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PREFACE

This manual provides the technician with information necessary to
install, operate, and maintain the Model 3230 Digital System.

Chapter 1 is an installation guide that covers unpacking, staging
hardware and cabling, initial power-up checkout, and on-line
testing information. Chapter 2 provides unpacking procedures and
general configurations for the Perkin-Elmer 3230. Chapter 3
contains descriptions and figures of mechanical components,
cooling facilities, and electrical plugs and receptacles required
for the Perkin-Flmer 3230. Chapter U4 contains general
information for the 34-038 Power Subsystem. Chapter 5 provides
installation and operation procedures for the System Control
Panel. The remaining chapters include Processor and Memory Board
Installation, Block Diagranm Analyses, and a Microword
Description. Plso described are the functions of the CPU-A,
cry-B, - CPU-C, CPU-D, LBC, and STM bDboards. Adjusting and
Troubleshooting procedures, Test Aid Data, High Speed Data
Handling, Hardware Documentation, Microcode and Bootloader
listings are included.

Revision 21 includes revisions 20 and 21 and contains the
following changes:

e Trevised filter maintenance procedure

e revised microprogram listing

47-004 R21 : xv



CHBAPTER 1
PROCESSOR INSTALLATION GUIDE

1«1 STAGING NEW HARDWARE

1.

2.

3.

Unpack equipment and inspect for damagee.

The Basic 3230 Processor is housed in one rack which
contains a processor chassis, an I/0 expransion chassis,
a blower <cooling system, an AC power distribution
system, and a DC power system. (Battery Backup).

Refer to the 34-038 Power Subsystem Installation and
Maintenance Manual, Publication Number 47-010, for AC
power connection and requirementse.

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

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

1.2 MODEL 550 VDU STAGING AND CABLING

T

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.

2.

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 breaker and
power up the processor. Check the voltages for proper
settings on all chassis.

47-004 R19 | 1-1



1.4 FINAL ON-LINE TESTING

To test the system's on-line <capabilities, run the £following
multimedia diagnostics that apply to the confiquration:

06-230R01 Perkin~-Flmer 3200 Basic Confidence Test
06~-228R02 Perkin-Elmer 3200 Processor Test Part 1
06-229R02 Perkin-Elmer 3200 Processar Test Part 2
06-236R02 Perkin-Elmer 3200 Memory Test '
06-238R00 Perkin-Elmer 3200 Commercial Instruction Test
06~-235R02 Perkin-Elmer 3200 MAT/CACHE Test
06-243R01 Model 550 VDU Test

06-127R09 PALS Off-Line Test

06-159R07 Perkin-Elmer 3200 System Exerciser
06-133R09 Common Universal Clock Test Progranm
06-246R01 Error Logger Test

06-~-161R06 Perkin-Elmer 3200 SELCH Test

NOTE

Test programs must be at revision level
indicated or higher.

Refer to the appropriate maintenance manuals if problems are
encountered.

15 TEST EQUIPMENT

C+E tool kit

Extender board

Oscilloscope .
Extender board ribbon cables (shielded)
Model 3220 Test Aid

Perkin-Elmer 3200 backpanel extender

1-2 47-004 R19



SYSTEM INSTALLATION
CHECKLIST

Customer Date Jtarted

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

47-004 R19

1-3



CHAPTER 2
INTRODUCTION

2.1 GENERAL INFOEMATION

The Model 3230 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.

2.2 UNPACKING

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

Read the following procedures before starting an inétallation:

1« Carefully remove each component from its <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 ANL EXPANSIONS

This section provides a general configuration for the Model 3230
System. Cables, memory expansion, power supplies, and mechanical
components are discussed in detail in later chapters,

The basic Model 3230 system consists of:

Model 3230 Processor with 512 kb of MOS Memory
Loader Storage Unit

Consolette

2-line Communications Multiplexor

Model 550 VDU

Universal Clock

Perkin-Elmer 3200 SELCH

150 A Power Supply

Battery Backup

I/0 Chassis

PN N N N S N e Y
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CHAPTER 3
MECHANICAL CONFIGURATION

3.1 MECHANICAL COMPONENTS

Figures 3-1 through 3-4 illustrate the mechanical components of
a typical Perkin-Elmer digital system. Dimensions and mounting
information are provided for the system cabinet, chassis support
rails, side skins, and doors. Figure 3-2 illustrates the basic
cabinet.

The front and rear doors are released by depressing the two
spring latches at the tope. The same door is used for all
configurations with appropriate cutouts for magnetic tape
configurations. (Refer to Figure 3-4.)

The same side skin is used for all configurations and is removed
when bolting two cabinets together. It is released by the two
174 turn nylon fasteners. The side skins are lined with a foan
sound absorbing material. (Refer to Figure 3-1.) For further
details of the Model 3230 system cabinet, refer +to 01-142F01
included in this manual.

3.2 COOLING

Refer to Figure 3-5 during this description. The cabinet is
cocled by a packaged blower located at the bottom of the cabinet
using the air available at the bottom of the rack, which is
either room ambient or air supplied +through a raised floor
system. The air is distributed by an 4internal plenum located
along the right side of the cabinet opening (if viewed from the
front). The air input to the blower enters directly 4into the
bottom section of the plenum. The plenum contains five removable
covers located vertically in the appropriate spaces, as
illustrated by Figure 3~5.

The blower must be plugged into the AC panel at the rear of the
cabinet. The main circuit breaker on the AC distribution panel
must be in the ON position to power up the systenm. The blower
air switch 1is 1located on the top of the plenum system and is
wired as shown in Figure 3-5. The blower is shut off by the main
circuit breaker on the AC distribution panel. The blower
supplied (36-036F02) requires 230 V AC, 50/60 Hz.
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A removable and washable filter is located in the base of the
blower package and 1s accessible from the front of the cabinet
when the cover door is removed.

CAUTION

IT IS. RECOMMENDED THAT THE SYSTEM BE
TURNED OFF BEFORE THE FILTER IS REMOVED
FOR MAINTENANCE. DIRT CAN BE BLOWN INTO
THE SYSTEM AND DEPOSITED ON THE CIRCUIT
BOARDS OR CLOG AIR DISTRIBUTION SCREENS
LOCATED INSIDE THE PLENUMS.

Two types of plenum covers are provided: solid and perforated.
Solid covers are snapped in place at locations where there are no
card files. Perforated covers are used in locations unaving an
operating card file. In the Model 3230, perforated covers are
factory installed. WNo changes are required.

3.3 177.8 mm (7-INCH) BOARDS IN A 381 mm (15-INCH) CHASSIS

One or two 177.8 mm (7-inch) boards (half-boards) may be inserted
into a 381 mm (15-inch) chassis via the 16-398 Half-Board Adapter
Kit (refer to Figure 3-6). The Half-Board Adapter Kit may hold
two active 177.8 mm (7-inch) boards or one active and one blank
177.9 mm (7-inch) board, depending on requirements. No wiring
takes place between the boards and the adapters. The adapters
are designated such that the connectors on the boards plug
directly into the chassise.
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1854
BASIC RACK STRUCTURE

56" FOR MODEL 3230

11-218
PERFORATED AREA
(REMOVABLE)
SYSTEM CONTROL PANEL
HOLE PLUGS
1 1/4-TURN
L / FASTENER
[}
SIDE SKIN
//1 PER SIDE
(REMOVED
PANEL SPACE . AND STORED
1292 mm (50.87"') x 482.6 mm (19"') :Js;Ns-:nggé\‘[l)TTo
711.2 mm (28") UPRIGHT TO UPRIGHT CUSTOMER)
BOTTOM ENTRY AND
EXIT CABLE CUTOUT —_| | , IE
_— BRASS STUDS
. 7~ e
: Ve 7/ i a
| £/ | _ _JI

/ SIDE HOLE PLUGS
4 LEVELLERS / 4 PER SIDE
4 CASTERS

COVER DOOR ADJUSTMENT
KNOCK-OUT PLATE SCREWS AND NUTS

DOOR COVER
PILOT HOLES

NOTE

MATL: CRS.104 THK (STRUCTURE)
SIDE SKINS CRS .047 THK.
PAINT: P.E. #u64 TEXTURED

Figure 3-1 Basic Rack Structure
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Figure 3-2 Basic System Cabinet
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0108-1
PARTS TO BE ATTACHED PRIOR TO SHIPMENT

7 27 Z/ &’
+ 2" 161 mm}
24!3"
617 mm)
54.32"
(1380 mm)
Y
FULL DOOR MAG-TAPE DOOR
~13.045 FO1 — — 13.045 FO2 —
NOTE: NOTE:
USE FOR ALL FRONT USE FOR ALL
& REAR DOOR COVERS 45 IPS
WHEN PERIPHERAL CUT- 75 IPS
OUTS ARE NOT REQ'D MAG TAPE
(SEE REAR VIEW) UNITS
DETAIL FOR LATCH
& GASKET REQ'MNTS
TYPICAL - ALL DOORS
SPRING LATCH
2 PER DOOR
= . 2
= |~ 590
N L #6-32 x 3/8"
N| {9.53 mm) PHPS
26 SPLIT 2 PER LATCH
#6 FLAT
J ADHESIVE BACKED
_ FOAM RUBBER
By SEAL/GASKET
(ALL AROUND)
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1%
v
~
L DOOR (INSIDE VIEW)

Figure 3-4 L[oors and Latches

47-604 R19



1858 -1
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Figure 3-5 Blower/Plenum/PoweF Distribution
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HALF-BOARD
178 mm (7”’) x 381 mm (15"')
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Figure 3-6 16-398 Half-Board Adapter
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CHAPTER 4
POWER SUBSYSTEM

4.1 INTRODUCTION

For complete detailed installation and maintenance information,
refer to the 34-038 Power Subsystem Installation and Maintenance
Manual, Publication Number 47-910.

