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1. Introducion

This is the final technical report for Contract DAAG29-77-C-033. The purpose
of the contract was to support a companion contract DAAG29-77-C-034 in an
evaluation of alternative military architectures. In order to evaluate the computer
architectures, an ISP description must be construcied for each architecture. This
description drives a simulator that is used to debug and measure the test programs
written for the evaluation. Under this contract, the ISP descriptions for four military
computers, the ANJUYK-7, the AN/GYK-12, the ANJUYK-19 aind the AN/UYK-20, were
vounstructed. This report consists of the four ISP descriptions. The report of the
results of the companion evaluation entitled "Phase Il Comparative Evaluation of MCF
Computer Architectures” is appended to this report.
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2. AN/CYK-7 ISPL Description
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FNZUYEK-? ISP DESCRIPTION

1

'

' TALE OF CONTENTS

]

' POUT TN, ' PGt
1

! INTRODUCTION Ps
1 CHANGE HISTOPY 2
! HACPO DEF INITIONS 3
! HEHOPY STATE OEFINTTIONS 3
! PPOCESSOP STATE DEFINITIONS 4
1 THSTPUCTION PEGISTER DEFINITIONS 6
¥ ISP TMPLEMENTATION RLLATED WiRIABLES ?
¥ UTILITY PDUTINES 9
! INSTRUCTION ADDPESS GENEPATION 15
' DPEPAND ADDPESS CALCILAATION 16
! OPEPAND AND CHAPALTEP ALDPLSS ROUTINES 1?
{ PEAD OPEPAND AND WRITE DPEPAND 18
{ PEaD DOUBLE LENGTH UnRIABLES 19
1 PERD FOPHAT | DPERAND 13
] WPITE FOPMAT | OPEPAND 28
1 CHECK PEPEAY TEPMINATION 21
! INTEPPUPT HANDLEP 2
! CONDITION CODE PODUTINES 24
i FoPMAT 1 INSTPUCTION EXECUTION 25
{ FOPMAT 1 INSTRUCTION DECODE TRBLE 35
! FOPMAT 31 INSYRUCTION £YECUTION k]
1 FLOATING POINT INSTPUCTIONS 4B
! FOPMAT 11 INSTPUCTION DECODE TAE 50
1 FORMAT 111 INSTRUCTION EXECUTION 3]
1 FOPMAT 111 INSTPUCTION DECODE TRELE 58
! FOPMRT IV INSTPUCTION EXECUTION b9
! FORMAT 1V INSTRUCTION DECODE TABLE ”
! INSTRUCTION EXECUTION 7
! INSTRUCTION CYCLE 2
!

i HAIN EXECUTABLE PROGRAN 3
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VYR 2, ISP Y PIAL AEa 1aCHU - 10D 23-Feb-78 11106 w0 | Sl MU- 1 80 Pege 2-1
I IGP deacription of the AN/UYY -7 romeutler arthiteclurse.

1 Yhee ANZUYP -7 1x maculmrtured by the bunivec Divigion of \te
1 Spetry Paod Corparation.

The AN/UYE=7 ia bi)led 40 be » "highly relisbhle ruggediaed
multiple processor system designed (. .... for mi)iiery
apolications®.

! The AN/UIY -7 archilecture prerented lwre ves coded In sccur dence
1 with the "RN/UYE-? Technicel Desceiption® sanusl. Sperrp-Unlvec,
{ Pevised May. 197%.

G.W.LEIVE

FONPAD LA}

CAPNEGIE-MELLON UNTVERSITY
PITTSBURGH, PENNSYLUANIA {5213

t vi.?
! 28 Ju. 197?

! V1.7 FOR TOPMAT 111 INSTRUCTION. BUTH PS AND PD APE LDARDED DURING
! AN JUMP.  PS FPOM THE 5 FIELD. PO FROM THE Y ¢ (B(B)) OF THE LAST
! ADDRESS FETCH, 208 JW 77,KKL

! V1.6 FIYED WRITOP Y0 COPPECTLY STORE ON INDIRECT ADDRESSING,
! PROBLEM WAS DISCOVERED FOR DOUBLE STOPE., BUT SHOWD

! HAUE EFFECTED ALL INDIREC! SI0RES (NOT FOPMAT 1.

! 24 JUN 77, CWL,

! V1.5 16017 ONt'S COMPLEMENT INDEX AODFP 1S USED YO GENERATE
! PAPTIAL ADDPESS ¢ FORMS LITERPAL OPERF . 5 (P21). INDEX REGISTER
' 1S CONSIDERED RS UNSIGNED 16B1T QUANTITY FOR B? IN REPEAT.

| Vi.4 CHANGES ATTEMPT 10 CORPECT  "TWER *GOTCHA®
! IN THE PEPEAT INSTRUCTION. (RF OF THE PANUAL)
! REPEATED SEQUENTIAL CHARACTER ASING ACIS
! LIKE SINGLE CHARACTER aDDPESSING LHLESS THE REPEATD
! INSTRUCTION TEPHINATES OR 1S INTERRUPTED. 1N THOSE
! CASES, THE ICH 1S UPDATED,
! UNRELATED 10 ABOVE ., C FIELD CODES FOP WORPD AND
! GINGLE CHARACTER INDIRECT ADODRESSING MERE REVERSED.
i (REF P33 OF THE MaNUAL) .

]
! Vi.3 PEPEAT INDEX INCREMENT (REF PS4 DF THE MANURL)
! WERE INGDVERTENTLY EXCLUOLD FROM EARPLIER VERSIONS OF
! THIS DESCPIPTION,

L e V- — -
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I MagPO DE1INTTIONS

ANLYE 71 =
OLLLAPL

MACPO BEGIN ot 8
nacPo ENDis) 8

MACPO MAXWI+3276? 8 1APCHITECTURPL SUPFORTS 2B2.3144 WORDS
HACPD RAXNDRIaSEL 8 IAND 512 WOPDS OF NORD
PO ND.OP(=T0-T0 8 tNO-DPERAT I ON

RACPO ONE3Z1aw37777777777 § INEGATIVE ZERO
{ MEMOFY STATE
I PRINARY MLHOPY
MU HAXW <310 tPRIMARY MORD FEMORY

| NON-DESTPUCTIVE PEAD-OUT (NDRD) MEMORY
! MAGNETIC COPE RDPL MEMORY WHICH NORHALLY CONTAINS

! THE HARDWARE INTEPRUPT AL YSIS POUTINE

! THO INITIAL LOAD DR AUTOMATIC RECOVERY FOUTINES (BOOTSTRAP).
t A DIAGNOSTIC PROGRAM

NDRD10: MAXNDR 1<31.:02)

1 1/0 CONTROLLER INTERFACE

10C10:31<3110>) { WRITE ONLY (BY 10 INSTRUCTION)
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| PPOCEGLOP STATE

COPEPATIONF PYEIGIFPS

T P
Prer oM 112
POCISI 0> =P 158>y

I CPU CONTROL M HOPY

CHR Q0 ]770¢3110>)

1A MODE

23 Tet-78 110K

1
t
!

WDi5eCrU-100

PRIK.PAR NPT 65 REGISTER
P PEGISTER S (HASEY FIELD
P REGISTER D (DISPLACEMENT)

CPU CONTROL MEMORY

ACTI R 87)<311021eCHPINQ107]<31:0)) I ACCUMALAHTORS 0-7

PRY[ M0 n7)¢3] 10> 1=CHRIMIA:0]?1<2] 18> ) INDEX (B) PEGISIERS

I RATIQ) 15 UNASSIGNED -
! INCLUDED FOm 1SPL

PST w0 n?2)<3] 0>1=[MRIw20:0221¢3118>3 + BASE (S) RLGISTERS

{ BPEAVPOINT PEGISTER

BPP41918>: -CHR I #601<19:0))
BPCODEZ 110> eBPRC1D110

BPADDRC Y7181 «BPRC1710))

! ACTIVE STATUS REGISTER

S e e 4en e e e -

ASRC22:0>1=[ARIN7D)(2218>)

CPYIDC2108)>1mRERC22:202)
UPLOWS D 1 sRSRCLS) )

CLASLOC) 1301 =ASRC141120)
BRSE D1 eASRLTTY)
ALSFL Y @7 ies
MO =ASRYS
LBENAZ Y1 mASRCE) |
BSMOOE ¢ >+ »ASRC(?D 1
SPARECZ10>1 eRSRCB14) )
CC<318)1»A5RC 100
FIXOVC 1 eRSRCI))
CCEQL<>1eCCe2))
CCOFQ 1l L))
CCLINC) s wlC<O)

BREAX POINT REGISTER
SELECTION CRITER]A
@ ) DISABLED
1 =) INSTRUCTION RODRESS
2 =) OPEPAND AUURESS
3 #)> INST AND DPND RDORESS

COMPARISON ADORESS

ACTIVE SIRTUS REGISTER

HARDMIPED CPU TDENTIFIER
SET WHEN UPPER HALFWNORD
INSTRUCYION HAS BEEN EXECUTED
CLEAPED OTHEPWISE
LOCK OUT LER PRIORITY INTS.
BASE (5) FEGISTER SELECTT
LUINDEX 18) RLGISTER TCLECY
HEMORY LOCKDUT DISABLE
LOAU BASE ENABLL
BOOTSTRAP HOOE
PROGRAMMABLE SPARE B1TS
CONOITION COOES
FIXED POINT OVERFLON
1 o> EQUAL
1 »> GREATER OR EQUAL
1« QUT S8 LINITS

Page 9-1
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VPRI ESSOP STATE (PAGE 7

LU CONTRIE HEHORY

' INTERRUNT HMONF
FLLEmEn 2 13 0o aLHETHI Q) 31202
EPMCLP C18: @M IR]1B)C1810>1
PBI(w@iw? ]3]0 «CHRIN]18:1M]17)C31:8D
PSI(w@ w7131 @0 =CMPINIZO:0127])¢31:8))

t ST0PAGE PPUIECTION PEGISTERS
SPRIDI7)ICALIQ MR uiES1w]67)¢3110))

! SEGHENT IDENTIFICATION PEGISTERS

SIRI:71¢I1:1051«CHPIN170:01721¢31100)

Ve ai e rmereer e e ey 43 S Y e -

WOISRCU 180 Page 5-1

WLCURALRTORS B-7

'CPU PONTTDR CLOCK PEGISTER

VINDEX (B) REGISTERS

'BASE 1S) PECISTERS

1S10PRGE PROTECTION REGISTLRS

{SECMENT IDENTIFICATION REGS

e gy s e

o p e o, -y
-
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T3 Feb-TB 11106

WO15eCMU-180

VIFLTPUCTION PEGIGTER (U} DPEPOND FIELDS

Ue3tipry
FIELD OFFINTIIONS

[ KA AP T S i RN
AFAZS10) 12U’ 25: 200,
AF(S:0931eU025: 280
N2:A 07181122y
FesrB3eUC31:1262)
FR2100aF<Eidy
FICZin1aFC2:18))

F2¢219>1 2172212053
FIC102: »UC22.: 2100
Fao21001U722:28%)
1> eU1B>)

P20 1elyc22:200)

24100200

MG taliC221 160

§¢2:1@>1a0¢15: 133

SYCIS103 «UC]S10)
¥41210>iwU412: 080

UBISY<IS: @ eUK19t0)

UHT O3S0 eU¢IN116))
¢MOLIS10> 1=l 151@)

t V REGISTEP AND ICH FOPHAT

-

VINGIPICTION PEGISTER
FItLD FoeMAT

L IR T 8 P Y B
COMBINED AF4 FIELOD
COMBIND A T JELD

[:] 1. 1. 11, v
F 1. 11, it lvea.B)
UPPER HALF OF F

LOWER HALF OF F

re 11

F3 1

4] LAY

1, 11, 111, 1V(A)
1

111

v

1. 11, 11

1. 11, 111

1, 1t 1

<

- T X TN

U REGISTER B, 1. S. ¥ FIELDS
| UPPER Hal FUORD
LOWER HaL FuoPD

THE U PEGISTEP IS MENTIONED IN THE AN/UYK-7 TECHNICAL DESCRIPTION,

AUT 115 USE WAS NOT SPECIFIED.

1T WNS CHOSEN FDR USE WHEN

INTEPPRETING INDIPECT CONTROL WORD (]CH) FORHATS.

Va3t

C1iM a3 30
C14>1=V(290;
DC15:0)1=UC15:100
PUSC410>) =\<24120))
VBISYC]9:10821eVC19:8))
VY2405 =VC12:80:
HAB180C201 250

V-INTEPNAL DECODE REGISTER

CONTROL DESIGNATOR

IND. SUBFUNCTION DESIGNATOR
AODPLSS DISPLACEMENT
POSITION INDICATOR

8. 1. 5. Y FIELDS

Y FIELD

CHARACTER LENGTH DESIGNATOR

Pace 6-1
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HONP.Y, 10X

HORP 3100

HOAPICI 21830

HOBPI*31 10

HAs Y310y

10854

TACC3 8%

AN e,

TR1C3l110;

Th2¢31:1@

T0AC 6410

IDAET: 0

TDICBI 0

102<63: 8>

11900
TH5C210>1«TBC19:17);
015102 e TBI5100

181168

15¢17180:

LASTAOC1 7190

oKk

18C415: 02
INTVECS L4

PDKERC >3
AUTO.REC<):
BOOVSTRAP<) 1))
AT STARIC )

STOPBITCO

Bl

AR Wt iy 160

INGIRLCTION sndet 56 DELTSTER
INGIFITTEON B EEP PEGISTER
PR e T TN RIpe

LOWL R Wl P WD TN NP
OPEPANTD ADDPFSS SEGISTER
OPEPAND BUFFEP PLGISIER
TERPOPARY RODVLSS BUFFER
TEHPOPMRY DPEPAND BUFFER
HASY FUP CHAPARCIER INSERY
NO-0P PEGISTER

TEHPOPAPY s CIMAATOR
TLHPUPARY ALTUMULATOP
TLHOOPAPY ACCUMA ATOR
TERPQPARY ACCUNALATOP
TLPPOPAPY DOUDLE ACCLIALATOR
TENROPARY DOURLE ACCUMULATOR
TEMPORARY DOUBLE ACCUMULATOR
TENPDRARY DORBLE ACCUMAL ATIR

TEMPORARY INDEX RECISTER

TEMPDPARY REGISTER OF INDEX ADD

TENPOPARY BASE REGISTER

TEnP FOR LAST OPEPAND ADORESS
USED FOR UPDATING 1CH T

SPECIAL INTEPRUPT LOCKDUT

INTERRLPT STAIUS CODE
INTERRUPT CLASS VECTOR

POWER FAIL FLAG (1 => FATLURE)
FRONT PANEL SWITCH
BOOISTRAP SW. (3 POS: 84 1, 2)

FRONT PANEL SWITCH

STOP SHITCH
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PSP IR IR NTATION PELATED VAP 1ABLES (PAGE 2)

finc 21 Ay
A2 0
SR
3]
COUNT<S: 85
TFLAGOS
LxpPreds

PPFLAGC >
PLCC2:10>3

HBIFLAGCY )
COMPARC> )
PLPLACC)

SIONC
SIGNICO

JURPSUC218))
S10PSHCR2102)
HIFLAG
NDPCL1)s
PPTACZI1O
PRIAC2:191
RPISYC1S18))
ISTRCI 10>

SHCOUNTC31:0%)

GiNEDAL ACCUMAATDR PCC ADDR
GENFPAL INDEX PLG aDOPESS
GIM PAL Bahl PTG AODPE 55
INTEPPUPT MOOL BASE REGS
JUN. COUNTEN

INDIRECT FLAG

EXECUTE REMOTE FLAG

PEPEAT FLAG
PEPERT CONOITION CODES

WRITE 1O MEMORY FLAG
COMPAR INSTRUCTION INDICATOR
PEPLACE INDICATOR

SIGN HOLDER FOR ARITHMETIC OPS
SIGH HOLOER FOM PRITHMETIC OPS

JUP SUITCH
STOP SNTICH
FLAG FOR MWl | EXECUTION

NORD FLAGS FOR INTERRUPT
CLASSES 1 AND 11

SPECIAL °4" FIELD FOR REPEAT INSTRUCTION

SPECIAL *8° FIELD FOP REPEAT
SPECIAL *SY* FIELD FOR REPEAT

HOLD3 15T RESWLY FOR COMPARES
SHIFT COUNT COUNTER
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fUTILITY POUTINES

- 4 A S N o T 3 I an b a g A G

GEY ALl PEGISTER

GElSie  wiGIN
SLCODE AASE e
AR 15 & PRIISRIC]7iAY)
¢ A Y5 - R5EISRICITI0
ENO,

CHECK OPERNAND READ

CrOPPD, +BEGIN
If NOT O =

BEGIN

IF NOT SPRIS8'(19) e
CINTVECK2)> + 1)
I5C « o6 NEXT
BAILOUT 1CYCLE
¥

END
END; tEND CKI¥PD

CHELE OPEPAND ADDPESS LINLT

CKOPAD1 «BEGIN
1r NOT R0 =
50 » 5 NEXT
GETS NEXT ! BASE PEGISTER RETUPNS IN *1§°
(IF (MOAR GTR (TS + SPRISDICI510))) »)
INTVRLC2)> = |
1SC » wl2
)
ENOs tEND CKOPRD

CHECK INSTRUCTION BPEAKPOINT

CK1BPT:»BEGIN
IF BPCODECO) =)
(IF MIAR EQL BPADDR =)
BREAK » ’ t
INTVECC2) » |
1SC + w13
)
)
END) {END Ck1BPT

CHECK DPERAND BFEAMPOINT

CKDBPT1=BEGIN
IF BPCODECE) w)
(1F HOAP EQL BPADOR =)
INIVCC2)Y « §)

ISC «+ 5) *

ENDI  1END CKOBPY !

Pove 9-1
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1 UTILITY POUTINES (PHGE 21

! THEGE POUTINES APE USED TO SILECT EITHER THE BALN HERNORY
! 0P 18 NUSD FOP INSTPUCTION PEAD.

1 OPEPLND P AD 1S ALWAYS TPOM THE halh MEMOPY .

! THE NIPO 1S USID IRDEP CEFTAIN INTEPPUPT CONDITIONS.

{ A PEA ANUYY -7 WOULD CONTRIN TRPUE PEAD OMY POUTINES.

{ THIS SIMAATION WOLD NEED 10 HAVE AN SPECIAL INIERRUP!
t POUTINES INSEPTED (BY A SIMULRTOP "READ® COMMAND) PRIOR
! 10 EXECUTION.

MRIye | MENORY PEAD - INSTRUCTION

BEGIN
DELCODE (NDP NEQ @) )
\e BEGIN
CriBPY NEXT
NIBP « PUINIARCIZ18))
€END:
M M1aP « NORDLNIARCS:0))
ENO: ! ENO MR}
MO ! RENORPY READ - OPERAND
BEGIN
CrOPAD NEXT
CrOoPPD NEXT
cropPT NEXY

MOBP « MUIMDARCI?19Y)
END 1ENO MRO

! THE FOLLOWING ROUTINES ARE USED TO WRITE YO MAIN MEMORY,
| THE WRITE FLAG IS USED TO CHECK TERMINATION OF REPEATED INSTRUCTIONS.

! CHECY. OPLPAND WPITE
CKOPMT; «BEGIN
1IF KOT MO «>
BEGIN
IF NOY SPRISDICIRY =)
INTVECCZ>¢ 13
1SC « wi} NEXT
BAILOUT I1CYCLE
END
END: 1END CKOPWT
MOt=  BEGIN .
CrOPRD NEXT
» CKOPWT NEXT
CroBPrT NEXT
M IMOARCI7187) « MOBRY
WIFLAG « |

END: 1FND M0

o —— .
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P UTILIYY POUTINGS (PR0E )

GLT nCCuta al0p

GE 1AM, -

MGIN

OHoone AISEL =0
\8 TAR » ACTIAD):
A\ 1ee - ACHIR9)
ENO s

GE? AC SPECIFIED BY A FIELD

GElRre

BEGIN

80 - A MEXY
GE ta®

END:

STORE ACCUMULATOR

PUTAD: .

BEGIN

DECODE AISEL =)
\& ACTiRd) « ThO¢
A\t RCLIAG) +» TAD
£END1

GET ACTCUMILATOR [AD ¢ 1)

CETAlL1e

. S v 1 E - - =

BEGIN
(IF (A ¢ 1) GTR 47 =)
BEGIN
ASP¢a> « 1)
INTVECC2) » &
ISC « ni2 NEXT
BAILOUT ICYCLE
£ND
) NEXT
{DECODE AISEL »>
\8 TAl « ACTI(A ¢ 1)¢2100 )
N\ VAL -« ACTIC(AB ¢ 1)C210))

)
ENDs 1END GETAY

W01 5eCr)- 100

Peoe 11-1
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| UTILITY POUTINLS (PAGE &)
! STWE ACTLMA RIOP (A ¢ 1)

PyTAt = BEGIN
(1F (a0 & 1) LTP w7 =3

BIGIN
RSPC(EY + 1y
INTVEDCZ) o 13
15C » »32 NEXT
BRILOUT 1CYCLE
END

) NEXT

(DECDDE AISEL =>

' \@ ACTI(RG ¢ 11¢210>]) » TAY)
\OACTLAR ¢ 11<210)) ¢ TRl
'
END 1ENO PUTRI

1 GET INDEX PEGISTEN

GEtB:i» BEGIN
(3F BO EQL © => 1B - Oy
(1F B0 NEQ & »)
(DECOOE AISEL »)
\@ 1B+ PBIIBRICISI0D)
\OTB . PALIBOICIOID
1

)
END1 1ENO GETB
! STORE INDEX REGISIER
PUTBt= BEGIN
(1F B0 NEQ @ =
(DECODE AISEL =)
\@ RETIBOICISIO) + 1By
\{ ReliBo)igi®) » T8
)

)
ENDy

m————— e e Lt oo

WO15eCHU- 100

Pese 12-1

- e —y
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1 UTIL 1Y POUTINES IPRGE 5)

t

GFYT DOURLE [ INGTH veRtnt C InCta & 1], RCEAD)

GFT1Di = BEGIN
AN - A NEXT
GL1A
GETA) MWEXY
T0A¢3118> » 1RO
10631 32> + YAl
END: IEND GETD

S10PE DOURILE LENGTH UnRIABLE (ACIA < 1) ACIAD)

PUTD1»  BEGIN
TR0 « TDHCIIB))
1Al « TDO<63:32) NEXT
PUTAR) ! STORE (1R0) IN ACCUMULATOR (RO)
PUTAL | ST10RE (1A1) IN AC(RE+])
ENDY ! END PUTD

OPEPATION EXCEPTION (ILLEGAL OP CODE)

oPtxis  BEGIN '
INTVECC2Y « 15 ISC » w2
’ END: 1END DPEX

CHECK PRIVILEGED INSTRUCTION

CKPRIV: «BEGIN
IF NOT JLOCK o>
BEGIN
1F ASRC19:16) EOL 0 »)
CINTVECC2> o 31 I5C ~ u3 NEXT
BAILOUT JCYCLED
END
END} 1END CKPRIV

CHMECK INDIRECT ADDPESSING

CKINDie BEGIN
IF NOT MO =)

(DECODE SPRISBICI?> w)

\e JGIN
INTVECCZY » )3 1SC » w8 MNEXY
BAILOUT ICYCLE
ENOI

A\l UIF SPRISQICIBY > IMS + )}

)
ENDI 1END CKIND
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fUTILTTY POUTINGS (PAGE 6Y
' PARTTY GENEPAT(R

PARITY =BEGIN

[DUNT » 311

T8 - 0 Nt

WIPLPI = BLGIN
(IF TA0(O> o> 18 + (T8 ¢ J)<B)) NEXT
100 & 1RO AR 1)
COUNTY » (ZIRNT HINUS 11¢518) NEXT
{1F COUNT =) WIPLP)
£ND

ENOY TEND PARTTY

! DEVELOP THE SHIFT COUNT PER FIGURE 23 IN UYK-7 NANUAL

SHIFYC)»BEGIN
tDECODE M¢B:S) m)
\eo COUNT + M<5i02)
\ei COUNT o HCH18):
\10 BEGIN
80 » 8 NEXT
GETD MEXT ! INDEX RECISTER RETURNS IN °*18°
COUNT & THCEI@)
END:
M BLGIN
f0 + B NEXTY
GETNe NEXT
COUMT + TA(510)
(1, ]
) NEXT
SHCOUNT o [SHCOUNT ¢ COUNTICI118) e
END: tEND SHIFTC

! CHECK FLDATING POINT ERROR
CrrPE» BEGIN

NO.OP
END: 1END CKFPE

e L
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I INSTPUCTION ADDPESS GF Nt PATION

INGTAD: FREGIN
SO e PS o XT
LE1S NEXT T RRGE RECISTEP RETUPNG IN *15°
Rig® « (PD ¢ TS1CE718. NEXT
CIF NOT MO »>
(JF (MIAR GYR (1S & SPRIPSICISION)) =)
INTVECC2)> + s | CLASS 11 INTEPPUPT,

ISC » ®]6 NEXT | INSTRUCTION LIRtLT
BAJLOUT ICYCLE

)
END 'END INSTRO

! PLAHO INSTPUCTION

READIN: =BEGIN

Commap « @y | PESEY COMPRARE FLAG
HIFLAG «» & ! RESEY WRITE FLAG
RFEPLAC + 81 | RESET RLPLACE FLAG
1IFLAG » © NEXT
(IF UPLDH =) | HALF WORD INSTRUCTIONS
UH1 = LD NEXT
8nILOUT PEADIN
) NEXY
INGTAD NEXT
M1 NEXT
U = MIBH NEXT
(IF NOT MLD =)
CIF NOT SPRIPSIC2G) )
INTVECC2) « 1) ! CLASS Il INTERRUPT,
ISC « w5 NEXY ! INSTRUCTIUN EXECUTE
BAILOUT ICYCLE
)
1 NEXT
PO« (PD ¢ DHAE1O
END) IEND READIN

—— e s

Pase 15-1

A
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L OPIPAND ADUPLSS CALCILATION

arrn--  BEGEN

LORCOE IFLAG ) *OINDIRECT LN PPOGRE SS7
’ e MGIN 1 NO, JUST A PIGIA G (OOPTSS
(DECONE TEPELAG AND [PPTH NEG 81 AND PEPLACT =>
68 - 8
S0 » uB
) KEXT
BA » @ NEXT
cee ! INDEX RECISTER RETURNS IN *18°
GETS NEXT | BASE REGISTER RETURNS IN °15°

T8) « Y + TBD MEXY
T8 » (THI41510) + TBICI62)C1510> NEXY
HOAR « (TBY + T8)¢1710)

ENOI
A BFGIN ! YES. INDIRECT.
(IF C EQL 0 «> t*C* FIELD OF JCW
BEGIN
DECOOE Cf => 1 *C1® FIELD OF ICW
\e BECIN
S0 « B NEXY
GETS NEXT | BASE REGISTER PETURNS IN °15°
1Bt « SY
POAR = (SY & TSNISI®D
END:
\l BEGIN
BO « B NEXT
GETB NEXT ! INOEX REGISTER RETURNS IN °TB°
S0 + TBS NEXT
\ CETS NEXT !} BASE REGISTER REIURNS IN °TE*
181 » 5Y + TBD NEXY
181 » (T81€15:0)> + TBICIB)ICIS18> NEXT
AP o (TB1 ¢ TSIKE700)
. END
(1,]
"
(F € NEQ 8 =
BEGIN
a9« 8
(DECODE (PPFLAG AND (RPTB NEQ ©) AND REPLAC) w)
9+ S
50 » W
) NEXT
GETB ! INDEX REGISTER RETUPNS IN *T18°
GETS NEXY | OASE REGISTER RETURNS [N °T§°

T8« ¥ ¢ TBD NEXT

181 « (TB1<15:0> + TBI<I61C15:0> NEXT
HOAR o (TB] ¢ T5)<17:18>

(4,]

END YEND OF OPAD

e — O

e e g
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L PEPAND AND CHWPeCTEP ADOPLSS POUTINS

aii= QIGIN

(DECUDE 1w»

A6 DA 1

N\ BEGIN !
Hah NEXT 1
HPO NEXT
V + HOHP NEXT !
1FLAG + 1t
LASTAD + MOAR) !
LBISY « VBISY NEXT
oraD|
END

|

END: 'ENO OF DPAD}

CHAPAD ) =BEGIN

11006 WO1heCMU-100

W01 INDIPECT
INDIPFCY

AOORLSS OF 1CW
1CH 1D V REGISTER

SAVE RDDRLSS FOR 1CW LPDATE

IF CC1> AND (NOT WPFLAG) =)

BEGIN

{DECODE (W GTP PUS) »>
\e POS « (POS NINUS WIC10)

\l BEGIN

POS o 132 MINUS WIC4:18>
UY & (VY ¢ 11C12:8

ENO

»
uglsyY » UBISY:
HOARL - HOAR)
AHOURY - MDOR NEXT
MDAk » LASTRD:
MOBR « V NEXT
HWO NEXT
MOAR « MDAR))
HOBR » HUBR{
END

(1] {END OF CHARAD

o —— r—————— ——— i . S R P

Pege 17-1

—— g




UTh 2. ISPIX21ntann et 10D 23 Feb-78 11106 Wo1heCHU tan

! READ OFf RoD

PEADOP: DI GIN
VIF NOT PPFLAG «) JFLAG « @) NEXT
oPaDy NE YT
INICODL 11inG »>
AC I N
A\l HEGIN
1DECOOE C70) =)
o ROy

\ QEGIN
HASK -~ @ NEXT
PASK « MASK 1SL1 N NEXT
MRO NEXT
HOBR « HOAR 15R9 POS MEXT
HOBR o HOBR AND MASK NEXT
CHaRAC
END
)
END
)
ENOY 'END OF RERODDP

.| HRITE OPERKND “

WTCHAR ) =BEGIN
HASK « 8 NEXT
HASK o+ MASK 16L1 W NEXT
MASK « HASK tSLO POS NEXT W
AONRY o HODRY 15L@ POS NEXT

Pase 18-1

MOHR - (MOUR1 AND HASKI OR (MDBR AND (NOT haSK)) NEXT

FH0 NEXT
CHAPRD
ENDy

WOITOPI rHLGIN
(IF NOT PPFLAG «> [FLAG « @) NEXT

ROBPY « MLbe NEXT 1 V1.6

orad} NEXY

HOBR » MORR1 NEXT I Vi.6

(DECODE 1FLAG =)
¢ )]

(DECODE CCOY o)
MG

BEGIN

HOBPL « HOBR NEXT
RO NEXT

WYCHaR

ENG)

ENDy TEND OF WRITOP
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! PEAD DOUMLE LENGTH ViR IR E

PEADDi= BIGIN
PEngOn NE X1
Mt 310> « =P,
KRR » (HOAP ¢ 11<17:1@) NLXT
HPO NLXT
1D1463:32> - nOoe
END 1END READD

| PEAD FOPMAT ] DPEPAND (DPERAND ENDS UP IN TA2)
ROFMY]=HECIN

(IF ¥ NCQ 8 w)> READOP) NEXT

(DECOOE K «>

IMMEDte BEGIN
a0 . 8 NCXT
GETY NEXT t INDEX REGISTER RETURNS IN “18°
TR « SY o 18D NEXT
TR2 & (TBICIS18) ¢ TBICI6) <1510 MEXY
CIF TAZKLSY =) 1n2¢31116) » w177777) :
END) i

PHALFR1 »DEGIN .
TA2 » KOARC1518> NEXE
(IF TA2E1SD »> TA2CDN1 16D « w)?7277)
ENO?

PHALF 1+ =DEGIN
1AZ » HOBRCIIL B> NEXNY
CIF TR2C1ISY =) TAZ2<3N1 16D « n1?7277)
|4, 7]

RFULL 1=TA2 + MORP

REYTERteTAZ « MOBPC?18)1

RAYTE 1w TA2 o ROBRC15:001
ROYTEZ:1wTA2 « MONRC231162)
RUYTEI =TA2 « MOBRCIL124)

)
END) 1END ROFNMTL
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! WPITE TOPHAT ] OFLPIND (L PIND ENTERS IN 1A2)

WIONF 12 BIGIN

Ir ¥ NQ @ «>
R0 NG XT
NEeone » =>

NO.DP)

WHALF 01 «MOBP 15100 o TAZ< 151809
HHALF |1 =MOBPC 31016 « TA2¢15:051
WFULL 1 =HOBP » TR2:
WBYTER sMOBRC?18> » TA2C?10))
WHYTE L »MOBRCI518) « TA2¢719D)
HOYTEZ) 2sMOURCZI 16 » TAZCP10D4
WHYTES: =HOBP<31124) » TR2<7:@8>) NEXT
s 04

ENDY

RPIMYJoBEGIN 'PLPLACE FORMAY I
OPRDY NEXT
fDECODE IFLAG =
WKL
(DECDOL C<8> )
’ WNIDNC)
(HOBRL « TA2)
HRD NEX
WICHAR))

)
ENDI 1END WIFNT!

WIFMTI1oBEGIN IWRITE FORHAY |
(IF NOY PPFLAG => IFLAG « 8) NEXY
RPFMT}
END#

PUTBACK  ~BEGIN
(1F RPFLAG »)
17 IFLAG AND (L EOL @) > IFLAG « )
PEPLAC o |
)
ENDY

et . -

N —— o A i . A AT o] A A L T e R

Perse 20-1
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L OWCr PEOFAT TERFRINNTION

! (HECE 100 RNt TEPHINALION

CHPPT - AEGTM
t o« we NEXT ULINT 15 TN B VEGLZ
GE1D NExT I OINDLX REGISTER RLTUPNG IN °18°
TB! » 18D - | KLXT I DECRENENT COUNT (UNSIGMED)
0D ¢ (1B115:@> o VHAIEIIC1% 0> MXT
PUTB NLXT ! S1URE (TR) IN INDEX PEGISTER B(BO)

CIF 136D EQL ©) 0P (TBD EQU *FFFF) «> PPFLAG « @)1
TEPHINRTE 1F » O
INCPLHENT DPEPAND
ADDPESS INDEX REGISTER
PP PAGE 59 OF

THE AN/UYK-? HakuAl
THD « €1B1CI6Y + 181¢15:02)<151@> KEXT

A0 - B NEXT
GLig NEXT
T8y » 10D ¢ PPISY MEXT

PUTH NEXT
(DLCORE COMPAR o>
\0 BEGIN 1 INSTRUCTION WAS NOT R COMPHRRE
DECODE PPN =) ! TEHMINATE DEPENDS ON *R® FIELD
\®  (IF NDT RCCCD > PPTLAG » 0) ! NEQ R
\ o (IF PLCCES =) BPFLAG » 8)) [ .
\2 (IF PCCCD s> PPFLAG » 8)) | GEQ @
N\ LIF NOT RCCCL) =) RPFLAG » @)1 tiss e
N NO.OP,
N6 LIF WIFLAG = t IF WRITE 10 MEMORY
€7A0 + MDBR MEXT t AND IF EVEN PARITY,
PARITY NEXT ! THEN TEPHINATE REPEAT
{1f NDT 10 o) RPFING » B)'))
N6 (IF WIFLAG =) tIF WRITE 10 HEMORY
1180 « NOBR NEXT ! AND IF ODP PPARITY.,
PARITY NCXT { THEN TERMINATE REPEAT
[T 1:] ) RPFLAG » @))))
\? NO.OP
END)
Al BEGIN | COMPARE [NSTRUCTION BEING REPERIED
DLCONE RPTA =) | TEPHINATE IF
\e  (IF NOTY CCC *> POFLAG « ©)) I NTQ @
AT I & L o it 3} s> RPFLAG » 011 | EQL
\2  (1F CCc2t1> EQL 1 =»> RPFLAG » 01 | GIR
\3 (IF CC<td => RPFLAG + @)1 | GEQ
\¢ (JF NOT CC<ID > RPFLAG » @)) | LSS
\G  (IF CC<2i1> NEQ | »> RPFLAG = 6)) | LEQ
\6 [(IF CC<O> => RPFLAG » ©)) | OUTSIDE LINITS
AP CIF NUT CLe o) RPTLAG « @) ! WITHIN LINITS
END
) NEXT

(IF NDT RPFLAG »> ILOCK « @)
(IF (C EQL 3) AND IFLAG «> CHARND))
ENOt 1END CKRP1T




INTERRUET L ER

INYGC T e GIN
b L AaG - @
(1F PP el o>
WrLeG - & MXT
CIF CEQL 3 ») (HAD )
PO« PR MINJS 21CI518>) NEXTIe

JELAG » @
iND1
INTie  BEGIN
CIF CINTUECCE) AND TNDT CLRSLOCEDD) o
1C5) 1 » BEGIN
INICET NEXT

CHPIAf41) « ASPCIS: 0> NEXY
CrRlwiac) » 1SC)
rMPini43] - Py
HSPC18Y o |3
UMoW - &
NGRC'4:93 » w??)
ASRC?> » 1
RASP<G:0) » B NEXT
+OECODE POWLP =)
\@ (P « NDROI®)<19:8))
NOR<@> » 1))
\l (P« CHRIN140)<18:100) )0
POMEP « 03
INTVECC]) » @ NEXT
BAILOUT INY
END
) NEXY

(IF CINTVECC2> AND [NOT CLASLOCZ))) o)

I1C52:» vEGIN

INTSET NCXT

CHPIn145) « ASR(1D10> NEXT

CHPimi46) « 150

tMRlwi4?) « Py

nSPC1By « 1

UPLOW «» &

ASPC1219) » w32

ASPC?Y «

ASRCBIA) o @ NEXT

UYP 2 IRPLE IO (i Y al M) - 10D F3-Feb-B 11006 W01 HeCry- 1860

tCLnss )

| fLAsS 11

(DFCODE (RUTD.PEC AND (1SC EOL #2)) «>

\@ P+ CHRI#144]C19.80)

Al INDRCDY & 1)
(DECODE BOOTSTRAP »)

P+ NOROI1)C19:50)
P« NORDI21¢19:00)
P« NORDLIIC19:€))
NQ.OP))

X

INTVECC2) « @ NEXRT

BaiLOuT INT

tND

) NEXT

Poan 22~}




UYP 2. 1SPIX 2100 1alHML- 10D

' Imnvw‘!'wwo\_w Faut 21

1ICShie

ICShe

{1

v CLnss 110

COHTURE A3y AND TN LLAGLOCI Y =
HLGIN

INTSEY MEXT

CHPLe1S1) » ASRC)DIOY NEXT
chingh2) » 180

e ings3) « Py

ASPCI?Y « 1

UPLOW « &1

ASPC12:19) ~ WP

ASPCG10Y « @ NEXT

? o CHRINIGAIC1IBA))
INTWCCIY o @ NEXT
QALDUT INT

£ND

) NEXT

t CLASS IV

LIF INTVECC4) wd

H

BEGIN

INISET NEXY
CHPLWISE) « ASPC1918> NEXT
CH2(u156) « 1SC3
CHeIniL?) o P
ASRCIBY » 1

Wi + 8
ASRCIL19)> = 47y
REPCEI1O> » @ NEXT
P+ CHRLN154)C(19:18)1
, INTVEGCAY » B NEXT
BAILDUT IN?

[4, ]

END 1END INT

Fd-reb-78 1186 WD1SeCHU- 100

Pege 23-1
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ICONDITION CODE TESTING POUTINES

[ THESE POUTINGS 1461 CONDIETON TONFS DARING INSTPUCTION EXFIUTION.
! THE FOULLONING POUTING SE1% THE PEPD AND DPERTER THAN DR EQUAL
! PLPO PEFEAT LONMODITION CODE BITS (PLCCZi1Y) FOP STNGLE HOPD (N PATIONS .

€C2Gre  PBEGIN
PLCC2¢ 1) « NOT TARCIY) NEXT
CIF (TAD FOL ) DR 17AQ ECL DNE3Z) =) RTCLC211) » »3)

ENO»
| THE FOLLOWING PDUTINL SEYS THE ZEPD AND GREATER THAN OR EQUAL
! 2ERD PEPEAT CONDITION CODE BITS (RCCC211>) FOR OOUBLE WORD OPERATIONS.

CL2GD: = BEGIN
RCCC2i1) « NOY TDO(BI> NEXT
(1F 1700 EOL @) DR (100 EQL (NDT B<E310))) =)
RCCC2e1) « W)

€ND
t THE FOLLOWING ROUTINES SET THE OVERFLON COND1TION CODE
! BIT IN ADDITION 10 THE ZEPO AND GREATER THAN OP EQUAL 10 ZERO
! BITS (RCC<2:1>). SIGN BIT COPRECTED DURING QUERFLOM.
! SINGLE WORD OPERATIONS

CCO2Gr= BEGIN
£C¢ay « @) RLCC2> « O NEXT
(IF (TABCI1) EQV TRICELD) ©
CC<R)> « (TADCAEY NEQ TACCIL)) NEXY
TACC3L) « TACCIL> XDR CCCD
) NEXY
RCCCI> » NOT TRACC3L) NEXT
(IF (TAC<3110> EQL €) DR (TACCI110> EQL ONEI2) =3
RCCC2e1)> » W)

END)
! DOUSLE WORD OPEPATIDNS:
CCOZGD: =REGIN
’ CC¢3>» » @4 RLEC2) » © NEXT

(1F TDOCBIY EQU TDI<ED) =)
CCCI> » (TDOCEID NEQ TDACCEI>) NEXT
TDACCEI> « 1DACCEIY XOR CL<D
) NEXY
RCCCY> » NOT TOACCE3) MEXT
UIF (TOAC<E318)> EQL @) OR (1D0ACCE10> TOL (NOT 8<E3100)) w)
RCCC2Z11) » 03
END»
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! FOPHRY 1 INCIPIRCTION ExtCUTION
tNDTC, AR THEETIC 15 32 BIT ONC'S COMPLEMENT WITH MOST
! SIGHIT JCANT B1T THE SIGAH

LAI» tLonD A
BEGIN
POFHTE NEXT | OPEPAND RUILRNS IN "I1A2°
1A » tA2Y
A » A NEXT
PUTAG MEXT ! ST0PE {TAA] IN ACCUMULATOR (RO}
CC2G
END: {END LA

LXB:= | LORD A AND INDEX B

BEGIN

LA NEXT ! USE °LA® INSTRUCTION

80 ~ O NEXY

GETA NEXT t INDEX PEGISTER RETUPNS 1N *T8°

t8) o THD ¢ ) NEXT

TED « (1D1<1510) + TBICIEYICISI0> NEXT

pUE - | STORL (18) IN INDEX REGISTER (B@)
ENDy 1END LXB

LDIF e ! LDAD DITFERENCE

8rGIN
DFNTT NEXT | DPERAND RETURNS IN °TA2°
GETA NEXT ! (ACCRY) RETURNS IN "1m0°

TRO « NOT 1RO NEXT

TAC « TAZ ¢ 103 NEXT

TAL - TACC311® ¢ TACCIZ) NEXT
TAL » TA2 NEXT
CCO7G NEXT

TR « TACCI1+0> NEXT
PUTRIL

END 1END LDIF

STORE CTA1) IN AC{A+1)

ANALe | SUATRACT A .
REGIN
POFHTI NEXT
GETA NEXT
A2 » NOT TAZ NEXT
thl » TA2)
TAC » 1RO ¢ TAZ NEXT
TAC » TACCAI19> + TACKIZ> NEXT
ccozu NEXT
TR ¢ TRCCANI0) NEXT
PUTAQ
END) 1END ANA

DPEPHND RETURNS IN "TA2°®
(ACCA) ) RETURNS [N “The®

STURE (1A0) IN ACCUMALATOR (R6)

—mv—— — g,
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I FOPHAT 1 INSTPUCTION EXECUTION {PAGE 21

[L2TR]

LSUM»

LNAr=

LHt=

LBie

' ADD A

REGIN

POINTI NEXT

GETR NEXT

1AL + TAZ}

1AL » TAD 4 TA2 NEXT
TAC « TACC311@)> ¢ TACCIZ> MEXT

CC026 NEXT

TA8 » TACC311B)> NEXT

PUTRR ! STORE (1AQ) IN ACCUMALATOR {RO)
END} 1END PA

OPLPAND PEIUPNS IN "TAC”
(ACCAY) RETURNS IN “1h8°

t LOAD SUM

BEGIN

PDFHTT NEXT

GE1A NEXT

TAC « 1RO + TAZ NEXT
TAC » TACCIT 18> ¢ TACCE2Y NEXY

TRl + TRZ NEXT

CCo26 NEXY

TAl » TACCEL10) NEXT

PUtal | STORE (TA1) IN ACLABHE)
ENDY 1END LSUN

OPERAND PETUPNS IN "TA2"
LACCR)) RETURNS IN “The*

| LNAD NEGATIVE
BEGIN

ROFHTI NEXT

RO+ Al

THO » NOT TR2 NEXT
PUTRO NEXT

ccz

ENDY TEND LN&

OPERAND RETURNS IN *TA2°

ETORE (1A0) IN ACCUMULATOR {n)

! LDAD PAGNT TUOE

BEGIN

PDFMT] NEXT ! DPERAND RETURNS IN *TA2®
[T

TAD » TA2 NEXT

L1F TAOC31) ») TAB « NOT TAG) NEXT

PUTRO NEXT | STORE (7R0) IN ACCUMR.ATOR (RO}
st

ENDJ TEND LM

! Loxo 8

BEGIN

PDFHTI NEXT | OPERAND RETURNS IN °TR2®

HY « A NEXT

cETe NExt | INDEX REGISTER WETURNS IN "1B°
CJF A NCQ © w) TBD = TAZ2C1G10>) MEXT

U 1.STORE (TH) IN INDEX REGISTCR (80)

£ tEND LD
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! FOPHMAT ] INSTPUCTION [XICUTION (PACE 3)

e

ANG:=

SN'-

' A0 B

BEGIN

POFHTL NEXT L OrEPOND PETLUPNS [N T1AZ®

B - A NEXT .

GLTO WEXT t INDEX REGISTER PETURNS [N *TR®
CIF A MEQ @ =

VAC » TRO ¢ TAZ NEXT 118D Z(R0 EXTENDED

TBD « (TRC<3118> * TRCLAI1K15:®)
1 NEXT
PUlE ! STORE (TH) IN INDEX REGISTER {(BO)
ENDS IENC AO

! SUBTRACT 8

BLGIN

POFHTL NEXT | OPERAND RETARNS IN *TA2"

BO » A NEXT

GETE NEXT { INOEX REGISTER RETURNS IN *TB*

(IF A NEQ 6 =
TAC « TBD ¢ (NOT TA2) WEXT
TBO « (TACC3118) + TACC32> 115180
) NEXT
PUTR t STORE (TB) IN INDEX REGISTER (B0)
ENDI 1END oG

| STORE B

BEGIN

B0 « A NEXT

GETE NEXY ! INDEX PEGISTER REYURNS IN *7:
1A2 » 18D MEXT

WrnTl

END) {END SB

! ST0RE A

BEGIN

GETA NEXT I (ACCA)) RETURNS IN “The*
TAZ' + TAO NEXT

WIFNTL NEXT | REPLACE OPERAND FROM °*Ta2°
ccac

ENDY {END SA
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I TOPHAY | INSTRUCTION EXECUTION (PAGE 4)

5¥f -

GNA1s

SMie

——— e e a— ————

' ST10PE A AND TNDEX B

BEGIN

G NEXT Ie USE CTORE A IRSTRPUCTION

A0« P ONEXT

GETB NEXT t INOEX REGISTER PETUPNS IN °1@°

181 + TBD & J NEXY

TED » (TBICIS:0> ¢ TBIC1EY)C15:8> NEXT

401 ] | STORE (T9) IN INDEX REGISTER (Ba)
END) 'END X8

! STOPE NEGATIVE

BEGIN

GEtA NFXT I (ACCAY) RETURNS IN "TAO®
TA® « (NOT TAG) NEXT

1A2 + TAQ NEXT :

WIrHTL NEXY | PEPLACE OPERAND FROM °TAZ®
ccae

END; tEND SNA

t STORE MAGNITUDE

BEGIN

GETA NEXT | (ACCAY) PETURNG IN *TAO®
C1IF TRHCILD o) TRO « (NOT TR)) NEXT

1A2 « 1A NEXT

WIFHT] REXY | PEPLRCE OPERAND FROM °TRZ2®
[ 40)

£ND) 1END SN

! CLEnk BI1Y

BEGIN

READOP )

MASK « | NEXY

HASY » HASK 15LB AK NEXT
MASK « NDT MASK NEXT
HOBR « MOBR AND HASK NEXT
MO NEXT

TR0 « HOBR NEXT

€941

END) tEND B2
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P OFORPHAT 1 INSTRPUCTION ExECUTION tPAlE 51

05 =

RAr»

Rlj=

' SET BIT

BLGIN

PEADDP

Mebh e NEXT

PASK » PASE 1500 M. NEXT
HMOBR » MOBP DR HASK NEXT
HWO NEXT

T - PODP NEXY

olo4

END: {END BS

t PEPLRCE ADD

BEGIN

PDFMYT NEXT ! DPERANG RLTUPNS IN “TR2®
GETA NLXT 1 (ACCR)) RETURNS IN *TRE*
1Al « TAZ)

TAC + TAZ 4 TRO NEXY

TAC « TACCINIBY + TAC <32 NEXT

[COPG NEXT

TAZ « TACC31:0)> NEXT

1Al » TAZ NEXT

PUTBACK NEXTY
FPrHTL) ! REPLACE OPERAND FROH °TR2°*
PUTAY ! STORE (TAL) IN AC{RG+})

ENDs  1END RA

! REPLACE INCREMENT '
REGIN

POFMT] NEXY

0 » 4

TAL + 1A}

TAC » 142 o § NEXT
TAC « TACZ2110) » TACCAZ> NEXT
CCOZG NEXT

TA? & TACCRLIO

A0 » TACCALIB)

! DPERAND RETURNS IN "TA2*

AR+ A NEXT
PUTBACK NEXT
PPFMTY) | REPLACE OPERAND FROM *1A2°
PUIRG | STORE (TAO) IN ACCUMAATOR (Re)
END) 1END R]

At . e . T (PP SRR A met . T

18 ACTION TAKEN WHEN AKORI7 ?

WD15eCMU- 100 Poge 29-1
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| FOPHAT | INSTPUCTION EXECUTION 1PAGE B)

PN = CPEPLACE SAETanCY
ALGIN
H¥ T NEXT L OPEPAND BT TURNS N *TAZ®
GETA NEXT 1 {ACCAY ) RELTURNG 1IN °TRe°
TAR « NOT TA8)
1A} « 1A2:
TAC « TAZ + TAB NEXT
TAC » TRCCI118) o TACCIT> NEXT
CCozc NExTY
TR? « TRCC311@) NEXT
TA » TAZ NEXT
PUTBACK NEXT
. PPIMTLa | RIPLACT OPERAND FROM "TA2®

. PUTA) Y SYORE (VA1) IN AC(RO+])

END) TEND RAN

RDi= ! PEPLACE DECPEMENT
BCGIN
PDFHTI NEXT ! DPEPAND RETURNS IN *TA2°
160+ INDT 1€31102))
Tal + A2
TAC » TAZ + TRO NEXT
TAC » TACC3110) + TACCAZ) NEXT
£COZ0 NEXT
TRZ + 1ACCIN@N
TRB « TACCAI8%)

A8 » A NEXT

PUTBACK NEXT

RPFNTL) | REPLACE DPERAND FROM “TA2°
PUtRe t STORE (TR®) IN ACCURLATGR (A0}

END? 1END RO
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P roemat 1 O INSTPICTION EXECUTION (PaLE 7)

How ' ML TIPLY £
DIGIN
POFMTT NEXT tOPEPAND PETUPNS IR “1AZ*
GLTA NLXT t (ACKAY! RETUPNS IN “The®

SIGN + (TA2¢31> XOR TROCIYH) MEXT

(IF TAZC31) =) 1A2 » (NOT TA2) s

LIF TRO<3T) o) TAB + (NOT TRQ)Y) NEXT

00 « TA2 » TR NEXT

(IF SIGN => TDA + (NOT TD@)) NEXT

TNt + TONE33IZ)

1RO+ 100310 NEXT

PUTAL) I STORE [TA1) IN ACLRB+])
PUIAD NEXT ! STORE (TAG) IN ACCUNMAAIOR {Ae)
ccaco

END: {END M

D.rm t DIVIDE A
BLGIN
PDFHY] NEXY { OPERAND RETURNS [N °“TA2®
CIF (TA2 EQL @) DR (TAZ EGL ONE32) ») | STOP A 2ERD DIVIDE
BEGIN '
Ct¢dd> » | NEXT
» BAILDUT 1CYCLE
END
} NEXT
GETD NEXY
S1GN « (1A1<31D DR TA2¢31>)s
SIGHT » (TAICIIY) NEXY
(1F SIGN] =) TDG » (NOT TDA))}
L1F TAZ2<31) w)> TAZ « (NUT TAZ)) NEXT
TR o (T0O / TA21<21:8> NEXT
TA) « (TDO HINUS (7A@ » TA2))<3110> NEXT
[1F SICN »> TR + NOV TAO))
(1F SIGNI => TAl « NOT TAI) NEXT

PUTAL) ! STORE (TA1) IN AC{RO+1)
PUTAC . ! STORE (TAG) IN RCCUMLLATOR (A0}
ccec)

CC<IY » (TDACET AL NED ©)
END} 1END D

g
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1 POPBAT T INSTRULTION EXECUTION (PAGE 8)

HC1m

Cxlye

I CoMPwE @11 TD 2P0

BIGIN

coeaR « 1y

READUP S

Hsk - | NEXT

MASK « MASK 1610 AK NEXT

MOUR + MOBP AND PASK NLXT,
€CC2e1> » @ NEXT

C(1F (ROBR EQL @) =) CCC2> = 1)
END) {ENO BC

t COMPRRE INDEX INCREMENT

BEGIN

COMPAR « 1

POFHTT NEXY ! DPERANG PETURNS IN *1A2°

BO + A NEXT

GETE NEXT | INDEX PEGISTER RUTURNS IN °TB*

CCe@> « @ NEXY
(DECODE ¢ (18D GTR TA2¢15:85) XOR (TBOCIE> NEQ TA2C15M))
OF (1BD EQL TA2¢1510)) o)

\8 (Te1 » TBO ¢ | MEXT
180 « (TB141510> + TRICIBY 1510 Tt
M BEGIN
Ceeor « 1y
18D ~ 8
END
) NEXT
pUTe | STORE (TB) IN INOEX REGISIER (09)
END: 1END CXI
| COMPARE
BEGIN
CoMPAR « 14
ROFHTI NEXT | OPCPAND RETURNS IN *1A2°
CETAY ! tAC{AY) RETURNS IN *Tro*

CC2211% » @ NLXY

(1F 100 EQL DNEB2 w) TAO « B}

(IF TAZ EQL DNE3Z =) TAZ + 0) NEXT

1STR « (10 18T TAZ) NEXT

(IF (1ABC3]> XDR TRZCA1D) =) THIR » (2 - TSTRIC1IOD) NEXT
(DECODE TSTR =)

\e N3.OP)

\ CCe2il> o
\2 cectdy «
\3 NO.OP

)

(1, +]] tENO €

e en T P PP

AR A TEEE - e oo w——— o o
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1 EDPMAT T O INSTPUCTION EXECUTION (PAGE 8)

Clie

CHim

CGi=

tLOMraPE LIMDIS

BEGIN

COMPaP -~ 49

e« A

GETO

RDFHT] NEXT | OPERAND FETUPNS IN *TA2T
(IF TR0 EQL ONE32 »> TAQ « @)

UIF 1A] EQL ONE3Z s> TAL » €11

(IF 1A2 EQL ONE3IZ o) TAZ « U1 MEXT

[1F (LTA® GIR 1A2) DR (TA2 GEQ TAII) =) CCKE) » 1)
END: 1END CL

| COMPARE MASKED

BEGIN

COMPAR » 13

ceezely - 0

GETDH

ROFMT] NEXY | OPERAND RETURNS IN °TR2®
(IF TA1 EQL ONED2 o) TAL + 8))

TA2 + TAZ AND TAO NEXT

(1F TA2 EOL ONEI2 =) TAZ « @) NEX?

