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OBJECTIVE

Provide the AP-120B array processors with a program-controlled source of 15-bit
random-number words at the rate of three per microsecond.

RESULTS

1. Installation of a random-number generator on the back panel of each of five
AP-120B array processor computers has been successfully completed. Installation on the
four remaining array processors will be completed after acceptance of the hardware.

2. A fast source of n-bit pseudorandom-number words can be implemented with n
shift registers operating in parallel, each register supplying one bit to the random number

word.
3. The system installed generates numbers with uniform distribution. A memory

look-up table can be added for generating numbers of any distribution, without loss of
speed.

4. The circuit can be implemented with standard TTL integrated circuits.

5. The programs listed in this report, used to debug the circuits (COMPARE?2) and
to check for digital noise (COMPARE1 and TIMTEST), showed that the system was suffi-
ciently noisefree and operationally consistent. In one check, the five generators were run
continuously, at high speed, for 1 hour. Each generated the same number of random-number

words (about 1010), and all stopped on the same words.

RECOMMENDATION

To make the random-number generator more versatile, use the easily accessed word-
count register in the array processor for the following purposes:

1. To load the initial conditions into the 15 shift registers. This would allow different
sequences of the given distribution.

2. To load a RAM memory look-up table with numbers of a given distribution. This
would allow sequences of any distribution to be generated.
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INTRODUCTION

A hardware implementation of the shift-register pseudorandom-number generator
described in NOSC TN 345* was attached to the AP-120B computer array processors (AP)
in the real-time torpedo simulation system. Installation of a random-number generator on
the back panel of each of five AP computers has been successfuily completed. Installation
on the four remaining array processors will be completed after acceptance of the hardware.
This document describes the circuit design of the number generator, its computer interface,
the diagnostic software written to test it, and the expansion of this generator to a system that
generates numbers of an arbitrary distribution.

CIRCUIT THEORY

The circuit comprises 15 shift registers of 16 bits each. All 15 registers shift simul-
taneously (in parallel) to generate a new random-number word. Bit O of each register holds
the exclusive OR of bits 7 and 15. The 15-bit random-number word is composed of bit 1 of
each of the 15 shift registers (figure 1). A new number is generated with only one shift;
whereas if but a single register were used, about 10 shifts would be required to insure that
the numbers were not correlated with each other, increasing the generation time by about a
factor of 10.

1 pm——— “{—-REGISTER WORD 1

ol ° ° () 7 ° ° ) 118
[ 2

{15 SHIFT REGISTERS)

{= NOISE WORD 1)
®

15

RANDOM-NUMBER OUTPUT WORD

:[——REGISTER WORD 15

o1 e o o 7 ® ° . 15

Figure 1. Random-number generation from 15 paralle] shift registers.

Each register word, bits 1 thru 15, repeats only every 215 shifts (a maximal-length
sequence). It was observed that the random-number word sequence generated by the 15
parallel registers is also of maximal length when the initial conditions (noise words) given in

* NOSC TN 345, A Fast Pseudo-Random Number Generator, by K Lawrence, 1 February 1978. NOSC TNs
are informal documents intended chiefly for internal use




TN 345 are used. These 15 initial noise words were generated from a single resister by load-
ing bits | through 15 with the sequence 62732 (octal) and forming another sequence by
sampling bit 1 every 13 iterations. The initial noise words, listed in figure 2, are successive
15-bit bytes of this sequence.*
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Figure 2. Initial contents of the 15 shift registers.

SYSTEM DESIGN

Each of the nine AP-120B array processors in the simulation system will have its own
noise generator attached. Some design criteria are as follows:

1. The AP request for a number from the generator is signaled by a transition of the
FLAG 3 signal in the AP. This flag is set and cleared by the AP program instructions SFL3
and CFL3. To change FLAG 3 and read a number into the AP requires two instructions of
167 ns each. The generator therefore must be able to produce numbers in about 200 ns to
allow for transmission and AP memory setup time.

2. The FLAG 3 signal can be used together with the AP RUN signal to control
resetting of the number sequence. There are two modes of reset:

a. The generator resets when the RUN signal goes low — ie when the AP
starts running — independently of FLAG 3: RESET = RUN.

