 453C
38 BDCB ACU42 O9ED9 B8FS50 FBEF EA66 D8FD C974
40 4204 538D 6116 709F 0420 15A9 2732 36BB
48 CE4C DFC5 EDSE FCL7 8868 99E1 AB7R BAF3
50 5285 430C 7197 601E 14A1 0528 37B3 263A
58 DECD CF44 FDDF ECS6 98E9 8960 BBFB AA72
60 6306 728F 4014 519D 2522z 34AB 0630 17B9
68 FEFUE FEC7 CC5C DLL5 A96AR BB8ES3 ,8A78 9BF1
70 7337 A20E 5095 411C 35A3 242R 16B1 0738
78 FFC¥ EE46 DCDD CL54 B9EB A862 9AF9 8R70
80 8408 6581 A71A B693 C22C D3A5 E13E FOB7
88 0840 19CS 2B52 3ADB 4E64 SFED 6D76 7CFF
90 9489 8500 B79B A612 TLC2AL C324 F1BF E036
98 18C1 0948 2BD3 2AEA S5EEE U4F6C 7DF7 6C7E
AG A5CA BR483 8618 9791 E32E F2A7 C03C D1B5
A8 2942 38CB O0AS0 1BD9 6F66 7EEF U4C74 5DFD
BO B58B ALG2 9699 8710 F3AF E226 DOBD C134
B8 39C3 228u4A 1AD1 ORS8 7FE7 6E6E 5CFS5 4D7C
Co C60C D785 ES1E F4°7 8028 91A1 A33A B2B3
Cc8 unuu SBCD 6955 78DF 0C60 1DE9 2F72 3EFB
Do D53D C704 FS9F E416 90A9 8120 B3BB A232
D8 5ACS 4BuC 79D7 685E 1CE1 0D68 3FF3 2E7A
EO ET70F F687 Cu41C DE95 A12A 30A3 8238 93B1
E8 6B45 TACF 4854 59LD 2062 3CEB O0E70 1FF9
FO F78F E606 Du43D CE14 B1AR RA022 92RBR9 8330
F8 7BC7 6AUE S58D5 495C 3DE3 2C6A 1EF1 OF78

17.3 FUNCTIONAL DESCRIPTION

Sheet 2 of the High Speced Data Handling Schematic (02-428D08)
contains the logic comprising the most significant portion (bits
G:7) of the Residual Check Character Register (RCCK). Sheet 3 of
the schematic contains the least significant portion (bits 8:15)
of the RCCR. The most significant bits can be loaded with three
different data forms: data from the L bus, data from Table 17-1,
or data from the RCCR itself. The 1le2ast significant ©bvits can
also bhe loaded with three data formats. The major difference is
that the former is loaded with its own contents, while the latter
is loaded with the Exclusgive-ORed data of the RCCR's most
signitficant ® bits and the least significant 8 bits of the Table
Pata (TLCAT 8:15). The =steering counter shown on Sheet 5
determines the fcrmat of data loaded into the RCCR.

17-4 47-022Z RO7



Sheet 4 of the schematics contaigs the format register, Current
Character Register (CCR), and the CRC tables. The CCR is an
8-bit register cecntaining the data character «currently being
calculated 1into the RCCR. The CCR is locaded from the D bus if
the steering counter (Sheet 5) causes it to be a destination.
The output of the CCR is Exclusive-0ORed with the 1least
significant bits of the RCCK. The resultant data is used as the
new residual <check <character in the LRC mode of error check or
the resultant data is applied as an address on CRC tables. There
are two distinct data groups that provide data base information
for +the <calculation of <character error checks in either a
CRC-STLC or CRC-BISYNC formate. Selection of a specific character
within the tables is accomplished by the address data from the
Exclusive-CRed ¢gates. This address information selects one
16~-bit character out of a possible 256 in a given table. Table
cselection 1is accomplished by the Format Register (FMTR) which is
loaded from the D bus if the steering counter (Sheet 5) selects
the FMTR +to be a destination. Cata loaded into the FMTR
specifies one of three types c¢f error checking: LRC, CRC-BISYNC,
or CRC~-5TLC.

Sheet £ of the schematics ccntains both timing and control 1logic
for the High Speed ©Data Handling Roard. This logic may be
divided into three categories:

e addressing logic
@ acknowledge logic

® clocck steering logic

Depending upon strap options, the addressing logic determines 1if
the board is selected by the processor. If TP6 is high, the
processor has selected the board and an operation is in progress.

The High Speed Data Handling COption Board has a preferred device
address of X'006' when strarped for operation on the processor.
The acknowledge logic captures the RACKO signal once the becard is
selected by the XXXX processor. The RACKO signal, when captured,
results in gating the contents of the RCCR to the D bus. The
acknowledge logic is disabled when the board is set up for a 3240
processor and all RACKOs are propagated as TACKOs. Assuming the
board is selected, every transition of CHDO and ©DAO (3240
processor only) or BCNTO (XXXX processor only) causes an internal
clock to be generated in the clock steering logic. This clock
toggles a 2-bit counter that steers a delayed clock to the
approrriate destination register. There are three valid states:

® 01 causes the FMTR to be lcaded.
) 10 causes the RCCR to be lcaded from the D bus.

® 11 causes the CCR to be loaded and the RCCR to be updated.
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The counter remains in state 11 wuntil either an ADRS1 (3240
processor) or an ACKO (3215 processsor) is received. At this time
the counter is cleared and the board returned to the initialized
state until it is again accessed by the processor.

17.4 CHARACTER ERROR CHECKING CALCULATIONS

The fcllowing examples describe the interaction between the
processor and the High Speed LCata Handling Option Board.

LRC Example:

1« The FMTR is loaded with X'02*, placing the High Speed
Data Handling Opticn Board in the LRC mode of error
checking,.

2. The RCCR is loaded with an initial residual of X'0000°*.
The initial residual can bte any number.

2 The CCR is loaded with X'01' and is Exclusive-ORed with
the least significant 8 bits of the RCCR.

4. The resultant data (stev 3) is 1loaded into the 1least
significant 8 bits of the RCCR 1leaving the most
significant bits unchanged. The RCCR contains the value
of X*'001*.

£« The CCR is loaded next with an ¥'03*' and Exclusive-ORed
with the current contents of the RCCR. The resultant
data is loaded into the RCCR. The content of the RCCR
is X'002°. :

CRC-RISYNC Example:

'« The FMTR is lcaded with X'00', placing the High Speed
Data Handling Opticn Board in the CRC-BISYNC mode of
error checkinge

2. The RKCCR is loaded with an initial residual value of
X'0000', but can be any number.

3. The CCR is lcaded with X'01' and Exclusive-ORed with the
least significant 8 Lits of the RCCR.

4, The resulting data (step 3) is applied to the address

inputs of the CRC-BISYNC portion of the ROM table. The
CRC-BISYNC table outrut is X'C0oC1*.
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5« The most significant 8 bits of the ROM table output are
loaded into the most significant 8 bits of the RCCR, and
the 1least significant 8 bits of the ROM table output is
Fxclusive-ORed with the initial most significant 8 bits
of the RCCR.

€. The resulting data (step 5) is 1loaded into the least
significant 8 bits of the RCCR. The RCCR contains the
value X'COC1°.

7. The CCR 1is next loaded with an X'02" and is
Exclusive-OFRed with the least significant 8 bits of the
RCCR. The output of the CRC-BISYNC table is X*5140°.

8 The least significant 8 bits of the CRC-BISYNC table are
Exclusive-ORed with the most significant 8 bits of the
RCCR. The RCCR still contains the X'COC1' residual.
The most significant 8 bits of the CRC-BISYNC table are
loaded into the most significant 8 bits of the RCCR, and
the least significant 8 bits of the RCCR are loaded with
the Exclusive-~CRed result.

CRC-SLLC Example:

Calculations for the CRC-SDIC are identical to the CRC-BISYNC
with the exception that the data base table used is for CRC-SDLC.

Table 17-1 is a listing of the data base tables used to calculate
CRC-RISYNC and CRC-SDLC. The Exclusive-ORed result of the
contents of the CCR and the least significant 8 bits of the RCCR
become the 8-bit address of a word in the appropriate table. The
words contained in the table are partial results.

17.5 MNEMONICS LIST

The following is a list of the mnemonics within the High Speed
Data Handling Option Board. These mnemonics represent the
function of a given signal in an abbreviated form, and are +taken
from the 02-428D08 schematics.

SCHEMATIC
MNEMONIC MEANING ) LOCATION
ACCMO Accumulates a check character; Sheets 2, 3,
indicates that the steering and 5
counter is in the 11 state
ADRSO Used by the processor 1/0 Sheet 5

system when selecting a device
on the bus (3240 processor
only)
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MNEMONIC

BADRC

BCNTO

CC01:150

CCRNTC

DO00: 150

LCRO

ELREST

LDATRA1

LECDOE1:151

LRCEN1

R ACKC

17-8

MEANING

High spreed data handling
address line (XXXX processor
only); must be grounded at
backpanel

High speed data handling
control line (XXX processor
only)

Newly calculated residual
character input data

Clears the steering counter
and initializes the board

L bus data sent and received by
the processor

Unused processors

Farly load residual character -
tsed when loading the RCCR fronm
the D bus

Loads data character from the
L bus into the Current Character
Register (CCR)

Loads Format Register (FMTR)
from the I bus

late load residual character -
used when updating the RCCR from
the internal calculations
(C001:151)

LRC data - this is the Exclu-
sive-0OEed contents of the CCR
and the least significant 8
bits of the RCCE.

LRC enable - decoded state of
the FMTR indicating the selected
LRC format of error check

Received acknowledge - when
creraticn is in trogress,
indicates processor is unloading
RCCR

SCHEMATIC
LOCATION

Sheet 5

Sheet 5

Sheets 2 and 3

Sheets 4 and 5

Sheets 2' 3'

and 4

Sheet &

Sheets 2 and 5

Sheets 4 and 5

Sheets 4 and 5

Sheets 2 and 5

Sheets 3 and 4

Sheets 3 and 4

wn

Sheet
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MNEMONIC

RCDOC1: 151

TDATOO01: 151

ULCRC1

47-022 RO7

MEANING

Residual character data -
contents of the Residual Check
Character Register

Table data output - may be from
either the CRC-BISYNC or CRC-
SDCC portion cf the table

Unloads the Residual Check
Character Register into the
D bus

SCHEMATIC
LOCATION

Sheets 2, 3,
and 4

Sheets 2’ 3;
and 4

Sheets 3 and 5



CHAPTER 18
8 MEGABYTE (8 MB) LOCAL BANK CONTROLLER (LBC)

18.1 INTRODUCTION

18.1.1 General

Although the 3210 memory system can contain a maximum of only 4
Mb of main memory, the 35-806F02 8 Mb LBC may alternately be
installed in place of the 3&8-771F04 4 Mb LBC described in Chapter
13. Fven though the 35-806F02 LBC has 8 Mb addressing
capability, the 3210 is restricted to 4 Mb of main memory due to
spare slot availability and STM power requirements.

18«12 Power Requirements

Table 18-1 provides the power requirements for the LBC board.

TABLE 18-1 ©PONER REQUIREMENTS

MAXIMUM CURRENT DRAIN (AMPS)
VOLTAGE NOMINAL CPERATING OPERATING BATTERY
SYMBOL VOLTAGE (SELECTED) | (UNSELECTED) MODE
PS5 +5.0 V 13.7RA 13.7A 13.7A*
P50 +5.0 V 1.8A 1.8A 1.8A

*P5 supply may be depowered in the battery mode.
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18.1.3

Strapping and Test Point Information

The following test points are located on the front edge of the
35-806F02 LBC Board:

1.

O
.

ECC Disable (TP1 and TP2, Sheet 5)

Strapping TP1 to TP2 disables the Error Check and
Correction (ECC) circuit, thereby preventing correction
or detection of data errors. The error logger cannot be
updated with the ECC disabled.

For normal ECC and error logger operation, TP1 and TP2
should be left unstrapped.

TP3-TP4 Strap
TP3-TE4 must always be strapped for this system.
PSU Moniteor (TP6, Sheet 13)

The P50 supply voltage (+5.0 V + 1%) may be monitored at
TP6 using TP1, TP3, or TP7 for the ground reference.

MB1 Monitor (TP5, Sheet 13)

The MB1 flip-flop may be monitored at this point using
TP1, TP3, TP7, TP10, or TP12 for the ground reference.

TP7-TP8 Strap

TP7-TP8 must always be left unstrapped for this system.
TP9-TP10 Strap

TP9 and TP10 must always be strapped for this systenm.
UCE Lamp Reset (TP11 and TP12, Sheet 7)

The UCE lamp may be reset by momentarily shorting TP11
and TP12,. This feature must be used only by trained

personnel.

Cycle Steal Refresh Inhibit 0/1 (TP13 and TP14, Sheet
13)

Cycle steal refresh may be inhibited by connecting
either TP13 or TP14 to TP12 (GND). This feature must be
used only by trained personnel.

Refresh Counter Load (TP15, Sheet 13)

The refresh counter may be preset to all 1s by

connecting TP15 +to TP12 (GND). This feature must be
used only by trained personnel.
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10.

1.

12.

18.1.4

Timer A Set (TP16, Sheet 16)

The A Timer may be fcrced CN by connecting TP16 to TP12
(GNL). The timer will remain in the active high state
as long as TP16 is grounded. This feature must be used
only by trained perscnnel..

PS Shutdown and P5 Shutdown A (TPA and TPB, Sheet 13)

TPA and TPB must remain strapped. Only trained
personnel should remove this strape.

TpP, TPO, TPN, TPM, TPL, TPK, TPJ, TPI, TPH, TPG, TPF,

TEE, TPD, and TEC. These test points are not used on
the 35-806F02 LBC.

LBC LED Indicator Information

The following LED indicators are located on the front edge of the
35-806F02 LBC bcard:

1.

P50 Indicator

The P5U indicator lights whenever the P5U supply is
active. The P5U <=supply remains active at all times
unless the REMOTE POWER switch (X5) or the MAINTENANCE
RESET switch 1is placed to the OFF position. Before
removing the LBC bcard or STMs, verify that the P50 LED
is extinguished and that the KEY switch on the System
Control Panel (SCP) is in the OFF position.

Uncorrectable Error (UCE) and Module Identification
Indicators

The Uncorrectable Error (UCE) indicator lights whenever
a Storage Module (STM) outputs a data word containing a
detectable multiple bit error. When the UCE indicator
is 1it, the module 1ID indicators contain the 512 kb
module address where the last Read error occurred.

The UCE indicator remains 1it until the SCP INITIALIZE
switch 1is depressed, until the KEY switch is placed in
the OFF position, until an REL instruction is executed,
until a Read 1s executed to nonpresent memory, or until
TF11 and TP12 are shorted. When the UCE indicator is
off and the module ID indicators are on, they indicate
that a memory access was made to the module specified by
the lamps, but that the system is not eguipped with that
module.
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18.2 FUNCTIONAL ANALYSIS

18¢2«1 Refresh

Refer to Figures 18-1 and 18-2 for refresh +timing information.
The Storage Modules (STMs) wutilize MOS dynamic Random Access
Memories (RAMs) which require reriodic refresh cycles at each of
the 128 row address locaticns every two milliseconds. This isg
accomplished Ly executing a single refresh cycle every 1%
microseconds (cycle steal mode) or a 128 refresh cycle burst
every two milliseconds (burst mode). During any refresh cycle,
every memory chip within the system is selected and refreshed at
the same row locatione.

1699-2
000 200 400 600 800 1000 1200

et i i o e O e O e N e

ERO L___J L____
U BN R B e e B e e

LMBYO

RSELO

REF1

DASHED LINES = MEMORY NOT BUSY

Figure 18-1 Refresh Cycle Steal Timing
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18e2+1e1 Burst Mode

The burst mode is entered whenever the consolette INITIALIZE
switch 1is depressed or the KEY switch is placed to the OFF
position, causing the System Clear (SCLRO) 1line to go active.
SCLRO (13C3) causes REF1 (13C3) to go active, enabling the
refresh address driver 11C (3M2) and setting the MB1 flip~-flop.
MBO sets the TAOO1 flip-flor (16B6), starting the TA timer, which
causes MCIO (16S5) to go active and initiate the refresh cycle to
the STM(s). HWith MREFO (9G5) active, all STMs in the system are
enabled to perform the refresh cycle (refer to the chapter on the
STM for a detailed description).

When TA201 (13G8) goes high, the refresh counter (13J5 and 13M5)
is advanced and the MB1 flip-flop (13K7) is cleared. This causes
MCCO (9G2) to go active, ending the first refresh cycle. When
TA181 (13G8) goes low, the MB1 flip-flop (13K7) is directly set,
starting the next refresh cycle. This mode of operation
continues for 256 cycles allowing the DPR1 flip-flop (13J2) to be
clocked set and PFSD (13N2) tc be activated. PFSDO (9R4) going
active causes the STM(s) F5S regulator to shut down, placing it
intoc a low power standby mode and activating RCLCO (9N5). RCLC1
(13E4) causes the refresh counter (13J5 and 1345) and the DPR1
flip-flop (13J2) to be cleared, allowing the 1.8 msS one-shot
(13M2) to time out and deactivate PFSD1. PFSDO (9R4) going
inactive causes the STM(s) F5S regulator to turn on, deactivating
RCLCO (SN5), thereby setting the MB81 flip-flop (13K7) and
initiating a 128 cycle burst. A 128 cycle burst 4is then
performed every 1.8 msec.

This mode of operation continues until SCLRO is brcught high by
returning the System Contrcl Panel KEY switch to the ON position
and timing out the initialize function. This causes the END1
flip~flop (13F5) +to be clocked set after completing a 256-cycle
burst, allowing the STB1 flip-flop (13H1) to be clocked reset at
the end of that burst. STB1 going low causes REF1 (13K3) and
REFO (13L3) to go inactive, allowing LMBYO (15N8) to be returned
high, indicating to the processor that the memory is ready to
accept a command. Memory refreshing is continued by performing
a single refresh cycle steal every 16 microseconds.

18e2<1.2 Cycle Steal Refresh

A refresh cycle steal is initiated whenever the free-running 16
microsecond oscillator (13B2) <clocks the REQ1 flip-flop (13D2)
set, thereby allowing the RFQ1 flip-flop (15K7) to queue up this
request. Flip-flop 07A (13E2) and the RSELO flip-flop (13F2) are
used to further synchronize the start and end of the refresh
cycle to prevent overlapping c¢f memory operations. Operation in
the refresh «cycle steal rode is identical to the burst refresh
cycle, with the exception that only one cycle is executed and the
PPR1 flip-flop (13J2) is never activated.

18
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18.2.2 LBC Qperating Modes

The LBC operates in a number cf different modes (refer to Table
18=-2) as determined by the states of ROM data lines RD011:031
(3E7), WRTO (3A6), DMAHWO (3A6), PSEL1 (3R6) and LMA190 (3A5) at
the time ERO (13G7) goes active.. These signals are loaded into
transparent latches whose outputs drive the mode selector 1logic
consisting of one of eight decoders 20F (14C3) and 20J (14C5) and
miscellaneous gate functicns (left half of Sheet 14). For any
given operation, certain mode de¢éoder outputs go active (refer to
Table 18-2), setting up the ccntrol logic for the specific data

manipulation required.

LBC OPERATING MODES

TABLE 18-2
1873-1
MM
AlA P
TIT|D|S
R|{RIR{E|W RD
S|S|S|L|R PROCESSOR OPERATIONS MODE DECODER OUTPUTS ACTIVE
DIR|T|I|T (See Sheet 14 35-771D08)
0{0|0O|A|0]|011]021]031
111{1}1]0| © 0 0 No Memory Operation
111/ 1}1|0}] © 0 1 Store Byte SBY1, SPW1, SPWO
11111} 1|0] © 1 0 Store Halfvord (Privileged)* SHW1, SPW1, SPHO
1{1]1]1(0| © 1 1 Store Halfword (Data)* SHW1, SPW1, SPWO
11110} 1 0 0 Test Error Logger
(Store Byte) TELO, TEL1, SBY1
1111 1]0) 1 0 1 No Memory Operation
11]1]10] 1 1 0 Store Fullword (Privileged)* SFW1, SFHWO
11111110 1 1 1 Store Fullword (Data)* SFW1, SFWO
111111111 0 0 ] No Memory Cperation
1{1)1(1]1] 0 0 1 Read and Set Halfword RSTO, RST1, SPW1, ROAST1
11111]1]1] © 1 0 Read Halfword (Privileged)*
(Fullword Operation) PRFWO, PRFW1, RFW1, ROAST1
111(111|1] © 1 1 Read Halfword (Data)*
(Fullword Operation) PRFWO, PRFW1, RFW1, ROAST1
1111111 1 0 0 Read Error Logger ELO, REL1 (active with
LMA190 high), ELSTH
(active vwith LMA190 low)
111711141} 1 0 1 Read Fullword (Instruction Read)*| PRFWO, PRFW1, RFW1, ROAST1
{111 1 1 0 Read Fullwvord (Privileged)* PRFWO, PRFW1, RFW1, ROAST1
11111]1 1 1 Read Fullword (Data)* PRFWO, PRFW1, RFW1, ROAST?%
P D
S M
E{W| A DMA Operations
LIR| H
I|T| W
Aloj o
11111|0]j0] © Store Halfword SHW1, SPW1, SPHWO
111j1/0j0] 1 Store Fullword SFW1, SFWO
111(1(0}1] © Read Halfword
(Fullvord Operation) DRFWO, DRFW1, RFW1, ROAST1
1{1]1{0)1| 1 Read Fullword
(Fullvord Operation) DRFWO, DRFW1, RFW1, ROAST1
11110 DMA Read and Set DRSTO
1]011 MAT Read and Set Reference Bit MATRSRO
oj111 MAT Read and Set [Cirty Bit MATRSDO

. *LBC does not differentiate between privileged and data instruction.
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There are five basic functional modes used by the LBC to service
all operations. They are:

18

1.

2.

Store Fullword (Figure 18-3)

Store Fartial Word (Figure 18-4) including:

. store byte

® store halfword

) read and set

° test error logger

Read Fullword or DMA read (Figure 18-5)

Read Error Logger Status (LMA190 low) (Figure 18~-6B)

Read Error Logger (LMA190 high)

(Refer to Figure 18-6A)

NOTE

A1l read halfword operations are
decoded as read fullword operations by
the LBC. Data steering for halfword
operations is performed on the CPU-C
board.
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Figure 18-4 Store Partial Word
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Timing diagrams for the A and B timers are provided in Figures
18-7 and 18-8. Table 18-3 provides data and address bus
alignment information. The subsequent sections describe each of
the five basic functional mcdes.
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18221 Store Fullword

A store fullword cycle is initiated at the processor by setting
up the write data 1lines MDS000:310 (2A4), address 1lines
1LMAO80:310 (3A1-3RA9), write control line WRTO (3A6), and mode
contrcl lines T[MAHWO (3A6), PSEL1, and RDO11:031 (3RA7). After
these lines are set up, the processor generates an ERO (13G7),
clocking the MB1 flip-flop set, thereby starting the memory
cycle. MB1 going active causes write data to be latched in the
input data register (2G8), addresses to be latched in the address
register (3A), and the <control 1lines in their respective
registers (3R6). MBC having cet the TA timer £flip-flop (16B6)
causes MCIO (165%) to go active, latching wup the address
presented on LMB001:151 (3E%,3K2) into the STHM selected by 1lines
MEA030:000 (9G)., After satisfying the STM address hold time, the
EAO0 flip-flop (16R5) 1is set, thereby tristating the LM¥B001:151%
address drivers (3E5,3K2). TA101 (2R4 and 15B2) going active
enables the input data register (2G8) and the data bus drivers
(Sheets 8 and 9), placing the word to be vwritten onto 1lines
LO00:310 and LMBO0CO:310. lLines L[L000:310 are input to the parity
generators (4C5,4F5), whose outputs ©PO000:060 propagate through
the write parity register (7F7) onto 1lines GP000:060. This
causes the parity data to be placed onto lines LMB321:381 by the
parity data drivers (9E8). TAA121 (15A4) causes WEO to go low,
activating MWEO (9G3), allcwing the data present on 1lines
LMB001:381 to be written into the selected STM. Following the
removal of WE1 (14J3), NCLR1 (14R4) goes active, clearing the MB1
flip-flop (13K7) which enables MCCO (9G2). With MCCO activated,
the write cycle is completed and CLKOD (15M9) causes LMBYO to go
high, signaling to the processor that the memory is no 1longer
busy.

184222 Store Partial Word

A store partial word cycle is initiated in the same way as
described in the store fullword description. The cycles differ
in that the word to be modified must be read from the STM before
performing the write. This ics necessary to allow new parity data

to be generated from the modified word. The following
description continues from the point just prior to enabling the
input data register, as described in the store fullword
ocreration.

WDENC (2R4) going active enables the input data register (2G8),
placing the byte (store byte operation or test error 1log
operation) or halfword (store halfword operation) of write data
onto data lines D0O00:310. HWDENO (1u4K9) also activates LDBY01:31,
causing D000:310 to be loaded into the Good Data Registers (GDR)
(Sheet 6).

NOTE

WCENO does not go active‘during a read
and set operation.



TA161 (15G1) going active sets the RE1 flip-flop (15J3) which, in
turn, activates the Uncorrected Data Register (UDR) (Sheets 8 and
9) and MREO (9G1). The STM respcnds in 240 nanoseconds by
activating MRDSO (9G6), signaling that lines LMB001:381 have been
loaded with the read data. RLS0 causes the RE1 flip-flop (15J3)
to be reset, removing MREO (9G1), latching the UDR (Sheets 8 and
9) and starting the TB timer (16B2). Data lines D000:310 and
UP000:060 propagate through the parity checkers (Sheets 4 and 5),
generating the Error Check and Correction (ECC) syndrome ccde on
lines P000:060. If no data bit errors are generated, the
syndrome code lines are all low deactivating MERO (5N2). If a
single data bit is in error, MERO goes low along with one output
from the DC error decoder (5J8) and one output from the DA or DB
error decoder. One of the ccrrection lines EB000:310 (Sheet 6)
or EPB000:060 (7C4) goes high, causing the data bit in error to
be input to the GDR (Sheet 6) or Good Parity Register (GPR) (7F4)
to be corrected (inverted). If any two data bits are in error,
MERO goes low, correction lines EB0O00:310 and EPB000:060 remain
Jow (no <correction), and the uncorrectable error decoder (7M5)
goes low allowing the UCEQO flip-flop (7N4) to be activated. UCE9D
at AOI gate 20K (15B2) prevents activating ELD1 and EDO when the
modified word is written back into the STM, causing all logical
ones to be stored in the STM. This is necessary because the new
parity data generated could otherwise make the data appear error
free cn subsequent reads from this location. TB021 (14G9) going
active causes LDGP1 (read and set or test error logger operation
only) and select LDBY(01:31 lines (14M7) +to go active, thereby
loading the part of +the wcrd not to be modified into the GDRs
(Sheet 6). TBOBO (14G9) going low deactivates LDBY01:31 and UDDO
(151L4) and activates GLD1 (15N4), placing the modified word onto
lines D000:310 (Sheet 6). New parity data is generated from this
word and appears on lines P000:060 (Sheets 4 and 5) which are
loaded into the write parity register (7F7) and output on 1lines
GP000:060.

NOCTE

R test error logger operation does not
store away new parity data, but it uses
the 0ld parity by enabling the GPR
(7F4) onto lines GP000:060.

A read and set operation differs from the above description in
that the entire word from the STM is loaded into the GDR and, in
turn, output to the processor from the output data register (see
read fullword operation for description). Additionally, the most
significant bit of the halfword D000 or D160 (15G6), as addressed
by LMA140, is set on write data line DOOOA or D160R (15K6) if
MATRSO, DMARSO, or RSTO are activated. DO0O20A is set on write
data line L[CO20A if MATESDO is activated.

TBB141 (15A2) activates ED1 and EDO, placing the modified word

data and parity data onto 1lines ILMB001:381 (Sheets 8 and 9).
TB161 (15A4) causes WEO and MWEO (9G3) to go active, placing the
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STM in the write mode. WE1 (14J33) going inactive causes NCLR1
(13G9) to reset the MB1 flip-flop (13K7), enabling MCCO (9G2).
LMBY0C (15N8), having gone high at the previous edge of CLKOD,
signals to the processor that the <cycle 4is complete and the
memory is no longer bhusy.

A DMA read and set and MAT read and set operation is similar to
a regular read and set operation, except that only bit 0 is set.

A MAT read and set dirty bit is also similar to a regular read
and set operaticn except that bit 2 is set.

18¢42.2.3 Read Fullword

A read fullword operation begins with the processor setting up
the address bus and control lines to their appropriate states
followed by the initiation cf the cycle with ERO (13G7) being
activated. ERO sets the MB1 flip-flop (13K7), causing the
address register (3B) and ccntrol registers (3B, 3E) to be
latched and the TA timer flip-flop (16B6) to be set. Lines
MX011:031, LMB001:151, and MEA000:030 (Sheet 9) are presented
with the address which is latched into the selected STHM by MCIO
(16S5). After satisfying the STM address hold time, EAO (16S4)
going active tristates the address drivers (3E5,3J3,9K9).

TA161 (15G1) going active sets the RE1 flip-flop (15J3) which, in
turn, activates the UDR (Sheets 8 and 9) and MREO (9G1). The STH
responds in 240 nanoseconds by activating MRDSO (9G6) signaling
that 1lines LMB0O01:381 have been loaded with the read data. RDSO
causes the RE1 flip-flop (15J3) to be reset, removing MREQ (9G1),
latching the ULR (Sheets 8 and 9) and starting the TB timer
(16B2). Data lines D000:310 and UP000:060 propagate through the
parity checkers (Sheets 4 and 5), generating the Error Check and
Correction (ECC) syndrome ccde on lines P000:060. If no data bit
errors are g¢generated, +the syndrome code 1lines are all low
deactivating MERO (5N2). If a single data bit is in error, MERO
goes low along with one ocutput from the DC error decoder (5J8)
and one output from the DA ¢or LB error decoders. One of the
correction 1lines EB000:310 (Sheet 6) or EPB000:060 (7C4) goes
high, causing the data bit input to the GDR (Sheet 6) or GPR
(7F4) to be corrected (inverted). If any two data bits are in
error, MERO goes low, correction lines EB000:310 and EPB000:060
remain 1low (no correction), and the uncorrectable error decoder
(7M5) goes 1low, allowing the UCEO flip-flop (7N4) to be
activated.