ISTR + (1AL TST TA2) NEXT

CIF (TALC31> XOR 1A2<31>) o) TBTR o (2 ~ TSTRICHIO)) NEXT
(DECODE 1STR o)

\e NO.OP)

\ €2ty »
\2 £Cegd o 1
\4 ND.OP

)
ENDY {END CH

| COMPRRE GATED

BEGIN

CaHPAR « 1)

CCe21yy = 81

GETD)

POFHTT NEXT | OPERAND RETURNS IN °TA2°®
TAC ¢ (TA2 + (NOT TAD)) NEXY

TAZ + (TAOCA118) ¢ TACC3IZ)1C31108) NEXT

(1F 1A2<31) =) TA2 + (NOT TA2)) NEXT

CIF TAL EQL ONEJZ w> TAL « B) NEXT

TSTR « (1A2 TBY TAI) NEXY

(1F TA1C31) ) TSTR & (2 = TETRICE18)) NEXY
(DECODE 15TP »)

\@ ' ND.OP

\ CCC2v1d « N

\2 ey o 1) '
\3 NO. 0P

)

ENOY 1END CC

""m&:.t‘mf“ T | # gy o)
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t roPnaT 1 INSTPULTION EXFCUTION (PAGE 18)

LCti=

:

LCh=

———e o

L1 0nD CHR ThSK

BIGIN

CIF PRILAG =% JHLOCK = 1)

PENDOR NEXT

(1 A GLU Wb => K » B} MXT

(DECOOE A »>

\8 CRR(M} « HOBP:

AV CHR{AK) - HOHR<19)0%

\¥4 (CPFPRIV NEXT CHRIAK]) « MOBRCIZ 10 )1
\3 NO.OPs

\4 NO. 0P

\5 NO. 0P

\6 (CYPPIV NEXT CHRPIAK) « MOGR(19:10) 11
\? (CEPPIV NEXT CHRIAMK) o MDBRC22:0))
) NEXT

(IF PPELAG ) &K » LK ¢ 13¢5:0))
ENDy TEND LCT

! LOAD CHP INTEPRUPY

BLGIN

(1F PPFLAG «> ILOCK « 1)

CYPRIV NEXT

PERDOP NEXT

(DECDOE A >

\@ CHPLLAK ¢ wl@Q)CB1@)] » MOBR)

\l CHRL (AR 4 W]00)<B105] « HDBRCIT 18
\e CHRI(AK + w100)<6:1@85] + HOBRCI2100
\3 NO. DR}

\¢ CMPLCRK ¢ M1001¢61@)) + MOBP<19:6))
\5 CHRI(AK + H]08)<6:8)) » MOBRCID:18))
\6 CHRLIRK ¢ HIPBICB10)] « HORRC201@)y
\? CPREIAK 4 HjDB)I(B10)] ~ MOBR<29:10)
) NEXY

{1F RPFLAG => AK + (MK * 1)<518®>)
N 1END LEY

Page 34-%
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L 1DRPAT 1 INGTPUCTION EXILUTION (POCE 1)

HiTi» VST [HE Tat
BEGIN
(30 PPILAG = 1KY + 30y
t1F A GEQ Wb ») K » 8) MEXT
{DECODE A »>
\B HORP « CHPIAK}
A} HOEP - CHPIAK])
. \? (CEPPIV NEXT HOHR o UHBIAK])
\3 NO.CPy
\4 NO. DR
\§ NO.Of
\6 (CKPPIV REXT MOBR « CHRIAK] )
\? (CKPRIV NEXT MOBR o CIRIAK])
1 NEXT
CIF 1A LSS #3) DR (A GIR #5) a)
BEGIN
0PAD) NEXT
. M0
END
) NLxt
* CIF PPFLAG =) Ak o (RAK 4 1)1<5:10))
END) 1END BCT

SClim 1 STORE CHR INTERRUPT {
BEGIN
(1F RPFLAG »> JLOCK » |3
FYPRIV HEXT
oPAD) NEXT ‘
(IF A NEQ w3 =)
HOWR « CHRECAK 4 w10@)CE18)) NOXT
M
) NEXT
(IF RPILAG »> AK « (AK ¢ 1)¢510))
N 1END 5C1




(RN AT AT LAY g, TR TS o)

Crgomat ] INGTRL TION GO TrERE

nrlve B LN
CIF FOpi ) »
CORLONE FY e
LA
L
Lol
ANAY
A
LS
Loy
1]
)
N
(1t FO EQ 2 =
(DECOOL FI »)
(§:-3)
s
AN
8.
S
S8y
ShAs
oM

-

(iF FO EQR 3 =
(OECODL Tl =)
OPTX}
OrEXs
824
as
LT}
Rl
Rivh)
L]
)
| B
{IF FB EQL 4 =)
(DECDOE Fi =
Ha
D
oty
cth
t.4
cL
(.1
Y

13- Teh-TR

“
13
14
15
16
1?

29
2

22
24

26
2y

0
3t
ELd
33
34

37

10
1
2
43
44
45
16
47

- ¥

W 15e M- 1RO

LOA0 A

LDAD & AKD INDEX B
LOAD DIFFEPENCE
SUATRACT A

HOO A

| 09D SUEi

LGrD WAl
LOAD PAGNT TUDE

LoD 8

A0 B

SUTPACT 8

5T1¥E B

STORE A

S10UE A oND INDEX B
STORL MEGATIVE
STORE MOGHL TLNE

CLenr B17

SEY @17

REPLACE AOD
PEPLACE INCREMENT
REPLACE SUBTRACT
FEPLACE DECREMENT

AATIPLY A

DIVIDE A

COMPARE BIT 10 ZERD
COMPARE INDEX INCREMENT
COMPARE

COMPARE LIRITS

COMOARE PASKED

COPRE GATED

Pers X% -1
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VEOPRAT 1 INSTRPICTION UACODE 1RBLE [continued)
CIF F EQ wSe o> LCT )

! 54 Ll rH0 10ty
(IF F EQU wh& > LCTHy

w
-

LOAD (1 INTE PLeT
CIF F £ w56 > SCT)

! 55 STORE CHR YASK
(IF F EQL wS? > 5C))
1 8? STOPE CMR INTEPVUPT

END} 1END fORMAT |

) “ P T N ] . - . PR e e -
o whaied! . - emm L. (s T
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{ roPrRAT 11 INSTPUCTION EXCCUTION

[1 ]

MS: e

XOR. e

¢OINLLISTVE OR

BLGIN

GE TR b (ACLA)) PETURNS [N "TaR*
PERDOP  MLXT .

100 « TAO DP HOBR NEXT

PUTAD NEXT ! STORE (1R} IN ACCUMULATOR {Aa}
ccze

END) | LND OF OR.

! SCLECTIVE CLEAR

0EGIN

GETAS ! (ACLA)) RETURNS IN “TAB®
PERDOP NEXT

1R9 « TAH AND (NOT POBR) NEXT

PUYAY NEXTY ! STORE (1A€) IN ACCUMULATOR ()
Ccas

END) 1END SC

! SELECTIVE SUBSTITUTE

BEGIN

GETD»

PEADOP NEYT

TAY » (LTAO AND HCBR) OR (TA] AND {NOT TAG)}) NEXT
PUTRI NEXT | STORE (TA1) IN ACLRO+L)
1A2 « TA] NEXT

o d41]

END) 1ENOD M5

! EXELUSIVE DR

BEGIN

GeTas ! (ACCA)) RETURNS IN "Tho°®
PEADDP NEXT

1A@ « TAO XOR MOBR NEXT

PUTAO NEXT 1 STORE (1A0) IN ACCLMULATOR {n8)
[setar}

END 1END YOR

BRI, € R

23 feb-7B 11106 WO15«CHU-1080 Pene 30-1

et ot ey
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L FDPHAT T INSTPUCTION EYECUTION (PAGE 2)

MPe

LLPie

NLPis

Panh LOGICA PPODUCH

REGIN

G0

PEADOR NEXT

htt » POBP AND TAA MEXT

TAC = 1A1 ¢ TRo NEXT

1AC « TACC3110)> + 1ACCI2> NEXY
CCo26 Mexty

18] » TAC31:18> NEXT

PUTAY 1 STORE (TR1) IN nrlan+j)
END) LEND ALP

! LOAD LOGICAL PROOUCT

BEGIN

GETR ! (ACCR)) RETURNS IN “TRe*
FEADOP NEXT

TR » 1RO RND MOBP HEXT

PUTAD NCXT 1 STORE (TRd) IN ACCUMRATOR (AR)
cc2e

ENO: 1END LLP

t SUBTPACT LOGICAL PRODLCY
BEGIN

GETD:

PEADOP NEXT

A0 » NOT (HOOP AND TAO) NEXT
TAC ¢ TRl ¢ A8 NMEXT

TAC « TACC1I0) ¢ TACCIZ) NEXT
CLO2G NEXY

Tal » 1ACCILI0> NEXY

PUTAL | STORE (1Al) IN AC{ROsL)
END: 1END NLP

T R e ¥ T TS 0 o o

ot o
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trueAnT 11 INSTPICTION EXECUTION (PRGE D)

LLPNie ' 100D LOGICAL PRPUDLCT NERY
OLGIN
[Rv]
PLADUP NEXT
TAl + T1AN AND HOBR NEXT
PUTA] NEXT | STORE (TA1) IN AC{RR+41)
1A0 » A} NEXT
€C2o
ENDI 1END LLPN

CNTi» | COUNT ONES
BEGIN
GETA) ! AT JTUANS IN TR0t
RERDDP NEXT
RO - O
COUNT » 32 NEXT
CNTLP e BEGIN
IF COUNT NEQ 6 )
BLGIN
(IF HOERO> ») TR0 » (TR0 ¢ 1)¢3110)) NEXTY
HORR « MOBR 1RR 1)
COUNT » (COUNT RINUS J)<510) NEXT
CNTLP
END
END NEXT
PUtAG NEXT | STOPE (1AQ) IN ACCLMULATOR {A0)
{41
(4 ]] TEND CNT

XRtw ! EXECUTE PEMOTE
BEGIN
PEADDP NEXT
U » MOBR NEXT
EXPr « |
END: 1END XR

¥PLiw | EXECUTE REMOTE LOMER
arGiN
READOP NEXT
UC31118) » HOBRCIGIBY NEXT
EXRF | '
ENO)  1END NRL
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| Fopmal H.INSIPUCHON EXECUTION (PAGE 4)

SLPis

56UM =

SOIF e

! S10PE (OGICA PRODUCT

ALGIN

GFTD

PEADOR NEXT

WP « TAD AND TARI NEXY
WPITOP NCXT

TAY » HOBP NEXT

[d o]

END) 1END SLP

| ST0PE 5UN

BEGIN

GLTD NLXY

TAC + 1AD ¢ TA1 NEXT

TAC » TACCA118) ¢ TACCAZY NEXT
CCORC NEXY

HOBR + TAC<31:10))

TRt « TACC31:0> NEXY

WRITOP)

PUTRY | BTORE (TAL) IN ACtA&+1)
Ny 1END 55UM

! BIORL DIFFERENCE
BEGIN
GETD NEXT
TAM « NDT TAD NEXY
Tat » TA1 + Thd NMEXT
TAC « TACBI10) ¢ TACCIZ) NEXT
CCD2G NEXY
¢ TACCALI@)
Tal + TRCCR1I0) NEXT
We1toR)
PUTRL I BYORE (VA1) IN AC(RGs))
(1] 1END SOIF

- L WY R

Pege 01-1

s o e+ ¢
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| £ORMAT 11 INSTRUCTION EXECUTION (PAGE 6)

0% = ! DOUBLE STORE A
BIGIN
[ERUNCA T
HONP « Tnn NEXT
WRITOP NLXT
MOAR » (HONR o 1)C17:8) NEXT
HORBR » TAL NEXT
MWD MEXT
CC2Go
END) IEND DS

RORiw | PEPLACE INCLUSIVE OR

REGIN

O, NEXT ts JUST LIKE oM °OR®
MIHR « TAG NEXT

PUTBACK MEXT

WR] 108

END | END ROR

RS5Cie ! PEPLACE SELECTIVE CLEAR
BEGIN
5C NEXT Im JUSY AN SC°
MOBR =~ TR@ NEXT
PUYBACK NEXT
WP1TOP
END: 1ENO RSC

RMGre ) PEPLACE SELECTIVE SUBSTITUTE
BEGIN
ME NEXT 1™ JUST LIKE SELECTIVE SUB
MOBR » TAL NEXT
PUTBACK NEXT
We1toP
ENO) 1END RNS !

[

REXORts 1 PEMLACE EXCLUSIVE DR
BEGIN
XOR. NEXY
MOHR + TR NEXT
PUTBACK NEXT
WRiTOP
END) 1END RXOR

Caarae C e a

Page 42-1
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tOEOPHAT T INSTPUCTION EXECUTION (PAGE 6)

R.Pie

PLPi=

FNLP1

T6F 1=

'FEPLACE A ¢ LUGICA. PRODUCT

RGIN

M Nt Im JUST LIVE “ALP®
MOAP » TA1 NEXT

PUTBACK. NEXT

weytoe

END: 1END PALP

I PEPLACE LOGICAL PROOUCT

BEGIN

LLPN NEXY 1™ JUST LIKE "LLPN®
FOBP » TR! NF),

PUTBNACK NLat¢

WR110P

END! 1END PLP

{PLESCT &« LOGITAL PRODUCT

AEGIN

MP NEXT tw LIKE AN “NLP®
MOOR » TA} NEXT

PUTBRCK NLXT

WRTOP

END) IEND RNLP

11E5T AND SET FLAG

BEGIN
READOP NEXT
(DECODE MOBR<¢31> w)
\e HEGIN
HOBRCAL) « | NEXT
01
CLe2y » 1
END:
\ CCe2> + @

)
END: 'END TSF

——— e

Page 43-1
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P roPRAT 11 O INSTRPUCTION FXFCUTION (PAGE 7)

Miw

DAt =

DAN1 =

COOUE TDND A
BtGIN

AN . Ay

PLNOD KEXT

100 « D! NLXT
PUDY

€Cezoon

END: 1END DL

IDNUALE ADD A

BEGIN

GE1o

PLADD NEXT

TOAC « TDD 4 TDY NEXT

10nC » TDACCBI1BY » TDACCEY) NEXT
CCo26D MxY

00 « TDALCEI IO NEXTY

pUTD

END) 1END DR

! DOUKLE SUBTRACT A
AEGIN

GETD1

PEADD NEXT

101 « NQT 1DJ NEXY
T0AL « 100 « TDI MEXT
TOAC « TDACCE @) 4 TDACCEY) NEXY
CLO2G0 NEXT

100 « TDACCHD @) MEXY
PUID

END; 1END DeR

WD 5eCHU-180

L . . S A Yo v s - - o4 b

Poow 44-1

— i ——— -
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| TUPMAY 11 INGTRUCTION FXECUTION (PAGE B8)

(¢ ]

LEMP =

VDO E [oneARt

HEGIN

COMPAR « 1)

[eR1{t]}

PinpD NCXT

(IF 1D0 EQL DNEAZWONEDD => 100 + @)1

(1F D) EQL DNF3PeONE3Z »> 101 » @) MEXT
CEC218> « B NXY

15TR « (1DO 1ST 101} NEXT

{1F (1D1¢632 WOR TDECEIY) o) TEIR o (2 = TSIMICLI18)) NEXT
(DECODE 151R

\e ND.OPY

\ e+ D
2 CC<1y o 3
\3 NO.OP

)

ENDs 1END DC

| L0AD BASE AND MEMORY PROTECTION
OLGIN
By + B NEXY
GETR NEXT t INDEX PEGISTER RETURNS IN *18°
TB) o Y ¢ 1HD NEXT
0 + 1TBIC161@)Y ¢ TBICEBYIC1510) NEXT
11F 1ADcA> =) | ODO ADDRELYS -~ ERROR
BLGIN
INTWLC2) » 1)
18C » w2 NEXY HILLEGAL INSTRUCTION
Ballout ICYCLE
END
) NEXT
(IF ASPA19:16> EQL 8 »
BEGIN
IF (NOT (RSRCE> AND (5 EOL #7) AND (A NEQ #?))) wd
BEGIN
INTVECK2) » 1)
16C & #3 NEXT IPRIVILEGED INSTRUCTION
BAlLOUT ICYCLE
[3,4]
END
) NEXT
RENDOM NEXT
RSTIAICI71@) « MOBRC171@> NEXY
HOAR o (HUAR ¢ 1041710 NEXT
MPD NEXT
SPRIAICZIOY « MDIBRC20IO))
SIRAKIDI?) & 8
SIRIAIKIBIG) » 1BD
[W‘l' 1ENO LD

TR TR B T e | iy o mnliah Wo
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| TOPMAT 11 INSTPUCTION EXECUTION (PRGE 9

ASIPLsw L FNTEP EXLCUTIVE STRYE/ZINTERPPOULLSSOR INTERRUPT

Akl

PEle

Lite

101w

Rt GIN
IDHCODE (A N(Q &) >
XS BIGIN
HO + B NEXT
GETB NEXY t INDEX REGISTER RETURNS IN *18°
181 ~ 8Y + T0D NEXT
16C » (1B1C1518) 4 1BLCIBYICIGIO
INTWECH) » §

END!
IPLis  CYPRIVY
END 1END XSIPL

| ALLOW ENABLE INTERRUPY

BLGIN 12eNOT IMPLERENTEDS®
trPRIV

END) 1END AE]

t PPEVENT ENNBLE INTERRUPT

BFGIN IneNOT [HPLEMENTEQS®
CePRIV

END) 1END PE]

11.DAD 10C MON1TOR CLOCK

BEGIN 19aNOT JMPLETMENTED®S
NO. DP

ENDI 'END L 1IN

t INITIATE /D

BEGIN

PEADDP NEXY

UF ALEQ 3 =) 10CIACHIBY] « MOBR)
END) IEND 10

ey — — e e e e

gy
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1 ropnAY 11 INSTRUCTION FXFCUTION (PAGE 18)

1Rt =

(4T ]

1 OINTEPPLET PE TN
M GIN
(IF nLPC1gy m> 1ICAASS 1
NDP <Y ¢ @)
Hian . f
ASP « CHPINI4) 119>
P CHR(Wi43]¢1910) NEXT
HATLOUT JEYELE) NEXT
tIF RSPCIR) =) 1ELASS 1]
NDRCLY « 8)
IFLAG « @
ASR « CHRI®1451<1910))
Bos CHRINI47IC1B10) NEXT
BATLOUT 1CYCLE) NEXY
(1F n5P<7) => IELASS 1N
JFLAG » B
ASR + CHRI#151)<19180)
P« CHRIN1G3)IC191@) NEXT
BATLOUT ICYCLED NEXT
tIF ASPCIB =) 1eungs v
1rLAG » Q1
ASR ¢ CHR{NIES1C{910))
P e CHRINIS?ICIBIO))
END) 1END IR

t REPEAY
HEGIN
RPTA « A
RPTR - B)
RPTEY & SY)
BIY » u? NEXY
GETO NEXTY ! INDEX REGISTER RCTURNS IN “T9°
(I (780D EQL B) O® tYBO CQL *FFIF) =)
MFGIN
PO o (PD & 1)<1B10) NEXT
8nlLoUT 1CYELE
U
) NEXT
RPFLAD o | NEXT
PEACIN NEXT
BILOUT ICYCLE
ENDI 1END PP

FUIWY S a -
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TLONTING PUINT INSTHULTIONS tNOT JRPLEMENIED IN THIS 15P)

GETS, PUTG. AND FEaD)S ARE PEREORH 10 GENLPATE DNTA ACCESS
AND SPECTTTC ADOPESSING.  NO FLONTING POINT COMPUTATION
15 BERIEOPRED,

FArs

FANi»

FHie,

e

! TLOATING-POINT RDD

REGIN

Gt 1Dy

PL.ADD NEXT

TACs TDINCED 32>¢101¢EI 132> MEXT

TONCBI1 32> » (TACCITI0) ¢ TACCINICII0> MEXT
PUTD

END: 1ENO FA

| FLOATING-POINT SUBTRACY

BEGIN

GETD)

RLADD NEXY

TAC » TDACGA132> ¢ (NOT TDICBI:32)>) MEXT

D GE3182y » (TACCEI10) « TACCB2))CE118> NEXTY
PUTD

END) 1END FAN

! FLOATING-POINT MATIMY

REGIN

GETM

PEMDD NEXT

S51GN « TDOZR3) XOR TDI¢RI) NEXT

(IF TDACEIY =) TUGCR3) 32> « NOT TDO<E3132>)
CIF TDICBRI> o> TDICEDI 32> « NOT TDI<G3:32)) MEXT
TDOCR3IA2) » ((TDOCBIIA2) » TDICEII32)) 15RO 16)<3118) NEXT
C(IF SIGN »> TDOCEI 32> » NOT TDOCEII32)) WEXT
PUTD

END) 1ENC FH

! FLOATING-PDINT DIVIDE

AEGIN

GETDy

PEADD NEXT

(1F (TD1CBAIZ> EQL ©) OR (TDICEII32) EQL ONEBZY w)
BAILOUT FDY NEXT

S1GN « TDOCBI> XDR TD1¢EI> NEVT

{1r TDOCBIY> ») TDOCHAIIZD « NOT 1DOCBHIAR)) )

LIF TD1CBIY »> TDIZBHBZY » NIT 1DICEIBZY) NEXT

TDACBII A2y o (LTDOCB3132) @ BCIS:0)) 7 T01<63:32))<D118> NEXT

CIF SIGN ») TDOCBA132> » NOT TDOCBI32>) MEXT

PUTD

END: 1ENO FD

v e

» —r . St 1
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1 CLUATING FOINT INSTPULTIUNS [NUT [HPLYAENTED BN THES ISF)
FNRc= tELONTING POIRT nOO WY POUND
BIEGIN
1o
PLIOD Nt X7

TACS IDACAR31 3224101 ¢63:32> NEXT

1DNCED:132> » (TACCE1 10> ¢ TACCAZ>1<A110> NEXT
PuD

END: IEND FAR

TANR1e ! FLOATING-POINT SUBTRACT WITH ROUNO
ArGIN
Gt 101
PFADU + K1
1AC « TDACREA132) » (NOT TO1CE3032)) NEXE
TOACEII2Y ¢ (TRECINID> ¢ TACCIAZD (310> NEXT
PUTD
END: TEND FANR

FMRes ) FLONTING-POINT MULTIPLY WITH ROUND Y
AEGIN “
GeET0)
PLabD NEXT
SIGN « TDOCBI> XDP TDICB3Y NEXY
(I TDACEI) =) IDNCEI 32> = NOT TDOCEH132)) )
IF TDJC<G3Y w)> TDICG63t3Z) » NOT 101<B3132>) MEXT
TDOCB3:3Z> « ((TDACE3132) » TDICA3I32)) 15PD 18)¢3118> NEKT
(17 SIGN => 1DOKBH132) « NOT TDACBR:32)) NEXT
PUTD
LND) 1END FHR

FDR:= | FLOATING-PUINT DIVIDE HITH RDUND

HEGIN

2 GETO)
RUADD NEXT
CIF (TDI<R3LA2> EQL 0) DR (TDICBII32) ENL ONED2) »

BAILOUT FOR) NEXT

G1GN ~ TDOCG3> XOR TO1<G3) NEXT
CIF 10063 ») TOO<E3132) ¢ NUT TDACBDIAZY) 4
C1F TDJ¢63) =) TDI<BE3I32> « NOT TDICEDI32>) NEXT
10A<63:1 82> +» (1TDOCEIIZ) & BCIE103) / TDICEDI32))€3118> NEXT
(IF SIGN »> TDOCBA132> » NOT TDOCE3(32)) NEXT
AiID
ENOy TEND FOR
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IMIlI e DICTH
LK el o>

gy [N
Ly t on
DPtxy V082
0PEX ! 20 3
123 ¢ ! DO e
Exy fees
OPEX LI
OPLX ! oe?
' 3 ‘et o oR
5Ct 1 811 SELCCTIVE CLEAR A
" t 81 7 SELECYIVE Simst]rure
X0R, '8l 3 ExCLUSIVE OR
AP | 8) 4 WD LOGICAL PRODUCT
e ! 81 5§ LDAD | UGICAL FRODUCY
NP t 81 6 SUBTPACT LC.,ICAL PEOOUCT
LLPN: ! @1 P LDAD LOGICAL PRODUFT & 47
CRT¢ ! 82 ® COUNT ONES
0Pt ! 82
Py ! 82 2 Crecutr eemore
L ! 82 3 [YCCUIE REMOIE LOWER
Sty ! A2 4 SI0PC LOGICAL PROOUCT
SSUM) ' 82 5 SIONE Sum
SOiF; ' 82 & IO JIFFERENCE
05) | 827 DO"LL STORE A
PR, @839 prpt g INCLUSIVE OR
P5C 183 1 o ACE SELECTIVW CLEAR
gy ! 832 PEPLACL SELEL.:." SUBSTITUTE
Fxpe) ! 933 PIPLACE cXCLUTIVE OO
PALP) ! @3 4 PLPLACF AsLDGICAL PRODLCT
[T ! 03 & REPLATE LOGICAL PRODICT
PP ! 036 KEPLACE A-LOGICAL PRODUC T
150, | 83 7 YEST WD SET FLAG
v % t o4
obtx: a4
oPEX: t 842
CoEx, I o423
oPEX) ! ety
OFfid '94 8
OPEX 1 o4 6
(e 3 4] 1t 8% ?
* N} L @5 0 DMBLE Lhau p
DAy ' @5 1 OOUILE AOD
DAk t 850 DOUBLE Stutrect g
or ! 853 DOUILE COMPaPE
LB, ! 85 4 LDAD BASE AND

! MEMORY PROTECTION
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orrxa
Nty
fry
f N
rm
FOu
far;

F kR
Fre,
FORs
XSIPL)

s
PED)
LTHy,
104
3]
L]
oPEX
{ENO FORRAT 1]

b
t
!
!
]
]
)
!
t
t
!
!
'
!
]
!
!
!
!
!
1
|
t
!

5
&
7
o
!
H
3
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W 1 SeC MU~ 100

TLOATING -PDING
FLCATING-POINT
FLOATING-PDINT
FLOATING-PUINT
FLOATING-POINT
WITH PDUND
FLORYING-POINT
WITH POUND
FLOATING-POINT
HiTH POUND
FLEATING-POINTY
WiTH POUND

Pege S51-1

QR
ATIY
SuBTRACY
olvioe
AO0

SUBTRACH
HALTIRLY
DIVIDE

ENTE* * XECUTIVE STATE:
INTEPPOCESSOR 1N ERRUPY
ALLOW CNABLE INTERRUPT

PREVENT ENOHRLC

INTERUPT

LDAD 10C MONITOR CLOC

INITIATE 14D

INTERRUPY RE TLRN

PEPCAT

-y

s
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P RFOPHAT T1] INSTRUCION TYECUTION

JiPiw

JOR=

0JZie

DJNZ;=

boJure ON EVEN PRty
BEGIN

ornang

GETO NEXY

TAO « Thf AND TAL NEXY
PARITY NEAY

(1f NOT 1@ »> P« S0 @ TBY)
ENDy 1END JEP

I JUlP ON ODD PARITY

BEGIN

0PHD1Y

GETD NEX?

TRA » TAO AND TA] NEXT

PARITY NEXT | CHECK PrRITY
(IF 10 => P « 60 = 1B1)

END4 1END JOP

I JUMP DN DOUBLE PPRECISSION ZERQ

BEGIN

GETD.

OPADI NEXT

CIF (Y08 EQL 8 DR (70O EQL ONEIZEOMESZ) ) P « S8 @ TRY)
END: 1END DJ2

! JUMP ON DOURLE PRECISION NOT ZERO

BEGIN

CETD:

DPADL NEXY

CIF (TDO NEQ 0) AND (TD® NEQ ONEI2eONT3Z) > P o+ S8 9 Y1)
ENOy TEND DJN2
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PRUPHAT TTL INSTRUCTION [XECUTioNY (PAGE 2)

JPiw VUJURP TN A POSITIVE
HIGIN
Gf tay 1 tACLAYY PETIONS DN “The®
oPAD1 NEXT
CIF NOT 180¢3)) OP (TH0C33:8> EQL “FFFF) »> P+ 5B 9 TB)
LND: 1END JP
JNiw 1 JUMP ON A NEGATIVE
BEGIN
GEta { (ACCA)) RETURNS IR “TAR®
OHRDI NEXT

CIF TADCAE> AND (T1AD<3110) NEQ “FFFF) o> P « S8 @ TBI)
ENDy 1END UN

JIvm ! JUMP DN A ZERD
BFGIN
(RN ! (AC{A)) RETURNS IN "Th®*®
oraD1 NEXY
(1F (1m0 £QL ©) DR (1O EQL ONE32) =) P » 58 ¢ TEI)
END: TEND J2

JNZie 1 JUMP DN A NOT 2ERD
BEGIN
GETAr ! (ACEAY) RETURNS IN *ThO"
oPrDL NEXT
(1F (TR0 NCO ©) AND (TAD NEQ ONE3Z) ») P « S50 8 TBL)
ENDJ TEND JN2

LBJs= | LDAD B AND JUP
BEGIN
B0 « A
10 « P NEXT
PUTE) | STORE (18) IN INDEX REGISTER (B0)
DPADY NEXY
P56 e 18]
ENDY 1END LBJ
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1 FOPANT L1 INSTRUCTION EXLCUTION (PRGE 3)

JBNZ

JSim

Jhiw

JNFim

JOF 1w

I OINDEX UM B
HEGIN
BY « A NEXT
GF 18 MEXT 1 OINDEX RLGISTER FLIUPNS IN °18°
{1F (18D NEQ ) AND L1BD NCQ °FFFF) =)
BEGIN

mt o« 180 - | NEXT
180 » (1B1<16:@) ¢ TBICI6Y)CI51B> NEXT
PUTEH NEXT
oPRD) NEXT
P Sae 18!
£ENO
)
END) 1END JBNZ

1 UM SY«B

BEGIN

BO .+ B NEXT

GETE WEXT ! INDEX REGISTER RETURNS IN "18°
TB) « 5Y » TBD MEX?

PO + (TBICI6:0> ¢ TBICI62 1¢I5

PS « 189

END1 1END JB

! UNCONDITIONR JiP LOMER
BECIN

OPAD] NEXT

P e 58w 181 NEXY

PEADIN NEXT

UPLOW = 13

EXPF » |

END) 1END JL

{ JUNP DN NO OVERFLOW
BEGIN
DrCobt €C<ad> w)
\@ BEGIN
oPAD1 NEXT
P+ 588 181
END:
\j CC<3> -+ 0
END 1END JW

! JUMP DN OVERFLOM

BEGIN

DECODE CC<3d> m)

\O NO.OP)

\ BEGIN
oPRNL HEXT
CC<ay ¢
P+ S0 18
END

END) 1END JOF

- YL G . . T @ S e e v o=

g ————
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1 FOPHAT 113 INGIPUCTION EXECUTION (PAGE 4)

JINE -

JEr1m

JGis

JGE1=

JLYre

f JUHP DN NDT EoUnL
HIGIN
DETODE €Ce2> w>
\G DEGIN
OFHD] NEXT
P+ 506 0 8
ENDY
\1 NO.OP
£ND1 1END JNE

I Jumb DN EQuAL

BEGIN

DECODE CCC2> =)

\@  NO.OPy

\ BEGIN
OPAD] NEXT
P .50e T8l
END

END3 1END JE

! JUMP ON GREATER THAM
BEDIN
IF CINOY CCC2D) AND CCCYD) w)
BEGIN
OPRDI MEXT
P+ 50 @ T8t
[3,]
ENDY IEND JG

} JUMP DN GREATER THAN OR EQUAL
BEGIN
1IF CC<Y> w)

BEGIN

oPADL NEXT

P+ 5008

(1,
ENDY IEND JGE

! JUMP DN LESY THAN
BEGIN
IF CCC210) EQL # »)
BEGIN
DPAD) NEXT
P+ B0y 1B
END
ENO: 1END JLT

M A e P

WO SeCHU- 180

Page 55-1
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I fOPHAT 111 INSTRUCTION EXECUTION (PAGE &)

JHEie

JNW -

JHie

RIeh

RJCtw

fJuMP ON LES5 THAN OR T OoUAL
BEGIN
IFCC2201> NG 1 =)
BIGIN
ornDl NLXTY
P+ 50 ¢ 1B!
END
END 1END JLE

! JUNP QUTSIODE LINITS
AFGIN
If CCead> o>
BEGIN
OPADY NEXT
P« 50 0 18}
END
END) tEND JWH

| JuMP WITHIN LINITS

BEGIN

IF NOT CC<AY wd
BEGIN
OPRD] NEXT
PesSaée B

END
END 1END JW

! PLTUPN e
HEGIN

OPADY NEXT

MOBR » P NEXY

M0 NEXT

P « 60 @ 701 NEXY
PO« (PD ¢+ 111510

END) {END RJ
! RETURN JUmp
BEGIN

IF A EQL JUPSH «) RJ
ENDY 1END RJC

e —— - Sems . Lo e

o ——
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1 FOPHAT JIT INSTPUCTION EXECUTION (PRGE 6)

PJGTh =

JCim

JSCi=

' PLTLPN Jur

HEGIN

CkPRIv NEXT

RJ NEX]

(IF A EQL 4 => S10P))

(IF A EQL STOPSH «) STOP)
END 1END RJSC

| haNUAL Jure
BEGIN

DPROY NCXT

P+ Sde Bl
END} 1END

| HaNUAL JunP

BEGIN

IF A EQL JUMPSH o) J
END) IEND JC

I HANUAL JUtP

REGIN

CLPRIV NEXT

JONEXT

(1F A EGL ¢4 «> STOP)}

CIF A EQL STOPSH => 810P)
END) {END JSC
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{ Foprnt 111D INSTRUCTION OFCODE TARLE

FRELID =GN

(I FY TR 0 @
pLeone F3 w0
JEP)
JoP
bJ2i

DINZ
]

"
(IF FY EOL 1
(DLCOpE 13 =
Jri
M
Ja
JINE
)

N
tir FYERL 2 W
(DECDDE r3 =
18y
JONZ}
JS1
JL

FERE LT

11106

B0 ©
by |
68 2
ZtR0
50 3
NOY ZEROD

61 @
L1
61 2
51 3

Jue A POSITIVE
JuP A NLGAYIVE
JuP A ZERD

JUP A NOT ZERD

LUAD B AND JUP
INOEX JUrP B
JimP BY+B

gwwa
AN
TN - D

WD1GeC -1 00

Jurp ON EVER PARITY
Jure DN 0DD PARITY
JUMP DOUBLE PRECISION

Jure DOUBLE PRECISION

Pane Sb-1

UNCONDI TIONAL JUrP LOWER

e . s

TR AT T ——— i bt
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! FOPHAT 111 INSTPUL

($14

)
ENDJ

mied 23-feh-78 11196
110N DLCODE TRIRE (PRGL )

fitm 3«

{OrCNoE £3 «>
HEGIN
I AT B a) UNT
I A EQL 1 s> JOF
(IF A GEQ 2 ») OPEX)
END:

Wo15eCHU- 100 Peve 53-1

thie
LR DN N [ RTLOM
1P DN DVLRTLOW

BEGIN | 631
DECOOL A = |
JINE) | As@  JUMP DN NOY CQUAL
JE) | An]  JimP ON EQUr
4G t Asg  JUMP ON GPERTER THAN
JGEy t And  JUHP DN GREATER THAN
! oP LQUAL
I ! Asd  JUMP ON LESE THaN
JLE L AsS  JUMP DN LLESS THAN
| P EoueL
JNH) I AsB  JUuHP OUTSIDE LINITS
Ju ALY Jue WITHIN LINETS
END:
RLGIN : ! 83 2
DECDOE A =)
RJI | A=  RETURN JimP
RJC) I Amf RLTURN Jim
RJCy | as2  PETURN JUmP
RJC | And  PETUPN JUMP
RJSCH | Asd  RETURN JUMP
RJSCH | AnG  PRETURN JIMP
R.JSC) | AvE  RETURN Jume
RJSC ! =7 RETURN JutP
END 1END DPCODE 63 2
BEGIN | 53 3
DECUOE A «)
Ji | An HANUM JUe
Jei I Asl  HANUAL JUN
] | Ar?  MaNUsl JUMP
Je | A3 AANUAL Juee
4560 { And  HaNUAL JUMP
JSC) | AsG  MANUAL JUP
J8C | AsB  MaMUAL Juwe
Jst L an?  HaNUAL JUe

END 1END DPCODE §3 9

TEND FOWHAY LI
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1 1aRPAT IV O INSTRICTION EXFCUTTON

HSCTIre 1 S1OPF CHP IN A
D GIN
LIF NOT 1 =) IHGCT - TRSY S1ATC
HECY 1w RETGM
nn - By
{DECODE A =)
\@ 1RO « CHRIAFA )
N THO » THPIAF4). 15180
A& (CELPRIV NEXT TRO « CHRIPF4I )
\3 NO.OP)
\4  NO.OPy
\E  NO.OPY
\6  (ERPRIV NEXT TRO « CHRIWEO1))
\? {(CKPRIV NEXT TRO « CrRInPel)

) NEXT
PUTAO | STORE (1AR) IN ACCURILATOR (AO)
END

]

tir 1 o> IHSC] - INTERRUPT STATE

H5Clre AEGIN

ErrRIv NEXY
A0 - B
(DECODE A o> '
\@ TAD « CHRILAFS ¢+ wiODICBIOY )
AL 1RO « CRATIAFY ¢ #100)<61021<15198))
\Z TA0 « CHRIIAFE ¢ #1001CB: 011
\3 NN.OPY
N4 TR0 » CHRI(AFY » ni00)CBM )
\E 10 » CHRIIAFY ¢ winD)CB. 8O
\B TRAB + CPRIIATY ¢ WIO0ICEIRO N
\7?7 TR0 + CHRI(AFY ¢ wi0RICBIO)]
) NEXT
PUTRO | STOPE (TR8) IN RCCUMALATOR {AG)
END

) NEXT

tceo

ENOs TLND HECT

....... — e n v m e e - - —— R -
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1 10OPHAT IV INSTRUCTION EXECUTION (PRGE 20

HICTLhie ' LOAD CHY FPON A

BEGIN

AN s @ NTXT
GETAQ NEXT

UF NOY

1o

HCl1e BFGIN
(DECNE A =>
CHPIAT4) » Tho)
CHPIAFS) « TRAC1S:8))
(CKPPIV NEXT CPARLAFY)

\©
\l
\2
\3
\4
\S
\6
\?
)
END
N

NO.OP)
NO.OP;
NO.OP)

tHet

(CKPRIV NEXT CHPIwBO}
(CKPRIV NEXT CHRIN?PR)

(IF 1 o

HChe BEGIN
CXPRIV NEXY
(DECODE A »>

\0
\1
\2
\3
\4
\&
\6
\?
)
END
) NEXY
tceze
END:

CHPLIAFY
CHRI{hF 4
CHR 1A 4
NO.OP)

CHRI LAY
CHR( (AFYq
CHR{ tAF4
CPR{(AFY

{END HLE

+
4
4

> > s o

1

IRCL

non<Eie>)
*iMDICEI0>)
wion)ce0>)

#]100)¢6:0>)
w100)<E(0))
WI00)CE0>)
niea)<E i e))

-

.

r e e e

W01 5etHy- 100

TRSK 5TATE

ACUISRAY PRF

THOCI9BO )
ThO¢22:8))

INTERRUPT S1ATE

10}
1r8C15:18)
TROCIP @)

TADCiD18))
1n0<19:10>)
TA04201@> 4
1ABC2010)

Page 8i-1
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trOPHnT IV INSIPUCTION EXECUTION (PAGE 3)

HCin I GHINE LETT CEPCULAR
HIGIN
HUIFTC NEXT
GL1A NLXT? 1 AnCAAY) RLTIURNS [N “1A0°
Trdy o 1A 1RL COUNT NEXT
PUTAHA NEXT | STORE (1AB) IN ACCUMALATOR (p8)
e {d]
END» 1END RC

HOLCi= ! SHIFT DOUDLE LEFT CIRCULAR
HLGIN
SHIFTC NEXT
GLTD NEXT
100 « DO tPL COUNY NEX)
PUTD NEXT
CL260

LY ENDY TEND HOLC

HRZ1= t SHIFT RIGHT FILL ZEPOS

BEGIN
SHIF 1C NEXT
GETA NEXT I (AC{AY) RETURNS IN "T1md"
TRO « Twy 15P0 COUNT NEXT
PUTAO) | STORE (YR8} IN ACCUMULATOR ()
et
END {END HR2
HORZ1» | SHIFT RIGHT DOUBLE, FILL 2ERQS
BroIN
SHIFIC NEXT
GETD NEXT
100 « TDO 15R9 COUNT NEXT
PUTD!
cc2Go

END 1END HORZ
HRS:= !} RHIFT RIGHT SIGN FiLL

BEGIN

SHIFTC NEXY

GETA NEXT I (RECAY) RETURNS IN °Tr@*
(OECOOE TABKAL) )

\@ 1A » TR@ 1SRG COUNG)

\ TAD » TAD 1ER| COUNT

Y NEXY

PUTh®) ! CTORE (TA0) IN ACCUMULATOR {AQ)}
ccee

END» IEND HRS
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P TOMHAT 1V INSTRUC T ION EXECUTION (PAGE 4)

ST ma

HODPStw

HSF 1w

'OSHITY PIGHT DOURLE. SIGN FILL
HEGIN

SHIFTC NFXT

GUTD NEXT

TDLCOMN. TDB<BI) =

\@ 100 ~ 108 1SRO COUNT)
A% DB » 100 1SRI COUNT
1 NEXT

PUTD:

oo

ENDy {END HOPS

t SCALE FaCiow
HIGIN
GETA NEXT I tACCR}) RETURNS IN °*Tae*
A1 « TR NEXT
C(IF (7A) EQL @) OP (1Al EQL ONE3Z) o)
BEGIN
IF ANGE o
DEGIN
Ad - B MEXTY
THO o w37 NEXY
PUTARO ! STORE (TAA) IN ACCUMULRIOR (AQ)
(4,.+]
END .
h
CIF (TA] NED O) AND (TA] NCO DNEJZ) =)
AEGIN
COUNT +» A NEXT
HEF 1 v BEGIN
IF (TA1431> EQV TAICA0Y)w)
(TA] « TRL SRL | NEXY
COUNT « (COUNT ¢ 11¢5:8) NEXT
HsF{)
END NEXT
a - A NEXT
TAEe « Tal NEXT
PUTAO NCXT | SIDRE (TR0} IN ACCUMULATOR {A0)
UIF A MEQ 8 w)
QEGIN
ad . B
TAG « CDUNT NEXT
PUTRO ! STORE 1TA8) IN ACCUHULATOR (n@)
END
)
END
) NEXT
TR « TAY NEXT
cez6
(1, ] 1END HSF

RV
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1 FOPRAET 1O INSTRPUCTION [ { CUTIIN (PAGE )

MDGF (« ' RLut LTOE FeCTOR
{FGIN
N . A N1Y
CEID N ()
CJF (D9 A ©) D 1700 EQL DNEIZEDW 37y &)
HEG!N
IF ANNEQ B >
BEGIN
PO« B NEXT
A9 « w77 NEXT
PUTAY ! STOPE (Thy) IN ACCUMLATOR (@)
ENO
END
N
CIF CYDO NEQ @) AND (108 NEQ DNEI2eUNEDR) w»)
BEGIN
COUNT « @ NEXT
HOSF 1 =BEGIN
TF (1DD4E3> EQV TDACE))m)
BEGIN
100 + TDA tRL | NEXY
COUNT « (COUNT ¢ 1)¢5:0> NEXT
HOSF |
FND
END NEA
AG » A NEXT
PUTD NEXT
CIF (A NEQ B) AND ((a & 1) NFQ ) =)
BEGIN
M e By
YA+ COUNT NEXT
PUIAD i STORE /TaB) IN ACCUMALATOR (@)
END
}
FNO
) NEXT
£Ceeh
ENO: 1END HOSI

P e ! TUMPLEMENT A

BEGIN

GETA NEXT I (ARC(AY) RETURNS IN *1he’

TA0 « NOT TRG NEXT

PUTAG NE¥T | STOPE LTAE) TN ACCUMUILATOR {Ae)
CLa2c

ENG) 1END P

e e ——— ke e Tee MR b B - W R Y e m L1 g S =
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PoraRmal IV INSTPUCTION EYECUTION (PAGE §)

HOCP »

HAr =

YU E TOMTUEMENT A
BIGIN

GLTD WE XY

D0 . MO TOD MXT
Puth Mt x1

[$4.41)

END) tEND HOCP

I LOGICAL SUM

BEGIN

RO » B NEXT

GETRa NEXT

1Al « THO NEXT

GETR NEXY

TAR « 1RO OP 1AL NEXT
PUTB NEXY

L6

ENDy tEND HOR

15U

BEGIN

a0 » B NEXT
GLIAG MEXT

TR « TAD NEXT
GETA NEXT

TAC « (TR0 ¢ TAL) NEXT

I TARL4RAY) RETURNS IN *TAO"

I STORE (1A@) IN ALCUMALATOR (A0

! TACARY) RETURNS IN *1h0°

TAC « TACCINIBY + TACCI2> NEXT

CCo2G NEXT

1A « TACCIL 18> NEXY
PUIAe

END) 1END HA

2 AR

! STORE {TA8) IN ACCUMALATOR (AO)

B
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1 FOPHAT 1V INSISUCTION (XECUTION (PRGE 7)

HAN»

HXOR 1w

HIAND =

! DIFFLPLNCE

BLGIN

7o s 8 ONIXT

GF Trwd NEXT

1 » NOT 10 NEXT
GrLTA NTXT

TAC « (10 ¢ TAL) NEXT
1AC » TACCE118> ¢ TACCAZ) NEXT
CCOPG NEXY

TA0 » TACCIT18> NEXT
PUTRO

ENDS TEND HAR

LACLAYY RETUPNS IN “The®

STOPE LTAY) IN ACCUMAATOR {1@)

! LOGICAL OITrEPENCE
QLGIN

RO« 8 NEXY

GETAD NEXT

TAL « A9 NEXT

CETA NEXTY I TACCAY) RETURNS IN °TRO®

TRR « TAY XOR TA) NEXT

PUTRD NEXT | STORE (1A0) IN ACCUMAATOR (PO}
44

END: 1END HXOR

| AND

BEGIN

A0« B NEXT

GETAO NEXT

TAL « TA® NEXT

GETA NEXTY | (ACEAY) RETURNS IN *TRo°

1AG + TAO AND TA] MNEXT

PUTAD NEXT | STORE (1M0) IN ACCUHULATOR {n0)
CCes

ENDI 1END HAND

ey
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b TOPHAT 1Y INSTPUCTTON EXFTUTION (PR B)

(L2t ]

HO1w

'R TIPLY REGISTER
BI GIN

AN > HONTXT

OF TAR REXT

THZ » TAY NEXT

GETA NEXT ! {ACCA)) RETURNS IN "Tne®
SIGN » (TRZ<31> ¥OR TAACAID) NEXT

TIF TAZCAL> o) TAZ « (NOT TA2) D)

CIF 1ARCI1Y o) TR « INDT TA0)) NEXY

TDO + YA2 » TAD NEXT

1F SIGN > TDO « (NOT 100)) NEXT

TRY + TDOCGA:132))

TAN « TDBC31:0> NEXT

PUTAL S I STORE (1A1) IN AT{AO+))

PUTR® NLXT | STORPE (TAO) IN ACCLIRA.ATOR (RO)
cczeo .