* From conversation with K Lawrence, NOSC




b. The generator resets when RUN goes low if FLAG 3 is initially set:

RESET = RUN * FLAG 3. With this mode, the number generator can be

programmed <o start on any of the 32767 numbers in the sequence.
The desired reset mode is selected by a switch on the AP. (Switch 2 open = mode a: closed =
mode b.)

3. The port into the AP is the 16-bit HMA?2 register. The LSB of HMA?2 is always

0, leaving the 15 MSB for the random-number bits. The noise generator is the only source of
data at this port. (AP device address=11.)

CIRCUIT DESIGN

The block diagram, figure 3, shows the interface with the array processor. The shift-
register circuit (figure 4) uses the 8-bit parallel-load TTL chip 74198. Two chips are used to
make bits 1 through 15 of the register word. Register bit O is the output of the exclusive OR
chip 7486. There are 15 register circuits, each supplying one bit to the 15-bit random-number
word.

AP-120B “ RANDOM-

NUMBER
li GENERATOR | 15 SETS OF
{ 156 BITS — HARD- 15 SHIFT
| Ao ' WIRED INITIAL / REGISTERS
CONDITIONS

RUN —r. ' TIMING
AND
. PULSE Shd
FM§_3+ i SHAPE —-@ ® ®
(214 BOARD) | % b :
&

I BIT1
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(237 BOARD) |

BIT 1 I

Figure 3. Random-number generator — uniform distribution and fixed initial conditions.

Two inputs to each of the 30 shift-register chips control shifting, (S), and loading or
resetting, (L). Resetting, by parallel loading of the hard-wired values at the register inputs,
occurs if the L signal is high when S rises.

The timing and pulse shaping circuit (figure 5) uses 74121 one-shots for timing. T2
delays the clock pulse with respect to the rise of the load pulse, to satisfy the shift-register
setup requirement. The timing is shown in figure 6. The RUN signal is low for the duration
of the AP program and FLAG 3 is constant during transitions of RUN.
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DESCRIPTION OF TEST PROGRAMS

Three FORTRAN programs were written to test the random-number hardware. The
programs are entered into the host computer (UNIVAC 111Q); these call FORTRAN sub-
routines which in turn enter machine code programs into the AP. The main programs are as
follows:

I. COMPARE2 (compare to), which compares an arbitrary length sequence of AP
(hardware)-generated numbers to software-generated numbers from the subroutine UFORM2.

II. TIMTEST (time-test), which starts the number generator in a continuous run for
a given number of seconds, minutes, or hours. Several APs can run simultaneously with this
program; at the end of the run, the APs can be checked against each other to see if the final
random number word in each is the same.

III. COMPARE]1, which runs the generator over the same sequence a given number
of times to check for repeatability.

To generate a continuous sequence of arbitrary length in COMPAREZ2, SW2 must be
closed so that the generator will not reset on subsequent calls to the AP from the host compu-
ter. For COMPAREI, the switch must be open so that the generator does reset. TIMRUN
will operate with either switch setting.




COMPARE! and COMPARE2 also can list random numbers and produce diagnostics
when errors in the hardware numbers are detected. COMPARE?2 can be used to determine
which of the 15 shift register circuits is faulty, since it outputs the correct word and the
erroneous hardware word in octal format. Written in base 2, the individual bits in disagree-
ment represent faulty register circuits. COMPAREI! is conveniently used for listing since
SW2 is normally in the open (RESET #very call) position. Other program options and inputs
can be found under their headings, listed in the appendix. The programs listed in this report
were used to debug the circuits (COMPARE?2) and to check for digital noise (COMPARE1
and TIMTEST). In one check, the five generators were run continuously, at high speed. for
1 hour, each generating the same number of random-number words (about 101 ): all genera-

tors stopped on the same word.

GENERATING NONUNIFORM DISTRIBUTIONS

Random numbers of a given distribution other than uniform can be obtained with a
table memory (look-up table) by using the uniformly distributed numbers as addresses of the
numbers with the given distribution. This is a direct implementation of the definition of a
random variable. The equally likely outcomes of the experiment (domain of the random
variable) are the addresses, and the values of the random variable are the contents of memory.
The probability density function of the random variable — or its integral, the distribution
function — is determined by which numbers are loaded into memory.

