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PREFACE

This manual contains theory information and
diagrams for IBM System/32,

Other manuals to be used with this one are:
® /BM System/32 Operator’s Guide, GC21-7591

® /BM System/32 Functions Reference Manual,
GC21-9176

For maintenance information including checks,
adjustments, removals, and replacements, see

I1BM System/32 Maintenance Library, Introduction
and Maintenance, SY31-0373.

In addition, refer to the /BM System/32 Diagnostic
User’s Guide for further information on system
diagnostics.

Fifth Edition (May 1977)

*This is a major revision of, and obsoletes, SY31-0346-3. This edition adds theory and
diagrams for the 285 line-per-minute belt printer, and 120 cps serial printer, and the
120 cps compatible printer attachments. All other changes are indicated by a vertical
line at the left of the change. Changes are periodically made to the information herein;
any such change will be reported in subsequent revisions or technical newsletters.

A Reader's Comment Form is at the back of this publication, If the form is gone,

address your comments to IBM Corporation, Publications, Department 245, Rochester,
““Minnesota 55901. .

-© Copyright International Business Machines Corporation 1975, 1976, 1977
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S-PTR-28
S-PTR-28
S-PTR-28
S-PTR-29

-S-PTR-30

S-PTR-30

~ SPTR-30
S-PTR-30

S-PTR-30
S-PTR-30
S-PTR-30
S-PTR-31
S-PTR-32

S-PTR-33
S-PTR-34
S-PTR-35
S-PTR-35
S-PTR-35
S-PTR-35

'S-PTR-35

S-PTR-36
S-PTR-35
S-PTR-35

S-PTR-35

S-PTR-35
S-PTR-35
S-PTR-35
S-PTR-35
S-PTR-35

S-PTR-36
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LIST OF ABBREVIATIONS

uINSTR
WIRPT

Adr
AGC
ALU
AM
ASCIl

BC
BFR
BH

Bl

BP
BPC
BPC
BR
BSCA

CBI
CBO
Chan
CPS
CPU
CRC
CRT

Ccs

Cs
CSILSW

cmd
cnt
ctrl

- DAR
DBI
DBO
DCD
DCP
DE
demod
diag
DLY

ECC
EOF
ERAP

micro instruction
microinterrupt

address

automatic gain control

arithmetic/logical unit

address mark

American National Standard Code for
Information Interchange

byte control

buffer

behind home

bidirectional

belt position

block processor clock

belt position counter

bit ring

binary synchronous communications
adapter

clock pause

command bus in

command bus out

channel

characters per second

processing unit

cyclic redundancy check

cathode ray tube

control storage

cycle steal

control storage interrupt level status
word

command

count

control

counter

display address register
data bus in

data bus out

decode

diagnostic control program
disk enclosure
demodulator

diagram

delay

emitter column counter
end of forms

error recording and analysis procedure

FD
FET

GB
gen

hmr
Hz

1/0
ID
IMPL
I0B

KANA
KYB
KYBD

LM
LSR
Lth
LZ

MAB
MAR

MCI

MCU
mega
MFM
MOD
MOR
mtr

op
0sc

PC
PCR
PFN
PG
Ph
PLO
POR
PP
PP
prt
PSS
ptr

disk drive
field effect transistor

guard band
generate/generator

hammer
Hertz

input/output
identification

initial microprogram load
input/output block

Katakana
keyboard
keyboard

left margin

local storage register
latch

landing zone

micro address backup register
memory address register
microaddress register

machine check interrupt

Mag Card Unit

million

modified frequency modulation
modifier

micro operation register

motor

operation
oscillator

position pulse
parity check
processor condition register
print fire number
parity generate
polarity hold

phase lock oscillator
power on reset
parity predict

print position

print

print sub scan
printer

RAM
rd
reg
RIB
ROS

SAR
SBAR
SsC

SCP
SDLC
sel
SERDES
sns

stg

svc
SWG
sync
S3ILSW

tr

TRA
TRC
TRD
TRE
TRF

UNI

vert
VFL
VFO

wC
WR

WR
WTC

Xfer

random access memory
read

register

request indicator byte
read only storage

storage address register
storage buffer address register
sequence counter

system control program
system data link control
select/selector
serializer/deserializer

sense

storage

supervisor call

start write gap

synchronize

system interrupt level status word

trigger

trigger A
trigger C
trigger D
trigger E
trigger F

unidirectional

vertical
velocity follow latch
variable frequency oscillator

worst case

(N) H or L = work register (N) high

or low
work register

World Trade Corp.

Transfer

MICRO INSTRUCTION ABBREVIATIONS

ACYR
Al
AR

B
BAL

Cl

DEC

HBN
HBZ

I0CL
10CS
IoL
10S
INC

JC
Jey
JE
JFLG
JH
Jio
JL
JM
JN
JNE
JNH
JNL
JNN
JNP
JO
JP
JSR
JNZ
Jz

LA1
LA2
LC

LI

LM
LSAR

add registers with carry MPL
add immediate MPLF
add registers MPS
MVR
branch MZN
branch and link Mzz
compare immediate NCR
decrement register by 1 OCR
hex branch numeric RDCH/L
hex branch zone RDM
RETRN

1/Q control load
1/0 control sense SBF
1/0 load SBN
1/0 sense SCYR
increment register by 1 Sl

) SILSB
branch on condition SLL
branch on carry SLLD
branch on equal SR
branch on flag SRL
branch on high SRLD
branch on I/0 condition ST
branch on low STC
branch on mixed ST™
branch on negative
branch not equal ™
branch not high
branch not low WTCH/L
branch not negative
branch not positive WTM
branch all ones
branch on positive XR

branch service request
branch not zero
branch on zero

load direct to control storage
logical/arithmetic 1
logical/arithmetic 2

load from control storage
load immediate

load from main storage
load/sense address register

microprocessor load

microprocessor load for special functions

microprocessor sense
move LSR

move zone to numeric
move zone to zone

AND complement

OR complement

1/0 store to control storage high/low

1/0 store to main storage
return

set bits off

set bits on

subtract with borrow
subtract immediate

sense interrupt level status byte
shift left logical

shift left logical double
subtract registers

shift right logical

shift right logical double
store direct to control storage
store to control storage

store to main storage

test mask

1/0 load from/to control storage
high/low
1/0 load from/to main storage

exclusive OR

Vi
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Legend

1€ |2 |g

2212 |2

=2~ ® =
> " >

Ready N (not) Ready
A
A C
D
F
E OR
) Latch Name .
Set On Output
FL
Reset Off Output

FSL Location

Trigger Name

FF

FSL Location

Input to O
bit only

N

Input bus to
all ‘bit

w
()
ak
®

X

Register Reset

On Output

Off Output

There are 8 latches
in register (0 through 7).

All bits transfer out.

Negator inverts logic on
positive logic diagrams.

A and B must be active — 1 AR
for C to be active.

L Amplifier

D or E active causes
F to be active.

On-Page
Connector

On-Page
Connector

Parity Check

\ A note is shown

this way on a
diagram.

Joining Lines

on Bus Line —

Parity Generator
(Correct parity is
generated.)

Lines cross over

Only bit 7
transfers out,

but do not join.

I C N S lines on bus
(0-7) bits 0, 1, 2, 3,
4,5,6and 7

Boolean Algebra Symbols
® |n aline name means AND

+ In a line name means OR

(xx - - - x) Indicates a line name that does
not exist as an actual FSL
name, but used to better explain
the function of a line or block

\/ Arithmetic Logic Unit
(located in the CPU)
ALU
2.5 us
c SS D__ Ashift on C causes
a 2.5 us shift on D.
A . .
Exclusive OR. Either A
OE or B must be active for
B | C to be active, but if both

C will be inactive.

FL

A

Indicates a positive or negative shift is
required after the gate pulse is present.

are active or neither active,

Print

Decision Block on
a Flowchart
(asks a question)

Processing block on
a flowchart

Keying Operation on
Flowchart

Terminalon a

j

)
| Note on a

y

) | Flowchart
L :

. Or

)

-

)

Refers to another
Flowchart
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Legend

A*OR
—
—C2

—C3
— CA
— Cb|

. C6
-—C7

X

In this example three AND blocks feed an OR

block. The three AND block functions are sep-

arated by asterisks.

The asterisk is a delimiter and separates groups
of inputs

OR*A

This is an example of three OR blocks feeding
an AND block. The three OR block functions
are separated by asterisks.

SEL

N =N
w

*

N =N
w

The selector block is a gating device. The upper
section of the block contains the gates (G) and
the lower section contains the gated data lines.

In this example gate 1 and gate 2 each control
aset of input data lines.

Gate 3 controls both output lines.

Thus for data to pass through this block, it is
necessary that one of the input gates (G1 or
G2) be active, and the output gate (G3) must
also be active.

This example of the selector also contains Z
inputs. A Z input is used when a line is

common to a number of functions. Thus if

the input to Z is active and G3 is active, both out-
put lines will be active.

OoDD

The output of the odd count block is active only
when an odd number of inputs are active.

EVEN

e —
—
—

The output of the even count block is active
when an even number of inputs are active.

DCD

TTTTTT]

The decode translates a group- of related inputs
into a specific output. The inputs are numbered in
binary progression; 1, 2, 4, 8 and so on. The
number on the output equals the sum of the
active inputs. For example, when the inputs to

4 and 1 are active, the 5 output will be active.

A G2| FF

B G1 2 F
C 1S

D. S

T T

E R

The FF trigger can be set with the S input and
reset with the R input. A T (toggle) input can also
be used to complement the current status of the
trigger.

In this example there are 2 sets and 1 reset. The
second set requires that gate 1 along with the input
to 1S be active to turn the trigger on. Also in this
example, gate 2 must be active to get an active
output.

(G2)
(G1) * ' e
B- A
(1S) OR
C— p_8) |
T EF -
E (R)

LEGEND-2

G1] FL
1G2

In this example of a flip latch, G is a gate used to
gate other signals. Gate 1 (G1) must be active
along with the input to gate 2 (G2) for gate 2 to
become active.

The latch will turn on if gate 2 is active and the
input to 2S becomes active.

When the R line is activated, the register will be
reset,



Legend

Reg
—(C2-C3) +1 (BO-B7)

This example of a register illustrates bundled
lines on both the input and output. The input
contains 2 lines, C2 and C3, and an output that
contains 8 lines, BO through B7.

The + symbol indicates the register will be
incremented by 1 when the input line becomes
active. A minus symbol would indicate decre-
menting. The number following the + or -
symbol indicates the amount of incrementing or
decrementing.

When the R line is activated, the register will be

reset.

—p>

~——{>D
—>D

Reg

X1

X2
X3
X4
X5

This is an example of a shift register. The symbol
> indicates shift down while < would indicate

shift up. In order to shift downby 1,the input to
- one of the > lines must be active and a shift must

occur on the P> input.

X2, X3, and so on.

‘The positions in the register are denoted by X1,

LEGEND-3
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Introduction to I1BM System/32

The IBM System/32 is a desk-sized business sys-
tem with the following features:

— Programs are written in system language and
executed by a machine language microprogram.

.— Large storage capacity is provided by disk drive.

— Operating instructions and prompting messages
are displayed.

— 1/0 and CPU errors are recorded and can be
retrieved.

— Diagnostic programs are automatically run
after the initial microprogram load.

— Whenever possible, conditions that caused
errors are automatically retried.

The CPU contains 16K, 24K, or 32K addressable
positions of main storage and 4K or 8K address-
able positions of control storage. Each position

of main storage is one byte wide; each position of
control storage is two bytes wide. FET technology
is used for both main and control storage. The
CPU also contains registers, gates, and ALUs that
are controlled by the microprogram.

The disk drive is an integrated disk that provides
3.2, 5.0, 9.1, or 13.7 million bytes of accessible
storage. In addition, various diagnostic programs
reside on the disk.

The CE control panel contains lights and switches
used in the maintenance of the system.

The display screen is used for operator prompt-
ing, job output, and other messages. Up to six
lines of 40 characters-per-line can be displayed
at one time.

The keyboard is used to control various system
functions and as a data input device.

The IBM System/32 can be ordered with either the
serial printer or the belt printer.

The serial printer has 132 print positions and uses

a 64 character set. Itis a7 X 7 wire matrix printer.
The serial printer has 132 print positions and uses

a 64 character set. Itisa 7 X 7 wire matrix printer.
The serial printer is available in three models:

120 cps (characters per second) bidirectional
80 cps bidirectional
40 cps bidirectional
40 cps unidirectional

. The two models of the 40 cps printer are identical.

The attachment circuitry controls whether they
print only left to right or in both directions.

The belt printer has 132 print positions and a
48, 64, or 96 character set. The printing speed
iis 50, 100, 155, or 285 lines per minute with a
48 character set.

The operator control panel has switches to turn
power off and on, start the loading of the diag-
nostic programs and control program, and

start and stop the execution of system level
instructions. Keyboard ready, processor check,
thermal check, and power check lights are also
included.

The 33FD diskette drive uses 1BM diskettes as input
and output to the system. Data can be entered

on the diskettes by key entry devices such as the
IBM 3740 Data Entry System. In addition,

certain diagnostic programs reside on the diskettes.

All the functions performed by the system are
controlled by a microprogram which must be
loaded into control storage before any process-
ing can begin. This loading (initial microprogram
load) is done from either the disk drive or the
33FD (CE only).

The microprogram processes system instructions,
data in storage, and channel operations. The
microprogram is composed of microroutines of
varying sizes, each having a specific task to per-
form. Each microroutine is composed of bit-
significant instructions that, in effect, are
machine language instructions.

‘CPU

CE Control Panel

| Keybpard' Printer

£ 0y *F
2 €
3*0
4c
s 8
5 A
9 7, 9

F O
Y,
3o
“c
58
6
987, * 7
* DPLY'PCR
l L oiseavioata—— 1

o
8

4~ PROC RWI
INSN STEP/
DPLY LSR

2
.
3 « ALTER STOR
+ALTERMAR
4 IRPT
5 *DPLY STOR
6 «INSN STEP/
DPLY CHKS
® INSN STEP/

-SYS INSN STEP

DPLY PWR CHK

PWR_ FORCE
CHECK FAULT DPLY CLOCK
RUN  PREV.

RESET

MODE SELECTOR
CE START

O

L IMPL-© STORSEL ADD COMP DISPLAY
ISKETTE DISKETTE ~ CTL ST

INTENSITY
LAMP TEST

cLogK. Q PES nan(t:st Q
5006|0888 | 85%0[0%
N

~

E&
_

33FD Diskette Drive

Operator Control Panel

ON
LOAD POWERB
oFF

START STOP
O O O O
KEYBD PROC TH PWR

RDY CHK CHK CHK
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CPU Functional Units

Main Storage

Main storage contains 16K, 24K, or 32K
addressable positions; each position is 1 byte
wide.

Control Storage

Control storage contains 4K addressable positions
(8K positions on machines with the Control
Storage Increment Feature); each position is 2
bytes wide. Control storage is loaded from the
disk drive in a normal operation, or from the
33FD when running diagnostic programs. The
loading of control storage occurs during the IMPL
(initial microprogram load) sequence. When
loaded, control storage contains the microprogram
used to control the CPU and 1/0 devices.

Storage Address Register (SAR)

SAR is a 16-bit register used to address both main
storage and control storage.

Micro Operation Register (MOR)

The MOR is a 16-bit register that holds each
micro instruction as it is fetched from control
storage. From here, the micro instruction is
analyzed to control the data flow such as gate
selection, ALU operation, LSR selection, etc.

Process Condition Register (PCR)

The PCR is an 8-bit register that contains infor-
mation to be tested by branch instructions. For
example, from the PCR, the result of a previous
arithmetic instruction can be determined to be
positive, negative, or zero. The PCR also contains
results from compare or test mask instructions.

Storage Data Register (SDR)

The SDR is a 16-bit register that serves as an
intermediate buffer for all micro instructions
and data bytes fetched from storage. Each micro
instruction, being 2 bytes wide, uses all 16 bit
positions. Data from main storage, being only

1 byte wide, uses bit positions 8 through 15.

X and Y Registers

These four registers are 8-bit registers that serve
as the buffer input for the two ALUs. The X-
high and Y-high registers serve as input to ALU
high while the X-low and Y-low registers serve

as input to ALU low. The data for these registers
comes from the local storage registers or the
immediate data field of some micro instructions.

Arithmetic Logical Unit (ALU)

There are two ALUs in the system, ALU high and
low. ALU high processes bits 0-7 when 2-byte
data fields are involved. ALU low processes bits
8-15 when either 1-byte or 2-byte data fields

are involved. The ALUs always present 2 bytes
of data to the LSR input bus. When 2 bytes

are involved in the ALU operation, both bytes
(high and low) are placed on the LSR input bus
and simultaneously written into bits 0-7 and bits
8-15 of the LSR. When the ALU output is only
1 byte, the byte is presented to both the high
and low LSR input bus lines. In these cases, the
micro instruction selects only 1 byte to be
written into an LSR.

System Data Flow Through the Functional Units

Processing Unit

15 15 15
Main s
Storage ¢ 7
Control (1 byte)
Storage 8 o

Sys Bus Out Low

Display Low Byte

(2 bytes)

=l

oﬁﬁa&;

Sys Bus Out Low

Addr Sw Addr
Comp

Event Ind Display
PCR High
Byte
oR D>
Sys But Out High

CK 1 Status

ALU Gate
Low

Channel SBI

C hannel

Command Bus Out

Errors.

Port Data Bus Out

Port Data Bus in

Control Lines |

—_—
Addrsw182 " 1Gate

Addr Sw3 &4 [ OR
Status Status

b L —

1/O Clocks 2 Gate

Note: Channel, as used in this system, refers to
the internal interface between the processor
and logic for control of I/0 function. The
channel contains a port through which part

of this control passes.

Device
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Local Storage Registers (LSRs)

The LSR stack contains 64 LSRs; the first 32 are
used by the base system and the remaining 32 are
reserved for optional features. Each LSR contains
16 bits: bits 0-7 are the high LSR and bits 8-15
are the low LSR. The LSRs are called work reg-
isters (WR) and are used as data buffers and
address registers for both main and-control storage.
In addition, the LSRs are used as operand registers
for calculations and as 1/0 control data registers
that can be loaded from or sent to the 1/O
attachments.

The first 32 LSRs are subdivided into four groups.
The current micro interrupt level determines which
group is used. The first group (hex address 00-07)
is used by micro interrupt level 0 (machine check
interrupt) and also by the main program level. The
second group of LSRs (hex address 08-OF) contains
the MAR/MAB (microprogram address register/
microprogram address backup) stack. MAR con-
tains the address of the next micro instruction to
be executed. MAB contains the return address
when a branch and link instruction is executed.
The third group (hex address 10-17) is used by
micro interrupt level 1 (disk drive), and the fourth
group (hex address 18-1F) is used by micro
interrupt level 2 (printer, BSCA, and keyboard).

Optional features use the remaining 32 LSRs. The
first group (hex address 20-27) is used by micro
interrupt level 3 as work registers. The second
group (hex address 28-2F) contains the MAR/MAB
for micro interrupt level 3 (hex address 28-29).

Micro Interrupts

The CPU handles micro instructions one at a
time; one micro instruction is followed by the
next sequential micro instruction. This sequence
of execution of micro instructions can be changed
by a branch instruction. This sequence can also
be changed if the main level of processing or a
micro interrupt level is interrupted by a higher
‘micro interrupt level.

The system has six levels of micro interrupts, only
level O, level 1, level 2, and level 3 are used (levels
4 and 5 are reserved). Level 0 has the highest
priority and level 3 the lowest micro interrupt
priority. The display screen and 33FD cannot
cause micro interrupts. Interrupts having a higher
priority take precedence over those havinga
lower priority. For example, a micro interrupt on
level O will interrupt the processing of a level 1, 2,
or 3 micro interrupt.

A machine check interrupt occurs whenever the
system detects a CPU parity check, invalid address,
or microprogram check. This micro interrupt can
also be initiated by a port check. These checks are
described on page CNSL-6. A level 1 interrupt
occurs whenever the disk drive requires attention.
The printer, BSCA, and keyboard operate on
interrupt level 2. BSCA has highest priority,

printer second, and the keyboard last.

Level 0, machine check interrupt, shares a set of
work registers with the main level microroutines.
Micro interrupt levels 1, 2, and 3 have a unique
set of registers in the LSR stack. The set of LSRs
for each micro interrupt level consists of:

8 16-bit work registers.

1 MAR (microprogram address register)
used to store the address of the current
micro instruction.

1 MAB (microprogram address backup)
used to store the return address when
a branch and link instruction is
executed.

Main

LSR Subdivision and Micro Interrupt Levels

Wicro Interrupt
m 0
ﬂ/lachine Check)
Also used by

[Main Program Level

Level

Level O

Level 1

Level 2

Level 3

Wicro Interrupt

L—L 1
(Disk)

|I_\A—icro Interrupt
2

i(Keyboard, Printer,
and BSCA/SDLC)

Micro Interrupt

3

(Optional Features)

Hex
Register Address
Work Registers
WRO 00
WR1 01
WR2 02
WR3 03
WR4 04
WR5 05
WR6 06
WR7 07
Address Registers
] MAR (ML) 08
Ldmas mL) 09
—{MAR (0) 0A
L] MAB (0) 0B
MAR (1) oc
{ MAB (1) oD
r—1MAR (2) OE
Limas (2 oF
Work Registers
WRO 10
WR1 1
WR2 12
WR3 13
WR4 14
WR5 15
WR6 16
WR7 17
Work Registers
WRO 18
WR1 19
WR2 1A
WR3 18
WR4 1C
WR5 1D
WR6 1E
WR7 1F
Work Registers
WRO 20
WR1 21
WR2 22
WR3 23
WR4 24
WR5 25
WR6 26
WR7 27
Address Registers
—1MAR (3) 28
L{MAB (3) 29

Used by the
base system

Used by optional
features
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System Checking and Parity Generation

Parity Checking and Generation in the CPU

Processing Unit

Various errors that occur in the system are re- s e i
corded in the CPU error byte and in the port Srorage s on |60 |l 5 (PO Disptay Low Byte |
check byte. These errors can be displayed on al oot 1" 1L, ML st |/ v o Out Low snomonton |
the CE panel and are described on CNSL-6. || 2 bytes) . Lowr F |
N 15 ¢ (PG |
=
0Odd parity (by byte) is maintained in the CPU o 0 MoR N :
data flow. To ensure correct parity, parity . 0 - st |/ys Bus Out || High |
checking stations and parity generating stations “ & s :
are provided throughout the CPU. o ﬁ ° | !
== — |
Parity predict circuits are used as a check on the v L 7 :
ALU portion of the CPU. By analyzing the oper- ¥-High |
ation being performed and the input data, parity A :
predict circuits predict whether the output of Addr Sw Comp_, \/ |
ALU will require a P-bit, and then generate the \ ALY / I
P . . High
P-bit if required. The parity of the output of the . ’ / :
ALU is compared to the output of the parity _ |
predict circuits to determine whether the ALU - I
is working correctly. {
Event Ind S:Z‘;“V ALU Gate ALU Gate |
Parity errors may be detected between the port ® | on Byte - Son s Low |
and the CPU, or the port and an |/O attachment. S 7 || (@ :
Normally, the port operates in odd parity, how- ikt — Qut High - L (9 |
tatus
ever, some diagnostic programs use even parity. f\:d: o r e g K &e 0 @ 78 \/ 1 :
D D |
Addr Sw3 &4 ; o = |
Sta‘l’us Status " 32 L8R |
1/0 Clocks 2 Gate l
0 78 15 l
PG J |
|
Interrupt Channel SBI |
locL |10CSs Level Status Steal In | Steal Out 1 <=
» i
Channel PG |PC No PC, PG PC PC from CPU
in Channel PG to DBO
Display ‘| pc |ra - NA | NA
Keyboard PC |PG - N/A N/A
Printer
(Belt or Serial) | PC |1 - N/A N/A
33FD PC [PGonData| — PG N/A
Transfer
Only'1
Disk PC |PG on Data - PG PC
) Transfer
Only
BSCA PC PG - N/A N/A

PC - Parity Checked
PG — Parity Generated

1 Attachment activates CBI 4 line to CPU, which denotes that parity
is not generated on DBI for transfers to the channel.