The Perkin-Elmer 34-038 Power Subsystem is a modularly designed
power conversion system suitable for use in the Perkin-Elmer 3230
System. It supplies 5 volt logic power (P5) and 5 volt memory
power (P5U). The unigue modular construction of +the powver
subsystem provides a built-in expansion capability and alliows
immediate field replacement of modules. The power subsystem is
designed for Undervriter Laboratory (UL), Canadian Standards
Association (CSA), and Verband Deutscher Electrotechniker (VDE)
approval.

The basic units of the power subsystem are built into the systen
cabinets. Optional modules are available, which allow each
cabinet to be configured for its own specific requirements. A
master CPU cabinet may need to add only one P5 power module; an
1/0 cabinet may require two P5 power modules; an MOS memory
cabinet may require <ocne or two P5 power modules, a P50 power
module, and a battery backup module to protect against memory
data loss in the event of AC power outage.

The maximum power subsystem for each system cabinet «consists of
the following modular and nonmodular units: one AC distribution
panel; one front-end module, which provides AC line rectification
and filtering; up to two PS5 power modules (+5 V at 150 A each)
designed for parallel operation capability; one Power Subsysten
Controller (PSC); one battery backup module for the memory power
module:; and one P5U memory supply. The module which supplies FSU
is identical to, and interchangeable with the modules which
supply P5. The basic subsystem provides only one P5 powver
module; the second P5 (slave) module, the memory power module,
and the Dbattery backup module are optional, depending on
configuration.
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CHAPTER 5
SYSTEM CCNTROL PANEL

51 SYSTEM CONTROL PANEL

This section describes the 1installation and operation of the
System Control Panele.

51«1 Introduction

The System Control Panel mounts at the top front of the basic
processor cabinet and is fastened in place via two 25.4 mm (1")
aluminum lock nuts. (Refer tc Figure 5-1.)

As shown in Figure 5-1, the System Control Panel is hooked up to
the backpanel via two ribbon cables which are labeled. P3 and P2
are keyed such that they can be installed only one way on the
processor backpanel J3 and in the power subsystem controller
(PSC) J1.

0903-2

2

SINGLE HALT/RUN ENABLE INIT CPU SYSTEM
. POWER POWER WAIT FAULT

oc
- 8@ © o o o
STANDBY READY FAIL

DISABLE

. =

26 PIN TO PROCESSOR BACKPANEL J3

P2 W 14 PIN TO POWER SUBSYSTEM CONTROLLER J1

Figure 5-1 System Control Panel (Front View)
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51¢2 Key-Operated Security lLock

This is a 3-position (STANDBY/ON/LOCK) key-operated locking
switch which <controls the primary power to the systeme. The key
lock performs the following functions:

STANDBY - Processor 5 volts off, 5 volts STANDBY (P5U) on
CN - The primary power is on.

LOCK - The primary power 1is on and the INITIALIZE
HALT/EXE and SINGLE switches on the Systen
Control Panel are disabled.

5+:1¢3 INITIALIZE (INIT) Switch (Momentary Switch)

The initialize switch causes the system to be initializec. After
the initialize operation, all device controllers on the systenm
multiplexor bus are <cleared and certain functions in the
processor are reset. This switch is disabled when the key is in
the LOCK position.

5.1.4 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 LSU.

5.1.5 HALT/RUN Switch

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

If the system is in the FAULT mode and is looping in the memory
test section of self test, depressing the HALT/RUN switch causes
the system to enter the processor console service state and
displays the faulting address on the system console. This allows
other means to be used for diagnosing the probelen.

5.1.6 SINGLE Switch

This switch, when placed in the ON position, puts the processor
in the single instruction c¢cycle mode and takes a running program
to the processor console service mods. When in the single
instruction cycle mode, the processor 1s returned to the
Processor console service mode after execution of each user
instruction. The Location Counter displays the address of the
next instruction to be executed. The status portion of the PSW
reflects the execution of the previous instruction.
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5«1.7 Indicators

POWER

WAIT

SYSTEM POWER
FAIL

FAULT

47-004 R19

This indicates that system power is on.

The running program can place the processor
into the wait state by setting the wait bit of the
current Program Status Word (PSW). The WAIT
indicator is turned on to inform the operator that
the system 1is in the wait state. The WAIT
indicator also turns on when the processor is in
the console service mode.

This lamp indicates a failure in an expansion
cabinet power system.

The FAULT indicator turns on during systenm
initialization and remains on until successful
completion o0f the microcode power-up test. The
indicator remains on if the processor seslf-test
failse.



6.1 INTRODUCTION

CHAPTER 6
PROCESSOR AND MEMORY INSTALLATION

This chapter describes the installation of the 3230 processor ani
memory. All processor and memory

basic 3230 system chassis,

The basic processor and memory

boards occupy

as shown in Figure 6-1.

consists of:

slots

in

1 CPU-A boarid, 35-767 in slot 4
1 CPU-B board, 35-768 in slot 5
1 CPU-C board, 35-769 'in slot 6
1 CPU~-D board, 35=-770 in slot 7
1 CPU~-LBC board, 35-771 4in slot 8
1 STM (512 kD), 35-764 in slot 9/16
1 cable 17-234F08 (50 pin)
1 cable 17-234F09 (50 pin, 3 header)
1859
STM
16 [5= =]
STM
31537 5
STM
14 [& 5]
STM
13 [2 5
2l STM i
311j STM ]
B STM ]
105 =]
- STM/SBC ]
09 [ 2]
LBC
D o8 [ =]
o |2 — CPU-D — i
N Ll eve LI |
06 {& T <]
— CPU-B rL——L o
0515 PO = =]
) sk (OPTIONAL)  ____ HPFPPB |
02:: ©pTioNnaL) | [ werrpAa | | ]
o N LSU HSDH (OPTIONAL) i
0 : 2-LINE COMM MUX . UCLK i
Figure 6-1 Front View of a 3230 Chassis
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6.2 CPU-A (35-767)

The CPU-A board must always be installed in slot 4. Before
installing this board, ensure that the Privileged Illegal ROM and
option strapping are correct. The Privileged Illegal ROM
(19-188F25) is in location 10J. If the board 1is equipped with
Writable Control Store option (35-767F04), the Privileged Illegal
ROM is a 19-188F27.

At location O05M, +the COMM option and the HPFPP optlion must be
disabled by strapping B to G and C to G, respectively; the DROMs
are enabled by strapping TP2 tc TP8 at location OS5E.

Ensure that the Test Aid DIP switches in the connector 5 location
of the CPU-A board are in the OFF (open) position.

The CPU-A board may now be installed.

6.3 CPU-B (35-768)

The CPU~-B board must always be installed in slot 5. There is no
strapping on the CPU-B board.

6.4 CPU-C (35-769)

The CPU~C hoard must always be installed in slot 6 of the CPU
chassis. This board contains the strapping required for
allocating segments of memory to shared memory. At the time of
manufacture, the board is strapped such that all memory is local.
Memory may be allocated as shared memory in 1J1-megabyte
increments. Refer to the functional schematic for the CPU~-C
board, 35-769D08, Sheet 13, for strapping information.

6.5 CPU-D (35-770)

The CPU-D board must be installed in slot 7 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 information.

On the CPU~-D board, 1if +the following straps have not been
installed, the DMA system hangs up.

LOCATION STRAP
OOA 10 to 72
02A 09 to 73
CONN 6 112-6(TFD) 113-6(TPC)
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6.6 CPU-LBC (35-771 or 35-806)

The CPU-LBC board is always installed in slot 8. Before
installing the LBC, check CONN 5 for the following:

215-5 (TP10) connected to 216-5 (TP9) if LBC drives 4
megabytes of memory or less (35-771 LBC) or if LBC drives 8
megabytes or less (35-806 LBC)

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

217-5 (TP8) connected to 218-5 (TP7)

TPA connectad to TPB

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

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

6.7 STM

The STMs must be installed in descending slots beginning with
slot 16. Slot 16 has the lowest memory address and slot 09 has
the highest. The denser STMs must always occupy the lower memory
addresses (higher slot number).

The 35-764 F02 (512 kb), F03 (1.0 Mb), and FO4 (2.0 Mb) STMs may
be mixed in memory configurations up to 8 Mb using the 35-806 LBC
only. For configurations over 8 Mb, only the F03 and FO4 modules
may be used.

When a Shared Bank Controller is installed in slot 09 for shared
memory, local memory is restricted to 14 megabytes.

6.8 PROCESSOR CABLING

Install the following cables:

CABLE FROM TO TO

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

17-234F09 (50 pin) CPU~-D CONN 4 CPU~-C CONN 4 CPU~B CONN 3

47-004 R19 6-3



6.9 RACKO/TACKO PRIORITY CHAIN

The 3230 I/0 System implements a unigue RACKO/TACKO priority
daisy chain as compared to previous systems - Models 7/32, 8/32,
and 3220. The 3230 RACKO/TACKO priority <chain starts on the
first I/0 slot, "zero" side, of the CPU chassis and traverses
down the "zero" side to the last I/0 slot of the 1last 1I/0
expansion <chassis. Then it is returned (RETACKO) to the first
I/0 slot, "one" side of the CPU chassis and traverses down the
"one" side to the last I/0 slot of the last I/0O expansion chassis
where it is terminated. Figures 6-2 and 6-3 represent the old
and new I/0 priority chain schemes, respectively.

