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TO: Engineering Committee FROM. Tom Holmes kj}io

DEPARTMENT: PDP-15 Engineering

The attached writeup is an introduction to the PDP-15 Floating-Point
Hardware project - E-15-07635. It serves as a brief orientation in

preparation for a presentation before the Engineering Committee on

August 20, 1970. Included in the writeup are an opening introduction

from Marketing, a discussion of floating-point architecture, an esti-
mate of cost and development schedule, and several explanatory appen-

dices.
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MARKETING INTRODUCTION

PRODUCT DEFINITION AND CONCEPT

L R e K ) - en e e e en w e

THF, FLOATING=-POINT PROCESSOR IS DESIGNED TO RE A SHCARATE HARDWARE
DEVICE WITH UP TO 16 INSTRUCTIOVS PERFOBMING SINGLE AND DOUBLE
DPmCIQIGN ARITHMETIC. a2

e

THE IIWIT IS DESIGNED TO SIT ON [HE PDP-13 MEMORY'BUS AND OPERATE
AUTONOMOUSLY FROM THE CENTRAL PROCESSING UVTTp "IT> THUS, ACTS AS
A SEPARATE PROCESSOR PROVIDING THZ USER VITH FOUR DIQTINCT UNITS:
MEMORY, CPUs I/0s AND FLOATING-POINT.

MARKET ING

THE FLOATING-POINT HARDWARE PROVIDES A FURTHER COMPLEMENT TO THE
PDP-15. © IT SERVES MANY MARKETS AMD CONSTITITES A NECESSARY PRODUCT
ENHANCEMENTe. IT WILL ALSO HELP TO FURTHER DIFFERENTIATE PDP-11

AND PDP-15 PROSPECTS.

MARKETS THAT WILL BE: AFFECTED BY THIS HARDWARE INCLUDE THE PHYSICS
AND ANALYTICAL INSTRUMENTATION WHERE APPROXIMATELY 26% (15-28% FOR
PHYSICS, 25% FOR AI) OF THE MACFINES ARE USED PRIMARILY FOR NIMERIC#
ANALYSIS; THE HYRRID MARKET WHERE ALMOST ALL MACHINES (98-160%)
REQIIIRE THE CALCULATION SPEED EITHER FOR PACING OR FOR DIGITAL
SIMULATIONS AND OUR GEVEPAL SCIENTIFIC MARKET WHERE HIGH SPEED
ARITHMETIC IS DESIRABLE TO ACHIEVE BETTER PRQGRAM THROUGHPUT (30%
OF MACHINES). THE HIGH SPEED CAPARILITY WHEV COMPLEMENTED RY FORTRF
SOFTWARE CAN REDUCE GALCULATION TIME BY AN ORDER OF MAGNITUDE AND MA
ALLOW THE PDP-15 TO ENTER THE TRADITIONAL COMDUTATION MARKET NOW
SERUVED BY THE IBM 1133.

THE SCIENTIFIC MARKET IS PRESENTLY VERY TIGHT ON FIWNDS. WE THEREFOR
SEE THIS OPTION AS PRIMARILY AN ADD-ON. SCIENTISTS ARE PRESENTLY
RITYING BASIC SYSTEMS: LATER AS END-OF-YEAR FUNDS AND A LOOSER ECONOM
PERMIT, THE FLOATING-POINT PROCESSOR WILL BECOME A DESIRARBLE ADD-ON.
WE EXPECT THAT THE DEMAND WILL START /P SLOW, ACCELERATE AS THE
POPIJLATION OF PDP=-15'S EXPANDS AND SLOW DOWN AS THE PDP-15 IS PHASED
0UT. THE PRODUCT LIFE IS ESSENTTALLY THAT OF THE PDP-15 ALTHOUGH
THERE SHOULD STILL BE SOME RESIDUAL ADD-ON LIFE PAST THE PDP-15
PHASE OUT. - » ’



COMPETITION

FLOATING=-720INT HARDWARE WILL ALLOW THY PDP-15 TO PERFORM VELL

ON RENCHMARKS. CiIPRENTLY “F BENCHMARX POOFLY EVEN COMPARED TO
MACHINES “ITH SLOWER CYCLE TIMF DUF T OUR SOFTWARE FLOATING-POINT
ARITHMETIC IMPLEMENTET V1A EAE.

HFULETT PACKARD HAS DEMOANSTRATHD RUT NOT YRT DELIVERED FLOATINA-
DOINT HATDTARE AT AN APOROXIMATR PRPIARF OF $20K. DELIURRY T& PLANNED IN
JANUARY, 1971. THE HARDWARF WIl1 DERFAIDM TRIGONOMETRIC FUNOTIONS

Ag WELI. A< FLOATING=-POINT ADD, SURTRACT, MULTIPLY, DIVIDE, AND

NORMAL 17K : : ¢ .

OHR PROPOSED HARDWAR®T WILL. GIVE S o JIGNIFICANT ADUVANTAGE IN THE
MADKET QURR XDS AND HONEYWEL]. £8D HFLP IN THE ¥YATCH WITH HEWLETT
PACKARD. THE HARDWARE INTECER ARITHMETIC ALLOWS US TO PERFORM
DOURLE Y RCISION INVEEER CALCULATIONS AND THUS ANSWERS ONE

OF HONEVURLL'S SELLING ARGMENTE. 1T ALSO PROVIDES AN EFFECTIVE
MARKETING TOOL IN COMPARISON ¥WI1TH THE HEWLETT PACKARD HARDWARF.