ENDY 1END M1

! DIVIDE PEGISIER

BLGIN

RO « B NEXT

GETRO NEXT

(IF (100 EQL ©) DR (1RO EOL ONE3Z2) »)
CECB> « § NEXT
BRILOUT ICYCLE

) NEXY

TAZ » 1RO NEXT

GETO NEXT

SION « (TA1CIL) XOP 1AZ<H1N D

SICNL « (TRJ<31)) MEXY

100 « (TAL1BTAM) NEXY

(IF SICNY »> DA » (NOT TDQ));

(IF TAZCII> w) 1AZ o (NOT TAZ)Y NEXY

TAO + (108 / TA2)<31(8> NEXT

TAC + (108 MINUS (TR@ » TA2)1¢31:1@) NEXT

TAL « (TACCIL 10> + 1ACCIZY N1 NEXT

(1F SION »> TR0 « (NOT TR)))

UIF SIGNI »> TAL » (NOT TA1)) NEXT

PUTAL) ! STOPE (TA1) IN AC(RO*1)
PUTAB | STORE (1P@) IN ACCUMULATIR (A0)
cLze,

CC<B) » (TDOCEI 131> NEQ 6)
END tEND HO

ca TR A S

L 4 . T e e
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I FOPRAT TV INSTRUCTION EXECUTION (PAGE 8)

HPT =

WLB:»

tosaaet POOY
HEGIN
Cednty » @
LETD NEXY
(1F 1DRCH3> => LC<I> « | NEXT BRILOUY JCVCLE) NEXT
DAL « TDO NEXY
1m0 - 0
DY - O
D2 + O NEXT
TPOCEZ> + )
TD2<63> + 11
COUNT « 32 MEXT
HRTLP = BEGIN
I COUNT o>
BEGIN
{1F TOAC GEQ (TD@ ¢ 1D11<E319) =)
1DAC « (TDAC MINUS (TD@ ¢ 1D1))¢E310> NEXT
0§ » tTD] ¢ YDZ 1B
) NEXT
100 « 100 15RE 24
108 « 1DV 1SPR
102 » TD2 SPGB 29
COUNT « (COUNT MINUS 1)1¢5:0) NEXT
HRTLP
END
END WENT
' RO e By
1ON<¢3118) + TD1C3118)
1DH¢63132) » TOACCIL:@) MEXT
PUTD NEXT
(IF TDACCEDA2) =) CCC3) o 1))
(IF 1TD@ EQL @) OR (7DO EQL DNE32eDNE3Z) =)
RLCC211d » 3)
END) {END HRT

! 1.OAD BA WITH B8
BEGIN
IF ANEQ @ »
BO « B NEXT
GETB REXT | INDEX REGISTER RETURNS IN °18°
RO » T8 NEXT
BO « A NEXT
GETE NEXT
180 » TRBC15:18> NEXT
PUTE | STORE (T@) JN INDEX REGISTER {B0)
ENC! IEND HLB

P ~ =y £ — et o

v . ——r
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I 1OPAAT TV INSTPUCTION EXECUTION (PAGE 19)

i s e 2 WD SIS i PO troemems

HC)e

HCLt#

HCMy =

¢ CONPARE, PECISTER

HEGIN

COHPAR » 1

no o« B ONEXT

GFETAn NE XY

1Al +» TRH NEXT

GETa NEXT ! (AC{A}) PLIURNS IN "TAO*
C1F TN EQL DNE3Z2 => 148 +» 8)4

CIF 1A) EQL ONEI2 «> TR] » )

CCC2:1) » @ NEXT

1SR « (760 TST TAL) NEXY

CIF LTA0CIT > XDR TAICAID) =) TETR » (2 - TSTRICLe®)) MEXT
(DECOOL TSIR «)

\e NO. 0P}

\ CLe2etd »

\2 CCCY> o £

\3 ND.OP)

END' TEND HC

! COMPARE LINM11S, REGISTER
BEGIN

COMPAR ¢ 1

RO » B NEXT GETAG NEXT

TA2 + TRO NOXT

GETD NEXTY

(IF 1A0 EQL DNE32 ) TA0 ¢ O

(IF TA) EQL ONE32 => Ta] « 80

(IF TA2 EQL DNEJ2 > TA2 « B)s

CL0> » 8 NEXT

(1F {1A2 GEQ TAI) DR (TRO GTR TR2) =) Cr7@) » 1)
END) 1ENO HCL

! COMPAPE MASKED, REGISTER
BEGIN

coMPaR » 1)

A ¢« B NEXT

GETAB NEXT

TAZ » TAA NEXT

GETD NEXT

TAL + TR AND T NEXT

(IF TAZ EQL ONE32 ») TAZ » B}
(1F TA) EQL CNE32 « TR » B))
CC<R1)y » B NEXT

TSTR » (TA] TST TAZ) NEXT

(IF (TAICIL) XOR TA2<BID) w) TSTR o (2 - TETRICIIO)) NEXT
tDECODE TSTR o)

\9 NO, 0Py

\ [ & IR R I ]]
\Y4 ety » 1
\3 ND.DP)

END) IEND MCM

S oy AR e o <

WD) SeCrU- 180 Pene 69-1
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t FOPRAT IV INSTPUCTION EXFCUTION (PAGE 11)

HCRie ' COHPWPE BA KITH BA
BIGIN
ConPap - 1)
B0 « B NEXT
GLYB NEXT | INDEX PEGISTER PETURNS IN "7E°
O - 18 KEXT :
A0« A NEXT
GETH NLXT I INDCX REGISTER RETURNS IN °7B°
(IF TAO.15:0> EOL °FIFF > Talv » 8}y
(1F TBDZ15:0> £QU "FFFF «> 18D « ) NEXT
151P - (1p@d1510> 151 TBDCIGI0>) NEXTY
(IF TABCIE> XOR TBOCIS) r)> TSTR o (2 - TSTRIC1I0)) NEXY
(DECOOE 15TR =)

\e CCe2i9> » 0 4
Y| Lty » 3
\2 CCi2iid o 1
\ CC<2ity v @)

END: 1END HCB

HSIMi» ! STORE JOC MONITOR CLOCK IN A
BEGIN {®oNOT INPLEMENTEDSR
NO. OF .
END TEND MHSIN

usthis 1 s1OPC PEAL-TIME CLOCK IN &
BEGIN 1PONOT [MPLEMENTEDYS
NOD. OP
ENOs  1END HSIC

HPlire | PREVENT CLASS 111 INTERRUPTS
AEGIN
CEPRIV NEXT
CLASLOCA)> »
ENO) 1END HPY

HAlie | ALLOW CLASS 111 INTERRUPTS
BEGIN
CkPRIV NEXT
CLASLOC3) « @
END) 1END Ml

HALTte | STOP PPOCESSOR
BEGIN
sop
ENO3 YEND HALY

Het'Tie 1 WAlT FOR INTERRUPT
BEGIN
HWFLRG & | NEXT
WFLPie BEGIN
INT NEXT
(1F HWFLAG ») HWFLP)
. END
END) 1END T

LS T e amn . e o VR me . Aw———
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! TOPHAT IV INSTPUCTION DLCODE TABLE
FHT Ve DEGIN

LPLOW = NOT UL OMS
Ur rofa 6 =

BLGIN
DECUDE Fi =>
H5CTH ! &0 HSCT IF =8,
' HSC1 IF =1
eV 1 61 HLCY IF =0,
t HLCT IF 1=t
e ! B2 SHIFT LEFY CIRPCULARLY
HOLC ) ! B3 SHIFT LEFY CIRCULARLY
f CouBLE
(L7 4] | B4 SHIFT RICHT FILL ZERDS
HORZ s ! 64 SHIFT RIGHT DOUDLE.
! FILL 2tR0OS
HHS) 1 &8 SHIFT RIGHT FILL SIGN
HORS | 67 SHIFY RIGHT DOWBLE,
| FILL SIGN
END IEND DPCODE 6X
)
(IF FO EQL 7 =>
(DECODE Flef2 =>
HEF ) I 700 SCALE FACTOR
HDSF 1 ! 201 DOURBLE SCALE FACTOR
HCP) 1 7202 COMPLEPENY A
HDCPY 1 78 3 DOUBLE COMPLEFENT &
opEK 1704
oPEX) I 708
oPEX) 1 708
oPEX) 707
HOR 1718 LOGICAL SUM
HA 1?11 sum
HAN 1?1 2 OUFEPENCE
HXOR ! 3 LOGICAL DIFFERENCE
orEXa 1714
HAND 1 {715 AND
orEX: 17 s
OPE Xt tAe
OPEX) tRe
opPLxy Lt
GPEX: [ 3
oPEX) 1?23
oPEX) 1?24
oPEx! [ )
oEx) 1726
OPEX 1727
wEx t239
oPEX ) 73t
oPEX! 1732

e —————— ey @y ————r 1 oo - ce ot vy e
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1 FOPHAT JV INSTRUCTION DECDOE YRBLE (PRGE 2)

END) -

P
DFE Xy
[ 8 4]
OPEX)
s % ¥]
HH

HD

HRT)
H.B}
HC1

HCL)Y
HCH:
HCB:
oPEX)
oPEX}
OrEX)
oPEX)
OPEX)
OPEX:
OPEX)
OPEX )
orexy
OPEX)
OPEX)
[+ 3 3]
oPEX)
ortx)
oPEX)
OPEX
HS IR

HSTC)

OPEX)
orex)
HPI)

HAL
(DECODE | «>
HAL T
HF |
n
DPEX

{END FORMAT 1V

4 S R AN ESS r VAEANAL e WD, gl s

73

MNP RREERERPREER D BE DDl b
GNONABN=D UNN AN =Y N S WN—-—DuDN AW

-~ NN ~
~~ ~
~ -

~
oM e w

Wit SeCMU- | 60

MATIPLY REGICTER

DIVIDE REGISTER

SQUARE RODY

LDAD BIA) WITH BIB)
COMPARE PECISTER

COMPARE LINITS, REGISTER
COMPARE MASKED, REGISTER
COMPARE BIB) WITH BIAY

STORE 10C MONITOR
CLOCK IN A

STORE REAL-TIME CLOCK
IN A

ALLOW CLASS [11 INTERRUPT

S10P PROCESSOR
WALY FOR INTERRUPT

O s

Page 72-1
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LOINGTRUCTION EXECUTION

et Cow DIGIN
CIF UPLOM »2 CPRTIV REXT BANLOUT TCYCLE DY NEXT
’ OLCOE 1O =)

PRI

\NEOFHTH

\Z FHTL)

A3 Rt

NG AT

A\ BEGIN
(IF F1 LEQ ®3 »> FHTIIIN
(3F Fi GEQ w4 «> FMID)
END)

\6 FHTIV:

\? FHTIV

]

END IEND JEXEC

I INSTPUCTION CYCLE

1CYCLE »RUGIN
t1F NDT RPFLAG o> READINY NEXT
TEXEC NEXY
(17 RPFLAG => CKRPT) NEXTY
(1F EXRF »> (JEXEC NEXT EXRF + 0))
END

ERALCED [END F DECLARATIONS
| HAIN EXECUTABLE PROGPAM

PUNte  BEGIN
.t IF NOT STOPBIT e
. JCYCLE NEXT
(1F NOT ILOCK =) INT) MEXY
RUN

END 1END OF RUN LOOP

| END OF AN/UYK-?
)

[N P [ .-
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GYF12:m
101 CL nRe

U lhie 151 descriptinn hased on the following publication:
! IN/GYE - 12 Compyter Prine iples of Oper st inn Henual
! Programming Support System flitten Dllll Systems)
! 29 Ruaust 1977
! UBACKES- 17 -4-3
'
HALPD BEGINI = {8
HACPD END 19 )} B
ANCRO PLUS «» HINUS (HINUS 8 tThis ts 2's comp. addition
HACRD PLEN oo ) 8 1this shauld consider as hlank

HACPD Mavi 1= 32767 $ 1The mrchitecture supports 33,554,432 words.
HACPD Mnwh 1= B5535 & lor 67,108,864 halfuords:
MACRD Marb 1131071 8 ler 1,473,741,B24 bries.

INote the follawingt

! pPrchileclu-w reletled verishles spperered in upper cese
! thr ounhout the 1SPL descriplion. as compers With

| Implementialion relatad verisbles sre In Jower cese.

IPr imary memory (oraenized in 16K peaes of 2K of 32 bitl words)

MEMWI P i mavie) €01 30 tHord wemory
HEHHIR mexh 1 <01 15) e ALAIB marw)<D1313)  tHulfuord memory
HEND(Aimash ) @1 ?) ve MEMIQimavu)€B:1312)  1Byle Mewmory

{This Is the low end of tha primery memory, 14 ie used to
| store the state of idle program levels.
BASEPNGE 101 2047)€0:131> 1= MEMWI012047)<0:131 01
mnsgmcc:a.wasum:s) 1o MEMHIB) 40951¢0115)3

Processnr simle ==~ The GYK-12 hardunce manaoes many sultiprograsming
{osks left to voftumare in cther systems. There wre B4 separete
harduare *chogram levels® ) level €3 hes the lowast priority,
wid Jevel O the highest, [sth level has iis own alorage - !
locet lans in the bese pape of primery masory Lo keep toples of

most of the following repisters,

|The following registers  fell into the GYKIZ “specis] addrens®
temtepory, They ere mccessed by halfuord operand eddresses 00 - *IF
ttn the order given balow. Note that they sre not mepped inte primery
tmemory,  Loples stored in the BASEPAGE of memory are insclive,

1Spacial Address

I\Ne + Locetions that can only b sccessed by o progren level With "privelege®
{\s - Indicates thet only e single copy of thim register muists. Al) olhers
! hiwve one cupy per proorem level slored in the base page of wemory.

ted

\D, IF PPEGWIDI15)¢0:31 0 {fasl qeneral process reaisters
PPEGHI 31 ) e@015)> o PREGHIO: 161¢0131)0 e same
\B IROPLGCD) 16 1 «PPEGWIBICO 1831 findicator resialer - flugs. elc.
Q1< 1o INDPEGCOY Y 10ver flow \rap override
LC<y om INDPEGCIN iLaeve] chenge
! 19 INDPEGYZ1%) 'Snare bits
HIC) 1m [NDPEGCRD tHemor )y test
PUCY 1w INDPEGr 704 1Privelege vivlstion
TECY e INDPEGCEY 1inpul parity error
HE<) re INNDPEGLT) 1Hemory per ity wror
DI<O v INDPEGCINN Y Devicw Limout
NFe> 1u THDREGCT) D) tNon - implemented Inatruction {ley
CF%Y 1= INDPIGAL? ) {Curry fimg
OF€) 1w INUPFGA 1302 10ver flou weeter floy
EFed> w INDMIGO1 4 Lquel/ewcons §leg
LEC am INDPLGCI G oss flne
FLAGEZ 013 e INOREGCI2 150 Condition cnde flags
\Y} PCYOIn) 1» PPEGRIOICIE 31D Froorem counter lactive)
tPC15) mluers zere
AV 1)) HAGHPLG 035> 1w PPIGWE 14)¢01031)) {Mask register
NEF TPAPREG.B: 31D s PREGETISICIND) tinstr to be enc~ during sn {rep
AW 1B 4
\p PLARI IS 1cB iG> fege enniral L Addrass Registers
A0 34

\p PLLRPLGD: 3)> ) 1Privelege snd level link regisier




GYVIZ. ISP iacaeaiet il 100

T3-Fube 78 11,39

(43 T8 B 1o PLLPIGI@I D)
LPL(B:5Y te PLLPEGCZ1 7>
[1-10 B2 e PLLPEG 819>
CRLeMGY ve PLLPEGCIA IS

LA, 15> ve PLLPEGCIB A1)

\32.33 QPLG 9131y

\34.39
e \p  QUEPYRPLGE@:+ 3N

1PECH 1= QUEPYPEGYA))
LPEC tu QULRYREGC] >
v 1= QUERYPEGCZ))
Huc» 1o QUERYREGCID)
H10<> te QUERYPEGC4))
SV t* QUEPYRLGCS

Qa3 1= QUERYPLGCE:9))
PPL<BIS> 1= WARYREGZ10:116))

! e QUEPYPEGCIRIAL Y
LLI¢y 1o QUEPYREGCIB))
EEC 1o QUERYREGK1?):
1PL<B:B> 1 QUERYREGC|B:123))

! 19 QUEPYREGC24:128)

APLCOIE> 1 QUERYREGC26:31 0

\36
e e ELPCRIDS))

KPLCOIE> e ELRCIBLIEN

\3?

\p Notused¢0:15>)
\3A. 3t

\p \s  PARIBI?)¢AL 15

PS1tOciBICN .
P52I@e15)¢ne
P30 1G1C<H
PRALR IS O
PELLBIIE ).
, PE21B116 11w
PE3(MI5HCm
PLatBtib)<on

PAPIB)CBI 15>
PAPL21¢0115) s
PAP141¢@115)
PAPIEIZB118D:
PAPLI1CRIIGN
PERII1<O1 IR
PAR(S1¢0115>)
PARL?1<B1150)

W1 hetMu- 100 Paya 1-2
fprivelege of active process
Nink progres level

Level control f(eonirol Ineding &
igtor ing of registers in response
1o ainterrupts.)

‘call prooeam level (700

{link wryument {{renemit Info tp
lewtled p. 1))

1Queue regisier

lexisty in wgin memory

fquery regisier
lnstruction parity error
{Level change pority error
linstruction vinlation
{Hemory access violation
{Memory Lime oul
|Specification violation
|Pege denighetor

lpriocr program level
IThese bit ece read only
{level lock indicaler
lerror exit

tentative progrem level
'Spare bitn

Inctlive prowces Javel

!Executive link rosister
{Executlive program level colled

Hinysed

Progrem sctlivity regisiers -
|These veep o recerd of wctive
land suspended progrem lavels
!make the sbove bit sddresasble

{Architectlure releted resister visible to oroyrammer Indirectly.

PLL:‘F()I

Iprogram level two.

LDCEPCARC(Y )

lprogram level lock arwe a8 LL] excepl in

irestricl sccoss (o mamory (hrouph PLAR4-1G

Iresult from short prosrem level chense

C15¢01 3

. emm——— y oo s WA

Ve mmg . )Wy

IComputer Test Set(Conditions] \ransfer suitches)
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1170 PEERATED PEGISTERS

IThe 1/0 devite tammond  and stelus wards are alsn stored in (ieed
Toemtions  (n the BOSEPAGE of memory.  The emping will not be given
there. however, since these wnrds sre s allered theouahoul the
LR ST PAGTE Soffice 11 ip ser thel emh device has o bkepwnrd end o
Yrrminatian uprd. the hil  scaigements of which wre given halou.
10pvice "0} I8 reserved for @& monitlor regisler whose funciion is to

enntein pertinent information dur ing en 1/0 error interrupt.

monitorc@i31 > Iroad {hrough device ).

Iset throush device address 81,
Iresel {hrough device eddress B2,
mainiren<0: 31 {read through device 82

16814 lmynoul of monitor resister)

HACPO wysfault,= | 8 'System fault

HACPD comfmultia 2 8 tComputer Faull

HACPO lo.errorin 72 8 1hpout or oulput error

MACPD diperrori= B § 1Device input perily error

MACPO dtoerrort= 9 8 !Device timeout wrror

MACPD memerrorie 1A 8 Imemor ¢y sccess violwlion during 1/0

MACPD  cwperrorss {1 8 feentrol word parity wrror

MACPO  duperroris |2 8 Idete ward perily errer

HACPO wmioerroris {3 8 Memory {imeoul error

MACRFD iocerrortw {4 8 11/0 Contreller Lime oul error

MACPD ploerrorie 16 8 Program time oul error

MACPG  av.errorie {6 § 11/0 svalanche errer (mulliple 1/0 errore)

MACPD munmdd 1m 21124 8 {Host significent bits of memory address
fdur ing 170 error.

HACRD devardd 1= 25131 ¢ 10evice sddr @ss during 1/0 error.

1Arehitectur o) fenturen of 1/0 not supported heret

!

1-1/0 controller

{~1/70 meomory scress control - asspciated with device addres
{-Maintenmnce panel controls - esseclated with device eddre
-Ren] timm clocks - associsted with device sddresses *03-°'0%

Paae 2-1

tBit axstunments (n termination

MALPn
MhCPD
HAaCPD
HALPO
MACPU
HACkD
HACPO
RaCro
HACRY

hlockeumpleler» 0 8
interuptine | 8
nplie 217 ¢
transerroris B §
opkrror t» 9 8
eplin 10115 ¢
chanendis 16
partsrmine 17 8§
aqlcis 18123 8

HACRO devatla 1= 2431 8

NI anaiquments (o by Ji

HACPO block jenglh 1= 6110 8
HACPO fomode 1= 11193 8

HACRD curedd o« 14,31 9

I0devicee 0 127)C0170}

Hyportsi® 172 1<l
1DLUNRL R 33

I timintenanre tndes and atetus

dint ndes 171001
cpulouc )iy

wor ot

Inormal return progews jevel

lerror caturn proprem leve!l

tper tly termination

taueue Luble contrel - controle entry in
Taueue resupister vpon completion of Lesk
{device sistius

11/0 modes: f-inactive

t I-outpul, full werd by bytes

! 2-wlurn {clock)

! I-inpuls full word by brtes

t 4-putpul. upper brie in halfuwerd
! GS-oulpul. lower brte in halfuard
1 B-Input, upper byte in halfword
1 7-inpuly lower byle in halfuoerd
tcurrent eddreas

Nn nrray which pretends (o be aful)
leompslement of 170 devices. 1t sccepls
'devire commmnds.

'Thin wrruy pretends to be the 1/0
fdatn ports sssocisted With the

tebove devices

tnumber of dev reguasting Inl
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R Y T T O T RN L T O T R T I PF A Y
! Trene var iatles will erawe s jnwwe cove i nedoul 't [5F.
[ERL I 1 "instruction Praiater

trghd B 3laeir @301 VN Tahedou registe to be counted
For srchitecture meassuren

aimizel tiee (RYy Ougrend s2¢ - O ullword, 100halfuord
[OOSR SRRV RS LB )]
UL T RTRRTR N : NY1 ‘eridr yesing mode
[IERPLIS T AYRNTES: R PO N tacrumiletar selestion
indea<OIdrieirci 318> lindes rpaicter seinction
tompd/ @ Pdee r (BH15) !immedisle overend Flald
opadd i J9d1eir (1613} 21 loper ar §/0ddress
dA’Bi 3 rapndd0) 3D ‘page desnnator
e A0 vapaddiaiiad; lunrd edde ess of feel
st scradds 192 ‘helfuard edd-ess bit
elind R }G3) L ffective arddr 2as
bytesele-1{): '@euprer brie: lrlower brie
marC0.7600 IMemery Add ess Pegister
whr CM13Y 5 Hemory dats reaister
ercten/MiAr) 1Vewmonr a1 wource reaisier
Bitarcii 1S rapiclan/ 170320
ETRRY "L i F W] Temporw ) destina’ ion regiater
Bitdst 1018 isdeatim: (171320
megtmncM 3 fTemporwy v ocess reqisler
v oegd@®:63)) tTemo double register
oronly: ‘sonciel addresses Jimited te process
‘reqisters
ermnd > fiddr s inn mode § evcluded
noesiend) tflng Lo inhihit iy estensinn during
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TUTTLITY PIXITIND S

tHar dusra ut1lities for *prograa Jevel® changest

{Seve @'l process rrgretlers

savr eqsi» BEGIN
topcir « A NUXT
sloopie AAGLPAGELUIAPL 8 “20) ¢ (tmpctir WIBB)) » PPECHItmoctr <1 P ] NEXT
tmpcdir o ltmecir ¢ 1147,8> NOXT
CIF tepctr LEQ 15 ) sloop)
ENDy

{5eve procese regigter @ only

sevr8:¢ BEGIN
RASEPAGELIAPL ® “2M)C1218)) » PRIGHID)
END:

itoed &}] rrocess reginiers

losdrans: *BfGIN
tmpclr o 8 NEXTY
Jinapie PREGHItenctr<417>) « BASEPAGELIIAPL U °29) ¢ tepctr }<10:0)) MEXT
tmpctr « (tmpetr ¢ 1)¢710) NEXT
CIF tmpcir LEQ 15 ») 1lonp) NEXY
Lc « 1
END.

{Lowd register © unly

lomdr8:» BLGIN
PPEGMIG) » BASEPRGEL (aPL » "281¢1Q(8>]) NEXT
L « 1
END;

‘Lond omne contral sceess registers

lowdoear 1=HEGIN
tmocir « € NEXT
Jdlovps ePCAR  tmpsctr<qt?3) o« MEMMITTIAPL 8 °40) ¢ "20) ¢ dmpcir)Cil®)) NEXT
tmacit o {lmpcir ¢ 11¢708) NEXT
CIF Ampctr LEQ 15 o) 1dlsep)
tNDy

Lowd First 4 PLAP oniy
lomd4gn ar 1sALGIN
Cmprtr o @ NEXT .
T4 bunp: ePCAP [Lmoc Ar <4120 )« MEPHILLEAR @ %493 & *J0) ¢ tapcir)c]1i@] MEXT
impclr o (tmpcte o 11:072:8) NEXT
VIF At LEQ 3 o1 ld4lonp)
END

Taslect hinhest prinrity progren leve! (result In newc!

muctioni= BEGIN

e Ampl0] o PARTN GND PRPEL ]

pac {mpll) o POPIZ) WD Pall 3]y

emetmpd T . PIRPLA) AND PRIS

pactenid) o POREE) ANO PREE? D XY

newprl » O RE AT

o fongret tF s taplnegl ] = MATLIGST siction) MEXT
nrigl o tnaal ¢ 150 MERT
LIV resar] L5503 v eucloop?

1N
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THCrE € o=
nad-rass Jrekese 1 L{FOTAR « A1)
{lnadrras) Joadiocer 1 LOOIPLAR o 1 D)
{loedr @) loadpcer 1 LUCPPCAR » 0))
(Inedr®) lowdipcer) LOCYPLAR & 1)

"

PRI « 1)

PMLLFF « § NEXT ‘note LLT unihenged
AAILOUT icyele lsDon't look et Inlwrrupts - go to level 2
LND3

lsusp 12 new program level in responss 1o interrupt or level chenee instructien

suap1e

REGIN
suction NEXT 'selact new progrom level
(DLCOOE LL o> lsoftusre initinted .1, chenge
wavr egs !
savr@
) NEXT
PPL « APL NEXT

APL « newr] NEXT

PLLPEG « BASIPACE [ Linwwp]l # *28) + *18)¢1010>) NEXY

(DECODE Co>
{loadrags: loadocer ) LOCKPCAR » €)1
(loadreas: losdtpcer i LOCKPCAR » )4
(lowdr@: lomdocer + LOCKPCAR « 8)1
tlondt @1 Jowdipcer i LUCKPCAR o 1)

LND1
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1Privelens and acreas rhecksng ulilitien

10iermtion unajwrified by the acehilectiure
t -~ no uarning s glven Lo progor awer
! -= behavior Jibe ne-operetion: bul regisier miohl be changed

unsoec1»BEGIN
nop
END

1Priveleye violalion sclion

pviolaticnie DEGIN
PV e | NEXT
LCL AT
END:

INON- implemenied Instruclion (as c2fined by erchiteclure)

noite  AEGIN lunused Instructien code
NF = 1 NEXY
traplfleoy » )
ENO}

ICheck mamary access viclstion

srinvie BEGIN
(DECOOE APL EQL 2 =)
LU Y
EE « 30 XY
pvialation
END)

IChecw {nr "resd dets" sccess in raos

ckrdai» BEGIN
IF (PCARIeffadd<813)>)¢@2) EQL 3) DR
(LOCKPCAR AND (offudd<@13> GTR 3)) =)
setmv
END:

fcheck for “reed instruclion® mccess in pase

thr lwie BEGIN
1F (PLARTeffadd<@i32]1<B1]) GEQ 1).-OR
(LDCKPCAP AND teflndd(8:3> GIR )} o)
seimy
ENDy

feheck for weite sccess to puse

chumia  BEGIN
1F (PURPleF{ +4d<B1 32)1¢0: 1) NEQ ©@) OR
(LOCKPCAR AND (elfadd @13 GTR 3)) =)
seimv
tNO)
ICheck instruction vielation
smtivi= BEGIN
tDLCODE APL EQL 2 =
e 1
Ef +« 1) MEXT

pviolat inn
END)

ITheck dor privelege siwtus of current sctive provrem luvel

prvebleet 17 PR NG {8 = gsetivh

IChetb {or semi-of e leved aiatus

st tve bk CIF (PP T Q) [P (PP 1L 3) > gelivit

{cheet romd soec ml midid wsy wromas o (veloge

Pege 5-)
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cbespa sBIGIN

I wifadd 10y =) 'EXF ppeodr o °7E
(I gmnnly O (foprode £ “CF) ANO (6P MEQ “181) »
setiv
1
y
£NO)

teherk trile sreciel address sccess privelese

chuspei sHEGIN
(1F effadd 10> »> 'addr of gurue res *» 25

CIF pronly OR ((effedd<ii14> NEQ 26) AND (PR NEQ "10)) ») seliv)
)

ENOY
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Derrand rend and weite utilities

1Translale virtusl to reel address

virtoeenl i rBEGIN
mar = PCAPlelfaddc@: 3> )1¢2115 mel fodd(4)15)>

CND

1Pead from speciel mddress (helfuord)

rsphis  RAEGIN

chrapa NEXT

(DECODE offaddti@i]l)> o

\0 sretmp o PPEGHTeffadd<11:15))

A srcime o PREGHIef fadd<i11153)

\Y4 tarcimp » PCAPLEF{ndd<121152) WMEXT noextand = I D)
\3 1DECO0C effmdd<i2:156) o>

AUJ srcimp » MHONSERAGED (APLE 400730021100
\ srcimp « HBASEPAGE (APL® 40" 3] 1<1 118 )
\2 sretmp « HOASEPAGELIAPLE 48¢°32)K1 110> )
\3 srctme « HBASEPAGEL (APL® 484733111100 ])
\4 srcimp » QUEPYREGCO: IS

\S srcimp » QUERYPEGC16:38 )

\6 srcimo » ELPY

\? srcimp o notuseds

\8 srcimp » POR(O))

\D sretmp = PARILS

\A sretmp « PARIZ))

\B srctep ¢ PARIIN

\C srctmp » PARIAD)

\D srcimp o PARIS)H

\E arcimg ¢ PARIEN

\F srctmp s PARLY)

)

]
END)  Inf reph

{Fead sprcinl eddress (full word)

rapwte  BEGIN

chrepn NEXT
HIFM ef fadd<1Qiil) ) \
\® sretmp o PREGMLef fadd<1i¥10)) )
\ srcimp + PRCGUHIef FuddCllidd)
\2 srciop o PCAPLeffuddei2i16)) & Inote helfuord resuld
\3 (DECODE ef fndd(12114) >
\6 srcimn » BASEPAGE | (APLE®204°18)<10:@8) )3
M sretmp o BASEPAGEL (APLE 20+ 19)K10iBY )4
\e srcimpn o QULPIREGS
\3 sreimp o ELR 0 nolused)
\4 wrctep + PARID) @ PARIL])
\& srctmp o PAR(Z) @ PARLD))
\& srcimp « PARI4) o PARLS))
\? srcimp o PAPIE] @ PAR(?I
)
) .
LND1 tol raem

tWrite to 8 specisl wddress (helfuword)

wsphie  {HGIN

chwapa NEXT

(DLCODL wf §adde 111> =

\e PREGHI@f (aedd? 111 15)) » dettenc1?132) )

\1 PPLGH el Tadd< 110150 ) « deiimocd?132) )

\Z (PCAPTef (rdidc 1211501 » duttmacd ™30
HINSEPRGE (AL 8740 ° 200 fodd<121151<H118)) o datimpd1?132)
"

\d (DECODE. wf fmddde 7115 »)

\Q CHUAGEINGE L CAPLe 403001 110 o dettmpd17:32))
PLLPEG M lSy o dettmnd]1 703000
A THBASEPAGL [ 1APLe 4003111 11851 » dettmpti20320

PAPEGUIR 31D o detimed| 732000
A, HASEPAGE | LAPLE 40+° 30111180 ) o detimod]7:1320)
Ad HINSEPAGE | TAPL e "3 {1100 ) o detimpt} 20325
\4 QAPYR G bh) o datime [ 21371
e Jrast sinnilirent hail of the AKPYRIG con never
the madified by suftuwe. bal 11 8 BH instruction
Codek @sses thiy least gignifieunt heif. (t clewrs the
tmaat stenificent helf. (CF. spe. 6-30)
\h UIF opcode tQU 67 ») QUERPYPLLCB11S) » B))
\6 ELP « detimpcl?:132))

e O

o —— g #im. s e
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{ND:

AV natused « dsllep/ 17000
\f POPIR] o detimpr 1713008
\Y PAPILY » dattmpe 2130
\A PRRE2) » dstlmpc 703000
AR PAREIE v detime<]170322)
\C PAPI4] » detiem¢]?:32))
\D PARIST ~ dstlimet)?)32):
\E PAPIB) « detten<i?:132)
\F PARI?] » detimp<1?:32)

)

lof wsph

IMrite tn 8 epecinl eddress(full vord)

HEpHER

(DLCODE ef{addii®iily =)

PPEGH el FaddCi11142) « dettmpCie32) )
PREGRIef fadd(l)114>) o dslimp¢i32) ¢
(PCAPTef faddCI2115)) « dualimpd]?:32) )
HBASEPAGE { (APLR " 4@+ °2040f (0dd<12115D)U11IBY) o csltmadi?132)

REGIN

ckuspa NEXT

\0

\

\2
I

\3
\o
\
\2
\3
\4
\S
\6
\?
)

\

£ND)

(DECOOE effndd<i2i14) »)

(BASERAGEL (APLe204%18)¢1010>) + deitep’/ 11320
PLLPEG o dettmnct i3
BASEPAGE [ (APLE° 204 1)C1010>) » dalimpd]132

{sew comment an wsph. (CF. sec. 6-33)

QUERYPED » datlepcii 16> o QUERYREGCIBII) M)

(ELP » dslimoCl116)) notused » detimat(171320 00
(PAPIR) o detimpCii1BY1 PARLI] o dettmpdi?:3200)
(PARI2] + deilmp(li16>1 PARLD) » dsitmp¢i?i 3200
(PRRI4) » dstitmpcli1621 PRRIS) » detimn(i?i 32001
(PARIG] » dutimpll 11821 PARI?] o detten(l?i32))

Poge 6-2
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'Pend date from o heifuord

reftmite DEGIN

(DELODF elipdd GEQ 64 »)
rach)
{ebrdm NEXT
virt.rral NEXT
whr « PEFMimar ) NEXT
srctmp o mby )

]

ENO:

{Rend deta from @ fulluerd

rdwi=  HEGIN

(DECOOL wffpdd GEQ B4 o)
rupwl
tehrris NEXT
virt.real NEXY
mhr o W Mbimer<8124>] NCXT
srcimp > mbr)

)

ENO)

Iread a dete brte (ke use the halfuord routines for tha speciol addresses)
rdbylersHEGIN

(DECODE efvedd CEQ 64 =)
rapbsis DEGIN

reph NEXT
(DECODE byteselect »>
\e srcimp o sretepdl7)240)
M sretmp o greimpC 251320
)
N
rdorx  BEGIM
ckrde NEXY

virt.resl NEXT
mbr » HEMUImer ® brtesulect) NEXT
sreime o wbr
ENO
)]
END:

lresd sn ingiryction {rom & word

riure DEGIN
{DELODE Effadd GEQ G4 w)
IDECOUE wifaddi1@> =)
(rapw NEXT irehd v srctmpcli3d))
(NF o 1) irshd « TRAPREG MEXT BRILOUT (feteh)is
N
Cckr ia NEXY
virt.renl NLXT
mhr e MHIma (81 29>) NEXT
irshd ¢« mbr)

)
ENO)
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'Wr ite intlo & halfword

wr thwir= BIGIN

(DECODL effmdd LIQ G4 =)
wrrho
fehwa NLXT
virt.res) | mbr s detimp(]132) NEXT
M MHEmar ) o mbr €16131))

]

END:

lur ite » full word

wrtwie  QEGIN

(DECOOE effwdd GEQ B4 )
LD |
tebua NEXT
virl.real 1 mbr = dritap(]:32> NEXY
PP mar<D:247) ¢ mbe)

H

END)

]
fWrtie into s brte

wur tbyter rBEGIN

(DECOOE effadd GEQ B4 =)

unpb1= BEGIN
reph NLXT
IECODE byieselect =>
\o detlimp o datimn<2513258er clmp(25:3253
A dsttme + sreima<lPI290edstime<25132)
) NEXY
wxph
ENDY

wribie  BEGIN
chun NEXT
virt,real NEXT
mor o deting <1132) NEXY
HEHB [ mar sbytluselect]) « mbr€24131)
£ND

END)

Pase 8-1
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1 iTmrt ) ve addepan calculatinn end orerand felch and stere routines

'mign getersion

stangvt = JIGTN
(DECODE srctmp <17) w)
srctmp’ @116 o "AONOD:
srctmpc@) 162 ¢ “HFFFF
)
END1

ILiters] addressing mode - wmode 8

Litersl =BEGIN

(DECODE nowwxtend ®)

\G (arctimp - PLUS opadd PLEN)
proatep<l 132> o PREGH! (ndex) MEXT
pregimpl®) « prealmpCly
]

\i {arctmp o opadd! peepimp + PREGH! index))

) NEXT

(If Indev NEQ @ =
(IF neflmas =)

srctmp o igrctmo + pregiep)€32:10> NEXT
RAILOUT Yiterel

) NEXT
wludd + rrctmpd] 132> ¢ preatmndli 32> NEXT
CF o 0lu33K@>: 'o corry out of word sign pesition
srotmpC] 132y ¢ aluddhiddn
srctmpiB> o (aretapd®) o pregiepce> ¢ alydacadicd NEXT
(1F cfonly => BAILOUT literal) NOXT
£F o« (arcimpc@117) NEQ 8) AND (sreimp(Bi]?) NEQ #27/277))
OF » (arctimpd®) NEQ srcimpd)d) NEXT
(IF OF AND (NQT nolrmp AND NOYT O1) #) trepfleg ¢ 1)

1
END)
{Direct wddressing maode - mode 1

DirectssDEGIN
(DECODE index NEQ @ w)
ef {ndd ¢ opadd)
affndd ¢+ lopadd ¢ PRLGK{ Indew]1¢15:9)
)
END:
|Relative sddressing mnde - mode 2

Relnt iver=BEGIN
(IF tndex EQL O o) offadd » (opmdd ¢ PCICI6180})  loverflou ignored
CIF Index EQL | o) af{ndd + toundd ¢ PC ¢ PREGHLT)ICIGI0 )
€1F index GIP | =) effudd + (opadd ¢ PREGHI]) + PREGNI Index))<i510))
END)

tIndirpct eddressing mode * mode 3

Indirect =Bt GIN
efindd » upadd NEXT
reftwi NEXT
ef(ndd » srecimpC1?2:e32> NEXT
Cil index NFQ @& »)
wifadd » (efindd ¢ PPEGHI index)}<1518))
ENDR

lHord oper end feich

wopfetctne BEGIN
\DECODL wedmod =>
(DLCODE NOT gemndr =)
{5V » } NEXT pyinletion)
Literal)
| X1
i1Direct NEXT rohel)
(Relativa NEXT rchede
(Indirect NEXT bl
' Nt
U1 NOD nowstend AND ledmod MQ 8) =) srcispdc®) « srcimpdld!
N

thalfunrd oper end Tetch

heplgtchi o GIN
(DLLOOE wdmod )

SBAR s A & © e S ———
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({f CODL NOT »omads »)>
{8J « 1 NEXT pviolelion)
(ernl)
3
(rdirect NEXT ¢ bl
trelateve NEXT cfui)y
Cindirect NEXT rdhed)
1 NTXY
(JF (NOT nourtend) AND ludwod NEQ 0) «) signent)
ENDs

1Byie opereand feicht

bupletzhi»BEGIN
(DECOOL edmods)
{DECODE NOT awmodz )
(SV « | MEXT pyviplation)s
(Jitersl WEXT
(DFCODE hyteselect w)
sretmp o sretml] 71240
srcimp ¢ arelmp<25132)
1)
)
1Direct NEXT rebyiell
lralative NEXT rdbyiehi
tindirect NEXT rdbyle)
]
ENDs

IMard operand store
wopstore:sBEGIN

(DLCOOE admed =)
(SV =+ | NEXT pviolation))

(direaci}}
(relative))
Lindirect)

INCHT

Hr ik

END:

thalfuord operend store

hopstorer» BEGIN '
(derode mdmod =5
(5V « 1 NEXT pvicletlonl)-

{direct )
(relotiveld
tindirect)

INEXT

AL

END

|Hvile nperand store

bupstore i "NFGIN
(DLCOE edmod =%
{5V » 3 NOXT pyioletion)

{direct )y
lrelmtivel)
lindirect)
INCXT
wibyte

END)

fave 92
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1GYV12 Inatroctinn set

'Earh sagtrhetion 1s descoibed by 8 secwrate roctioe below.  Severel
‘ateps wrie used for emch routing:
t - resel condition tades

© rel mnde flags so vtility routines beheve
calculate oper and addrpss and fetch operand into “srcinp®
vwrform aperation using srctmp snd @ process register (Usually)
gtore resull (rom detimp into destinstion
! sel condiilon codes
INot @)1 ingtructions contain all ¢f the shove stens) but thig should
toerve ax w unod outdine for undersisnding the isp.
!
INote thal memory access violstjons, etc, wil) cause instructior
fopermtian (o be shorted. (See trap end sWaptic, sbove)

!
!
!
!

t

tRPoutines for reseiting and setling the condition codes
reclf{lapare (CF « 0) OF » @) EF « @) LF « 0 )y

seteffim (EF « ((dstinp(BI17) NEQ @) FND (dsitmp(0)17> NEG “3IFFFF)) )y
seief2i= HEF » {(dslimp{l117) NEQ @) AND (dalimp(li1?> NEQ *LFFFF))))
seinfis (OF « (OF OP (deitmpl@) NEQ datimel1d) Ny

seloflogicelie (OF « OF DP dstimp(@d))

selcfis ( CF « CF OR datimpé®d )}

traptestes  (1F OF AND NOT O =5 trepfleg « 1))
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1. Datw bandling arnyp -3
Hnad (Peaister ) Tucteacton
1df» it GIN 1loed dete full

resetflens)

tfonly « 8 NLXT

unpfetch NEXY

PPLGHT accum] & sretmp(] (30D
END:

LOHi=  HIGIN Load deta halfuord
resat{lsoxs
clionly « 0 NEXT
hupfetch NEXT
PRIGRImccum) v srctmpcfi32)
CND

Imhim  DFGIN !load most half
reseiflans}
pronly » 1) cfonly - 8 NEXT
hopfetch NEXT
PPEGW| mccum)€@115> « aretmpll?: 32>
LND)

ldui» PLGIN {Losd from upper byte
rexetflansi
pranly « 11 clfonly » 81 byleselect ¢ 8 NEXT
hepfeteh MEXT
PREGH! mccum) » srcimpd25:32) Inote PREGH! eceum)¢0:23) » &
FND:

1dltn NCGIN ILond from lower byts
resetflnax: .
pronly « 14 cfonly » & byleselect + 1 MEXT
bopfeleh NEXT
PPEGHLeccum) & sroimpc25:132) !note PREGMleccumi<0:23) « 8
END:

lafie  DEGIN ILoad sbsolute velue full
reselfisgs:
pranly o 1 NEXT
wopfetch NEXT
(OLCODE erctmpc@> =)
R dsitmr o sretmp)
M detims o (HINUS sroims)<32:9)
1 NEX?
PREGH  mecum] « detimpl1323)
wottd: swtef] NEXT
Arartest
END

LnHie  BEGIN 'toad whsoluie value half
resetflone)
pronly «1 NEXT
hogéeteh KEXT
(ETODE srctimpl0) =)
deatimp ¢ sreimpi
Hetimp o (MINUS arctimp)(32:1@)
) NExt
PRLGR I Accum) o e ttmpd3 3000
wetof) aetel) NEX?
trnptest
I ND:

lcfre  DULIN Load tun's complement full
covgtilane
tennly » | NENT
unpieteh NEXT
A vimp v (minus srctent ot iA Mt
(R R PRI S IR I R E T i AR
keduf) setef] M X!
temtest
END
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Tehie HGIN Toad tun's tonc-lement halfuord
resnti lmagn
peanly o 1 NXT
bt e b NE XY
drtteps o tagne sccbmpde 3000 NXT
PPEGHl mecum) o detimp<)i 32
sotofll setef) NEXT
trantest
END)

[Store (Feqivier) lnstructinn

sdfie  HIGIN  irtore full word
reent?lags;
remodr »  NTAT
drttmp » PPEGHImrcum) NEXT
nnpelore)
retel?
LND1

sdlus  HEGIN Istore halfword
reset{lage; :
nemady « 1 NEXT
dntlmp » PREGW! accum) NEXT
hopstores
setel?
END:

emhie  (HGIN Istore mosl significent helfuword
rewetfluge)
vumnde » 1 NEXT
datimp » PREGW accum)c@ii6d NEXT
hupsiore)
setef
ELND

adui» HEGIN tsiore (ntn upper byte
pronly ¢ 11 exmodz ¢ |1 brtenelect « 0 NEXT
detimg o PREGHImccum)<24131> NEXT
barstlore
FNDY

adiin  HIGIN lstore into lower byte
pronly s 31t evmodz ¢ 1) brteselect » | MOXY
dultme o PPOGHIoccum)<24138) NOXY
bupsiore
ENO:

IMove Tontruding

nelie TGN 1Move zwrves. fuli.wrd
ermudr « 11
detimy o B KIXT
twpntore

tND)

HZHie I GIN {Hove zerows. halfword
LELURF NS K
detimp o B NCXT
hupatur g
END

HlUi= 0l GIN Hova immediste into vpper byle
el fadi] o ppadd NEXT
dritmp = twmed  NEXT
thtecmlort « @ N XT
wibie
1N

Rl A GIN 'mnve immediatie Inte lmeer brle
rlimdd « opadd NEYT
dettmp o immeid NOKT
lotearlect « | NIXT
wothte

3 e e e we e - - T ey P
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1 NOy

e fianae Instiurtian

Exfie  BEGIN 'vschange full
12 this 18 read modi(y-rile
toamiflayx,
ermadr ¢ 1 NEXT
detties o PPLGH mccum] NEXT
relnf2)
vapfetsh NEXT
PREGHT accum) + sretmpd]32);
v An
£ ND»

EXHi=  OFGIN levchanoe halfwerd
ts this is read-madify-urite
teomt{lags)
exmade ¢ |1 pronly « | MXY
drtimp = PPEGH  wecum) NEXT
selef2)
hapfeteh NEXT
PREGH! mccum) + sretmp(]132))
wr e
£ND:
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tNrathmetic incteurl tons
VO @ noenon goonmcbocrs for Gl L (ML P mend B

2% HI Hie I
poeatme s PRIGHEmccum) NOXT preatmor @0 o pregimpCl) NOXT
dattmn o srotmpC]132) ¢ pregimp(]132) NEXT
CF o« CF OP drttmp/0> NEXT
dettap@) o [datimpc®) ¢ grctmplB) 4 progimp’8)>)C8)
END

ADF1e  BIGIN 'Add fvll word
tramt{lancy
reonly  « 1) nofles » 1 NEXY
wnpfetch NEXT '
add NCXT
PETGHIarcum} » datimnt1132>1
sctof) setef) NEXY ‘
iraptest

ENDy

ADHie  HIGIN tadd helfuword
reselflaas?
pranly ¢ 11 noflag » 1 NEXT
topfitch REXG
ad4 NEXT
PPEGHl mccum) « datimp¢) 1325
setof ) selef] NEXT
traptest
D

o

AFie REGIN {add Ingicel fulluord
resetflagst
pronly » 11 noextend » 1 NEXT
vorfetch NEXT )
detimn o srctmpcli32y ¢ PPEGULaccum) NEXT
CF o LF P dottmp<0)> NEXT
dettmp<@) » (daitimpi@)> ¢ srcimpC@>1<ad> NEXT
PPEGHeccum) & datimp(1132))
sctofloaicmls setefl
END

ALHt= NEGIN !mdd logicel helfward
recet!lays)
pronly » )1 noexiend - | NEXT
hopfeteh NEXT
detimp » srctmncii32> ¢+ PREGMI sceum! NEXT
Ct o CF P dsttmprad NEXT
dettmpd@d o (dultmC@d ¢ oretmpC@rIi@> MXT
PREGHl mecum] « dettimp(]137 1)
~vtoflogicals seief)
END

Ri¥ 1e HGIN lrevlece add fulluord
tere(f{imas)
exmdz = 1 pwanly » | NEXT
tiopfetch NLXT
add NOXT
rtul
artaf) setef] NEXT
replest

INDs

RAblr BEGIN treplace odd helFfward
rexet{|ngy)
vamods 11 proniy « | MEXT
hupfetch NEXT

ndd NLXT
st by
cotnfi setef] NEXT
trnrtest
ENDS
SHf «»  BIGIN Isubtrect fulluord

recrtd ) ge:

monly » t1 naflan « 1 v

vapteteh M X1

swregtmp o PPEGHIsccum] NEXT pregiencd> o prestap(l) NEXT
dyttmn ¢ preatect]1:32) - sreimpd) i 32> NOXT

re— . . . . s e eee— . [ - e e
T AN e T SR 0 T L S AN n S~ Tems Lo e 3

L
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ShHs e

SLF=

SLHI =

RSF e

RSH1»

TGP IR0 [ el 10D T3 Feb-7B 114030 WO1LalHY- 10D

CF o« TF 0F NOT datimpar@dd NEXT

Aettmpt®Y o (v esimp/ B - wrctapC®) - deltsnr@)10@> NEXT
PRELMEmcrum] o datimpe 153000

criné .mtal| N XT

trarteat

FNOG

DIGIN Isubtract halfword

renetflaas)

tronly « 1) noflea « | NEXT

horfetch NEXTY

preatmp « PPLGHEaccum] MEXT preaimnd@) o preatmndl> NEXT
detimo o preatmni132) - srctepC]132) MEXY

CF . CF OP NOT delémpc@> NEXT

At (0> o (prealmpl@ - srctmp(® -~ dsttmp(@>)¢8> NEXT
PREGHIaccum] « datimpdfi32))

srinf{1 setall NEXT

troplest

END:

HEGIN tsublrect logica) ful)
reself{lngs;

pronly ¢« 11 noeviend » } NEXY

wopfetrh NFXY

delimp o PPEGHI mccum) - sretmpCti32) NEXT

CF « CF DR NOT dettmp(@> MXT

detimnd@) o (- sreimp(Bd - dstimp0))<0> NEXT
PrEGWEaccum) o dutimpC) 1321

setoflogicels setef)

FND1

ACoGIN tSubtract lomical halfuord
resetflagw)

pronly ¢ 1) noextend « 1 NEXT

hopfeteh NEXT

dstimn ¢« PPECWIaccum) = srcimp<1i32) NEXT

CF « CF O NO1 delimpd®> NEXT

dutimpd@d » (- sreimp®> - delimpcH>)CA) NEXT
PREGH I aceum) o dutimp(]132))

setnflogicals selefd

END

BEGIN Ireplece subirect fullword

rexelflngs!

evmodr ¢ 13 pronly « § NEXT

woplfetch HEXT

preatmp « PPEGHImccum) NEXT preatmpc0d o« pregtmpC]) NEXT
dattmp o sretmp<) 320 - pregimetli 32 NXT

CF » CF O NOT dettmp<®> NEXT

dattmpC@) o (arcimpd0) - pregimed@) - dsitmpi0>)<83 NEXT
HEtW

sotof ) setefl NEXT

troaplest

END

nrogN terplnce subtrect halfuord

teertilnge:

wrmodz « by pronly o 1 NOXT

hoplfedch NEXT

pregimp o PPLGWIeccum) NEXT pregime(8) » pregimpcly NEXT
dettmp » sretmpc] 1327 - pregimpd1i32) NEXT

CF « CF DR NOY dsitmpca) NEXT

dsttmpCDY & tarctmoC0) - pregimp<®: - datimp(83)<B> NEXT
b Lhway

selnl ) selef] NEXT

traptesl

END)

Paye 12-2




G s 1P T M arnonial iy (o0 237+hH-78 11030 WO Gel MY 100 Peae 13-}

Multiply pad ~ther tomplev aritbmetic inetirurtinne

’

1The cnndition ende catting linis haye been extonrted from the
tHollouwing roolinre and 1oplimented as separate routines o that
Hhey cnn b "uongued® dacsnn the simpleation. The tode petiings

Veontne- pegeeed the inddructian {hwy refer to,

selcel »DLGIN
CF » (tmphBCE5131> NEQ @) AND (imptih<B5131)> NEQ “TFFFIFFFE) o
F « imaGGABSE 15> NEQ A) fND (Am:BECES: 15> NCQ (*7FFFF & “FFFFFFFF))
END

MPFie  HEGIN tMultiply fulluord
resetflpns:
pronly » 11 nofleg « | WEXT
wonfetch NEXT
OF » (srctmp’@) NEO srcimpC)d) NEXT
traptest NEXT
(1F OF »> BAILOUT mnl) NEXT
preatmp + PPEGHIaccum] NEXT
il e (urctmpCl) XOR preatmp(l>) NEXT
(1F srcimpd)d «> grcimp » HINUS srcimed) 13200
(IF pregimpd]) =) preatmp » HINUS pregimp<i32)) NEXT
tmpGE « srctimp ® preatmpy NCXT
(IF 41 =) tmpBB o (MINUS {mpBE)ICES10Y) NEXT
PPEGHI mceumi@12) @ ‘@) + {mphG<B3 3200
PPEGW I accume@:2> @ '§) + tmphG<3L10))
sricel

END:

MPH: » BEGIN 1Bultiply helfwerd
resetflags)
rronly « 1) noflag « | NEXT
hopfeich KEXT
DOF & farctmpC0) NEQ srcimp(ld) NEXT
traptest NEXT
(IF OF => BAILOUT moh) NEXT
bregimp « PPEGHLaccum) NEXT
L) & tsretmpd]) XOP pregimplid) NEXT
LIF oredmpdl) ) sreimp o MINUS srcimad]i32O))
UIF pragimp(1) o) prentmp « MINUS pregimp<li32>) NEXT
tmpbt ¢ srctmp ¥ pregimp NEXT :
TIF A1 «> {wpB6 » (HINUS (mpb6)C6519)) NEXT
PHEGUW{ srcum) » tmeBB<31102)
sctoel
END

seldefts (EF » CIPPEGMI(L4 ¢ 1)¢3:02]¢0116) NEQ @1 AND
(PREGHL (LY 4 1)¢<3:80)¢P 16) NEQ “IFFFF))))

DIFt=  AFGIN IDivide fullword
reset{luas)
pronly « |3
t4 » werum NEXT
wuopfeteh RExY
(1F srctmp LOL @ =) OF o 1) trepling  NOT O1) REXT
1 OF w2 AAILOUT di0) NEXT
(DL CODE 143> =)
\even thd « PPIGHItY) » PPEGULIILE ¢ 1)<
\odd (64 « PREGHILYT NEXT
LIF {64731 »> t64<E3132) « “FFFFFFFF))
Y ONEXT
t4¢3) « @ NEXT
o (IG4<ED> XOP wrcimpd]d) REXT
Ulm + VR4<EI> NEOXT
C1F 164¢RI> o> B4 « (MIMIS (B4
CIF mretmpc]y = arelimp o (MINUS sretmp)<3190)) NEXT
CIF (L6497 wroimpi<BI131) MU @ v
OF « 10 trepfleg » NOT O NEXT BATLOUT dit) MK
PPEGHITL4 ¢ §1¢318)) « (tB4 / sriimp) (3]1@2 NEXT
PREGHILA) & (4G4 - (PPEGKL I & 1)¢210>) @ protmp})<3110) MEXT
CIF t) vD> PPLOMEELI4413¢ i8] o (MINUS PREGHILEE & 1IC3i0)]1<31, 80
I tle ») PPEGRILA) » (HINUS PPEGHI1417<31,8)) NEXT
seidef
ENDY

DiH:» DIGIN iDivide helfuord
reseiflngsg
pronly « 1
t4 + strum NEXT
hapfelch NExT
C1F srctmo FQL 8 ») OF » 1t trenflayg » NOT OT) NEXT
tir or =, BallouT dik) NeXT
1 e aretmpcl> FOP PIIGW wecum]€8) NEXT

e ——e e s —————) g} i U, B A
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I»

RPUF1 =

.
tla « PRELU miocam) P NEXT
CIE wretmpel v o) grodmo o (BENITS s tepde 30305 1)
(OEEIODE tiw =)

b the « PPEGHIwccnal
N 169« AINUS PPLUK e cun)
) NEXT

t4.3. + O NEXT

CIF (164 / mrcimp)<GIr3I> MO @ &
OF « 1y teaof)lag » NOT DT NEXT BAILOUT dih) NEXT
PPEGHI (L4 ¢ J13100) « (164 /7 srcimp)3110> MEXY
PPEGHILY) ¢ (164 - (PPEGHICL4 ¢ 1)CI0)) o sretmp)) (31100 NEXT
CIF (] «)> PPEGRIIES ¢ 11¢2100) « (HMINUS PPEGRIILY ¢ 1)¢3:00))¢a1100 )
C1F {la «> PPEGH{L4) +» (HMINUS PPLGRI14))¢3110>) NEXY

scldel

END;

AEGIN treplace rguace rootl full {brhaves )ike sdf)
reselflags) YSOPT calculution not implementad.

thul zerd vpurand | detecled.
ermody « 11 pronly » | NEXT
CIF PPEGHIaccum)c®> o> OF +» | NEXT treptest NEXT BAILOUT raf) WEXT
dettmp ¢ SQPTLPPLGHL ercum))
dsttmp ¢ PPEGMImccum) MXT
wnpsinre NEXT
netef2
[Nol'
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[T wafer (hranch) instiructiong

Monstrur ! kransfer sdib ex1 u=ss same adidiwesing mndrs as oper and Tetch
ot dirert brhaves 1ibe sn indirect, end ndrert Lebaves libe Lo
llevels of 1ndirertion,

XFERFETCHue
BEGIN
pranly ¢ 1i noevtend ¢ {1 noflmgs » 1 NECXT
(DECODE meimod >

\A Liter sl

\ (Direct NXT robw)) ICF. wec. G-4c s wong
A%y (Pelative NEXT arcimp » ef{~dd))

\3 (Tndirect NEXT robue)

) NFXTY

arctmp(32> « @ NEXT IPCCIS) i elwars ZFRO

t1he following stistament is included to prevent obvious infinite
! loop from westing cpu Vime. {hot perl of erchitecture)

(1F srctmpclfi3f) EQL (PC-2171511) ») 510P}

ENDs

XFRi=  HEGIN fUncanditlonal branch
»ferfetich NEXT
PC o sretmp(l?: 322
END

XLki=  BIGIN {Transfer end Jink [ save oddress In sccum)
te uhat «f 1ink reg is PC

wfer feich NEXT

PPECHE meeum <11 31D o PC MNEXT

PC « sretmpl2:32)

ENDy

XINi»  DEGIN Itransfer an indicstors
(1F (accum AND {lans) KEO @ =) .
sferfetich NEXT
' PC ¢ wretmpC1?132)
}
ENDi
XSWie  BEGIN {irenafer on {est suiliches
U1 feccum AND CTS) NEQ B w)
ufarfetch NEXY
PC + srcimpli?:32)
]
ERDy

XEX1e  OEGIN 1E-acute
wforistch NEXT
wifndd + sreimpc) 132> NEXT

riu NEXT

everute + | 1This flag cavses losec to loop back end repast.
INote that this loeks out Interrupts

ENDy

|Trdex Test Instructions

| 11 sccum » indew the value of sccumulator balore sadifiestion
! is used for (mlewing
XDUre  HEGIN t1f wrcum I8 nanzerc. subtrect one snd by ench

CIT PPEGRImceum) <6315 NEG @ =)
wfrrfelch NOXT
PPEGH nccunl <1631 » (PREGHIwccum)€i6131> = 11<1518> NEXT
v PCos sretmed1 2030
)

END)
[}
XDlee  DEGIN t1f arcum I8 nonzero. subtract tuo end brench
CIF PREGH s cum) 161 33> NEQ B »D 1PREGH wir 1
yier tulch KXY
PR Gl mccumlc16131) o (PREGHImccum}dlB13]) - 21<15:0> NEXT
PU v wrotepc]?:032)
]
ND)
X10i=  HGIN VI mrcum te nonzers, add sne end brench

CIF PPEGH L @rcum)c1B:31> NG @ =D
wier fotch NEXT
PREGHIece um € 1613E) « IPREGHTeccun) (160315 ¢ 101510 NOXT
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PL - mredmpiy20230>

END

HEGIN t1f mecum I8 nonzero, add tue and brench

LIF PPEGUIaceum)CiBian) NEQ 8 ) 'PPEGH gtr |
wfer fetch NEXT
PPEGH{ sccum)C16131) » (PREGHImceum)<IB13]) ¢ 2)CI5 18> NEXY
PC + sretimpdi?i32)

)

FND)»

tProcess Register Test lnstiruction

XEF 1w

X -

XPf 1o

XNF i »

AEGIN . llransfer on gero sctumyletor
CIf PREGH(acrum] EQL 8 =)

wiwrfetch NEXT

PC » srctmpd1?132)

)
£ND)

NEGIN !Transfer on nonaero eccumulstor
(17 PRPEGH! mccum) NEQ B =)
ufar{eich NEXT
PL « arclmn(l?:32
]
ENUY

AEGIN ttransfer on positive sccumulator
(JF NOT PPEGHImccum)<@r w)

wiarfetch NEXT

PC « arctmpi?132

END:

BFGIN Itrensfer on negelive sccusuletior
C(IF PREGH[wccum)<@) =)

xferfetch NEXT

PC + sreimpdl?:32)

END:

— e ————y
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b ft anstour tinng
Masrny tn defipe the shift revrand {ield-
HOE PO tmlyr= e lmp/ 0 8 leglecty w regivtiar to contein w shilt count

MACRD ortionge srctmpdZ1126) 8 !selecis o shift option (left. right, etc.)
BalPO shifturs  srctmpc2?2:32) 8 'specifies numher of shifts
MACPD artdregrs pread « PPLGHIaccun) @ PRPEGHIAcrum<@12> @ 110

HACPO putdr eniw PPEGH{accum) o pread(0:31) NEXT
PPEGH  accum(012) 8 "1 ¢ preed(3216)8

SHI 1 » Nt GIN t{ull uerd snd double word shifts
! In douhle word shifls
t 1 H s even, PPEGHInccum) @ PREGHIaccumei) is used.

t W H im odd o PPEGHTmccun] @ PRECHTeccua) Ie used,
resetflugs:
pronly ¢ 11 noextend ¢ §1 cfonly » 01 nitrap = § NEXT
hopfeteh NEXT
(DECODE option =)
\ed SipFae BEGIN
(DFECOOE PPECHleccum)<B) o

\e PPEGH{accum] « PPEGHIwccum]l 15P8 shiftist
\ PRECULsccum] « PPEGH{eceum] 15RE shifts
)
ENDY

AU unspect

\2 SALFis  BEGIN lor ithmetic left shift
PREGUlaccum]<1131) + PREGNIaccumi<yedl) 1500 ghifls
END)

\n3 unspec)

\a4 SLPF1e  BEGIN fLowical right shift
PPEGW{accum] » PRECU[accum] 1SR ghifls
END)

\O% GCRF+m  BFGIN tCireulur right shift
PRt CWtosccum) » PRECW  szcum) t1RR shifls
END

\et SilFie DEGIN tLogical Jeft shift
PREtllaccum) « PREGHTaccum) 1518 ahifis
END !

