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PREFACE

This manual is for readers who understand the basic concepts of
computers and system programming. Introductory information
that describes data formats, instruction formats, status switching,
and program interrupts is in /BM System/360 Principles of
Operation, GA22-6821; and /BM System/370 Principles of
Operation, GA22-7000.

Integrated graphic techniques are used where practical to
provide standalone diagrams and modular units of information.

The information ranges from basic system concepts, contained
in Chapter 1, to the detailed operations of a functional unit or
area contained in Chapters 2-13. Each chapter contains a modular
segment of information about a major functional area of the
system, such as CPU, storage and console.

This manual also contains information to be used in maintaining
or repairing the 3145. It also includes CPU reference data;
channel reference data; maintenance techniques; checks, adjust-
ments, and removal procedures, power and cooling maintenance
procedures; physical locations; description of panel indicators.

The 370 Microprogram Listing contains the microinstruction
sequences required to execute any program instruction. There-
fore, the execution of only some of the program instructions is
described in this manual. Instead, certain representative
examples are described, using flow charts and example operands.
The examples show microprogram sequences and data paths
required to execute the instruction. ,

The 3145 Theory-Maintenance manual shipped as part of the
maintenance package for the system is contained in four volumes

Second Edition (October 1971)

This cdition (SY24-3581-1) is a'major revision of, and obsoletes SY 24-3581-0.
This publication has been revised completely with major additions, deletions, and
reformatting of existing material. For this reason, the reader should review this

edition in its entirety.

(30 through 33). The contents of each volume is identified on
the accompanying red MDM tab. )
Because this manual is split into four parts, the index is in the
front of the manual. The index which effectively points to
the places where information exists, follows the chart showing
the major areas of each chapter. Each chapter contains its own
contents. This makes it unnecessary to refer back to Volume 30
whenever you are looking for specific information within a
particular chapter. )

This manual references diagrams in the 3745 Processing Unit,

Maintenance Diagrams, SY 24-3580.
Other related manuals are:

1BM System/370 Model 145 Functional Characteristics,
GA24-3557

1BM System/370 Model 145 Operating Procedures, C38-0015

I1BM System/370 Model 145 Channel Characteristics,
GA24-3573

I1BM System/370 Model 145 Installation Information-Physical
Planning, GA22-6976

IBM System/370 System Summary, GA22-7001

/BM FE Theory of Operation, Component Circuits, SLT,
SLD, ASLT, MST, SY22-2798

IBM FE Theory of Operation, Power Supplies, SLT, SLD,
ASLT, MST, SY22-2799 .

IBM FE Theory of Operation, Monolithic System Technology,
Packaging Tools, Wiring Change Procedures, SY22-6739

Significant changes and additions to the information contained in this publication are
continually being made: any such changes will be in subsequent revisions or Technical

Newsletters.

Request for copies of IBM publications should be made to your IBM representative

or to the IBM branch office serving your locality.

This manual has been prepared by the IBM Systems Development Division, Product

Publications, Dept. K10, P.O. Box 6, Endicott, N.Y. 13760. To help us evaluate

this manual, you arc encouraged to use the Reader’s Comment Form in the back of
this manual. Your comments will help to provide better documentation in both this
manual and future manuals. If the form has been removed, comments may be sent

to the above address. Comments become the property of IBM.

© Copyright International Business Machines Corporation 1971
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ABBREVIATIONS

A and
AAR A-address register

- ABRTY A and B retry register
AC alternating current
ACB address check boundary
ACBR address check boundary register
ACR automatic carrier return
ADDR address
adj adjust
Adr-| address-in
Adr-0 address-out
adv advance
ALD automated logic diagram
ALS A-local storage
alt alter
ALU arithmetic logic unit
AM address mark
amp amplifier, ampere

ANUM add numeric
appndg appendage

APR alternate path retry
ASCII american standard code ||
ASCP automatic system control program
asm assembler
"AT attention (file)
ATTN attention
avl available
B
BAL branch and link
BAR B-address register
BBE branch on bit equal
BC basic control
- BCA bit count appendage
BCA basic channel adapter
BCAI basic channel adapter interface
BCD binary coded decimal
BCE branch on character equal
BDIL branch and do interpretive loop
bfr buffer
Bl FLAG branch on invalid flag
B LS B-local storage
BMF block multiplexer feature
BR bit ring
BR branch
brd board
BS byte source
BSM basic storage module
bwd backward
BWF branch if wordmark or zone equal

BYTDST byte destination

[eXe!

A
CAR
CAW
cB
CcC

CCC
CCH
CCw
CD .
CcDC
CE

CF
CFC
CFDA
CFDR
chan
char
chk
chng
chnl
CKD
clk
CM
cmd
Cmd-O
cmnd
cncl
cnd
cnsl
cnt
cntr
coax
comp
con-con
cond
corr
cP
cpmt
CPU
CPURTY
CR
C-Reg
CS
CcsSw
CTCA
CTCAX
CTCAY
Ctrl
CuU
CUA

count

control address

cylinder address register
channel address word
circuit breaker

condition code, chain command,
cyclic code

channel control check
channel check handler
channel command word
chain data time of day clock
channel data check
channel end

console file

console file checking
console file disk address
console file data register
channel

character

check

change

channel

count, key, and data

clock

current module

command

command out

command

cancel

condition

console

count

counter

coaxial cable

compare

contingent connection
condition

correction

circuit protector
complement

central processing unit
central processing unit retry register
control register

control register

control storage

channel status word
channel to channel adapter
channel to channel adapter X system
channel to channel adapter Y system
control

control unit

control unit address

cuB
CUE
cyc
cyl

DA
DASD
dbl
DC
DC
DCBI
DCBO
DCC
DCHI
DDR
DE
dec
DED
dest
det
DF
diag
diff
DIL
Dir-In
Dir-Out
Disc-1
dist
DL
dly
D-Mod
Doc
DOS
dply
dsbld
dup

EBCDIC

EBI
EBO
EC
ECC
ECCL
ECM
ECNT
ECSW

control unit busy
control unit end
cycle

cylinder

data

data address

direct access storage device
double

direct control

direct current

direct control bus-in

direct control bus-out
disconnect command chaining
direct control hold-in
dynamic device reconfiguration
device end

decode, decimal, decrement
double error detect
destination

detect

disk file

diagnostic

difference

do interpretive loop

direct control bus-in
direct control bus-out
disconnect in

distribution

data length

delay

D-modifier

documentary console

disk operating system
display

disabled

duplicate

extended binary coded decimal
interchange code

external bus-in

external bus-out

external control

error checking and correction
error checking and correction logic
extended control mode

error count register

extended channel status word

ED
EDBI
EDBO
EM
env
EOF
EPO
eq
ERDS
EREP

ERP

err

EXCA
EXE CPLT
exp
EXPLS
ext

ext asm
ext dst
extint

FBAK
FBO
FCH
FCL
FCND
fdbck
FDR
FERR
FM
FOP

F Stat
FTAG
FTC
fwd

GBS
GBUF

gen
GM
gnd
grp
GSTAT

external damage

external data bus-in

external data bus-out
external damage report mask
envelope

end of file

emergency power off

equal

environmental recording data set
environment recording edit and
print program

error recovery procedure
error

external control assembler
execute complete

expanded

expanded local storage
external

external assembler

external register destination
external interrupt

file backup external word
file bus-out

file count register high
file count register low
file conditions external word
feed back

file data register

file error external word
file mask

file operation register

file status external word
file tags external word
flush through checking
forward

selector channel buffer status external
word

selector channel buffer external

word

generate

group mark

~ground

group
selector channel status external word



HA home address length NA next address rdy ready
HDV halt device LC lower case NOP no operation recal recalibrate
hdwr hardware LD line driver norm normal ref reference
hi high LEX local execute mode NPL new product language reg regulator, register
HI0 halt input/output LO low ns nanoseconds req request
HMRTY  Hand M retry registers Log! logical reqd required
HS hard stop LH L- register high half Reqg-I request-in
hz hertz LHM left hand margin E rev reverse
LL L: register low OBR outboard recorder RHM right-hand margin
LR line receiver oc overcurrent RM record mark
u LRU least recently used OE exclusive OR RM recovery report
IAR instruction address register LS local storage opP operation RMS recovery management system
1B interrupt buffer LSCA local storage control assembler oP-1 operational in RR record ready
IBU I-register backup LSCS local storage control storage OPL operational Rst reset, restart
IC instruction counter LSDST local store destination OP-O operational-out rtn return
ICC interface control check Ith latch oS operating system rty retry
icplt incomplete i osc oscillator rty flg retry flag
I-cy instruction cycle ov over voltage
id identifier ™
IFA integrated file attachment mach machine B
IFCC interface control check MB M-register back up E SAR storage address register
IFCU integrated file control unit MBO multiplexer bus-out PAA pre-address assembler sch search
L incorrect length MC machine check PCI program-controlled interrupt SCR silicon controlled rectifier
ILC instruction length code MCAR machine check analysis and recording PD instruction processing damage SD system damage
IM input/output extended logout mask MCEL machine-check extended logout PDAR program damage assessment and repair SDBI storage data bus-in
IMPL initial microprogram program loading MCH machine-check handler PE print emitter SbBO storage data bus-out
inc increment mcCic - machine.check interruption code PF power frame sbc suppress data check
ind indicator MCKA machine-check A register PGA power gate A SDK set diagnostic key
inh inhibit MCPU move data in CPU PGB power gate B SDR storage data register
inst instruction MCRR machine-check recovery recorder PI DEC priority interrupt extended control SDR statistical data recorder
intf interface MFT multiple fixed tasks PIR priority interrupt register sec secondary
intlk interlock MG motor generator PIRM priority interrupt register mask sect sector
intr interrupt Mid-Pac middle power package regulator POH power on hours sel select
intv interval MIO move data for 1/0 pos position seld selected
intvn intervention misc miscellaneous PR-KB printer keyboard Sel-1 select-in
invid invalid MLC machine level control proc process Sel-O select-out
1/0 input or output MLS micro listings prog program selr selector
IOCA input/output communications area mod module prot protect seq sequence
I0EL input/outbut extended logout mono monolithic PSW program status word ser des serializer/deserializer
IPL initial program load MOP mini operation register pcy parity SEREP system error recording edited printout
IPM in process register MPF main power frame pwr power Serv-1 service-in
ISK insert storage key MPX multiplexer Serv-O service-out
MRTY M retry register Sl system incidents
: ms millisecond m SI10 start input/output
us. microsecond RO record zero SIOF start 1/O fast release
JCL job control language MS main storage R1 record 1 SLI suppress length indication
MSF main-storage frame RAC remote analysis center SM synchronous mask
m MST monolithic systems technology RAS reliability and serviceability sng single
MTO multiplexer tags-out RCNT retry count register SPTL S, P, T and L registers
K key MTI multiplexer tags-in RCS reloadable control storage SPTLB SPTL back-up word for SPTL
KD key and data MUA multiple unit address RD read registers
KL key length MVT multiple variable task RDK reset diagnostic key SR system recovery

"
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S/R
SS
SSK
Stat-|
std

stg
STI
STIDC
STIDP
stkd
stor
stp
SUA
supp
Sup-0
SUT
SVC
SVI
sw

SX
sync
sys

B
TCH
TD
tfrm
TH
therm
thid
thru
TIC
TIO
TOD
TODH
TODL
T/R
tgr
TSBO

UCcw

vac
val
vdc

set or reset

singleshot

set storage key

status-in

standard

storage

status-in

store identification channel
store identification processor
stacked

storage

stop

single unit address
suppress

suppress-out

system unavailable time

supervisor call

service-in

switch

selector/block multiplexer channel
synchronize

system

terminal block

test channel

timer damage
transformer

TFregister high
thermal

threshold

through

transfer in channel
test input/output
time of day

time of day high word
time of day low word
tilt or rotate, transformer/rectifier
trigger

timing signal bus-out

unit contro! word

volts alternating current
validate
volts direct current

VFO
VOM

wd
WLR
wM

WS

XFer
X-Late

variable frequency oscillator
volt/ohm meter

word

wrong length record

word mark

write

word separator, word source

transfer
translate

vii



LEGEND (Time)

o | (Set) )= (onny TR Leteh
Number of bit lines L Input side is denoted by heavy line. Shift Input &P4 SS
M Circuit multiples shown by numerals in
9 36 (Reset) 8 | (Off/0) lower right corner, ALD reference page . Singleshot
P I 7 Displayable AC 123 may be shown beneath. (Time)
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TIMING CHARTS

3 oeme——

Flowcharts

Active State

Numerals at beginning and end of the bar identify the
signal(s) on the same chart that activate and deactivate
this line. */(Not)" with the number indicates that lock
of the signal conditions the line.

Process

Major Functions or Events

Function or Process Detailed Elsewhere

Indicate in blockwhere the detailed, flow chart of the process
is located.

Flow chart block where action is indicatable.
{Use and placement of indicator is optional)

Flow chart block where condition branched on is indicatable.
(Use and placement of indicator is optional)

Terminal

Indicates beginning or end of flow path.

Annotation, comment block.

Gives descriptive comment or explanatory note,

No

Yes

GENERAL

Diag 1-2

Decision

Indicates a point in a flow chart where a branch to alternate
paths is possible.

On-Page Connector

Indicates connection between two parts of the same
diagram. Arrow leaving symbol points (line-of-sight)
to correspondingly numbered symbol.

On-Page Connector

Indicates connection between two parts of the same
diagram. Alphameric grid coordinate of complementary
connector shown beneath,

Off-Page Connector

Indicates connection between diagrams located on separate
pages. Location of correspondingly - lettered symbol shown
adjacent. Alphameric grid coordinate may be included.



INDEX

A-and B-registers  1-9, 1-12

A byte assembler 2-93

A-local storage, data flow  2-12
A-register and A byte assembler  2-93
A-register, B-register and ALU  2-92
A-register display, data flow 5-14,5-15
AB backup 12-10

AB retry 12-10

ABRTY 12-10

AC (automatic configuration) 12-18
AC cable, [IFA/2319 10-98

AC power distribution 11-10

AC to DC conversion and distribution 11-12-11-15

ACB control ckts  2-37
ACB examples 2-36
ACB-register 2-35
ACB settings 2-35
accelerate latch  7-45
ac/dc module, removal and replacement  11-38
active-cap adjustment  11-35
addr X-late mode, indicator 5-6
address adjust (see OS DOS comaptibility)
address adjust, introduction  1-13
address adjust (see OS DOS compatibility)
address 1 check boundary (ACB)  2-35
address 2 compare control switch  5-26
address compare switch, logic diagram  5-18
address formation, next control word 4-16
address mark

AM bytes 10-17

detect logic  10-17

detect timing 10-17

detection 10-16

restart  10-17

sync byte 10-17
addresses, trap (retry) 12-15
addressing, local storage, scoping procedure 2-17
adjustments

data separator, IFA  10-15

delay line, IFA  10-15

error detector, IFA  10-15

gate generator, IFA  10-15

IFA power supplies 10-97

ramp generator  10-15

singleshot, IFA VFO 10-15

zero detector, IFA  10-15
adr comp match, indicator 5-6
adr X-late LRU inval, indicator 5-5
adr X-late mult match, indicator 5-5
adr X-late no match, indicator 5-5
advance head trap 10-77
advanced checkpoint/restart 12-26
A-H, rotary switch functions 5-25
alarm (audible) 7-61
allow CE mode switch, IFA 10-86
alter/display operations 7-54
ALU gating (A/B) 2-95
ALU K assembler 2-96

ALU shift gating 2-96
AM (asynchronous machine check logout mask)
AM bytes, [FA 10-17
analysis, machine check 12-24
arithmetic and logic unit (ALU) 1-12,2-97
arithmetic control word
fullword (bit definition) 4-70
type 10 byte (bit definition) 4-70
type 11 (bit definition) 4-72
arithmetic indirect byte
control word example 4-75
type 10 or 11 (bit definition) 4-73
arithmetic word 4-68
arithmetic word example
byte operation 4-76, 4-77
fullword operation 4-80, 4-81
indirect-byte operation 4-78, 4-79
shift operation 4-82, 4-83
assembler instructions 4-10, 4-11
attachment
3210 PR-KB 7-14
3215PR-KB 7-33
attention (status bit 0) 7-61

B (backup) 12-13

B-byte assembler 2-94

B-local storage, data flow 2-14
B-L/S source direct address  2-15
backup and retry registers  1-12
backup registers  12-10

backward seek test, IFA 10-94

basic ctrl cmd execution, IFA  10-40
basic data cmd execution, IFA  10-41
basic IFA operations 10-35

BCA indicator byte, IFA 10-24

bit assignments, IFA externals 10-11
bit count appendage, IFA 10-24

bit count, IFA BCA 10-24

12-17

bit definition charts, control words 4-85,4-86, 4-87

bit ring, IFA  10-19
bit ring logic, IFA 10-19
bit ring timing, IFA  10-19
block-multiplexer channels
charts, objectives 8-91
operations 8-83
semidynamic UCW address assignment  8-86
shared UCW assignment  8-85
store/load UCW traps 8-89
UCW address pointer tables 8-86
UCW assignment  8-85
UCW assignment registers 8-86
UCW pool  8-87
block multiplexer selector channel 1-17
bit definition 4-32
operation 4-30, 4-31

block multiplexer selector channel 1-17
blowers, removal and replacement 11-38,11-39
branch and link control word
example 4-34,4-35
branch and link or return word
bit definition 4-19
operation 4-30, 4-31
branch and module switch
bit definition 4-19
control-word operation 4-18
example 4-20
branch control word
bit definition 4-24,
example 4-26
operation 4-22
branch symbols, control word 4-89
branching ckts (microprogram) 2-108
BSM board layout 3-7
BSM configurations 3-4
BSM sizes 3-5
buffer register (MB) 2-107
bus-out check 7-62
busy (status bit 3) 7-61
BYTDST 12-10
byte assembler, A 2-93
byte assembler, B 2-94
byte cntr, indicator 5-7 .
byte count logic, IFA 10-22
byte counter, IFA  10-22
byte mark register, storage 3-30
byte-multiplexer channel
catalog numbers 8-35
channel-control check 8-32
command chaining 8-41
CSW store 8-30
data chaining 8-41
ending procedure 8-27
ending status and interruption handling 8-26
error handling and logout 8-35
error logout 8-36
external facilities 8-15
functional units 8-14
initial selection routine  8-22
interface control check 8-22
interruptions
conditions 8-32
normal primary ending status  8-28
normal secondary ending status  8-29

program-controlled interruption (PCI)  8-31

IPL (initial program load) 8-43
local storage 8-18

MBI (multiplexer bus-in) 8-15
MBO (multiplexer bus-out) 8-15
MTI (multiplexer tags-in) 8-15
MTO (multiplexer tags-out) 8-15
operations 8-19

second level diagram 8-16

share trap-data handling 8-24

byte-multiplexer channel (continued)
start [/O  8-20
status interpret  8-27
stop after log  8-34
store and load PSW  8-42
test channel 8-40
test 1/0-halt, I/O-halt device 8-38
unit control word format 8-14
byte selection (SDB0O) 2-8

C-register 1-11,2-102
C-register force, IFA 10-30
CCW entry and decode, IFA 1045
CD (time of day clock damage) 12-18
CE error light, IFA  10-86
CE mode light, IFA 10-86
CE panel, IFA/2319 10-86
CE power panel 11-16,11-18
CF pwr on, indicator 5-6
CFDAR register 2-34
chaining check 7-61
channel
address word (CAW) 84
available interruption 8-83
burst mode, defined 8-3
burst mode, operation 8-9
bus-in  8-5
bus-out 8-5
byte-mode operation 8-9
byte-multiplexer data flow 8-10
check handler 12-23,12-24
command word (CCW), defined 8-4
commands for PR-KB 7-60
commands, IFA 10-8
configurations 8-2
control check . 7-61
control words 8-4
data check 7-61
data rates 1-16
dependent logout  12-20
end (status bit 4) 7-6
general description
byte multiplexer 1-16
block multiplexer feature 1-17
data rates 1-16
integrated file adapter 1-17
selector 1-16
ID 8-34
ID,IFA 104
identification 12-19
initial selection sequence 8-8
instructions 8-3
interruption, available 8-83
introduction 8-2
logout 8-34



channel (continued)
mark Oin 8-5
metering controls  8-7
multiplexer mode 8-3
retry 1-14,12-9
selection controls 8-6
sequence codes 8-34,8-69
short CSW  8-22
status byte for PR-KB 7-61
status bytes, [FA 10-74
status word (CSW), defined 84
tags-in 8-5
tags-out 8-5

channel-to-channel adapter feature
address compare and data flow X 9-32
control command 9-24
data flow 9-24
description 9-24
disability and compatibility 9-33
functional units 9-32
halt /O 9-28
I/0 interface isolation 9-30
no operation 9-27
on-line off-line modes 9-29
operational characteristics 9-24
programming notes 9-31
read or read backward 9-26

select priority, mode selection and bypass

selection and reset X 9-32

sense adapter status 9-26

sense command byte 9-26

sequence and control X 9-32

status, sense, and input B bus-in X  9-33
system or selective reset  9-28

test /O 9-27

write  9-27
write end of file 9-27
check

chaining 7-61
channel control 7-61
channel data 7-61
control, rotary switch 5-21
data parity  7-43
interface control 7-61
print emitter sync  7-43
program 7-61
protection 7-61
reset, key 5-27
checkpoint/restart 12-26
checks, machine 12-8
chopped forward or reverse singleshot  7-45
clock
CPU (see CPU clock)
damage 12-18
IFA 10-18
logic 10-16
share cycle logic 10-31
timing 10-18
logic diagram, storage 3-19
stop indicator 5-6
storage 3-23
sync, indicator  5-5

clock (continued)
time of day (see to TOD clock)
CM (configuration report mask) 12-17
cmnd reg. indicator  5-7
cntr match, indicator  5-7
codes
printer tile/rotate 7-8
T/R and keyboard, table 7-9
translation, 3210 PR-KB 7-10
3210 keyboard 7-7
3210 transmission  7-9
colon

printing the punctuation character, 3210 7-11
printing the punctuation character, 3215  7-31

command chart, console file 6-10
command execution
IFA control cmd 10-40
IFA datacmd 10-41
command reject 7-62
command retry
I/O interface sequence 8-72
introduction 1-14
operation 12-9
common region, 1400 compatibility 9-4
compare circuits, IFA  10-26
compatibility exceptions 1-14
compatibility feature, 1400/1410
ANUM instruction 9-12
BIFLAG instruction 9-15
common region 9-4
COMP instruction 9-12
control byte chart 9-11
control storage assignment 9-3
DIL and BDIL instruction 9-10
instruction ‘EA’  9-10
local storage assignment 9-3
main storage assignment 9-2
MCPU instruction 9-13
MIO instruction 9-14
op code chart, 1401/1460 9-9
op code chart, 1410/7010 9-8
op codes, 1440 9-9
program debugging information 9-16
compatibility feature, 1401/1440/1460 9-2
compatibility feature, 1410/7010 9-2
condensed data flow, 3215 7-33
condition code validity 12-18
configurations, PR-KB  7-3
console file
byte control  6-5
byte counter 6-5,6-13
byte format 6-3
CF data register (CFDR) 6-5
CFDA register 6-5
CFDA track/sector table 6-3
clock 6-6
command 6-9
command byte 6-3
command chart 6-10
command register 6-5, 6-13
compare circuits  6-5
control commands 6-9

console file (continued)
CPU clock start  6-13
data and clock bit timing 6-3
data byte 6-3
data checks 6-12
data flow 6-4
disk-address register 6-13
disk format 6-3
error checks 6-12
even-odd check 6-12
extra bit check 6-12
head control and track accessing 6-5
IMPL example 6-15
introduction 6-2

operation commands 6-9
out of sync/missing bit check 6-12
pause 6-13
removal and replacement  6-17
sector format  6-3
sector ready latch  6-8
shift register 6-5,6-7
shift register parity error  6-12
timing chart, shift register 6-7
voltages 11-33
console-file adapter  6-2
console-file disk address (CFDA) byte 6-3
console-file indicators  5-7
console-file register display switch 5-26
console-file registers, indicators 5-7
console layout 5-2
continuing scan commands, IFA 10-70
control address set, key 5-27
control and data flow
3210 7-15
3215 7-34
control commands, IFA  10-50
control Cmd execution, IFA 1040
control, data-transfer 7-49
control keys (switches) PR-KB  7-6
control, new line, 3210 7-23
control, read/write cycle, 3210 7-22
control register
decode, I-cycles 2-64
machine check 12-17
valid 12-18
14 12-17
15 12-17
3210 7-15
3215 7-33
control, stepper motor  7-44
control storage assign, [FA  10-12

control storage map 4-13

control trap, IFA 10-74
control-unit end (status bit 2) 7-61
control word

access 4-4

arithmetic 4-68, 4-69

bit definition

arithmetic indirect byte type 10 or 11

arithmetic type 10 byte 4-70
arithmetic type 10 fullword 4-71
arithmetic type 11  4-72

control word (continued)
branch and link or return word 4-32
branch and module switch 4-19
branch word  4-24, 4-25
storage word (K addressable) 4-50
storage word (non K addressable) 4-48, 4-49
word-move word  4-40
branch 4-22,4-23
branch and link or return word 4-30, 4-31
branch and module switch 4-18
branch symbols 4-12, 4-84
examples
arithmetic, byte operation 4-76, 4-77
arithmetic fullword 4-80,4-81
arithmetic indirect byte 4-75
arithmetic, indirect-byte operation 4-78
arithmetic, shift operation 4-82, 4-83
branch and link 4-34, 4-35
branch and module switch 4-20, 4-21
branch words 4-26, 4-27, 4-28, 4-29
return word 4-36
storage read halfword 4-52
storage word, direct control  4-60
storage word, store under mask and decrement
count 4-64,4-65, 4-66, 4-67
storage word, TB function 4-56
word-move word 4-42,4-43
functions 1-7 '
next address generation 4-12
stat set symbols 4-84
storage word  4-44, 4-45
storage word forms 4-46, 4-47
types 4-15
word-move word  4-38, 4-39
conversion, emitter pulse 7-40
corr cycle, indicator  5-6
‘count controls, IFA  10-22
count externals, IFA 10-22
count field, IFA 10-6
counter decode, IFA  10-22
counter logic, IFA 10-22
counts
PE timing pulse 7-41
print emitter timing 7-41
retry 12-11
CPU
configuration 1-3
cycle times (see CPU clock)
dependent logout  12-19
external word 2-34
frame, electrical components 11-8
high priority  2-43
identication 12-19
independent logout  12-18
indicator 5-5
status, indicators 5-6
CPU clock
card locations 2-104
checks and adjustments  2-104
delay card plugging 2-105
start, indicator  5-7
CPURTY 12-10

Xi



CR (control registers valid) 12-18
CS adr, indicator 5-6
cycle control, 3210 read/write  7-22
cyclic check, IFA  10-25

controls 10-24

logic 10-24
cyclic-code hardware register 10-25
cyclic-code register, IFA 10-24
cylinder addr reg test, IFA 10-29
cylinder concept 10-4
cylinder select switch, IFA  10-86

D-register 1-12, 2-99
damage
external 12-18
instruction processing 12-18
interval timer 12-16
report 12-8
report mask 12-17
system 12-16, 12-18
time of day clock 12-16, 12-18
timer 12-18
data and control registers, 3210 7-15
data command execution, IFA 10-41
data field, IFA 10-6
data flow, IFA 104
condensed, 3215, 7-33

3145 1-8

data flow and control
3210 7-15
3215 7-34

data-in (interface line) 1-15

data, indicator  5-7

data, late  7-47

data length (DL), IFA 10-6
data-out (interface line) 1-15
data parity check 7-43

data parity control, IFA 10-23
data rates channels 1-16

data records, IFA 10-7

data registers, 3215 7-33

data request controls, IFA  10-28
data storage 10-4

data transfer clock, IFA 10-26
data-transfer control 7-49

data transfer controls, [IFA 10-23
DC distribution 11-12-11-15
decode CCW entry, IFA  10-45
delta 200 ns index, [FA 10-32
dependent logout 12-19
destination addressing (L/S) 2-11
destination control diagram EXPLS 2-28
destination look ahead (L/S) 2-11
device end (status bit 5) 7-62
diag, external word 2-34

diag stop, indicator  5-5

diag O register 13-12

diag 1 register 13-16

diagnostic control SAR  13-24

diagnostic/console file controls rotary switch
diagnostic hardware

ABRTY group 1 13-17

ABRTY group 2 13-26

ABRTY group 3 13-32

diagnostic parity 13-20

diagnostic ripple  13-21

early delay function 13-32

general information 13-1, 13-10

MPX diagnostic control  13-20
diagnostic indicators, IFA  10-11
diagnostic key 13-12
diagnostic local storage assignment 13-43
diagnostic registers 13-12
diagnostic service signal - GA, A-, KOD 13-39
diagnostic strobe  7-17
diagnostic tests

BABS 134
BEA6 13-6
EDA9 13-35
EGE7 139
EJDS 13440

diagnostics, 1FA inline
indications 10-87
test decode 10-88
_trap 10-74
unsafe condition test 10-91
diagram legend, IFA 10-34
direct control feature
data flow and controls 9-21
flow chart, write & read direct 9-22
general information 9-18
interface lines 9-19
read direct instruction 9-18
signals originating outside the CPU  9-20
signals originating within the CPU  9-19
timings 9-22
write direct instruction 9-18
disconnect in (interface line) 1-15
disk adr reg, indicator 5-7
disk drive, 23FD 6-2
disk pack, IFA/2319 104
disk speed diag test 10-90
disk storage select logic  10-33
display assembler out data flow 5-10
display, key 5-27
display operations  7-54
DK-register (expls-7C) 2-22
DOS

error-recovery procedures 12-25
recovery management support 12-24
restart facilities 12-26
RMS 12-24
DOS-checkpoint/restart  12-26
DOS-emulator (ref to OS DOS compatibility)
downshift, (stepper) motor 7-46

EBCDIC
for 3210 graphics 7-10
matrix code translation 7-29
tilt/rotate location table 7-11

5-23,5-24

ECC
board to CPU timing diagram 3-22
busy, indicator 5-5
DBL bit, indicator  5-5
decode chart 3-34
description 3-32
hdw, indicator 5-5

logic 12-6
logic diagram  3-33
ECCL

board layout 3-17

delay line clock 3-23
ED (external damage) 12-18
EM (external damage report mask) 12-17
emergency power off 11-24
emitter pulse conversion 7-40
enable system clear, key 5-27 .
ending an alter/display operation 7-54
ending operation, IFA 10-74
ending sequence, IFA 10-76
environment recording edit and print program

EPO 11-24

EPSWA external 2-34
equipment check 7-62
erase command, IFA 10-57
erase gate, [IFA 10-27

EREP 12-26
error check and correction 12-6
error checking and correction (ECC)
introduction 1-14
storage 3-32

" error detector, IFA VFO  10-14

error disable switch, IFA 10-86
error display, IFA/2319 10-86
error handling
channel retry 1-14
command retry 1-14

error checking and correction (ECC) 1-14

introduction 12-2
microprogram instruction retry 1-14
error indications, IEA/2319 10-87
error messages  7-54
error-recovery procedures 12-25
error retry  12-8, 12-15
error trap sequence, IFA  10-78
error trap test, IFA 10-96
exe cplt, indicator 5-6
expanded external assembler diagram  2-31
expanded local storage
destination control diagram 2-28
destinations  2-27
gating 2-20
general information 1-13, 2-19
map 2-21
source gating  2-23
source gating diagram 2-24
source gating examples 2-25,2-26

EXPLS 2-19
EXTDST 12-10
extended interruption information 12-19

12-26

extended logout

IFA 10-75
length 12-18
mask 12-17

pointer  12-17
external assembler diagram 2-30
external facilities

assignment and index 2-32,2-33

general information 1-13

description 2-29
external words

ACB 2-35

CPU 2-34

diag 2-34

IN (interrupt) 2-34

misc 2-34

NOREG 2-34

PSWCTL 2-34

SW 2-34

SYS (system register) 2-38
externals, IFA 10-11
externals, map 2-32,2-33

FA (failing storage address valid) 12-18
FCH-register, IFA 10-22
FCL-register, IFA 10-22
FDR-register, IFA  10-23
features 1-4
field-count controls, IFA  10-22
file data coax, IFA 10-33
file-data register, IFA 10-23
file-mask algorithm, IFA 10-50
file-mask bit assignment, [IFA 10-12
Filters--location, removal and replacement
firing circuits, 3215 print magnet 7-42
floating-point registers valid 12-18
flow charts, IFA

CCW entry 1045

cylinder addr reg test  10-89

diag error trap 10-96 .

diag test decode 10-88

diag unsafe test 10-91

disk speed test 10-90

ending sequence 10-76

error trap 10-78

halt [/O 10-84

index trap 10-77

initial selection 10-42

interrupt  10-80

load IPL 10-66

read data 10-65

read HA 10-64

read/write diagnostic  10-92

recalibrate  10-54

scan 10-73

search ID 10-71

search KD 10-73

search key 10-72

seek commands 10-52

seek tests 10-94

sense  10-48

11-38,11-39

Xii



flow charts, IFA (continued)

set file mask 10-51

space count 10-55

test [/O  10-82

write CKD 10-60

write data  10-59

write HA  10-58
flush-through check 1-12
FM (asynchronous fixed logout mask) 12-17
FMOD register, IFA 10-33
FOP-register, IFA  10-21
force count (odd) register L/S 2-15
forward operation, multiple characters 7-52
forward operation, single character 7-51
forward seek test, IFA 10-94
FP (floating point registers valid) 12-18
FTC register 2-100
functional units

A- and B-registers  2-92

arithmetic and logic unit  2-92

backup and retry registers  2-107

C-register 2-102

console file (see chapter 6)

console printer keyboard (see chapter 7)

D-Register 2-99

expanded local storage 2-19

external facilities 2-29

H register 2-41

I-cycle hardware 2-47

IFA (see chapter 10)

introduction 1-9,1-12

local storage 2-10

M-register 2-106

MB-register 2-107

N-register 2-107

SDBO asmbler 2-8

SPTL-registers 2-4

storage (see chapter 3)

Z-register 2-98

GA functions, branch word  4-25
GA set/reset functions, IFA  10-13
gap sensor, IFA VFO 10-14

gate generator, [FA VFO 10-14
gated attention trap, [FA 10-74
gating, T1 register input, 3215 7-35
GDRL-(expls) 2-22

general description, IFA  10-4
general description, 3145  1-2
general information, storage 3-3
general registers (GR) valid 12-18

Haegister
bit functions 2-41, 2-42, 2-43
detailed description 2=38
general information  1-12

H-register (continued)

halt device, IFA 10-84
halt I/O operation, IFA  10-84
halt word selection (SDBO) 2-8
hand machine checks 12-23,12-16
hardware functions, I-cycle 2-49
hardware recovery logic 12-3
head-select switch, IFA 10-86
high trap, IFA 10-74
HM backup 12-10
HM retry 12-10
HMRTY 12-10
home-address field, IFA 10-6
HS (hard stop) 12-17

I-buffers, introduction 1-13
I-cycles
adder 2-62
adder carry logic  2-62
address generation 2-63
address generation and control 2-65
ALD references 2-56
align routine entry = 2-75
align routine exit 2-77
alignment 2-54, 2-55
alignment (purpose) 2-76
branch loop timing chart 2-82
calculate operand addresses  2-54, 2-55
control-word DFOC (hardware functions) 2-80, 2-81
control-word forced functions 2-64
control register bits 2-64
control register decodes 2-64
CPU low request (during I-cycles) 2-66
data flow chart 2-58
entry 2-53
error conditions 2-66
fetch sequence 2-70
functions 2-48
further fetch (example) 2-69
further fetch sequence 2-70
general description  2-68
hardware
control line generation 2-64
description  2-57
functions 2-49
indicator 5-5
locations 2-56
I-buffers 2-59
IBU-register = 2-62
IMM byte register 2-60
indicator 5-6
initial addresses 2-53
instruction
RR-ADD instruction 2-83

I-cycles (continued)

key register 2-61
microcode

control hardware loading of I-buffers 2-53

flow charts 2-53, 2-54, 2-55

hardware functions 2-50, 2-51
micro module assignment  2-52

op-register 2-60

perform pretetches 2-54, 2-55
prefetching (example) 2-69

program modification 2-78

RR instruction sequence 2-71

RX instruction sequence 2-72

RX, RS, Sl instruction sequence 2-73
share cycle (during [-cycles) 2-66

SS instruction sequence  2-74

storage correction cycle (during I-cycles) 2-66

storage fetch operations (examples) 2-69
timing chart (I, IBU, TR, updating) 2-62
timings 2-67

TR-register 2-62

U-register  2-60

V-register 2-61

W-register 2-61

I-register (expls 50) 2-21,2-62

IA (instruction address validity) 12-18
IBM-register (expls-54) 2-21,2-62
ICS-register (expls-56) 2-21

IFA

abbreviation list 10-3

basic operations 10-35

CE panel 10-86

channel ID 10-4

clock and bit ring 10-18
commands 10-8
configurations 10-2
control-storage assignments 10-12
data flow 10-4

data-flow index 10-10
description 10-4
diagnostic indications 10-11
extended log 12-21
externals 10-11

. GA set/reset functions 10-13

halt I/O operation 10-84
high priority 2-43
interface, 2319 10-98
interrupt routine 10-80
local-storage assignments 10-12
low trap 2-43

power supplies 1097
share-cycle controls 10-30
start I/O operation 10-42
status indications 10-9
test I/O operation  10-82
voltages 11-33