3072

gy
’\\\‘*\\\I CPU CHASSIS

y

o

.\3 1/0 EXPANSION CHASSIS

.I: I 1/0 EXPANSION CHASSIS

Figure 6-2 0ld System (3220) I/0 Priority Chain

3073

? CPU CHASSIS

/ I/0 EXPANSION CHASSIS

1/0 EXPANSION CHASSIS

&
<.
<

‘\\\‘\
=

Figure 6-3 New 35System (3230) I/0 Priority Chain
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6.9.1 RETACKO Strapping Procedure

The PRACKO/TACKQO return path (RETACKO) strapping procedurs
follows. All references shculd be made to Figure 6-4.

1« Insure that twisted pair wire is used:

signal RETACKO
ground connection

vyellow
black

Pin Identification Format:

X4XX = YYZZ
¥1 = row number (1 or 2)
XX = pin number
YY = slot number
ZZ = connector

2. CPU Chassis:

A. connect: 114-0006 to 122-0101 (yellow)
connect: 119-0006 to 140-0101 (black) GND

3. I/0 Expansion Chassis:

A. connect: 114-0006 to 114-0002 (yellow)
connect: 119-00Q6 to 119-0002 (black) GND

B. Remove the following Jjumper from all the I/D
chassis except the last one:

disconnect 114-0006 to 214-0006 (orange)

®

C. Insure that the last I/0 expansion chassis has the
following jumper installed:

-

connect: 114-0006 to 214-0006 (orange)
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| SLOT 1, PIN 122
RETACKO/RACKX0

t—=—DENOTES TWISTED
PAIR WIRE USED
FOR RETACKO

CPU CHASSIS
Iloll II1II
r ——————
I da]
! _pIN114 .
‘ 7ﬁ :PIN 214
J6 I .
o
J2 oS PIN 114
PIN 214 —-
\
1
|
REMOVE JUMPER I /0 ExpansION
J6,PIN 114 TO /" chassis
PIN214~—0n ’ '
— .
J6 I °
o
J2 L
REMOVE JUMPER \\
J6, PIN 114 TO !
PIN 214\ / 1/0 EXPANSION
/
- , CHASSIS
\’
J6 .
o
N
J2 * N
\\
LAST 1/0 CHASSIS |
JUMPER J6, PIN 114 ] /O EXPANSION
TOPIN 214 /  CHASSIS
RETACKO/TACKX0~]___ /
J6
Figure 6-4 RETACKO Return Path Strapping
(System Cabinet, Rear View)
6-6
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6.10 MULTILEVEL EXTERNAL INTERRUPTS

1.

L,

The Model 3230 is capable of acknowledging four levels
of external interrupts. An attention (ATN) line and a
priority chain (RACKO/TACKO) are associated with each
interrupt level.

The four attention lines (ATNO0NO0:030) 1located on the
CPU-A (CPU chassis =~ slot 4) are wired to the OR-tied
attention lines of the device controllers (or external
crpPll).

The four acknowledge lines (ACKOO0:030) are the source
of the priority chain. They are located on the CPU-D
board.

"ATN/ACK levels must not be crossed. That is, ATNOOO

must be OR-tied to ATN line of those devices in the
ACKOOO priority chaine. ©Similarly, ATNO10 must be in the
ACKO10 priority chain, etc.

If interrupt levels are different between two I/0
chassis that are connected with the 35-813 FXX
terminaters and 17-464 FXX or 17-503 FXX cables, insure
that straps E2 to E3 (RACKO/TACKO) and E7 to %8 (ATNO)
are removed on the 35-813 terminators.
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CHAPTER 7
BLOCK DIAGRAM ANALYSIS

7.1 INTRCDUCTION

This chapter provides an overview of the 3230 Processore. Refer
to Functional Schematic 01-142D08, Sheet 1, for a block diagranm.
Each board in the CPU 1is discussed individually in order to
understand how the 1logic is partitioned within the CPU. This
understanding is necessary in order to isolate faults to the
board level.

7.2 SYSTEM ORGANTZATION

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, WCS, 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-AR board contains the heart of the microprocessor which is
used to emulate the instruction set. This board houses all
elements of control store for the machine, the control store
addressing, both fixed and writable control store, interrupt
handling, and power fail/initialize controle.

7.3.1 Fixed Control Store (FCS)

Fixed Control Store (FCS) consists of 2 k words, 32 bits each, of
Read-Only-Memory (ROM) which 1is a high-speed, solid-state,
nonvolatile memorye. Fach word in FCS is 32 bits long and
represents one microinstruction. Fach microinstruction read out
of FCS is placed in the 32-bit 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. Tha meaning of the microinstruction word
is explained in Chapter 8.
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7.3.2 Writable Control Store (WCS)

The optional Writable Control Store (WCS) is a high-speed,
static-random access memory consisting of 2 k words of 32 bits
eache The WCS can hold user-defined microinstructionse. At the
microinstruction level, the WCS is loaded/unloaded to or from the
B bus as addressed by the contents of the Link Register (LR).

WHritable Control Store is supported by user-level instructions.
Refer to the 3230 User®s Manual, Publication Number 29-721.

7.3.3 ROM Data Register (RDR)

The ROM Data Register (RDR) is a 32-bit register which is loaded
at the beginning of every machine cycle with microinstructions
fetched from control store. The RDR drives the RD Dbus. This
register can also be described as a pipeline register, since it
allows for overlappring of ROM access and instruction execution.

7.3.4 Contrel Store Address Register (CSAR)

Locations in control store are addressed by the 12?bit Control
Store Address Register (CSAR). Micrainstructions are normally

located at sequential addresses in the control store. The CSAR
is an up-counter which increments by one as each  newvw
microinstruction is read into the RLUR. The. CSAR, therefore,

holds the 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.

7.3.5 Llink Register (LR)

A branch and 1link capability is provided in this machine by means
of the 12-bit Link Register (LR). The LR 1is also used as a
pointer for reading from or writing to the optional WCS.

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 systen clock. Hhen the microprogranm executes a
Branch/Return, the CSAR is loaded from the LR.

The LR may also be loaded from the B bus in order to nest

microsubroutines or when LR is used as a pointer to WCS. (After
a read/write WCS, the LR is automatically incremented.)
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7«3.6 Decoder Read-Only-Memory (DROM) and Privileged
Illegal ROM (PILROM)

The DROMs are constructed using three 512x4-bit ROMs which are
addressed by the 8-bit op-code field of the Instruction Register.
They contain the D1 and D2 vector addresses which are entry

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

resulting readout are Jjammed into the CSAR, resulting in an
antomatic transfer to an address which is related to the user'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, illegal instruction, and WCS enable
information to the CSAR control logic.

7.3.7 Priority Interrupt Encoder

The priority interrupt encoder provides high-speed 1interrupt
handling to the microprogram. It monitors 14 interrupt lines,
sets their priorities, and when interrogated by the microprogranm,
provides a vectored branch into the interrupt service table in
the microcodee.

7.3.8 Initialize 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 reqguired in the
system. Early Power Fail (EPF) and Primary Power Fail (PPF)
interrupts are also generated by this logic.

7.3.9 Console Support Logic

The conscle support logic monitors the EXECUTE/HALT switch - and
the single switch from the System Control Panel and creates
console attention interrupts to the microprogran.

7.3.10 Test Aid

The CPU-A has a built-in test aide. Sixteen switches in two DIP
packages at the front of the CPU-A board provide CSAR match/SYNC,

microcode single step, WCS destination match, and external match
capabilities for troubleshoscotinge.
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7.4 CPU-B BOARD

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

7.4.1 Arithmetic Logic Unit (ALU)

The Arithmetic Logic Unit (ALU) 4is 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 buse.

7.8.2 A Multiplexor

The 32-bit A multiplexor feeds the ALU from either the A bus or
the shift register.

7443 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 for divide operations. It
alsoc performs all of the ALU shift operations defined in the
shifter microcode field.

7T«4.4 32-Bit Shift Register

This register can be loaded from the S bus, shifted left or
shifted right (one place per processor clock), and can be
presented to the B bus or to the ALU via the A multiplexor,

74,5 Flag Register (FLR)

The Flag Register (FLR) is a U-bit register containing the
tollowing flags: Carry (C), Overflow (V), Greater than Zero (G),
and Less than Zero (L). These flags are modified at the
conclusior 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.

7.4.6 Program Status Word (PSW)

The Program Status Word (PSW) is a 24-bit register used to
indicate the system status relative to the user program being
emulated. Bits 8:27 of the PSW are used as interrupt masks to
define the operational status or mode of the user-level
processor. Some 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 Conditien Code (CC) field which
reflects the result of the previous user instruction.
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The status portion of the PSW is 32 bits 1long. Only 24 Dbits,
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 1is 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 FLRK. The CC field remains unchanged until the microprogram
causes it to be updated from the FLR when the jam bit is set in
the microword. The PSW is unloaded onto the A bus.

7.4.7 A and B Register Stacks

The 32-bit A and B register stacks hold the 4 microregisters, 8
general register sets of 16 registers each, and an alternate
register set of 16 registers. These stacks are loaded
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 A and/or B source field of
the microword to their respective latch registers.

7.4.8 Register Stack Control

The register stack control provides address and timing £for the
register stackse.

7.5 CPU-C BOARD

The CPU-C board provides an interface Dbetween +the central
processing 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.

751 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 memory. The LCC is implemented as an up-counter which
increments by two for each halfword of data reguired to execute
an instruction.

7.5.2 Processor Memory Address Logic

The Memory Address Register (MAR) is a 24-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 Program Address (PA) multiplexor; in all other cases,
the PA selects the MAR.
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Each time a memory reference 1is made, 4including instruction
reads, the output of +the PA multiplexor is 1loaded into an
auxiliary address register (ZMAR). 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 contained in the ZMAR is unloaded.

