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OBJE~~ 1VE

Provide the AP- I 20B array processors with a program-controlled source of I 5-bit
rando m-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-l 20B 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 (COMPARE2) and

to check for digital noise (COMPARE 1 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 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:

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 dist ribution. This
would allow sequences of any distribution to be generated.
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INTRODUCTION

A hard ware implementation of the shift-register pseudorandom-number generator
described in NOSC TN 345* was attached to the AP- I 20B computer array processors (AP)
in the real- t ime torpedo simulation system. Installatio n of a random-number generator on
th e back panel of each of five AP computers has been successfully 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 0 of each register holds
the exclusive OR of bits 7 and 15. The 15-bit random-number word is composed of bit I 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 R EGISTER WORD I

F~;I i 1  . S S I~ I • . S

15 SHIFT RIG ESTERS)

• REGISTER WORD 15

I o~~ ij  1~ I • • •

Figure 1. Random-number generation f rom 15 parallel shift registers.

Each register word , bits 1 thni I S , repeats only every 2 15 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 initia l conditions (noise words) given in

* NOSC TN 345, A Fast Pseudo-Random Number Generator , by K Lawrence, 1 February 1978. NOSC INs
are inform a l documen ts in tended ch ief l y for inte rnal use
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TN 345 are used . These 15 initial noise words were generated from a single resister by load-
ing bits I through I S with the sequence 62732 (octal) and forming another sequence by
sampling bit I every 13 iterations. The initial noise words, listed in figure 2, are successive
I S-bit bytes of this sequence. *

IN ITIAL
RANDO M

,
,-NUMSER

I 0 1 0 0 0 1 1 1 l l l l l O 0  _ 21774F

- O 0 I O 1 1 1 1 I 0 1 0 0 0 0  - 13720

I 0 0 1 0 0 0 1 1 1 0 1 0 1 1 1  — 10727

2~ 
1 1 1 0 0 0 1 1 0 0 1 0 1 1 0  - 70626

1 0 1 1 0 0 1 1 1 0 1 0 1 1 0  - 54726

“p l O O O O l i I l l l O O l O  - 41762
L 1 0 0 1 1 0 0 0 1 1 0 0 1 0 0  - 46144 IMT$AL

0 0 0 i O i 0 0 0 0 0 l l O l  - 05015 WORDS

0 1 0 0 0 0 1 1 1 0 0 0 0 0 0  - 20700
Q O I I 0 0 0 0 1 0 0 0 0 0 0  - 14100

0 0 1 0 1 1 0 0 0 1 1 1 1 0 0  - 13074

0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 - 05232

1 0 0 0 1 0 0 0 0 1 0 1  1 1 0  - 42056

1 0 1 1 0 1 0 1 0 1 1 1 1 1 0 55276

— 1 0 1 1 0 0 1 0 0 0 1  1 1 0 1  - 54435

ID F- N1 F-

IN ITIAL REGISTER WORDS

Figure 2. Initial contents of the 15 shift registers .

SYSTEM DESIGN

Each of the nine AP- l 20B array processors in the simulation system will have its own
noise generator attached . Some design criteria are as follows:

I .  The AP request for a number fro m the generator is signaled by a transition of the
FLAG 3 signa l 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 conversat ion wiih K Lawrence , NOSC
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b. The generator_resets when RUN goes low if FLAG 3 is initially set:
RESET = RUN FLAG 3. With this mode, the num ber generator can be
programmed 40 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 = mod e a~ closed =
mode b.)

3. The port into the AP is the 16-bit HMA2 register. The LSB of HMA2 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 = IL )

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 1TL chip 74198. Two chips are used to
make bits 1 through 15 of the register word. Register bit 0 is the output of the exclusive OR
chip 7486. There are 15 register circuits, each supplying one bit to the I S-bit random-number
word.