VOLITME

AT A SELLING 2RICE OF %10-12K UE EXPECT TO SFELL AROUND 2579 FLOATING-
POINT PROCESSORNS.

1972 | 1973 1974
Ny A2 A3 A4 Al 02 03 04

15 37 25 43 25 4B 25 e i

ROBERT L. KATZ

PRP-15 MARKETING
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1« DESIGN GUIDELINES

THE FLOATING-POINT PROCESSCOR MUST BE ABLE TO RUN. THE EXISTING
FORTRAN COMPILER AT AN IMPROVEL SPEED AND WITH A MINIMUM NUMBER OF
CHANGES TO THE COMPILER. THIS IS ACCOMPLISHED BY REPLACING EACH
FLOATING-R0INT SOFTYWARE SUBROUTINE WITH AN EQUIVALENT HARDWARE
INSTRUCTION. GLENN WICKELGREN'S MEMORANDUM OF JANUARY 6, 1974,
SPECIFICATION FOR FLOATING-POINT HARDWARE FOR PDP-15, GIVES THE
FOLLOWING® *

T

i FLOATING-POINT INSTRUCTION FORMAT

THE FORTRAN IV COMPILER GENERATES A CALL TO A SUBROUTINE FOR EAGH
FLOATING OPERATION TO BE PERFORMED. THIS CALL LOOKS AS FOLLOWS:

JMS SURB /FLOATING OP.
«DSA ARG /ARGIMENT
/RETTIRN

THE SUBROUTINE SURB 1S DIFFERENT FOR DOUBLE PRECISION ARGUMENTS THAN
IT IS FOR SINGLE PRECISION ARCGUMENTS. THE ADDRESS ARG POINTS TO THE
FIRST WORD (IS THE ADDRESS OF THE FIRST WORD) OF THE ARGUMENT OF THE
FLOATING-POINT OPERATION (15 BIT ADDRESS)e THE BITS A-2 0F THE
ARGIUMENT ARE 7ZERO EXCEPT WHEN INDIRECTION IS INVOLVED. IF BIT @ OF
THRE ARGUMENT IS 1 THEN BITS 3-17 CONTAIN THE ADDRESS OF A LOCATION
VHOSE CONTENTS (BITS 3-17) POINT TO THE FIRST WORD OF THE ARGUMENT
(ONLY 1 LEUVEL OF INDIRECTION IS INVOLVED AND RITS @~-2 OF THIS WORD
MUST BE. IGNORED)e* AFTER THE OPERATION IS COMPLETEs CONTEROL IS
RETURNED TO THE NEXT REGISTER FILLOVING THE ARGUMENT ARG. IF
FLOATING-POINT HARDWARE IS TO O°ERATE SUCCESSFULLY WITH THE COMPILER,
A HARDWARE INSTRUCTION MUST BE AVAILABLE WHICH CAN REPLACE THE '
INSTRUCTION (J45 SUR) WHICH TRANSFERS CONTROL TO SOFTWARE ROUTINES
YHICH HANDLE THESE OPERATIONS. IN OTHER WORDS AN IOT (OR OTHER OP
CODE) INSTRUCTION MUST REPLACE THESE ROUTINES.

% THE HARDWARE FLOATING-POINT PROCESSOR MUST ALSO PERFORM THIS ONE
LEVEL OF INDIRECTION WHEN DIRECTED."

THE NECESSITY OF EXECUTING IN-LINE CODE GENERATED RY
THE COMPILER MADE IT NECRKSSARY TO PLACE THE FPiJ ON THE MEMORY BUS,
INSTEAD OF PLACING IT ON THE I/) RBUS. THi FORTRAN COMPILER HAS
DICTATED “HAT CONSTITUTES THE F2U. KARLIKER DESIGNS OFFERRED &
MORE POWERFUL FLOATIIG-POINT PAIKAGE, RUT THE SERIOUS LIMITATION
WAL THAT THE PRESENT FORTRAN COJMPILER COILD NOT TAKE ADUVANTAGE
OF STICE A ITMIT WITHOUT UNDERGNDINE AN EX¥TENSIVE REWRITE. ALTHOTIGH
A COMPILER REWVRITE WAS CONSIDERED, 17T wAS REJECTED AS TMPRACTICAL
AT THIS POINT IN TIME. SINCE THE #AJIRITY OF POP-15 NSVYRS  DEAL -
RYCLUSIURLY WITH FORTRAN, THE P20P0SED DRSIGN WILI, OFFRER ONLY WHAT
cav RE RASILY IMPLEMENTED IN THI PRES.NT FORTRAN COMPILERe. THE
SINALK REXCEPTION TO THIS IS THE INCLIZIGN DF INTEGER ARITHMETIC,
WHICH TAKES ADVANTAGE OF MOST 07 THZ FLOATING:POINT HARDWARE AND
PANUTNRE MARKSTING WITH AN ATTRACTIUE MATH PACKAGR TO DISTINGUISH
IT FR0M ITS COMBETITION. ‘ ' :
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2. ORGANIZATION
INSTRUCTION FORMAT

A e e WS WS e e e us

THE FPU HAS BOTH SINGLE AND DOUBLE LENGTH INSTRUCTIONS.