The access time of bipolar memories is about 40 ns — a time short enough that a
memory look-up could be included with the present generator without slowing the random-
number generation. The maximum output rate will still be one random-number word every
two instruction cycles (334 ns). The memory can be PROM or RAM. If RAM is used, differ-
ent distributions are programatically available. A convenient register is included on the AP
237 board through which the RAM can be loaded: the word count (WC) register, adjacent
to the HMA?2 register. The shift-register initial words can also be loaded via the WC register,
to make available different sequences of uniformly distributed numbers.

The numbers to be loaded originate in the 1110 host computer. They are read into
the AP memory (MD), then passed one at a time through the WC register to the RAM or to
the shift-register inputs. Figure 7 is a block diagram of a design that allows the loading of
both a RAM and the initial register words and provides two programmably selectable outputs
— either the uniformly distributed words from the shift registers (the RAM addresses) or the
nonuniform words from RAM. Although uniform distributions are available from RAM,
sequences from RAM are limited by its size (about 4k words).

The WC register presents a control word before each data word. Control words are
distinguished by those which have 1 as the most significant bit. The other bits in a control
word are used to indicate where the following word of data should be put, to enable busses,
and to set the output select latch. A data word is loaded into a shift register or RAM after a
delay initiated by the falling edge of WC bit 0. Figure 8 shows the bit assignments of the WC
register.

The full circuit shown in figure 7 requires three circuit boards, each about the same
size as the present one (6 by 10 inches). They are a shift register board, a RAM board, and a
control board.
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CONCLUSIONS

1. A fast source of n-bit pseudorandom-number words can be implemented with n
shift registers operating in parallel, each register supplying one bit to the random number

word.
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2. The system installed generates numbers with uniform distribution. A memory
look-up table can be added for generating numbers of any distribution, without loss of speed.

3. The circuit can be implemented with standard TTL integrated circuits.

4.  The programs listed in this report, used to debug the circuits (COMPARE?2) and
to check for digital noise (COMPARE1 and TIMTEST), showed that the system was suffi-
ciently noisefree and operationally consistent. In one check, the five generators were run
continuously, at high speed, for 1 hour. Each generated the same number of random-number
words (about 10*"), and all stopped on the same words.

RECOMMENDATION

To make the random-number generator more versatile, use the easily accessed word-
count register in the array processor for the following purposes:

I.  To load the initial conditions into the 15 shift registers. This would allow different
sequences of the given distribution.

2. Toload a RAM memory look-up table with numbers of a given distribution. This
would allow sequences of any distribution to be geinerated.
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PROGRAM TIPTEST
VO TEST THE RANDOM NUMBER GENERATOR ATTACHED 1O THE AP1208
ARRAY PROCESSOR. RUNS THE NUMBER GENERATOR IN NESTED LOOPS,
EACH LOOP READING 2 WORDS INTO THE AP WEMQRY (WD 0),. TO REAS
ONE WORD REQUIRES 2 INSTRUCTIONS=334 NS. THE TOTAL RUN TINE IS
CLOSE TO THE PRODUCT OF THE THREE LOOP COUNTERS (N215, N230, N245)
AND 334 NS.
FOR SHORT RUNS (LESS THAN 7 SEC.) THE AP kILL WRITE THE FINAL wORS T0O
THE 1110 HOST COMPUTER. FOR LONGER RUNS THIS PROGRAM MUST BE TERMINATED
AND THE FINAL WORD READ FROM THE AF (FROM MND ()
WITH THE SYSTEM PROGRAR BUG.1 OR BLG.2. THE TERMINAL INPUTS ARE:
axeT BUG.1
(ARKAY PRGCESSOR NOeoy O - 9, I1)

€ CEXAPFINE)

D (MEMOCRY)

0 (ADDRESS ZERO)

X (TO TERPINATE PROGRAM)

INPUTS

N215= PRIMARY LOOP COUNY (327¢é mAXx)
N230= 2-ARY » (32767 mAX)
N24&5= X-ARY " el

TO RUN 1 SEC SET N215=327¢6
N23C=92
Ncé&S5=1

TO RUN 1 PIN SET N215=32766
N230= 92
Ne4&5=€0

TO RUN 1 HOUR SET N215=32766
N230=92
N245=3¢00 .