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

7.5.3 Memory Address Translator (MAT)

Dynamic memory relocation is provided when enabled by bit 21 of
the PSWe This is accomplished by adding the relocation field of
the selected segmentation register to bits 16:20 of +the progranm
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 Pata Register (MLCR)

Processor data from/to main memory is contained in the Memory
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) for writes to local memorye.

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

7.6 CPU~D BOARD

The CPU-D board is the machine's control board. The systenm
clocks for the processor, as well as I/0, EDMA, and memory
control logic, are all contained on this unit. Refer to Chapter
12 for a detailed analysis of the CPU-D and for all informaticn
coencerning clocks and contrel logic,

7.6¢1 1Instruction Register (IR)
The Instruction Register (IR) is a 16=-bit register divided into
three fields: operation code (0OP), user destination (YD), and

user source (YS). The IR is loaded during an instruction fetch,
when the data is available from memorye.
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7.6.2 Input/Output (I/0)

The 16-bit parallel Input/Output (I/0) bBus is used to send and
receive information to and from device controllers. These
operations 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
address on an EDMA operation 1is loaded into the EDMA Menmory
Address Register (EMAR) and sent to the LMA bus. Data on write
operations from an EDMA device, e.ge., a BSELCH, is loaded into
the EDCMA Memory Data Register (EMDR) and presented to the 1local
memory bus through the MDS multiplexor. For memory read cycles,
data goes from memory to the EMDR and then onto the EDMA bus.

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 aof this module are +the generation
of the necessary timing for the storage modules, error code
generation and checking, cache memory, error logging, and memory
refresh control.

Address and data information between the processor and main
memory is latched in registers contained on the LBC. Refer to
Chapter 13 fer detailed descriptions of the timing and control
logic on 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 latched in the Input Data
Register (IDR). This data 1s then presented to the error
correction logic in order to generate the seven parity bits used
for error correction. The data, along with the parity bits, is
then gated to the local memory bus (LMBCCO:380).

7.7.2 Output Data Register (CDR)

For memory read operations, good data (data which has been
checked and corrected if necessary) is latcled in the Output Data
Register (ODR). The ODR is constructed using tri-state devices.
These outputs are used to form the bidirectional MDS bus.
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7.7+3 Good Data Register (GDR)

The Good Data Register (GDR) is used to latch checked/corrected
data tc be returned to the processor 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 is stored into the 1Uncorrected Data
Register (UDR). This data is wused as an input to the error
correction/detection logic along with the parity bits contained
in the Uncorrected Parity Register (UPR).

If the data is found to be valid, this good data is loaded into
the CDR, unmodified. If a single-bit error is detected, the
error correction logic generates correct data and loads it into
+the GDR where it 1is then transferred to the applicable
destinatione.

Te75 Cache

Cache memory, implemented on the LBC board, is 1 kb of direct
mapped write-through <cache. Four high speed, 256x9-bit random
access memories are used to construct the cache. This memory is
divided into 64 independent 16-~byte buffers.

On memory read overations, data is accessed directly from the
cache if it is valid. TIf the data in the cache is not valid, a
quadword (16 bytes) read operation is initiated to memory. ‘The
fullword of data reguired by the processor is output on the MDS
bus and the entire quadword is stored in the cache; that segment
is then marked valid.

On memory writes, the data is stored into the cache if the
addressed segment is valide At the same time, the data is stored
into main memory. If the segment is not valid, then cache is not
affected, but the write operation takes place in a normal
fashion.

7.7.6 Error Logger

Each 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 2 kilobit (4
Mb) or 4 kilobit (8 Mb) random access memory. The data in this
memory 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) Dbits 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
micrecinstruction, 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
tc Table 8~1 and Figure 8-1 during this description.

8.2 MEMORY CONTROL FIELD (MC) - RD BITS 0, 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
depends upon the contents of the Location Counter (LOC) (during
IR only) or the Memory Address Register (MAR) 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 operaticng disable the relocation and protection of the
MAT. Fullword memory operations must be aligned on fullwvord
memory address boundaries. Halfword memory operations must be on
halfword or fullword boundaries. Violation of these alignments
causes alignment faults, Rll memory read operations access
memory as a fullword. 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) alsc cause the ECC
bits, correspcnding to the fullword
receiving the data, to he updated.
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TABLE 8-1 INSTRUCTION WORD FIELDS

FIELD MEANING *J

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

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

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

COND Specifies conditions tested for conditional branch.

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

DATA Specifies immediafe 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 loaded with the
address of the current microinstruction plus one.

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

MC Memory <control field specifies type of memory
operation.

MOD Selects active CPU module(s) fixed-point ALU,
floating-point processor, or Writable Control Store
(WCS).

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
branche.

vJ Enables interrurt vector jam when branch is taken.

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

0000 - NOP
0001 - DU1
0010 - PW2
0011 - DH2
0100 - TEL
0101 - ENACLK
0110 - PW4
0111 - DWu
8=-4

NOTE

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

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

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 1is 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, 4f the byte written is
different from the previnus contents, the Error
Correction Code (ECC) in memory is incorrect. No
error is logged in the error logger.

No memory <c¢peration 1is 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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1001

1010

1011

1100
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1110

1111

UNDEF

RAS

PR2

DR2

REL

IR

PRUY

DRu
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The MC and the hardware are undefined.

The halfword addressed by MAR is read inte 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 undefined.

Instruction read from memory. 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
Zero.

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

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

8-5



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

00 - NOP

01 - ARS

10 - D2

11 - BRANCH

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 is
unaffected. The alternate register set 1is
selected for use with a general register, The
user-level machine has no access to this set of
registerse.

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

Allows the CSAR to be jammed by RD bits 5:27 if
conditions are met.,

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

00 - ALU

01 - SPFP

10 - DPFP

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

The microinstruction operation uses 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 hus. The
type of single-precision operation is defined by
RD bits 9, 10, and 11.

The microinstruction operation uses the HPFPP for
double~-precision operations. Double-precision
registers alone are affected by the operation.
The fixed-point ALU 1is conditioned to load the 3B
bus to the S bus. The type of double-precision
operation is defined by bits 9, 10, and 11.

The Writable Control Store (WCS) module is
selected as a source or destination for data on
the B Dbuse. The fixed-point ALU is allowed to
operate using the WCS data as B bus source data.
RD bit 8 defines whether data is to be written or
read from WCS.
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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 OCPERATION INSTRUCTION WORD FIELD - RD BITS 9, 10, AND 11
Refer to Table 8-2 for fixed-point operations. These operations
are also valid when the WCS module is selected. Tables 8-3 and

8-4 list the single-precision and double-precision floating-point
operations, respectively.

TABLE 8-2 FIXED-POINT ALU OPERATIONS

RD BITS
MNEMONIC MEANING

9 |10 |11

0 0 0 A ARdd the A bus and B bus shifter output
datae

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

0 1 0 N AND the A bus and B bus shifter output
datae.

0] 1 1 OR OR the A bus and B bus shifter output
datae.

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

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.
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TABLE 8-3 SINGLE-PRECISION FLOATING-POINT OPERATIONS

RD BITS
MNEMONIC MEANING

9 110 | 11

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 Locad single-precision data from B bus to
HPFPP.

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

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

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

1 1 0 MER Multiply single-precision data register-
to-register.

1 1 1 DER Divide single-precision data register-to-
register,
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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
pertion of 64-bit double-precision
floating-point nunmber.

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

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

0 1 1 CLR 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-
register.

1 1 0 MDR Multiply double~-precision registec-to-
registere.

1 1 1 DDR Divide double~precision register-to-
register.
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8.7 PLESTINATION INSTRUCTION WORD FIELD - RD BITS 12, 13, 14,
AND 15
Result data on the S bus 1is 1loaded into the specified
destination. (Refer to Table 8-5.)
TABLE 8-5 TLESTINATION REGISTERS
RD BITS
MNEMONIC MEANING
12113114} 15
0O |10 [0 |O MRO Microregister 0
¢ {10 |10 |1 MR1 Microregister 1
0O {0 |1 10 MR2 Microregister 2
0O 10 |1 |1 MR3 Microregister 3
0O |1 |0 |0 LocC Location caunter
o |1 |0 |1 MDR Memory data register
0 {1 |1 10 MAR Memory address register
o0 11 1 1 PSH Program status word
1 10 [0 |0 YD or ARSYD General register specified by YD
field of IR
1 10 |0 |1 YS or ARSYS General register specified by YS
field of IR
1 10 {1 ]0 YDI YD field of IR
1 10 (1 |1 CNTR Counter
1 11 |0 |0 NULL No destination. Used when the HPFPP
or WCS 1is the implied destination.
1 11 o |1 10 Used for output I/0 instructions
1T N 1 |0 SR Shift register
1 1 1 1 FLR Flag register
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8.8 IMMEDIATE 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 bitse into the B bus shifter. The
remainder of the B source is null.

When the PSW is +the destination, bits 28:31 of the 53 bus are
captured in the Flag Register (FLR). The PSW condition code
field 4is wupdated from the FLR only when the JAHN option is
specified in the microcinstruction word.

When the destination is YD or YS, the general or scratchpad
register whose number is in the YD or Y3 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 1is also the
destination for CYDESWA, YDP1, and YDM1 E field options.

8.9 A SOURCE INSTRUCTION WORL FIELLD - 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 OFERAND REGISTERS (A BUS DATA)

RD BITS
MNEMONIC MEANING
17 118 | 19
0 0 0 MRO Microregister 0
0 0 1 MR1 Microregister 1
0 1 0 MR2 Microregister 2
0 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 or 3 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 optione. The modified data is
supplied to the fixed-point ALU as second operand datae

TABLE 8-7 SHIFTER OPTIONS

RD BITS
MNEMONIC ACTION

20 1 21 22| 23

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

o] 0] 0 1 NULLB Force data to zero.