RX-add with double indexing and alignment 2-86
RX-execute instruction 2-90
SS-MVC instruction 2-88

introduction 2-47

I-phase/E-phase objectives  2-52

I-register 2-62

ILC

IM (input/output extended logout mask) 12-17
IMM byte register 2-60

IMPL reqd, indicator 5-6

IN (interrupt) external word  2-34

incorrect length (IL) 7-61
independent logout 12-18
index control logic, IFA 10-32
index controls, IFA  10-32
index trap, IFA 10-77, 10-74
indicator byte, IFA 10-24
indicators

adr comp match 5-6

adr X-late LRU inval 5-5

adr-X-late mult match 5-5

adr X-late no match 5-5

addr X-late mode 5-6

byte cntr  5-7

CF pwron 5-6

clock stop 5-6

clock sync 5-5

cmnd reg  5-7

cntr match  5-7

console file 5-7

console-file registers 5-7

corr cycle  5-6

CPU 5-5

CPU clock start  5-7

CSadr 5-6

data 5-7

diagn stop 5-5

disk adr reg  5-7

ECC
busy 5-5
DBL bit  5-5
hdw 5-5
exe cplt 5-6
I-cycle 5-6

I-cycle hdw  5-5
IMPL reqd 5-6
load 5-5
log pres  5-6
logic page charts 5-4,5-8, 5-9, 5-12, 5-13
man (manual)  5-5
M-reg comp 5-5
pause 5-7
power check 5-5
poweron 5-5
PR-KB
alarm 7-6
alter/display mode 7-6
intvn req’d (intervention required) 7-6
poweron 7-6

proceed 7-6
request pending - 7-6
retry 5-5 '

SAR parity check 5-5
SDBI parity check 5-5
SDBO parity check 5-5

sel chan 5-5
share cycle 5-6
sng ECC  5-6

sng ECC thld 5-6

stor-1 cycle 5-6

stor byte marks parity check 5-5
stor ctkl lines parity check 5-5
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indicators (continued)

stor prot parity check 5-5

sys (system) 5-5

test 5-5

therm 5-5

TOD clock invld  5-6

trap-1 cycle 5-6

trap-2 cycle 5-6

wait  5-5
indirect addressing (L/S) 2-13
initial microprogram program load (impl) 6-2
initial selection, IFA 10-42
inline diagnostics, IFA 10-87
inline test sequence, IFA  10-87
input/output

logout mask 12-17

RMS 12-26
instruction

address validity 12-18

cycles (see I-cycles)

instruction formats 2-47

instruction length codes 2-47

processing damage 12-16

store channel ID 12-19

store CPUID 12-19
instructions _

load control 12-17

retry, microprogram  12-8

store control  12-17
INTA-register 2-34
INTB-register 2-34
interface

control check 7-61

IFA/2319 10-98

operation summary 8-8

std  1-15
integrated file adapter 1-17, 10-1
interlocking (cycle) 7-49
interrupt, key

key 5-28

routine, IFA  10-80
interruptions

cause 12-16

code 12-18,12-22

machine check 12-16

occurrence 12-18
interval timer

damage 12-16

description 2-116

interrupt  2-116

switch 2-116, 5-26

invalid address 7-54

invalid character 7-54

I/0
communications area 8-34
device and UCW addressing 8-12
extended logout mask 12-17
extended logout pointer  8-34, 8-69
recovery management support 12-26
RMS 12-26

J-K latch operation 7-48

K assembler, ALU 296

KE (key in storage error uncorrected 12-18

key field, IFA 10-6

key in storage error uncorrected 12-18
key length (KL). 10-6

key register 2-61

keyboard
3210 - 77
3215 7-27

EBCDIC location table 7-11
read operation, 3215 7-38
test (T) mode 7-54
keys, lights, and switches, diagram 7-21

L-register 2-7
lamp test, switch  5-26
lamp tests switch, IFA  10-86
latch
accelerate  7-45

J-K operation  7-48
shift  7-45
stop 7-46
stop latch buffered 7-46
late data 7-47
legend, IFA diagrams 10-34
LG (logout valid) 12-18
lights, IFA/2329 10-86
limited channel logout 8-34, 8-69
line generation, PE 1-7  7-41
load
control instruction 12-17
indicator 5-5
IPL operation, IFA 10-66
key 5-28
local storage 1-9,1-13
data checking 2-10
destination addressing 2-11
destination look ahead 2-11
maps 2-16
operation 2-10
scoping procedure 2-17,2-18
timing chart 2-11
local-storage A
A-addressing from console 2-13
data flow 2-12
indirect addressing 2-13
LSCS mode (addressing) 2-13
source direct address 2-13

local-storage and external address formation chart

local-storage assignments, IFA  10-12
local-storage B
addressing from console 2-15
addressing from console file 2-15
data flow 2-14

local-storage B (continued)

force count address 2-15
indirect addressing 2-15
source direct address 2-15
local storage/external address formation 4-16
local storage/expanded L/S source
gating diagram 2-24
location
character, FOXX translate 7-30
CPU electrical components 11-8, 11-9
current PSW  2-16
I-cycle hardware 2-56
power frame 11-5,11-6
log pres, indicator  5-6
logout
-~ areas 12-18
channel dependent 12-20
CPU dependent 12-19
CPU independent 12-18
IFA extended 10-75
length 12-18
- machine check 12-17
mask 12-17
pointer 12-17
valid 12-18

low trap
IFA 10-74
request  10-40

lower roller, A-register display 5-12,5-13
LRTY 12-10

LSCS mode (addressing) 2-13

LSDST 12-10

M-register
comp, indicator  5-5
description 1-11,2-106
gating (traps) 2-45,2-46
machine check
analysis and recording 12-24
code validity bits 12-18
control registers 12-17
extended interruption information 12-19
extended logout
length 12-18
mask 12-17
pointer 12-17
handler 12-23
handling 12-22
interruption code 12-18
interruption codes (old PSW) 12-22
interruptions 12-16
logout 12-17
logout mask 12-17
priority  2-42
registers  12-8
trap 2-42
machine checks
descriptions  12-8
hard 12-16, 12-23

machine checks (continued)

soft 12-16,12-23
main storage
access 4-5
sizes 1-9,1-10
maintenance aids
blocking prefetch 5-16
console file byte counter 5-24
control word address trap 5-17
data compare trap 5:16
I-cycle branch loop 2-82
motor generator 11-41,11-42
power troubleshooting chart 11-43
man (manual), indicator  5-5
maps
control storage 4-13
expanded local storage 2-21
externals 2-32,2-33
local storage 2-16
mark O-in (interface line) 1-15
MAS assembler instructions 4-10, 4-11
mask
asynchronous fixed logout 12-17
asynchronous machine-check logout 12-17
configuration report 12-17
damage report 12-17
external damage report 12-17
I/O logout  12-17
input/output extended logout 12-17
recovery report 12-17
synchronous machine-check extended logout
warning 12-17
masks and key validity 12-18
MB-registers  1-11, 2-107
MCKA 12-8
MCKB 12-8
meter, usage 5-29

microcode-hardware functions (I-cycles) 2-50, 2-51

microdiagnostics 13-2
micromonitor control 13-43

microprogram
assembler
instructions 4-10,4-11
output 4-7

branching circuits 2-108
concepts 1-6, 4-2
control-word functions 1-7
listing 4-6
listing definitions 4-8, 4-9
instruction retry  12-9
operation 7-57
patch procedure 4-88
retry  12-12
retry intro  1-14
370 4-3
mini-ops, IFA 109
codes 10-21
control 10-9
modifiers 10-21
no-op 10-36
read data 10-37
trap 10-74
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mini-ops, IFA (continued) operator’s console, PR-KB description  7-5 power (continued) read, [FA (continued)

write data  10-38 . optimized character arrangement, 3210 print element  7-8 thermal sensing and locations  11-29, 11-30 diagnostic tests  10-92
write gap 10-39 optional features  1-4 troubleshooting char t 11-43 full cylinder test 10-92
mixer board cable, IFA/2319 0s undervoltage sensing ~ 11-25 gate 10-27
mnemonics  7-54 checkpoint/restart  12-26 voltage, measurement and adjustment 11-31, 11-32, 11-33 HA command 10-64
mode error-recovery procedures 12-25 power-off IPL command  10-66
quiet  12-5 I/O recovery management support 12-26 key 5-28 share request  10-29
recording  12-5 recovery management support 12-23 sequence  11-24 single track test 10-29
register 2-34, 12-5 restart facilities 12-26 power-on keyboard, operation, 3210  7-25
threshold  12-5 RMS 1223 key 5-28 keyboard, operation, 3215 7-38
module selection, IFA '10-33 warm start  12-26 indicator  3-5 main storage operation 3-44
module switch, IFA  10-33 OS DOS compaupility sequence  11-20 readout
MOP-register, IFA  10-21 address adjustment example  2-123 power panel, CE  11-16, 11-18 control word  4-4
motor control logic  7-45 adjust CCW instruction  2-124 power, sequence control circuitry 11-22 main storage  4-5
motor downshift 7-46 example 2-126 power s.upphe's, IFA 1097 read/write
motor generator adjust CCW list  2-125 preventive mzimtgnﬁncelglztorl%elllgrator 11-40 controls, IFA  10-27
description 11-4 execute local instruction example  2-122 previous op a g%rlt m, . ts_ 117 gate logic, IFA  10-27
output voltage adjustment 11-34 functional units 2-118 pr}mtarly pow:r(t ox,]fo'ngoln . ter | ¢ 7.8 cycle control, 3210  7-22
overvoltage adjustment  11-34 general description  2-117 print clement (type head) character layout 7 recalibrate command, IFA  10-54
preventive maintenance  11-40 instruction, execute local (exl) 2-120 prin emltfr 743 record fields, IFA/2319
removal and replacement  11-38 : interrupt handling  2-128,2-129 :ync chee ter- 241 ‘ count 10-6
troubleshooting guide  11-41, 11-42 local list (lex list) 2-121 . t‘mmg °°‘;.“. o 3915 742 key 10-6
MPX LRU pr%n magneF iring circuits, data  10-7
channel log 12-20 (least recenltly used% 2;11?9 ;;E:::e(;peratlon, 3215 727 hdome fgddr;:;s 10-6
; operational example - identifier, IFA -
‘ channel machine dependent log . 12-20 micropprogram flow ch[:z)irt (LEX, ACCW instructions) 2-127 3210 7-8 mode  12-5 10-69
MRTY 12-10 o SIO example  2-131 3215 7-27 zero (R0)  10-6
MS (PSW masks and key validity) 12-18 o printer/keyboard voltages 11-33 ;
MSKA external 2-34 SVC interrupt example  2-130 rinter tilt/rotate codes 7-8 recording
MSKB external 2-34 table buffer registers 2-118 printe ° on (- machine check  12-24
/ . outboard recorder  12-25 printing the punctuation character, colon (:) modes  12-5
multi-track operations, IFA overall data flow  1-8 3210 7-11 recovery
read  10-63 overvoltage adjustment, motor generator 11-34 3215731 hardware logic  12-3
search  10-69 overvoltage, overcurrent detection 11-27, 11-28 priority management support  12-23, 12-24

multi-unit addressing 8-12 controls diagram 2-44

procedures . 12-25

multiplex cable, IFA/2319 10-98 operation cycles 2-40 3
multiplex trap  2-43 P | operations  2-41, 2-42, 2-43 R 121%_2 1993
multiplexer channel  1-16 Poregister  2-6 operations (H-register) 2-39 system 12-18 g

) - probe light, IFA 10-86

region code 12-19
region code valid 12-18

parity control, data IFA 10-23

essing damage 12-18
patch procedure, microprogram 4-88 processig damag

L program .
pause, indicator 5-7 check  7-61 register
m PD (instruction processing damage) 12-18 controlled intérrupt (PCI)  7-61 backup 12-10
N register 1-11,2-107 PE timing counter 7-41 mask validity 12-18 mode 12-5,12-34
new line control, 3210 7-23 PE 1-7 line generation 7-41 status word (PSW), defined  8-4 op 2-60
next control word address formation 4-16 physical configuration 1-3 N - programming information  7-60 save area 12-19
no-op PM (program mask and condition code validity) 12-18 protection check  7-61 TA
command, IFA  10-50 PN-register  2-22 PSW location 2-16 3210 7-16
mini-op, IFA  10-36 pointer, machine-check extended logout 12-17 PSWCTL. external word  2-34 3215 7-33
(no operation) 7-60 power ’ TE
NOREG external word  2-34 ' active-cap adjustment 11-35,11-36 3210 7-17
NP-register (EXPLS-7B) 2-22 check, indicator  5-5 E 3215 7-33

console file voltages 11-33 TI, 3210 7-18

quiet mode 12-5

control switches (CE panel) 11-16 TT, 3215 7-33
control switches (CPU console) 11-17 ' word 1 7-33

0 : distribution, AC  11-10, 11-11 R ‘word 1 and word 2 7-33
frame locations 11-5,11-6 . registers

OBR 12-25 general information 11-3 i{l(t:e,(ri?()gtia;rgcszvc;;cilahds)-Z 11 2.18 A 292,293

op-register  2-60 IFA voltages 11-33 read ACB 2-35

op-register logic, [IFA  10-21 motor generator description 11-4 IFA B 292,2.94

operation registers, IFA 1021 motor generator voltage adjustment 11-34 commands 10-63 C 2-102

operations overvoltage, overcurrent detection 11-27,11-28 data command 10-65 CFDAR 2-34

basic IFA 10-35 printer/keyboard voltages 11-22 data delay, VFO  10-14 D 299

priority  2-41,2-42,2-93 regulator removal and replacement  11-35,11-36, 11-37 data mini-op 10-37 DK (EXPLS-7C)  2-22



registers (continued)
EPSWA (external) 2-34
EPSWB (external) 2-34
FTC 2-100
GDRL (EXPLS) 2-22
H (priority) 2-38
I 2-62
IBU (EXPLS-54) 2-21,2-62
ICS (EXPLS-56) 2-21
[-EXPLS-50 2-21
IMM byte 2-60
INTA (interrupt A) 2-34
INTB (interrupt B) 2-34
key 2-61
L 27
M 2-106
MB 2-107
MSKA (external) 2-34
MSKB (external) 2-34
N 2-107
NP (EXPLS-7B) 2-22

P 26
PN (EXPLS-79) 2-22
S 24

SN (EXPLS-7B) 2-22
SPTL 2-59

storage byte mark 3-30
sys (systems register) 2-38
T 26
table buffer registers 2-118
TODH 2-111
TODL 2-111
TR (EXPLS-55) 2-21, 2-62
U EXPLS-53 2-21, 2-60
V EXPLS-51) 2-21, 2-61
- W EXPLS-52 2-21, 2-61
WK EXPLS-7A  2-22
Z 298 '
regulator removal and replacement
removal and replacement
ac/dc modules 11-38,11-39
blowers 11-38,11-39
console file 6-17
filters 11-38,11-39
motor generator 11-38
restart
address mark 10-17
key 5-28
procedures for PR-KB  7-62
restore command, IFA 10-50
restore seek test, IFA 10-94
retry
channel 12-9
command 12-9
counter 12-11
error  12-8
errors  12-15
hardware 12-10
indicator 5-5
instruction 12-9
introduction
channel 1-14
command 1-14

11-35-11-37

retry, introduction (continued)

error checking and correction (ECC) 1-14
microprogram instruction 1-14
microprogram  12-9
microroutine 12-12
operation 12-9
priority  2-42
registers 12-10
timings 12-14
traps 12-15
return word example 4-36, 4-37
reverse operation, multiple characters 7-53
RM (recovery report mask) 12-17
RMS 12-23,12-24
RTYFLG 12-10
R/W coax cable, IFA/2319 10-98

S-register bit description 2-4

SAR parity check, indicator  5-5
save area 12-19

SC (storage error corrected) 12-18
scan commands, IFA 10-70

scan compare, IFA  10-26

scan equal command, IFA  10-73
SD (system damage) 12-18

SDBI parity check, indicator  5-5

SDBO
assembler 1-11
data flow 29

parity check, indicator  5-5
pre asm 2-8
SDR 12-25
SE (storage error uncorrected) 12-18
search, IFA
commands 10-69
ID command 10-71
key command 10-72
KD command 10-73
share request  10-28
second levels, IFA
address-mark detection 10-17
bit ring 10-19
byte counter and decode 1Q-22
C-register force 10-30
clock 10-16
compare circuits 10-26
cyclic check 10-24
data request 10-28
data transfer clock 10-28
index 10-32
module select 10-33
op register and decode 10-21
read/write gates 10-27
SERDES and write data 10-23
share cycle 10-30
share cycle clock 10-31
share request gates 10-29
variable frequency osc  10-14
write data 10-20
zero detection 10-16

seek address, [IFA  10-50
seek commands, [IFA 10-52
seek diagnostic tests, IFA  10-94

selector channel

buffer forward/backward assembler 8-79
buffer share request generation 8-80
dependent log  12-21

diagnostic controls 13-38

‘GA’ diagnostic functions 13-38

general information 1-16

indicator 5-5

log 12-21

selector/blk mps trop  2-43
selector/block-multiplexer channel IPL  8-76
selector/block-multiplexer error logout 8-70
word buffer 8-77

selector channels

address miscompare latch  8-52
address-out latch  8-52
addressing principles  8-47
basic data flow 8-44
branch word GA function 8-46
buffer byte counter 8-79
buffer shift controls -8-78
catalog numbers 8-70
channel ID  8-69
channel-loaded latch  8-51
channel logout 8-69
channel-primed latch  8-52
check facilities 8-63
command-out latch 8-52, 8-54
control storage map 8-45
count-ready latch 8-53
device-initiated polling controls 8-54
error routine  8-71
exceptional status trap 8-65
external word address and bit assignments  8-49
functional units 8-46
GCL register 8-82
GDRL register 8-82
halt I/0O, halt device 8-73
hold-go-for-compare latch  8-52
I/O communications area  8-69
initial selection polling controls 8-51
initialization 8-60
interruption handling 8-67
local-storage assignments 8-48
locations 8-45
memory flag register 8-82
microdiagnostic test example 8-96
operational overview 8-59
operations 8-58
poll-control latch  8-51
polling clock 8-51
recirculate latch  8-52
retry-holdup latch  8-52
select-out latch  8-52, 8-59
service-out latch  8-53
share cycle

clock 8-57

controls 8-55

input operation with buffer 8-81

selector channels (continued)
with buffer 8-80
share request priority controls 8-56
start /O  8-59
status handling  8-64

status latch  8-53
status store  8-68
test /O 8-75
typical buffer position 8-78
sense bit error cond, IFA  10-47
sense byte for PR-KB  7-62
sense bytes, [IFA 10-46
sense command, IFA 10-46
sense indications, IFA  10-9
sense operation, IFA  10-48
separated clock/data, IFA VFO 10-14
sequential seek test, [IFA 10-94
SERDES logic, IFA 10-23
SERDES output timing, IFA  10-23
SERDES register, IFA  10-23
serial/deserial register, IFA  10-23
service aid
blocking prefetch  5-26
console file byte counter 5-24
control word address trap 5-17
data compare traps 5-16
I-cycle branch loop 2-82
local storage addressing scope procedure
motor generator 11-41, 11-42
power troubleshooting chart 11-43
set clock (SCK) 2-113
set file mask command, IFA 10-51

- set IC key 5-27

set/reset controls, IFA  10-13
setting the word registers 7-43
share cycle, IFA

clock logic  10-31

gate logic  10-30

timings 10-31
share cycle

indicator 5-6

priority 2-42
share request controls, IFA  10-28
share request gate logic, IFA 10-29
shift cycle operation, 3210 7-26
shift gating, ALU 2-96
shift latch  7-45
simplex cables, IFA/2319 10-98
singleshot

chopped forward or reverse  7-45

SS2 adjustment  7-46
single unit addressing 8-12

SM (synchronous machine-check extended logout mask)

SN-register (expls-78) 2-22
SNG ECC

CHK indicator 5-6

thld, indicator 5-6
soft machine checks 12-16, 12-23
software recovery 12-2, 12-23
source gating (expls) 2-23
space count command, IFA 10-55
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backup 12-10
registers  1-9, 1-12, 2-3, 2-59
SPTLB 12-10
SR (system recovery) 12-18
SRTY 12-10
ST (storage logic validity) 12-18
standard features 1-4
standard index, IFA  10-32
standard interface 1-15, 8-5
start console file, key 5-27
start I/O operation, IFA  10-42
start, key  5-28
stat bits S-register  2-4
stat set symbols 4-84
statistical data recorder 12-25
status byte for PR-KB  7-61
status bytes, IFA 10-74
status indicators, IFA  10-87 .
status CE indications, IFA  10-87
status modifier (status bit 1) 7-61
stepper motor control  7-44
stop after log  8-69, 12-22
stop, key 5-28
stop latch  7-46
stop latch buffered 7-46
stop latch set conditions  7-47
stopping (3215) 7-46
storage
address interface  3-16
addressing  3-15
allocations, compatibility features 9-2
array card breakdown 3-6
array, module and chip selection  3-9, 3-10, 3-18
BSM address and control interface connections 3-18
BSM data flow 3-28
BSM interface timing diagram 3-24
BSM internal timing diagrams 3-25
BSM to ECCL interface 3-11
board selection 3-15
byte mark register 3-30
byte marks parity checks, indicator 5-5
cabling, data and check bits 3-28
clock logic diagram  3-19
controls 3-8
control line generation (PGA, PGB, chip, add 12, CTRL) 3-21
control word
description 4-44, 4-45
K addressable (bit definition) 4-50
non-K addressable (bit definition) 4-48, 4-49
CPU to ECCL interface lines 3-11
ctrl lines parity check, indicator  5-5
data bit location chart  3-29
data-bus-out pre assembler 2-8

data flow
fetch 3-30
store  3-30

data interface 3-16

data register (SDR) 3-30

delay line clock 3-23

ECC 3-32

ECC board to CPU timing diagram 3-22

storage (continued)

ECC decode chart 3-34

ECC logic diagram  3-33

ECCL board layout 3-17

ECCL to BSM interface lines 3-11
error corrected 12-18

error detection and correction  3-36
error handling 3-13

error type  12-18

error type decode logic diagram  3-37
functional units 3-12, 3-13, 3-14
gate layout (by addresses) 3-4
general information  3-3

hardware check logic diagram  3-39
introduction 1-9, 1-10
main/control selection 3-8
module configurations 3-4

MST board layout  3-7
operations read control operation  3-45
PGA, PGB, chip and control bits selection  3-21
prot parity check, indicator  5-5
protect
description  1-11, 3-41
functional units  3-42
logic diagram  3-43
read half word example 4-52 to 4-55
read main storage 3-44
SAR (storage address register) 3-15
SDR 3-30
select, rotary switch  5-19
syndrome decoder chart  3-35
timing adjustments  3-26
word example
direct control 4-60 - 4-63
store under mask and decrement count  4-64
word forms 4-46, 4-47
word, TB function 4-56
write/store operation  3-46
24K BSM configuration 3-5
48K BSM configuration 3-5

store
channel ID instruction 12-19
clock (STCK) 2-113
control instruction 12-17
CPU ID instruction 12-19
key 5-27
strobe
diagnostic  7-17
keyboard 7-7,7-15
subchannels 8-4
subclass  12-18
SW, external word 2-34
switches
CE power panel 11-16
IFA/2319 10-86
keys
check reset 5-27
control address set  5-27
display 5-27
enable system clear 5-27
interrupt  5-28
load 5-28

switches, keys (continued)

power off 5-28
power on 5-28
restart  5-28

set IC 5-27

start  5-28

start console file 5-27

stop 5-28

store 5-27

system reset 5-28
rotary

A-H functions 5-25

address compare  5-16

check control  5-21

diagnostic/console file control  5-23, 5-24

rate  5-21
storage select 5-19
toggle

address compare control  5-26
console file register display 5-26
interval timer 5-26
lamp test  5-26
TOD clock 5-26
symbolic microprogram 4-6
sync byte, IFA  10-17
sync jack, IFA  10-86
syndrome decoder chart 3-35
system
indicator  5-5
check, indicators  5-5
control panel  5-2
damage 12-16
indicators 5-5
recovery 12-16
reset, key 5-28
system/360, system/370 compatibility exceptions 1-14

T-mode (keyboard test) 7-54
T-register 2-6

TA-register
3210 7-16
3215 7-33

table

EBCDIC for 3210 graphics 7-10
EBCDIC-tilt/rotate locations 7-11
EBCDIC to tile/rotate locations 7-11
F9XX 7-30
F9XX character locations  7-30
keyboard-tilt/rotate codes 7-8
keyboard to EBCDIC storage locations  7-11
3215 7x7 matrix codes 7-28

TD (timer damage) 12-18

TE-register
3210 7-17
3215 7-33

temporary fix, microprogram 4-88
test [/O operation, IFA  10-82
test, indicator 5-5

test select switch, IFA  10-86

testing
basic tests  13-2
data flow 13-3
extended tests 13-2
philosophy 13-2
thermals
indicator 5-5
sensing and locations  11-29, 11-30
threshold mode 12-5
Tl-register
input gating, 3215 7-35
3210 7-18
tilt/rotate codes 7-8
time of day clock (see TOD clock)
time of interruption occurrence 12-18
timeout circuit  7-20
timing
charts, IFA
address-mark detection 10-17
bit ring 10-19
clock 10-18
index 10-32
read share 10-28
search share 10-28
share cycle 10-31
variable frequency osc  10-14
write share 10-28
zeros clocking
counter, PE pulse 7-41
CPU clock (see CPU clock)
I-cycle 2-67
I-cycle branch loop  2-28
retry  12-14

TOD clock

ALD references 2-115

card locations 2-115

clock damage 12-16

clock setting sequence 2-112

clock update sequence 2-112

enable switch  2-111

error detection  2-112

H-register 2-111

instructions  2-112

inval-indicator 2-111

L-register 2-111

operation 2-111

output assembler 2-114

physical description 2-111

security switch  2-111

set clock instruction 2-113

store clock instruction 2-113

switch 5-26

validity indicator 2-111
TR-register (EXPLS-55) 2-21,2-62
track format, IFA 10-6
transfer in channel (TIC) 7-60
transfer in channel, IFA 10-8
translating from EBCDIC to matrix code
translation

3210 PR-KB code 7-10

3215 PR-KB code 7-28

7-29

Xvii



trap
address descriptions  2-41
address list  2-41
addresses (retry) 12-15
controls diagram 2-44
CPU high 243
CPUlow 2-43
cycles 2-40
IFA high 243
IFA low 243
machine check 2-42
operation 2-39
retry 2-42
routines, IFA 10-74
scan/clear 2-43
store display 2-43
1-cycle, indicator 5-6
2-cycle, indicator 5-6
traps
M-register gating diagram 2-45, 2-46
retry 12-15
TRTY 12-10
TT-register
3210 7-20
3215 7-33

U-register (EXPLS-53) 2-21, 2-60
undervoltage sensing 11-25
unit check (status bit 6) = 7-62
unit control words (UCWs) 8-4
unit data flow
A-local storage 2-12
A-register display 5-14, 5-15
address compare switch  5-18
ALU 297 ‘
B-local storage 2-14
display assembler out 5-10
I-cycle address generation 2-63

I-cycle address generation and control decode

I-cycles  2-58

local storage 2-12

SDBO pre-asm  2-9

storage functional units 3-14
unit exception (status bit 7) 7-62
unit status byte, IFA 10-74
unsafe indications, IFA 10-87

upper roller, display assembler out 5-8, 5-9

usage meters 5-29

V-register (EXPLS-51) 2-21, 2-61
validity bits, machine-check code 12-18
variable frequency osc, IFA  10-14
VFO,IFA 10-14

adjustments 10-14

logic 10-14

timing 10-14

trigger 10-14

zeros clocking 10-16

voltage, measurement and adjustment 11-31 to 11-33

W (warning) 12-18
W-register (EXPLS-52) 2-21, 2-61
wait, indicator  5-5
warm start facility for OS  12-26
WK-register (EXPLS-7A) 2-22
WM (warning mask) 12-17
word
move, control
bit definition 4-40
description 4-38, 4-39
example 4-42,4-43
registers, setting the 7-43
selection (SDBO) 2-8
1 and 2 register 7-33
I register 7-33

WP (PSW MWP validity) 12-18
write

data (word 1 and word 2) registers

IFA
CKD command 10-60

clock/data generation 10-20

clock gate 10-27
commands 10-57
data command 10-59
data mini-op 10-38
diagnostic tests 10-92
full cylinder test 10-92
gap mini-op 10-39
gate 10-27
gate logic  10-27
HA command 10-56
oscillator 10-15
share request 10-28
single-track test 10-92
special command 10-57
operation
3210 7-23
3215 7-36
store operation, storage 3-46
write ACR  7-60

Z-register 1-12, 2-98

Zeros
clocking chart, IFA 10-16
clocking, IFA  10-16 -
detect logic, IFA 10-14
detection, IFA VFO 10-14
2312 disk drive 104
2313 disk drive 10-4
2316 disk pack -10-4
2318 disk drive 10-4
2319 disk facility 10-4
3210

console printer-keyboards, description 7-4

control and data flow 7-15

data and control registers
keyboard 7-7
keyboard codes 7-7

7-15

7-31

keyboard (read) operation 7-25

zeros, 3210 (continued)

PR-KB code translation 7-10
PR-KB integrated attachment 7-14
printer 7-8
shift-cycle operation  7-26
write operation 7-24
3215
condensed data flow 7-33
console printer-keyboard 7-27

console printer-keyboard, description  7-5

control and data flow 7-34

data and control registers  7-33
keyboard 7-27

keyboard operation (read) 7-38
PR-KB code translation 7-28
PR-KB integrated attachment 7-33
print magnet firing circuits  7-42
print operation 7-27

printer 7-27

TE-register 7-33

TT-register 7-33

write operation 7-36

7x7 matrix codes, table 7-28
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3145 PROCESSING UNIT--GENERAL DESCRIPTION

The System/370 Model 145 (3145) is a high-availability general-
purpose data processing system that provides reliability,
availability, performance, and convenience demanded by both
business and scientific users.

This is achieved by:

® Us'ing monolithic system technology (MST) circuitry and
monolithic storage.

® Providing logout information, Hard copy is available under
console switch control. Programming determines whether
the logout information is to be written on some 1/0O device
(disk, tape, etc).

® Providing microprogram retry. Certain kinds of machine
errors cause a portion of the microprogram to repeat the
same function.

® Providing Error Checking and Correction (ECC). Correction
circuitry for both main and control storage automatically
corrects single-bit failures. Detects double-bit failures.

® Using extensive internal checking.

The 2319 DISK STORAGE FACILITY attached via the

Introduction

Selector channels 1 and 4 cannot be ordered when the 2319

INTEGRATED FILE ATTACHMENT (IFA) is an optional
feature. When installed, a portion of the control logic is
contained within the CPU and is addressed as channel 1.

%,

35

/

a
D, P .

SYSTEM CONSOLE contains the operator panels, the lights,

and the switches used during check-out and maintenance of \

the system. This console contains roll bars so that you can
check the status of different conditions using the same lights.
Details concerning the console and its use are in Chapter 5.

ALTER/DISPLAY functions are manually initiated at the
console printer-keyboard through an integrated attachment. The
printer provides hard copy (printed copy} of the altered and
displayed data. Details concerning this integrated attachment

are in Chapter 7.

CONSOLE FILE (23FD) through an integrated attachment is
used to load control storage with either the 3145 microprogram
for customer operations or with the microdiagnostic you use to
check out the CPU. The customer may use both sets if he is
engaged with Customer Involvement of failures. Details con-
cerning this integrated attachment are covered in Chapter 6.

The POWER FRAME for the 3145 contains a motor generator

A\

A’

A\

\isatta(:hed via the IFA. Details of the IFAare in Chapter 10.

set that converts the 50-Hz or 60-Hz input supply to 400-Hz
output for use in the logic and storage. Details are in Chapter 11.

The IBM 3345 MAIN STORAGE FRAME Model 1 or Modet 2
is required for systems that exceed 256K bytes of main storage.
Also, a 3046 Power Unit (not shown) is required with the 3345.

The CENTRAL PROCESSING UNIT (CPU) contains from 112K
to 256K bytes of main storage, plus 32K for coritrol storage.

The CPU contains all the elements necessary to decode and
execute the System/370 instruction set and, optionally those
in the hardware compatibility features required by the 1401/
1440/1460 and 1410/7010 emulator programs,

All CPU and channel operations are contralled by the
microprogram contained in control storage loaded from the
console file.

The CPU and channel operations are controlled by the
microprogram contained in control storage loaded from the
consale file.

The CPU has several cycle times: 202.5, 247.5, 292.5, and
315 nanoseconds. Instruction times are composed from
combinations of all of them,

The 3145 is known as a word machine because four bytes
(one word) are selected to be operated on each time storage is
read out. However, the data path varies in size up to eight
bytes wide (doubleword).



CPU CONFIGURATION

TEH

Power Frame

2319

3210 CONSOLE PRINTER-KEYBOARD MODEL 1 uses the
Selectric 1/0O |1 printing unit. The print element contain's 88
characters. The characters are arranged in an optimized pattern
to provide faster response. The printing speed is about 15.5
characters per second.

Either Console Printer-Keyboard can be used. information on
integrated attachment for these Console Printer Keyboards is
in Chapter 7. '

3215 CONSOLE PRINTER-KEYBOARD is a wire-matrix printer
and prints approximately 85 characters per second.

IFA

MPX and Sel

Channels

» Main
Standard Interface and Control

- > Storage

CPU

A
A

]
| Main-Storage Frame
»

(AR ANANANINY

© 6 0 0 0 o o

Magnetic
quc;c\'x:m:} Disk
AR M
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CONSOLE FILE {23FD) is the unit that does the Initial Micro-
program Load (IMPL). Removable disks are provided for each
microprogram to be loaded into control storage.

An IMPL occurs automatically when system power is applied.

Also, after power is up, an IMPL can be initiated by using the
console-file start key on the console. When the microprogram is
loaded, the power to the console file is turned off.

The removable disks shipped with each CPU are:
370 Microprogram (two identical disks)
BAS Basic diagnostic
EX1 Extended diagnostic
EX2 Extended diagnostic
STF System Test File (ASCP)
SAO IFA Feature Test
CE Disk

3145 T™

Disk Cartridge

Centering Cone

S Loading Slot
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FEATURES

Standard Features

3145 Processing Unit {(with main power frame)

112K Bytes minimum main-storage configuration with Error °
Checking and Correction (ECC) (

Optional main-storage sizes available are: 160K, 208K, 256K,
384K, 512K

32K Bytes of control storage (with ECC)

Audible alarm

Byte-multiplexer channel

Byte-oriented operand

Channel retry information

Command retry

Console file

Extended channel logout

Extended external masking

Extended |/O masking

Interval timer

Limited channel logout

Machine-check handling

Microprogram instruction retry

0S/DOS Compatibility

Selector channel 1 if the integrated file adapter (IFA) is not
installed or selector channel 2 if IFA is installed

Storage protection (store and fetch)

System/370 commercial instruction set

Time-of-day clock

N WA BN NN BN BMMNGN DERSNRN EACINEN MRREEN RS
System/370 commercial instruction set, which includes the
System/360 commercial instruction set, modified instruction
formats for start 1/0 and halt /O, and these enhancement
instructions:

Compare logical characters under mask
Compare logical long

Insert characters under mask

Load control

Move long

Shift and round decimal

Start /O fast release (executed as start |/O on the Model 145)
Store channel iD ’

Store characters under mask

Store clock

Store CPU ID

Store control

see Appendix A

For details of the instructions refer to the System/370
Principle of Operations (GA22-7000).

Set clock - . I

Automatic correction of all single-bit main-storage errors, and
detection of double-bit errors. This is done through the use of a
new internal storage code instead of byte parity.

ECC minimizes the effect of the majority of intermittent
memory failures that could cause a machine check. It also
allows maintenance to be deferred on solid single-bit errors.

Intermittent double-bit errors may also be corrected by ECC.
The error-correction hardware reads out the offending storage
position multiple times. Thus, if an intermittent error exists,
the chances are that during one of the retries one of the bits in
error will correct itself. The other bit in error then can be
corrected as a single-bit error. :

This feature makes it unnecessary to align operands of non-
privileged operations on halfword or doubleword boundaries as
with current System/360. It affects storage references made by
the CPU using RX and RS formats and applies to fixed-point,
floating-point, and logical operations.

It does not apply to the following:

Instruction addresses

Branch addresses

Subject of an execute instruction
Any privileged instruction such as:

Load PSW
Set and insert storage key
Channel operations

Significant performance degradation is possible when this
feature is used. To assure optimum performance, storage
operands should be aligned on integral boundaries, and use of
this feature should be reserved for exceptional cases.

Introduction

Optional Features

Additional byte-multiplexer-channel subchannels (Note 1)

Block-multiplexer channels (up to four) (Note 2)

Channel-to-channel adapter (same as System/360)

Direct control {(with external interrupt) same as S/360

Extended precision floating-point feature

Integrated file adapter (IFA) (Note 3)

Selector channels 2, 3, and 4 (without IFA) or selector
channel 3 (with IFA) (Note 3)

Word buffer (Note 4)

1401/1460, 1440 Emulation (Note 5)

1401/1460, 1440 and 1410/7010 Emulation (Note 5)

3210 Console Printer-Keyboard Model 1 (Note 6)

3210 Console Printer-Keyboard Model 2 (Note 6)

3215 Console Printer-Keyboard Model 1 (Note 6)

3345 Main Storage Frame Model 1 (Note 7)

3346 Main Storage Frame Model 1 (Note 7)

Note 1: The byte-multiplexer channel has 16 subchannels

that address up to 136 1/0 devices (eight shared UCWSs can
address up to 16 devices each; eight unshared UCWs can
address one device each). Up to eight control units can be
attached. Configurations with 32, 64, 128, or 256 subchannels
are available.

Note 2: A block-multiplexer channel can be ordered to modify
any selector channel. Block-multiplexer channels cannot be
ordered for selector channels 1 and 4 when the integrated file
adapter is installed.

Note 3: The integrated file adapter, and selector channels 1 and
4, are mutually exclusive. When IFA is attached, selector
channel 2 becomes standard. Selector channel 3 is optional.
Each selector channel address up to 256 1/0O devices. Up to
eight control units can be attached.

Note 4: The word buffer feature is installed on all selector- or
block-multiplexer channels, or none. The work buffer feature
is not available for the integrated file adapter feature.

Note 5: This is a microprogram-controlled feature that allows
1401/1440/1460 or 1410/7010 object programs to be run on
the Model 145 without change.