TBOB0 causes lines LDBY01:31 and LDGP1 (14M6) to load and enable
the GDRs (Sheet 6) and the GPR (7F3), placing the data
(corrected) onto lines D000:310 and GP000:060. ODD1 (16N3) going
active places this data ontc the MDS000:310 lines (2A5) for the
ProCessor. If an error has been detected, TBB101 (1521)
activates ED1 and EDO enabling the write data drivers (Sheets 8
and 9) onto LMB0O01:381; TEB121 (15A3) activates WEO, enabling
MWEO (9G4); and WEO (14J3) going inactive causes NCLR1 (13G9) to
reset the MB1 flip-flop (13K7). 1If no errors were detected, NE1
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(14J2) going active causes NCLR1 (13G9) to reset the HMB1
flip-flop (13K7). CLKOD (15M9) going active with DURO inactive
raises the LMBYO line, signaling to the processor that the memory
is no longer busye.

18.2.3 Read Error Logger (Including ECC Description)

The error logger consists of a 16K x 1 (four 4k x 1 RAMs) buffer
(10L8), an address multirlexor (10F1), a 16-bit shift register
(10K1 and 10G2), a shift address generator (10B3), a syndrome
code register (10C8), twc Error Status flip-flops (10K4), and
control circuitry (Sheet 10).

18¢2+.3.1 ECC Circuit Description

The Error Check and Correction (ECC) circuitry (Sheets 4 through
7) consists of parity/syndrome generators P0C0:060 (Sheets 4 and
5); error detector MERO (5M3); first-level error decoders DAO:7,
DBO:7, and DCO:7 (5J7); correction bit decoders EB000:160 (Sheet
6) and EPB000:060; uncorrectable error detector (UCEO) with LED
display indicator (7M5 and 7R7); and Exclusive=-OR bit correction
gates (Sheets 6 and 7). The ECC code implemented provides
detection and correction c¢f all single-bit errors and detection
of all double-bit error combinations.

The Error Correction Code (ECC) logic is used to generate the
proper parity bits (PO0O:P06) when writing into the STHM
(LMB32:LMB37) or to check the 39-bit data word read from the STH.

When writing into memory, the data to be written is available on
DOO:D31. The seven parity bits (UP0OO:UP06) are forced low. The
resulting parity bit (P00:PC6) outputs, along with the 32-bit
data word, are written to the STM. (Refer to Table 18-4.)

Reading from the STM fetches a 39-bit data word, which is
provided on the 4inputs of the ECC logic (D00:D31 and P00:06).
The syndrome output should be all zerc if there is no error.
(Refer to Table 18-5.,) The syndrome output bits (POO:P06) are
decoded to correct any single-bit errcr. Refer to Table 18-5 for
decoding the syndrome bits after a read operation.
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TABLE 18-4 ERROR CORRECTION CODE (ECC) LOGIC TABLE

1003
PARITY TO BE
WRITTEN ON WRITE DATA TO BE WRITTEN ON WRITE FORCED LOW ON WRITE
s - N\ - s ™ \
P00:06 D000:310 (LOW ACTIVE BUS) UP00:06
l JL PARITY
of1|213]|4a]|5]6 1 3jals|6]7 0891011 }|12]{13]{14115[16|17 |18 |19f20|21]22|23}§2a |25]26 |27 §28|29|30|31fo |1 |2 |3 |4 |5 |6 VPE
X| x| x X |x|x X X X X X X |x X oDD
X X X X |x X X X X X X X X X X EVEN
X X x fI x X | x X X X X X X X X |X X oDD
X X X |x|x X x|x|x X X |x|x X X X EVEN
X Hxxxx X |x]x|x X[X|x]x X X X oDD
X i x [x [x [x Ix | x|x[x x [x [x [ Ix [ x | x X EVEN
X!! X I I I B dx Ix B Ix Ix Ix Bx X EVEN
X = BITS USED TO GENERATE SYNDROME
\ —— J —— ~/
ON READ SYNDROME DATA READ FROM THE STM
OUTPUTS SHOULD BE ZERO '
IF NO ERROR

EXAMPLE: DATA TO BE WRITTEN = X'00000000' PARITY GENERATED = 1001000
DATA READ AFTER WRITE = X'80000000" PARITY READ = 1001000 SYNDROME RESULT = 1100100 DATA BIT 0 ERROR (SEE TABLE 134)



ECC SYNCROME CODE

TABLE 18-5
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ECC SYNDROME CODE (Continued)

TABLE 18-5

[1a] I [T}
=
o
[
[} OO AN MNMNMITNOVW~EONO TN M TV~ OCHROTTYTANMITNO>OOD OvrNMITNO~OAHNO=NMIIN
] I - o N ToNTo R ToNTo Ve R To NV I To Vo Yo T e JaVe) vwvvwvoor~rNRrRNEDS 00 O M 0 W WWOWWONH NN
O
(&
-1
- O N = O «— ™M <O
[¢ <] NN« ™ ~ o N « N N (3] - (e
o €S lealiaalicalo s TCa IR Ca o s Juea I CR IRCRRRE JE S R CO RN €5 MM MEMMORKMMAM™AE MR E (2] 0 M f&x] 00 &3 G2 Fod O B 0] B B3 B R O
a1 raoaQaoaENEQAESS D EE =D E AMEEAQAEZEQAEDEAQAAQAEQE =X ErQEQaE=EEqOs R E = KR
=]
=
(@]
O O OO v O OO O ST O« O O OO YOO O™ O OO " OO O OO v
O
7]
o
w0 OO0 T~TOO0O T rOO0OYTYT OO« QO T OO 00 ™™ OOTv™r«« COrrT OO0 T T OO YOO« ™
o
w0
(=]
=1 OO0 OO0 rr O 0000 ™« v [eNoNoNoll ol ol il piie N ool ol il ol il o leNoNoNeol i M ol o NeNo N oI ol ol ol ud
o
w
o
ag} OO O0OO0OO0O0OOO T «™ ™ © ™ v« [eNeoNoNoNeNoNolell ol odh ol 5 0l d leNoNeoNeoNeoleRoeRall i ol o s
o
[72]
o
(o] Lt ol ol ol ol ol a2 o el COO0OCO0OO0OOCOOOODOOCOOOO0O L il el dl . ol A 2 i i
o
w0
o
- Ll ol ol Sl 5 il e i S i e OO0 COOO0OCOTCOCCOOCO COQQCOOO0OOCODOO0OCOOO
o
2]
o
o legeNeoNoNoloeNoNoRalaloNoloNoNoNe] Ll ol ol o o ol ol ol ol ol o 2 Ll ol ol ol ol ol ol ol ol ol ol el e
Q
n

47-022 RO7

18-22



TABLE 18-5 ECC SYNDROME CODE (Continued)

S000 | SO10 | S020 | S030 | SOuU0O | SO50 | S0O60 | ERRCR |LCCATION
1 1 0 0 0 0 0 ME 96
1 1 0 0 0 0 1 ME 97
1 1 0 0 0 1 0 DB29 98
1 1 0 0 0 1 1 ME 99
1 1 0 0 1 0 0 DBO 100
1 1 0 0 1 0 1 ME 101
1 1 0 0 1 1 0 ME 102
1 1 0 0 1 1 1 ME 103 6
1 1 0 1 0 0 0 DB5 104
1 1 0 1 0 0 1 ME 105
1 1 0 1 0 1 0 ME 106
1 1 0 1 0 1 1 ME 107
1 1 0 1 1 0 0 ME 108
1 1 0 1 1 0 1 ME 109
1 1 0 1 1 1 0 ME 110
1 1 0 1 1 1 1 ME 111
1 1 1 0 0 0 0 DB4 112
1 1 1 0 0 0 1 ME 113
1 1 1 0 0 1 0 ME 114
1 1 1 0 0 1 1 ME 115
1 1 1 0 1 0 0 ME 116
1 1 1 0 1 0 1 ME 117
1 1 1 0 1 1 0 ME 118
1 1 1 0 1 1 1 ME 119 7
1 1 1 1 0 0 0 ME 120
1 1 1 1 0 0 1 ME 121
1 1 1 1 0 1 0 ME 122
1 1 1 1 0 1 1 ME 123
1 1 1 1 1 0 0 ME 124
1 1 1 1 1 0 1 ME 125
1 1 1 1 1 1 0 ME 126
1 1 1 1 1 1 1 ME 127

NOTE
PB = Parity Bit
DB = Data Bit
ME = Multiple Bit Error
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During a faulty read operation, data from the STM is input to the
parity check generators causing one or more parity/syndrome lines
P000:060 to go high and activating MERO (5N2). These 1lines are
also input to the first level decoders (5J5-5J8), whose outputs
are further decoded by the correction bit generators (Sheet 6 and
7C3). 1If a single-bit error is detected, one correction 1line
EBODO:160 or EPB0O00:060 goes high (active), correcting the bit in
€I LOT « If the error detected was not a single bit error, lines
EBOOC0:160 and EPBO00:060 remain low (no correction) causing UCE0
(7N3) to go active and 1latching the address (1 of 4) of the
faulty STM in the uncorrected error display (7R7).

1842+.3.2 Error Logger Descrirption

The error logger records all detectable single and nmultiple bit
memory errors (refer to Table 18-5). The error logger is divided
in two, with the first half covering the lower 4 Mbs of memory
and the other half covering the upper 4 Mbs of nmemrory. The
system only uses the first half of the error logger since there
can only be 4 Mbs maximum. An error can be detected down to the
1€k level.

EFrrors are recorded as follcws: parity/syndrome lines PO000:060
are Jlatched in the syndrome register (10C8) whose outputs
S001:051 are steered onto errcr logger address 1lines ELAOU4:11,
along with the word address lines WAQOO and 010, via the address
multirlexors (10D1 and 10D3). Line S061 is used, along with
BAO9, as the error log RAM chip enable (CE) decode. BA0O9 selects
between the lower 4 Mb 4k x 1 RAMs, 17k and 14k (10J6 and 10M6),
and the upper 4 Mb 4k x 1 RAMs, 16k and 15k (10J8 and 10M8).
5061 selects between the two RAMs selected by BA09, placing all
even errors (refer to Table 18-6) into 4k x 1 RAM 17k or 16k, and
all odd errors into 4k x 1 RAMs 14k or 15k. STM module select
lines ELMA11:31 and ERLAO1 (10J6, 10J8, and 10L8) are input
directly to the 4k x 1 RAMs as most significant addresses. ME1
(10H4) and MEO (10N6), having gone active, cause a low to be
written irnto the address location of the selected RAM, and set
either flip-flop O02M (10K4) upper half of the error logger or
flip-flop 05K (10K5), lower half of the error logger. These two
flip-flops represent the status of their respective error logger
halves.

There are two operations provided for obtaining error 1logger
information, read error 1logger status, and read error logger.
Both crerations are initiated by sending the read error 1logger
code on lines RD011:31 and setting address bit LMA190 for a read
error logger status or resetting address bit LMA190 for a read
error logger operatione.

A read error logger status operation responds with 1line MDS160
being set 1if the error 1lcgger contains error information, or
reset if no errors have been stored. LMAO90 is wused to select
between the status for each error 1logger half; if LMAO90 is
reset, MD5160 returns status for the 1lower half of the error
logger; and if LMAO9C is set, MDS160 returns status for the upper
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half of the error logger. The selected status flip-flop (10Ku4 or
(10K5) is always reset when a read error logger status is
performed.

A read error logger operaticn reads 16 consecutive 1locations of
the error 1logger, returning a half-word on lines MDS160-310.
LMAO90 selects between the upper and lower half of +the error
loggere. Address bits LMA100:180 are steered to the error logger
RAMs (10J6, 10J8, 10M6, and 10M8) via the address multiplexor
(3¥1, 3E3), along with 1lines AL01:21 from the shift counter
(10B3). The centents of eight address locations are read fron
each 8k x 1 RAM (operated in parallel) of the selected error
logger half and loaded into their respective shift registers.
Each address 1location is written back to a one (no error state)
before reading out from the next address location. The timing
used to perform +this oreration 1is derived from system clocks
CLK1D and SCLK1A (10RA4). After 1loading +the shift registers,
their contents are enabled onte lines D160:310, which ocutput onto
lines MDS160:310 +through the output data register (Sheet 2).
AD31 (14J2) going active causes NCLR1 (13G9) to reset the MB1
flip-flopr (13K7), readying it to accept the next ERO. RCARO
(10M3), having gone active, allows the ELDUAL1 flip-flop to be
reset, removing DUAO (15N7) and «causing LMBY0 (15N8) to be
deactivated on the next transition of CLKOD.

The halfword returned during a read error 1logger operation |is
interpreted as follows: each bit in the halfword represents 1 of
16 syndrome codes created by concatenating 4 bits with the 3-bit
syndrome field (A160:180) =sent to the LBC during the REL
instruction. For example, if A16:18 vwere zeros when the REL
instruction was executed, the halfword returned would represent
syndrcme codes 0000000 - 0001111, where bit 31 represents 0000000
and bit 16 represents 0001111. For every bit in the halfword
that is set, an error has occurred with the corresponding
syndrome. By wusing Table 18-5, the type of error can then be
determined. The location of a chip in error, for errors that
have Dbeen determined to be single-bit errors, can then be
determined using the module number bits and the word column bits
in the address field of the REL instruction (refer to Table
18-6) .

When rerforming a read error logger or read error logger status
operation, address bit LMAO8B80O must be reset. If LMAOBO is set,
the operation is not performed and the LBC resets all bits on
MDS160:310. Table 18-«6 shcws the addressing scheme for read
error logger and read error lcgger status operations.

As stated earlier, the system only uses the lower half of the
error logger since the maximum memory capacity is 4 Mb.
Therefore, performing a read error logger status or read error
logger operation with LMAQO9C set will yield meaningless results
in all cases.

Fvery time P55 is turned off, the error 1logger is not powered;

this means that every time PS5 is turned on, the error logger
contains invalid data and its status flip-flops may or may not be
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sete.

A read error logger

status

operation and

a read

error

logger operation must be perfcrmed for all error logger addresses
in order to clear out the error logger that valid errors can then
be recorded.

TABLE 18-6 ERROR LOGGER ADDRESSING SCHEME
1888-1
ADDRESS BUS BITS (LMA)

080 090 100 110 120 130 140 150 160 170 180 190 |
READ musT | MUST . WORD SYNDROME BITS | pust
ERROR BE BE MOggﬁ%NO. COLUMN BE
LOGGER | RESET | meser ° (0-3) S0 S1 52 | RESET
READ
ERROR MUST MUST MUST

BE BE NOT USED (DON'T CARES) BE
LOGGER | RgseT RESET SET
STATUS

NOTE: LMA200:310 are not used (don't cares)
183 MNEMONICS
The following is a list of the mnemonics used on the LBC board.
The meaning and 35-806D08 schematic source of each signal are
provided.
SCHEMATIC
MNEMCNIC MEANING LOCATION
AQO80:A310 Internal address bus lines Sheet 3
ADO1:AD31 Shift counter bits 10C3
BROS8C Board Address 8 3F1
BA090/1 Board Address 9 3F1
BMCIO Buffered memory cycle initiate 9M7
BMVFO Buffered memory voltage failure 9M9
line

BSCLRC Buffered system clear 9My
CAR1 Refresh ccunter carry 13N5
CB011:CB031 Control bits 3F8
CLKOD Buffered prccessor clock 10A4
CLK1C Processor clcck 9L7
CLK1D Buffered rrccessor clock N8
18=-26 - 47-022 RO7




MNEMONIC

CLRO

CLROB

CLTR1
CSTRINOO:10

DO00:LC310

DOOOA
LC160A
DAO:DA7
DBO:DE7
DCO:DC?
DERRO
CHWO
DMAHWC
DMARSO
DMARSTO
DPR1
DRF®0O/1
DREL1
DSFWO
DSHWO
CUAO/1

ERO/1
EB0O0O:EB310
EDO/1
ELMAOO:30
ELO
ELAOL:ELA11
ELDUAO/1
ELST1

END1
EPBO0O:EPB310
ERO

ERLAC1

EWEA1

FNPMO/1

GDD1
GHVFC

GP0O00:GPO60

LDO1

LDO2
LDBYO1:LDBY31
LCGP1

LDOD1
LMAO80:310
LMB001:381
LMBYO/1

47-022 RO7

MEANING

Cycle steal clear
Clear DU circuit
TB timer feedback
Cycle steal refresh inhibit

Internal data bus lines

Test and set bit

Test and set bit

First-level error decode bits
First-level error decode bits
First-level error decode bits
Disable error correction line
Buffered LCMA halfword line
DMA halfword line

DMA read and set

DMA read and set latched
Depower line

DMA read fullword

Data read error logger

DMA store fullword

DMA store halfword

Data unavailable

Enable address flip-flop

Data bit correction lines
Fnable data lines

Error logger and module address
Error logger select line

Error logger address lines
Error logger data unavailable
Error logger status select line
Standby end flip-flop

Parity bit correction lines
Memory cycle start

Error logger address 0

End write enable flip-flop

Nonpresent memory flip-flop

Good data disable flip~flop
Nonpresent memory or memory
voltage fail

Good parity lines

Error logger RAM ocutput
Error logger RAM output
Load byte

Load good parity 1line

Load output data register
Local memory address lines
Local memory bus lines
Local memory busy flip-flop

SCHEMATIC
LOCATION

13D2
15E7
1641
13A3

Sheets 2,6,8,
9,10, 11
15K5
15K6
5K6,5K7
5K5,5K6
5K8,5K3
5G6

3C6

3A6

3D9

3F9
13K2
14E7
1445
14D4
14D3
15N7

1654
Sheet 6
15G1
3G2,3F3
1464
Sheet 10
10G4
14HS
13F5
Sheet 7
13G7
3¥1
15F3

14S5

15Nu
9N7

7H2,7HY

10K8

10N7

Sheet 14
14M5

16K9

Sheet 3
Sheets 3,8,9
15N8
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MNEMONIC
MATDO
MATRO

MATRSLC
KATRSRO

MBO/1

MBOA

MB1A

MP1B

MB1C

MCCoO

MCIO
MDS0GC:MDS310
¥EO/1
MEAOOO:MEAO30
MERO

MER1

MRDSO

MREO

MREFO
MWAOO1
MWAO11
MWEQ

MX01:31

NCEO
NCLR1
NEO/1
NPHOC
NVAL1
NVHMO

oDD1

P000:P0O60
PFSDO/1
PRFWO/1
PSBYO
PSEL1
PSEL1A
PSFWO
PSHWO

QWEO
CWMO/1

RCARC
RCLCO/1
KCLRO
RCTOo/1

18-28

MEANING

MAT read and set dirty bit

latched

MAT read and set reference bit

latched

MAT read and set dirty bit

MAT read and set reference bit

Memory busy flip-flep

Buffered memory busy lines

Buffered memory busy lines

Buffered memcry busy lines

Buffered memory busy lines

Memory cycle complete line

Memory cycle initiate line

Processor data bus lines

Memory error flip-flop

Memory exransion address lines

Memory error detect line

Memory error detect line

Memory read data strobe

Memory read enable control
line

Memory refresh line

Memory word address line

Memory word address line

Memory write enable control

line

Memory extension address lines

Noncorrectatle error 1line
Normal clear line

Ne error flip-flop

Nenpresent memory line

Valid RAM data output

Memory voltage failure signal

Output data disable

Parity/syndrome bits

P5 shutdown lines

Processor read fullword 1line
Processor store byte line
Processor select 1line

Buffered prccessor select line
Processor store fullword 1line
Processor store halfword line

Quadword enable line
Quadword mode lines

Ripple carry line

STM refresh clear lines
Internal refresh clear line
Refresh clear time select lines

SCHEMATIC
LOCATION

3F8
3F8

3D8
3D8
13K7
13N7
13N7
13N8
13N8
9G2
16R5
Sheet 2
15L2
9G1,4
5N2
5N6
9G6
9G1

9GS5
9G3
9G5
9G3

3H2

7RY4
14R Y4
15N2
14RY
12N 3
9L9

16N3

Sheets 4,5
9R 4

14HS

14D2

376

3C6

14Dy

14D3

16S7
1658

10E4
9N5

13H4
13L4
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MNEMONIC

RDO11
RD021
RD031
RDS0/1

REO/1
REFO/1
REL1
RELA1

REQ1
RFAO:RFA7
RFCTLLO
RFQ1

RFW1
ROAST1
RSELO
RSTO0/1
RSTDCD1
RURE1

5000:5060

SBY1
SCLKOA
SCLK1
SCLK1A

SCLRO
SCLROE
SCLRoC
SCLR1B
SFWO0/1
SHIFT1
SHW1
SPWO/1
STBO/1

TAO01:TA201
TBOO1:TB161
TELO/1

UCE0/1
UubDo/1

UFP1
UP000:UPO60O

VALO/1
WA000/1

WRA010/1
WCo

47-022 RO7

MEANING

ROM data 1line

ROM data line

ROM data line

Buffered memory read data
strobe lines

Read enable flip-flop

Refresh mode control lines

Read error logger line

Read error lcgger RAM chip

select enable

Cycle steal request flip-flop

Refresh address bus

Refresh counter load

Refresh queue flip-flop

Read fullword control 1line

Read and/or set control line

Refresh cycle steal select line

Read and set control lines

Read and set decode

Data bus control line

Syndrome bit lines

Store byte control line
Buffered rrccessor shift clock
Processor shift clock

Buffered prccessor shift clock

Systems clear relay contact
Buffered systems clear line
Buffered systems clear 1line
Buffered systems clear line
Store fullword lines

Shift register advance line
Store halfword line

Store partial word line
Standby mode flip-flop

TA timer outputs
TB timer ocutruts
Test error logger control lines

Uncorrectable error flip-flop

Uncorrectable data disable
flip-flop

PEU pullug

Uncorrected parity bit lines

Valid bit data input
Word address counter bits

Word address counter bits
Word counter carry

SCHEMATIC

LOCATION

3D8
3D8
3D8
9M6

15K3
13L3
14HS
10E9

13D2

13N5,13K5

13N6
1517
1466
14H6
1362
14H2
14D 1
1417

10C7,10C8
10C9

14H2

10C4

9L8

9N8

13C3
13G3
13E3
13D3
14HY
10G3
14HY
14H2,14G1
13H2

Sheet 16
Sheet 16
14H2

TRL
15L4

13F1
9H8

12H1
3M6

3M6
3M9

[4
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MNEMCKNIC

WCCOo/1
WDENO
WEO/1
WRTO
WRTOA
WRT1

XRP1

XRP2
XRP3

18-30

MEANING

Word counter carry

Write data enable line
Write enable lines

Write contrcl line

Buffered write control line
Buffered write control line

PE pullup
PS5 pullup
PS5 pullup

SCHEMATIC
LOCATION

3M7
14M9
15E3
3A6
3C6
14A3

15N3

14K 3
348
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APEENDIX A
HARCWARE DOCUMENTATION GENERAL DESCRIPTION

1. INTRODUCTION

The hardware documentation zystem establishes the guidelines for:

] Number notation

° Part, drawing, and publication identification
) Component reference designation

] Connector pin numbering

) Drawing system

Hexadecimal numbering and equipment identification systems are
also explained.

Component reference designations are determined by the logic
board 1layouts. Assigned reference designations are used
throughout the text and drawings when referring to components.

ARll 1logic boards have one cr more header connectors to connect
the bcard to the chassis backranel. The boards may have one or
more front edge cable connectors, allowing the boards to be
interconnected. The pin numbering scheme explains the ©pin
callouts fcr all connectors used.

The drawing system defines the standard format of all drawings.
It specifies how net and registers are named and how ICs,
flip-flops, and clocked devices are represented. Schematic
drawing conventions are described.

2. SCOPE

This appendix enables the digital technician to wunderstand the
documentation system. It describes number notation, the part
numbering system, and the drawing system, as well as detailed
illustrations.

Also included is a cross reference list of Perkin-Elmer Computer

Systems Division part numbers and standard industry part numbers
for the ICs and transistors fcund in the equipment.
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3. NUMBER NOTATION

Hexadecimal notation is the mcst common form of number notation
used in Perkin-Elmer Computer Systems Division documentation. A
single hexadecimal digit retresents a group of four binary bits.
Talble A-1 lists the hexadecimal characters used.

Hexadecimal numbers are preceded by the letter X and the number

is enclosed in single quotaticn marks. Examples of hexadecimal
numbers are: X'1234°, X°*2EC6', X'A3u0°*, X*EEFA', and X'10B9°"'.

TABLE A-1 HEXADECIMAL CHARACTERS

1884

BINARY |DECIMAL | HEXADECIMAL||BINARY DECIMAL |HEXADECIMAL{| BINARY |DECIMAL|HEXADECIMAL
0000 0 0 0110 6 6 1100 12 C

0001 1 1 0111 7 7 1101 13 D

0010 2 2 1000 8 8 1110 14 E

0011 3 3 1001 9 9 1mn 15 F

0100 4 4 1010 10 A

0101 5 5 1011 11 B

§ | -

4. PART NUMBERING SYSTEM

Perkin~Elmer Ccmputer Systems Division parts, drawings, and
publications use a common numbering system, The part number and
drawing numbers for drawings which describe the part are related.
Figure A-1 shows the part number format. The following
paragrapbhs describe the different fields.

0002

moom>»

XX YyYy FNN MNN RNN NN
\ — J \ ~ J — —— L—v——/ —

CATEGORY SEQUENCE FUNCTIONAL MANUFACTURING REVISIONS SIZE TYPE
— J Y J

VARIATION DRAWING

Figure A-1 Part Number Format
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4.1 Category Field

The two-digit category ndmber indicates the broad class or
category to which a part belongs. Examples of category number
assignments are:

01 - basic hardware systems
02 - basic hardware expansions
03 - basic software systens

04 - software packages
05 - microprogranms
06 - test rrograms

07 - subroutines of general utility
10 - spare parts packages

12 - card file assemblies

13 - panels

17 - wire and cables

19 - integrated circuits

20 - transistors

27 - peripheral equipment

29 - manuals

34 - power supplies

3 - assembled prrinted circuit boards
36 - electro-mechanical devices

4.2 Sequence Field

The sequence number identifies a particular item within the
categorye. Sequence numbers are assigned serially and have no
other significance.

4.3 Functional Variation Field

The optical functional variation field consists of the 1letter F
followed by two digits. . The F field distinguishes between parts
which are not necessarily electrically or mechanically
equivalent, but which the same set of drawings describes. For
example, a power supply may be internally strarped to operate on
either 110 VAC ar 220 VAC. With the exception of this strap, all
power supplies of +this +type are identical. A note on the
assembly and test specification drawings describes the strapping
optiocon.

4.4 Manufacturing Variation Field

The optional manufacturing variation field consists of the letter
M followed by two digitse.

The M field distinguishes between parts which are electrically
and mechanically equivalent (interchangeable), but which vary in
manufacture method. ¥or example, if leads are welded instead of
soldered on an assembly, the M £f£ield changes.
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An exception to the M field meaning exists for software related
categories. When used in software, the M field number indicates
the form in which a particular program is presented. If a
program 1is a set of machine instructions, these instructions may
be presented on punched cards, paper tape, or magnetic tape and
can be in symbolic, relative, or absolute binary form. Thus, the
same program is presented several wayse

The format for the M field and its meaning for software is:
Mxy

where x identifies the nmedia selection (i.e., Dpaper tape,
magnetic tape, cassette, etc.) and y identifies object or source
and the format.

X Yy
conceptual 0 1 object program standard
pacper tape 1 format 32-bit processor
cassette z 4 memory image
magnetic tape (800 bpi) 3 6 object program standard

format 16-bit processor

cards 4 7 object nonstandard format
disk (2.5 Mb) o 8 object establislhed task
disk (10 Mb) 6 9 source progranm

magnetic tape (1600 bpi) 7

These numbers refer to the physical program placed on an approved
media for software. A paper tape object program, in standard
format for a 16~-bit processor, has an M16 identifier. & magnetic
tape object ©program, in standard format for a 32-bit processor,
has an M31 identifier.

The following M numbers alsoc have special meaning:

0¢ cenceptual object

91 32-bit object listing

Q2 programming specifications
95 prograi description

96 16-bit object 1listing

98 ocperating procedures

99 documentation and manuals
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4.5 Revision Field

The optional revision field consists of the letter R followed by
two digits.

The R field indicates electrical or mechanical changes to a part.
It does not <change the part's original character. The R field
changes often reflect improvements. A part with a revision 1leavel
higher than the one specified can be used; however, a part with
a revision level lower than specified cannot be used.

NOTE
A part number must contain a category

number and a sSequence number. All
other fields are optional.

4,6 DILrawing Field

The optional drawing field consists of a letter from A to E
followed by two digits. The letter indicates the size of the
original drawing. FEach letter's size is as follows:

A - 216 mm x 279 mm (8 /2" x 11")
B - 279 mm x 432 mm (11" x 17")

C - 432 mm x 558 mm (17" x 22")

D - 558 mm x 864 mm (22" x 34")

E - 864 mm x 1118 mm (34" x 44%)

The two digits indicate the drawing type:

01 - parts list 15 - program description

02 - machine details 16 - operating instructions

03 - assembly details 17 - program design specifications
05 - art details 18 - flowcharts

06 - wire run list 19 - product specification

08 - schematic 20 - installation specification

09 - test specification 21 - maintenance specification

10 - purchase srecification 22 - programming specification

12 - information 24 - application information

13 = program listing 25 - functional specifications

14 - abstracts

Examples:

Some examples of the part numbering system follow. The numbers
were arbitrarily selected, and in most cases, they are
fictitious.
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35-060 The sixtieth printed ¢ircuit board assigned a part
number under this systenm.

35-060M01 A printed circuit board electrically and
mechanically interchangeable with the 35-060, but
differing in manufacture method.