233FD cycle steals on IMPL ohly.

Note: Attachments generate a parity bit on the DBI when responding to a
jump 1/0 command whether or not the condition true response (CBI 4) is met.

CPU

Channel
Port Data Bus Out
ALU
Clocks,
Controls
and
Registers

b N
Main Storage
ontrol Storage |

CRT

Display
Attachments I:D

Printer

Port
Bus In

Disk 33FD BSCA Other

or Attach-|

sDLC ments
Modem| Other
or 1/0
Data Devices|
Set
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Retry and Error Logging

If errors occur during some operations, the opera-
tion is retried. Operations that cause errors while
the emulator is analyzing system instructions

and some operations that cause errors during the
execution of the system instructions are retried
at the system level.

Error logging is used by the system to assist the CE
in the analysis of intermittent errors. All error
conditions that can be retried are logged in control
storage and where possible, are recorded on the disk
drive. Error conditions that are recorded may be
retrieved and printed using ERAP program (error
recording and analysis procedure).

Essentially, two types of error information are
recorded for each device and the CPU, error
history and error count. In addition, the num-
ber of 1/0 operations performed by each device
is also recorded.

Each device except the display screen has an
error history table in which to record a num-
ber of entries. |f the table becomes full, the
most recent entries are retained.

Error count tables contain the number of times a
specific error has occurred. When these tables
reach their maximum value, this value is retained
until cleared by the CE.

Details of the error history and error count tables
are in the Diagnostic Service Guide.

Initial System Checkout

To ensure the system circuitry is functioning
properly, a series of diagnostic tests are run
each time LOAD is pressed. These tests fall
into two groups. The first group checks out the
CPU, main storage, and control storage. The
second group, called 1/0 wrap tests, checks

out the I/0O attachments. However, the 1/0O
wrap tests do not cause the |/O devices to
operate (individual diagnostic programs may be
run later to exercise the selected 1/0 device).

To assist in isolating a failing area, an event
register is displayed in the leftmost display byte
on the CE panel. When LOAD is pressed, all nine
indicators turn on. As various portions of the
system checkout are completed, the event indi-
cators are turned off in sequence. Thus, it is
possible to narrow the area of failure, A more
detailed description of the event indicators is
found on IMPL-1.

After the tests are successfully completed, the
emulator and SCP (system control program) are
loaded from the disk drive if the device select
switch is in the IMPL DISK position. If the switch
is in the IMPL DISKETTE position and the DIAG
01 diskette has been inserted in the 33FD, the
DCP (diagnostic control program) is loaded from
the 33FD following the successful completion of
the system checkout. With the DCP loaded,
additional diagnostic programs can be run to
exercise 1/0 devices.

Disk Drive

Load and Execute

CPU Storage and
1/0 Wrap Tests.

Load Emulator
and Load SCP

Press LOAD Key

IMPL
from Disk
or 33FD

33FD

Load and Execute
CPU Storage and
1/0 Wrap Tests.

Load DCP

End IMPL




Processing Unit

The CPU (processing unit) consists of five cards

on gate 1A, board A1 and has the following
functions:

Emulates system instructions.

Assists control of system 1/0.

Handles some of the SCP (system control
programming).

Handles system /0.

|

The five CPU cards and the hardware on each
card are as follows:

System Control Card
ALU control lines
ALU carry in control lines
Storage gate high/low control lines
ALU gate high/low control lines
LSR addressing and control
MOR (micro operation register)
Control panel display
CPU clocks

Storage Control Card
SAR (storage address register)
System reset logic
Storage clocks
Invalid address checking
Display bits 8-11
IMPL sequence control
Oscillator

Status 1 Card

PCR (processor condition register)
CPU checks register

Address switches 1 and 2

Event indicators

Display bits 0-7, P high

Address compare high logic

Status 2 Card

Address compare low
Display bits 12-15, P low
Control panel functions
Control panel sense byte
1/0 clocks

Data Flow Card

LSRs (local storage registers)
ALUs (arithmetic and logical units)
SDR (storage data register)

Storage gates high and low

ALU gates high and low

X and Y registers

Parity predict

The five CPU cards and the main and control
storage cards are located as shown.

Power

Status \
T

Console

Test EQ

Card Side of Gate 1A, Board A1

Console

Console —___|

Test EQ
Console

Console —__|
Test EQ

Console

Console —___|

TestEQ ___
Console

*Features

Channel

5 RN
T~~~ :: h ‘\\
1 [ >
o R
R
\u oo
i gy 1! ::
: |y, 1 :: [
T Yyp H [N
q !“ " :' :l
T i " 1 [
1 oy |:
S oy 10 .
SR
|
| 'YL :l :'
it 1" 1 ! |!
1 A " l: K
- I' Il || [}
Ry, ! IR T
R
|
N
| 1 !
1 - ]
—T 1 :: "
o) Yy
i :g " 1o
l\\L,',A{ o
NS
[P
N2
‘\~\ Wy
\\ \/
S

Channel

Status 2

Status 1

Data Flow

System Control
Storage Control

Control Storage
(4 or 8K* Words) Low

Main Storage 0-8K

Main Storage 8-16K
Main Storage 16-24K *
Main Storage 24-32K*

-
<
|
]
!
'
I
Vi
Y
y
1]
L] \\
[N
:s
| )
:: L
1
L
'?r/L:/’
H .

p b < ,/ \~
:: U (R
el |
' TGN o

:I " :: T N /’/
1 ! e
o oo N
!. [ [N} ',
" VO N
' gy, " N
] [N | 1 |
l: oy o | .
ll ' lI o
| A1 el b
1! ey
R oy ! !
A eyt
\%ml hy |: 1 !
~N WAy ~N !
lq,’| 1 I: N
N Ay
N T )
1S Wy s
R Y w7
N '\ 1 ]
Channel

Control Storage
(4 or 8K* Words) High
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CPU Data Flow

CPU data can be handled either 1 byte at a
time or 2 bytes at a time. The quantity of data
(1 byte or 2 bytes) and the exact path of that
data depends on the micro instruction being 15 15 15 15 |
executed. |
I
I

Processing Unit

Main .
:D Storage ﬁ SDR “ D{splay Low Byte

System bus in from the channel is 1 byte but Control | {10VE)
that byte can be handled as either a high or low (Storage 8 o 10 Gate
byte once into the data flow. ‘ 2bytes) 15

~ 0

V

Stg Sys Bus Out Low ) Sys Bus Out Low

Low

1@
rll

Data can be cross gated from the high byte of the ‘ MOR
LSRs to the low byte of the data path. Main '> 7
storage data can be loaded to either the high or ] = Stg Sys Bus Out || High
H H Gate —
low side of the LSRs. ALU operations can be -FD High
s

either 1 or 2 bytes, or combinations.

1
1
i

Parity Checking AV

Odd parity by byte is maintained in the data flow.

To ensure correct parity, checking and generating " Addr _____l!

stations are used throughout the system. Parity Addr Sw Comp

Addr
checking is done on SAR, SDR, storage gates > Comp 1> \‘

high and low, ALU gates high and low, and MOR. >
In addition, parity is checked on the channel data
lines.

Parity generating stations are provided for status
register, control panel, switch bytes, and other ‘
internally generated data pertinent to the CPU Event Ind Display : ALU Gare ALU Gare

(storage gate high and ALU gates high and low). | PCR =SS High High Low

Byte

orR F—> 0 7 8 15

V

Wy

CPU Default Conditions Sys But Out High
CK 1 Status
If no hardware conditions are specified for the Addr Sw 1 &2 1 Gate
CPU by the micro instruction, the system has
certain built-in selections and functions. These Addr Sw3 & 4
selections are called default conditions. The -
default conditions for the functional units in 1/0 Clocks 2 Gate
the CPU are as follows: . D ‘ ) 78 15

Vy

(L

OR

Select | 32 LSRs

Status Status

Unit Default

Channel SBI

\

A

4

Storage gate high
Storage gate low
ALU gate high
ALU gate low
ALU function

LSR high
LSR low
ALU high
ALU low
X plus 1
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CPU Functional Units

Processing Unit

-

Display Low Byte
NS

Sys Bus Out Low

Q.‘I

—

ALU (PLO60, PLO70)

The ALU (arithmetic/logical unit) is divided into
two parts. The ALU high unit operates on bits
0-7 when 2-byte data fields are involved; and

the ALU low unit operates on bits 8-15 when a
1-byte or 2-byte data field is involved.

The ALU can perform the following arithmetic

and logical functions:

Function FO F1
XXRY 0 0
XORY 0 0
X AND (not) Y 0 1
X ANDY 0 1
XOR(not) Y O 1
X minus one 1 0
X plus Y plus

carry 1 0
X minus Y

(16/8) 1 0
X plus Y

(16 or 8) 1 0
X minus Y

(16 or 8) 1 1

XplusY (16/8) 1 1
X minus Y minus

one plus carry 1 1
X plus one

(carry in) 1 1

F3

QO = O = = -

Carry

O [« NeNoleNol

QO ==

16/8—0ne field 16 bits, second field 8 bits.
16 or 8—Both fields 16 bits or both fields 8 bits.

Carry In

C = Carry used (carry trigger from previous
operation)

1 = Force carry to 1 (by hardware, T-times,
and instruction)

0 = Not used

Carry In

MOR Bits 0-7

The four function bits are generated in the sys-
tem control card (PM040) as determined from
the instruction (MOR bits) and the T-times. The
carry in line (PM050) is brought up either by the
‘carry trigger’ which is on from a previous oper-
ation (force carry to one) or when the instruction
MOR bits are decoded to show carry trigger
needed (carry used).

Any data sent to the ALU is first loaded into the
X-high and Y-high registers for the high bytes and
the X-low and Y-low registers for the low bytes.
The X-registers provide the data for one operand
and the Y-registers provide the data for the other
operand that is used in the current ALU opera-
tion. Depending on the micro instruction and

its function, either 1 byte or 2 bytes are

affected by the ALU.

The ALU can handle arithmetic operations
involving two 16-bit words, one 16-bit word plus/
minus one 8-bit byte, or one 8-bit byte plus/
minus one 8-bit byte. The instruction logical/
arithmetic 1 is used for 8 by 8-bit arithmetic.
Logical/arithmetic 2 is generally used for 16 by
16-bit arithmetic and 16 by 8-bit arithmetic.
When doing 16 by 8-bit arithmetic, the line
‘reset Y high reg’ (generated on the data flow
card) is used to reset the unused 8 bits of the
Y-register.

Instructions involving increment or decrement
of the X-register are handled by activating the
lines ‘reset Y high reg’ and ‘reset Y low reg’
and forcing ‘carry in’ (turn on ‘carry trigger’).
This causes only the X-register to be affected
by the instruction.

The output of the ALU always presents 2

bytes of data to the LSR stack input bus. If 2
bytes are required by the ALU operation, both
bytes are directly placed on the input LSR bus
and simultaneously written into the LSR stack.

If only 1 byte was operated on by the ALU,

the resultant byte is presented to both the _
high and low bus inputs. Only the byte selected
by the micro instruction is written into the LSR
stack.

OR Carry In

MOR Bits 8-15

T3-T6 A _'L_

Carry Trigger A I £
(PK005)

ALU Gates

The ALU gates high and low control the final
destination of the ALU data. The decode of
*ALU gate high/low sel 0, 1, 2’ lines gate data
through the ALU gates (selectors) and control
the selection of the source data (PL050). These
select lines are generated (PM045) by a decode
of MOR bits and the T-times.

ALU Gates

ALU Gate Sel (100)

CPU-4

Example: LA1 [OJ1]1]0]
0 3

ALU gate sel = 100 (PM045)
ALU gate low = Zone to zone (from ALU

bits low or Y reg low)

ALU gate high = Low to high (from ALU

gate high)

ALU Gate Low

Func-

ALU Low

tion:
Zone
to

Zone

ALU Gate High
Func-
tion:

ALU Parity Predict

Parity predict circuits (PK060) predict the parity

of the result of the ALU operation. This pre-
dicted parity is compared against the actual
parity of the result. If a discrepancy exists, a
parity check results.

Parity Predict Circuits
ALU Function 0

ALLU Function 1 DCD
ALU Function 2

Low
to
High

ALU Gate Low

ALU Gate High

PLO50

Parity Predict Hi

ALU Function 3

X Reg High

Carry In

Parity Predict High

Parity Predict Carry Out High

Parity Predict Low

Parity Predict Low




Local Storage Registers (LSR)

The LSRs (PL040) are used by the microprocessor
as.:

— Data buffers and address registers for main
and control storage.

— Operand registers foi internal calculations.

— 1/0 control data registers that can be loaded
from or stored in /O attachments,

The first 32 LSRs are subdivided into four groups
as shown. The micro instruction address register/
micro instruction address backup (MAR/MAB)
stack is used by main level, machine check,
interrupt level 1, and interrupt level 2. Each of
the other three groups can be used only by the
named level. Work register (WR) 4 of interrupt
level 1 is also used as a work register (data address
register) by burst mode (disk drive).

Optional features use 10 of the remaining 32 LSRs.
The first group (hex address 20-27) is used by micro
interrupt level 3 as work registers. The second
group (hex address 28-2F) contains the MAR/MAB
for micro interrupt level 3 (hex address 28-29).

Each LSR is 16 bits wide (plus a parity bit for
each byte).

LSR Addressing

LSR addressing is controlled by the system control
card (PMO060, PM065). The appropriate address-
ing bits are turned on by a decode of the MOR
bits and T-times. Writing LSRs (PMO070) is con-
trolled by MOR bits, T-times, and (not) ‘trigger A'.

Micro Operation Register (MOR)

The micro operation register (PM010) holds the
micro instruction as it is fetched from control
storage (storage bus bits). The micro instruction
is used for gate selection, ALU functions, setting
the microstatus register, and address selection for
LSRs.

Micro Operation Register

Clock MOR
Reset MOR

Storage Bus Bits §15
l 0

Main

LSR Stack

Hex

Register Address

Work Registers

Level

Level O

Level 1

Level 2

Level 3

Micro Interrupt WRO 00
0 WR1 01
(Machine Check) WR2 02
Also used by WR3 03
[Main Program Level WR4 04
WR5 05
WR6 06
WR7 07

Address Registers
] MAR (ML) 08
LmAB (ML) 09
— MAR (0) 0A
I—— MAB (0) oB
,— MAR (1) oc
L maB (1) 0D
—MAR (2) OE
Ldwmas (2) oF

Work Registers
WRO 10
Wicro Interrupt WA "
H‘ ; WR2 12
WR3 13
(Disk) WR4 14
WR5 15
WR6 16
WR7 17

Work Registers
WRO 18
Iﬁicro Interrupt WA 9
| WR2 1A
K b2 o pri WR3 18

i(Ke: rd, Printer,

Ii_ndyBgCaJA/SDLé) Wha 1
WRS5 1D
WR6 1E
WR7 1F

Work Registers
Micro Interrupt WRO 20
3 WR1 21
(Optional Features) WR2 2
WR3 23
WR4 24
WR5 25
WR6 26
WR7 27

Address Registers
| MAR (3) 28
L{wmas (3) 29

CPU

Storage Data Register (SDR)

The storage data register (PL020) is used as an
intermediate buffer for each micro instruction
and all data bytes fetched from storage. The SDR
high order bits (0-7) are gated through storage
gate high to the high order X-register and Y-reg-
ister and subsequently to the ALU. The SDR

low order bits (8-15) are gated to the low order
X-register and Y-register and subsequently to the
ALU.

X-Registers

The X-registers (PLO10) are buffers for base
factors of the ALU. Data comes from the
immediate field of some branch instructions
or from the LSRs.

Y-Registers

The Y-registers (PLO10) act as buffers for
modifying factors of the ALU. The data comes
from the immediate field of some branch instruc-
tions or from the LSRs.

Storage Address Register (SAR)

The storage address register (PNO10) holds all
storage addresses which are transferred from the
LSR or built from the LSR, X-high, and SDR
data. The data transferred in does not change
during the storage cycle.

Storage Address Register

Clock SAR and X Reg
System Reset
SBO (0-7, P)

SBO (8-15, P)

SAR Decoding (PN020) Control Storage
0 1 2 3 4 5 6 7 8 9 10 N

[32768l16384l8192 4096 2048 [1024 | 512 | 256 | 128 | 6a [32 116 | 8 [ 4 | 2 |

N N
: 512 Position SAR
| Select 10 Lines

I

|

I

| o=csyi1=01023
| 1=CSY2=1024-2047
6

1

12,13 14 15
1

i
|

=CSX 1 =0-2047
= CSX 2 = 2048-4095

I
I I
I I
I I
I I
I I
| :,
| 0
I

||
|
|
|
|
|
|
|
0 0

0 = Card Select 0-8K Control Storage

SAR Decoding (PN020) Main Storage

0,1,2, 3,4 5 6,7 8,910, 1 12, 13

|
I32768I16384I8192I4096I2048I1024 I512 I256 I128 I64 I32 I16 I 8 I 4

| |
W

II 512 Position SAR

I Select 10 Lines

0=CSY 1=0-1023
1=CSY 2 =1024-2047

N
-

0=CSX 1=0-2047

1=CSX 2 =2048-4095
0 =CSX 3 =4096-6143
1=CSX 4 =6144-8191

-_ -0 00— — ——

0 = Card Select 0-8K Main Storage

1 = Card Select 8-16K Main Storage
0 = Card Select 16-24K Main Storage
1 = Card Select 24-32K Main Storage

OO0 00— — —m ———————— —
- e O O e e e e ——— s — —

CSY 2

Bits 6-15

EV

SAR P Chk
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Storage Gates

The storage gates (data flow card PL0O30) make
data coming from SDR, LSR, system bus in,
and X-register available to system bus out and

to the X-and Y-registers,

-The selection bits are developed in the system
control card (PMO30) by the MOR bits and

the T-times.

Data To and From Storage Gates

PMO30 Stg Gate High Sel 0

PMO030 Stg Gate High Sel 1

Strobe to +5 Volts

LSR High (0-7, P)

Stg Gate
High
00 G1  Sel
DCD 01 G2
10 'G3
11 G4
G5

Even

High P Gen

1
SDR Bits (0-7, P) 2
SBI (8-15.P) 3 5 (0-7, P)
X Reg High 4
4
(P) 4
Stg Gate
Low
PMO30 Stg Gate Low Sel 0 DCD g? G1  Sel
G2
PMO030 Stg Gate Low Sel 1 10 G3
11 G4
G5
C
LSR Low (8-15, P) 1
SDR Bits (8-15, P) 9 (8-15, P)
SBI (815, P) s
(0-7,P) 4

PLO30

Sys Bus Out High (0-7, P)

X and Y Reg High

X and Y Reg Low

Sys Bus Out Low (8-15, P)

Even

Low P Gen

CPU-6
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Processor Condition Register (PCR)

The PCR (PKO005, PK007) contains the processor
conditions that are tested by the branch on
condition instruction. The PCR is changed by
system reset, program loading, or instructions
that modify register bits. These conditions are
modified by the micro instructions that perform

DK PCR 1-3 Clock

the add, subtract, test mask, compare immediate,
subtract immediate, and R1 linked with R2
functions.

The PCR clocks (PK0OO3) gate the data into the
PCR. These clocks are shown on the right,

PCR Clocks (PK0OO03)
Status Function 1

(not) Status Card 2

(not) Status Function 0

MOR Bits 4 AND 5 AND 6 AND 7

CPU-8

1/0 Control

Load PCR

T5 and 1/0 Control AND Rhase A

Phase A
ase -

PCR 1-3 Clock

Status Function 0

OR

T4-T6

(not) Status Card 2

Status Function 1

T5

MOR Bits 4 AND 5 AND 6|/AND 7

OR

PCR 4-7 Clock

003
Equal SI
Load PCR
N [— PK0OO7
ALU Zero A
OR
SBO Bit 3 A PCR
System Reset Reg
S
(not) Carry or Ones Low Sl
(not) ALU Zero R .
Load PCR vH* D iﬁ:tf/gg:gif 2
l OR D
SBO Bit 2 A D Plus/PCR Bit 1
High SI
Load PCR
SBO Bit 1 A
(not) ALU Zero OR
NHA
Carry or Ones [
MOR 4-7 DCD
T5 and 1/0 Ctl 1‘ A 3
AND Phase A | .
Flag/
A PCR Bit 0.
! |__{oR R T
System Reset
[ °
Load PCR A D
SBO Bit 0
| 0 1

CPU

System Reset Equal Log Tgr
DC Reset Carry OR L"] g FF PKO005
PCR 4-7 Clock e Equal Log PCR Bit 7
SBO Bit 7
Load PCR A
N OR D

ALU Zero

A

High Log P i
N o] A _f igh Log PCR Bit 5
DC Reset Carry R FF Low Log
PCR 4-7 Clock Carry Log/ 7 PCR Bit 6
' c PCR Bit 4 4 A
SBO Bit 4 1 N =
Load PCR A
N OR D
Carry or Ones | A
4 5 6 7



Processor Condition Register

PCR Flag Bit 0  Positive Bit 1 Negative Bit 2 Zero Bit 3 Carry Bit4 High Bit5 Low Bit 6 Equal Bit 7
LA1 or LA2 Set Result of logical opera- Result of logical opera- Result equals all zeros.
Logical tion does not equal zero tion does not equal all
and (R1 or R2 equals all zeros and (R1 or R2
ones) does not equal all ones).
Reset Result of logical operation ‘Result of logical operation Result does not equal all
equals all zeros or (R1 or equals all zeros or (R1 or zeros,
(See also uINSTR-9) R2 does not equal all ones). | R2 equals all ones).
LA1 or LA2 ;
Arithmetic Set Result has a carry and does Result has no carry and does Result equals zero. Result had a carry (add), or Result has a carry and does Result has no carry and does
not equal zero. not equal zero. no borrow (subtract). not equal zero. not equal zero.
Reset Result has no carry or equals Result has a carry or equals Result does not equal zero. Result has no carry (add) or Result has no carry or equals Result has a carry or equals Result does not equal zero.
zero. - zero. ‘ a borrow (subtract). zero. zero.
Test Mask Set Tested bits equal all ones. Tested bits do not equal all All tested bits equal zero (or
ones and do not equal all no bits tested).
zeros
Reset Tested bits do not equal all Tested bits equal all ones or Tested bits do not equal zero.
] ones. all zeros.
Compare or
Subtract Immediate Set Register data is greater than Register data is less than Register data is equal to
immediate data. immediate data. immediate data.
Reset Register data is not greater Register data is not less Register data is not equal to
“than immediate data, than immediate data. immediate data.
1/0 Immediate Reset  Set ____________________.______________Eq_u_a|_s§t_21._____
Carry — Set Equal Reset Carry set off. Decoded from carry, equal, Decoded from carry, equal,
and set off. and set off.
1/0 Immediate Set Loaded bit O is on. Loaded bit 1 is on. Loaded bit 2 is on. Loaded bit 3 is on. Loaded bit 4 is on. Loaded bit 4 on and bit 7 Loaded bit 4 off and bit 7 Loaded bit 7 is on.
Load PCR ; off. | off.
-——————— —_—t— - — ——— e e e e e
Reset | Loaded bit 0 is off. l.oaded bit 1 is off. Loaded bit 2 is off. Loaded bit 3 is off, Loaded bit 4 is off. Loaded bit 4 off or bit 7 Loaded bit 4 on or bit 7 on. Loaded bit 7 is off.
’ on.
System Reset Set Equal set on.
Reset | Set off. Set off. Set off. Set off. Carry set off. Decoded from 4 and 7 and Decoded from 4 and 7 and
set off. set off.
1/0 Immediate Set Set on
Flag Latch
Reset |Set off.

