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"FOREWORD

7The ideas and designs set forth in this Control Data 7600
‘:Preliminary Reference Manpal are the property of Control Data
Corporation anc¢ are not to be disseminated, distributed, or conveyed
‘to third persons without the express written permission of the

‘Control Data Corporation Patent Department.
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System parameters ......cececeoncccne esencss sececcervesaas
System communication ......eccee0. Cersecsvecnssescens sevee
Operating system ..ceeossococcccecs ereccessessecencenves .
System MONIitOT ....ceovevovonasccans 4esescscesasscsnan FON
Object program .....ceeese teeaenesccanevns ceseens seceenees

Central processing unit ....... O sescacea sesace
CPU cOre memoOIY ...ocosecsoon tesecseereasscesssncsnny veeoaa
Computation section ....ecceeasee sesecenne csecssssesancans
Instruction word stack ......cc000 sesvecsans sesescessareas
X registers .....cevvcevccsasconans T
A registers .....ceecesceccctoscnaccncoses sacacsses veosssoa
B registers ....ccecceevae sesesnsee cesveensen seasacecanacae
Functional units ........... ceesens sesesesosestssesancssans
Binary arithmetic ..........c.... erescasessecses saseseenes
Floating point arithmetic .......... sesessssesnns seccances
Integer multiplication ......... teasesssssneesses ceccaseca
Integer division .......cc0v000ne secscsne sesresscesascoaca
CPU instruction format ........... ceesas cesseeccons seseasae
Storage field protection ......ccc00000 cestecennns cieessans
Program branching ............ seeeancasuesevenns sacasecnen
Exchange jump .....ccecc0ceesee sesesses scesecsvses sesseennee
Program breakpoint ........... sosscere vereene cevocosensens
Error exits .....eieecececsncss R
CPU input-output section ......cc00cs vetecssesasacsrenanne
Real time clock .....v0cceuccnn sevesas tresracsseraacacasns
Real time interrupt .......ceveeeee seccocs tsecscserevenns .
External interrupt ......cice00000cae cesres teesesecses .o

System dead Start .....cececcvessccccnsnonns Gertesecssasenenaa

System operation ......ci0000000 secacas sssessecssccnn vesvaces
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'PART 2: CPU DESCRIPTION

Introduction ....seveveccecnns ceeseeen ereasacenens cesessoses
Control flag names ......cveosevecen tessessacscs cesaasns oo
Data register names .....cceccooveccs seesssevseeenens oo
Control condition names ......... eesreenessessrressnrses

Instruction stack ....ecveevesocrssscasosssnsoscsasas coeenas

Instruction issue ..... P N resresseesces

Boolean unit .....c0c00 raeseseses s esessaccane seassesearsens

Shift unit .......... veeserseaanes ceseseversseas sesensvsen .

Normalize unit ....c.cieecvroccevsvesarecsosscsssnsansssenoss

Long add unit ........... S )

Floating add unit ......cc0ecvveeercens cevessns eteesesssesran

Floating multiply unit ........ s cetesssssreseraeeasnes

Floating divide unit ........... ceseesecensons vesasssennecan

Population count unit .....eeecvncccrnnrenconecncrcecns coes

Increment unit ....... coeresseacencns ecsseseessasensnne voen

Branch instructions .....c.ccecvecnccccvecse ceessesssesanan .

Exchange sequence ..... casersace wesecesssrensaseserravanes .o

Program status register ............. ceevnsesecnssrsassonses

X registers ...vececescescacens teseavecsesrsensescnacssensns

B registers ...ceceesoncvscces cesees sesscessssssassenaenroes

A registers ....cioeecessncccnnes vesecessscsssenssesnasarans

Supporting Tregisters .....occeceene ctcecsscesaneraneoan coes
RAS register ........ R E LR R R
‘FLS regiSter .....ceeesecswoonvscns cssececncsencnsessasse

- RAL register ....... sseeresssencees cesssssecens e sacssssn
FLL register ...cceoeeccces ceesccsane cecseesace secccessass
NEA register ...... teecsesececessesssacavoceosrosons e s
EEA register ..cccvveovsncvccescssccns ceceserenavesssenas
BPA register ....cceevvenncase evenesestscsssesarasvisncna

Small COTE MEMOTY .vucsvecsoccvcssovessnnscsnsascccscanscsccs

Storage address stack ........0000 Gesessesniennesstsssesnens

SCM banks ......cc00ca0ns heeseeserecsssersraancerssaasea sy

Storage word stack .............n esecsessiasssssesensannts .