35-060F01 A printed circuit board not electrically, but
mechanically, interchangeable with the 35-060 and
described by the same set of drawings.

35-060R01 A revised 35-060 printed circeuit board which
supersedes the 35-060.

35-060B01 The 279 mm x 4322 mm (11" x 17") parts 1list for a
35-060.

35-060B0S8 The 279 mm x 432 mm (11" x 17") schematic for a
38~-060.

06~-072A13 A 216 mm x 279 mm (8 1/2" x 11") 1listing of the
06-072 test programn.

06-072R12 A 216 mm x 279 mm (8 1/2" x 11") information drawing
on the 06-072 test progranm. Probably a part of the
program,.

29-060 The sixtieth manual assigned a number wunder this
systen. This number is not referenced to the part

number of equirment described in the manual.

5. DRARING SYSTEM

This section describes the drawings provided with the equipment.
Drawings provided with peripheral devices and other purchased
items may vary from the system described in this section. A
digital system may be divided intoc a collection of functionally
independent circuits such as memory, processor, and I/0 device
controllers. These circuits could be saleable units in their own
right; electrically, they are self-contained and perform their
function with minimum dependence on other functional circuits in
the system. Hence, a functional circuit is treated as a building
blcck. Each schematic ccntains information including type and
location of discrete Integrated Circuits (ICs), pin connections,
all interconnections within the schematic, connector pin numbers,
and connections to other boards. The schematics reflect all the
logical operations performed by the circuits. Symbols used on
schematics generally conform t¢ MIL-STD-806B.
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5.1 logic Boards

Three logic boards are used in the equipment: half, regular, and
oversize. All logic boards contain one or more header connectors
to connect the logic board to the chassis backpanel, The boards
may contain front edge cable connectors, as required, allowing
boards to be interconnected. Component locations on +the logic
boards are determined by the toard layout.

Four standard chassis house the logic boards. The chassis are
either 178 mm (7") or 356 mm (14") high and are classified by the
number and type of boards they hold.

The chassis and the logic boards they can accommodate are given
in Table A-2.

TABLE A-2 CHASSIS/BOARD CONFIGURATIONS

CHASSIS BOARD MAXIMUM NUMBER AND TYPE

356 mm 16 slot 5 Oversize, 11 Regular
(14 inch)

5.1.1 Half-Board logic Layocut

Figure A-2 illustrates a half-board 178 mm (7*) 1logic board
layout. Half-boards measure 178 mm x 381 mm (7" x 15") and can
be rlaced in either the right or left half chassis position as
required.

With the single header connector 1 or 0 (CONN 1 or CONN 0),
components are numbered from left to right, starting in the upper
left corner. 1If a front edge cable connector is required, it is
located and numbered as shown in Figure A-2.
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0726

[a01] [0z ] [A0s ] Al
41 jo )
! ]
| |
s o]24 o
v o
[ | |
[ I |
178 mm I ) ! '
o I || CONNECTOR X CONNECTOR 10RO |' |
7 ! : (CONN X) (CONN 1 OR 0) Lo
[ | :
| I | |
L oo o
= N
00 |o o
1 2
1

381 mm N

- (18"

*The 178 mm (7”') half-board is installed, with an adapter, in either the 1 or O
side of a chassis slot. The backpanel connector and pins are referenced by the
board location, 1 or 0.

**The front edge connector number {X) depends upon the board location in the
slot as shown below:

‘BOARD FRONT
BACKPANEL EDGE
CONNECTION CONNECTOR
0 2
1 -3

Figure A-2 Half-Board Layout
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Two 178 mm (7") half-boards can be inserted into a designated
chassis zlot via the 16-398 Half-Board Adapter Kit. (See Figure
A-3.) Depending on requirements, the half-board adapter kit can
strap two active 178 mm (7") boards or one active board and one
blank 178 mm (7") board. Wiring does not take place between the
boards and the adapter. Due to the adapter's design, the
connectors on the board plug directly into the chassis slot
backpanel connector.

665 -

BACKPANEL CONNECTOR
®
ik 4T_lﬁ ° [

HALF BOARD HALF BOARD '
178 mm (7") X 381 mm (15”'}| |178 mm (7’) X 381 mm (15"")

te—— CABLE EXIT PATH
e &= <) {TO 1/0 PANEL OR

: o] lo ——— . DEVICE) ON RIGHT
AN ;[ 7 Ay SIDE OF CHASSIS

FRONT EDGE CONNECTORS —/

Figure A-3 16-398 Half-Board Adapter
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5¢1+42 Regular logic BRoard Layout

Figure A-4 illustrates a regular logic board 1layout. Regular
logic boards measure 381 mm x 381 mm (15" x 15") with header
connectors (CONN 0 and CONN 1) located on the right. The first
IC in the  upper corner is 01 and the first capacitor is C1.
Optional front edge cable connectors (CONN 2 and CONN 3) are
located as shown in Figure A-4.

0004-1
st 381 mm
(15")
I [ D oD )
41lo o
(1] [72) (=) '
1 |
A13 1|
”s CONNECTOR 1 || !
(CONN1) || |
CONNECTOR 3 Lo
(CONN 3) Lo
00 ool &
381 mm ; : 1 2
(15") 00 410 o
CONNECTOR 2 | :
(CONN 2) : |
24 | |
CONNECTORO| |
(CONN 0) : :
|
oofd &
1 2

G

'\

Figure A-4 Regular Logic Board Layout
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5143 Oversize Logic Board Layout

Figure A-5 illustrates an oversize logic bcocard layout. Oversize
logic boards measure 381 mm x 432 mm (15" x 17"). The hoards
have three header connectors (CONN 0, 1, and 2). Five front edge
connectors (CONN 3, 4, 5, 6, and 7 ) are located as shown in

Figure A-5. For individual board layouts, refer to the related
installation manual.

0727-1

/

43[o o
- P
[
I
? ? 16 |1
CONNECTOR2 | |

I *
! I connecTorse . (CONN 21 L]
t 1| (CONN®B) BOARD LAYOUT L
& aloo u
2 1 (]
00]jo o

o ol24

Py . 12

| 1| CONNECTORS
| 1] (conns) 3o e
& bloo Lol
. I
CONNECTOR 1 : :

CONNECTOR-= (CONN 1) | ] 432mm
7 Py arh
|
7o R
| 1] connecTOR4® e
i 1| (conna) _—
|
1': o100 43l o o
2 1 r
T )
1 | connecTor 3* CONNECTOR 0 :,
| !l (conng) (CONN 0) L
b sloo ::
21 |
- [
- 00jo o
12
381 mm
(15"

*FRONT EDGE CONNECTORS AS REQUIRED.
**REFER TO APPLICABLE INSTALLATION MANUAL FOR INDIVIDUAL BOARD LAYOUT.

Figure A-5 Oversize Logic Board Layout
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®«2 Connector rin Numbers

Connector pin numbers are identified by a 4-digit number in the
format rpp-c,

where:

r is the row number
Pp is the 2-digit pin number
¢ is the connector number

For example, connector pin number 103-1 refers to the fourth pin
(03) in row 1 of connector 1. (See Figure A-6.)

52«1 PRegular and Half-Boards

Figure A-6 shows the header and front edge cahle connector's pin
numbering scheme for regular and half boards. Header connectors
have two rows of pins, and 42 positions. Front edge cable
connectors have two rows of pins, but the pins may vary ‘in the
number of positions.

0006-1 2411 ———

24| o o 1411 —J4p0 % | 41
23 o o o o 40
22 o_oe+4— 1223 o o 39
N 2223 o o 38
o o 37

QP R CONNECTOR3 CONNECTOR™1 | ®

202-3 2031 W:—“\‘b T
| ’ 1031 —+0 03
02 0" oet— 1023 o o 02
01 o0 o o 01
00 o o o o 00

2 1 1 2
241-0 ——\

00] o o 141-0 e 0 %o 41
01 o o o o 40
02 o_ 0 «4— 1022 o o 39
| 2022 o o 38

:\ :"\ ; * \ J\

N P CONNECTOR 2 CONNECTOR 0 » HP

e 2222 203-0
103-0 —4»0 0 03
22 o 0@ 122-2 o o 02
23 o O -] -] 01
24 o o o o 00
2 1 1 2

*THE HALF BOARD IS INSTALLED WITH AN ADAPTER, IN EITHER
THE 1 OR 0 SIDE OF A CHASSIS SLOT. THE BACKPANEL CON-
NECTOR AND PINS ARE REFERENCED BY THE BOARD LOCATION,
1 OR 0.

Figure A-6 Regular and Half-Board Connector Pin Numbering
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52.2 Oversize Boards

Figure A-7 shows the header and front edge cable connector's

numbering scheme for oversize boardse.

1, and 2) have

cable connectors (CONN 3, 4, %5,

the pins may vary ip number.
as indicatede.

pcsitions,

0728

E 4
1 2016
{ /—— 101-6

CONNECTOR 6
(CONN 6)

(]

(o]

1
224-5
/ s, 1245

4
16| o
15| o
)
Vd
01] o
00| o
2
24 ((
23 o

01
00

CONNECTORS
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-

23

01 o
ow| ©

2
’/r—“—2m6
— 101-5
7 &
o] [}
71
224-4
CONNECTOR 7 [:] :: 1244
2 o
[

CONNECTOR 4
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-

L 2014
/ Fi— 1014

16| ©
151 ©

01

o

-l
— 2013
J——1ma

216-3
116-3

CONNECTOR 3
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A

~[:]

Figure
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5.3 Register Naming System

The following rules are used to name registers:

1e Mnemonic names are restricted to six descriptors and a
state indicator.

[N
.

Each bit in the register is numbered, usually starting
at 00 on the left, or most significant positions, and
continuing to N-1 on the right. N is the number of bits
in the register.

3. The 00 kit is the Most Significant Bit (MSB) and N-1 1is
the Least Significant Bit (LSB).
5.4 IC Representation
The ICs mounted directly on the logic board are represented on
the schematic dravwing by logic symbois. Each symbol contains the

reference designation, device part number (category and
sequence), and symbol mnemonic designation. (See Figure A-8.)

0003
SAME SHEET DESIGNATION

ANOTHER SHEET DESIGNATION Im——

L1 ENBL1 01 \
RDO21 02

218-0 > A20 06 NAME1 10M1
17-0 > RDO31 04 ] 19025 12A2
114-0 ~ RDOG1 05 HA 18K4

Figure A-8 High Speed AND Gate

The designations, numbers, and references shown in Figure A-8
are:

A20 Shows the component 1loucation cen the logic bhoard.
(Refer to Section 5.1.)

19-025 The number 19 is the category number of ICs and the 025
is the sequence number of the component.
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HA LCesignates that this component is a high speed AND
gate. Other common designators are:

P - power gdgate
SDF -~ Schottky, D flip-flop
SG - Schottky gate

SGO - Schottky high speed gate, open collector
SBO - Schottky high speed buffer, open collector

B - Buffer

\ SB - Schottky high speed buffer
LOR - Low power Schcttky OR
LN - low power Schcttky NCR

SOR - Schottky OR

SN - Schottky NOR
SA - Schottky ANLC
SF =~ Schottky J/F flip-flcp
L1 This input lead is from area L1 on the same schematic
sheet.
10M1}
1272, Designate outputs to other logic schematic sheets.
18K4
218-0
117-0}» Designate inputs from connector 0.
114-0

Pin numbers 01, 02, 04, 05, and 06 correspond directly to the
actual IC pin numbers.

5.5 Flip-Flops

When possible, the immediate cutput from a flip-flop (1 or O
side) has a mnemonic name preceded by an F. Usually, a flip-flop
named PSEL (Frocessor Selected) has an output amnewmonic on the 0
side of FPSELO. (Refer to Figure A-9.,) Thus, when observing a
mnemonic at the terminal end of a net, the digital technician has
an indication +that the =ignal 1is the output from a flip-flop
rather than a decoded function.
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Figure A-9 Clocked Devices

5.6 Clocked Devices

Clocked devices, flip-flops, and counters in particular, are
drawn to indicate information concerning their inputs. An input,
having a circle adjacent to the pin designaticn, implies that a
low active signal is needed to perform the specified operations.
The symbol > at the clock input shows that the device changes
state on an edge. If no circle is present, the chip is positive
edge triggered. (Refer to Figure A-9.)

S«7 Nets

A net is an electrical connection between two or more points in
a circuit. Ordinarily, a net has an originating end, usuvwally a
collector where the signal is generated, and one or more
terminating ends. It is often convenient to assign descriptive
mnemonic names to nets to identify them on schematics. Whether

or nct a net is named is arbitrary; however, a net is always
assigned a name if:

1« The net is contained on one drawing sheet; but it 1s not
a complete solid l1line on that sheet.

Zoe Part of the net appears on more than one sheet.

3. Part of the net connects with a different schematice.

4, Part of the net leaves a logic board.
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If a net is named, the following rules apply:

1. Except in special cases, mnemonic names are a maximum of
six characters plus a state indicator.

2e No other characters are permitted.

3. Where possible, mnemonics are descriptive; however,
descriptive names are not always possible and the danger
of misinterpreting a mnemonic exists.

4. A mnemonic name can be assigned to only one net.

S« A state indicator suffixes every mnemonic. This
indicator consists of the digit 1, for the logically
true state, or the digit 0, for the 1logically false
state. For example, the set side of a flip-flop
normally has 1 .state indicator; the reset side normally
has the 0 state indicator. The state indicator for a
function changes each time that function 1is inverted.
Thus, the state indicator permits assigning the sanme
mnemonic to functions that are identical except for an
inversion. Logic 0=.5 VDC or less, logic 1=2.4 VDC or
mcre.

6« When a logical function is inverted, an inversion
indicator is added after the state indicator allowing
for functionally equivalent, but electrically different
nets to have the same mnemonic name. Assume a signal
NAME1 may be inverted to produce NAMEO. If NAMEO is
then inverted, NAME1AR is produced. NAME1 and NAME1A are
functionally equivalent, but physically different nets.

If a net fans ocut to many sheets of a schematic or to sheets on
different schematics, it 1is assigned a mnemonic name and zoned
from sheet to sheet. This zoning allows for proper
identification of the originating and terminating ends of the
net. The originating end of a net i1s the driver where a signal
is generated. Terminating ends are all other points to which the
net connects. When a lead leaves a sheet at the originating end,
it 1is =zoned by first indicating the sheet on which the net
reappears. Assume that the gate shown in Figure A-8 1is on
schematic Sheet 20. The output NAME1 appears on Sheet 19, 12,
and 18 of the schematic. The schematic number is implied. When
a net enters a sheet from ancther sheet, it is labeled with the
same mnemonic name and is only zoned back to the originating end
of the net. In Figure A-8, the ENBL1 may have many other
terminations in addition to the one shown. When a net leaves the
sheet where it originates, it is generally zoned to every other
sheet where the net terminates; the terminating end is zoned only
to the originating sheet. On schematics, signals are coordinated
between sheets only when the sheets are related to the same
board. When a signal leaves a hoard, the backpanel map must be
used.
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When a 1lead 1leaves a logic board, it usually leaves through a
logic board backpanel connectcr pin. Even if the complete net is
on one drawing sheet, these ccnnector pins must be shown on the
schematice. Since the logic board location number, either in the
logic symbel or the footnote, 4implies the connector number
itself, only the connector pin number must be indicated under the
pin symbol. In Figure A-8, D061 enters the logic board on pin
114 of header connector 0.

5.8 Schematics

Figure A-10 is a schematic sheet with call-outs of the described
conventions. The schematic drawings for a basic digital system
are lccated in the rear of the appropriate digital systenm
maintenance manual. Schematic drawings for other expansions are
included with the expansion or with +the publications which
describe the exransion.
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6. PART NUMBER CROSS REFERENCE LIST

VENDOR/JEDEC

PART NO. TYPE NUMBER
19-001 Dual 4 Input NAND L[TL 861*
19-002 Triple 3 Input NANC DTL 863
19-003 Quad 2 Input NAND DTL 849
19-004 Hex 1 Input NANL L[TL 837
19-00¢% Cual Power Gate DTL syyx
19-006 Dual Buffer DTL 832%*
19-007 Flip-Flop DTL 848%*
1¢-008 Gate Expander Dual 4 Input DTL 833*
19-009 8 Bit Stack DTL 930*
19-01¢C Differential Comparator LIN 710C
19-012 Dual 4 Input NAND Buffer TTL 74H40
19-013 Quad 2 Input NAND DTL 9u6
19-014 Pual J-X Flip-Flop DTL 855%
19-015S Hex Inverter 1 Tnrut T4HO Y
19-01€ Quad 2 Irnput NAND TTL 74HO0O0
19-017 Triple 3 Input NAND TTL TUH10
19-018 Dual 4 Input NAND TTL TUH20
19-019 Single 8 Input NAND TTL 9007*
19-020 Operational Amplifier LIN 1709*
19-021 Quad 2 Input Power DTL 1644y*
19-022 Dual J-K Flip-Flor TTL 3061*
19-023 Selected Dual Buffer 19-006 with 932%*

20-30 nanosecond delay LTL
19-024 Triple 3 Input AND TTL TUH11
19-025 Pual 4 Input ANC TTL TuUH21
19-026 2-2-2-3 Input AND/OR TTL T4H52
19~-027 4 Bit Adder TTL 7475
16-028 4 Bit Serial Adder TTL 7483
19-029 Quad Exclusive - CR TTL 7486
19-030 4 Bit Shift Register TTL 7495
19-031 One Shot TTL 74121
19-032 1 of 10 Decoder Oren Collector 74145
19-C33 Lual Sense Amplifier LIN 7524
19-034 Retriggerable One Shot TTL 74122
19-035 4 Bit Up/Down Counter TTL 74193
19-036 Quad 2 Input Open Collector TTL 7438
19-037 High Performance Operational Amp 748393
19-038 Dual 4 line to 1 line Mux TTL ' 74153
19-039 4 Bit ALU TTL 74181
19-040 4 Stage Look Ahead Carry TTL 74182
19-041 4 x 4 Register Stack TTL 74170
19-042 Cual Retriggerable One Shot TTL 74123
19-043 Quad 2 Input NAND Cpen Collector TuHO 1
19-044 Hexadecimal Inverter Open Collector 7T4HO05

TTL
*Obsolete
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PART NC.

19-045
19-0U46
19-047
19-048
19-049
19-050
19-051
19-052
19-053
19-054
19-055
19-056
19-057
19-058
19-059
19-06C
19-061
19-062
19-063
19-064
19-065
19-066
19-067
19-068
19-069
19-070
19-071
19-072
19-073
19-074
19-07°¢
19-076
19-077
19-078
19-079
19-080
19-081

19-082

* Obsclete

47-022 RO7

CROSS REFERENCE LIST (Continued)

TYPE

Dual J-K Flip~Flop TTL
Quad RS-232C Line Criver
Quad RS-232C Line Receiver
8 Bit Shifter 24 Pin DIP
1024 Bit PROM TTL

8 Input NAND TTL

1024 Bit PROM TTL

Dual 4 Input Buffer

4 2-line-to-1-line Data 5S5el. Mux
Quad 2 Input NAND STTL
Quad 2 Input NAND STTL

Quad 2 Input NAND Open Collector STTL

Hex 1 Input Inverter STTL

Triple 3 Input NAND STTL

Triple 3 Input AND STTL

Dual 4 Input NAND STTL

Dual 4 Input Buffer STTL

2-2-3-4 Input AND/OR Inverter STTL

Dual D Edge Triggered Flip-Flop STTL

Pual J-K Flip-Flor STTL

Quad 2:1 Mux Nonn-Inverting STTL

Quad 2:1 Mux Inverting STTL

4 Bit ALU STTL

4 Stage Carry Lcok Ahead Carry STTL

8 line to 1 line Mux STTL

4 Bit Synchronous Counter TTL

Quad D Edge Triggered Flip-Flop

4 Bit Left/Right Shift Register TTL

Pual 4:1 Mux Tri-State TTL

8 Bit Priority Encoder TTL

16 x 4 Register Stack TTL

1024 Bit Memory MOS

256 Bit Memory TTL

Cual 4 Input NAND Cpen Collector

Comparator Dual

1024 Bit PROM TTL

Univ. Asynchrcnous Receiver/
Transmitters

2=-2-3-4 Input AND/OR Invert Open
Collector STTL

VENDOR/JEDEC
NUMBER

TUH106*
ML1488
MC1489A
74198
DM8587
74H30
74187
832%
74157/9322
7400
74500
74503
74504
74510
74511
74520
74540
74564
74574
745112
745157
745158
745181
745182
74151
74161
74175
74194
8214 (NAT)
9318 (F)
3101(INT)
TM54062
6531 (MON)
74522
NE5211
82529(SIG)
TR1042A

74565



CROSS REFERENCE LIST (Continued)

VENDCR/JEDEC
PART NO. TYPE NUMBER
19-083 ’ 9 Bit Parity Generator/Checker STTL 82562(S1IG)
19-08E Timer MC1555
19-086 741 C DIP Operational Amplifier 741
19-087 747 DIP Operaticnal Amplifier 747
19-088 733 C DIP Operational Amplifier 733
19-089 Cual D Edge Triggered Flip-Flop TUHTY
16-090 High Speed (710) Differential 710
Comparator DIP
19-091 Retriggerable Single QOne Shot 9600
19-092 Negative Voltage Reyulator 1463
19-093 Positive Voltage Regulator 1469
19-094 : Positive Voltage Regulator 723
19-09¢% Linear Positive Voltage Regulator 805
19-096 First In-First Qut Serial Memory 3341
64 Word 4 Bit
19-097 Amplifier LHOO0O2*
(RE3)
19-098 Quad 2:1 Multiplexor Non-Inverting 74157
19-099 Cual Sense Amplifier Inverting 75234
18-100 Lual Driver 8 Pin DIP 75452
19-101 Quad-2 Input Positive NAND Buffer 7437
19-102 6-1 Input Buffer/Buffer Open 7407
Collector
19-103 1 of 10 Decoder 7442
19-104 Current Switch Memory Driver 75325
19-105 Cual Differential Driver 75114/
9614
19-1G6 Dual Differential Receiver 75115/
9615
19-107 Cual Sense Amplifier 7520
19-108 Quad 2 Input NANT 7400
19-109 Hex Inverter Buffer Driver Open 7406
Collector
19-110 Hex Inverter 7404
19-111 Dual 4 Input NAND Buffer 7440
19-112 Optically Courled Isolator 4N25
19-113 360 Dual Line Driver 75123
19-114 360 Triple Line Receiver : 75124
19-118 Quad 2 Input ANL TTL 74HO8
19=-116 Dual 4:1 Multiplexor STTL 745153
19-117 4 Bit Magnitude Comparator STTL 4585
16-118 Quad Bus Transceiver TTL 26512A
19-119 Expandable AND/CR Invert TTL TUHS55
19-120 Cual Timer NES56
19-121 Matched Pair 19-085 (P.S. Timing) MC1555

* Obsclete
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CRCSS REFERENCE LIST (Continued)

VENDOER/JEDEC
PART NO. TYPE NUMBER
19-122 1024 Bit PROM TTL SEE 19-051
19-123 Cual Voltage Controlled Oscillator JusS124
19-124 4-2 Input NAND Buffer STTL 74537
19~125 4-2 Input NAND Buffer STITL 74538
19-126 Dual 2 Wide 2 Input AND/OR Inverter 743551
STTL
19-127 4-2 Input Exclusive OR STTL 74586
19-128 13 Input NAND, 3-State STTL 745134
19-129 3 to 8 Line Decoder STTL 745138
19-130 2-4 Input NANC E£0 Ohm Line Driver 745140
STTIL
19-131 4E FF STTL Tu45175
19-132 4 2/1 Mux STTL 745258
19-133 4 Bit Birnary Full Adder TTL 74283
19-134 Hexadecimal Buffer/Inverter TTL 8T98
19-135 4 Bit Binary Counter STTL (98516)
19-136 1 of 10 Decoder HS & HV 74145
19-137 Cual Peripheral Positive OR Driver 75453(SIG)
8 Pin DIP
19-138 Character General 2513
19-136 Driver/Decoder TUUTAN
19-1490 8 Bit Latch 9334PCQM
19-141 Multi-Port Register 9338PCQHM
19-142 1024 Bit PROM TTL SEE 19-080
19-143 4X x 1 NMCS RAM 9050
19-144 4-Hysteresis Rec 8T380
19-14% Voltage Regulator +15 500 Milli- 78 M15A0C
amperes
19 -145F01 Voltage Regulator +12 500 Millii- 78M12A0C
amperes
19-145F02 Voltage Regulator -15 500 Milli- LM340T~-15
amperes
19-146F00 Voltage Regulatcr -15 500 Milli- 79M15/
amperes LM320T-15
19-146F01 Veltage Regulator -12 500 Milli- 79412/
amperes LM320T-15
19-146F02 Voltage Regulator -2 500 Milli- 79M05
amperes
19-146F03 Voltage Regulator -5 500 Milli- 7905/
amperes LM320T-5
19-147F01 8 Channel Analog Mux H11-181A-5
19-147F02 8 Channel Analog Mux Analog
Devices
A07503JN
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CROSS REFERENCE LIST (Continued)

VENDOR/JEDEC

PART NG. TYPE NUMBER
19-148 Voltage Follower LM310D
19-149 High Speed Op Amp HA2-2525-5
19-150 2 Channel Analog Switch DG1828A/

IH5048 CTW
19-151 Low Level Inst Amp AD521JD
19-152 Linear Amp BB3660J
19-153 4-2 Input NANLC LETTL 741500
19-154 Hex Inverter LPITL TJULS04
19-155 3-3 Input NANLC LPTTL T4LS10
19-15¢€ 2-4 Input NAND LETTL 741520
19-157 8 Input NAND IPITL T4LS 30
19-158 4-2 Tnput NOR LPTTL 741502
19~159 4-2 Input OR LPITL T41LS32
19-160 4-2 Input AND LETTL 741508
19-161 3-3 Input AND LETTL 74LS11
19-162 2=-4 Input AND LETTL 741521
19~163 4-2 Input NANL Schmitt Trigger LPTTL T4LS132
19-164 4-2 Tnput NAND Buffer LETTL J4L537A
19-165 2-D FF LPTTL TULS74
19-166 2-JK FF LPTTL 74LS112
19-167 4-D FF LPTTL 7418175
19-168 3 to 8 Decoder LCemux LPTTL 7415138
19-169 Hex Inverter Open Collector LPTTL 74LS05
19-170 4-2 Input NAND Cpen Collector LPTTL 741503
19-171 Dual Multivibrator 413123
19-172 4-2 Input Exclusive OR LPTTL 741586
19-173 8 to 1 AND/OR Invert Mux LPTTL 7415151
19-174 #4-2 Irput AND/OR Mux LPTTL 7415257
19-17¢€ L-2 Input AND/OR Mux LPTTL T4L5157
16-176 4-2 Input Mux LETTL 7415258
19-177 4-1 Input AND/OR Mux LPTTL 74LS153
19-178 3-3-2-2 Wide ANL/OR Inverter LPTTL 74LS51A
19-179 4-3-3-2 AND/OR Inverter LPTTL TU4LS54
19-180 4 Bit Counter LETTL 74LS161
19-181 4 Bit Up/Down Ccunter LPTTL 7415193
19-182 4 Bit Left/Right Shift Register TTL T4LS194
19-183 2-Line Driver 75110
19-184 4 Bit Micro Ccntroller AMD2901
19-18% 4K-Bit ROM N82S115
19-186 4K-Bit PROM 82S21¢5N
19-187 Quad 2:1 Mux with Storage LPTTL 7415298
19-188 RCM Chip Programmed In House 16 Bit

: LSU
19-189 ROM Chip Programmed In House 32 Bit
LSU
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PART NO.

19-190
19-191
19-192
19-193
19-194
19-19¢
19-196

19-197
19-198
19-200
19-201
19-2C2
19-203
19-204
19-20¢
19-20€

19-207
19-208
19-209
19-210

19-214

19-215
19-216
19-217
19-218
19-219
19-220
19-221
19-222
19-223

19-224
19-22¢
19-226
19-227
19-228
19-229
19-230
19-231
19-232
19-233
19-234
19-235
19-236
19-238
19-239
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CROSS REFERENCE LIST (Continued)

TYPE

Quad Comparator

Cuad 2-Input NOR Gate

Cual D Flip Flor

1024 Bit PROM TTL

2K PROM TTL

2K PROM TTL

Cuad 2 Input 3 State Mux. Non
Inverting

1024 B Dynamic RAM (NMOS)

Field Programmable logic Array
16 x 4 First In-First Out (FIFO)
6800 Micrc-Prccessor

Feripheral Interface Adapter (PIR)
Sync Serial Data ARdapter (SSDA)
1K RAM

2 Phase Clock

4 Input 3 State Line Transceiver

Frror Checking, Polynomial Gen.
Lual VCO

Phase Frequency Detection
Micro-Processor

Asynchronous Communication Interface
ARdapter

Differential Line Driver
Lifferential line Receiver

Tri-state Line Lriver/Receiver

1024 x 1 Bi-Pclar RAM

1024 x 8 PROM

16,384 x 1 MOS RAM
Over-Voltage Frotector

9 Bit Even/0dd FParity Generator/
Checker

Octal Flip-Flop

Line Driver/Receiver
Refresh Counter

Hex Flip-Flop

4096 x 1 MOS RAM

Tri-state Hex Buffer

Shift

I Register

8 Bit Latch

Cctal ¥Flip-Flop

Quad 2 Input NOR Gate

Quad 2 Input OR Gate

Quad 2 Input ANLC Gate

10 Volt Precisicn Reference
Baud Rate Generator

VENDOR/JEDEC
NUMBER

LM339
CDLOO1RE
CD4013AE
SEE 19-051
N825131
SEE 19-051
745257

MK4096N-16
82500
9430
MC6800
MC6820
MC6852
MCME810A
MC6870R
8T26/
8T26A
MC8506P
MCuQ24?
MCu4oUyY
2608-1/
MCHM6830P

MC6850
AM26LS 31
AM26LS33

T4S214A
825181A
825181A
MK4116P-2
MC3423U

745280
74LS377
T4L3204
3242
7413174
MKL4027-2
8TS7
745350
MC2918
745373
745374
74502
74532
74308
AD581JH



PART NC.