Emulators will run under DOS or OS. These emuiators will
run in a multiprogramming environment and allow integrated and
System/370 data sets to coexist.

The emulators do not require dedicated devices.

Note 6: The 3210 Model 1 and the 3215 are mutually exclusive:
one is required. The 3210 Model 2 can be used as an auxiliary
printer-keyboard (except for alter/display functions).

Note 7: Main storage above 256K bytes is contained in the 3345
Main Storage Frame Model 1 (128K additional bytes of 384K
bytes total) or the 3346 Main Storage Frame Model 1 (256K
additional bytes for 512K total). When either of these units

is included, it contains the low-order storage addresses. The 3046
Power Unit is required for the 3345 or 3346 Main Storage Frame.
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REMEMBER

There is a Reader's Comment Form
at the back of this publication.
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MICROPROGRAMS

Details concerning the control word are in Chapter 4.

® All functions performed by the 3145 are controlled by a
microprogram.

® Before any processing may begin, the microprogram must be
loaded into the control-storage area.

® The microprogram is loaded into control storage from a disk
that is read by the console file. :

® This loading process is called Initial Microprogram Program
Load (IMPL).

® The microprogram is composed of microroutines of varying
sizes, each having a specific task to perform.

® The microprogram handles the processing of the instructions
and data that are read into the main-storage area.

® Channel operations and the operations of the integrated
devices are also handled by the microprogram.

® Each microroutine is composed of bit-significant control
words that handle particular functions that result in the
execution of the specified task of the microroutine.

CONTROL WORD READOUT

Before a control word can perform any of its functions, it
must be set into the four-byte control register (C-Reg).[§ The
outputs of the C-Reg activate circuitry that causes the execution
of specified data-flow functions.

Control words are normally read from control storage and
set into the C-Reg. However, control words can be set into the
C-Reg directly from the console file, and certain control-word
bit combinations may be forced into the C-Reg by circuitry.

Assume that control and main storage have been loaded and
that processing has begun;

1. Control words are read out of control storage and gated out
on the Storage Data Bus Out (SDBO).I§

Portions of the control words are gated from the SDBO to
either the local storage control assembler B or the external
control assembler BY. This is done to set up source addresses
for these facilities early in the cycle.

N

3. The control words are gated into the control register
(C-Reg) [, where they are decoded. Decoding the control
words brings up control and addressing lines that access
and execute the programs located in main storage.

X O

o

€1, C2 e EXT ADDR ABM

C2 — 02, N2

C2, Commm 23, N3

INSTRUCTION/DATA READOUT

When a control word performs a read operation on main
storage, either instructions or data is accessed. All read
operations, for control or main storage, result in a double-
word’s being accessed from storage.

Assume that a control word is performing a read operation
on main storage;

1. The doubleword from main storage is gated out on the
SDBO [ to the SDBO pre-assembly latches .

2. The odd or even address word, of the doubleword, is
selected and gated to the SDBO assembler.

3. If the word selected is a data word, it is gated to local
storage I8 or some external facility 3.

4, |f the word is an instruction, it is gated to the I-buffersB,

expanded local storage[d, and in some cases to the address
adjustment circuits [f] .

EXTERNAL
FFACILITIES ASSEMBLER

MCHK l FEAT

CF [sx| mex | 1Fa [ OC

Introduction 1-6

MAIN and MAIN STORAGE
CONTROL STORAGE

z.a

DATA G000
€cct o 20 e EXPL$ A0OR AB

Wrfosvrea

MAIN and MAIN STORAGE
CONTAOL $YORAGE

i
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CONTROL WORD FUNCTIONS

The control words and their high-level functions are:

Branch and Module Switch
Functions:

® Branch

® Module switch

® Destine data to the S, T, or L registers.

Branch Word

Functions:

® Branch

® Module switch (special function)

® Set/reset bits in local storage or external registers

Branch and Link or Return
Functions: Branch and link

® Store S, P, N2, N3 into a link register
® Set P with a value, or, module switch
® Branch

Functions: Return

® Restore S, P, N2, N3

® Reset H-register bits

® Alter the link address in some cases

Word Move

® Move a full word or selected bytes from one local
storage/external location to another.

® Branch

Storage Word

Functions:

® Read data from or store data into:
Local storage
Main storage
Control storage
External registers
Storage protect stack

® Branch

Datails concerning control words are in Chapter 4.

Arithmetic Word
Functions: Type 10:

@ Perform a variety of arithmetic and logical operations.

® OQOperate on fullwords for arithmetic or shifting operations.

Function: Type 11
® Qperates on bytes only
® Exclusive OR, or, true ADD only

© A-register input crossing provided

Word-Type Definition

0
0
0
Byte O ?
0
0
0
0
0
1
Byte 1 :
0
0
1
1
- 1
0
Byte 2 ?
1
1
_ 0
0
0
)
Byte 3 ‘1’
0
0
1

byte 0, bits 0-3.

C-REG

The first hex digit of the

control word is found on the
microprogram listing
and in the C-register

Word Example 08 39 CE 09

First Hex Control-Word
Digit Type
0 Branch and module switch
1 Branch
2 Branch and link or return
3 Word move

47 Storage word
8B Arithmetic type 10
C-F Arithmetic type 11

3145 T™
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3145 DATA FLOW

The facing page illustrates the overall data flow for the 3145 CPU,
This section provides you with a brief description of the 3145
functional units illustrated in the data flow.

The number of bits entering or leaving a function or register
are identified either by the weight (thickness) of the line (see
the legend block at the lower center of the overall data flow)
or by placing the number of bits in the flow line.

This is a high-level data flow of the 3145 CPU, The general
layout is such that you can easily reference from any area of
this high-level data flow to the same area of the overall data flow.

LS

Ctrl

B-LS
Addr
Decode

Local Storage
(Chapter 2)

® | ocal storage A and B are identical monolithic stacks of 64

words each.

® Both stacks contain the same information at the corresponding

address,

® The microprogram uses the local storage as a buffer

A-LS
Addr
Decode

B-Local

main storage and the CPU hardware,

Ext
Ctrl

Y

Main and Control Storage
(Chapter 3)

Introduction

® Contains the main-storage area and the control-storage area.

® Control storage is located in the high-address range.

® Monolithic circuitry provides nondestructive readout.

® Contains the ECC feature, which detects double-bit errors

between

and corrects single-bit errors.

Storage A and B-Registers, ALUs
(Chapter 2)
® A and B registers provide the primary data input to the ALUs.
® Two 1-byte ALUs provide the following operations:
A-Local Binary addition of two 1-byte operands, or two fullword
-Loca
Storage operands (one cycle).
Logical operations on byte operands.
Decimal addition of two 1-byte operands. M1
A-Register B-Register
) - . -
| A-Byte Asm J B-Byte Asm
M3
Y v Y
External ALU 2 ALU 3 {Chapter 2)
Assembler

Main and
Control Storage

SDBO

Select
Pre-Asm

SDBO
Asm

C-Reg

(Chapter 2)

|—» Contro! Lines

External Assembler

(Chapter 2)

® Provides for the communications link
between the microprogram and:

Z-Register

Channels
Console File

I D-Register l

SPTL
(Chapter 2)

® Special external register.

controls some hardware functions.

Printer Keyboard

CPU status conditions
Checking circuits

Retry circuits
Integrated File Adapter
Features

~¢=———— SDBO {(Storage Data Bus Out)

® Composed of four byte registers: S, P, T, and L.

® S.register holds the status of arithmetic and logical results;

® P.register is the base address register for local storage and

external address formation,

® T-register is used with special branch functions, shifting,
storing, and indirect byte addressing of local storage.

® | -register is used with P high bits to form indirect local-storage

word addresses.

® S, T, and L can be used as general registers.
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- OVERALL DATA FLOW
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STORAGE Details concerning storage are in Chapter 3.

Storage for the Model 145 is implemented by monolithic
technology. It is based on bipolar, semiconductor storage
cells with nondestructive read capabilities. Unlike magnetic
core storage, the content of storage is lost when power is
turned off,

The main advantages of semiconductor storage are:
® price/performance

® reliability and serviceability (a storage card can easily
be replaced).

STORAGE STRUCTURE

Monolithic: All 145 storage (local, control, and main) is
implemented using monolithic technology.

MAIN STORAGE

There are four models of the 145 processor with six storage-
size options.

Model Main Store
FED 112K
GE 160K
GFD 208K
H 256K

H with 3345 Model 1 384K
H with 3345 Model 2 512K

Data-Transfer Times

Storage data path width is eight bytes. The CPU will fetch a
doubleword in 540 nanoseconds. |t stores one word in 607.5
nanoseconds. (This involves fetching eight bytes, updating
four of them, resetting the ECC, and storing back}.

CONTROL STORAGE (CS)

The amount of control storage required is dependent upon
features in the system.

Basic system microcode contains:

Standard instructions
Standard features
Patch area and routine

and requires 26,000 bytes of CS.

Additional storage required for:

Byte and block MPX UCWs
Selector-channel support
Block MPX feature

Console support

Integrated file adapter
14XX/7010/DOS emulators

Floating-point arithmetic
Direct control

Sample requirements

CS is assigned in the high-order range of available storage.

For example: 112K Model 145

Amount Address Range
Main Storage 112K 0-112K
CS 32K 112-144K

Instructions accessing control storage cause address checks;

attempting to access a control word from main storage causes a

machine check. This is checked by comparing the address to
setting of the address check boundary register. The ACB
register is part of the external facility.

Reloadable Control Storage (RCS)—Advantages

® Amount of control storage needed to minimized by recording
a console-file cartridge for each customer according to the

features he orders.
Engineering changes can be easily effected.

One storage system (single addressing design, circuits, data
flow) allow greater serviceability.

® Functions implemented through RCS can be easily extended.

Speed
Fetch cycle: 540 ns, 8 bytes

Introduction

RCS Size

32K bytes is the minimum. RCS may be expanded in increments

of up to 64K at the expense of main storage.

The location of the RCS/main storage boundary is established
by microcode at IMPL time.

1-10



M-REGISTER Details concerning the items on this page are in Chapter 2
except for Storage Protection, which is in Chapter 3.

Addresses main and control storages. ? crom mianess g e S ‘ ;
Composed of M1, M2, and M3, which provides a 20-bit L o M_[ e ‘-‘——!;—-‘ ‘ ; . i —
(plus three parity bits) storage address. Rt H s —
. : 'l | | ) | I | | | |
® M1, M2, and M3 address both main and control storages. | womt o & ,—J E—L | o]
Storage is read out on a doubleword boundary and stored f - I wobias o —]
on a word boundary. % 1 [ § u =
3 il B et S e L T
i T P 4 By l
:’]’(":"I:"'::E UK | FEAT
i -.:,ns—“\ misC
g Lcr sx| wex fiFajoc
N-REGISTER I r _r__a-J—J;—.J.—L
® Composed of N2 and N3. w
. ASM 2
® Backup register for control-storage addressing
® N2 is set with the same information as M2 and is changed R I T ;
H ; =] ! e .
only when the control word being executed performs a ; —1—1 S ot s % I
module-switch functions. : e cncars s | | emeurrs } !
: i =3 4 E ne
N3 is set with the same information as M3. ey . ) - i S
N is not changed when a trap occurs. ' 3 = F:h.m.. :
When a trap occurs, the M-register is set to the trap address. PRI Ry
CONTROL. STORAGE
The trap routine stores the contents of N (the N-Reg .
contains the next address that would have been used had
the trap not occurred). At the end of the trap routine, M~

and N are restored to their original value so that the control-
word sequence may continue as if there had not been any
trap.

STORAGE
g PROTECT
STACK

ADOR Aset mm—

SREQ Byve 1,2, 3 g

AREGaym3

EXTERNAL ASM -

MB-REGISTER
® Composed of MB2, MIB3.

® Set with the control-word address in M2, and M3 from M2
BFR and M3 BFR.

® When the CPU clock is stopped, MB contains the address of
the last word executed.

€Y, CZ s EXT ADOR ASM

C2 —— N2 N2

, Commn b3, N3

® |ts output is available to the retry and backup circuits as

the storage-protect circuit by a write-key operation. During a
well as the external assembler.

subsequent store or fetch operation, one of the prestored keys

is accessed and compared with the key provided by the user.

If the keys match, access to data storage is granted; if not,

access is denied. ® The output of the SDBO preassembler is gated to provide
word, halfword, or byte selection.

STORAGE DATA BUS-OUT ASSEMBLER m

® The Storage Data Bus-Out (SDBO) preassembler receives a

Details concerning the preceding registers are covered in .
doubleword of data from main storage.

Chapter two.

Details concerning the items on this page are in Chapter 2
except for Storage Protection, which is in Chapter 3.

C-REGISTER E ® The SDBO assembler receives inputs from the SDBO pre-

STORAGE PROTECTION [g

The storage-protect unit has a 64 x 8 protection stack that
applies to main storage locations (in sequential block of
2,048 bytes) zero through 131,072. Additional stacks are
provided in the CPU when main-storage capacity exceeds
131,072 bytes.

Storage-protect circuits prevent the accessing of protected
areas during either store or fetch operations. To protect
specific areas of storage, key bits are first stored in the array of

The purpose of the C-register is to decode the control of CPU
functions. Once the control word has heen read out of control
storage and gated to the C-register, it is decoded to determine:

® Word type
® CPU function
® CPU clock cycle and length

The C-register is set through the secondary control assembler
during certain operations; for example, manually setting a
control word from the switches on the console.

assembler, the storage-protect stack and the D-register. It
provides an output that is used as data for external bus-in
(EBI) and local storage.

3146 ™ 1-11



A- AND B-REGISTERS &}

The A- and B-registers, each with fullword capacity, provide the
primary data inputs to the ALUs. .

The B-register also feeds the M-register during address setup:
® |n the first cycle of a storage word, or

® During a return function in which the return address is
taken from local storage or an external facility.

ARITHMETIC AND LOGIC UNITS (ALUs) B

Two one-byte ALUs are provided: ,ALU2 and ALU3. The
following operations can be performed by the ALUs in one CPU
cycle.

@ Binary addition, true or complement, of up to two fullword
operands. Two halfword additions are performed to achieve
the fullword add. Binary halfword addition is achieved by
inputing the two low-order operand bytes of each halfword
into ALUS3, and two high-order operand bytes of each half-
word into ALU2.

® [ogical dperation on two 1-byte operands. The operation
can be AND, OR, or Exclusive OR.

One-byte packed-decimal addition (true or complement).

® QOperations and microprogram symbols are:

Symbol Operation

A, AND

,OR, OR

,OE, Exclusive OR

+ True ADD

- Complement ADD
,D+-, Decimal ADD

+- Binary ADD

A-, Complement AND

Z-REGISTER HE

ALU results are set into the four-byte Z-register, The ALU
result data can then be routed from Z to:

® The D register (normal gating).
® TheS, P, T, or L registers.
® The A- or B-registers.

Also, Z-register data (that is, ALU result) is tested, if so
specified in the control word being executed, to set/reset
S-register bits.

D-REGISTER B

The D-register is used as an interim destination for data to be
routed to external facilities or local storage. The data leaves
the D-register on the following control-word cycle.

Details concerning the items on this page are in Chapter 2,

Introduction

A RETRY

| i

SPTL--SPECIAL EXTERNAL WORD B

® Addressed directly by control-word bits.

® Has special data patch to A- and B-register inputs.

® Only external that can be used as a B-source.

® Only facility that is destined in the same cycle.

® Composed of four one-byte registers: S, P, T, and L.

S-Register: holds the status of arithmetic and logical results;
controls some arithmetic functions.

P-Register: base address register for local storage and external
addressing.

T-Register: used in conjunction with special branch functions,
shifting, storing, and indirect-byte addressing.

L-Register: used in conjunction with P-high bits to form indirect
local-storage addresses.

PRIORITY
CONTROLS

H-REGISTER A

The setting of the latches in the H-register are used to determine
the priority of traps. The bits are set during trap 2 cycle and
prevent traps of lower priority from occurring. Detailed
information is in Chapter 12.

BACKUP AND RETRY EXTERNAL REGISTER d

To allow recovery from certain kinds of errors, hardware
registers (externals) are provided. The backup registers are set
to the current cycle setting of the prime register; the retry
registers are set to the cycle prior to the one currently being
executed,

EXTERNAL E

REGISTER
Flﬂllnl“l

FLUSH-THROUGH CHECK [

Data routed to local storage, as the result of some control-word
operation, other than a storage word read, is gated from the D-
register through the SDBO assembler Hll to local storage. The data
that is stored in local storage A is set into the Flush-Through
Check (FTC) latches and is matched to the data routed from the
D-register. If the match is unequal, an error condition is set. The
same check is made on information routed to the external
facilities from the D-register.
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LOCAL STORAGE Detail concerning the items on this page are found in Chapter 2.

® | ocal storage A and B are identical monolithic stacks of 64
words each.

©® Both stacks contain the same information at the corresponding
address. This enables checking to ensure that data being
operated on is correct.

® The microprogram uses the local-storage area as a buffer
between main storage and the CPU hardware.

® Addresses are formed with combinations of bits from the
control word, P-register, L-register, T-register, forced, and
console file command register.

@ Access time is 24 nanoseconds.

EXTERNAL FACILITIES E

® External facilities are composed of registers, buses, status lines,
and other circuitry that form the communications line
between the microprogram and:

Channels

Console file
Documentary console
Checking facilities
Retry circuits
Integrated file adapter
Features

© Addresses are formed from: control words, console-file data,
selector-channel circuits, console switches, retry information,
and local-storage address data.

@ Data from the externals enters the data flow through the
external assembler to the A-Reg.

© Data to the externals is gated through the SDBO assembler on
the external bus in (EBI).

EXPANDED LOCAL STORAGE &

The expanded local storage (EXPLS) registers are hardware
registers addressed as though they are local-storage (LS)
registers. EXPLS operates similar to the external facilities;
however, the output is routed to the A- and B-registers similar
to LS.

I-CYCLE CONTROLS E

Hardware used to improve the CPU performance for System/360
and System/370 instructions by reducing the time during I-Phase
of instruction processing.

I-BUFFERS

The I-buffers consist of three 1-word registers and are used to
hold the present instruction plus the next doubleword of the
instruction stream in most cases.

ADDRESS ADJUST @

The address-adjust logic is used by the OS/DOS compatibility
feature. This feature provides the necessary logic for execution
of a DOS supervisor and DOS programs under control of the OS
supervisor in any main-storage location.

A- AND B-LOCAL STORE COMPARE E

Data stored in local storage is located at the corresponding
address in both local-storage stacks. The data is read from both
stacks and compared. If the data does not compare, an error
condition is set. Note that the output of expanded local storage
is routed along the same path but is not compared.
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ERROR HANDLING

If application-program errors occur (such as illogical action
requests), the operating system attempts to handle the exception
and provide any necessary operator messages.

If a failure occurs within the CPU or an 1/O unit, provisions are
made to retry the failing operation. Error-logout facilities are
incorporated into the system to record any such failures. (This
is in addition to any provisions made by the operating system
for error retry and error logging.)

Microprogram instruction retry, limited and extended channel
logout, storage validation (Error Checking and Correction--ECC)
for program and control storage, and other error-detection and
error-handling provisions are standard.

MICROPROGRAM INSTRUCTION RETRY

The ability to recover from most intermittent failures is provided
by retry techniques. CPU retry is done by microprogram routines
that save the source data before it is altered by the operation.

When an error is detected, a microprogram routine returns the
CPU to the beginning of the operation (or to a point during the
operation that was executed correctly), and the operation is
repeated. For a detailed description of microprogram instruction
retry, refer to “Chapter 12, Error Handling”.

ERROR CHECKING AND CORRECTION (ECC)

Error checking and correction circuitry for program and control
storage automatically corrects single-bit errors. Automatic
detection of double-bit errors is also provided. For a detailed
description of ECC circuits, refer to “'Chapter 3, Main and
Control Storages’. For a description of handling ECC errors,
refer to “’Chapter 12, Error Handling”".

COMPATIBILITY BETWEEN THE 3145, OTHER
SYSTEM/370 MODELS, AND SYSTEM/360

Within the storage capacity, internal and input/output channel
processing rates, and type of input/output devices that can be
attached, compatibility is maintained with other System/370
and System/360 models, with the following exceptions;

Programs using machine-dependent data (for example,
machine logouts).

Programs using the ASCII bit (PSW bit 12).

Programs that depend upon features or 1/0 devices that are
not implemented on this system (such as special instructions
for the System/360 Model 44).

Programs that depend upon validity of data after the
system power has been turned off and restored.

Programs written for other System/370 or System/360 models
that contain the following conditions or requirements should

be evaluated on an individual basis to ensure proper operation.

Time-dependent programs.

Programs written to cause deliberate program checks.

Programs that use storage locations between address 128
(decimal) and 704 (decimal) after a diagnostic logout into
program storage. However, such programs may be
executed:

a. if the check-control switch is set to STOP AFTER LOG
position. In this case, processing stops after the
diagnostic logout into main storage takes place.

b. if main-storage locations that are overlaid by the
diagnostic logout are restored with the program require-
ments before an IPL and program restart.

Any attempt to continue processing after a diagnostic logout
to main storage without restoring the program information to

CHANNEL RETRY

This feature has been implemented to ensure that most failing
channel operations can be retried by error-handling routines.
Both a limited and an extended channel logout are implemented.
When a channel error or a CPU error assaciated with a channel
operation occurs, the channel status word (CSW) and an extended
channel status word (ECSW) are stored in the fixed lower storage
area during the 1/0 interrupt. The ECSW or limited channel log-
out data provides additional, more exacting status information
about the channel failure. This data is formatted by the channel
check handler routine and passed to a device-dependent error-

the logout area will have unpredictable results,

The 705-byte extent (the permanently assigned main-storage
locations) can be reduced to 512 bytes by moving the 192 bytes
(between locations 512 and 704) into another main-storage area.

CONTROL REGISTERS

The control registers may be thought of as extensions to the
program status word (PSW). These control registers are part of
some of the additional or expanded functions.

Masking of the timer interrupt and external interrupt in
control register 0.

Machine-check subclasses masked through bits set in control
register 14.

Introduction

recove'ry routine to be used in the retry of the failing 1/0
operation. The ECSW contains information as to*

Which unit detected the error

Which unit caused the error

Successful retries

Channel retries

Validity flags

Retry code--how far has the instruction progressed in
execution

COMMAND RETRY

Command retry is a control-unit-initiated procedure between the
channel and the control unit, (Not all control units have this

capability.) No 1/0 interruption is required. The number of
retries is device-dependent.

The pointer to an extended CPU logout area in control
register 15.

Details of the control register used by the 3145 are in Chapter
12.

PROGRAM STATUS WORD CHANGES

Bit 7: External Mask bit is now a summary bit with contro!
register one containing the individual mask bits.

Bit 12: is now reserved and must be zero. ASCII code is
removed.

Bit 6: is the mask bit for channels 6 and over.

Bit 13 Hard Stop Bit: is now a summary bit. Control register
14 contains mask bits for subclasses of machine checks.
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STANDARD INTERFACE

The standard interface for System/370 has all the lines used
on the System/360 standard interface, plus several additional
lines. The additional lines used by the 3145 are identified
on this page. Detail explanations of how these lines are used
are in Chapter 8.

DATA-IN

During read and sense operations, Data-In rises when data is
available on Bus-In. During write and control operations, Data-In
indicates that the control unit is ready to receive data.

Data-In indicates to the channel that data on Bus-Out was
accepted by the control unit or that the control unit provided
the requested data on Bus-In.

Data-In is effective with selector/block-multiplexer channels
only.

DISCONNECT-IN

Disconnect-In provides control units with the ability to alert
the system of a malfunction that is preventing the control
unit from signaling properly over the 1/0O interface. An
example of this condition may be a microcoded control
unit communicating with. the channel at the time a read-only
storage (ROS) error is detected. Such a contro!l unit may be
unable to complete an interface sequence properly.

‘Disconnect in’ can be raised by a control unit, only when
it is connected to the channel (that is, it has ‘operational
in’ up). When ‘disconnect in" is used during a polling
sequence, it has progressed at least to the point where
‘address in’ has been raised with the unit address on ‘bus in’
before raising ‘disconnect in".

The channel in response to ‘disconnect in’ performs a
selective reset. )

This line allows the 1/0 error alert feature to operate.

BUS OUT

9 Lines
Bits P, 0-7

BUS IN

~.__

9 Lines
Bits P, 0-7

MARK Mark Oin

PN

TAGS OUT

Address Out
Command Out
Service Out
Data Out .

/

CHANNEL

\

. TAGS IN
/

Address In
Status In

S

Service In

Data In

Disconnect In
_roseo

SELECTION CONTROLS

/ONTROL UNIT

Select Out

Hold Out
Operational Out
Suppress Out

Select In
Request In
Operational In

METERING CONTROLS

Clock Out
Metering Out

Metering In

S~ T~

MARK O-IN

When the command being executed encounters a condition
requiring retry, the control unit indicates it by raising

‘mark 0 in’ and 'status in” while presenting ‘unit check’ and
‘status modifier’ (‘retry status’) together with ‘channel end’
{meaning that the control unit or the device is not yet ready
1o retry the command), or with ‘channel end’ and ‘device
end’ (meaning that the control unit and device are prepared
for immediate retry of the command). 'Device end’, if not
presented with ‘channel end’, is presented later, when the
control unit is ready to retry the command.

The channel acknowledges the occurrence of command
retry by accepting the status byte containing retry status
and indicating chaining. 1f ‘device end’ accompanies
‘channel end’, ‘mark 0 in’, and retry status, the channel
immediately initiates a normal, chained initial-selection
sequence, reissuing the previous command. |f only ‘channel
end’ and ‘mark 0 in’ accompany the retry status, the retry
is not immediately performed.

Rather, when the ‘device end’ or ‘device end’ with ‘status
modifier’ is presented to the channel, it is accepted with
chaining indicated and a normal reselection occurs to reissue
the previous command; or, in the case of ‘device end” with
‘status modifier’, the CCW following the previous command.

A channel indicates refusal to perform a command retry
by accepting the status byte containing retry status without
indicating chaining or by stacking the status byte. The
stacked byte is treated as any stacked status.

DATA-OUT

Data-out is the response to data-in.

Data-out indicates to a control unit that data on bus-in
was accepted by the channel or that the channel provided
the requested data on bus-out.

Data-out is effective with selector/block-multiplexer
channels only.

3145 T™
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3145 CHANNELS--GENERAL DESCRIPTION

Detail information is found in Chapter 8,

The Model 145 has two types of channels available:
® Byte Multiplexer

® Selector
The selector channel optionally may have the block-
multiplexer feature attached.

Channels on the Model 145 are integrated in the CPU and
share CPU cycles for |/O operations.

STANDARD FEATURES
® Byte multiplexer channel
® Selector channel 1 (2 if the IFA is present)

® Channel retry

OPTIONAL FEATURES
© Selector channels 2-4 (selector channel 3 if IFA is present).
® Block-multiplexer feature (no charge).

® [ntegrated File Adapter for 2319 DSF. (Displaces Channels 1
and 4.)

Channel-to-Channel Adapter.

BYTE-MULTIPLEXER CHANNEL

Functionally equivalent to the System/360 multiplexer channel.
Data transfer is on a byte basis only.

UCWs (Unit Control Words) are provided for subchannels
in control storage. Each UCW is contained in four words
(16 bytes).

©® UCWs provide a place to store channel register data between
data transfers, thus allowing multiplexing of data.

A maximum of 256 subchannels is available on the Model 145,
16 UCWs are standard on the Model 145.

A shared UCW can be shared by up to 16 devices, of which
only one can operate at a time.

A non-shared UCW can be used by one device only.

Thus, with 16 UCWs, if 8 are shared and 8 non-shared, a

total of 136 1/0O devices can be attached,

Up to eight control units can be attached per channel.

@ Configurations of 32, 64, 128, or 256 subchannels are
available. The number of subchannels must be specified so
that the proper amount of control storage may be allocated
and written on the console file,

Data Rates

Aggregate data rate in byte mode is 50 kb. Note that the
selector channels and |FA (Integrated File Adapter) can
interfere with the byte multiplexer channel.

® Burst mode data rate is 180 kb.

SELECTOR CHANNELS

The 3145 has one selector channel as standard, Up to three
more may be attached as an optional feature. DASD devices
without command retry feature should not be attached to
channel 4,

® Functionally equivalent to the System/360 selector channel.

® |f the IFA (Integrated File Adapter) is installed, only
channels 2 and 3 may be installed.

Data Transfer

Data is transferred one byte at a time unless the optional word’
buffer feature is installed on the channel,

® A four-byte buffer is provided for each channel if the
feature is installed.

® The word buffer feature allows fewer accesses to main
storage to be made while transferring data from the
selector channels and increases channel data rates,

® A one-byte operation requires 585 nanoseconds; a one-
byte fetch operation requires 517.5 nanoseconds, The
word buffer feature allows four bytes to be transferred
rather than one,

® The word buffer is required if the 2305 is to be attached.
It is recommended if the 3330 is to be attached.

Data Rates

© Single Channel
without word buffer .9 mb
with word buffer 1.5 mb

® Aggregate data rate
without word buffer 1.9 mb
with word buffer 5.3 mb

Introduction
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BLOCK MULTIPLEXER FEATURE

The block multiplexer feature may be installed on the selector
channels as an optional feature at no charge.

It is required if the 3330 and 2305 are to be attached,

The selector channel operates as a block-multiplexer channel
when the mode bit in the control register is set ON.

A maximum of 512 UCWs is provided when the block-
multiplexer feature is installed. These provide a pool that may
be assigned to devices. Each UCW is contained in two words.

® UCWs may be shared or non-shared
® UCW:s are contained in control storage

® Shared UCWs must be determined and assisgned device
addresses.

® Non-shared UCWs are dynamically assigned to devices at
start |/O time in blocks of eight. |f no UCWs are available,
a not-operational-condition code is returned.

® UCWs are provided in control storage in increments of
16 UCWs, each increment containing two groups of 8 UCWs,

INTEGRATED FILE ADAPTER

® The Integrated File Adapter (IFA) feature connects from
three to eight IBM 2314-type disk drives to the System/370
Model 145,

® The IFA feature is assigned exclusive use of the channel-1
address and functions as both channel and control unit for
the files.

® Data transfer takes place one byte at a time on a share-cycle
basis the same as with selector channels,

® The initiation of operations and the initiation of each step
of the file sequence requires the use of the CPU controls and
microprogramming.

The primary control for the IFA is contained in the CPU,
where it can make use of the CPU hardware and microprogram
for operation. The IFA adds hardware for control during
periods of reading and writing the file records and for other
periods of control when the microprogram is most required.
The 2319-A1 contains the read clocking circuits and the storage
module switching for up to eight files, The disk storage drives
operate in the same manner as the 2314 system connected to a
selector channel. The record format is identical and the
operation requires the same programming systems,

Upon receipt of a signal from the previously disconnected
device indicating that it is ready to use the channel data
path again, the channel restarts the appropriate channel
program.,

The process is repeated for all active devices until each
one is completely serviced.

If a channel is busy when a device reconnection is
requested, the device must wait until the channel becomes
available,

To facilitate channel scheduling, a new channel available
interrupt has been defined for the block-multiplexer
channel,

At disconnect time for a channel program, the channel is

available for the resumption of an uncompleted channel
program or the initiation of a new one. A channel available

interrupt occurs at disconnect time if any 1/O command was

issued previously while the channel was busy,

The IFA control-unit operation is initiated as a channel
operation using the |/O instructions and channe! commands.
Primary control information for the file operation is stored
in the CPU, Operating commands are processed by micro-
programs stored in the CPU. The microprogram starts the
operation by developing the appropriate information for a
portion of the sequence and issues a mini-op to the control-unit
hardware. While the hardware is performing the mini-op, the
microprogram stores a link address and returns to CPU operation,
When the hardware finishes that portion of the sequence, it
requests a trap to return to the microprogram link address to
continue the operation. An operation may require several of
these transfers between the microprogram and hardware to
complete a command,

Data movement during the hardware control period is per-

formed by requesting a selector-channel share cycle for each byte.

The CPU or other channel operations have use of the CPU hard-
ware and microprogram for other operations when time is not
required by the IFA controls either for setup or data transfer.
The file operation should never overrun during normal operation
because of the assigned priorities.

Details on the IFA are in Chapter 10,

Block Multiplexing

Block multiplexing allows the channel to disconnect a device at
channel-end time, During the interval between channel end and
device end, another device on the channel could be started or
could complete data transfer for a previously started operation.
Thus, a block-multiplexer channel can multiplex blocks of data
from different devices giving a much greater effective data rate
than a selector channel.

Block multiplexing occurs only if a control unit presents
channel end and not device end during command chaining,
and the channel is in block MPX mode,

The block-multiplexer channel can operate as regular selector
channel so that existing System/360 channel programs can
run unchanged.

Block-Multiplexer Operation

Because the channel is busy only during the time when data is
actually being transferred, several channel programs can be
executed concurrently by sharing the channel hardware. This
could be called “’Channel Multiprogramming.,”’

The sequence of events in channel multiprogramming is:

A channel program controlling a device is started by the
channel and remains active until the device signals that it
has no need for the channel path at that stage of its
operation.

The channel disconnects the channel program and stores
all information needed to restart the program in UCWs
that are in control storage,

The channel can start another channel program at this
point if one is ready.

3145 TM™M
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SPTL

The SPTL word is a special external register that has a word -
address of 04. ::::;M' —T‘—_‘I
® Addressed directly by control-word bits. T et
® Has special data path to A- and B-register inputs. pR— |
SREQ, Brie el
® Only external that can be used as a B-source. e
® Only facility (other than the H-Reg) that is destined in the e | ’ — |'°”°~‘.;-:§-I
same cycle, wrarron RIS e | rear 1
N2, w3 — wIsC
® Composed of four byte registers: S, P, T, and L. v | R S o ca -
I EXPANOED

LOCAL STORAGE

S P T L

.“"“
=

DATA BITS

TWALID
" DECIMAL
DiaIT
. GHECK

sYaTIM
(FRoM EO0L

S-Register: holds the status of
arithmetic and logical results; \ Used with P-high bits to
controls some arithmetic form indirect local-storage
functions. addresses,

Base address registers for

local-storage and external

addressing,

Used with special branch
functions, shifting, storing,
and indirect-byte addressing.

1eveLe
cowtmoLs

NOTE: For details concerning how SPTL affects control-word
operations and addressing, see Chapter 4.
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S-REGISTER

Used to indicate

Status set for
Status set for
arithmetic words.

Status set for storage
and arithmetic words.

® May be used as a working register

S-register bits are used primarily to indicate the results of ALU
operations or to specify how certain ALU operations are to be
performed.

Branch fields in the control words can be set to specify branch
testing of S-register bits. The results of the branch testing are used
to determine a portion of the next control-word address. There-
fore, a control-word sequence can be modified according to ALU
results. For example, the following is frequently used in micro-
program routines.

1. A control word specifying an ALU operation calls out set/
reset of specific S-register bits, depending upon the ALU
result.

2. A subsequent control word specifies branching on the same
S-register bits.

Note: |f the S-register is set with a control word and this same

control word is branching on S-bits, the branch test is made on a

previous S-register setting and not on the result of the current

control-word operation,

3. The control word branched-to continues the microprogram
sequence required by the ALU result.

The S-register can also be used as a general-purpose data
register. For example, a control word can cause the S-register
to be loaded with a byte for use in operations with subsequent
control-word operations such that none of the following descrip-
tions apply. Such use of the S-register is determined by the
microprogrammer. The following listed S-register bit functions
are not automatically performed. Any function must be
explicitly specified in the control word for which the function
is desired.
Note: There are duplicate S-registers designated S-register
A- and B- respectively. The data from S-register B is displayable,
and is gated to the A-register and B-register.

true or complement \\ indicators for branching.
add.

Used as general-purpose status

arithmetic and storage words.

Normally set to the value of
the high-order carry during
an arithmetic operation.

SO

The setting of SO determines whether a true or complement add
is to be performed in the ALU(s) when either a binary or decimal
add is specified by the control word.

SO Value Specifies
0 True add
1 Complement add

The true/complement circuitry affects only the B-input (from
the B-register or the K-assembler) to the ALU(s). The A-register
input is always presented to the ALU(s) in true form, regardless
of the value of SO.

In arithmetic word (type 10) shift operations, the value of SO is
shifted into the four high bits of the result word (shifted right)
when the shift field of the arithmetic word specifies (SR4, SO).
The bits (4-7) shifted out of the source-word byte 3 are set into
T-register bits 0 through 3 respectively.

S1

1. In decimal operations, S1 is set to 1 if an invalid decimal digit
is detected in the A or B inputs to the ALU. S1 is not changed
if the decimal digits are all valid. An invalid decimal digit is
greater than 1001 (binary). The test on the inputs is made
before the original decimal data is binarily added in ALU3;
no such test is made on decimal data when it is being sent to
ALU3 on a +6 correction cycle.

In order for S1 to function in this manner, the arithmetic
control word (type 10) must specify both decimal addition
(C, D+-, C), and the S12 status set.

2. In binary operations, S1 is set to the value of the carry-out
of: :

a. Bit 1 in single-type ALU operations,
b. Bit 1 of byte 0 in fullword ALU operations,

The control word must specify the S12 status set, along with
the appropriate binary ALU operation, in order for S1 to
function in either of these two ways.

S2
1.

SPTL 24

In byte operations, S2 is set to 1 if the Z-bus (ALU result
byte 3) is not zero. (Z0) If the Z-bus is zero, S2 is not
changed from its prior setting. The arithmetic control word
calling



for the byte operation must specify the S12 status set in order
for the S2 bit to function in this manner.

2. In full word binary operations, S2 is set to 1 if the entire 32-
bit result is nonzero. S2 is not changed if the 32-bit result is
zero. A status set of $S12 must be specified in the arithmetic
control word (calling for the fullword operation) in order for
S2 to function in this manner.

3. In fullword binary operation, S2 is set to 1 if:

a. A Z24 status set is specified, and

b. the low-order 24 bits (ALU result bytes 1, 2, and 3) are
nonzero. If the low-order 24 bits are all zero, S2 is not
changed.