FIRST WORD 7 1 | op L|p|F M
' 0 5 6 510111213 17
SECOND WORD 1 | a N ,“J

”~y

RITS 0BA-®5 OF THE FIRST WORD CONTAIN AN OCTAL "71" TO
SPHCIFY A FPU INSTRUCTION. THE *71' APPEARS AS A NO-0OPERATION IN
THFE CPU. -

a» BITS 06~89 DECODE INTO SIXTEEN UNIQUE INSTRUCTIONS

L « BIT 108=%, SINGLE LENGTH “INSTRUCTION
BIT 16=1, DOUBLE LENGTH INSTRUCTION

P BIT 11=@, SINGLE PRECISION
RIT 1i=1, DOUBLE PRECISION

k]

BIT 12=0, INTEGER FORMAT
BIT 12=1, FLOATING FORMAT

* M BITS 13-17 MODIFY THE LOAD AND STORE INSTRUCTIONS
13 ‘UNASSIGNED
14 ROUND FROM DOUBLE TO SINGLE PRECISION
15 MAKE POSITIVE
16 MAKE NEGATIVE
17 COMPLEMENT
1 RIT A@=1 SPECIFIES INDIRECTION

fa BITS 21-17 SPEC&FY THE ADDRESS OF THE FIFRST WORD OF
THE ARGUMENT :

*  SEE APDENDIX A
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DATA FORMAT

- e oman o wnobas W

THE FPU SINGLE AND DOUBLE PRECISION DATA FORMATS ARE THE
SAME AS THOSE IN THE EXISTING POP-~15 FLOATING-POINT SOFTWARE.

DOUBLE PRECISION FLOATING-POINT (54 BITS)

FIRST . '
WOR gﬁ ' _J
D 4___‘_________————17
EXPONENT
. ._ (2'S COMPLEMENT)
SECOND - F
o [ T
\\\ ; HIGH ORDER MANTISSA
SIGN g
THIRD |
WORD Ly
TP — —17
J u— : — LOW ORDER MANTISSA
SINGLE PRECISION FLOATING-POINT (36 BITS)

FIRST
WORD Lﬁ

EXPONENT

(2'S COMPLEMENT)
LOW ORDER MANTISSA

SECOND
WORD

\\<‘-——___‘-h—*‘"‘"“""‘—n—_a_.—ﬂﬂ_;;;;_;ansn MANTISSA

SIGN

NOTE: THE FLOATING~-POINT MANTiSSA 1S KEPT IN SIGN AND MAGNITUDE

FORMAT. 11 OPERANDS £RE ASSUMED NORMALIZEDe
*
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INTEGER ARITHMETIC ALSO HAS BOTH SINGLE AND DOUBLE PRECIS;ON.

DOUBLE PRECISION INTEGER (36 BITS)

FIRST
WORD |

lﬂ\\// 17 ‘

’ B -HIGH ORDER OPERAND

SECOND
WORD

17\ 17
. % LOW ORDER OPERAND

SINGLE PRECISION INTEGER (18 BITS)

SINGLE
WORD l?

7
\ OPERAND

NOTE: THE INTEGER OPERAND IS IN TVWO'S COM?LEMEMT FORMAT.
* ?
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OPFRATION

CORE
MEMORY

FPU

PDP-15
CPU

THE FLOATING-POINT SYSTEM CONFIGURATION HAS THE FPI "BLACK
NOX" PHYSICALLY OR'D ON THE MEMIRY RIS RETWEEN CORE MEMORY AND
T DDP-15% 0PI, THUS SITHATED, THE FPII MONITORS ALL INSTRHCTIONS
FRTOHED F20M CORE AND EXAMINES EACH FOR THE "71' IN BITS 03-85.
THE "71'" APPEARS AS NO-OPERATION IN THE CPU, RUT IT IMMEDIATELY
FI.LAGS THE FPU TO ANNOUNCE ITS OCCURRANCE. THE FPI ACKNOWELDGES RY
NISARLING THE CONTROL CIRCIIITRY WHICH ALLOWS THE CPU TO MAKE A
MEVORY REATIRST. 1/0 MEMORY REQJESTS ARE STILI. ALLOWED ACCESS TO
‘'CORE. THE RITS TO THE RIGHT OF *"71" PROVIDE INFORMATION ON THE
TNSTROCTION TYPE, INSTRUCTION LENGTH, DATA PRECISION, AND DATA FORMAT.