SCM data distribution ......ecceecveaves seansses resscsscncns

SCM destination control unit .....c.cceccorosovscecccanccrans

Exchange destination control unlt ......eevieicecencnccncnns

Input/Qutput section ......cceeveen.. cacorsassensssecene cave

Channel input control unit .......... ceesacees ceseene ceroes .

Input data merge Network ............. ceesnesunn chessccssnes
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PART 3: CPU INSTRUCTIONS

Introduction ...... cerevassoacee secccssssnssacasenes eeeeses 3-0
00xxx Error exit .....eececececcocccnas - 12
0100x xxxxX RetuIn jUMP ..evsevscscvonnnans teesvenneesnses 32
O0lljx xxxxx Block copy LCM to SCM ....... crecseanae sesesas 3-9
012jx xxxxx Block copy SCM to LCM ........cceevenene cessans 3-17
013jx xxxxx Exchange exit (exit mode flag set) .oeeeerneee 3-25
01300 Exchange exit (exit mode flag cleared) .......... ... 3=36
014jk Read LCM ......... creccasanane vecessssccsssans teaean 3-40
015jk Write LCM ... .ciiveecvecrcnnnnrsns seecacssoacsnass 3-44
0160k Reset input buffer .............. ecersesasrsraenses 3-47
016jk Read channel input status (j NONZEYO) ..evseesesoess 330
0170k Reset output buffer ................ cesesenes ceeenes 3-52
017jk Read channel output status (j nonzero) ............. 3-56
02i0x xxxxx Jump to B+ K ........... censns ceieveeens eeee. 3-58
030jx xxxxx Branch on X zero ......... cecesscnseroaserosns 3-64
031jx xxxxx Branch on X nonzero .........oc000. ceeesrasess 370
032jx xoxxx Branch on X positive .... cevesesssaserenes 3-71
033jx xxxxx Branch on X negative ...... vessesessosanaan . 3-72
034jx xxxxx Branch on X in range .......ceeoecennecceen . 3-73
035jx xxxxx Branch on X not in range ..........cce0e.n cees 3-74
036jx xxxxx Branch on X definite ........cccvecancene eeee 3-75
037jx xxxxx Branch on X indefinite ..........c0c.0nen eeses 3-76
04ijx xxxxx Branch on B .EQ. B ........... Cheevesesaenaaes 3-77
05ijx xxxxx Branch on B .NE. B ...ivceerecncnccnncnncnnans 3-84
06ijx xxxxx Branch on B ,GE. B i.veeeccverccnvrocncccnns .. 3-85
071jx xxxxx Branch on B .LT. B ....veuivvvneninoncrcecanen. 3-86
10ij0 COPY svevcnves cessesecsnsacs cestoesa cesasseesssnees . 3-87
1lijk Logical product .........ces cacsrescans veeesssssesss 3-89
12ijk Logical sum ....cveecececceacce tesseesssevessasscess 391
13ijk Logical difference ............. vescsescassoscencene 3-93
14i0k Copy complement ............. seseesvosessscracsaness 3-95
15ijk Logical product with complement .........c.occccnenvnn 3-97
16ijk Logical sum with complement .............. sessssesns 3-99
17ijk Logical difference with complement .......ccec0ncees 3-101
20ijk Left shift X by jk ....vceeveeen teecessrassrascassss 3-103
21ijk Right shift X by jk ............ ceeesascssnsassesses 3-105
221jk Left shift X by B .....cccvennes seessessescans eeeees 3-107
231k Right shift X by B ........... Ceeneeeeaaes veeeereess 3-110
241jk Normalize X to X, B ......... ceseccssnsens eessevesss 3-113
254}k Round normalize X to X, B .....cvucvennn cesecnncoanns 3-117
261jk Unpack X to X, B .......... searosens vesesesssssessss 3-121
271jk Pack X, Bto X ..... - 1 v
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30ijk Floating sum .......cccceveaens Cesessvesenassassens - 3-127