0 0 1 0 SLHL Shift 1left halfword logical (bits
15:31) by ona.

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.

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.
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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 proragated onto the B bus. The data is
then passed through the shifter to the ALU.

8412 E INSTRUCTION WORD FIELL - RD BITS 28, 29, 30, AND 31
Refer to Table 8-9 for the extended field options. The extended
field provides +the ability to extend the function of any

microinstruction without requiring the use of a second
microinstruction.

TABLE 8-8 SECCND OPERAND REGISTERS

RD BITS
MNEMONIC MEANING
24 | 25 | 26 | 27
0 0 0 0 MRO Microregister 0
0 0 0 1 MR1 Microraegister 1
0 Ov 1 0 MR2 ' Microregister 2
0 0 1 1 MR3 Microregister 3
0 1 0 0 1ocC 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, 2, and 3
1 0 0 0 YD or ARSYL ?sgister specified by YD field of
1 0 0 1 ¥YS or RARSYS ?:gister specified by YS field of
1 0 1 0 YDI YD field of IR
1 0 1 1 YSI YS field of IR
1 1 0 0 I0 Used for input I/3 instructions
1 1 0 1 SR Shift register
1 1 1 0 LR | Link register
1 1 1 1 | LENGTH Length dn halfwords of last

instruction fetched
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TABLE 8-9 EXTENDED FIELD OPTIONS
NOTE
I/0 is neither a source nor ' a
destination.
RD BITS
' - MNEMONIC MEANING

28 | 29 | 30 | 31

0 0 0 0 - No action

0 0 0 1 CYD&ESHWA Clear YD field of IR and set wait
indicator.

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

0 0 1 1 YD¥1 Cecrement YD field of IR by one.

0 1 0 0 I4 Increment the MAR by 4.

0 1 0 1 JANMCI Jam carry in ALU (arithmetic
mode only)

0 1 1 0 MPY Multiply

0 1 1 1 DIV Civide

1 0 0 0 COMH Cata on S bus is gated onto the
I1/0 bus and accepted by the conm-
munication assist unit.

1 0 0 1 YDFF YD function field

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

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

1 1 0 0 DWSHFT Loubleword shift

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

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

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

0 1 0 0 ADRS I/0 must be destination. ADRS
selects device on the I/0 bus.
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TABLE 8-9 EXTENDED FIELD OPTIONS (Continued)

RD BITS
MNEMONIC ‘ MEANING
28 | 29 | 30 | 31
0 0 1 0 ocC I/0 must be destination. Data on

the TI/0 bus 1is command for se-
lected device.

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

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

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

0 0 0o 11 RD I/0 must Dbe source. Data is re-

ceived from the selected device.

If the ARS bit is set in the RC field, all sources or
destinations specifying YD or YS for module 0 or 3 operations
access the alternate register set. This bit is set by the
microcode assembler whenever ARSYD or ARSYS is specified in the
microinstruction.

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.
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NOTES

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 1line to g0 inactive, thereby
causing the signal SCLRO to becone
active from the PSC. The entire systenm
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 is one 1less than
the expected difference. If the
microinstruction 1is 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.
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 1is 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 memory operation
specified in the MC field (i.e..,
PR4, DR4, PWU4, DW4), when specified
with YDP1 or YDM1 as E field
modifiers, <causes an automatiz Iu
(causing the MAR to increment by
X'u).
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8.13 YD FUNCTION FIELD (YDFF)

The YD Function Field

(YDFF) 4is an extension

of E field

operations. The YDFF functions are selected by the value in the
YD field of the instruction register and are enabled by code X'9°
-~ YDFF in the E field. Refer to Table 8-10 for YDFF operations.
TABLE 8-10 YD FUNCTION FIELD CPERATIONS
YDI
MNEMONIC FUNCTION

080910 (11

0O |0 |O |O LPSTD Load Prcocess Segment Table Descriptor

0 |0 |o |1 LSSTD Load Shared Segment Table Descriptor

0o |2 |1 |0 RMVF Reset Memory Voltage Failure Interrupt

0 JjO0 1 |1 POW Power Down, Initialize

o {1 |Oo |0 REPF Reset Early Power Fail Interrupt

0 (1 10 {1 RSHPF Reset Shared Memory Early Power Fail

Intexrrupt '
o |1 |1 |0 SETSNGL Set the Single-Step User Instruction
Interrupt

o |1 {1 |1 RESERVED

1 {0 {0 |0 RESERVED

1 {¢ {0 |1 RESERVED

1|0 |1 |0 | RESERVED

1 (0 |1 |1 RESERVED

1 11 {0 |0 RESERVED

1 11 [0 |1 RESERVED

1 11 |1 |0 RESERVED

1 11 11 |1 RESERVED
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8.14 DATA FORMATS

A1l internal data paths, excert 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 guantity 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
fullwvord; 8 bits are used for the fraction sign and exponent, and
24 bits are wused for the fraction. Each double-precision
floating-point number reqguires a 64-bit doubleword; 8 bits are
used for the fraction sign and exponent, and 56 bits are used for
the fractione

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.

BRANCH

0 3 456 7 1213141516 2728 31

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

REGISTER-TO-REGISTER

0 3 456 7889 1112 151617 1920 2324 2728 31

MC RC { MODI{J| OP D 0of A SHIFTER B E

REGISTER-TO-REGISTER IMMEDIATE

0 3456 71829 1112 151617 1920 2324 31

IMMEDIATE
MC RC | MOD|J OP D 1 AR |SHIFTER DATA

Figure 8-2 Instruction Ward Formats
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When the branch format is not specified by bits 4 and 5 of the
microinstruction word being set, bits 6 and 7 select the
nrocessor module that performs the microinstruction. Module 0 is

the internal fixed-point ALU. Module numbers 1 and 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. Module 3 is the optional WCS. When module 3 is
selected, module 0 also participates in the operation; thus, data
contained in WCS can participate directly in a 1logical or
arithmetic operatione. The unshifted B operand for such an

operation can be stored in a WCS locatian.

8.15.1 Branch

The specified condition(s) are matched against the corresponding
machine state. If a match exists, the conditlion is true; 1if
there are no matches, the condition is false.

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 address 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.

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 instructione. This is a
Branch-and-Link-Register operation, which may be useful for
table-driven WCS routines.,

The VJ bit enables direct-vectored hardware interrupts when set
in the branch formate. 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 I/O
interrupt is queued. 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 lowest
vector address takes precedence over any other queued 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).
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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)
ocC 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

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
registers.

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, optional HFFFP, or fixed-point ALU and optional
WCS to be selected.

The J field (JRAM) causes the PSW condition code field to be
updated from the FLR. This bit has a special meaning when module
3 is specified.

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 modules 0 or 3.

The SHIFTER field selects the function to bhe performed by the B
bus shifter.
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8¢15.3 Register-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 is the <control of the
micromachine. Both Fixed Control Stare (FCS) and the optional
Writable Control Store (WCS), when equipped, are present on this
board. In addition, the branch logic, interrupt support, and
initialize control are contained on this board. Functional
Schematic 35-767D08 should be referenced during this chapter.

9.2 CONTRCL STCRE
9.2.1 Control Store Address Register (CSAR)

The CSAR provides all of 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 seguential
microinstructions. When the microprogram specifies a D2, branch,
calculate address (D1), or instruction read, the CSAR 1is 1loaded
from its strobed U4-to-1 multiplexors (Sheet 2). The signals
VSELAO, VSELBO, GDIR1A, and LDCSARO control the 1loading 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 loading of the
CSAR. The CSAR can also be <cleared tao =zero by System Clear
(SCLROD) for initialization or by FESCAPO, the resulting signal
of a manual WCS escape operatione.

The CSAR is loaded or incremented by the rising edge of RCLK1.
When LDCSARO (3E4) is active, the CSAR is loaded on the rising
edge of RCLXK1; in all other cases it is incremented on this edge.
Refer to Figure 9-3 for CSAR timing information.
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TABLE 9-1 CSAR CONTROL LINE FUNCTIONS

CONTROL LINE

LDCSARO
GDIR1A
VSELBO
VSELAO

CSAR OPERATION

o
o
o
o

LOAD FROM LINK REGISTER

LOAD FROM RD 16-27

o
o
o
-

ojof1}o LOAD INTERRUPT VECTOR

oot} LOAD DECODER ROM VECTOR

01| X]|X LOAD ZERO (INSTRUCTION READ)

1{1X|X|X INCREMENT CSAR

1668-1

VSELBO VSELAO
LINK
REG
12 [
/- ™~
12,
v 4:1 12 12 ADDRESSING
RDR MUX a CSAR |—£—TO cONTROL
16:27 5, STORE
V4
12
FPPFLT1 1, e
I ’
PRIORITY a
INTERRUPT ,
ENCODER 4 GDIR1A LDCSARO
DECODER
FDIR1 ROM
(DROM)

Figure 9-1 Simplified Block Diagram of CSAR Sources
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619 hoO-Lh

1006-1

[ START

VECTOR
D2
CSAR=—D2

CONDITION
SATISFIED

INTERRUPT
PENDING,

~3

LR<— CSAR
LR-w— LR+1

INTERRUPT
PENDING

VECTOR TO
INTERRUPT

YE SERVICE TBL.

172}

CSAR~e— X'ONN’
NN = INT. PRIORITY
NUMBER

CALCULATE
ADDRESS
CSAR=—(
FDIR|-—1

ILLEGAL
+MAT7+NCE

NEXT MICRO
INSTRUCTION
CSAR-—CSAR+1

Figure

YES

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

LR-e— CSAR
LR=e— LR+1

VECTOR TO
ILLEGAL
FAULT
CSAR-=—X'007"

RETURN AND
LINK

CSARZ=LR

LR=—LR+1

RETURN

CSAR-+—LR

RD BRANCH
CSAR-e—RD16:27

VECTOR TO
INSTRUCTION
EMULATION

CSAR~s—D1.