ONE HOUR REFPRESENTS 32766+92+3600= 102+10 SHIFTS OF THE NOISE REGISTERS.
BILL LAFOND APR 7B

FORMAT(15)
FORMAT(TS ,06)

CALL APCLR

REAB(S,1) N215,N230,N24S

SET FLAG 3

CALL TIMRUN(2,0,0)

CALL APWR

START TIMED RUN

CALL TIMRUNIN215,M230,N245)

CALL APWR

CALL APGET (NFINAL,D,1,0)

CALL APWD

WRITE(6,2) MFINAL e
stop

END

STITLE HARDNARE RANDOM NUMpEk TIME TEST PRCGRAR TIARUMN
SENTKY TIMRUN,3

RUNS RANDOM NOo GEN IN NESTED LOOPS SO THAT IT WILL RUN A PREDETRARINED
LENGTH OF TIME, EeGey WUURS, TO TEST IF ALL OF THE ARRAY PROCESSORS
ARE RUNNING CONSISTANTLY AND THE SARE.

SFALN= COUNT UF T( ¢*#15 = ¢ 1TERATIONS = 11 rS. PAX.

SPALYI= ™ «te30 - 1 i = ¢ MINUTES 1F SPU AND SPI=mAX
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SFAL2= * c*ab5 - 1 - = 1 HGUR IF =10 AND OTHERS mAX.

TUTAL TIPE= THE PhODUCT 234 NS. #(SPADTC)«(SPAD1)* (SPAD2)
BILL LAFOND APR 7e

TINRUN: NCP

PB=2ERU; LDAFS

06=0; LDSF1 15

MOV 15,15; SETMA; PB=2tR0; »1<DB
DEC 0; INCHA

mov 0,3

nov 1.&

LODA; uB=11

LL: IN; DB=INBS; M1<OB, wRTILFN; DECM,
DEC G; CFL3; INCHA

IN;, OB=INBS; MI<KDB, wRTLMN, DECMA
DEC U; B6T LL; SFL2; INCHMA

DEC 1

86T LL, WOV 3,0

DEC ¢

B6T LL,; MOV 4,1

RETURN

SEND

PROGRAM COMPARE1

TO TEST THE RANDOM NUMBER GENERATOR ATTACHED T0 THe AP 1208 ———er
ARRAY PROCESSOR. READS NS SEQUENCES OF RANDOM NO.“S, EACH

SEQUENCE NR WORDS LONG, SWITCH 2 ON THE RANDOR NO. GENERATOR SHOULD

BE OPEN SO THAT THE NUPBER GENERATCR RESETS ON EVERY CALL TC-THE AP,
THE PROGRAP

1o COMPARES EACH SET TO THE PROCEEDING BY COMPARING TEST SUmS =
COMPUTED IN THE AP, IF THE SUNS ARE DIFFERENT THE WOROS ARE READ
FROM TNE AP,

Qe CHECKS THAT SUCCESSIVE wORDS ARE DIFFERENT.

INPUTS

NS=NO, SETS TO BE COMPARED (L.E. 99999)

NR=NO. RANDOM NO.“S IN EACH SEV (L.E. 2000)

NDIAG=1 TC LIST RANDOM NO<“S AND DIAGNOSTICS. TO LIST RANDOMN NO.°S
SET AS=1, NDIAG=1, NR=LENGTH OF SEQUENCE DESIRED

NPASS=1 TO MARK END OF EACM COMPARISON

BILL LAFOND APR 78
INTEGER R(2(0L), w(20CC)

FORMRAT(IS)

FORMATC10(SX,06))

FORMATC/TS,*SET NOe 1°)

FORMATCTS y “DIFFERENCE FOUND 1IN RANDOM NO. “,15,

° OF SET NGe “y15,)

FORMAT(TS ; “PASS “,15,° FINISHED®/)