4. When an S2 status set is specified in a storage word, S2 is set
to 1 if the count field is not zero after the count is decremented;
S2 is set to O if the count field /s zero after decrementing. The
decrement-count function is specified in the storage word to
effect the following actions:

a. The 24-bit address, in bytes 1, 2, and 3 of the even word (of
an even/odd pair of local-storage words), is updated.

b. The count field (low-order 16 bits of the odd word of the
pair) is updated.

c. S2is set according to the result of Step b.

Note that the count value is updated by circuitry and that S2 is
set/reset if the S2 status set is specified even if decrement count is
not specified. In this case, however, the updated count value is not
stored back into the count location.

S3

S3 is set to the value of the carry-out of bit-0 of the ALU operat-
ion. This function is used in both byte and word operations. The
arithmetic operation field must contain a bit configuration

designated by a statement that contains a C at the left, in order
for S3 to function in this manner. For example, in the statement:
S0=0
CcC+0

the C specifies that S3 is to be set/reset.
In fullword arithmetic operations, S3 is set to the carry-out of:
a. Bit 0 of byte 0 if an S12 or no status set is specified.
b. Bit 0 of byte 1 if a Z24 status set is specified.
S3is not set/reset in storage-word address and count updates.

S4 and S5

In arithmetic words (types 10 and 11) that specify a status set of
S45, S4 and S5 are set/reset according to the bit values of the ALU
result byte as follows:

Bit Value Indicates Result Byte Bits
S4 0 0-3 not equal to 0000
sS4 1 0-3= 0000
Sb 0 4-7 not equal to 0000
S5 1 4-7 = 0000
If a Z6 status set is specified:
Bit Value Indicates Result Byte Bits
S4 0 0-5 not equal to 000000
S4 1 0-5 = 000000
Sb 0 4-7 not equal to 0000
S5 1 4-7 = 0000

The S45 and Z6 status sets can be specified in an arithmetic word,

only if a single-byte ALU operation is called for; S45 and Z6 do
not pertain to fullword arithmetic operations.

In storage-word operations, S4 and S5 functions are the same as
in the arithmetic words and are specified in the same manner (S45
and Z6). S4 and S5 are set according to the value of the low-order
byte of the count field after the count has been decremented.
The count is in bytes 2 and 3 of the odd word of an even-odd pair
of local-storage words. The address is in bytes 1, 2, and 3 of the
even-word location.

In an arithmetic word (type 10) that specifies an ABCK byte
operation: S4 is set to 1 if a parity-check error is detected on
the A input to the ALU(s).

Note: |If an 124 status set is specified in a type 10 arithmetic
word, no S-register bit setting occurs, regardless of any other
specified status set. For example, if the operation specified is:

S0=0
c+0

and 124 is also specified, then S3 and SO are not changed even
though the operation field calls for such set/reset functions.
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P-REGISTER
1
0 1 2 3 : 4 5 6 7
|

Used with C1 or C2

Used with L-Reg bits bits to form direct
local-storage addresses.

to form indirect local-
storage-word addresses.
Used with C1 bits to form

. P3 = 1 indicates external
external facility addresses. rna

addressing if C1 bit0 = 1.

*Used for expanded
local-storage control.

The primary function of the P-register is to provide a base address
during local-storage or external-register addressing. That is, the
P-register is used to point to groups of external registers or areas
of local storage; the remainder of the external/local-storage ad-
dress is specified by the outputs of the C-register. In some cases,
the L- and/or T-register contents are used to determine portions
of the address.

T-REGISTER
TH TA TB
L) LI
0 | |
| 4 5 7
1 1
“ - _— | J
Bits 0 and 1 are gated to Used as a byte pointer
bits 2 and 3 of M3 for the B-source during
during the next control- .ant'hmenc word using
word address setup for indirect-byte addressing.
spetial module-switch Usually set by a special
function of the branch function of a storage
word. word read operation.
Used as a mask for a Used as a byte pointer
store-word function. for the A-source during
Used to hold low-order arithmetic word using
hex digit shifted out indirect byte addressing.
during arithmetic word Usually set by a special
shift right function. function of a storage
May be used as digit word read operation.

shifted into the high-
order position of a
right shifted result.

® May be used as a working register

The T-register is used in a variety of ways, which are summarized

here.

1. T-register bits 4 and 5 and/or 6 and 7 are used in indirect-byte
addressing and branching operations.

2. T-register bits 0 and 1 are used to form a portion of the next-
control-word address when a module-switching operation is
specified in the branch word.

3. T-register bits 0 through 3 are used in arithmetic fullword
shift operations.

4. In certain storage-word read operations, T-register bits 4 and
5 or 6 and 7 are set to the value of the two low-order storage-
address bits before the address is updated.

5. In certain storage-word store operations, T-register bits O
through 3 are used to specify which bytes of a source are to
be stored and what constant, if any, is to be used to update
the storage address.

SPTL 2-6



L-REGISTER

LH LL

Used with high-order Used with high-order
bits of the P-register bits of the P-register
to form indirect address to form indirect

of local-storage register address of local-storage
containing first operand. register containing

second operand.

® May be used as a working register,

The primary purpose of the L-register is to hold the addresses of
the general or floating-point registers, all of which are in local
storage. The address of a general register can be specified by LO
through L3 or L4 through L7. For example, LO-3=0111 can
specify general register 7. Note, however, that while this address
corresponds to the hexadecimal address of general register 7, that
register's address in local storage is determined by C, P, and L-
register bits when the L-register is used in the addressing.

The address of a floating-point register is usually specified by
LO-3 only (not L4-7).
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SDBO Pre-Asm, Asm 2-8
SDBO PRE—ASM, ASM SE—

® The Storage Data Bus Qut (SDBQ) preassembler receives
a doubleword of data from internal or external storage.

® The output of the SDBO preassembler is gated by M3 bits
5, 6, and 7 to provide word, halfword, or byte selection.

® The SDBO assembler receives inputs from the SDBO
preassembler, the storage-protect stack, and the D-register.
It provides an output that is used as data for External
Bus In (EBI) and local storage.

The selection of data fed to the SDBO assembler is
accomplished by decoding M3 bits 5, 6, and 7. The decode
of the M3 bits causes corresponding gating lines to be
activated, which cause data from the SDBO preassembler to
be routed to the SDBO assembler.

M3 Reg Selects
bit 5 0 Even word bytes 0-3
1 Odd word bytes 4-7
bit 6 0 Even halfword, bytes O, 1
. 1 0Odd halfword, bytes 2, 3
bit 7 0 Even bytes 0, 2
"1 | Oddbytes1,3 ‘
' Read Byte
0 0 0
L
Read Word T 1 1
Word Selected  Word, Halfword, SDBO o 2 } 2 2
by bit 5 Byte Selection Assembler Read Halfword, M3 bit 6=0 Read Halfword, M3 bit 6=1 3 X X '___ To Byte 3
0 0 0 0 0 0 0 0 0 LS/EXT
1 1 1 1 1 1 1 1 1
LS/EXT o M3 bit 6,7=00, Byte 0 to X
2 2 2 2 0 | 2 2 2 M3 bit 6,7=01, Byte 1 to X
3 3 3 3 1 1 To Bytes 2and 3 3 3 3 To Bytes 2and 3 M3 bit 6,7=10, Byte 2 to X

LS/EXT LS/EXT M3 bit 6,7=11, Byte 3 to X :



SDBO PRE-ASSEMBLER UNIT DATA FLOW

INTERNAL SpBO
PRE-ASM
SDBO Bytes 0-7 Y
PH
Data to
System
Bits
0—63

$Q203 — SQ302

Gate Internal Storage A—T—J

Data to

System
Bits

0—63 External SDBO Bytes 0-7

$Q203 —~ sQ302 Store 2 Cycle ——— 1 A
1 Time
0 Time L _J
A OR}- Rst SDBO Asm Lt.
(Not) SDBO Gate —E
0 Time DIy —————————— A
Store 1 Cyc

o-T 1-T - 2T 0-T
D-Register

2-T

Bit 5 Select Even D ata

Gate SDBC

Bytes 0-3

SDBO Gating

Bytes 4-7

\
RC113 - RC 193

0-T

1-T 2-T

0-T

Gate D-Reg through SDBO Asm

SDBO Data

SDBO Preasm Latches

Gate SDBO

Local Storage Gating -l—

Destine prev cycle

Destine address

[

Destine count
Store data

RC114—RC194

The bytes in the shaded
area are gated but are
not used at the output.

SDBO Asm

_ALS

RA 115- RA 166 D-Reg

Gate D-Reg through SDBO Asm —->4<

MS 116 Protect Stack X
Gt St Prot through SDBO Asm —-f

The two-word SDBO preassembler latches retain the storage

entry for use during the cycle.

M3 bit 5 of the storage address defines which word of the
storage access is to be gated to the SDBO assembler.
For a word-mode operation, the full word is gated to the

assembler when the gate SDBO line is raised.

For a halfword mode operation, the upper or lower half-word,

depending on M3 bit 6, is gated to bytes 2 and 3 while input

bytes 0 and 1 continue to gate to output bytes 0 and 1.
For byte-mode operation, the byte defined by M3 bits 6 and 7
is gated to byte 3 while the remaining input bytes are gated to

their respective output positions.

The protect stack read out is gated to the SDBO assembler
byte 3 during the ISK instruction to allow transfer to a GP-

register.

The four-byte output of the D-register is gated to the
respective outputs of the SDBO assembler when neither the

gate SDBO line nor the gate st prot line are active.

jmm— B LS

tom—EBI

RC114—RC194
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LOCAL STORAGE

® | ocal Storage (LS) consists of two monolithic stacks of 64 words
each (A-LS and B-LS).

® Destined data is written into both A and B LS so that both stacks
contain the same information at any corresponding address. This
permits comparison checking of LS data.

® | Sisused by the microprogram as a high-speed buffer. Access
time is 24 nanoseconds.

® Readout is nondestructive.

Address range within each stack is 00 to 3F (Hex).

® Addressing is accomplished with combinations of control-word bits,

P-register bits, L-register bits, T-register bits, selector-channel
share-cycle forced bits, and console-file command-register bits,

LS has assigned locations for specified functions. Refer to *’Local
Storage Map (370 Microprogram in Control Storage’’). Locations
included are: .
16 general registers
4 floating-point registers
Selector-channel work area
CPU work area
These locations are valid when the 370 microprogram is located in
control storage. When diagnostics are running, another set of LS
assignments is in effect.
LS is external to main and control storage. Each 64-word stack is
located on two MST cards:

Bytes Card Location
A-LS Oand 1 A-C4B2

2and 3 A-C4C2
B-LS Oand 1 A-B4P2

2and 3 A-B4M2

NOTE: Do not remove or replace LS array cards with power on.

LOCAL-STORAGE OPERATION

Read

® Eijther or both A-LS and B-LS can be accessed in one cycle,
® Data from A-LS is gated to the A-register,

® Data from B-LS is gated to the B-register,

® A-LS and B-LS sources can be different addresses.

Write/Read
® Data destined to LS always is written into both A and B LS.

® Data destined during any cycle is written during the next
cycle,

® A write LS is always followed by a read LS. The read LS
data is used for flush-through checking and A and B LS
comparing,

DATA CHECKING

Flush-Through Check (FTC)

Data destined to local storage as a result of some control-word
operation, other than a storage word read, is gated from the
D-register through the SDBO assembler to local storage. The
data in the D-register is compared with the data from the
A-LS address that was the destination. |f the compare is not
equal, bit 2 of MCKA 1 sets to indicate an FTC error.

A and B Local-Storage Compare

Data destined to local storage is stored at corresponding addresses
in both local-storage stacks. The data is then read from these
addresses and compared, |f the compare is not equal, bit 1 of
MCKA 1 sets to indicate the error.

#
—— MCKA1, Bit 1

FTC

Latches

D-Register
o FTC |# mMCKA1,
] Match Bit 2
2
3

LOCAL-STORAGE TIMING

| 0 Time | 1 Time l
0 Time Delayed 1 Time

Delayed

Read

Write/Read

FTC

A/B-LS Compare

.
Write/Read, FTC, and A/B-LS compare occur during the cycle
following the control-word cycle that the data was destined.

(Write) LS Bit Gate

SDBO Asm {Data In)

(Read) LS Set Byte

Bit

Set Pwr

X0
X1
X2
X3
X4
X5
X6

Y4 — Drivers
Y5 —] (8)

oo |
©F M0 MG b 37 wmmd %!

X
Drivers
(8)

64 Words
(1 Stack)
8x8

EXTERNAL
[FACILITIES ASSEMBLER|

Local Storage 2-10

e

Sense Amp Lth

Sense

Amp

Y

32 +4P

nl

A

Spec
32 +4P

— LS Data




LOCAL-STORAGE DESTINATION ADDRESSING

The type/form of the control word selects the source address
(A or B) that is used for the destination address.

1. During fast gate, decoded source addresses are stored in
the A and B buffers. [}

2. At the beginning of slow gate, the previous control-word
destination address is gated from the A and B destination
address latches to the address decoders. Bl

3. The data destined during the previous cycle is written. [§

4. The buffer (A or B) selected by the word type/form is
gated to both the A and B destination address latches. D]

5. At slow gate of the next cycle, this address is gated to the
address decoders for destination write/read. ]

Destination Look-Ahead @

A new source address may be _the same local-storage address

as the previous destination address. When this condition occurs,
the destined data in the Z-register is not stored into local storage

in time to be accessed by the following control word as source

data. Destination look ahead detects this condition by comparing
A and B new source addresses with the previous destination

address. An unequal compare {previous destination not new source)
gates the new source data from local storage to the A- or B-register.
An equal compare (previous destination /s new source) gates the
new source data directly from the Z-register to the A- or B-register.

Force Selector Channe! e

BLS Source/Destine
Addr

Decode

Cons, File Command Reg Bits 2-7 o=

P-Reg L-Reg —— Destine

e Re)

LT T T T T T T T T T A T T AT

£ mlllll R
£ = Addr, | g
£ Destine § E Comp.
H SR IR gy
SDBO E l|||ll||l|ll||||lIIIIIlIlIIIlIlIIllIIlIIIIIllIIIé
m— - S Control S J Dest. Gate B-LS or Z-Reg to B-Reg
Assembler  junnmmsi g oo
£ Ahead E
Secondary Control ASM e £ S
E Destine — B
£ T e TR T T Gate A-LS or Z-Reg to A-Reg
= = S 2 = = |
LAOD21 £ £ N %, £ g I
LA033 = A J % = Comp
£ Source Destine I g
LA115 =, wnonf ge g | Oest. A LOCAL
LA125 = Addr_ i Back-up and Retry Regs STORAGE
Sty - A Ls
P-Rea L-Re 1 Addr £ Source/Destine SDBO ASM
9 9 Decod klllIIIIIIlIlIIIIlIIIlIIIImllIllIlIlIIllIlIIIIlIIIIIIlIIIlIllIIlIIIIIIIIIIIlIIIIlIIIIllIllIIlIIIIlIllIlIlIlIIllIIllIIllIlIIIIIIII1IIllIllllIIIlIIlIIIIlIIIlIllllllIllIIIIlIIIIIIIlIIllIIIlIlIllIllIlIIlIIlIllll|Il|llIIlIIIIllIlllll
ecode
M3 (0-5) (See external facilities CPURTY word)
Force Selector Channe| cm—
D-Reg
L_OTime |__1Time |__OTime | 1Time | OTime | 1Time y
L]
1 Time
QTime Delay | 1 Time Delay : 0 Time Delay | 1 Time Delay | 0 Time Delay I Delay
Qc=Q+Y RC=R+Y RC=R+Q
Fast Gate A I I
Q Y : R Y R Q
Set A/B Buffers q IR .
Y R Y R Q
Read A/B-LS ) M I
Set A/B-Registers I I I
Slow Gate
E Prev. Dest. Q R
Gate Dest. Addr. Lths.
Prev. Dest. Q R
Write/Read —_ I S I
Q R ) R
E Set A/B Dest. Addr Lths. ] P
B-LS to B-Reg B-LS to B-Reg B-LS to B-Reg
B Compare Unequal SRR - | - IS
A-LS to A-Reg A-LS to A-Reg
E 4 A Compare Unequal — S—
2 A Compare Equal Z-WReg

\

SDBO ASM 4

B LOCAL
STORAGE

To B-Reg

A and B
Local
Storage
Compare

—— MCKA1 Bit 1 (error}

FTC

To A:_Beg

—- MCKA1 Bit 2 (error)
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A-LOCAL STORAGE UNIT DATA FLOW

CIRCUIT

FAST DECODE

DEST BFR LATCHES 2,3,4
DEST BFR LATCHES 5,6,7
DEST ADDR LATCHES 2,3,4
DEST ADDR LATCHES 5,6,7
SLOW X ASSEMBLER

SLOW Y ASSEMBLER
COMPARE

X DECODE

Y DECODE

X CHECK

Y CHECK

MONO BUFFER

CARD

C4F2,C4N2,C4M2
C4G4
caJa

. C4G4
c444
c4G4
caJa
C4N2,caL2
C4F2
cam2
c4G4
c4J4
B4P2,B4AM2

Note: For local-storage card-swapping technique, refer to Appendix A.

Y LocaL sTorAGE
CONTROL ASM

SDBO 0 Bits 0-2

SDBO 4 Bits 0-2 e 0
Sec. Ctrl. Asm. 0 Bits 0-2 e
P
o 0
SDBO 1 Bits 0-0 eeee———————— 1
2
SDBO 5 Bits 0-5 seeeeememenemes 3
1
4
Sec. Ctrl. Asm. 1 Bits 0-6 e :
7

SDBO 2 Bits 0-3 eoeessemm————

SDBO 6 Bits 0-3 e———o

Sec. Ctrl. Asm. 2 Bits 0-3 et

, l X CHECK
Set: MCKAO bit 0 (During Source Access)
SLOW X X DECODE Set MCKAO bit 2 (During De stination Access)
ASSEMBLER X0
B-Local St fr. Latches 2-4
ocal Storage Bfr. Latches M3 Bits 0-2 X1
X2
Switch G bit 0, Switch F bits 2,3 §2
|:I 2 2 X5
3 3 X6
Force X or Y check 4 4 X7 ToAandB
n
DEST BFR DEST ADDR Lgca|asmrage
EAST LATCHES LATCHES Compare
] DECODE A-LOCAL STORAGE
I COMPARE
I— "Regi to A-Regist SDBO ASM To A-Register
P-Reg Bits 1.2,5.6.7 Gate Z-Register to egister _5
Block A LS
6.-Reg Bits 0,4
DEST BFR DEST ADDR
LATCHES LATCHES
g 2 YO FTC‘
7 7 Y1 ‘
Y2
Set MCKA1
M3 Bits 3-5 ¥2 D-Register bit 2
B-Local Storage Bfr. Latches 5-7, Switch G bits 1-3 eewesmmm] zg
Y7
SLOW Y
ASSEMBLER
LOCAL-STORAGE CONTROL AsseMBLER [ Y DECODE

ALD

LAO11-LAO18,LA021,LA111-LA117
LA212

LA222

LA212

LA222

LA211

LA221

LA022-LA024, LA031-LA032
LAO15-LA016

LA114

LA212

LA222

LA311,LA327

0 Time [

1 Time

! 0 Time Dly
Read Source

Dest Bfr Latches

Write-Read Previous Destination

' 1 Time Dly

Gate Sl

f

ow Path

Dest Addr Latches

As a control word is being read from control storage (SDBO),
or is being assembled in the secondary control assembler, it is

gated to the local-storage control assembler. In the local-
storage control assembler, the word type is identified to

specify the type of addressing needed.

Diagnostic function: E

With DIAGO bit 5 on, and RTY backup Asm
byte 0 bit 5 off, an extra X line is forced up to
cause an X check.

With DIAGO bit 5 on, and RTY backup Asm
byte O bit 6 off, an extra Y line is forced up to
cause a Y check.

Y CHECK

Diagnostic function:

With DIAGO bit 4 or 5 on, and RTY backup
Asm byte 3 bit 6 off, the storing of data into
A local storage is blocked. This causes both a
flush-through check and an A and B local store
compare error,

Set MCKAO bit 0 (During Source Access)
Set MCKAQO bit 2 (During Destination Access)

X and Y CHECKS E

The X- and Y-checks are tests to determine
whether if at least one, but not more than

one, X- and Y-line is active at a time.
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A=LOCAL STORAGE ADDRESS ASSEMBLY

A-SOURCE DIRECT ADDRESS

When the A-source is called for by its symbolic name, or the
actual address is used, bit 0 of byte 1 of the control word is O
to flag direct addressing. Bits 1, 2, and 3 of byte 1 of the
control word form the Y-line, and bits 5, 6, and 7 of the P-Reg
form the X-line.

FAST
DECODE

P-Reg bits 5, 6, 7

LS Ctrl Asm 1 bits 1,2, 3

T
~ooaldwNn
1

A-SOURCE DIRECT ADDRESS
(X- and Y- Lines carried in control word)

Two control words have the capability of carrying the X- and
Y-lines in the bit structure of the control word. The Branch and
Link or Return word carries the X- and Y-lines of the link register
in bits 1-6 of byte 1. The word-move word carries the S- and Y-lines
of the source or destination in byte 1.

FAST
DECODE

LS Ctrl Asm 1 bits 4,5,6

LS Ctrl Asm 1 bits 1,2, 3

INDIRECT ADDRESSING

FAST
DECODE

2
3
4
5
6
7

LCSC MODE

A special diagnostic function called LSCS (Local-Storage
Control Storage) mode causes control words located in local
storage to be read out and executed. The X- and Y-lines of
the control word to be executed are formed from bits 0-5
of the M3-register, which is set up by the last word executed.
Any of the other ways of addressing local storage may be
used for data accesses during the execution of the control
words read from local storage. For additional information
about LSCS mode, refer to ‘’Chapter 13. Diagnostic Hard-
ware'’ under the heading ‘‘Basic Tests.”

SLOW X
ASSEMBLER

M3 bits 0-2 : X

4 .

SLOWY
ASSEMBLER

M3 bits 3-5 5 %

6
7

USING L HIGH (LH) P-Reg bits 1, 2 2 X
There are two symbols in the microprogram language that call 3
for indirect word addressing. The symbo! LH calls for local-storage L-Reg bits 0-3 » i -
addressing using the high bits of the L-register and bits 1 and 2 5 Y
of the P-register to form the X- and Y-lines. 6
7
US FAST
ING L LOW (LL) DECODE
P-Reg bits 1, 2 2
The symbol LL calls for local-storage addressing, using the —-—-——" 3 X
low bits of the L-register and bits 1 and 2 of the P-register to
form the X- and Y-lines. L-Reg bits 4-7 I L4
5 Y
lE
7
SLOW X
ASSEMBLER
Switch G bit 0 )| 2 X
ADDRESSING FROM CONSOLE Switch F bits 2, 3 | 3
4
Local storage is also accessible from the operator’s
console. The X-line is formed from bits 2 and 3 of the
F switch and bit O of switch G. The Y-line is formed
from bits 1-3 of switch G. SLowy
ASSEMBLER
Switch G bits 1-3 2 Y
7
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B-LOCAL-STORAGE UNIT DATA FLOW

CIRCUIT CARD ALD

FAST DECODE C4F2,C4N2,C4H2 LAO11-LA018,LA021,LA121-LA127

DEST BFR LATCHES2,3,4 C4G2 LA232

DEST BFR LATCHES 5,6,7 Cc4J42 LA242

DEST ADDR LATCHES 2,3,4 C4G2 LA232

DEST ADDR LATCHES 5.6.7 C4J2 LA242 ] ]

SLOW X ASSEMBLER C4G2 LA231 0 Time t 1 Time

SLOW Y ASSEMBLER C4J2 LA241 1 0 Time Dly T

?(Oohgi;%?)efg gzg;c‘“—z tﬁg?g:tﬁgfg'LAomlLAogz Read Source Write-Read Previous De stination

Y DECODE C4H2 LA124

X CHECK c4G2 LA232 Dest Bfr Latches

——— 0’

Y CHECK CaJ2 LA242 I -

MONO BUFFER C4B2,C4C2 LA331-LA337, LA341-LA347 Gate Slow Pat
Dest Addr Latcheg
_E—

Local Storage 2-14

X CHECK
Set MCKAO bit 1 (During Source Access)
) l Set MCKAO bit 3 (During Destination Access)
SLOW X X DECODE
A LOCAL STORAGE . ASSEMBLER X0
CONTROL ASM., : .
A-Local Storage Bfr. Latches 2-4 Console File Command ‘ ;(;
SDBO 0 Bits 0-2 Reg. bits 2-4 . . X3
B Switch G bit 0, Switch F bits 2,3 X4
SDBO 4 Bits 0-2 2 2 X5
Force LS X or Y ck 3 3 X6
SEC. Ctrl. Asm. 0 Bits 0-2 =—e———
DEST BFR DEST ADDR
FAST LATCHES LATCHES
DECODE B-LOCAL STORAGE
SDBO 1 Bits 0-6 COMPARE
P-Reg Bits 1,2,5,6,7 -——J MONO
SDBO 5 Bits 0-6 1 L-Reg Bits 0,4 pmem Gate Z-Register to B-Register SDBO ASM M To B-Register
BUFFER
Sec. Ctrl. Asm. 1 Bits 0-6 ewermemmam——
P DEST ADDR
.y DEST BFR
SDBO 2 Bits 0-3 ? . LATCHES LATCHES XOR
2 '-— 5 5 Yo MATCH
SDBO 6 Bits 0-3 2 3 3 6 6 Y1
4 Z L7 Switch G bits 1-3 ex———)t Y2 . = Set MCKA1 bit 1
. 5 Y3 ) A-Local Storage Data
Sec. Ctrl. Asm. 2 Bits 0-3 com———— 6 Force Count (Storage Word) s Y4
7 A-Local Storage Bfr. Latches 5-7 Console File Command Y5
Reg. bits 5-7 ;(."5
SLOW Y
ASSEMBLER Set MCKAO bit 1 {During Source Access)
Y DECODE 1
= Set MCKAO bit 3 (During Destination Access)
Y CHECK

Diagnostic function: E

With DIAGO bit 5 on, and RTY backup Asm
byte O bit 5 off, an extra X-line is forced up to
cause an X-check.

With DIAGO bit 5 on, and RTY backup Asm
byte O bit 6 off, an extra Y-line is forced up to
cause a Y-check.

LOCAL-STORAGE CONTROL ASSEMBLER m

As a control word is being read from control storage (SDBO),
or is being assembled in the secondary control assembler, it is
gated to the local-storage control assembler. In the local-
storage control assembler, the fields that indicate the source
accessing are tested to determine the type of address formation
needed to address local storage.

X-and Y CHECKS

The X- and Y-checks are tests to determine whether at least
one but not more than one X- and Y-line is active at a time.



B-LOCAL-STORAGE ADDRESS ASSEMBLY

B—SOURCE DIRECT ADDRESS

When the B-source is called for by its symbolic name, or the
actual address is used, bit 0 of byte 2 of the control word is 0
to flag direct addressing. Bits 1, 2, and 3 of byte 2 of the control
word form the Y-line, and bits 5, 6, and 7 of the P-reg form the
X-line,

FAST

DECODE

P-Reg bits 5, 6, 7

LS Ctrl Asm 2 bits 1,2, 3

T
N~Noaldwn
1

ADDRESSING FROM CONSOLE FILE

There are console file commands that cause the control.
‘word currently in the C-register to be executed. The X- and
Y-lines that would normally be formed by control word
bits are formed from bits 2-7 of the console file command
register,

SLOW X

ASSEMBLER

Console File Command Reg bits 24 2

X

3
4

SLOWY

ASSEMBLER

Console File Command Reg Bits 5-7 5

Y

6
7

FORCE COUNT ADDRESS

When a storage word with the decrement count
function is executed an odd local storage address must
be forced. The Y-line in effect, for addressing source
register, is assumed to be an even Y-line. The count
to be accessed is in the next higher address; therefore
the next higher Y-line is forced.

For example: .A storage word is addressing the GD
register for selector-channel 2 (see ““Local Storage Map
(370 Microprogram in Control Storage*’). The X Y-lines
for GD are X4, YO0. To access the count, Y1 is forced,
and the GC register is addressed.

The X-line remains the same for the count access.

SLOW X

ASSEMBLER

2
3
4

SLOWY

X

ASSEMBLER

5
Force Count (Storage word) 6

—_]]

Y

FA
INDIRECT ADDRESSING DE(SZ-IC;DE
USING L HIGH (LH) PRegbis 1.2 i[72]
3
There are two symbols in the microprogram language that call i = f N
for indirect word addressing. The symbol LH calls for local-storage L-Reg bits 0-3 5 Y
addressing using the high bits of the L-register and bits 1 and 2 of 6
the P-register to form the X-and Y-lines. 7
FAST
DECODE
USING L LOW (LL) P-Reg bits 1, 2
. ﬁ' 2 x
The symbol LL calls for local-storage addressing using the 3
low bits of the L-register and bits 1 and 2 of the P-register to L-Reg bits 4-7 I L 4
form the X- and Y-lines. 2 Y
I
SLOW X
ADDRESSING FROM CONSOLE (B - LS) ASSEMBLER
Switch G bit0 | 2
Local storage is also accessible from the operator’s Switch F bits 2,3 ; 3 X
console. The X-line is formed from bits 2 and 3 of the 1] 4
F switch and bit 0 of the G switch. The Y-line is formed
from bits 1-3 of switch G.
SLOW Y
ASSEMBLER
Switch G bits 1-3 2 Y
7
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Local Storage 2-16

LOCAL-STORAGE MAP (370 MICROPROGRAM IN CONTROL STORAGE) : ‘ Plow  Phigh
Word IFA LS Byte O Byte 1 Byte 2 Byte 3 XandY Direct Indirect
Plow Phigh Name Name Location Line Access  Access
Word LS Byte 0 Byte 1 Byte 2 Byte 3 Xand Y Direct  Indirect GD 20 X4 YO0
Name Location Line Access  Access SX2 GC 21 Count X4 Y1
00 General Register 0 X0 _Yo GM ' 22 Protect CCW Address X4 Y2
01 General Register 1 X0 Y1 GW 23 X4 Y3 4
02 General Register 2 X0 -Y2 GD 24 X4 Y4
03 General Register 3 X0 Y3 0 SX 3 GC 25 Count X4 Y5
04 General Register 4 X0 Y4 i GM 26 Protect CCW Address X4 _Y6
05 General Register 5 X0 Y5 GW 27 ' X4 Y7 4
06 General Register 6 X0 Y6 GD FD 28 X5 YO
07 General Register 7 X0 Y7 SX 1 _—i GC FC 29 Count X5 Y1
08 General Register 8 X1 YO 0 ' GM FM 2A Protect CCW Address X5 Y2
09 General Register 9 X1 Y1 Gw FwW 2B X5 Y3 5
OA General Register A X1 Y2 GD FA 2C X5 Y4
0B General Register B X1 Y3 1 SX 4 GC FB 2D Count X5 Y5
oc General Register C X1 Y4 GM FS 2E Protect CCW Address X5 Y6
(1]] General Register D X1 Y5 GW FL 2F X5 Y7
OE General Register E X1 Y6 30 Floating-Point Register 0 X6 YO
OF General Register F X1 Y7 31 Floating-Point Register O X6 Yi
AX 10 SRTN Temp Link X2 YO 32 Floating-Point Register 2 X6 Y2
DI 1 Alter/Display Log Link X2 Y1 33 Floating-Point Register 2 X6 Y3 6
RTX 12 Retry Link : X2 Y2 34 Floating-Point Register 4 X6 Y4
DTX 13 Translate Link X2 Y3 2 35 Floating-Point Register 4 X6 Y5
X 14 Working X2 Y4 36 Floating-Point Register 6 X6 Y6
R 15 Working X2 Y5 37 Floating-Point Register 6 X6 Y7 6
Y 16 Working X2 Y6 SO 38 X7 YO
Q 17 Working X2 Y7 PM 39 P.E. Control P.E. Code Group After Mask X7 Y1
MA 18 Working ] X3 YO 2 DM 3A Adjustment Factor X7 Y2
MPX MBS 19 Working X3 Y1 RW 3B Address Adjustment Working X7 Y3 7
CHANNEIJ MX 1A Working X3 Y2 DP 3C IF A Low-Priority Link X7 Y4
MC 1B Working . X3 Y3 3 LNK 3D 1-Cycle Link X7 Y5
MD 1C Working X3 Ya P4X 3E SX-4 Link Register X7 Y6
MF 1D Working X3 Y5 P3X 3F S$X-1, 2, 3 Link Register X7 Y7
{ MW 1E Working X3 Y6
cX 1F CcPU Link Register X3 Y7 NOTE. Words 28 through 2F are shown with Selector Channel designations.
CURRENT PSW System Mask KEY OWMP Interrupt Code ILC cC Program Mask INSTRUCTION ADDRESS
0 7 8 11 12 15|16 31 32 33| 34 35136 37 38 39 |40 63
DISPLAYED IN: | External 10 | EXP LSS50 | EXPLS53 | ! EXP LS 53 [ EXP LS 53 | EXPLS50 |
: : Byte 0 | Byte1 I | Byte0 = Byte 0 : Byte 0 : !
I I ] : | Bito,1 | Bit2,3 | Bits 4-7 I Bytes1,2,3 }

NOTE: The PSW can be manually displayed using
the Console PR/KB. This procedure is
contained in Chapter 7.



SCOPE PROCEDURE FOR LOCAL-STORAGE CYCLE1 CYCLEZ

MW WM
ADDRESSING W Word Word
Use Tektronix Type 454 or equivalent E-
10X Probes X
Set Time/Div: .05 us ~—~ n St A
Set Channel 1 Volt/Div: 50 MV 0-Time f Z?\ f '
Set Channel 2 Volt/Div: 50 MV \ ’ + \I\ h
Store 385E6FC8 (using system console rotary switches A HHHHHH anld o i::i A A
through H) in an unused location of control storage. This is a wo ' T UL LR LY L 1
word-move word — Y = LNK, SF, STOP = ~n 7~
Set the P-register = 02 ::\ \
The word-move word is the version 1 type that carries the X- Y5 ::
and Y-lines of the Source register in byte 1 of the control word. \ T \ —) LA
The mask of F specifies that all four bytes of the source are to T

be moved to the destination register. The STOP function is active
(bit 4 of byte 3 = 1); therefore, the word-move word is continually
executed.

After storing the word and setting the P-register;
1. Dial the address of the word-move word into switches E-H.
2. Operate the control address set key.
3. Operate the start key.

Note: The manual indicator is on because the soft-stop condition
is set by the STOP function of the word-move word. I CYCLE 1 | CYCLE2 |

4. Sync with channel 1 on 0-time. Gate A C4 E2 G05 W Word W Word
With channel 2, scope the + A LS ADDR Y EQUALS 5 line C4

M2 J12 -
0-Time M'\ I‘WHE /w_‘\
HAHHHHTFT J'..ﬁr.\'r\"""—l.\n 2
— r~h ~
. {110
| ] Wb U

With channel 2, scope the + A'LS ADDR X EQUALS 7 line C4 F2 G12

Scope pictures 1 and 2 show the X- and Y-lines for the source register
. LNK being activated early in the cycle of the word-move word.
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With channel 2, scope the + SLOW AX PATH DECODE 2 C4 G4 B03

| CYCLE 1 | CYCLE 2 |
WM Word WM Word

[
Ty

=

\
s

|/
E

0-Time
F"‘\ t/\o\—\: LV“'J
— - iHin- HHH R
X2 =

U

i
3
J
?

IR |

e,

!

X2 Latched for write/read of X2 Latched for write/read of
previous destination. destination reg. of cycle 1.

With channel 2, scope the + SLOW AY PATH DECODE 6 C4 J4 D02

l CYCLE 1 I CYCLE 2 l
WM Word WM Word
I

C
L

N\

0-Time L J lf

- HHﬁ'iHﬁH'i'J_H:: T
—N—/\ —-\," e
" \ : ‘\
\NJ X L~ } k
Y6 Latched for write/ read Y6 Latched for write/read
of previous destination. - of Destination reg. of cycle 1.

Scope pictures 3 and 4 show the X- and Y-lines for the destination
register Y being activated in the second half of the word-move word
cycle. Destination addressing is always activated for the destining
of the previous control word's results.

By altering the P-register setting, and the address bits in the
word-move word, all the local-storage registers may be addressed.

For example;

Original word—385E6FC8 Statement— Y = LNK, SF, STOP
Change word to—385E7FC8 Statement— Q = LNK, SF, STOP

Change P-register setting
to 03, leave the original
control word in control
storage. Statement—MN=LNK, SF, STOP

Refer to the local-storage map in Chapter 2 for the P-register settings
necessary for addressing local storage.

Refer to the bit definition of the word-move word in Chapter 4 for
variations of this word.
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EXPANDED LOCAL STORAGE (EXPLS)

o Composed of hardware registers that are physically
externals but are logically connected as local storage.

® Source addresses are formed through the expanded local-
storage-address assembler.

e Destination addresses are formed through the local-
storage-control assembler and the A-local-storage-address
assembler,

e Expanded local-storage registers are not duplicated as
are the local-storage registers.

® Used with |-cycles, selector channels, and address-adjustment
circuits,

In order to access expanded local storage;
1. MODE register bit 1 must be on.
2. Direct local-storage addressing must be specified (C1 or
C2bit 0=0).

P-register bits 0, 3, and 4 control the expanded local-
storage inputs to the A- and B-registers (shown on facing page).

Only one expanded local-storage register can be accessed
as a source in any one control word.

The branch and link/return word and the word-move word
version 1 cannot access expanded local-storage registers.

All expanded local-storage registers may be displayed
from the console, but altered only from the console
printer keyboard.

The |, V, U, and W-registers are not under control of bits
0 and 4 of the P-register, but do require that P low = 2
or A.