LR~—CSAR
LR~—LR+1

9-2 Flowchart of CSAR Loading and Microinstruction Sequencing




i LOAD RD BRANCH LOAD RD

- _/___

RCLK1 \ 1 \ |
INCREMENT CSAR LOAD CSAR

LDCSARO

Figure 9-3 CSAR Timing

9.2.2 Link Register (LR)

The 12-bit Link Register (LR) (Sheet 3) provides the micrzprogram
with a branch and link capability. In addition, it provides a
means of branching to a calculated microprogram address and
provides addressing for reading from or writing to the optional
Writable Control Store (WCS). In a branch and 1link
microinstruction, the LR is wunconditionally 1loaded with the
contents of the CSAR. The LR, a 12-bit up counter, is then
allowed to increment by one, pecinting to +the microlocation
immediately following +the branch and 1link microinstruction.
Timing for a branch and link microinstruction is illustrated in
Figure 9-4,. When a link is specified in the microprogram, gate
09E11 (3F5) goes high (a function of RD decoding), enabling gate
09D08 (3H7) to generate Link Register Clock (LRCLKO). LRCLKO
goces 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=09E111e [(RCLKOA®SCLKOA)+(RCLK1eSCLK1)].

The low active load input toc the LR, 09E080 (3H5), goes active
during a register-to-register microinstruction specifying load
link from the B bus via O09E09 (3H5 ar a branch instruction
specifying 1link O09E10 (3HS). Refer to Figure 9-5 for load
timing. LDLR1 10D06 (3H4) active selects the CPU-B bus on the
LR's 1input multiplexors and also generates LRCLKQ via 09D10 at
RCLK1 time. The LR <can be unloaded to the B bus via the
multiplexcors on Sheet 12. Refer tc Section 9.,2.4 for the LR's
operation with WCS.
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1670

LOAD OR INCREMENT CSAR

LINK /
RCLK1 \/ ‘};
SCLK1 ‘ \
09E111 \
LRCLKO X
09E080 —\ /
T b SN Gl
Figure 9-4 Link Register Timing for Branch and Link
rert LD LINK
RCLK1 \»
LDLRO I
LDLR1 / / 72“
\
09E080 N\ - YR
LRCLKO )\ \ x
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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 1is organized as 2,048 words of 32 bits.
Each 32-bit word represents one microinstruction. FCS is
comprised of eight 1k x 8-bit ROMs and is divided into two pages,
Page O and Page 1, both of which are addressed by the CSAR.
These pages are selected by the two most significant bits of CSAR
(CSAR201 and CSAR211) utilizing the RCM's 1low and high active
Chip Enable (CE) inputs for chip select address decoding (Sheet
4 of schematics). Refer to Table 9-2 for control store
addressing.

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 (RLCR), which is clocked by the falling
edge of RCLK1 and requires an 8 ns set-up.

Figure 9-6 shows FCS timing. FCS is disabled during a < WCS read

or write operation by the =signal WCSSELO (10K5). Refer to
Section 9.2.4 for further information.

TABLE 9-2 CONTROL STCRE ADDRESSING

ol e
N~
G|
- - CONTROL STORE CONTROL STORE
ojo ADDRESSES (HEX) ENABLED
0]0 000 TO 3FF PAGE 0 FCS
o1 400 TO 7FF PAGE 1 FCS
110 800 TO BFF PAGE 0 WCS
111 Coo0 TO FFF . PAGE 1 WCS
1672
LOAD OR INCREMENT LOAD
CSAR RDR

= 100 ns ..’//
RCLK1 CSAR

PROP
'|13nsh
CSAR CSAR201-311 SETTLED

le———— FCS ACCESS 70 ns ———|

FCS X XSRDOO1~311 SETTLED

Figure 9-6 FCS Timing
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9.2.4 Writable Control Store (WCS)

The WCS option, when equipped, provides the means for entering
and executing user defined microinstructions. The WCS option is
configured as 2,048 words by 32 bits held in volatile high-speed
Random Access Memory (RAM), and operates as an extension of
control store. The WCS option is composed of 64 1k x 1-bit RAMs
(Sheets 5, 6, 7, and 8). Addresses to the WCS are multiplexed.
In the execution mode, addressing is provided by the CSAR
(WCSSELOA=1) and microinstructions may be fetched from WCS when
selected (refer to Table 9-2 for control store addressing). In
the read or write WCS modes, WCSSELOA (10K5) active, addressing
is provided by the LR. Data 1is transferred to or from the B bus.
The LR must be preloaded with the starting WCS address before a
WCS transfer begins; it is automatically 4incremented upon
completion of that transfer by the "WCS INC." term of IC 09D
(3G7). A read or write WCS begins with WCS1 (10E4) going active.
Refer to Figure 9-7 for WCS timing. WCS1 active and IC 10B06
high causes the WCS select flip-flop (IC 10B09,10) to set.

WCSSELQ disables the FCS (Sheet #4) and WCSSEL1 (IC 10B09);
enables the «chip select steering to be a function of the LR;
enables the WCS read clock (CKWCSRO) for read operations (RD0O8O
inactive); and steers the WCS address multiplexors (Sheets 5 and
7) to select the LR inputs. A read or write WCS operation
requires two CPU clocks. This 1is accomplished by activating
option stop (OPSTOPO-10F3)., OPSTOPO generates an RSTOPO on the
CPU-D board, which prevents the generation of RCLK1. The input
to the WCS skip clock flip-flop, IC 10B02, goes high at the
beginning of a WCS read/write operation. The next rising edge of
BCLKO causes the output of the skip clock flip-flop, IC 10B06, to
go low, forcing OPSTOPQO inactive and the input to the WCS select
flip-flop low. The next rising edge of ©SCLKOA resets the WCS
select flip~flop, completing the operation. All of the preceding
timing description is common for a WCS read or write operation.
The following paragraphs describe particulars for a Read or Write
WCS.

Write WCS

The output of gate 09C03 (WCS1 ANDed with 10B06) is, in turn,
ANDed with RDO81, causing Write WCS (WWCS1) to go active. This
signal and its cemplement, WWCSO, enable the data input buffers
(Sheets 5, &6, 7, and 8) to the WCS RAM. The WCS Write Enables
(WCSWEQCO and WCSWE10) are generated by the following terms:

WCSWEOO
WCSWE10

CSCEO1#WWCS1eSCLK1AeBCLK 1A
CSCE11oWWCS1eSCLK1AeBCLK1A

W ou

W
W
NOTE

WCSCE0O1 is the output of gate 07B03
(1012)s WCSCE11 is the output of gate
07B06 (10L3).
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1005

[ \

READ OR
WRITE WCS ————t
RCLK1 ! SKIPPED| CLOCK N

/‘—\.

WCS1 /

10B06

OPSTOPO

WCSSELO

WCSWEO

CKWCSRO

Figure 9-7 WCS Timing



Read WCS

The output of IC 10C06 (10B1) (WCS1 NANDed with RDO80) is used to
enable the four octal latches (ICs 11H, 11J, 14H, and 143 at
schematic location 10A) +to drive the B bus. These latches are
clocked by the rising edge of the WCS read clock (CKHWCSRO).
CKWCSRO is generated by the following term:

CKWCSRO=WCSSEL1eBCLK1AeRD080.

If the microprogram is hung on a routine in WCS, due either to a
programming error or a faulty WCS memory device, control can be
returned to the System Control Terminal by placing the console in
the single mode and depressing the HALT/EXE switch. This causes
the CSAR to be <cleared, FESCAPO (3E8) active and forces the
microrrogram to enter the ccnsole service routine.

9.2.5 ROM Data Register (RLR)

The ROM data register latches the output of control store on a
microinstruction fetch and presents its outputs to the processor
as the ROM Data (RD) bus. (Refer to Sheet 9 of the schematics.)
The four most significant bits of the RDR (RD001-RD031) are
composed of J-K flip-flops and are clocked by the falling edge of
RCLK1A. The remaining 28 bits (RDOM41:RD311) are composed of
gquad-T 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). RDCLRO is the output of a cross-coupled 1latch (2K7)
which 1is set by SCLROD (Systems Clear) and remains set, holding
the RDR c¢leared, until the CSAR increments to X*'004°'. RDCLRO 1s
reset when CSAR290 goes active.

9.2.6 Decoder ROM (DROM) and Privileged Tllegal ROM (PILROM)

The DROM and PILROM provide the hardware with the calculate
address (D1, <UU2?), 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 (05-090A13). Refer to Table 9-3 for an
explanation of this datae.

The DROM 4is organized as 512 words of 12 bits each and consists
of three 512k x uU-bit high—-speed ROMs (Sheet 10). 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 addrescs to the CSAR multiplexor. FDIR1 (3K8) (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 DROM. When FDIR1 is active, D1 is selected; when inactive,
the DRCM outputs the D2 vector address. The 256 word by U~Dbit
PILROM has twvwo functional variations, 19-188F25 (PILROM without
WCS option) and 19-188F27 (PILROM with WCS option). (Refer to
Table 9-3 for further information.)
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TABLE 9-3

LISTING INFORMATICN FOR DROM,

PILROMs AND FORMAT ROM

Refer to the listing of the Processor Emulator (05-090A13).

ADDRESS DATA DESCRIPTION
08NN 0000 XYYY PIL, D1 VECTOR
O9NN 0000 ZWHWW Format, D2 VECTOR
wvhere: NN = TIR001 - IR071, the 8-bit op-code field of the
instruction registere.