19-240
19-241
19-242
19-243
19-244

19-245%
19-246
19-247

19-248

19-249
19-250

16-251
19-252

19-253
19-254

19-25¢
16-25¢6

19~-258
19-25¢9
19-260
19-2€1
19-262
19-263
19-264
19-265
19-266
19-267
19-268

20-001
20-002
20-003
20-004

20-005

CROSS REFERENCE LIST (Continued)

TYPE

Octal Bus Driver
Cual 5 Input NOR Gate
Cptically Courled Isclator

RCHM

Reg Pulse Width Modulator
3 Term Reg 1 Anmr

3 Term Reg 1 Amp

Cigital Delay Madule
Dual Mono Multivibrator

Hex Invert/Hysteresis
1KX1 RAM (MOS)

2KX8 Bipolar PROM

256 x 9 RAM

Xtal Clock Osc.

P NAND Gate/Invert

2-4 Decoder/Demux

2-4 Decoder/Demux

8-3 Encoder

Octal Buffer/3 State Output
Cctal D Type Flip-Flop

256 x 4 RANM

256 x 4 RAM

4 x U Register File
Optically Coupled Isolator
409€¢ Bit High Sreed RAM

Transistor NPN High Speed Switeh
Transistor PNEF 500 MA
Transistor

Transistor NPN

Transistor

VENDOR/JEDEC
NUMBER

745241
745260
MCT273

702,703
(Centronics)

SG 3524
SG78XXCK
UA78XXKC
UA78L12,
UA78C12ACDB,
LM78L12AHC
212XX(Pulse),
DL-18XX(Valor)
74221,
SN74221
SN7414
2125AL,
93L425XC
3636-1,
76161-5
93479XC,
N82S5212

X0-33C2¢
(Dale),
74G1-308,
20MHZ
(Spectrum)
SN745133
SN745139
SN74LS13¢%
SN74LS 148
SN74LS240
SN74LS374
93422
93Lu22
SN741LS170
TIL102
52147
(Amer ,Micro)
2N3646
MPS6534
DTS5-423/
2N 3902
2N5189/
64493
2N3056
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PART NO.
20-006

20-007
20-008
20-009
20-010

20-011
20-012

20-013
20-014
20-015
20-016
20-017
20-018
20-019
20-020
20-021
20-022
20-023

20-024
20-02&
20-026

20-027
20-029
20-02C
20-031
20-032

20-033
20-034
20-03¢
20-036
20-037
20-028
20-039
20-043
21-02E5F01

21-025F02

21-025F03
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CR0OSS REFERENCE LIST (Continued)

TYPE

Transistor NPN 15 Amps 100W TO3
Case

Transistor NPN 3 Amps

Transistor PNF 2 Amps

Transistor Triac 2 Amps 100V
Transistor NPN £00 MA Code Driver

Transistor Phcto
Transistor PNP High Current Switch

Transistor NPN

Transistor NPN

Transistor PNP

Transistor PNF

Transistor NPN

Transistor, Pcwer Silicon NPN
Transistor

Transistor Switching 1 Amp TO5 can
Transistor NPN Silicon
Transistor NPN

Transistor PNT

Transistor Switch
PNP High Speed Switch
Transistor Module, Quad

Transistor
Transistor
Transistor
Transistor
Transistor NPN

Transistor

Transistor

Transistor

Transistor

Transistor

Transistor

Transistor

MCS FET

1K ohm-15 to Common DIP

470 ohm=-15 to Ccmmon DIP

330 ohm=-15 to Common DIP

VENDOR/JEDEC

NUMBER
2N 3055

TIP31A
TIP32A
A03001
2N58u45/
2N5845/
Tu6591
2N5777
2N2907/
TS3413
2N 3302
2N4238
2N4235
2N3740
2N3766
2N3054
2N6038
2N 3725
MPS3645
21711
2N305Rp/
J2N2905A
2N3776
2N3467
FSQ1079/
FP23724
2N2369

HPX002
2N3568
SEE 2N6Uu86
SPEC
KE4393
2N 3904
2N 3906
MP54356
DUSH2
282520
2N222A

898 1-1K
ohm
{Beckman)
898-1-470
ohm
(Beckman)
898-1-330
ohm
(Beckman)



CROSS REFERENCE LIST (Continued)

VENDOR/JEDEC
PART NO. TYPE NUMBER
23-001 Diode High Speed-High Current 1N4150
23-002 Ciode 5.1 V Zener INU733A
23-003 Picde 10V Zener 1NUT50R
23-0C4 Ciode 6.1 V Zener 1N4735A
23-007 Piode Mot Bridge ¥DA962-2
23-008 Diode Int. Rectifier 4OHF-5R
23-009 Cicde 1N4735
23-010 Liode Int. Rectifier S1Y1P
23-011 LCiode Rectifier 2N681
23-012 Diode Thermistor 102032
23-013 LCiode 9.3V 1N2163
23=-014 Diode 1§¥3880
23-015 Ciode 1N 3889
23-016 Ciode Bridge Rectifier YSuus
23-017 Diode 1N2079
23-018 Ciode 18 V Zener IN4T746
23-019 Liode 1N3615
23-020C Ciode 8.2V Zener 1N756A
23-021 LCiode 9.1 V Zener 1N757A
23-022 Diode 3.3V Zener TNT746A
23-023 Ciocde Rridge Rectifier KDH250
23-024 Liode, Power Fast Rec. 30 Amps 1N3909
23-025 Picde, Power Fast Rece. 3 Amps MR8U1/
A115A
23-026 Triac 600V 30 Amps 2N6162
23=-027 Liac 32V 185761
z23-028 Power SCR Thyristor 284441
23-029 Cicde 1IN45K07
23-03¢ Ciocde 1N41564
23-031 Diode 6.8 V Zener INU736A
23-032 Picde 9.1 V Zener 1N4736
23-033 16 Diode Array 45190
(Litton)
23-034R01 Switch Diode 600 MA TSCIN4607
23-035 Cicde 40R MBALO 30
23-036 Diode MPD-400
23-037 Zener Diode 2.4V 1IN4370
23-041F00 low Voltage Zener Dicde LVAS1A40114/
LVAS51A22819
23-041F02 Low Veltage Zener Diode LVA62A400987
LVA62A22941/
LVA62A40212
23-042 Fower Schottky SD41
23-043F00 Zener Diode Avalanche 5.1V
23-043F01 Zener Diode Avalanche 5.6V
23-043F02 Zener Diode Avalanche 6.2V
23-060 Bridge Rectifier, 600V,50R
30-013 4,7uH Inductor
30-013F0C2 1.5ul Inductor
30-013F03 2+2uH Inductor
A-28 47-022 RO7



PART HC.

30-018

30-019

33-032

47-022 RO7

CROSS REFERENCE LIST (Continued)

TYPE

100 nanoseconds Delay Line 10 taps

£0 nanoseconds Celay Line 10 taps

Hexadecimal Switch

VENDOR/JEDEC
NUMBER

30-018
(Princeton
Advanced Eng.)
30-018
(Princeton
Advanced Eng.)
BERG or AMP



PERXIN-ELMER SFRIES 3270 LSU LOALEF.,

33-235891R00-20 PAGFE 1 16:30:34 10/05/82

PKOG= *NONE* ASSEMBLED BY CAL/32 03-338R00-00
3620 a0l 1 Lsu - EQU 1
2600 02000 2 TEST FQU a
3
GoQ000:1 4 IrZ LSy
5 PROC PERKIN-FLYEP 32~BIT LDAD-STORE UNIT (LSU) LOADER
6 TLSE
7 PROG PERKIN-ELNER SERIES 3200 LSU LOADER, 03-235¥91R0C-G0O
8 ENDC
9 *
10 ERSQZ
11 NORX3
12 SQUEZ
13 CROSS
14 FREZE
15 TARGT 32
15+ TARGT 22
16 *
17 * THIS PROGRRN TS DESIGRELD TC RUN OF THE PERKIN~ELMER SERIES
18 * 3200 ORLY. 1T USES INSTRUCTIONS KROT AVAILABLE ON THE
19 * PERKIN-XLMER 7/32 OR 6/32.
22 *
21 * USING CONDITIONAL ASSEEBLY INSTRUCTIONS THIS SOURCE
22 * WILL PRODUCE EITHER OF THE FOLLOWIRG PROGRAMS:
23 >
24 * SETTING PROGERAM
25 *
26 > LSU
27 *
2R * 1T cecescesveenereseesSTANDAKD LSU LOADER - FOR CHIPS.
29 * i eeeeveecencasssases BOOTSTRAP LORDER (TARPE) - FOR TESTIEG.
30
31 * IF THE LSU OGPTION 1S SPECIFIED THIS PROGRAX FRGDUCES THEZ FORMAT
32 * REQUIRED FOR LSU STORAGE AKD OPERATION (SEE PROGRAMMINS
33 * SPECIFICRTION 02-267322%22 SECTIOY 5)
38 x
35 * ¥%¥OTE: IF °*TEST*®* IS SET TC B KON-ZERO VALUE, THE PROGRRM(S)
36 * GENERATED WILL RUN ON A 7/32 OR B/32.
37 %
38 * THIS PROGRR¥ IS & LOALER THAT READS Rk CORE IMAGE OF 05/32
39 * ¥FROM & 5, €7, Ok 256 FEGABYTE DISC, FROX B FLOPPY DISC,
4C % OF FROM B KAGNETIC TAFE.
b1
4z * DEVICE CODFS DEVICE
43
4o > Xr32* SKB DISC - FIXED
4 > X323 S¥B DISC -~ RENOVABLE
46 * ¥*35* 67¥B DISC
47 ¢ X*36" 256¥B DISC
4 * 37 FLOPPY DISC
49 * ¥ruce 804G BPT MAG TAPE
50 * Xtur 1603 BPY OR DUAL DENSITY MAG TAPE
51 *
*

THE LOADEF FUNCTIORS IN THE FOLLCRING MAFRER:

LSUJ0G0C
LSU2¢010
LsSud052¢0
LSUOCO30
LSUSGCu)
LSyo0050
Lsuoceeo
LSUDSS70
LSU20a80
LSy2cose
LSUoC100
LSU2511¢
LSy20120
LSUSC130
LSUS0140

LSUD015C
LSUC0160
LSUDC170
LSU0C180
LSU20190
LSUDC200
1LSU00210
1LSU00220
LSUDE230
LS000240
15020256
LSUDC260
LSU92270
LSUS228C
LSUS0296
LSU2%366
LSU23310
LSU 30320
LSU3C330
LSU30340
LSU20350
LSU3G36C
1LSU50370
LSLo0380
LSU2C390
LSU2CH20
LSU20810
LSU20420
LSU20L30
LEUI0L4C
LSUJICU5E
LSU30460
LSUILLT0
LSUOC4EG
LSUDCLOO
15325530
LSU2C51C



PERKIN-ELMER SERIES 3220 LSU LORDEER.

53
54
55
56
57
58
53
50
51
52
53
54
55

£3-235M21E30-00 PAGE 2 16:30:34 15/05/82

* % R A % % % % N O % N A % % % % % % % O d % * ¥ % N ¥ % ¥ F 4 X ¥ ¥ % * X A F ¥ * * % F A *

1. OUTPUT B “BENU™ OF STANDARD DEVICES FROY WHICH THE C.S.
¥AY BE LOADED.

2. IXN RESPONSE TC USER®S INPUT, READ LOADER IKFORMATICY BLOCK
CF REQUESTED C.S. TO DETER¥INE TRE 0.S. SIZE.

3. TEST THE ¥EXORY IN KHICH THE 0.S. IS T2 RESIDE.

4, RELOCATE THE LOADER ABOVE THE KEX¥ORY TO BE OCCUPIED
BY THE 0.S.

S. TEST THE MEMCRY JUST VACATED BY THE LOALER.

6. LOXD RND EXECUTE THE C.S.

THE %EMORY TEST FUNCTIONS IN THE FOLLOWING KASNNER:

1. THE ADDRESS OF EACH LOCATIOK TC 2E TESTED IS WERITTEX T3
THAT LOCATICH. AFTER ALL ADDRESSES AKRE WRITTEK, TKEY ARE
READ EACK AND COMFARED TO THE ADDRESS PTINTER.

2. TEST 1 IS RUN USINC THE CO¥PLENENT NOF EACH ADDHESS iS
THE TEST DATA.

3. 2 SERIES OF BIT PATTEKRNS ARF THENK TESTED IN THE
FCLLOWIRG MANKER:

A. A PATTERN IS WRITTEN TO FACH LOCATICR TO BE TESTED.

B. AFTER ALL 1OCATIONS HAVE BEENX WRITTEN TO HITH OXNE
PATTERN, THE DATA IS READ BACK AND COKPRRED TO THE
PATTERN REING TESTED.

C. A ARND B ARE REPEATED UKTIL ALL PATTERNS HAVE BEEN USED.

IF 3 XOK-COMPARE GCCURS DURIRG ANY OF THE TESTS, THE
ERROR MESSASE "MEKTST ERR NKENEN®™ IS CUTPUT, AND TESTIHG
IS TERNIRATED. “NENXER" REPRESERTS THY ADDRESS AT WHICH
THE NOX-COMPARE OCCURRED.

THE PRTTERNS AND EETHCD USED IK TRIS TEST ASSURE THAT:
1. ALL LOCATIONS TESTED ARE INDEPENDENTLY ADDRESSABLE;

2. ¥O PITS WITHIN ENY FULLWORD ARE STUCK IX THE OR OR
CFF STATE;

3. NO RITS WITHIN ARY FULLWORD ARE SHORTED TOGETHER:

4, ACCESSING ANY FULLWORD WILL NOT CHAEGE ANY OTHER FULLROED
NITHIN THE TESTED RARGE.

LSU2G52¢
LSUDCE34
LSGaGs4L
LSU3055¢2
LSU32%€0
LSU2057¢
LSE3058¢
LSU26560C
LSUJCel
LSUDGE 1L
Lsyai62¢
LSusls3C
LsSUCleLC
LSUIL650
LSUCTEES
LSC2267C
LSuatesd
LSU206s0
LSYSn760
LSU2a713¢
LSUIL7ZT
LSL2C730
LSUG374L
LsSU2L753
LSU2C762
LSUGGT7O
LSuLo78y
LSu2e7%¢0
LSy208C0
L5yd0810
LSULC8ZS
LSUSCR3L
LsSuacesc
LSUJCESG
LSULO86C
Lsu3287¢0
LSU3Ca8C
LSUO0ES9y
LSy09900
LsSu0G910
Lsg2092¢
LSy6693c
LSUGa9ud
LSy30950
LsSU20960
LSUJ39%7C
LSudG9ec
LSUJG99C
LSU21G00
Lsgz101¢



PERKIK-ELKEE SERIES 3200 LSU LOADER, $3-23EM91RGO-00 PAGE 3 1A:30:34 13/05/82

GFNERAL EQUATES

104 % ENTRYFEXTREW DECLARATICES = YORE Lsi5103¢
105 * LSUJl1540
196 * COFY DIR LSU21050
137 % COPY. LIB LS021060
128 NLSTH Taorn off macro expansions. *rog* LSU21070
129 $NIR . *rod* LSU21080
110 SLIB . *rod* LSUD1090
111 LIST ) LSU21100
5000 1600 112 LSUADBE EGU X*1000°* IKITIAL BASE ADDRESS OF LCADER. Lsy21110
A60C Q578 113 BINDY ¥QU x*78°* BINARY DEVICE ADDRESS. LSU2112¢0
00CH GC60 114  (0S.START EQU X*60* 0.S. START ADDRFSS. LSU0113¢
2060 2(0L 115 CR EQL x*or* CARRIAGE RETURN. LSU21140
22360 CCOR 116 LF EQU X*OR* LIXE FEED. LSUG1150
G000 "00s 117 BSY ECY 8 LSU01160
118 ¥ LSU3117¢C
119 * RFGISTER FCUATES LSUD1180
129 0+ LSU31190
3300 000G 121 RO EQU o] LSU01200
J60C¢ 0CO 122 R1 Toy 1 LSUD1210
QCO00 Q002 123 R2 EQU 2 LsU01220
0000 00603 124 R3 EQU 3 LS0D1230
0000 000n 125 R4 EQD 4 LSUO1240
2000 CC005 126 RS EQU 5 LSU31250
00C0 00206 127 R6 EQU 6 LSUJ126C
0200 CCO7 128 K7 EQU 7 LSU2127C
2009 0008 129 RS Jotedi] 8 LSUD1280
¢000 0GO09 133 R9 FoU 9 LsU51290
20030 OCCA 131 R1%2 Fou 10 LSUJ13G0
GCGC CuleB 132 F11 ToU 11 LSUDd1310
&4C00 6o0C 133 k12 FOu 12 LSU31320
25060 134 R12 E U 13 1SU3x1330
3632 Q2 135 E4 rou 14 LSUO1340C
300 330 136 R15 EQu 15 LSU2135C

000C0:1 137 IrYz LSt LSU21360



PER¥XIK-FLXER SERIES 3200 LSU LORLDER, 03-235K91R00-35C PAGE 4 16:3C:34 10/05/82

=1

LSU LJDADEF - FREAMBLE

200006:1 322 139 pCE o START PSW LSU21380
000002:T 1580 140 neC Z(LSUADER) START ADDRESS LSUC1390
00000427 1090 141 DC Z(LSUARDDR) LOAD ADDRESS LSU21430
20050627 17EC 142 ne Z(LSUADDR+LEKGTE)  END ADDRESS 1SU21410
183 ELSE LSBI1420
144 TITLE BOOTSTRAP LOADEF - ABSOLUTE FREAMBLE (X°83* TO X°CF*) LSUD1432
745 *#* NOTE: THE INSTRUCTICNS OR DATA RESIDING AT LOCATIOHS X'54° LSUD1643
146 AND X'56' SHOULD RLWAYS HAVE FULLWORD VALUES. LSUI1458
w7 ox THFSE LOCATINYS SERYT AS TUE POWER FAIL CURREST PSW SAVE LSU31460
18 POINTER, AND THE POWER FAIL REGISTER SAVE POINTER. LSU91670
139 * LSud1ued
150 PREA¥BLE BS START STHRT. LSU21480
131 BXSEC e 1°9139°" BACKSPACE COMMAXD. 15031530
152 e X03070¢ POWER FAIL CURRERT PS# SAVE POINTER.  LSUJ151C
153 DC ¥*3588°" POWER FAIL REGISTER SAVE POINTER. LSU21520
154 * LSU31536
155 START ECU  * LSUI1540
136 LIS ®4,3 LSU21550
157 FPSR  ©B1,R4 LSU21368
158 LT RZ,S4END CET BUFFER ADDRFSS. 1SU2157¢
159 LB R1,BINDY GET ADDRESS OF BINARY DEVICE. LSUG1580
150 THI  R1,%'30C4° IS IT A PTRF OR TTYR? LSU31580
161 BZS  ST.READ YES, THEK DON'T BACKSPACE. LSUJ16C0
152 WTNCHK  EQW  * LSU21510
153 SSR  R1,K3 IS MAG TRPE STOPPED YET? 1LSUD1628
164 THI  R3.,X¥'5313° : LSU21630
155 BZS  WTNCHK NO, THER WAIT UNKITL IT DOES. LSUD1640
166 oC R1,BKSPC YES, THEW ISSHE THE BACKSPACE. LSUD1650
157 WTRCHKT EQU  * , LSUJ1650
168 SSE . R1,R3 END WAIT UNTIL BACKSPACE COMPLETE. LSU21670
159 THI  B3,X*0310° : 1SU2168C
179 BIS  MTECHK? : LSU01680
171 SHI  RY4,83 OFFSET FOR BACKSPACE. LSUR1700
172 ST.READ EQU  * START THE READ. LSU21710
173 LKI  R4,LSUADDR-S1END(Ra) GET BUFFER END ADDRESS. LSU2172¢
178 oc R1,EINDV+1 ISSUE THE READ COKNARD. L5U91730
175 READATA EQU  * LSUD1740
176 SSR  R1,R3 GET STATUS. LSUJ1750
177 BTBS BSY,READATA LOOP UKITL NOT BUSY. LSU2176C
178 RD ©1,C(R2,B4) READ A BYTF. LSU31770
179 AIS  ®4,1 ELSE, BUEP BUFFER POINTER, LSO21780
180 BNPS ' RERDATA AND READ UKTIL COUNTED OUT. LSUD17S0C
181 B LSUADDR THEN, GO EXECUTE LOADER. 1LSU21830
182 * LSUD1E10
133 IFP  PREAMELE-*+80 LSU51820
184 PO PREAMELF-*480 LSUB183G
185 DB 3 FILL BYTE. LSUD1840
186 FNDC LSUD1850
187 S1END EQU  LSUADDR+LERGTH LSUd186¢

198 EXDC LSUZ187C



FERKIN-FLKER

LSU LORDER /

0CO0GR:T
00500C: T
00C01C: 1
000012:71
C0C016:7
¢03C18:1
GOOD1R:T
00001C:T
GGCO01E: T

000020:1
*00C024:1
000C26:T
CO002A:T

0C002E:T
*000032:1
50003431
00C036:T
¢Cco038:T
00003A:1

CO003E:TY
C2004G: Y
000CLY:T
{Q00u6:T
000CLE: T
CO0CLA:T
Co004C:T

02004E:X
€00052:1
G00056:1
GGCo58:T

0o005C: I
00005E:T

00566021
000064:T
000068:1
d0006R:T
00006C:1

000CGEE:T
0CC07C:1
*00GCTL:T
000076:7
00007A:T
9C0C7C: I

a0c
c840
DEA4O
SBu47
E610
24680
C1F1
06DC
C1F1
G6FU

0C00
41EC
2212
E69C
E6RO
2020
5589
2336
2698
0592
2335
4300

490¢C
28D9
E6RC
GBOA
2334
2180
2478
1087
sCee
L2190
EGAC
U5DER
4230

2492
24D4
J3C0
4E6D
4760
C1F1
G062
2400
2603
248¢C
41EQ
2116
41EQ
1104
2608

SERIFS 3200 LSY LOADEER,

SFGMERT 2 (RELCCATRBLE)

oG08 :
0G10
87A3

§50¢C

¢020:
852C

8€DR
2716

0C2F:
ey

CQOuF:
EOERA
EEED

806A

COEF:

§4DC

852C

1
=CCLTB3:s I

=060516:7

0055C:1

oo e
(=N w i)
<o
. [

(%]

N
[=]
-
—

=00003E:1I
=0C202E:1
=00000G8:1
I

=000 70431

=CCOCUE:T

=000550:1
=000080:1
=0G05A6: T

192
191
192
132
194
195
136
1397
198
199
200
201
292
233
204
225
206
207
208
229
210
211
212
213
214
215
216
217
218
218
222
221
222
223
224
225
22¢
227
228
229
23¢
231
232
233
234
235
236
237
238
23%
240
241
242

03-235¥81R00-30

LODRSTKT

x*

GETXAMNE

CK.NAME

*
FOUKD.K¥

YLCTOK

NXT.ITE™

KAM,ITEN

GET.ITE™

EGY
LHI
ocC
RDR
LA
LIS
BALR
bC
BALR
DC

EQU
BAL
BNK

EQU
LR
Lk
Sk
BZS
LIS
Lig
DR
ECU
STH
LA
CLR
BNE

LIS
LIS
EQU
LE
STH
BALR
DC
LIS
EQU
LIS
BAL
BHM
BAL
SLLS
OR

PAGE 5 16:

*

R4 ,X*10"

R4 ,CON2

R4 ,R7

R1,%SG

R8,C

R15,R1
Z(ID-LODRSTKT)
R15,R1
Z(BRENU-LODRSTET)

k4

R14,GETC
GETNAME

R9 ,DEVTARBLE
R1C,DEVTBLND
-

R8,0(R9)
FOUND.NH
R9,8
R9,R 10
CK.NAME
LODESTRT

*

R13,R9
R10,DEVTABLE
R9,R12
VECTOR

R8,C

R7,8

R8,R7

*

kG ,T3ATRY
B1C,OTHER
R13,R1C
SET. IO

k3,0
R13,20
*

E6,FDDRTABL{&13)
R6,NAM . ITEX
R15,®1

0:34  10/05/82

GET DEVICE # AND

SET-UP PASLA.

ISSUE DUMKY READ.

GET ADDRFSS OF MESSAGE HANDLER.
IKITIALIZE STRIXG REZISTER.
OUTPUT THE IDENRTIFIER.

OUTPUT THE MENU.

GET THE REPLY.
LOOP UNTIL DELIXITER

"0, GET BASE RDDP OF DEVICE TABLE.
GET END ADDRESS GF DEVICE TARLE.

YATCH?

YES, THEN GO GET FILENARME.

NC, BUMP POINTER.

AT END YET?

N0, TRY NEXT KAKME.

YES, INVALID MAME - START AGAIN.

HOLD ADDRESS OF SELECTIOEK.
CALCULATE OFFSET.

IF ZERO, RO FURTHER CALCULATIOKN.
ELSE, CALCULATE INDFX

INTO VECTOR TABLE.

(R3) = INDEX.

SRYE RS IKDEX IKTC DEVICE
WAS ®OTHK"™ SELECTED?

%0, SET-UP TO RERD 0.S.
YES, ASK FOEK SPECIFICS.
TXITIALIZE INDEX IKTO DEVICT TARLE.
IRITIALIZE IKDEX INTD ADDRESS TRBLF.

TRZLE.

GET KESSAGE ADDERESS.

ISSUFE REQUEST.

Z(NRM.ITEX-LODRSTRT) :

RO,D
*

k8,0

P14 ,GETC
CHK.TTEHX
R14,X.CONV
RO, 4

RO,E®

INTTIALIZE FOR HEX CHRRRCTERS.

INTTIALIZE STRIKG REGISTER.

GET A CHARACTER.

EXIT IF CARRRIAGF RETURN DETECTED.
ELSE, CONVERT TO HEXY NIBBLE.
CONCATENARTE WITH PREVIOUS RESULTS.

LSU21880
Lsut19¢o
1SU01%10
LSUJ1920
Lsud1930
LSUJ1540
LSU01950
LSUS1960
LsS021970
LSU21980
LSU219S80
1LSyJd2000
LSUD2010
LSU220620
LSUd2030
LsuD20u0
LSU22050
Ls0J2060
LSu026G70
Lsud2080
LSU02080
LSU32100
LSUdz110
1Lsy02120
LS002130
LSuUC21u40
LSU22150
LSU02160
LSUD2170
Lsud21ee
Lsycz21e0e
LSg22200
Lsug2221¢
LSU%222Q
LSuD2230
Lsto22u40
LSu32250
LSUZ2260
LSud2270
LSUCZ2€E0
LSU32290
LSu230s
Lsu22310
Lsupo232¢
LSU322330
LsSUC2340
LSU22350
LSU22360C
LSU223790
LSU2238¢C
LSy223490
LSUG2400
LSU22410



PEFXIX-ELNEER

Lst

*00CQTE:T

003080:T
*5CO0BS: T
00Go8E:T

50GCER:T
Q00CeC:T
SGGODBE:T
500C¢2:1
CG0CoE: T

*DQ0LCGR:T
3¢009eC:1
COCOAC:1

*QCOCAL:T
JCCORE:T

*GOCORB:T

S0CORA:T
*JCOUCRE:T
Q0GCBO:I
000CB2:X
0000RY:T
*QOGCES:T
OCCOBA:Y
*GG00BC:T

000GBCsT
GDOQEE:T
36C0C2:1
*0000C6:1

LJKDER /

2208 =¢CCLBE:T

I

=000088:1

1104

QL0 G(R8:1
4C09 B646 =
26D2
c5Do L&
4230 80
246C

000 0098:1
CE6L &038

4380 FFe8 =CGCu08:l
4556 85F8 =0Cl69C:1I
2333 =0200RAAT
669

2208 =5360598:1
CooC JCAA:T

cs5C 0037

2187 =02CaBC:1
26D2

2692

C500 Q037

2132 =050r8CeI
26D2

o004 GOBC:1

2692

C599 €008

4280 FF9R =0000C60:1

SERIES 3200 LSU

LOADER,

SEGXENT 2 (BELCCATABLY)

243
244
245
245
247
248
2409
256
251
252
253
254
255
256
257
258
259
2832
251
252
253
26t
265
255
267
258
269
272
271
272
273
274
275
276
277

*

CHK.ITEE

STK.ITEY

NYT.CODE

-

TKD.CODE

*

BRMP.ITEN

£3-235H91RU0G-0C

EQU
CLI
BNL
CLH
BE

RIS

EQU

CLHT

PAGE 6 16:30:34% 10/05/82

GET.ITTM

*

R13,8
STE.ITEX
RO, 4

*
KC,OTHR(RI)
R13,2

R13,4
2MP.ITEY
®6,0

>

R6,GTHR-DTAELE
LODRSTRT
R0,DTABLE+2(R6}
EKD.CODE

k6,8

NXT.CObE

*

RO ,¥*37"
E¥P.ITEY
R13,2
R9,2

RO, X*37°
BEP.ITEX
R13.,2
BRHP.ITEE

*

RS ,2
R9.,8
¥iT.ITEH
SET.I0

GET KEXT CHARACTER.

WAS ITEK "DRVE™?
¥0, THEN STGRE RS IS.
YES, THEE SHIFT BY 4.

STORE ITE® IK DEVICF TABLF.
BUMP ADDRESS TABLE POINTER.
¥AS LAST ITEM "CODE®?
8O, 50 STORE ITFM NOW.

YES, CHECX VALIDITY OF DEV CODE.

AT EXD OF TABLE?

YES, ERROR - RESTART.
¥ALID DEVICE CODEY
YES, THFY EXIT.

K0, BUMP POIRTER.
CHECK ¥EXT CODE.

WAS CODE FOR "NORMAL™ DISC?
YES, NOW GET CONTROLLER.
NO, DON*T ASX FOER "CTLE"
¥AS CODE FOR FLOPPY?

NO, THEX ASK FOR °"SLCH".
YES, ASK FOR “DRV#".