CPU
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Main Storage

Main storage consists of 16,384 bytes of FET
storage. Each byte is 8 bits plus one parity bit.
One byte of information is available to the
CPU for each storage access.

Control Storage

Control storage contains 4096 locations (8192
locations on machines with the Control Storage
Increment Feature). Each location is 2 bytes
wide. Micro instructions that control CPU and
1/0 operations are loaded into control storage

at IMPL time. A map of control storage is shown
here. '

Control Storage

Direct Area

Fixed Communications Area

Kéyboard Katakana Converter
(if KANA is used)

Keyboard Decode Table/CRT Buffer

System Emulator

Disk 1/0

Printer 1/0

Keyboard/Display Screen 1/0

Transient Area

Microinterrupt Handler

Nucleus Functions

Control Storage Increment Feature

~(additional 4K words
of control storage)

The direct area and fixed communications area
are common areas used by portions of the micro-
program. These areas contain machine check

log area, system registers, and interrupt branch
tables.

Keyboard decode table contdins a table

to decode the data bits coming from the key-
board. This is necessary because the bits coming
from the keyboard are not in a standard code.

The CRT buffer stores the message to be dis-
played on the CRT. This buffer is then trans-
ferred to the buffer in the CRT attachment.
If the display is to be printed, the printer 1/0
area prints from the CRT buffer.

The system emulator classifies system instructions
as CPU instructions or as 1/0 device instructions.
When the instruction is a CPU instruction, the
emulator also executes the CPU instruction. If
the instruction is an 1/0 device instruction, it is
executed by the appropriate 1/0O area of control
storage.

After the emulator has classified a system
instruction as an 1/0 operation for one of these
devices, control is passed to the appropriate
area. Forexample, if the instruction is a
printer instruction, control is passed to the
printer 1/O area of control storage.

The micro interrupt handler is used to process

1/0 interrupts.

The transient area is used for devices whose
1/0 microroutines are not resident in control
storage; for example, the 33FD microroutines.
If the required microroutine is not in control
storage when called, it will be loaded into the
transient area.

The area called nucleus functions contains
pointers, routines and subroutines such as
‘system reset/restart’, ‘save/restore registers’,
'SVC processors’, etc. '

CPU-10



Direct Area of Control Storage

The first 128 words of control storage function
are directly accessible locations within the
system. The contents of this direct area are
shown in the fixed control storage map.

Hex  High Low
Address Order Byte Order Byte
0000 Address of reset routine
0001
to Transient work space and
000D ) storage
000E
to Not used
0011
0012  Temporary work space for
microprogram interrupt
levels
0013  Interrupt level 0—PCR save Machine
check
counter
0014 Interrupt level O register save
0015  Address of machine check
log area
0016 Interrupt level 1—PCR save
0017  Interrupt level 2—PCR save
0018 Register save for interrupt
level 2 interrupt handler
0019 Register save for interrupt
level 2 interrupt handler
001A
to Reserved
001C
001D  Register save on main
program level
001E  Register save on main
program level
001F  Register save on main
program level
0020 Disk control flags Disk device
address
0021  Current head Not used
0022  Save area of data address
for physical retry
0023  Save area of log control Command
for alternate
sector
0024  Save area for subroutine
return
0025  Address of last disk
sector processed Unused
0026 Completion code Q-byte
0027 R-byte High byte
disk address

Hex

High

Address Order Byte

0028

0029
002A
002B
002C
002D
002E
002F
0030
0031

0032
0033
0034
0035

0036

0037
0038
0039

003A
003B
003C
003D
003E
O03F

0040

0041

0042
0043

0044

0045

0046

0047
0048

0049

004A
004B
to
004F

0050

0051

Low byte disk address

Storage address of data
Sense word 1

Sense word 2

Error byte

Priority byte

N-byte

Cylinder adaress

Head

Storage address control field
Address of main storage |10B
Read verify occurrences
Write data occurrences

Read data or scan
occurrences

Seek occurrences (nonzero
seeks only)

Disk current cylinder
Previous disk cylinder

Save area for Q- and R-bytes
for issued op code

N-byte

Cylinder address

Head

MAB save

Print data address register
Forms length

Work space
Status byte

Interrupt condition
Save area for WR3
between interrupts
Console/display 10B address
Status information

Constant record start
address

Cursor location limit
Constant cursor position
CRT buffer start address

Transient work space

Status information (used
as error count on IPL)
Physical cylinder

Low Hex
Order Byte Address
N-byte (sec- 0052

tor count -1)

0053
0054
Flag byte
0055
F-byte
0056
Sector
0057
0058
0059
005A
005B
F-byte 005C
Sector 005D
Current 005
print line
Character 005F
set size
Device
address 0060
0061
0062
KeYboard 0063
device
address
0064
0065
0066
Bit 6=1 for 0067
Katakana 0068
0069
006A
Logical
cylinder

High Low
Order Byte Order Byte

Address of control storage
transient area

Address of start of transient
status word table

Address of 1/0 device branch
table

Address of end of register
stack

Address of system interrupt
branch table

Address of control storage
interrupt branch table
Address of control storage
interrupt level status word
backup (CSILSWBK)
Address of control storage
interrupt level status word
(CSILSW)

Address of 0B save area in
direct area

Address of start of RIB
status word table

Address of program level
communication area

Address of disk error log

out area

Address of return from main
storage transient area
Address of loader parameter
list in system communication
area

Address of low order byte

of entry address in loader
parameter list

Address of queue zero header
Address of disk queue
header

Address of system transient
disk address table -3

Address of main storage
transient area

Address of main storage disk

10B for nucleus
Address of next trace log entry

Disk address of next push save
area

Disk address of end of push
save area

Address of current stack
entry

Address of next push stack
entry

Hex

Address

006B

006C

006D

006E

006F

0070

0071

0072

0073

0074
0075
0076
0077

0078

0079
007A
007B
007C

007D

007E

}

High Low
Order Byte Order Byte

Displacement of branch to
transient in the 1/0 device
branch table

Control storage interrupt
level status word
(CSILSW) interrupt mask
System interrupt level
status word (S3ILSW)
interrupt mask

Control storage interrupt
level status word backup
System interrupt level
status word backup
Nucleus job terminator
errors

Disk address of transient
currently in main storage

Interrupt
level
indicator

Miscellaneous system Miscellaneous

indicator bits system indi-
cator bits

Not

used

Index register 1

Index register 2

Main storage op code Main
storage
Q-byte

Instruction address register
Program status register
Address recall register
Address recall register for
decimal operations
Address of system op code
being executed
Control storage interrupt
level status word (CSILSW)
Bit 0

1 Keyboard (1/0 control)

2 Printer (1/0 control)

3 Disk 10S

4

5 Trace Instructions

6 Machine Check Logout

7 Inquiry

8 through 15 must be zero

Address Order Byte

High Low
Order Byte

System interrupt level status
word (S31LSW)
Bit 0
1 BSCA
2 Keyboard
3
4
5
6
7
8

through 15 must be zero
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CPU Clocks

System Clocks

The system has a free running 100 ns oscillator.
The rise of this oscillator causes TRA to change
state, while the fall of the oscillator causes
phase A to change state.

Four system clock triggers are decoded to
determine the T-times. These triggers change
state with the output of the AND of (not)
‘phase A’ and the oscillator.

TO T1 T2 T3
TRC

T4 T5

T6

TRD
TRE
TRF

When the current instruction is decoded, the
system determines if some of the T-times are
not needed and controls the gating of the
triggers to skip the unneeded T-times.

1/0 Clocks

Phase A (200 ns) PJO10

Start 1/0 Clocks
Clock F Decode

Stop 1/0 Clocks
System Reset

OR

OR

1/0 Clocks

The CPU supplies seven continuously running
clocks which are used by the 1/0 attachments.
These seven clocks can be stopped and started
for diagnostic testing. One clock is the 100 ns
free running internal oscillator and this oscillator
generates ‘phase A’ which in turn, generates the

other six clocks. The periods of these clocks are:

100 ns (generated by oscillator only)
1 us

4 us

1ms

512 us

131 ms

1s

These clocks are part of the timers sensed by
the 1/O immediate instruction.

Enable
1/0 Clocks

—®

1 us
Clock
1 us Clock
C Reg u
— D 2 us Clock
: Cnt to 16 (available in CPU
Reg but not sent to 1/0)
C 4 us Clock
- D

Reset Clock -

Reset 1/0 Clocks

—l—l /0 Clocks
Reg

PJ0O8O

1 ms Clock
512 us Clock
R 131 ms Clock
1s
PJO70

Storage Clocks

During micro instruction fetch time TO through
T2, TO time is used to establish the address in
control storage for the next instruction and to
place this address into the storage address register
(SAR). During T1 and T2, the storage address

is accessed for reading the data.

The storage clocks are also used during burst
mode operations. When an 1/0 device raises
‘block processor clock’, the CPU finishes what-
ever micro instruction it is processing and then

Storage Access Sequence

50ns 50ns

Osc

CPU-12

goes to the T7 state where it is held until ‘block
processor clock’ is dropped. The rise of ‘FD/RD
(IMPL) BC REQ’ while BPC is active generates
‘storage cycle request’ which in turn generates
T8; T8 is then used to establish the storage
address in the storage address register (SAR)
just as TO is used in the normal run mode
previously described. After the operation is
completed, ‘block processor clock’ is dropped
and the system clocks are allowed to run.

(not) Osc

Storage Function

PMO055

FL1

300 ns Trigger

(Read
Write Trigger
99 (Write)
150 ns Trigger
Storage Clock
PNO030
Storage Function
MOR 0-7 DCD
-
MOR 8-15
A Storage Function
PMO055
TO
T3 DCD
T4 B
T8




Service Request

Service request comes up whenever the operator
or CE requests service through the operator
control panel or the CE control panel.

Start
Pressed Latch

Op Start Key Pressed SFL

System Reset

System reset (PN060) occurs whenever the
RESET is pressed or power on reset is generated.
System reset also occurs when LOAD is pressed
initiating an IMPL sequence. Pressing LOAD
sets ‘IMPL pressed Ith’ which brings up

system reset. Releasing the load key completes
the set of the ‘IMPL cycle 1th’ which resets
‘IMPL pressed Ith’ and drops system reset.

Op Start Key Released

Status Function 1 .
Status Function O —

(not) T4-T6 OR
(not) Status Card —

Stop Key Pressed

Status Card 2 not Status Fn 0
T4-16 A

Sel

MOR Bits 12-15
S

System Reset

Stop Lth
FL

_L Stop Latch On
OR S

R

OR Stop Latch Reset

rPJOGO

Stop Latch
1/0 Service Request

Service Request

MS Addr Comp Stop Lth OR
Mode Sel Sw Bit 0 T

CPU-13
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Channel

The channel transfers data and commands between
the CPU, main and control storage, and all 1/0
devices. It also provides data buses and synchron-
izing controls to complete transfers between 1/0
attachments, CPU, and storage.

The channel has some lines that go directly

from the CPU to the 1/0 attachments and some
lines that go to a port.

{ Channel

Channel, as used in this system, refers to the
internal interface between the processor and
logic for control of I/O functions. The channel
contains a port through which part of this
control passes.

Channel Interfaces

The channel has three unique interfaces as follows:

1. Main and control storage through CPU data
flow.

2. CPU data flow and LSRs.
3.  Disk storage.

These interfaces provide all necessary controls to
support the following:

1. 1/O instructions.

2. Micro interrupts (two levels).
3. Disk.

4, Error logging.

5. Timing and control lines.

Main/Control Storage Through CPU Data Flow
Interface

The channel gates the data from the CPU to the
port and subsequently to the 1/O attachment.

Data to main/control storage from an 1/0 attach-
ment is latched in the port and transferred through
the CPU to storage. All storage addressing,

storage write control, and address updates are
controlled by the CPU.

The data path of the port is 1 byte wide (8

data bits and 1 parity bit). The port provides

all necessary controls to support I/O instructions,
micro interrupts, and burst mode.

CPU Data Flow and LSRs Interface

The CPU interfaces with the channel directly
when transferring data into or out of the CPU
LSRs. The CPU handles all CPU LSR selector
write controls directly from the I/O-instruction
fields. The channel gates data from the CPU
LSR to the port and subsequently to the attach-
ment.

Disk Storage Interface

The CPU and the channel have the storage
addressing, appropriate timings, and interlock con-
trols to support the disk drive. This interface is
internal to the CPU/channel/disk drive and is not
available to any other devices in the system except
during IMPL. The fast data transfer rates of the
disk make this restriction necessary.

CPU Channel

1/0 Devices

1/0 Clocks

System Reset

Power On Reset

IMPL Latch

IMPL Switch

CSY Trigger
T7

Port Card

System Bus Out

Port System Bus In M

Phase A E—
CSY Trigger

1/0 Instruction —_—
Machine Check Interrupt EEEE——
System Reset —————]
Lamp Test —
T4-T6 —

Interrupt Request to Run Lth<=—"—""
Advance Time -~
Storage Cycle Request E am—
Interrupt/CS LSR Decode -—

Bits 0, 1, 2

Interrupt Indicator e
Driver 0, 1, 2

Block Processor Clock -]

Port Check -

1/0 Service Request ]

Command Bus In Bit 4 -~

Command Bus In

Port Data Bus Out

—Port Data Bus In

——— Control Out
—Service Out
———Command Bus Out Bit 0
—————Command Bus Out Bit 1
——— Command Bus Out Bit 2

——— Strobe

= Transfer Error

~———CBI Bits 0-3 Zero

~———Service In

Multidevice Response

«————Command Bus In Bit 1
«——— Command Bus In Bit 4

l<——— Command Bus In Bit 5

Micro Interrupt Request
Tor2

—> Disk Strobe

— Disk Burst Mode

~————— Disk Block Processor Clock
«——— Disk/RD (IMPL) BC Req
Valid Port Command

CHAN-1
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Port Data Flow

System Bus Out Bits 8-15, P Data Buffer Bit P

Port Data Out

l
System |

I Bus Out l
| Data [Device |Modifying |
| Buffer | Address | Data PH |
| Data |
} I

I
| Command Bus I
| Port Device Out to I/0 |
l Register Address |
| 0 4 |
l I 1/0 Load Data Buffer
: I Attachment Strobe LSR Data OR A

: I ~ Gate 1/0 Bus Data
l Port l Buffer
| Checks | NH A
| Register I l g; Reg
| P Gen G3 Data Buffer, 0-7
P Pass I Port Data In 0-7, P ol1 0

| Port SBI P Check | , : ;

|

N =

Data to Data Buffer and Port Register
Strobe SDR Hi Data

CBI 1 Int - .
Stg Strobe Tgr A

Disk Xfer Time | |
(not) CSY Powered [W— N '\

Command Bus Out Bit 0
(not) Command Bus Out Bit 2 A
C13 ' Load Data Buffer
Port Reg Instr Load Pulse o OR

Command Bus Out Bit 2 PH110
C12 A

N -

W= W= W=

(not) CBI Bit 1
Base Cycle Steal Latch A

N = W =

Port
Register

Multidevice Command A Clock Port Reg

1DCD1
Select CBO ‘
Load Port Reg Instr 2 3
co6 A Clock Port Reg ‘ CBO Bit 0
(not) Port Checks | OR CBO Bit 1
| — N PH090 CBO Bit 2

G1
G3
11 04 Port Register Bits 0-4

5-7 Port Register Bits 5-7

3
3
Select CBO °




Port Parity

System
| Bus Out

Data |p | Device Modifvi ]
ying
.| Address
Buffer |Bit Data Data
Port )
CPU Register Device
Address
0 4

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
r
I

PG = Parity Generate
PC = Parity Check

The port normally operates in odd parity mode.
For diagnostic purposes, the port (through an
1/0 control load) can be set to operate in even
parity. In this case, data received from the CPU
or /0 device is expected to have even parity.
Because the CPU operates with odd parity, the
port creates a CPU check when sending data to
the CPU in the even mode of operation. System
reset sets the port to odd paritv (PH140).

PH
(3)

[ of 1] 2]cBo

DBl Zero

Command Bus
Out to I/O

Port
Checks
Register

1/0 Attachment
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Port Clocks

The port clocks generate the interface timings
between the CPU and the 1/O attachments. The
port clocks run only for 1/0 instructions, other-

wise, they are all reset. When the CPU decodes Generation of Port Clocks
an 1/0 instruction, it raises ‘1/0 instruction’
during' T3; this line stays active through the 34567 8 910111213
end of T6. ‘I/0 instruction’ causes the CPU TGRX1 Y|N|Y|Y|N|[NIN|Y|Y|N
clocks to extend T3 and simultaneously gates TGRX2 Y|Y Y[N|Y
the port clock triggers, which are clocked by the TGRX4 YIY[YININ[ [JYIN] [N
shift of ‘phase A’ , . TGRXS8 Y{Y|[N|N N|N
’ C1X Lth YIN| |Y]Y]Y|Y[N|N|N|N
| C02
Y =0On C12
N = Off C13
Blank = Don’t Care C17
Timeout Clock
COF
C18
Generation of Triggers ] - Phase A ] Strobe SDR Hi Data
. A 4 A
1/0 Instruction .
T3 Lth
TGRX8 : : ' :
TGRX2 T OR Jt A Strobe LSR Data
| A !
N
] OR
N | (not) Exit Loop 2 Lth A Co6
(not) Exit Loop 2 Lth A CD FL TGRX1
(not) Exit Loop 1 Lth ? ' c t OR
TS Base Cycle Steal Lth
R
C16
TGRX4 onl oo FL TGRX2 (not) Exit Loop 1 Lth A
TGRX1
—1fC
R A Strobe SDR Lo Data
. T3 Lth
TGRX4 T_
- A CD FL TGRX1 Port Bus
Tehx2 +Hc TGRX2 —| OR .
C1X Lth [
R
- _ N PH060
(not) Valid Port Command A
TGRX1 . TGRX8
T N , OR cD FL
Jul |
TGRX4 A ¢
(not) Phase A Powered R
Reset Port Clocks

PHO50



During the first three 200 ns increments of the
extended T3 times, SDR low, SDR high, and the
selected LSR low contents are gated to the port
card . During the succeeding T3 times, port
0 gates the device address out on the DBO lines

ﬂ , raises ‘control out’ {8, and sends a strobe
line (‘strobe’) out to the device attachment.
When ‘control out’ is raised, the port clocks loop
sending out strobe pulses (C07, COF, COE, C06,
C07, etc) while waiting for the 1/0 device to
respond (or until a timeout occurs).

When the device responds, it places data on DBI E

(or indicates it is ready for data) and raises
‘service in’ ; the rise of ‘service in’ (or a
timeout) advances the port clocks and the

port raises ‘advance time’ to signal the CPU
clocks to advance to T4. The system clock
continues to advance normally to T6.

A similar situation occurs during T6. The port
sends ‘service out’ , which indicates either:
data is ready to be sent, or data was received.

‘Strobe’ is again sent for the 1/0 device to
use. The port clocks loop with ‘service out’
active and strobe pulses continue to be gener-
ated while the port waits for the 1/0O device to
respond (or a timeout to occur). The I/0
device responds by taking the data off the DBI
line (or if data was sent to the CPU, turning
off DBI) and turning off ‘service in’ n . The
port responds to advancing the port clocks

to turn off ‘service out’ and then raises
‘advance time’ causing the CPU clocks to
run again to TO.

