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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

TERSeme cmcccaronee mee e -

THE FLOATING-POINT PROCESSOR IS DESIGNED TO RE A SEPARATE HARDWARE
DEVICE WITH UP TO 16 INSTRUCTIONS PERFORMING SINGLE AND DOUBLE
PRECISION ARITHMETIC. . o2

THE IINIT 1S DESIGNED TO SIT ON [HE PDP-15 MEMORY BUS AND OPERATE
AUTONOMOUSLY FROM THE CENTRAL P3I0IESSING UNIT, "IT, THUS, ACTS AS
A SEPARATE PROCESSOR PROVIDING THZ USER WITH FOUR DISTINCT UNITS:
MEMORY, CPUs 1/0, AND FLOATING-P0INT. '

MARKET ING

- e wn s - e -

THE FLOATING~POINT HARDWARE PROVINES A FURTHER COMPLEMENT TO THE
PDP-15.  IT SERVES MANY MARKETS atiD CONSTITUTES A NECESSARY PRODUCT
ENHANCEMENTe IT WILL ALSO HELP TO FURTHER DIFFERENTIATE PDP-11

AND PDP-15 PROSPECTS.

MARKETS THAT WILL BE AFFECTED RBY THIS HARDWARE INCLUDE THE PHYSICS
AND ANALYTICAL INSTRUMENTATION WVHERE APPROXIMATELY 26% (15-20% FOR
PHYSICS, 25% FOR AI) OF THE MACFINES ARE USED PRIMARILY FOR NIMERICS
ANALYSIS3 THE HYBRID MARKET WHEFE ALMOST ALL MACKINES (98-160%)
REQIIIRE THE CALCULATION SPEED EITHER FOR PACING OR FOR DIGITAL
SIMULATION; AND OUR GENERAL SCIENTIFIC MARKET WHERE HIGH SPEED
ARITHMETIC IS DESIRABLE TO ACHIEVE RETTER PROGRAM THROUGHPUT (30%
OF MACHINES)e THE HIGH SPEED CAPARILITY WH@ﬁ COMPLEMENTED RY FORTRE
SOFTWARE CAN REDUCE CALCULATION TIME BY AN ORDER OF :MAGNITUDE AND MA
ALLOW THE PDP-15 TO ENTER THE TRADITIONAL COMPUTATION MARKET NOw
SERVED BY THE IBM 113G. : '

THE SCIENTIFIC MARKET IS PRESENTLY VERY TIGHT ON FUNDS. WE THEREFOR
SEE THIS OPTION AS PRIMARILY AN ADD-0N. SCIENTISTS ARE PRESENTLY
RITYING BASIC SYSTEMS: LATER AS EVD-0F-YEAR FUNDS AND A LOOSER ECONOM
PERMIT, THE FLOATING-POINT PROCESSOR WILL BECOME A DESIRABLE ADD-ON.
WE EXPECT THAT THE DEMAND WILL START UP SLOW, ACCELERATE AS THE
POPTLATION OF PDP-15'S £XPANDS AND SLOW DOWN AS THE PDP-15 IS PHASED
0T« THE PRODUCT LIFE IS ESSENTIALLY THAT OF THE PDP-15 AL THOTIGH
THERE SHOULD STILL BE SOME RESIDUAL ADD-ON LIFE PAST THE PDP=-15
PHASE OUT. ~ : 7



COMPETITION

FLOATING=201INT HARDWARE WILL ALLAOW THY PDP-15 TO PERFORM VELL

ON RENCHYMARKS. CHPRENTLY +% SENCHYARX POOPRLY EVEN COMPARED TO
MACHINES WITH SLOWER CYCLE TIMF DUFE T} OUR SOFTVARE FLOATING-POINT
ARITHMETIC IMPLEMFNTED UIA EAE. i

HFULETT PACKARD HAS DFMANSTRATED BUT NOT ¥v*T DELIVERED FLOATIN? -

DOINT HARDITARE AT AN APOROXIMATE PPICT OF $2pK. DELIUFRY T8 PLANNED IN
JANUARY, 1971. THE HARDWARF WIlT PERFOPM TRIGONOMETRIC FUNCTIONS

AC WELI. A< FLOATING-POINT ADDs, SURTRACT, MULTIPLY, DIVIDE, AND

NORMAL [ 7.F : ¢ .