IF A DOUBLE LENGTH INSTRUCTION IS SPECIFIED, THE CPU IS ,
FNARLED TO ALLOW FOR ONE MEMORY ACCESS TG OBTAIN THE SECOND WORD OF
THY, INSTRIICTION. THE CPUJ ®C WILL INCREMENT PAST THIS SECOND WORD
AND BE CORRECTLY POSITIONED FOR CONTINUED EXECUTION WHEN CONTROL
1S PETURNED. THIS TECHNIQUE OF ALIGNING THE PC REQUIRES THAT THE
SECOND WORD RE MADE TO LOOK LIKE A NO-OPERATION TO THE CPU. THE
ACTUAL SECOND WORD IS LOADED INTO THE FPU. THIS SECOND WORD CAN BE
RITHER THE ADDRESS OF THE MEMORY OPERAND (NO INDIRECTION) OR THE
ADDRESS POINTING TO THE ADDRESS OF THE MEMORY OPERAND (INDIRECTION).
EVENTIJAL TRANSFER OF THE OPERAND TAKES ONEs TWO, OR THREE ACCESSES
TO CORE MRMORY, DEPENDING ON THE PRECISION AND DATA FORMAT TRANSFERRED.
THE LAST PHASE OF THE INSTRUCTION IS TO RELEASE THE HOLD ON THE cou
MEMORY REAUEST CIRCUITRY.
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3. = HARDVARE IMPLEMENTATION

SEVERAL MSI (MEDIUM SCALE INTHGRATION) DEVICES ARE PLANNED
TO BE USED IN THE FPlf.

DECT418] 4-RIT LRITHYRETIC LOGIC UNIT
DECT74182 CAREY LOOK ANEAD ,
DECT74153 4-LINE TC 1-LINE DATA SELECTOR
DECT74154 4-LINE TG 16-LINE DECODER

DEC7495 4-BIT SHIFT REGISTER ,
DEC74193 4-BIT SYNCHRONOUS UP/DOWN COUNTER

THREE GENERAL PURPOSE BOARDS HAVE REEN MADE TO UTILIZE THE ABbﬂE IC'Se.

53-38912 TWO 16-PIN IC'S, ALL PINS BROUGHT 0UT, POVER
ON PINS 16 AND 38, SEPARATE GROUND LOOY FOR
EACH IC, AVAILARLE AS W9o61.

517-28988 ONE 24-PIN IC, ALL PINS BROUGHT 0OiiT, POWER
ON PINE 24 aAND 12, AVAILABLE AS W962.
SA=-BH8914 TWO 14-PIN IC'S, ALL PINS BROUGHT OUIT, POVER

ON BINS 14 AND 7, SEPARATE GROUWND LOOP FOR
FACH IC, AVAILABLE AS W963.

THE FIRST PROTOTYPE WILL MAXE EXTENSIVE USE OF THESE BOARDS
IN THE DESIGN. SPECIAL PARTITIONING HAS ALREADY RBEEN DEVELOPED FOR®
THE SECOND PROTOTYPE WHICH WILL COMBINE SIX OF THESE SINGLE HEIGHT
CARDS INT) ONE DOUBLE HEIGHT CARD. THIS NEW CARD WILL BE USED TO
REDUCE THRE 96 MODULE SLOTS REAUIFED FOR REGISTERS AND ADDERS IN
PROTOTYZE I TO 32 MODULE SLOTS IN PROTOTYPE Il. IF THE MODULE SLOTS
REQUIRED FOR CONTROL LOGIC CAN BE KEPT TO LESS THAN 68% OF THE TOTAL
COUWNT, THE FPU CAN BE PACKAGED IN TW0 MOUNTING PANELS €128 MODULE
SLOTS)e AS A COMPARISION, THE PLP-15 CPU IS CONTAINED IN 2 1/4
MODTINT ING PANELS AND USES 79 OF THOSE MODULE SLOTS FOR CONTROL. IF
THYE F®I] CAN BE CONSIDERED TO BE NO MORE COMPLEX (AND/OR COMPLICATED)
THAN THE CPil, THE LIKXELIHOOD OF FITTING THE FPU IN THE ALLOTTED
SPACE IS GOOD.
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Market
Product Code Code - Discrete Project Cude

e |
lc'lﬁl"f&*‘—’D ' _'EE EZ] .

(To be assigned by accounting) -

'Pro;e‘i.q Title: PDP 15 FLOATING POINT PROCESSOR .

................................

Pmiect ManOQer: o T

----------------

..........................

Y :
o ‘ Fiscal Quarters
Cost . FY 71 FY 71 FY 71
Chr. - " . Expense Centers Q.1 |Qw. 2 Qtr. 3 )
ASAENRON h ——_— A.IIVI . . llﬂl.m’mm m‘—“*
324 1 Model Shop . G. Gerelds - 20.0 13.0
1325 ; :;Drahing . R. Melanson 1.3 : 9.0
-1 330 -} Mechanical Eng. L. Prentice 0.5 0.5
L 339§ Process Eng. 1. Stockebrand ¢
§ 360 T § bystems P:ﬁbgmmming L. Portner '
360 | Diagnostic Programming L. Portner 3.7 18.0 18.0
374 ] . Production Laqg. R. Putter . 2.0 6.0
386 Special Piojects J. St,Amour
551 Hardware Manuals J. Bellantoni 2.0
552 Sofiware Manuals " G. Arnold | ' 3.0
: Product Line Fng. B 9.0 15.5 30.5
287 Adv?vhsmn& Promotion G D'Annunzio
Product Linc Marketing
TOTAL EXPENSE | 14.5 | 56.0 83.5

i this 13 a new project, have Product Line Managzr tign below end submit 1o A:zcounting for
assignment of a pioject number . The approprsare Vice Prestdent should sign f{or any projects
shared by more than one Froduct Line.,