FORMAT(TS , “FRESENT WORD= “,06,° LAST WORD= “,0¢,)

FORMAT(TS ,“sasase QORD “,1&,° IS SAME AS LAST ONE - “,0¢,
i IN PASS 'QIC') X

FORMATCTS,"16 LSB OF SUP = “,06)

FORMAT(/TS , “END TEST®)

CALL APCLR

13
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999

READ(S91) NS, NR,NDIAG,NPASS

CALL RAND1(C.1,NR.409¢)
CALL APwWR

CALL APGET (LSUM1,409¢,1,0)
CALL APWD

IF(NDIAG.NELD) WwRITE(E,8) LSUMT

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0DDC

.

wk 1TE FIRSY SEV OF RANDOM NO.“S IN OCTAL

CALL APGET(R,GyNR,C)
CALL APWD

41=1

DO 15 I=2,NR

IF(R(I)ECR(I-1)) wRITE(6,7) 1,R(1),J1

CONTINVE
IF(ND JAG.NE .0) wRITE(€,3)

IF(NDIAG.NE-O) WRITVE(6,2) (R(1),I=T,NR)

x}(NPASS-NE.O) WRITECE,5) 31

1F(NS.EQ.1) 60 TO 999

D0 100 K1=2,NS

CALL KAND1(Cy1,NMR,409¢)
CALL APNKR

CALL APGET(LSUM2,409¢,1,0)
CALL APWD

TF(NDIAG.NE D) wRITE(€,8) LSUM2

LOIF=LSUR]-LSUMZ
IFCLDIF.EQ.C) 60 TO 99

RETRIEVE PRESENT S THAT DOESN’T AGREE WITH LAST ONE

CALL APGET(wy(sNR,0)
CALL APWD

TF (1) NER(T)) WRITE(E,4) J1,K1T
JF (1) NE.RCT)) WRITEC(ELE) W(T),R(T)

00 20 1=2,AK

l‘(.(l).sn.h(l“)) “al“(°'7’ l.U(l).K1

1F(W(1)EQ.u(1-1)) 60 TO 21
IF(w(I)EQ.R(])) 60 To 20
WMRITE(&04) 1,K1

WRITE(E,6) w(I)yR(I)

60 T0 21

CONTINUVE

lF(thAG-hE.O) h.l‘t(‘.z) ('(l,|x=1'~"

00 22 1=1,NR

RED=w(1)

TFANPASSeNE.0) WRITE(€,5) k1
LSUNY=LSUMm2

CONTINVE

CONTINUVE

WRITE(€,10)

sTOP

END

STITLE HMARDWARE RANDOM NUMBER TEST PROGRAM RAND?
SENTRY RANDT .4
SEXT V(LR

BILL LAFOND APRIL 70

FOR NOSC SPECIAL MODIFICATION TO

GENERATOR TO THE AP 1208,

LOADS THE FIRST (SPAD2) LOCATIONS IN WD MEMORY wITH RANDOW NO.°S
AND CALLS SUBRCUTINE SVEI TO SUF THE NC.“S AND FLACES THE SUM