AR DRNDNSED HARDWARRE WILI. GIVE US A FIGNIFICANT ADUVANTAGE IN THE
AATCKET OURR XDS AND HONEYWELI. £ND HFLP IN THE YATCH WITH HEWLETT
5ACKARD. THFE HARDWARE INTECER ARITHMETIC ALLOWS US TO PERFORM
PDOURLE » #CISION INTRGER CALCULATIONS AND THUS ANSWERS ONE

OF HONMEYWELL'S SELLING ARGIMANTSE. 1T ALSO PROVIDES AN EFFECTIVE
MARKETING TOOL IN COMPARISON WITH THE HEWLETT PACKARD HARDWARF.

GOLIUME

AT A SELLING PRICE OF $13-12K UE EXPECT TO SFLL AROUND 253 FLOATING-
DO INT PRUCESSORS.

1972 A 1973 1974
Al 02 a3 a4 01 A2 03 04

15 3@ 25 4a 25 a3 25 48 o

ROBERT L. KATZ

PPP-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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ORGANIZATION

INSTRUCTION FORMAT
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THE FPU HAS BOTH SINGLE AND DOUBLE LENGTH INSTRUCTIONS.

FIRST WORD 7 1 1 op L|p|F M
' 0 | 56 910111213 17

SECOND WORD I A ’ @ 4“11
0 1 - —r

THE CPU.
0P BITS #6-39 DECODE INTO SIXTEEN INIQUE INSTRUCTIONS
L . BIT 10=9, SINGLE LENGTH -INSTRUCTION '
BIT 1%=1, DOUBLE LENGTH INSTRUCTION
P BIT 11=0@, SINGLE PRECISION
RIT 11=1, DOUBLE PRECISION
o 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 @@=1 SPECIFIES INDIRECTION
A BITS B1-17 SPECIFY THE ADDPESS OF THE FIRST WORD OF
THE ARGUMENT :
% SEE APDENDIX A

5

RITS 68-%5 OF THE FIRST WORD CONTAIN AN OCTAL "71" TO
SPRCIFY A FOU INSTRUCTION. THE 71" APPEARS AS A NO-OPERATION IN
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DATA FORMAT

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

DOUBLE PRECISION FLOATING-POINT (54 RITS)

FIRST gi _ , ‘ﬂJ

WORD __,___———————""‘17
X EXPONENT
(2's COMPLEMENT)
SECOND R "
JORD __ : 1 4 5 |
\\\ i R HIGH ORDER MANTISSA
SIGN
THIRD
WORD l » ——
g — ' —— LOW ORDER MANTISSA
SINGLE PRECISION FLOATINE~-POINT (36 RITS)
FIRST
woan
T o
(2'3S COMPLEMENT)
: LOW ORDER MANTISSA
SECOND
WORD

\\\ HIGH ORDER HANTISSA

SIGN

NOTE: THE ELOATING-POINT MANTISSA 1S KEPT IN SIGN. AND MAG&ITUQE

FORMAT. 5Ll OPERANDS ARE ASSUMED NORMALIZEDs
* .
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INTEGER ARITHMETIC ALSO HAS BOTH SINGLE AND DOUBLE PRECISION.