\pproled O e eiesenessaaeae Date:..... e

Authorizaticn of this project does not constitute budget approval. tach project must operote
within and under the control of Their appropriate Product Line und its budget.
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UNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

LAYOUT AND DESIGN OF PROTOTYPE I DOCUMENT LAYQUT AND DESIGN OF PROTOTYPE II
1E 1.5E 1T 1E 1.5E 1T 1.5 1T 1.5E 1T

WIRELIST
1D 1T 1D 1T
MECEANICAL TAVOUT AND DESIGN OF SYSTEM TINAL DESIGN
0.1E 0.5D 0.2E
BUILD
SPECIFY PARTS PROTOTYPE I CHECKOUT OF PROTOTYPE I
0.5T 0.5T 1T 1T 0.5T
DIAGNOSTIC PROGRAMMING
1PR 1PR 2PR 2PR 2PR
1E 1.6E 1E 1.5E 1.7E 1.5E
1T 2.5T 0.5T7 2T 27 1.5T
1D 1.5D 1PR 1PR 2PR 2PR 2PR




OTR. 3 1971 OTR. 4 1971
JANUARY FEBRUARY MARCH APRIL MAY JUNE
DESIGN ‘ <:> <:>
PROTOTYPE II ENGINEERING SPECIFICATION
1.5E 17T 1E 1E 1E
1 LOGIC DESIGN REVIEW
2 MECHANICAL REVIEW
: 3 FINAL REVIEW
WIRELIST FINAL DRAWINGS 4 RELEASE TO BUILD
5 RELEASE TO PRODUCTION
1D 4D 3D 3D
BUGILD PROTOTYPE II 6 PRE-PRODUCTION CHECROUT
0.5T 1T 1T 2T 1FS 1TW 1TNG
SYSTEMS PROGRAMMING
2PR 2PR 2PR 2PR 2PR 2PR
HARDWARE AND SOFTWARE MANUALS
1TW 0.1E 1TW 0.1E 1TW 0.1E 1TW 0.1E 1TW 0.1E 1Tw 0.1lE
1.6E 1.1E 1.1E 1.1E 0.1E 0.1E
1.5T 1TW 1T 1TwW 1T 1TwW 2TW 2T 1TNG ITW 2PR 1TW 2PR
1D 2PR 4D 2PR 3D 2PR 3D 2PR 1FS
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APPENDIX A

INSTRUCTION SET

INSTRUCTION LENGTH

aD L DOURBLE

SIIRTRACT - DOUBLE

REVERSE SUBTRACT DOURLE

MUOLTIPLY DOURLE

DIVIDE ‘ DOURLE

REVERSE DIVIDE DOUBLE :
L0OAD SINGLE AND DOURLE
STURE DOTRLE

FLOAT ' SINGLE AND DOURBLE
FI¥ SINGLE AND DOURLE
DIAGNOSTIC DOIIRLE

SwaAP MO SINGLE

UNASSIGNED

TINASSTIGNED
TTIASS TGNED
NIASSIGNED

THE FIRST OPERAND LOCATION IS A 54-BIT HARDWARE ACCUMULATOR:
IN. THE FPU. FOR DOUBLE LEWNGTH INSTRUCTIONS THE SECOND OPERAND IS :
HELD IN CORE MEMORY. WHEN THE INSTRUCTION LENGTH. Ig GIVGLE:VTHE FPU.
HARDWARE ACCUMULATOR IS UISED AS THE SECOND OPERAND. - o

IN FLOATING-POINT MULTIPLY THE VOQ%ALI?ED RESULT PAQ THE
MOST SIGNIFICANT BITS IN THE FPJ HARDWARE ACCU%VLATOR AND" THE LEAST
SIGNIFICANT BITS IN THE FPU MQ. THE M0, A 36-RIT FXTENQIO& OF THE
HARDWARE ACCUMULATOR, MAY BE ACTESSED WITH THE DIAGNOSTIC AND SWAP MQ
INSTRUCTIONS. IN INTEGER MULTI?LY, THE LEAST SIGNIFICANT BITS OF .
THE RESULT ARE IN THE FPU HARDWARE ACCIMITLATOR AND THE MOST SIGNIFICANT
RITS ARE IN THE FPUJ MQe. MULTIPLICATION IS RETWEEN TWO 36-BIT OPERAVD
REGISTERS AND BESULTS APPEAR IN THE 36- BIT MANTISSA PORTION OF THE
FPIJ HARDWARE ACCUMULATOR AND THZ 36-BIT FPU N0,

ROTH FLOATING-POINT DIVIDE AND INTEGER DIVIDE RESULT WITH e
THE QUIIOTIFNT IN THE 36-8IT MANTISSA PORTION OF THE HARDWARE APCUMULATOH
AND THE REMAINDER IN THE #MQe. INTEGER DIVISION IS WHOLE NUMBER ’
DIWI%ION. IF THE DIVIDEND IS L3SS THAN THE DIVISOR, THE QUQTIFNT

SROGRAY INTERRIPTIONS: o

QVERFLOW - MAGNITUDE OF RESULT SXJEEDED MAXIMIUM REPRESENTABLE
NIMRER LI¥IT. : ‘
INDERFLOW - MAGNITUDE OF RESULT EXCEEDED MINIMUM REPRESENTABLE
NiUIMBER LIMIT. ;
DIVIDE - DIVISION BY ZEROD IS ATTEVMPTED.
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ADD

THE SECOND OPERAND IS ADDED TO THE FIRST OPERAND, AND THE SiUM IS
PLACED IN THE FIRST OPERAND LOCATION.