EXTEANAL
PACILITIES ASSEMBLEN|

ucin | rear

[NARY

BALG, By )y

FORCE emmmmmmentd

€2 em—
B-REQ, By 3 et

[

cr x| mex fira| 0c
)

eveLe
CONTROLS

Teane

TFa @-F M

=

i
J ;
gL ADDR 1500 }
¥ BmascH comp E
1GYGLE CONTAOL, d
1 t
!
s :
[T H
BAED, By 3 e l“J i
€2, €3 mmm— H
N A ;
i
TRAP nd L
PRIORITY
CONTROLS
nerey
3
[]
MAIN € | MAIN STORAGE
CONTROL 3TORAGE |
'
za | n.a

DATA Q00D
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Local Storage Gating

OR jwawawa]

B Reg

memwmwmEmwmwmwmwme
LS A I OR
s "W W W W W W W O W W W
A
Exp LS
B

Expanded Local Storage A Input

LSA

Exp LS

OR

A VA UAWA VAW

A Reg

Note:

Expanded Local Storage B Input

OR A Wil W, WA WA Y A Reg

LS A A WA W WA W WA WA WA WA WA
LS B
A
Exp LS
B - -

‘l““““
““w
/

A

1, V, U, and W are not dependent on the setting of PO or P4.

If P3 is equal to 1, the address would access an external

location rather than expanded local storage.
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EXPANDED LOCAL STORAGE MAP

Note: Expanded local storage may be altered

from the printer-keyboard with the CE key on.
: Xand Y

EXP LS Word Name Byte 0 Byte 1 Byte 2 Byte 3 Line

50 1 Key I-Register X2 YO0
51 \ V-Register X2Y1
52 w W-Register X2Y2
53 U U-Register X2Y3
54 1BU 1BU-Register X2Y4
55 TR TR-Register X2Y5
56 ICS 1-Cycle Control Display X2Y6

57 through 5F unassigned !

—| 60 G2DRL DATA ADDR (SX 2) "X4YO0
61 G2DBRL BACKUP DATA ADDR X4 Y1
62 X4Y2
63 X4Y3

-1 64 G3DRL DATA ADDR (SX 3) X4 Y4
65 G3DBRL BACKUP DATA ADDR X4 Y5
66 X4Y6
67 X4Y7
68 G1DRL DATA ADDR (SX 1) X5Y0
69 G1DBRL BACKUP DATA ADDR X5Y1
6A X5Y2
6B X5Y3

-} 6C G4DRL DATA ADDR (SX 4) X5 Y4
6D G4DBRL BACKUP DATA ADDR X5Y5

1.6E X5 Y6

E X5 Y7
oo o] 70 through 77 unassigned §o

SN X7Y0

PN X7Y1

WK Working Register X7Y2

NP PAA byte 1,2 Latched Control Control X7Y3

DK Local Addr. Reg. Real Addr Reg X7Y4

SS X7Y5

X7Y6

X7Y7

I-Register (EXPLS 50)

Instruction counter register. When used as a destination, byte 0,
24 bits, or fullword loading is possible.

Byte O: If the I-Reg is destined, byte 0 is gated to the Key-Reg

Bytes 1,2, and 3 contain the instruction address

V Reg (EXPLS 51) *

Bytes 1, 2, and 3 usually contain the second operand address

generated during l-cycles.

W Reg (EXPLS 52) *

Bytes 1, 2, and 3 usually contain the first operand address

generated during l-cycles.

*

If used in a storage word, the key register is gated as byte 0.

The key register contains the storage protect key (bits 0-3,

bits 4-7=0).

If V or W is used as a storage address in a storage word, the
KEY reg is gated as byte 0. The KEY reg is always gated as

byte O for I, TR, and IBU.

U Register (EXPLS 53)

When used as a destination, byte 2 may not be changed (loaded
via hardware)

Byte 0 bits 0-1 used for ILC
bits 2-3 used for CC
bits 4-7 used for program mask

Byte 1 bits 0-1 reserved for FLP mult. and divide
bit 2 Indicates that GRs 0-3 need restoring.
bit 3 indicates LEX MODE
bit 4-7 used for OWMP

Byte 2 used for Op code

Byte 3 used for immediate byte information
Note:

Byte 0 bits 0 and 1 and Byte 2 bits 0 through 7 are set only by’

hardware.

IBU Register (EXPLS 54) *

Upon entering l-cycles, | REG bytes 1, 2, and 3 are set into IBU.
If a retry condition is encountered during I-cycles, the instruction
may be repeated (return to DFOC). In this event, IBU is moved
to the I-Reg. This register may not be used as a destination
(Loaded via hardware, only from the |-register).

TR Register (EXPLS 55) *

Address of next doubleword after the address in the |-register.
This register may not be used as a destination, but will change if
the |-Reg is destined.

ICS (I-Cycle Status)-Register (EXPLS 56)

This unique register is provided for manual display only, and is
not accessible via microcode. While the specific signals occupy an
expanded local-storage register address, no such register exists.
Instead, various key signals from the |-cycle hardware (under
hardware control) are gated via the register address to form a
display. Interpretation of the display requires a fundamental
knowledge of the functional operation of the |-cycle hardware.

Byte 0 forced to zeros
Byte 1 forced to zeros
Byte 2
bit 0 BR Read Latch
bit 1 OP LOAD Latch
bit2 OP L2
bit3 OP L1
bit 4 Prefetch required
bit 5 Prefetch inhibit
bit6 FLP Long
bit 7 OP BR to DF
Byte 3
bit 0 | BFR 0 parity check latch
bit 1 1 BFR 1 parity check latch
bit 2 Half adder check latch
bit 3 MM Byte Modifier parity check
bit4 X=0" - c '
bit5 B=0
bit 6 Set Control Address
bit 7 Low Bit

ICS Bits: Functional Significance

Byte 2: Bit0 (BR Read Latch)} When.on, indicates that a RTN
to l-cycles will force an initial I-cycle address of
DFOC.

Bit 1 (OP LOAD Latch) When on, indicates hardware is
attempting to:
a) provide an initial |-cycle address of DF 14 (if
byte 2 bit 0 is off).
b) provide an address of DF 14 for a further fetch
of the instruction when within I-cycles and Set
Control Address (Set CA) (byte 3 bit 6) is on.

Byte 3:

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

BitO

Bit 1

Bit 2

Bit 3

Bit 4

Bit5

Op Length

1 2 Format
1 0 RR

0 1 RX SI
1 1 SS

(Op Length 2) from decode of two high-order bits
of Op Reg, denotes that the data currently in Op
Reg is not an RR format.

(Op Length 1) From decode of two high-order bits
of Op Reg, denotes that the data currently in Op
Reg is not of RX, RS, S| format.

(Prefetch req’d) conditions within I-cycle hard-
ware, as a function of | Reg, | Bfrs, and current
instruction indicate that the next instruction
should be prefetched.

(Prefetch inhibit) When on, indicates that a
Prefetch will not be allowed. This signal is also

a function of I-Reg, 1-Bfrs, and current instruction,
Note that this signal does not take into account
other functions, such as Real Instruction Address
Compare mode.

(Floating Pt Long) When on, represents a partial
decode of the data in the Op Reg. This signal is
used with RR instruction format to determine a
specific I-cycle path.

(Op Branch to DF) When on, indicates that the
end of the hardware I-cycles will branch to the
read and align phase of I-cycles. (the other half of
the DF module instead of a CX module).

(I-Bfr O parity check latch) When on, indicates an
incorrect parity condition for 1-Bfr Q.

(1-Bfr 1 parity check latch) Whén on, indicates an
incorrect parity condition for 1-Bfr 1.

(Half Adder Check Latch) When on, indicates that

"a check condition occurred in the half adder

during an |-register hardware update.

(Immediate Byte Modifier Parity Check) When on,
indicates a parity check of the immediate byte
modifier Reg. This signal is the check latch input.
Note: The above four signals are combined to *
form the signal “1—Cycle Hardware Check”’.

{X=0) This signal has particular significance when
the Op Reg data is for an RX format. When this
bit is off, (and byte 3 bit 5 is off) double indexing
is indicated for RX format instructions. Note that
RS, Sl, and SS format instructions force this signal
to the ON state.

(B=0) When on, indicates that the data being gated
through the base assembler of the 1-Bfrs is zero.
(refers to GPRO) This signal has no significance
for RR format instructions.
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Bit 6 (Set CA) When on, indicates either that the current
control store address is not within the hardware
I-cycle range; or that a branch point within that
address range has been encountered.

Bit 7 (Low Bit) When on, indicates that hardware-
detected conditions are currently satisfied for
deviating from the normal branch to the execution.
phase starting address of C (Op code) O. Instead,
the starting address will be C (Op code) 4. This
signal has significance for certain branch instruct-
ions, floating-point, and shift-double instructions

’ Regarding the interpretation of the ICS signals byte 3, bit 0-3

provide a further definition of the cause of an I-cycle hardware

check. Byte 2, bits 0-6 and byte 3, bits 4-6 may be used with
discretion, to'determine the starting address for I-cycle sequences.

Byte 2 bit 7 indicates when the “read and align’’ phase will be

used; and Byte 3 bit 7 indicates the status of hardware tests for

branch on condition, floating-point reg, specification, etc.

G2DRL, G3DRL, G1DRL, and G4DRL (EXPLS 60,64,68, and 6C)

These registers function as a pointer to the next storage location
used for a chare cycle.
BYTE 0 contains the protect key.

G2DBRL,G3DBRL,G1DBRL, and G4DBRL (EXPLS 61,
65,69, and 6D)

Only-bytes 1 and 2 are in existence.

SN Register (EXPLS 78)

Byte 0 FF hex
Byte 1 00 hex

PN Register (EXPLS 79)
Byte O FF hex

Byte 1 00 hex

WK Register (EXPLS 7A)

Working Register
Byte 0 = FF

NP Register (EXPLS 7B)

Bytes 0 and 1 Logical Address

Byte 2

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5 LEX MODE

Bit 6

Bit 7 Reset Tables
Byte 3

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4 Execute Instruction

Bit 5
Bit 6
Bit 7

DK Register (EXPLS 7C)

Byte O Bit 0 )
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit7 p LOGICAL ADDRESS
Byte 1 Bit 0
Bit 1
Bit 2
Bit 3
Bit4
Bit5 O
Bit6 O
Bit7 O
Byte 2 Bit0 )
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit7 > Real Address
Byte 3 Bit O
Bit 1
Bit 2
Bit 3
Bit4
Bit 5
Bit 6
Bit 7
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EXPANDED LOCAL-STORAGE: SOURCE GATING

When used as a source, expanded local storage is addressed : o]

by the expanded local-storage address assembler. The address T ' e ot T
bits from the control word are intercepted as the control word " — - E}_...m. N
is being read from control storage, and gated to the expanded - 1 R
local-storage address assembler. Gating lines generated by o L E)—{ - Il P = - ot § |
the address assembler gate the proper expanded local-storage e ¥ rompumuns l
register to either the A- or B-register. - _ = E I 1 T
If expanded local storage is being gated to the A-register, = Stosammm— XIS L cn ‘ s P 1 M B I _’J B ] s o 100noecoce
the sense latches for A-local storage are blocked from being o s 4 e 5 l {;J;H AL evmtcomn
set. If expanded local storage is being gated to the B-register, = 1. s — wisc e .
the sense latches for B-local storage are blocked. r— i e el e !
If the expanded local-storage register is also the destination, . ) e
the destination latches in local storage are set to be used in r me [
the following control-word cycle. w ] ‘;:"“:
Examples on the following pages show the various ways B , — e —
the expanded local-storage gates may be formed for source - | . ﬂ LocaL stomae L —
addressing. * i b e e e f,"",‘:“_:' conTnoL tonact
Whether the expanded local-storage register is an A or a B omon oyl mr T o] fo— e e 2 | aa
source, it is gated to both the LS A and LS B assemblers. o i 3 R
The source gating circuits then gate the A or B assembler F— oo
to the A- or B-register., [wa] = ¢ S —
There are control words in the microprogram listings that CONTROL $TORAGE

appear to be addressing two different expanded local-storage
registers as sources in the same word. However, the B source
address defaults to be the A source. For example:

Control Word—————— WK1 = NP2, OE, WK1

ZREGISTER
t 2

K . E . S . 2 . te a0 _—L || .
. - : . R . ; ovoe

N — ; 1 e EE

CONTROL : I :

poroakdins LOGICAL

B ) = e |

LENGTH — : [" .

STORAGE .
PROTECT

ADOR At

M«mmml.)—a

i

NP2 is the A source
WK1 is the B source

]

CREGISTER
R

The decode of this word defaults to effectively read
WK1 =NP2, OE, NP20

-

EXTERNAL -
REGISTER

This type of control word is valid only if the B source is
being blocked from ALU entry.
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Expanded Local Storage 2-24

RV 012 (NOT) EXP LSCA BYTE 2 BIT 1 K s L
EXPLS SOURCE X = 2 — A PAGE 2-28 8 : B LOCAL le% OR
DATA TO SYS BITS Er | " E
] 5! STORE i o
L GATE B EXPLS R ! 15
RV 011 (NOT) EXP LSCA BYTE 1 BIT 1 OR
A | — GATE EXPLS TO B REG
0 GATE B HOOK—4 A : A X
. ORp LCO16 | OTIME
2 A *— T ¥ S
3
BLS LATCH RESET P! oAaLocaL ek OR
NOT 4 A L | 1,4 —
! lcC
(WM 0) 0 TIME BFR o1 STORE l: G
RV 013 R " g
A
P4 =1 (B HOOK) L 1
] ]
T— GATE A EXPLS [ A-REG B-REG
NOTO ___ 1 . JBLock A HOOK[ ] ‘ OR A ) PAGE 2-28
NOT 1 — ] LN GATE EXPLS TO A REG X
2 1 l LC 016 0 TIME A
= A :
(WQRD PO = 1 (A HOOK) i )
TYPE 2,3} MODEREGBIT1=1— g | CROSS & GATING
RV 013
‘ BLOCK ALS LATCH SET ALUs, HALF SUM CHECKING
LC 016 A
O TIME BFR]
‘ Z-REG
X A ASM
EXPANDED
EBI D-REG
LOCAL
STORAGE
X B ASM
X - Y DECODE
EXPANDED - GATE EXPLS

LOCAL STORAGE
ADDR ASM




EXPANDED LOCAL STORAGE;SOURCE GATING
EXAMPLES

¢ RV 012 (Not) Exp LSCA Byte 1 Bit 1
', EXPLS Source X=2 Py

ata to SYS Bits

CO Bits 0-4

RV 011 (Not) Exp LSCA Byte 1 Bit 1 L,
‘+—— Gate B Hook

._|OR - T‘ 1A

Lcoie_ .

OR

Mode Reg Bit 1=1

" Datato SYS Bits -

Gare 8 Exp LS

Word-Move Version 0
P Low=2 (X2 decode)

Statement CO Bits 0-4=00110
C2 Bits 0-3=0010

Q=w,D7

In this word-move example, the expanded local-storage register W
is the B-source. W is one of the four expanded LS-registers that do
not rely on PO or P4 to bring up a gating line,

The upper AND circuit is activated by this control word. The line
‘Gate B Exp LS’, gates the W-register (from the B-Asm) to the
B local-storage bus-out. This gating line also blocks the B local-
storage sense latch set.

RY 012 (Not) Exp LSCA Byte 1 Bit 1 ————
" EXPLS Source X=2 -
gt e 3 R A
RV 011 (Not) Exp LSCA Byte 1 Bit 1 L - OR Gate BExp LS |
e L Gate B Hook ® j - ’
OR A LC 016
i s
A
(WM 0) . g;; P . o
RV 013 J d |

; P4=1 (B Hook) —
Block A Hook~l : I——A
A

Mode Reg Bit 1=1’

Arithmetic Word (A destination)
P Low=2 (X2 decode)

Statement CO Bits 0-4=11000
C1 Bits 0-3=0001
V0=0

The decode of this arithmetic word specifies that the expanded
local-storage register V is to be accessed as the A source and is also
to be the destination of the arithmetic result.

The ‘Gate A Exp LS’ line is activated through the AND circuit
highlighted in the diagram. The X and Y decode for the V-register is
also set up in the A local storage destination latches.for use in the
following control word cycle.
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Data to SYS Bits
CO Bits 0-4

Storage Word (Read Word)
P Low=A (X2 decode)

Statement CO0 Bits 0-4=01000
C2 Bits 0-3=0010
RDW RW WK, NOP

The expanded local-storage register WK is the address source for
this Read Word. The highlighted AND circuit brings up the ‘Gate B
Expls’ line. The set to the B local-storage sense latches is blocked to
prevent any conflict on the B-register input.

Data to SYS Bits
CO Bits 0-4

Arithmetic Word (A destination)
P=87
Statement CO Bits 0-4=10001

C1 Bits 0-3=0011
NP2=NP2, OR, K05

PO=1 (A Hook)
Mode Reg Bit 1=1

The expanded local storage register NP2 is the A source and
destination in this arithmetic word. The ‘Gate A Exp LS’

line is brought up by the highlighted AND circuit.

The X- and Y-decode for NP is set up in the A local storage
destination latches for use in the following control word cycle.
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EXPANDED LOCAL STORAGE: DESTINING

When expanded local storage is addressed as a destination,

L1 [ —
SRS, ym |
the destination address latches of A local storage are used to P e e ronca ;]L
retain the address until the following cycle. ""é] "
At destination time, the bit gates for both A and B local — - ] oot oo ;
storage are blocked to prevent local storage from being set. o o — |
The data destined to expanded local storage is gated from ' i | J_— ‘
the D-register through the SDBO assembler on the EBI mrwy — [L_] |
. oF CATANUEENEN JEXTEANAL p{:m
to the expanded local-storage register addressed by the A » o X7 oW, FACILITILS ASSEMALEN, T Havous cowaoL
. o AOOR | ]
local storage destination latches. iy @ 2] e s e | ruar s
. t, v p—— minc sase e s = ’3
co|ax| mexiea] o @ s P
MATCH TN %
4 By TRAP and -
: s oovnowt
7 .mv
- o NIF
+ 5 ABM-3 x
o/ " : i li: |
; g g W CAOM ané T e CROSE ot BAFT wnd m&:v-o‘lﬂl: pam sronsds
e X CoLs ADOR j v
: [l am P aare oATE [ '
. L— CINCUITE CIACUITY CIRCUTS CIACUITS i
N n-a n.e
‘ TTORRTN PROTICY SATABITS WA " h— 5 frorgeiid
; ‘ : oM tceL gln'l;:r. 1 s b 26 e 40748 2008 A4
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Expanded Local Storage 2-28
DESTINATION CONTROL

PAGE 2-24
T 1
B S
| 1BLOCAL'e L—\
GATE A EXPLS Tl 1© A
OR
A b! STORE [°§
(NOT) EARLY DEST IS EXT Ry L &
BB,BAL,WMO,or ARITH A-DEST | on | l
STG INTLK CYCLE ‘ Bl s
LCO17 1 (1 le &
T1ALOCAL|? T
b | Ie E{ OR
These latches provide the R : STORE { E [ |
WMO delay to destine expanded - %
A t local storage in the next cycle. A-REG B-REG
- OR
C1BIT7=1 LATE DESTINE IS EXPLS BLOCK LS
LCo17 ‘ PH PH N | BIT GATE
RD ADR-ADJ STG CYCLE 2 ———— Lco17 CROSS & GATING,
A LCOo17 LCO17 ALUs, HALF SUM CHECKING
1 TIME TIME
y
LCo17 L
{NOT) EARLY DEST IS EXT
(NOT) BR,BAL,WMO, or ARITH — A
A-DEST A y
NOT) STG INTLK CYCLE
( .T) S —L—
Lco17 LCO17
A ASM
EXPANDED
SDBO EBI
X |
ASM o LOCAL ——@
PAGE 2-24 EXPLS | STORAGE B ASM
&) | ]
GATE B EXPLS
PH |
[" 1
| DESTINATION |
LATCHES 1
l 2
LCO17 I |
TIME | 3 |
4 .
l : I X - Y DECODE
| o !
| A

A-LS Addr l



EXTERNAL FACILITIES

® External facilities are composed of registers, buses, status FLUSH-THROUGH CHECK E Bus-In to the selected external facility. The data from the was the destination. If the data does not compare, bit 2
lines, and other circuitry that form the communications Data destined to some external facility is gated from the D-register is gated to the flush-through-check match circuit of MCKA1 is set to indicate the error.
line between the microprogram and: D-register through the SDBO asm. out on the External- where it is compared with the data from the external that Data gated from the console file to the CFDR is not
Channels flush-through-checked.

Console File

Documentary Console
Checking faci“tiES : axomi ]
Retry circuits S e
Integrated File Adapter : s
Features . ‘

'

oR sAEG ovet [] { :

posan " ‘ O romes ' i
ARNG S . s._._] . i

NOTIEXP-LK LOCAL STORE . :
CoMPARE B i £

oA

@ Addresses are formed from: control words, console-file
data, selector-channel circuits, console switches, retry
information, and local-storage address data.

BREG. My'e 7 s |

N wed
CF BRANCH COMP H
EYCLE CONTAOL]

o croaalumm [EXTERNAL
ACILITIES ASSEMBLER|
w10 e £
lmAnanIA

€XT DIAG REGummnf
w2, ) — misc

DATA

MCHK I FEAT

s u;—: ‘ l _ ' [BHANCN I'
® Data from the externals enters the data flow through the : :

external assembler to the A-Reg only, Externals cannot
be gated to the B-Reg.

BHEQ, Bris J e

pumay | CF|SX| Mex [1FA | DC |1 ¢

ADOATSS

® Data to the externals is gated through the SDBO assembler
on the External Bus In (EBI).

External facilities have restrictions associated with them
because of the manner in which they are used. For example,
certain externals cannot be addressed as destinations for data,
others cannot be sources of data.

LOCAL STORAGE
Gater L

18U [ Kev { ics

TATA

TNVALID

EXTERNAL CONTROL ASSEMBLER (Al

® Receives data from the SDBO early in the CPU cycle to
form the source gates necessary to gate-in external data
to the data flow in time to be used in source-control-
word operation.

® Receives data from the secondary control assembler to
form addresses in conjunction with source selector
channel, console file, or display operation.

X-Y DECODES B,

The X- and Y-lines are brought up only for destination
addresses. The X- and Y-combinations are routed to the
various external hardware locations to bring up set and
gating lines,

The X- and Y-lines are checked to assure that one and
only one X-, and one and only one Y-line is activated for
a destination address. An X compare check sets MCKA3

. . YCLE 1 CYCLE 2
bit 0. A Y compare check sets MCKA3 bit 1. ¢
lafmamem Control Word (MODE = 0, DE, K10) is executed in this cycle. -t The destining of the MODE Register and the FTC is
SOURCE ADDRESSING performed in this cycle, I
.. . . . < 0 Time ::i 1 Time > .i.‘ 0Time :l: 1 Time P
Source addressing is performed by generating gating lines 1 . . .
that allow selected external buses to feed through the o b ODE R 0 Time Delayed | 1 Time Delayed ' 0 Time \?Ve!ayf: S VODE R' 1 Time Dly.
. ea eg. te/Rea eg.
external or expanded external assembler into the CPU MODE ACCESS _g E'-—-&
data flow. Z and D Register Result to Z-Reg. Z-Register to D-Register
. IR A
FTC of MODE and O3
Flush Thru Check |

Example of Source, Destination, and FTC Timing
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, External Facilities 2-30
EXTERNAL ASSEMBLER DATA FLOW

(BE111) EXT DEC BIT 7 BFR 1 (BFR 2) (BIT 7)
I__D(NOT BIT7) \
N ~

N\__(BIT7)

A
OR
(BE 111) {External decode gate 1 bfr 1,2)
(RE021—024, RE031—036) (MCKA External word- 36 bits) 36
\__ (NOTBIT7) A
(RE041—RE054) (MCKB External word-36 bits) 36

(BIT 7) A Refer to External Assembler Diagrém in the 3145 Processing

(BE 111) (E xternal decode gate 2 bfr 1,2)

Unit Maintenance Diagrams, SY 24-3580.

PD025, PD041—-PD043 (DOC External word - 36 bits) 36

NOTBIT7) | A

FA011-FA014, FA111-FA131 (MPX External word-36 bits) 36

N\_(BIT 7) A

(BE 111) (External decode gate 3 bfr 1)

KF022,RH022—-RH025, RS011—RS013 (SYS External word-36 bits) 36
(NOCTBIT 7)

Note: The gate for these bus lines is effectively:
(not) Gate External Group A, B, and C.

(BE 111) (External decode gate 4 bfr 1)

KF022,RD071,RD072,RJ011—-RJ013 (IN External word- 36 bits) 36 ] 36
BE112—-164
N Note

OR

l I———-— 36
JGO11 (IFA or SX1-36 bits)
BEO11, BE021 (Sel Chnl 2- 36 wits) d’

RC112—RC192 (SW or CF asm- 36 bits)

OR

X
|
X

|
?_ I | A FBytes 0-3, Bits O-7 mummm——— (E XT Asm Bytes 0-3, Bits P-7)

BE211—-BE242 (RTY—DIAG—ACB asm- 36 bits) To A-REG and FTC

RR116—RR148 (RTY back-up asm- 36 bits) A

o— 36| 36

BE112—164 — P-Bitt — gR

BE111 Gate External Group A
BE111 Gate External Group B

BE111 Gate External Group C

DEO016 (Force Parity Bit)
This line performs a diagnostic function by
causing bad parity. It results in A-Reg Parity
errors.



EXPANDED EXTERNAL ASSEMBLER DATA FLOW

BF 111 EXPEXT DECBIT 7BFR 1 (BFR 2)

BF 111 Expanded EXT Decode Gate 1 bfr 1,2

RM 812 RJ 011 RJ 012 PSW CTL External word - 36 bits

BF 001 CTCAX External word-36 bits

BF 111 Expanded EXT Decode Gate 2 bfr 1,2

BE 071 RD 062 MISC External word-36 bits

BF 002 CTCAY External word-36 bits

BF 111 Expanded EXT Decode Ga te 3 bfr 1

BF 111 Expanded EXT Deocde Gate 3 bfr 2

RM 811 KF 031 CPU External word-36 bits

(BIT 7) ————
- (NOT BIT 7) ———|
1 dwnoteiTNq 4
l_ \(BIT 7) A
OR
- 36
\(NOT BIT7){ A
36
|_ \(BIT 7) A
\ 36
BIT 7) A
JA 022 JA 023 DC External word-36 bits — 36
.\(NOT BIT7— A
36| 36
BF112—164
N
' I—“— 36

BE 031 BE 041 Sel Chnl 3 36 bits
BE 051 BE 061 Sel Chnl 4 36 bits

(éparé)

CT 112 CT 214 CT 224 CT 311—CT 311 IFA-TOD Asm-36 bits

TB 002—TB 006 PIR or PIRM 335 bits _— A

BF 111 Expanded Gate External Group A
F——— e —— —— BF 111 Expanded Gate External Group B
BF 111 Expanded Gate Externa! Group C

!
NOTE: These external group gates are
not expanded local storage

Refer to Expanded External Assembler Diagram

in the 3145 Processing Unit Maintenance Diagrams
form number SY24-3580

Note X

Note: The gate for these bus lines is effectively;

(not) Expanded Gate External Groups A, B, and C.

OR

OR

36

BF112—-164

_ Exp Ext Asm Bytes 0-3 Bits P-7 m

To A-REG and FTC
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EXTERNAL ASSIGNMENT AND INDEX MAP

Although there is only one SPTL word, and only one SYS word,
they appear in every eight-word group. These two registers have
direct-type addressing and are accessible with any P-register
setting. SPTL is addressed when the hex digit C is specified in
either the A-source or the B-source fields of a control word. SYS
is addressed when the hex digit D is specified in the A-source field.

Bit MCKA and MCKB are set to zero when MCKA is used as a
destination in a word-move word, with the NOREG as the source.

WORD WORD BYTE BYTE BYTE BYTE XY
ADDRESS NAME. 0 1 2 3 LINE
00 RTY

01 NOREG

02 DIAG

03 XXXXXXXX [ xxxxxxxx|xxxxxxx| xxxxxxx| xxxxxxxx| 03
04 SPTL * S-REG P-REG T-REG L-REG 04
05 SYS * SYS0 YS EG 05
06 MCKB * IC} : 06
07 MCKA 07
08 CPU 10
09 CFDR 11
0A ACB XXXXXXXX | 12
0B swW / 13
oc SPTL * S-REG P-REG T-REG L-REG 14
oD SYS * SYS0 sYS1 SYS2 H-REG 15
OE MPX b MBO 16
OF DOC | TE 17
10 PSWCTL MSKA MSKB 20
1 cTCAX CTCAX0 |CTCAX1 |CTCAX2 [cTCAX3 21
12 MISC EXTINT EC LEVEL |SER 1 22
13 CTCAY :

14 SPTL * S-REG P-REG T-REG L-REG 24
15 SYS * SYS0 SYS1 SYS2 H-REG 25
16 IN

17 DC

18 ABRTY

19 SPTLB

1A HMRTY

18 CPURTY | BYD : EXTDS

1C SPTL * S-REG P-REG T-REG L-REG 34
1D SYS * SYS0 SYS1 SYS2 H-REG 35
1E 36
1F 37

may not be used as a destination

*Not Flush Through-Checked

Both MCKA and MCKB are set to zero when MCKA is used as a
destination in a word-move word, with the NOREG as the source.

Address

00
01
02
03

© 04

05
06
07
08
09
0A
0B
oc
oD
OE
OF
10
11

12

13
14

15

16
17

18

19

1A
1B
1C
1D
1E
1F

Described In

Chapter 12

Chapter 2

Chapter 13 (Bytes O, 1) Chapter 2 (Bytes 2, 3)
Do not exist

Chapter 2 :

Chapter 12 (Bytes O, 1, 2) Chapter 2 (Byte 3)
Chapter 12

Chapter 12

Chapter 2

Chapter 6

Chapter 2

Chapter 2

Chapter 2

Chapter 12 (Bytes 0,1,2) Chapter 2 (Byte 3)
Chapter 8

Chapter 7

Chapter 2

Chapter 9

Chapter 9 (Byte 0) Chapter {Bytes 2, 3)
Chapter 9

Chapter 2

Chapter 12 (Bytes 0,1,2) Chapter 2 (Byte 3)
Chapter 2

Chapter 9

Chapters 12 and 13

Chapter 12

Chapter 12

Chapter 12

Chapter 2

Chapter 12 (Bytes 0,1,2) Chapter 2 (Byte 3)
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EXTERNAL ASSIGNMENT and INDEX MAP

—{ 32

WORD WORD BYTE BYTE BYTE BYTE XY
ADDRESS NAME 0 1 2 3 LINE
20 GBUF FBAK |GBO FWB GB1,FCH | GB2FCL | GB3FOP (40
21 GBS FCND GSP FDS GBF FHC | GCT/FED | GBD/FMOD|4 1
22 GSTAT FSTAT| GF FFL GE FSC GS FST GLFGL 4 2
23 "GTAG FTAG |GTOFTO GT1FT1 | GOFBO GRFDR |4 3
24 SPTL * S-REG P-REG T-REG L-REG 4 4
25 sYs * SYSO SYS1 SYS2 H-REG 45
26 FERR FSB FGT FTS FAT 46
27 47
28 GBUF FRR GBO FRRA | GB1FRRC| GB2FSC | GB3FSR |50
29 GBS GSP GBF GCT GBD 51
2A GSTAT GF GE GS GL 5 2
2B GTAG GTO GT1 GO GR 53
2C SPTL * S-REG P-REG T-REG L-REG 5 4
2D sYs * SYSO0 SYS1 SYS2 H-REG 55
2E ADJT LOGICAL ADDR REAL ADDRESS 56
2F 57
30 GBUF GBO ~GB1. .| GB2 160
31 GBS U GBF. | GCT e
GSTAT ‘GE GS- |6 2
33 GTAG D 5Tl ‘GO 63
34 SPTL * S-REG P-REG T-REG L-REG 64
35 sYs * SYSO0 SYS1 SYS2 H-REG 65
36 TODH TODHO TODH1 TODH2 TODH3 66
37 6 7
38 GBUF 70
39 GBS 71
3A GSTAT 17 2
3B GTAG 73
3C SPTL * 74
3D sys * 75
3E TODL 76
3F 77

may not be used as a destination

*Not-Flush-Through Checked

SX1/1IFA

IFA

SX4/IFA

SX2

SX3

Address
20
21
22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F
30
31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F

Described In

Chapter 8 or Chapter 10

Chapter 8 or Chapter 10

Chapter 8 or Chapter 10

Chapter 8 or Chapter 10

Chapter 2

Chapter 12 (Bytes @, 1, 2) Chapter 2 {Byte 3)
Chapter 10

Chapter 8 or Chapter 10

Chapter 8

Chapter 8

Chapter 8

Chapter 2

Chapter 12 (Bytes ¢, 1, 2) Chapter 2 (Byte 3)

Chapter 8
Chapter 8
Chapter 8
Chapter 8
Chapter 2
Chapter 12 (Bytes ¢, 1, 2) Chapter 2 (Byte 3)
Chapter 9
Chapter 8
Chapter 8
Chapter 8
Chapter 8
Chapter 2
Chapter 12 (Bytes @, 1, 2) Chapter 2 (Byte 3)
Chapter 9
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NOREG Word

This fullword facility is not really a register. It is used to zéro-

out other locations. For example, if a word-move control word
specifies that bytes 1 and 3 of the NOREG are to be moved to
a local-storage location, then bytes 1 and 3 of that location are
set to all zeros with odd parity.

DIAG Word Bytes 2 and 3

(Feat 2) Byte 2, Bits 0-3 Main Storage Size
1=112K 4= 256K
2=160K 5=384K
3=208K 6=512K

Bit 4 IFA

Bit5-6 Channels (Note: IFA counts as

one channel)

00=1 10=3
01=2 11=4

Bit 7 Word Buffer

(Feat 3) Byte 3, Bit 0 Spare

Bit 1 (3215)

Bit 2 2nd selectric

Bits 3-6 Spare

Bit 6 Real Time Channel

Bit 7 Direct Control

CPU Word
MODE Register
Byte 0
Bit0 Hard-stop latch-control register 14 bit O
Bit 1 Enable I-cycle and Adr/Adj Ctri and expanded
local storage.
Bit 2 Enable hardware retry
Bit 3 Full recording mode for single-bit failures in main
storage
Bit 4 Full recording mode for single-bit failures in
control storage
Bit 5 Threshold mode for single-bit failures in control
storage
Bit 6 - Reserved
Bit 7 Reserved
Byte 1 CFDAR (Console-file data-address register)

Track and sector address used by console file.

Byte 2 LRUM
Bits 0-7 Indicate which adr/adj table register was least
recently used.

Byte 3 MATCH
Bits 0-7 Indicate which adr/adj table register matches
preaddress assembler. (useful only under diagnostic
control)

SW Word (Console Switches)

SWO through SW3 are the rotary console address/data switches:

SWByte Console Switches

SWo AB
swi1 CD
Sw2 EF
SW3 GH
PSWCTL Word
Byte 0 EPSWA Bit Name
0
1
2
3
4
5 Translation mode
6 1/0 master mask
7 External master mask
Byte 1 EPSWB Bit Name
0
1
2
3
4
5 Machine-check mask
6 Wait state
7 Problem state
Byte 2 MSKA Bit Name
0 Timer mask
1 Interrupt mask
2 External signal mask
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
Byte 3 MSKB Bit Name
0 MPX channel mask
1 Selector channel 1 mask
2 Selector channel 2 mask
3 Selector channel 3 mask
4 Selector channel 4 mask
5 Reserved
6 Reserved
7 Reserved

MISC Word Bytes 2 and 3

2. EC Level: External register 12 byte 2
The last two digits in the 370 microprogram EC number are
plugged. A test will be performed before the go-no-go test
to determine whether the disk being loaded is at the proper
level.

3. Serial Number
External register 12 byte 3 contains the first two digits of the
six-digit serial number. These digits are always plugged as 01.

IN Word (Interrupt Register)

An INTA or INTB (interruption) register bit is set on when the
corresponding source has an interruption pending and the system
mask is set to allow such an interruption. Bit names in the INT
register are:

Byte 0 INTA Bit Name
0 ’ Spare
1 Spare
2 Timer
3 External signal
4 System control
5 CPU signal 0
6 CPU signal 1
7 Process stop

Byte 1 INTB Bit N Name
0 Multiplex channel
1 Selector channel 1
2 Selector channel 2
3 Selector channel 3
4 Selector channel 4
5 1/0 interrupt
6 Timer update
7* External

* External is set on if all of the following conditions exist:
1. An external interruption signal is on (that is, from the EXTINT
register of the CPU signal from the SCPU register).
2. The external mask bit = 1 (bit 7 of the EPSWA register).
3. For the timer MSKA bit 0 equals 1 or for externals 1 through
6, MSKA bit 2 equals 1.
Bytes 2,3
Contain the last four digits of the serial number.
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ACB (Address Check Boundary) Register

® The ACB register is a two-byte hardware register that contains
boundary information used to check main- and control-storage
accesses.

® The ACB-register is loaded at IMPL and is reloaded each time
the System Reset routine (GRST) is executed.

® The ACB-register is addressed by the external address OA and
can be used as a source or a destination.

The ACB-register is set at IMPL with a specific value determined
by the main-storage and control-storage configuration. Certain
feature mixes may require additional control storage, above the
32K bytes that are standard. This expansion of control storage
is made at the expense of main storage. The movement of the
lower control-storage boundary into the main-storage area is done
in 2K byte increments. The change in the boundary location
between main and control storage results in a different setting
for the ACB-register.

Once the feature mix and control-storage size is established,
the 370 microprogram disk generated at the plant contains the
proper ACB setting for that configuration.

For each access of main or control storage, a comparison is
made between the ACB-register and the M-register. |f a main-
storage access attempts to address the control-storage area, an
address check occurs. If a control-storage access is made to a
main-storage location, a machine check occurs.