T Times PMO15 11| T2 (13 |T3A[r38| T3 |EX |- <~—--F Ta|T5 |T6| T6 [Ext |- |- To|T1 [T2| 13| T4 TGRX4
C Times PH060 coo|coo|coo|cos|coslcoz [cor|coelcos|cor[corlcoe|cos|cizlc 10l c1g lciglc1s|cizlcircie|cis]c17lc1F|c el c16|coz|coolcoo|coolcoo|coo Port Instruction A
1/ Instruction PM045 Set Invalid Port Chk
TGR X1 PH050 c12 OR
TGR X2 PH050
TGR X4 PHO50 C02
TGR X8 PHO50 ‘ H { Phase A Alls FL -
C1X Latch PHO10 § ¢ Advance Time
Advance Time PHO10 () ( *?
Clock SAR PLO10 § ? n $ 4 n . (not) 1/0 Instruction
Storage Cycle PNO30 —— (( _ OR R
$BO to Chan . - — C18
SDR SDR LSR LSR r
DBO PH090 Lo -Hi % evice ress ISAR Do PHO10
Control Out PH040 | ((
) )
Strobe PH040 D To
DBI PAO10 (not) 1/0 Instruction
Service In PA020 ) (not) Cycle Steal Latch A
Service Out PH040 (¢ | Reset Port Clocks -
{ z C06 OR -
Check DBI 0 PAO10 ((
) z { ) Phase A A
;X'lt A:°°.p 1:" PHOT0 )) (not) Any Port Instruction —
ultidevice Response
PA020 (( _ 1/0 Instruction
Exit Loop 2 Lth PHO10 7{ () <) PH020
(not) Advance Time
Phase A
—d
Tie Up o A A
(not) Port Busy [ OR
Not Used A S FL T3 Lth
1/0 Instruction
TGRX1
R
System Reset OR
Service In o PHO020
Multidevice Response A
(not) Multidevice Command OR OR
Blast Condition I
Phase A I A S FL
Cco6 [ . Exit Loop 1 Lth
Cc18
R
(not) Port Busy OR
U N T S R Exit Loop 2 Lth
C16
R
System Reset OR
C1
S FL X Lth
ORHMR
PHO10
CHAN-5
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Blast Condition (PH090) Blast Condition Due to Timeout Check ~ Blast Condition Due to Invalid Device Assigned
Blast condition causes all 1/0 devices to resetand T Times T6 |Ext ———I——-]——-I--- —-—|--—|{T0 | TV | T2 | (, ITSAI T33|T3E| T4J T Times T3E|———|-——|——=|——|———|——-|[ T4 | T5|T6 | TO | , |T3A|[T3B|T3E| T4
the CPU to branch to the machine check interrupt TGR X1 7 1)’ § i ))
routine. After dropping ‘service out' the port N . ) S C Times COF| COE | C06| €07 | COF | COE| €06 C02 | C00 | €00 | CO0| C00|  { | C09| CO3| CO7 | COF
checks to be certain DBI, CBI, ‘service in’ and ] : (’ S Port Instruction - () <J
‘multidevice response’ are all shut off. If any of TGR x4 - )Y R X1 ——— (
these is not zero, the port causes a blast condition TGR X8 { 3-_— § G - )
by raising ‘service out’ and ‘control out’ C1X Latch () () at S TGR X2 () ()
simulanteously. . -
Yy Timeout Cntr Clock o () (} J) S TGR X4 (} ()
et . . i ( ( ——
A blast condition is also generated if the 1/0 Timeout Count - )) ) S TGR X8 () Hi
device addressed does not respond within 5.4 us Control Out ——- C1X Latch ((
after ‘control out’ and “service out’. Service Out T T 1)
R i (¢
Strobe ,' Exit Loop 1 Lth )Y
Service In (or not multidev o i Timeout Counter % S
res) Control Out T
1/0 Timeout Check Lth - .
Invalid Device Assgn Lth Blast Conditi Blast Condition - Service Out -
ast Condition
DBI/C_)BI Not Zero Chk OR Machine Check Interrupt | _ Strobe
1/0 Timeout Chk ——= Service |
1/01 i
PHO90 /0 Instruction ervice In
Advance Time _— Reset Port Errors

Reset Port Error R

Inv Dev Assign Lth

Port Addr Zero

(port instruction) _— 1/0 Instruction

Timeout Clock

Blast Condition Due to DBI Not Zero Phase A
Advance Time

T Times T6E -=-|TO | T1|T2 |73 |T4|T5 |T6 |-——|4——| T2 | T3 |T3A] T33|T3El T4 l Blast Condition
TGR X1 __ !

- 1) Machine Check Irpt
TGR X2
TGR X4 T §§
TGR X8 —— (¢ -_ *If ‘service in’ becomes active in this area, the blast

o J condition will continue.
C1X Latch (( (

) ) )

Control Out ._..S
Service Out __S
Check DBI 0 || (

—~ O~

1/0 Instruction

Port Instruction

Advance Time | |

DBI Zero ]

N 2N 2N

Chan Phase A-C02

2N

I

|

1
-~ NN 7T T H

DBI/CBI Not Zero Lth

Blast Condition

\L\lv\\_,«
o~ e o e e e e o e e

Machine Check Interrupt |

Reset Port Error |

<~

*1f DBI is not zero, the CPU loops in the machine check
interrupt routine until a 7-second timeout occurs, which |
causes a processor check.




‘Controls

Control Out: rise indicates the data on ‘port
data out’ and ‘command bus out’ is valid and
can be sampled.

‘Control out’ together with ‘service out’ indicates
a blast condition.

Service Out

Data to Port: tells adapter that port is finished
with data and transfer can be terminated; ‘service
in’ and input data can be dropped.

Data from Port: tells adapter that ‘port data out’
contains valid data and can now be sampled. When
the 1/0 device drops ‘service in’, ‘port data out’
should no longer be sampled.

Control Lines

Strobe: comes up 200 ns after ‘control out/
service out’ and pulses with a period of 800 ns
with an on duration of 400 ns until the rise or
fall of ‘service in‘, Stops with rise or fall of
‘service in’ guaranteeing a full pulse width upon

completion. Use of the pulse is device dependent.

If the device uses the line to generate ‘service in’,
system operates in a synchronous manner,

The 1/0 devices use ‘strobe’ to generate
appropriate data strobes and timing for loading
information from the port and providing
required timing to ‘CBl/port data bus in’
before the rise or fall of ‘service in’.

Data on ‘port data out’ and CBO remains valid
from the trailing edge of the last ‘strobe’ for
100 ns. This allows the last strobe to be used
for clocking.

Command Bus Out: CBO is valid at the interface
from the rise of ‘control out’ until the fall of
‘service out’ at the port interface. CBO, together
with ‘control out’, indicates what data is on ‘port
data out’. The addressed attachment responds
by raising ‘service in’ with the appropriate infor-
mation gated on ‘port data in’ and ‘command
bus in’.

CBO bits are defined as follows:

Unused

Sense interrupt status
Interrupt/burst mode response
Branch

Load

Sense

Control load

Control sense

-_ e - - 0000 ©

-_ - O 0O = =00 =
-0 -=-0-~0-=0 DN

Cycle Steal Latch
(not) Port Instruction OR
Any Port Instruction A CBO Bits /O cBO
—i PH
TGR4 o System Bus Out Bit 8
C1X Latch \ 4 N ] 5 System Bus Out Bit 11 N CD PH
(not) Exit Loop 2 Latch | oR Control Out Y A . N CBO 0
Blast Condition Strobe SDR Hi Data ‘ [ "
(not) Port Busy |—
(not) Cycle Steal Latch
OR Service Out (not) Multidevice Command
| CD PH ¢8O
(not) Exit Loop 1 Latch A Strobe SDR Lo Data o e
R
A Strobe Cycle Steal Latch
TGRXS8 ®
Strobe LSR Data A
PHO040
[.(-)—and 1 ] 0
Data Buffer 0-7 and2and 3] 1 D
2| A A
3 ¢ PHE A Any Port Instruction L S CBO 2
Strobe LSR Data ‘ - E ‘ | System Bus Out Bit 9 80 PH
: T2 and 13 c N |— A Select CBO
System Bus Out 12-15| and T4 and 15 A D PH
’ , or|R
(not) Port Busy J_ Port Instruction
PHO30
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1/O Instructions

The three micro instructions that communicate
with the CPU, port, and the 1/0 attachments are:

— 1/0 Storage
— 1/0 Immediate
— 1/0 Branch

During execution of the 1/0 command, the CPU
selects WRO(L) and sends its contents to the
channel and thus to the port. The format of

WRO(L) is: 0 3 4 7
Device Address
Port 0 0
Keyboard 1 0
Display Screen 4 0
MCU/MCR/Data Recorder 5 0
BSCA/SDLC 8 0
Disk Drive A 0
33FD D 0
Printer E 0

The port links the instruction modifier field
(bits 4-7 of the |/O instruction) onto the device
address and transfers this information over the
port interface to the appropriate attachment.

The port register stores the last CBO and device
address issued by the port. This information

is not destroyed after an error is detected and
therefore can be sampled by the machine check
interrupt routine to determine what device caused
the check.

The port register is also used to read data from
the LSRs or write data into the LSRs. When
used in this manner, previous information about
the device address and CBO is destroyed.

The CPU operates with odd parity; the port, how-
ever, can be set to either even or odd parity.

The attachments use ‘CBI bit 4 for the following:

— Show that the condition tested by 1/O branch
on condition is met and that the CPU should
take the branch.

— Signify invalid parity on DBO.

— Indicate to the CPU when to address control
storage during a storage operation.

‘Transfer error’ is brought up from the CPU to
show 1/0 branch echo met, that is, the CPU
received CBI bit 4 correctly and the branch will
be taken. - This line is also used to indicate that -
invalid parity was detected during an 1/0
operation. i ‘

The following 1/0-immediate micro instructions

are directed at the channel:

B 6 4 Reg - Sense port register

B 1 4 Reg Sense portcheck byte
B 08X Disable 33FD timeout
B 18 X Load port register -

B 2 8X Reset port errors
B 38X Enable 33FD timeout
B 58X Set port odd parity

B 6

8 X Set port even parity -

CBI Bit 4

BPC AT OR CBI Bit 4 Gated
' CBI Bit 4 Latched
c12 A S FL

(not) Port Busy

System Reset

Port Data Flow

System-

PHO40

Port
from 1/0

Bus Out
Device P
ga:a Address lI\)/Iodlfyung
uffer Data ata
DBI Zero
0[{1/2] CBO
Command Bus
~ Port Device Out to 1/0
" Register Address
0
SBI

to 1/0
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Disk Drive Support

The system has a burst mode data transfer
capability to support the high data rate of the
disk drive. :

The disk attachment raises ‘FD block processor
clock’ (BPC) which forces the CPU to T7. (If the
CPU is executing an instruction, T7 does not be-
become active until the instruction is completed.)

‘Command bus in’ must be correctly set at T7
time. CBI controls selection of the LSRs which
contain the address of the storage location;

CBI bit 1 also controls the direction of data
transfer. CBI bits also identify whether the data
is to go into main or control storage, and controls
incrementing of the storage addresses. Control
storage locations are 2 bytes wide and main
storage locations are 1 byte wide.

CBI Bit Description

2345

Burst mode sense—no increment
Burst mode load—no increment
Burst mode sense—increment
Burst mode load—increment
Burst mode LSR select O
Burst mode LSR select 1
Burst mode LSR select 2
Burst mode LSR select 3

0 Main storage

1 Control storage

1 Port data bus out parity check

- =00 ©
—_ O = O =

-~ =a0O0
-0 =0

When T7 and ‘FD burst mode’ come up, the disk
attachment raises ‘FD burst cycle request’ and
loads the first byte of data onto DBI. The burst
cycle request is granted and the rise of ‘CSY
trigger’ gates the data into the data buffer. This
data is gated onto ‘system bus in‘ and from there
into the storage address indicated by SAR. Each
time ‘burst cycle request’ is raised, a byte of data
is transferred. If ‘FD burst cycle request’ is kept
active, the CPU continues to take storage cycles
at the maximum data transfer rate.

During data transfers to disk, ‘FD strobe’ clocks
the data from the port data buffer into the data
buffer in the disk attachment. The disk attach-
ment then writes the data on the disk.

Disk Drive Support Timing

CPU Cycles || ]
62GV BPC - |

62GV Burst Mode Request _— —

62GV/RD BCR /72 NN |

CSY Trigger [ : | ||

cBl | | IR
Data In | | B

Data Out Valid to 62GV ——— I I

Disk Drive Support Lines

Cycle Steal Latch

T7

62GV BPC

62GV Burst Mode 0

System Reset

7

Block Processor Clock

62GV Strobe

Disk Transfer Time

OR
R
OR
Phase A
CS Request A A
(not) Machine Check Interrupt
PH100
) FF
CSY Trigger . cb
& C A
R
N
Stg Strobe Trigger
d i
| yaly
A BR
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Port Checks

Port associated errors are logged in main storage
by the machine check interrupt routine. Retry
of the instruction that caused an error condition
is executed whenever possible.

Intermittent device errors are cleared by the port
blast command. The devices are informed when

a transfer error has occurred. This information is
stored in the device sense byte. Error conditions
detected by the device (for example, invalid com-
mand) are also included in sense byte information.

MC Interrupt
CBI Bit 4 Lth OR
(not) CBO Bit 0

CBO Bit 1
CBO Bit 2

=il

Transfer Error: Indicates to the adapter that
invalid parity was detected in port or in the CPU.

Transfer error is also used to indicate |/O branch
met echo that tells the adapter that the port
received the 1/0 branch met (CBI bit 4) and the
branch will be taken by the CPU. This enables
testing of asynchronous 1/0O device conditions
with the 1/0 branch instruction and does not
require the adapter to latch this line prior to
raising ‘service in’.

Transfer Error

OR

‘Machine Check Interrupt Lth

Port Data In 0-7
OR
(not) CBI Bits 0-3 Zero
Command Bus In Bit 4
Multidevice Response OR

Service In

Command Bus In Bit 5 l
' [

co2 A

S FL ‘ DBI/CBI Not Zero Chk

CBOO \e

CBO 1 s

(not) CBO 2 a

Port Instruction G DCD

COF
System Bus Out Bit 12,

System Bus Out Bit 13

System Bus Out Bit 14

System Bus Out Bit 15

15, 14, 13, 12 Enable 33FD Timeout

S

15, 14, 13, 12

OR R

15, 14,73, 12J|-‘

Reset Port Checks

~10

OR

System Reset
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Timeout Conditions: |f the device addressed
is not on the system or port data out contains
bad parity, none of the devices answer the
‘control out’ sequence. Port times out under
these conditions. At the completion of the
timeout sequence, the timeout condition is
posted in the port status registers. . A blast

is sent from the port and clears all inbound
data and control lines from the /O adapters
and causes a machine check interrupt.

If the device addressed initially responds with
‘service in’ but fails to drop ‘service in’ within
a predetermined time after receiving ‘service
out’, the port times out. This condition is
posted in the port status register and the port
creates a blast condition, which clears all in-
bound data and control lines and causes a
machine check interrupt.

Ci6

(not) Port Busy

Reset Port Checks

C12

Timeout Clock

Timeout Counter ]

—

OR

+1 Reg A

R

Enable 33FD Timeout

Divide by

8 Counter
C FF
R

PHO80

OR

COF

PHO80

Cycle Steal Latch

Disk Xfer Time

Machine Check Interrupt Latch

OR

1/0 Timeout Check

Invalid Device Assgn

Cycle Steal Check

Tie Up

Set Invalid Port Check

1/0 Instruction

(not) Any Port Instruction

Invalid Port Latch

A FL
i s
- R
S FF
cD
C
S FL
R

PHO080
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LSR Selection

Interrupt/CS LSR decodes 0, 1, 2 are used to con-
trol LSR selection bits 0, 1, 2 during instruction
and burst mode processing. These lines allow
selection of one of the four groups of registers
dedicated to micro interrupts and burst mode.

The ‘interrupt/CS indicator drivers’ are used to dis-
play the active interrupt as the system is running.

‘Interrupt request to run latch’ is used to take the
CPU out of the ‘wait’ state (created by the processor
wait instructions) whenever a micro interrupt request
is detected by port,

Phase A
T7
OR
Enable Interrupts A
Micro Interrupt Req 1
CD PH
System Reset g
Micro Interrupt Req 2
CD PH
—1C
o | R
T3 OR
Phase A
'—.
CSY Trigger
OR
BPC L
S FL
Reset Port Chks =
R
7 I NHOR
Service Out
62GV Burst Mode N Int/CS LSR Decode 0
Int/CS LSR Decode 1
Y —or
Int/CS LSR Decode 2
N | A
L Interrupt Req to Run Lth
OR |-&—
¢
Machine Check Interrupt
chin ec p ° Int/CS Ind Drive O
Lamp Test OR
Int/CS Ind Drive 1
¢ OR
Int/CS Ind Drive 2
OR

To ulRPT-1
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Micro Interrupts

The channel has three levels of micro interrupts;

the priority is set by hardware. Interrupt level

0 has the highest priority. All 1/0O devices that

require processing generate a micro interrupt

to the system. The system receives the interrupt

through the port. The interrupt levels and the

devices on each are:

Interrupt Level Description

Machine check

Disk drive

Keyboard, BSCA, Printer

MCU, Magnetic character
reader or Data Recorder
(optional features)

WN -0

If none of the above interrupt levels are active,
micro instructions are processed from the main
level MAR.

Each interrupt level has a unique set of registers
in their LSR stack; machine check interrupt
and the main level microroutines use the same
set of registers. Each set of LSRs consists of:

Eight 16-bit work registers (WRs)
One MAR
One MAB

Having a unique set of registers for each
interrupt level means that no data loss occurs
when a higher level interrupts a lower level.
After the higher level is reset, the micropro-
gram returns to the lower level taking the
data out of the registers.

The entire system uses the same processor con-
dition register, therefore, the PCR must be saved
when entering the interrupt routine, and then
restored when leaving the interrupt routine.

This save/restore process assures that the contents
of PCR are correctly associated with the level of
processing. (If the micro interrupt routine does
not alter the PCR, then the save/restore is not
necessary.)

Micro Interrupt
0

(Machine Check)

Also used by

[Main Program Level

When the port senses the micro interrupt, either LSR Stack
complete service may be initiated, or service
may be posted until the system can conveniently
handle the request without affecting system
throughput. Therefore, microprocessing of
interrupts can be grouped into two classes:
1. Immediate Action: Any device or system
condition that requires attention because
of critical response times is handled
immediately. The microroutine services
the request until it is complete or to a
point that the critical response is com-
plete and service can be continued at a
time when system facilities become avail- i
able. Examples of this class of microprograms :\_n:v':,
are r.nachme check and disk interrupt Lovel 0
routines.
From
2. Delayed Action: After servicing the interrupt, ?24 AN- E Level 1

the microprogram determines that complete
service can be temporarily postponed because
of noncritical response time for the device;
that is, the device is probably unable to

cause another request during the time that

it takes to execute a system instruction.
Therefore, the interrupt request is posted

and service is delayed until the completion
of the current system instruction.

Level 2

Micro Interrupt
1
(Disk Drive)

Micro Interrupt
2

(Keyboard, BSCA,

Printer)

Micro
Interrupt
3
(optional
features)

[1 117

Register

Hex
Address

Work Registers

WRO
WR1
WR2
WR3
WR4
WR5
WRé
WR7

00
01
02
03
04
05
06
07

Address Registers

MAR (ML)
MAB (ML)
MAR (0)
MAB (0)
MAR (1)
MAB (1)
MAR (2)
MAB (2)

08
09
0A
0B
ocC
oD
OE
OF

Work Registers

WRO
WR1
WR2
WR3
WR4
WR5
WR6
WR7

Work Registers

WRO 18
WR1 19
WR2 1A
WR3 1B
WR4 1C
WR5 1D
WR6 1E
WR7 1F
Work Registers
WRO 20
WR1 21
WR2 22
WR3 23
WR4 224
WR5 25
WR6 26
WR7 27

Address Registers

[

MAR (3)
MAB (3)

28

29

Level 0—Machine Check Interrupt

Machine check interrupt occurs whenever one
of the following is detected:

— A parity check (SDR, SAR, STG gate, MOR,
or ALU gate),

— An invalid address (main or control storage),

— A port check, or

A micro instruction loop timeout.

MCI brings up ‘machine check interrupt’ from
the CPU to the port which stops all I/O functions.

A machine check interrupt has priority over all
other interrupts. The work registers (WRs) used
by the MCI are the same ones used by the main
program level (LSRs 0-7).

The machine check interrupt routine places the
following information in control storage and
then logs this information on one sector of the
disk.

WRO Main Level

Port Check Byte/Port Register

CPU Error Byte/Console Status Byte
MAR Interrupt Level 1

MAR Interrupt Level 2

MAR Interrupt Level 3

MAB Main Program Level

MAR Main Progam Level
Instruction located at MAR-1

Date

The four most current errors are stored on the
four sectors reserved for this purpose.

This information is taken from control storage

and logged on the disk at the time retry

occurs. By having this information in control
storage, it can be displayed if the disk drive is not
working.

After the error information is logged on the disk,
the machine check interrupt routine retries the
current operation at the system level whenever
possible,

The machine check interrupt causes a program
check when the interrupt is caused by an invalid
main storage address. The machine check interrupt
routine provides this information to the system
control program when program checks are

handled.
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Levels 1, 2, and 3-Disk Drive, Printer
Keyboard, BSCA/SDLC, and Mag Card
Unit, Magnetic Character Reader, or
Data Recorder

Level 1 is dedicated to the disk drive. The
micro interrupt request is normally processed
as an immediate interrupt. (See Disk Drive
Support for further description of burst mode.)

On level 2, the devices have noncritical response
times compared to system instruction execution
times. Thus, processing of the conditions which
initiated the micro interrupt are delayed until
the completion of the current system instruction.

When a micro interrupt occurs on level 2, the
micro interrupt routine first does a multidevice
sense interrupt status command. Each device
has a preassigned bit on the data bus in; this bit
is activated by the interrupting device during
the multidevice sense interrupt command. The
microroutine branches to a posting routine be-
cause no level 2 device requires immediate
attention.

On level 3, the devices have response times that
require immediate processing. Thus, the conditions
that cause a level 3 interrupt must be serviced on
that interrupt level.

Since the devices that are on level 3 (Mag Card
Unit or Data Recorder) are mutually exclusive, a
sense interrupt level status byte is not required
to determine which device caused the interrupt.

The micro interrupt routine for levels 1 and 2
performs the following functions:

1.  Stores PCR

2. Initializes PCR

3. Interrupts service routine
4. Restores PCR

5. Resets micro interrupt

The micro interrupt routine for level 3 performs
the following functions:

1. Stores PCR [WR1 (H) is dedicated on
level 3]

2. Tests for the proper code in the transient
area

3. Branches to the transient area entry address
4, Restores the PCR

5. Resets micro interrupt

A device initiates an interrupt by raising micro
interrupt request through its adapter whenever
that device requires program interaction.

The lines ‘interrupt/burst mode LSR decode

0, 1, 2' control LSR selection bits 0, 1, and 2
during instruction processing. These lines select
one of the four groups of registers dedicated to
micro interrupts.

The ‘interrupt indicator drivers’ display the
active interrupt level to the operator as the
system is running.

The interrupt levels are sampled during T3 times.
The interrupt request signal to the CPU is
inhibited when the CE mode switch is not
turned to PROCESS.

Posting Interrupt Requests

In the fixed area of control storage, two
reserved locations are used as posting words
as follows:

Location 007E

Control storage interrupt level status word (CSILSW)
Bit 0 Transient |/O Features

Keyboard (1/0 control)

Printer (1/0 control)

Disk 10S (1/0 control)

Trace instructions
Machine check logout
Inquiry

through 15—Must be zero

ONOOOTHAWN-—

Location 007F
System interrupt level status word (S31LSW)
Bit O

1 Keyboard
2 BSCA/SDLC

3
4
5
6
7
8

through 15—Must be zero

A posting routine is executed as part of a micro
interrupt routine, an SCP routine, or as part of

a system |/O instruction; the routine consists of
setting the appropriate bit to a one in either of the
above two words.

The posted requests in the 1/0 device post locations
are serviced between system instructions, and the
system interrupt level status words posted requests
are serviced after the I/O device post requests are
complete. That is, the I/0O post requests have
priority over the system status words.

If a system interrupt is already in process, it must
be completed before another system interrupt can
be started. The only exception is program check
which can interrupt a system interrupt routine.

Interrupt Interface

At the completion of a system instruction, the
microroutine tests the service request flag. If
it is found on, the microprogram branches to
the 1/0 post routine and any posted bits are
serviced until the 1/0 post word becomes zero.