PROGRAM INTERRUSTIONS:
UINDERFLOW
OVERFLOW

STUIRTRACT

THE SECOND OPERAND 1S SURTRACTED FROYM THE FIRST OPERAND, AND THE
DIFFERENCE IS PLACED IN THE FIRST OPERAND LOCATION. .

PROGRAM INTERRUDPTIONS:?
UNDERFLOYW
OUERFLOW

REUVERSE SUBTRACT

- et e e En e e e

THE FIRST OPFRAND IS SUBTRACTED FROM THE SECOND OPERAND, AND THE
DIFFERENCE IS PLACED IN THE FIRST OPERAND LOCATION.

DROGRAM INTERRUPTIONS:
TINDERFLOW
OUVERFLOW

MULTI®LY

T PRODICT OF MULTIPLIER (THE SECOND OPERAND) AND MULTIPLICAVD

éT & FIWST OPERAND) REPLACES THT WULTIPLICAVD.

2R)GRAM INTERRUPTIONS:
IINDERFLOW
JVERFLOW

DIVIDE

PHE DIVIO SN T
SECOND OPERAVD
IN THE MQ.

cTHEE TIIST OPERGHD)Y 1S DIVIDRIED RY THE E?Egﬁw.ffﬂi
) AND REPLACED 3Y THE QUOTIENT. THE REMAIND ER IS LEFT

- PROGRAM INTERRUPTIONS:
IUINDERFLOW

OUVERFLOW

DIVIDE
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REVERSE DIVIDE

- s s wsann wm ey em e

THE DIVIDEND (THE SECOND OPERAND) IS DIVIDED BY THE DIVISOR (THE
FIRST OPERAND)e THE QUOTIENT IS PLACED IN THE FIBST OPERAND LOCATION.

PROGRAM INTERRUPTIONS:
UNDERFLOW

OVERFLOW

DIVIDE

1.0AD

THE SECOND OPERAND 1S PLACED IN THE FIRST OPERAND LOCATION. BITS
13-17> ™, OPERATE ON THE SECOND OPERAND PRIOR TG THE LOAD. {SE OF
THESE BITS CREATES A SURSET OF LOAD INSTRUCTIONS:

LOAD ROUNDED
LOAD POSITIVE
L0AD NEGATIVE
LOAD COWPLEMENT

PROGRAM INTERRUPTIONS:
OVERFLOW (OCCURS ONLY ON LOAD RIUNDED)

STORE-

THE FIRST OPERAND IS STORED AT THE SECOND OPERAND LOCATION. BRITS
13-17,, M» OPERATE ON THE FIRST JPERAND PRIOR TO THE STORE. USE OF
THESE BITS CREATES A SUBSET OF STORE INSTRUCTIONS:

STORE ROUNDED
STORE POSITIVE
STORE NEGATIVE
STORE COMPLEMENT

PROGRAM INTERRUPTIONS: -
OVERFLOW (OCCURS ON STORE ROUNDID AND WHEN POSITIVE EXPONENT BITS
ARE LOST ON SINGLE PRECISION STORE)

INDERFLOW (NEGATIVE EXPONENT BRITS LOST ON SINGLE PRECISION STORE).

NOTE: LOAD ROUNDED AND STORE ROUNDED CHANGE DATA PRECISION FROM
DOUBLE TO SINGLE BY ADDING 2080738730403 TO THE MANTISSA AND
RENORMAL IZ ING.
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FLOAT

THZ NATA FORMAT OF THR SECOND OPERAND IS CHANGED FROM IQTEG?Q T0
FLOATING-POINT. THE SECOND OPERAND I8 A 18 OR R6-RIT INTFEGER. THFE
PESOLT IS PLACFD IN THE FIRST OPERAND LOCATION. '

PROGRAM INTERRIDTIONS: NONE

Fi¥

THE DATA FORSAT OF THE SECOND OPERAND IS CHANGRED FROM FLOATING=-POINT
TO INTEGER. THE RRSULT IS A 18 O% 36-BIT INTEGER AND IS PLACED IN THE
FIRST OPERAND LOCATION. . S

PRAOGRAY INTERRJTIONS:
OUERFLOW (SIGNIFICANT RITS LOST ON FORMAT CHANGED

DIAGNOSTIC

- wn v an G W ws -

THIS INSTRUCTION WILL RBE IMPLEMENTED TO DIAGNOSTIC PROGRAMMING
SPECIFICATIONS. IN GENERAL, IT WILL ENABLE THE DIAGNOSTIC PROGRAMMER
TO PUT THE FLOATING-POINT UNIT IN SINGLE-STEP CHECKOUT MODE AND
PROVIDE ACCESS TO ALL ESSENTIAL CONTROL CIRCUITRY AND HARDWARE
PEGISTERSe " THIS INSTRUCTION WILL ALSQO SERVE TWO OTHER FIWNCTIONMS.
FIRST, IT WILL ALLOW USER INFORVMATION IN THE FPU TO BE SAVED OR
NESTORED wITH A SINGLE INSTRUCTION. SECOND, IT WILL GIVE ACCESS TO
AN INTERRIIPT EXCEPTION REGISTER, WHICH MAY BE EXAMINED TO DETERMIN
THE CAUSE OF THE FLOATING-POINT INTERRIIPT. .