DOUBLE PRECISION INTEGER (36 BITS)

FIRST '
WORD La _.]
| o ; -HIGH ORDER OPERAND

SECOND | ——
WORD |7 ] :

- , \A o ol
_ '1,OW ORDER OPERAND

SINGLE PRECISION INTEGER (18 BITS)

WORD

SINGLE '7

\\\1//17
‘ , OPERAND

NOTE: THE INTEGER OPERAND IS IN TWO'S COMPLEMENT FORMAT.
* : 1 ,
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NRERATION

CORE
MEMORY

FPU

PDP-15
CPU

THE FLOATING-POINT SYSTEM CONFIGURATION HAS THE FPU "BLACK
NOX" PHYSICALLY OR*D ON THE MEMIRY RIS RETWEEN CORE MEMORY AND
T DPP=-1% 0PI,  THIS SITIIATED, THE FPII MONITORS ALL INSTFRUCTIONS
FETOHRD F20M CORE AND EXAMINES EACH FOR THE "71" IN BITS 00-05.
THE 71" APPRARS AS NO-OPERATION IN THE CPU, RUT IT IMMEDIATELY
FI.AGS THR FPH TO ANNOUNCE ITS OCCURRANCE. THE FPII ACKNOWFLDGES RBY
NTSARLING THE CONTROL CIRCHITRY WHICH ALLOWS THE CPU TO MAKE A
MEVORY RENTIRST.  1/0 MEMORY REQJESTS ARE STILL. ALLOWED ACCESS TO
CORE. THR RITS TO THE RIGHT OF 71" PROVIDE INFORMATION ON THE
INSTROCTION 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 TO OBTAIN THE SECOND WORD OF
THE INSTRICTION. THE CPUJ ©C WILL INCREMENT PAST THIS SECOND. WORD
AND RE CORRECTLY POSITIONED FOR CONTINUED EXECUTION WHEN CONTROL
1S PETURNED. THIS TECHNIQUE OF ALIGNING THE PC REQUIRES THAT THE
SECOND WORD RE MADE TO LOOXK LIKE A NO-OPERATION TO THE CPU. THE
ACTUAL SECOND WORD IS LOADED INTO THE FPU. THIS SECOND WORD CAN BE
FITHRR THE ADDRESS OF THEZ MEMORY OPERAND (NO INDIRECTION) OR THE
ADDRESS POINTING TO THE ADDRESS OF THE MEMORY OPERAND (INDIRECTION).
EUENTUAL 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 CPU
MEMORY REAUEST CIRCUITRY.
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3. . HARDWVARE IMPLEMENTATION

SEVERAL MSI (MEDIUM SCALE INTAGRATION) DEVICES ARE PLANNED
TO BE ISED IN THE FPll.

NECT4181 4-RIT £RITHMETIC LOGIC TWNIT

DEC74182 CAREY LOOK AHEAD }
DEC74153 4-LINE TO 1-LINE DATA SELECTOR
DECT74154 4-LINE TU 16-LINE DECODER

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

THRIRE GENERAL PURPOSE RBOARDS HAVE REEN MADE 70 UTILIZE THE ABbUE IC'Se

5%4-3R912 TWO 16-PIN IC'S, ALL PINS BROUGHT 0UT, POVER
ON PINS 16 AND 8, SEPARATE GROUND LOOP FOR
EACH IC, AUVAILARLE AS W96l.

53-489838 ONE 24-PIN IC, ALL PINS BROUGHT OuT, POWER
ON PINS 24 AND 12, AVAILABLE AS W962.
SA=-D8914 TWO 14-PIN IC'S, ALL PINS BROUGHT 0UT, POWER

ON BINS 14 AND 7, SEPARATE GROUND LOOP FOR
TACH IC, AVAILABLE AS W963.

CTHE FIRST PROTOTYPE WILL MAKE EXTENSIVE USE OF THESE BOARDS
IN THE DESIGN. SPECIAL PARTITIONING HAS ALREADY REEN DEVELOPED FOR®
THr, SECOND PROTOTYPE WHICH WILL COMBINE SIX OF THESE SINGLE HEIGHT
CA2DS INTD ONE DOUBLE HEIGHT CARD. THIS NEW CARD WILL BE USED TO
REDUCE THE 96 MODULE SLOTS REQUIFED FOR REGISTERS AND ADDERS 1IN
PROTOTY?E 1 TO 32 MODULE SLOTS IN PROTOTYPE Il. IF THE MODULE SLOTS
REQUIRED FOR CONTROL LOGIC CAN BE XEPT TO LESS THAN 64% OF THE TOTAL
COUNT, THE FPIJ CAN BE PACKAGED IN TW0 MOUNTING PANELS €128 MODULE
SLOTS)e AS A COMPARISION, THE PDP-15 CPU IS CONTAINED IN 2 1/4
MOTINT ING ©ANELS AND USES 79 OF THOSE MODULE SLOTS FOR CONTROL. IF
THE FPII CAN BE CONSIDERED TO BE NO MORE COMPLEX (AND/OR COMPLICATED)
THAN THE CPU, THE LIKELIHOOD OF FITTING THE FPU IN THE ALLOTTED
SPACE IS GOOD. . ‘ '
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L DIGITAL x“c.;ux:’Mﬁm'-_cbgpomnoﬂ . DISCRETE PROJECT AUTHORIZATION