BOKP IRKDEX.

ARE WE DOKRE YET?

NG, GET THE REXT ITEN.
YES, SET-UF TO READ 0.S.

Lsti2u2¢
LSUJ2430
LSUZ2648
LSU3245¢C
LSU22u460C
LSUI247%
LSUJ2489
LSUZz49¢C
1LSU32500
LSUJ32512
LSUJ32528
1S$J12539
1LS3y325u48
LSU32550
LSUD2568
LSU32572
1Sy2258¢0
LSU2239¢C
LSJ322600
LSU32610
LSy22€20
LS832630
LSUJ2640
LSUG3265¢
LSUJ286%0
LSU32670
LSyC2680
LSGJ26%0
1s822700
LSU22710
LSu02720
Lsgl2730
LSUA2740
LSUS2750
LSYJ32760



PEEKIN-ELMER

LSt

JG3GC6:T
COOCCA:I
0000CC:I
0000DC:T
oQo0oDpy:I
CO0Q0L8:I
0000DC:I
J000EO:I
0000Fu4:T

0000EE:TY
00COEA:I
000CFC:TY
CJO00F0:1
0000F4 X
0000F8:1
GO00FC:I
CQ0OFE:I
00010221
000106:1
0CO1CA:T
00010C:1I
00C10E:1

00011C:T
*000114:1
G00116:1
ne0118:1
*3C011C: I

00011E:T
0Go122:1

CoG126:1
*300128:7

02012A:1
00612C:1
*000130:7
0CG132:1
*000136:1

¢00138:1
G0013C: 1
coC14G: 7T
*GO01u4:T

LOADEFR /

000
48FC
11F3
E&FF
732F
733F
734F
735F
Cc550
L280
c00G
2551
24E0
40EO
EGEOQ
DE&C
42490
9D4F
4210
DE40
Dooe
01F1
0771
2400
20C0
41EQ
2115
2601
CSaG
2036
e xehn}
41EQ
5840
o000
2771
2118
[afnies]
9D4F
CUFC
2233
DE4O
2208
3600
D10C
672
E680

SERIES 3200 1SU LOADEE,

SEGMENT 2 (RELOCATABLE)

C3C6: 1
8672 =000GA3C:T

85CA =0C069A:1I
0006

Caos

0c00

€302

cC38

8CEC =0001D4:1I
COEB:I

8954 =000A44:1I
81E0 =0002D4:1

8£8D =0COTRS:I

LA >

83C6 =00C0uC2:1

63C0 =0Q0u4C2:1

8681 =00CTBT:1
88F2 =00J9FC:I
G110:1
843C =000550:1
=G0011E: T
£303
=003110:1
G1F: I
8498 =0005BA:1

88E6 =0C0JA0C:I
0126:1
=50013e: 1
{1281
co10
=505 12A:1
BETE =00CTEM:I
=0002126:1
¢138:1
88CT =GLLOFC:I
g7Be =CO0BF8:1
88B3 =00C9F7:1

279
280
281
282
283
284
285
286
287
288
289
29¢C
291
292
293
294
235
236
297
298
299
330
3
322
303
304

316
317
318
319
3290
321
322
323

23-235K91RE0~0D

PAGE

16:3C:34

10/065/82

* THE FOLLOWING CODE ACCESSES THE DISC DEFINITIOR TABLE
* AND LOADS THE SELCH, CORTROLER, AND DEVICE TYPE
*

SFT.IO

MAGTAPE

GFT.FEXS

EMDLFHMKS

SXIP.FXM

WAIT.F¥

FMKS.DOXN

EQU
LE
SLLS
LA
LHL
LHL
LHL
LHL
CLHI
RL
EQU
LCS
LIS
STH
LA
oc
BTC
SSR
BTC
oc
ST
BALR
pC
LIS
EQU
BAL
BK
AIS
CLHI
BNE
EQU

BRL

EQU
SIS
BK
EQU
SSR
NHI
BZ
ocC

EQU
L¥
LA
La

L4
R1S,TBNTRY
R15,3

R15,DTABLE(R15)

RZ,6(R15)
R3,4(R15)}
R4,G(R15)
R5,2(R15)
R5,X*38°
CK.DISC

*

R5,1

R14,0
R14,SRITCH
R14,0S.STZE
Ry ,MTCLEAR
4,DU

R4,k 15
1,DU

R4 ,® TREWD
RO,RSAVE
R15,R1

Z{F¥KS-LODRSTRT)

RO.O
*

R14,GETC
END.FMKS
R2,1

20,3
CET.F¥KS

-
R14,ASC.HEX
R4 ,BSAYE+16
*

R7.1
FHKS.DOY
-

B4 ,B15
B15,X010°
WATT F¥
R4, ¥ TSKIP
SKIP.FY

*

RO, RSAVE
R7,LIBBUFF
RS ,LIBBUFFE
HAG.READ

SET-UP TO READ OPERATING SYSTEX.
CALCULATE INDEX INTO DEVICE TABLE.
GET ADDRESS OF RFEQUESTED ERTRY.
GET SELCH ADDRESS (OR FLOPPY 4).
GET CONTROLLER ADDRESS.

GET DEVICE ADDRESS.

GET DEVICE CODE.

IF DEVICE CODE IS < OR = X*"38°*
THE® DEVICE IS DISC.

SET MAG TAPE SWITCH.

SET SWITCH TO INDICATE
READ L.I.B.

GET VECTOR ADDRESS.

CLEAR DEVICE.

IF FALSE SINC - KOT THERE.
IS DEVICE STILL AVAILABLE?
%0, THE® ERROR.

REWIND THE TAPE.

SAYE ALL REGISTERS.

OUTPUT “FILEMARKS=".

JRITIRLIZE COURT.

GET # OF FILEMARKS TO SKIP.

EXIT IF CARRIAGE RETURX DETECTED.
INCREMENT COURNT.

IS IT 3 YET?

NO, GET NEXT CHARACTER.

CONVERT COUNT TO HEX.
GET DEVICE NUMBER.

REY FILEMARKS LEFT?
RO, THEN DOXN°T SKIP ARY HORE.

WAIT FOR KO MOTICR.

SKIP 1 FILEMARK.
CONTINUFE UNTIL COUNTED OUT.

RESTORE ALL REGISTERS.

YES, GET BUFFER STARI ADDRESS.
: GET BUFFEF END ADDRESS.
GO TO MAG TRPE HANDLER.

LSU2278C
LSU32790
1SUJ2800
LSUD2810
LSU02820C
LSUJ32830
Lsy22840
LSUD285¢0
LSUD2660
LSU02870
LSy02880
LSU22890
LSU22900
LSyd2910
LSU22920
LSU0293¢C
LSU22940
LSU02950
LSU22960
LSU02970
LSUJ2980
LS002990
LSUDd3000
LSU23010
LSU03020
LSB0303C
LSU33043
LSU03050
LSUD3060
LSUd307¢C
LSyt3080
LSU0309G
1LSy23100
LSU023110
LsU03120
1LSud3130
LSUJ3140C
LSU2315¢C
LSu2316¢C
LSUL3170
LSU2318C
1sp2319¢0
LSU23200
Lstd321¢C
LSU23220
LS023230
LSyd23240
LSy23250
LSU03260
LSU2327¢



PERKIN-FL¥ER SERIES 3200 LSU LOADER, ©3-235K31ROC-O

Lsy

3001447
$00146:1
*Q0014R:X
00014C: T
I0C18CeT
cosIsL:T
0C0156:1
30015A:7

06015E:1
*003162:7
503164:T
0006168:7
006016R:1
*30016E:T
90017G:1

000174:1
000176:1
*000172:1
*00017C: T
00018021

000184:1T
900188:1I
00018C:1
000190:1I
*000194:1
*0G0196:1
30012C:1

Q00 1AG:T
0001AL:T
0CO1AE:T
000 1AR:I
QCO1FE:T

GO01iEZ: T

LOADER / SEGHENT 2 (RELOCATABLE

oeeo
SDuf
C3rG
2233
4100
4800
2701
4210
4220

4800C
2339
41EQ
2701
4200
2333
4300
2000
2602
5360
28790
c880
4300

3Ca6
41E0
5580
4332
438C
CR70
Chrge
4320

2200
DE4?2
DE20
9DLF
CEFC
4232
a00c
SU2F

PR

5010

=Coo1uy:I
831C =00046C:1
REFC =0CTRLL:T

8346 =0
£l26 =G

REEA =COGALC:T
8038 =0031R0:1
§8DE =0COA4C:I

=068174:1
FEDC =005144:T
C174:T

88CR =000A44:1

CCFF

FFCO =0001484;51
T184: 1

8018 =0CC1A0:I
8BBC =0C0AL4E:1
&1D3 =000360:1
€336 =COQU4CA:I
210¢

4100

FFA4 =CCl144:1

01R2:I
8€12 =0C07B6:I
8611 =C007B9:I

couu
8320 =C0GA4D2:T
01B2:1I

33¢
331
332
333
334
335
336
337
338
339
340
341

382

REG 7
EEG &

ok ok o R % % % N * 4

AG.READ EQU
SSR
TRI
BZ
BAL
8.
SIS
EX
BP

L¥
BZ
BAL
SIS
STR
BZ
B

R¥AGTE EQU
LIS
STH
LI
LI
B

¥*

®AGRD.0S EQU
BAL
CL
BF
BXL
AT
AX
B

RERD.¥AG EQU
oc
oC
SSR
CLHI
BNE

WAIT.MRG EQU
SSR

UPGX FIEST
DESCRIPTOER

SHITCK

PAGE 8

ENTRY,
CHECK.

16:30:34  10/05/82

MACNETIC TAPF OS-HANDLER

WILL READ FIRST BLOCK FOR VOLODME

- START GF BUFFER ADDRESS
- FND OF BUFFFR RDDRESS

- CONTAINS

SECORD TRTRY WILL READ
TC BY-PASS THEHX.
SWITCH -

*

RY,E15
R15,X°15°
¥AG.REARD
RO,2DSELCH
RC,SYITCH
EC,1
READ.MRG
MRAGRD.OS

RCG,HUM.LIBS
AMAGTE

R14 ,RBEAD.¥AG
kG ,1
RO,RUN.LIBS
AMAGTE
¥AG.RERD

*

RO,2
RO,SWITCH
R7.7
RB,255
®AG.RERD

*

R8,0S.ERD
E¥YEC.0S
UNRE
R7,256
R8,256
KAG.READ

*

R4 ,¥TREAD
R2,SHGORD
R4 ,R15
R15,X" 04"
CNFG

*

RZ2,R15

R14,RERD.XAG

{ZEEO)

AXY ADDITIORAL 1TR*S TO LIBBUF
THEN OS WILL BE STOREZD FRO¥ LOC 0.
- CORTAINS 1

WAIT FOR °XO HMOTICRKR® OX TAP=.

»
.

.

ADDRESS THE SELCH.

CHECK PROGRREY SETICH.

IF SWITCE ¥AS ¢ THEN READ FIRST LIE.
IF SWITCH WAS 2 THEX READ OS.
ELSE SWITCH WAS 1, SKIP L.I.B.'S.
GET # OF LIB'S TD SKIP.

IF RKONE, GO RERD O.S.

ELSE, RFAD R LOADER INFO BLGCK.
DECREMENT COUNT

K3, SAVE COURTER

FINISRED?

GO READ NEXT LIB

SET SRITCH TO IRDICATE
READ 0.S.

GET BEGINKRING OF HKEKORY
THRU 256 RYTES

GO REARD FIRST 0S BLOCK

READ 1 SECTOR OF 0.S.
ERD OF 10AD?

YES, EXECUTE THE 0.S.
¥0, THE® ERROCR.
INCRE¥YENT START ADDRESS.
INCREMENT END ADDRESS.
GQ SET NEXT READ

ISSUE READ CMD TO MARG TAPE.
ISSUE READ C¥D TO SELCH.
IF ROT FALSE SYNC, COBFIC EREOR.

o o

GET STATUS AXD

15053280
LSUs3300
13033319
LSYN3325
1SU2333¢
LSGI33u3
LSUT335¢
LSU2335¢8
LSU2337¢C
LSU2338C
LSU3239¢
1SU33426
LSYZ3618
1LSUI342C
LSUo3u3¢
1S033440
1SU03458
1LSUD346%
LSU23470
1333485
LSUI3490
LSUG35G0
LSU23510
1500352¢C
1SU33530
LSUDS3540
1SUJ3550
15023560
LSU23570
LSU2358&0
15023590
LSU036C0
LSug361C
1S833620
1SU2363C
LSUD3640
LSUJ3650
LSUJ366C
1SU2%3678
LSUD3682
LSU33693
LSY03700
1.SU03710
LSU2372C
LSU3373¢C
LSUD3740
LSUG375%
LSU23760
LSU03770
LSUD3780
LSU337905
LSG23830
1LSUD381C



PERKIN-FL¥ER SER1FS 3240 LSU LOKDEE, G3-235491ROC-C0 PAGE g 16:30:34 10405782

LSU LOADEE / SEGMERT 2 (RELOCATARLE)

00U1BY:T 2081 =0C01B2:1 383 BTBS RSY,VAIT.MAG LOOP UNTIL NOT BUSY. Lsuo3g20
0001B6:T DE20 85FE =0007B8:1 384 0oc R2,SHCLEAR CLEAR THE SELCH. LSUd383C
Q0CT1BA:I 9E23 385 RDR R2,R3 GET 1ST BYTE OF FIXAL ADDRESS. LsSyd38u0
Q001BC:I 9926 386 RHR R2,R6 GET LAST 2 BYTES OF FINAL ADDERESS. LSUD3850
OOC1BE:T 3433 387 EXHE R3.R3 COKBIRE BOTH SECTIONS TO LSUl38690
0001C0:1 0A63 388 AR R6,R3 GET FIKAL ADDRESS. LSO23870
0301C2:1 2568 383 CLR R6,R8 FINAL ADDRESS = EED ADDRESS? LSU923880
02C1Cu:T 033F 390 BER R4 YES, RETURN TO CALLER. Lsue38s0
0001C6:T 9DULF 391 SSR R4,R15 RO, GET STATUS OF TAPE. ] LsSU23900
0001C8:T C3F0 Cauc 392 THI R15,X°43" NO, ERD~OF-FILE? ‘ LSU03910
0001CC:1 4230 8190 =0{2360:1 333 BRZ EXEC.0S YES, EXECUTE THE 0.S. LSUC3920

0001DQ:T 4300 B82F6 =CCCUCA:T 394 B ONRE ELSE, DNRECOYERABLE ERROR. LSU2393¢



BPERKIN-FLHEER

1LSY LOADER /

0001D4U:T
*QGo1LR:I
GQ01DR:I
*0001LC:I

Q0C1LE:1
*0001EC: T

COCIFALI
00C1FC:T
J3C1FE:T
0002041
000206:1
20020A:I
00020E:1
6002101
0002147

000218:1
00021C:1
000220:X
*000224:1
000226:1
Q0022R:1
00022E:1
000232:1
*000234:1

000236:1

GO0023A:I
00023E:T1
000242:1
*0002u46:1
0002u8:1
00024C:1
*Q0024E:1

000250:1
000252:71

t30¢
CBR5Q
2113
1151
2302

209
45

a
Q

| S e

zeoo
E67C
E680
24CO
L1ED
DGOO
5860
556C
CIF1
a7Ly
FEED
U8FE
DOEC
50EQ
2480
D280
E650
2088
41EQ
4210
C570
233¢
cs57¢
433C
D275

SERIES 3240 LSU LOADER,

SEGMENT 2 (RELOCATABLE)

21pa:l

0034
=0001DE: I
=0001E0: T

01DE:

=

G1EO:I
8612 =0077F4:1
8708 =COC8F3:1

8176 =000364:1
8&0R =COCYFC:1I
85FE =0007F4:X
8556 =000750:T

2224 2020

884}k =00CA54:1
884E =000A5SC:1

8848 =CQOCASF:I
883C =000A54:1
3218:1
8334 =00€5590:1
BGUA =00026A:1
GC2E

=0066236:1
oc2y
BG22 =000250:1
G000

=000218:1
¢236:1
8822 =000ASC:I
023R:1
8312 =0€6550:1
8028 =00Q026A:1
Q02F

=G$0250:T
[ip T s

=00023A:7
$250:1
0Z54:1

336
337
338
239
430
431
432
403
404
495
(%]
437
408
439
440
411
412
a13
414
415
416
417
418
419
429
521
422
u23
B2k
§25
426
427
428
429
439
431
432
433
434
435
436
u37
438
439
u4g
444
442
6543
uhn
445
4us
uy7
uye

CX.DISC

*

CK.DISCH

*

VD.READ

GET.FLER

*

GET.EXT

GET.EXT1

*

GET.ACT

GET.ACT1

63~235%91R0C~-30

il
SHI
BM
SLLS
B

QN

LIs
B

ELU

EQU
BAL
BR
CLHI

EQU
LIS
LIS
ECY

PAGE 10

*
R5,X*38"
CK.DISC1
R5,1
VD.READ

*
R5,0
¥DJ.FEAD

*

R7,VDBUF

R8 ,VDBUFE
R1Z,5
R14,READ
RO,ESAVE
R6,VD.VOL
R6,VOLFIL+4
B15,R1
Z{(VOLFIL-LODKSTRT
R14,2° .
R15,R14

R14, FILENANE
R14,EXT

R8,0
R8,EXT+3

RS ,FILEXAHNE
*

R14,GETC
GET.FILE
R7.,C*.*
GET.EXT
BR7,C*/*
GET.ACT
R7,0(RS)
k5,1
GET.FLRX

%

5,EXT

*
B14,GETC
GET.FILE
R7.C*/*
GET.ACT
R7,0(R5)
®5,1
GET.EXT1

»

B8.C
RO,C
*

16:30:34

10/05/822

CALCULATE IRDEX TO SECTOR TABLE.
IF < O THEN O.

ELSE MULTIFLY BY 2.

60 RFAD ¥DLUME DESCRIPTOR.

SET IKDEX TO 9 (2.5 OR 5).
60 RFAD VOLUME DESCRIPTOR.

READ VOLUME DESCRIPTOR.
GET BUFFER START ADDRESS.
GET BUFFER END ARDDRESS.
SET LOGICRL SECTOR RO TO O
RERD VOLUME DESCRIPTOR.
SA¥YE ALL REGISTEERS.

GET VOLUME HRHE,

AKD STORE INF BESSAGE.
QUTPUT "¥OL=XX¥X,FILE=".

SET FILE KAME TC BLARKS.

SET FXTENSIOR TO BLARKS.
SET ARCCOUKT # TO ZERC.

GET DESTIBATION ADDR FOR FILERAME.

SET A CHARACTER.

EXIT IF CARRIAGE RETOR¥ DETECTED.
IS IT R PERIOD?

YES, GET EXTERSICK.

R0, IS IT A SLASH?

YES, GET ACCOUNT RUHMBER.

X2, SAYE BYTE COF FILEKAXE.

BUKP FILE ¥AXE POCIKTER.

AND GET REXT CHARACTER.

GET DESTINATION ADDR FOR ELTENSTION.

GET B CHARACTER.

EYIT If CRBRIAGE RETURN DETECTED.
IS IT A SLASH?

YES, THEK GET ACCOUNT.

NO, STORE BYTE OF EXTEKSION.

BUMP EXTEKSIOR POIRTER,

ARD GET KEXT CHARACTER.

IRITIALIZE CHARACTER STRING.
IFITIALIZE COURT.

LSUZ2958¢
LSud3960
LSU2357C
LSU23980
LSyU2369¢C
LSulucoc
LSUTu210
Lsyu028
LS03403C
LSU2404¢C
LSUS4{sG
LSUl4C6S
LSU2487¢
LSGIuCsee
LSY24090
LSyda1Ce
LSUJ4112
LSUO412¢C
LSUY3413¢C
Lsgl414Q
LSG2415¢C
LSUJ4160
LSUS#170
LSUsu 180
LSUTL 130
1LSu342e0
LSUJ4210
15424220
LSUD4230
LSUI4240
LSuD4259
LSUOu260
LSU24270
LSUJ428C
LSusu24C
LSUDd430¢C
LSu04310
LSU2u432¢C
LSU0433¢C
LSU24340
LSU04350
LSUJ4360
LSU24370
LSUL380
LSUS4390
LSOO4400
LSUo4u10
LSUd4420
LSUD4H30
LSUDuu4c
LSUDB450
LSUIau6l
LSOou470



PERKIN-EL¥ER

LSU LOADER /

000254:T
*000258:1
00025A:1
00025C: 1
*000260:1

000262:1
000266:1
*0C026A:I

00026A:1
CO026E:1
000272:Y

000276:7T
00027A: X
00027E:1
000282:7

00C28u:1
J0028R:1
*00028C:1I
00028E:T
*000292:1
Go029u:T
000298:T
*00029C:1
0C029E:T
0002F2:7
0002AL:T
“CO02ZA8:T

C002KA:T
OD02AE:I
0C02ED:T
C002B4:1
GO002ZE8:1

0CC2EC:T

0002CG:T

GoG2CuU:T
2002C8:1
Go02CC:1
0002p0:T

0002D4:T
060208 T

41EC
2115
2601
C500
2036
0000
41E0
D270

5000
D100
58C0
4330
0000
E67¢C
41EQ
E660
2405
0000
D376
C370
233F
c370
213C
D1DO
5506
2137
55E6
2134
55F6
233C
gy
ChE0
2761
4230
58C0
4230
00Co
43G6

3002

58C6

5066
E670
E68C
41EQ
0000
D3FC
CR55

SERIES 3220 LSU LOADE®, (3-235M91RCO-CO

SEGHENT 2 (RELOCATABLE)

82F8 =00(550:1 449
=000262:1 450

451

o0ces3 452
=000254:1 453
€262:1 usyu
8354 =CO005BA:I 455
87F5 =COUASF:1 436
457

us8

026A:1 459
878E =COCSFC:1I 4se
B58A =0007FC:I 451
8046 =00C2BC:I 452
0276:1 453
8578 =C007F4:I usu
80E6 =0C036u4:1 U85
8576 =CDO7F8:1 466
457

0284:1 468
0024y 469
gc1o 470
=0COZAA:T 471

002EC y72
=00C2AA:] 473

87BC =GOCAS4:I 474
a00GC 475
=00C2RA:1 476

ccou 877
=0CQ02RA:I 478

CoGe 479
=00062C0:I 489
C2AR:1 ug1
Ci3¢ 482
483

FFDC =0G00284:1 434
853C =0007F4:T 485
FFBR =0020276:1 LBE
GZBC:I1 487
81FA =0G0uBA:I 488
489

G2C0:1 433
080C 491
432

u93

434

862C =QG(8Fu:] 495
862C =0008F8:1 u3e
§727 =0CJ9F7:I 437
8G90 =03C364:1 498
02D4: 1 499
8621 =0CJ8FS:1 500
501

BAL

RIS
CLHI

ACT.END EQU

«

GET.FILE EQU

READ.DIR EQU

CK.ENTRY EQU

KEXT.DIR EQU
AHT
sIs
BNZ
LD2
BRZ

NO.0S FQU
B

w

CS.FOUND EQU
LDA

*

PAGE 11

R14,GETC
ACT.END
RO, 1
RO,3
GET.ACT1
-

R14,ASC.HEX
R7,EXT+3
GET.FILE

*

RC,RSAVE
R12,V¥D.FDP
¥D0.0S

*

R7,¥DBUF
R14,READ
R6,VDBUF+4
RC,S

L4

R7,DIR.ATRB(R6)
R7,DIRA.ACK
FEXT.DIR
R7,X°ED"
KEXT.DIR
R13,FILENAKE
K13,DIR.FNR(RE)
NEXT.DIE
R14,DIR.FRH+4 (RE)
REXT.DIR
R15,DIRLEXT(RS)
0S.FOURD

*

R6,u8
RG,1
CK.ENTRY
R12, VDBUF
READ.DIR

*

FILFTFND

L 4

R12,DIR.FLBA(RE)

16:30:34

10/05/82

GET ACCOUNT NUXBER.

EXIT IF CARRIAGE RETURN DETECTED.
BUAP COUXT.

3 CHARACTERS YET?

RO, GET NEXT ONE.

CORVERT ACCT # TO HEX.
STORE THE ACCOUNT NUMXBER.
GO SEE IF WE CAN FIND THE 0.S.

SEARCH DIRECTORY FOR PROPER 0.S.
RESTORE ALL REGISTERS.

IS THERE A DIRECTORY?

N0, THEX EBROR.

GET START ADDR (R8) = ERD ADDR.
READ b DNIRECTORY SECTOR.

GET POIATER TO 1ST DIRECTORY EBTRY.
INITIALIZE LOOP COUXTER.

GET ATTRIBUTE IKFOREATION.

IS THIS ERTRY ACTIVE.

NO, CHECK NEXT ONE.

YES, IS IT X CONTIGUDOUS FILE?
NO, CHECK MEXT ENTRY.

YES, GET FILEKAME.EXT/ACT.

IS IT POSSIBLY THIS FILE?

NO, CHECK NEXT ENTRY.

YES, DOES THE ZND HALF MATCH?
N0, CHECK NEXT ENTRY?

YES, PROPER EXTERSIOR/ACCT?
YES, THEN §¥E°VE FOUND THE 0.S.

N0, BU¥P DIRECTORY POINTER.
DECREMENT THE ENTRY COUKTER.

IF NOT DOKE, CHECK KEXT ENTRY.

WAS TRIS THBE LAST DIRECTORY ENTRY?
R0, GET THE NEXT ONE.

YES, THER C.S. KOT FOUND.

INDICATE 0O.S. KOT FOUND.

0.S. FOURD - DETERMIRE IT*S SIZE.
PICK UP FILE 1ST LBA

* RERD IN FIRST LIB RECORD TO DETERMINE NURBRER TO SKIP
*

BAL
0S.SIZE EQU

LE

LR

R6,CIRSAVE
R7,LIBBUFF
R8,LIBBUFFF
R14,REARD

*

SAVE DIRECTORY POINTER
POINT TO START OF BUFFER
POIRT TC ERD OF BUFFER
GET LIB RECORD

R15,LIBBUFF+LIB.NLIB GET # OF L.X.B."S

RS,E5

$AG TAPE 0.S.7

LsSolausl
LSUdu490
LSUI4500
LSU%4510
LSUIu520
LSU34530
LSUTU540
LSUous50
LSUJ456C
LsS0ou579Q
LSUOu580
LSUJu590
LsSU34600
LSUJu610
LSUJ4620
LsSu2463C
LSUJ4ALT
LSuds650
LSUJ4660
LSU34670
LSUd4E80
LSUJ4690
LSUd4700
LSUO4710
LSudu720
LSUJIL4730
LSUZ4740
LSU24750
LsSoou760
LSUS4770
LSUd4780
LSu2u7990
LSCu220
LSUSug1d
LSUSUE2D
LSUu4830
LSUJ4640
LSUd4B50
LSUtuesl
LSUCuURTO
Lsyougec
LSysu8s0
LSUJL20D
LSU24910
LSUDE92¢
LSyQu93C
LSydu9yd
LSUJu95¢0
LSUOL9EC
LSyouslo
LSUoug8?
LSUS4990
LsSyd5¢00



PERKIN-FLMER

LSy

J002E2:1
*QO02E€:T

GOQ2EB:I
0002EC:I
O002FC:I
2CG2Fu:T
CO02F6:1

GOozER:
Q0C2Fa:
0002FE:
02C3Ca:
COC3C2:
005304:
000388

S R

GO030R:T
*QG03CE:T
000312:1
000314:T
¢o0318:7
00031C:1

*00C320:1
00G324:1
*000328:71

oog32C:1
0600332:1
000338:7
*00033R:T
00033C:I
*00034C:1
0003u4:T

LOADER ./

2317
5880
2401
4300
2309

[ehgets]
5867
58C6
5886
3B8C
OACE
S6E0
2781
LOFO
OBSF
1188
2781
5080
2681

D300
CA8C
ag28
E6DQ
5Gb0
41EC

CB83
£620
ca30
ooCo
5802
53€8
2734
2217
D10¢
CR8Q
0308

SFRIE

S 3200 1sT

LORLER,

SEGKERT 2 (RELOCATAELE)

5ZES:
86G8
200C
5212

C2F8:

B4R

8740

86EE
GRS8

8748
8734
22DR

¢ase
FCEQ
0ASS
232C:
4308
B3G0

86BC
033E

=0Co244:T
=0(I2F€:1

I
=C028F4:T

I

=000a4C:1

=CGUARLB:T

=GJC9FC:1

=000R60:1
=0C0R50:1
=0005FA: I

=000G08:T

e
GGG
=20032C:1
=0CQSFC: T

m
[G X & Re)
PV N}

N
o Q
o

507
53¢

514

516

525
526
527
528
529
530
531
532
533
£34
535
538

538
539
540
541
542
543
544

CALC.SIZ

* TEST FROM¥ TOP OF

03-235491%00-00

SLLS
SIS
ST
RIS

STH
Al
LR
L&
ST
BAL

PAGF 12

DISC.0S

R8,LIBBUFF+LIB.SEGS

R0,1
R2,SWITCH
CRLC.SIZ

®

R6,DIRSAYE
R12,DIR.FLBA(RE)
re,IR.LLBA(RG)
28,k12

212,815

*

15,1
R15,NUH.LIRE
Re,R15

k8,8

®8,1
R&,0S.END
RE,1

RO ,RSAVE

R8,LODRERD-LODRSTRT

R2,R8
R13,LODREKD
R13,ENDLODE
R14,¥EN.TEST

* RELOCATE LOADER ABOVE 0.S.

MCVE.LDR

R8,LODREXD-LODRSTRT

K2 ,LODRSTRT

R3,LODRERD-LODRSTRT
*

RO,0(R2,R3)
RO,C(RB,R3)
P3,4
¥JVE.LDR
RO,RSAVE

RE ,CET.0S-LODRSTRT

RS

16:30:34

LOADER TG TOP OF

16/05/82

50, THER KUST BE DISC.

GET SEGMENT SIZE.

SET SWITCH TO BYPASS LIB'S
IF MORE THBK OE:.

GO COMPUTE OS SIZE.