SWAP MQ %

THE 36~BIT MANTISSA PORTION OF [HE FPU HARDWARE ACCUMULATOR AND THE
36-RBIT FPI] MO ARE SWAPPEDe. ‘ o ‘

PROGRAM INTERRUPTIONS: NONE
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APPENDIX B

WANDLING OF INTERRIPT EXCEPTIONS

- ws o o a - - - o . . e T R N R A

NUSRFLOYW - MAGNITUDE OF RESILT EXCERNDED MAYIMIM REPRESENTABLE
s\p:l"‘jREQ 1.IM 1T '

MIDNERFLOY - MAGNITIINE OF RESULT EXCEEDED MINIMINM REPRESENTARLE
NIOTVRER LIMIT. ' ’

NITINT « NIYTISTIN BY ZERY 18 ATTEMPTED.

WHEN AN INTERROTIT EYOESTION OCCMIMRS, EXECUTION STOPS ANTG THE FRT
ATTTOMATICALLY FORCES THE CR1) TO 4485 TO THE EXIT ADDRESS., THE EXIT
ANDRESS IS KEDT IN A 15-RIT RECISTER IN THE FPiJ, WHICH CanN BE ACCESSED
nNY THE PRIGRAMMEIR THROUGH TISE OF THE DIAGNOSTIC INSTRUCTION. 1JPON
COMPLETION THE EXIT ADDRESS LOCATION WILL CONTAIN THE ADDRESS OF

THE LAST WORD OF THE LAST ¥PU INSTRUCTION EXECUTED PLUS TWO0.

=
Hele

: a FLOAT. ADD
FRIT INTERRADPT OCCIINS a+1 ADDRESS OF ARG.
A+2 LAC R
E¥IT ADDRESS LOCATION A+3 DAC C
WILL CONTAIN "A+3" N .

PRESIMARLY, THE EXIT ADDRESS WILL POINT TO THE ERROR HANDL ING
ROUTINE FOR FLOATING-POINT. THT DIAGNOSTIC INSTRUCTION MAY BE UUSED
TO LOOK AT THE STATUS OF THE OVIRFLOW, UNDERFLOW, AND DIVIDE

- INTERRUPT FLOPS AND THE INSTRUCTION LENGTH OF THE INTERRUPTED
INSTRUCTION
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OPERATING FEATURES AND CONSTRAINTS

------------- e AP e s w4 M wr ws we o we e e

VMAXIMUM OF ONE LEYEL OF INDIRECTION

OPERANDS #4AUIST BE NORMALIZED

RESULTS ARE AUUTOMATICALLY NORYMALIZED

IF A CALCITLATION RESULTS IN A ZERO MAGNITUDE, THE EXPONENT IS
ZEROD AND THZ SIGN MADE POSITIVE

NEGATIVE ZERD IS NOT ALLOWED

THE ADDRESS OF THE ARGUMENT IS A 17-RIT NUMBER i
ROUNDING TAKES PLACE AFTER ALIGNING AND AFTER NORMALIZING (+1 IS
ADDED TO THE LEAST SIGNIFICANT RBIT OF THE MANTISSA IF THE NEXT
RIT OFF THE L3B END OF THE MANTISSA IS 1)

1/0 MEMORY RENUESTS ARE GIVEN PRICIITY OVER FPIJ MEMORY REAQUESTS
THE PROGRAMMER MAY LOAD A 15-3IT REGISTER IN THE FPU WITH anN
INTERRUPT EXIT ADDRESS. UWHEN A FLOATING-POINT INTERRUPT OCCURS,
THE FPU AUTOMATICALLY FORCES THE CPRU TO JMS TO THE EXIT ADDRESS.
THE EXIT ADDRESS LOCATION WIL.L CONTAIN THE ADDRESS OF THE LAST
FPI INSTRUCTION EXECUTED PLUS TWO.

FeGe
A FLOAT. ADD
FRUJ INTERRUPT OCCURS A+l ADDRESS OF ARG
a+2 LAC B
EXIT ADDRESS LOCATION A+3 Dac C
WILL CONTAIN "A+3™ . .
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EXAMPLE DROGRAM coniNG

P . T I A R

QP CODES ISED: LOAD 21, ADD=34, STORE=TD :