AP-1208 It RANDOM-
NUMBER

F GENERATOR 15 SETS OF
I / 1 15 BITS — HARD: p

~ 15SHIFTI I SHIFT / WIRED INITIAL I REGISTERS
I CONDITIONS

RUN TIMING 
BIT 1

I PULSE SRi

FLAG 3 SHAPE •
(214 BOARD ) I LOAD •

I 
• • S L

B IT 1

_ _ _ _ _  

I S
15 BITS

HMA2 REGISTERK

(237 BOARD )

Figure 3. Rand om-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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SERIAL 7 1498 Si 
SERIAL 74198 Si PARALLEL LOAD

RIGHT Ri L 
RIG HT R2 L (RESET)

IN 
OH IN

OUTPUT 0
BIT QA
TO HMA2 4 QG I BIT 7) OG (BIT 15)
REG ISTER I N
AP .120B

(BIT 0) 7486

Figure 4. Shift register circuit (1 of 15).

A (LOAD) 74i~8RE~~ISTERS

2o4 I~
12i k__~®

D 0
+5 V DC B

DC
•— — —I ~)o—~

15817 
~~~~~~~ 

A 
(5 BUFFERS )

214 80ARD 1 1  U I
J~_ I ~~~I 

B2
100 1 :74121 1Q c ~(SHIFT)

T T3 7425 5 TO THIRTY

~~L J  74198 REGISTER S
(SEE FIG 4)

D
74121
1T4

R ES ISTANCES ARE IN OHMS
CAPA C ITANCES AR E I N PICOFARADS

SW2 OPEN: RESET - RUN
SW2 CLOSED: RESET~~~UF~.FLAG 3

Figure 5. Timing and pu lse shape circuit.
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I
APFLAG 3

RESET - flTJfl .~~(SW2 OPEN) + USW2 CLOSED). FLAG 34

(LOAD) _______  

P 200 -i 1- i

~~~~~(DELAY) 11- I I

(SHIFT) 1 ‘iso I I -t I

(SHIFT) 
] 150 I -( ~._

__I ~~~LRESET — (SW2 CLOSED) . FLAG 3
( LOW) _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___

( I  I I
(HIGH)

(SHIFT ) I -_._.u—_..1~~~’ 1_ ~ I
PULSE LENGTHS ARE IN NANOSECONDS

Figure 6. Timing.

DESCRIPTION OF TEST PROGRAM S

Three FORTRAN programs were written to test the random-number hardware. The
programs are entered into the host computer (UNIVAC 1110); these call FORTRAN sub-
routines which in turn enter machine code program s 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. COMPAREI , 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 ( ‘OMPARE2 , SW2 must be
closed so that the generator will not reset on subsequent calls to the AP from the host compu-
ter. For COMPARE 1 , the switch must be open so that the generator does reset. TIM RUN
will operate with eit her switch setting.

7
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COMPARE I and COMPAR E2 also can list random numbers and produce diagnostics
when errors in the hardware numbers are detected. COMPARE2 can be used to determine
which of the IS shi ft register circuits is faulty , since it outputs the correct word and the
erroneous hardware word in octal format. Written in base 2 , the individual b its i n disagree-
ment represent faul ty  register circuits. COMPARE I is conveniently used for listing since
SW2 is normally ir~ the open (RESET ‘wery 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 (COMPARE2) and to check for digital noise (COMPARE I
and TIMTEST). In one check , the five generators were run continuously, at hi~h speed. for
1 hour , each generating the same number of random-number words (about 10~~ ): 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 definit ion 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 distributio n
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 , diffe r-
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 HMA2 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 com puter. 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 diagra m 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 word s are
distinguished by those which have I as the most significan t 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 .

8



AP~120B I~RANDOM—
IINUMBER

GENERATOR

I 3 STATE
F BUFFERSSUE ER 

~ 1-15 15SHIFTREGISTERS

(WC R EGISTER > 1) —b>i I ~~ (~)$~~~AD

I I _ _ _ _ _ _  ~~~- COUNT -I

______ - WRI TE 
_____ 

SR 15 j_ ~Li_1
-R LOAD

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _

I 
UNIFORM NUMBER

Figure 7. Random-number generator — arbitrary distribution and initial conditions.