31ijk Floating difference ........... ceserveseves tesaeenn 3-131
32ijk Floating double precision sum .......ececoavusnncnes 3-135
331jk Floating double precision difference .......... eees 3-140
34ijk Round floating sum .,......... scassssaces seascomnsss 3-145
35ijk Round floating difference ....... sesessres ceereoans 3-151
36ijk Integer sum ..,....... Creresseesesene ceseneen ceeunen 3-157
37ijk Integer difference ............ et esacssrentonans . 3-159
40ijk Floating product ...... ceseenns csecereans tesserenes 3-161
41ijk Round floating product ............... cecereassanne 3-165
42ijk Floating double precision product ............. ee.. 3-168
43ijk Form mask jk .....c0vuvereccaanns e ssesecsasnnonns 3-172
44ijk Floating divide .....vvvvvnevnnnnns tressatecessases 3-174
45ijk Round floating divide ............ tesessesesnseenes 3-178
46000 PaSS ..uessssveceesncencossoraossssane ceesssesesenen 3-181
47i0k Population COUNL ...ceevevererenarascrcccansasosnns 3-182
50ijx xxxxx Increment A+ K to A ......... Ceststecansasses 3-184
S51ijx xxxxx Increment B+ K to A ..... . .. 3-188
52ijx xxxxx Increment X + K to A .. ..iovvninnnennnnnnnnen 3-192
53ijk Increment X+ B to A .......... seesesiersesrane eees 3-196
54ijk Increment A+ B to A ....... ctecssvseaviassstesans .. 3-200
$5ijk Increment A - B to A ..... ceeescssesrrernsannns eeees 3-204
56ijk Increment B+ B to A ............ Ceeessnsenne veesee 3-205
57ijk Increment B - B to A ....... eesesesnsssssasenecnas 3-209
60ijx xxxxx Increment A+ K to B ...... . eeess 3-210
6lijx xxxxx Increment B+ K to B ..vciveveveccncenn. veess 3-212
62ijx xxxxx Increment X + K to B ...... serreaens sevenses . 3-213
63ijk Increment X + B to B ..i.ivvivunnnnn tecoesrecsnassons 3-214
64ijk Increment A+ B to B ....... sesesssersessssenesens . 3-216
65ijk Increment A - Bto B ........0u00 cevsrssscssasensen 3-217
66ijk Increment B+ Bto B ............ cesocarecsnconsonas 3-218
67ijk Increment B - Bto B ......ce0vvvuunsn cereaccsareas 3-219
70ijx xxxxx Increment .. + Kto X ......... cessececaranans 3-220
71ijx xxxxx Increment B+ K to X ...ceeverenesens veanrens 3-221
72ijx xxxxx Increment X + K to X cesarresanes crseeeass 3-222
73ijk Increment X + B to X ...veviunccnnssvccnnnaccessane 3-223
74ijk Increment A+ B to X ....cceinnnnn cessssceasecasens 3-224
75ijk Increment A -~ B to X ........ vicvasscasune sereseann 3-225
76ijk Increment B+ B to X ......... ceetescarnsrsosaseane 3-226
vi
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'PART 4. PPU DESCRIPTION

Introduction ,....ee.. P
Operand Arithmetic ...... eescnse sesesss Gsssessescosecnsnnas
A TegiSLeY .ieeessercccscsasncene S
Shift count register (sk) ........ arecanes ceeseassessens
Address ArithmeticC ..eeecesscocsososvesscsnossnsosssassnses
Program address register (P) .iceseesesscssnssancansosss
Operand address register (Q) .v.ceveeses cevseseserscanes
Increment adder NetwoTrKk ,.u.svecccsaseccsscvcrsssscacnas
Address adder NetwWork ..ceeecececersescccns sesesssassass

Internal StOTA8e .seeoesevscscensescaansnsasssssosscsssssasnssne
Bank sequence cOntYOl ...iceivecocsansosssescssassoscnsss
Bank busy flag ..eececcececcscccasaconcoconcssssovennoans
S TegBlSter .iieerecevssrososessesscsosassscsssasssssonene
PPU storage MOdUleS ...iveescsvccccocscescnssossccnconcs
Parity generation network ......ceesssevseccccsccsccanncs
Z TegiSteT suevecenvsovancsnsesacsancssacsasesosssssocsasnsons
X regiSter coeeeeseecccvesssocossoccsnnsssnnassasnsnnoss
Parity detection network ....... casscesssescsns secesssce