MNEMONIC: AD DOUBLE PRECISION FLOATING-POINT ADD
LD DOUBLE PRECISION FLOATING-POINT LOAD
STD DOUBLE PRECISION FLOATING-POINT STORE

mﬁ@1wm i .L0C 130
A1 3 346112 . ' TAD DATAL /CPU INSTRUICTION
3¢ Ban113 v DAC STOR /CPY INSTRUCTION v
&H1@9 712340 LD NUM1 /DOURLE PRECISION F.P. LOAD
nﬂnlq? B 114 /ASSEMBLES INTO TWO 18-BIT WORDS
NEALBL  T1I3748 _AD NUM2 /DOUPLE PRECISION FeP. ADD
AAAAS  BANLLT /ASSEMBLES INTO TW0 18=RIT WORDS
ANMLB6 TF1T340 ' STD ANSY /DOURLE PRECISION FeP. STORE
IBALHT B6A122 /ASSEMRBLES INTO TW0Q 18- RIT WORDS
gAA110 200125 L.AC DATAR2 /CPU INSTRUCTION
ann11l,. 699126 JMP NEXT /CPY INSTRICTION
AR3112 181127  DATAL 131127 : : '
71113 AR3AAM  STOR )
AN114  BOAGAT  NUML 47 /EXPONENT
OaBReills 364211 364211 /SIGN AND HIGH ORDER wavrlccn
AAL1A 373642 373642 /1.0W QRNEP MANTISSA
ANOL1T AABR36  NIIM2 36 /EXPONENT :
anme2e 207416 207416 /SIGN AND HIGH ORDER WAVTISSA
an121 477135 477135 /L.0%W ORDER MANTISEA
PAANL2E BEANGT ANSY ? /EXPONENT
NA0123  BA9056 7 /SIGN AND HIGH OPIER MANTISSA
ANGLR4L  GANAGH ) /1L.0WV ORDER MANTISQA
BARI25  ARGAA1l  DATA2S 1
DH3126 TARARS 'NF?T /CPU, INQTRUCTIOV

WHEN THZ INSTRUCTION AT LOCATION 447132 1S FETCHED, THE
WORDs 71234%, I35 A NO-OPERATION IN THE CPU. HOWEVER, THE FPU
IMMEDIATELY RECOGNIZES THE “71" AS A FLOATING-POINT INSTRUCTION
WORDe AT THIS TIME, THE FPU DISABLES THE CPU FROM MAKING FURTHER
MEMORY RENUESTS, AND THE REST OF THE FLOATING-POINT INSTRUCTION
1S DECODED - 2344, ‘

SINCE L=1, THE CPU IS ALLOWED TO MAKE ITS NEXT REGUEST TO
MEMORY. THE CPIJ NOW THINKS IT IS FETCHING THE NEXT INSTRUCTION
FROM LOCATION #3#183. THE CONTENT OF 4A%133 IS REALLY MEANT TO BE
THE SECOND OPERAND ADDRESS FOR THE FLOATING-POINT INSTRUCTION. |
CONSEGUENTLY, THE CPU MUST NEVER SEE THE "GARBAGE" INSTRUCTION IN
303153, THIS IS ACCOMPLISHED BY DISARLING THE CPU FROM STROBING -
THE CONTENTS OF 688183 INTO ITS RUFFER. RECAUSE OF THE “STIMULUS-
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RESPONSE" OPERATION OF THE CPU WITKF CORE MEMORYs THE CPU WILL WAIT

IN LIMBO IRNTIL IT IS ALLOWED TV STROR- THE MEMORY BUS INTO ITS
RIIFFERe MEANWHILE T'HE FPU TAKES QUER WHERE THE CPU LEFT OFF, STRORES
THE CONTENT ¥ @@n1a3 INTO THE FPII SUIvFER, AND ISSUES THE NECESSARY
ACKNOWLEDGR SIGNALS TO END THE MEMJORY CYCLE. A DUMMY NO-OPERATION
INSTRUCTION %ORD IS THEN PUT OM THr MFMORY BUS BY THE FPU, FOLLOVED
"Y A STROVE SIGNAL TO THE CPU. THE F21) NOW PLAYS THE ROLE OF A

CORE BANK AND ISSIES THE NECES*ARY SIGNALS TO THE CPU TO END THE
CYCLEs. AGAINs, THE FPU DISABLES THE CPU FROM MAKING A MEMORY

BEQUEST. :
OP CODE = 27 IS A LOAD INSTPRIICTION. P = 1 AND F = 1,
COMPLETE THF DESCRIPTION OF THN INSTRUCTION, LABELING IT DOURBLE
PRECISION FLOATING-R0INT. THE DESTINATION OF THE LOAD IS A 54-BIT
FPU HARDWARE ACCUMULATOR. THF DESTINATION ACCUMULATOR 1S LOADED WITH
THE EXPONENT, SIGN AND HIGH ORDIFER MANTISSA, AND THE LOY ORDER MANTISSA .
FROM LOCATIONS A0G114, 8395115, AND (00116 RESPECTIVELY. THE CONTENT
OF A0A1a3 IS THE SECOND OPERANY) ADDRESS. SINCE BIT 9=8, THERE IS NGO
INDIRECTION, AYND THE EFFECTIVE ADDRESS IS SIMPLY 609@113. WHEN THE
INSTRUCTION IS FINISHED, THE C?2iJ IS ENABLED FOR MEMORY REQUESTS AND
THE NEXT wORD FETCHED RY THE C2U IS FROM LOCATION 28#4184. THE OTHER
FLOATING-POINT INSTRUCTIONS ARE EXECUTED IN A SIMILAR MANNER.

NOTE: 170 MEMORY REQUESTS ARE CGIVEN PRIORITY OUVER FPU REQUESTS
TO MEMORY.