The microprogram then tests the console functions
(SYS INSN STEP, START, STOP) to determine

if any of these functions caused the service request
flag to come on. If STOP has been pressed, the
system branches to the microstop loop. This

loop allows micro interrupts to occur and {/0O

post word routines to be operational.

If none of the console functions was invoked,
the microprogram continues and determines if
the SCP is already servicing system interrupts.

If they are being processed, INTBUSY bit at
SINTLVL (location 0072 of direct area of con-
trol storage) will be a one. If this bit is zero, the
system interrupt level status word is tested for
any bit on. If found, a branch and link SCP
interrupt is executed and control is passed to the
SCP interrupt handler.

The SCP interrupt handler examines the S3ILSW
to determine priorities if more than one bit is
on. |t then sets INTBUSY at location $INTLVL
to a one to signal the system interrupt test
routine to continue with main level processing.
When the SCP examines the S3ILSW for a bit,

it includes the following instruction steps:

1. Mask micro interrupts.
2. Test for S3ILSW bit on.

3. Reset bit and restore S3ILSW to control
storage.

4, Unmask micro interrupts.

The SCP also includes instructions to save the
main level system registers (IAR, PSR, XR1,
XR2, ARR) in the control storage and replace
them with the contents of the interrupt level
system registers that are to be used when pro-
cessing the detected interrupt.

When all system interrupts are processed, the
main level system registers are restored, the

flag bit at location $INTLVL should be set to
zero, and a return instruction executed. The
return instruction causes the main level program
to continue at the system instruction that was
being executed before the system interrupt was
taken.
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Micro Instructions

Timing of CPU Functions Specific CPU Data Path

The System/32 microprogram has the following The 19 micro instructions are:

functions: ‘ o Ui
Branch To|T1|T2 (T3 | T4 |T5| T6 : - ACE |
— Read, decode, and operate on system Branch and Link | o ’ I—’“L_“Dr— wonouior T | smsmonioe | .
instructions and data located in main Branch On Condition Select Storage Gate High/Low | o ‘ : A
storage. 1/0 Branch On Condition (from LSR high/low) PL0O30 :
— Handle 1/0 operations for the system I/0O Storage E
attachments, Storage Select LSR (MAR) PL040 !—- —_ Instruction ] i
— Handle console operations. Test Mask | |
— Perform diagnostic operations. Logfcal/ Ar!thmet!c 1 Clock X Low, X High, SARPLO10 |l Time e !
— Perform some SCP functions. Logical/Arithmetic 2 T !
|
Set Off Clock Storage Gate Check PLO30 _t I (I { I —>L !
The microprogram is composed of microroutines, Set 0”. !
each of which performs a specific function in Immedlate‘ Storage Cycle PNO30 {
the system operation. The execution of each I/0 Immediate ) } :D{ ﬂ }
function requires many steps in the microroutine. Compare Immediate Card Select PN020 oy sut o en :
These steps are micro instructions that are read Subtract Immediate a2 1o ]{
out and executed in a particular sequence. To Storage Direct CSX Time PN0O20 oo | |
change the execution sequence, a branch and link Move Local Storage Register prorm— T E
instruction stores a link address in a backup regis- Hex Branch CSY Trig PN0O30 . !
ter. This is the address of the next micro instruc- Hex Move ==
tion that would have been executed had the branch Write Trigger PN0O30 '
and link function not occurred.
Clock SAR Check PNO10 F1——
Each micro instruction is a bit-significant word ) )
(16 bits) that represent a machine instruction. Micro Instruction Fetch Clock Invalid Control Storage 4 ——
This instruction has specific fields defined for . Check PN040
controlling data flow of the system. A zone digit During micro instruction fetch, the storage gates
is the hex value represented in the high 4 bits are selected from the L.SR MAR. This data‘ s Clock SDR/MOR PMO010 |
of a byte (bits 0-3). A numeric digit is the hex clocked into SAR anfi into the ALU. The ‘carry
value represented in the low 4 bits of a byte in’ line comes up which adds one to the data Clock SDR Check (write trigger) d i i d (I
(bits 4-7). going through the ALU (address from MAR). PLO20
) Thus the data gated through the ALU and back
System/32 has 19 micro instructions. Bits 0, into the LSR is the new address for the next ALU High/Low Plus Carry (force |
1, 2, 3, (and sometimes bits 8 and 12) of the fetch. low) PLOGO
instruction identify the type of instruction. The ] ] . .
significance of the remaining bits is unique to Micro instructions are exef:uted in two phases, a ALU Gate High/Low (from ALU | _H
the instruction. fetch phase and an execution phase. high/low) PLOS0
Write LSR High/Low PM070 [ |
Clock ALU Gate Check PM070 | Aobd
—?means that check is done at that time. . L
T0-T2 AND OR |
__2means line is up but not used. Carry In
(not) IMPL Cycle
PMO50 f
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Microlisting

Microroutine

Module
Name
Name
Microroutines are printed out on a micro-
.. . . 1B8MY5320 CONTROL PROZRAM S$SMP1-17 PART NO. 2547056 EC NO. 825410 DATE 30DEC74  PAGE
listing. The fields are explained here: $MP1  MPCARR®2 —— MATRIX PRINTER MICROCODE
/ Loc o08BJ STMT SOURCE STATEMENT COPYRIGHT IBM CORP 1974
Module Names /
/ 3151 tt**#*#**t*t*##*‘##*#t#t*##*####*#‘*#***####t##t#t#*ttt*t*t#t#t‘#*#*'**
. / 3152 * ENTRY POINT IF R BYTE OF 1 SHOULD BE FORCED
Name Funcnon / 3153 ***t*t***t**t*****#t**t**#t#t###tt#‘t**#*#*t*#*#####***t*tt#t#*tt**###*
0738 3154 PTCARRS1 EQU
$AD A / 0738 Acot glgg * Xrosseis * ;*:3355 R:?.IE Ioti## AEKEEREKERRKKERK
i i 1 A 3k e e ok ok 4 ok ok o ok ok ok K ok ok ok ok kK R kK KK Rk Kk X% L 2 2 3 * * * *
1 neﬁuwphytm"“enf / 3157 * MAIN ENTRY POINT, INCLUDING INITIALIZATION OF PARAMETERS AND '#
SALT Alternate sector transient 3158 % DETERMINATION OF THE REQUESTED OPERATION.
$EOJ E d-of-i b . / 3159 ***##**#****#t*#********t#t#‘**###t*****tt*#**#‘##**#***#t**t**t***tt**
nd-of-job transient 0739 3160 PTCARR®® EQU  *
$111 33FD transient / 0739 A748 3161 LI WR7(L).X*487 ASSUME DISABLE EOF SWITCH
- ne 073A 9820 3162 SBN  WRO (H) ,PTCGACTV SET CARRIAGE BUSY AND INTRPT REQ
$MP1 Matrix printer - e— . . 0738 C600 3163 cy WR6(L) .0 CARRIAGE MOVEMENT SPECIFIED?
073C 2658 3164 Iz PTCARROG NO
$CDA KYBD XLATE 0732 Ez3p 3165 L PTFLCL » WR2 FETCH LINE Posxrtog € FORMS LENGTH
. 073E EA43F 3166 L PTFLCL +WRA LOAD UP WORKING COPY
$CFM Cut forms (matrix) 073F 5102 3167 ™ WR1(L) ,PTIOBFSK SKIP OPERATION?
0740 2448 3168 Jo PTCARROO YES—-PROCESS THE SKIP
3170 X%k %XEERRRREKEEEEREERRERR KRR R KK E R KR KKK KKK KRR X TER KR RR KKK R Rk Rk Rk R R R KRk
3171 * SPACE OPERATICN PROCESS ING *
3172 **#**#**t*ttt#***t**###*####t**####*###t*t###ttt#t***t##t*#*#**tttt**#*
0741 C603 3173 c WR6(L),3 IS THE # OF SPACES SPECIFIED > 37
0742 2458 317a JP PTCARROAS YES-NO SPACING
0743 62B6 3175 AR WR2(L )+ WR6(L) ADD # OF SPACES TO CURRENT LINE
0744 6CC2 3176 SR WRA (H) WR2(L) DID SPACE GO PAST FORMS LENGTH?
0745 2454 3177 JpP PTCARRO3 NO
0746 62CA 3178 SR WR2(L)+WR2(H) YES—-SUBTRACT FORMS LENGTH
0747 0752 3179 8 PTCARRO2 ENTERING NEW PAGE,ENABLE EOF
3181 kakakokkokokok Xk ok ok gk kK ek ok 2k ok 33 ok 3k 3k 2k 3 3k ok 3k ok 2 3k ok s K 3 ok gk ok ok g ok 3 ok ok ok 3k 3 ok ok ok 3k o ok ok ok 3k K ok S ok ok ok ok
3182 * SKIP OPERATION PROCESS ING *
3183 kx¥xkKEKKk Kk Kk kkokkkgkdkokkikkok ik kg kokok ko Rk kok & kokok ko % ko ik koK Kok kok %k Kok ok ok ok Kok k ok kkok
0748 6CC6 3184 PTCARROO SR WR& (H) JWRE(L) LINE # > FORMS LENGTH?
0749 2558 3185 JN PTCARROS ) YES-NO SKIPPING
3186 * MVHR WR2(L)L.WR6(L) MOVE NEW LINE NUMBER
074A A200 3187 LI WR2(L).0 CLEAR DESTINATION REGISTER
074B 6286 3188 AR WR2(L) sWR6(L) MOVE SOURCE TO DESTINATION
3189 **% END OF EXPANSION #*x*
074C €6C4 3190 SR WR6(L).WRA(L) CALC NUMBER OF SPACES TO NEW LINE
074D 274F 3191 JFLG %42 —————m—m—— SIO ENTRIES DO NOT SKIP IF RESULT=0
074E 0750 3192 B *42 ——mmm——ee | ——+ FUNCe KEY ENTRY WILL SKIP F.L. IF=0
074F 2658 3193 3z PTCARROA <———+ | NO SPACE REQUIRED
0750 2454 3194 JP PTCARRO3 <{——————4 LINE IS ON THIS PAGE-PROCEED
0751 66BA 3195 AR WRE(L) s WR2(H) ADD FORMS LENGTH TO THE DISTANCE
3197 X2k Rk R KREEEE R KR KK KRR R EERER KRR R R KR ARk KRR Rk RRERERE SRk kR Rh Rk Rk kg kg kR kkk
3198 * ROUTINE EXIT POINTS *
3199 Fakkokokok ok ok ok ek ok 3 ok koo ok e koo ook ok koo e ok e ke ok ok ok o ok ol ok ok ok ok ok ok ok ok ek ok ok ok
0752 D7F8 3200 PTCARRO2 Al WR7(L)e+X*08° NEW PAGE.ENABLE EOF
0753 $880 3201 SBN  WRO(H),PTNEWPAG INHIBIT ANY PRT OPS
0754 D6FF 3202 PTCARRO3 Al WR6(L)s1 HARDWARE REQUIRES DISTANCE+1
0755 8886 3203 IOCL WR6(L)+X*B?* SEND # OF LINES TO PRINTER
0756 3204 PTCARRAN EQU  * ENTRY POINT FOR UPDATING PARAMETERS
sMP1 MPCARR®® —— MATRIX PRINTER MICRCCODE
LoC o8By STMT SOURCE STATEMENT COPYRIGHT 1IBM CORP 1974
0756 EA3F 3205 ST PTFLCL,WR2 STORE NEW LINE
0757 BC87 3206 IOCL WRT(L)+X'C? SEND CRG CONTROL BYTE AS NOW DFND
0758 2F00 3207 PTCARRO4 RETRN
Control Storage Statement Sequence Number
Address (2 bytes) Machine
Code Source Statement:

Name Field—column 1, length 8

Operation Field—column 10, length 5

Operand Field—column 16, length 56 (if used)

Comment Field—column 40, length 32

Column 72 is blank

Asterisk (*) in column 1 indicates a comment
(see statement 3157 for example)

6A
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Micro Instruction Mnemonics

Op Op
Micro Instruction Mnemonic Code Micro Instruction Mnemonic Code
Branch B 0 Set Bits On SBN 9
Branch and Link BAL 1 Set Bits Off SBF 8
Branch On Condition JC 2 Load Immediate LI A
Branch On Carry JCY Compare Immediate Cl C
Branch On High JH Sense Interrupt Level Status
Branch On Low JL Byte SILSB B
Branch On Equal JE 1/0 Load 10L
Branch On Positive JP 1/0 Sense 10S
Branch On Negative JN 1/0 Control Load 10CL
Branch On Mixed JM 1/0 Control Sense 10CS
Branch On Zero JZ Microprocessor Load MPL
Branch All Ones JO Microprocessor Sense MPS
Branch On Flag JFLG Microprocessor Load for
Branch Service Request JSR Special Functions MPLF
Branch Not High JNH Move LSR MVR E (Bit 8)
Branch Now Low JNL Load Direct from Control
Branch Now Equal JNE Storage L E (Bit 8)
Branch Now Positive JNP Store Direct to Control
Branch Not Negative JNN Storage ST E (Bit 8)
Branch Not Zero JNZ Hex Branch Numeric HBN F (Bit 12)
Return RETRN Hex Branch Zone HBZ
Branch On 1/0 Condition JIO 3 Shift Right Logical SRL F (Bit 12)
1/0 Load From Control Shift Right Logical Double SRLD
Storage High/Low WTCH/L 4 (Bit8) Shift Left Logical SLL
1/0 Store to Control Shift Left Logical Double = SLLD
Storage High/Low RDCH/L Move Zone to Numeric MZN

1/0 Load from Main Storage WTM Move Zone to Zone MzZz
1/0 Store to Main Storage = RDM Transfer XFER
Load from Control Storage LC 4 (Bit 8)
Load from Main Storage LM Note: Notes in parentheses (for example: Bit 8)
Store to Control Storage STC refer to bits that further differentiate instructions.
Store to Main Storage ST™M
Subtract Immediate Si D
Add Immediate Al D
Test Mask ™ 5
Logical Arithmetic 1 LA1 6
Logical Arithmetic 2 LA2 7

Exclusive OR XR

OR OR

AND Register NR

AND Complement NCR

OR Complement OCR

Decrement Register by 1 DEC
Add Registers with Carry ACYR
Subtract Register SR
Add Register AR
Subtract with Borrow SCYR
Increment Register by 1 INC

INSTR-
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Branch

Mnemonic: B

0000

Branch Address

0 3 4

The branch instruction is used for an unconditional
branch to one of 4096 addresses in control storage
only. During the first cycle, the branch address is

16

placed in X high, X low, and SAR. During the
next cycle, TO is skipped so that no new LSR is
selected, and X and SAR are not clocked again.
The instruction is fetched from the address
loaded into SAR during T3 of the first cycle.
ALU gate high/low is gated during T2 time and
the incremental address data is written into LSR

high and low.

Branch Address: 12-bit branch address. These
12 bits and X high bits 0-3 replace the corres-

ponding 12 bits 'in the storage address register
(SAR). Hence, the branch address becomes the
next sequential instruction. The microprogram
address register (MAR) is then updated during
T2 of the next cycle.

MAR SDR
0 3|4 8 15 0 34 156
N N /// //
N N e P
0 34 78 15
SAR

Condition Code

No change.

Timing of CPU Functions

Second
Micro
Instruc-
tion
Fetch

Select LSR (MAR) PL040

Select Storage Gate High (from
X high (0-3)/SDR (4-7)) PLO30

Select Storage Gate Low (from
SDR low 8-15)

Advance Clock PH010

Clock X Low, X High, SAR
PLO10

ALU High/Low Plus Carry (force low)
PLOG60 ‘

Storage Cycle PN030

| Clock SDR/MOR (write trigger)

PLO20

ALU Gate High/Low (from ALU
high/low) PLO050

Write LSR High/Low PM070

T-Times = 200 ns

TO

T1 | T2

T5 | T6

TO | T1| T2

Micro

Instruction

Fetch

Skipped

Specific CPU Data Path

15

Pracessing Unit

‘Display Low Byfe

Sys Bus Out Low

15| P

I? l—p .

o o St Sys Bus Out Low
-

o

Sys But Out High

=

ol ]

©
o1 1 Gate

K1
Addr Sw1&2

AddrSw3 &4

‘‘‘‘‘‘
1/0 Clocks

ot
=5 "

Channel SB1

Select Storage
Gate High

Select Storage
Gate Low

Clock X Low,
X High, SAR

ALU High/Low
Plus Carry
(force low)

Cycle One mmeasasss—
Cycle TWO mmm enm e e s s w
(second micro instruction fetch)

Storage Cycle

Clock SDR/MOR
(write trigger)

Gate ALU Gate
High/Low

Write LSR
High/Low

END
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Sequence of CPU Functions

‘ START )



Branch (Stop Condition)

Clocks T4, T5, and T6 can be taken if the
processor is executing a branch and the run
latch is reset by:

— A control storage address compare stop,
— Micro instruction step mode, or
— Processor check stop condition.

This stop condition can be caused by any of the
following:

— Mode switch not in PROCESS mode,
— CS address compare, or
— " Processor check.

With the use of INSN STEP position of

mode selector switch, this condition permits
single stepping through the branch instruction.
An attempt to single step through a branch
that is located in the last valid address of
control storage will cause an invalid control
address check.

Timing of CPU Functions for Branch Stop

Condition

Select LSR MAR PLO30

Select Storage Gate High (from X
high (0-3) SDR high (4-7)) PL0O30

Select Storage Gate Low (from
SDR low) PLO30

Clock X High/Low SAR don‘t
care PLO10

Clock Storage Gate Check PLO30
Select Storage Gate Check PL030
Control Storage Access PM020
Storage Cycle PNO30

Clock SDR PL020

ALU Function (pass) PL0O60

ALU Gate High/Low (from ALU
high/low) PL050

Write LSR High/Low PMQ70
Clock ALU Gate Check PM070

T-Times = 200 ns

TO| T1| T2

T3

T4

T5

T6

TO

Micro
|
|nsltruction

Fetch

1 1 111

Ll

Specific CPU Data Path of Branch Stop Condition

Display Low Byte

LINSTR-5
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Branch And Link Timing of CPU Functions | | Specific CPU Data Path of Branch and Link Sequence of CPU Functions

ing Unit

Procosi
15 15| |l5
Main
Storage H 1
(1 byte)
nivol
8 ol o

TO|T1 T2} T3 | T4 | 15| T6

7/

Mnemonic: BAL

Display Low Byte

LA —{>
Select Storage Gate High/Low - Skip- | START
(from LSR high/low) PL030 bed |
-“ |
000 1] Branch Address | Select LSR (MAR) PL040 Micro s i/ KX |
0 34 15 | Select §torage
Clock X Low and X High (SAR Instruction | Gate High/Low
don’t care) PLO10 |
This instruction is tised for an unconditional Fetch :
branch and link operation. It allows branch- Clock Storage Gate Check PL0O30 '| Select LSR (MAR) ]
ing to any one of the 4096 addresses in control |
storage. ALU High/Low Pass PL0O60 =*>|:1 I Clock X Lom and
s o i t X High
Select LSR (MAB) PL040 X N— ! (SAR don‘t care)
Branch Address: 12-bit branch address that e !
replaces the corresponding 12 bits in MAR. Select Storage Gate High (from u“_——:’—i E
X hi (0-3)/SDR (4-7)) PL0O30 : Clock Storage
When this instruction is executed, the address O Gate Check
in MAR (of the next sequential instruction) is Select Storage Gate Low (from I
saved in the microprogram address backup SDR low) PL0O30
register (MAB). The address in MAB is the link [ ALU High/Low Pass ]
address. The 12-bit branch address in Select ALU Gate High/Low '
the branch and link instruction replaces from ALU high/low) PL060 ‘
the address in MAR. The address placed ( ’ l Select LSR (MAB) l
MAR is now the next sequential instruction. A Select ALU Gate High/Low
return instruction (RETRN) is used to return to (from storage gate high/low) Select ALU Gate
the next sequential instruction following the PLO50 High/Low
branch and link instruction. The return instruc-
tion causes the address saved in MAB to be placed Write LSR High/Low PM070 ( N .
into MAR. Hence, MAR is now pointing to the Select Storage
instruction following the branch and link Clock ALU Gate Check PM070 | Gate High
instruction,
T-Times = 200 ns
Select Storage
Condition Code Gate Low
No change.
Clock ALU
Gate Check
[ write LSR High/Low |

END



Branch On Condition Page Address (Bits 8-15): 8-bit field to allow Specific CPU Data Path
branching to one of 256 locations in control
storage only. The 8-bit page address replaces

Sequence of CPU Functions

the address of the next sequential instruction.

Yes

Condition Met

During the first cycle, the page address is placed
in X high. During the next cycle, TO is skipped

Mnemonic: JC the lower 8 bits in MAR when the tested 's'r N~ MI — I START
condition is met. F:}lcﬂ """"" v 11, Fln !S::! _f—— ::I‘s Svs s Out Low Sy25us Out Low : o
’|!f§°§3?;» | e —D{ e I
= ] r o=
E) 010 ICO"d't'On lPage Address J Note: For the return condition (bits 4-7 1 olbemd I "I}”{ = ‘ : ge'ec" 'j?nR g"'ﬁB'
0 34 7 8 15 equal 1011), the page address is not used. In ” | ' - ] e [ E Riiﬂiﬂi AR-No
this case, MAB is selected for the next sequential = 4 Lo ! T
.. . . " instruction, 1 | Select Storage
This fnstructlon allows branching within 256 | | Gate High
locations (defined by bits 8-15) if the conditon I
specified by bits 4-7 is met. If the condition Condition Code l |
i Storage Gate L
is met, the 8-bit page address replaces the ! e ]
corresponding bits in MAR and SAR to form No Change. |
|
|
|
|
1
|
I
I
I
|
|
|
|
i

so no new LSR is selected and X low, X high, L LSR Low | [ SDR Low J
and SAR are not clocked again. ALU L —
gate high/low is gated during T2 time of the next £ == = 4
sequential instruction and the incremented data Clock X Low
is written into LSR high and low. Timing of CPU Functions Cycle One X High, SAR
] !
Condition (Bits 4-7): These 4 bits indicate

4-7 monic Test Condition

f igh
0000 JCY Carry Select Storage Gate Low (from ALU High/Low

. Select LSR (MAB-return; MAR-no W/ / [ Select LSR (MAR) |
the function to be tested as follows: return) PLO40 !
Clock Storage
Bi M Select Storage Gate High (from Gate Check
its ne- LSR high) PLO30 22

' Plus Ca

0001 JH High (condition code bit 5) 'SDF;JO;NF/n r:tet’r :torr:)t:r&’)::(?R Micro (f:::ce I:,Y,)
0010 JL Low (condition code bit 6) ow/no . et Inlstruction
0011 JE Equal (condition code bit 7) .