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 1T 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
BUILD 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 1TwW 0.1lE
1.6E 1.1E 1.1E 1.1E 0.1lE 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

ADD L DOURBLE

SIIRTRACT - DOUBLE
REVERSE SUBTRACT DOURBLE
MITLTIPLY DOURLE
DIVIDE DOURLE
REVERSE DIVIDE DOUBLE :
L.0AD SINGLE AND DOURLE
STURE DOTIRLE
FLOAT : SINGLE AND DORBLE
FIX SINGLE AND DOURLE
DIAGNOSTIC DOURLE
SWAD M0 SINGLE

IINASSIGNED
TINASSIGNED
TTRIASS T GNED
NMIASSIGNED

THE FIRST OPERAND LOCATION IS5 A 54-BIT HARDWARE ACCUMULATOR:
IN. THE FPl. FOR DOUBLE LEVGTH INSTRUCTIONS THE SECOND OPERAND IS
HELD IN CORE MEMORY. WHEN THE INSTRUCTION LENGTH IS QIVGLE:VTHE FPU.
HARDWARE ACCIMIUILATOR IS UISED AS THE SECOND OPERAND. - S

IN FLOATING-POINT MULTIPLY THE OPWALI7ED RESULT FAq THE
MOST SIGNIFICANT BITS IN THE FPJ HARD““QE ACCUMIULATOR AND® THE LEAST
SIGNIFICANT BITS IN THE FPU Mf. THE MQs A 36-RIT ?XTENQID& OF THE
HARDWARE ACCUMULATOR, MAY RBE ACIESSED WITH THE DIAGNOSTIC AND SWAP MO
INSTRUCTIONS. IN INTEGER MULTISLY, THE LEAST SIGNIFICANT BITS OF ..
THE RESILT ARE IN THE FPi HARDWARE ACCUMULATOR AND THE MOST SIGNIFICANT
3ITS ARE IN THE FPIJ MO. MULTIPLICATION IS RETWEEN TWO 36-BIT OPERAND
REGISTERS AND RESULTS APPEAR IN THE 36- BIT MANTISSA PORTION OF THE \
FPIJ HARDWARE ACCUMULATOR AND THI 36-BIT FPI M0

ROTH FLOATING-POINT DIVIDE AND INTEGER DIVIDE RESULT WITH vk
THE QUOTIFNT IN THE 36~-81IT MANTISSA PORTION OF THE HARDWARE AFCUMULATOQ
AND THE REMAINDER IN THE #MQe. INTEGER DIVISION IS WHOLE NUMBER e
DIVISION. IF THE DIVIDEND IS LISS THAN THE DIVISOR, THE QUOTIFNT
IS 7ZERD. :

DROGRAYM INTERRUPTIONS: .

OVERFLOW - MAGNITUDE OF RESULT EXIEEDED MAXIMUM REPRESENTABLE
NTIGRER LI#IT. . ,
INDERFLOW - MAGNITUDE OF RESULT EXCEEDED MINIMUM REPRESENTABLE
NUMBER LIMITe | '
DIVIDE - DIVISION BY ZERD 1S ATTEYPTED.
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ADD

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

PROGRAM INTERRUPTIONS:
INDERFLOW
OVERFLOW

SUBTRACT

- - . - -

THE SECOND OPERAND IS SURTRACTED FROY THE FIRST OPERAND, AND THE.
DIFFERENCFE IS PLACED IN THFE FIRST OPERAND LOCATION. .