\o? SCLFrs BEGIN ICirculer left shift
FPEGHIwccum) « PREGWIaccum) TRL shifts
END)

\ef SARD e GEGIN 1A ithmetic right double

yrldreg NEXT

(DECODE pr@udc@d =)

\G pread + pregd 15P) shifts)
\l pregd ¢ pregd 1SR1 shifts

} NEXY
putdreg
FND)
\ng ihspec |t
\pr SALDie BLOIN tAr Itbmel e Jeft dauble

artdreq NTXT
pruad }iB1) & pregd<ii63 510 shifis NEXT

tuiteh og
END
™y unspec i
\eC SLkDie BEGIN ILogicel right dayble

wetehag NOXT
prend o prepd Y5P0 shifis NEXY
itores
END

\OO SCPD:ie BIGIN teirculer ripht double
qridrena NEXT
prond o pregd PR shifte NEXY
Futdrve
FND

\og S1Di» HIGIN floyicel left double
qetrk cq NLXT
eend o prugd 150 shifis NEXT
thildr og
END

\F SCLD:= HMGIN tetreuler left double
aslcren MEXT
rward o pragd 'R abiifie NEXT

uldreg
ENO
MBI unepaciunspec
\2 N e BIGIN trormalize full

POLGHItally ) o ahifts NEXT
snfloop =OLGIN

[E
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L1 tPRIGHImocum b0 NEQ PP cumi(l))
OF (PRPELHIARLEY] £ A =
LT «hf) KT
PG accumd 31y o PR GHE e comBe i3] t51@ 1 g
POEOMEtally ) o (PPICHIteYly] - 10T MXT

neaflnop
END
ENDY
M35 unspec Junapec runspec |
\i6 SCFie  BIGIN tehift and count ones
wefloope=BEGIN
CIF shifts EQL @ > BAILODUT shi) HEXY
L1F PRPEGH! accumi<B> »)
PREGUItally) » (PREGHI1a]dy] 4 1)<33100 )4
shifis ¢ (shifis -~ 11(4:0) NEXT
PPEGHl sccum] ¢ PPEGWIaccus] 1510 1 NEXT
sc{inop
¢ tKD
END
7P SCCFiv  BEGIN lshift circuls end counl onas

sccfloopt *BEGIN
CIF shifis EQL @ => BAILOUT shf) NCXT
(IF PPEGHIaccuml(d)> )
PREGHILally) + (PRECHILally) ¢ 1)<31000
shifts o {shifts = 1)¢4:0) NCXY
PPEGHI mrcum) » PRIGH!sccum) tRL | NEXT

urcf)oop
END
END
B 19 unspeciunepec)
\1A SNOi1»  BEGIN Inormalize double

aeldren NEXT
PPEGMItally] « shifis NEXT
sndloapin
(IF (pread(f> £OL prend(id) AND (PREGUItallp] NEQ ©) =)
pragd?iB3> + pread(1163) 1500 | NEXT
PPEGRItally) » (PREGHIVE]]Y] - 1)€¢3118> MEXT

shdloop

) NEXT
putdrey
ENDS

MAVIE  unskec lunsper lunspeciunspec |

\F RFTie  BEGIN lrefluct
getdreg NEXT

rflloupte
{IF shifis NEQU O v)
' {1« prepd<3t)) tle » preadcd2> NEXT

pregd{0131) + pregd(B13l) 152 Umi
prend(32:163> » prepd(3Z 163> 15L (1
shifts o (shifts = 1)¢2:18> NEXT

’ ritioop

) NEXT
puldrey
£ND

}

END3 tuf shf (nstruction

St » BEGIN lahidt halfuword

reaetflngu)

pronly o J1 noestend ¢ 11 cfonly + B notrep « | NEXT

hopfetch NEXT

TLCODE gt lon =)

\{19 SeRHie  BEGIN larithmelic right
(DECODE PRI Ml sceumI<IB> => .
O PPEGR mccum1C16131) o PPECHT ceum) 16131 15RO shifis)
A O PPEGMImccum]Cl6t31) « PPLGHImceun) <16121) tSRY shifte
Z'-:L"

A\ RTINS

\O? Sl e BICTY lar Ithmet ic Yefl
PO GHimccum <] A1) o PPEGHImc- im0, 300 1500 shifts
END

\@3 unePe )

04 S| PHis  DEGIN ‘lonical right
PR Gl cum <G 31y o POEGHLmccum) <161 31> 15P0 shifte
EN

AL HSiPHie HEGIN feirculm right
PREGW wecumC1B 3ty o PRIGH{ e cum (1B TD) 1PP shifts
END

06 SLiHee DLGIN llogicel lell
PPEGKIsccum)C1B3 31> » PRLGH I mecum] (161310 1500 shifte
FNDI

\a? Stitis BIGIN teirculae left
PR GHIm comlClBi 31> o Pr o GHloccum]<lBr 31D 1RL shifte
NS

T T e i am— it A3 1Y e A et e
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ASALIIR S
\2

\3.18
M6

\1?

\gLF
]
END;
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IREEL VUNSFe JUn @0 TUNAREC LN Eee 1HNAPSL JUNBDEC TUF K(MC TUNYREC 1N BPRC |
GNH: - BEGIN ‘normaltze half
PREGHEtallr] o shilte NEXT
«nhilnop PBEGIN
C1F PRl cumts JRY NEQ P LWl e umi<i?)
OP (PPLGHI T dy ) 100 00 e
BAJLIRIT shbi) NEXT
PPEGHlaccumlCiBral)> o PRTGUImccum] (161315 1610 §»
PPEGWEtally) » (PPLGWItally) - 11¢3110) NEX)

snhloop
ENO
END:
UNEDEC TUNSpeC Iunspec ]
SCHi=  BIGIN {shift and count half

schloan *REGIN
(IF shifis EOL @ =) BATLOUT shh) NEXT
(1F PPEGMImccum)CiB) o)
PPEGH {tully] « (PPEGHILe1lr) ¢ 13<35100) NEXT
shifte « tahifts - 1)<418> NEXT
PREGH eccumiC1B131) » PPICHTeccun]<16131) 15L0 | NEXT
schionp
END
END:
SCCHi»  BEGIN Ishift circuler and count half
scchloop:*BEGIN
tIF shifls EQL O =) BAILDUT shh) NEXT
(1F PPEGHI accum)<iB) o)
PPEGHTtally) « (PPECHIL)IY) o 1€ 10D ))
shifts « (ghifis - 11¢C410> NEXT
PPEGWl sccum]<16:31) « PRECKTwccum)<16131) tPL | NEXT
stchloop
END
END)
unspeciunspeciunspec lUNspPeciunspec JUNSPeC I UNPYC IUnsPeC

lof shh Instruction
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ompar e Instrurtionss

T op v be ppaaurd foe the poouse af the 7 and R mrasure
teemulatvarn. ALl ccuttalle artivety tabes place in called rontines.
LhEs- HGIN Momace mlarbrere. {11]

cenet i lays)

pranly » 1 NEXT

wnpletch NEXT

fw1d3 ¢ furctma MINUS PRIGHaccum) 43218 NEXT
EF » (imp33 CQL 0) KEXT

DF = NHOT £EF AND NOT tmp33032))

LF » {mp33732>

LHD)

CHHye  DEGIN ICompare alaebraic half
resrt(]nge)
pronly « § NEXT
hopfetch KLXT
twp33 « (mrcimn MINUS PREGHI accum])C32:0) NEXT
FF « (Ump33 QU 0 NEXT
UF » NOT EF AND NOT tmp33¢32))
LF » Amp33432>
ENDY

CLUiw BEGIN Icompure loaical viper biile
resetflage:
pronly ¢« 14 apeviend « 1 NEXT
brirselect » @ NEXT
Lopfetch NEXT
[F + (srcimp FQL PPFGHtwccum)<24130))
f » (srcime GIP PPEGWImccum)<24:1310 0
LF » tarcimpe LSS PREGHTaccum)<24131))
ENOt

CllLi= HEGIN ‘rampare Joglical Jowwer byie
reselllugsi .
pronly » 11 noexlend « 1 NEXT
brteselect = 1 NEXT
bopfetch NEXT
LF o (orctmp EQL PREGHT mccum)1€241310))
OF + (arctimp GTi: PREGH] rcum}Z24403100)
LF + tarcims LSS PRECH] wccum)i24131))
ERD

CLF:=»  DEGIN leompare loglicel full
resetfinan:
pronly « 11 nogxiend « 1 HEXT
unpfetch NEXT
LF & faretmp<]) 32> €QU PREGH{wctum!th
OF » {urctmpc1132) GIP PRFGH I actum) )
LF o tmretmp<)edly LSS PREGH acoum] )
TN

ClHim  MGIN feompar e Joyicel halfword
tenetflane
pronly o 11 nneetend « | NEXT
Yupfetch NEXT
EF e tarstmpr) 2037 EQU PPEGH mezum €160 312 )
OF « tarctmpci?i30> GIR PPECM wccum) (1613100
LF o (aretmpd)?132)> LSS POLGH I accum]¢1B:31))
FNDy

CSFre  HIGIN {Compare masbed full
resett [y
pronly + 11 noeutend o ) NEXT
unpfetoh NMXT
EF e Clarrt c1032> AND KASKREG) FQL (PPEGHLeccum) AND BASKPTG) )
o « Ctarrtmpi) 130> AND MOGKVREG) GTR (PREGHIeccum]) AND MASKREGTH )
L e UmrelmpC)edds NND WASYREG) |55 (PREGHTsccum] AND RASKRECY)
LND)

[ HUGIN Cnmpar ¢ wasked hulf
1ountflannt
prondy ¢« 1) npestend « | M2T
hoofetth NUXT
EF - Clarntmpr 120030 PAND MASKRPEGAIB31)) [QL
(M LM e num [ C1E0 31 AND PASKITGOLGI 31D )

TR AT e & L - JET—— -
e TR R T ue Sy vy L e o




Grryy

CGF v

CGHi =

MTHI~

TOUEY 100 e ial M) 1) S Fel H Y0 (LR g UL ]

F o Elgretmpr 1007 o) ALY P2 1607100 GIR
E G e TR oM M B e L1010
L L T A PN B s RN S A A T o PR R Y
TEREGH a0 am e Jhe ] - 5D Mot P lhae g1 )

N

BEGIN Comare ante. full
tevetflggen
pranly « 1 NFXT
vopleteh NEXT '
dstimo o (sreimp HINUS PPEGHIarcum €320 NEXT
(DECODE Tdnttmurd) MG d"llhn(l)! OF NS PLGCO) =)
\¢ W GIN
(1 detimndly =) detimp o THINUS delimp)<32:100) MEXT
EF + (detimp<ii32) EOL HASYPEG))
O « (datimp<ii3g) GTR MASKVPEG))
LT o (detimp(1132) 155 MASKREL

TNO;
M\ o -1
)
END)
Gl {Compwre usted half

revetflagr)
ptonly o 1 NXT
hupleteh NEXY
dattms o (abetmp MINUS PPIGHT accum])C32105 NEXT
(DLCOOE (dattmpt0) NEQ dsttmst 1)} OF MASKREGEEY =)
\8 BIGIN
(1F detimpdlh m) datimp « (HINUS detimp)<32:05) NEXT
EF o Glatimp<d137) EQGL MASKREG)
DF « ‘duttmp¢1132) GIR HASKREG)H)
LF & (duttmp(]132) LGS MASKPEG)

ENDY
\1 oF «
)
fNDY
HEGIN 'Madify and teat hell

resciflags)

remodz o 11 pronly o | NEXT

topfetch NEXT

132+ wccum NEXT

CIF wcumDs w> L32¢0127> o *FEFFFFT) NEXT
detimp o furctmp ¢ 137003210> NFXT

vir Abhwas

EF oo tdettmp<]B13 TOL 00 NEXY

(F « INDY EF AND NUT datimpCIB3) NEXY

LF ¢ detimp? 10> NEXT

CEoo tldntimpe™il? NEQ *1FFFF) AND (dstitmndBi17) NCOQ @)) NEXT
CIF CF AND NOT 01 =) Armpdlag o 1)

tND)

TSRS T Vi i~ e n e ——— A 1 e PR
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Jut e

PIF (e

L3 TR

£0F 1=

E0H:»

RLf 1=

RiH: e

ANH: »

RNF .

Lo e e PRRD S e R L)het M- RO
Poatogrt .

TR ] her L aave or ]

reretfiman:

e b ol ke fe e L rate g s 1y ncediend o 1 NI

wortetrh NLAT
PELGHlacrum) o srclmp1IA7Y OP PREGHT grcus)
IND;

ELGIN Inclusive or helf

rewerilesas

wranly « 11 cfonly » 81 notrep » 11 nos-te~d + ) NEa?
e, 21eh NEXT

PR GUEx-cualc16138) « srctepd|2137) 0P PPL W eccuml<16131)
£ND

MGIN feeplace Inc)usive or ful)
remodr + 1t pronly o 1} MEX)

woprtet:h MXT

detimp o PPEGHIRccum) DP mectimpCli32> NEYT
wr A

END:

neCIN Treploce inclusive or half

rvmed; » 1) pronly o 3 NEXT

hopfeteh REKY

Jrlimp » PPEGMlaccum)<lB131) DF wrcimp(1?132) MEXY
[N a1

«NO»

BEGIN Tuelusive or full

reset{leas: . .

t.only » 1 cfonly » 81 notreo » )1 nomxinnd » | NEXT
unptfeteh NEXT

PPIGK mcrum) « srctmsd 1132 XOR PREGH(sccun)

END:

BLGIN IEvclusive or half

recetilage)

ronly = 3 cfonly « 01 naarap » 1 nowstend + | MELY
hopfetch RUXT

PPEGHI aceumd€16031) o srotmnd17132) XOR PREGWImcruml<iBidl)
tND)

BLGIN 'replwce exclusive or full
ewmnd? + 15 pronly » | NEXT

wopleich NLXT

detimp » PPLGHInccum) XOR srctep<]132> NEXT
Al

END)

RIGIN traplace exclusive or hald

cnmods = 11 peunly = | NEXT

topfetch NEXT

dsttmp + PPLGKTsccum <1631 W srotmndi?032) NEXT
wethw

tND:

acIy land full

tewptfinas

twonly » 11 ttonly o 8 nolrap » 1) noectend » | NEXT
urrfeich NEXT

PPEGMIsccum) » sretmnd)132) AND PREGKT wicum)

tND)

BIGIN thad helf

recet i lager

pwraly o 1t efoniy o @1 nolres » 17 noestend » | MEXT
toj-tetzh N XT

PPEGH e cum) 16 39) ¢ srotmpl]?:32> AND PPECUIeccun]<1bi3
tND:

BLGIN trepleve o d full

ermodsr © 1) peoaly o L WX

woplelch RLXT

dstirs - FPEGHtaccum] AND srctee(]:32) NEXT
wote

™

P“ 1."‘
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N - HECIN freplare nnd ball
semodz o |1 pranly « 1 NDXT
bnpfatch NEXT
A=ttt o PPIGHIAccum]Oihn 31> AND srcimnd ) 237 NEXT
vt

t N0

SSM1e  BEGIN Trelettive substitute full
erwadz » J1 prond; s} ONEXT
wopfeich NEXT
drutimp o (srctmpl)r32> AND NDT BASKREG) OR
(PREGH! mecum) AND MAGKREG) NEXT
wrin
ENOI

e B RS A e aeh . - b o A 2oV IE L A S e L R e - C - -
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'Art mariprlation instructinne 6-39

Siilre

RB1.«

1521w

160 »

161 =

NGIN leet hil tn helfward
Frmndr o 3 NpXT

hopfetoty NOXT

dstimp o srctmp NEXT

hitdstleceuml « § NEXT

wr tha

FND:

HLGIN

rrmodz « 1 NEXT
hopfetch NEXT

dsitmp & srctmp NEXT
bitdstlaccum) « @ KEXT
we b

ENDs

.

OEGIN 1Mest bit end skip if zere
eemod & ] NEXT

hopfetch NEXT

(1F NOT bitsrclaccum] > PC » (PC 4 21¢15:10))
END)

REGIN 1Test bit and sbip I cne
evmodz » 1 NEXT

hopfetch NEXT

tIF hiterclaccum] o) PC o (PC 4 21¢16:10))
END

NEGIN 1Tast and conditionally Insert/skip
ewmodz + 11 pronly « | NEX?

hopfetch NEXY

(1F arctmp EQL 0 > PC « (PC ¢ 2)<15:0)) NEXT

dutimp » {arcimp(1?2:32) OR PREGHImccumi<iB:310) NEXT
s thee NEXT

effadd « PC NEXT

riv NEXT
PC o (PC + 2)<1510) NEXT lexecute snother instruction
wvecule + | lond disallow Inlerrupls

END)

e ——— “eAa L T .
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Honr mat

ISPt tnCnon)eCm! (00 f3 Feb-78 11130 WO et rel- 160

insiiyctinng

'Maceor o define fnrmat opreend (teldee

MU R0 deat i » o it 170705 8
PACPO aplre srcimpl?29:26> 8
tMecro “shiits™ from the shift instructions is slse used here
fEFr=  BUGIN IFormat evtract full
resetflngs:
proply ¢« 11 cfoniy + 81 notrep ¢ 13 noeviend ¢ | NEXT
hopfetch NEXT
{DECDDE opt )
\e dstimp » PPEGHIeccum) 15PQ shifim)
\1 datimp o PPLGHImccum) tRR shiftel
\2 dsttmp « PPICH{accum) 15LE shifisy
\3 datimp « PRiGHl{eccum} YRL shifis
) NEXT
PPEGHIdest) ¢ (dattmp(3132) AND BASKREG)
LND)
FEHi»  BEGIN 'ormat extrect helf
resetflags!
pronly « 11 cfonly « B notrep « 11 noeviend « | NEXT
hopletch NEXT
(DICODE opt =)
A0 drdimp = PPEGHIsccum)<16138) 1SRD shifim
\l dettmp o PPLGH[accum)<1Bt3)) PR shifts)
\2 dsitmp « PPEGHImccum1<1BiIl) 1SLO shifim
\3 datimp + PREGHIeccum]<16t31) 'R shifts
) NEXT
PPEGHIdest1¢1613)) » (dstimpd17132) AND MASKREGCIBII]D)
END)
FIfi= BEGIN \Format insert full
resetfleas)
pronly « 11 cfonly » Bl notrep » 1) noextend « | NEXT
hopfelch NEXT
{DECODE opt =>
\R dstimp » PPEGWlaccum) 15R8 shifte)
\! dstimp ¢ PPEGWIaccum) IRR shifts)
\2 datdmp o PREGH{ sccum) 1508 shifte)
A\ dsiimp o PREGN(sccum] IRL shifts
) NEXT
PRECWI dest) « (PREGWIdest) ANO NOT MASKREG) OR
fedatimn 11325 AND MASKREGT
END)
Flli»  BIGIN {Format ineert half
rewetfluns
pranly » 1t cfonly « Qi notrep » 11 noextend » | NEXT
honleteh NEXT
{DECODL opt =>
\& detimp o+ PPEGH{mccun]C1B:31) 18P0 shiftey
\M dsttmp ¢ PPIGHI nccum <1B131) PR shifte
\Z dattmp ¢ PRECH! sccumi<iB13])> 1510 shifim
\3 detimg « PPECH[ sccum ) (16:31) 'RL sliite
' NEXT

PREGW! dest 1€16:31)> o (PREGHIdest1<)6131) AND NOT HASKREGC1IB:31))
DR (detimp(17132) AND MASKREGCIBII]D)
END

vl o i R . g e ST
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{Pragrem level (hange Instructions
Txpi= RGN 'Cull ecrcutive progran level and link

CIC B4 AND (il FQU 20 «> FE « @ N T BAILOUY jevec) MXT
noflpas » 10 pennly ¢ f0 noewlend « | NEXT

Pwoe 20-§

bodrth NEXT fThis apereand (5 passed Lo the new p.l.
bLcopE LC > 'ILC cemen from the indicator register

\B SRV PG

A avr @

) NEXT

HOASEPAGE [ (XPL"404730)C1110>)¢2: 7> « APLY Iposs 1ink eperend

HRASLPAGE [ (XPLY *404°31)<11100) » srcimpC)?132> NEXT
PLLPEG « BASEPRGEILIXPL » °20) ¢ *jB1(10t®d) NEXT
PPL « APL NEXT

CIF NOT sretmpcl?) «)

IDECDOE APLCQ: 1D =) {reset stalus bit for eclive p.].
\@ PSIIAPLCISY) v O)
M PS210PLC21S)) » 04
\2 PS3IAPLC218>) « 8
\3 PS4IRPLCIBY) » @
)
1 NEX?
(DECOOE XPL<@i]) ) Taet the status bit for exscutive p.l.
\@ PELIXPLCZ:5)) « 1t
\l PS2LXPLC216)) « 1)
\2 P53 XPLC2:1S)) » 1)
\3 P541YPLC2:B>] » ]
) NEXT
LLL « 1) PLLFF « 1 fsat pils lock
APL « XPL NEXT fehanoe pol. to eveculive
¢OrCobk € => L i3 in the PLLPEG = loed the nes registers
\e tJowdreas) loadpcar ¢ LDCKPCAR « B)3
\1 (londreasi loadipcari LOCKPCAR « §)3

\2 {londr®) loadpcer ) LOCKPCAR o B))
\3 (loedr®) loed4pcars LOCKPCAR o 1)

i P e, RV LA A p— s -

——— ey




(AL

TCPim

1S TR 1OCANY ag Y- 10D 3 fets 70 11130 N1 heCMU-100 Pege 21-]

NEGIN Cal} prour mm lavel end link
CIF EE AND DL EQL 20 «> EE ~ @ NEXT BATIDUT jevec) NEXT
pronly +« 1t nnflege » 11 noevtend » | NELXT
bopfetch NEXT "This oprerwnd oets pasced lo the new p.l.
LIRSS SN

LY R Y]

savr
) NEXT
(DICODE sretmpCiB) 8>  I7nd hit of opet and determinas called p. 1,
\h newp] o HOASERAGLT (APLe*404°301<11:8)1¢1@ 16X 1IEPL In PLLREG
\M neup) + 63
) NEXT

tamt up PLLREG of caelled p.).

BASEPAGE I (tnewn] P "29) & "181C18:031¢15133) + sretmp(17132))
INSEPAGE T {heup) ® “20) ¢ “1B81C10:@)1C2:17> « APL NEXT
TIF NOT srctmpdi?) o) {MSB of operand delersines slatus of current p.}.

(DECODE APLCB:1) ») freset wimtus bit

\0 PSILAPLC2:5] » @
\l PS2IAPLC215Y) « @)
\2 PSIAPLC2IS)) » 81
\3 PRA{APLC218Y) » @
)
) NEXT
(DFCODE nr )01 o) teel stotus bit of new p.].
\e PS1Inewnl<21B>) « 1)
N PSP inewp) <155} « 1)
\2 PS3tnmpnl<2ib) & 1)
\3 PSelnewpl<2:15>) + |
) NEXY
(1 sretmpdi® = 12nd MSB =) pet queur reg. of colled p.i.

132 « BASEPAGE! (tnewp] ® °208) ¢ *18)<1010)) NEXT
BIt132larcimnd20124>) « § NEXT
BASEPAGL{ ({newp] ® “2@) + "18)C18:B) + (32

1 NEXT

LLI « @3 PLLFF « O NEXT !reset the level lock

wuction NEXT ' 1find & new ni 1y by wiction (may or
tmay nol be the celled level)

PPL v @il NEXY :

AP o nelpl NEXT
PLLPEG » BASEPAGE[({newpl ® *20) 4 *18)¢101@)1 NEXT

(DECODE C =

\9 (loadreas) Yoadpcwr | LOCKPCAR » B)
M Clomdreus! loadipcer LOCKPCAR + 1))
\e Qowdr B lomdpcar + LOCKPLAR « 9}
\3 (loade@) loaddpcart LOCKPCHR + |)

)

END)

—e—— . e

eR———"
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Tikt=

1SRN 1O0AN w0 M- 100 23-Fe' 78 11030 W 5eCH)- 100
HIGIN Tie (raacmm lovel mnd link
CIF LD AND (AP FQ D) oY BF « @ NIEXT PAILOUT jwwec) NEXT
crr o we b NEX]D tSemun tyeleaed Inalruction
peanly « 1t nallags « 17 noeetend « § NEXT
s e te by N XT Nink araqument
(DLCODE LE => ILE is in Indicetor register
\f ravregel
A savr@

i
nedp) o HENSEPAGEL TAP, ®°40+4°30)< 11102 )¢10:1 {5 NEXT
HEASE PAGE] Eneup ) #4040 °300C] 1102 1<247) o APL)
HBASEPAGE f tneuplw 40431 1¢11183) « gretmpi] 71325 NEXT
PLLRED o BRSFPAGE! Linewpl » °28) + *1B)<10:0>) NEXT
PPL « APL NEXT
CIF NOT srctmpd)?s o)

(OECODE «PL(B1]) =)

\9 PSLIAPLC215) » @)

\ PSZLAPL<2:B%) » @)

\2 PS3{APLC216)] » O

\3 PS4{APLC2:65) » O

)} NEXT
{DI.COOE newni<Bi1) o)
B PStlnewpl<2163] « {
A\l PE2tnewnl €16Y) » 11
\2 PSIlnewpl¢2iB)) v |
\3 PEATneup]C218)) -

VONEXT

APL + newpl)

LLY « 31 PLLFF o | NEXT  lsat Jevel lock
(DECODE € »>

\Q (loodrens) loadpcar | LOCKPCAR » @)1
\ (loadreas) loaddpcwe ) LOCKPCAR « |))

\2 (londr @i losdpcw: 1 LOCKPCAR + @)
\3 (Jondr®) load4pcar | LOCKPCAR + 1)
)

END:

Paum 22-)
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T0P:=  HIGIN 'Teat and conditinnelly reset/ebip

wemodr + | NEXT

IDELODE atmnd o) feompute operwnd addeas
(5V « | NOXT pvinletion)) 'mode @ not ullowed
direct)
relstive)
Indirect

) NEXT

(DLCOOE ol fmdd GIR "3 <> 1Special addresses

\LEQI BEGIK
ltent for invelid address
(IF (effadd GIR *1F) AND (effadd NEQ 32) ») setiv) MEXT

repd NOXT tread tha operand
(DLCODE wreimp £QL @ o) thonzere epermnd -
\N[Q@  BEGIN 1find the first one, resel It end skip

teoctr + B NEXT
137 « aretmpd] 325 NEXT
{or 111 (DECODE hittd2|impetir<2i7)) =)
\@ (mpetr o Uimpetr ¢ 1347100 NEXY tordi )y
\1 (PREGH! accum) + tmpctr)
B2 mpetr(317)) » & NEXT
detimp » (32 NEXNT

wrtn NEXT
PC « (PC ¢ 2101618}
) lend torl}
END:s lof nonzero spetiel address operend
tzero opemnd = pi ] chonne

\EQL®  BEGIN
(DECODE APLCRI) = fresel APL ststus bit
\R PRILAPLCZIB2) o @)
M PE2LAPLC2155) » @)
\? PEILAIML C215)) » Q)
\3 PEAIAPLC2:EY) + @
) NEXT
LLY » @) PLLFF « 8 NCXY
sHap 1tind snother propram level
END tof zero specisl eddress operend
1
(4.1 fof apecin]l eddresses
\GYR3F BEGIN loperend sddress is lergur than °9F
rdu NEXY
(IF srcimp NEQ 8 »)
BEGIN Inenzero memory operand
tmpcir + B)
£32 « srctmpd]i32> MEXT
terld freset the (iret "one” and skip
END : lof nonzery memory operend
) fend IF
11F we wet heres than the opersnd s from mesory and =8,
{Which counes » noep.
€ND
)
ENDY tof TOR

e e 4 o o AT T = — 2 e -
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1170 Instructions

RELED Deviewr= wrctmpdrZbed0> 8

MACPD commandis s ctmp(17:24> 8

DEVie

OEXi=

ITR1»=

BEGIN {Devica command

prvehk NEXT

dt « 8

nosviend + 11 noflags ¢ 1) pronly « 1 NEXT
hnpfetach NEXT

todeviceidevice) + command

'Timeout In 10 us, dt + |, bailout dev
END:

REGIN {Device command and axit
prvehl NEXT

dt « 0y

noextend » 1/ noflags » 11 pronly o ) NEXT
hopfeteh NEXT

lodeviceldevice) » commend NEX]

1Timeout 1n 10 us, dt o {1, batlout den
(DECODE APLCOI) ) w) fresel APL stetus bit
\0 PSIIAPLC216)) « @)

\ PS2IAPLC215>) « 0

\2 PSI{APLC21EY) » @

\3 PS4(APLS2iG)) o

) NEXT

LLI » B) PLLFF « 0 NEXT

nuap IFind & new progrem level

NI

RHEGIN Linput {o resisler - parity rhething not Implesenied
prvehh NEXT tor lvelesed insiruction

e+ @) leor ity wrror bit

dt « @ imeout bit

pronly « §)

nnestgnd ¢ 11

noflegm » 1 NEXT

hopfeteh NEXT

impeir o & NEXT

PPEGH mecum) o0 NEXT

(DECODE (dmvica NEQ 1) AND (device NEQ 2) o)
(
(1F device €L | o) PREGW! wccum! » monitor)s
{1F device EQL 2 o) PREGWlwccum) s meintrey)
N

Itrlps

Ooffi=

(1F tmpetr LEQ 3 «
PREGK accum] « PREGHIsccuml<Bi31) @ inporildevice (1@
tmpctr o (tmpcir ¢ 10€7)0) NEXT

rilp
)
)
iNDY fof 1tr instruction
BEGIN loulput from register
prvehk NEXT tpriveleged instruction

dt » &
noeviend « @1 pronly ¢ 1) noflags o | NEXT
hapfetch M X1
IDFCODE device GYR 2 =)
\e BtGIN
UIF device EQL | =)
monitor « monilor UR PREGM|mccum))s
CIF device tQU 2 »>
monilor + monilor AMD ND! PRECH|accunl)
ENDY
\y BrGIN

iororildevice) s PPEGHIsccum]<di?) NEXT
toporiidevice) « PPEGHIwceuml B 15 NEXT
roporildevice] « PRYGHlaccumd<ib 23> NEXT
topnrildevice) « PREGHIsccumic24) 3>
FND

} tend of dernde

ENDy

ave.m e L RN I
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IHixcellnneays instructions

HYie

MOR1 =

LOD =

Ll e

LLR:»

OlG1»

BEGIN Thiw ts o proveleand instructren tn LYK12
toprve bk NEXT Fo: simulation aake, this is an nonpe ivelened halt .
CIF tmccum EQL ¢ 0P (larcum AND c1e) NEQ &) =
sStoe
)
Ny
BEGIN IHemory bank assignment = nol Implemented
prve b
nat descr Ibed here
£NDY
BEGIN {loed call destinetion

sprivehy NEXT

pronly « 11 noflags « § NEXT

hopfetch NEXT

HBASEHAGE | {APL®°404°20)1<¢11:05)<B: 15) » sreimp(Z51320
PLIREGCBI 16> ¢ wretmp(25:32)

END1

ArGIN flavel lock set
apr lvehe NEXT
LLI o 1) PLLFF ¢ )

€Ny
DEGIN ILeval lock reset
LLI « @1 PLLFF ¢ @
ENDy
NCGIN {Diagnose = nol implemented
prvchl NEXT
(DECOOE mccumé2i 3 =)
\0 PC « opeddl
A\ unspec)
-\ digeode ¢+ opadd(®: 15 eaccuni0iid)
\3 cpulou » opedd¢]4115)
)
ENOY

bl A A R L 2 .
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teThis poar ta ful) ef haebs.

IFlonting Pont ntion for GYK-1D

DAy (iwrd pninl oprratan is peifore

tennditinn cndea mare resets: bul nnt set eveept in TR DA @)

fmdiw MIN Hlamrting mddidion
reset{lagr
notrap & ¥ 1t prordy » § NEXT
wopfetch NEXT
dsttmp + PPLGHImccum) ¢ wrclmpd) 132> NEXT
! set conditions codes
PPEGRIaccum} + deitep(]i32>
END)

femre HEGIN IFlosting compere

reretflogs

notrap ¢ 1 ) pronly » | NEXT

wopfetch NEXT

(DECODE wretmp()) EQL PPEGH| aceuni<@) w)

\ha 1DF « NOIT grcimncldi
LF » srctmstidn

\rus (dsttmp o (aretimp<li32> - PREGWI eccum)) NEXT
EF « tdsttmp<1132) FOL @) MEXY
0¥ « (NOT CF AND NOT duttmeci>) NEXT
LF « dettmpd]y)

)

£ND:

fdvi=  BEGIN Iflamting division
renaif)nge:
notreap » 1 ) pronly s | NFXY
wopfeteh NEXT
(IF srctmp<]32) EGL © o> BAILOUT fdv) NEXT
(] & PREGHIactum1¢@> XDR sreimpdid NEXT
CIF arctmpd]) w) wreimp o MINUS sretmpCli32)) NEXT
(DELUDE PPEGHIaLcum]<@) o>

\p twpdd o PPEGHIaccumTI
\n Ampdd o« HINUG PPEGM(nccum)
INEXTY

dettig » ((AmpA3 w0 DC1610%) / arcimp<]1825)¢32108) NEXT
CIF A w2 dsiimp ¢« (MINUS datimp)<38100) NEXT

| xet conditions codus

PPECW accum) o detimpc] 32>

END)

fmprv  HEGIN IFlonting multipy
resalflonni
notrup ¢ 1 ) pronly s § NOXT
swpfeteh NOXT
t ¢ Garetmpcd) Xub PREGH mecym )<Y NEXT
UIF wretmpdl) =) srcimp ¢ MINUG srctmpd]idazd) BOXT
(DECODE PREGW! mceum)<B) o)

\p {mp3d « PREGHImecumdy
\n tmn33 + HINUS PREGHIeccum)
INEXT

tonhiG o (farcimp 8 tmp3d3) THRA 16)<31 0 NOXT
(1F t) =) tmpbG + (MINUS (mpbl)(BBI18>) NLXT
tawl conditione coden

PPLGH L sccum] ¢ tmpfilc3110)

FND

Tl NIGIN tFloat ing sublrec.lon
rened f lagw)
notrap « 1 0 pronty « § KEXT
wnnfetich NEXT
detimp « PREGHIaccum) - arcimpc]i3?) MXT
Vepd cnnditions cndrs
PPEGH [ actum] o dettmp] 132>
I Nth

Y c emm -

Peae 26-1
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finetruclinn tetch and eseculn crele

1fetebha e DEGIN
eifadd o« PC NEXT

roe NEXT
PCoe 4PC ¢« P15 ®
END

fin=truction ewecution

ieveci® HEGIN
pronly s 1 evmodz + @) notrep + O
noflags « @) noewiend » 0) execute » O NEXT
(DECODE opende o>

nopi ! "8 no operatlon
{ndi t e ‘G « 05 is flowling poinl opcode
fem) 1o e
fdvi [ : K
frpt [ 1]
. fihy t ey
neot I " nol is 8 undefined Instruction \
noi) | *e?
L ] 1 °08  edd full '
SOF, t "@9  aubtreci full
aF) | "84 edd logicel full '
SL7) ] "08  subtrect Jogice) full
MPF ) I TeC  multiply full
DIFy 1 °80  divide full
RAF I “8C  replece add full
POEY | *of  replace sublrect full
(o, ] L I8 compare algebraie full
Ly I "I} cumpare logical upper byle
CiFy I 12 compare loai-ul full
cors I *13  compare uated full
4] I *14  compare seleciive full
10F) I *18  inclusive or Tull
For I 16 erclusive or full
ANt} I *17  lonical end full
rery I *18  formal exiract full
FIF) I "8  formal innert full
SHF 1 L "1n shift full tand doubly)
Ror I *10  rep)ace saware root??
SATy P MIC Sel Rit in Hellwgrd
PIF: I "0 replace inclusive or full
pEry 1 "IE replace evclusive tr full
PNF ! "IF  replace lonical and full
Lo 1 %20 Yowd dete full werd
L 1 *7L  load from upper bele
Laky 1 "22  Yoad aiwolute full
LCF) ' *23  Yord twe's complessnt helf
LA 1 "24  load most helf
S0ut P "2y slore inta unner hpls
S50 1 ! Y¢h slore detw full
M2fa ! 22 Mave wll zeroes, fyll
nols t 2@
nni [
noii t *2a
nnil [
nott ! tZe
HILy 1 °?D  mave into upper byle
Lxry I "2C exchange full
565 ¢ I *PF Galective substitute ful)
Xt Py 10 uyncanditionel trunpfer
Xtk t '31 wransfer on Aest suitches
XLk U "3 trensfer on zern wccumyletor
XPr 1 %33 transfer on positive eccumulator
XN "3 condilional (1 enefer wnd decrement by 1
X101 U "I conditional Lreneler end Increment by 1§
{8 1] !P36 wvecute
1521 t %37  tret hit and skip on #
Dty {0 Device commund tprivelaged)
1R 1 %39 Input to reqister (priveleged)
HLTy - 1 30 conditicne) hall funcondilional in thig isp)
DIGY ! "3 Dimanose (privelesed) - st implesented
TxP) I *3  Cal) exscutive PL oond 1ink
T PP Yie ML owend Jink
noi [ ]
noiy [t
LLe ! "40  level lock reset
no i [}
not) [ b4
o ! "43
ot | Y44
nol} 1 "4y
nots 1 *46

m—— B S ——
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RSN R EIO PN T T 1 »)

LN
Ak
[N
el Ht
SLHy
nevg
(I
Pris
P&SH
CHd
[ReW]
ClLHy
COHs
CSH
10H
[ 40,28
ANH)
FIH
riH
SHH)
1R
PRT
PIHy
PLH)
PNH}
LDH
(RN
LMy
LCH)
SMH)
SDL ¢
4 SDHL
HZH)
hotd
noty
nols
ol
hoi}
MIL}
[ % (7]
HIH:
nLky
XIN}
XF
XNy
it
L3RR
160
1504
DrXy
OFR)
Hitny
LLOy
e
1L.hoy
noll
noi
¥ NI XT

1
'
1
!
!
[
'
|
'
'
1
t
!
'
!
!
t
!
t
!
!
[
f
|
t
1
}
!
t
1
{
!
!
!
t
1
!
!
|
!
{
|
i
t
!
!
!
1
!
|
|
|
'
'

c42
tapt
‘49
“4n
sap
4l
4
T4k
tar
5
‘51
‘52
“L3
*h4
Hh
46
67
‘50
‘59
*6A
*5h
*5C
*50
°5E
*uf
e
*6)
14
*63
*64
*Bh
‘66
‘67
M 1)
“69
“RA
*6f
*6C
‘6D
“6E
l6r
-}
1
v
"7
"4
*?5
°?8
"7
)
2]
"R
™
*?C
M)
‘o
o

{1 exscuts »)> fuxer)

ENDy

P I T N | I O L W hel MU 180

ald hatf

« birm b half

weld Ty o al hald

wibtem t Jnngical helf
sultiply toal’

Grvrde hall

replace edd balf

renlace sobtract half
comparw slurbraic helf
rompare logical lower byle
compare Inaical half
rompare ualed half
compat e selective half
fnclusive or half
erclusive or half

loaicnl and halfl

format exivnct half
formal insert half

shift halfuord

test and condilionally reset/skip
resel hit in halfward
repince inclusive or half
replace asclusive ar half
reploce logical end hadd
Inad date halfuerd

Yoad from Jover hy's
Innd whaoivte half

lond two's complement hall
store most half

stora Into loner briw
store date half

Hove all zerpes, helf

move into lomar biytle

wvehange ha)f

wodify and test hall

transter enhd )ink

trannfer oh indicwtors

transfer on nen-zero accumulator
tranafer on nesalive accumulstor
conditivhal AronsTe end decrament by 2
conditionsl trensfer and increment by 2
Lest and cond'itinnally (nsart/ship
Lest bit and ship on one

device comnand end wxil {priveleped)
outrut from regisiar

memory bank mssianment (np\ implesgnied)
Jeve!l lock mut (pemi-priveluped!)

coll program level end link

1oed cell deatinstion (wemiprivelvged)

lrestim { (ewec |f wxecute invtruclion

Puge 27-2
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Ylevers et e v e

intce HiGIN
[ LN T FT A * £ 8
CHOINIRLok o D0 NEXT
CIF NDY PLLFE o>

W e

auctinn NFXYT tselect new proarom level
IDLTOME €r@s »> Tharduare Inltinted p.). chenge
rmve eqs |
wavr@
INEXT

PPL o« APL NEXYT
A« neanl NOXT

FLLPE o BRSEPAGE [ Cineup] = “2a1 ¢ "1@1018:8)) NCXT

(ACODE Cud>

{londreas! londncer 1 LOLYPCAR » B
{lnadreas! loaddpcars LOCYVPCAR o 3
(lomdr B Inedmar ) LOCLPCAP » 81

(loadr@: lnedipcar i LOLKPCAR » 1)
)
) NXY
intflag « @

1
CND3

BREAt iminop) 1 'ohreat pmint slop here
'S1omnve sfter debuy

Teveler «DEGIN
int NExt
1fetch MXT
teyelis (esme NEXY
(IF trepileg => Ichech trap condition
irahd + TPAPREG)
trapflan o @ HEXT
lered

ERALTED

runt= W GIN
{1F NOT stophil =)
I PC eul bripnt =) twesk) newt
terele NEXT
tun
)
END
) tend af uyki2.

1o emove

Pase 8 |
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! NNAYY 19 urx19.'5p v 1.1

! Thaiw s the 199 dor the PIVH IGAT (A4 7UYY 191 Compuler .
! Bl Dondop
! 72

1Thres Lypey of instructions have been left oul of this 15M

| discr iption of the POLN 1602, They sre *INFUT-DUTPN

! WITH ACCUMULATOR® ., “INPUT-DUTPUT RITHOUT ACCUMAATOR®,

! mrd “COOE-77 1O HITH ACCUMAATOR® (Fiaure 3-2, Paae 3-13

! of the *1692 RUGGED NOVA COMPUTER OPERATION AND MAINTUNANCE®,
| 1974). Al \be ather 1/0 and interupl instruclions have baen
! tncluded In this discription,

1The decading for the *INPUT-DUTPUT® s o bhit messey in thal tha MOR

t is tented repesiedly to determine Lhe inatruction,

Single precisian floating roint instiuctions imnlementied
| s (iwed potnt.  Entire INPUT.OUTPUT sectlon chanyed from
! DLCODES to IF stetements with BAILOU(S.

POLM 1666 Pecource Mansorment Uni{ edded! KL3O end WOIG 7713727
! pact 11 or ithmetic, part In 1/ Instr have sepsrele routines

INDIPECTION HAS 10 BE STARTED BY HPRCS)
HED OF ADDR WILL ©F IGNORED If EMCOI=C EXCEPT INDIRECTION 1S POSSIBLE
HSE 15 1GMORTD
1F NLEEDSePY
AUTO INCRERENT AND DECREMENT 15 DNLY POSSIBLE INSIDE INDIRECTY CHAIN.

Pews |-}

¥L30 8/1/27

iv i.86

|
f
! ALL ADOR RPEGISTER 15 16 BIT WIDE, HODMKE 2t16.
!
!
!

Device 1/0 and interrupt sequence sdded. L520.

1V 1.6 CODE 77 1/0 WITK ACC ADDED

NOVA: -
CISTART ROLA 1602 (AN/UYK-19)
DECLARE

HACRG BEGIN 1o ( 8
BACKRD END 1o ) 8

HALPD INCR.PCie PLCOI IR (PCCOI IS+ 1IUEI0N §

Hemar y101655351¢01 15

PLeoi1so

HOP<@:ih s

HCL@ 310 lso

ACA- Q118> 1w ALIN)CD:16))

ACIZ0:15)> 1w ACLEICONID )

AC2¢0 15> 1w ACI2)<MIIG)

ACA 116> v» NCI31COII8)

SP<M 15

SLeqIgd> )

SIAIUG0: 0
JUNER i nSTATUS
TN G a5 I0TUS 1~
DV COaSTATUS2
CHPRT- 001 »STATUSCIN:
EM DD e5TATUSCY )
SNHE7 8> 1 =STATUSCE)

CPDRta- 0115

INTHSF <01 15

SMliCHe@ 15

THP.NO . OFPcR>)
THPARP @y

HPHNP D 15

tmp. feincopleMi {6
TMP . SHIFTEP(R B!

(L I AL IR A
THRIPEG: ALih o
THEDDUNL FPEGLY 137 Y
MRS 1G8 8
THMIGIGNCA]
THPINDIRECT @Y

AL QLIS ATR: ] B

M1 A"

SITN >

tMain Memory

{Progrsm Counter

'Hemary Dats Heglster
thaccumulmtor Set
thrcumulmtor ©
laccumulmtor |
lAccumulator 2
tAccumlator 3

ISTACK POINTER

'STuty LIMIY

'Sistus of the computer
eterunts ON

"Harehing Interupt sequences ON
'erf'eu bit

1Carry bit

'Expunded Hemary
'EXECUTIVE MOOE

tCONTPGL. PRNEL DATA LIGHTS
LINTEPPUPT MaSK

'CONSOLE SWHITOHES

For No-ops

LILRenR Y ADDPESS PEGISTER returne velum
Wrom EFFFCTIVE. ADDPESS. CALCULATIDN,
PHEMPARY Memary Date REGISTER transfers
fvelur to ar from Memary.

Tempary bulffer st inpul of Shifly
Hempary bulfer ot input

‘ol No Load/nad Suitch

TTEMaRY PEGISTER w0

1L HPARY PLLTSTER w)

ITEMPRRY DIV E RIGISTER

HTEMPAPY SIGN HOLDER

VTUMHARY STIDN HOLDLR

'Seve indirwct bit  ®udlS 771797

N T
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'

!

! DEVITE PEGISTEPS

!