. . y
0100 JP Positive (condition code bit 1) g:?;rox Low, X High, SAR Fetch - Skipped |  Storage Cycle J
0100 JO All ones (condition code bit 1)
0101 JN Negative (condition code bit 2)
0101 M Mixed (condition code bit 2) Clock Storage Gate Check PL030 i
0110 JZ Zero (condition code bit 3)

PLO4
0111 JFLG Flag Select LSR (MAR) PL040 /
1000 JSR Service request .
h

1001 JNH Not high ALU High/Low Plus Carry

HOQ" NP " Not positie | Write LSR High/Low |
o atl

1110 JNZ Not zero
1111 RETRN Return

Clock SDR/MOR (write trigger)
PLO20

Write Trigger
f ® [ALU Gate High/Low J
1010 JNL  Not low (force low) PLOGO
1011 JNE Not equ-aI- Storage Cycle PNO30
1100 JNP Not positive

END
ALU Gate High/Low (from ALU
high/low) PL050

Write LSR High/Low PMO070 /
T-Times = 200 ns

LINSTR uINSTR-7



Branch On Condition (Stop Condition)

Clocks T4, T5, and T6 can be taken if the pro-
cessor is executing a branch on condition and
the run latch is reset by:

— A control storage address compare stop,
— Micro instruction steps mode, or
— Processor check stop condition.

This can be caused by any of the following:

— Mode switch not turned to PROCESS mode,
— Control storage address compare, or
— Processor check.

With the use of INSN STEP position of mode
selector switch, this condition permits single
instruction stepping through the branch on
condition instruction. An attempt to single
step through a branch on condition which is
located in the last valid address of control
storage causes an invalid control address check.

Timing of CPU Functions

Select LSR (MAR: no return, MAB:
return) PLO40

Select Storage Gate High (from LSR
high) PLO30

Select Storage Gate Low (from LSR
low: not met, SDR low: met) PL0O30

Clock X High/Low (SAR don‘t
care) PLO10

Clock Storage Gate Check PL030
Control Storage Access PN020
Storage Cycle PN0O30

Clock SDR PNO10

ALU Function (pass) PL060

ALU Gate High/Low (from ALU
high/low) PL050

Write LSR High/Low PNQ70
Clock ALU Gate Check PM070

T-Times = 200 ns

TO|T1| T2} T3 | T4 |T5 | T6 | T7
Micro .
Instruction
Fetch
.

Ll

Specific CPU Data Path

v s wem wmm Depends on the condition being met.

uINSTR-8



Logical/Arithmetic 1 Condition Code

Mnemonic: LA1 Set as follows for /ogical operations: High (Bit 5 of PCR)—Same as positive (bit 1).
On logical operations, two things are done: Low (Bit 6 of PCR)—Same as negative (bit 2).
[0 1 1 o[H1[Reg1| Function|H2[Reg2 |
0 34 5 78 11 1213 15 1. The logical operation (OR, AND, Equal (Bit 7 of PCR)—Turns off if the result
EXCLUSIVE OR, etc) is performed. of the operation does not equal zero. Turned
on only by the 1/0 immediate function reset
This instruction allows arithmetic and logical type 2. R1 contents are ORed with the ones carry—set equal, or by system reset.
functions to be.processed through the ALU. The complement of R2 contents. This is
Iogical/arithmgfcic 1 instruction is for 1-byte expressed as (R1 or R2).

operations only.
The condition code is set to reflect the out-
come of both operations except when the

H1 (Bit4): Indicates which byte of the selected result of the logical operation is zeros (bit
LSR (Reg1) is to be used in the current function. 3 of the PCR).
H1 = 0: Low byte of the register is to be Positive (Bit 1 of PCR)—Set if the result of the
used. logical operation was not equal to zero, and
H1 = 1: High byte of the register is to be (R1 or R2 equals all ones). Reset if the result
used. of the logical operation equals all zeros, or

(R1 or R2 equals all ones).

Reg1 (Bits 5-7): Selects one of eight registers in
the LSR stack for the current operating level.

The selected register is operand 1 of the function
and is modified at the completion of the function.

Negative (Bit 2 of PCR)—Set if the result of
the logical operation is not equal to all zeros,
and (R1 or R2 not equal to all ones). Reset
if the result of the logical operation equals
all zeros, or (R1 or ﬁfequals all ones).

Function (Bits 8-11): Determines the basic
function to be performed. The logical/arithmetic
functions that can be performed are shown in a
table on the following page.

Zero (Bit 3 of PCR)—Set if the result of the
logical operation equals all zeros. Reset if
the result of the logical operation is not
equal to all zeros.

H2 (Bit 12): Indicates which byte of the selected Set as follows for arithmetic operations:
LSR register (Reg2) is to be used in the current .. . .
function. Positive (Bit 1 of PCR)—Turns on if the result
of the operation had a carry and was not equal
H2 = 0: Low byte of the register is to be to zero. Turns off if the result is zero or there
used. was no carry.
H2 = 1: High byte of the register is to be .
used. , Negative (Bit 2 of PCR)—Turns on if the result

of the operation had no carry and was not equal
to zero. Turns off if the result is zero or there

Reg2 (Bits 13-15): Selects one of the eight regis- !
is a carry.

ters of the LSR stack appropriate for the current
operating level. The selected register is operand
2 of the function. The selected register is not
modified by the operation being performed.

Zero (Bit 3 of PCR)—Turns on if the result
of the operation is zero. Turns off if the
result does not equal zero.

Carry (Bit 4 of PCR)—Turns on if the arith-
metic operation resulted in a carry. Turned
off by the 1/0 immediate function reset carry—
set equal, by system reset, or if the arithmetic
operation resulted in no carry.

yINSTR #INSTR-9
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Logical/Arithmetic Functions

Bits Bits
8 9 1011 Mnemonic Function Description Example 8 9 1011 Mnemonic Function Description Example
0000 Not used ) 1001 ACYR R1+ R2+C>R1  The contents of register 1 is placed in the X R1T 10111100
0001 XR R1 (XOR) R2->R1 The contents of register 1is placedinthe X ~ R1 10111100 register; the contents of register 2 is placed R2 00110101
register; the contents of register 2 is placed R2 00110101 in the Y register. The contents of the two 11110001
in the Y register. The ALU performs an ex- R1T 10001001 registers are added together and added to +C 00000001
clusive OR function and the result is placed the result of the carry trigger from a previous R1 11110010
back in the register 1 location. , operation. The result is written back into
the R1 location.
0010 Not used
1010 Not used
0011 OR R1 (OR) R2->R1 The contents of register 1 is placed in the X R1T 10111100
register; the contents of register 2 is placed R2 00110101 1011 AR R1+ R2—R1 The contents of register 1 is placed in the X R1T 10111100
in the Y register. The ALU performs an OR R1 10111101 register; the contents of register 2 is placed R2 00110101
function and the result is placed back in the in the Y register. The contents of the two R1T 11110001
register 1 location. registers are added together in the ALU and
the result is written back into the R1
0100 Not used location.
0101 NCR R1 (AND) R2-R1 The contents of register 1 is placed in the X R1T 10111100 1100 SR R1 - R2—>R1 The contents of register 1 is placed in the X R1T 10111100
register; the contents of register 2 is placed R2 00110101 register; the contents of register 2 is placed R2 00110101
in the Y register. The ALU complements the R2 11001010 in the Y register. The Y register contents R1T 10000111
Y register contents (R2), performs an AND R1T 10001000 is subtracted from the X register contents,
function on the registers, and the result is the result is written back into the R1 location.
placed back in the register 1 location.
1101 Not used
0110 NR R1 (AND) R2>R1 The contents of register 1 is placed in the X R1T 10111100
register; the contents of register 2 is placed R2 00110101 1110 SCYR R1-R2-C—> R1 The contents of register 1 is placed in the X R1T 10111100
in the Y register. The ALU performsan AND R1 00110100 register; the contents of register 2 is placedin R2 00110101
function and the result is placed back in the the Y register. The Y register contents is 10000111
register 1 location. subtracted from the X register contents; if -C 00000001
the carry trigger was on from a previous R1 10000110
0111 OCR R1 (OR) RZ>R1 The contents of register 1 is placed in the X R1T 10111100 operation, 1 is subtracted from the result.
register; the contents of register 2isplaced R2 00110101 The final result is written back into the R1
in the Y register. The ALU complements B2 11001010 location.
the Y register contents (R2), performs an RT 11111110
OR function on the register contents, and 1111 INC R1+ 1-R1 The contents of register 1 is placed in the X R1T 10111100
the result is placed back in the register 1 register. The carry in line is activated bythe +1 00000001
location. instruction, and 1 is added to the contentsof R1 10111101
the X register by the ALU. The result is
1000 DEC R1 - 1-R1 The contents of register 1 is placed in the X R1T 10111100 written back into the R1 location.
register. This data is gated into the ALU, -1 00000001

and the ALU performs an X minus 1 function R1 10111011
and the result is written back into the register
1 location.

lBy adding a register to itself, (R1 + R1->R1) the function shift left logical can be executed. This function causes the 8 bits to be
shifted one position to the left and the low order bit (bit 7) to be replaced with a zero. Mnemonic = SLL.



Timing of CPU Functions

Select LSR (bits 13, 14, 15)
PLO40

Select Storage Gate High (from
LSR high) PLO30

Select Storage Gate Low (from LSR
low: 12=0; storage gate high: 12=1)
PLO40

Clock Y Reg PLO10

Select ALU Function (bits 8, 9, 10,
11) PLO60

Select LSR (bits 5, 6, 7) PL040
Select Storage Gate Low (from
LSR low: 4=0; storage gate high:
4=1) PLO30

Clock Storage Gate Check
PLO30

Clock X Reg PLO10

Select ALU Gate Low (from ALU
low) PLO50

Select ALU Gate High (from ALU
gate low) PLO50

Clock ALU Gate Check PM070
Write LSR High (bit 4=1) PM070
Write LSR Low (bit 4=0) PMO70
Clock PCR (1, 2, 3) PK003

Clock PCR 4, 7 (arithmetic)
5, 6, (decode) PK0OO3

TO | T1 | T2

T3| T4 |T5| T6

Micro

Instruction

Fetch

Skip-‘

i
]

|
] t
TN

(e .

NN

L1

Specific CPU Data Path

i

|

SysBusOuttow |

1

- |

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

DI |

|

!

|

Sys Bt Out High |

™ I |

hodrsaiaz ¥ o Xz ¥ |

e |

. i !
Status tus

Swws 7

170 Clocks |

T8 g |

|

1

- Channel 5B |

I

I

- mm e Options depending upon the contents
of bits 4 and 12.

Write LSR Low J

Sequence of CPU Functions

START

Select LSR (bits
13, 14, 15)

Yes
Bits 12.0n

Select Storage
Gate High

No

Select Storage
Gate Low

Y

Clock Y Reg, X
Reg, SAR

¥
| Select ALU FunctionJ

Y
Select LSR (bits
' 5,6,7)

1

" Select Storage
Gate Low
1
Clock Storage
Gate Check

Y
[ clock X Reg |
Y

Select ALU Gate
Low

Y

Select ALU Gate

High

T
Clock ALU
Gate Check

1

Yes
Bit 4 On

[Write LSR High ]
|

1
Clock PCR (1,2,3) |

—

Clock PCR (equal 7) |

3
Clock Carry PCR '(4)‘]
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Logical/Arithmetic 2

Mnemonic: LA2

[01 1 1MReg1 IFunction |H2IRe92 l
0 345 78 1112 13 15

This instruction allows arithmetic and logical
type functions to be processed through the
ALU. The logical/arithmetic 2 instruction
always involves both bytes of Reg1 (operand
1) and one or both bytes of Reg2 (operand 2)
depending on the function involved.

Reg1 (Bits 5-7): Selects one of the eight
registers in the LSR stack. Both bytes of the
selected register represent operand 1. The
selected register is modified at the completion
of the function being performed.

Function (Bits 8-11): Determines the basic logical
or arithmetic function to be performed.

H2 (Bit 12): Indicates which byte of the
selected LSR (Reg2) is to be used in the current
function.

Reg2 (Bits 13-15): Selects one of the eight regis-
ters of the LSR stack appropriate for the current -
operating level. The selected register is operand

2 of the function. The selected register is not
modified by the operation being performed.

Condition Code
Set as follows for /ogical operations:

On logical operations, two things are done:

1.  The logical operation (OR, AND,
EXCLUSIVE OR, etc) is performed.

2. R1 contents are ORed with the ones
complement of R2 contents. This is
expressed as (R1 or R2).

The condition code is set to reflect the out-
come of both operations except when the
result of the logical operation is zeros (bit
3 of the PCR).

Positive (Bit 1 of PCR)—Set if the result of the
logical operation was not equal to zero, and
(R1 or R2 equals all ones). Reset if the result
of the logical operation equals all zeros, or
(R1 or R2 equals all ones).

Negative (Bit 2 of PCR)—Set if the result of
the logical operation is not equal to all zeros,
and (R1 or R2 not equal to all ones). Reset
if the result of the logical operation equals
all zeros, or (R1 or R2 equals all ones).

Zero (Bit 3 of PCR)—Set if the result of the
logical operation equals all zeros. Reset if
the result of the logical operation is not
equal to all zeros.

Set as follows for arithmetic operations:

Positive (Bit 1 of PCR)—Turns on if the
result of the operation has a carry and does
not equal zero. Turns off if the result is
zero or not carry.

Negative (Bit 2 of PCR)—Turns on if the
result of the operation has no carry and
does not equal zero. Turns off if the result
is zero or has a carry.

Zero.{Bit 3 of PCR)—Turns on if the
arithmetic operation resulted in a carry.
Turned off by the 1/0 immediate function
reset carry—set equal, by system reset,

or if the arithmetic operation resulted in
no carry.

High (Bit 5 of PCR)—Same as positive
(bit 1).

Low (Bit 6 of PCRV)—Same as negative
(bit 2).

Equal (Bit 7 of PCR)—Turns off if the result
of the operation does not equal zero. Turned
on only by I/O immediate function reset
carry—set equal, or by system reset.
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Logical/Arithmetic Functions

Bits Bits
8 9 1011 Mnemonic Function Description Example 8 9 1011 Mnemonic Function Description Example
0000 Not used 1001 ACYR R1+4 R2+C-R1 The contents of register 1 is placedinthe R1 1011110011001101
X register; the contents of register 2 is R2 0011010110101001
0001 XR R1 (XR) R2 > R1 The contents of register 1 is placedinthe R1 1011110011001101 placed in the Y register. The contents of 1111001001110110
X register; the contents of register 2 is R2 0011010110101001 the two registers are added together and +C 0000000000000001
placed in the Y register. The ALU per- R1 1000100101100100 -added to the result of the carry trigger Rt 1111001001110111
forms an exclusive OR function and the from a previous operation. The result is
result is placed in the register 1 location. written into the register 1 location.
0010 Not used 1010 SR R1-R2+1-R1 The contents of register 1is placedinthe R1 1011110011001101
"1";;‘,;;\ X register; the contents of register 2 is R2 10101001
0011 OR R1 (OR) R2 - R1 The contents of register 1 isplacedinthe R1 1011110011001101 placed in the Y register. The Y register R1T 1011110000100100
X register; the contents of register 2 is R2 0011010110101001 contents is subtracted from the X register +1 0000000000000001
placed in the Y register. The ALU per- R1T 1011110111101101 contents. The result is written intothe R1 R1 1011110000100101
forms an OR function and the result is location.
placed in the register 1 location.
1011 AR R1+R2—~>R1 The contents of register 1 is placed in Rl 1011110011001101
0100 Not used the X register; the contents of register 2is R2 001101011010100 1
. placed in the Y register. Thecontentsof R1 T111001001110110
0101 NCR R1 (AND) R2—~> R1  The contents of register 1isplacedinthe R1 1011110011001101 the two registers are added together in the
X register; the contents of register 2 is R2 0011010110101001 ALU and the result is written into the
placed in the Y register. The ALU com- R2 1100101001010110 register 1 position.
plements the Y register contents, R1T 1000100001000100
performs an AND function on the regis- 11700 SR R1-R2-R1 Same as (1010) SR. R1 1011110011001101
ter contents, and writes the results in the R2 0011010110101001
register 1 location. R1 1000011100101100
0110 NR R1 (AND) R2- R1 The contents of register 1 is placed in the R1T 1011110011001101 1101 AR R1+R2-R1 Same as (1011) AR. R1T 1011110011001101
X register; the contents of register 2 is R2 0011010110101001 —~— R2 10101001
placed in the Y register. The ALUper-  R1 0011010010001001 1 byte Rl TOTTTT07T011T1011%0
forms an AND function and the result is
written in the register 1 location. 1110 SCYR R1-R2-1-C~>R1 The contents of register 1isplacedinthe R1 10111100 11001101
. X register; the contents of register 2 is R2 0011010110101001
0111 OCR R1 (OR) R2— R1 The contents of register 1 is placedinthe R1 1011110011001101 placed in the Y register. The Y register 1000011100100100
X register; the contents of register 2 is R2 0011010110101001 contents is subtracted from the X register -C 000000000000000 1
placed in the Y register. The ALU com- R2 1100101001010110 contents; the carry trigger from a previous R1 100001110010001 1
plements the Y register contents (R2), RT 1111111011011 111 operation is subtracted from the result.
performs an OR function on the register The final result is written back into the
contents, and the result is written in the R1 location.
register 1 location.
1111 INC R1+ 1=R1 The contents of register 1is placedinthe R1 1011110011001101
1000 DEC R1 - 1-R1 The contents of register 1is placedinthe R1 1011110011001101 X register. The carry in line is activated +1 000000000000000 1
X register. This data is gated into the -1 0000000000000001 by the instruction, and this is addedtothe R1 1011110011001 110
ALU, and the ALU performsan X minus  R1 1011110011001100 contents of the X register by the ALU. The '

1 function, and the result is written into
the register 1 location.

result is written into the register 1 location.

1 " . .
B\{ ?ddmg a register to itself (R1 + R1—>R1), the function shift left double can be executed. This function causes the 16 bits to be shifted one
position to the left and the low order bit (15) to be replaced with a zero. Mnemonic = SLLD.
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Timing of CPU Functions

Select LSR (13, 14, 15) PL040
Select Storage Gate Low (from
LSR low: 12=0; storage gate high:
12=1) PLO30

Select Storage Gate High (from
LSR high) PL.O30

Clock Y Reg (high/low) (X low,
X high, and SAR don‘t care) PLO10

Reset Y High (16/8 arithmetic)
PLO10

Select ALU Function (8, 9, 10,
11) PLO6O

Clock Storage Gate Check PL0O30
Select LSR (5, 6, 7) PL040

Clock X Low, and X High (SAR
don’t care) PLO10

Select ALU Gate High/Low (from
ALU high/low) PL0O50

Write LSR High/Low PM070
Clock PCR PKO003

T-Times = 200 ns

TO|T1|T2|T3| T4 |[T5|T6 | TO
Micro D
Instruction
Fetch ,
SKip-
E Ped

Specific CPU Data Path

Sys Bus Out Low

AddrSw3&4

Status £ tos
Swws )
110 Glocks.

0

Channel SBI

- mm mm Qptions depending on the contents
of bit 12.

Sequence of CPU Functions

‘ START »

Select LSR (bits
13, 14, 15)

Bit 12 On

Yes

kINSTR-14

No

Select Storage
Gate High

Select Storage
Gate Low

[
[ clock Y Reg |
]
I Select ALU Function I
]
Select LSR (bits
5,6,7)

Select Storage
Gate High/Low

]
Clock X Low and
X High

]
Select ALU
High/Low Gate

|
[ Write LSR High/Low |

]

| clockper |

|
l Block Carry (trigger) I

S



Immediate

Mnemonic: LI

101 0|HT
0 3465

Reg1 | Immediate byte

7 8 15

This instruction takes the data in the immediate
byte and loads it directly into a selected register
of the appropriate LSR stack. Data can be placed
into the high or low byte of the selected register.

H1 (Bit4): Indicates which byte of the selected
register in the LSR stack is to be used:

H1=0: Low byte of the register is to be
used.

H1 = 1: High byte of the register is to be
used.

Reg1 (Bits 5-7): Selects one of the eight registers
in the appropriate LSR stack. The immediate
byte in the instruction replaces the byte in the
selected LSR.

Immediate byte (Bits 8-15): The 1 byte data field
is loaded into the selected LSR.

Condition Code

No change.

Timing of CPU Functions

Select LSR (5, 6, 7) PLO40

Select Storage Gate Low (from SDR
low) PLO30

Reset Y Reg Low PLO10

Clock X Low, Y Low, (X high, Y
high, SAR don’t care) PLO10

Clock Storage Gate Check PL030
ALU Function (pass) PLO60

Select ALU Gate Low (from ALU
low) PLO50

Select ALU Gate High (from ALU
gate low) PLO50

Write LSR High (4=1) PM070
Write LSR Low (4=0) PM070
Clock ALU Gate.Check PMQ70

T-Times = 200 ns

TO| T1|T2 | T3 | T4 | T5 | T6 | TO
Micro

ey W
nstruction Skipped
Fetch L

nl

N

Specific CPU Data Path

|
15 Display Low th-> |
s1g Sys Bus Out Low Sys Bus Out Low |
Gate >
Low 1
= s |
|
7 |
S s s Bus Out || High |
Gore |
High |
o |
|
L4 d !
X-High oh |
|
D Addr |
Addr Sw Adar |_Com |
—Dcom
ALy |
High |
G 7 |
|
|
Display
., R AL\:‘IG:XQ < ate |
Byie |
o 7 g 5 |
Svs But Out High H |
> # OR = i
K1 ] i !
Y t i !
!
AddrSw3 g4 |
Selec: 32LsRs
Staws !
Sews
10 Clocks 1
78 T |
|
. i
Channel SBI | G
1
1

mu wum mem Options depending on the contents of bit 4.

Sequence of CPU Functions

START

Select LSR (bits
5,6,7)

!