PROGRAM INTERRUSTIONS:
UNDERFLOY
OUERFLOW

REVERSE SURBTRACT

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

DROGRAM INTERRUPTIONSG:
IINDERFLOW
OUVERFLOW

MULTIPLY

T PRODNCT OF MULTIPLIER (THE SECOND OPERAND) AND MULTIPLICAVD
THE FIRST OPERAND) REPLACES THZ MULTIPLICAND.

>3)GRAM INTERRUPTIONS:

{INDERFLOW

IWERFLOW

DIVIDE

PuE DIVIoevT CTET FI9ST APEFASD) 1S DIVIDIED BY THE DIVISOR (THE

SECOND OPERAND) AND REPLACED 3Y THE AQUOTIENT. THE RE WQI DER IS LEFT

IN THE MQ.

. PROGRAM INTERRUPTIONS:
IINDERFLOW

OVERFLOW

DIVIDE
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REJVERSE DIVIDE

- e e w s ws wr  wsnan o

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

PROGRAYM INTERRUPTIONS:
UNDERFLOW

OVERFLOW

DIVIDE

L.0AD

- - v

THE SECOND OPERAND IS PLACED IN THE FIRST OPERAND LOCATION. BITS
13-17, M, OPERATE ON THE SECOND OPERAND PRIOR TO THE LO0AD. USE OF
THESE RITS CREATES A SURSET OF LOAD INSTRUCTIONS:

L.0AD ROUNDED
L.0AD POSITIVE
LOAD NEGATIVE
LOAD COMPLEMENT

PROGRAM INTERRUPTIONS:
OVERFLOW (OCCURS ONLY ON LOAD RIUNDED)

- m on am we

THE FIRST OPERAND IS STORED AT THE SECOND OPERAND LOCATION. RITS
13-175, M» OPERATE ON THE FIRST J)PERAND PRIORFR TO THE STORE. USE OF
THESE BITS CREATES A SUBSET OF STORE INSTRUCTIONS:

STORE ROUNDED
STORE POSITIVE
STORE NEGATIVE
STORE COMPLEMENT

PROGRAM INTERRUPTIONS: .
OUVERFLOW (OCCURS ON STORE ROUNDID AND WHEN POSITIVE EXPONENT BITS
ARE LOST ON SINGLE PRECISION STORE) ‘

IINDERFLOV (NEGATIVE EXPONENT RITS LOST ON SINGLE PRECISION STORE).

NOTE: LOAD ROUNDED AND STORE ROUNDED CHANGE DATA PRECISION FROM
DOUBLE TO SINGLE BY ADDING 4070387380463 TO THE MANTISSA AND
RENORMAL IZING.
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FL.OAT

THS NATA FORMAT OF THR SECOND OPERAND IS CHANGED FROM INTEGER TO
FLOATING=-POINT. THRE SECOND ORPERANMD IS A 18 0OR 34-RIT INTEGER. THE
PESHLT IS PLACED IN THE FIRST OPERAND LOCATION. '

PROGRAM INTERRIIDTIONS: NONE

FI¥

THE DATH FORGAT OF THE SECOND OPERAND IS CHANGED FROW FLOQT:NG-PDINT
TO INTEGER. THS RESIJLT IS A 18 OR 36-BIT INTEGER AND IS PLACED IN THE
FIRST OPERAND LOCATION. . :

DROERAY INTERRJ2TIONS:
OURRFLOW (SIGNIFICANT RITS LOST ON FORMAT CHANGE)