DEVOINCTLrN: b 'OIRPCE PO INPUT

DEV. DUTPLGK®115> s 'DESTINARTION FOR OUTPUY
DEV.NLNDILPC®15)3 TOEVICE NUMHER OF INTEPRUPTING DEVICE
DEV. 181140190 TINTERRUPY BT TOP £ACH BIT TN PASK WORD

'SET CAUSES INTEPPUPT IF NOT MASKED

! PLSOUPCE HANAGEMENT

RSP 15> 1MAP STATUS PLGISTER
YMDCCY  tw NGPCB) ) 1 USER ROOE (EXEC NODE COMP)
LiR 194 te NP ! EXEC EXPANDED PCMORY
wno te RSPC2)) 1 USER EXPANDED MEMORY
D4 10 H5PCI) ! EXEC DATA HaP
UDACY  wm HGRPC4A) T I USER DATR MeP
DMACY 1= MSPCS)) I DA HaP
Py 1= ASPCEY) t USER R/W/EXECUTE PAGE PPOTECTION
D¢ te HS5P<?)) ! DLFER(INDIRECT) PROVECTION
1.0<> 1w MERCB) T t  1/0 PPOTECTION
oPrey i= H5R<9)) t OfA PROTECTION
[} te MSRCIIIZIE | RESEPED
USERC210>10M5P<13:16>) | USER OP LRASY RCTIVE USER(2-7)

HUR<D1 1501 1M VIOLATION REGISTIR

DMPEC)Y 1o MVRCO)) DHA PROTECTION ERRDR

EPECY 1o MURPCIN) EXEC PROTECTION ERROR

RPECY 1w MURC2)Y) READ PROTECTION ERROR

WREC) 1o MURCE)) WRITE PPDTECTION EPROR

DPECY 1o MURC4) ) CCFER PROTECTION ERROR

IDPEC) 1w HURKCS)) 170 PROTECTION ERRDR

PRPECY 1» MURCED) PRIVELEGED INST PRDTECTION ERROR

SCPECY s MRCY)) VIOLATION OCCUPED DURING SINGLE CLYLE OP
' = MVRB1I2)) RESERVED

VUSERC21@>1sMURC{ 3115 LRST ACTIVE USER

MPPLGIGISI1)<Ot1B)) IFEMORY MAP REGISTER
HS1¢> IHAR SINGLE INSTRUTION

HED< !HAP STNGLE DATA

DATPEF <) 1DATA REFERENCE

TENP1C1S1 0

TERP2<15:801

TENP3C1S5 100

NHAPC219)3 '

PHYADR<O: 195

TRAP, INDLX<310)3 .
VIRT.REAL 1w 'VIRTUAL 10 PEAL ADDRESS TPANGLATION

BEGIN

{DLCODE XHDC »>
NHARCZ16) » 1 TEXECUTIVE Map
NHAPC21 7Y+ USER/ 210> 'USER MNP

1 ONENY

(1 1HS] OP MSD! AND DATPEF =)
NWPC21@8) » USERPCZ18) NEXT
MSD - @ NEXT MS] ~ 8
1 NEXT
fDECOOE EM<B) w)
\R PHYADRA119) ¢ BAPPEG! INTARC210) 8644 THPADRC]15) 1B 9 1(B1 15D
o THPADR<G 150
\ PHYRDRCO 1195 ¢ PPREGI CNPABC 105064 TRPADR (91 5))CB10)> ) (B! 15>
o THPADRBI |5
)
ENDD

READ . MHemaryt e L FIlL THPMDR sith dute in Memory Jocetion THPROR.
WGIN
VIPT.PEAL NFXT
THPHORCA 15) o« MEMORY IBHYADP (A1 195 1¢01 15>
N

WRITE . Hrnaryte | Stare THPMOR into Memory locelion TMPAOR,
MGIN
VIPT.PI M1
HMOPYIPHYADRCD: 192 1<O1 15> o THPPOR(B:15)
END

NOR:= RGN
I NOLOP . TP N OP
tND

U e o S e L TN e e
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THLEGAL v e
nGiN
s10P ‘e 1}lega) instructions shauld be trapped
END

[
P.OATALe
HGIN
DATREF » § NEXT
PENO. A MOPY NEXT
DRIREF » ©
IND)

W.DATAL.
OEGIN
DATPEF « 1 NEXT
WRJTE. HEHORY NEXT
DATREF « @
CNDI

ZEZT T
(o N el
oV Y
o230
~ e
aNn
0D
x
L]
»
o
-
~

INCP.DECR. Memor y1 = 13»>Do the AUTOINTPEHENT or AUTDDECREMENT
[of the specisl memory localionm.
(1STAPT INCP.DECP.Memory

(DECOOF 1nPRDP(S2) o) tDecrement(=0) or lncrement(e])
LTHPHDRCO 1 155« CTHPMNECO1 15> + 1<i5:100)
(THPHORC1 15) (THPMORCO1 15> ~ 11CI5:10))

INEXT TEND DECODE THPADRCIZ)

(WR]ITE  Hemory)

) 11END INCR.DECR. Mewmsr y
TADR . FETCH Uses Varisbles IWPDRCO115): THPADRC@: 155, EM<O).

TRDR . FETCH Unes Poulines RERD. Memory, INCR.DECR.Pemory.

IARDR .FETCH

ADR . FETCHi = 152> Take core of multiple Indirection. Retyrn sddress
[h3 of duim \v be fetched.

CISTART ADR.FETCH

(IF [CTHPADR<O) EQL 1) AND (EMCBY EQL 8)) =) tHindirect?
(
LOOM 1w { (RFAD.Hemnr v INEXT
(TIPINDINECTs TRPMDRCO) INEXT 1Save Indirect bit
Isee ¢ 2-3 "How to Use the Nova Computers® Rev. 89, 1974 nadls 2/1/777
CIF (TRPRDRCE Y)Y EQL 1) =)
!1s this an Increment or Decremant Hemnry locetion?
CINCR.OECR. Memory ) 1YES
INEXT 1END IF (THPADR<O: 11> EQL 1)
(THPAORCB: 155+ TNPMOR<O 1 15> INEXT
(1F (THPINDIRECY EQL 1) => IMore Indirection?
(
(Loor1)

)
YIEND IF (THPHDPCOY EQL 1)
YIEND LDOPY
}
YIEND 1F THPADR(B> EQL 1}

Y1 'END ADP.TETCM

IADP .SETUP Uses Veriablex MOR<S51155, THPADR(O: 15)
f.AC2¢1115), ACICHIESY, PCCOI]S).

thDP .SETUP Uses NO Poutines
tADR .SETUP
ADR.SFTUM w 153>For multiple Indirwction.

CISTART AOP.SF LR
(OECODE MOPCBI7> v tDecode Inden Figld
t (THPADR (91 150« MR 15))
Y 1P« Pege rerv Rddrassing
t (THPADRC 1L 15 «MDORCB 1S INEXT
C(IF (MDRCB) EQL 1) =)

- s et . T | L W ——s e

Pege 1-3
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(YHPADP AL 7 F1 )
INfRT TEND 1F (n0Pe@> EOL L)
L1APADP Q15 PCeA 1>+ THPRDR B IS5 @)
11'81= PL orelative fiddirssing (with sien entention}
{ CIHPADRA L1 165 HOP<B1 15> IneXT
CIf (HDPCO> EQL 1) =)
CTHPADRC@1 7>+ °FF)
INCRT 'END IF (MDR<B) toL 1)
(THPADRCB 115> (AC2(0115) « THPADRCO1 1521¢1510))
11110e Inde« mith AL2 Addressing. (with slon extention)
( CTHPADPCS 115> HORCE) 15) INEXT
Tr (MOPABY EGL B) e
CYHPADRCD1 252 "FF )
INEXY IEND JF (HOR<B> EQL 1)
CTHPADRA01 16+ (ACIC(8) 15> + THPADRCB: 5))¢15:®))
Hife Index with ACI Addressing. {uith sign extention?
INEXT TEND DECODE MOP<B17>
(IF HOP<S> »> | Inderect ion?
( {PLAD. Memar y INCXT
UIF CTHPARDRC) 111> EQL 1) > !1s this an Increment
tor Decrement Memory location?
(INCP.DECR Mamor ») 1YES
INEXT 'END IF {THPADR(®) 11> EQL )
{THPADR<A115)« THPHDR (B 15) INEXY
(ADR,FETCH)

)
11END IF MDR(S)
J11END RDR.SETUP

1S K I P Uses Varisbles DR<I3115>, THP.ND.OPC)

{ PC<@I1B>: THP.EHIFTERCO: 16D,
16 K I P Uses NO Routines,
1sK1P

SK1P:ie 153> Handles the Skip operslion specified by the SKIP Tield:
(ISTART SKIP

(DECODE MORCIA G w> tSkip fleld
( (PLCO1 15« (PLCAIIGY + 1)<15:8))
B 1000 Nevar Skip
(PCCOIIS)«(PCCOIIB) ¢ 2)<15:10))
N 160is Skip aluars
(  (DECODE (TMP.SHIFTER<O) EQL 8) =)
¢ (PCCO1B>+IPCCOIIEY ¢ 1)CIBs0 )
(PLCO1I5 > (PECALISY ¢ 2)¢15100)
JIEND DECDOE
| ¥ 1040 Skip If Corry = B,
¢ (DECODE (TMI?.SHIFTERCO> NEQ @) =)
(PLLOLIEXIPLCOI5)> ¢ IS
APCCO1 15>+ (PLCO: G ¢ 2)<15:0))
1IFND DECODE
I} 181l Skip 1§ Corry = NOT 8.
( (DECODE (TMP . SHIFYERCL1 1B £Q @) =
IPCrd 12 {PLCOIIE) ¢ 115030
PLeihoe tPLCtrh) ¢ 2115:0))
)'END DECDOE
1 118 Skip if Results 8.
( (DECODE (TP SHIF TERCII1EY NTQ @) =)
IPCCBIR>« (PLCOIEY ¢ 131518000
IPCCBIIB>+{PLCBLLEY ¢ 23C1510))
11END DECOOE
h 1181w Skip if Pesull « NOT 0.
t (DECOOE ((THP.SHIFTER<B> EQL 8) DR
FYMP.SHIFTERCHi 16> EQL 0))w)
(PCCRIGI«1PLeBIEY + 1IN
(PCCB: 15>+ 1PCCB LR ¢ 2115t}
JIEND DFCODE
I 1118« SLip tf Corry OR Resulis @,
1 tDECODE t11MP.SHIFTERCDS NEQ @) AND
CIPL SHIFTER 416> MQ 8))e)
1PCC0) 15>« {PLCBIIEY ¢ 1115180
. (PCCB G (PCCBIIBY ¢+ 20C1518))
VIEND DECDOE

) fii1= Skip if Corcy AND Resuli= NOT O.
PHEND DECOOE HDRC134 15D

3) UMD SKIP '

INOLOAD. LOAD Uses Vorinbles MORCIZ), (ARRYCE),
UOTHRLSHIFTERCGB 16, ACIB(31¢0115).
tlees NO Rovtines.

Peoge 1-4
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NOLOAD . LOAD = 1957 Lloed the Destination end Cerrp If true.
CISTART HIX O6D.L OAD
(17 MORCIZY EQL @ o> 100 we loed?
U ICHPPY(R - TMP.SHIFTEPCOY)) 1YEB
LACINDRC314>)¢@115)-THP SHIFTERCS 1 16))
}
JIEND IF HORCIZ) EQL @
Y11END WO DAD. LOAD

1S HIFT Uses Var isbles MDRCBi8), THP.SHIFTERCB116),
! tep.fcin, opt<@116)

ISHIFY Uses ND Routines
ISHTFT
SHIFY e 135> Taka care of shift determined by shift cp-code {SH)

CISTART SHIFT

(DECODE MOP<B18) «> 1SH field
C C(THP.SHIFTERCO: (6)stmp. fein.opt<O: 16))
] 100=NQ SHIFT
« (THP BHIFTFRCB116)atmp. fetn.opt<@I16> tRL 1)
)i 101+SHIFT left 1| possition
( (TMP.SHIFTERCO1 1Gyetmp, fetn. opt<O1 (6> 1RK )
N 101 «SHIFTY right | possition

[ CTHP.SHIFTERC@) s tmp. fein, apt<Od )
CIMP SHIFTERS] 1BY+Amp. fetn opt <8116 ))
CTHP.SHIFTERCSt 1B)etmp. fetn, opt<itB))

1 111a56AP Lyles and puss Corry
}IEND DECOOE HORZELY>

VILEND SHIFT g

IANDD Uses Varlebles imp.fein,opt<8i]E), CARRY(®),

! ACLO13)¢0115), MORCIt 4D,
IANDD Uses NO Roul ines,

IANDDO

ANDD) » 135) AND Source and Destinelion,

(B33 Pess ansuer end Coarry bit to Shifler
CISTART ANDD

Amp . fetn opt<@ 16> CARRYCO @I RCINDRC112>1¢R1 16> AND
ACIHDR<I 14> 1¢0115))

YIEND ANDD
tAh DD lses Vor iables tep.fetn. apt<di1f>. ACIO:13ICAI16Y, MORCL14),

! CARRYCA>, OVF(B>, THPOREGCO: 15>, THPIREGIO: 18D,
fA DD Uses NO Poutines.

tADD

ADDLw 133> ADD tiw Source o the Destination snd
1)) toke core of Carry and OVF bits, Make
(B33} the result mveiisble ta Shifter,

(1START ADD

CTHPOPEGCH 150+ AL ITHDRCE (22181153 )
CTHPIPE G0 15 enCITHDR D 45 1400 152 INEXT
Ctmp. fetn opt €0 1B THROPELCQO(1S> 4 THPIREGCDI1S) INEXT
I COTHPOPEGER) EQL THRIPEGAM) AND
(1HPHPEGY D) NLQ tmp. fctn.oplcidt)ed
OV citrel) 1Take core of OVerFlow
YeIEND QF
(DLEDDE tmp. Fetn. optc®) o>
Ctmp. fetn.opt O CAPRYCB) )
{tmp. fetnopt<Ore ROT (CAPRY<EM) )
YIEND DYCODE tmp.fcin.opl(®)

|Toke core of the Cerry bit.

11 1END HDOD

lsuerrpct Uses Var iobles  tmp.fein.apt<@i 18>, ACIOI9ICO1IE),

o e emmem—— - B . -
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MOPCE14), LARMYCB), OUNCBY, TAPRFILCRI1ED, TARIREGCOI]S).

[

suplYePAC? Uses NO Roulines.

isunterntt

SURTPNCT = 123> Subtrmct the source from the Destination

1 and tnke core af the Corrpy bit. Hake
, H» the resull available to the Shifter,
(1S1ART SUBTRACY

CTHPOPEGA01 155+ ACEMDRS 11251401163 )0
(THP{PEGC®1 §5)+ACIMDRCI 14 1< 1155 INEXT
timp fedn, opt<01 1B+ [ THIIREGLOIIE) ¢
, (NOT(THPOREG¢@115)) + 19)<16) 00 INEXT
(IF CUTMPOREGCO> NEQ THRIREGCOY) AND '
(THPOPEGZ0) EQL tmp. fein.apl(id))e)

(OVF<ode}) 1Toke tore of OVarFlon
VITEND 17 .
(DECODE tmp. fein,opl<@d ») 1Toke core of Corry bit,

(imp fotn.opt <@ CAPRYCOD )
(4mpy, feAn. ot <O>e NOT (CAPRYCOD))
JIEND DETODE tmp.fetin.optid

)1 1END SIBTRRCY

IADDECOMPLEHRENT Uses Varisbles tmp.foiniepti®i163,
' ACLAL3)COEIBY, MORCIEYD, CARRYCR),
! OVF<ay, THPOREGCR118), THPIREGCE: 15D,
IRDDCOMNPLEMENT Uses NO Routines.
IRDDCORPLEHRENT

ADDCOMPLEMENT 1 » 133> Complement (ha Source then
133> Add It Lo the Dastinetion and
133> make i\ sveileble to the Shifier,
195> Also Lake corm of the Carry end WerFlow:

(18TARYT ADDCOMPLEHENT

CTHPOPEGCH 16>+ ACIHDRS112>1¢8118)))
(THPIREGCO1 18>+ ACIMDRCI 1421401 |6 INEXT
tmp.fetn,opt<811B>«( NDT (THPOREGCOrIBY)) ¢ THPIREGCE) 15> NEXTY
(1F (CTHPOREG<> NEQ THP{REG.®)) AND

(TMHOREGCE) EQL (mp.fetn.aptcid))e)

(LVFC@Ye 1) {Tohu cora of QVerFlow
VILEND IF
(DECODE tmp.(etn.opidQ) = 1Toke corw of the Corry bt

(Ump, fetn opt<@)«CARRYCA)) )
(Lwp, fetn, opl<@rs NOTI(CARRY(E)))
VIEND DECODE tmo.fein.opt<®d

Y IEND ADDCOHPLEM NT

IITNCPERENT Uses Var iablen  tmp fein, opt<@i 16>, ACTOII)C(D1 15,
' HOBCL 12, CAPRYCR), TVFCO), THPORLGCRI ]G,
ttNcPoHLHY Uses N Routines,

1INCREHENT

INCREMENT 1w 133> Increment the Source. end pess I end

192> the resultent Coerry {o the Shifter.
CIGTART INCREMINY
CTRPOREGE 18>« ALIMDRC) ) 22 )<00 15D INEXT

top. fein, apt (01 16> THPOPCGCO1 1554 NOXY
CIF TTHPRPEGER1 15) EQL W77777)w) {Wil] an OVerFlow occure?

(OVF <@)¢]) tyes
VIVEND RF CTHPRREGCO1 162 EQL wP?777)
(DLLODE Amp. Tetn. opl<d) o) 1Teke cors of Lhe Corrp bit,

(tmp. fein.opt COYsTCAPPYCAY) )
ttmp, fetnuopt (e ROT (CARPYCR)))
JIEND DECODE tmn. fein.opti@)

YHIEND INCREMENT

[ HOVE Uses Varishles tmp.fcin opt<0:16>, CARRYCO,

[ AC1121eB118), MORCHID),

| HOoVE Uses NO Rnutlines.

t HOVE

MOV 1 = 1)) fove the Source and Carry ta the Bhifter.

Ca e R P T P i i ——————




UTK19. ISPIX7180ANRA JelMU - 10D 23 Tebi-28 12427 CAGheCMU- 180 Pege 1-7

CISTAPT HOVE
tmp f e th opt CBUIE) s LAPPYCALAAC TP 12371401 15D
VITEND HOVE

INEGATE Uses Vor 1sbles  tmp. fetn opt<@i B, ACIT112)CR115),
! MDRC112Y, CAPRY(O), OVF(B), THPORE(<O115)>,

INEGRTE Uses ND Foulines,
INEGRATE
NEGATE ) » 132> Nesele the source end put In tep. fetn.opt

CISTART NEGATE

TTHPOREGCR 1 15>=ACIHORS] 1 251<81 15> INEXT

timp.fctn.opt (B 16>« NOT (THPOPEGCOI153)) + INEXT

CIF (THPOREGCO116) EOL ' 1000060000000008) ) IMI]] wa get on overflon?
(OVF €@de)) Iyes

YITEND IF :

(DECODE tmp. fetn.optiB) »> 1Toke cors of the Corry bit,
(tmp, fetn.opt¢OCARRYCED )
(tmp. fetn.opt<0>» NOT (CAPRY(D)))

YHEND OECODE twp.fctn.opt¢®)

)t HEND NEGATE

ICOMPLEMENT Uses Vor isbles tmp.fetn opt<0ii@), ACIL12)<O116))
' MORC 12>, CARRY(E).
ICOMPLEMNENT Uses NO Routlinhes.

ICOMPLEMENT

COMPLEMENT = 135> Complement ibw Source end but the

192 result and the Corry bit ol the
19 input of (he Shifter,

CISTAPT COMPLEMENT
Amp. fein opt<B1 IR - CAPEYLROul NOT (ACIMORCE12) )C0:118)))
Y 1IIEND COMPLEMENT

ICAPRY ,  SETUP Uses Voriables MORCIBI1ED, THP.NO.DHCOY, CARNYCO),
ICARPRY . BETUP Uses NO Routines.

icaAaRRY ,  BETUP

CARRY.BETUM 1 » 193 Initdtalize the Corry bit.

CIBTART CAPRY.EETUP

(DECODE MDRZIBI 3D w) 1Ducode seb up oplions. .
INOR ) {o0vLeave o is.
ICARRYCHD+B)Y) t81eClanr initinlly,
{CARRY @Y 1 ) 110s80t initially,

TEARPRBY <RS- € NOT (CARRYCOD 1)) t1{eComplomant (ls present value.
}IEND DECODE HDRCI@ilD

)L IEND CNRRY, SETUP
1 BOME OF THOSE PESOUPCE MANMGEMEN! INSTRUCTIONS

PUSH, STACK 1 =REGIN IPUSH THPMOP ONTO BTACK
THPADH « {SF - §101610) NEXT
5P + THMPADR ME XY
(DECODE THPADRC O 1G> LES w420 »)
\e WRITE  HHOPY )
\ AEGIN
TONCR« B THPMORPC) THPADR . w44 NEXY
WPTIE . MEMRY NEXT
THRADPP - w45 NEXT
PLRD. HE HORY NEXT
PC«THPHOR MXT
BAILOUT TEXEC
END

]
END:
BYSTPAP wBEGIN  ISYSTEM TRAP SEQUENCE

HPY . M5
TEMe2 - 5P

O s oty AT e e -
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TEHP3 « S NLXT

C1F NIT XMO =)
XHD ¢ 1 ) SxriD « § ) XMOC + 0 NLXT
THGDR + 3 KEXT
PEAD HERDPY N XT
THPADE « CTHPHDR ¢ 4)¢15:8> NPXY
PLAD, MEMORY W XT
SP » THPMDP NEXT .
THPADR » (THPADR ¢ 11<1618> NEXY
PEAD. M HOPY NEXT
SL » 1HPHOR

) NEXY

THPHDR « TEMPI NEXY

PUSH.STACK NEXT

THRMDR « 1 MP2 NEXT

PUSH. §TACK NEXT

THPHDP « TEMPI MEXT

PUSH, KTACK NEXT

THPMDR » PC NEXT

PUSH, STACY NEXT

THPADR + §& NEXT

REAUD MLHORY NEXT

PUSH. 5TRCK NEXT

THRADP » 2 NEXT

PEAD  HEMOPY NEXT

THPADP « (THPMOR ¢ TRAA, INDEXC18>)¢15:0> NEXT

READ MEMORY NEXT

THPADP « THPMDR NEXY

ARR.FETCH NEXT

PC » THPMOR

ENDY

CKPPViw BEGIN
1r XML =)
PREE « 1 NEXT
TPAP, INDEX « 2 NEXY
SYHTRAP NEXT
BAILOUT ARTITHMETIC, OR.LOGIC
(471

WRMAP 1. BEGIN
CEBRY REXT
“FHPL » ACR TEMPZ » ACLI THPADR » AC2 NEXT
(DECODE TEMPICE> »)
TEHPY + TENPIC210o084 « TEMPICIBI 100
tBRILOUT WRHAR)
) NEXY
WPHAPL = L IF TEMPZ GIP 0 v)
READ, HCMDRY NEXT
HAPREGI TEMPI<B1@Y) + THPHOR NEXT
THPADR « (TMPADR & 11¢1510)>
TEMPS ¢ (TEMPL ¢ J)CI@)
TEHPZ + (TEMP2 - 1)<1510> MEXT
WRHAP1
]
FNDy

ROMAP = NEGIN D W FILE
CEPRY NEXT
TEMP] « ACOI TEMPY « &CY) THPADR +« ACZ NEXT
IDECODE TEMP)CRY »>
TEHPL o TERPIC21050B4 ¢+ TEMPICISLI0N
(HATLOUT PO )
1 NEXT
ROMAP  (a {JFOTEMPZ GTP @ «>
THPHOR « MAPPLGLTEMPICBI8) ) NEXY
WRITE  MEMORY NEXT
THPRDR o LTHPADR + 11<1918)
TEMPL » (TEMR] « §)<1618)
TEMPZ « (TEHPZ2 - 1)¢1518> NEXT
PDMAP Y
1
ENDH

WRWFD = BN GIN ‘WRITE SINGLE NORD
CrPEY NEXT
THPNREG» ACH NEXT
MAPPEGT CTMEBPEGY 13 LE)WEA4 THPAREG(H 16D 1<H 1 B) 1CBi15) « ACICKEIIG)
END)

RDMHD 1« DEGIN IREAD BINGLE WORD
CrPRY NEXT
THPGREGe ACA NTXT
ACICOIIE) o MOFREGHITHPORLGC 131 15864« THPOREGCOIB) ) <B1®) ) B 1§
ENDY

e rmemm me R

ege )-8
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HNGP e

RHGR 1=

RIMVR ) »

Ve

COMAIe

RLAF 1=

EXmP e

DXHAP 1 =

Mapg] (e

HAPED I«

RABT 1

[0N] . T

EU: =

MGIN THELTE MO STATUS PEGISTER
0Py N

UTH & atiMDPeadd e :
HHPc 418y o ALTHDR 42 )41 15> NEXT
HUP a015 « RSPCE3SD

END:

MEGIN  IPEAD HeP STATUS PLGISTER
CYPPYU NEXY

ALIHORCI14>1¢O115) +» MSP(O)IB)
END)

PLGIN  1PEAD MAP VIDLATION REGISTER
CrPRV NEXT

ACIMDR(3:4)1¢01 15> » MVR(B 15>

END)

BFGIN  1CLEAR MAP VIDLATION REGISTER
CLPRY NEXT
HURCE 7> » @

EROy

REGIN  ICLEAR DMA VIOLATION
CLPEN NEXT

HURcB) + @

£ND:

BEGYN  'READ LASY ADDRESS FILE
CYPRV NEXT .

NOP

N

BEGIN  1ENADLE EXECUTIVE DAIA HaP
CLPRY NEXT

XHD o« 1 ) BXNMD » | ) XMDC + @
FND)

REGIN  IDISABLE EXCCUTIVE DATA MaP
CKPRY NEXT

XHD &« @ 1 G¥MD + B ) KMOC + o

END)

BEGIN  tHAP SINGLE INSTRUCTION
CYPRV NEXT

HS1 & | NEXY

BAILDUT TEXEC

END»

DEGIN  IMAP SINGLE DATA
CYPRY NEXT

HMBD « 1 NENY

OATLOUT TEXEC

ENDt

DEGIN  IREAD REMOTE MEMORY CHASBHIS BTATUS
CYPPY NEXT

NP

END)

GEGIN  JEXECUTIVE TO USKR Jume
Crpy NEXT

YHDEC ~ B g XHD » 1 ) 5XMD - |
TH « LEH

HURCE 7Y o @ 4

PLcais) » ACIHORC 4D )R B>
Dy

HEGIN  IEXECUTIVE 10 USEP ERANCH

CHPRV NE XY

THPADR<B1 1h) » ACAB) 15> NLXT

RE Al HEHORY NEXT

PC.BI19) « THPHOR<O: 1G> NEXT

THPADKHZ01 15 « (THPADRCOI1B)Y ¢ 1)<1R10Y NEXY
PEAD. HIHORY NEXT

SR IB)Y « THPHOR<015) NEXT

THEADR N 10 o CYHPADRCGBI 1% ¢ 1)<1i1@8) NEXT
PEAD. HEMOPY MEXT

HEPCOI 1G> « THPHDRCO) 15 NEXY

THEADHCAI 1) o« CTHPADRCOI ]G> ¢ 110l MXT
PERD. MEMOPY NEXT

G601 1) o THPMOREB1 16> NEXT

¥HOC » 1 ) XMD » B ¢ SXMD « 8 NEXT

MUK 7> » @ MURT

£+ AN

END)

Pane 1-8
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LChtL e DEGIN HYLCurive tatt
TPAELINDEN « f NEXT
LYLipnp
ENIA

TRAM e LGN LUYSTEH TRnP
TRAR, INDEX « ACIMORCI145)C12418) NEXT

5YSTRAP

END)

ARTITHHETYTIC . .0or , LOGIC VUses Vorishles HORCEI?),

ARITHRETIC . .or.LOGIC Uses Routines CARRY.SETUP, COMPLEMENT, NEGATE, MOVE,

INCRERENT ., ADDCOMPLEMENT, SUBTRACT. ADD. ANDD,
SHIFT, NX.OAD.LOWD, 5KIP.

SRITHHETI S .or . LDGIC

RARITHMETIC. . or L OGIC1» 13)) Toke cme of Arithmelic or Legic funttiens and Increment PC,
(I1S1ART APTTHNE TG or . LOGIC

CHftmedr €11 15) wq) w03240)e) 1WDIS 2712727
FNGim (lstarl (lomting point negsie {=ADDDR 0,01
tmpdaubleregC®i 320 (net (acBCO 1 mac 1 <O 4] 1CIN10Y naut
acf<Br 185 tmpdnublerept] 116>
acl<@1 18> impdoubleraat!?132) newt
INCR.PC NEXT
batlout wr ithmetic,or.logie
Viund flomting point negale
I next tend if

IIH--"----?HU Pesource Mangsement Uniy WDIG 72/13/70sancnauuncnes

G fimde<i> prl 0) wnd (mdr¢Bi1B> waql ¥11303e)
heain P decode NDIS  ?/713/77
INCR.PC NCXT
{dernde mdr(Qi143u)
WpHnn
POMAP )
WRWRD
LAy B
CHUR,
(9ol a1]]
HAPG L)
Hr#sD
) nent tend decode
lsmi Joul writhmellc.or.loplc
etd |RMU duecade
1 nevt lend i

CiF mdr <8115) eal wiiioe) .
honin IPM) decode WDIS 7/13/77
INCR.PC NEXT
Celorndde mrdr 12 )e)
PHSP
WHEH )
FHVR,
uane
) navl lend decode
bailoul weithmetic. or. lowic
end 1RM dneode
1 next lend if

Ciftmdr ¢1125 wal *10) and (mdr<Be i) wyl W113001e)
beyin 1EHU decode WS 72713777
INUP.BPE NEXT
{dwride mer (314)0)
f xHary
DxMne
PHST)
nop funused
) next tend decode
bwilout er Hhmetie,or . Jowic
vid PPHY dveode
I newt tend if

Clbimd 112 eal ‘011 end (ke <B1L15> wgl #0110))
benin 1PMU decode WOIE 72/13/77
TPAP newt
Lsilont e itheetic. or . lonic
endd R dec nde
) newl lend f

RO P e b LRI —————— < e
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luneescorrand uf PHU (derniipsessravsnerrasnnarananararunanes

CCRPRY ST MINE T
(DELEODE. PDRCS Py =)

LCOMPLEMENT )
(NEGATE D)
(HOVE )
CINCPLMENT )y
CADDCOMPLERENT )
(SURTPACT )
(AHDD)
{ANDD)
INLXT 1ERD DECODE HORCB1?)
(5HIFTINEXY

!Take e of setting up the Cerry biIt.
|Decode op-cnde determining Funelion Generator
| sction {function steres mnswer in tmp. fetn.opt
\ and tokes core of Corry bit,
tettsComnlement Source
100) =Negate Source
1@18sMuve Source
1@]1=Increment Source
1O0rAdd the Complementied Source Lo the Destinmtion
1101 «Sublect the Source from the Destinetion
1118+Add the Source to the Destinstion
11{1#AND the Source 4o the Destinetion

1Teke 2orq of Shifier op-code

INDLDAD. L DAD INEXT
11313

ILoad (he Destination If we are suppova e,
|Teke core of Skip op-code end lncrement Proprea Counter

VILEND ARLTHMETIC or  LOGIC

!

15/0 INSTRUCTIONS

[

INDEVIw (NCELMDRCA4)] » DEV. INMEG)H)

DUTDEV) « (DEV.OUTREG » ACIMOR<31421N1

! INPUY DU TPUY
! INPUY . DUTPUY
! INPUY . . DUTP U
INPUT. OUTPUT - 153 1/0 stuff, tend wll the hecks)

V) This Jw the mection of the waching that uas {hrown in after
[HLET T e or Igina)l NOVA waw designad. As such: It s & very
It dirty part of the 18P disceiption, .

cstaet inebt . outpur

IBTART HEHORY 10 »CLUMAATOR INSTRUCTIONY
CIFCCHDRZB16> NEQ *11) AND ((HDRCP)9MORC10115)) EQL * 1000001 ))e)
(

(1r MbP<si8) EQL ‘00 » INEXT ADDRESS
€ CTHEADPCO I BY« (LTHPADRCGI 1B ¢ 1)C1510) INCXT
(PEAD . Memnr y INEXT
TTMPADICO LIS+ THPMORCO) [L) INEXT
(H.DATA)

]
INEXT LEND IF HOP<5(6) EQL ‘08
(Ir HORCSI6Y EQL 01 = INEXT ADDPE LS INOP XED
CCTMPRDR R 15> TTHPADR @1 ED) ¢ | )<)1818) INCXT
{PLAD. Memur y INCXT
LTRPADRAB1 15> (TARHORBI1G) 4 AC2<R: 15> 11510 MY
(R, DAYTAY !
)
INEXT TEND IF MDR¢S. 6> EQL ‘0)
CIr HRchB) EQL 'O «> INEXT WORD
C CYPPRDPCR1 15+ CTHPAORCBIIB) ¢ 1ICIB 9D INEXT
(HEAD . Mewmor p )

)
INEXT 1END IF HORCE(B) EQL ‘19

(DLLODE HORAB19)> w>

LOFN:= (

ILDFN  LOnD FROM NEXT

(ACITHDRCI145 )00, 15D+ THPMDRC1 1§))

1]

ROFNI { IADFN  ADD {-om nexi
CIHMRL G 1Bl MR 42000 LB INEXY
CIF COTMPIREGAD Y EQL THPMDRCO)) AND {THPHDRCOY MEQ (1MPHRRODIIS) ¢ THPIREGCE) 1B 1C)%) )=
OVE <o} } |Yea iw have sn Nerflow

|
ACTHDRCY I 4>9¢R 15>+ CTHPHDR<O1 15> + THRIREGCR 1B I (15100)

"
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GIH N -

AN N e

8L I

ADIN: =

MG N

ANTNAIS

i SN BT e rewl wocd
CIROTRE (i 1 i (DR 4oy 1 0 15 W T
ClE aetmanpon s NG THYRIL P TND LIRS D O TR Gepl 14 THESE AL L @ e s e Flow®
(frf-a ) ‘talr tew of Weflou
Yy
[l RN B R R T RPN S (N R P I R A th b
L}
{ IONFN  aMD froae naxt
OCTHOP 3040 LML ATMOP 21421401 1S) AND THPHOR-0115)5)

)
END DECODE MR R

(PE MG (PCCO11SY « 20715821 MEXT
BAILOUT INPUT. OUTPUT

)
bONEXT tend ot
LD MHORY TO ACCIUMRATUS INGTRUCTIONS
1S1APT ACCUMA NTOR 10 1 MOPY INSTPUD TIDNS
CIF O HORCGHETHDRCTHaMP 011501 (0 ‘' B1000000) )

{

(DFCODE MDRCRY o} L INDE XED?

Ve

t

CTHPADEC@) 15 TTMPADRCRLISY + [ 1CIG 03 INEXY
(RLAD. Memor y INCYT
VIRMPADRC) 15 THIMDR (01 15))

INOT INDEXED

CTHPADPCQ) 1530 ( TARADRCAI 16D ¢ |15 10 INEXT

tPE AT, Hemar v INEXT '

CTMRADRC) 15X (TRPRDPCAIS) + AC2¢BIIEY1(15:8))
LINOE XFD ON AC2

)
INLXT TEND DECDOL MOPCE)

(DECODE HOP<R:1 85 =)
{

N
(

]
{

1
{

)
INE X

ISTIN  siore AC Lo naxi
CIHEMDR D) 155+ ACTMORC 143 )<A1 1S INEXT
(M. DATAY

'ROTN  siare ACicontients of nant
(R.DATAINLXT | oddress \s nent
CTHPIPL GeQe 180« ACTHDR 34 1<) 162 INEXT
CIF COTHPIRIGCEY EOL THPHDRCBY) AND ( THPHDR(O) NI Q (THPHDRCILEY ¢ TGO IEY) 10

OV <oy 1) [Yes we heve an OVerfFlow
Vi
(THPMORC0) $GD« ( THPIREGCRI 15D+ THPHORC) 15))¢< 151> INEXT
(W.DATAY
IHGIN  Merpe Ly naxt
(R, DATAINENT

(THPIPEGC@ 15 ACTCO1 1S INEXT

CYMPHDRCO) 35D+ ( LTHPIRTGCO1 15> AND ACIMORCI 14> 1¢8115)) OR CIHPHDRCO1 15> AND (NDTCTMPIREGCO:1565))) ) INEXT
(W, DAlA}

1AHTNA  AND to nex\ address
1R, DNYAINLXT

CTHPHOR ) 15D e AT ITRDPCI 4D 1< 15ED AND THPMOP (O 1B 1INEXT
{H.Datal

T LEND DELODE HOP/ B D>

IPCeMilBre P %Y & 2101510y}

Nt x1
1

) NEXTY

Bl DT INPYT. OUTeYY

Yend 1f

TEND ACCURL ATUR 10 BERORY INSTRIKT TON
ISTAPT DOUBLE-PPLCISTON INSTPUCTIONS

NG =

CIFLLADRCY NaghDR 1811520 EQL 'A100) )13 111>
{

(DECOUE MIPBY o) VINDLYED?

CCTHPADP O 5o CTHEARAD 1S o 1 1CIS 18D INEXT
IREAD. Homar y INT XT
TTHEADE . 8 15) THPHOR< 81 15))
" INOT INDEXTD
COOTHPADR 81 4> (THPADRB 15> ¢ 11 B)INXT
(READ . Hemar y INLET
CTHADRC B 1S CTHPHDR 01 16> + ACZ2 81 1B2)(1518))
' VINDEXED ON ACP

INCKT TEND DECOID MR <S>

(NECODE HDPC T4y @

€ 1ont Davhle Stare 1FS! el )
(THEHDP Q1 15 nCa 0 {5 N X
(H.DRTROM X
CITHENORL @1 15 (THPADR D, (5)4 1115180 )
(THPSOR A 15 AT T8 15 M T
tH.Datm)

s _— ——— . BT - Bt .




[ N I E N N LU ter RO ST MERLE e ST o Few . 13

[ i Fote o J
[ T N R Y Mty g
N

L B T L P T4 U T L O T ST L NS A - T Y

B TR LI P AR A PR A S 1)

DL PR B

PIMCDORRE MG - 30 s tasl aDa b o TP by ¢ T AL LR J o5 & sl
(R - TR RS LR Y DR A AR S )

TOC ) e TRDOUAL T LG 120320

DMt = '

TONA Doy 2 W GATE end AOD

(P.DNTAINE Y

CTMPDOUMEPI G A 370« CENOTEALA 0 15 A1 CR 150121 8)1) « 1€ A N XY
TAPDOOR A PEG 0 16 LFDOUBLLPIG 80167 ¢ TRMORA 15> 1c16:05. £1T
CTAEOE @ 15 LTRRADR A ]GY ¢ 1ICES 180 INFXT

P DntaiNrat

CIMPDOUIR (PTG 3501 TIOM0R A 15) ¢ THPDORAR T R CR 32> 10 32,0 1N RT
COOT O e TR ERE G 16 )

ARCTE MG TP X [P Gl 20 3>

DDra

‘oo Qoublie {oad (FLD sles)
(P DATAINE XY
AL 1S THHDR R S N X T
CYHAOP A LS o (THPADRCB) 1550 11151 8 INEXRT
1L} DATAIME N
IRCTe N 1G>« TRADPR Q1 15))
)
VEUERD DREOOE OB D4
(RCe@r fhas iPCaMmty o JH1500))
NxT BAILDUT INPUT, DUTPUT
)
T NEXT tend of
TEND DUULE PRICTSION INGYPUCTIONS
YSTART ARTTHME TIC CHIF T SHITE) ADD 19 D1aTE INSTRUCT [ONS
IR LUl el e
{

1OLCODE HORBIBY &)

A e \RD AL B e A e i) 4 FORCEO4 151415, 8)) tROPL DD PUSITIVE {1RKDIATE
Vi
\ai DECUOE MR N> =)
LDSHD e AR ANOA U CTMIPLGA A1 Lo (0000 15 INERT HLO5HD Left dmuli-mode shift sdouble

(AL1C0 I« THIPEGANS 15> 1h1e MORCI2115) )
CALO 149+ TN T PEG Q1> 1R MORC] 2018
Vi
LLSHD = AL AR) L UTHBDOUIL ERERC 1 13200 A0 |5 9aC ] (O 15 INENY tLLSHD  Left logicel shift duuble
CTHPDOUBL EPTGC 1322 THADOUM EREGC11 32> 1518 MDRCI211S) INEXT
TACACO 1H 2 THEDOUR EPEGCT 16D
(AG1CH 150+ IMPDOURLERLGC] 2132))

N
AUIERNT:] TOLCOOL MR o)
LASHD e \O1 \I® \O COTHDOUBLEREGC 11 32 > e ACHCA: 15 enC 1 <01 15> INEXT WASHD Left arithmelic shift double

(DLCODL TOLIMWDDUBLERPLGC 132> t15RA1II) - MORCEIDIS)HIEQL @IDRICCTHPDOURLERES (1) 37 1SR - MORCIDIISD) 1AL @) + 13¢31.:0> EQL
{ (CAPRYLOIs | )1
(0,7 4. P B
i G OV wnd CRPVY
T OCTEPDIRR EPE L )0 s THEDOO LPEG 1137 1503 MOR41D1 1% 2 INEXT
LOLOCR TG - TRPOOUR ERE GOy 6> )
TACEEN T H S IO AR Gl 1320 )
(LARRY RO A)
. ) N O ar CaRPY
YHIND DELOOL CCOTRPDOURLEPI G Jrde) 1SPOIT1 - MORC131160)) elc.

h
WAGHD S A \TO AT COTHPDOUI FREGE |37 e i AC01 15800 Le@ 1) INEXT 1R Righl ar | hmet ic shIfY double
10O THPDOUKR T PTGe § o) ‘Pouttive or heuative
CYHPDOURLEPEG: 11375 THRDOUIM ERLGC] 1320 1600 HDRCED 150 1
CTHEDOUMLEPEG 109250 THEDOURLERE 6¢1122) 1SR MDRC1 3153 )
VITEND DECOUE THPOOI ERLGe )
CAEACA T TR0 THODOUKK EPEGCE 1 16 )
UAC LT 811550 THPDOUN EREGC17032))
)
VIYEND DEUDOE BP0
RS re A1 ATE U CTHEDMEILE PTG 1375 0000 1 e 1<D) 155 INCXT IMSHD Right 1sgicel shift double

CTRPODUBLEPEG: A0 v« THROOUM EREGC) 130> 15RO MDRCIZITS INEXT
LAC RO 1S THPUIDUR EREGE L1 16D Y
TRCTEN SO« INPDOUR FPEGCE 71 32))
)
VOEHD DRCOGE MO 1011

iR ELONt MW IBii]de>
LRDT e ATO NMY o B P %o U R 001G 1R HORC 12 15)) 1ROt Left roteie
"
LiSHie Vi@ A8 € (LR85t 015> 1518 HORC| )18 ILLSH  Lefl logical shify
1
MO AR (DECOM MOR12,4>
LASGH = VIO VT AR O TR Gy |5 o @00, 15 W XY LASH  left writheetic shift

(DECOGE T THPORE G080 150 15P0T15 - AORCII5)IE0L BIDRICLTMPOREGAA 15> 16P11 1Y - MDPC N IS 118y + 11C15:i8> EG @) )e)>
(BN ENL LA RY RIS BN




L . . B R T Cee M AC Fowe | |t

TS
e

- LR IR SRR B COREEREN 3 M

R BRI [RES

L no.pe

v et
VURNG W kX T SV L S LI A s TSR BN t gt
i

Rafdie VIO VIR N 0 TR0 1L LR 0 (G INEYT IRASH  Peght o 1timmttc abify

COLDIE 1 0, @ 0 ‘Fosiliee or neantlive
O 0BG 0 1G S TRORIG @t ISP R3S
CIMEARIL O 1G THREG R 16 1SR P 1T 15
VNG DRI OOE 10RE G
G - TRt Gea TG
)
VIVENO DEDODE mOR 0
PLSH e NE@ YY) 0 (el M@l an D YS) 15RO MOR 019 THSH  Fighi Josical shift
)
FrtERD DHCODE 1OP iR st
e A RIS N COnl oM I LrACT A ISy« MOROID 150 RINUS Cleuwn Sy VAON]  Add negelive lemediote
4
OLIUENG TH L MR RS
CINCP PO
NEXT PRl (RN TNRUT L Oyt
]
YNEYD tend i f
VEND FRTIHHETIC SHIP T SKIFT #DD [ DEATE INSTRULTIONS
TSTaRT PaRt 1 0 4 SINGHE WOPD INSTRICTIONSG WETH ACCLPRRTOR (IN B11S 5-4)
CHOHCR S 2 aMDP (R 1S E QL "RTINRENM] 1 -)
¢
(DFHEDDE MOF Bi%9ved
LA T INOPc 34 dem 150 574160 RSP vERD &7 X POINTER
1,
PSHra CEItaDPen e IS0 R 1) - 1ICOIS @INEXT IPGH PUSH RCCUMA RT1DR W10 STRCK
EHREM 1S TR0 18500
CTHIPHOP @ 14 DLITHDP I 43 1400 155 INEXT
(BRI Hemary s
CIF THRADPg 15 LSS 1428 > !Steck overflow?
C LN Ge@s
CTHPHOR. Q5. PLcti 1500
FTRPADRQ 15 - e IND KT
THO]TE Memary )
LTHOARRCB: 15 s4LINEXT
CPUAE Pemoar y INEXT
APCO 15 - THHDR A 15> N T
(BallouT TNUL. QUTPUT)

)
VIEND 1T THWPADR(8:19) LY wedd
N

POR » O CTHADR A, 155 SP@ 15 INLXY 1POP  Pop eccumulator from steck

(PEAD. Hemory ) o
15000 1S e L THPAGZ <D 16> 4 1ICIS O NEXT
CRCTHDR 34 TR 150 THPTRCB ) 155}
Vi
WGP CASP S LAl ERUF: 30 Hcar 1) 'NoP
]
PoUEND DECOOE M- 8.9
VINCR. PO
NEXT BallQuY INBUT. UTPUT
1
Y NTXt lend of
VEND PART 1 O 4 STROLE - WORD INSTRUCTIONG N TH RCCUMERATOR (IN B11S 5-4)
151" Py 3 4 RUNGCE-ROPD INSTEICTHONS WITH aCCUMA RIOR (N BITE 3-4)
PIFYIMOP- 5B aRDP- 10 15 £ "Riviii1iie)>
.

W ite steck pointer

(DFCO ROWP9,0)
MY » 1A TRPRR GG 15 0eAC S (D15 1599y
PTHE RGN 150 A0 TROR D) 40 )¢ 1S INEXT
[IPPOGIEN 600 TARRREL@™ YOR TP IPFGCGY INEXT
C1F THPOREG A (Ol e)
CTHPGEEG: N 1h e EMINUS TRROPEG v 15201510
VaYENG LE IRPaRE G Ol |
O] THIPIG B ¢ (v
CIMPLREG A 15 CHINUS THPIPLGA@ 155 1015:8))
INE Y ERT T TREPEREG A f AL )
CIPPODUIL ERE G 1 370 THORPEG B 16> & TAPIRTGCAr 15> et
CIF THOSIEN- A EQL 1D
CTHPDOMWR EPEG 1320« CHINUS TROO0UBLEREG 11 22)¢3118))
INY YT VEND IF TMPOGIRN- B FOL )
TR R LS YRROOURNERE G- 16D )
TRO LR e THODDURLIPEG 120 32

Signad sultinly

N
SOV - COVHPOMRERERPE G 300000 15 anCica b h SOV Signed divirda
PTHPIRE G 19 AL LMDRC3 4> Jee 15 INERT

B o
- -




U 19 Jub i lel ol M. 10D T3-Fer-8 10.27 (ung My- | A0 Peas |-15

PR e e L MR FR L Y (0 TR A
ETR e B LT VMR RO, N X
O] yssecemd fREL ) A e
(N Y TR A A B R L S AL LU T B AT F Y R
ARV AR T IR TG LT I S 2
o tmegeeGeer £QU Jed
CTMIPEGeQ 16 ININUS THDIPEGA RIS (15.:0))
INE T TEND TP IRPIREG A FQL L
FLD0F FITHPIPEG @ 1SS LU 0 OF (ITMPIREGa 165 LSS THPDOUR I PEGe ]+ 16))1e) 'OARTLON?
O T c@ 15 % CTIPDOUM ERELCIIZ) 72 THPIPET (81151 C1518) IMEXT
CIREG @10 - CTAPDOUR EPEGCT132) RIS LEMREe8:15) o THPIPEGCOIIS) 131182 11518 INEXT
S0 IRPRSIGNCR) EOL 1w
TTREAPEGOR 15O« (HINUS THRORLG 01 15>1(1518))
YItEND BF THSIGNGRY (oL )
CIF THPESIONGRY FQL Jo)
CIIPEGEA 15O (RINUS THPIREGCO1IDICISI107)
INLET HENG IF YWPISIGN0) EQR |
1RA/ A 18 NP IPEGA 81150
ARG M S /- IRPOPEGCRY 190 )
(CAPPYCD)« 8}
N
[ L RORTRR N
{CAPRYCDI+ 1)
)
VIEND DLCOOF 1 1M IPEGSA:1SY EOL @) DR (THPIR(G<®: 15> LSS THPOOUBLIREGC) 1A2))}
)
15 VEND DECODE MOP- 9>
{INCP PL)
MOXT BALLOUT INPUT.OUTPUT
1
VNEXT lend i {
VEND PAPT 2 Of 4 SINGLE-HOPD INSTPUCTIONS WITH ACCUMARTDR (IN BITS 3-4)
ISTART PART 3 OF 4 SINGLE-WOPD INSTRUCTIONS W1TH ACCUMALATOR (IN BITS 3-4)
11 O EROPCE: TXaMPI0115)) ECL ' 100000001} AND 1MOR(B: D) HQ ‘111>
(
(1F HDPCE:19> QL '00x)
XX0P» CRCTPORC: 4 Jmy J5)eaC TRORC 142 1<A115) NDR ACG.8.:15)) 'XDR  Exclusive OR
YIOEND IF mORcB9Y EQL 00
UIF HDP<8:9> EX ‘@)e)>
10R: » (ACTHDOPC 1 4))¢01 152+ ACTMORCI14) 1<O11R> OR ACHZ0115)) 110R  Inclusize OR
Vo UUND TE MDRCBD> QL 'L
CIF MOP<819> EOL ' 1Ds)>
OtCi= (ALIMDPCT 43 ) ed 150 tACIMOPC314))<0115) - 1)CISi0N) 1DEC  Decroment sccusulsior
)1 tEND IF MOPcB: 9> EQL ‘10
CIRCP. PO
NEXT BAILOUT TREUT.QUTPUT
)
1 NEXT tend f
VEND PAPT 3 OF & SINGLE-WOPD INSTPUCTIDNS WITA ACCUMILATOR (1N BITS 3-4)
{START PAPT 4 (F 4 SINGLE -WOPD INSTFUCTIONS WITH ACCUMULATOR (IN BITS 2-4)
CIFCEMDACS) ToaMDPAI® 152) EQL " 11 BHWA00]) Je)
{

(ULCDOE MOP<B:1 95+
Y. { CIPPROURLEPEGC ] 37, o ACTOFCI 45 )CR1 15> » ACH<O: 15> INFXT ey UNS19ned muliiply
EACNAL S TRPDOUILEPEGE 11160 Yy
1RC T ML THPDDUILERPE G 21370
X
UV (= C CTMPDOUBLERPLG 11 30 Al D 15 @ACTCN 15 ) IUOVO  UNSigned divide
CIHPIPEGAM 5o pIMOR- 347 170: I5VINEXT
IDECODE (THPEGER: 15> EQU @) OF (YHPIREG 0:15> (55 THPDOUBLEREG<1116>))=> OVEPFLON?
CCTWOPE LR LG CTAPDOUIEVEGE 1 32> / TP IRLGEB: 150 ) (1518 INEXT
’ CHHIPLGOO 155 CTHPDOLR FPEGCE 32> MING 1 THPERECCB 16D 9 TMPIREGC:115))14311@>)¢15:1@> INEXRT
(LGN LRYRE, LAY ASUN LR N
1AC1 N5 - THIREG(BI 1O 1)
LLAPK YR e 8)
)
COUE PRt
(CAPPYCR) e |}

)
VIEND DECODE (LTMPIPIGCN: 15> QL 0) OF (THPIRLGCO: 15 LSS THPDOUREREGCE 16> ))
| }]
DV 1w COTHPOME EPEG L B et 15O UV UNSigned divide INTEGER
CTHRYPE G 15 e RCTADR: 314 ) Ch 152INEXT
IDECODE (THRIREG Glh) £ 9)ed 'OVERFLOK?
U ATHPORL G M) S 0 ( THPDOUBLERLGC 1162 / TMPIREL 811591151 8) INEXT
CIHPIREG @ 1600 LMD ET S¢11EE> MINUS (THPORLGLBI 15> @ THPIREGCEI15))1¢I110>1¢1518) INEXT
LA M S TP PG 15 0
(L1001 19> THPOPEGCO15)) ¢
(CAPPYCO. B
"
[ RE TR R
(CHPY- M1
)
JVEND DICODE (UTAPIREGA@ 15> FQL 8) UP (THMPIPLG.B115> LSS THPDOUBLEREGCL1162>))
|
UHPA) - U CTHPDOVOLEREGC Y1320+ (ACTMORCI > 1<8115) » ACICOIISIICII0) » ACOO: 15X ICILIBINERT  (UMPA UNSipned multiply ROD

o e g




UYHi9 15y 2 n{non) ety 100 S 0eb-78 17027 CathelMU- 180

AL THEDL M ERIG/ L OB 1
VAC T W Th e TRODOUER U PEGA 17030 )
\
VOYEND DECOBE RDR 8.9
CINCR PCY
Nt 1t out INPYT eut

)
} NCXT lend S
TEND PAPY 4 DF ¢ SINGLE-WOPD INSTPUCTIONS WITH ACCUMULATOR (IN B1TS 3-4)
(GIART PAPT § DF 4 SINGLE WOPD INSTRUCTIONS WITH ND RRGUMINTS
CIFCURORCD: 7>aMOPC10:15)) EQL ' 6000000001 1o
t
(DECONE HOP<B:9)e)
CLEW » tLER(@>0);
(INCR.PC)
3]
(EHQ=1))
(INCP.PC)

STEN) »

PRI CTHPADP A 157 SPCDL IS INEXNT
5PCISd - ISPCA:IG) ¢ J)C1505INEXT
{PLAD. Nemor p INLXY
(PLCOL 150 THPHOPCR1 |5))
]

R1FNlt= CINPADR 1155 SPCOs IS ) IRTFN]

(6PQ1 [B>a(SPCBI]S) ¢ 1)<I5:@0IMXT

(PTRD. Hemor y INEXT

(IAPADP R 15> 5) 5 INTHSK ¢ THPNDR NEXT

(WPITE . Mrmer y INEXT

(IMPADP(B1 19>+ 5RCA11S)))

(SPCO: 19de (SPCRI1E) ¢ 111510 INEXT

(PERD . Memar yINEXY

(PCY@1 155 TAPHOR<O15))

)
YIEND DECOOE MOP¢B 9>
NEXT BATLOUT INPUT.QUTPUT
)
) NEXT tend IF

TEND PART | OF 4 SINGLE WOPD INSTPUCTIDNS WITH RO ARGUMENTS
15TART PART & OF 4 SINGLE WOPD INSTRUCTIONS WITH NO APGUMENTS

Faae |-1B

ICLEN  CLEAR EXPANDED MEMORY FLAG

ISTEM  SET EXPANOED MEMORY FLAG

IPRT  POP AND RE TURM

RETUPN TROM NESTED INTERUPY

UIFCIMDRCA 1G> EQL '0010011600001) OR THMORCII1G) EOL ‘0011106000001 1e>

{
(1F MOP3:15> EQL '00199] | 000>
DSPD: = { (CPDATALR 15X+ AL1C@I 15 ))
CINLR.PC) '

)
YHIEND IF HDPC3118%> EQL 0010011000001
CIF HORC315) EQL ' 005 510000000 =)
TCO = C (LICDDE DUFc@de)
f (PCLB 15>« (PCC@1 15> & 2)C1510Y)
M
€ (OVFcd>e@)
CINCR.PC)
)
VIEND DECODE Ovrea)

)
JUEND IF MDPCIIS) FOL ‘a0 1 | oMO000)
NEXT BAILOUT TNPUT.OUY UY
)
Y NLXT tend 1
LEND PAPT 2 OF 4 GKINGLD WOPD INSTPUCTIDNS WITH NO APGUMENTS
ISIART PAPT 3 OF 4 SINGLE WORD INSTRUCTIONS W1TH ND ARGUMENTS
CIFC(HDP 18 @MDPC 18 1520 EQL 801111000001 1)
(
(DECODE MDPcBHe)>

S511521= { CTHPRDP Q1 15D P01 15> INCXT 157182

(PEAD. Mamor y INE XY
CTHPHDR <O 155 LTHIHDP (81 15> ¢ 11¢1518) INEXT
(MPITE Memary 1)
(DECODE (THPHOP- 0:15) (O 81e)

t UINCR.PCY

Xl

E PGS PCeBi ) ¢ 2015800

)
*I{ND DLLODL (1MPMDPCA:15) EQL @)
K]
PST) = T CTHPADP - B: 150 15P 8|5 - 1 1¢I5 @) INEXT PSY
(OB 1S THPADR<Q {ho 1)
(THPMDP M 155 5TRTUSCR1 15) INEXT
AN Hemore p )
CIF TMPADM R 1Y) LSS w42@ > {Steck over flow?
(CION- D20t
CTHPMOR (R S0 PLaR 1500
TTHEADP- 8- 155 wd 4 INE X!
(WRITE . Momory )
(THPADP <A 15 nat, INEXT

105P0  Displer dete in cunirol pennel

'TC0 TEST AND CLEAR DVERFLOM

PUSH STATUS ONTO STACY

Incroment (op element of steck. ship If zere

1w —




.