X = PRIVY, COMILL1, FLTILL%*, and WCS, respectively,
the output of the PILROM (see Note) in nexadeci-
mal,

YYY = DD201 - DD311, the output of the decoder ROM's D1
vector in hexadecimal.

WWW = DD201 - DD311, the output 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 hexadecimale.

NOTE

The 1listing (05-090A13) represents the
19-188F27 PILROM, for a WRCS eguipped
CPU~-A boarde. A non-WCS CPU-A board is
equipped with the 19-188F25 PILROM
which has the following differences
underlined:

08ES 0000 43B5 ILEG

08ES8 0000 43B7 ILEG

08E9 0000 43B3 ILE
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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 instruction is privileged, 1illegal, or a
WCS operation. Refer to Sheets 3 and 10 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, VSELBO, and LDIR1A-inactive) unless one of the conditions
listed in Table 9-4 causes an illegal fault. In the latter case,

VSELAQ goes active and the CSAR is 1loaded from the priority
interrupt encoder 1input. The priority interrupt encoder is
jammed to X'007' by FDIR1 (Sheet 13), the 1illegal fault

microprogram locatione.

The WCS Execute (WCSEX1) output of the PILROM goes active when an
Enter Control Store (EDCS) or a Branch to Control Store (BDCS)
user instruction is being executed. WCSEX1 is the input to the
WCS Execute flip-flop which «clocks FWCSEX1 active on the next
rising edge of RCLK1. FWCSEX?T enables the CSAR to fetch
microinstructions from the optional WCS.

TABLE 9~-4 TILLEGAL FAULT CONDITIONS

Base Algorithm for VSELAQ at D1 time
VSELAQ = FDIR1e{COMILL1+FDIR1¢ PRIV1ePSW231+FLTILLe

(FPP1+FFP1eP3W131)+MATHPEO]

EXPLANATICN OF FAULT CONDITIONS

FAULT CONDITION REASON

FDIR1e COMILL1
FDIR1ePRIV1ePSW231
FDIR1eFLTILL1eFPP1

FDIR1eFLTILL1eFPP1ePSW131

FDIR1eMATHMPED

Illegal Instruction
Privileged Instruction
Illegal Floating-Point
Instruction (HPFPP not
equipped)

Privileged Floating-Point
Instruction

Machine Malfunction
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9.3 BRANCH LOGIC

The branch logic provides 16 testable canditions for microprogram
decisions. These conditions are input to four h=-to-1
multiplexors with RD0O71 and RDO81 controlling their select lines,
breaking the conditions down into four groups of four conditions
each (see Sheet 11). Furthermore, the outputs of the
multiplexors are NORed, which allows more than one condition to
be tested at a time by enabling ar disabling individual
multiplexors. Refer +to Table 9-5, which shows the grouping of
conditions and the controlling RD bitse. A branch
microinstruction begins with RDO41 and RDOS51 active, causing
BRANCHO and its complement BRANCH1 to become active (see Sheet
3)e The four multiplexor outputs are NORed with BRANCHO to cause
True Branch (TBRCHO) active when the selected condition(s) are
true. EKDO061 determines whether a true branch (RD061 inactive) or
a false branch (RD061 active) condition is specified. Load CSAR
(LDCSRARO) 1is wused to load the CSAR with the branch address.
LDCSARO goes active on a branch by the following algorithms:

LDCSARO=TRBRCH1+FBRCH1
True branch TRBRCH1=TBRCHOeRDO60OeBRANCH1
False branch FBRCH1=TBRCHOeRDO61

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

VSELBO=BRANCH1eGBRCH1eRD131eINT1
GBRCH1=TRBRCH1+FBRCH1
VSELAO=RD131eINT1eRD1500(RDO60@TBRCH1eBRANCH1+TBRCHO®RDO61)

A conditional return is specified during a branch when RD150 1is
active, which <causes VSELAO to be lowe. An Interrupt Vector Jam
Enable (IVJE) may &also be specified with a branch and 1is
represented above as RD131eINT1, IVJE 4inactive. TIVIE is
explained in Section 9.4. '

O
!
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TABLE 9-5 BRANCH CONDITION GROUPS

1886

Ll Kl ad Lol nd nd o

i~ 0[O v™N

ala alanaA

o | o jemosed|  CONDITION DESCRIPTION
0 BT Branch True

1 BF Branch False

(o1 Carry Flag
Group 1 1 v Overflow Flag
l G Greater Than Flag
L Less Than Flag

0o 11 PPF Primary Power Fail
Interrupt
Group 2 1 MAT Memory Address Translator
Interrupt
1 ~ MPE Noncorrectable Memory
Error Interrupt
1 CATN : Console Attention
Interrupt
1 0] 1 INT Priority Encoder Interrupt
, Pending
Group 3 1 MASK User Branch
1 MVF Memory Voltage Failure
v 1 HW I/0 Halfword Signal
1 141 COMM Communications Option
Strap
Group 4 1 EPF Early Power Fail Interrupt
1 FPP Floating-Point Processor
Strap
" 1 YDC Carry-out from YD Register

9.4 TINTERRUPT SUPPORT
G.le1 Priority Interrupt Encoder (PIE)

The Priority Interrupt Encoder (PIE) provides the microprograns
with +the means o¢f handling 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 Jjams the interrupt 1line (INT1) active
(13H8). Refer to Table 9-6 for a listing of interrupt priorities
and their resulting vector addresses. At calculate address time
(D1 time), FDIR1 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.
Refer to Table 9-7 for external interrupt masking. A 256 x 4-bit
ROM decodes the PSW mask bits and outputs external interrupt
enable lines (13D€6). A listing for the external interrupt mask
ROM appears in Table 9-8.
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TABLE 9-6 INTERRUPT PRIORITIES
ENTRY TO ENTRY TO
INTERRUPTS INTERRUPT ILLEGAL
(IN ORDER OF ACTIVE SERVICE FAULT
PRIORITY) SIGNAL MASK TABLE SERVICE
Alignment 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 0O0A
Single Step SNGLO
Early Power Fail FEPF1 PSW18 00B Disabled
External Interrupt
Level O ATNOO 00C
External Interrupt
Level 1 ATN10 See 00D
External Interrupt
Level 2 ATN20 Table 00E
External Interrupt
Level 3 ATN30 9-7 00F
Jllegal Instruction COMILLY | None
Privileged
Instruction PRIV1 PSW23 | Disabled 007
Floating-Point
Instruction FLTILL1 | PSW13
Floating-Point
Processor See
Arithmetic Fault FPPFLTO | Note 018 Disabled
NOTE
FPPFLTO 1is enabled by an Instructicn
Read (IR) and Read Condition Code (RCC)
from the HPFPP.




TABLE 9-7 EXTERNAL INTERRUPT MASKING

PSH BITS
17 20
0 0
0 1
1 0
1 1

All Levels Disabled

Higher levels Enabled

All Levels Enabled

current and Higher lLevels Enabled

vhere the current level is a function of the currently active

register set.

PSH BITS EXTERNAL INTERRUPT ENABLED

171 20|25 | 26 | 27| LEVEL o | LEVEL 1 | LEVEL 2 | LEVEL 3
ol of x| x| x NO NO NO NO
ol 1| o] of o NO NO NO NO
ol 1| o] of 1 1ES NO NO NO
ol 1] o] 1] o YES YES NO NO
ol 1| o 1] 1 YES YES YES NO
ol 1] 1] o o YES YES YES YES
o| 1] 1| o] 1 YES YES YES YES
ol 1 1| 1| o YES YES YES YES
ol 11 1] 1] 1 YES YES YES YES
11 o] x| x| x YES YES YES YES
1] 1] o] ol o YES NO NO NO
1] 1] ol of 1 YES YES NO NO
1] 1] o 1| o YES YES YES NO
1] 1] of 1| 1 YES YES YES YES
1] 1] 1] of o YES YES YES YES
1l 1] 1] of 1 YES YES YES YES
1] 1| 1| 1] o YES YES YES YES
1 1) 1] 1] o YES YES YES YES

X = Don't Care
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TABLE 9-8 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
o4 0 14 F
05 0 15 F
06 0 16 F
07 0 17 F
08 0 18 8
09 8 19 C
0A C 1A E
0B E 1B F
ocC F 1C F
0D F 1D F
OE 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
microinstruction. 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 loads from the priority interrupt
encoder and a branch 1s taken to the Interrupt Service Table,
X*008-00F*, (refer to Figure 9-2). If the branch condition is
satisfied and INT1 1is not active, the CSAR locads the RD branch
address (Sheet 2). If the branch condition is not satisfied, the
CSAR does not load (LDCSARO-inactive, 3ES5), 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 GDIR1A inactive, aborting the
Instruction Read; the CSAR 1loads from the priority interrupt
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 microinstruction.
Refer to Figure 9-8 for an exanple of this condition.