IN LOCATION (SPAD3) 1IN MD.
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1Ge ® RANDT IS CALLED BY PROGRAR CONPARE1,
1. ® SJITCH 2 ON THE RANDOM NO. GEN. SHOULD BE OPEN.
12. »
13. ® SPADO= BASE ADDRESS
14. ® SFAD1= INCREMEN]
15. “ SPAD2T NO. OF RANDOM NO.“S
1¢e. ® SEAU3I= MEMORY LCCATIOM OF TEST SUM
17. RAND1: NOP
1. nov 0,7
4 19. nov 1,10
2Ce nov 2,11
21. nev 3,12
22. DB=2ERL; LDAPS
) 23. nov 0O,¢
24, JSR VCLR
25! HOV t.o
26e. CHL2 “INITIALIZE FLAG 2
22. NOP :
28. LODA; DB=11 ;
29. LOSP1 ¢; 0B=177777 i
36. POV €,¢; SETMA i
31. MOV 296 =SPE IS CCUNTER REG :
32. DEC ¢ .
3. LL: IN, DB=INBS; MICDB,; INCPA; WRTILMN
34e sFL3; DEC ¢
35. IN; DB=INBS; MICDB; INCMA; WRTLMN
3¢e. CFL3,; DEC 6; B6T LL
37. NOP
3s8. NOP
39. JSR SVl
40, A0V 7,0
41. mov 10,1
42. nov 11,2
43. nov 12,3
44 RETURN
4Se. SVEL1: NOP “ADDS CCNTENTS OF Mp = SPU= BASTE ADDy SP1= INCREMENT
46, NOV 0,G; SETHA ®eeeSP2=N0. OF WORDSy SP3= DEST. ADD '
47. LOSPLl ¢; 0B=0
438. MOV Z92; OB=2ERO; OPY(U)<DB *"FLOAY. O TO DPY(Q)
49. LOOP: LOSPI S5; 08=pD; BEQ LOOPEND
S0. ADD 1|0; SETRHA
S1. ADD S,¢
S2e DEC 2; Bk LOOP
S3. LOOPEND: NOP
S4e MOV €96, DB=SPFN; DP2(0)<DB
55« o8=0PX(0); DPY(D)<DB, WRILMAN
Sé. MOV 3,3; SETAA; R1I<DPY(D)
S?. RETURN
S8. SEND

PROGRAM CUMFAKEC
TO TEST THE RANDOM NUMBER GENERATOR ATTACHED TO THE AP 1208
ARRAY PROCESSCR. THE PROGRAM READS A CONTINUOLS SEQUENCE OF
RANDOM NUMBERS, ESSENTIALLY UNLIMITED IN LENETH, BY READING NS
SETS OF NR WORDS (RANDOR NO.°S) EACH.

W1TH THIS SEQLENCE, THE PROGRAM
1 SEARCHES FON THE REPETVITION CF A W4OWKD OF GIVEN SEQUENCE NO. IN SET
1, ANU UUTPUTS THE WORD AND THE SEQUENCE NO. OF THE REPEATED WORD.
ANY WORD REPEATS EVERY (#2195 ITERATIONS.

Z¢ SEARCPES FOK A WOKD AND OUTPUTS ITS SEQUENCE NO.

AN ANAAN™

- p o =
PUNSLOOPNEANIPWN=
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<1
<2
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3
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X, COMPUTES THE RANDOM NOo.“S WliTh THE SUBPROUTINE UFORMZ AND
COMPAKES THE COKPUTED SEWUENCE TO THE HARDWARE (AP)-GENERATED
WORDS.

TO COMPARE THE SAME SEQUENCE w1TH ITSELF N TIMES SEE THE PRCGRAM
CUPPARET. BILL LAFOND APR 74

INPUTS

NS=N0e SETS TU UE GENERATED (L.E. 99999)

NR=NOo. RANDOM NO,“S IN ERCH SET (L.t, 2000)

NOIAG = 1 TG LIST WORDSy & T0 NOT LIST

NUDJAG =1 TO PRINT WCRDS FKOM SUL. UFORMZ

NPASS = 1 TU KARK ENDS OF LOOPS

NCHK = SEWe NOe OF WORD IN FIRST SET TO BE COPPARED 70 ALL OTHERS

=0 TC SKIP
NCMPR=1 TC COMPARE UFORM2 (SOFTnAKE) JORDS TO HARDWARE wOKDS
=0 TO Skif
NFIND= (CCTAL) «ORKD TO BE FOUND - OUTPUTS SEQ. AND PASS NO.
= 0 TO SKiP

INTEGER R (2C00),UK(2000)

FCRAAT(IS)

FORMAT (10(5n,06))

FORMAT(/TS,“SET NO. 17)

FORMAT(/TS s "RANUOR NUMBERS = SET “,I15,)

FORMAT(TS , “FASS “215,° FINISHED?/)

FORMATC(TS , “WORD “o1Cy° 1S SAME AS WORD “,164° = “06)

FORMAT(TS,“722222 SOUFTWARE wORD= “,06,” MARDWARE WORD= °,
06y,° WORE NO. “,1¢)

FORMATCTS, “END SOFT = HARD COMPARE ")

FCRMAT(O06)