UYP 1. 15000 | PCANG el M) 19D 73-Teh-78 12:27 [rel M- 160 Peoe 1-17
4 1] A0, Me mar y INF X1
TPECOI I THPHDP O 155 INEXT
(HATLOUT ITNPUT . UTPUTY
)
INEXT TENDIF THRADRC 0115 155 me2@
INLE.PCY
)
VIEND DECDDE MOPCD>
NEXT BAILOUT INPUT. OUTPUT
)
) NEXT tend if
TEND PAPY 3 OF 4 SINGLE WOPD INSTRPUCTIONS WITH ND ARGUMENTS
ISTART PAPT 4 OF 4 SINGLE MOPD INSIPUCTIONS WITH NO ARGUMENTS
CIF C(MDPZ 3@MDPC 1155 ) EQL 11001 1080001 )e)
(
(DECODE MORC4de)

STIBN » { [IANCOY -1 1STIBN Set interupt branch/nest flm
M

CLIBN:» ¢ LIAN<@>+8) 1ICLIBN Clesr Intarupt brench/nest fley
)

Y 11END DECODE HOR<4)
(INCR.PC)
NEXT BAILOUY INPUT.DUTHUY
)
) NEXT lend if
'END PART 4 OF 4 SINGLE WORD INSTRUCTIONS WITH NO ARGUMENTS
(IFeRDPCIB) EQL 'R01118IANN0AL Jud
PJSi= I (THPHDPZO 1G>« [ IHPADR(B: 15> + 2)¢15100INEXT  1PJS  Push and jump to subrouline
{ THPOPEGC@1 150+ L THPADRCAI 1) ¢ 11¢1518) INEXT

CTHPADP< 011554 (5P 016> - 11{1510)INEXT

(SPCI 16>+ TRPADRCO1 16> )

(HRITE Memor » INEXT

CIF THPADR<O: L) LSS wd28 =) 1Sinck overflow?

{ CJONZD0))
LTHPHDRCQ) I8« PCCOLISO M)
CTHPADP< G115 « w4 4 INEXT
(HR]TE. Memor y INEXT
CTHPADPC 01152 ud5 INEXT
(PLUD Memory INEXT
LPLCRtIS > THPMORCD 15D INEXT
(BAILOUT INPUT, OUTPUT)
)

INEXT LEND IF THPADRC@115) LES w420

(THPADPC@1 155 THPOPEGC @1 1 h) INEXT

{PEND  Memar y INEXT

(PCCO1 150+ THPMDR<B:1 15))

NEXT BAILOUT INPUT.DUTPUT

)
) NEXT lend I

CIFCMDPC31GY FQL ‘911D 190000) 1e)
Fhim € CTHPADP B IG)« L IMPADP.BI 15> ¢ 11¢15:8) INEXT IF§  File swerch
(PLAD. Hemor y INFXT
CTHPOPEGEB1 150« THOMOP<A §5) 0
(CTHEIREGCA: 152+nC2¢A1 15 INEXT
Loz, - [ ISTART LOOP2
CIF (AC3<B 15> EQL THPIREGCOV1ED ) o)
tAPCAN; 155+ TPCCBI ]G> 4 2)(15100))
(HAILOUT INPUT. OUTPUT)
]
IREXT HEND IF (AC340:15> EQL THPIRLGCOI]16))
LTHPIPELZ 0150 (THPIPEGCO: 15> o 1)¢15:00 INEXT
CTHPNDP (O 155+ THRIREG A1 15> INEXT
(P I9TAINEN
(THPHOR 81 15>« THPHDP<A: 15) AND THPOREG<® 15> INEXT
CIF CUACALe: 156> LEQ THPMORCOIS) ) AND (THPMORCO) 18) LEQ ACIC®116)))e)
PO 1S (PCCO 15D+ D1<ES @) INEXT
(AAILOUT [NPUT. DUTPUT)
)
INEXT VEND P C(ACRCBIS) LEQ THPMCO115)) AND (THPHDRCOIIS) LEQ RCIC@1ES)))e)
(AC7<@) 15+ THPIPLGCO11S) INEXT
1wy .
JIEND LDOP?
NEXT Bt OUT INPUT, DUTPUY '
)
) NEXT lend if
PSTAPT PAPY | of 3 CINIE-?7 10 WETHOUT ACCURLATOP
CIF COHDRCI 1 408MORPCI01 15> EQL '@3 1111 1IRNDI(MDRCE 1S, GO ' 1 IANDIMDRCE19)> LEQ 111 1)ed>
{
LIF (MDRCS:9> 0L '1)e)
INTIN. » [ LIONCBYs 'L (INTEN Snterrupt enshie

e c—n - e = . - g —— e =2 R




UYr19.160{x2100n00 el 4 16D 71 Feb-78 12,27 LAMOOCHU- | 20 Pege 1-10

tINCR.PC)
)
1iTEND IF O THDP/S.09) FOL "1)ed
CIF 1HDRCS9) (0L " 10)w)
INTDG: » CHINR A% "0y IIRT1DS  Intecrupt divable
LINGR.PC)
)
YIVEND IF (HDR¢S5: 9> EQL '})e>
CIF (HOPCS:9Y FOL '11)m)
CLPDim ¢ (CPUATAZ@:1BY+'8
[INCR.PL)
)
YIEND IF (HORCS19) EQL *1)m)>
NEXT BATLOUT INPUT, OUTPUT

)
Y NEXT lend of If
IEND PiRT | of 3 CODE-?7 10 HITHOUT ACCURARTOR

ISTART PART 2 of 3 CODE-77 JO WITHOUT ACCUMUALATDR
CIFLEMDP43: 15> EoL ‘p010110111111) DR (RORCIHIS> EQL ‘e0ll00a1iltii))e)
(
(1F {HDR<S:9Y EQL '101101e)
10PS1te t {IONCO 'O 11ORST  1/0 Reset
LINCP.PC)

|
V) IEND TF (MORCS: D> EQL *10110)
(IF (FOPCE18> £QL '1100@)e)
HAL Ty o ( INCR,PEC) NEXY IHALY
1701)
)
YEND IF (HDRCB:4> QL ‘11800)
NEXT BAILOUT INPUT.DUTPUT

)
) NEXT lend If
1END PART 2 of 3 CUDE~77 1D WITHOUT ALCUMAATOR

*
L}

{STARYT  PART 3 of @ CODE-P7 10 MITHOUT ACCUMULATOR
t1F(HORC31 P>0HDR<101 16> EOL ‘e0ltittiitinIe
{
(DECODE HDP<E18> w)
SKPUN.CPUVe  { TDECODE (10N<O) £OL '1)e)
¢ LINCR.PC)
)
C(PCCBIIBIe(PCLOILB) & 2)K161B))
)
VIEND DECOUE (1tNcD> EQL ‘1)
h
SKPEZ P C (DLCODE C)ONCO) LOL ‘0)e)
¢ (INCR.PC)
)
G IPLCa 1« (PLCBIB) » 2)<15:80)
)

VIEND DLCODL (1ON<®> LOL ')
SVPON. Cih e :|(1NL’R.PE1
SKPLC T e :‘(PUOIIS)HPC(BIIS) ¢ 2)<1B10))  16KPOZ CPU Skip on poser (K
)![’ND DECODE MOR/B:%)
NEXT BRILOUT INPUT, DUTPUT

1SKPON CPU  Skip on power fuiling

)
} NEXT (END OF IF
{END  PART D of 3 CDOE-77 10 WITHOUT RCCUMULATOR

)
{51ARY CODE 77 1/0 WITH ACCUMULATOR
'
CIF HORCIAL LY EQL w727 o>

(DLTOOL HOP he?)ed
1BN1LOUT INPUT. OUTPUT )

READY 1 e TACIMOPC I 45 e SWITEH) ¢
CRRILOUT INPUT . QUTPUT )

INTR) = (RCTHOP. D1 43 1 DLV . NUMHER )

HOKD » UINTHER « ACIMORCE1421))

THATLOUT INPUT. OUTAUT ¢
(BNTLOUT INPUT. OUPLUT Y
(BA1L0UT INPUT.OUIPUT)

INEXT

PC o« IPLeICIBIB)

{DECDDE HOR<B:( 3> =>

ey

e

LYY o pepe——— s - o e

ICLRD Clwer conirol pens) display

IBKPEN CPU Bkip If interrupl ensbled

ISKPE2 AU Skip f interrupt dissbled

JOSI

vt T e

Y



UYE 18, JGP{X 21 00nnn jecHl- 100 Z3-Teb-70 12127 L wCr)- 190 Pave 1-19

(ANTL OUT INPUT.DUTPUT )
1IN = 1y
TI0N = By
Lemin - @
INEXT
Wl U INCUT . T T eUT
)3 1END COOE 77 1/0 WITH ALLUARTOR
foreerensul LOATING POINY JSPL (IMPLEMENTED AS FIAED POINT)essvasnenna
11602 opliona) awtended Instruclion sel = flowilng point instructions
levemnsennunrze WOIY 2/0/77 snwrraversessssanusannnsnunsnsnovunnnnen

(1T imdr¢S517> wql '100) and (adr <101 15> eal 0)e)
(lotert Tlnwling point writhaetic
Ampadr €01 §52- (tmpadr C@EIGD411(15,0) next
PEAD. Hemar p newt
tmpadr (B 150 e impmdr (@1 15> nexl
P.ONTA nevi
tdl €O 1B>e Lmpmdr €81 15 nent
tmpadr (01150 (tmoradr (B1162411(15:8) newd
R.DATA nevt
Ld1 B3] 2rimpmdr (B115) next
{decnde mk <BI8B)e)

FAD:1» ((nmiuu\ahrnntﬂlB?.)t(h“(ﬂlél) 4 R0 1B e 1<0I15)Cad )
[3:1: T8 (Ampednubler ep<B 32> LacOCBL 150waci<B [5> MINUS (dICOi A1) )ICD2103))
FHP. - BEGIN

1dne@i 31> » @0 18>00c1¢O 18> newt

alnn » 140D XDR d1<BY next

C1F Adie@d o) AddcB(31) » (HINUS (JOCB131D1<3110) )4

(1F tdic@) o) tdic@idi> » [HINUS Ldi<0 31D 1I<RLI0d) NEXT
impdoubslereqCBi32> ¢ (1100 o TD4) 15P0 1R)¢3110> NEXT

(1t wisn > Umpdoubleren<@132) ¢ (NINUS (mpdoublerew)(31)0))
ENO

FbVim HEGIN
it 1d1¢0181) wat @ »)
(ovi{@>e1 ) INCR.PC next
balloul inputioutputl) Idivide by @
) newt lend 1
1O AL de pclO I une 1COLIE) next
mign ¢ 140COD XDR d1¢@> NEXT
(1F 1d0C0) w) td0 » (HINUS (d0C01315)431103)5
CIF 44300 o) td) + (MINUS (J1<013121¢B10)) NEXT
imtdoubinrey + (({d0N0CIBR0)) 7 4ad])2)10> NEXY
CIF stan ») tmpdoublerey ¢ (MINUS twpdoublereyd)i322)¢31)8»)
ENO
1 NEXY
e <A1 Umpdouts erent )i 180
ac <@ B e tmpdoub lerwedi 71327 next
(decode mdr<314rm)
INDP ) Ino sperstion
P Uimpdoub ber wpd)d wgd QImUINCILPED ) tehip on positive
L (Amodoubleren<id anl 1) udUINCPEY)) Tukip en neyntive
INUP) Insrapl lzethotl tmolesenied)
} newxtl tend ducnde
pr O il s (pes2 116100 nust
bimi Jout input. output
1tand flowt ing point er ithmetic
Y neet lend i€

O imdr <517 eal '181) and (mdrC18116) aql @)w)
{lgtart (juating painl canversion
{decode mir (8)8)u)

FLO:i» INOP) Itlomt num in ec9.0c](nol imglemenivd)

Flxi» INDPY 1w M .o d

FNH INOPY ) Inormalize num in * * " *
NG tunused Instr

) newl lend decnde

{eloonde wk <314)m)
INTNY Y ‘ny operetion
Ciftaeftsny myl @) (INCR.PC)) I lakip an pasilive
iftme@7> oyl L)) CINCR.PCIYG fukip on neantive
NI Inormmllzeinotl implemented)

} newt lend dicore

INCP.PEONEXT

bailout Input et

Ytend Flumling point tonversion
) nkxd lend IF

lusonwnsnowverraPMy Friource Hensugmant Unit (ROLH |6GR)wneesves

Ciftme €317 wul "O0111) end (e <181 15 wal B)0)

- 3 R . L il

[




LYK 19 15/ X2 100000 1 elH- 10D 23-Teh-78 12:27 Crmostiy- 100 Page 1-20

bugirn IPHU drcnde WOLS 2/713/77
INCR.PE NEXT
(rire nede melr (B19Y>w)
nop s lunused inslr
LU
(20N
LLALL
) nevt lend decode .
hailoutl (npul.euiput
end IPMU decode
) naxt lend If
t

lroveswemanuavsonenanCatch 1) lege] Instructiongreensuscsevansunsen

Cif (HDR?B1?) wal '10) end (HOP<I0115) aal @)s) ) ilegel) next
100A, Duvice Address(DA)s0O and DOC, DANRO

Gt (MDR4T1?> wal 'QOLLEY and (MDRCIOIBY pal B)u> I1legal) naxt
IGKPAN @0, SKPRZ DO, SXPDN 00 and SKPDZ 00

Cif (HDRCItd) neg &) and [HORCE!?) wql 'J11)n) | 11epe)) next .
1106KP wroup, MDRC214) » BY, 10 or 11

Cif (MDRCE> eal 1) and (HDRCE17) eql 0)ed fllenal) next
INID wroup: MORCDI4) w §B or |

| CF (HDPCEIB) eal '10) wnd (HDPCINIIE) eql @)8) 1) lnge)) next
IDIC, DARDD mnd DDA, DAYDO
tUswd for floating paint option

| (if (MDRCB1?> onl 8) wnd [MORCIB115) oql Q)ud i)lewsl} newt
INID, DAe0p
{Used for Tlosting point oplion

Innnerwesermeeewinpul~Outputl lnstruct ioneesvesveenassrvsenurnnsn
(BCetPCeY I hi0>  NEXT
DIC:»  IDECOOC HOR<B:VPD w)

NOP ) INID
INDEVY ib1a
UTOEVY 1poa
INDEV) 1ols
DUTDEV) 1008
INQEV) olc
OUTDEV) 1000
No» 16KP INSTRUGTIONS

INEXY
BnILOUT INPUT. OUTRUT)

1) FEND INPUY. QUTRUT

t STORE.ACCUNMULATDR Uses Var lablen  THIMORCO 15D, THPADRCOIIED , ACID131<O1 16D,
! HMEC3i4>, PCCBI 1B,

| GTORE .ACEUNULATOR Uses Routines  WRITC. Memory

| STORE .AaCCUNULATOR

BTOBL  ACCUMULATOR e 133> Btore \he contents in the specified Accusuletor in the

1)) effuctive Memory Jocelion (mlreedy in THPAOR) and incrumeni the PC.
(1891aP1 BT0PE, ACCUMALATOR

CTHPMDPCRY 150 AC TMORCE 145 ) <8118 INEXT
W.bnta)y
(INCH, PC

1 HEND BIORE . ACCIMAL RTON

1

! LDAD,. ARCCURULATOR Usws Vur iublus ACEBI31¢B1 15>, MDRCBI4),

| THPMORCB1 15D, THPADRCO11E),

[ LORD.ACCUNULATON Usus Foutines  PLAD.Memoty

| LOAD.ATCUNULATODR

LOND. ACCUMA ATOR » 155) Load detw fram effect ive eddrews dete (in THMOR) into specified

tn sccusuletor end increment PC by §.

CISIART LOMD. nECUMA ATOR

(ALTHORCI 45 )01 155+ THIMOR(B) 16D 1)




UY 10, 1SPEXPIRCANN  alHL- 100 Ty leb-78 12:27 Crdiwl M- 100 Pege 1-21
CINCR. PC)

JHIEND AR ACCUMA ATOP
t NOAC .EFFrECTIVE.NADDRESS Usex Usriohles HORC3:4), PUCBIIS), THPRDRCB: 1SS,
[ THPHDBECO L,
! NoOAC . EFTFECTIVE . ADDRESS Uxes Pout ines  READ . Memory. WRITE.Memory.
! NoORC . FFFTCTIVE. DDPESS
NUAC.EFFECTIVE, ADDPESS1 = 13> Decode op-tode of NO Actumuintor Effertive Address formet

15 Instruction, then increment PC sppt oprlately,

(!1START NOARC.EFFECTIVE. RDOPESS

(DECODE MDPCeD » {Decode op-tode
JHPee L (PCCBIS - THPADPRL I5)) .
\K 198 JMP  Prowrea Counter-Efin_Live Addr tus

JERI = ( TACE OIS IPCCAI 1G> ¢ 11¢15100) NEXY
S (PCCO 15D+ THPADPCRL 16)Y)
| 181eJ8R  Juwp Lo subrustine saving PLHL,
1820
(P, DATAINEXY
[THPHOPCA LG [ THPHOR(B: 15> ¢ 11C1818) INEXT
W, DATAY )
(DECONE (THPHORCB116) EQL O) u)iSkip ona I zere
TINCR.PCY
(PCCOIIBY- (PCCB11IG) ¢ 21¢1GI@))
YIEND DECODE( THPMOR<O: 16> EQL 0)
" 11€415¢ Incrament the Effective Address contenis end Skip If Zere
DE2ts
(R.DATAINEXT
(THPHDRZ G 165« (THPHDR¢O1 B> - §)C1510>INEXT
(H.0ATA )
(DLCODE (THPMORCA: LE) EQL 0) »diBkip onu if zere
(INER.PCYY
(PCCO 1B {PCCOILE) ¢ 2)C1E18))
VIEND DELNOE (THPMDR<O: 16> EQL 0)
) 111052 Decrement \hm Effective Addruss contents end Skip If 2are
YIEND DECODE MDRCI: 4>

)3 IEND NOAC EFFECTIVE. ADDRESS
1EXECs» BEGIN
( THRADR 01 15>+ PCL 1 1B INEXTY
(READ, Memor y INE X1
(HDH4Q: 15>« THPHORCO1 155 INEXT

(DECUDE MDR<A)Y wd {i=Arithmel ic or Logic operslion
t
Y DELODE MORCLIZ) o :
[ (NDR, SETUPINEXT 1Get the effeclive uddress in THPADR
(NUAC  EFFECT IVE, NDORL8S)
1 108s No Recumulator-Effective Address formet
LDAIw ' (ADR, BETUFINEXT 1Cel the effactive address (n YHPADR
(R.DATAINEXT 1Cal deiw in THPHOR
(LOAD. ACCUMUL ATOR)
h 81+ purd of Ona Rccumulator-Effective Addrras format
8thie I 1ADR, SETUPINEXT 1Get the effective sddress in THPADR
{BTONE  NCCUMULATOR )
b 110w part of Ong Accumulator -Effect ive Addr ess forest
(
LINPYT, OUTPUT) e 1/0 formel

! (Thig (ormat hes numerous exiended (HACKED! Instructions.)
) .
JIEND CECODE MORC12)
1]
(ARTTHMETIC  ar . LOGIC)
INEXT TEND DECODE MiR¢@)
Hil « @1 HED - @
FND)
INTERRUPT & W GIN
DLCUDE 1BN w
1IN + &)
HHORY @) « PC ONEXT IORDINARY | NIERRUPT
THIADR « *HMY NCXY VINDIRECY THRYU LOC 4
APFETCH NEXT
Pr o« THPADPY

PRPANCH SEQUENCE  INTERPURY
CIHPOPEG « MERDPYL (DEV. NUMDERMEMORY (1) C15:19)1 NEXT
(DLCOMN TMPORLGC@> w)

1SIMPLE

(MLRORYLD) « PC NI XT

MMPYI4) ¢ AL TON « &) PC o THPORENCLIIS)

"

HHPANCH AND NEST
CINPHDR o PC NEXT




UYR19. 15 { X1 6CANN ) eCHY-

)
)
END

190 23-Feh-78 12,27

PUSH.STACK NLXT

CAnneCHU-100

PR« MTADPY(S) NOXT (GET CUPRINT MASK

PUSH. STACK Ni XT

INTMGE o MERORY({THPORIG-1 3114080 ) NEXT

HERORY{S]) « INTHSY NLXT
PC = THCOPEGCL LS
)

133355335053055303 353303353 END ROUTINES

EPALCED

! INSTRUCT
! INSTRUCT
! INSYRUCT

INSTPUCTION. DECUDE tm

HEGIN

——
Qoo
z2XrXE
Qoo
mmm
MmN
[-N- N -3
L- N -0 -]
mmm

153> Decode Lhe nexi user instructien.

! (otatueiB1 15500000011 13111100 next

Lo = BUGIN

Pess 1-22

(1P (JON NEG @) AND (INOT INTHSK AND DEV.IBIT) NEQ @) »)

INTEPRUPT) NEXT

IFVER NEXT

«0oP3
4,0]
END

YIEND ROLM 602

L SRR

e




5. AN/UYK-20 ISPL Description
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UYE 7O TSP INCAA0 el g - 100 TI3-feb-78 11137 WD 1%eCHt)- 160 Pege 1-{

THE ARN/UYK-208 L1 &P

!
)
1
f
)
UoThe BNZADYE PNYCISP 4a bared an the Iaformalion conteined In

{ the SPLPHY UNIVUAC document “AN/UYE-20 TLCHNICAL DESCRIPTION®.

t

IThe 150 description includes 1) the instructions listed In the

labove ducument except for the following:

1

1) The Triannomebric and Hrperbelic Funclions (OPCODE u3?)

2) The Flasting Paint Inetructions (OPCODLS wE@ (o wG1)

3} The Douhle Hultiply and Divide lnstructiane (DPS WEE wend WB7)
4) The Sauare Roat Instruclion (OPLODE w4, M-desiy )

6) the 1/0 Instructions (DPCODES w?@ (e w77)

!

1The Inirtrupt syetem and the 100 chennels ara partialdy isplomented.

t1n each case o the reauired stete is driined. The only Interrupt
timplemantad,buuaver o b8 the Class 11<Priority | CP lnstruction Feult.
1This i3 aeneraied when eveculion of wn uhessigned opcode s aliempled.
1he un-inplamerded inglructions {(exrept for floating-poinl) ere trested
las if they were unassiyned opcodes, The service routing for this
Lintwrruid ie merely ‘® trap throush locstion 000000, efter which

{ihe machiine |y halied,

1A pmuedn flomting-point instruction sel te substituted for the "genuine®
lone. A mimple F.P. furmat |5 ensumed: vhereby each F.P. humbar bccuples
1? consecutive words (the mare-significeni being 9n en even boundery): with
tan implicid binwry poinl Leluven the tuo werds. This ellious the use of
tihw Inipper arittmetic of the PDP-1R ton which the wimulatnr runs),
tinstaad of its Tlosting-point, which (s noncompetible Hilh thel of

1the UYK-28,

1

!
!
!
|
|
1
1
|
[
'
|
|
!
{
|
t
)
!
!
t
1
!
!
1
|
|
|
;
l
t
'
'
!
!
i
!

Gund complainie snd/or commentis {o Xerem Bavalleh oCHUD,




UYEB 1A a o0 st et 100

UYKpra =
JUREN L

1
!

Natn memor y

HELD w2272 0¢15:00)

J3 28 137

nitelm)- 100

1 BA K words

Nan-drstructive read-only memory for boalstrep londing

WOPOLN 877 w30 04727 )¢ 158

BTN 2)C1500)
RIMO) 71610

PARTO 711G
HIC3feOn
HONC B 100
HRLENTCIB 100

Proteanor atmle registers

PEihiod)

KRV 1100

RGELECTCY oo SPICI4N
MBELETC) (e GPICIR))
CREPYLA) v 8P1C1YD)
LWL v BRECEO)
CUDLBC i@ o SRICDIE))
OUPFRICH 10 BRICPN)
FLRTRPIC) 1o SPICHY
CLARKICE 1o BRICID)
CLasiied y» BRICTY)
CLALLIC 1m SRICEY
MAc s BRICB)

GR2(1610)1)

16016<110> 1o BF2CIR 140
wotactg> e SR2ENIZY)
[ (I IPZS T PRI U SR NR{ HY]
1ICHINCHIND e SR2CB)
INBIEDC?: D) 1 BRICT 18

Instruction Regieter

FPII MRG0

TP it @y 1 TRTTHPCLR®Y)
OPLDDL <4 0> s JTRIFRPCIL1 10N
FEODE < 1@y o [PHERP 00
HREG 310 1o JPTLMPC14))
HPLGAB08> on TRTEMPCA10)
GEOBEGY 1o TRYEMPODY)

DEODEC GO 10 INTEMPCEI00)

Internal reuist

HICPOP 102
1163100
12¢B10)

2 Ty

IGunere) repisiers
10pt iane] second set

1Paye addegss reglaters
IRss] Lime clock
tHanitor clock

{Broskpoint repinter

1Progrem address register

16intus reaister |

1Gener o) register arlect b
tHein ot ndeo memory select bit
ey BI1

10ver flom bit

{Candition cade designator
1Enable over flow interupt
{Enahle flonting poinl round
1Enubin clans 1 interupts
TEnuble closm 11T interupts
1Enabie cimss 111 intarupts
{Chakle dwe

t81stus ragister 2

Hndirect contral bils for regis
Iindiraet conteul bite far regls
IIndireet control bits for regis

Page 2-1

ter 18
Aer 14
\er 12

Iindiewet vontral bile for repister )

{Interupt code

I Temporary Instruction Wagister
I Instruclion Regtsier

1Opende

[Format code

A ranister desipnetor

M reqisivr designeior

15ign designstor for locel jumes

f0iaplniement designator for lacsl jumes

tMicropr ogr nm counter
V1nterupl tode | slore
Iinterupt code 2 slore

LRSI T T T s a—— 5 T




pnecty

Towi « mier w

[RET S P

Nt vy
1Y

Ml P
PIN Dt
[LSARIT]
IPGEed 1¢ya
PLrLTCe
M P1PD)
B PRI
[ ALY

ISR TR ]

and guitstap (10 tig

Sl ter CHOGET Whe M I Foe 3|

A

Vool 1ece]

P, we alng oo i - gtpr

owite tn cdrmte ~raan wsinn randition

B T U P T |

“e )
Rrotelirme v o ma srlert
Hond it h

Hmicre o sanier

L I e T N
switch
tlear Tolinued by » lned
‘Racier (loe suilch

Pun ‘ndicatnr. Lighite wn I8 rur sude
Woret tul 6f tolermice indicalor
'Prow ee (ault indiceler

Mowea teull clew

'Br et point rend eneble switeh

'Revel point wite enshle suiich
1Dispriostic Jump switch

170 WEGISTER DLY INTYIONS

NS R HEPS R LYY P

INPUHE B e 20 ] b1 00
DUIPUT M) P I ciboRyy

LIF 150>
(xtopteny:
PRITGINAN Y
[RESLRL Y
PROISOGANO
DATRE e 31100
QTSI 3)C
CHITINS 3L 051
UL TR TNT RES

- A ) 2o

e channel conlrg)] memary

112 regiciors Tor guch 8t (§ (hanngls
tintut ports

10ulpwt poriy

Esternal
Celyrnial

inleruot enatiles
inletypl channel nambier
1o LXTCILI0Y)

'Culernsl interust lines
ie {14]6PY

'Oule tewest lines
s DATRIOCIL B

1170 proprum chaln inwtructinn reguest |ines
ru LHAINCE 0




o i ~ e N o 21,
C e eronte et “
N
€ [ . s t e
o

rery )L R

e oY e

LR BN I

[T IR LY A

Twieth @y

[IYARE LA BN

AL M e tWieY 8
IR e TWYORR B

nytfr vy

L1 R AU SRR

(ATl ¢ B LA L
LG RNT A Y
!|Nl’[\] 37 0y
LR N2 N AR Y ]
TEMT Y ey
ARt Y @y
A e AR LY (R

L O R LT DU T IRT Y, URLSY M
LRI R A STY RN
[ AN

1 3y
(LS

SHthe ]y
TS Ll

CHENP Y00
Lo Lt
RICC D
I e
HIONIRE oy
Bt e s
HIPLGe N
100 vy

VAR T
IR Ly

[¢ FAKIR
INPERO
INTEL ey
(11,8 LUBT)

P Goy
B Y

RN ¢ et To

- . te
s fos b
.o - .

e md doom wamers

oo cre tlee
‘annitewr ene
lrdricact wed 1
Vima

'y P

b d

ter des ratler

‘Hete oierond lles
et bivte srler Ve

"Holile wewmns o sdb ose
Halds velue teturned ico srerry
‘Dhahle lecath wje ond cr o

'ttt ane

nad Balf sl e blg lecqin cre-erd /- is srearcy

W froa Pa ot Batl|

gt paveds (leatling poial tngliuctioan

Tdauhle e gialient
Tlemermer coutoler

e Vet mne

e bl b e gy
liwiniler ang

"R thard one
Tkttt ey
'enoiher onw

aunting rgqisisr Tope 1dentitying 1y
Vlnterrup! clees

U het uben (here (s e interupt
T Sel whwn interrupl is henar ed
Womile | -ecute instrurtion fing
"Mamory selecier 9 91 NOWDL

thennel




Flr e et 4100 Siver RN P Y. Prre & )

Prai Pu

LA N

CDFCO0E PSELTT =y OOPRCIG Ry o POIIREGT (5:8)1 DPWRMCISA) » PIIMTGICISI
(VM IB> «» @B

A

Fi i Pe

WP

(TOELODE BSELCT o) (FPAIGE: + POLAPTLIC 5100 DPRAC]LI@> » PIIARTLICISI® N
raciG, « @

Vi

Prad Ra

ISEL -

CIDECO0L FOLLET o> OPPLIT 9 » POLIRIGICISI®Y) OPX 1S18) « PIDIPEGICIOI®) )
DPPYCIEY » @

1

Heoite v Pa
ASETN ow
IDECORL PSELCT o> PULAPIGY » OPFACES DY 0 RHEARTIG) » DFRad]5. 00 )

Write double-word operand 1n Pa end P
AGELOW 1o
DECODE PSELCY »>
(RNIFREC) - TEMPDICIIIEY ) ROLIAREG OR 'AMQINT o TEMPDIGISIBD)
IRIIARPEG) « TEMPDIQIIIG) 1 PLUIAMG OR '#GI)] o TEMPDICISIBD)
Vi

Pead double-wr § operand from Pa end Rae)
ASCLDR 4
¢ LR
vt TEMPOICIT 15y » OPRA
next (O CODE PSELCT )
. TERPDLZ 1500 o POLIACEG DP ‘OO Y)
TEHPDICIS Q> » RIJOHAG OR ‘000, )




IR 1A g A (D Sy tets B 1137 Wit 100 Faw 6-1

.
PIICIYIES £ T

Mim-oy Ppepurment A Lelectinn
arseciemsssinnns
(ALY AR Y
UL OIS 1N e PRPIMEMRODCIS 10 e 9102 TEMCD: 0 o vl 9 8 nert
WHICHY o
t
P LEQ 07 (R
COIEMP LEQ m477) AND (TN LEQ #309))
) RAD
(MSELCT EQ )

Hemnry Pead
FPRESIIT IR ORCEPOFERED
HMPLF 1o Memory relerer v, address in MO0, dete 1n ML
(HNGHNT (vt
D CODE WICHN o
(821821 L TE K <L B 6 AP RS EYE:RIT: Ro giin 1 1Y M}
PHE PR 1510 e NOROTTEMP I CES 1 Q0 M ML (16D« @)
)
1N}

Memary Weite
eI RPPIORY .

HLAOT 1 15 ngie-wi -1 or Lrte memary write. sddess in MEMW0D. date

(HNUHNT newt
Clr (MMM EQL Q) )
Pk LR HADDCI 1651419 » )
neA tOELNOE AYTL w3
MPLIERP) » OPRYCISI0) )
(DECODE Qv iSEL «>
HPLIEMP)IC<IS 18 - DPRYCHIOD o
MPLTENP K710 » CPRYC2(8)

}
}
)]
Vi
HROD o » 'Dauble Memory i ite
{ Ht HOUT
et MEMADD » (MEMADD OR 1) C1510) 1 DIPYCISidd » OPRYL
nevi HMOUT
1N

indirect memory addressing mode
I L T T R P T I T Y R 1Y
INDRCT e Vleaves sddress of indirect operend ir KO0
( M HPLF
o~ JHE o MEMUAL (15100 5 HEMADD « (MEMRDD4 1115180
nowt % HPLF
newt W« Mol (150,

nest FOUDE JF 1ELD »>
TEHP « 80
{ XSGFL
nexi M« DPRICIGIA)
Vi
TEMP « DPPMCIGY
( PeEG s (WPELI1IC319)
neet mSFL
nevt TEH o« OPPHCES1O)
)
)
nexd (RUARSUIESE DN £ U AN DR MAADD o (INATEMPICITIDY
next INDRCT
)

|
LIF Uil NEQ §) o)  (DECOOE BYTE
MEMADD « (IH24TEMPIC]S1H, )

. OPRY

(MEMOD0 « LIMS+LTERP 15RD 1))C1% 8> | BYISEL « TEXWK®)
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) UTILITIES 7 3
] P

t INGTVICTTON | FHRTS

' srmvesnansncnsssere

! Paegigtaer {p Pryisler

PP e
THSEL nert
orpY « OPPM
"
t Praister {0 Inmediute
P . ! lemves sddress of operend in MEWADD
(HSEL next
MEMADD - DPPRCESHE)
1N
Rilr= { leaves the operand in OPRY
(Pl newt MEPEEF nevt OPRY « MEMVAL )
1 Praister -~ Cunsisnt
Rr e
HSELY

MERADD » PCOUNT next

PCOUNT « (PCOUNT41IC'51@))

HCHREF next

CIF (MPTG EQL ) =) DPRY « MEMVAL )}

(IF (MPED NFO B) o> DPRY(15:8) « [PEMUALIOPRHICIE 18> DPRYCIE) » 8)
]

i Proister lndexed
INDX 1w tindewing
(DECTOE BYIC =

HHADD ¢ (HEHURL4OPPH) (188D

(MEHADD o (MEMVAL+ (OPRH 1SRE 1)1¢15:8) 1 BYTSEL » OPRMCO)) !
N .

b SR |lraves adidress of operend in MEMAOD
tHSEL)
HERADD = PCOUNT newt
PCOUNT » (PCOUNT+1)<15180)
W MPEF next
(IF (MBEG EQL 0) »> MEMADD o MEMVALC]15:0> ) BYISEL » B))
(IF (WPEG NEQ 8B) o)
CIF (MPEG NEQ w10) AND TMPEG NEQ ®12) AND (MPEG NEQ ¥14) AND (HREG NEQ ®1€) = JNDX))
CIF CUMREG EQU w10) O (MPEG EQL wi2) OR (MPEG EQL wi4) DR (MPEG EQL w16)) =)
CIF (MPEG EQL wi0) o3 [TEHPCYR) ~ ICEIG))
CIF (MRLG EQL wi2) =) 1TEMPC118) « 1CBI2))
CIF (MREG EQL #14) ) JTEMPCHI0) « [CHI4Y)
(IF SMREG EQL #1B) =) JTEMPCI10) o JEBIE) nawd
LDECODE 1TEMPC] 10> »)
INDX
INDX)
(HEMADD o PERUALCIGID) newt INORCT))
(HEMADD » IMEMUALATPRMICES10) next TNDRCYT)

PX1 1 ! lesves operand in OPPY
TRY nevt HEMPLF next OPPY o MEHUAL D)

- e e —— e AW w o= TR TR
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| UTILITIES 7

! INGTRUCTION FOPRAT DF CODING

) NesdrimenpusrIERREISOISEIIORY

TDCOnt 1=
104 CODE FCODE »>
PR
RILy
R¥)
RX1
N
t HiAs Brie selection
} susEBTESURNYEROFIRSN
BYTRD 1
4 TCHP « OPRYCEE; )

next  DPRYCISIOY o @

next © (DECODE BYTSEL «>
DHRYC?18> o TEMROISIBY
DPRY(?10> « TENPCPIB)

! AYTE WRITE

t srveuveRRy
BYTHY 1n
( ASELR

next OPRY<?10> « DPRACTI0)
next MEMDUT
N

{ Rend Onubie-unrd operand from Pm or memory
] POPRIPSCIPURIPSRIN NS TR IR PERVINRSIRRGSNRYE

DORSEL o=
(UIF (FCODE EQL B) »>
HEEL hewt
OPRY « DPRM next
(DLCODE WELLCT =) OPRYL » ROLIMKEG OR ‘600111 OPRYL « R11(MREG OR ‘0e0ll))
)i
(1F (FCODE NEQ B) w)>
FOCONE next
HEHADD « (HMEMADD OR 1)¢1510> naext
HEHREF naxt
OPRY{ » MEMVALCIRIQ)

f CONDITIDN CODES
] "esPIRRNIUBANL P
»
ttoxe tFar einnle npernds

CUIY CORRI AN 00 0 o CIDEG « @)y
CIF 0PPACiYY BQL 1) e CEDLS ¢ 3N
CIF 10MPACESD £QL B AND (DPRACIAIN) MO 8) «> LTDES + 1)

CCo 1» tFor douile operends
COIF CTEMPDIC D EQL 8) o) CEDES « @)y

C1F CTEHPDICAL) EQL 1) > LCDCH » 31y

VIF LTEMPDIC3LY EQL B) AND (TEMPDIC39:0) NEQ O) ») LCDED « 1)
N
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! UTILITIES /' &

{ [

| Interrupt Servicing
| arewEnsssscvrsrerus

INTRPY 1,
10IF INTFLG =
(HONDP « @ nevt
CIF ICLASS EQL 1) AND CLAYST »> (HONDRY 11 1TEHP-0dd )
UIF (CLAGS EQL 20 AND {11 EQL &) =) LHONOP: 1 ) TEM «nld )) 4
(I} (CLASS EQL 2) AND CLASII ») (HONDPs1i1TEHRMNIR )) )
CIF 1CLASS EQL 3) AND CLATIL =) (HONORs111TEMP+® ) next
{IF HONDP o>
{REHADD o [ITENP+u]110)¢IR B> OPRYCISIB) » P nexi
AEROUT newt
RERADD o (HEMADD1ICISI0)) DPRYCI51E) » SR nexi
HENUT navt
HEWADD » THTRNDDAE) CTB10) 1 OPRYCIEIB) » BRZ nawl
HEHOUT newt
HUHADD o [HEMDDHLICIG (D1 DPRYCIB1B) o RICCIG ) nent
HEMOUT nevl
HEMYOD ¢ (MEMADDY43CIS:0>t DPRY(15108) » RTCC31 118> naxt
HEMOUT nest
HEHADD ¢ IMEMADD-2)C1B1O) nevt
MEMREF nexl
SP1 o MERVALCIB 0> PEMADD » {FEMADD ) 1CIG10) next
Mt HPEF next
P2 « MEHVALCIS1O>) MEMADD » (HENADD-2)C1610) next
HEHREF nent
{DELUDE CLABS »)
C1TERR + 1YEMPH) 1to inka core of CLA3500
CITEHRCI0Y « 110 JTEHPCIRIO o 00
(ITEHPC310) » 110 1TEMPCIGI4) » 8)
CIYERPCE19) o [12¢6100) 1TEMRCIELY) +8)
Tnewl
P s (MEMVALSTTEMMIC 510D

)
)
) next
INTFLG +» @
]

! 1/0 chimnnel search operal tons
BPPREVUPICODUNNOSPERRERURERIND

EXTINT 4« | Externa) tnterrupt
t
(DLEODE PHLTBICTIEHR) »>
TCYEMP » (CTEMP411C]510> newt
EXTINY
)i
IMUHADD « (ETEMPHIZBICIR 10D newt
OPPYCI510Y o« INPUTICTEMP) newt
HUHOUT S PULTSICIEMPD » {) RBIISICTIEMP) » B
1
)
X

DATA 1w ! Dale word fetth or store
{
(DLCODE QUITEICTEMP) )
(CTEMP ¢ (CTEMPOIICIEIO) next DATAH)
(QUITSICTEMP] «» @ nawt 10007)

e e o i - —— ot Wt eeeman

{ Unassipned ops

AT N
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UTILITIES / B

1/0 inetrurtion feteh und exetute
wevssrussIeraTNITITIERT IR IR RN RS

TOINST =

(OLECODE SRITSICTENP) v

(CIEHP « (CTEHP411215:05 next JDINST )

CERVISICTEMP) « O nawt

(DL.LOOE CTEHPCOY »> CTEMP » (CTEMPSB4B)CI6:0>1 CTERP » (CTEMPRGO2)<15:0) naxl
PEOURT « (10CCICTEMP+11<1B108))

HEHADD « JOCLICTEM?) next

HEHPEF nawt

IR « MIMVALCISI08) next .

COCODE next

IPLCICTEM) « PCOINT

LIN-ASSIGNED DP CDDES

PALYY 1w C INTFLGHSs CLASS:2) 110001

NOOP TOR CODES 28 - 77

ROBOOROIBIERINIIRIIIDD

NOOP e (TEMP o TEMP))

A - Stdmeam . WU TSI
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t INSTPUCYION PLPLPIOIRE

t e

! A LDAD NG TRUCTTONS

] BEssergvecrrRORITI RS
LOADN -

{DOUSEL hext
TEMPDICI1@) « (DPRYAOPRYIICINIO)) CARRY + 81 DVRFLW + 8 next
ABLLDW 1 CCD

LN}

PARLD -
(MLAPEF nerl

PARIOPPACEIR) ) » MEMUNLC1G18)
A

PRAPET 1w

TOPRYCEE 10 « PARIOPPACKIQ)) nuwt
HEHOUY

Vi

PARCNT

CCIF CITEMPCEIO> NEQ DPRACIDIE)) «)
ITERPCR@Y « (1TEMPCHI@2¢))¢510))
HEHNDD « (MEHADDe ) ) C1B10)
OPHACKIO> » (DPRA+IICEIO) nexl
(DECODE UND =) PARLD)Y PARST) next
PRRENY

1oPCODE » O)

LOAD 1e

(FDCODE nexd
OPRA « DPRY) CAPRY « B) DVRFLN » 6 next
ASELW ) CC

1N

| END OF OPCODE el

T bt L LR T R VST RV B revaneaw

foammnan L T N T T L L L T T ansamew EemsEe.

10PCODE = G54

1.DNDNG 1 »
(DECODE [FOODE EWL 2) »)
tASELRI FOCODE next
PARTOMRACG1@3) o DPRYCI510) next
CJF [FCODE EQL B) w> UNO » 81 1TEMP » 9 nexl PARCNT)
1]
FAUL t1
|}

t END OF OBFCDDE b4
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1CONT' DY

\ sevrrrssetserersuvesTrsTITNY

1UPCODE - B2

LOHP 1o
CUIF (FCODE FOL 0) )

(DECODE MPEG =)

PR 1o

PREG 1»

{Haba positive
{ASELR next
(JF OPRACIE) »)
OFRA « (HINUS DPRAICIG18) next
(1F (DPPACIG(@) EQL §10ONO0) »> DVRFLM + 11 CARRY « 1)y
(1F (DPRACIS (8> NEQ wif0e00! > DVRFLU » 8) CARRY ¢ 8))
ASELW + CC
)
h
|Hake neantive
(RSELR nhent
(1F (DPRACISY EOL B) AND {DPRACI4I0) NEQ 8) »)
OPRA « {MINUS DPRAICIS1E) next
(1F OPRACISI0) FOL w]10009] =) CARRY o 1)}
(17 OPRACIG 8> NEG #{0000]1 ») CARRY + B))
OVRFLW » @1 RSELW 1 CC

]
1found
(ASELDR next
(DECODE TEMPDICAL) o)
CIF TEMPDICIS) =)
TEMPDIC321 16> » (TEMPOLCIt16>#1)C1B:10> next
CIF (TEMPDICIT LB EQL Hj©0G00) o) DVRFLE « 1))
CIF (TEMPDICB1116) NEQ #100000) wd OVRILN « 0)
h
CIF (NOT TEMPDICIE)) w)
TEMPDICA21 18> « (TEMPDLCBLIIE)=1)<1B 108> next
CIF CTEMPDICHVIB) EQL w27777) > OVRFLW » 1))
UIF (TEMPDICRIVIED NEQ 077777) =) DVRFLN  8)
)
) next
CARRY + TEMPDICBR) |
DPRACIGI0S +» TEMPDIC32) 16> naxt
ASELW 1 CE
n
FART])

LT R T2 AR T L L R . . -
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! A1 LOAD INGTPUCTIORS (CONT' DY

1 LR LA R R YR I R NN N YY)

P =

TCOR aw

OCR 1=

1RO 1w

DROR 1=

IRIR 4w

ORIR 1»

)

'Tuns tomplement
TARELP nwwt
MRA + (MINUS DPPAICIEIO) next
CIF (OMRACISI@) EQL njontd0) o) OVRFLK + 1))
CIF (OPPACIRIA) NEQ w1@000A) o) DVFLN + 08))
CHRRY » INOY OPRACIGY) s ASELW J 0C
N
1Tas complement double
TASELDR nevl
TEMPD) » (HINUS TERFD]ICI218) nexnd
(1F (TEMPDICB) 1) EQL M20010A00NNA) o) OURFLN o 1))
CIF (TEMPDICR]10> NEQ M20J0N00M000) =) OWFLE » 8))
CARRY + (NOT TEWPDICI23 ) ASELDW » CCO
h
{Ones comilement
(ASELR mewt
OPRACIBIDS » (NOT OPRA) newt
CARRY » B) OVRFLM « 81 ASELW ) CC
)
FALTL)
I1ncrement Ra
(ASELR next
OPRA + (OPPA1ICIBIO) next
CAPRY « OPRACIG)
CIF (DPRACIS10> LQL w{O00DAT «> DVRFLW « 1)y
CIF (OPRACIS 0> NEG njO000Q) ) DVWFLK + 0)1
ASELW 1 CC
1N
Decr rment Ra
(ASELK naxt
OPRACIE) » 1 naxt
OPRA + LDPRA-1ICIBI0) next
CAPRY « (NOT DPRACIBI D)
(DECOME (OPRNCI410) EOL #77777) =) OVRFLW « ) OVRFLM » 1)1
ASELW 1 CC
)i
Incrament Re by twn '
(ASEI N nexy
DPRA » (OPRA*Z21CIEI0) nent
LIT (OPRACISIE) EQL 100003 DR (OPRACINIO) EQL #)00001) o) DVRFLW & 1))
UIF (OPRACISIE) NEQ #1000D0) AND (DPRACIEIO) NER 4100001) ») DVRFLW « 8)i
CARRY + DPRUCIRY) ASELW § CC
Vi
{Decrament Pe by tuo
{ABELN newt
NPRACIE) * | rawt
0PRA » (DMMA-21¢1B1B> nexd
CAREY o INOT DPIMCIED)) ASELK 1 CCt
(DECODL LOPRACTIA18) ECL 827777) OR (DPRACIA18) EOL w??7778) «)

DVHFLY « 0
OVRFLM + ]
)

3]

FALYE)

FARATL

FAsTH

FALLT]

TIF (FCDDE EGL 1) OR (FCDDE EQL 3) =) LOnDD))
CIF (FECOOL EQL 2) =) FALTL)

P END UF OPCODE ©F
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' n 10an

INSTRULTTONS LCONT'DY

' .
TOPCON - 03

UCTRL 1m

W1 GeCr- 100 Fawe 14-1

| Unery Coniral wnd Load Multiple

t DLCODE FCODE »)
U DECODE MREG o>

ER 1o

800 .