BIT 0 1

DATA WORD —..+f oJ I
.D~~ A

BIT 0 I 4 5~~~6~~~7

CONTROL W0R041I I ‘ ‘ I I I I I
REGISTER \\

~~~~uNIFoRM oR RAM OUTPUT
ADDRESS INITIALI ZE (ENABLE BUS)
(I5REGISTERS ~~AND 1 RAM) RESET RAM ADDRESS COUNTER

Figure 8. Bit assignment In AP WC register .

CONCLUSIONS

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

9
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2. The system installed generates numbers with uniform distribution. A memorylook-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 (COMPARE2 ) andto check for digital noise (COMPARE I and TIMTEST), showed that the system was suffi-

ciently noisefree and operationally consistent. In one check , the five generators were runcontinuously, at high speed , for 1 hour. Each generated the same number of random-numberwords (about 10 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 differentsequences of the given distribution.
2. To load a RAM memory look-up table with numbers of a given distribution . Thiswould allow sequences of any distribution to be ge~ierated.
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~~IS PA(1.E XS BEST QUALITY PR&CTIC.&BLIi
-~~

:-- ODFY 7L~ z~Isl~ D TO DDC ..-

1 - C PROGRA M T I P T E S T
2 C TO TEST TIl E RANDOM NUMBE R G ENERATOR A T T A C H E D  TO THE A P1208
3 C ARRAY PROCE SSOR. RUNS THE NUMBER GENERATOR IN NESTED LOOPS ,
4 C EAC H LOOP READ ING 2 wORD S INTO THE AP MEMORY (MD 0). 10 REU
S C ONE WOR D RE Q UIRE S 2 INSTRUC TIONS *33 4 loS. THE TOTAL RUN TIME IS
A C CLOSE TO Til l FR 000CT OF T~if THREE LOOP COUNTERS (N215 . N230, 1t245 )
7 C AN D 334 HS.
S C FOR SHORT R LNS (LESS THA N 1 SEC.) THE AP kILL WRITE THE FINAL w ORN 10
9 C THE 1110 HOST COMPUTER. FOR LON G ER RUN S T H I S  PROGR AM MUST RE TERMINATED
10 C AN D THE FINAL WORD R E A D  FROM THE AF (FROM MD 0)
11 C W ITH THE SYST E M PRO GRAM BUG .1 OR blG .2. THE TERM INAL INPUTS ARE :
12 C ~X Q T  buG. 1
13 C (ARRAY PRO C ESSO R $0., 0 — 9 , 11)
14 C £ ( E X A P I N C )
15 C PD ( M E M O R Y )
16 C 0 (ADDRESS Z ERO )
17 C I (TO TER M INATE PROGRAM )
1$ C
19 C IN P U T S

C
21 C N21S~ P R I M A R Y  LOOP COUNT (321a6 M A X )
22 C N2 30s 2 — A R T  • (32767  M A X )
23 C N~ 4 5 3 ~~A R Y  N

24 C
25 C TO RUN I SEC SET N215 32? 66
24 C N230 92
27 C N 45= 1
2$ C
29 C TO RU N I PIN SET N215’32766
30 C N230= 92
31 C Nl45~ t O
32 C
33 C TO RUN 1 HOUR SET W 215 37766
36 C N230’92
35 C h245z 3600 -
36 C
37 C ONE HOUR RE P RESENTS 32766*92*3600 1O~ * 1O SHI FTS OF THE NOISE REGISTERS.
3$ C BiLL LAFO ND APR lb
3~ C
40 1 FORM A T ( 15 )
41 2 IOR MAT ( T S ,C6)