DIAGNOSTIC

- en wm en wn G W o e -

THIS INSTRUICTION WILL BE IMPLEMENTED TO DIAGNOSTIC PROGRAMMING
SPECIFICATIONS. IN GENERAL, IT WILL WNABLE THE DIAGNOSTIC PROGRAMMER
TO 0T THE FLOATING-POINT UNIT IN SINGLE-STEP CHECKOUT MODE AND
PROVIDE ACCESS TO ALL ESSENTIAL CONTROL CIRCUITRY AND HARDWARE
PEGISTRRS. ~ THIS INSTRUCTION WILL ALSO SERVE TWO OTHER FIWNCTIONS.
FIRST, IT WILL ALLOW USER INFORYATION IN THE FPU TO BE SAVED OR
PESTORED “ITH A SINGLE INSTRUCTION. SECOND, IT WILL GIVE ACCESS TO
AN INTERR{IPT EXCEPTION REGISTER, WHICH MAY RE EXAMINED TO DETERMIN
THR CAUSE OF THE FLOATING-POINT INTERRUPST. .

SWAP MAQ
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THE 36~BIT MANTISSA PORTION OF [HE FPU HARDWARE ACCUMULATOR AND THE
36-RIT FPUI MO ARE SWAPPEDe. o '

PROGRAM INTERRUPTIONS: NONE



(PAGE RB1)
APPENDIX B

WANDLING OF INTERRIPT EXCEPTIONS
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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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APPENDIX C

OPERATING FEATURES AND CJUNSTRAINTS
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MAXIMUM OF ONE LEVEL OF INDIRECTION

OPERANDS 4UST BE NORMALIZED

RESLILTS ARE AUUTOMATICALLY NORMALIZED

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

NEGATIVE ZERO IS NOT ALLOWED

THE ADDRESS OF THE ARGUMENT IS A 17-RIT NUMBER .
ROUNDING TAKES PLACE AFTER ALIGNING AND AFTER NORMALIZING (+1 1S
ADDED TO THE LFEAST SIGWIFICANT BIT OF THE MANTISSA IF THE NEXT
RIT OFF THE L3B END OF THE MANTISSA IS 1)

170 MEMORY REQUESTS ARE GIVEN PRICIITY OVER FPU MEMORY REAQUESTS
THE PROGRAMMER MAY LOAD A 15-3IT REGISTER IN THE FPU WITH AN
INTERRUPT EXIT ADDRESS. WHEN 4 FLOATING-POINT INTERRUPT OCCURS,
THE FPU AUJTOMATICALLY FORCES THE CPRPU TO JMS TO THE EXIT ADDRESS.
THE EXIT ADDRESS L.OCATION WIL. CONTAIN THE ADDRESS OF THE LAST
FPI INSTRUCTION EXECUTED PLUS TWO.

E. G.
A FLOAT. ADD
FRU INTERRUPT OCCURS A+l ADDRESS OF ARG
: fA+2 LAC B
EXIT ADDRESS LOCATION A+3 Dac C
WILL CONTAIN "A+3" . .
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FYAVMPLE PROGRAM CODING
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QP CODES 1ISED: LOAD 23, ADD=34, STORE=70 :

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

DAL BG i -LOC 100
A3180 346112 . ' TAD DATAL /CPU INSTRUICTION
01)191 Ban113 , DAC STOR /CPl INSTRUCTION
NE1A2 712340 LD NUM1 /DOUBLE PRECISION F.P. LOAD
“ﬂﬂlﬂ? 30305114 , /ASSEMBLES INTO TWO 18-BIT
NaALAL 713749 - AD NUME2 /DOUPLE PRECISION FeP. ADD
MaMINS  9AR11T /ASSEMBLES INTO TW0O 18-RIT WORDS
401 A6  T17340 ' STD ANSY /DOUBLE PRECISION FeP. STORE
ABALGT  B0A122 /ASSEMBLES INTO TW0 18- RIT
BAA11A 200125 LAC DATA2  /CPU INSTRUCTION
207111, 619126 JYP NEXT /CPYU INSTRICTION
An7M112 181127  DATAL 181127 ' '
A1%113  ARAAnA STOR @
Anlla  BHaaaT  NUML 47 /E¥PONENT
BBE115 364211 364211 /SIEGN AND HIGH ORDER wavrlccn
Ann11A 373642 373642 /1.0W ORDEP MANTISSA
AAG117 GENR36 NIM2 36 /EXPONENT R .
aAI 208 207416 207416 /SIGN AND HIGH ORDER MANTISSA
aaNt191 477135 477135 /L0YW ORDER MANTISSA .
AAN12E  GHORAF  ANSY 2 /EXPONENT
aa8123  #899050 ? /8IGN AND HIGH OPDER MANTISSA
ANGAL24  (ANARH ? , /71L.0¥ ORDER MANTISCA