GEIR e

aCR e

LPR e

LEOR 1w

LEIR 1w
LCR (o

ECR s»

OCR 1w

LEN 1

| Evetulive return

CINTFLG-1ICLASS 20 11e6) DPPACISI0> » PCOUNT newt

LARRY « M1 DVRTLW +» @1 ASELMY EC
1

| Store SAY
(OPRACIEI0) o ER] newt
CARRY + @) OVRILW » 8 ASELH) CC
2]

| Store M2
(OrPNS16H18) o SP? next
CHPRY « 8y OWPrLW « @1 ASELM) CC
1

| Slore RTC lower
(OPPACIG @) » RICCISIA) nexl
CAPRY « @) DURILW » 0/ AGELW + CC
L h

{ ANELR nevi PCOUNT + DIPACIEIO)
U RSELR nevt 6R{ + DPRACIRI®) ))
( NBELR newi 5P2 + DIPACIGIG) 1
€ AHELP newy RIC « OPPRCESIQ) B
| Eneble RTC |
COIF {AREG EQL 0) =) RICE ¢ 1))
CIF tARED NEQ @) =) FALTD)
A

Disnbie RTC
COIF (AREG EQL ) ») RICE « )1
LIF [ARED NEQ 0) =) FRLTTY)

N

(ABELR naxt

HON « OPRACIRIAY nawdt
HUNE «1) MONINE + 1
h

4 emmmsmmiamere v o R T

| Load P reginter

| Lend GRY

t Lowd BRS

| Load lower half of RTC

Luad nd enuble the Honitor Clock

o —— g
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TONS 1CIINT D)

' Disable Monitur Clock

DHEP e THONE & Q) BONINE « @)

! Lowd mnd enmhle Clock Double

LED 1= {AGELDR newt
RIC » TLHPDI €310 naxt

PICE »
LN

SCO 1= (1[MPD1C
#EELDW)
2]

1

| Siora Clotk Oouble
3110) v RIC nenl .
cco

Enable Clock Interrupt

ECIR 1w ((IF (AREG EQL 0) »> RICOT » 1))
(IF (nPLG NEQ OF =) FALTI)

N

Dinable Clock Interrupt

DCIR 1= ((IF (APEG EQL 0) =) RICOL « @)
(IF (AREG NEQ 8) =) FALTI)

)

N
FRLTE:
a1l

{ HEHADD « PCDUNT next t Lowd Mulliple
PUOUNT + (PCOUNT4 I CER 100 next

HEMREF newt

MEMADD « MERVALKIG I D nexd

{ DECDOE
LOOF =

| END OF OPCODE 83

(APEG EOL MREG)H =)
[ HEMPEF next
OPPA « MEAVAL next
ASELW next
MEG o (AREL41ICHIEY 1 MEMADD - (MMAD04|DCI518)  next
CIF (AREG NEQ (MREGILIK18)] > LOOK)
1y
C MEMRER nexi OPRA o MEMVAL next ABELW )

'.. ...... L D T L P T L T T
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|
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[y Pane 16-1

fie 10ND INSTRUCTIONG (CONT DY

Sorepseynaangavsessnns sy nY

TS

LDAOL 1w
/Set bt .
TOIF 1PCODE EOL &) o
NOELP nevt
QIISIMWPEGY o 19 DVUPFLIW & ) DAORY « B newt
RSFLW 0 CC
h
{Load and inden
(1f (FCODE €QL 1) D (FCODE EQL 3) w)
LOMD pevt
C1F 1aRCh NLO NPFG) w2
(DECOOE PSELCT ») RQIMPEG) o« (OPPMe1)1CI510)) RIIMREG] o (OPRMe)ICIEIB))
)
"
LIF trCOoDt EQL 2) o> FAT])
h

I END Of OPCDOE 8%

1OPCODE » 06
ZEROAT 1w
12nra bid
LOIF tFCODE EQL @) »)
AGELN newt
BITSIAREG) « 81 CAHRY » 81 DVWFLM « @ nent
RASCLW CE

N

{Load double and inder by \wo

(IF (FCODE EGL 1) OF (FCODE EQL 3) o)
LOADD next
LIF (MREG NTO AREG! w)

(DECOOL RSELCY o> MOIMREG) o {OPRMA21C15:100) REIMREG) « (DMAI2)CIE) @)
}

N
CIF (FCODE EQL 2) = FALT])

3

| £NO OF UPCODE 06

fremamnn

........... MM MBE P mE e e b AR Reme mrcmer—maaAldsNNmtynmaae

orcuot = to

BYTELD 1
Diennnutic return
{DECOOL reupt =

(DELDDE D) »
FARTT
(DECOOE PRELCT w> AICOOP « PRIN1IZ)) MICROP « Ri{ni?))
Vi
FALTT
FALTE
tByle losd
(OYTE * | next PA] newt BYTRO newt
UPPA + UPKYI CAPRY « B) OVRTLH + @ next
BYTE + B ) ASELW 1 CC

7]

| END OF OPCONDE o0
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| AV L0OND INGTRLE FTOMS (LIWT D)
' YrvsvraNiIRER IRV RRRE

ML P A L)

HriLox a»
tDECOUE FTODL »)
! Unery shift ororatinng

(U1 1Rl G EQL 1) » ! Foverse ragisier
(T o 00 THP2 « 150 KGEER neul
REPTAT e 1THNISTIMAL) o« BIVSIIHAZ]) nesl
THH TR <Y TR 1 2-10¢H 18> nevt
. CIF (THP GEQ D) o> BEPEAT)
Y nest
MPAC L 0 o 1P pest
ASELE CCo CoRPY « 90 OWFLK o &
)
1N
CIF (MWPIG F@ ) =
(NGELP 1 THPY ¢ 151 TEMP & 0 newt
AGAINL e LTER o (TERPSBITSITHPE 1ICISI0) newt
TP o LTHRE-1)CHI0) nawd
CIF 1TMPL GEQ 0) ) AGAINI
) nel
OPRACIBI DD .o TEMP) RIG o ARIGA1ICIA) nawd
AGELK
'
I
(F (st 0 =
{ARELDR next
MPEGCT DM TARTLZ KT newt
AGELP nevt
CLF CTRMPDICAT) MO TEMRICI)) W)
HOPL1 e TTEMPU A0 LTEPPDLCITI0) 1510 1)<3118)¢
DPRACIHEDY « (OPPALIICILIO> nend
LI CTERPDICIIDY NEQ TLAPDI ()Y w) MORE)
)
1 nest
ASELN hewt
ARELT D) @O (ARED - 2)¢(D10) newt
ARELDOM
' ]
7]
CIE LOHREU MO 1) AHO (LRREG NCQ £ AND (HREG NEQ 3)) ») FALTD)
h
Al
FALTY)

| Arie load snd 'niev by 1

(RYTELD nest
CIF (BREG NLQ MPEL) )
(DECODE RSELCT w> ROTAREG) o (OPRH4) IO

RIIMEG) o (UPPHY L 1CE10)
)

I END OF OPCODE 84
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Cromimee
COLE N DE FQL AL e
LR neat
SRR o HITGHIMEGT
T1F MPIG EQ0 7 o GRS PR
(re¥yY « Q. DT W« B
X1
Hoood paw
CIF Lo [ b pe o ienor tae 1) e
TN e
POOUNT o OFRYolS i) rUN00 o (MO0 10158 nasl
APl ne et

UNO » FOHICT hast ! save old sanlel

LR s Rimsn o}y MO0 « trEARODI 0L 8 nael
O » HILCT meat ! suvy neu saaled

BOLLCT + IND pest ! 1estere old meelct

M wEl newt

S82 v MM 71500 nest

HeE{CT o DOS ! rastore rew eselcl

bt
Cfr 1PCODE TQU 2) o> FAR 1Y)
I}

N UF ORCOIE 6

— A LA B e . e aE AT
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* M IO LGN R T T s

' e ttesesvesvnrecranrosTrnreinanat
GO TETT ce T e ] et BRI ONYD frTGT el 1T @)y

5618 e

TEstLP T
PIEGF000F FQU 11 @S I, LIF (P07 £QU 31 =2 PX} nevt
0PPY o« DPPA next

MR
Vs
v Gy
.2
L1F CFCODE FQU 30 s> R))y tIF (TCONE FQU 3) = RBNY rgwt
oFey - TEMPDICAR 16y OPRY] » TIMPDLCITI@) next
[ X 02]")
\ K]
HIO0MA -

(10 tAaREG NP Q MREGY «
APEG - WEG1IC38) ) MDD » (MDD 13¢50 newd
ASELP ne et
LPPY o [PRA next
PLROUT revt
S10e02

[alyves SRR

LGISFT 1w
Luarcel r bt shaft
Ceif LFCOOE LOL @) Uk (FCODE (QL 7)) =
AGELR) DCIOL next
OPRA o (PR TSRY DPRYLSIBN) (161021 CARRY o &1L OWRILE » 8 aexd
ASELW 3 CC
| B
(1F (FPLODE EQL 30 = BYILSTH
I tFCODE EQL 1) > FRALTD)
13

| ERN OF OPCODE 10

MPSET 1.

tAlnetr mie right shift

COIF roDDE EQU @) DP (FCOOL B 2} o>
ASELRS FDUODE nevt
OPPRCIEY « DPPACTS) next

(DECODL Oritaci1sy =) DPPA « (DPRAR 15P0 DPRY(5:0))) OPRA » (OPRA 15R] DPRY<5:02)) next

CARRY » 81 DVRILW « B ASILW ) CC
"

trF (FLODE EQL 1) DR (rTDDC €L 3 =) STSING)

tt

tEND P DPLDOE 1}
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! B STORE . (ND SHIET INSTRICTIONG (CONT DY

! TR NIV PRI I P ER NI TNV IR PO OSIDNYIRNINRS

(. .
et -« 17

DL GPSY 1w
flonicel right double ghift
TEIF FCODE EQu 9 0P tFCODE EOL 2) )
ASFLOP: FDCODE newt
TEHPDL « (TEMPLE 15RO DPRYCH100); CRRRY » €1 OVRTLN o 8 naxt
ASELDW 1 CCD
h
(IF (FCODE EQL ) DR (FLDOE EOL 3} => STDOUB)
N}

{ END 0OF DPCODE 12

IR o U

DALRET 1»
'Algebraic right double shift
(LJF (FCODE EQL 0) DP (FCODE EQL 2) #)
' FDCODE ) ASELOP next
TEHPDICI?Y o TEMPDICIL) next
(DLEDOE TEMPDICE2) o
TEMTDL o (TLHPD) 15P0 DPPYCS100)
TEMPDL « (TEMPDL 1SR| OPRY(S (@)
1 newt
CAPRY « @) DVRTLW « 0) ASELDM o CCD
|
(17 (FCODE FQU 1) «> FALTIY)
‘ !Store myltiple
\ C1F (FTOOE FQL 3) =
RSELPY AOADD o PCOUNT nest
PCIRNT « IPCOUNT41)<1518)> next
PLARLE nest
HERADD « MMMl {15:8)) DPRY » DPRA next
MEMOUT next
STOMA

K]

b END OF OPCODE 13

LOPCE = 14

ALLSFT v
'Nlgebraic left ghift
CCIF (FCODE EQL ©) OV (FCOOE T 2) o)
AGEL R FOCODE newt
UND o DIPPRCIS ) newt
PP« 10PPA 1500 DPYC5i0)) next
CrPEY « &0 DVETLK » (UNU XOR OPRACISM)1 RSELW 1 CC
1
'Hrie slore and indes
CF 00t EQL ) o)
AYTEST newt
CIF AAPLG NEQ MEEG) =)
(OECOUC RSELCT w) POIMPEG] « (OPRM+1ICI518)1 PIIMPEG) « ‘DPRM].C]15:1@8))
)

1N

t END OF DVCODE J4

© WUV ERGAS es Ted CLNmBC ¢ s W el ALl - R .~ . . o - -
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! By S100F .nND SHIFT INGTOUCTIONS (CONT' D)

! Ssaeesssrersneressanes

ssssesnrnnsneseRL

HOPCORE e 1G

CPLSIT o
irculer teft ghift
GOV CFCDOE EQL @) P (FCO0C EQL 2) )
ASEL R FOCO0E nawt
OPPACIS 0> » (DPPACISIAY tRL OPRY(S1)1(15:10> next
CoPRY - @: OURFLY » 61 ASELW 1 CC
N
'Siore ond inde-
1 TFCONE EQL 1) OR (FCDOE EQL 3) »)
STSING nexl
(1IF {1APEG NLQ HREG) #>
(DECODE RSELCT =) ROIMPEGY o (OPRM41ICEG10>: PIIMREG] « (DPRM41ICIGI0))

h

! IND OF OPCODE 15

DALLST e
Druble left alabreic shift
CC1F (FCODE EOL ©) OP (FCOOE tOL 2) »>
ASEL.DR) FOCODE next
' UND » TEMPDIC¢31) newt
TEMPDIC3110> » (TEMPDY *5L0 DPRYC5:051¢3110))
ChiRY « @1 OVRFLW » [UNO XOR TERFDICII>) s ASELOM ¢ CCO
]
IStore douhle end indew by tun
CIF (rcodE EQL 1) DR (FCODE EOL 31 w)
S100UH newt
(IF (ARED NLO MXG) o)
(PECOOE PSELCT »> ROIMREC] » LDPRM+ZICISIO) RIIMREG) o (OPRM42)C15105)

Vi

f END OF OPCOOE 16

tOPCODE « 37

DCRLST &=

tCirculur Jeft dauyhle shint

CORF (FCOOE EQL @) G (FCODE EQU 2) =)
ASEL (¥ FOCUDE next
TERFDLIC118) » (IENPDICI1I0) R DFRYC(5:0)1¢2118) next
CrsiRY & 81 OURFLW « B R5ELDMW 1 CCD

\K]

iStore reras

C1F (FCODL EQL 1) 0P ¢FCOOE EQL 3) »
OPRY +» B3 (JF (FCODE €EOL §) => R]1V) CJF (FCOOE E 3) wd R¥) next
HMOUT '

i

L END Of DPCOOE 17
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! T 5T0PF . AlD SHIFT TNSTPUCTIONS (CONT'D)

' ShseresustsrursrrernunsetnIRsaREinENRCRERE

[N . R - e e it test i eireemeaateccecann
1o unr = 4%

STADPG s
(DECODE FENDE =)
(ALELR) PP navt
(DECOOE PSELCT =) ROIHREG) » PARIOPRACSI8))1 RITMREG] o PARIDPRAGION])
1
(ASELRY PRI newt
PARST
1
FAMALTT
(ASELRY PX newt
UNG o 190 ITEMP + @ naxt

PARST nawl
PaRENT
1
)
! FND OF OPCODE 55
lemmeammruaausaa e R NN AR EER N EARNERRE R R AR — e, tmr s meae e R mL . -
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' Y APTTHMETIC INRTPUCTIONS

| I

orcone - 70

SUHTCY e
LASELR) FDEONE newt

UND » OPPACLE) newd

orea « LOPPACIGIBY MINUS OPRYQIE10)1<161@) nexi
CAPRY « OPRACIBY ¢

OURFLW « (LOPRYCIEY XOR UND) AND (DPPACIS) XOR UND}))

]

| ERD Of OPCOOE

ASELW

20

[

l=---= P L LT TR L L LT T T Y T P PP manewEnswvEEmESEY

| L L e T B T T Lty eemsnnrErsamas

tupcpt = 22

ol e
(ASELRI

. T

| END OF oPChof

FDENOE newt

IND + OPPACIE) navt

OPRA o (DPPNACTS @)0PRYCIB 18 ICIEI10) next

CAPRY o OPRACIGY)

QUPILW « [CENDT UND) XDR OPRYCISD) AND {UNO XOR OPRACIEX) )
AsELW o KE

22

OPLODE » 21

DEHICY 1w
(UIF (FUODE NEQ 2) w)

¥

| FND OF orcoot

ASELDR) DORSEL nesdt

UNU + TERPDICAL> nawt

TERED] & (TERMPDICIT 18> MINUS DPRYCIS100000RY1ICE2)0) nexd
CARPY « TFHID1¢B23)

DURILN & CLUNO XOF DPRYCIED) AND (UND XOR TEMPDICAIN) )
ASELDY ) CCD

CIF (FCODE EGL 2) ») FARTI)

24

f e e e e L S e amr e nieesmammmsemmeesmmAaEsuERSL cmaNenLnuana.

10MCODE = 23

DADED 1

CUIE el Mg 2) =

h
| END OF DPCODE
[T
turcode » L5

DHUL 1w

S DR DORSTL neet

LN o TEHMCILY next

TEHPOL o CILHPDICI1I8DPRYCI S DONOPHY ] 1<I210) next

LAPRY « TEMIDICH M

DURFILK « CCONDT UND) XDR OPRYCIG)) AND (UNO KOR DPRACIE) 1))
ASLLOW 4 CtD

CIF CFEODE EQL 2) =) FATT)

h&]

wultinly double

COLE RCOOE Mg 2 =

2t 1 s

ASELOPIDURSLL ) CEDESSO NEXT
TEMPOY o LOPPYCI5c8 aIPRY 1< 18> NEXT
TEMPDD o LTEMPDICAASOTEMDICILI MBI 1R NUXT

CIE TERPDICIEY o TEMEDACRI 320+ LTEMPDICRI: 32) - TEAPD2IC3118>) NEXT
CIF TERPDI 31 v IEMRDICRI 325« 1TEMPDICRD 372 - TEMPDLICI110)) MNT

WHEDE « VERPDICEA:3D) NEXT
NGEEDW WX
ARLG » (ARLGI2 ) 0318
THHRDY « TEMPDICINIB) NEXT
AL W)
L OO0 TEMPDICRIY o
(IF TEMPDICE219> MG ® > CTDES » 1))

e . v .. emam v e e

———
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(CCOfS » 31
)
h
CIF FLODE EOL 2 = ENATT)
Vi
VAND OF OREINDE Sk

1OPCODE = &7

DOVDs e
CUIF FCODE NEG 2 =2
ASELDP tDOASEL $CCOES@ NEXT
TLHPDICET 1227+ TEHIDICI1 @) NEXT
APEG » 1APLG421¢310> NFXT
RGELDP NEXT
TEMPD3CI1 @ o« TEHPDICIN O3 UND » TEMPDICEIY MEXT
(IF UNOQ =3 TEHPDI » (MINUS TENPD3ICE3100 )
TEMPDY » DRPRYCIS1@2aDPRY) NEXT
(1F TEMP02¢3)> w) DOS « NDY UND: TEMPDZ » IMINUS TERPD2)<3110)) NEXT
DHAUOT » (TEHPDIC6318>/TEMPD2¢I110>)<E310> NEXT
(3F DWNQUOYT<EIt31> NEQ 8 s> DVRFLH » 31 BAILIUT DOVD))
TEMPD] » (TLHPDI - (TEMPD2<IN 10> 2DWOUOYC31 185 )¢63:00)¢31: 00
APEG « IAPEG-21¢3)9) NEXT

(1F UNO ») TEHFD! +(MINUS TERPD1)(3119)))
C1F BOS »> DHOUOT ~(HINUS DWQUOT)IC31100) NEXT
ASELDW NEXT
APEG « (AREG2)¢210>) TEMPDIDWQUOT<3110) NEXT
ASELDW) CCO

N

(1} PCUUE EQL 2 =) FALLTY)

N
1END OF OPCODE 67

{rvecmenananuns Y L R L L T T T Amdmcm——- Y L LU T T P PP TP I Y Y Y
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' C) APTIHMETIC INSTRUCTIONS (CONT'D)
1 ErsEerIPEIIERRTIYIBIIISIIPSIIRIISOSS

HIBCODES = BL6Y FUOATING POINT SURMTRNACY AND ROD

15U -
(CIF (FCODE NEQ 2) o>
ASELDR) DOHSEL next
UNQ « TEMPDIC3TD next
TEMPDY » (TEMPDIC31 18> HINUS DPRYCIS185aDPRY] (210> next
CAPRY ~ TEMPDIC3) Y
DVRFLW « ((UNQ XOR DPRYCIS)) AND (UND XDR TEMPDICBINI N
RGELDM + CCD
1]
(3F (FCODE EQL 20 o FARTD)
N

FaDD1 =
(41F (FCOOE NEQ 2) =)
ASFLDRI DORASEL next
UNO » TEHPDIC3]) newd
TEMPD] » (TEAPDICII QY OPRYCIS (DORDPRY]ICIZIB) next
CARRY « TEMPDICI2N
OVPFLW « (CINGT UND) XOR DPRYC1IS?) AND (UNOG XDR OPRACIS) )
AHSELDW ¢ CCD
N
(IF (FCODE EQL 2) »> FAULTL)
1

t END OF FLOATING-POINY SUBTRACT ANG ADD
[ L T R L L L R R e L E T T T e T

BYTSUD 1w
CLIF (FCODE NEQ ) =) FAATIH)
CF (FCODE EQL 3) »

BYTE « § ruxt RXI nevl BYTHD next
OPPACIB) «1) UND » DPRACIS) newt
OPRRA « (DPRA-OPRY)ICIGBD next
CARRY « (NDT DPRACIBY))
OURFLW » (UND XOR OPRRCIS)))
BYTE » 0 1 ASELM 1 CC

! END OF OPCODE 64
!

INPCODE = 6%

AY1ADD 1
(UIF (FCUDE NFQ 3) => FAATLY)
(IF ATCODE EQL ) =)
BYTE « | next RX! nest BYTRD next
UND « OPPACIS) newxt
oPRA « (DPPALOPRYICIEI0> nex)

CAPPY « DPRACIE)) OVRFLW « (UND XDR OPRACISE> ) BYIE » @ 1 ASELR 1 CC

]

I END OF OPCODE 6%
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! C) ARTTIMETIC INSIFUCTIONS (LONT'DY

i BN INTRUNEI I PRSI ST IIVEINIIONINNE

DIVHND =
CLEHIDM a0 o C10HODY I A /UPPY 16102 13108 newt
CIF tTEHPD2¢I1115)> NEQ @) => DVPFLW » 1) naxt
DPPRCOISIE) o TLHPDZ2C1510) nexd
TEMPD2¢311@> » LOPPACIS 0> & DFRYCIE0>1<3118) next
TEAPDI 311 16> « (TEMPDIC311@) - TERPDZC311831¢1518) naxt
(IF ABC »>
(OPPACIS 1> o (AINUS UPPACIS1@>)CH5:10) next
TENPD1I<31116) » [HINUS TEMPDIC311160)415:10)
)
) nert
TEMRD1C15:10) » OPPACISIO)
i

10PCODE » 26

MATY o
tFOEODE 1 ASELDP nwwt
UND « (OPRYZIS) XOP TEMPDICIE)) next
(IF DPRY{IS) =) DPRY » (HINUS DPRYIC16:180)
CIF TEMPDICIEY o> TEMPDICIBi0) o (MINUS TEMPDICIS1@2)CI518)) next
TEMPDICA1 18> « (DPRYZ15:0001EMPDICISI00 )
CAPRY « @) DURFLN + @ next
(1F UNO =) TEMPDICEI10) » (HINUS TEMPDIICE]I8)) naxt
ASELOW 1 CCD
He

I END OF Orcoms 26

10PCO0E » 27

DIVIDE: =
LFDCOOE 1 ASELDP nent
UND « DPPY<15> 4 DOS « TEMPDI<31>1 CARRY ¢ B ) OVRFLN + 0 nexd
AHC « (UND XOR DOS) nexl
LIF UND =)
(OPPYCIS 185 (RINUS UPRYCIE18)1¢1510) 1 DPRYCIE)+0)
)
CIF DOS o>
CTEMIDICA1 18>« (HINUG TEMPDICALI 81431105 TENPDICI2)+8)
) next
(DECODE (OPRY EQL @) »>
LU TEWPDICIL) =) DVRFLN o 1) naxt

DIVMOD newt
ASELDW 1 CCD
h
OVRFLW « |

)

LN

! END OF DPCOOE 27
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t C) APTTHHETIC INSTRUCTIONS (CONT'DY

t PR ce et e e A PN . e . - R
HIEODE « 599
FMA o=
CUIF (FCODE NEQ 2) w)>
ARELDPI DONSEL next
TLMPDZ » (OPRYCIG: QORDPRYICIEL0)) aent
UND » (TEHPDICALY XOP TEMPD2¢31)) newt
UIF TLHPDICIL) o) TEMPDT « (AINUS TEMPDIICIZNEN)I
CIF TEHPDZCAL) ) TEHPDZ o (HINUS TEHPDZ21<3218)) naxi
TEMPDICEI10> » (TEMPDICR11@) » TERPD2LA1182) nexd
TEHPDIC3118) » (TEMPDICER18) 15RE 161<3118) next
CAPRY + @i DVURFLR + B next
N LIF UNO =) TEPDI<3110) » (MINUS TERPDICATI82)<3118)) next

ASELOM) CCD
N
1P TPEOoE FoL 20 o) FARTD)
h

{END OF OPCODE &2

1oPCooE » B3

FDiUis
CUIF (FCODE NEQG 2) w)
15t 1.0R) DOBSEL newt
TEMPD2 » (OPRYCIRIOSDPRYIC16:10)) namt
DOS « TEMPDICALY I UND o TEMPD2<II>) CARRY & B DVRFLN » 0 next
ARE ¢ (DNS XOR UINU) newt
(1F DOS =) (TERPOICE] 10>+ TMINUS YEMPDICIL103)C1 10D ITEMRDICIZ)0) )}
CIF UNO =) (TERPDZ2¢BE 100+ THINUS TEHPDZCHE102)<E] (0)1TERPD2¢(BR)+0)) next
(DECODE (TEMPOR £QL @) =)
COIF TEMPDICEL) ») OVRFLN » §) next '
TEMP & 0 net
Imultiply the dividend by 2velB
TEMPDICATIO) + (TEMPDICILI®RTENP/15:0)1¢4710) naxl
TEMPDICINIA> « {TEMPDI<47:0)/TENPDRC110))<B110) next
(IF ARC «> TEMPDICZNI0) « (MINUS YEMPDL)CD11E)) newt
ASELDW » CLD

h
Bl OVRFLN « |
) ,
]
CIF (FCOOE EQL 2) ») FARTT)
Vi ]

1END OF OPCODL 63

P e ey — - - - e s e g - i
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{ [ RV

INGTPUCT NG

1 SsevervevssvIRRRRIIRIRSN

Lot « 24

COHMPAR 1w

(FRCUDL T ASLLR next
UND » OPRPACISY nest
OPPA « (DPRACIGI®> MINUS DPRYCI518D1CIBIR) naxt
CARRY o OPPACIB))
OURFLW « {(UND XDR DPRYCIHI) AND (UND XDR DPRACIEY)) newt
CIF CINOTTOPRACIEY XOR OURFLED) AND (DFRACE4:0) £OL 0)) =) CCDES » @)
(1F (OPRACIGY XDR DVRFLE) w»)> CCDES » 3
1 INOT(OPRACEEY XOR DURFLMW)) AND (OPRACI410) NEQ @) ) CCDES » 1)

1]

| FND OF Opcodt 24

IUNCODE » 26

DUIINPR 1

COIF LFROOE FQL 20 w) FALTI
CIF (PCODE KEQ 2) =

ASELDR) DORSEL newt

UNU + TEMPDICAD nast

TEMPDL » CTERPDICA] (95 HINUS OPRYCISH10>a0DPRY] 1C3218> nit

CAPRY + TEMPDICIZ)t

OURFLE + ((UNG XOR OPRYCIED) AND CUND XDR TEMEDICET))) nawt

CIF CONOTOILMPDICREY XDR OVRFLWY) AND (TEMPDICEE10) QL €)) ») CCDES » 8)1
(IF CIEMPDICAL) XOR DUNFLWY ) LCDES » B))

LIF LENDTOIENPDICIL, HDR OVRELM)) AND LTEMPDI(D0:18> NEQ @)) => CLDEB + 1)

I END Or UPCUDE 2§

T O

[ v O reeNee e eemramammsmiesememenenean s man e

1OPCUDE » 32

MEVBIRY 1o
(FDRODE | NHELOR next

DERACIGIOD « CITEMPDICIGIO0> XOR TEMPDICRI (85) OR (TEMPDICI510) AND DPRYCIS102)1¢15:18) next

CARRY » @) DVRFLK o @) ASELW 4 CC
h

{LND Of orLobe 33

{OPLONE = 34

COMMG (=

ABELDR) FDENDE et
DRGSR o CTEMPDEZ IS0 AND TEHeDIC3N 1Y )
OPRYC LD« TTEHDT CI%10> AND OFRYCIEI8)
CARBY » 01 DVRFLM + D nexd
CIF (ORPA EGt DPPY) e CEDES o A))
CIE (PR GIR DPRY) w) CEDES « 1)
CIF (DPPA LSY DPRY) w) CUDES « 3D

Vi

| END OF ugrctne 34

DU -
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! M1 OGITAM INGTPUCTEONS (LONY' D)

| L T T T T T T I I Y T }

to ..
econt s an

PURD e

tASELP FOCODE newd
OPPA « LOMPA AND DPRYY) CAPRY «0 | OVRFLK « @ next
ASELW ) CC

1]

| £ND DF OPCODE 39

1orcLbE = 3

POR tw

{ASELP1 FOCODE next
OPPA « (OPRA DR OPRY) 1 CAPRY « ©) DURFLE + @ next
ASELW 1 CC

1

{ END OF OpcORE 01

toreope = 32

PXOR 1w

(AGELR) FOCODE newt
OFRA » (DPRA XOR DPRY)) CARRY o @1 OVRFLW + © next
ASELW 1 CC

N

| END DI DPCODE 32

IDHCODE = 66

HYTCOH 1o
CCIF LFECOE NFQ 3) > FAILTIY,
C(IF (FLODE EQL 31 =)
ASELP + BYTE +» § next
PX1 next AYIRD next
LYTE « 03
(DECODE OPRACIS) =)

(DECODE (OPRA 15T OPRY) > CCOES » 31 CLDES » @) CCOES » 111

CCOES = 3

t [ND D¢ UPCODE 86

1OPCOlY = 67

USERHC 1
User macrow
COIF (FCODE NEQ ) > FALTIN)
'Hyte compare end indes
CIF CrEont fL 31 =
BYICOH next

(DECOOE. PSELCT «)> POIMREG) » (OPPRe3)C1508)) RIIMREG) » (OPRMI1)c15100)

|1

1 END U oRCDnE 67
‘ ----------------------------- B I L LT L L T

Peyn 78B-1}
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! £) JUMP INSTRUCTTINS
f seessrtvanEISIRRRIRNY
LrJume -

CIDECODY 20000 =% (WRYCLSs25 « B OPRYCLE( 7Y « w277) 1 OFPY(610)> » DCODE  next
PCOUNT » IPLODNT 4 OPPC150851C15:18)

hi
[, e m W e eeacmmdewreeaeaeannseenaaaamoane
tOPCODE = 40
JUHP e
{DECOOE 17 CODE EQL 1) =
(1 OCHOE next
(DFCODE PREG o>
JEow am CIF (CCOES EQ 0} »> PCOUNT » OPRY(I5100)1
JNEQ 1@ CIF 1CCOES NEQ O} > PCOUNT « DPRY(ISIOD))
JGEDQ e CIF (CCDES EQL 1) OR (CCOES EQL @) «)> PCOUNT + OPRYCIBIBY )Y
LGS e CIF 1CCOES EQL 3) «) PCOUNY « OPRYCIS18)) :
JOVP aw CIF OURFLH => PCOUNT « DPRYCLS100 )
JOR e CIF CrPPY »> PCOUNT « OPRY(IB: 0O D)
Jpot e CIF PDT w) PLOUNT » DPRYCISIO) )
JAST e C1F BSY «> PCOUNT + DPRY<I510))1¢
JHP e (PLOUNT « OPRPYC15102)1
JSTP 4» (STP « 11 PCIUNT + DPRYC1518)))
tOUSTP) e CIF STOP1 w> STP & 1) PCOUNT « DPRYCI518)))
J5TP2 1 CIF ST0P2 «> SIP « 11 PCOUNT « OPRYCISI0)))
{PCOUNT » DPRYCIELOD))
(PCOUNT + DPRY<I5) 010
‘ (PCOUNT ¢« DPRYCISi18))
(PCOUNT + OPRY(1510))
)
1N
LCJUNP
N

| END OF OPCODE 49

e e Meemamneaun. TP
1OPCODE. « 42
JHPLRE 1w
(OECODE (FUODE EQL 1) w)
(FOCODE )T OPRA « PCOUNTCIG1@) next
(DECUDE RSELCT > ROIARED) o OPRACISI9>) RITAREG) » OPRACISIEN) nexd
PCOUNT « UPRYCIE: 6D
1]
FALTL

b
! END Of OPCODE 42

[ ek me e —— m———— [ [P ISR

S AeanmeresvecimmssmtmErsr e e mena
1OPCODE = 4}
JUMPIX e
'Index jump
IDECAOE (FLODE EQX 1) o
(ASELR newt FDOO'Y newt
LIF (DPRA M.Q D) »)
OFPA + 1OPPA- 151> nud
PLOUNT « DRPYCIRI0))
{DECOOE PSELCY o) ROIAREG) « DPRACISIB) RILAREG) » OPRACIEID))
)
X
Indirvet Jocel Jump
VIDLCUOL SC0DE =) OPRYCIS:?> o @1 OPRYCISI 7> « wP?7) 1 OPRYCEI®) « DCOOE  nexd
RERADD o IPCOUNTAOPRYCES108))C1518) newt
HEMPEE nevt
PCOUNT » FEMUALCIS) 0>
)
1
t UND Of OPCODE 41

[=rmmmemmn B L T T D STy Y “emevenamnaE svsnmmisrBsmany

e e - - - . e ——




UYECHOIRI Y AN Y el HY 10D P R T B B W I LA 1R, VEREL )

! F1 U INGTRICTIONS (CONI'DY

1 SsevesersrmussrRL IRV RUNTRIR TS

- .
Loy -~ 43

JHPERH 0.
CU1F (FCODE EQL @) »> FALTINY
tIF TFCOOE EQL 1) »)
Loeel
fdecode stode ») opryd]5 7081 opryCiGI 72002721
apryp (7R e dende newl
HERADD o (PCOUNTSOPRYCIS020¢15)0) naxt
OPRY( 1585 « PCOUNT navt
HLHOUT IPCOUNT » (1 IN00¢ 11 (15180
1]
CIF (FCODE £ 2) DR (FCOCE EQL 3} »>
FOCODE nawt
HLAADD « OPRYCE5)0) next
UPEYCIBI0Y o PCOUNT ned
HIHOUT )
PCOUNT » (HEHADD 1) CIEI0)

n

{ END OF OPCODE 43

10PCODE » 44

JHPZPO 4w
(DFCODE (FCODE EQL )
(ASELR) FRCODE nexi

. (1F (DPRN EQL D) ») PCOUNT + DPRYC15105)
M

Locel jump eqmi)
(1F (CChESe@y EQL @) »> LEJUP)
)

| END OF DPCODE 44

et M [ A et mt

Pam 0-1

i o i
C]




SR 2P L LA IR NI TRTUR Fig o T R s ] T3 Feh-TE 11037 WiGe(Hi 160

' M PRGTECTIONY, TEONT DD

' escssusssrsassasssncesaranien

i
RO - e

JHENZP e
ECOOF 1 entt 1e 1) =
aGLLR) TDCODE nest
(1F (OPPA REQ @) =) PLOUNT + OPRY(IHO))
1
tocal jump not equal
(JF ICCDFS<0> NEQ ©) =) LCJUre)
| N

tOEND OF OPCODE 45

| R it R e b e e Lt b ]

[OPCUDL 46

JHPPOS e
(OLCODE 1 COUE EQL 1) =
THGELR) FOUDDE newt
LI LOPRACES) EQL BY <) PLOUNT » OPRYCIH18>)
)
{1F 1CCDES EQU 1) OR (LECDEYS COL ) « LEJUM®)
)

b OFND OF opLCuoe 46

10PCODE « 47

JHINEG 1 m
tDLEODE (oDt FoL 1) e
CABkLRY FDCODE newt
CIF LOPRACIS) COL 1) =) PLOUNT » DPRYC1510))
7]
Local jump less then
(1 (LCDEY EQL 3D =) LLJUMW)
1

t END Or opcott 47

[ P P L T L L L T N T Y T

beoe 31 -1

e



o - v s et ¢ Tew U

»
1 ' -
- .. .. [P
v
o LM XA - GR
RS B X
LITRRE ae
Lrere . v
[R5 e A
.. LIRS 1o 10 1P nget
; (90 164 Roe R 1R R TR L N
° wriLMo (L
"
’5 ARG e L PEI R aped
O CODE VARG IYY e
’ RS SR SERE A I N S FAR DY
" [ R TR S NERYEL L' AR T AR R T CHATRENY N
1 neet
aaiM o Ll
AN
R LIRD ra LEGILDE et
o VDL DL 1SED MG neat
4 auitiw 1 LD
> b
«

" )
UEND OF ol
- +
oot « 6
b iternl
VI Shas
ICIWRY o
-
|
*
Vi
LN OF 0Prnnt
1. .- -
4
t
.
"
.

LD 1o 10551 DF nest

LI TERDLe 31D e
TEMDIc I 0« 1D 0 500 PRG3R
TEMOJcTL @ » MU0 197 ML m
) neel

Al (KD

oe

Telt shufy

e
1OLCDOE FCOE »
LALS v e IRRELR nevd
(MY » DINCIG) nevy
GA « TDPPA 1508 ML) nest
WPFLIW » CUNG KR OFPACES 1 RAELW 1 Cf
H
LELS rw (AGFER neot
WP Gy o (OPACIG I8 I HPEGH
(.t o A nest
RGLLM ) LC
T
LD e (RGEL(E neat
NG Tl 31 nest
TEHP0! o CTTHNY ISER IG) hevt
LW« (UMD XOR E HDLe3)> ) AStLOW 1 CCD
'
tELD 1o (ASELIR newt
TEMPOL 31:8> » (TEMPOTI 3018 1L M1.G) newt
Ol « 81 ALFLOM 1 CCD

61




- Vo e e B PR U Tom ¥ 1

D L R L L R L R T I Y Ny

[T T IR
[ REAY - B teral midd eed bt -t
TRy PR e Q0P T e e L (el A . B onged
TOHTIRN FOORE =
15U 1o 10SILF net
[T Y S SR Y )
eA o 100G DeY Y {8 meat
COfRY o (RO 0P 1601 AT o (UMD SOR (P {150 wSLLN 1 (L

|
‘ " LA e TAELOR et
| » THHDLI732) « | nedl
| T{MDL o 1YEHD] OPRIePEY I @) mest
‘ CrPy o oD TG 03000 OVRILW « [LNG KOR TEMPDIC3IN ) ASELOM 1 CCD
i

LA » 1O LR ne s
LD o DPWROIG S mpvl
QPO+ (ICALOPPY I 16 Q) nest
CEPPY o ORACIEY: OWPTLW » (UNO XOW DPPRclSO s aStle 1 CC
n
LA 8 1RSI OP neat
UNO « TEMPDI(3]) nest
VRO« LTURPD] o 00RYJUPRYICITINY nesl
CHPRY o I1PSD1¢370 OVPFLN » 1UND XOP TEMPDICII> ) ASTLDM 1 CCD

)
L}
TOERD QDL 62
t. - - -
0. -
1OPCO0E » 63
Lrieen o»
HOPY16:4) » AL OPPYCRIA) » MPIG newt
oL COOE rCONE *>
NWitersl lowd
(LY ] {0PRA + DY CAPPY « &) OUPTIM » @ nevi
ALELY ) CC

fLitera) Overslions

AR
Litersl compere
LC 1= (ASLLF newt
' (DX C00E DPPACIS) »)
(DECOOE (OPPA 15! OPRY) o) CCDES « 3) [COES « 0) CTOES o 1) .
(CCOkS » 3
3
. Vi
U liter nl multinly
LHR 1o (ASELDP next
TEMPDIOINB) o (OPRYCIS:8) o TEMPDLCLS 100
CAPRY o D OVPFLW o 8 nant
H5ELDM: LD
1
Y ltters] divide
LDV v o {(1SHL DR nieat
XV oo TEPD) 30 1 LARPY o 8 0 DFLE » @ nevl
LIV &) L
CHPOL 350 tHINS TEMPDIC310 013118
MHD1eIT) » @
]

|
OPRYC3 @Y » MPEG ¢+ OPRYCI614) » @ nexl
(O COOE tOPRY FQU @) o)
COIE TEMPDLCAE) «) OVPTLM + 1) next
DIVIN0 nest
HLELDW 3 TC
[N}
(o5 AU BT |

tr

tIRND (F DG 63
'




VS 1 I R R RN SIS TRPRINE PR PR o) J3Ter CHOEY Y W e IR0 Fare 34|

BRI AV TN

IR
]
V170 (Onnoag
100P 1w LIT FIOIDF FQA Q) »)
I8 » 1 P o PUIANT nast
PLONNT o w140 newl
H B )3 » w]d48 newl
M AP rest
P« MMV (158 OPRY(12:0) » FEAMRL(ED 02 OFRYCIE14) - @ next
HE FOUT newt ‘
' execule 170 instrurtion here |
PLOUNT + P oaest
timilaul torrom
N
‘Rrared feteh
Bf e CIF LFCODE §QL 10 O (TLDOC EQL 31 o)
FOLOOT nest
P18 o (HPYLCISD)
CIF (OPPYCISY EQL 1) ») SP1<B) » 1) nexi
DHRYCIS 14> » 3 nest
REROUT
1N
Wemale ereruie j
PEX s» (I (FCODC FOL 20 »>
Pt nest
HI 00 - DPR1C14:0)>
PCOUNT « TDPRYC1518>4]1)¢1510> newt
PIEHE - PLOUNT next
HIMREF nest
1R « ML C1510) nevt
REXFLG «

| ¥

I END OF 0OPCOOE 35




(VRN SN ENAYE BN il

t
'

EAREY ML TR 4]

[ (0F DTN ING

PR (N ..

NN

THCOm

ORI B

BrYigLo
{0y
cony
Ut
ARIN 41
LOnD )t
2EPORT Y
LRGTY L
LGPSE T
mPSrY:
mGaPst)
DAaLRST)
ALISET)
(PLSI T
D LSy
DLFL ST
SURICTE
OHA1C T
ant:
DADDY
COHPAR)
QLONPR
MAT
oot
POND)
Pop:
1]
MSE 58
CORMER |
tonemy
FAR T
Fail 111
Jumiy
JUMPIXt
JHPLNK
JHPLEH
JHPZRO Y
JHPNZR
i)
JHPNEG
FGUa:
Frpn,
FHULL
FOIV
tORDPD
STADPC)
Vo VW]
DOVD
L1TPSN)
LYILSH)
[RALIV:N
LT
HY15U8;
ayianh
[(ARIN¢,T]
(ViR 20 o]
At
el
FAMA T
LYy
LELV R A
FRLT D)
FAULT]
rpiAt]

[ERR1S, R 1L, N

DRl

o
)
"
o
103
14
g
106
a7
11
1"t
112
113
4
"y
‘16
e
ird )
el
e
123
124
e
126
12?7
130
[
[Rchd
'3l
134
135
'36
13?7
14¢
144
147
143
tee
145
146
147
150
151
13-
1]
the
155
156
e
4o
163
162
3
164
5%
'66
the
tH
1?1
1r2
123
174
1?5
176
Lk

foto 70 14:37

kL]

LR R VAR /] Pem 3% )

Not sssipned
Tr iy end Hyper funclions

s ]
29
2%
n
Ell
3
kN
k2!
tal
24
26
26
§)
22

Double myltiply
Double divide

k4
£l
1
33
4
¢
28
8

Input /Output Instructions (OPLUOES 70 Lo ?7)

| NOOP {or 1/U Instructions




R T AT UV o] SITer CRO1AY Wiel M) 1A Pere -4

HUbbw o= 01179« TEHEY, Dmmy (e tepaigcint fealure
fe (10

| RCHING CYOLE

|
CYCie o»

t HEMOD o P neet
PEOINT « TP VIO @) nenrd
M PPEE neet
1P o MMUAL (15100 next
FPT el PLAFLG + B next
OPOCN0 na et
(DECODE PIXFLG »)
C1F LUPCOUNT UL PTERR) 0P {PCOUNY EQL (PTEMFH1)CI5 IR ))n)
(PCOUNT o (Me2tC15:8) 3 PI{MM « B}

14
pin
Yo
) hext
P + PCOUNT newt
(DECOOE STP=)
! UINTRPY nevt

CIF CBREPRT FOL P) =) BREAK) next
[44481
1N
51 . @

)

tEND OF Uvk20 ISP




Appendix A:
Phase Il Comparative Evaluation of MCF Compuler Archileclures

(ORI TR M A MG WAL RS o R, ——— @ ——— -y,




Phrzsc ll -
Comparative FEvaluation of the
MCIT Computer Architectures

S.H Fuller, G, Mathew, and L. Szewerenko

January 15,1978
Department of Computer Science
Carnegie-Mellon University
Piltsburgh, °A 16213

Thin work has been supporled by the Army Research Office under contract
numbrr DAAGZ29-77-C-0034,

B O e - e ——————— .y,




Jhstronet

This study was undertaken 10 determine the relative efficiency of the following
architectures:
, UYK-7
UYK-19
UYK-20
GYK-12
AYQ-21 (PDP-11)

i

I is parl of the sccond phase of a study being conducted under the Army/Navy
Military Compuler Family (MCF) program to determine the relative life cycle cost of
Army/Navy compuler hased syslems as a funclion of computer architecture. In Phase
I of this study, an Army/Navy Compuler Family Archilecture (CFA) commitiee
recomended, in Aupust 1976, that the PDP-11 archileclure be adopled as a future
standard military compuler architecture. The other four architectures are the ones in
most common use loday in Army/Navy compuler applications,

From a set of 160 lest programs (16 different algorithms) writlen by 16
different programmers we found:

(S moasure)

PDP-11 (0.82)
UYK-20 (0.89)
UYK-19 (0.93)

GYK-12 (1.14)
UYK-7 (1.30)

(M measure)
UYK-20 (0.73)

POP-11 (0.88)
GYK-12 (0.96)

UYK 19 (1.18)

. Execution Ef ficiency
Program Size Mamory Processor
Activily Aclivity

(R measure)
UYK-20 (0.77)

GYK-12 (0.96)
POP-11 (1.03)
UYK-7 (1.12)
UYK-19 (1.17)

UYK-7 (1.38)

In each column the five architeclures are ranked according to performance in that
parficular measure, The S measure is a measure of relalive program size, M measures
the relative number of memory accesses used and R measures the relalive number of
CPU operations heeded, The architectures are clustered into groups based on gaps in
performance which were statistically significant at a practical level (i.e, the gaps in
performance were stalictically significant at the 957 confidence level). The numbers.in
parenthesis give the average performance for an archilecture in this sludy. For
example, a machine with an S measure of 0.80 would require only 807 of the memory
required by the average of these machines (207 less than average), while one with an
S measure of 1.50 would require b0Z more mamory than the average.
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Introduction i
|

The quelf.\ﬁ(m of the relative cost eliectivencss of several different computers in
the «ame application has lradilionally been answered by the use of benchmark
programs execuled on the candidale machines, This technique unfortunately confounds
the efficiency of the inctruction set with the speed of the hardware us-d ta implement
it. Advances in hardware technology will, more often than noi, obsolete the hardware
fong before the usefulness of the software declines. In such cases the question of long
term cost effecliveness can anly be answered in terms of the efficiency of the
Insfruction set. An efficient instruction set will be amenable to cost effeclive
implmm.-nia’.ioﬁl in stale of the art technologies at any point of the coftware's life cycle,

| '

The pur’poac of lhis study is to evaluate the efficiency of several computer
archilectures independently of {heir hardware implumentations, The following definition
of compuler architeclure was used in this study (and is the same definition as used by
the CFA Commitiee [MCA6]) ' :

Compuler Archilecture:  The  structure  of  the compuler a
programmer neceds to know in order lo wrile any lime independent,
machine language program that will run correctly on the computer,

Thus an cfficient architecture will have the property thal a hardware reallzation of the
archilecture will be more cost effective than a technologically similar realizalion of a
less efficient architecture, i

The restulls of this evaluation will be joined with the concurrently proceeding
Software Suppor! Evaluation and Life Cycle Cost Evaluation.Together, they will provide
an analysis of the cost effectivencss of selecting each of the MCF architectures
(UYK20, GYKI12, UYKI9, UYK?7, PDPIY) for implementation as a family of machines for
use In Army and Navy Applicalions,

Choerpiew

The methodology used in this sludy is based on a similar previous study for the
CrA Commitlee comparing Allernalive commercial architectures [FU76])  Hoawever,
several sipnificant improvements have been made in the methodology of this second
study. Brieliy, the difft rences are:

1. The set of tesl proprams has Luen improved {o be more unifarm in size
and wider in scopey The individual tests are more precizely directed at
architeclural features,

2. The dynamic program measures have been exiended to provide
informalion on implementability over a rarme of hardware parallelism, as

well as hardware speed.

3. The processor aczlivily meawure bhas been completely redefined. The




oripinal R meacnre wean fannd do be hivhly correlated wilh the crpanal
memory aclivily micasure, and thus provided Ite addibional informabion,
also failed to caplure the inherent cost differences between simple and
complex pracessor computalions,

4, The method of compuling propram measures has been automaled.

5. A superior statistical design was chosen which allowed more signlficant
resulls to be extracled from the program measures.,

A set of test programs was selecled to test significant applications or
capabilities of the archileclures, Each program was described in a Program Dercriplion
Language (PDLY which specified the alporithm 1o be vsed but left unspecified the exact
machine level implementation of the algorithm, All lest programs were designed {o be
wrilable by a test programmer in one or two pages of machine code.

. Sixteen lest programmers were selecled to wrile test programs for the five MCF
Architectures. Each programmer was assigned fwo programs to be implerented on all
five architectures. The assipnment was cone according to a statistical design which
atiempled to separale archilecture effecls from programmer and program cifects,
The programs coded by the test programmers were execuled using a standard set of
test dala on an ISP simulator writien for each machine, The ISP simulator gathered
statislics on the execulion of the programs. Measures of elficiency computed from
these stalistics were used in an analysis of variance to determine the relative
efficiency of each architecture.

Each phase of this process is discussed in more detail below.
Selection of Test Programs

The sel of test proprams used in the MCF evalualion was constrained by budget
fimitations and the slatistical use to be made of the results, Validity of the «tatistical
rasulls required that the proprams be a represantative set of the kind of operations
performed by military computers, Along these lines, it was also considered important
that the programs test all significart aspecls of the archilectures. These considerations
would indicate the dasirability of a larpe set of fest programs. However, the analysis
required that cach program Le coded frequently enough to allow significant statistical
inferrences to be made. Thus budpclary constrainfs forced a tradeoff between number
of tests, lenglh of test, and frequency of coding,

[}

A set of 16 test programs divided into four categories was ultimately selected
for the evaluation, The basis of the individual selections was twofold, First, » list of
important architectur al fealures was assembled. Fealures ta be lested were.

Inferrupt handling and 1/0

Exrcutive/ User interaction

Control and branching constructs

Inteper arithmetic

Floating foint operations

Characler and Uil processing




Addr ogcing mode Hesability
Abihity lo addrea bape dota <lroctures

Second, a «et of significant tasks to be performed were considered:
Real {ime processing '
Handling mulliple processes
Comrmunicalions processing
Display processing
Fast table lookup .
Packing and Unpacking data !
Sorling
Manipulation of list struclures
Mmimal Diffcrence Search
Character processing

Atlenwpling {o maximally cover the lwo sels above resulted in the selection of the 16
test programe described below,

INTERRUPTS AND TRAPS
0. ITY Input_Driver

This is a driver .for a simple Interrupt  driven device,  Important
characteristics are a low transfer rale (bytes per interrupt), minimal latency
from interrupt signal 1o response, and high flexiblility in the nature of the response
These characleristics preclude the use of a typical hardware channel (OMA transfer),
The test is typical of a variety of slow speed devices.

1. Messane Bufforing _and_Transmission

A high speed DMA device is used lo transmit data buffers, The driver's
concern is to buller transmission reqguests and maintain as high a transfer rate as
possible.  The compuler  performs no  processing on the dala fransmilted. This
test exerciscs the channel (ODMA) 170 structure of the architecture,

2. Mullipte_Priorily  Interrupt _Handler

Interrupls from four devices of unequal priority are directed to the appropriale
device handiers, The 1/0 request which s fhereby completed is added to  the
exccutive's queue so that the appropriate aclions may be laken retative to the
requesting process,  The {est performs only the interrupt fielding and request
queucing functlions, The model is apphcable to a variely of real lime applicalions,

3. Virtual Momory Exchanpe

A protected subroutine facility is provided by a pair of executive calls, The
fout progtam  performs the memury space and register  changes necessary  to
transter rontrol. The test measures supervisor call and confext swap costs,
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PATSCELLACIEOS

4. Scale,_Vector, Deplay,
Given a display list and a scale factor, the propram produces a scaled display
list. The program is a test of integer manipulation and fixed field exlraction,

B, Array_Manipulation- LU Decomponilion

Solution  of simullancous eguations using slandard Goussian  elimination.
Floating point  operations, mulliple indexing, and nested iteralion capabilities are
fested, .

i
6. Targel Tracking ! x ’

Given the coordinates of an object, find the cdlosest element to it in a given
table. This lests floaling point comparison as well as the costs of performing
contoried array scarches,

7. Digital _Communications Processing

This propram directs messapes lo various  outpul lines depending upon
thelr dostinalions, Fasl seanch and block move capabililies are tested.

ADDRESS MANIPULATION

8. Hath_Table_Search
The problem is 1o locale the position a hey would occupy in a hash table. This
involves address and integer manipulations and indexing.

Given a doubly linked list in ascending order, insert a new entry. The test
invoives poinfer extracltion and following.

Manipulale the clements of a very large randomly ordered arrny to form a
parlially ordered binary ftree. The array is sulficiently large (order 1 Mbyte) that
it is necessary to manipulale the page (segment) address registers to access it This Is
a lest of the cost of randomly addressing a very large address space.

1 Aulocarrehile_on_Larpe Address Space
This test is complomentary lo test 10. An aulocorrelalion is performed on an

array large cnourh o require manipulation of pape registers. Floating point  and
soquential accews of larpe address spaces are lested.




CHARACTER AND BIT RAGEEPUL AT HON

12, Character _Search
A character string s scanned looking for an occurence of a specified string.
This program tosls character accewsing abililins,

13. Boolean Matrix _Tianspose

This program takes a  bit matrix and reflects it about its diagonal, Ability to
access and move bils is tested,

‘

14, Record Unpacking

This {est program lakes an array of tighlly packed bit fields and a format
string indicaling the size of rach ficld and unpacks the fields into another array. The
abilily to do general field exlraction is {esieod.

15, Vector 1o Scan Line Convorsion ;
.

A list of veclors is converted to an cquivalent scan line display,  This tests
Lil addressing  capabilities as well as come infeger manipulations.

Specificadion and Control of Test Programs

The algorithm 1o be used in each program was specified in a high order
languape. The programmers were allowed lo make any optimizadons that a clever
compiler could make, bul were nol allowed to change tho algorithm usecdd, With the
cveeption of the interrupt and trap class of lesls, all lests were specitied as
subroulines; this sltandardized inpul/fresull handling, The calling canventions were
specifled for each machine in torms of a sample instruclion sequence which would
produce the machine state {o be cxpected at entry. These steps were usad to
restrict the  variance  due do  the difference belween programmers  without
restricting their ability o make oplimal use of the machine,

Several conventions were adopted with respect to the non- 1/0 proprams. All
proprams  wore roquired {6 be reentranl. A slack arca was  supplied  on all
machines for uvse by the programmmers. The subroutines were not allowed lo alter
any data which was on the slack prior lo the call, nor were they permiticd to leave
any Hems ' on the stach subsequent to the return. Finally, The subroutines were
reguired lo save and restore any processor registers which they altered.