FORMAT(TS, “SEGUENCE NOo “9165° IS RANDOM NO. “406)

CALL APCLR
READ(551) NS NRyNDIAGSNUDLAG ,NPASS JNCHK yNCHPR
READ(S,11)> AFIND

CALL RANDZ (Cyiy291)
CALL APwR

CALL WRAND2((Cyo14NK,0)
CALL APWR

Nk T=Nke1

CALL APGET (hoGyhR1,0)
CALL APWD

WRITE FIRSY SET OF RANDOM NO.°S IN OCTAL

J1=1

18 (NCHK.EQ.C) GO TO 19

Cawd=RINCHK)

00 1S I=1,M1

1F CCCKWDeNERCI))eOR(NCHKEQLTI)) 60 TO 15
WKITECE 47) I,NCHK,R(I)

CUNTINUE

CONTINUE

IF(NDIAG.NE .0) wRITE(E,4) J1
IF(NDIAGeNEO) wRITE (&,2) (R(I)y1=1,NRY)
1IFNCHPR.EQCLC) b0 TO 3C

CALL UFORPMZ2(UR NRI1,1,NUDIAG)

DC 32 I=1,MNK1

TFQRCIDNECRCI)) WRITEC(E,8) UR(IDGR(1),1
CONTINUVE

TF(NPASSeNE 0) wRITE(E,10)

CONTINUVE

IF(NFIND ,EQ,D) 60 TO 40
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1
2
3
4
b
¢
7
8
9
1C
1"
12
13
1%
15
16
17
12
15

A~ NS

42
4C

17
21

22

20

52
51

50
99
100
y9¢
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DO 42 1=1,NR1

IF(RCI) cEQeNFIND) WRITECE,12) I,NFIND
CUNTINUE

CONTINUE

TF(NPASS<NE.0) wRITE(E,5) J1

1F(NS.EQ.1) GO TO S99
00 100 K1=2,NS

K& =NRIS(KT1=2) aNR

CALL RANDZ(Cy1,4NRy0)
CALL APuR

CALL APGET (goUoNRy ()

CALL APWD

IF (NCHK EQ.C) GU TO 21

DC 17 I=1,ANK

NS EQ=K& ¢l

IF(CKwDEQeR(1)) WRITE(O,7) NSEW NCHK,R(I)
CONTINUE

CONTINUE

IF(NDIAG.NEO) WRITE(EL  ,4) K1
16 (NDIAGNED) wRITE(E 2) (R(1),1=1,NR)
IfF (NCMPR.EQ.D) 0O TOQ 2C

CALL UFORM2C(URNR,C,NUDING)
DO 22 JI=1,NR

NSEQ=Ké& ]

IF(URCIDeNERCID) GRITE(E,8) UR(I)R(I) NSEQ
CONTINUVE

1F(NPASSNE ,0) wRITE(6,10)
COUNTINVE

1F(NFIND.EQ,0) 60 TO £Q

00 S2 I=1,NR
1"“‘])0!.-5'1”0, 60 70 S1%
CONTINUE

60 70 SO

NSEQ=Kké& +]

W ITEC(E 912) NSEQ,NFIND
CONTINUE

1F(NPASS NE.O0) WRITE(E,5) K1
CONTIMUE

CONTINVE

stTopP

END

SUENOUTINE LFONNZ (F yNR JNRESyNDIAG)

GENERATES UMNITFORMLY DISTRIBUTES KANDOM NUAREERS FRO® A
15 bIT SHIFT REGISTER (SEE NOSC TN 345 bY K. LAWRENCE)
AND APPENDS A O TO THE LSB UF THE NUMBEK WORD TO CAUSE
AGREEMENT WITN TME MARDuARE GENERATED WORDS IN THE AP120 &
ARRAY PROCESSUR (HMA BIT 1¢ 1S AlaAYS 0).