WAGRI25 . GEaaal DATAR 1
K316 TAGARE  NEXT

/CPU I NSTRUCTION

WHEN THS INSTRUCTION AT LOCATION 487162 1S FETCHED, THE
wORDs 712347, 15 A NO-OPERATION IN THE CPUe. HOWEVER, THE FPU
IMMEDIATELY RECOGNIZES THE "71" AS A FLOATING-POINT INSTRUCTION
WORD. AT THIS TIME, THE FPU DISABLES THE CPL FROM MAKING FURTHER
MEMORY RENIIESTS, AND THE REST OF THE FLOATING-POINT INSTRUCTION
15 DECODED - 234%. ‘

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 #09183. THE CONTENT OF 465133 IS REALLY MEANT TO BE
THE SECOND OPERAND ADDRESS FOR THE FLOATING-POINT INSTRUCTION.
CONSEGUENTLY, THE CPU MUST NEVER SEE THE "GARBAGE"” INSTRUCTION IN
36M193. THIS 15 ACCOMPLISHED BY DISARLING THE CPU FROM STROBING -
THE CONTENTS OF 608183 INTO ITS RUFFER. BECAUSE OF THE “STIMULUS- .
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RLSPONSE" OPERATION OF THE CPIT WITF CORE MEMORY», THE CPU WILL WAIT

IN LIMBO UWNTIL IT IS ALLOWED T¢ STRORBK THE MEMORY BUS INTO ITS
RIIFFER. MEANWHILE rHE FPU TAKES OVER WHERE THE CPU LEFT OFF, STRORES
THE CONTENT ¥ @am1n3 INTO THE FPU R ¥FER, AND ISSUES THE NECESSARY
ACKNOUVLEDGE SIGNALS TO END THE MEMJRY CYCLE. A DUMMY NO-OPERATION
IYSTRUCTION WORD IS THEN PUT ON THr M¥MORY BUS BY THE FPU, FOLLOVWED
ny A STROWE SIGNAL TO THE CPU. THE FoU NOW PLAYS THE ROLE OF A

CORE BANK AND ISQIIES THE NECESARY STGNALS TO THE CPU TO FEND THE
CYCLE. AGAIN, THE FPU DISABLES THE CPU FROM MAKING A MEMORY

REAUEST.

QP CODE = 27 IS A LOAD INSTRIICTION. P = 1 AND F = 1>
COMPLETE THFE PDESCRIPTION OF THE INSTRUCTION, LABELING IT DOUBLE
PRECISION FLOATING-POINT. THE DESTINATION OF THE LOAD IS A 54-BIT
FPil HARDWARE ACCUMULATORe. THFE DAESTINATION ACCUMULATOR 135 LOADED WITH
THE EXPONENT, SIGN AND HIGH ORDFER MANTISSA, AND THE LOW ORDER MANTISSA
FROM LOCATIONS aan114, $A%115, AND 3m116 RESPECTIVELY. THE CONTENT
OF 467R17A3 1S THE SECOND OPERANY ADDRESS. SINCE BIT =0, THERE 1S WO
INDIRECTION, AND THE EFFECTIVE ADDRESS 1S SIMPLY 996113« WHEN THE
INSTRUCTION I5 FINISHED, THE C?17 IS FNABLED FOR MEMORY REAUESTS AND
THE NEXT WORD FETCHED RY THE C2U IS FROM LOCATION 207104. THE OTHER
FL.OATING-POINT INSTRUCTIONS ARE EXECUTED IN A SIMILAR MANNER. ‘

NOTK: 170 MEMORY REQUESTS ARE CIVEN PRIORITY OVER FPU REQUESTS
TO MEMORY.