Vel
'
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130

CRARARAGACRCOCIROAGNGLADRRAGRRACENORANRNGAROGDR OGNS

32251300

131 o 32251310
132 o INTERRUPTIBLE UAIT LOOP 32251320
133« 122513%0
134 & 0QQ000ICENGEARRRORRRORRRNEO00NCOARARARARNRNERES 32251340
0011 002C Fa80 136 THAIT NI NULLePSW 'R0 4EXH TESY PSW Blé6: 32251360
0012 0C1C 0121 137  WAIT ar GoLoWAIToCYDLSWACIVUESIR MAIT IF SETS ELSE EXIT, 32251370
0013 006C 00350 139 EXIT [ 8 NULLe MDR, IR GLOGAL'EKIT. 32251390
140 o IF MFMORY RFADING AT TERMINATION, 32251400
181 o FAULTS LEFT QUEUED UNTIL IR, 32251810
142 & CAGACCRAGARARRNARRRRAORARAARGRARCRARRANOGRREANOANNRRGS 32251420
1674-1 wi
Z
START, -
x'0012 al [=|%]8lalol=
o ISl <|<| 8=
El 19l dd]|
Z| - clo] Olw]|w B
BRANCH SHEHEHEE
——
VECTOR TO
INTERRUPT
SERVICE AJAJAJAJA|N]|N
TABLE
RD BRANCH
TO NIA|JAJAIN|A]IN
WAIT
\ VECTOR TO
INT YES INTERRUPT
. SERVICE A|IN|N|AJA|N]|N
TABLE
NO
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 9-8 Example of a Branch with IVJE and IR
9-17
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9.5 INITIALIZE CONTROL

The initialize control 1logic provides the processor with an
orderly shut-down and restart capability. System initialization
is pertormed as a result of one of the following conditions:

1« Placing the System Control Panel STANDBY-ON-LOCK switch
in the STANDBY position,

2. Operating the System Control Panel INITIALIZE switch,

3. Power Fail Detect (PFDTO) activated by an external
source, such as the watchdog timer or the Loader Storage
Unit (LSU),

4y, PFDTC activated by the Power Subsystem Controller (PSC)
as a result of AC or DC voltage fault,

S5« Operating the MAINTENANCE RESET switch on the power
system front panel, or

6. Command Power Down (POWO) executed by the microprogram.

The system initialization logic interfaces with the PSC through
the following signals (refer to the CPU-A schematics, 35-767D0S8,
Sheet 14):

1« NVMO (Non-Valid Memory)

2. NVRSO (Non-Valid Memory Reset)
3. PRDY1 (Power Ready)

4, SCLRS1 (System Clear Sense)

5« SCLRO (System Clear)

The NVMO signal is received by the processor on the Local Bank
Controller (LBC) where it 1is buffered and gated with the
nonconfigured memory signal and sent to the CPU-A as Gated Memory
Voltage Failure (GHMVFO-11B6). NVMO is active, from the PSC, as
a result of memory voltage (P5U) having gone out of regulation.
This signal is a testable branch condition and is used by the
microprogram during the power-up on initialize sequence, to
determine a cold-start or warm-start condition.

The NVRSO signal is a > 1.4 ms pulse to the PSC which causes the
NVMO signal to be reset.

9-18 47-004 R19



The PRDY1 signal indicates the condition of all AC and DC
voltages to the system. On powering up, PRDY1 is active > 100 ms
after all DC voltages are in regulation and is inactive 3 ms
minimum before DC voltages are out of regulation, (Refer to
Figure 9-9.)

SCLRS1 is a command signal to the PSC which, when active, causes
SCLRO active.

9.5.1 Initialization
Refer to Figures 9-9 and 9-10 during this discussione.

Initialization is started by PFDTO (14B5) active for one of the
foregoing reasons. The cross-coupled latch at schematic location
14D5 latches and debounces PFDTO and its output (IC 16S08)
triggers the 1 ms power fail timer, IC 12505. The leading edge
of this pulse sets the Early Power Fail Flip-Flop (FEPF1) which,
with PSW181 active, provides the processor with an Early Power
Detect interrupt. (Refer to Section 9.4.1, Priority Interrupt
Encoder.) The trailing edge of the 1 ms power fail timer pulse
sets the Primary Power Fail Flip-Flop (FPPF1), which provides a
nonmaskable interrupt to the mi¢roprograme.

Under normal operating conditions, the microprogram is
interrupted by the Primary Power Fail (PPF) interrupt, performs
its shut-down routine, and issues the command Power-Down (POWO).
Command POWO is then latched by the cross-coupled latch at
schematic location 14C8 and input to the analog pulse stretcher
comprised of three <comparaters in IC location 15S. The pulse
stretcher passes the low input, forcing the transistor 14M (14L9)
off, SCLRS1 active, and the PSC responds with SCLRO active
approximately 3 ms later. SCLRO resets the cross-coupled latch
at 14C8, causing the input to the analog pulse stretcher high.
The pulse stretcher then delays that input 500 ms before
deactivating SCLRS1.

If processor clocks are stopped (e.g., by the Test Aid), systenm
initialization must be forced by placing the System Control Panel
STANDBY-ON-LOCK switch in the STANDBY position, shutting off
processor power (P5). This causes PRDY1 inactive from the PSC
and causes SCLRS1 active by removing the base drive voltage from
transistor 14M (1419).
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9.6 TEST AID

AR 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 15 of the schematics.) ‘

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. Ites input must be settled
20 ns before the falling edge of CLK1.

The second DIP switch causes the processor to halt whenever
CSAR201 is active. This 1is provided to trap the microprogram
whenever a WCS address is loaded in the CSAR. The single switch
(switch 3) places the microprocessor in the single-step mode. 1In
this mode, one microinstruction is executed each time the ADVANCE
switch located on the CPU-D board is derressed.

The fourth switch enables the CSAR address match condition.
Switches 5-8 and 1-8 on the right~hand DIP provide the address
match information.

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 BCLKO 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 analyzer,

9.7 MNEMONICS

The following is a list of mnemonics found on the CPU~-A board.
The meaning and the 35-767D08 schematic source of each signal are
provided.

SCHEMATIC
MNEMONIC MEANING LOCATION
AENHO “A" enable high - used by CPU-B 13E4
‘ to control the most significant
16 bits of the A bus

AENLO “A"* enable low - used By CPU~B to 13E5
control the least significant 16 :
hits of the A bus
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MNEMONIC

RLGNO

APSW281:311

ATNOOO:030

BOO1: 311

BCLKO

BRANCHO

BSTKSO

CATN1

CCATNO

CKWCSRO

CLO70

CLK1A

CLKCCo

CLKPSWO

COMILL1

MEANING

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

Auxiliary 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 interrupbts
from the multiplexor bus.

B bus bits 00:31 - B bus
source data from the CPU-A

Buffered clock
Branch decoded from RD bits

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

Console attention interrupt from
the System Control Panel

RD decoded clear console atten-
tion

Clock writable control store reg-
ister clock that latches the out-
put of writable control store

Control line 7 - early indication
of pending power failure provided
for I/0 devices

System clock net for CPU-A fronm
the CPU-D board

Clock condition code - used by the
CPU~-A to load the auxiliary condi-
tion code

Clock PSW - clock decoded by RD
to load the PSW

Communication illegal - defines
communication instructions option
as being illegal

SCHEMATIC
LOCATION

13E9

11G8

13A7

Sheets 5,6,7,
and 8

12D2
3E4

13N4

11F4

1273

10M5

14F6

12R2

11D9

13E3

10K9
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MNEMONIC

COMM1

CSAR200:310

DCLKO

DD201: 311

DEXBO

DEXTO

DFTENO

DIRO

DISAO

DISBO

DISCSO
DISDRM1

DIVC

DSTOPO

47-004 R19

MEANING

Strap option to allow the communi-
cation instruction package

Control stcre address register
bits 20:31 - used to select
words in control store

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 sign extension -
signal to CPU-C to perform
sign extension on the MDR source

RD decoded double-precdision
floating-point enable - optional
High Performance Fleocating-Point
Processor is conditioned for a
double~precision operation.

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

Disable control store
Disable decoder read-only-memories

RD decoded fixed-point divide
operation

Destination stop - inhibits the
generation of destination clocks

SCHEMATIC
LOCATION

1132

Sheet

12E4

Sheet

13N1

13E1

“13N9

3R5

13B5

1333

4B4
LBy

1233

12Bu4

2
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MNEMONIC

DWSHFTO

ENBO

ENBSO

ENCSAR1

EXTRAFO

FCATN1

FDIRO

FEPF1

FESCAPO

FLR281:311

FLTILL1

MEANING

BRD decoded doubleword shift -

provides 64-bit shift capability

Enable CPU-A board B bus sources

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

the B bus

Enable controcl store address reg-
ister - allows the CSAR to count
up by one on each RCLK

External trar - test feature
provided to allow an external
function tc¢ cause the micro-
processor to halt when the
external event occurs

Flip-flops set side output of
console attention

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

Flip-flop set output of early
power fail detections

Flip-flop reset output of writable
control store escape - provides the

ability to escape from a hung
WCS microprogram

Output of the flag register used
to be directly tested by the

microcode or to be loaded into the

auxiliary PSW

Floating=-point instructions are
illegal - Privileged/Illegal
read-only-nemory output that
can force vector to illegal
instruction

SCHEMATIC
LOCATION

12L8

12L8

12L8

Sheet 15

15C9

11H5

3E8

14H1

3E8

Sheet 11

10K9
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SCHEMATIC

MNEMONIC MEANING LOCATION
FNCEQ Flip~flop reset ou%tput from CPU-D 11B2

board which indicates that a double-
bit error has occurred in local
memoery

FPPFLTO Floating-point processar fault - 13A9
indicates an arithmetic fault
interrupt from the high perfor-
mance floating-point processor

FPPFO Output of the primary power fail- 11B2
ure flip-flopr - the signal causes
a testable branch condition to be-
come valid, causing the microprogram
to shut down.

FPP1 Strap option en the CPU-A that, 14HY4
depending on how it is strapped,
indicates the presence, or lack of
presence, of the high-speed float-
ing-point rroccesser

FSCATNO Output of latch used to synchro- "11G3
nize the console attention
interrupt to the system clocks

FSMPEO Output of latch used to delay the Sheet 3
receipt of the double-bit error
indication from the CPU-D

FSPPFO Output of latch used to delay the 11G2
branch testability of the primary
power failure flip-flaop

FWCSEX1 Flip-flop output that indicates 10M8
that a writable control store in-
struction is in process. This allows
the upper page of control store to
be WCS.

GBRCH1 Gated branch <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>