OUTFUT

R=ARRAY OF RANDOM NUMEERS C(INTEGEKR GCTAL) DIFENSIONED IN CALLING
FROGRAR,

INFUT
NR= NG OF NULMBENS TO BHE GENERATED

NkES=1 TO PESET THE SELQUMNCE, G 1O “OT
ND1AG=1 TO FRINT DIAGNCSTICS

17




Te

‘e
3.
4o
5.
€.
7.
Ge
Ye
1C.
11.
1ce
13.
14e
15.
1¢.
17.
135.
15.
eC.
21.
i

-~

e
15

10
100
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ADAPTED FRCP THE ORIGINAL BY KAKEN LAWRENCE =~ BILL LAFOND APR 78

CIPENSION IANUM(15) ,NUF(15)

INTEGER R(1)

SHIFT SAMPLING bY 13 FOR SEED. NOS,

DATA INUM/C21774,0137:20,0107272,070€2€,05472¢,
061762,04€144,005015,020700,0141€3,
C13074,005222,060205¢,05527¢€ 4056475/

FURMATC/TS s “UNSHTIFTED 15 BIT INITIAL CONDITION WORDS FROW °
2 “UFORMC )

FURMAT (/TS 3 “SGFIWARE GENERATEC RANDOP NUMEERS °/)

FORMAT(10(5x,C€))

CIF(NRES .EQ.() GO TO 15

DO ¢0 1=1,15

NuPm(I)=1INUP ()

CUNTINUVE

TIFC(NDIAG.FULU)ORCENRES(EGL()) 60 70 18
wRITE(€,41)

WRITECE ,3) (NULR(I)o121,15)

DO 103 K1=1,NR

MULTIPLY bY TueU TO SHIFT ONE bIT (MFMA15=])
RIKII=NUR (T )eg

17=NUF(7)

115=NuUm(15)

NEW=XCR(17,115)

°0 10 |=15'2|"

NUM(I)=NUMC(I-1)

CONTINUVE

NUM(1)=NED

CONTINUE

IF(NDIAG.NE.O) wRITE(E,2)
IF(NDJAGNE-0) wRITE(E3) (R(I)I=1,NR)
RE TURN

END

STITLE MARDWARE RANDOM NUMBER TEST PROGRAR RAND?

SENTRY RANDZ 46
SEXT VCLR

BILL LAFOND MARCH 70

FOR NOSC SPECIAL MODIFICATION TO ATTACH HARDWARE RANDOM NO.
GENLRATOR TO THE AP 1¢0b.

LOADS THE FIRST (SPAD2) LOCATIONS IN MD MEMORY WITH RANDOM NO.°S
IF FLAG 3 1S SET wMEN THIS SUBROUTINE IS CALLED THE SEQUENCE

1S INITIALIZED. OTHERWIZE THE SEQUENCE CONTINUES FROM THE

LAST wORD GENERATED. SWITCM 2 ON THE RANDOM NO, GEN. SHOULD BE CLOSED
THE FORTRAN SUBROUTINE RAND2 1S CALLED BY PROGRAM COMPARE2.
SPADO= ©ASE AULDRESS IN RD MEMOKY

SFAD1I= MEMORY YNCREMENT

SPAL2= NO. OF RANDOR NO.”S TO BE GENERATED

SPALY= KESET FLAG (SETS FL3) - 1=RESET NEXT CALL, O= NOT

RANDZ: NOP

mOv Ge?

»ov 1,10

ROV 2,11
CH=ZERGU; LDAPS
POV Uyt

18
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b
A2

23.
24.
25.
26.
21.
2te.
2%.
3C.
31.
32.
33.
4.
3S.
3¢.
37.
3t.
39.
4C.
41.
bco
43.
LI
45.
LY
4?7.
43.
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JSR VCLR

DEC ¢

KOV Eo0

NOP

LODA; ©B=11

LDSP1 ¢; Du=122777

MOV €Eo€6; SETMA

MOV ¢,0 “SPE IS CCUNTER REG

DEC ¢

bFL3 LLY

LL: IN; DE=INBS; RI<DB; INCRA; WRTLMN
SFL3; BEC ¢

LLT: IN; PB=INBS,; PICDE; INCPRA; WRTILMN
CFL3; DEC &6; B6T LL

NOP

NOP

nov 7,0

noV 10,1

nov 11,2

MOV 343 "CHECK IF RESeT NEXT TImE
BEW NORES

SFL3

NORES: NOF

RETURN

SEND

D il

19
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