RESTORE DIRECTORY POIRTER
GET 1ST SECTOR # IK FILE.
GET LAST SECTOR # IN FILE.
GET SIZE OF Q0.S. IR SECTORS.
ADJUST FOR L.X.2 RECCRDS.

ALLOW FOR L.I.B. ALREADY EEAC.
SAVE REMAIRIKG # OF L.T.B.'S.
ADJUST SIZE FCR L.I.E. RECORDS.
SECTORS*256 = BYTES.

CALCELATE EXD ADDR FOR MAS RIAD.
SRVE BYTZ LENGTH CF 0.S.
PEADJUST FCR REMORY TEST.

os

SAYE REGISTERS

ALLOR® FOR LOADER RELOCATIOR
GET EKD ADDRESS.

GET START ADDRESS.

SAYE FOR USE AFTER RELOCATIOK.
TEST MEKORY

CORRECT UPPER LIRIT
LOARD START ADDRESS
GET LERGTR OF MOVE.

LOAD DATR

STORE. DATA

DECREMERT LEKGTH.

AND CORTIKUE UNITL COUNTED OUT.
RESTORE REGISTERS.

GET ADDRESS OF RELOCATED LCADER.
GO TO RELOCATED LOADER.

LSUI5C10
LSUJI5020
1SU25039
LSUD5040
LSUJ5050
LSUJ5060
LSUS5C70
LSUJ5080
LSUI5590
LSU55100Q
LSUI5110
1SU35120
13U2513¢
LSUJI5146G
LSU25158
LSU25160
LSU3517¢
LSUJI518¢
LSU2513¢C
1SU35250
LSU35210
LSU25220
1Sy25230
LSU25240
LS§05250
LSU35260
L5035270
LSU35280C
1LS83529¢C
LSUJ5300
LSU3I5316
LSU35320
LSU3533¢
LSU35340
LSUD5350
LSU35360
LSUJ5370
LSU353840
LSU95390
LSUO5400
LSUIS410
LSU25420
LSU05430



PERKIN-ELKER

LSu

0C0346:1
00034A:1
COO34A:T

C0C34C:I
000350:7T
€00350:I

000354:T
0C0358:1
00C35A:T
00035C:T

000360:T

LOADER /

0000
DOOO

24D

5820
41EC

D1C0
2781
2u7d
41E0
0000
4300

SERIES 3200 LSU LORDER,

SEGHMFNT 2 (RELOCATABLE)

0346

86B2

8700
8216

86AY4

8004

0360:

GG60

1
=0009FC:I

=000R50:1
=0CO5FA:T

=0CC9FC:1

=000364:1
1

546
547
548
549
550
551
552
553
554
555
556

GET.O0S

EXEC.OS

£3-235K91RCE-40

PAGE 13

*

RO ,RSAVE
TEST
R13,0

R13,X*A00"

R2,ENDLODR
R14 ,MEM.TEST
TEST

R13,2
R2,X"2FC*
R14, MEX.TEST

RO,RSAVE
R8,1
R7,0
R14,READ
*

OS .START

16:30:34

10/05/82

SA¥E ARLL REGISTERS.
GET STAKT ADDRESS.
GET START ADDRESS.

GET END ADDRESS.
TEST MEMORY THAT PELD LOADER.

GET START RDDRESS.
GET END ADDRESS.
TEST LOR MIMORY.

RESTORE ALL REGISTERS.
GET END RDDRESS OF 0.S.
GET START ADDRESS OF 0.S.
GO READ THE O.S.

EXECUTE THE 0.S.

LSUJ5450
LSUIS5460
LSU05470
LSUI5480
LSUJ5490
LSU35500
LSUJ5510
LSUJ5520
LSUJ5530
LSUJI5540
LSU05550
LSUJ5560
LSUJ5570
LSU95580
LSUJ5590
LSUd5600
LSUJ561C
LSU25620
LSUd5630
LSUd5640



PEEXIN-FLXER

LSJ LCADER /

Coo3€e4s1
0CG366:7
C0036A:T
0003€6E:1
C40372:1
00037421
000378:1
000372:1

00538421
0Co388:1

00038C:I
00038z:1

0C039C:T
000392:1
000396:1
*00039A:T
00039C:1
©0039E:1

0003R0:I
0Q03h2:1
00C3R6:1

0003AR:1
0003AC:I

W ae en o ae we
B B I R I

0003BC:1I
Q0C3BE:I
0003C2:1
0003C6:7
0CG3CA:T

OCO3CE:Y
00G3Dp2:T

Co03Du:T
0003D6:1

5000
G855
4210
C558
4330
08AC
L4LDARS
G893
4DAS

3855
422¢C

DE3C
424¢
acoe
SD3F
2221
jagelely)
9DLF
4210
C3FC
2035
1185
CEAB
GCo0
9849
4240
DE40
0000
9D3F
2221
Geoo
9DuF
427¢
2683
4160
22¢0

2030
9DuF
C3FC
42390
C5F0
433C
2000
DEUT
5000
9D3F
CSF¢
433C

SERIFS 3200 LSU LOADFE,

SEGMENT 2 (RELOCATABRLE)

3641

FDDA =CC03144:1
8006
8118 =20248R:I

8448 =00G7CO:I

gul8 =5237C6:1

§238 =0223BC:I

8433 =00U7B8:1
2136 =0oC0LC2:I
038C: 1

=C{T38C:T
362+

§12C =0G5uC2:1
2016

=000390:1

233621

811C =0004C2:1I
8411 =0007BB:I
Q3AA:T

=0003AR: 1
O3AE:I

€116 =0C0u4CA:I
=0C03RE:T
8G5E =00Cu18:1
=5Q33R0:1

03BC:T

0¢19

8104 =COOULCA:T
G004

50F4 =0004C2:1
C3CE:1

83EA =C007BC:1I
03D2:1

3204
BCE6 =CL0ouC2:1

587
558
559
57¢
571
572
73
574
575
578
577
578
579
580
581
582
583
=84
585
536
587

588

539
59¢
531
592
593
594
595
596
537
598
598
632
60

602
623
604
635
€0

627
628
€09
610
611
€12
613
614
€15
616
617
618
619

EFAD

*
N
.
w
o
jx¢

WAITAIC

WAIT15

RDKLOOP1

WAIT11

WAIT12

EDSK2

RDKLOGP2

WAIT21

03-235¥91R00-20C

10 ¥R

ocC
BTC
EQU
SSR
BFBS
EQY
SSR
BTC
THI
BY¥Z
SLLS

EQU
WHR
BTC
oc
EQU
SSR
BFBS
EQU
SSR

PAGE 14

*

E5,E5

KAG.READ
R5,¥*37*-k*34**2
FLP.RERD

R1C,R12
R10,SECCYL(RS)
R9,E11
R1C,SECTRK(ED)

B5,R5
EDSK2

DISK IXPUT ROQUTINE

R3,CTRESET
4,DU

*

R3,E15
2,WRITIO

*

R4 ,R15
1,DU
R15,%"1G6°
BAIT15
BR11,5
R10,R11

*

R4 ,R9
4,DU

RY4 ,D ISEEK
-*

R3,R15
2,WATT11
*

R4 ,R15
7,UKRKE
BSY,WAIT12
R6 ,DKCOMNKON
RDKLODP1

*

R4 ,R15
R15,X*19°
UNRE
R15,X"04"
Dy

*

R4 ,D2RATTR
*

E3,R15
R15,1°04%"
oy

16:3G: 34

10/05/82

HAG TAPE 0.5.7

YES, THER READ FRON ¥AG TAPE.

N0, IS IT X FLOPPY DISC?

YES, GO TO FLOPPY READ ROUTINE.
%0, SET-UP CYLIKDER:TRACK:SECTOR.

(RS9} = CYLIXDEEk.

(R12} SECTOR.,

(R11) TRACK .

IS IT €7 ¥5 OR LARGER?

EESET CONTROLLER
IF FALSE SYNC - XC CONTROLLER.

GET CONTIROLLER STATUS
ARD WAIT FOR IDLE.

SET STATUS OF DEVICE.
IF UNAYAILABLE, THEN EBROR.

SERD CYLIRDER # TO DISC.
IF FRLSE SYRC - N0 DEVICE.
ELSE, ISSUE R SEEK.

GET CONTROLLER STATUS
ARD WAIT FOEK IDLE.

GET DEVICE STATUS.

IF "SEEX IKCOMPLETE®" - ERROR.
ELSE, WAIT FOR DISCT READY.

GO TO DISC READ ROUTIRE.

READ NEXT CYLINDER.

SET-UP READ FOR 67%B OR 256HE DISC.

GET STATUS OF DEVICE.
SAFE? READY? ON-LIXE?
X0, ERROR.
IS DEVICE AVAILABLE?
%O, ERROR.

RESET ATTENTION FLIP FLOP
GET CONTROLLER STATUS.

FALSE SY¥YNC?
YES, THEX ERKOR.

LSUZ5660
LSU35676
LSUZ5680
1LSU15699
LSU25700
LSU35710
LSU357290
1LSU25730
LSEO5749
L5U25752
LSUI5762
1SU2577C
LSU2576¢C
LSU2579¢C
LSU25808
1S§3581¢
LSUI5820
LSU258372
LSUI5E40
1LSUs5850
LSU25860
LSUSS870
LSUC5880C
LSU35890
1LS02593¢C
LSU25910
LSG2592¢
18005930
1.S33594¢
LSUDS5959
LSU5960
LSUS5970
LSU05980
1LSU05990
LSUJSA00
LSUJ6010
LSU26020
LSUY36930
LSU06240
LSU26050
LSO26260
LSU36C70
LSUD6080
LSUJ6050
LSU26100
LSUS6110
LSUJ512%
LSU36130
LSUD6140
LSUGE15C
LSU36160
LSUJ6170
LSU26180



FEEXIN-ELRER

1St LOADEB‘/

0003pC:1
0003DE:I
0003E0:1

CO03E4:1I
0003E6:1
C003E8:1I

CCG3EC:I
0003EE:T
0003F0:1
J003F2:1

00C3F6:1
0003F8:I
CCC3FAR:I

O003FE:1
000400:1

000402:1
000404:T
2004C6:1
OO0uCA:1
OCO4OE:I
000410:1
000812:7
ocout4:T
*03G0418:1

000416:T
CooK1C:I
2CO041F ]
GCOou26G:1I
000422:1
*J00u424:T

Gasu26:
200428

o
o4

rd

000u2A:I
00CH2ZE:T
00Cu32:T
200u34L:1
000428:7

Qo0u3C:1
CO043E:1
J00440:7
0o00u44:1
co0446:1

2225
9849
DE40
¢o00
9D3F
2221
DE40O
2000
9D3F
2221
984B
DE4Q
2000
9D3F
2221
DE4O
0060
9D3F
2221
0000
9D4F
2081
C3FQ
4230
96DB
11DA
36D9
E660

3060
4122
2855
2124
9849
9R 3R
2203

piole
9k3A
983D
aece
DE3C
DE2C
9D3F
C5FC
4230
0000
9D2F
2081
DE2C
9B2C
992D

SERIES 3200 LSU LOADER, 23-235M91ROG-COQ

SEGMENT 2 (RELOCATABLE}

=00G03D2:1

83DA =GOOT7BE:I

03E4:I

=0C03EL:1
83D1 =00C7BD:1

03EC: I

=C003EC:I

83C9 =
03F6:1

=C003F6:1
83BD =COC7BB:1I

Q03FE: 1

=0033FF:1

0402:1

=C00402:1

0953

80BC =COOLCA:I

3

FFRE

ou18:1

8350 =00Cu6C:T

=000u426:1

=0%342A:1

O826:1

838C

CUu2A:1
&387 =

o]
Iy

GoGu

8096 =0304D2:1

ou3C:I

=00043C:1
8374 =0007B8:1

2007BF:1

0CG3CE: I

07BA:1
77B9:I

620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
633
640
641
642
643
cuu
645
646
6u7
648
643
655
651
652

662
653
664
865
656
657
568
669
672
671
£72

WAIT22

WAIT23

WAIT24

WAIT2S

WAIT26

*

DKCOMNCN

CONRN1

COKX2

WAIT31

PAGE 15

2,WRIT21

R4 ,R9

R4 ,D2SETCYL
*

R3,R15
2,WAIT22
R4 ,D2RHERD
%*

R3,R15
2,WAIT23

R4 ,R 11

R4 ,D2SETHED
w

R3,R15
2,¥AIT24
R4 ,DZSEEK
*

R3,R15
2,WRIT25
-

R4,R15
BSY,WAIT26
R15,%°53"
UNRE
R13,R11
B13,10
R13,RS
R6,RDKLOCP2
DKCOMNON

*
KO,ADSELCH
R5,R5
COMN1
R4,R9
R3,K10
COMN2

*
E3,R13
R3,R13
*

k3,CTRERD
R2,SHGORD
R3.R15
E15,%* 04"
CKNFG

-

R2,E15
BSY,WAIT31
R2,SHCLERR
R2,R0
R2,R13

16:30:34

10/65/862

¥0, WAIT FOR CORTROLLER IDLE.
SERD CYLINDER # TO DEVICE.
SET CYLINDER.

GET CONKTROLLER STATUS
ARD HWRIT FOR IDLE.
CLERR HEAD REGISTER.

GET CONTROLLER STATUS
AND WAIT FOR IDLE.
SEND HEAD # TO DEVICE.
SET HEAD.

GET CORTROLLER STATUS
ARD WRIT FOR IDLFE.
ISSUE A SEEK.

GET CONTROLLER STATUS
AND WRIT FOR IDLE.

GET DEVICE STATUS

AND RAIT FOR NOT BUSY.
UNSAFE? SEEK INC? NOT READY?
IF ANY, TREN ERROR.

ELSE, GET TRACK #,

ARD COMRINE WITH CYLIRDER.
GET RETURK ADDRESS,

AND READ FROM THE DISC.

CO¥¥ON DISC READ ROUTIKE.
RDDRESS THE SELCH.

IS DISC 67ME OR LARGER?
YES.

X0, SERD THE CYLIRDER #.
: SEND TBE SECTOR #.

READ -> CTRL

GO & READ -> SELCH

IF NOT FALSE SYKRC ON CONTROLLER,
THEN COXFIG ERROR.

H

¥AIT FOR SELCH NOT BUSY.

CLEAR THE SELCH.

READ 1ST BYTE OF END ADR {(0:23<-()
READ THE REST OF END ADR (0:16<-0)}

LSU06150
LSUJY6200
LSUl6210
LsSUJ)62290
LSu06230
LSUJ6240
LSuJ6250
LSUJ6260
LSud627¢
LSUJ6280
LSU0629C
LSU06300
LSUJ6315
1suJ6320
LSU26330
LSUJ6340
LS0J36350
LSU26360
LSUJ6370
LSUJ6380
LSUJ6390
LSUJ6400
LSU2641C
LSud6u20
LSUJ6L3C
LSUd64u0
LSUd64590
LSUJI6460
LSU26470
LSUDsu8L
LSUJELOO
LSU265%0
LSU0651C
LSUJ6520
LSUJ653¢
LSUD6540
LSUD6550
LSUJ6560
LSUd8570
LSUD658C
LSU36590C
LSU26600
LSU06610
LSU26620
LSuJ6630
LSU3664C
LSUD6650
LS0J35650
LSUJ6670
LSUJ56680C
LSYT6690
LSy0670¢
LSUD5713



PERKIN-EL¥ER

LSU LOADER /

000u4C:1T
J0044E:T
oo0uss: 7
000u454:71
oQous8:I
00CYUsA:T
50045C: T
0304581
a00462:1
206u648:1
J500666:1
CO0468:T
Goou6A:I

340C
260D

6000 2

9D3F
2221
421¢
C3FC
C33E
JRO7
2604
Cyds
SATG
2691
2LAC
P21
G306

LOADER,

(RELOCATABLE)

673
674
€75
¥4
€717
€78
679
687
€21
£82
€33
€84
£25
€35
£87
688

M91ROC-CO

FXHE

ECU
SSR

BFEBS

BRTC
THI
8ZR

RIS
NHI
AR

AIS
LIS
LIS

BR

PAGE

RO,RD
R3,E13
*

®3,R15
2,H2IT32
1,UXRE
R15,X"1(°
R14

R3,E7
RG,4
RO,XFFOT’
R7,E?
R3,1
k19,2
R11,¢

R6

16:30:34 10/05/82

SHI¥T 1ST BYTE LEFT BY 1 HALFWOFD.
GET FULL ERDIKRG RDDRESS.

GET CONTROLLER STRATUS

AKD WAIT FOR IDLE.

IF DATR TRA®SFER ERROR - ERECR.
CYLIKDER OVERFLOW?

XD, RETURN

YES, GET LENGTH OF DATR BLOCK READ.
EDJUST TC 256-BYTE BOUNDARY.
GET NEW STERT ADDRESS.
IKCEF¥ENT CYLIRDER NUMBER.
INITIALIZE SECTOR.

INITIRLIZE TRACK.

SET-UP TO READ RGRIN.

1LSUZ6728
LSU35730
LSUI674¢C
LSUC5750
LSU26760
LSU26770
LSY35788¢
LSG06794
Lsuisece
LSUJ581C
15U36820
LSUJ5830
LSUJI684C
LSUJ685¢
LSU2686C
1LSU%eR7C



PERKIN-ELXER

LSU LORDER /

00046C:T
C0Cu70:T

0CCu7y:T
000s76:1
00067821
00047A: 1
00047C:1
00047E:T
00GuEG:T
000L82:T
300484:T
000u€6:1
000488:1

06600
DE20
4240
0000
9D2F
2081
3477
9A27
3477
9827
3488
9R28
3488
9828
0300

SERIES 3200 LSU LORDER, 03-235MQ1EQ0-00

SEGHENT 2 (RELOCATABLE)

046C: T 630 ADSELCH EQU
8348 =0007B8:1 631 ac
8OUE =0004C2:T 692 BTC
04741 633 SLC.NAIT EQU
694 SSR
=006478:1 635 BTES
636 EXHR
637 DR
~ €98 EXHR
693 UBR
720 EXHR
721 WDR
732 FXRR
793 WEE
734 BR

BPAGE 17

*

R2 ,SHCLEAR
4,00
*

R2,R15
BSY,SLC.WAIT
R7.,R7
R2,R7
R7.R7
R2,R7
R8,RE
R2,R8
R8,R8
R2,R8
RO

16:36:34  10/C5/82

ADDEESS SELCH SUBROUTINE.
CLEAR THE SELCH. -
IF FALSE SYNC, SELCH NOT THERE.

GET SELCH STATUS RRD
LOOP URTIL KOT BUSY.
SEND STRRT ADDRESS TO SELCH.

TS

END END RDDRESS TJ SELCH.

T ove s we U 0

ETURN TO CALLER.

LSU26890
LSU6900
LSU06510
LSUD6920
LSUJ6930
LSU05940
LSU26950
LSU2696C
LSY25970
LSUI6980
LSC36990
LSU27000
LSUJ7010
LSU2702¢
LSU07030



PERKIN-ZLXER

LSY LJADER /

0ocd

OCOUBA:I 9DuLF
J0%48C:1 4320
20049GC:T CRCC
S0Q0u%4L: T 984C
20QCuG86:I 474z
COCU9A:T C8F2
0Q049E:T 9ELF
GOCHAD:T {278
OOCLAZ:T oDuLF
*QO04AM:T 281
0GC0LA6:T DBug
CGRURC:T 2671
*Q00GAE:I 2226
0004B0:T 24F7
0004B2:7T 9E4F
20505

SOCURU:I °D4*
COCURE:T z221
00QuBE: 1 C33E

SERIFS 3200 LSU LCADER,

SEGHE

cueg

o

o0
e

203
(06

— B

8028
2CC1T

} GHRZ:

4738

GLE4

KT 2 (RELOCATABLE)

I

=CCoUA2Z:T
¢ocs

=C004A2:T

T

+

=C0QUBL: ]

726
727
738
738
713
711
712
713
714
715
716
717
718
713
725
721
722
723
T24
725
726

03-235K91R00-CC

FLP«RERD

FLP.WKPIT

EQU
SSR
BFC
PEI
WHR
BTC
LRI
5CR
R
EyY
SS®
BTC
RD
RIS
BNT
LIS
OCR
EQT
SSR
BFRS
BR

PAGE 18

*

R4 ,E15
2,09

P12, 1(212)
R4,R12
4,DY

15, 1(R2}
R4 ,R15
R7,K8

*

R4 ,E15
BSY,FLP.DRTA
R4 ,Z(RE,R7)
R7.1
FLF.DATR
K15,7

k4 ,R15

*

R4 ,K 15
2,FLP.WAIT
R14

16:3C:34

10/05/82

FLOPPY RERD ROUTINE.

IF FLOPPY ¥0T IDLE

THEN ERECR.

CRLCULRTE RECORD NUKBER,
A¥D SERD IT TO THE FLOPPY.
IF FRLSE SY3C - X0 DEVICE.
GET THE KEAD COMMARD,

RN¥D SERD IT TO THE FLOPPY.
GET BUFFER INDEX.

GET STATUS.

1L09? URITL XCT EUSY.

RERD * BRYTE.

BU¥P BUFFER INDEX,

AXD READ UNTIL COUNTED ZUT.
ISSUE STOP COMKAND.

-

GET THE STATUS AND
¥AIT UKTIL IDLE.

RO RRY RGN RV
sl Ao B A BN SSK Mol SN &

1
o
©
)
-
w
<

SUI7160
LSUI7156
LSU271¢€0
LSUJI17¢
LSU2718¢C
LSyY27190
LSU27200
LSG37210
LSU27220
LSu2723¢C
L3U27240
LSt 27250

[l sl Sl el d Sl Sl il



PERKIN-FLMER

1SU LOADER /

co00
000QuB2:I 01F1
000u4BC:I 0789
O004BE:T 4300
3000
0004C2:1 F870C
*000u4C8:1 230¢
0000
0CO04CA:I Fg7¢e
*0034D0:I 2304
c000
5004D2:1 F870C
*Q004D8:T
0000
0004D8:T 507¢C
0004DC:T C1F1
000UDE:I C77¢C
000uED:I 4300
L0080
COC4EL:T O8FD
*Q0CUE6:T 14D8
NOGUE8:T 41EC
0J04EC:I 4OFLT
2004FC:T C8FD
*J00uF2:1 12D8
O0UOUFL:] 41ED
000u4F8:1 43FC
COOU4FC:T NAFD
J004FE:I 41EC
000502:7 4OFD
00050631 C1F1
000508:1 799
*00050R:1
G000
CO050R:T E600
*0CO50E:T CcsaC
200512:1 Q330
000514:1
000514:1 B8&CU

SERIES 3200 LSU LOADER, (3-235K91R00-0D

SEGMERT 2 (RELOCATABLE)

728
729
730
731
732
733
738
735
736
737
738
739
740
741
742
743
744
45
Tu6
747
78
749
759
751
752
753
754
755
756
757
758
759
769
751
752

aCug

onC2:I

4455 20620
=NQa4up8:1

C4CA:1I

S54F 5245
=0004DB8: T

ouD2:1

L3LE 4647

o4D8:1
82B0 =00078C:1

=0C050A:1

Cukbuy:I

§094 =000580:1
§2C¢ =CCU7RC:1

[-Rs1:2.}
82B2

=GC058C:1
=0037AE:I
754
755
TE6
767
758
759
779
771
772
773
774
715
776
777
778
779

=0CU58G:1T
=C007AC:T

&CT7E
2h6

C50R:1
FAFA =00C0Q08:1
1600

[ S

D

U

9

*

IOERROR

*

NEN.ERR

) % * %

PAGE 19

ERROR ROUTINES

FILE NOT FOUNRD

ILNTFND EQU

u

KRE

NFG

BALR
bC
B

EQU
LI
B

EQU
LI
B

EQU
LI

EQU
ST
BALR
DC

B

EQU
LR
SRL
BAL
STH
LR
SRL
BRL
STH
LR
BAL
STH
BALR
DC
B

COMXOR

FQU
LA
CLI
BER
IFZ
HRLT
EXDC

*

R15,R1
2 (MSG3-LCDRSTRT)
ERROB

*
R7.C"DU  °*
IOERROR

%

R7,C*UNRE*
IOERROR

*
7,C*CEFG*

IOERROR

W

R7,10.TYPE
R15,R1
Z{(MSG1-LODRSTRT)
ERRCR

*

R15,R13
R13,8
R14,HEX.ASC
E15,HFAD+4
R15,R13
R13,8
R14,HEX«ASC
K15,MFAD+2
R15,R13
R14,HFX<RSC
E15,¥%FAD
R15,R1
Z{¥SG6~LODPSTRT)
FRROR

ERROR ROUTIXNE

*

RO ,LODRSTRT
R0O,LSUADDR
RC

TEST

16:30:34

10/05/82

QUTPUT *"FILE ROT FOUXD™.

COMEON ERROR ROUTIHE

SET-UP ERROR KESSAGE.

UNRECOVERABLE ERROR.

.
:

CONFIGURATION EREOR.

I/0 ERROR MESSAGE.
COKPLETE TRE MESSAGE.
OUTPUT "1/C ERROR....”

GO TO COMMON ERROR ROUTIRE

MEMORY TEST FRILED.

GET LEAST SIGNIFICANT BYTE.
SHIFT IT OFF.

CONVFRT IT TO ASCII.

SAVE FOR ERROR MESSAGE.

GET MIDDLE BYTE OF PDDRESS.
SHIFT IT OFF.

CORVERT IT TO ASCII.

SAYE IT FOR ERROR MESSAGE.
GET MOST SIGNIFICANT BYTE OF
CORVERT IT TO ASCII.

STORE IT FOR ERROR KESSAGE.
OUTPUT “MEMCHK ERR MNNKRN".

GO TD COMMNOX

GCET BASE ADDRESS OF LOADER.
HAS IT EEkN MOVED YZT?
NO, RESTART.

YES, THEN JUST HALT.

ADDR.

LS007270
1LSU27280
LSU07290
LSU27300
LSO0D0731¢C
LSU37320
LSU37330
LSU27340
LSU27350
LSUJ7360
LSud7370
LSy97380
LSU3739%0
LSUJI740C
LSUST41C
LSUd7420
LSU27u432
LSD07440
1LSUd7450
LSU27460
LSUI7470
LSUO74E0
LSUO7490
LSU27500
LSUJ7510
LSu0752%0
LSU27530
LSU37540
LSuc7550
LSUD756¢
LSU07570
LSU37580
LSUJ7590
LSUS7600
LSG27610
LSU37620
LSU2763¢C
LSUST7640
L3U2765¢8
LSUJ7660
LSuc7672
LSUX768C
LSUJ769C
LSUl770C
1SU27710
LSu3772¢C
LSUd773%
LSUd7744
LSUd775C
LSU37760
1LSyg2777¢
LSU0778C



PERKIN-ELXER

LST

Co0516:1
00051A:1
004651C: T

00081E:T

000528:7
00052C:T
G00530:1
0C00532:1
*000536:1
¢00538:7

0005341
S300653E:T
00C542:1

GO0sLY:T
C00546:7
000548:7

00CSuA:T
CCC54C:T
00054E: 1

0005535
000554:1
000558:7

000552:1
00055C: 1
D0G55E:T
0005€60:1
000562:1
000566:1
GOO56A:1
00CS6E:I
*¢00572:7
000574:7
000576:1

000578:7
00C57R:1
00057C:1
00C57E:]

LOADER /

e
LEGF
26F2
247D
49ED
207k
41EC
0000
D376
41EC
26561

€570 o

2037
030F

2560

c840

SFRIES 3200 LSU LCADER,

SEGMENT 2 (EELOCATARLE)

ceos 50

SE4S
00
a3
25481
9a47
0000
9Du o
2281
232E

2000
CEFG
caac
9E4F
$G0o
9bur
2081
9B47
SDA4F
C3F¢
4239
cu47¢
Cc57¢
2133
25F1
C3CE

Gago
1188
4687
24F0
030K

0516:1
[SeTvh |
8518 =0L0UB3K:1
8212 =0C0534:1
C528:1
FADC =C0230f:I
&CGA =000538:1
NOFF
=5{1528:1
CS53R:T
o011
GCRB
Eyh X
=D005484:T
O54A: T
=CTa54A:T
G550:1
CCBO
ok 1]
355R:1
=00C05SA: I
0020
FRSE =000€C08:1
CCTF
[ ale}s]
=3G0578:1
0578:1

731
7R2
783
784
735
786
787
788
789
732
731
792
733
734
735
736
737
738
733
203
RO
£32
803
804
805
236
297
e08
"33
g1
811
812
213
814
215
216
217
818
819
R25
gz1
22
823
824
825
826
827
a28
829
830

PUTC

PUTC.11

PUTC.12

GETC

GETC.BSY

03-235M91R00-30

EQU
LH
RIS
LIS
BAL
LIS
BAL
EQU
LB
BAL
AIs
CLHEI
BRE
BR

EQU
LHI
LT
OCE
EGU
SSR
BTBS
WDE
EQU
SSE
BTES
BR

EQT
LEI
LEI
OCR
EQU
SSR
BTBS
RDR
SSK
THI
BNZ
RRI
CLHI
BNE
LCS
BR

EQU
SLLS

LIS
BR

PAGE 2¢

*

R6,0(R15)
R15,2
R7.CR
R14,PUTC
F7.LF
R14,PUTC

*

R7.,LODRSTRT(RE)

B14,PUTC
E6,1
RT,X'FF°
ESGC.PYT
R15

*

B4 ,X*110
RO,Y*2B"
LT

*

R4 ,EQ
BSY,PUTC.L1
R4 ,R7

*

R4,RO
BSY,PUTC.L2
R4

*

R15,X*B9"
R4,X*10°
R4 ,R15

*

R4,R15
BSY,GETC.BSY
R4 ,R7
R4,K15
R15,X°*2¢°
LODRSTRT
R7,X'TF"*
R7,CR
GETC.0K
R15,1

R14

*

R8,8
R8,R7
R1S5,0
R14

16:30:34

10/05/82

GUTPUT XESSAGE TO COKRSOLE.
GET MESSAGE ADDRESS.