Write.-Data Selection ,.ceveeeseeeccscacssvascscasaasscnnsss
Write data mode flags ...eeevevecsssesccnsoe ceesncssnnens

Instruction Translation ...uevesceceoeceoscecesvsvosaccosonsas
D G =Y - 1Y =
kK regiSter ....veeeeeceeacess ceeseas ceeserasetseceracaae
d TeBISLET seeeucvsnsssscnsassonesascessscasssssscsssasess
Instruction translation NEtWOTK ,.eeeesocccccovcoscooses

Instruction Timing ..eeseeseeesscasccssosssccsscsoscsoascssns
Go registers flag (GRF) ....cevecooaccscooscosncssncosss
Main timing chain (.eviereetveccverasncocnrecssscsnccnas
Jump delay chain ,..iueeeenssecevescsoasoscnnassassnannsns
Jump delay flag (JDF) ....... cesssesccencas ceevessases .o

Input Channels ® 6 6 & 00 OB 00000 E G Ao € 0 9 5 0 00 B8O N I NSNS
Input channel word flag ..... LU L I B B R B BRI B BN BRI B B B B B AR Y
Input channel record flag ....c.ovevveovscncncnconcanens

Input channel resume flag ....... seanssscesssnsssonssaas
IWF synchronizing network ..eeeeeceevscocscosscsvonnnans
IRF synchronizing network t.eeeecesccsceccescosassonsasnsa
Input word flag (IWF) tuiueeeaoesnccsoancnnanssoscscoocns
Input record flag (IRF) .eveeeecccovsconsasnccencasscnans
Channel data selection NetWOTK ....evenncconsessscocsons
Output Channels ...ieeeerevecresrsreoscosessssannnan seesese
Output channel word flag ...eeeeeessveecosscacsecnces cees
Output channel record flag ...ieieesessveosencscncncanas
OWF synchronizing network ..... Cessssatsecsesesceannosna
ORF synchronizing network .......ceeeesecssccccscasconcs

vii



LASL-AEC - OFFICI

REV. 13

Output word flag (OWF) ..euiiveovecvcceconcnnarasccvecany
Output record flag (ORF) .......... ceccseososastoasanees
Output data selection network ......ccececevorcccocccens
Channel output regisSters ..e.ieecesccsscsscrccssssancesns
Full Duplex Communication ....ceceescsvecoesersccacocccnons
Word flag .eeveccesnncns cesena vecssesssvesssasasencescrue
Record flag .e.cecevevesessvoncscvsessancsscncosasscoccene
RESUME +voveeovssoccoosssssssssssscsssncasocssassvsosssvsoccocs
Maximum cable length ,...ccvivereseccocrsasscscccesscnans
MCU Control Cable ..ieeesccocvcnccsscsvscesssscscsssrsnansone
Dead StATL ,eveoveesescscoosssvessacsosssvsnsacnoenscvcae
Dead dUMD .vessvsvcosvscssssassrasssscscsvecssrsoccernoe
Parity error register .....eeceseccccsrancccocrocenccens
PYOEYam ETYOT ,sesevreesessssoscccsossscorsrneassoscossssos

.
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PART 5. PPU INSTRUCTIONS

IntrOdUCtiQn P e e T R R RN N RN NN R RN RN R AR RN AR LSRN

TermiHOIOgy 0P S S S C AP OSSP OLIPENEPP IS RLCFOPOOBEEEOONONSINROISIIIOITPTDS

00XX
0100
01XX
0200
02XX
03xX
04XX
05XX
06XX
07XX
10XX
11XX
12XX
13XX
14XX
15XX
16XX
17XX
20XX
21XX
22XX
23XX
24XX
25XX
26XX
27XX
30XX
31XX
32XX
33XX
34XX
35XX
36XX
37XX
40XX
41XX
42XX
43XX
44XX
45XX
46XX
47XX

ETXYOr StOP vvveesssccsscosoansacascssscosonascsssanns

XXXX Long jump tom .....