ACB-Register

BYTE 0 BYTE 1

ol 1] 2{3la)s|s|l7{o]1]2]3]a]5]6]7

Ny e RN, N T, NGV, i

Spares Compared with Compared with M2
M1 bits 4-7 on  bits 0-4 for all
all main-storage storage accesses.
accesses. {bits 0 and 1 may
be altered for
control-storage

accesses) 5=1 External storage
attached

67=00-128K external

storage

67=01-256K external

storage

5=0 Internal storage only
67=00-16K boundary
67=01-32K boundary
67=10-48K boundary
67=11-64K boundary

Main
Storage

112K
110K
108K
106K
104K
102K
100K
98K
96K
94K
92K
90K
88K
86K
84K
82K
80K

160K
168K
156K
154K
162K
150K
148K
146K
144K
142K
140K
138K
136K
134K
132K
130K
128K

Control
Storage

32K
34K
36K
38K
40K
42K
44K
46K
48K
50K
52K
54K
56K
58K
60K
62K
64K

32K
34K
36K
38K
40K
42K
44K
46K
48K
50K
52K
54K
56K
58K
60K
62K
64K

ACB SETTINGS

ACB

01C2
01BA
01B2
01AA
01A2
019A
0192
018A
0182
017A
0172
016A
0162
015A
0152
014A
0142

0281
0279
0271
0269
0261
0259
0251
0249
0241
0239
0231
0229

- 0221

0219
021
0209
0201

Main
Storage
208K
206K
204K
202K
200K
198K
196K
194K
192K
190K
188K
186K
184K
182K
180K
178K
176K

256K
254K
252K
250K
248K
246K
244K
242K
240K
238K
236K
234K
232K
230K
228K
226K
224K

Control
Storage

32K
34K
36K
38K
40K
42K
44K
46K
48K
50K
52K
54K
56K
58K
60K
62K
64K

32K
34K
36K
38K
40K
42K
44K
46K
48K
50K
52K
54K
56K
58K
60K
62K
64K

ACB

0340
0338
0330
0328
0320
0318
0310
0308
0300
02F8
02F0
02ES8
02EO
02D8
02D0
02C8
02C0

0403

03FB
03F3
03EB
03E3
03DB
03D3
03CB
03C3
03BB
03B3
03AB
03A3
0398

0393

038B

0383

If an external storage frame is attached, the ACB settings for the
256K internal storage configuration are changed to those listed
below.

External
256K

External
128K

ACB ACB

—— —— 0404 0405

———— 03FC 03FD
—-— —— 03F4 03F5
————03EC 03ED
————03E4 03E5
— ———03DC 03DD
— ———03D4 03D5
— — — —03CC 03CD
— ———03C4 03C5
— ——-038BC 03BD
————03B4 0385
—— ——03AC 03AD
— ———03A4 03A5
————1039C 039D
— ——— 0394 0395

————038C 038D
— ———0384 0385

Note: The ACB setting for each 370 microprogram load may be
found in the module chart in the back of the microlisting. Look
up address FF08, the ACB setting is in Bytes 0 and 1.
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External Facilities 2-36

ACB Compare For Control-Storage Access

ACBO ACB 1 ACBO ACB 1 ACBO ACB 1 ACB O ACB 1
Bits Bits Bits Bits Bits Bits Bits Bits
012 3 4567|012 346567 . 0123456 7|01 2 34567 012 3 4567|012 3 46586 7 012 345671012 3 4546 7
T ~ 1 T ~ T -1 -1
Decrement = > Straight —>% Increment ——>" Invert =
N .
by 1 ) Y Gate \ by 1 Y bit 0 ’
Compare Compare Compare Compare
012 3 45 6 7 012 3 45 6 7 012 3 456 7 012 3 465 6 7
M2 M2 M2 M2
Main-Storage Size 112-K Main-Storage Size 160K Main-Storage Size 208K Main-Storage Size 256K and Above

If the comparfson indicates that the ACB value is more than
the M2 value, a machine-check condition is specified.

ACB Compare for Main-Storage Access

ACBO ACB1
Bits Bits . . e .
If the comparison indicates that the ACB value is equal to, or less
01234546 70012 3 45 6 7 than, the M-register value, an address check occurs.
Compare

4 56 7/01 2 3 4567

M1 M2



ACB Byte 1, Bit 0 and 1 Gating To Compare Circuits (Contro! Storage Only )

Control- Storage Access

ACB Byte 1 Bits 6 and 7

(Not} ACB Byte 1 Bit 0

Control-Storage Access

ACB Byte 1 Bit 5

ACB Byte 1 Bit 6

(Not) ACB Byte 1 Bit5

ACB Byte 1 Bit 6

(Not) ACB Byte 1 Bit 7 ———

ACB Byte 1 Bit5

(Not) ACB Byte 1 Bit 6
ACB Byte 1 Bit7

—— ACB Byte 1 Bit 1 To compare circuits

OR

— . ACB Byte 1 Bit 0
To compare circuits

A
ACB Byte 1 Bit 1
A |
 oR
mco17
(Not) ACB Byte 1 Bit 0
A A
ACB Byte 1 Bit 1
OR N
ACB Byte 1 Bit 0 Control Storage Access — A
A A
(Not) ACB Byte 1 Bit 1 ___J

S
Refer to ‘ACB and M1-Registers’ in the 3145
Processing Unit Maintenance Diagrams Manual
Form SY24 - 3580, for high-level diagram of
ACB compare

{Not) ACB Byte 1 Bit 5 —

{(Not) ACB Byte 1 Bit 6 —

Before comparison is made between the ACB-register and the
M-register, for control-storage accesses, the output of bits O and
1 of ACB 1 may be altered on the input to the compare circuits.
Circuits shown 'on this page test the status of bits 0, 1, 5, 6, and
7 of ACB 1.

Effectively, the output of bits 0 and 1 to the compare circuits is
calculated in the following manner.

Main-Storage-Size ACB 1 bits 0-and 1
112K Decrement by 1
160K Gate straight
208K Increment by 1
256K (and above) Invert bit 0.
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SYS (System) Register

The system register gives the status or condition of the processor.
It is an external hardware register located at word address 05.

Byte O
Bit 0

-

4—
5
6
7
Byte 3
Bit 0

[ &)

System Register

Machine-check interruption pending
Retry routine

Machine-check routine
Documentary console 2

Log present

Sub-block protection mode
Selector channel start 1/0 latch
Force module 0 to LSCS

Address contents
CPU interrupt force
SAR interrupt force
PSW restart

System control interrupt
Timer interrupt force
Reserved for priority interrupt

Enable clear switch

IMPL ‘

Load file wait bit

CE key in CE mode

}00 System reset — 10 subsystem load (I1PL)
01 Power-on reset — 11 system load (multiprocess)

Error in stop word

Instruction processing latch

H-Register

Machine-check trap

Retry trap

CPU high trap

Integrated file adapter (IFA) if installed

Selector channels 1,2,0or 3if no IFA

Selector channels 1,2,0or 3 if IFA installed

Selector channel 4 if no IFA

Multiplex channel

IFA if installed

Store-display

External Facilities
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PRIORITY OPERATIONS — H-REGISTER

Priority Operations

Priority operations, which may or may not be related to the
current operation, can cause delay of the current microprogram
routine. Most (not all) of the various priority operations are
initiated by traps. A trap is basically a circuit-forced branch out
of the current microprogram routine to a priority routine. After
the priority routine is completed, a return can be made to the
interrupted routine so that its execution will continue.

The interrupted routine is delayed further when several priority
operations occur at the same time. Or in some cases, the
interrupted routine may be ended by the occurrence of a priority
operation. For example, if an instruction address that specifies
an unavailable main-storage location is used, an address-check
priority operation occurs. The microprogram routine, in which
the invalid address is used, is discontinued.

A hierarchy of execution preference exists within the priority-
operation structure. Execution preference is exhibited in two
instances:

1. Circuit requests for two or more priority operations occur
in the same CPU cycle. The highest-priority operation is
executed first, the next highest second, etc.

2. During execution of a priority operation, a request for a
higher- priority operation occurs. The higher-priority
operation is executed; the lower-priority operation is delayed
until completion of the higher-priority operation, subject
to the rules of execution of priority operations specified
later in this section,

priority but do not use the trapping mechanism. All of the other

priority operations use the trapping mechanism, which functions

in the following manner.

1. In a CPU cycle, a priority operation request is recognized.

2. The control-storage address of the first control word in the
priority microprogram routine is set into the M-register in what
is known as the trap-1 cycle, the cycle following the one in
which the request is recognized. {The normal next-control-
word address, generated by execution of the word in progress,
is set into the N-register.) The address set into M is forced
by circuitry and is dependent upon the priority operation
for which the request is made.

3. The first word of the priority operation is read out of control
storage and set into the C-register. Normally, this first word is
a branch and link word.

4. The branch and link word stores the contents of S, P, N2, and
‘ N3 into a link location in local storage. (N2 and N3 contain the

address of the word that would have been executed next if the
trap had not occurred). The cycle in which this occurs is called
the trap-2 cycle.

5. The priority routine is executed. Normally, the last word in the
priority routine is a return word. This word loads the link
information back into S, P, M2 (N2) and M3 (N3)

6. Execution of the interrupted routine is resumed at the control
word specified by the link (return) address in M2 and M3.
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Trap Operation

additional traps.

2. Sets TR1 INLK
latch at 90-135
time.

3. Prevents normal
set to M{¥)-
Regs. ¢

4. Forces trap
address to M2

M3 Afp) & M3 (/&\ﬂ
5. N2 and N3 set
blocked.

6. Execute last
word of inter-
rupted routine.

address to M2
(N2).

2. Normal M3 (N3)
addr update.

* 3. BAL operation
stores S, P, N2,
N3 in link Area.

4. TR2 INLK latch
set at 90-135
time.

* BAL is normally
the first word of a
Trap Routine.

update to M2
and M3.

TR3 INLK latch
set at 90-135
time.

TRAP 1 CYCLE TRAP 2 CYCLE TRAP 3 CYCLE TRAP 4 CYCLE

Set By: Set By: Set By: Set By:

1. Not Inhibit 1. Trap 1 INLK 1. Trap 2 INLK 1. Trap 3INLK
Traps. latch on. latch on. latch on.

2. Request 0-9 2. 0-45 Time 2. 0-45Time 2. 045 Time

3. 0Time

Purpose: Purpose: Purpose: Purpose:

1. Prevents any 1. Forces module 1. Normal address 1. Reset Block SPTL

(Set at TR1 cycle).

*NOTE:

The reason for Trap 3 and 4 cycles is
to prevent continuous looping of Trap 1 and
2 cycles if an error is in the SPTL area.

Trap address

Set in M-Reg.
N-Reg Set
Blocked.
Trap 1 Cycle (Execution of First
’____M Control Word of Trap
(Execution of | Routine)
Last Control |
Word) [
Priority l Trap 2 Cycle Trap 4 Cycle
' Operation ;
Request Trap 3 Cycle
Recognized :

Branch and Link
Word stores S, P,
N2, and N3 in a
Link Location

.___,’)__._

Return word loads link
information into S, P,
M2 (N2) and M3 (N3)

External Facilities

Execution of Next
Word of Trapped
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H-Register

Many, but not all, priority operations cause an H-register bit to

be set on in the trap-2 cycle. The priority operations and associated

H-register bits are:

Operation

Selector share cycles
'Machine check without 1/0

|

a.
b.
c.

Normal

HO is already on

One or more machine
checks have already
occurred (SYSO,
Bit2=1)

. HO and SYSO0 Bit 2 are

already on

Machine check with 1/0

a.
b.
c.

Retry
a.
b.
c.

Normal

HO is already on

One or more machine
checks have already
occurred (SYSO,
Bit2=1)

HO and SYSO Bit 2 are
already on

Normal

H1 is already on

A retry trap operation
is in progress (SYSO,
Bit1=1)

. H1 and SYSO Bit 1 are

already on

CPU High

a.

b

C.

d

SetiC

CA trap

Address contents
System reset

Jntegrated File Adapter

a.

b

C.

d

Mini-Op end

Error end

Index

Gated Attn or D ADR

Selector Channels 1,2,3

oo oo

(without IFA)
Exceptional status trap
Chaining (CC or CD)
UCW handling

D ADR trap

H-Register Bit
none

HO

HO

H1

H2

H3

H3

Trap Address
none

D000
D004

Doo8

D0o0C

D010
D014

D018

DO1C

D200
D204

D208

D20C

D300
D304
D308
D30C

D128
D12C
D124
D120

D120
D124
D128
D12C

Operation H-Register Bit Trap Address

Selector Channels 2, 3/4 H4
(with IFA-SX2,3) {without IFA-SX4)
a. Exceptional status trap D100
b. Chaining (CC or CD) D104
c. UCW handling D108
d. D ADR trap
Multiplexer channel H5 D400
Integrated File Adapter H6
a. -Return low D480
b. Unused D484
c. Unused ’ D488
d. Diagnostic D48C
S display sty fszmv) H7 o
a.%{t_c}rf/display D840 )
CPU low without 1/0 None I
a. Spare -
b. Storage protect D804
c. Address check D808
d. ADR/ADJ exception D8oC
CPU low with 1/0O None —
a. Spare —
b. Storage protect D814
c. Address check D818
d. Sbare —
Scan/Clear None —
a. Scan storage . D380
b. Clear storage D384

The following rules apply to execution of priority operations:
A. A selector share cycle can break into any operation except
the first cycle of a storage contro! word and during an ECC
retry of a control word.
B. Any trap priority operation can not break into either:
1. The first cycle of a storage word operation, or
2. A trap-2 cycle operation. (That is, trap-2 cycle can not be
a trap-1 cycle for another trap.)
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C. If H1 is on, all other priority operations (except HO—machine

check—and selector share cycles) are prevented. If, however,

a diagnostic trap occurs, it will be executed, even though H1

is on. Also, if the system is in a single-cycle mode of operation,
a store/display trap can be executed even if H1 is on.

D. If H3is on, an H3, H4, H5, or HG trap cannot be taken. If H4
is on, and H4, H5, or H6 trap cannot be taken. |If H5 is on, H5
or H6 cannot be taken. If H6 is on, an H6 trap cannot be
taken. In any of these cases, the H3, H4, H5, or H6 trap
remains pending until after H3 {or H4 or Hb5) is turned off.

E. Selector share cycles can delay execution of other traps for an
indefinite number of cycles, depending upon the rate at which
share cycles occur.

F. Discounting the effects of the various non-H-Reg priorities
(share cycles, CPU low, scan/clear), the following hierarchy
applies.

H-Reg Blocks Trap Request
Bit for H-Reg Bit

HO None

H1 H2,3,4,5,6,7

H2 H2

H3 H3,4,5,6

H4 H4,5,6

H5 H5,6

H6 H6

H7 H7

Share Cycle Priority Operation (Applies to: Selector Channel,
Block Multiplexer, IFA).

Priority operation for selector-share cycles is as follows:

Without IFA
1. The priority sequence is selector channel 1, 2, 3, and 4.
2. A share-request for selector channel 4 will be taken if no
other request is pending.

With IFA
1. The priority sequence is selector channel 2, IFA, and
selector channel 3.

Machine-Check Priority Operation (HO)

A machine-check trap occurs (if allowed by the machine-check
bit in the PSW) because a series of retry operations has been
unsuccessful. The number of retry attempts is determined by a
hardware counter. Basically, a machine-check trap occurs either
because errors are occurring faster than can be handled or because
a hard error cannot be successfully retried.

An attempt will be made to form logout information and initiate
a machine-check interruption (depending upon the value of the
machine-check bit in the PSW). The validity of such logout infor-
mation may be unpredictable if the machine-check trap is called
for.

Retry Priority Operation (H1)

The retry routine is entered through the retry priority operation
(trap). The retry priority operation occurs when any machine
check occurs if the retry counter is not full, retries are not masked
off, and system register byte 2 bit 6 (indicates stop word error)

is off. Depending upon the nature.of the error and the word type,
the error may be detected during execution of the failing micro-
program word (Type 1), during execution of the following word
(Type 2), or may be detectable but uncorrectable {Type 3).

External Facilities
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CPU High-Priority Operation (H2)

System Reset Microprogram

The system-reset microprogram is executed after a circuit system
reset has been performed. This action is initiated by operation of:
1. The system reset key,

2. The power-on key, when power is off, or

3. The load key.

The circuit system reset causes various CPU registers and controls
to be reset.

Integrated File Adapter High-Priority Operations (H3)

Four trap addresses are provided: one for Mini-Op End, one for
Error End, one for Index, and one for Gated Attention or D ADR.

Selector Channels or Block-Multiplex Channels 1, 2, and 3 (H3)

When IFA is-not present, four trap addresses are provided for
channels 1, 2, and 3: One for Exceptional Status Trap, one for
Chaining (CC or CD), one for UCW Handling, and one to protect
the next entry of the D ADR list.

Selector Channels and Block-Multiplex Channels 2, 3/4 (H4)

Four trap addresses are provided: one for Exceptional Status
Trap, one for Chaining (CC or CD}, one for UCW Handling, and
one to protect the next entry of the D ADR list. When [FA is
preset, this trap is shared by channels 2 and 3. For nonlFA,
this trap is for the sole use of selector channel 4.

Multiplexer Channel (H5)

This trap is for the sole use of the multiplexer channel for handling
data, status, and chaining functions.

Integrated File Adapter Low-Priority Operations (H6)

Four trap addresses are provided: one for Return Low, and one
for Diagnostics. The use of the other two is not assigned yet.

Store/Display (H7)

Only one trap can be in operation at any one time. Store/Display
pertains to printer-keyboard operations.

CPU Low (No H-Redgister Bit)

Address Check
This trap occurs when an access to an unavailable main-storage
area is attempted.

Storage Protection
This trap occurs because of a storage-protection violation.

Address Adjustment Exception
This trap is used with DOS emulator.

Scan/Clear (No H-Register Bit)
These traps are used for a clear-storage and a scan-storage
operation. )
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Priority and Trap Controls

Req 0-9 d A

\_

Stack ‘ Latch

Any Mach Chk
OR
}_
Trap-1 Cycle
Good Data ———— A
90-135 Time

I-C Trap Request

Set/Reset

OR

RHO11

External Facilities

H-REG OPERATION
Bit 0 Mach Check Note: The priority sequence
1 Retry is HO - H7. (HO having the
(Trap Request) 2 CPU High highest priority)
STACK LATCHES '
fori ﬁ H-Reg 3 SX1,2.3,
0 Any Mach Chk Priority 0-7 A H-REG or IFA-High
1 Retry Trap-1 Cycle - Bit 0-7 4 SX2,3,4
2 CPU High Good Data s 0-7 5 MPX
3 SX 1,2,3 or IFA 135-180 Time o 6 IFA-Low
4 SX 4or23(IFA) 7 Store/Display
5 MPX or Doc Cons
6 IFA
7 Store/Disp
(Doc Cons)
8 CPU Low _RHO021 - RH023
9 Scan/Clear
|
RHO11 - RHO12
Force Addr REG
Priority O-A .
PH Byte 2 & 3 To SAR
FORCE
Not Trap 1 Intlk ey Trap Addr ADDRESS
Not 0 Time Dy ———————— A (Set/Reset)
0 Time M2—-RM031, RM032
RHO014, RHO17 _
Request A 014, RHO17, M3—RMG041, RM043,
RHO18 RMO044, RM052
TR1 Cycle TR2 Cycle
TR4
I— Cycle
Not Destine H A PH PH PH PH PH PH PH
Not Inhibit All Traps TR1 TR1 TR2 TR2 TR3 TR3 TR4
INLK INLK INLK
RHO14
0-45 Time
A
Not Block Trap Trap Set/Reset
Set/Reset
OR
Good Data ‘

90-135 Time
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M2 Gating (Traps)

Gate N2toM2 —M ———f

N Reg Byte 2 NEG———

Gate B2 to M2

B Reg Byte 2 —_8

A

OR

A

M2 Set Normal —E

M2 Preasm A
8
Force Addr Byte 2
A
Not Sel Share Cycle M2 Set Traps A —————
OR 8 8
Trap-1 Cycle A
0 Time I RM032
Not Mode Sw Function A
Trap-2 Cycle
Not Stg K Addr
Not Current Mod
RM112
M2 Preasm
A
Gate N2 Normal T 8 OR
M2 Input Asm A
8
Gate Trap to N2
Force Addr Byte 2 A
8 8

RM 033

M-BFR Set/Reset

M2 Reset (0 Time) RM122 (45 Time)

RM112

RMO31 RMO033
RMO032

N2 Set/Reset
RM113 (135 Time)

N2 BFR Set/Reset
RM112 (45 Time)

RMO033

RMO034

MB Reg Set/Reset
RM123 (0 Time)

RM035

Rty-Diag-ACB Asm
BE231

Term for Rty
BE233

M-Reg Byte 2
RMO031

\

Rty-Diag-ACB Asm
BE211

Term for Rty
BE213

M-Retry Reg Byte 2
RR135
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M3 Gating (Traps)

Gate N3 to M3
N-Reg Byte 3 NN

A

8

Gate C3to M3
C-Reg Byte 3 mumnu

A

Gate C2 to M3
C-Reg Byte 2

A

8

M3 Asm A
OR

M3 Set Normal-A
8

Gate B3 to M3
g By 8

8 M3 Set Traps | A
RMO41 RMO043 Force Addr Bm
RMO044,RM052 8

M3 Reset
RM112 (0 Time)

N3 BFR Set/Reset
RM112 (45 Time)

RMO041, RM043
RM044, RM052

RMO013, RM052

8

RM041,RM043
RMO044,RM052

Gate B3 to M3 BFR
B-Reg Byte 3

M3 Asm

OR

N3 BFR Set/Reset N3 Set/Reset

RMO045,RM052

RM113 (45 Time) RM113 (135 Time)

RM045, RM052 RM045, RM052

MB Reg Set/Reset
RM113 (0 Time)

RMO013, RM052

Rty-Diag-ACB Asm

BE241

Term for RTY
BE243

M3 Bits
RMO044

External Facilities

Internal M1
MC022

Display Assembler
PB043

Match Circuits
PMO12

M3 Parity Gen
RMO065
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I-CYCLES

Processing a single software instruction may be divided into two
parts: the | {instruction) phase and the E (execution) phase.
Instructions are defined to be in different groups according to
their format, length, and general form of execution.

The |-phase of processing performs the following basic functions:

® Fetch instruction
® |Initialize the CPU facilities for the completion of the processing.

During the E-phase, the CPU performs the unique functions
specified by the instruction Op code.

byte O byte 1 byte 2 byte 3 byte 4 byte 5
| | ] !
I I | I
' [ l I
| ! | l
RR, 00-3F OP — CODE R4 Ro : |
[ | !
| | |
I '
RX, 40-7F ‘ OP — CODE Rq X9 By Displacementy I
| |
| l |
| [ |
RS OP — CODE Rq R3 By Displacements |
| | |
|
| I I
Sl OP — CODE lo Bq Displacement I
I l
| I
|
SS, CO-FF OP — CODE Displacemeht1 Bo Displacementy
The IMM BYTE is the byte following the OP CODE
OP — CODE '
0 12 3 -4 5 -6 -7
Format OPERATION
Ic=1—__ 7" [0 0[{0 1 1 0 1 0| ADD/(1A)
ILC=2 0O 110 1 1t 0 1 0] ADD(5A)
ILC=2 o 110 1 1 0 1 1 SUB (5B)
ILC=1 0 0{0 1.0 t 1t 0] OR(16)
ILC=2 0 110 1 0 1 1 0] OR({(56)
ILC=2 1 00 1 0 1 1 0] OR(96)
ILC=3 1 110 1 0 1 1 0] OR(D6)

first Halfword

second Halfword

third Halfword

Length of Instruction
in halfwords
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I-Cycles‘" 2.48
I-PHASE FUNCTIONS

The initialization of CPU facilities for the E-phase is partially
dependent upon instruction type. All instructions require an
updating of the instruction counter, the setting of the specified
CPU Regs, and a branch to the start of the execution routine. In
addition, some instructions require the fetching of the second
operand from a general register, or the calculation of operand
addresses.

At this point, some observations may be made about the |-phase
functions. For example, the RX and RS/SI functions are very
similar. In fact, during the I-phase, an RS/SI instruction is handled
exactly the same way as an RX instruction with the X2 field equal
to zero. Also, some functions are identical, with only the data
value being dependent upon the format and Op code (SPTL, U,
and | update.)

It is also noted that the E-phase for some instructions is identi-
cal; such as, AR and A, NR and N. The difference between these

- RR and RX types of instructions occurs only in the source of the
second operand (general register or storage). It is possible to save
some control-storage words, and time, by including the operand
fetch as an |-phase function for such RX format op codes. N
The I-phase functions may now be illustrated as follows:

Fetch Fetch
Instruction Instruction
Y \ \ ) i Y \
RR RX RS/SI SS RR {Length 1) RX, RS/SI SS {Length 3) ALL
1. Set IBU, 1. Set 1BU, 1. SetIBU, 1. SetiBU, (Length 2)
SPTL, U. SPTL, U. SPTL, U. SPTL, U.
2. Update | 2. Update | . Update | . Update | Fetch operand Calculate Calculate 1. Set IBU
Reg by 2. Reg by 4. Reg by 4. Reg by 6. from general operand operand 2. Set SPTL
3. Fetch 3. Calculate . Calculate . Calculate Reg, and put address using address using U per instlr.
operand operand operand operand inY {and Q X, B and Disp. B, and Disp1, 3. Update I-Reg
from address address address if 2 words). Put resultin B2 and Disp2. by instr.
general using X2, using B using B1 V-Reg. Put results in length.
Reg and B2 and and Disp. and Disp1, V- and W-Regs.
putinyY Disp. Put Put result B2 and
(and Q if result in in V-Reg. Disp2.
2 words). V-Reg. Put results
in V-and W-
Regs. Some Rx

Y

Proceed to
Execution
Routine

Basic I-Phase Functions

Fetch operand
from storage.
Align as req’d.
Put datain Y
(and Qif 2
words).

I-Phase Functions

y

Proceed to
Execution
Routine




Hardware Functions

Each software instruction processed requires performing the
previously mentioned I-phase functions. It is obviously desirable
to minimize this time and thereby reduce the time required to
process a given instruction. To minimize the number of machine
cycles required during the I-phase (that is, the I-cycles,) some
functions are performed by hardware. Additionally, some other
characteristics of the machine are more fully exploited by hard-
ware means,

First consider the previously defined I-phase functions which
apply to ““ALL" instructions. Hardware is used to perform the
setting of IBU, SPTL, U, and the I-Reg update. These functions
do not require microwords to be performed; hence, they do not
require any additional time during i-cycles.

Now consider the function Proceed to Execution Routine. By
strictly defining the starting control-storage address of each
execution routine as a function of instruction Op code, it is
possible to perform a hardware-forced branch. The hardware
branch on the Op code does not require any additional time,
because there is no microword used to perform the branch and

module switch. .
The interface between storage and the CPU provides a double-

word transfer of eight bytes of data. During a read type of
microword, the SDBO assembler provides the selection of the
addressed word (halfword, or byte) from the doubleword actually
read. The l-cycle hardware provides for buffering the entire
doubleword from storage, via a time-slotting of data from SDBO
to EBI. When an instruction is fetched from storage, the ad-
dressed word is routed from SDBO to the |-buffer, via EBI, dur-
ing the normal destination time in storage 2 cycle. During the
next cycle time, the odd word is gated to EBI, and placed in the
I-buffer. This time-slot action occurs when there is no decrement
count function specified by the storage microword. It is, there-
fore, possible to buffer up to two words of data from the instruc-
tion stream when fetching one instruction from storage. Upon
completion of the instruction being processed, the next instruc-
tion may be available in the buffer and, therefore, need not be
fetched from storage.

A savings in processing time becomes obvious, especially if the
double word being buffered represents four RR instructions. The
concept of buffering a portion of the instruction stream will now
be extended to include pre-fetching. Although the buffer does
speed subsequent instructions, the fetch of the first (current)
instruction does require some time. It is always more desirable
to have the current instruction resident in the buffer. To get to
this I-buffer condition, it is necessary to have obtained the
instruction at some point during the previous instruction. This
function of reading the next instruction from storage to the
I-buffer is termed prefetching and is performed during I-cycles.

As described in the Expanded Local Storage section, the TR
Reg always contains a value representing the next doubleword
address beyond the current | Reg value. The TR Reg is always
used as the storage address during a prefetch, and the SDBO time-
slotting is forced to provide the even word; then odd word. This
guarantees the I-buffers to be loaded with sequential data.

The I-phase functions at this point are:

Begin I-cycles

AN

Fetch
Instruction
(if req’d)

N4

Instruction
is buffered,
proceed

?

(Hardware Function)

Set IBU

@
v ‘ 1 R
RR (Length 1) RX, RS/sI SS (Length 3)
(Length 2) '
1. Fetch operand 1. Calculate 1. Calculate
from general operand operand
Reg, and put address address
inY (and Q using X, B using B1 and
if 2 words). and Disp. Disp1, B2 and
2. Prefetch Put result Disp2. Put
next instr in V-Reg. results in V-
if req’'d. 2. Prefetch and W-Regs.
next instr. 2. Prefetch next
if req'd. instr, if req'd.

Set SPTL,
U per
Instr.

i

Some RX

Fetch
operand
from
storage
align as
req'd. Put
datain Y
{and Q if 2
words).

Start Execution Routine

Update | Reg
by Instr. Length

fe e e e —— — — — — — — ]

Provide Start
Address of
Execution
Routine
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Microcode-Hardware Functions

The complexity of the I-cycle functions have now been increased.
Where, on a previous diagram, it was necessary to select one of

three paths after fetching the instruction, it is now also required to:

® determine source of instruction (storage vs buffer).
® select path if instruction is in the I-buffer.
® determine whether a prefetch is required.

Additionally, it is desired to minimize the time required to
perform both the above functions, and the basic I-phase functions.
Microcode branch operations requires CPU time. l-cycle hard-

ware can force a control-storage address to the M-Reg. (for
example branch on the op code). This facility is expanded to
include all addressing within I-cycles. The I-cycle hardware
provides the starting address of the I-cyclé routine to the M-Reg,
as a function of |-buffer status, instruction format and prefetch
requirement. When the CPU encounters a RTN word (to I-cycles)
this address is set into the M-Reg and the |-phase of the instruction
begins. Thereafter, except for some parts of the RX-align routine,
the I-cycle hardware provides the next control-storage address

. and a gating signal to the M-Reg, until the execution routine has
begun. The l-cycle hardware than initializes for the start of the
next |-phase.

The minimization of time spent performing the basic |-phase
functions requires more hardware control. The |-cycle hardware
controls the data inputs and setting of the SPTL Regs, and uses
this facility to select general registers from local store. By setting
the P-Reg to a value of 02 (or 62) and gating a portion of the
instruction to the L-Reg (R2, X, or B}, the microcode can indirect-
ly address any general register, including floating-point registers.
This gating to SPTL is done by hardware, and is, therefore,
transparent to the microcode. Note that it is necessary to set
SPTL to the desired value one machine cycle before use.

Furthermore, the I-cycle hardware can force and/or block
gating of data through a portion of the Expanded Loca! Store.
This capability is utilized as follows: a microword is executed
performing the arithmetic operation of V = LL+V. During the
previous machine cycle, a value is set into the P- and L-Regs of:

P =02, and L = R1B2 (for an RX format instruction). The under-
lined data value gives the general register specified by the B2 field
of the instruction as the data source of the A-Reg. Although

the microword is attempting to source the V-register, the l-cycle

hardware blocks this Expanded Local Store source, and forces

the Disp2 field through the gating to the B-register. The microword
function of adding the A- and B-Regs is then completed, with the
result destined to the V-register. Thus, the microcode and I-cycle
hardware are combined fo perform the function of:

V = Base + Displacement
Most of the I-cycle microcode/hardware functions are performed
this way.

Another significant interaction of microcode and hardware
occurs when prefetching and calculation of an operand address
are performed simultaneously. The microword executed during
a prefetch is of the form: RDW LL ADJ, V + 4. First, the V-Reg
is blocked as an address source. Then, the TR-Reg is substituted
as the address source for the M-Reg, with gating performed via
the PAA, and l-cycle/ADR ADJ path to the M-Reg. At the same
time, the Disp field is gated from the I-buffer through the
Expanded Local Store to the B-Reg. The A-Reg data source is
an indirectly addressed general register, as previously described.
This form of microword normally performs an update of the B-
register value; however, this function is blocked and changed
to an A + B operation. The function; V = Base + Displacement,
is, therefore, performed during the storage 1 cycle. During storage
2 cycle, the destination of data to local store is blocked, and SDBO
is time-slotted to the I-buffer, as previously described.

Because the I-cycle hardware and microcode are expected to
operate simultaneously, the microcode must consist of specific
microwords at fixed addresses. This is obvious because the hard-
ware is providing the control-storage address for the microwords,
and then performing hardware functions coincident with the
microword execution. What has not been obvious is how the
hardware remains in sync with the microcode. This function is
performed by routing the M-Reg output back to the I-cycle
hardware. Thus, when the M-Reg contains a value corresponding
to the control-storage location of an l-cycle microword, the
I-cycle hardware can determine what functions are to be per-
formed at the next O time (that is coincident with the microword
execution).

This introduction has provided the basic functional concepts
of the hardware |-cycles. Significant omissions include trapping,
share cycles, correction cycles, error conditions, etc. It is
expected that the hardware description in the rest of this section
will have sufficient explanation for these conditions. The basic
I-cycle functions are described by the following flow diagram.
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Microcode-Hardware Relationship

Microcode Function

Execution
Routine

RTN word, end of
execution phase,
go to I-cycles.

— e cmn E— v — — — —— C— G—— — G m— —— — cv— o — ] values at data

— e cm— — — — — — — — — — O Gm— G— G G— — t— Set 1BU.

1-Cycle Hardware Function
e e e et s

Inactive, But,
provide initial
entry for SPTL,
and M-Reg.

s e
[ e ™)

Begin I-cycles.

SPTL, M-Reg are set.

l N
Y
Fetch
instruction
from storage
, { ¥ 4 Y
RR (Length 1) RX,'RX/SI (Length 2) SS {Length 3)
1. Calculate Control data
operand and setting
1. Calculate operand
1. Fetch operand address using X, B address of SPTL, M-
from general and Disp. Put result using B and Regs. Set. u-
Reg and put in Y in V-Reg Disp fields. —— Reg. per instr.
and Q if 2 words) 2. Prefetch next Instr. f’Ut results Manipulate
2. Prefetch next if required. in V-and W- I-buf.fer as
Instr. if req'd. Regs. required.
2. Prefetch next
Instr. if req’d.
i ]
Some RX
Provide start
Fetch operand addres? of
from storage exec.utuon
align as req'd. — — routine per
Put datain Y | Op code.
(and Qif 2 Update I-Reg
words). l by instr Length.
o 1
- e e — e — — —
Initialize for
( Start Execution Routine )4— — —— v —— oo cm— —— — — next instr.

Basic I-Cycle Functions

l-cycles.
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I-Cycles Microcode Module Assignment

The I-cycle microcode routine, (GAAI) resides in the DF module
of control storage. There is a direct relationship between the
control-storage address, hardware functions generated, and micro-
code. Specifically, the hardware generates control signals (and a
next control-storage address) from the contents of the M-register,
to be active (and coincident) with the control word executed
from that address.

The DF module is active if bit 1 of the Mode Reg (external
address 08) is on.

Microprogram Module Assignment

A

I-PHASE —————P—l

“TT

Decode Format and

Op-Code

. Calculate operand
addresses and/or
fetch operand.

3. Define ILC.

N

4. Branch to appropriate

execution routine
5. Control I-Reg.

CHECKS

1. Instr. Address Check (

2. STG PRT-check

3. Address translation check

RTN to ICY’S
(any address)

GAAI

-

SOFTWARE INSTRUCTION

ALIGN

E-PHASE

Y

Not
HALFWORD
BOUNDARY

—— i —— —— — — — — e g

i DF - Module |

|
|
|
Hardware Branch l

to execution
routine,

WM =

Read data

Store data

Set CC

Perform any operation
and use the Operands,
prepared in |-Phase

GARR

Cx-Module

GARS

Cx-Module

GARX

Cx-Module

GASS

Cx-Module

CLL

CHECKS

aOpwN=

o

Operand address check

Operand STG PRT check
Operand address translation

Specification exception
Invalid operation
(analyzed in |-phase)
Privileged operation

Micro WD Branch
to required Routine
or RTN to ICY's

x = Op code high-order 4 bits

1y
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I-Cycles Microcode and Control Hardware-Loading of I-Buffers
RTN LNK

BR low
011 0r 111

INTERRUPT

NOTE 1

I-CYCLES

BRANCH
READ
LATCH

Note 1

GICM B40C

Handle the interrupt;
then issue a RTN LNK
Use LS 3D for RTN

Note 2

IN BUFFERS NOT GOOD

Note 3

DFOC

RDWY ADJ,V +4
Fetch Required

Bit 31 of
lorV=1

yes

The branch read latch is set:
with the execute latch on.
any time the 1-Reg is destined.
with a CPU Low Request during Prefetch.
If Vor W=1 or TR during a storage word
If the address compare switch is
cn INSTR COUNTER (real) and
address compare control switch is
in the STOP position. Note that this
mode of operation blocks any prefetching paths.
The Op load latch is set:
1. when a Prefetch is blocked and the
next Op-code is available.
2. current instruction not fully contained
in I-Bfr. (Requires a further fetch)
Delay words to set control address

aOPrWON=

DFo04

NOTE 3

Y=Y,S0
Time delay

GAAI
C564
(ODD BYTE BOUNDARY) Specification
Check
Turn on
Op Load NOTE 2
Latch

DF00

Y=Y,S0
Time delay

NOTE 2

LATCH

OP\ off
LOAD

NOTE 3

DF14

RDW ADJ,V
Further Fetch

USE TR REG

DF10

Y=Y,S0
TIME DELAY

BRANCH
ON

FORMAT
OF

OP CODE

Page 2-54

1-Cycle Entry

I-cycles may be entered (and the I-cycle controls enabled) by
either of 2 RTN words:

® Conditional: testing for interrupt. C3 bits 5-7 will be (111). If
there is an interrupt pending, the RTN word will be executed
normally, and will not go to the |-cycle routine. If there is no
interrupt, the return is to l-cycles.