42 CALL APCL R
43 R E A D ( 5 ,1) N215,N230,N245
44 C SET F L A G  3
45 CALL T IMR UN(2 ,O ,O)
46 CALL AP WR
47 C S T A R T  T IMED RUN
4$ CALL IIMRUN(N215 ,N230,N 2 4 5 )
49 CALL APW*
SO CALL A P G ET ( N F J N A L , Q , t ,O )
SI CALL AP W D
52 W N I T E ( A ,2) NEINAL -

53 STOP
54 END

1. S T I T L E  H A R O b A P E  R A N D O M  NUMu ~ k TIME T E S T  P R O G R A M  T1MN U N
2. SINThY
3 • R U N S IIAN DOM NO. GE~d IN N E S 1 E D  LOO PS SO THAT TI W I L L  RU N A PRI DET PMI N E D
6. LENbIN Of T IM E , E.g. , HO URS,  T O T EST if  ALL OF Til l A R R A Y  PROCESSORS

• A PE RU NNI NG C O NS I S T A N T L Y  AND T HE S A N E .
A . — S FA b ~ ’ tO~~N 1 (IF T I. ~~~~~ — ~ I T E R A T I O N S  11 ‘S. MA X .
7. • S PA ~~l .. a ’ 30  — 1 = ~ MINU T E S II SPU A ND SPI MAa
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TBI$ PAGE IS BEST QUALITY PRLCflC.&B~Z
F1I1)M (X)PY FIJRNISki~1) TO DDC

A .  N S F A D 2 N — I 1 HOUR IF •1O AND OTH ERS hAl .
N TO TAL T INE: THE PN000C T 334 NS • •(SPA OC) .(SPAD1 )’ (SPAD2 )

1~~. 
N Bi LL L A F O N D  A P R  7c

11.
1~~. TI MR I.N: hOP
ii. •B~~~ERO; IDAP S
14. pb 0; ~ DSFI 15
IS. NOV 1S ,1~~; S ET M A ;  DB =Z E R O ;  ~ I(DB
16. DEC U; IriCM.A
1?. MOW 0,3
lb. NOV 1,4
is. 100*; ilB Il
20. LI: IN; 08 1hB5; PI(OU; .RTLPN; DlC~~*
21. DEC 0; CFL3; INC RA
22. IN. DB=I NB S; NI DB ; ~R T L N N . D E C H A
23. DEC (I; DOT Li.; SF1.3; XI ,CMA
24. DEC 1
25. 801 IL. NOV 3,0
26. DEC 2
21. 851 LI, NOV 4,1
2lo. RETURN
25. SEND

1 - C PR OG R AM C O N F A R E 1  . - 
-

2 - C TO TEST THE RANDOM NUM B ER GENERATOR ATTACHE D 10 THE AP 120e
3 C AR RAY PR Ot~~SSOR. READS NS SE QUENCES Oh RANDOM NO .S, EACH
4 C SE QUE NCE N P W ORD S LONG . SW ITCh 2 ON THE RANDOM NO. GENERATOR SHOULD
S C BE OPEN SO THAT THE NUMBE R GENERATOR RESETS ON EVERY CMLI. 1C-11 1 AR.
6 C TH E P R O G R A M
7 0
$ C 1. CO M P A R E S  EAC H SET TO THE PR OC E E D IN G BY COMPARING TEST $JJ~$
9 C COMPUTED IN THE AP. IF THE SUMS A R E DIFFERENT THE WORDS ARE READ
10 C FROM THE AP.
11 C . —

12 C 2. CHE C ES THAT SUCCESSIVE wORDS ARE DIFFERENT .
13 C
14 C
15 C
16 C
17 C IN PUTS

C
19 C NS= N O. SITS TO BE C O M P A R E D  (1.1 . 99909)
20 C N R=NO . RAND O M NO . S IN EACH SET (1.1. 2000)
(I C ND IA Gg 1 TO LIST RANDOM NO. # S AN D D I A G N O S T I C S .  TO LIST RAN DOM $0.S
22 C SET NS* 1 , NDIA G 1, NP LE NGT I$ OF SEQUENCE D E S I R E D
23 C NPASS Z 1  IC MA RK END OF E A C H  CO N PR R ISON
24 C
25 C
26 C BiLL LA FON D APR Tb
27 • INT EG E R R(2C00), i (200C)

• 2$ C
29 1 F O f t M A T ( I S )
30 2 FORMAT (1O (SX,06))