....... FREERE R I IR NI B ]

XXXX Long jump tom + (d) .seeececesecosscvacacne ceses
XXXX Return jump tO M .eceencccscossoncsccsosncososness
XXX Return jump to m + (d) civeevcevevesosannns caene
Unconditional jump d .seeececescssoososccosscsccaanss .o

zero ijpd '...................‘.........'.....'.'..
Nonzero juUMp d seeecscesvessveacasosssssossnsssesscnnes
Positive jump d 5 ¢0 0P EEEV0POIECEITEIOVIOIBSEORIOSIIOGEOILOROGBTPRIROLIEGEGETSTES

Negative jump d ssseececessccssoscsscsacssoccccscccas .
Shiftd .’l-‘..........‘.....................‘ .......
Logical difference d ...cceveecnsescsncssesccccccnnns

Logical product d .eeaececessecocsesssssscssososannns
Selective Cleard 'TEEREEREEEENX NI I NI N BN NI S R R R B L

Loal d seceocsacrsssnveces e

20 e8P A0 R EPOOLSIIERIRAESIOSEUVSOGSDS

Load Complement d FEEREEEE X EI N I AR A B A N AR A B R B A B B I

Add G ...eerecvosscocossoscssosssossscnscsocssasscscnone
Subtract d seeceecscessacassss cececsassacssesressasna
XXXX Load dm ..c.seveccecosvcsccscssosassoscscscscssansssnce
XXXX Add dm ,.eeecessvecsocacscssscccssscsoscosnsnana

XXXX Logical product dm

' FEEEENERE N I I I BRI

XXXX Logical difference dm ,.cceoeevecveccsscccsancns

Pass T EEEEEEEEE N I N IR R B BN B A AR S B A I L LB AL B A

PaSS S S 05 0 A 00 CCECE IO SRS C LA NEOLOEPEIIPPISIOILINSIOIETSECRES s

PaSS e s 0s s e s s es s Ve 2@ e B B B AP EIEN GBI DBIEOCEBIT RGNS

Pass .s.00s000e cessses csans
Load (d) @ 8 0 & P W 60900 g NN

5 00 00900 P S 0L ORISR LNt

S0P PSSOV LB OLSCIOIETEISERECSGDS

’Add (d) e 280 0P et ¢te s oo RN R R R RN WA SR B B s e

Subtract (d) s e M s assesosssssIBseRRsclRssRcsar tee s
Logical difference (d) .vvcvececvensenccncanss esecces
Store (d) € ¢ 0 00 O 0LEIBEEPEESIOEIPOIOIOIRITEEERIOIRNBTEOEPRIRROEOIOTS .

Replace add (d) P PP AC ORI NIEOLIIEEETEQROIOIOGIIEAIIDOENESIRTSLS
Replace add one (d) S0 ISP IO IPIORPIINIIOGEOOIOGIPOIEIERIEDRNOITOSDS

Replace subtract one (d)

ooooo 400 E S IBCOBNCLEOOOELELEIPNNSES

Load ((d)) cuivevseceoronccracascacoavasvasnsnosanannse
Add ((d)) seveeesvvecoannanonss ceesssranescssvecssnasas
Subtract ((d)) eseeecevvoscccoassvescasvsasroacssosnosnn

Logical difference ((d))

e0 s 000008 s s0csesn sa0s oo

Store ((d)) ceevevsocvecsrsacesscvsesssocsscssosscssacas
Replace add ((d)) sivseeecscececcrssoossoscccccssosaans
Replace add one ((d)) seeeevevscessoasccscssoosansans
Replace subtract one ((d))

ix

5 0 660008 LI NP OB GNP

UIU\U\U\UIU1$|U1U1U1U1U\U1
000N PWN RO
- O

'
Pt ps
W N

5-15
5-16
5-17
5-18
5-19
5-20
5-21
5-22
5-23
5-24
5-25
5-26
5-26
5-26
5-26
5-27
5-28
5-29
5-30
5-31
5-32
5-33
5-34
5-36
5-37
5-38
5-40
5-41
5-43
5-45
5-47
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5000

50XX
5100
51XX
5200
52XX
5300
53XX
5400
54XX
5500
55XX
5600
56XX
5700
57X
60XX
61XX
62XX
63XX
64XX
65XX
66XX
67XX
70XX
71XX
72XX
73XX
74XX
75XX
76XX
77XX