Assipnment of Test Proprams
Test proprammers were awsigned  lest proprams in accordance  with {he
stalictical deqign chosen, Tach programmer implemented two programs on all five

architleclures. Pairg ol proprammers received identical program  assignments. The
suggested  order  of  wriling  was  different  for  each  proprammer o avoid
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Progrom/Machine in Suggested Order
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3719 12712 12711 12/20 12719 3/1)  3/20 3/7 1277
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Debugping and Execution Testing

An 1SFL description of each machine was used to produce an 1SPL simulatar for
each machine[3A76). Programincrs debugged their programs using these simulators. A
standard sel of test dala was defined for cach program. A prosram was defined {o be
debugged when it could properly execule on this test data, This provides a
reasonable assurance of the applicabilily of the measures oblained without
requiring proofs of the correciness of the programs. A subset of this test data was .
used for evaivalion of execution efficiency., The ISPL simulalor maintains counlers of
various memory accesses af well as frequency of execulion of each part of the
simulator. These counters provided the excculion statictics for use in computing the
architlecture measures,

Mecaosures of an Architectieres’s Performance

The performance of an architecture on the lest programs is measured by the
efficiency of the test programs writlen for that parlicular architecture. Quantification
of the concept of an efficient program allows the comparison of different architectures
independant of their implementation, The measures used by the MCF evaluation are
such a quantification in terms of space and lime,

An efficient program is one which requires a small amount of storage and
exccules in a short amount of time. "hree classes of measures were used to capture
this concept. The S measure is a measure of the slorage requirements ot a program,
The M and R meatures are measures of execution efficiency. :

S MEASURE -~ TEST PROGRAM SIZE

The S measure is defined as the number of byles of memory required by the
test program. This includes Incals allocated on the stack as well as own variables. For
the Interrupt and Trap test programs, this also includes memory allocated to interrupt
vectors used by the test program. Excluded from the $ measure are the parameter
block and paramelers passed to the rouline as well as any global data structures to
which the routine has access, This was done to avoid adding a fixed overhead of
significant size fo cach S measure,

A single exception to the parameler exclusion principle was made, Test program

14, Record Unpack, allowed lhe programmer o chose a representation for the format

string. Oplimal packing would cause each enlry in this string to occupy 6 bits. Because

a lradeoff decision between packing efficiency and accessing difficully was allowed,
the size of this paramater was included in the § measure for this program,

For those test programs in which mulliple calls were measured, the the stack
usecage could conceivably vaty belween calls. The S measure in this case is defined as
thae maximum of the individual S measures.




EXCCUTION FIFICIENGY MEASURES ’

The liine required to execulz a given prdgram on a given machine is clearly
highly dependant upor the hardware implementation of the machine. An arbitrary
architeclure can be implemented to exccute its instruction set at an arbitrarily fast
rate (limited of course by current gate lechnology). The execulion time of a given
program is delermined by lwo faclors: The amount of processing required, and the
rate at woich proceesing is done. The former is dependant upon the program and
architecture, the latler upon the hardware implementation. An efficient architecture will
minimize the processing required, allowing the most cost effective implementalions.

Selrclion of merasures of processing required by a program allows the
comparison of the efliciencies of several architectures. Taking instructions as special
cases of programs, such measures musl, because of the separation into factors
assumed above, reflect the differences in execulion limes of instructions in current
implementalions, This provides a selection criferion for measures.,

Consider the following'a example instructions selected from the familiar 360/370
architecture,

. L 1002 load from memory
2. M 1,60(2) load 6 regs from memory
3. AE  2,0(2) : floaling poinl add from memory

These examples {llustrale iwo orthagonal (actors accounling for the differonces in
processing reqguired belween instructions, Examplo 2 would be expected to execute
more slowly than 1 since il involves reading & more words from memory., Memory
activity is thus an important factor in execulion cost; The M measure was thereforo
defined as the number of byles transferred to/from memory. On the other hand,
oxamples | and 3 have the samec memary activity, but 3 would be expected to execule
moro slowly. The processor activily involved in floating point operations Increases
their cost. Processor aclivily is thus an important factor; This is measured by the R
measure. Bolth M and R are discussed in detail below,

The execulion time model used in the MCF evaluation is represented by the
following aqualion:

TIME = atM + bR
Where a and b are conslants tependanl upon the speed of the memory and processor
hardware, respectively. M and R are measures of the processing cosls involved in the

architecture, independant of implementation,

Maasurp of Mamory Activily - M

An imporiant parameler of a computer system is the bandwidth of ils
processor/memory inlerface. Thus a significant determinant of program execulion
speed is the number of byles the program lransfers to or from memory, The M
. measure Is a meanure of memory aclivily.




The M measyre is defined as the number of byles read or wrillen to main
metnory doring the excootion of the test program. Spediticly, counting begins al the
first instruction of ithe rouline and ends when a return is execuled. (o activity of the

. calling routine is counted,

Three M measures were compulted, These M measures reflect differences in the
widlh of the memory (and therefore the minimum number of byles which can be read
from a given address), They are refered lo as M8, M16, and M32 corresponding to 1,
2, and 4 byle wide memorios, respectively,

Certainly, no one would implement the 16 bit machines with 32 bit memories
wilhoul making some attempt at reasonable ulilizalion of the wider memory, Thus, two
adjustments lo the M32 definition for the 16 bit machines were made. First, it is
assumed that all multiple word references (double inleger, floating point, elc.) were
aligned on fullword boundarias. This is of course standard practice In most 32 bit
machines, Second, the scquential nature of inslruction felch makes it highly desireable
fo have a 32 bil insltruclion buffer, Olherwise a sequence of 16 bit instructions would
resull in cach instruction being felched {wice as the low and high halves of the 32 bit
word were executed. ihis Implementation was modeled by allowing instruction fetches
to felch 2 byles, while all olher memory accesses must use 4 byle words. These two
adjustments define the 32 bit memory system assumed by M32 for the 16 bit
machines.

Measure of Processor Activity - R

The aclivily of the processor during the execution of an insiruction is simply the
compulation of a funclion, Complexily lheory indicales that the cost of this computation
can be measured by many slep counting functions. Consideration of slep counting
functions applicable to digital implementations fails to restrict significantly the range of
possible cost funclions (consider two processors, one which is bit serial, the other
uses lable lookup in a ROM Addilion is expensive in the formar, while all functions are
of equal cost In the latler), It is therefore necessary lo choose a cost function which

-represents an implementation that is reasonable given the current state of the art.

This is the approach laken In the MCF study.

The R measure for a program is delined as the sum of the R measures tor each
instruction executed. The R mnasure of an instruclion is defined as the number of CPU
cycles required to execule it using the canonical CPU defined below. As for the M
measure, no driver aclivily was included,

Two R measures were compuled, One assumed a 16 bit wide ALU as would be
used for low performance versions of the UYK? and GYK12 and most versions of the
PDP11,UYK1Y, and UYK20. The other assumad a 32 bil ALU as would be used for high
performance versions of the 1, 19 and 20 and most versions of the 7 and 12, These
two measures are refered to as R16 and R32.

MCF_CANONICAL _CPU

Definilion of a reasonable comploxily measure for instruction execution
! |
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neccessitated the choice of a standard siructine for the emulating CPU. The <tructure
slown in fipure I wan chosen lo be represenialive of typical medivm performance
implementations now in use. Data palhs and ALU operalions reflect the capabilities of
current instruclion serial hardware units.

Features of the CPU P

The CPU includes a register ram, constant rom, temporary latches, as well as a
memory address and dala regisler and a parallel ALU, The widlh of these and the
inferconnncling busses i1 105 bits for RI6 and 32 bits for R32.

The register ram is a stancdard random access memory used to hold the
accumulalors, index registers, program counier, and slack pointers of the architecture.
During a CPU cycle a single location may be read or writlen,

The constant rom confains a variety of useful constants for implementing the
architecture in question.

" The temporary latches are high speed roegisters used in the interpretation
process, They may be read and wrillen on the same cycle.

The ALU is & parallel arithmelic unit capable of integer addition, subtraction and
negation, all the standard logical funclions such as and and or, as well as n bit shifts
and rofates. Il is also capable of performing fixed bil subsiitulions, such as replacing
the low byle of one bus with the low byle of the other. The condition codes may be
setl by ils outpuls,

' {
Jnsiruction Implementalion

Several principles were adopled wilh respect to the R measure. These were
intended to avoid unpecessary complexity., They also avoid arbiltrarily prnalizing
architectures with unique fealures. Finally, they prevent overieads common to all
interpratations from obscuring the differences belween instructions, These are
outlined below,

1) Instruction decode is excluded. The control operations involved are exiremely
implementalion dependan! and represent an unnecessary overhead for the R measure.

2) Mamory mapping calculations are presumed lo be performed by a separate unit
and lherefore require no CPU cycles. The aclivity of the memory map will simply make
membry accesses more cxpensive and therefore Is adequately measured by M.

3) The address for a memory access may be oblained from a varlety of places
such as the MAR, MDR, IR. This climinates shuffleing operations which are highly
implemeaentation dependant, .

q) Inter~ Instruction optimizations are not allowed.
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Calculation of R measures

The R measure for each insiruction was obtained In two different ways
depending upon the complexily ef the instruction,

For relalively simplc instruclions, microcode was gencrated for the instruction.
Adding {his to the slandard inslruclion feleh produced the CPU sequence for
interpretation and therefore the number of cycles required.

Example I,

R32 for UYK?7 instruction LA 1,0(2)

1. MAR « ING REG<address> + REG[index 2]

2. REG[ace 1] « MDR |

So the R'measure ic 2 + instruction fetch cost.

Example 2.
R32 for GYK12 insiruclion CMF 2,8
1. TMP] « RLG[acc 14]
2. TMP2 « REG[acc 2] and TMP]
3. TMPL « MDR and TMPL
4. TMP2 - TMPI (sel CCs)

So the R measure is 4 + instruclion feleh cost,
. ]

Complex instructions such as [nteger muiliply and divide and floating point
operalions were handled differently. Direct microcoding was deemed undesirable for
soveral reasons, First, gencrating the microcode would be very time consuming. The
efforl expended would be far oul of line with the accuracy required. Second, the
generation of optimal microcade for such instructions is a research problem In itself.
Finally, the oplimal algorithm, if found, might require a control complexity sufficient to
make It impractical. Since all machines would be charged the same basic cost for these
operations, we decided lo use a reasonable approximation,

The R measure for each of these complex instructions was established by a
survey of implementalion on currant compulers. Relalive execulion times were used to
- establish an approximate number of CPU cycles required 1o execute. This computation
cast was then added to an operand letch cost {as delermined by microcoding) and an
instruction feteh cost to determine the R measure of the instruction.

Examplao 1.

R32 for PDPL] MUL ° RI,R2

1. TMPPO « REG[r!]

2. TMP1 « REG[r2)

(16 bit mulliply computation, 20 cycles)

3. REG[r2] « TMPRESULT<0:15>

4. REG{r2+1] « TMPRESULT<16:31>

So {he r measure is 4 + 20 + instruction feteh cost.

Instruction fetch was assumed o be accomplished by the following microcode:
1. MAR,TMPO « RIG[pc)
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2. REG[pe] « TR0 + Onetruchion size)

where the instruction size was delermined by the in: urtion feiched. Architectures
wilth varying length instructions were allowed 1o ¢:le tne pe incremaent operation until
the instruction size was determined. Uncondilionam b aaches wore allowed to dispense
allopelher with cycle 2, Conditional branches assumed no branch occured; cycle 2 was
completed, Thus instruction feleh requires | ocycle for unconditional branches, and 2
for all other instructions, ‘ -

Statistical Design for the Experiment

[

The general aim of this experiment is lo identify the significant faclors which
ihftuence the S,M ardd R measures with emphasis on the significance of the Architeclure
facltor, The primary aim ic to associale a quantitalive measure with each architecture
and lo obtain confidence infervals on these measures at some predetermined level of
stalistical significance (05). From these we can obtain stalistically valid rankings of
the architectures, A secondary objeclive is to obtain intormation on the variance of
programmer ability and interactions of programmers and machines,

The method used o design and analyze the CFA measurements was based on
the Analysis of Variance ( ANOVA ) lechnique. A rough definition of the technique as
given by Scheffe [SCBA] is ¢ "ANOVA is a sltatistical technique for analyzing
measurenients depending on several kinds of eflects operaling simultancously, to
decide which kinds of effects are Important and to estimate thece effects.”

The CFA experiment was sel up on lhe assumplion that the factors influencing
the measurements are 1) Programmers *:) Tes! Programs and 3) Machines, The
measurements to be analyzed are the various §, M and R measures oblained in the
course of the experiment. The design invalved five machines and sixleen test programs
which are hopefully representative of the lyp of lask that these machines would be
called upon to handle in normal vse, It involr s 16 programmers who are assumed lo
be representative sample from the general popuiation of graduate students at
Carnegie- Mellon University, In the moul desircable situation, the programmers’ prior
familiarity wilh the machines being lesled would be uniform across all machines, The
proliferation of the PDOPIL architecture makes this virtually impossible o obtain, An
effort was made lo Include in the study programmers who had no prior PDP11
experience as woll as some who had experience with the NOVA (a UYK19 subset). Thus
a sncondary goal ol {the analysis was to determine if programmer faniliarity was an
imporfant factor, .

A complele factorial design would involve each programmer coding each test
praogram on all the machines, This would involve coding 1280 (16%1645) programs and

would give complote information on all the relevant factors and interactions, Attractive

as this is, budget consideratjons climinaled this design and a one-eighth fractional
design was chosen which involved lhe coding of a total of 160 programs. In the trade-
off we naturally lose some information on certain effecls or Interactions and oblain

i N .
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only parfial informalion on olhers. Sinee cur primary poal was lo obtain information on
the niachine eflecle, a decipn bhalanced with respedt to machines was chooen, That g,
caclh machine was given the same combinalions of the olher two faclors, Hence 32
propranis were coded for each machine. Each programmer was assighed 2 tesl
programs lo be done on all B machines.

i

The ANOVA model used for a complele factorial design would be:
Yijk - U+Pi+T1+Mk+PT‘j+TMjk4 PMlK+PTMijk+EUk
l
where the components arae as below,

Yijk i Measurament for the 'th programmer,J'lh lest program on
the K'lh machine,

U ¢ Grand mnan,

P ¢ Effect of tha I'th progiammer,

a ¢ Effect of the J'Ih {est program,

K : Effect of the K'th machine,

pTij : Effect of the interaction Letween the P'lth programmer and
the J'th test program,

TMjk : Effect of the intearction belween the J'th test program
and tho K'Mh machine. ,

PMiy i Effect of the interaclion belween the I'th programmer and

the K'lh machine.
PTM‘JP‘ : Effect of the intearction between the I'th programmer, the
. Jth {est program and {he K'th machine,
Eijk i A random variable distribuled os N(O.«r2 )

A factor could be of twa fypes - random or fixed . A faclor in the design It said
to be fixed if our inferances from the experiment are limited lo exactly the levels of
, that factor which were chosen for the experiment, For example, in this design we are
Interested in comparing only these 5 specitic machines and not in comparing them with
any random archilecture. Honce the Machine factor is a fixed factor and we would be
interested in compuling the effects of these B machines, A ‘good' machine ( low SM
and R ) would have a low machine effect while a ‘bad' machine would have a higher
machine effect, Since the effects can be calculated to within an addilive constant, tha
constant could be absorbed in the grand mean and unique effects oblalned by setting
the restriction 2yM, = 0 . This applies to all fixed effects, Now the ‘best® machine
would have a negative effect while the ‘worst' machine would have a posilive effect.

On the other hand the programmer and lest program factors are rancdom factors
in this design, In the propgrammer case we would not like lo limil our universe of
inference to the 16 pragrammers chosen for this sludy, Instead we asnume that these
16 programmeors are a random sample (rom a pouu!ahon of programmers, Each P; is a
random varinble with dintribution NO,ep” ?), The cp is the variance of the proprammer
populatioh. Note thal Z.P need nol be equal to 0. In the random elfe:t case we are
interested in the variance of the mnans (up‘-’ ) and not in the expecled value of the
mean which we Imve assuined lo be 0,
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A .clnsinn fike {his nine which has come of its {faclors f{ixed (M) and others random
(F and TYia teaved a miced mndel, The interaction of a fised and random factor ic itonlf
a randorm interaction, Thuas all the inferactions in this design are themselves random
variables wilh mean 0 and different variances,

ANOVA models are valid only under certain resirictions on the random error

term Eiik' Fach Eiik musl be normally distribuied with mean 0 and variance ¢, Furthur

each [y, must be independanlly normalily distribuled ( The covarlance matrix of the
column ‘vector E is ¢®1). In olher words the Y;ix's themselves can be assumed lo be
random variables with different means, but having the same variance for all |,j and k.
One way lo check this would be lo lo actually measure the variance of Y.
Unfortunately we cannot eslimate the variance as we have only one measurement on
Yijk' We cannot also directly oblain an estimate of the crror variance 02,

The first obviously impractical solution Is to repeat the entire experiment with
the same group of programmers assuming that lhey have had amnesia in belween, We
would then pet slightly different values for the Yj's and from the two sels could
chack whelher the variances of the Yijk"‘ are oqual and also oblain the varince of the
random error lerm. ‘ ,

This dilemma can be resolved by assuming thal certain highor order interactions
are negligible and aliribuling their sums of squares along with their degprees of
freedom 1o the the sum of sguares due to error. In thic way we obtain an upper
bound on e I the internctions wero not actually 0 then we would be overestimaling
e’ and hence lreing overly conservallve aboul the lenglhs of our confidence intervals,
However (his doesnt solve the problem of testing for normality and equal varinnce. In
fac! we believe thal based on theorelical and intuitive considerations thal the variance
of 1he measures are nol equal, Wa furlhur postulale that the the standard doviation of
any Y, is direclly proporlional o the mean of Y,., and since the means are not equal,
neither are lhe variances.The hypolhesis that " the slandard deviation is directly
proportional i the mean was validaled by grouping the 160 data points for each
meanurea into 80 palrs. A par consists of tha measures for lhe same lest program an
the same machine but coded by different programmers, The assumplion made here is
that differences belween proprammers are nol pronounced and Inso far as that
assumplion is wrong,we oblain a crude eslimate of the mean and varlance for each
palr. The estimates are bound to be noisy as we are computing them from jusl 2
elements, A scaller plot of Log Variance was plotied apainet Log Mean and a straight
line was filled by the least squares method, The slope of the line was around 2 in all
tha cases which indicates that the variance is proporlional to the square of the mean

- and henee that the slandartd devialion was proporlional to the meanThe plois are

shown ih Appendix 2, An appropriate tranasformation of the data would equalize the
variance approximately [SC59) Since the sld. deviation is proportional to the mean
the appropriate variance slabilizing {ransform Js the LOG lransform. The ANOVA
assumplions will be mel il we model Log(Yijk) as an additive model.

log Yy, = UsPi+T PMPT+TM M s PTM By
Exponentiating both sides we ge‘ the Intuitively alfractive multiplicative model:

Yljk - “*Pl”j*'“k"’.'ij”mjk*"’mik*mmijk'eijk'

| ' °
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where the relation heltween the lower case and upper ¢are varaibles is U » lonlu} and
£0 on. The conditione on each factor will of cource be changed. (For cxample 1I,M, =
1), The “eet” machine would ave a mulfiplic ative offect lecn than 1 while the "woret’
machine would have one greater than one. The significance of the multiplicative effect
can be best shown by an example. If the mulliplicative effect is 0.81 for the § measure
on the PRP-11, il would indicale thal the the PDP-11 {akes 817 (on the average) of
the slalic slorage that a hypothelical average machine would take for executing a
random program, -

Nested factarial designs are those in which not all faclors are crossed with
every olher (aclor. A factar could inslead be nesled within another. Our design would
bo splil Into 2 phases of 80 data points cach. The first phase would consist of the
dala from programmers "0 through '7' and the second would be the data from
programmers ‘8" through '15% Taking cither hall as an example we nole thal every
level of the lest program faclor appears together with only a single level of the
proprammer factor, In other words the test programs that a programmer does are
distined from those done by any olher programmer in his half. Thus the lest program
factor in nested wilthin the programmer factor and hence we have no inferaction
betwenn programmer and lest program, In our notation the factors corresponding to
the parenthisized subscripts have nested wilhin them the factor corresponding to the
next non parenthized subscripl. For example Tiyi would correspond to the effect of
the Jih (= or 2) prapgram of the I'th programmer, The subscript *j' will thus alv ays
appear associated with a parenthesized '’ Honee the transformed model for the nested
factorial de spn (Hrst half) would be:

ijk - U+ P' + T(m + MK + pMik + TM(i)jk * Eijk

where Y, Is the log of 5M or Ry ancl the range of the subscripts are as follows:
EINRLIE J k=1 whera =8, Juv2 and KeB, The corresponding mulliplicalive model Is
oblained by exponentialing hoth sides,

The restrictions on the varinblcs are:

Expoclcd valuns of F (m PM“ ) TMQ)“, ane E”P are 0.
Corresponding vatmncor. are ep”, o4%, "PM "TMZ' a2,
Furthur E M ) fh"m v "'PTM(I)

We define "PM? EpupMy ] (K- l) and

e - Dpormnt £ K-1 [ 1]

The tolal sum of squares E‘Ei.‘lk(Yi'k-mnan)z is then decomposed into the sums
of squares due to cach component according to lhe formulae given in Appendix 1, The
corrasponding mean squares are obtained by dividing the sums of squares by their
degrens of freedory. Theoretically expected values for the Mean squares are given in
Table 2. The only mean values that we ara interesled in calculaling are the M 's which
are compuled as;

M = Y Y where the dot notalion denoles that en average Is laken over the
dotled s .,ub cripls.
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Comparisions of the machine offecte would be more uneful rather than the abrolule
values ol Lhe ".b\'f.. Conltdience andervals for the differances of the  machine
cffoct-(contracta) e eotimable, The mean Valine {or the otatictic Y{_ —Y..n v the
contast befween machine ' and machine ‘m* or M-Mp, . The variance of this contrast
depends on our tmiverse of inference, If all the factor are fixed then the variance of
the contrast is ?a‘)/lJ where of is the variance of the error term. However if the
pronrdmmcr nn(l test proprams are taken as random effeets then the variance is
2(n LAYV ”"PM M. The variance is larger under these assumplions and hence the
confidence intervals are also larper. The two tailed T test can then be used to
determine the confidence inlervals for the contrast, For example if ccz is the
estimated variance of the contrast with estimated mean ne then the interval for the
{frue mean is: |

ne HA(,.025) e <= s <= pedi(dl, ‘]75)«0 with 957 confidence, 'di® is tha number of
degrees of freedom with which the errcr variance is compuled ( 41 in our case).

Instead of assuming thal lhe third order inleraclions are ncglu,tbiv, we could
look at the complete desipn as a 1/8 fraclion of a complele 285 design. The
programmer and lest program faclors are each represented by 4 pseudo-factors at 2
levels cach,  The model assumed s

Y X34 E . '

where Y and E are 160 lengln colimn vdcetors [COG6)] The parameler to be estimated is
the B column vector, E is a vector of the random error variables witlh mean 0 and
having a covariance matrix of ¢2L. The number of parameters fitted must be less than
160 or we would get a perfect {it Instead 119 paramelers are fitted leaving 4l
deprees of freedom to colimale the error. The X array is a 160 by 119 array of the
appropriate orthogonal polynomials [COGL] The parameters nol eslimated are the fifth
or higher order interactions of the pseudo-factors,

A“GI(JNMI NI_QF _PROGRAMS:  The main problem is the choice of which treatment
combinalions are o be included in the fractional design, We must o choose 32
combinalions .of the 296 possible conbinations of programmers and test proprams,
These combinalions are of coutse replicaled for all B machines lo maintain balance. The
key Iz 1o choose the combinations wuch that the effects and interactions which are
confounded are the anes which are of liltle interest. Let ABC and D be the pseudo-
factors corresponding to the lest program factor and E,5,G and H lo the proprammer
(actor. Following the procedure owlined in [CO61] we select 3 relatively unimportant
interactions to be confounded. The 4 generalized interaclions are generaled from
these three. In general it would be a good idea lo confound the higher order
intearctions, but care must be taken in choosing the 3 basic interaclions as the
gencralized interactions may be confounding main effects, Another restriction enforced
by the need for balance is 1thal each of the interaclions confounded must have the
same number of pseudo-faclors from each main factor,

!
The three basic interactions to be confounded were chosen o be:

ABEF =« ADEG = ABCDLFGH
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The coneratived interactions Cwhichy ate alioen of The hare ilerarbinna) rp 1o be
obtamed by wadhiplyme tapciher any corndan, ban ot the baar ainderacbione with (he
squared terme replaced Ly oarely TR {on wrcount of the 2 leL el ol each
peeudotactar), The seven nterachions confounded with the grand mean ate:

I=ABEF = ADEG- ABCOEFGH:BOFG-COGH=BCFH=ACEH where 1 denotes the grand mean.

There is a coplele joss of information on these inferactions and there is partial loss
of informalion on many of the other faclors and inleraclions. For example to find the
inferactions confounded with A, we just mulliplylindey modulo 2) the above cqualion
by A and abtain:

A-BLE=DEG-BCDLEGHARDE G-ACDGH=ABCTH-CEH,

We note that the main effect A is confounded only with third or higher order
interactions, but it must ba remembered that interactions among the pseudofactors
could aclually be a main effect for an original faclor, For example the third order
interaction of the preudo-faclors AR and C is actually part of the main effect of the
test program factor which is made up of the 4 preudo-faclors, the 6 two psecudo-
factor interactions, the 4 third order and | fourth order interaction making it a
combination of 15 eflects. This choice seems fo be oplimal (wilhin renaming the
variables) under the restrictions of a balanced design to ensure that machine effects
are unconfounded and the budpel conslraints thal force us lo take a 1/8 fraction, to
minimize the confounding problom,

The 3 delining cquations 1o determine which 32 of lhe 256 observations to take
[CO61] are ebtained from the basic confounded inleractions. They are ¢

X +¥ptrgtxg < | (mod 2)
Xl‘FXQ*Xb*X" ] (mOd 2)
X)Xt ixginpixgixgang = | (mod 2)

where each x; is 0 or 1 to denote lhe 2 levels of the corresponding pseudo-factor.

There are 32 sels of wolutions for these equalions, As an example one such
solution sel would be x¥pxg¥g = 0000 and xgxgvyxg = 0111 . We can denole the test
pragrams and the programmers by the numbers O through 15 base 2. The 32 solution
sels then give us the assignments 1o be made. The example solution assigns test
program 0" lo programmer *7°. The assignments to each programmer were summarized
in Table 1. Note thal the design is very symmelricel and has pairs of programmers
assipned lhe same sel of programs,

The X malrix is generated iteratively wilth the columrs due to the main effecls of
the psoudo-factors and the linear,quadraticcubic and quarlic etfects of the machine
faclor being Inserled first. We then append the columns due to the interactions
(calculated by term by term mulliplication of the appropriate columns). We mus! make
sure at cach stage thal we do nol append a column for an interaction whese alias has
already appearcd as this would destroy the lincar independance of the columns.[CO61 ]
We slop when we get 1o the 5 taclor interaclions which gives us wa X matrin of size
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160 by 119 The Y column “cclor contlaina the log af the meacurements(S M or R).
et 13 be the vector of parameters which widl minimize the sum of the <quares of the
dilicrence between the Y values and the predicled Y valurs, Then the expected value
of Bis B and is piven by:

B = o) XY it X% s not singular. Infereslingly enough X'X is a diagonal matrix
and is casy lo inverl, The sum of squares due o crror is SSE = Y'Y - BXY with 81
degrees of frendom, An estimatle of the error variance ¢2 is then obtained by dividing
the SSE by the degrecs of {reedom, We can also eslimate the guodness of the fit by
doing an F test on the quolient of the mean tquares due o regression and error.

We obtain cstimales of the variance companents c?. cT2 cpl.z. dTuz and e ,2
‘M2 is nol really a variance al all but is given by (Z,M, )/(K -1} which has the 'vame
general {form as a variance. The estimales are Iho nselves obtained as lincar
combinations of some of the expected mean squeres except for UT2 and ”T.‘.‘.z' These
can be eslimaled only if we have an independant estimate of the error variance o?.

The e is obtained from the fractional factorial analysis. There is a non-zero probablity

that any of these estimales could be negalive. [SCB9) Since the variables estimated
are non- nopahvo (being, variances) the conclusion drawn is that the nep,ahve estimates
are aclualiy eslimaling a variance very close to 0. The estimate of ’PM is negative

~and bhance was assumed (o be 0. I must ba noted that those estimates of the variances

could have very wide confidence inlervals and are hence not as reliable as the
eslimates of the machine effecls. They do however give us rough estimales of these
interesting paramelers, It also gives us the contributions of each factor or interaction
to the variance of a data poinl. As expected most of the variation is due to the test
program factor wilth the programmer factor being next in imporlance. The variations
due to the machine and inleraction of lest proprams and machines are smaller, but
sipnificant. Since "PM?' was eslimated to be O in all the cases, the inference is that
prosrammer faailiarily with machines was nol very lmporiant The estimated values for
the variance are shown in Table 2 Assuming a N(O,ep 2) distribution for P, we can
conclude that 687 of the programmers have scores lying belween ep anri -ep. In
terms of the more appealing mullinlicative mode! the interpretation is that 687 of the
proprammers have scores lying belween exp(-op) and exp(ep). For example in the S
measure where cp?ﬂo 0435, 687 o' the programmers lic belween C812 and 1,232,
Due to the fact that the distribution is log-norma. the nean is not 1 but 2xnlep/2)
which is close 1o 1 for «mall op. The average programmer then would score 1.00 ( 1.02
accuralely) while 687 of the programmers would have a score belween (.81 and 1.23.
These results ara shown in Table 2 The resulls for the two parls of the nesled
factorial experiment were averaged with cqual weightagr and the results for the
various eslimales of {he paramelers in tha mode are shown in Table 3

Machine cffects can also he obtained for cerlain interesting subsets of the test
programs, The corresponding confidence intervals widen as a consequence of the
smaller numb:cr of clata points thal the used lo estimate the machine eflfecls. Machine
effecls were oblained for the following subsels:

Traps and Interrupts (Test Programs 0,1,2,3 )
Miscellaneous (Tenst pregrams 4,5,6,7 )
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Address Manipulation (Test programs 8,9,10,11)

Character and B manipulation (Test programs 12,13,14,159)
Supervisur proprams (Test Programs 0,1,2,3,10,11)

The results for the subsels are «hown in Tabi_o 3
Results

The resulls of the stalistical analysis are displayed in {abular and gragh form for
six groupings of lest programs. The groups are: AWl programs, the four subgroups(
Interrupl  and Trap, Miscelianeous, Address Manipulation, Character and Bit
Manipulalion), eveculive mode programs (Interrupl and Trap as well as those which
manipulate page regislers), and user mode programs,

AlLL_TEST PROGRAMS

The resulls from the group of all programs are the most slatistically significant
(have the simallest confidence intervals). Looking at the S measure we find the 16 bit
machines make up the best group, with the PDPL1 significantly better than the UYK19,
The GYKL2 and UYKZ, in thal order, make up the worst group. This splil is due to the
availability of 2 byle instructions to perform common operations on the 16 bit
machines, The 32 bil machines require the use of 4 byle instructions for the same
operations., The UYK?7 from the latter group does in iact allow 2 byte instructions;
however they must occur in pairs. This resulls in a large number of 2 byte NOPs as
well as obscure coding, The UYK?7 also has an acddressing siructure ill suited to
anylhing olher than absolule addressing. This causes its general performance to be
poor,

In the M measures the UYK20 and GYK]2 both move up relative to the others.
These machines have very similar data operations (16 registers, register-register and
register-memory operations, similar  addressing). The UYK20 ulilizes the frequent
occurence of small cons l.—mts by providing shorl literal and memory reference
insiructions, as well as shorl register-regisier instruclions. The GYK12 instruclions are
all 4 byles long. We believe this to be the pnmary rcason for their difference in
performance.

The PDPL1 drops significanlly behind the UYK20 in the M measure. This is
proiably due lo a combination of fewer registers (6 vs 16 useable) and a lack of short
literal operalions.,

The UYK19 does quite poorly on M and R, This deficiency arises as a result of its .

few registers (4, only 2 useable for indexing) and is apgravated by instruction set
restrictions. The original instfuztion set (that of the NOVA) consumed a great deal of
the 16 bit inslruclion space. As a resull, the instruclions added by ROLM were
extremely limited in terms of operanc ficlds, This resulted in furlher restriction of the
regisler ulilizalion flexibilily, The rogister restrictions prevent code motion
oplimizations which would move imtruchons oul of loops by precomputing values and
saving them in regislers,
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The ceoparation of accumulators and index registers in the UYK? seems to
preclude ils gainiag any advanlage fram ils large number of regislers,

The R measure (which is isolated from average instruction size) shows the
UYK20 and GYK12 clustered at the top. Since the GYKL12 Is a 32 bil machine, it is at
somawhat of a disadvantage in R16, but R32 puts it on top by a sizeable margin.

The R resulls for tha PDPL] indicate thal the 11's addressing modes generate e
computalional burden somewhal greater than those of more conventional machines.

The overall resulls of this experiment thus show lhe UYK20 o be al or near the
. top on all measures, surpassed only by the PDPL1 in program size and the GYK12 In
high performance compulational cosis,

" SUBGROUP_ANALYSES

The most oulslanding of the subgroup results are from the Interrupt and Trap
group. The GYK12 moves into lirst place-for all measures except S, The advantages of
the GYK12 level structure in this area are sufficient lo offset the disadvanlages of the
wide instructions.

The UYK20 falls dramatically in S measure in this group, and loses ils M measure
advantages over the PDPJ1. An examinalion of the individual lest program results
reveals lest 2 (Priorily Interrupts) {o be the problem. The UYK20 has two weaknesses
ih this group: . ; '

- |
1, The Interrupt structure of the UYK20 is very poor. Any attempt to

impose a priority structure on devices resulls in monumental overheads.

2. The LUYK20 provides NO kernel/user separation or proleclion (This was
one rcason the CFA commitiee in Phase 1 eliminaled the UYK20 from
consideration as a future military standard architecture),

N is noted in pausing that tho UYK? also performs abysmally on this group of
test programs. '

The Character and Bil manipulation tesls indicale an advantage for character
addressable machines (PDP11, UYK20), Also the bit field exiraction facilities of the
UYK? make a significant improvement in ils periormance, especially in R.

SUMMARY

The significant properlies of the machines lested are summarized below. Critical
points are indicaled by >,

POPL
1. Byle addressing is advantagcous,
2. Overall second in performance.
3. Acddrossing modes increase compulational costs,
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UyK20
1. Overall firsl in performance,
2. Short instructions advantageous.
3, Byte addressing helptul,
A4.>Very poor interrupt $lructure.
5.>No kernel/user profection.

UYK?
1. Bil extraction useful.
2. Separale accumulator findex registers increase costs.
3. Wide instructions memory inefficient; shor! ones difficult
to use, »
A4.>Poor addressing structure,
H.>Poor interrupt structure.

GYK12
1. Level structure advantageous in interrupt handling.
2. Wide instructions memory ineflicient.

UYK19
1. Few registers resulls in ponr execution performance.
2. Instruction encoding restric  operand accessing flexibility.
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Measure
log S
Log Mg

Log Ml 6
Log Maz

Log RIG,

Log Rsz

In all cases opy

GPZ
.0435
.1948
1917
1917
3164

3039

2

TABLE 2

o1 YRV,
0946 0366 0236
6986 0631 0425

7046 0634 0433
6473 0444 0448
1.031 0278 0892

.9400 0462 0429

was negative implying that G’pMz = 0,

2

- 0641

11186
1065
1077
1055

1024

b s o ok b e e el e el Bt B B A B B O D e e 06 b e e e o e o e e e e 0 e B0

Mean

1.022

1102

1,100
1,100
1.171
1.164

Range of Scores over which
687 of the programmers lie.

812 to 1.232
643 to 1,555
.645 to 1.549
645 to 1.549
570 to 1.755
576 to 1.735




TABLE 3 - ADDITIVE MACHINE EFFECTS

UYK-28

-g.128
—9.318
-8,317
-8.228
-9.284
—9-145

All Test Progrums

UYK-7

B.261
8.324
8.332
8.162
8.113
-8.863

GYK-12

8.135
-8.842
-8.847
-8,182
‘90937
“31229

UYK-19

‘80876

d.166
8.158
8.257
8.156
8.2395

Cl-95%
(FIXED)
8.128
a. 169
8.165
B.168
8.164
8.182

Cl-956%
(RANDOM)
8.1t¢d
8,198
8,185
8.197
8.183
8.192
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Interrupts and Trops - Programs B-3

UYK-20

8.131
-9.138
~9.128
-8, 805
-B, 389
-8,288

UYK-7

8.488
8.572
8.568
8.329
8.524
8.361

GYK-12

-8.134
-8.272
-8.277
-8.437
-9.358
-8.488

UYK-19

-8.166
-9-929
“60938

8.112
8.155
8.255

Cl-95%
(FIXED)
8.256
8,337
8.330
8. 331
8,328
8.323

Cl-85%

(RANDOM)

8.289
8,396
8,381
8.334
8.397
8.385
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Miscellaneous - Programe 4-7

UYK-28

-8,223
-8.438
-B.441
-8.341
-8,2087
-8.0881

UYK~?7

8.268
B.324
8,337
8.183
8.887
-8.0393

GYK-12

8,161
8.029
0.026
-8.121
8.185
-0.0883

UYK-19

8.813
8.286
8.283
B.365
B.824
B.186

Cl-95%
(FIXED)
8.256
8.337
8.338
0.331
8,328
8.323

Cl1-95%

(RANDOM)

8.283
8.396
8.391
8.384
8.397
8.385

P L L L Ty N o R e L L N g R R R e XX

POP-11
LOG(S) &+  -B,208
LOG(M8) +  -B.138
LOG(MIE):  -0.128
LOG(M32)1  -8.810
LOG (R16) 1 8,032
LOG (R32) 1 8.142

POP-11
LOG(S) 1  -B.239
LOG(M8) 1  -8.135
LOG(MIB):  -B.127
LOG (M32) 1 8. 081
LOG (R16) 1 8. BE6
LOG (R32) : 8,160

POP-11
LOG(S) 1 -B.218
LOG(M8) 1 -B.211
LOG(M1B):1  -B.214
LOG(M32):  -B.086
LOG(R1B):  -B.DBOB
LOG (R32) : B.0876

POP-11
LOG(S) +  -B.134
LOG(M8) 1  -B.801
LOG (M16) 1 8. 86D
LOG (M32) 1 8.117
LOG (R16] 1 B.111
LOG (R32) 1 8,224

Address Manipulation ~ Programs 8-11

UYk-20

-8.122
-8.260
-GOZGB
-8,182
-8.,123
"9.913

uyK-7

8.173
8.133
8.133
-8.807
-8.112
-8,278

GYK-12

8.207
8.886
8.08b
-9.903
8,068
-8.138

UYK-19

-8.124

8.0841
8.841
8.115
8.856
8.285

Cl-95%
(FIXED)
8,256
8.337
8.338
8.331
8,328
8.323

Cl-95%
(RANDOM)
8.299
8.396
8.391
8.394
0.397
8.385
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Character and Bit Manipulatien - Programs 12-15

PDP-11 UYK-28 UYK-7 GYK-12 HYK-19 Cl-95% Cl-95%
(FIXED)  (RANDOM
LOG(S) 1 -8.218 -8.266 0.195 8.366 -8.0825 8.256 8.298
LOG(M8) ¢ -B.175 -B.438 8.268 -8.018 8. 354 . 237 8.336
LOG (M1B) s -8.164 -B.433 - 0.292 ~8.,826 8.337 8.338 8.381
LOG (M32) s -8.873  +-0.383 0,142 -9.125 B.4638 8.331 8.394
LOG(R16)1 -8.0841 -8.338 -8.046 8.837 B.388 8.328 8.397
LOG (R32)1 8.106 -8.199 -8.24]1 -8.201 8.535 8.323 B.385

Executive Mode - Programs 8-3,18,11

PDP-11 UYK-28 UYK-7 CV¥=-12 UYK-18 Cl-85% Cl-95%
(FIXED)  (RANDOM)

LOG(S) -8.189 8.033 8.309 -, 058 -0.188 8.289 B.244
LOG(M8) ~B.844 ~-8.186 8.346 -9.182 8.877 8.275 8.32¢4
LOG(M16) ~8.839 -2.198 8,364 -8.185 8,070 8.269 g.318
LUG(M32] s 8.086 -8.884 B.148 -8.330 8.183 8.271 B.322
LOG(R1G): 8.174 -0.287 8.245 -.212 8.123 8.268 8.324

LOG(R32)1 8.225 -8.184 8.073 -8.371 8.268 8.264 8.314
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User Mode - Programs 4-8,12-18

POP-11 UYK-20 UYK-7 GYK-12 UvYK-19 Cl-95% CI-85%

(FIXED)  (RANDOM)

LOG(S) -8,207 -8.215 8.232 8.246 -B. 856 8.162 8.1838
1.OG(M8) -B.182 -8.331 8.312 0,043 8,219 8.213 8.251
LOG(M16) s -8.179 -8,383 8.328 8.@35 8.211 8.208 8.247

LOG (M32) s ~-B. 868 -8.314 8.172 -8.832 8,382 8,218 8.248
LOG(R1G): -2.823 -8.251 8.834 8,069 B.172 6,207 8.251
LOG(R32) 8.882 -8.122 -B.144 -8.143 8.318 0.204 8.243
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FULTIPLICATIVE MACHINE EFFECTS

All Test Programe

PP-11 UYK-28 UYkK-7 GYK-12 UYK-19
MACHINE EFFECTS LOG(S) 8.818 8.887 1.288 1.144 8.927
MACHINE EFFECTS LOG(M8) 0.878 8.728 1.383 8,959 1.188
MACHINE EFFECTS LOG(M1B): 8.881 8.728 1,384 8.85¢4 . 1.171
MACHINE EFFECTS LOG(M32): 8.930 8.736 1,178 8.834 1.284
MACHINE EFFECTS LOG(RIB): 1.033 B.768 1.128 8.864 1.169
MACHINE EFFECTS LOG(R32): 1.152 8.865 €.838 8.736 1.343

e e e R R b e e e L L L

Interrupts and Traps - Programs 8-3

POP-11 UYK-28 UYK-7 GYK-12 UYK-18

MACHINE EFFECTS LOG(S) 8.787 1,148 1.803 B.875 8.847
MACHINE EFFECTS LOG(M8) 8.874 8.872 1.772 8.762 8.972
MACHINE EFFECTS LOG(M16): 8,881 B.880 1.767 8.768 8.963
MACHINE EFFECTS LOG(M32): 1.881 8.895 1.398 8.646 1.118
MACHINE EFFECTS L.OG(R16): 1.868 8.678 1.689 8.7e0 1.187
MACHINE EFFECTS LOG(R32): 1,174 8.748 1.434 8.6186 1.288
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Miecal lenaous - Prograns 4-7
POP-11 UYK-20 UYK-7 CYK-12 UYK-19
~ MACHINE EFFECTS LOG(S) 8,804 p.800 1.387 1.174 1.813

MACHINE EFFECTS LOG(MB) 8.818 B.845 1.383 1.830 1,344
MACHINE EFFECTS LOG(M16): 8.808 8.643 1,398 1.827 1.348
MACHINE EFFECTS LOG (M32): 8.918 8.711 1,281 8.886 1.440
MACHINE EFFECTS LOG(R16): 8.932 8.813 1.898 1,118 1.824
MACHINE EFFECTS LOG(R32): 1.873 8.823 8.911 8,815 1.285

B o B S 4t i o o bans 26 Pt e R B s b a e A ) A eh A A M A B AR Mt B Al e e e R M o G e Mon e e e b e G B0 M 0 B B A R B PR B e S O e G e e G

Address Manlpulation - Programs 8-11
PDP-11 UYK-28 UyK-7 GYK-12 UYK-19

MACHINE EFFECTS LOG(S) 8.875 8.885 1.188 1,230 8.883
MACHINE EFFECTS LOG(M8) 1 8.999 8.771 1.142 1,830 1.842
MACHINE EFFECTS LOG(M16): 1.0008 8.771 1.142 1,890 1.842
MACHINE EFFECTS LOG{M32): 1.124 B.834 8.933 8.9568 1.122

MACHINE EFFECYS LOG(RIG): 1.118 8.885 8.894 1.878 1.858
MACHINE EFFECTS LOG(R32): 1.251 B.887 8.758 8.870 1.228
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Character and Bit Manipulation - Programs 12-156

FOP-11 UYK-28 UYK-7 GYK-12 UYK-~-18

MACHINE EFFECTS LOG(S) 8.811 8.766 1.215 1,358 8.975
MACHINE EFFECTS LOG(M8) 8.840 8.645 1.308 8.990 1.425
MACHINE EFFECTS LOG(MIB): 8.848 8.645 1,339 8.975 1.401
MACHINE EFFECTS LOG(M32): 8.329 B.682 1,154 8.883 1,548
MACHINE EFFECTS LOG(R1B): 8.968 B.713 8. 855 1.838 1.474

MACHINE EFFECTS LOG(R32)1: 1.112 - 8.820 9.786 8.818 1.707

e R e el le e e R e R L T e S Y

Executive Mode - Programs 8-3,18.11
PDP-11 UYk-28 UYK-?7 GYK-12 UYK-19 {

MACHINE EFFECTS LOG(S) a.827 1.839 1,362 8.951 8.888
MACHINE EFFECTS LOG(M8) 8.9857 0.822 1.413 0.834 1.080
MACHINE EFFECTS LOG(M1B): 8.962 8.827 1,411 8.831 1,873

MACHINE EFFECTS LOG(M32): 1.8s0 8.918 1,157 8.718 1.208
MACHINE EFFECTS LOG(R1B): 1.132 8,758 1.278 8.803 1,138
MACHINE EFFECTS LOG(R32): 1.252 8.832 1.876 8.698 1,284

User Mode - Prograns 4-9,12-15
POP-11 UYK-20 UYK-7 GYK-12 UYK-19
MACHINE EFFECTS LOG(S) 8.813 @.806 1.261 1,278 8,945

MACHINE EFFECTS LOG(M8) 8.834 8.876 1,368 1.844 1.245
MACHINE EFFECTS LOG(MIB) ¢ 8,836 3,675 1.385 1.836 1,238
MACHINE EFFECTS LOG(M32): 8,934 8,731 1.188 8.9812 1,363
MACHINE EFFECTS LOG(R1B): 8,877 8.778 1,834 1,871 1.187

MACHINE EFFECTS LOG(R32)1 1.896 2.885 8,866 8.867 1.374
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APPENDIX 1

Yijh = U+ Ppa Tepyp+ Mo+ PMyc+ TMeyy + By

Range of the subscripls are ;| = 1], 1 - 11, ix = 11K

where | w8, J=2and K=5
- Deg. of Freedom

SSp . =K Z(Y, Y2 1-1

St = KZE) (Y)Y, )2 itJ-1)
W = 10 By (Y Y )2 Kl
SSpu = J ZZ, (Y] oYY Y )R (1-1)(K-1)
SSTM = LT 2y YijYipYintYio2 1(J-1)(K-1)

Theoretical Expected values of the mean squaros obtained by
dividing the corresponding sums of squares by their degrees

- of freedom, The analysis assumas that the P and T factors are
random and tha machine or M factor is fixed.

E(MSp) =2 + Kop2 + JKep?

E(MST) -o? 4 Kev-r2 '

E(MS)4) . ¢ 4 ‘TMzi* Jopp? + Loy
E(MSpyy) - o2 4 aTMzi.-t JcpMz
EMET\) = o2+ cTMa-

The estimates of the varlances are calculated as below,

op? = { EMSp) - E(MST) ) / JK
o7? = ( E(MST) - 2) / K
epp? = ( E(MSppy = EMMSTp) ) /
‘GTMZ = ( E(MSTp) = ¢2)

NG (T MZ ) [ K-1
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APPENDIX 3 - PROGRAM MEASURCS

---------- L ittt o | 3 BT PR
Machine 11 2@ 7 12 19 11 20 7 12 19
Prog/Pgme o e e e e e e e e
8s7 94 164 228 148 138 2:68 1088 7618 3524 4286
8/8 88 142 236 168 156 2294 1888 7568 3B97 4052
1/5 96 162 246 164 98 252 354 572 434 228
1718 118 168 384 184 1280 - 358 418 884 576 326
2/6 214 734 472 28B4 238 628 1268 1312 528, 582
2/9 202 4408 428 192 232 4608 872 1348 364 876
3/4 306 168 252 138 220 E18 496 £12 188 424
3711 254 196 272 148 196 666 576 611 188 574
473 288 242 348 312 278 2598 . 1422 3144 1884 4010
4/12 248 174 256 316 258 2884 1884 1678 1718 239886
5/1 156 158 286 212 226 784 758 1656 864 1858
B/14 208 244 428 392 288 2818 1752 5396 4668 2978
B/2 274 298 376 3068 374 2644 2848 456 3288 4472
8713 258 276 438 364 378 2618 2378 4592 3248 3778
7/ 56 68 176 116 b4 968 966 2214 1848 1754
7/15 96 85 136 128 122 1518 1888 2414 2114 2622
8/8 88 182 172 152 84 838 818 1492 1248 838
815" 128 136 188 212 114 1148 1822 2232 1788 986
- 8/2 144 178 186 256 122 228 278 396 344 2308
9/13 166 132 2084 1982 132 282 218 372 384 256
10/1 224 202 248 244 226 2500 1376 1468 1882 2542
18/14 2386 260 348 324 264 3042 1848 3864 3356 3226
11/3 260 282 328 352 388 11838 9188 7008 10186 14840
11712 338 226 352 356 368 B88@ 4178 5892 5216 9832
1274 98 116 162 588 148 762 892 2528 1636 2366
12711 86 128 168 236 128 842 1378 3841 2668 2630
- 13/6 . 182 2086 320 308 288 1498 882 2492 18396 1936
--13/8 230 198 368 384 246 700 548 15280 10866 916
14/5 1898 178 248 264 290 768 5186 958 736 1312
14/10 - 348 284 382 1780 284 2082 668 846 676 2488
1577 278 25C 444 302 282 44B4 3666 5818 4962 7702

15/8 326 256 bBl2 44B 4@2 7846 5BB4 8442 BGBE 8236




Machine
Prog/Pgmr
8/7
p/8
1/5
‘1718
2/6
2/9
374
3711
4/3
4/12
5/1
5714
6/2
6713
7/8
7/15
8/8
8715
9/2
8/1%
10/1
18714
11/3
11712
1274
12/11
13/6
13/9
14/5
14718
1577
15/8
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2500
3042
11838
6880
832
912
1540
788
782
2088
4484
7846

3666
5004

2542
3226
14040
9832
2364
2630
1836
816
1312
2488
7782
8236

5172
6168

8972
6342
3768
2258
3554
4884
4118
2282
4308
1088
1372

284

344
2986
36394

16220
11666
3088
3682
2436
1242
1786
2936
9458
18536




Muchine il 28 7 12, 13 11 20 7 12 13

Prog/Pgmr = e e e e e e e e o e i e e e e e e e
" 8/7 2631 1809 6043 2281 4458 2631 1089 4238 13894 4459
b/8 1932 3945 6282 2068 4368 1932 945 4255 1729 438
1/5 237 249 311 313 246 237 249 274 237 246
1718 322 292 558 385 367 322 292 481 2308 267
2/6 547 1831 813 366 485 547 1831 638 288 485
2/8 496 694 8en 252 g8 436 694 683 221 958
3/4 559 138 611 168 328 543 13e 5es 125 228
3/11 758 178 659 171 334 734 178 538 1308 334
4/3 4008 3261 7933  4@55 5323 4088 3261 4509 3178 K323
4/12 4131 3185 3383 7188 4779 4131 3198 1983 3964 4779
5/1 2262 2868 2541 2346 2837 1558 1491 1686 1349 1789
B/14 4472 4207 7538 7834 4BH2 3766 3629 4692  46B2 4350
672 4881 45268 4893 4229 4632 4848 4G4 3481 2927 4257
6713 6172  4B34 4526 4347 4308 4182 3784 3116 2961 38397
7/8 1488 1283 1364 1651 2454 1488 1283 1175 1362 24584
7/1% 2001 1314 1867 1974 1430 20081 1314 1476 1397 1438
8/8 1482 1086 1543 1326 1193 1482 1086 1859 1861 1193
8715 1867 1688 3146 2331 1728 1867 1G88 2808 1734 1728
972 212 238 223 291 308 212 238 205 210 388
9/13 290 287 225 244 311 288 207 205 175 311
18/1 2981 1956 1389 2254 2746 2881 1956 880 1686 2748
18714 3893 2456 20874 3336 3371 3893 2456 1647 22684 3371
11/3 17935 14443 10095 15152 14367 16176 12848 6324 9768 14282
11712 9389 77508 7868 8933 7723 ' 7644 B1BS 48977  B611 7558
12/4 . © 1169 1175 1647 1789 3681 1168 1175 1289 12863 3851
-12/711 1149 1083 1786 2943 2843 1148 1083 1413 2183 2843
13/6 2277 1983 3882 3781 32088 2277 1883 24084 2233 3280
13/9 733 836 10884 11380 16%9 733 836 816 838 1858
14/5 862 781 764 917 1648 862 781 558 657 1648
14/18 3685 886 738 851 3625 368S 886 534 566 2625
15/7 3308 6696 11827 11634 11751 8388 G512 7287 B393Y 11761

15/8 11397 6668 8287 6174 18173 11397 G476 5781 4414 18173
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