GET RETURN ADDRESS.

OUTPUT CRRRIAGE RETUERN.
JUTPUT LIKE FEED.

GET A CHARACTER,

AND OUTPUT IT.

RUMP THE MESSAGE POINTER.

WAS LAST CHRRACTER A TERKINZTOR?
RO, OUTEUT REXT CHARACTER.

YES, RFTUR® TO CALLEER.

CUTPUT % CHARACTER TO CONSOLE.
GET CONSOL® CUTPUT ADDRESS.
STRRET TEE COXSOLF.

.
H

LOOP TILL COKSOLF ¥OT BUSY.

OUTPUT THE DATA.
LOGP TILL CONSOLE EOT BUSY.
RETURR TD CALLER.

READ 1 CHARACTER FRO3¥ CORSOLE.
GET CONSCLE COMHRND.

GET ADDRESS OF CONSOLE IEPUT.
OUTPUT COMMAND TO COESOLE.

LOOP UNTIL ROT BUSY.

READ A BYTE.

CHECK FDR FRAMING ERRJR.

IF TRUE, THEK EITHER BRERK CR
BAD CHARACTER - RESTART.
RSSURE 7 BITS.

IS IT A CARRIAGE RETURN?

8O, PUT IT IN REGISTER.

YES, SET RETURE TO MINUS.
RETURN TO CALLEK.

PACK CHRRARCTER INTC REGISTER.
SET RETURN TO NON-MIRUS.
RETURR TO CALLER.

LSU278GC
LSY37818
LSU37820
LSU27830
LSUCSTELS
LSU27852
LSU27869
LSU27870
LSU3788%
1sU2789¢
LSU27920
LSGL7910
LSU27920
LSU37833
LSU37340
LSU27955
LSU27360
LSU37570
1SuI7EL
LSUZ7930
LSUlEsCE
LSUZE510
1LSU28220
LSU283D
LSUD&040D
LSU08C50
LSUD8CED
LSG08C70
LSUO828
LSUDBLSD
LSH38120
LSUDE110
1Su08120
LSU38133
LSU28140
LSU38155
LSU3E160
LSUIE17C
LSU2818C
LSU28196
LSG0R20¢C
LSUD8210
LSU28220
LSU2623C
LSUI8240
1LSU28258
LSU0826C
L5U28275
LSUIB280
LSU08290



PEEKIN-EL%ER

sy

0GO580:1
00G582:1
J0C584:1
20¢588:1
COCS8A:T
coes58C:I
0C0590:1
0C0592:1

00G594:1
50G598:1
00059C:1
0005A0:1
00CS5A2:1

CCOSA4:I

0205A6:1
COCSAR:I
00305AC:T

00CSAE:]
0005B0:1
CCCSBL:T
JLC5L6:T

3235CC:T
JCA5CE:!I
cT45D0: T
2005D2:1
(U
2035D6:1
2305081
CO05DR:T
0005DC: T
QCGGSDE:T
CO0SEQ:I
*C005E2:1
CCOBEL:T

L2

LOADER /

0000
087F
1CF4
4120
QucF
08F7
410
Co6FQ
03CE

2600
C4Fv
C6FC
C9F¢L
28R
2€F7
03(r
2000
crac
2122
2687

SEEIES 3200 LSU LORDFR,

SEGHENT 2 (RELOCATAELF)

0580:T

800C =00C594:1X

8G04 =000594:1

0S94:1
GOOF
CG33
GL3k

C5A6:1

=GGOSAE:T

2630 05

2689
cs58n
J28E
43¢0

200C
2652
cess
Csho
2771
2313
247¢C
C3CE

2030
L878
Ju7h
2B79
2751
211E
Su68
CL6h
IKES
CC65
CAT6
2701
2117
3n€e8

FAYE =007308:1

CSEA:I

aRs]
Co

s RN
o e

=00G5CC: I

a5CC: I

(o]
)

o

5FO0:I

[s

=0D05F0:1

832
833
|34
835
636
837
238
839
8u o
841
842
843
suy
aus
846
£47
g4
849
250
851
852
853
854
fa55
956
a57
P58
859
253
851
852
8§63
54
2565
A56
857
868
859
a7¢
a71
e72
873
BTY
975
876
®77
878
879
ago
831
882
783
884

53-235¥91RCOA-CO

PRGE 21

* COBVERSION ROUTIKES.

*

E¥X.ASC

HEXD1

I.CONV

X.CONVI

L

¢

N

m

«UKRIT

EQU
LR
SRLS
BAL
FXBR
LR
BAL
OR
BE

EQU
NHI
OHI
CHI
BLR
AIS
BR

EQU
SHI1
BPS
AIS
EQU
AIS
CLHI
BLR
R

*

BR7.,R15
R1S.,4
R10,HEXG1
RO,E1S
R15,R7
R10,HEXO1
R15,R0
R4

*
R15,X°F°*
R15,X*30"*
R15,X* 34"
R10

R15,7

R10

*
R8,X°4l"
X.CORV1
R8,7

*

B8 ,9
PB,X*10°
R14
LODRSTRT

*

85,13
R9,X"32°
R10, X' FF’
RO,1
ASC.UNIT
R7.,0

R14

*

R7,E8
R7,R10
R7,KS
R%.1
ERD.COFY
R6,R8

%6 ,R12
R6,RS9
R6,R5
R7,R5
RO,
EXD.CONV
R6,R&

1€:35:34

10/05/82

CONVERT HEX T0 ASCII/REX.
SAYE ORIGIRAL DIGITS.

GET LEFTMOST DIGIT RED
CORVERT IT TO ASCII.

SHIFT AND SAVE LEFTNOST CHARACTER.

GET RISHTROST DISIT AND
COXVERT 1T TO ASCII.

GET BOTH ASCII CHARACTERS.
Z2ETURN TO CALLER.

SET DIGIT ZONE

RETORN TO CALLER IF RUEERIC.
ELSE, SET RLPHR ZOKE,
AND RETURN TO CALLER.

CORVERT ASCII/REX TO HEX.
STRIP OFF ALPHA ZOKES.
POSSIRLY IN RANGE & - F?
RO, THER ASSUME ¢ - 9.

NORMALIZE FOR HEX DIGIT.

DOES RESULT EXCEED 15 (X'F")?
N0, RFTUEK TO CALLER.

YES, FREOR - RESTART.

CONVFERT ASCII/DECINAL TO HEX.
INITIALIZE MULTIPLIER.

KASK FOR ASCII CODED DECIHEAL.
¥ASK TO ISOLETE RIGLT BYTE.
CECRENMERT COUNT.

IF X0T MIRUS, CORVERT URITS.
ELSE SET VALUE TGO ZERD,

AND RFTGRM TC CALLER.

GET UNITS POSITION.

DECREMERT COURT.
IF MIXUS, UNITS ONLY.
GET TENS POSITIOXN.

. 2

MULTIPLY IT BY 10.

#DD TO RESULT.
DECREKRERT COUNT.

IF ¥INUS, NO HUNDREDS.
GET HUNDREDS POSITION.

LSUDJE31DQ
LsSu28320
LSU0833¢
LSUJ8340
LS028350
LSU38360
LSU08370
LSu38380
LSud8390
Lsuo8udo
LSUO8410
LSua842¢
LSU08u30
LSUJsLuO
LSUJB45C
LSuJe460
LSU08470
LSUJELU80
LSUDE4SD
LSUJ8500
LSUd851¢
LSU0852C
LSu08533
LSUJ85L40
LSU2855¢
1LSU28560
LSuUJ38s570
LSU28580
LSUI859¢C
LSU28600
LSUl861C
LSUG862¢
LsydBe63C
LSUJE642
LS438650
1LSud866C
LSUJB67D
LsuJe6&c
LsSyl&68¢
LSUS87LD
LsSu2&7190
Lsyle720
LSUZ8730
LSTJET40
LSUJd8750
LSUJ6760
LSU2e7170C
LSUI878C
LSy38790
LSu288060
LS02881¢E
LsSuJ8820
LSuU38830



PERKIN-ELMER
LSU LCRLER /
QCOSE6:T CLER
COCSES:I GB6S
COCSEA:I GCES
GOOSEC:T £C65
CO0BEE:L CATe
*GO0SFO:T
s
CCOSFQ: T C573
COOBFL:T 438¢C
0005Fe:I C2lE

SERIFES 3290 LSU LOALEE,

SEGHENT 2 (RELOCATABLE)

C5FC:I
C1G66
FAR1C =000C308:1

885
886
887
888
39
B33
831
832
893
234

£E35

J3-235¥91R3C-00

*

ERD.CONY

¥R
SR
¥HER
MHR
AR
B

EQU
CLHI
BNL
BF

PAGE

6,21
R6,EQ
K6 ,R5S
R6,B5
BR7,k6

E¥D.CONY

®

R7,256
LODKSTRT
R14

22

1€:3C:34 10/G5/82

e e

BOLTIPLY IT BY 100.

ADD TO RESULT.
CONVERSION DOXNE.

IS NUMBER <= 2557
N0, THEN ERROR - RESTART.
RETURN TO CRLLER.

Lstlesul
LSy28E52
LSto8as6l
LSUl8E70
LSU38880
LSC388%0
LSB38550
Lstszgsase
Lsu39820
LSU58%30

1sgiasug



PEERK

N~ELMER

LSU LORDER /

9005FA:1

GQOSFE:T
0006C2:1
*0006C4:T
0006C6:T
*Q00608:T

0006CA:1

0006CE:I
000612:1
GC0614:T
£00618:1
00061R:T
00061A:1

00061E:T
*500620:1
G00622:T
*0C0624:1

*G0062€E:T

c00628:1

aoCs2C:T
UGS62E:T
000630:T
00063427
*000636:°
6006538:1
*500632:1

23663C:1

000640:1
cOoCeUL:T
000646:T

Q0C0

52D0
ceo0
50DD
J5D2
2383
26Du
2205

vi0C
58D9
[sagele)
983D
05D3
4238
0803

J088
2541
58D0
2000
283D
Q734

553b @

05Dp2
23€3
26D
2207

05CC
5epe
0000
58CD
C704
¢50D

SFRIFS 3280 LSU LORDER, 23-Z35M91KA0-00

SEGMENT 2 (RELOCATABLE)

GS5FA:1I

83FA =000CF8:1
CSFE:T
0Ccos

=00060A: T

=0C05FE:1

C60A: I

83EA =0G(C9oF8:1
CedE:I

0000

FECC =0004E4:I

0003

=000626:1

=D006JE:I

CE26:1

83CC =00C9F8:1
£62C:1

=02063C:1

=00{62C:1

GE3C:T

83P8 =000GF8:1
Ceup:l

0200

837
838
899
a3¢C
e31
992
933
S24
935
92§
907
R

939
910
911
g12
13
214
915
916
917
918
919
9270
221
022
923
azy
Q25
Q26
827

Q2%

Q34

Q39
a4
a4 1
Q32
o43
g4y
a5
246
9u7
gug
au9

*

¥ER.TEST EQU

¥*

-

*

-
ST

WET.ADR EQU
ST
CLR
BNL
AIS
B

*

PAGE

*

R13,STARTA
*

R13,0(R13)
R13,R2
READ .SET
R13,8
RRT.ADR

23

WRITE ADDRESSES TO MEMORY.

16:30:3%8  10/05/82

TEST MEMORY.
ENTER WITH R13
RQ2

START ADDRESS.
ERD ADDRESS.

SAVE START ADDRESS.

STORE ADDRESS INK ITSELF.
AT END YET?

YES, READ THE ADDRESSES.
BUNP THE POINTER,

AND RWRITE REXT ADDRESS.

* RFAD ADDRESSES FROM KMEMORY AKD COMPARE.

*

READ.SET EQU
L

REARD.ADR EQU
L
CLR
BNE
LR
IFZ
XST2
ENDC
CLR
BEL
RIS
B

L]

*

R13,STARTR
*
R3,0{R13)
R13,R3
MEE.ERR
PO,R3
TEST
3(R13)

R13,R2
WRC.SET
R13,4
READ .ADR

SET-UP FOR READS.
GET START ADDRESS.

w

RETRIEVE DATA {ADDRESS?).
IS IT CORRECT?
KO, TBEK ABORT ROW.

ASSURE FROM MEMORY AND NOT CACHE.

AT END YET®

YES, WRITE ADDRESS COMPLENENTS.
X0, BUMP ADDRESS POIRTER.

RXD CHECK KEXT LOCATION.

* YRITE BRDDRESS COXPLEMENT TO ¥EMCEY.

*

WRC.SFT EQU
LI
L

WRC.ADR EQU
LR
XR
ST
CLR
BXL
RIS
B

n*

* PLAD KDDRESS
*
BDC.SET EQU

L
RDC.ADR EQU

1

XR
CLR

-

R4 ,-1
R13,STARTA
*

k3,R13
B3, ,kb
R3,0(R13)
R13,R2
RDC.SET
R13,4
WRC.ADR

SET-EP FOR WRITE EDDRESS COMPLEMENT.
GET M¥ASK FOPR COMPLEMFRT.
GET START ADDRESS.

GET THE ADDRESS,

COKPLEMERT IT.

STORE ADDRESS COFPLEMENT

T END YET?

YFS, RERD ADDRESS COMPLEMERTS.
X0, BUMP RDDRESS PQINTER.

AND WRITE ¥EXT LOCATION.

COMFLEMENT FRON MEMORY AND COMPARE.

*

X13,STARTH
*
RO,C(R13)
RO K4
RO,E13

SET-UP FCR READ ADDRESS COMPLENERT.
GET START ADDRESS.

RETRIEVE DATA (ADDRESS COMPLEXERT?).
COMPLEMERT 1T.
IS IT COERECT?

LS028960
LSU28970
LSU268980
LSU08990
LSu09C00
LSU0901C
LSU29020
LSuC39030
LSUS9C4us
LSU09050
15009060
LSu09070
LSUJ9080
1LSUJ39090
Lsud9100
LSU2211¢
LSu&9120
LSUd9130
LSU93140
LSud9150
LSU39160
LSU09170
LsS009180
LSU23190
LSyd3200
LSudg9210
LS0089220
LsSU092390
LSud924¢C
LsSU59250
LSuU28260
LSU29270
LsSul9zac
LSG09299
LSUL9300
1Syd931¢C
LSU39320
LSU09330
LS00934¢C
LSUG9350
LSUCS360
LSU28370
L3p2e380
LSUJ9380
LSUJd9400
1Lsu29410
LSUJI9420
LS3J29430
LSU94u0
LSycousd
LSUJ9460
LsSu2947¢
LSUJ34E0



PERKKIN-ELXER

LsU

2006u8:1
00064C:T
CO06LE:T
CGO64E:Y

000652:1
*000654:7
00065€:T
*Q00658:1

S0C652:T

J00065E:1
C00662:1

00066611
Q0066E:1
*QQ0066C:T
CQO66E:T
*300670:1

00C672:T

0006761
0006721
00067C:1
000680:T
000680:1

000684:T
000686:T
*000688:I
00C68A:T
0006BE:T
*000690:2

0C0C692:1
0c0694:1
C00658:T

LOADER /

SEEIES 3200 LSU LOCADER,

SEGHENT 2 (RELOCATAEBLE)

* FE9? =0COLEY:I
Y C{83
=03065A:1
=CCa640:T
CE65A: I
{024
$65E: I
8396 =CCOCSF8:T
8166 =CC07CC:I
06667
P e
=000672:1
=C00€66:1
3 0872:1
} 8382 =0C09F8:1I
0676: L
i
FE64 =0004E4:T
Gi03
=3008692:1
o20¢
=0G0676:1
0692: 1
* FFC6 =8LJ6SE:I

9572
G651
952
933
a5y
Q58
256
957
¢58
853
850
951
Q52
53
a5y
965
966
357
S6&
969
970
971
972
973
274
975
975
977
a78
979
a8¢C
9381
982
983
o84
935
986
987
@88
G839
90
931
992
933

03-235¥91R00-00 PAGE 24
BNT  KEH.ERE
IR RG,R4
IFZ  TEST
XSTE  3(R13)
ENDC
CLE  P13,R2
BFL  PAT.NTCH
RIS  R13,u
B RDC.ADR
*
* TEST ¥ITH DATA BATTERNS.
*
PAT.¥TCH EQu  »
LAT  R4,36
PAT.NEW EQU  *
L R13,STAETE
L RO,PATTRRNA(RE)
PAT.HRT FQU  *
ST RC,C(R13)
CLE  R13,R2
BEL  PAT.EDST
RIS R13,4
B PAT.WRT
"
PAT.RDST EQU  *
. L R13,STARTA
PAT.READ EQU  *
L R3,0(E13)
CLR  F3,ED
BNE  MEN.ERRE
IFZ  TEST
XSTB . 3(R13)
ENDC
SIS  Ru,u
CLR  R13,R2
BNL  PAT.CKND
ST B14,0(R13)
BIS  R13,4
B PAT.READ
*
PAT.CKKD ECT =
SIS B4,
B¥E  PAT.NEW
BY Rk

1€:30:34

10405782

¥0, THER ABORT NOW.
ASSURE FRON MEKORY AND NOT CACHE.

AT END YET?

TES, TRY PATTERE MATCHIRG HOW.
KO, BUXP ADDRESS POIRTEER.

AND CHECK NEXT LCCATION.

INITIRLIZE IKDEY TO PATTERN TABLE.
GET KEX# FPATTERN.

GET START ADDRESS.

GET R PATTERR.

STORE THL PATTEEN.

AT END YET?

YES, READ THE¥ BRCK.

KO, RUMP ADDRESS POINTEER,
ARD WRITE AT ¥EXT LOCATION.

SET-UP TO REARD PATTERN.
GET START ADDRESS.

RETRIEVE THE PATTERK.
IS IT VALID?
kO, THEN ABORT KO¥.

SHUT OFF CACHE.

YES, DECRENENT PATTERN IEDEYX,
AT END YET?

YES, SEE IF ALL PATTER®S USED.
ASSURE DATA BUS CLEAK.

NGO, BUXP RDDRESS POIKTER.

RXD CHECK NEXT LOCRTIDK.

DECREMERT PRTTERN IKDEIX.
ARD LOOP UKTIL ALL PATTERNS HSED.
RETURKE TO CALLER WHEN THRU.

LSG29490
15533500
LSE3951¢
LS{109520
1SU52530
13CC956¢C
LSLD9550
LSI 20560
15463957¢C
15329586
L8C73590
LSCZ36C0C
135209612
LSU962¢
L5TI3630
LSU29640
LSTI9658
LS323660
1SL3I067C
LSLJ9680
1STI5690
LSE357G0
LSL39740
1LST23972¢
LSG03730C
LSELIT40
LST35750
LSU2976¢C
LS5 33770
LSC29780
1LSEI9750
LSE5980C
LSD3981%
LST29820
LSB0O9830
LSUJ984C
LSEJ9850
LS5338685
LSCDS870
LSU29880
LS¥39890
LS559900
LSU55910
LSU29925



FERKIN-ELXER SERIES 3200 LSU LOADEER, 93-235491R0C-00 PAGE 25 16:30:34 10/05/82

'LSU LOARDER / SEGKMENT 2 (RELOCATARBLE)

935 =* DEVICE TABLE FOR CONVERTING MNEMONICS TO ADDRESSES : 1Lsud9sad

996 * LSU29950

000698:1 937 IFO * LSU09960

998 DB 0 . LSUD997¢

939 ERDC LSUC99&0

V000 069A:I 1020 DTAEBLE EQU * LSUD3%536G

Q0C69R:T c085 1001 HAGBS bC X*85',X°40",X*00°, X FO* 1sSu10300
00069C:T 004¢C
00CU6SE:I 0000
00C6RG:1 COFaQ

0006A2:T 00C5 1002 MRGCS jolod X*C5",X*41*,X*00°,X°FC"* LSu10010
CO06RY:T o041
0006A6:T 8000
0006AR8:T 0CFC

0CO6AA:I Ucce 1003 ME5R De ¥°C6°,X"33",X"B6°*,X"FO°' LSU1202¢
0006ARC:1I 0033
COO6RE:T CGB6
CO06EO:T GOFO

C006B2:1 00Cc7 1034 MWB5SF DC X*C7*,X*32°,X"B6°*,X"FO"* 1LSu12030
0006B4: T GC32
C006B6:T 20B6
0006E8:I 00F0

OQQ&BA:I GOEC 1005 XB67 pC X*EC*,X*35",X"EB*,X*F0° LSu12049
0006BC:I Q035
0006BE:I OCEB
0006CO:1 CJFO

0006C2:1 00ES 1006 MB256 DC X*E6°,¥°36°,Y"E5*,X*F0" LSU10050
0006CL:T 9036
0006C6:T GCES
0006C8:1 JOFQ

0006CR:T 0cC1 1737 FLPY |1 X*C1°,X*37%,X"00",X*00° 1SU135690
Q006CC:T ¢G37
0CO6CE:I 07oC
0006D0:T 200¢C

00G6D2:1 GOGO 1038 OTHR - nC ¥*0*,X*0°%,X°C*,X"0" LSU13073
¢006Du:1 2000
0006D6:I 5930
0006D8:T SSeiels]

1006 * LSU19C8C

2600 CEDAR:I 1210 ADPDRTABL EQU * LSU10090

0036DA:I &753 1211 DC Z(DNUN-LODRSTRT) LSU12100

0036DC:I 3759 1012 DC 7Z(CODE-LODRSTRT) LSy1811¢C

0006DE:T G15F 1213 DC Z{CTLR-LODRSTRT) LSy1212¢

O0G6EQ:T 5765 - 1714 bC Z(SLCR-LODRSTRT) LSG1¢130

CO06E2:1 G768 1015 DC Z(DRNO-LODRSTRT} LSU12140



PERFKIN-ELMER

Lsu

0CO6FEL4:T
OCQBEC:T
Q006F4:T

0C06FRB:1I
0006FB:T

Q006FC:T
COGEFC:T

Q0C7C4u:T
00070C:T
000714:1T
00C71C:T
Ceo728:T
00C72C: 1
000734:7
00073C:I

000744:1
00074C: T

G0074C:T

00074C:T
G00754:1
00075B:1I
000761:1
000767:1
00076D:1
C00773:1

000779:1
000781:1

000784:T

000784:1
0007847
00078C:I
00C791:1
3007996:1
0007AD:T
00C7AQ:1

00C781:1
OCU7A9:1

LORDER /

3332
2048C
523¢

00

cgol
huus
2000
upy7
4ny7
4553
4453
Lys53
uy32;
4euC
4Fsy
[ie141¢]
4445

0000
564F
2C48
anys
434F
4354
534C
4452

2060
5649
533D

4G4F
5858
4649
2046

GO

4pus
5252

SERIES 3200 LSY LOEDER; £3-235N91R0G-00

SEGYERT 2 (RELOCATRBLE)

3030 2d4C
4FLY 4445
302D 3230

JEFC: T

5653 2020
070u:1

3e35 2220
4335 2020
3552 2020
3546 2020
3637 2220C
3536 2023
5059 202G
4852 2320
C744:1

5649 L4345

S74C: I

4C3D 5858
494C 453p
5623 3DFF
44845 3DFF
4C52 3DFF
43458 3DFF
5623 3DFF

8779:1
4C45 4pu1
F¥

4852 E24F
5858 FF

4C45 204E
4F55 4E&4

4DS4 5354
20

5355
522¢
FF

ODGA

SDoR
ODOR
0DOoA
GDCA
ODGA
0DGA
CDGA
ODCA

3DFF

5858
FF

S24B

1617
1018
1219

1022
1321
1022
1023
1724
1425
1026
1227
1628
1229
1030
1431
1032
1033
1938
1235
1036
1037
1038
1039
17490
1701
1042
1043

RLIT

1045
1046
1047
1048
1049
1050
1251

1252
1253
1054
1055
1058
1257
1258
1059

1060
1061
1062
1063

* NESSAGES

*

ID

MEXND

DEVTABLE

OTHER
DEVTBLED

VOLFIL

- DRUY

CODE
CTLR
S1CH
DRNO
*

FHMKS

HSG1
I0.TYPE
¥SG3

RSG6

PE

IFO
DB
EXDC
cxop
ECu
DB
EQU
DB
DB
DB
DR
D®
DB

DB
EQU
DB
Ir0
DB
ENDC
CROP
EQU
DB

DB

DB
DB
DB

EQU
DB

IFQ
DB
ENDC
cxop
DB
DB
bB

IFE
DB
ENDC
DB

PAGE 26 16:3G:34 10/05/82

C*3293 LSU LOADRE R3G-DC*,X°FF*

¥

]

[
*
C*DEVS *,CR,LF
*

C'HG85 *,CR,LF
C*®GCS  *,CR,LF
C*DSSR  *,CR,LF
C*DSSF  *,CR,LF
C*DbS§7  *,CR,LF
C*D256 *,CR,LF
C*FLPY °*,CR,LF
C'OTHR °*,CR,LF
*

C*DEVICE=",X*FF"

*

[»]

HY
*

C*VOL=XIXX,FILE=*,X*FF*

C*DEV#="*,X FF"
C*CODE=",X'FF*
C*CTLRE=",X° FF*
C*SLCH=",X°FF"
C*DRY#=",X*FF"

*

C*FILEYARKS="',X°FF"*

*

Q

i

C*IOERROR °*
C'XXXX*,X'FF'

C*FILE NOT FOUKD',X'FF"'

*

0

C*ME¥TST ERE °*

LSU101el
LSUTC1746
LSU1918¢

LSU1818%
LSU12250
LSU1s21¢C
Lsy1022¢
LSU12230
LSU12zu2
Lsy1025¢
LsSU1028G
Lsuy1z272
LsSUtc2e¢
LSU10256
LSU1036¢C
LsSUt9312
Lsy1e3ze
LSU1533¢
LSU133432
LSU1235¢0
LSU10360
LSU1037L
LsSyi1f3ge
Lsu103el
LSUT0400
LSU1041C
LSU1042¢

LSU1T0433
LSU10440
LSUT0uUST
LSU10468T
LSU10472G
LSUT048C
LSu194382
LSB195C¢

LSU165138
LSU16520
LSU 10530
LSU10540
LSU 16550
LSU10560
LSU10575
LSU1058L

LSU105935
LSU1063C
LSU1t061¢
LSU10620



‘PERKIN-ELMER SERIES 320C LSU LOARDER, 03-235K81R00-00

15U LOADER / SEGMENRT 2 (RELOCATABLE)

00G7AC:I

0007R3:1
00GQ07E3:1

0007B4:1
0O00TES:I
0007B6:1
0007B7:T
0007B8:1
0G07BS:1

00C7BA:1
0007BB:1

2007BC:Y
0007BD:1
0007BE:1L
0007RF:1
0007C0: 1

G007C0:I
6007C2:1
2007Cu:I

GC07C6:T
0007Ce:I
0007CA:T

0007CC:1I
0007CC:I
C007D0:1
9007D4:T
0067D8: 1
¢007DC:1
0007FC:I
0007E4:1
0007E8:T
0007EC:1
Q007FQ:I

D0G7F4:T

5858 5559 S5A5A FF

LE

(330
01uC
ouce

0018
2040
coug

30460
1111
3333
7777
FFFF
CQ00
FQCO
FFOC
FFFO
FFFF

2000

0000
aoog
0000
U000
3000

» (7B8:1I

07BB:1

0000
1111
3333
7777
e e
FTFF
FCOG
FFGC
FFFO
FFFF

C7EC

e7FL: T
08F3:1
O07F4:1
0TF8:1
O7FC: 1

1064
1065
1066
1067
1068
1059
17276
1071
1072
1073
1074
1C75
1076
1277
1578
1079
1280
1281
1082
1083
1084
1085
1C86
1187
1288
1289
1090
1791
1092
1093
1794
1795
1086
1437
1798
1099

1130

1122
1103
1104
1105
1106
1107
1108
11238

MFARD DB

*

IF2

COM2 DB
ELSE

COM2 DB
ENDC

MTSKIP DB

MTCLEAR DB

YTRERD DB

K¥TREWD DB

SHCLEAR DB

SHGORD DR

CTRESET EQU

CTREAD .

* DISC COMMAXDS

D1SEEK DB

D2SEEK EQU

D2BRATTN DB

D2RHEAD DB

D2SETCYL DB

D2SETHED DB
IFO
DB
EXDC

*

SECCYL DC
bC
DC

*

SECTRX DC
DC
bC

*

CNOP

PRTTERNR DCY
DCY
DCY

*

LERGTH EQU
CROP

YDBUF ECU

VDBUFE EQU

¥P.VOL EQU

VD.RTRB EQU

VD.FDP EQU

" PAGE 27 16:30:34  18/05/82

C*XXYYZZ' X FF°*

TEST

X*EE* PASLA, 8-BIT,

x*38° PASLA, 8-BIT,

X*a3° SKIP FILEMARK

X*AC* CLFAR CONTROL

1A1° READ COKMAND (MAC TAPE).
X*B8* FEWIND COMMAND

Xeug® SELCH CLEAR COHMAKD.
170" SELCRK READ/GO COMNAND
SHCLEAR CONTROLLER RESET COXNARD
X'c1*

Xec2*

D1SEEK

x*cs*

XiCH®

X*DG*

X*EO®

*

o

Heuge <= 10

H*320° 67

H'1216° 256

He24 " = 1¢C

Heob 67

TP 256

L

5,11111111,33333333,77777777
FFFFOD00,FFFF,FCCOFCO0,FFOOFFOO

FFFOFFFO ,FFFFFFFF

*-~LODRSTRT
u

*
VDBUF+255
VDBGF
VD.VOL+u
VD.ATRB+4

10 SPD, z STOP, RO PAR

(MAG TAFE).
UNIT (MAG TAPE).

{¥AG TAPE).