Select St'orage
Gate Low

[ Reset Y Reg Low ]

|
[ Clock Y Low J

[ cClockXLow |

Clock Storage
Gate Check

|

[ALU Function (pass) ]

[Select ALU Gate Loi]

Select ALU
Gate High

Bit 4 On

| write LSR Low

j -

[ write LSR High |
|

|
|

Clock ALU Gate
Check

END

HINSTR-15
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Compare Immediate Timing of CPU Functions Specific CPU Data Path Sequence of CPU Functions

- TO|T1 (T2} T3 | T4 |T6 | T6|TO ' | START
Mnemonic: CI » ) ‘ | l
;::‘lﬂ) 15 Dmv&wnvllg& :
Select LSR (5, 6, 7) PL0O40 oy

. r/ : %r: 2. 514801 0ut Low 2.1 out tow }
11 0 0 |HT | Regl Immediate byte ; | -
l 2 ‘ 5 2 l p Y T Select Storage Gate Low (from " el ]: gelgc;)l_SR (bits
0 3 7 LSR low: 4=0; storage gate high: — .@ = | —
4=1) PLO30 !
. L. . Micro el |
This II"IS'.tI'UCtlon is used to compare the 8 bits . Select Storage Gate High (from ~ !
of data in the selected LSR with the corresponding LSR high) PLO30 !
8 bits of data in the immediate field. The Instruction = |
results of the compare are reflected in the Select Y Data PLO10 } Select Storage
condition code setting. The selected LSR is Fetch E Gate High
. . . . vt g N v N
not altered by the compare immediate instruction. Clock Y Low, High PLO10 _..' o LE E o T
Sys But Out High |
|
Clock X Low, High and SAR (don‘t | e e— l Select Storage
H1 (Bit 4): Indicates which byte of the care) PLO10 . " st '; Gate Low
selected register in the LSR stack is to be used / e —— — ':
in the compare: Clock Storage Gate P Check PLO30 i ] e |
) ! <= [ Select Y Data I
H1=0: Low byte of the register is to be ALU Function (X plus Y) PL060
used. lock Y Low, High
H1 = 1: High byte of the register is to be Select ALU Gate Low (from ALU [ Clock Y Low, High |
used. low) PLO50 1 wene wan Options depending on the
contents of bit 4, rClock X Low, Hith
’ . . . Select ALU Gate High (from ALU
Reg1 (Bits 5-7): Selects one of the eight registers gate low) PLO50
in the appropriate LSR stack. The byte in the Clock Storage
immediate field is compared to the data in the Clock PCR (1, 2, 3) PK003 i ] Gate P Check
selected LSR.
T-Times = 200 ns -
k ALU Function
Immediate byte (Bits 8-15): Contains the data (Xand Y)
to be compared to the data in the selected LSR.
Select ALU Gate
Condition Code Low
Set as follows:
Select ALU Gate
Positive (bit 1 of PCR)—Register data greater High
than data field.
Clock PCR (1,2,3) |
Negative (bit 2 of PCR)—Register data less
than the data field.

Zero (bit 3 of PCR)—Register data equals END
data field.



Subtract Immediate

Mnemonic: Sl (subtract immediate)
Al (add immediate)

D 10 1|H1 [Reg1 Ilmmediatebyte]

0 34 5 78 15

The data in the immediate byte of this instruction
is subtracted from the data in the specified LSR
(Reg 1).

To add immediate, the immediate data is comple-
mented before insertion in the immediate field of
the instruction (complement subtraction =
addition).

When the contents of Reg 1 don't matter after
execution, this instruction can be used to perform
a compare function by testing the condition

code after execution.

H1 (Bit 4): Indicates which byte of the selected
register in the LSR stack is to be used in the
subtraction:

H1=0: Low byte of the register is to be
used.

: High byte of the register is to be
used.

Reg1 (Bits 5-7): Selects one of eight registers
in an LSR stack. The data field is subtracted
from the data in the selected LSR.

Immediate byte (Bits 8-15): Contains the data to
be subtracted from the data in the selected register.

Condition Code
Set as follows:

Positive (bit 1 of PCR)—Register data is greater
than data field.

Negative (bit 2 of PCR)—Register data is less
than data field.

Zero (bit 3 of PCR)—Register data and data
field are equal.

Timing of CPU Functions

TO|T1|T2|T3|[T4|{T5|T6 | TO
Select LSR (5, 6, 7) PL040 /
Select Storage Gate Low (from LSR
low: 4=0; storage gate high: 4=1)
PLO30 Micro

Instruction

Select Storage Gate High (from
LSR high) PLO30 Fetch

Select Y Data (from SDR) PLO10
Clock Y Reg PLO10

Clock X Low (X high and SAR don’t
care) PLO10

Clock Storage Gate P Check PLO30
ALU Function (X plusY) PLO60

Select ALU Gate Low (from ALU
low) PLO50

Select ALU. Gate High (from ALU
low) PLO50

Write LSR: Low 4=0, High 4=1
PMO70

Clock PCR (1, 2, 3) PK0O03

Clock ALU Gate P Check PM070

]

N

/
Skipped

T-Times =200 ns

Specific CPU Data Path

v

== == wm Options depending on the contents of bit 4.

< START )

Select LSR (bits
5,6,7)

Bit 4 On

No

Sequence of CPU Functions

Yes

Select Storage
Gate High

1|

Select Storage
Gate Low

I Select Y Data

[ Select Y Low

[ Select X Low

Clock Storage
Gate P Check

[

ALU Function
(X plus Y)

|

Select ALU Gate
Low

Select ALU Gate
High

| writeLsR

J

|

[ clock PCR (1,2,3) |
|

Clock ALU Gate
P Check

kINSTR-17
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Test Mask Timing of CPU Functions
o (T (121378 [15 | T6 Sequence of CPU Functions
Mnemonic: TM Example: /
Select LSR (5, 6, 7) PL040 Micro
H1=0 START
0 101 [HT | Regl Mask Select Storage Gate High (from lnlstruction Ski :)pec( : :
0 34 5 7 8 15 Reg1 =011 LSR high) PL030 I
Fetch
Interrupt level = 0 Select Storage Gate Low (LSR | Select LSR
low if 4=0, storage gate high if 4=1) Time
. . PLO30
The bits in 1 byte of a working register may Mask Bits 2,4,and 7 in LSR 3 Gate Mask to Y Reg
ic mi i : are to be tested.
!)e test.ed by 1{hls micro .mstructlon. A m?sk LSR3 Clock X Reg and SAR PL010 [ of Low ALU
in the immediate data field of the micro instruc-
tion identifies the bits to be tested. As a result
iti . iti Select Y Reg (from SDR) PLO10 -
of this test, one of three conditions will be Condition Code Set: Positive eg (fro )
detected and this condition will be set in the
PCR: PCR = 01000000 Clock Y Reg PLO10 L Bit 4 is On No
i Clock St Gate Check P
1. The tested bits are all equal to 1 (PCR 1 Bits tested all equal 1. ock Storage Gate Check PLO30
bit set on). ALU Gate High/Low PL050 Yes
A . Selected LSR Gate LSR Byte
2 I;Z:e(s;g:{bz't;i:r:e:ﬂ;( ture of ones and Bits Interrupt Level ALU Function (X and Y) OR Logic Through Storage
. 567 |0 1 2 (X OR Y) PL06O Gate High
. i P .
3 'tl)'i:es::s;:)i bits are equal to zero (PCR 3 000 0 16 94 Clock PCR (1, 2, 3) PK00O .
001 1 17 25 Gate LSR But
T-Times = 200 ns ate vie
H1 (Bit 4): Selects low or high byte of register: 010 2 1826 . -(l;:::ul?:vf :::ge
011 3 1927 : Set in X Reg
H1=0: Low byte of register used. 100)| 4 20 28 Specific CPU Data Path
H1 = 1: High byte of register used. 1ot 5 21 2 Set Result of
110 6 22 30 | Test in PCR
. 1117 23 31 | T e |
Reg1 (Bit 5-7): Selects one of the working - 3 o
registers in the specified interrupt level. !
| END
|
|
Mask (Bits 8-15): Any bit set to 1 indicates the !
corresponding bit in the selected byte is to be !
tested. |
l}
1
Any bit set to 0 indicates the corresponding i
bit is to be ignored. ;
|
|
Condition Code i
|
I
Result of Test Condition Code i
|
Tested bits all = 1 Positive |
1 ﬂ=

Tested bits are mixed Negative
Tested bits all =0 Zero



Set Bits On

Mnemonic: SBN

{100 1] H1 [Regt | Data |

0 3 4 5 7 8 15

This instruction is used to set bits on in the
specified byte of the selected register in the
LSR stack.

H1 (Bit 4): Indicates which byte of the selected
register in the LSR stack is to be used:

H1=0: Low byte of the register is to be
used.

: High byte of the register is to be
used.

Reg1 (Bits 5-7): Selects one of eight registers
in the appropriate LSR stack. The byte of
the register is ORed with the data in the data
field.

Data (Bits 8-15): The 8 bits of this field
correspond to the eight bits in the selected
register. Any bit in the data field that is set to
one causes its corresponding bit in the register
to be set to one. Any bits in the data field
that are set to zero do not affect their corres-
ponding bits in the selected register.

Condition Code

No change.

Timing of CPU Functions

Select LSR 5, 6, 7 PL040

Select Storage Gate Low (from

LSR low: 4=0, storage gate high:

4=1) PLO30

Select Storage Gate High (from
LSR high) PL0O30

Select Y Data (from SDR low)
PLO10

Clock Y High/Low
PLO10

Clock X High/Low (SAR don‘t
care) PLO10

Clock Storage Gate Check
PLO30

ALU Function (X OR Y) PL0O60

Select ALU Gate Low (from
ALU low) PL0O50

Select ALU Gate High (from
ALU gate low) PL0O50

Write LSR High (4=1) PM070
Write LSR Low (4=0) PM070
Clock ALU Gate Check PM070

T-Times = 200 ns

TO| T1| T2} T3 | T4 |T5|T6 | TO
Milcro

Instruction

Fetch

Skipped

Specific CPU Data Path

‘== mmm mem Qptions depending on the contents of bit 4.

Sequence of CPU Functions

START

Select LSR (bits
5,6,7)

Bit 4 On

Yes

No

Select Storage
Gate High

|

Select Storage
Gate Low

Select Y Data
|
Clock Y Low, High

1
Clock X Low, High

Clock Storage
Gate Check

|
ALU Function
(X ORY)

|

Select ALU
Gate Low

Select ALU
Gate High

Bit 4 On

Write LSR Low

Yes

L

Write LSR High

1

I

Clock ALU
Gate Check

kINSTR-19




Set Bits Off

Mnemonic: SBF

[1 0 0 0 [H1] Regt
0 34 5 7 8 15

Set off is used to set bits off in the specified
byte of the selected register in the LSR stack.

H1 (Bit 4): Indicates which byte of the selected
register in the LSR stack is to be used:

H1=0 Low byte of the register is to be
used.

H1 = 1: High byte of the register is to be
used.

Reg1 (Bits 5-7): Selects one of the eight
registers in the appropriate LSR stack. The
byte of the register is ANDed with the comple-
ment of the data in the data field.

Data (Bits 8-15): The 8 bits in this field
correspond to the eight bits of the selected
register. Any bit in the data field that is set
on (equal to one) causes its corresponding
bit in the register to be set to zero. Any bits
in the data field that are off (equal to zero)
do not affect any bits in the register.

Condition Code

No change.

I Data J

Timing of CPU Functions

Select LSR (5, 6, 7) PL040

Select Storage Gate Low.(from

‘LSR low: 4=0, storage gate high:

4=1) PLO30

Select Storage Gate High (from
LSR high) PLO30

Select Y Data (from SDR low)
PLO10

Clock Y High/Low PL0O10

Clock X High/Low (SAR don‘t
care) PLO10

Clock Storage Gate Check PL0O30
ALU Function (X ANDY) PLOBO

Select ALU Gate Low (from ALU
low) PLO50

Select ALU Gate High (from ALU
gate low) PL0O50

Write LSR High (4=1) PM070
Write LSR Low (4=0) PM070
Clock ALU Gate Check PM070

T-Times = 200 ns

TO | T1 | T2} T3|T4|T5|T6|TO
//
Micro
Instruction
Fetch -
- Skipped
]

Specific CPU Data Path

== wmms Options depending on the contents of bit 4.

« INSTR-20

Sequence of CPU Functions

START

Select LSR (bits
5,6,7)

Select Storage
Gate High

NoL J

Select Storage
Gate Low

|
Select Y Data
|
Clock Y Low, High

|
Clock X Low, High
11

Clock Storage
Gate Check

1

ALU Funition
(X AND YY)

Select ALU
Gate Low

]

Select ALU
Gate High

Bit 4 On

Write LSR Low

Write LSR High

L

]

|

Clock ALU
Gate Check




Storage

010 0|H1|Reg1|1|w|c[D[v]Reg2 ]
0 34 5 78910111213 15

The storage instruction is used for accessing either
control storage or main storage. Data can be trans-
ferred to or from the LSRs.

H1 (Bit 4):

: Select low byte of LSR stack
specified by bits 5-7 (Reg1).

: Select high byte of LSR stack
specified by bits 5-7 (Reg1).

Not used when bit 10 is on.

Reg1 (Bits 5-7): Selects one of the eight
registers of the appropriate LSR stack. Data
is transferred to or from this register.

Bit 8: Modifier to the op code (bits 0-3).
If bits 8=0, the instruction is 1/O storage;
if bit 8=1, the instruction is storage.

W (Bit 9): ldentifies the direction of transfer:
W =0: Read from storage and transfer to
the LSR stack.
W =1: Transfer from the LSR stack and

write to storage.

C (Bit 10): Selects main or control storage:

(o
C

0: Selects main storage.
1:  Selects control storage.

D (Bit 11): Indicates whether the address in the
LSR (specified by bits 13-15) should be incre-
mented (D = 0) or decremented (D = 1).

V (Bit 12): Indicates the amount the address in
the LSR (specified by bits 13-15) should be
incremented or decremented. If V =0, the
address in the selected LSR is not changed; if

V =1, the address in the selected LSR is incre-
mented or decremented by one depending on
the bit setting of the D field.

Reg2 (Bits 13-15): Selects one of the eight
LSRs dedicated to the present operating level
that contains the storage address needed for
the data transfer. The address in the specified
LSR may be updated depending on bits 11

(D field) and 12 (V field).

Storage Instruction List

489 101112 Mne-

monic

Description

X10101 LC Load from ctrl str,
increase R2 by 1.
Load from ctrl str,
decrease R2 by 1.
Load from ctrl str,

R2 (no change).

X10111 LC

X10100 LC

X11101 STC Store to ctrl str,
increase R2 by 1.

X11111 STC Store to ctrl str,
decrease R2 by 1.

X11100 STC Store to ctrl str,

R2 (no change).
Load from main str,
increase R2 by 1.
Load from main str,
decrease R2 by 1.
Load from main str,
R2 (no change).

H11001 ST™M Store to main str,
increase R2 by 1.
H1 1011 STM Store to main str,
decrease R2 by 1.
H1 1000 STM Store to main str,
R2 (no change).
Bit 4:
X: Not used
H=1: High byte
H=0: Low byte

Condition Code

No change.

Storage (Read)

Timing of CPU Functions

Select Storage Gate High/Low
(from LSR high/low) PL0O30

Clock Storage Gate P Check
PLO30

Select LSR (13, 14, 15) PL040

Clock X Low, X High, SAR
PLO10

ALU (%1 or pass; depends on bits
11, 12) PL0O60

ALU Gate High/Low (from ALU
high/low) PL0O50

Fetch (write trigger) PN020
Write LSR High/Low PM070
Clock SDR (write trigger) PL020

Select Storage Gate High (from
SDR high) PLO30

Select ALU Gate Low (from
storage gate low) PLO50

Select ALU Gate High (from ALU
gate low: 10=0; storage gate high:
10=1) PLO50

Clock ALU Gate Check PM070

Select Storage Gate Low (from
SDR low) PLO30

Select LSR (5, 6, 7) PL040
Write LSR High (4, 10=1) PM070

Write LSR Low 4=0, 10=1
PMO010

TO|T1|T2| T3 | T4 |T5| T6
r |

Micro .

Instruction

Fetch

Sequence of CPU Functions

START

Select Storage
Gate High/Low

]

Clock Storage Gate
PCheck

Y

Select LSR (bits
13, 14, 15)

LALU (1 or pass)

|

[ ALU Gate High/Low |

]
[ Fetch |

Y

[ Write LSR High/Low |

[ select ALU Gate High|

Y

Clock ALU Gate
Check

Y

Select Storage
Gate Low

Y

Select LSR (bits
5,6,7)

LWrite LSR

Bit 10 On

| clock sDR

Select Storage
Gate High

Y

[ select ALU Gate Low|

| LWrite LSR Lo j

Bit4 On

Yes

l Write LSR Hi

|

Display Low Byte

Sys Bus Out Low

Channel SB1

First time activated.

= =w == mmSecond time activated.
secsessesesee Options depending on contents of bits 4 and 10.

UINSTR-21



Storage (Write)

Timing of CPU Functions

Select Storage Gate High/Low
(from LSR high/low) PL0O30

Select LSR (13, 14, 15) PL040

Clock X Low, X High, SAR
PLO10

Clock Storage Gate Check PLO30
Select LSR (5, 6, 7) PLO40

Select Storage Gate High (from
LSR high) PL0O30

Select Storage Gate Low (from
LSR Low: 4=0, 10=1; storage
gate high: 4=1, 10=0) PL0O30
Storage Cycle PN0O30

Write Storage High (10=1)
PMO035

Write Storage Low PMO035

Clock SDR for Echo Check
(write trigger) PL0O20

ALU (%1 or pass) PLO60

ALU Gate High/Low (from
ALU high/low) PLO50

Select LSR (13, 14, 15) PL040
Clock ALU Gate Check PM070

Write LSR High/Low PMO070

TO | T1

T2

T3| T4 | T6 | T6

Micro

Instruc

Fetch

tion

R

Specific CPU Data Path

=== == Options depending on contents of bits 4 and 10.

START

Select Storage
Gate High/Low

Select LSR (bits
13, 14, 15)

Clock X Low, X
High, SAR

Clock Storage
Gate Check

1

Select LSR (bits
5,6,7)

Select Storage
Gate High

I

Select Storage

Gate Low

]

Store I

Bit 10 On

L Write Storage High ]

Sequence of CPU Functions

Bit 4 On

[ Write Storage Low ]

Yes

I Write Storage High ]

Clock SDR for
Echo Check

|
[ ALU (1 0rpass) |

]
L ALU Gate High/Low]|
I

Select LSR (Bits
13, 14, 15)

Y
Clock ALU
Gate Check

Y
Write LSR High/
Low

LINSTR-22



Storage Direct

Mnemonic: L (load reg)
ST (store reg)

111 0[W|Regl | 0 |SAR
0 345 7 809 15

This instruction directly accesses any of 128
addresses of control storage (the fixed storage
area; addresses 0000-007F) during read or write
operations. Main storage cannot be accessed
with this instruction, Two bytes of data are
transferred.

W (Bit 4): Indicates whether a read or write
operation is to occur:

W=0: Read from control storage to the
selected register.

W = 1: .Write to control storage using the
selected register for source.

Reg1 (Bits 5-7): Selects one of eight registers
in the LSR stack. Two bytes of data are
transferred between this register and control
storage.

Bit 8: Always 0, a modifier bit to the op code
(bits 0-3).

SAR (Bits 9-15): Specifies one of the first 128
locations in control storage. These 7 bits directly
replace the corresponding 7 bits in the storage
address register (SAR). Bits O through 8 of SAR
are set to zeros.

Condition Code

No change.

Storage Direct (Read from Control Storage)

Timing of CPU Functions

Force SDR 0-7 = 0 PLO20

Select Storage Gate High/Low (from

SDR high/low) PL030

Clock X Low, X High, SAR PLO10
Clock Storage Gate Check PLO30
Fetch (write trigger) PNO20

Clock SDR PL020

Select Storage Gate High/Low
(from SDR high/low) PL030

Select ALU Gate High/Low (from
storage gate high/low) PL050

Select LSR (5, 6, 7) PL040
Write LSR High/Low PMO070
Clock ALU Gate Check PM070

T-Times = 200 ns

Specific CPU Data Path

TO|T1|T2 | T3 | T4 |T6|T6
Mlcro .
In;struction
Fetch
I

Sequence of CPU Functions

START

| ForcesDRO-7=0 |
' I

Select Storage Gate
High/Low

I

Clock X High, Low,
SAR

Y

Clock Storage Gate
Check

i

L Fetch ]
|

Select Storage Gate
High/Low

|
Select ALU Gate
High/Low
|
Select LSR (bits
5,6,7)
]
| Write LSR High/Low |
]

Clock ALU
Gate Check

uINSTR-23



Storage Direct (Write to Control Storage)

Timing of CPU Functions

Force SDR 0-7 =10 PL020

Select Storage Gate High/Low
(from SDR high/low) PL0O30

Clock X Low, X High, SAR
PLO10

Clock Storage Gate Check
PLO30

Storage Cycle PNO30
Select LSR (5, 6, 7) PL040

Select Storage Gate High/Low
{from LSR high/low) PL0O30

Write Storage High PNO30
Write Storage Low PNO30

Clock SDR (write trigger)
PL020

T-Times = 200 ns

Specific CPU Data Path

Processing Unit

TO|T1|{T2}|T3|T4 | TH6 | T6
[

Micro

Instruction

Fetch | Skip-

Sys Bus Out Low

15 15 s
Main
Scorme som hY; | | s Display Low Byte
11 byte) F————
gl Control Sys Bus Out Low
7 |store 8 of o ate =
(2byten)
15}
: 1
° H
o
poms—

H,

Svs But Out
) Swotus
N
Ador w1 &2 oo

[ ——

Channel SB1

- wINSTR-24

Sequence of CPU Functions

START

[ Force SDR 0-7 = 0 ]
|

Select Storage
Gate High/Low

1
Clock X Low, X
High, SAR

L

Clock Storage
Gate Check

I

I Store 1
1
Select LSR (bits

5,6,7)

]
Select Storage
Gate High/Low
|
[Writ_e Storage High —I
|
[ Write Storage Low I

I Write Trigger I




Move LSR

Mnemonic: MVR

1 1 1 0]Regl |1}S]|Reg2
0 34 7 89 10 15

This instruction moves the contents of one LSR
to another LSR. Two bytes of data are always
moved. Any of the 32 LSRs in the stack can be
accessed. Data can be moved either from Reg1
to Reg?2 or from Reg2 to Reg1 depending on the
setting of bit 0.

Reg1 (Bits 4-7): Selects one of 16 LSRs. The

group being selected depends on the program level
currently being processed. Eight of these registers

are always the MAR/MAB stack (specified by bit
4 = 1). The other 8 of the 16 registers that can
be specified in the Reg1 field are the work
registers (WRs) associated with the program

level currently selected. These registers are
selected by specifying 0-7 in the Reg1 field.

Bit 8:  Always a 1, bit 8 is a modifier to the
op code (bits 0-3).

S (Bit 9): Indicates the direction in which the
data is to be transferred. S =0 means Reg1 is
the source register and 2 bytes of data are
transferred from Rea1l to Reg2. S= 1 means
Reg2 is the source register and 2 bytes of data
are transferred from Reg2 to Reg1l.

Reg2 (Bits 10-15): The low order 5 bits of this
field select one of the 32 LSRs in the data flow
(bit 10 = 0). Two bytes of data are moved to
or from this field depending on the bit setting
of the S field.

Condition Code

No change.

Valid Reg1 Field Register Specification

0

oo

15
16

23
24

31

Mainline/
Machine Check
WRs

MAR/MAB
Stack 1

interrupt 1
WRs

Interrupt 2
WRs

Valid combinations that can be specified in the
Reg1 field of move LSR are:

1.

If in mainline or machine check, the registers
that can be specified are 0-7 and 8-15.

If in interrupt level 1, the registers that can
be specified are 16-23 and 8-15.

if in interrupt level 2, the registers that can
be specified are 24-31 and 8-15.