31 3 FORMAT (ITS ,’SET NO. 1 )
32 4 FORM A T ( 1S , 01* FERE P.LE FOUN D IN RANDOM NO. ,I5,
33 C OF S(T HG. ,1S,)
34 5 FOPM A I (T5 , PA SS ,I5, F IN IS HED I)
35 6 F OR NAT ( T 5 , PRESE NT WO RI ,06, LA S T  W010 # ,04,)
36 7 FORNA T (T5 , .*.*.* N O R D ,!6, IS SAME AS L A S T  ONE —
37 C • IN P A S S  ,It ,)
3$ a FO RN AT (TS , 16 158 Of SliP * ,O6 )
39 10 F O R M A f ( ? T 5 , ’END T EST )
40 C
41 CALL APCL R

13 
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~~ZS FAG! 1S 3~ST QUALITY PBACTICA~~4
7~0M ~~IFL FU USI~~ TO DDC ... ......—

42 R EA D ( 5 , 1) NS, NR ,N D J A G ,N P A S S
43 C
44 CALL k*NDI (C,1,NR ,4096)
45 CALL AP wI1
46 CALL AP GET (LSOM1 ,409t,1 ,O)
47 CALL A P W O
48 IF (ND IA G .NI .0) .RITL (A ,8) L SUM1
69 C
50 C wR ITE F IR ST SET OF RANDOM NO. S IN OCTAL
51 C
52 CALL A P 6G T (R ,O,NR ,C)
53 CALL A P WO
54 J1 =1
55 DO 15 I=2 ,N P
56 Il(P(I).E G .R (I— 1)) ~R IIE (6,7) I,R(I) ,J1
57 15 C O N T i N U E
5$ IF (ND IA G .NE .0) uR1TI (6 ,3)
59 If (NDIAG .NE .O) IRITE(6 ,2) (R (1),I~~l ,NR )
to IF (N PA SS. NE .O) W R ITE (6 ,5) JI
61 C
t2 II  (NS.EQ .1) GO TO 999
63 DO 100 K1x2,N S
64 CALL RA N D 1 (C, 1 ,NR ,4096)
AS CALL AP W R
66 CALl . A P 6 E T ( L S O M 2 ,4 0 9 6 , 1 , O )
67 CALL A P W D
6$ IF( N DIA G . NE.O)  w R I T E (6 ,S) LS UM2
69 LDIF L S UN1— L SU M2
10 J I ( LD IF .EQ.0 )  GU TO 99
11 C RE T R I E V E  PRESENT 5 1  114*1 DOE SN ’T A b RI E W ITH LAST ONE
12 C
13 CALL AP GET ( b , C ,N R, O)
14 CALL AP dD
15 IF (W (1).NE.R(1)) wRIT ( (A, 4) J1,k 1
76 If(w (1).NE.R(1)) wR ITE (A ,6) V(1),R (1)
77 00 20 i—Z ,t~
18 IF (W (I).EQ .b (l—2)) WRIT E (O ,7) I,W (I),K 1
19 I 1(W ( 1 ) . EQ .~~( I—1) )  60 TO 21
do J F ( W ( I ) . E Q . R ( i ) )  60 TO 20
81 WRITE (A ,4) 1,11
$2 WR ITE (6 ,6) k (I),R (I )
$3 60 TO 21
64 20 CO NTINUE
65 21 J F ( H D IA 6 . N E .O) W R IT E (6 ,2) (w ( I) ,I=1,NR)
46 DO 22 I 1,NR
$7 22 R(I)~~w(I)
$8 99 IF (NP *SS.NE.O) WR i TE (6,5) Ki
$9 LSUN1rLSUM2
50 100 CONT INUE
91 999 CONTINUE
52 w *L TEU,1O )
93 STOP
94 END

1. ST I TL E H A R D W A R E  R A N D OM NUMBER T EST PRO G RA M R A N D1
2. SENTRY RA N D 1 ,4
3, S EIT V C L R

N BILL LA F ON D APRIL 7*
S. • FOR NO S C S P E C I A L  MOD IF ICAT ION TO ATTACH HAR DWAR E RA N DO M NO.
A . • GENE R ATOR TO T H E  AP 1200 .
1. • LOADS TIl E F I R S T  (S PAD 2 )  LOCAT IONS IN ND M EMOR Y W I T H  RAN DOM NO. S
6. • AND CALLS SUB RC Ia T INE S V E I  TO SUN THE NC. ’S AND PL A C ES THE SUN
9. • IN LOCA I’OPl (SPADi ) IN MD.

14
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~~IS PAGE IS B~~T QUALITY P?LCT1(~A~P~.~i