LSU10630
LSU10642
LSU10650
LSU12660
LSU1067C
LSU1068C
LSU10690
LSU12700
LSU1G7IC
LSU10720
1LSB10730
LSU1CTU0
LSU10750
1LSU10760
15012770
LSD10780
15U10750
LSU10800
15U12810
13615828
LSU10830
LSU10860
LSU10850
1LSU10860
15010876
LSU10886
LSU10890
LSU10920
LSU1091C
1SU10920
15010930
LSU10540
LSU10950
LSU10968
LSE1G97¢C
LSU10980

LSU10990

LSU11000

LSU115618
1SC11020
LSU1106390
LSU11C40
LSU1165¢C
LSU11060
LSU11C70
Lsyt11080



PERKIN-FLM¥EF
LU LOADER /

4000
2000
Co30
Qeel
2000
japegole
Gceoo
egod
£Co¢
ceat
3000
6GoC
2090
GECe
240C
20006

2000

SERIES 3200 LSU LOADER; 03-235¥91EK0C-00

SEGHENT 2 (BELOCATABLE}

0800:1
G8C4: 1
2808:1
CaFu:l
G8F8: 1
C9F7:1
Gorg:l
COFC: I
GR3C: 1
CREC:T
CRUL:T
CA48:1
CA4C:1I
GR50:T
GASGL: I
CR5C: 1
CRED: I

1112
1111
1112
1113
1114
1115
1116
1117
1118
1119
1122
1121
1122
1123
1128
1125
1126

¥D.0OSP
¥D.0SS
VD, HRP
DIRSAVE
LIBBUFF
LIRBUFFE
STARTA
ESAVE
TBNTRY
TPCFF
SWITCH
0S.ERD
NU#.LIES
ENDLODR
FILENRME
EXT
LOGDREND

EQU
EQU
EQD
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
ECU
EQU
EQU
EQU
EQU
EQU

PAGE 28

¥D.FDP+i
VD.OSP+4
¥D.055+4
VDRUFE+1
DIRSAVE+H
LIBBUFF+255
LIBBUFFE+1
STARTR+E
RSAVE+64
TBHNTRY+4
TPOFF+U
SHITCH+4
OS.ERD+4
NUX.LIRS+Y
ERDLODR+L
FILENAKE+S
EXT+4

16:30:34

10/05/82

L3U01109¢C
LSg11100
LSU11113C
1st1112¢C
LSBE1113¢C
13011140
LS¥1118¢C
LSU11160
LSE111726
LST1118C
LSU1119¢C
L5Y11200
1su1121¢
Ls011220
LSU1123¢C
LSU11242
LSU11258



PERKIN-EL¥ER SERIES 320D LSU LOADER, 03-23591K30-20 PAGE 29 16:30:34 10/05/82
SYMBOL TABLE / CROSS-REFERENCE

Q007F4:T ) 1128 END LSU11270



PERKIX-EL®ER SERIES 3220 LSU LORLER, 03-235E91RCC-U0 PAGE 30 16:3C:34 10/05/82
SY¥BOL TABLE & CROSS KEFERENCE LIST
ASSE¥XBLED BY CAL/32 03-338k00-00
START OPTICKMS: CROSS SQULZ ERS
NO CAL FERRCES
N0 C3L WARNINGS
5 PASSES

TABLE SPACE USED = DISC SECTORS : 0
ABSTCP 2005 0038

RCT.EKD J000 C2€2:1 45¢ 454 *

ADC 2000 cCOh

EDDRTABL 7302 J€DR:I 231 1245
ADSELCH 2000 CueCsI 346 551 6935
AMRCTE T6C0 G174 353 357 359*
APF.EXEC 2200 50C1 110%*

AFF.EFAD 7200 024 110

RPF.URIT 0G0 Cul2 110%*

ASC.HEY 4000 95BA:I 313 455 562*
ASC.UNIT 0092 05CC:I 867 871*

BIKDV 2090 COT78 113>

BEP.ITEM DGO OCEC:T 252 265 269 271 273*
ESY 2000 2oce 117* 383 604 641 662 695 717 g¢2 806
CALC.SIZ 500C 02F8:1I 506 Squt
CHK.ITE¥ 0050 GCBO:I 23¢ 245*
CK.DISC 0000 C1DUsI 291 396 %
CK.DISCt1 $000 O1DE:IX 398 4Q2*
CKX.ENTRY 0000 0284:1 L68* sy

CK.NAEE 00C3 002E:I 206* PAR

CNFG 3000 C4Dp2:I 3892 568 Fu5*
CODE €000 07€61:1 1012 1045*

COM2 Q000 07E3:1 192 1067+

COMN 1 0000 0L26:I 653 658 %

CONN2 0000 QuzA:T 656 561%

CR £6GO C¢GID F15* 784 821 1026 1528 1329 130 1231 1032
CTLR Coe0 0767:1 1613 10u6*

CTRERD 000 O7BA:I 662 io78*
CTRESET 2000 CT7E8:1 582 1277+

DI1SEEK C00G C7BB:I 597 1080 1081
D2RATTN 00060 0G7BC:1I 615 1082+
D2RHEAD 0060 C7BD:1 626 1083

D2SEEK €205 078B:I 635 1381*
D2SETCYL 20090 $7BE:I 622 1084*
D2SETHED GGCC 07BF:I 631 1385*
DEVTABLE 4GGO C7C4:I 204 216 1627*
DEVTBLND 0000 0744:1 205 1d36*

DIR Coae 5030 109* 109

DIR.ACT 0000 CCOB 109*

DIR.ATRB 00CC 0028 109> 469
DIR.BKSZ 0002 0025 109*

DIR.CSEC 5000 CC28 1009+

DIR.DATE 00CO €018 109+

1033

1034

1

G

35



PERKIN-ELMER SFRIES 3266 LSU LOADEF, 03-235%91800-50

SYMROL

DIE.EXT
DIE.FLBA
DIER.FN¥
DIR.IKBS
DIRLKEYS
DIR.LLBR
DIR.LRCL
SIR.LUSE
DIE.FSWD
DIR.PYOL
DIE.RCNT
DIR.RKEY
DIPR.RSES
DIK.WCRT
DIR.’KEY
DIER.ACB
DIRA.ACH
DIRA.ALB
DIRA.ALYE
DIRALFTH
DIRA.UPB
DIRKA.UPK
DIRSAVE
DISC.0S
DKCOX¥ON
DNU¥
DRY¥O
DTRBLE
Dy
TND.CODE
END.CCONY
ENL.F¥KS
ENDLCDP
EHROK
FYEC.GS
EXT
FILENANT
FILNTFRD
FLP.LATHR
FLP.HELD
FLP.WAIT
FLPY
FMKS
FMKS.DCRN
FOUKND.NY¥
GET.ACT
GET.ACT?
GET.EXT
GET.EXT?
GET.FILE
GET.FLRM
GET.FH¥KS
GET.ITEY

TABLF & CROSS REFERENCE LIST

0320
200¢C
6000
5000
60C3
0€30

QGLL

0000
¢000
0C20
€aca
€eoo
falelole]
CGa0
2000
cooc
G000
0000
6000
0000
co00
0000
4000
000
¢oo¢

Q00 |

ocen
270G
20600
il

2080 ©

coco
age
ool
Cado
¢oco

©o00 0
cOG0 ©

g
0039
990

L0091

{09¢

€200

3000
ceoo

G000

Gose ¢

[gyay
6360
{300

°036 5

SoCe

0308
20¢C
2360
0026
0014
0010

109>
100+
109>
109*
109*
138+
109>
109*
109+
100+
169>
109*
1C9*
109*
100+
106*
1C9*
109*
109*
109+
109+
109*
495
5¢2
6US
1011
1015
256
298
259
B7¢€
308
52¢
735
369
419
418
uge
7%5*
571
723*
L ad
304
317
208
429
4u8*
427
u3g*
425
423*
306*
23¢6¥

479
491
475

470

5086
508*
648
Tuu*
1048*
258
300
263*
Bg3
312*
553
753
393
421
w22
T732*
717
706*
725

10950+
324
214
440
453
43g*
uy3
43¢
432
311
243

51¢
477

1113*
650*
285
583
st

1123*
769
S6u4*
435
474

72¢

445+

1114

1000*
589

B9z*
1124
TIc*

456
1128

PAGE 31 16:32:3u4 T0/05/82

596 613 618 6¢2 708

1125* 1126
1125

711

737+



PFRKIN-ELKER SERIES 32950 1St LCADER, 03-235¥91R0C-00 PAGE 32 16:30:34
SYMBOL TABLE & CROSS REFEKEKCE LIST

GET.CS wGOL C346:T 542 546 *

GETC 00C0 0E=50:1 20z 23g 367 424 437 449 209+

GETC.BSY CCCC G5:A:1 812=* 815 ’

GETC.0X G330 0578:1% 22 26 =

GETNA¥E C000 Q0.0 201* 203

HEX.ASC GG3C 0580:T 758 762 765 834+

HEXE1 G000 L554:I 837 840 auy*

Ip CO0C 06pgL:T 197 1219*

IMPTOF C30C CTF4:T

I0.TYPE 2080 078C:1 75¢ 1058*

IOERKOR CLC0 CubesT 73¢% 743 7 Tug*

LADC C030 2022

LCE “oCy L0 110" 112

LCE.ADDE 2020 0uCC 110*

LCE.NAME (200 0000 TIG*

LCEL.SIZE 0030 COG8 110*

LCE.TYPE 2000 CCO8 110*

LCT.CO¥K 2000 s000 190*

LCT.ENTE 20O CLu 110*

LENGTH €0GC¢ C7EC . 142 1123*

LF To00 0C03 116* 786 1026 1028 1229 143¢C 1031

LIE 2000 2140 110* 11¢

LIR.CTCPE 2000 DCe4 1L

LIB.DATE 000C Q450 112>

LIB.DUMN (00¢ 202C 110*

LIB.FW2 G040 0C1C 110%

LIB.F%3 GOCC 0014 110*

LIB.HIS Co00 603C 116+

LIB.IPRT 200G CCU5 118*

LIB.IRX ¢0%0 OCUR 11C*

LIBR.ITS¥ 0020 0018 110>

LIB.LKTR G000 0LC7 110%*

LIB.MPRI C00C 5004 11G*

LIB.KXSG €000 CCuu 110*

LIB.HXSP 2000 0014 110%

LIE.RASK 0000 §CC T+ 110

LIB.RCO¥ CCGO 2007 110*

LIB.NEPC COGO CC4C 110

LIR.RIOQ 2000 0C6C 110

LIB.KLIB 0G0 CGT1 110 500

LIB.NLSEC 2000 2008 11e*

LIB.NLU Q000 0GOo2 110+

LIB.NLVL 00$O oCuQ 110%

LIB.NCVL 004C CDhu2 110*

LIB.NPRC 2000 203C 110>

LIB.NSEG 0G0C 0007 11C*

LIB.ODTL 0000 C£C62 11C>

LIB.OPT 0000 JCOA 110%

LIB.OPN C0C6 oCus 113*

LIB.OS 0050 0CC8 110*

LIB.OV 000C 2025 118+

LIB.PREC 000D 2006 110+

LIB.PRIY¥ COCC 2CC3 11
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LIB.PRK
LIB.PSIZ
LIB.RL
LIB.RORT
LIB.RREG
LIB.RSIZ
LIB.SEGR
LIB.SEGS
LIB.SEGT
LIE.SPRC
LIB.SSEG
LIE.TA
LIB.TATR
LIB.TC
LIB.TIME
LIB.UTOP
LIB.VARL
LIB.XOPT
LIBBUFF
LIBBUFFE
LODREND
LODRSTRT

LSE
LSE.ENSZ
LSE.KXSZ
LSE.NAKE
LSE.PRIV
LSEL.SREG
LSu
LSUADDR
MAG.RFAD
¥RGBS
MAGCH
BAGRD.CS
MACTRPE
¥B256
MRSF
¥R5R
MEET
MTH.EFR
MEMLIFST
MERU
¥FAD
MOVE.LDP
KSG
¥SG.PUT
¥SG1
¥SG2
¥SG6
ETCLEAR
BTREAD
MTREWD

TABLE & CROSS REFERENCE LIST

0000
0000
coco
0Ccoé
0co0
050C
0053
¢0Co
00C0
0Q0¢C
0C20
[Selely
0000
el ste

CCCa
Lo00
¢G600
6300
Gl Ty
i1
cooo
2000

¢ooc
¢000
c3Co
2900
e
0600
G0

caan
wJLov

LM O C OO0

QU QOOOQUOOMDE OO

SV A YN Y D Y O
QQOODL OISO

DGO
DD

2000
2006
cooo
€oce
000
£000
2200
L6500

2000

0C2u
0620
0003
0C10
0023
0100
0520
J04C
06C00
00 3E
0609
0CL
0009
30Cy
0258
2C68
006C
coo08
06F8:1
09F7:1
OAG60:1
0008:1

0l 14

goc

0c1C

02C0

Jcec

0CGRB

0301

15C3a

51447
069A:1
06E2:1
G184:1
OCE8:1
06C2:1
0682:1
J6&R: 1
06BAR:I
QuEL:I
05FA: I
QEFC:1
378C:I
032C:1
CE16:1
0528:1
3784:1
0791:1
C7R1:1I
07B5:1
C786:1
Q7B7:1

110+
110+
110+
110*
110+
115w
110%
110+
11¢0%
110+
110*
110
110%
110%
110+
11¢*
110%
110+
326
327
526
190+
752
110+
110%*
110
110%
110+
110*
1%
112+
328
100 12
1502
357
292+
1006
10004
1003%
1005+
755
53¢
199
759
537+
190
7ER
752
734
768
297
37€¢
3e1

11¢C
503

496
497
528
197
768
110

148
342*

366 %

g1g
55¢L
1325~*
763
541
781*
793
1287+
1359+
1363*
1272
1373+
1374 *

110

500
1115*
534
199
778

137
141
345

95¢
838+

766
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1116
536
212
789

142
358
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SY¥BOL

ETSKIP
KAK.ITEHX
NEXT.DIR
N0.0S
NUML.LIBS
KXT.COCE
NXT.ITEM
OS+ERD
0S.FOUND
0S.SILE
0S<START
OTHER
OTHE
PAT.CKND
PAT.¥TCH
PAT.NEW
PAT.RDST
PAT.READ
FAT.WRT
PATTERNR
PUKETOP
PUTC
PUTC.11
PUTC.L2

RO

E1
R1¢

R11

R1Z
R13

715

EE,
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ooco
0000

GoCo

0a0o
0030

00Q0

27881

OU6A:T

UZ2RAE:Y
C2RC:eI
cruCeI

; SCe8:1
> 0060 T
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tep2:1
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Ao
feXaly

Goe1
GCOR

Q0GR
206C
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60C2

322
232
71
4e2
352
255*
23u*
368
48C
296
114*
224

122%
131+
837
132*
133*
134%
549
335
945
98¢
135+
417
72¢€
98¢
136*
319
515
628
716
782
845
123>
671
a8y

1271+
234 *
473
ugT*
356
261
27¢
520
490
4og=*
56%
1035+*
256
990+
962 *
932
374%
98sg
97z
1399+

787
822
826
235
347
504
582
875
194
205
850
574
439
215
544
326
947
387
202
418
758
393
196
320
516
533
721
794
B46
28¢
672

234
476

516

1121*

1008*

790

241
348
505
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196
210
848
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461
225
645
908
SL49

238
410
762

19¢g
343
517
637
722
81¢
847
377
691
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1122

796*

242 248 250 258
352 355 356 366
525 538 538 542
684 794 774 775
319 947 qug o949
198 233 303 b1y
216 217 224 225
850 865 873 878
593 630 644 687

485 491 512 512
229 231 246 251
646 662 672 674
914 316 917 321
Q53 855 957 9€5
240 294 285 296
424 437 4yq 455

765 785 787 790

233 283 284 285

34 378 379 382
585 588 59¢ 599
640 642 664 665
728 733 751 756
£12 810 817 6818
849 ’

382 38y 385 386
694 €97 699 701

10/05/82
264 268
361 411
547 560
776 798
951 266
733 751
572 573
885
513 572
252 2566
756 757
23 925
268 369
307 313
465 477
807 a2u
285 286
391 392
602 609
668 676
759 760
823 829
527 53¢
703 712

302
ugr
651
79%
858
1687
575

709
270
7830
932
971

354
498
830

287
414
610
679
763
835

538
906

305
451
671
801
378

583

700
47
761
e
975

367
842

288
417
612
694
764
2836

553
$23

309
452
673
8065

655

710
475
Teu4
836
977

3aeC
554
859

289
479
617
707
76€
838

663
937

310
460
673
838

655

528
523
937
981

410
563
869

299
500
618
712
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955

3258
467
674
841

686
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305
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B95
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513
624
713
782
241
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963
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SYMBOL

R3

R4

RS

RE

R7

R8

RS

RDC.ADR
PDC.SET
RDKLOOCP1
RDKLOOP?2
RDSKZ
REARD
READ.ADR
READ.DIR
READ.¥AG
READJSET
ESAVE
SECCYL
SECTRK
SET.ID
SHCLEAR
SHGORD
SKIP.TH
SLC.WARIT
S1CH
STRRTA
STR.ITEN
SWITCH
TBRTRY
TEST
TBECFF
UNRE
YD.ATIRE
VD.FDP
VD.NAP
¥D.0SP
¥D.CSS

TABLE & CRQSS REFERERCE LIST

5060

0000

0ooc &

CG00

Qo0

co00

<000
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0000
[He103¢]
3000
0000
c000C
6400
0Coo
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000y
~000
0o0%
400
00GOo
|y
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o1y
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2000
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0gec
2060
to20
7200
2000
GU00
€500
Coeo
€300
e Reles

5003
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0009

0640:I
063C:1
03h0:1
03CE:1I
03BC:I
0364:T
060E:1
0276:1
C1R0:T
O60R:T
CO9FC:I
07CC:1
Cc7C6:1
00C6:1
C788:1
G7R9:1
01261
Cia7usI
C7€D:1
nare:T
gege: I
ORGY:T
OR3C:I
3G

CRU0:T
QuCA: 1
07Fg:1
OT7FC:1I
0808:71
0600:1T
0804:I

120
624,
935
125+
391
650
812
126+
501
127+
475
791
128%
456
699
827
129+
421
539
853
130+
595
ou6*
938
5G4
614*
578
41
915+
ue3*
349
957
302
573
575
226
38y
377
315+
693*

1018
923
287
295
223

2i

1119~
37e

11c8+
461

1112%

1110%

1111>

287
528
336
191

1129

1109*

1114
1112

385
633
977
192
595
710
816
290
568
232
479
878
220
469
718
828
207
497
544
857
207
646

282*

691

1076*

3§32

361

1118*

555

603

1110

387
637
978
193
597
713
817
293
570
254
482
879
221
4790
719
835
219
503
561
8sa
2Q9
654

563

375*

411

1075

S48
£05
1119
777

611
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387 388
655 659
288 297
602 609
716 718
931 935
397 399
573 515
256 258
491 495
880 B&1
316 326
472 4356
738 742
839 868
221 237
511 512
700 10¢
872 877
210 215
685 864
567*
4€ 2 525

1¢77
LTS 975
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536
660

299
615
722
aug
403
577
26C
539
884
362
562
746
872
zu2
517
701
ggu
217
874

562

1116*

980

Tu1¥
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662

301
621
724
951
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577
38€
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885
371
681
75GC
873
327
518
702

223
879

547

1117

1466

539
664

314
622
797
963
43¢
652

511
886
407
684
784
874
363
519
702

228
836

560

540
676

319
626
799
966
431
652
389
6525
887
426
696
7886
881
368
520
703

250

1117+

1118

585
917

343
631
8ec3
991
441
880
413
688
889
430
697
192
893
389
526
718

274

599
313

376
635
805

442
sa7
466
782

439
698
803

408
527
827

275

422
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SY®20L

VD «RERD
YD.VOL
YDEUF
VDEUFE
YECTCR
VOLFIL
WAIT.F¥
WAIT.MAG
HAITIT
WAITH1
WARIT12
WAIT15
¥AIT21
WAITZ22
WAIT23
WAIT24
WAIT2S
ARIT26
HAIT3?
NRIT32
WRC.ADR
WRC.SET
WET.ADR
X.COXV
X.CONVH
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TABLE & CROSS REFERENCE LIST

0000 L1Z0:1
CO00 L7F4:T
200G 07FL:1
G050 (8F3:X
3030 GoUE:I
0000 CT74CeT
0000 O01ZA:I
JCC0 CiB2:1
00572 038C:1
20¢C C3RR:T
02C0 O3RE:I
GOGO 0390:1
00C0 03D2:1
2GC0 23E4:T
0000 03EC:I
GCOO 23F6:1
0050 C3FE:I
CCCO Tuc2:T
002G 043C:1
GOOG ousC:I
207 062C:1
G000 U626:1
Cl&C OBFE:T
CGCD 05R6:1
GSGCO 05AE:I

4o
412
4c7
4
z1¢
413
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584
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641
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616+
623*
627+
632+
636+
639*
667+
675%
933+
924
906*
247
351

pon 406%
1127% 1108

4€4 466 45  1105* 1106 1107
1126* 1113

222+

415 142%

321

383

585
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595

591

523

525

529

10/05/82



N - - . . PR LT
l ’ PERKIN = *AER %[
a ' Computer Systems Division > 1
S N s | < | o | € | F G | ¢ H s [ K | L | M | N Ocsanport.N.J.07757 g
' C CABLE CONNECTOR MAP BACK PANEL MAP c . - -
O | TERM. TERM.| o .
N |TER ROW ROW wo. | & Pt :
A N . 2 | [ 2 . g_ PoovCTION (SN . /1 7, gy
A . . 3 PS PS 41 NE : 0
' 2 SND e z ¥ DN BACK FANEL 9P 1
1 " —-&% £ 3 WWEMONIES mAeess wiww
3 ey e > N ¥ WEOE NOT SPEC,
. v o R 36 WP 47 05 Fas-0 wAs|
L [< ams [] VOT SPEC. W TRBLE &F Sers] -
! g ?03,9' GRDIII S N5, WAS MOT SFEL. SHEET
- RDaz2l RD23 4 6 €9 WELE SAEC A5 ROD.
5| _os RD2g ROz 3 W BIEDS ASLEEIMG  Eocw
) o7 RDI9Z RDI9] 2 REV LEVEL WRS £2O.
BRANCH 06 RDI7¢ RDI 81 1 —
Loaic 08 RDE38 > 0 el e [S8ae [ M ]5-01-8/ %ol
CSAR 1o, MATCH 04 RD251 RD26! I
? T CSAR marcu 7 COMPARATIR o3 BO2ad RDIZ1 RELEASED FOR PRODUCTION
SWITCHES AND SYNC 02 RD (&1 RO DEV. ENG. /R T2 DATE i §-8/
TRt £ SATING < o RDIS RDIw! 26 .
3 Lo6ic R PR 2, (TESTAID) & 200 ’E — R 28 REVISED SHTS.| € 9
PRIV 7 SWITCHES 7 RDGS ROF31 24 v 14573 m]3-22-22]Red
I, DS 23 _
= ] 9 RDo& RDE 81 23 SFRRE GRTE LIST, ADD-
IR 3 12 32 @ 24 D3P RO31 1 22| |ED ASH-1/§ ODELEFED
—_— ) 5 7 4 - 7 o 33 SND SND 21 | |#2¢-0cs 235-03: REvisd]
ROMS 12 2 f . ﬂ 22 ROO RDIO3 20| Sp7s £,3,8,658. -
Foes ) RD ™ A32 20 RDIIZ ED@ZP |- 19 Y[ 5779 V75| 72352 [eo3
3 D RD281 RDZ29I 8 |3
. 2 12 12 32 |l & 19 PSWa gl PsA23! 17 -
veer |+ ! CSAR 7 FCS = ROR —/ &/ 18 PsWael PSWaTl 16
(ROM) g 17 PSWIi 3l PSWa3/l ] A
R i 1y ‘ 6 PSW 171 PEwigl ) - ‘
3 PRIORITY \2 2z [ AiNH; 2 ;gth I: =
; rw o presmer| s | |, | corw » i3 IRges T2 i .
o 7 12 12 12 [ TREze IRPZ 0 S
7 # 4 I IR Big Iﬂg@d 08 .
4 10 Yb@8l YDP S| 08 14
4 1 [0 YDIOI a=1K1! o7
) FLR28I FLR291 06
o7 FLR3®( LRIt B
12 06 GFLRE 79_# CFL 04 -
05 FPPFL B3TKSD 03 y
] 54 SMINTZ JAMCID 02 —
. 12 LINK 12 w 3 ND aND 2] ’
& 7 Reg 7 3 2 Be 00
al ] S 1] g
s '2/ . — GND cmos - Ty s
- SKIA KPS 39 . -
-y cLKCCP SCLK! 38 .
K 2 ND NO 37 .
1y 4 G N GND GDIRZ —SV@ 36
3 | SSARSZS OPSTDRPZ _DSTOFD 35| =
- Lo 2 | C8ARZ8Y :%A RI! FPPF@ RSTOP 34 .
CONSOLE ! CSARS LD 70 UNNLD 33 o
—~57 yrReyrs > CONTROL - L 3 | & SARSI] SRt g“;w‘_Z'N¢ 2
AIS 19-057 Py 68,00, /2 INCREMENT PFOT i CSARSSD| < = ATND B F ATNG @ 30 Y
s : - Losie K Prov i s ATNG2Q ATNG3S 29 L
¢ A0 /9-/53 2 INTIALZE u % =5 o AN = o
~£lo7 /9-057 F6,8,0,/2 Logie SCLRe 3 GND Gn D [ 5207 % BB/ 27 "
O RE
T 7] z | d Bes 4 [Zos7 & | u 3
Bz /9-055 5,7 ' : 3 5727 %« 277 24 .
. — n . Basl 3 B2/ e 23 N
» BES /9-235 417 ) Bip, A B/77 % 22 -
1 e /9-055 B, x o3 Erel % 237w 2l 0] |
XY 19125 ER _ . o7 B/ZT 5,77 0 7 H
e e— s =1 -
478 /9-058 &,72 : 04 BZo7 1T &237 6 .
- 777 oz = ‘ T S 2227 = s L
- o7 /9-058 =z ot 325/ 5297 i3 '
00 B3P, B83// [}
73 5057 P . 22e/ =5 i «
- . V4 Hn R 10 ;
Res /9-059 ‘ - T oo =
ot Aer /9-057 Z,F, 1O 3 —[_SiNeL® WD 06 ¢
! S .
756 /9-057 & SO0 = vl 2 !4‘ g? xTT L BCLRI g' . ‘\
55 /9-23% /oy #5370 EXTRAPZ 2_INC.T 10 > FNCED SCLROB o L
- et
ahicd 9-z%/ & 2;40/0 ; /:-[' {f.) o G Envirsg: : biio o 35 /6 eos |-
) dod 79-063 2 D z 7| & > 1} e S o2 BOARD REV. EVEL
AIE /9-058 &y /2 SA/D 4 1< & oF "—'-:g ;Q_ND 00 BOARDIS AGREEING ~"h THIS
~A35 9236 8 SO s —Bh - ] T ——— T — L MGMBMAEIG MS 3k A1 AT .. -
o ISR prErEi YRS T TP - o i ou a Ab v Tr g i ol st mbp e )
= e i s | I I"*
4 =, V] THE VISION LEVE ?
Az /9-057 | z,72 mwemonic |\ TN\ 77 SHEET o3 | CONSIDERED To b ON LEVEL
TP L ooTPUT : :
Locarion " TEST POINT TABLE of ;
TABLE OF SFPAEES - i ;AME «rm:n DATE ; <
— | FELEL, DRA ] { . A -
; REVISION 1031 |o/|  forjoe] [osloe) . * M%ozxxcc ’/,.‘s} T.;‘sf’;/efo DA BACKPRAEL BUT AO7 -';CALE T e ”mL;Ev (TIORL SEHEMATHE
s N 3 S~ =2 -
swext |1 s{ajs|elr]elel0 R V-5 o e g
._ = . MIRN S/ QN E INGR V-G F/
£ 8 SRl E i & 1o &
evemn =

N SEL LA i X TR




REVISIONS

/24
19-240
LINE
2/

Vi

67< 1/EGT

o7

INE T
EXS ~piizos
ENE ey

AR

A5

o 2T
] 2 _ ,
& e-2z/
m @PIEXEST
b |
¢,
W3 HESEED SNEETH
~ 20/
.W > h

/7
T PRcxEST e-E22

/5] o /z’/a /1]

10|02|06jo5]04] 03]

=)

/9-//6

€L —PEoT

g

o9

2HEG

T9FTeES VEE

S
Pezyiso S £

Tezonss VRS

[ £aos
& { £-222

PB2IYS.2

o7

VIFEZ]
CHE — PG
NS e
MWM 76200
7IZIRT
LS ez
NE ey

o
Teraaes ENEETE

A

/9-/ée

674 500

o9

LG

10L274
7
N Ey

I

€TL Gi3TaT

7
=3

88 s

o

e A

e =T 3

L -

/6

6NE s o7

4

L

06| o4l o2

2y 4

(24

V47

L £-02.
QQN»QWU/M =

Ve
o2|ak)os|ot]o3

/9=

| 10

CCL FoEoe

6925

o9

Tesess E/ElETH

/12202

6WE 52357

ol QLMI/Aoz o/I 0504«931 1ol 2243 /SL 62| O/L oSlotio3| r0|/7 2|73 /_fL 22101/ 0605 104103

[3
TS ess EIE e+
sow

E-6/7

6GL “iozGT

o7

77

€78 T 52¥7

Al3

191/

SIE 7575

A7

99

67 T

©7E Tz

o9
o8

o d

é
Thratss €€ 29~

|

Azo

SFL “Igzo7

/9-0.

_

o7

Vg
T @E2x¥ST &2/

. e 1679

:;l///?

&

€27

/0

s/

<
TESIBes 62T
Soc/

L L §-847

/5
56

9-05

R2O

o3| os] 07| o9

pz2y652

AZ3
19-116

/sl A
prra

7 /olozas 050403

L3
J32TESD thE 28

6FL 77

Q9

<.

m ¥ soor
SR8 (E-2/7

0 XV /22452

NS 3

N TE 3o FLEE”

ECF iy

AT AT

A

EVE T o2

o5
06

19-057,
Sq

A0

I

&

oel 06l o azl a7|—/7
NC NLE WG MC.

/e

hl.'lIIRQQ\
{&-72

PP2IE57

6FL TS0

Al2S
DR/ RV<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>