® Unconditional: goes directly to I-cycles when C3 bits 5-7 are
(011).

The M-register controls the decode of the return and accesses
control storage using the address inputs to the M-register from
I-cycles. The |-cycles inputs to the P- and L-registers are also
gated. Data is maintained on these inputs by the 1-cycle hardware
when not in |-cycles (except when performing a storage address
adjustment access).

Initial 1-Cycle Address

All I-cycle addresses are in the DF module. The initial address for
a given instruction is determined by:

® | latches, which represent how much of the instruction is in
the |-buffers (1-Bfr).

® The instruction itself and,

® The requirement for prefetching the next instruction.

Current Instruction Not Fully Contained in I-Bfrs

First consider the two cases where the instruction is not com-
pletely contained in 1-Bfr. Before proceeding further, the
instruction must be completely within the I-Bfr.

1. The first case (and highest address priority} occurs when the
branch readlatch is on. This occurs not only from the most
"obvious case of a macroprogram branch, (detected by the
I-register being loaded from EBI), but also from:

© program modification (detected by storing within the present,
or next, storage doubleword address as compared to the
l-register).

o a prefetch condition that was not filled during the last |-cycle
phase.

@ blocking a trap during a prefetch in the last I-cycle phase.
being in real instruction address compare mode.
o performing an execute macroinstruction.

These examples are summarized as ““whenever the instruction
must be read from storage.” When the branch read latch is on, all
other initial addresses are blocked and an address of DFOC is sent
to the M-register input.

2. The second case (and next highest address priority) occurs
when the Op load latch is on. The condition for setting this
latch occurs when part of the instruction is in I-Bfr, but the
remainder is in storage. The latch is set during the previous
I-cycle phase if it is determined that a prefetch is required,
but blocked, and only part of the instruction is in |-Bfr. When
this latch is on, all other initial addresses are blocked and an
address of DF 14 is sent to the M-register input.

Current Instruction Fully Contained In 1-Bfrs

With the instruction fully contained in I-Bfr, the next condition
considered for an initial address is prefetching. The rule for pre-
fetching is that a prefetch will be performed if the:

® Present instruction ends at a doubleword boundary (The
Next op code is not available) or,

® Next instruction crosses a doubleword boundary. This is
determined by hardware as a function of:

A. The halfword address of the present instruction within
the doubleword.

B. The length of the present instruction and,
C. The length of the next instruction.

® A prefetch is blocked if the present instruction is decoded
to be a branch type, or a special addressing case of an SS
instruction, at an address of 6 or C.

The initial address is gated to the M-register according to the
following table:

Without With
instruction Prefetch Prefetch
RR (but not flt. pt. long) DF20 DF34
RR (flt. pt. long only) DF24 DF3C
RX (double index only) DF4C DF5C
RS, S1, RX (not double index) DF48 DF58
SS , DF6C DF7C

I-BFR SET CONDITIONS FOR MOVE | BFRs

1. RR Op and even halfword =do nothing

2. SS Op and odd halfword =S/R 0,1 S/R1
3. Neither of the above conditions =S/R 0 S/R1
4. Prefetch and the next instruction isnot =S/R 0, 1 S/R 1

fully contained in the | BFRs
I-BUFFER SET CONDITIONS FOR STORAGE WORDS
(begin in Stg 2 cycle)

1. Prefetch and the next Op is not available =S/R 0, 1, 2 S/R 1.2
2. Prefetch and the next Op is available =S/R 1,2 S/R 2
3. Branch Load Latch =S/R0,1,2 S/R1,2
4. Op Load Latch =S/R 1,2 S/R 2
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I-Cycles Microcode and Control Hardware-Calculate Operand Address and Perform Prefetches

Page 2-53

RR
00-3F

RX
40-7F

RS/SI

- 80-BF

ss
CO-FF

*PREFETCH: THE NEXT INSTRUCTION IS NOT
FULLY CONTAINED IN THE I-BUFFERS

NOTE 1 X=0, if R1 and R2 =0,2,4, or 6 (even)
X=4, if R1 or R2 =1,3,56, or 7, or greater than 7 (odd)

DF7C

DF70

124 W= LL + W
W= B1 + Displ.1

PREFETCH

V = 82 + Displ2

RDW LL ADJ, V + 4

HARDWARE BRANCH ON OP CODE
(Branch to execution routine)

i
DF20 !
* |
no GARR
PREFETCH Y = LL, DF ! ‘
Y = 2nd Operand | C000-C1FO
| C30X-C34X
ves I C38X-C3FX
| NOTE 1
DF34 DF30 I
PREFETCH |
Y = LL, DF RDW LL ADJ, V |
Y = 2nd Operand Y = LL, DF |
Y = 2nd OPRD 1
]
yes
i
|
. DF24 DF28 :
no | GARR
Y = LL, DF Q = LL, DF
Y = high 2nd OPRD Q = low 2nd OPRD : C20X-C2FX
yes | C35X-C37X
| NOTE 1
&) | !
|
Page 2-55 DF3C DF2C |
PREFETCH Y = LL, DF !
RDW LL ADJ, V Y = high 2nd OPRD |
|
|
|
|
DF48 :
no 124 V=LL+V | GARS
V =By (2) * Dy B :
yes | C800-CBFO
DF58 :
PREFETCH |
RDW LL ADJ, V+4 |
V =Bz * Dy(2) |
|
]
DF6C DF60 :
124 W =LL +W 124V = LL+V ! GASS
W = B4 + Displ. 4 V =By + Displ.2 I
Tes | CCO00-CFFO
’ |
|
I
|
|
|
|
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I-Cycles Microcode and Control Hardware-Calculate Operand Address and Performs Prefetches

X=4ifR1=1,3,5,7, or greater than 7 (odd)
Note 4 Use 4 if the previous word was a storage word (prefetch)
Use 0 if the previous word was not a storage word.

: GARX \} Note 1
Page 2-54 C400-C430 DFA4
| 4043 C440 if attempting B
u | | Note2 r two execute instr. W=LH,DF
I E. DF80
| 44_‘ Delay
I ue—
DF84
| | [ remeon s
Index N LNK
| RTN L | | 6RancH on THE
| GARX I | | moDIFIED OP-
€450-C470 | | Sooe
l 45-47 et DFOC (Branch out of the
DF4C '
| | GARX
. DI Align e
124 V=LL+V | F o F ‘ 80-C4CO
V =Bg + D2 | 48-4C p| Routine g 1 C480-
‘ 0/4 |
| Note 4 I
| GARX |
DF40 -
DF58 ) I 4D-53 C4D0-C530 l
Prefetch J 124 V=LL+V I I
RDW LL ADJ, V+ V={B+D3) + Xo
Base Or Vig,+Dm | b b I GARR
Index =0 ) F Align F |
| PN\sa5¢ B Routine | E ' C140-C1FO
| o/a ° |
PERFORM A HARD- [
WARE BRANCH ON l |
THE OP-CODE GARX Note 4 I
(Branch to an l
ALIGN Subroutine | 0-67 C600-C670 '
if required) '
| D D | GARR
F Align F I
DF48 I 8.6F 9 Routine FIOE C28X-C2F X
Prefetch* 124 V=LL+V —e | 0/4 |
V = (Xp or Bp) + 1\ l l
D2
Note 4
| GARX l
| 20-77 C700-C770 I
DF58 Note 1 The execute latch is set when the W-Reg is destined. |
Prefetch W-Reg byte 3 is stored in the Imm-Byte-Mod-Reg |
RDW LL ADJ, V + and ORed with the Imm-Byte-Reg. The l-cycle | |
4 [;, =(X20rBg) + latch (and indicator) go off when the execution-phase | |
2 of the subject Instruction is entered. | D D l GARR
. . . . F Align F
Note 2 If an execute instruction (Op-44) is attempting to | 78-7F B Roui’ine F/E C38X-C3FX
: ) 0
*Prefetch: The next instruction is not fully . use another execute Instruction (Op-44) as the 0/4 I Note 3
contained in the I-buffers. subject instruction. l l
Note 3 X=0,ifR1=0,2,4,0r6. (even) | Note 4 |
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I-Cycles 2-56

I-Cycle Hardware Locations

CARD LOCATION & TYPE ALD PAGE
B-C3D2 Type 8551 RUO11 Op-U2 Reg-Op Decode
] RUO012 Op-U2 Reg-Op Decode
i RUO013 Op-U2 Reg-Op Decode
- RUO14 Op-U2 Reg-Op Decode
RU015 Op-U2 Reg-Op Decode

RU016 Op-U2 Reg-Op Decode

B-C3E2 Type 8552 RUO021 Imm Byte-U3 Regs
RU022 Imm Byte-U3 Regs
RUO023 Imm Byte-U3 Regs
RUO024 Imm Byte-U3 Regs
RUO025 Imm Byte-U3 Regs
RUO026 Imm Byte-U3 Regs
H B-C3F2 Type 8553 RUO31 I-Cycles Generation
1 RUO032 I-Cycles Generation
N RUO033 I-Cycles Generation
G RUO034 I-Cycles Generation
E RUO035 I-Cycles Generation
B-C3G2 Type 8554 RU0O41 I-Buff Ctrls and Gates
RU042 I-Buff Ctrls and Gates
D g . RUO043 1-Buff Ctrls and Gates
I-Cycle Ctrl. RU044 I-Buff Ctrls and Gates
Op Code and | Buffers : RU045 1-Buff Ctrls and Gates
B-C3H2 Type 8558 RUO051 PAA Latches
RU052 PAA Latches
RUO0O53 I-Cycles Controls
RUO054 I-Cycles Error Latches
B-C3B2 Type 7771 RU111 I-Buffer
RU112 I-Buffer
B GATE (CARD SIDE) . RU113 |1-Buffer
RU114 I-Buffer
RU115 I-Buffer
i RU116 1-Buffer
RU117 I-Buffer
. . RU118 1-Buffer
’ B-C3C2 Type 7771 RU121 I-Buffer
| RU122 I-Buffer
RU123 I-Buffer
RU124 |-Buffer
| RU125 I-Buffer
RU126 I-Buffer
RU127 I-Buffer

RU128 I-Buffer



I-Cycle Hardware Description

The hardware |-cycle concept increases CPU performance by: : T om ]

GF CMO WEG B 37

el LI
ronce )

® Buffering instructions and prefetching (using a hardware
generated address for the next doubleword storage location)
instructions while calculating an operand address.

1 1EYCLE CONTROL
FORCE e

2 e———
5010, 5y temend]

o, \_"_'P wu SToRAGE

® Performing hardware controls concurrent with micro-
program execution,

2 EXT A 1\

asvay —

1 . croatammmmu JEXTERNAL LS ADOR DECOOE
a . . Xt o NN FACILITIES ASSEMBLER zaee P BRANCH Cour
® |[nstruction decoding via a hardware forced branch on the oon - . Tevats conTnol
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. . 5| wek | e
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SHIFT ree
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B @ ll MAIN #nd | MAIN STORAGE |
e SHIFT and SHIFT st CONTROL STORAGE |
SEL GATE GATE 1
CIRCUsTS CINCUITS !
2a ! 2.8
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I-Cycles 2-58

EVEN ODD
I-Cycles Data Flow
y 0 1 2 3 4 5 6 7
' 1 1 e 1 -' [ [ A ] - |
[ D-Reg —
y ¥ y SDBO-Asm
I
EBI
0 1 2 3
1 I 1} H
Byte O B1,2,3 l B3
BO, 1,2,3
________| J:—— BO, 1,2,3
KEY — :
o [ EXP LS 50 v EXP LS 51 . I-BFR 2
o 7 1 2 3| 0 1 2 3 0 1 2 3
0 1 1 1 =29 31 1 H L 1 [l [ ] 1
T Y—o & ICycleCtrTs T
Add ‘One’ ! l — 1 BO. 1.2 3
~«———— ADD CARRY 1.C W EXP LS 52 I-BFR 1 b
) ——
0 1 2 3 28930 0 1 2 3 0 1 2 3 *
(] ] | 1 1 1 | I I 1 — 1
Fai [eo%3 I | I @
| Sum Checi J [ I ! l I I
~7 i N :
18U EXPLS 54 TR EXP LS 55 Hdw U EXP LS 53 i-BFR O
. —| P/C
o 1 2 3 31 0 1 2 3 129 31 icl o 1 2 3 0 1 2 3 .
1 ] 1 [ ] 2 3 2 1 1 1 ]
| T — 1 ]
Length Code
L
I From ICY Ctrl's c — | S22
' Base S -
U-Bus JL c
— Displ. |
11 11 | [ r
PAA i£< <L>< > PBA _ < ~ 71L |
1L
To Address I S I“r;l\(r)r&gyte ICstr:cti:nd
ifier ook Ahea
M-R <? Assembler : “
o A-LS ib <L JL B-LS o 3la 7
! ‘ A-Asm B-Asm I | 1 —
A-REG B-REG Op-Reg MM BYTE 7~ N
0 1 2 3 0 1 2 3 P/C|H_Op-Code MODIFIER [p/c | >
I I| l I ]l L * —Lr—- ) 3]4 5 * Execute Instr
[1_ Tl
ADDRESS COMPARE 1 I I | | | I l > I-Cycle
1] ’
JL | ALvz + ALus |} ? Ctrl's
Any P Instr I=VorW e | ||j [ |
Address - - Counter TR=VorW * I V)
L NN -5 | Cycle Ctrl's 0 | LL Gat
‘ 1 2 I 3 ] ate
F_ 0 1 SWITCHES f 0 ;4 > SetBranch : p * DISPLAY IN EXPANDED LOCAL — i‘L_
E 2 E 2 Read Latch L STORAGE REGISTER 56. S P T L
D-REG Op Code 0 , 2 . lmm-Byte
0 1 2 3 0 3'4 716 2 0 , 0 LH | L

c > H I-Cycles SDBO C__—J__I To LS Address <'____—__,_I

Asm



I-BFR 2, I-BFR 1,and I-BFR 0

Instruction Buffer (I-BFR): three one-word registers are used to hold
the present instruction and next doubleword (where possible),
Loading of the registers is from EBI,
Instructions are assembled on a halfword basis to obtain the
OP-Code and immediate byte. The base and displacement fields are
gated from the |-Bfr through separate assemblers as required
When the TR-Reg is used, the even/odd time-slot of data is
forced. When the |-Register is used, (DFOC) M3 bit 5 controls the gating.
Bit 5 off = even/odd
Biton = odd/ odd

Doubleword
even wd |odd wd even wd |odd wd
0123|4567 89 AB/CDEF
1f M3 bit 5=1 it indicates that the odd word,
information will be loaded into all 3 |-buffers.

Doubleword

| BFR SET CONDITIONS for MOVE | BFRs I BUFFER SET CONDITIONS for STORAGE WORDS (begin in Stg 2 cycle)

1. RR Op and even halfword =do nothing 1. Prefetch and the next Op is not available =S/R 0, 1, 2 S/R1,2
2. SS Op and odd halfword =5/R0,1 S/R1 2. Prefetch and the next Op is available =S/R 1,2 S/R 2
3. Neither of the above conditions =S/R 0 S/R 1 3. Branch load latch =S/R0,1,2 S/R1,2
4, Prefetch and the next instruction is not 4. Op load latch =S/R 1,2 S/R 2
fully contained in the I-Bfr's =§/R0,1 S/R1
LOW ORDER
ADDRESS POSITION
ILC |IBFR 1sthwd  0/8 2nd hwd  2/A 3rd hwd 4/C 4thhwd  6/E
1
===
(RR) l— -l_
Y77
N e
2
2
(RX, - - Y 7 __ __
ol B I e || B4 1l
sl) v A 7777
0 2 __ |
NE E=f—|
5) ! 7//////%= //////////2%/////% - —
0 __ —— ///////////////////Z
LEGEND:

|—> = The end of the doubleword in the |-bfrs
l | » = Content of Bfr not significant.
= Remainder of Doubleword
—m N
TS~ - One IBFR Position

% Instruction being Operated on by l-cycle Hardware.

\\\

The above chart represents the contents of the |-Bfrs for the 12 different combinations of instruction length and
instruction location within a doubleword.

Byte 0 81,2.3
KEY II
) L EXP LS
o, 7 o 1 I 2
1
————— ADDCARAY
0 1 2
LY
~ '
60 TXFLS 2 | i) EXPLS
SR I I S N
SR | S—
To Address
M-Reg Assembler LS
A-Asm
I g
o 1
ADDRESS COMPARE
~ L
Any Instr 1=Vor

i

TR=Vorw

N N | | Cycle Crl's
e 4 SWITCHES Ff 0 Set Branch
E {::\); 3 @z Read Latch
c H 1Cycles

B SPTL Redgisters

S-Reg

execution routine.

Set time for SPTL.

Set from the Op reg for further use by the

[ |-Phase I

—— b
1 E-Phase I
l 1

|-Phase

l p align

e e E-Phase
e

P-Reg

T-Reg

L-Reg

* DISPLAY IN EXPANDED LOCAL
STORAGE REGISTER 56.

Set to a value of 02 (or 62 for floating point) to
allow addressing of local-storage areas containing
general registers. CPU working area, and floating-
point registers.

Reset to zero for use in an align routine (if
required).

Set from the immediate byte register or base field

assembler to allow indirect addressing of the
general registers and floating-point registers.
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Op Register

The Op register is used to hold the present instruction Op code
during |-cycles. The output is gated to the U- (2) and S-registers,
and is also used for I-cycle decoding and branching to the
instruction execution routine.

The decode of the Op-register is used to build the ILC, which is
gated to the U-register byte O, bits 0 and 1.

[ I-Phase i

- o
* l E-Phase (
b |

I-Phase

| , align |

- ]
* L E-Phase Jl

I

Immediate Byte Register

The Imm byte reg is used to hold the second byte of the present
instruction during I-cycles. The output will:

® | oad the U3-register.
® Be assembled with the base field to be gated to the L-register.

® Be gated to the I-cycle controls.

L I-Phase I

= L
* L E-Phase \
| — L

|-Phase
1 . align '
-

? 1! E-Phase .
- L

*Only with branch-read (DFOC)

Immediate Byte Modifier Register

® Used only by the Execute software instruction to modify
the second byte of the subject instruction (if the R field
of the Execute instruction is not zero).

® The register is set when the W-reg is destined, with data
from byte 3 of the GR specified by the Rq field. (Refer
to the explanation of the Execute software instruction.)

W=LH, DF

DFA4 DF80 KF84

U-Register (Exp LS 53)

Part of this register is set only by hardware. The two-bit
Instruction Length Code (1LC) is set to a value determined

by the Op-reg decode. The condition code (two bits) is

used by the I-cycle controls to determine whether a branch-on-
condition code instruction will branch, Byte 2 is set to the
Op-code, by hardware only. Byte 3 is initialized to the
immediate byte by hardware. Bytes 0 (except bits 0, and 1),
1, and 3 may be loaded from EBI by microcode.

Byte 0 Bits 0-1 Instr. length code (hardware set only)
Bits 2-3 Condition code
Bits 4-7 Program mask

Byte 1 Bits 0-3 Special CPU use
Bits 4-7 OMWP bits

Byte 2 Bits 0-7 Op code (Hardware set only)

Byte 3 Bits 0-7 Immediate byte

I-Phase

1

I [
I E-Phase |
I-Phase - |

L palign g

| ! 1
= 1 E-Phase |
i L

I-Cycles
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Special address-matching function--on a doubleword basis
(bits 8-28).

® |-regis compared to PAA. (V or W) TR-reg is compared
to PAA (V or W). (These matches are required to
determine whether program modification is taking place
in that part of the instruction stream that may have been
loaded in the I-BFRs.)

® |f the comparison is equal during a store operation, the
BR read latch is set. (This forces a new loading of the
I-buffer Op-reg and IMM byte reg).

V-Register (EXP LS 51)*

Bytes 1, 2, and 3 usually contain the second operand address.

*1f used in a storage word as a storage address, the Key register is
gated as byte zero.

W-Register (EXP LS 52)*

Bytes 1, 2, and 3 usually contain the first operand address.

Key Register

The KEY REG is byte 0 of the I-reg when it is destined. It
contains the storage-protect key, bits 0-3, bits 4-7=0).

If V or W is used in a storage word as a source, the key reg is gated
as byte 0. If I, IBU, or TR is used, the key reg is always gated

as byte 0. The key-reg is set when the I-reg is destined.

{
[ e ! 2 13 N+ 1 ¢ ] ¢ 7 1]
D-Reg ¥
[ 2 X 1 SDBO-Asm
I ) —
I | E81 ]
e 1 11 =21 33
Byte O 81,2,3 1T 83
I = I 80,123 | ’ w0123
. K - AL
o J EXP LS - . = EXP LS 51 1 . C [
. o T 2 T 3k Lo T T3 [= |k e T [+ 13|
J 1-Cycle CtiTs l T‘
Add '°\ [ 80.1,2.3
[ =———-"ADD CARRY ' i m W EXPLS 52 n 1 1-BFR1 ] orc
o [ 25 : 1 : : o 1+ 112 [ ¢
)| |
CT0 80.1.
= Ef' .
=~ =
80 EXPLS TN | R EXPLS 55 ] et Y EXP LS 1 Y8FRO 1 e
PR I e |1 s o s v | ™ 1 e s e I N I N g
—l From ICY Ctrl's _ L_
Buse
F‘—“ .
| “ ven a2 —
T HH ! 1 Dispi.
II I HHH
i h § —
I I TS J‘,: 0l
S i * o e e
-Reg Als ‘ﬁ . - :E BLS o als 4
{ AREG 1 { 8.REG | [CoHea ] [Tmm BYTE
Lo T =+ T =2 T 3 Lo T i z [ s ] g} Cuopirien (e Execune tome
I \
ADDRESS COMPARE l
J ) I Il 1L N e
Lm l ) LeVorw l e I T 1t 1 B (
Address Counter TR=Vorw v
I ZREG 1
T L X | Cycle Ctrl's I o | 1 'r 2 | 3 | LL Gate
3 4 SWITCHES F 1 Set Branch ' * DISPLAY {N EXPANDED LOCAL
E, @ 2 € @ 2 Read Latch [ D~L-|E-E 1 STORAGE REGISTER 56. S -
l 0 I 1 ] 2 l 3 1 0 3[4 716 )
C— e ICycles sD8O Qﬁ To LS Address cﬁj

Asm
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I-Cycles 2-62

3 -Register (EXPLS 50) [0 Addcary (Adder) X
Instruction counter register. Byte 0: If the I-Reg is destined, byte The two low-order adder positions (24-bit adder) add the instruct-
0 is gated to the key register. Bytes 1, 2, and 3 contain the ion length to the I-register bits 29-30. I-REG
instruction address.
® Adder (except the low two bits) adds a ‘1"’ to I-Reg bit 1 2 3
position 28. This sum represents the next doubleword storage | 24 I 25 l 26 D7 l 28 I 29 l 30 31
location. ] v 01-RR
The I-Reg is updated as follows: ‘ ADD ONE ‘ : ILC 10—RX, Sl
® A carry-out of position 28 is added to bits 27-8. :——-L A1 11-8S
}—I-Phase ——-I
® A carry-out of position 29 indicates that TR bits 8-18 are to be ADD CARRY
I._E-Phase_——-l ' loaded into | for a hardware update. 1 2 ) 3
I-Phase 24| 25 | 2 7 281 29 | 3
ali ® An adder check turns the I-cycle hardware indicator on. l I L d 2 T 2 [ 0
— _*' gn —] ' !
1 t
l——E-Phase ——-' E E
. 3 1
m TR-Register (EXPLS 55) TR-REG
1 2 3
® The TR-Reg consists of bits 830, with bit 31 always forced :
) to a zero. {There is no bit 31 latch). ] 24J 25 I 2ﬂ 27 l 28 l 29 l 30 | (O
, IBU-Register (EXPLS 54)*
Upon entering I-Cycles, I-Reg bytes 1, 2, and 3 are set into I1BU. o FIontains ar'w address within the next doubleword after the address X _I LX
If a retry condition is encountered during I-cycles, the instruction in the |-register, to be used when prefetch or further fetch l ' L |
cycles may be repeated (Return to DFOC). In this event, IBU is (DF14) is required. Update | A |
moved to the I-Reg by the retry microprogram. ® Used to buffer the Addr output during hardware updating of ADD CARRY bit 29 to 28
the l-register.
® | hardware update, consists of: Loading | bits 29-31 from Carrys from add carry bit 29 to bit 28 are not allowed, but remembered.
. ! . . If at | update time, a carry was remembered, it causes all of TR to be gated
TR' 29-31. Bit 31 of the I-.reglster is not.gated through the addr. back to 1. Otherwise, only bits 2 and 30, are used to update .
| bits 8-28 from TR 8-28 if the Adder bit 29 had a carry-out.
}— |-Phase ——| (TR=1+ILC+8)
} E-Phase |
RR RX (with align) SS RS

1=1000 I-Phase
:ggg l::)‘( E-Phase
RS .
1006 SS OP REG | -— =S —— —
100C RS Update | -— —— _— —
L * £
1 1000 { 100]2 { 1006 'T 10100 ; 1010 o)
TR 100A—1 100E | 100C f 1010 f 101X (X=ILC+8)—%
IBU 1000 1002 1006 1AOC {
* A'carry-out of position 29 causes TR
bits 9—30 to be gated to | bits 8—30




. M-Byte 2

Gate ICY to M
or RTN to ICY

Instruction Cycles-Address Generation
Force DF
High-Level Data Flow Generate Address oR T
Set Contro! Address
Op-Branch to DF
Force CX
Generate Address X
Op-Branch -————I
M-Byte 2
0 VY.
1 Force C5 -
2 Bit31 =ON (lor V-R_| Specification Force 64 |
3 DF-Decode ‘V'Reg A X
4 A——,
5 Specification
6 Icy Op-Reg
7 0
— Op-Branch 1 0-3
DF -1 DFF 0 A OR (From 1 to E Phase) 2
Latch DFEO 1 b T SO
Pres. Next 4
M-Byte 3 bl Addr. | Addr. 2 47
| RX Instruction with align
0 ‘ Op-Branch to DF oc 04 7 X
ICY Ctrl - Reg OR . 04 00
1 Execute Instruction (To align)
1 14 10
2 2 24 -8 Op-Branch
3 3 34 30
4 4 3c 2C
5 5 2C 28
6 ac 40 x
7 | 5C 40
6C 60 [
Control- @— DFO00 DF10 70 70 Generate Address
Decode
RU 033
RU 034 Op-Code
. to ALIGN X
ley Main ley
Data to M-Reg Next Addr Stg Addr Next Addr i
Op-Branch to DF
M-Reg S/R —— BR Read to 0C.
- _— OP Read to 14.
Otherwise, use Assembled
Icy Curl Reg S/Ri | Aﬁ_ lLC'Format, NEXT X
Double Index,
Prefetch to ADDRESS I
STg 1 Cycle STg 2 Cycle dg;me the next Set Control Address
Set Ctrl Address address. /
Time 0 0 0 0 (Not DF) — on '~ Odd Fit point reg, \

Representative Timing

Odd Shift register,
unsuccessful branch,
branch to align

after prefetch WD /

M-Byte 3

X oy |- —— — —

Zero
Zero

3145 T™M 2-63



I-Cycles 2-64
I-Cycles Control Line Generation

ICY CONTROL REGISTER DECODE
> CTRL REG
\éa 59 BITS
,§$ CSQV 112134 |5 CONTROL LINE FUNCTION
g @ Qb & o|0 [—|1 |- Command Branch Load Load I-bfr O (I-Bfr 1 in next cycle)
8§ \vS’ 8650 gf olo{—|1]- Force | Gate |-Reg to B (and Address Adjust)
ADDRESS 00’3 é& S Qé ofojt]O]|1 Command OP Load Load I-Bfr 1 (1-Bfr 2 in the next cycle)
& olo|1]o]1 Force TR Gate TR-Reg to B (and Address Adjust)
DF0O 6 171 ]=]o Activate prefetch
DF04 16 110[{1]|1[=| Command Prefetch Force TR to ADR ADJ Asm
DFOC 2 2 186 of 1[{1]1]- {and B if DF 30 or DF 3C)
DF10 2 16 —{1{={—=10 OP Branch Command Use Op-Reg to define the next Cxxx address; or go
DF14 2 2 16 1] —|—|—|0 to the Align Routine
DF20 2 2 16 of 1{0}—}|1 L plus one Force bits 7 and P of data being gated to L-Reg to be inverted for FLP long
DF24 2 2 16 o[ of[o]-|-| LoadOP, IMM Byte Initial load of Op and IMM Byte
DF28 2 16 —| 1]{o]o}|- Command Move I-Bfr Used with |-Reg to activate the set
DF2C 2 16 1] 0]0]1]|— or reset of the |—Bfr's
DF30 13 2 2 4 16 11 —-1=11}- Gate D4 and B, Used to gate the correct base or displacement
DF 34 16 1[1[=|0|=| GateD, field from the I-Bfr’s 0 and 1 to L - low or B-Reg
DF3C 13 |2 4 16 0] 0{—1—-|0 Set Control Address Set next address for ICY sequence
DF40 2 16 1
DF48 2 2 2 16 1
DF4C 2 2 16
DF58 13 |2 2 4 2 16 1
DF5C 13 |2 2 1 6
DF60 2 2 2 16 1
DF6C 2 16
DF70 13 |2 2 . 4 2 16 1
DF7C - 2 16
Not DF 1
RTN
to

I-Cycles L
1. These controls are not the result of the Control Register decode
2. The Control line is activated by the corresponding address.
3. This line is activated by Command prefetch.
4, The set/reset of the I-Bfr’s is also controlled by Command Prefetch,
5. This control line is activated, but not used.
6. From DFOO Through DF7C SPTL. is controlled by [-Cycles.

DFEO or DFFO will activate this control line again to restore SPTL
after an align.
7. Set P, set LL.



ICY Address Generation and Control Decode

M Byte 2 Generate
Address NOTE 2 5
DE (INDICATES __X PH 3 CURRENT I-REGISTER ADDRESS | MBYTE 2
| : A
? D ALIGN ROUTINE) __F o8 2 2 o cx — X 0 : :
2 ¢ plot I fea Instruction Look Ahead RR No ' BFR 1| 1BFRO oo ADDR :: D:C :C
3— C Byte 3 bit 0 — —# nstruction L.oox /inea Prefetch| Byte 0| Byte2 |Prefetch ]
o A RU 031 (also used to determine prefetch) \4 retetc Not Branch to CX or C5 —] 7 ASM wa Pl
- SS | NotRR A | X314
D [}
6— ¢ Generate ( :) rx|! BFR 1 | IBFR 1 No 5 OR DF ] -:- ! ;f,’
7— ontrols op Rs| Byte0 | Byte2 | Prefetch B " F: 5,
—X PH [ REGISTER Sl SS Not RR Prefetch -1 ! 'g
Set/R 0 I BFR 1 | BFR 2 l : ! | ie
Time 135-180 et/Reset 1 V¢ preferch | N© Bit 31 of 1 or V=1—] A I !
- 1 A | Control Reg 2 ss| Byte 2 Byte O | |
Not STG-1 Cycle Prefetch [ C5
Good Data RU 031 3 Not RR N R S e ] |
|
4 (note 1) . 64 X
5 - Prefetch Required | |
' |
6 Instruction for !
. 7 |FX : : [a] o
Mode Reg bit 1 =1 this |-Phase Special Case — " I
Not 1/0 Op A (see.note 1) |
N
(SHARE CYCLE AU 118 BRANCH TYPE OR 0] Zero I :
OR EXECUTE
AND TRAPS) | {oP a4) I’_‘:_’ 1] ILC RX,RS 51,85 | |
IcY r-l OP Length 2| iLc RR,SS | |
M Byte 3 CONTROL Control  t— Not DF Set Control Addr o | |
REGISTER OR Format 3| prefetch —
F_X —{ Set Control Addr | DFO0,DF10 orma | |
A DF and : FLP 4 Not RR or FLP | |
0 — bit OP Branch Cmnd 1 A —_l with Prefetch ~ |
0=DF 1 OP Branch OR 8 I
Execute Instr _] Branch to DF 5 if more than one 1 |
1 bit1 | OR 5| u-word required
2 - RX With Align | > (not RR) to calculate I |
bit 2 ® N AL operands I
3 bit 3 — OR OP Branch |
- RU 033 RU 034 |
4 bit 4 (on OP Code) - {oR |
5 b 5 A Branch Read I |
2 FO,E0(M-3) — |
RU 032 Base From | BFRs FL | force DFOC | ! |
— A | OR |
RR)— |
‘ IMM BYTE I I MEYTE 3
Refer to the Expanded Local Storage REGISTER SS) of | 0
definition of Exp LS 56 RU043 ! ! i VP
3 S 3 Present | Next 0 D |
ICS BYTE 2 Addr_| Addr ) LH Double Index | T3l X - o| 161
0 — BR read latch 0C 04 ” E j NOTE 3 OP Load : H
1 — OP load latch 04 00 3 c|index=0 I___ N 3 d
2—O0PL2 14 10 4 o) ~ _E NOTE 3 FL I force DF14 a1 0
3— OPL1 >4 >8 ? b Base = 0 Align Entry | 5 1 llowd
4 — Prefetch required 6 LL R, =0 A49Y LN | 4bit
§ — Prefetch inhibit 34 30 Z E} 1 Y*E\L’ DY [ 6101 19
6 — FLP Long 3C 2C RU 043 =Low bit 7fo! 10
7 — OPBR to DF 2C 28 5 Ll
ICSBYTE 3 4C 40
0 — | BFR 0 parity check latch 5C 20 X— s
1 — 1 BFR 1 parity check':atch oC - (bit 5 of M3) r_;r__l
2 — Half adder check fatch 7c 70 Unsuccessful Branch on CC ORI Unsuccessful Branch OR %
3 — IMM Byte Modifier parity check - ) ]
4— X=0 RU 033 Branch on Count R2f|eld=zero 0Odd Shift Register
5— B=0 RU 034 ggdBFloa::ng l;o;ntfﬂeg Gate ICY to M-Reg (active when in DF) oR
ranch to DF after
3— ‘S_Ztvfg;trol Address Prefetch
- = RTN TO ICY (activated by IORTN orf1 RTN
EXP LS 56 (ICS) is intended for use only as AND NO INTERRUPT)
a manual display and can’t be accessed-via OP Branch —— OR

microcode.

NOTE 2: When in |-CYCLES (DF module) the line Generate Address
is functionally overridden during addresses DF00 and DF10.
NOTES3: If both Index and Base indicators are off, double indexing

will take place.

OP Branch to DF

Note 1: This condition (an SS instruction and the next instruction an SS) causes
the line Inhibit Prefetch to be active, and the Op load latch is set when
the next Op code is available.
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I-Cycles 2-66
Unique Conditions During ICY ‘

Share Cycle - Storage Correction Cycle CPU Low Request (Not Prefetch)

fash cle is attempted during ICY, the ICY hardware is ]

Ifas are. cvete! . P 9 s . If a storage correction cycle occurs during l-cycles, the latches The line ‘CPU Low Request’ may be activated by:

deconditioned. This occurs when the line ‘Not |/O Op’ becomes Generate Address and Go o | . The Reque vt \ f

inactive. (See ICY address generationand control decode page.) , ) nerate Controls are not S/R. The line . Storage-protect check (caused by a mismatch of the storage
good data’ blocks the clock pulse. (See I-cycles Address . keys).

With ‘Not 1/0 Op’ inactive, the generate address, and generate

ses Generation and Control Decode P
controls latches are deconditioned. de Page).

B. Address check (TR pointing to the doubleword above the
top of storage.)

C. Address translation check,

These three conditions may be considered as program errors that
cause a program check and go to the GICM routine.

Trap (Not Machine Check)

In the event of a trap during I-Cycles, the M-Reg will be set to
the appropriate trap address, and the trap will be taken.

When the trap address enters the M-Reg, the DF Decode

will turn off, suspending I-cycle operation.

Trap {Machine Check)

If a machine-check trap occurs during ICY, the failing instruction
is retried eight times before entering the hard machine-check
routine.

The Retry Microrutine takes the contents of IBU (I-Reg
Backup; that is, the current instruction address) and place it in
the 1-Reg. The Retry procedure is to then return to I-cycles to
begin processing the instruction again. : :

CPU Low Request (Prefetch)

CPU low request is blocked during Prefetch. If a storage check
occurs during a Prefetch, it sets the branch read latch. Upon
return to l-cycles, the [-Reg is used (instead of the TR-Reg)
to refill the I-Buffer. If a second CPU low request occurs, it

. indicates a program check.

I-Cycle Error Conditions

Parity-check errors for | Bfr 0, | Bfr 1 Op and IMM Byte
regs as well as half sum check errors are indicated in
expanded local-storage register 56 (ICS) I-Cycle control
display.




I-Cycle Timings I

i

: | EXECUTION OF
|

| I l |
I
RTN : I-CYCLES | EXECUTION RTN : I-CYCLES : EXECUTION RTN I-CYCLES I SUBJECT
(To I-Cycles) | : ' (To I-Cycles) | | {To I-Cycles) : INSTRUCTION
I ]
1 1-CYCLE LATCH RU044 I—: _l —:
| I | ! ! |
| | ! | ! NOTE: BR RD
2 EXECUTE INSTRUCTION | | I | | Latch is set
LATCH RU044 | 1 | | | |
| 1 l | | |
| | I ! 1 ]
3 ADDRESS RANGE | | ! | | |
DF00—-DF7C P —— ——— | ees— —
i ] | | [ !
| | | I | |
4 ADDRESS RANGE | | I | I '
DF84—DFFC | | | — | ES—— |
I | | | | |
| | I | | |
| | | | |
| | : | | |
6 UPDATE I-REG | —— I e [ — |
| | I | !
| | ' l ! l
7 S/R (lor V) REG RU044 _ torv= (1) ﬁ M lorv=1) ﬁ # lorV={(l) mmm lorV=(V) %
I 1 | | | I
' § ~ierD | | ' ! '
8 S/ROP, IMM BYTE REGS _———— Sequence ﬁ ﬁ_——— % ﬁ— — ﬁ
| | | I |
| | I | | |
9 1-CYCLE CONTROLS I——————— ssesssssssssss. = —————— E————
(S,P,L, M-REG-not I I I
STG 1 Cycle) - I I [
| ! !
[ ] I
| | |

NORMAL I-CYCLES I-CYCLES WITH READ AND ALIGN I CYCLES FOR EXECUTE INSTRUCTION
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I-Cycle Operational Description

Software instruction decoding on the 3145 is accomplished by a
unique interaction of microprogram and hardware.