Timing of CPU Functions
Select LSR (4-7 if 9=0 10-15if 9=1)
PLO40

Clock X Low and X High (SAR
don‘t care) PLO10

Clock Storage Gate Check PL030
ALU (pass)

Select Storage Gate High/Low
(from LSR high/low) PL060

Select LSR (10-15 if 9=0; 4-7 if
9=1) PLO40

Select ALU Gate High/Low (from
ALU high/low). PL0O50

Write LSR High/Low PM070
Clock ALU Gate Check PM070

T-Times = 200 ns

Specific CPU Data Path

TO | T1 | T2

T3 | T4 | T5

T6

Micro

Instruction

Fetch

i
N

Skipped’

o I

Select LSR
(bits 4-7)

Sequence of CPU Functions

START

Select LSR
(bits 10-15)

I

Clock X Low
and X High

|

Clock Storage
Gate Check

]

r

ALU (Pass)

L

Select Storage
Gate High/Low

Select LSR Select LSR
{bits 10-15) (bits 4-7)
L |

Select ALU Gate
High/Low

¥

Clock ALU
Gate Check

LINSTR-25




Hex Branch

Mnemonic: HBN (numeric)
HBZ (zone)

111 1|H1|Regt [MAR" |0 V/////] 2

0 34 5 78 11 121314 15

This instruction operates as a 16 way uncondi-
tional branch. Either the zone or digit portion of
either the high or low byte of the selected register
is used to replace bits 12-15 of MAR. Bits 8-11 of
MAR are replaced by the bit settings of MAR'.

H1 (Bit 4): Indicates which byte of the selected
register in the LSR stack is to be used in the hex
branch:

*H1=0: Low byte of the register is to be
used.

H1 = 1: High byte of the register is to be
used.

Reg1 (Bits 5-7): Causes selection of one of
eight registers in an LSR stack. The zone or
digit portion of the selected register is used
and replaces bits 12-15 of MAR.

MAR’ (Bits 8-11): Replaces bits 8-11 of MAR.
Bits 0-7 of MAR are not changed by this
instruction.

Bit 12: Always 0, a modifier to the op code
(bits 0-3).

Bits 13 and 14: Not used in the next branch
instruction.

Timing of CPU Functions To |l T1| T2l 1T3[T4 | T5] T6

TO

Select LSR (5, 6, 7) PL040

Select Storage Gate High (from
LSR high) PLO30

Select Storage Gate Low (from
LSR low: 4=0, storage gate high: |Micro
4=1) PLO30

Instruction

Clock X High, X Low, SAR (dont  [FeteD

care) PLO10 Skipped

i1 11l

Clock Storage Gate Check PL0O30
Select Y Data (from SDR) PL010

Clock Y Reg, Block Reset Y
PLO10

ALU Function (pass) PL060
ALU Gate Low (from Y zone X
numeric: 15=0;Y zone X zone:
15=1) PLO50

Select LSR (MAR) PL040
Write LSR Low PMO070

Clock ALU Gate Check PM070

i

Specific CPU Data Path

——————
>
5
»
2
£

T-Times = 200 ns

Z (Bit 15): Causes either the zone or digit
portion of the selected register to be used in
the hex branch function:

Z =0: Digit portion of data byte of
selected register replaces bits
12-15 of MAR.

Z=1: Zone portion of data byte of
selected register replaces bits
12-15 of MAR.

Condition Code

No change.

L
G-

Channel $B1

Processing U
|
|

5 Display Low Byte '
P s(;‘gul Sys Bus Out Low SysBusOutlow |
l ] tow
I rN s
o s e e e ey
oy ]
stg 8 High
Gate [
1 m;..l
I o

- mm Options depending on contents of bit 4.

Sequence of CPU Functions

START

Select LSR
(bits 5, 6, 7)

Bit 4 On

LINSTR-26

Select Storage
‘Gate High

No

]

Select Storage
Gate Low

1

Clock X High,
X Low, SAR

Y

Clock Storage
Gate Check

|

I Select Y Data J
|

Clock Y Reg,
‘Block Reset

ALU Gate Low
(YzXn)

l

ALU Gate Low
(YzXz)

]

[ select LSRMAR |

[ write LSR Low j

Clock ALU
Gate Check

END



Hex Move

111 1|H1| Reg1// Function [H2|1 |Reg2
0 3465 789 10111213 15

Mnemonics: SRL
SRLD
Mzz
MZN

This instruction performs the following functions:

1.  Shift right logical 8 bits of register
(Reg1).

2. Shift right logical double 16 bits of
register (Reg1). ‘

3. Link the zone portion of Reg2 to the zone
portion of Reg1 and put the result into
Reg1 in the following format:

Reg2 | Regl
Zone Zone

4, Link the zone portion of Reg2 to the numeric
portion of Reg1 and put the results into Reg1
in the following format:

Reg2 | Regl
Zone Numeric

H1 (Bit 4): Indicates which byte of the selected
register in the LSR stack is to be used:

H1=0: Low byte of the register is to be
used.

H1 = 1: High byte of the register is to be
used.

The H1 field is not used for the shift right
logical double function.

Reg1 (Bits 5-7): Causes selection of one of eight
registers in an LSR stack.

Bit 8: Not used.

Function (Bits 9 and 10): Specifies one of the
following functions:

Bits 9 and 10 = 00: Reg1 shift right logical
(SRL). The 8 bits of the selected byte are
shifted one position to the right. The high order
(leftmost) bit is replaced with a zero. The Reg2
and H2 fields of the hex move instruction are
not used for the shift right logical function.

Bits 9 and 10 = 01: Reg1 shift right logical
double (SRLD). The 16 bits of the selected
register are shifted one position to the right.
The high order bit (bit 0) is replaced with a
zero. The H1, H2, and Reg2 fields of the hex
move instruction are not used for the shift
right logical double.

Bits 9 and 10=10: Link zone portion of Reg2

to the zone portion of Reg1 (MZN). The zone
digit of the register specified in Reg2 is moved

to the zone position of the register specified in
Regl. The zone digit of the register specified by
Reg1 is moved to the numeric portion of the
register specified in Reg1. The results are putin
the register specified by Regl and have the follow-
ing format:

Reg2 Reg1
Zone | Zone

Example: Reg1 0110 1000
Reg2 11110010
Result 11110110

Bits 9 and 10= 11: Link the zone portion of

Reg2 to the numeric portion of Reg1 (MZZ). The
zone digit of the register specified in Reg2 is moved
to the zone position of the register specified by
Reg1 and the numeric digit of the register specified
in Reg1 is unchanged. The results are put in the
register specified by Reg1 and have the following
format:

Reg2 Reg1
Zone Numeric

Example: Reg1 0110 1001
Reg2 1111 0010
Result 1111 1001

H2 (Bit 11): Indicates which byte of the selected
register (specified by Reg2) in the LSR stack is
to be used:

H2=0: Low byte of the register is to be
used.

H2=1: High byte of the register is to be
used.

The H2 field is not used in the shift right logical
and shift right logical double functions.

Bit 12: Always 1, a modifier to the op code
(bits 0-3).

Reg2 (Bits 13-15): Causes selection of one of
eight registers in the LSR stack. The Reg2
field is not used in the shift right logical and
shift right logical double functions.

Condition Code

No change.

Timing of CPU Functions

Select LSR (13, 14, 15) (Reg2)
PLO40

Select Storage Gate High (from
LSR high) PL0O30

Select Storage Gate Low (from

LSR low: 11=0, storage gate high:

11=1) PLO30

Select Y Data (from storage
gate) PLO10

Clock Y, X High, and SAR
(block reset) PLO10

ALU Gate Low (Bits 9, 10)
0 0 R1 SRL1-R1
0 1 R1 SRDL1->R1
1°0 R2(Z) R1(2)~R1
1 1 R2(Z) R1(N)=>R1
PLO50

ALU Function (pass; block
reset Y) PLOGO

Select LSR (5, 6, 7) (Reg1)
PLO40

Select Storage Gate High (from
LSR high) PL0O30

Select Storage Gate Low (from
LSR low: 4=0, or 9, 10=01,
storage gate high: 4=1 and 9,
10=01) PLO30

Clock X Low, X High, SAR
PLO10

Clock Storage Gate Check PL030

Select ALU Gate High (from
ALU gate low: 4=1 and 9,10=T1)
PLO50

Write LSR High (4=1 or 9,10=01)
PMO70

Write LSR Low (4=0 or 9,10=01)
PMO070

Clock ALU Gate Check PM070

T-Times = 200 ns

TO| T1| T2} T3 | T4 |T6 | T6
FIII 7
Micro : Skip!
ped
Instruction
Fetch -
.

|
|
N

[N~

kINSTR-27
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Specific CPU Data Path Sequence of CPU Functions

I Processing Unit |
w " '
Sorsas Is L s Oiplay Lowove |
:Dn i o R f = ;:' Sys Bus Out Low Sys 8us Out Low | >
71| 2bvees o "—"IELL:I 1
§IN e ! START
° o 7 | '
o A= % Sys Bus Out M High |
SAR — s ]
> o :
|
R 2 ! Select LSR (bits 13,
b v-.m 1 14, 15)
Addr & 1
=il ¥/ |
‘ I
G |
|
VAV | .
Dupiy pyeves Bit 11 On
— El i ‘,
o 7 ;
enmon e N ','___, : N Select Storage Gate i ' " Yes Select Storage Gate
Addr Sw182 [' |' o ngh High
r____——-b‘“’s"‘“‘ H 32 LSRs : ,
TE ]’ |
g :
ownisat | )
T ‘ Select Storage Gat
Select Storage Gate L 9 : ‘?
Low ow
= e wem wem O ptions depending on the contents i :
. ) lock X Low, X High
of bits 4, 9, 10 and 11. Clock Y High, X [ Cloc on |
High, and SAR
(block reset)

Bit 4 On
‘ALU Gate Low :

9 10
0. 0 R1 SRL1->R1

0 1 R1 SRDL1->R1 Bits 9, 10= 10 No
1 0 R2(Z2)R1(Z) ->R1 i
1 1 R2(2)R1(N) =>R1
Select ALU Gate
Yes \ High

. Bits 9, 10 = 01

I ALU Function (pass) its9 0 0
Select LSR (bits 5, No

6,7)

Bits 9, 10 =01

I Write LSR Low I

[ Write LsR High |




1/0 IMMEDIATE

101 1| Modifier

Function | 2 Reg

0 3 4 7 8

1

12 13 15

The 1/0 immediate instruction has two main

functions:

1. Transfer a single byte of data between the

LSRs and 1/O devices, and

2.  Direct control of CPU, channel, and 1/0O

functions that may or may not include data

transfer.

Modifier (Bits 4-7): The modifier bits are device
dependent and are sent to the attachment. Along

with the CBO bits, these bits define what is to

be done.

Specific CPU Data Path

Processing Unit

15 15 I's
H L
7
8 o 0
15|
° H
ol

Function (Bits 8-11): The function bits are sent
to the port where they are decoded as one of the
following commands:

Load

Sense
Control load
Control sense

This command is then sent to the attachment
on the CBO.

If bits 10 and 11 = 10, the command does not
go to the port but stays in the CPU. For further
definition of the commands, see MINSTR-30.

H2 (Bit 12): This bit is used to select the high

or low byte of the selected LSR. Timing of CPU Functions

Reg (Bits 13-15): This field selects one of eight
registers in an LSR stack. This register is used for
the byte of data or control information that is to

be sent or received. Select LSR (WRO) PLO40

SDR High
SDR Low
LSR Low PL0O30

Note: For CPU control instructions, bits 12-15
are used as a second set of modifier bits.

Select Storage Gate High (from
SDR high) PL0O30

Sys Bus Out Low

Clock SAR, X High, X Low PL0O10

=

c—

Addr sw Addr |_ComP.

Comp —>>

?
| S0 | SvsBusOutl] Hign
~] G pe—
Hig
0
7
A
G

«
Y-High
7

Addr Sw1 &2

Addr Sw3 &4

ALU Gate

te

h

oi [
u
igh

L
High
i

Advance Time PHO10

Select LSR 13, 14, 15 PL040

Select Storage Gate High (from LSR
high) PLO30

Select Storage Gate Low (from
channel bus:9=1; LSR:9=0) PL0O30

Hi
o 7
78

Swws T s
Saws )
1/G Clocks

="

E!q 32LSRs

”78I1

Select ALU Gate Low (from
storage gate low) PLO50

Select ALU Gate High (from ALU
gate low) PLO50

Channel SBI

e e = ——

Write LSR Low (9=1, 12=0)
PMO070

Write LSR High (9=1, 12=1) PM070

CPU/Port Communications

START

1/0 Command

-

Function Bits to
Port from SDR
Low

Stays in
CPU

Modifier Bits. to

Port from SDR
TO|T1|T2| T3 |T3E|——+—|T4 |T5 | T6 |T6E High

|
WRO Low to Port
- (device address)

Device Address
and Modifier to

Micro Port/Data Out
Instruction |
Fetch Command to CBO

Port-Device
Communication

|

Select LSR’
Designated by
Bits 13, 14, 15

na

LSR Data
to Port

|
Data to DBO

Data to DBI

Data to Port
Data In

Write LSR

]

T

Finish Port-Device
Communication

s TR 1

| rINSTR-29




INSTR-30

1/0 IMMEDIATE (continued)

B channel 1/0 Control Load B Micro Processor Load

Order of Significance - Address of LSR
Containing Data
Used by 9 Modifier Modifier Modifier 2
Op Code | Function Device Address Modifier |lInstruction Bits4-7  Function Bits 12-15 Bits 4.7 Bits 12-15
012389 10 11 WRO Low 456712 13 14 15 0000 Disable 33FD Timeout  Not Used 0000 12-?:?1:;:i;:eK(go‘?vé“g?d'f'er‘ 111
Co1 1 | | 0001 Load Port Register |2-| Rzeg 0001 Reset Carry-Set Equal 111
10 = Keyboard, KBD-6 Data to 0010 lI:,?Itzsoe(;fvent Indicator 2, 1111
_ 40 = Display Screen, DISP-14
0=1/0 Load 50 = MCU, Magnetic character reader, or Data Recorder (if installed) be Loaded 0011 Reset Event Indicator 3, 1111
(See uINSTR-31.) A0 = Disk, DISK-11 0010 Reset Port Errors Not Used PKO0O1
By D R TR0 0011 Enable 33FD Timeout  Not Used 0100  Reset Event Indicator 4, 111
0100  Reset Start Light Not Used PKQO1 ,
00 = Channel, see this page ) 0101 Reset Event Indicator 5, 1111
10 = Keyboard, KBD-12 0101 Set Channel Odd Parity  Not Used PKO0O1
4=1/08 40 = Display Screen, DISP-19 0110 Set Channel Even Parity Not Used 0110  Reset Event Indicator 6, 1111
= 1/0 Sense 50 = MCU, Magnetic character reader, or Data Recorder (if installed) 0 S L g PK0O1
= Di 8 111 . t Start Light Not U
(See uINSTR-32.) gg : 2:;5;(DD;§E|)1?8 1 Set Start Lig ot Use 0111  Reset Event Indicator 7, 1111
EO = Printer, PRT-14; S-PTR-14 PKO0O1
CPU Microprocessor Sense 1000  Set Flag 1111
00 = Channel, see Bthis page 1001 No-Op 1111
lg = E?V?“'g' KBD§|SP 6 h ) 456 7 | Bto |Bit1 |Bit2 |Bit3 |Bit4 |[Bit5 |[Bit6 |Bit7 1010  No-Op 111
: | = Display Screen, . The contents o 1011 Reset FI
8=1/0 Control Load' (50 = McU, Magnetic character reader, or Data Recorder (if installed) these bytes or 0100 Stop Main Overlap |IPL 1/0 Sys Go Micro 1100 NZS:’:) A ag : : : :
(See uINSTR-31.) A0 = Disk, DISK-11 switches are Console Key Storage | Off Device |Request |Step Flag Interrupt 1101 No-O
DO = 33FD, 33FD-20 moved to an Status Address Select Mode Check o-Up "
EO = Printer, PTR-10; S-PTR-12 LSR. This Byte Compare Switch 1110  No-Op 0000
_ data can then 1110  Set 1/O Service Request, 0001
10 = Keyboard, KBD-14 be used by the 010 1 Switch 3| Switch 3| Switch 3 | Switch 3 | Switch 4 | Switch 4 |Switch 4 | Switch 4 PJ0O40
= 40 = Display Screen, DISP-21 program. Address 8 4 2 1 8 4 2 1 1110 Reset 1/0 Service R est
¢ ISQO Control 50 = MCU, Magnetic character reader, or Data Recorder (if installed) Data PJeSZO / rvice fequest, 0010
nse A0 = Disk, DISK-13 Switches
(See uINSTR-32.) DO = 33FD, 33FD-32 3and 4 1110 PI:OOGSSOT Check Halt, PJO10 0011
EO = Printer, PTR-14; S-PTR-16 1110  Disable Checks, PJO10 0100
0110 8.19 ms | 16.38 ms| 32.77 ms{65.54 ms{ 131.1 ms|262.1 ms}{524.3 ms| 1s 1110 Enable Interrupts, PJ040 0101
10 = Disk, DISK-14 (WRO{L] contains interrupt 1/0 Clocks 1110 Disable Interrupts, PJ0O40 0110
5 = Sense Interrupt level being sensed) Low Byte?
Level Status Byte { 20 = Keyboard, KBD-18; Printer, PTR-18; oy 1110 Enable Checks, PJO10 0111
S-PTR-18 0111 | 32us |64ps |128ps [256pus |512us |1.02ms [2.05ms [4.10ms 1110 s No-Op 1000
(See uINSTR-33.) 30 = MCU, Magnetic character reader, or Data Recorder (if installed) 1/0 Clocks 1110 PU Worki PJ020 1110
. High Byte! 1111 SetC orking, 0000
6= Microprocessor See this page. - 1111 Reset Stop Latch, PJO60 0001
Sense :\d: 01 Sv;itch 1 szitch 1 Sv;itch 1 Sv:itch 1 Sv;itch 2 szitch 2 SV;itch 2 va1ntch 2 1111 Reset MCI Latch, PJO10 0010
Dataress 1111  Reset Go Latch, PJ020 0011
A = Microprocessor  See I8 this page. i 1111 Enable Microloop Timeout 0100
Switches
Load 1and?2 (not) Reset Timeout, PJO10,
— . T ot (PJOG0)
1,3,7,B, D, E, F Invalid 1010 SDRP | MORP | Storage ontro ain ot Used| Microloop
CPU Error Check | Check |GateP |GateP |Storage |Storage Check 1111 Set Stop Latch. . 0101
Byte Check |Check |Invalid |invalid 1111 Reset Retry/Microloop Time- 0110
Addr/ | Addr/ out and Set Go Latch
I} cChannel 1/0 Sense SAR  |SAR 1111 Set Retry, PJ020 0111
‘ Check | Check 1111 Enable /0 Clocks, PJ08O 1000
4567 Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit7 10 11 Flag Plus Minus Zero Carry Hi Log |Low Log|Equal Log :::: go-(z:pllo Clocks. PJOSO :g?:)
PCR Log ese ocks,
0000 Sense Data 1111 Disable 1/0 Clocks, PJOSO 0011
Port Register 1111 No-Op 1100
0001 Port Invalid DBI 1/0 cBl/ System Cycle Invalid 1111 Reset CPU Working, PJ020 1101
Data Device P Timeout DBI BusP  Steal Channel 1Contents of these bytes are in 1's complement form. 1111 Processor Wait, PJOGO 1110
Bus Address Check  Check  Not Zero Check  Check

Out




1/0 Load

Mnemonic: 10L, IOCL

N T

1011 Modifier | Function Reg2

0 3 4 7 8 11 12 13 156

This function of the 1/0 immediate instruction
is used to transfer 1 byte of data or control
information from an LSR to an 1/0 attachment.

Instruction Fields

Modifier: The modifier bits are device dependent
and are sent to the attachment along with the
command. They define what is to be done with
the data byte that will be sent.

Function: The function bits are sent to the
channel where they are decoded as one of the
following commands:

Load
Control Load

This command is then sent to the attachment on the
CBO.

H2: This bit is used to select the high or low
byte of the selected LSR:

H2 =0: Select low byte.
H2 = 1: Select high byte.

Reg2: This field selects one of eight registers in
an LSR stack. This register will contain the byte
of data or control information that is to be sent
to the attachment.

Select Attachment Send Data Byte to Attachment
(Address, Modifier and Command to Attachment) SP0
CPU l Channel | Attachment
| Function |
l Field |
H l Decode |
101 1| Modifier | Function | 2 | Reg2 ' | LSRs
4 7 | 11 1 3
0 3 8 1 12 13 15 | CBO
WRO Low y Commana| '
Device I I Select
Address 0000 I } Select LSR
| Data Select High or
Buffer Port Low Byte |
! Data H
! Bus 101 1| Modifier | Function | 2 | Reg2
| 3 Out -
| 4 SDR
l —_
1
7
Select 1/0 Attachment ; 'Send
Address and | Command and Modifier to
Command in | Attachment on CBO and Port
Channel Data Bus Out Send Data Byte to Attachment

Channel

Buffer

CPU Clock PM015

1/0 Instruction PM045

Port Clock PHO60

SDR Low to Channel PL020

SDR High to Channel PL020
WRO Low to Channel PL030
Device Address and Modifier to
Port Data Bus Out PHO90
Command to CBO PH110

Control Out PH040

Strobe PH040

Service In PA020

Select LSR PL040

Gate LSR Byte to Channel PLO30
Data to Port Data Bus Out PH090
Service Out PH040

Advance Time PHO10

c16))c17

Attachment

Port
Data
Bus

— The first ‘strobe’ after the rise of ‘control out’
signals the attachment that the address and
command information on the CBO and port
data out is valid. The rise of ‘service in’
signals the port that the attachment has taken
the information from the CBO and port data
bus out and is ready to receive data.

— The first ‘strobe’ after the rise of ‘service out’
signals the attachment that the data byte on
the DBO is valid. The fall of ‘service in’ sig-
nals the port that the attachment has taken
the data byte from the DBO.

kINSTR-31



1/0 Sense

Mnemonic: 10S, I0CS

H
1011 |Modifier | Function | 2 Reg2
0 34 78 11 1213 15

This function of the I/O immediate instruction
is used to transfer 1 byte of data or status type
information from an 1/O attachment to an LSR.

Instruction Fields

Modifier: The modifier bits are device dependent
and are sent to the attachment along with the
command. They define what data byte is to be
sent.

Function: The function bits are sent to the port
where they are decoded as one of the following
commands:

Sense
Control Sense

This command is sent to the attachment on the
CBO.

H2: This bit is used to select the high or low
byte of the selected LSR:

H2 =0: Select low byte.
H2 = 1: Select high byte.

Reg2: This field selects one of eight registers in
an LSR stack. The byte of data being sent from
the attachment will be placed in this LSR.

The 1st ‘strobe’ after the rise of ‘control out’’
signals the attachment that the address and
command information on the CBO and port
data bus out is valid.

The rise of ‘service in’ signals the port that the
attachment has taken the information from

the CBO and port data out. The rise of ‘service
in’ also signals the port that the data byte on

the port <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>