XXXX Load (M) weeeecevncassosoncsssssossnsssssosscsses 5-49
XXXX Load (m + (d)) veueveeveovocecaransssancesnsssss 5-50
XXXX Add () seeuvevoeeencssosensossssnsscsonnssascne 552
XXXX Add (m + (d)) eeevvrecacsonssossnnsscsoansnassss D34
XXXX SUBETACt (M) seveesoonscvnscncsssssssnsnvsssoces 3-56
XXXX Subtract (M 4 (4)) sevececocvovecesassosacscecas =37
XXXX Logical difference (M) ...eeveecvsescccccccsnoce 5-59
XXXX Logical difference (m + (d)) ..ccevvvevesncaosses 53-61
XXXX Store (M) seeeeosnessoceosesassssasassesasanssss 5-63
XXXX Store (M + (d)) cevecesernsscsoseossonssessnssns 5-64
XXXX Replace
XXXX Replace
XXXX Replace
XXXX Replace
XXXX Replace
XXXX Replace

XXX Jump
XXX Jump
XXX Jump
XXXX  Jump
XXX Jump
XXXX  Jump
XXX Jump
XXX Jump

on
on
on
on
on
on
on
on

add (M) sssveecooccvorevsassasssacsencss =66
add (@ + (d)) cecevevsrscrsvoccscsscssss =68
add one (M) seseeeoescevsscsssasssesnses 9-70
add one (m+ (d)) sesencsssveesasebnc e 5"72
subtract one (M) seoesecoscececsesvsssssee =74
subtract one (m+ (d)) vvesevevevensases 3=76
input word flag .seeessscecsococccoscsces 378
no input word flag s.eeeeeceescccccscaes 9-79
input record flag .s.esesesvesseccsssesss 5-80
no input record flag ..seeseeesccecsssss 5-80
output word flag ...cecieeececcvocecccnce 5-80
no output word flag .essescecscscscsssss 5-81
output record flag ..ceeeccsvossascsssas 3-8l
no output record flag ....ceevescesesnss 5-81

Input to A from channel d .....cieeeeeressssacsscesns 5-82
XXXX Input (A) words to m from chammel d ..... ceessss D=83
Output from A on channel d ....eceveonsancns eresennee 5-89
XXXX Output (A) words fromm on channel d ....c0000.. 5-90
OQutput record flag on channel d ....ccvevenvcncncnnnes 5-94

Pass ceeee

80 80 6068 00T S 0PN SR ORI IIRRRERSIPCIOIPPIDISEOIRNRITTSTE 5-95

Pass 2 0 0 9 9 08P GO PSLOEEEVESNEIENQEOESRBErIIIIDIOLIISNSISEOSODS 5-95

EXTOT SEOP eeoerseassoasocsasosssessessssssasseassscs 995

)

)
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PART I: SYSTEM DESCRIPTION

‘Introduction

The 7600 system is the result of a development program to provide

computing capacity substantially beyond that of the 6600 systems.
Central processor computation is expected to average four times as
fast as corresponding computation in the 6600 system. The 7600 system
is intended to be machine code upward compatible with the 6400/ 6600
systems in the area of central processor routines. It is not com-
patible on the machine code level in the area of system programs or
input-output drivers. The 7600 system input-output provisions have
been generalized and greatly expanded over those provided in the 6400/
6600 systems, Input-output data rates are not expected to average
substantially higher on a per channel basis than the rates in 6600
systems., A much larger volume of input-output data is handled in the
7600 system by a much larger number of input-output channels.

The 7600 system contains a central processing unit (CPU) and a number

of peripheral processing units (PPU). Some of the PPU are physically
located with the CPU and others may be remotely located. The PPU
communicate with the CPU over high speed data links with the data
buffered at the CPU end of the data link, The CPU is interrupted by
the PPU once per data record, or on prescribed quantities of buffer
data for long records. The PPU provide a communication and message
switching function between the CPU and individual peripheral equip-
ment controllers. Each PPU has a number of high speed data links to
individual peripheral equipment controllers in addition to the data
link to the CPU. The PPU time shares the data link to the CPU among
the peripheral equipment controllers on a record by record basis,

The 7600 system is designed to accommodate multiple operating stationms

Each operating station is organized around a PPU which communicates
directly with the CPU over its associated data link. New peripheral
equipment configurations are being developed which will operate from
programable equipment controllers and are specifically intended for
this application. These controllers will be able to communicate with
the PPU on a record by record basis at higher rates than the existing
6400/ 6600 equipment.
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