~~~~ OQIPY UB2~1Ski1~
) TO £~DC ~~~~~~-

- : 
l0. • PAN DI IS CALLED BY PROGRA M COM PA P T.
II. • SIITCH 2 ON THE RANDOM NO. GIN . SHOULD BE OPEN.
12.
13. • SPAD O : BASE A D D R E S S
14. N S I A D1 I N C R E M E N T
IS. • SPA D2 NO. OF RAN DO P HO. S

F It. • SFA o3= MEMORY L O CATI ON OF TEST SUN
F 1?. PAND 1 :  MOP

:1 14. NOV 0,7
19. MOW 1,10
IC. NOV 2, 11
21. NOV 3,12
22. DB Z E R O ;  L DA PS
23. MOW 0,c
24. J IR V CL P
2 5. NOV 6 ,0
26. CIL 3 1M I T IA L I Z E  FLAG 3
21. HOP
28. LDDA ; DB 11
29. L DSP I 6; 00:177777
30. MO W t ,t; SITMA
31. NOV 2,6 “SPA IS COUNTER PEG
32. DEC 6
33. LL: IN, 0B= INB S; MI (DB ; INCN A; WR ILNN
34. $1.3; DEC 6
35. IN; D B I NBS; Mi o6; 1NCHA; WR TL MN
36. C1i3; DEC 6; DOT LL
3?. HOP
38. HOP
39. JS~ Sv t I
40. MOW 7,0
41. MO W 10,1
42. MOW 11,2
43. MOV 12,3
44. RETURN
45. SVEI : HOP A DDS CONTENTS OF ND — SPO DA ~ I ADD, SP1 INCREMENT
46. NOV 0,0; SETMA “ ...SP2:NO. OF w OR D S,  5p3z OUT. A ID
47. LDSPI 6; 00:0
44. NOV ~,2; Db :ZERO; DPV (O ) D8 “FLOAT. 0 TO DPY (O)
49. LOOP: LISPI 5; •D MD ; W EB LOO PEND
SO. ADD 1,0; SITMA
SI. ADD 5,6
52. DEC 2; ~k LOO P
53. LOOPIN G : NOP
54. NOV 6,6; DBZ SPF N; DPR( 0) (V8
55. •~~~~P* IO) DPY ( O) ~~0B; BITLMN
56. MOW 3,3; SET MA ;  h I(DPy (0)
51. RETURN
5$. SEND

1 C PROG RA M CO ’FA ME ~
2 C TO TEST T ill RANDO M N U M B ER OIN E RA TOR ATTACHED TO THE AP 120B
3 C ARRAY P ROCESS OR. THE PROGR AM READS A CONT INUO U S SEQUENCE OF

• 4 C RANDO M NU MEEM S , E SSENTIALL Y U N L iM i TE D IN LENGTH, BY R E A D I N G  MS
5 SE TS OF toP W O RD ( RANDOM NO . S) EA C H .
• C
7 C 11T H THIS SIO LEN CE , THE PROGRAM
8 C
9 C I. SEA RC RI S lOW THE R EP ITIT I Ci N Cl A WOR D OF GIVEN SEQU ENCE NO. IN SET

10 C 1, A NI~ oUTPU T S THE WO RD AND THE SEQ U ENC E NO. OF THE REPEATED WORD .
11 ( ANY WORD W EP IATS E V E R Y  ~~*1S ITERAT ION S .
1. C
13 C 2, SEAR C PFS FO R A W O R D  AND OUTPUTS ITS SE Q U E N CE NO.
14 C

15
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WIS FAG! IS BEST QUALITY PRLCTICABI4
1~ 0M O~PI I RS41S)~ED TO DDC

iS C ~~. COMPUTE S THE RA N DO M HO.’S Wil ls THE SU B ROUTI NE UIO NN2 AND
16 C CO U PA IoI S 1*41 COM PUT E D SEWUEPI CE TO THE H A R D W A R E  CAP S— GENERATE D
17 C W O R D S .