The microprogram used for instruction decoding is the GAAI
routine, which resides in the DF module of control storage.

I-Phase

During I-phase, the instruction is read out of storage and placed
in I-buffers. Certain determinations may then be made concerning
format, Op code, and instruction length code. The purpose of the
I-phase is to ensure that the correct data will be available for use
during the E (execute) phase. Upon exit from the I-phase, the
Op-code is used to point to the next control-word address of the
microroutine for that format. (for a 1A add instruction, address
C1A0 is used as the entry to the GARR routine).

E-Phase

In the E (execute) phase, data is read, stored, and the correct
condition code (CC) is set. The operatjons indicated in |-phase
are performed, using the operands fetched during I-phase. The
address sent to the M-Reg is that of the entry to the execution
routine.

g RTN LNK

I RTNLNK |OR

M-REG BYTE 2,3

INSTRUCTION STREAM

s
The GAAI routine
combines micro code
with hardware to arrive
‘at the starting address

of the execution routine.

S

I-PHASE
I

GASS"
GARX c
> X
GARS c
cl| X m
GARR X o
Ml p
c o
x| Ml o
o
Ml D
o
D
E-PHASE

X = Op code high-order four bits
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Fetch Operations
Main Storage

Address 1000 1004
—-&]nore)———% OF 1D Olj
Y
Fetch
FETCH

® |-Bfrs are initialized

® This case may have occurred by a program branch to the
instruction at address 1004

Note: See Fetch Sequence (page 2-70) and Loading |-Buffers
(page 2-563) for additional information.

MAIN-STORAGE

ADDRESS
1004 '
D2 OF 1D 01} 2D 02 47 41 05 01 1A 5A
- AN _ —
'
Further fetch required because the current
instruction is not fully contained in the
|-Bfrs.
Further Fetch

® Required when the current instruction is not fully contained
in the |-Bfrs.

® Recognized by:
1. The decoding of the current Op-code, which determines
the length of the current instruction.
2. The l-register points to an address within the doubleword
that the first byte of the present instruction is located.
® Accomplished by: (storage word at DF14)
1. Setting the Op load latch during DF04 and forcing DFQO
to branch to DF14 with the gating line Set Control Address.
2. DF14 is a storage word that forces the TR-Reg to the B-Reg,
thus fetching the next doubleword from storage, using S/R
| buffers 1 and 2 with the even word late in the storage 2
cycle of DF14. During DF10, (early in the cycle) I-buffer
2 will be S/R with the odd word.

Note: see Fetch Sequence (page 2-70) and Loading |-Buffers
(page 2-53) for additional information.

1A 5AI47 30 AD 20 47 FO A2 50|

— !
Y

Prefetch

Prefetching

® Required when the next instruction is not fully contained in
the I-Bfrs.

® Recognized by a combination of decoding:
1. The I-Reg points to where the instructions come from
within the doubleword.

2. The Op code indicates the length of the present instruction.

3. Instruction look-ahead knows the format of the next
instruction and therefore, knows the length of the next
instruction.

® Prefetch is blocked under the following conditions:
1. All branch-type instructions.
2. Two SS instructions in succession (TR is pointing to the
doubleword just fetched).
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Fetch Sequence
(BRANCH LOAD SEQUENCE)

MWd: I RTN I RDW Y,V+4
Time Ref | I STG 1 l STG 2
M-Reg ‘ DFOC I INST ADDR |
CTL-Reg I DFOC |
Force |

(Ex L NOT ON)
CTLs

DF04

S/R

DF04

| BLOCK LS DEST I
| LOAD OP, IMM B Regs l

Fetch Instr OP, IMM B Regs Valid
FUNCTION %
M Determine Next Address DFXX

S/R

| Buff2

| Buff 1

| Buff 0

DFO0

DFO0

DFXX

DFXX

Further Fetch Sequence
(OP LOAD SEQUENCE)

MWd: I (Previous) I RDWY, V
Time Ref | | STG 1 I STG 2
M-Reg | DF14 I Next DBLE Wd |
CTL-Reg | DF14 l

. Force TR
CTLs

DF10

I Y=Y,SF |

DF10

I Block LS Dest |

Fetch Next Instr
EUNCTION M

M Determine Next Address DFXX

S/R

S/R

| Buff 2

| Buff 1

DFXX

DFXX
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RR Sequences

1. CONTROL WORD

2. TIME REFERENCE

3. M-REG

4. ICY CTRL REG

5. CONTROLS

6. FUNCTION

(previous)

Y =LL,DF

*

DF20

Execution
Routine

DF20

Move 1 Bfrs 0, 1

R2 Operand to
Y REG

I———

NOT FLP LONG

NOT PREFETCH

Y =LL, DF

DF34 DF

DF34

STG-1

Force TR

——

Move | Bfrs 0, 1

R2 to Y REG

I ————————————————

RDW LL ADJ, V

STG-2

Execution
Routine

m

Blocks LS Dest

J——

Load | Bfrs 2, 1

Prefetch for next Instruction

NOT FLP LONG

PREFETCH

CONTROL WORD

TIME REFERENCE

M REG

ICY CTRL REG

CONTROLS

FUNCTION

{Previous)

DF24

D

Y=LL,DF

e —
——————|

Q=LL,DF

DF28 Execution
Routine

DF28

| F24 | l

| Force L Odd l
R, to Y-Reg Ryo+1to Q-Reg

Move | Bfrs 0, 1

FLP LONG

NOT PREFETCH

(Previous) RDW LL ADJ, V

STG-1 STG-2

Y =LL,DF

Q~=LL, OF

I DF3C I (TR) I DF2C I DF28 l Execution
Routine

DF2C DF 28

e —————

DF3C

I Force TR

Move | Bfrs 0, 1

Block LS Dest.

—

Load I-Bfr's 2,1
Ry To Y-Reg

Force L Odd l

R2 + 1 to Q-Reg

I Prefetch for next Instruction | | |

FLP LONG

PREFETCH
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I-Cycles 2-72
RX Sequences

(previous) V=LL+V V=LL+V {previous) RDW LL ADJ,V +4 V=LL+V

1. CONTROL WORD

STG 1 STG-2

——————————————————

Execution Routine

——————————————

DF4C DF40 Execution Routine

2. TIME REFERENCE

DF5C (TR) DF40
3.  M=REG ————— (0r Read and (or Read and
. Align Routine) Align Routine)
DFA4C DF40 DF&C DF40
4 |CY CTRL REG —————————
Force TR Block LS Dest
5.  CONTROLS Jo—] Force disp. (U-Bus) to PBA j——

| e o L Reg —— Force Disp. (U-Bus) to PBA

Base to L Reg

M Force B = A + B ALU operation

Move | Bfrs 0, 1 Load | Bfrs 2, 1
Prefetch for next Instruction

Move 1-Bfr's 0, 1

Calculate Operand Addi'ess Address

| Calculate Operand l

DOUBLE INDEX

6. FUNCTION

DOUBLE INDEX
NO PREFETCH

WITH PREFETCH



RX, RS, Sl Sequences

1. CONTROL WORD

2. TIME REFERENCE

3. M REG

4. ICY CTRL REG

5. CONTROLS

6. FUNCTION

— e —— —— . ——— ——— —— — — —— — — — — — — — — — — —— — —

(Previous) V=LL+V

DF48 Execution Routine
I I {or Read and Align Routine)

DF48

_ﬂ Force Disp. (U-Bus) to PBA
~ Base to L. Reg (or X if RX instruction

Move | Bfrs

j—
j———

NO DOUBLE INDEX
NO PREFETCH

and X # 0, base =0)

Block ALU A entry
if Base is used and =0

Calculate Operand
Address

{Previous) RDW LL ADJ,V +4
#
DF58 (TR) Execution Routine
{or Read and

Align Routine)
DF58

J——

Force TR Block LS Dest

j— Force Disp. (U-Bus) to PBA

j— Base to L-Reg (or X if RX instr.and X # 08 =0

Force B=A + B ALU Oper

—~ Block ALU A entry if

Base is used and = 0
Move | Bfrs 0, 1 Load | Bfrs 2, 1

Calculate Operand Address

l Prefetch Next Instruction |

NO DOUBLE INDEX
WITH PREFETCH

3145 TM 273



SS Sequences

1. CONTROL WORD

2. TIME REFERENCE

3. M REG

4. ICY CTRL REG

5. CONTROLS

6. FUNCTION

(PREVIOUS)

W=LL+W

V=LL+V

j——————————————|——————

DF6C

DF60

DF6C DF60

Execution Routine

Force Displ 1 and 2
~ M (U Bus) to L Reg
Base 1 and Base 2
_ M to L Reg
B

Block ALU A entry
if Base =0

By

*2

Move | Bfrs 0, 1

Calculate Operand

Address 1

NO PREFETCH

Calculate Operand

Address 2

(PREVIOUS) W=LL+W RDW LL ADJ,V +4

l | | STG-1 | STG-2 l

DF7C DF70 (TR)
Exeuction Routine

DF7C DF70

Force TR Block LS Dest

D4

~ _ Force Disp 1 and 2 (U Bus) to PBA
~ _ Base 1 and Base 2 to L REG

B
1
* Block ALU A Entry if Base = 0

Force B = A + B ALU Operation
Move | Bfrs 0, 1 Load | Bfrs 0, 1,2

Prefetch next Instruction I

Calculate Operand

Address 1
Calculate Operand

Address 2
WITH PREFETCH

I-Cycles
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I-Cycles Alignment Routine I-Cycle Entry with Prefetch

(Last word was a storage word, requiring a storage 1 and storage

2 cycle.)

The align routine is entered at address DFB4, thereby eliminating
the delay word. The delay word is not necessary in this instance
because the storage 2 cycle allows sufficient time for the V-

Reg to be destined.

I-Cycle Entry with No Prefetch

(Previous word was not a storage word.)

The align routine is entered at address DFBOQ, which is a
delay word, The delay word allows the destine of the V-
Reg.

Perform a hardware
branch on the mod-

Perform a hardware
branch on the mod-

ified Op-code
(Branch out of the
ALIGN subroutine)

ified Op-code
(Branch out of the
ALIGN subroutine)

GARR DF48

No , B4-5F
1 24V=LL+V

V=(X2 or 32)+D2

DF45 GARR
No 54-5F
| 24 V=LL+V

V=(X5 or B5)+Dy

Align
Routine

Align
Routine

C140-C1F0 C140-C1F0

DFBO
DFEO

DFB4
DFEO

DF58 DF58

Prefetch
RDW LL ADJ.V+4
V=X2 or 32)"'02

Prefetch
RDW LL ADJ+4
V=(X, or Bo)+Dgp

|—DF48 —}— DFBO —}— DFB4 — } DF58 DFB4 '

V=(Xg or Bo)+Dy Delay
Destine
Z-Reg=V V=Reg

RDW Y ADJ V+4,TB
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I-Cycle Alignment

The align routine enables data in main storage not on a word
boundary to be aligned to appear on a word boundary.
Consider the following example:

GR 1=0000 10 00
GR 2= 00002000

5A 4 1 2 D02
Op code ———-]- ‘ ‘ —l_— D02
GR-4(To L Reg) 2000

1000
Effective Operand 2 Address = 3D02

Operand 1
isin GR4

The data at main-storage address 3D02 is to be added to
the contents of GR-4 and the result placed in GR-4.

In order to get the data at address 3D02, the problem arises

that the desired data is not on a word boundary.

MS ADDR
3D00

01234567

N Desired Data
L
Data Read

g Out of Storage

Word Word
@ 3D00 @ 3D04

During the storage access, the bytes 0, 1, 2, and 3 are
placed in the Y-Reg. Through the use of the TA-TB control-
word function, bytes 2 and 3 are moved to bytes 0 and 1,

0 1 2
2 3 2
4 5 6

Y Before

Y After

Y-Reg contents; with operations
RDW and MOVE (indirect)

Q-Reg contents; with operation RDW

The information is then place in the Y-Reg (via an indirect

MOVE operation) in the form;

2 3 4

5

“— ( From Q)

Y
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I-Cycle Exit from the Alignment Routine

In some instances, it is possible to take an RX instruction and
place the operand 2 data into a local-storage register, Once
the operand 2 information is located in the register, it may
use the RR format-execution routine. Consider the following
example:

A R4, Dy(Xy, By) [RX]
5A R4 X9 By D,y
0 7 8 1112 15 16 19 20 31
[§ v J\ —
Register Address
Operand Operand
1 2

An RX ‘BA’ add instruction has two operands, consisting of
R1 and X2 + 82 +DZ' If the operand two fields are combined,
the instruction would then appear as a ‘1A’ RR instruction.
The operand 2 data for both formats is placed into the Y-
register before entering the execution phase.

AR R4, Ry [RR]
1A R1 R2
1] 7 8 1112 15
- v J\ J
Register Register
Operand Operand
1 2

During the align routine, the operand 2 data is placed in a
local-storage register. Upon exiting the align routine, the RR

execution routine may be used.

No

DF48

124V=LL+V
V=(X5 or By)+Doy

54.5F

DF58

Prefetch
RDW LL ADJ.V+4
V=(X2 or Bz)D2

DFBO/4

Align
Routine

DFEO

Perform a hardware
branch on the mod-
ified Op-code
(Branch out of the
ALIGN subroutine)

GARR

C140-C1FO
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I-Cycles Program Modification

Program modification is detected by a store operation using V or
W, as a storage address within the present, or next storage double-
word address, as compared to the |- or TR-Reg. Only bits 8-28
are compared.

When program modification is detected, the branch read latch is
set, and the modified instruction is loaded into the 1-Bfrs.

In this example, the Insert Character Op code causes the modi-
fication of a portion of storage that is already loaded in the
I1-Bfrs. To continue operating on the old information in the
1-Bfrs would cause the wrong result. To replace the old informa-
tion, the branch read latch is set; and the modified information
is loaded into the 1-Bfrs early in the next |-phase.

1 =404 V =405

Set Branch Read Latch

Y

|-BFR 2

D2| 00! F1|24

ADDR.  INSTR. LABEL
400 43200405 1C2, INOUT +1
1-8FR1 404 D200F124F700 INOUT  MVC OUTPUT (00), INPUT

D200} F1} 24

I-BFRO

43 | 2010405
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REMEMBER

There is a Reader’s Comment Form
at the back of this publication.
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I-Cycles 2-80
Contro! Word DFOC

ADDRESS WORD STATEMENT
DFoC 40 68 18 00 RDW Y ADJ,V +4 This statement would normally cause the word in main storage at These lines are the decode of M-Reg byte 3 bits. The Ctrl Reg }
the address specified by the V-Reg to be read out and placed in is the I-Cycle Control Reg. In effect, the decode is QC.
the Y-Reg.

This is not the case when in the DF module of control storage.

RU 034 Gate ICY to M-Reg (active when in DF)- OR

C-Re . . .
? The address DFOC activates certain lines that cause the handling
0 1 Storage Word of data to be significantly different. The lines activated by A py [ Command Branch Load
; (13 address DFOC are: Command Branch Load and Force | Reg. CTRL Reg bit 1 and 2 are 0 RU 032 —_é:
wlz o Read Word These lines cause the following action to take place; @— CTRL Regbit4 RU 032
0 4 0 1. The data from storage will be placed in the | Bfrs and the . l
5 0 Y-Reg will equal | Bfr 0. RU 034
6 0 | — Branch High (0) (To bit 4 of M-3) 2. The |-Reg data will be transferred to the B-Reg, and the V-Reg
LA will equal the I-Reg + 4.
0 0
1 1
2 1 | b— Data Register (Y-Reg) Generate
: ! Controls (Not) Execute Instr Latch RU 044
SN Mode Reg bit 1 Bfr KC 163 A N PH —@ A
| t+ .
5 0 '— neremen (Not) 1/0 Operation RH 023 OR
6 0 I_. Stat Set A
. o . A A {OR Force | Reg
o O ‘
R )
! 0 Address Source {V-Reg) U 031
2 0 M Byte 2 RM 031, 32 A
1
Cc2 3 1 D A
4 Mode (Addr Adj) c
Z g (Not) CPU Low Request MS 014 D
7 0 '—— Special Stat Set —
0 8 (Not) M Reg byte 3 bit 0 RM 074
1 | Next Address [ e . —— e e e e e —— —— o —_— s o — . — —— —
2 0 ] Present Address |
3 0 | A
Cc3 4 ole__ I Ve ~N l
5 0 I M Byte 2
6 0 | }— Branch Low (0) DF l
7 0 l o D l
E
RC 111-191 : 14 ¢ Next Address |
4 O
5] o A |
| 2 1 E @ Ve \ |
: 5 |
| s ] M Byte 2 M Byte 3 l
I Not CPU Low Request Colr?tTOI D E F 0 ; 4 |
. 1}
I M Byte 3 Register H '
I L} A |DFand |
bit
I o— |o=DpF1 |
— Generate Address
i —y ADDR !
I 2 bit 2 ASM I
3 bit 3 -
X.
: 4 bit 4 *— l
| 5 bit 5 I
RU 032 '
' |
] RU 033 |
[ l
| I

RTN to ICY (activated by IgRTN or &—
11RTN and no interrupt)




rT - EVEN 0ODD
0 1 2 3 a4 5 6 7 ‘
. 1 1 i 1 | - 1 [ i 1 :
L . — . D-Reg !
¥ Ivl Y SDBO-Asm i
EBI
; 0 1 2 ;
H L L L i 3
Byte0 ; B1,2,3 s [ ] . B3
""" ' B0,1,2,3
— : BO, 1,2,3 ;
R . | ;
o : 1 ~ EXP LS V EXP LS 51 I-BFR 2 ;
(| L T J o 1 2 0 1 2 3 2 3
; H N ! 1 L] X L] 1 1 1
11 ~ T——{ = I-Cycle CUTTS j
1l _ Add ‘One’ 11 50.1.2 3 :

l—{ P/C

N
w
*

" Half
[ |Sum Checld

y ', e i S5 o F 4 et -
-3 29 31 . ER 115e3 B B

e Instr. :

|———  Length Code
e . From ICY Curl's.

FORCE |
—
Gates data through PAA

COMMAND BRANCH LOAD

Gates data through | BFRs 2 and”™
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Branch Loop Example

+0 - Time

- Gate Rtn to I-cycle
+ Force |-Reg to B-Reg
+ Gate ICY to M-reg

- Select EVEN data
+S/R I-Bfr 0

+S/R I-Bfr 1

+S/R 1-Bfr 2

+ S/R OP + Imm Byte
+S/R Inst. Length Cnt
-Gate D1 or By

- Force Displ

-
QWO NOOO hWwN =

—_- Ao
HWN =

- Gate Base to LL

15 - Set SPL from ICY
16 - QP Branch Cmd
17 - Move |-Bfr Cmd
18 - S/R I-Reg

19 +S/R1or V-Reg wEsemesemm
20 - Update |-Reg

21 - Branch Read Lt. IS
22 +S/R I-Back-Up

23 + |-Cycle Latch

24 -~ Set Ctr. Address R

Register Contents

1-Bfr2
1-Bfr1
1-Bfr0

C428 DFoC

RTN LNK RDWY ADJ,V +4
force |—M
STG 1 Cycle

Save | — |IBU

*The Register Contents
shows the value after
execution of the U-word.
(M-Reg, C-Reg contain
next word.)

REGISTER CONTENT IS VALID IF THE OPERATION IS

PERFORMED ONLY ONCE

I-Reg
TR-Reg
IBU-Reg
V-Reg

!
|
I
l
!
l
I
I

STG 2 Cycle

- Base = Zero —

DF04

Delay

Load OP-REG

IMM Byte SPTL
Complete I-bfr load

F

DF0O0

Delay
Load OP-REG

IMM Byte and SPL.

Branch on Format

DF48

V=LL+V

Calculate Address
update I-Reg

from Tr.

C470 C428

1=V

Successful Branch
On Condition
Instr.

RTN LNK

interrupt.

Check for pending

Early recognition of I-

Branch RD Ltch

47 | FO, 15 | 00 [5A | 24 ;2D ) 02]5A,24 12D, 02 | 6A, 24, 2D,02 [ 5A | | 1 02][8A ; T | 02
47 1 FO) 151 00|5A 1241 2D} 021 5A1 24 12D ¢ 5A 244 2D} 02 Same | | Same

47 | F0O, 15,00]47 | FO 115 10047 )F0 15,00 | 5A, 24| 2Dj02 |5A ) | L 0215A | 1 L 02
] ) | i ‘ !

‘IOp-Reg IMM-b I0p IMM 10p MM | Op IMM I'Op IMM - 10p  IMM !

5A | 24 | (27 T Fo | [a7 T Fo] (47 [ Fo] 1 5a] 24] [5a ] 24 ] :

| i
! |

[ 5Af02 Joo |24

47 Jo2 Joo [ Fol4a7 Jo2 oo | Fi

47 [02] 00 ] Fo] 47 Jo2z [ oo ]Fo] 47 ] 02 ] oo | Fol

|
: | S PTL:SPTL:SPTL'SPTLISPTLISPT L!
I ]
| | | | | | |
| l l '
[ I I | |
I | ] |
| | ' | |
I | [ | ! I [ |
| I [ | I ' | I
I [ [ ! : !
500 | : | T 504 (from TR) }<= 500 (from V)
3 ] -
50C ] T— 50C | ' , e B0E j<— 508
500 500 t
| I I [ ! ! !
500 } 504 (1 + 4) ~} 500
] ' | ] ! I ! {

DFOC

Automatic next
Address = DFQ4

DFO04
Automatic next
Address = DF00

I

DFO00

bit 5 =0, set CA
Branch on Format
no Prefetch - DF48
1
DF48

‘No Special RX.
Instr. Branch ON
Op-Code CXX0

J
C470
Successful Branch

(Not Successful
=C474)

|
C428
Branch Read

Latch ON =
DFOC

500 Main Storage 507

fe—— DBLWD —————]

Even Odd
WD ~{ WD

15 00 5A 24 2D 04

47 FO

GR1 = 00000000

The base register is assumed to be zero
for this example, which causes an
unconditional branch to the first
instruction (47). The ADD instruction
(5A) is used only to provide data for
the registers.

I-Cycles
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Partial Instruction Stream 1-Cycles Example Control Word at DF04 — (Y =Y, S0O)

1. Early in the cycle, the odd word of the doubleword read out
during DFOC is gated from the Pre-Asm to the SDBO Asm

The following instructions are contained in main storage.

743254 41200218 46 (1€ set to address 1000) through EBI to the I-Bfrs. This time on/y |-Bfrs 1 and 2 will
be ‘S/R’. |I-Buffers 1 and 2 contain the same information, the
: 1A RR : SA RX : 18 RR : odd word |-Bfr 0 contains the even word.
1 PHASEH f=1 PHASE——ALIGNA 1 PHASE — | | BUFFERS
E PHASE — |- E PHASE E PHASEH
| REG —1000—¢ 1002 { 1006 t 1 2 | 2D02 1B46
TR REG }—100A —100C 100E } 1008 | 1 12D02 1B46
IBU REG } 1000 } 1002 } 1006 - 0|1A32 5A41

Add (1A)Instruction

The 1A instruction starts at address 1000 in main storage. To
start processing at that address, assume that the set IC key is
pressed. During the set IC microroutine, the I-Reg is destined.
(This sets the instruction counter to address 1000). The IBU
Reg has address 1000 and the TR Reg contains address 100A,
the beginning address of the next doubleword. Destining the
I-Reg as a result of the set IC microroutine causes the branch
read latch (RU 043) to set. Upon completion of the set IC routine,
the start key must be pressed, which initiates the start micro-
routine. At the end of the start microroutine isa 10 RTN LNK
microword. The combination of the 10 RTN LNK and the fact
that the M-Reg is not at address DFXX along with branch read
latch (previously set on) forces the M-Reg to address DFOC. The
M-Reg addresses control storage and reads out the control word
at address DFOC.

CONTROL WORD AT DFOC- (RDW Y ADJ, V + 4)

1. M-reg is at DFQOC. )
2. Thisis a RDW, force | to B and read the doubleword at MS

1000 and put it on SDBO.

a. This double word (1A32 5A41 2D02 1B46) will be in the
SDBO Pre-Asm early in stored bycle 2 (storage cycle 1 was
addressing MS).

b. Late in Stg Cycle 2, the even word from the SDBO Pre-
Asm will be gated to the SDBO Asm through EBI to the
I-bfrs. I-Bfrs 0, 1, and 2 will be “'set/reset’’ {S/R): and at
the end of storage 2 cycle, all three Bfrs will contain the
same information (the even word).

¢. During the control word DFOC, the M-reg was set to
address DFOC. Through hardware, the M-Reg is forced to
DF04 by using the gating line ‘Generate Address’ (RU 031).

d. The M-Reg reads out the control word from control-
storage address DF04.

2. The Op code (RU 118) and the Imm byte (RU 128) are set
into the Op Reg and Imm byte Reg respectively. (I-Reg
indicates which byte to gate to the Op-Reg).

3. The ICY controls decode the Op code and set the ILC in UO
Bits 0 and 1. The ILC is also made available to the add-carry
(it is available to the add-carry at the time the |-Reg is updated).

4. The Op Reg decode and the I-Reg are used to determine
whether the present instruction is fully contained in the buffers.
The Op code indicates the length of the current instruction,
and the I-Reg indicates what part of the doubleword the
current instruction came from. Therefore, through this com-
bination of decoding, it can be determined whether further
fetching is needed. (Further fetch is defined as when the
present instruction is not fully contained in the I-buffers).
In this case, no further fetching is required. The present
instruction is fully contained in the Bfrs. The Op-load latch
(RU 043} is not turned on.
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Control Word at DF04 (Cont’d)

5.

6.

The present instruction is fully contained in the 1-Bfrs. The
I-Bfrs must be decoded to see whether the next instruction is
fully contained in the [-Bfr’s. Instruction Look Ahead is used
to decode the format of the Op code that is following the
current instruction. The decoding of this format indicates the
length of the instruction that follows the current instruction.
The I-Reg keeps track of the address that the data came from
within the doubleword. Through this combination of decoding,
it can be determined whether the next instruction is fully
contained in the [-Bfr’s. If not, a prefetch is performed (a
prefetch is defined as: when the next instruction is not fully
contained in the |-Bfr’s) the next doubleword is loaded using
the TR-register contents as an address. If there is not enough
room in the |-Bfr’s for the next doubleword, the prefetch is
blocked. Prefetch is also blocked on all branch type O-codes.
(In this case a prefetch is not required).

The S- and L-Re gs are set from the Op-Reg and Imm-Byte-
Reg. This occurs during ICY and when a cycle is taken. LL =
operand 2. LH = Operand 1
During the control word DF04, the M-Reg was at address
DFO04. The M-Reg is forced via hardware to address DFQO,
by the gating line ‘Generate Address’ (RU 031).

M-Reg at DFQO, the M-Reg reads out the control word from
control storage address DF0O.

Control Word at DF00 (Y =Y, S0)

1.

3.

This is a delay word to allow the hardware to develop the
next address.

. The gating line ‘Set Control Address’ (RU 032) is needed

because a new sequence of Control words is being started.
Note that DF20 does not always follow DFOQO. In this case,
the Op code has been decoded to 1A and will cause a branch
to DF20.

During the control word DF0O, the M-reg was forced to DF20.

Next ICY address formation

Once the instruction is contained within the [-buffers, the next
address is formed as follows:

M M
BYTE 2 BYTE 3
01234567
SERRERY
DF 61 " H : H 00/
1111 (Setto1if more
1 : : : : than one microword
: V) : in the selected I-
[ :
Instruction [ :5( < cycle routine.
Length ) : " Set to 1 if only one
01=RR : P microword is
10 = RX,RS,SI X X | \reqmred.
00=fetching ! Set to 1 if one of the
| following conditions
Set to 1 if a prefetch will be o exists:
wi .
performed 1l RR with prefetch
e . X4 RR FLP long
Set to O if no prefetch is X RX with double
required. indexing
SS instruction

\Otherwise, set.to O

M-Reg at DF20, the M-Reg reads out the control word from
control-storage address DF20.

Control Word at DF20 (Y = LL, DF) (the last cycle in |-Phase)

1. The word Y = LL, DF (LL points to operand 2).

2. The contents of GR2 are placed in the Y Reg.

3. At the end of this cycle, the value to be destined to the Y-Reg
will be in the Z-Reg.

4. U2 and U3 are set from the Op Reg and Imm-Byte-Reg
respectively, so that the information will be available to the
microprogram during E Phase.

5. Update I-Reg (I = 1002) (Note: TR will be updated after the
S/R to the I-Reg).

6. At the conclusion of I-phase, the Op code has been decoded
(in this case 1A) and the next address is known (C1AO0).

7. The M-Reg is forced to C1AOQ.

M-Reg at C1AQ, the M-Reg reads out the control word from

control-storage address C1AOQ.

I-Cycles
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EXECUTE PHASE (I-CYCLES)

The control word at address C1AO is read out (The first cycle of
E-Phase of the 1A instruction).

Control/ word at C1A0 - (LHC = LH +Y)
A. The following hardware functions are completed for I-cycles.

1.
2.

The Bfr's are still being move.

S/R the Op-Reg and the Imm Byte Reg from the next

Op Code and Imm Byte. The I-Reg was updated just before
leaving |-phase; therefore, the 1-Reg is pointing to the next
instruction.

In E-Phase, the Op Reg and Imm byte Regs cannot be set
into the S- and L-Regs. The system must be in |-cycles to
gate the Op-Reg and Imm-byte-Reg to the S- and L-Regs.

. The TR-Reg will be updated to point to the next double-

doubleword.

B. The control word read from address C1AQ performs the f
following.

1.
2.
3.

LH is pointing to GR3

Y has not been destined (Z = Y).

At source time, the Z-Reg is gated back to the B-Reg controll-

ed by Destination Look Ahead, and the contents of GR3

are gated to the A-Reg. At the end of this cycle, the sum of

GR3 and 2 will be in the Z-Reg and will be destined to GR3

in the next cycle.

The 1A add instruction is now complete.

a. The S-Reg will be changed by Stat sets.

b. The U2- and U3-Regs still contain the Op code and Imm
byte of the current instruction.

c. The L-Reg still contains the address of operations 1 and 2.

d. The microcode sets the condition code, test overflow,
etc.

e. While in E-phase of the 1A instruction, the ICY controls
are decoding the next Op code to determine the controls
required for the next |-phase operation and the first
address that will be used upon returning to ICY.
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I-Cycles 2-86
Example 2B Add (5A) Instruction (Double Indexing with Alignment)

1A 32 54 41 2D 02 1B 46 je—— I Phase for 5A } Align | E Phase for 5A
S————
Operand 1 = GR4 m B E E E
Operand 2 = main storage addr 3D02 . '_—DF4C ; DF40 J‘ DFBO —|—— DFB4 ——}—DFEO | C1A0 {
1 | |
Add : 1 : : |
. V=BotDispl ! V=V+index |  DELAY ! ! LHC=LH+Y
, V=1,002 | V=302 | Destine V Reg | !
! | | | |
i ' ] I I

1A R4 I Ry Z Reg=V pointing to  contains the data from main storage
0 78 1112 15 P A N operand 1 that operand 2 was pointing to.
+
A RLDXpBy  [AX] RDW Y ADJ V+4, TB
At the end of the Align routine, the
L oA l R, I Xy IBz I 5, Fiata that .opera‘nd 2 was pointing to
o 28 115 1576 9% % is fully aligned in the Y-Reg.
The V-Reg, which contains the
) . ) main-storage Address, must be
The second operand is added to the first operand, and the sum is taken through the address Asm
placed in the first operand location. because Destination Look ahead
can not be used at this time.
. ) . The DFBO delay word allows
RX With Double Indexing and Alignment time for this.

® The definition of double indexing is: Neither base nor index
fields are using GRO (zero). Another control word is needed m Developing address DF4C after E-Phase of the 1A Op-code.

to calculate the operand.

® Alignment: (operand 2 is pointing to a storage address; the
data at that address will be added to the contents of the GR
that operand 1 is pointing to).
Fetch data from storage (using operand 2).
Align data in the GR.
Both operands are now in local storage.

The same routine may be used as in the RR Add to add the
two operands because both operands are in local-storage
registers.

During E-phase of the 1A Op code, the Op-Reg contains the next
Op code 5A. During this time, 1CY controls are setting up for the
next address in the SF module by decoding the next Op code 5A.
The next address 4C is developed by the lines ILC, RX, RS, SI,
SS, and IF MORE THAN ONE M-WORD. (The line ‘if more than
one M-word’, is developed from the decode of double index).
After the execution phase of the Add (1A) operation is complete,
the RTN LNK microword develops the gate line ‘set control
address’ (not DF’). ‘Set control address’ gates the developed
address 4C to the M3 assembler, and gate DF, to the M2 assembler.
Rtn to ICY gates the assemblers to the M-Reg, setting the M-
Reg to the next address DF4C.

At the end of DF4C, the V-Reg = Base + Displacement (2D02)



The transition from address DF4C to DF40 is accomplished by
using the decode of the ICY Ctrl Reg 4C and gating line ‘Generate
Address'.

At the end of DF40, the V-Reg will contain X + B + D (3D02).
Address DF40 to address DFBO; (going to the Alignment Routine)
1. ‘RX with alignment’ develops the gating line‘Op-Branch to

DF’.

2. 'Op Branch to DF' gates ‘Align Entry’ (in this example, the
last control word in ICY is not a prefetch; therefore, the ‘Low
Bit Y’ will be zero and the Op code 5A will develop a B) to
the M3 assembler, and DF to M2 Assembler.

‘Gate ICY to M-Reg’ gates the assemblers to the M-Reg. The
M-Reg contains DFBO, which is the first address in the align
routine.

Being in the align routine deactivates the ICY controls. This is
done by M3 bit 0 being on, which deactivates ‘generate address’
latch and ‘Generate Controls’. With the ICY controls deactivated,
the control words in the align routine develop the next address.
(The exception to this is the first and last addresses of the align
routine, which are developed by ICY controls).

Note the setting of U2-U3, updating I-Reg, etc., when going from
DF40 to DFBO (Op Reg and Imm byte will be set in the first
control of E-phase of the 5A Op-code).

The first control word in the align routine is a delay word to
allow the destine of the V-Reg. This is necessary because the next
control word ‘DFB4’ in the alignment routine is RDWY ADJ
/ + 4, TB. The V-Reg is addressing storage, and ‘ADJ’ (hardware
adjustment) specifies that the V-Reg must be taken through the
Addr Asm to address storage. Destination Look Ahead may not be
used to get data to the Addr Asm; therefore, DFBO must be used
to allow destine of the V-Reg so that it will be available to the
address Asm during ‘DFB4’.

At the end of the alignment routine, the data that operand 2
was pointing to is fully aligned and is in local storage (in the Y-
Reg).

The last address in the align routine is DFEQ, M3 bit 0 being on
and the line ‘FO, EO (M3)" activates the gating line ‘Op Branch’
{on Op code}. Upon exiting the align routine, the Op code 5A is
still in the Op-code register.. The gating line ‘Op Branch’ ( on Op-
code) causes a hardware branch. *LH is pointing to operand 1
(GR4), and the data that operand 2 was pointing to is aligned and
in the Y-Reg. It is now possible to branch to the RR add routine
and add the two locations in local storage. The first control word
found in the RR add (at address C1AQ) is LHC = LH + Y. Hard-
ware takes the present Op-code 5A and ‘minus 4’ from the left hex
digit of the present Op-code. Therefore, the present Op-code (5A)
is changed to Op-code of 1A. This is how the ICY controls set up
the next address when leaving the alignment routine of some RX
instructions and Op-branch (on Op-code) to the execute routine
for a RR instruction.
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MVC (D2) Instruction Example

MAIN-STORAGE
ADDRESS
1004

L
D20F 1D 0112D 0247 F1 0501 1A 5A
[ J
v
Further fetch required because the

current instruction is not fully contained
in the [-Bfr’s.

I-Phase for MVVC (D2) Requiring Further Fetch
® Set |/Cto 1004.

® DFOC (M-3 bit 5 is on, forcing the odd/odd time slot). Gate
in storage cycle 2 1-Bfr’s 0, 1, and 2 will be S/R with the odd
word.

® DFO04: early in the cycle, |-Bfr's 1 and 2 will again be S/R with

the odd word. The Op-Reg, Imm byte, ILC and S and L will be

set. If the current instruction is not fully contained in the
Bfr's the ‘Op latch’ turns on.

® DF0O0: delay ‘set control address’.

® DF14: ‘'Op load’ latch on and ‘set control address’ caused
generation of DF14. RDW: force TR to B-Reg (fetch next
doubleword). Storage 2 cycle S/R Bfr’s 1 and 2 from even
word. Next, the ’generéte address’ gating line is needed.

® DF10: (delay) S/R Bfr 2 from odd word. Format the branch.
A new sequence of words is being started in ICY. Therefore,
the gating line ‘set control address’ is needed. The Op code in
the next address ‘6C’ is developed by:

ILC, and SS develop the ‘6’.
If there is more than one control word and the control line
‘not RR or FLP with prefetch’ will develop the ““C".

e DFBC W= LL+ W (add base 1 + displ1 to W-Reg) *Block ‘W’
as a source and gate Displ. 1 from Bfr 0 to the B-Reg. LL
points to base register. At the end of this cycle, the Z-Reg
will contain operand 1, B2 is gated from Bfr 1 to LL. (B2
must be in LL for the next address to calculate operand 2).
To develop the next address, the gating line ‘generate address’
is activated.

DFG0 V = LL + V, Block V as a source, gat<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>