C
19 C TO COMPARE T HE SA M I  S E Q U E N C E  .111* I T S E L F  N TI M ES SEE THE PROGRAM
20 C C O M P A R E 1 .  8~~LL LA I O N D AP R 7j

C
C IN PUTS

23 C
26 C h $=NO . SITS TO dl W E N E R A T I D  (L.C . 99999)
25 C N k=N O. R A N DOM NO. S IN EACH ~I1 *L.I . 2000)

C P I D I A G  : 1 T O L I S T  w O R D S ,  ~ 10 N O T  L I S T
27 0 11001* 6 =1 TO P R i N T  * PCRDS FROM S O C .  UFOU MZ
28 C PIPA S S  = 1 T O M A R K  E N DS OF LOOPS

C N C H L SEW. NO. 01 w O RD IN F I R S T  SE T TO BE COMPA RED TO ALL . OTHE RS
30 C =0 IC S L IP
31 C NCPP R= 1 TC C OM PARE U FO PM 2 (SOlIwAsi l ) .~O R D S IC H A R D W A R E  W O R D S
32 C =0 10 S LI P
33 C NFIN D = ( O C T A L )  .OND TO BE FOUND — OUTPUTS SEQ. AND PASS NO.
34 C 0 TO SK I P
35 C
36 INTEGER k (2 0 0 ( j),UN Q000)
37 C
38 1 FC PPiAT(I5)
59 IORMAT(1 O( 5 l,06))
40 3 FOR MAT (/TS , SET NO. 1’)
41 4 F O R P i A T ( / T 5 , RAMi OM NU MBERS — SET ,1~~,)
4 2 5 F O R P A T ( T 5 , FA S S ,15,  F I N I S H E D !)
4 3 7 F U P M A T ( T 5 , h0RD , I6, IS SA N E AS W ORD ‘ .16, ’ — ‘06)
44 8 I O R NA T ( 1 5, 1 ! ? ? !  S O F T W A R E  W ORD ’  ,OA,  H A R D W A R E W ORD ’  ,

C (16 , W O R D  NO. ,1 t )
46 10 FOW $A T (TS ,’END SOFT — HA PO CO $PARE )
47 11 F~~R$ A l ( O 6)
48 12 F O R M A T ( T 5 , S E W U E N C E  NO. ,16, IS RANDOM NO. ,O6)
49 C

C A L L  A P C L R
51 R~~A O (~~,1) NS ,NR ,UOIA6 ,NUDLSG,hP9SS, NCb* K ,NCP*Pk
52 R E A D ( 5 , 1 1 )  PIFINU
53 C

CALL RAND2 (C,j ,2 ,1)
55 CALL AP wR
St CALL MA N D 2 ( C ,j , N R ,0)
57 CALL AP WR
53 Nk 1 NR.1
59 CALL A P O E T ( k ,C, NPT ,0)
60 CALL AP WD
61 C
62 C ~W I T E  F I R S T  S E T OF RANDO M NO. S IN O C T A L
63 C
£4 J 1=1

II  ( N C H K . E Q . C )  GO TO 19
*6 C . W D Z R ( N C I O K )
61 DO 15 D1,PIR 1
e 8 1 l ( ( C K W D . H E .R ( I ) ) . O P . ( N C H K . Ea . I ) )  GO TO 15
*9 WR ITE U,?) I,NCHK ,P( I)
70 13 CONTINU E
11 15 CO N TI N U E
72 IF(NO IA G. NE.O ) • R 1 T & ( t ,4 )  J I
13 I F ( N D 1A G . N E . 0)  u R 1 T E ( 6 ,2)  ( R( I ) ,I:1,NR I)
74 iI (HCPP R.Ea.O) bO TO 30
15 CALL U F O R M 2 ( U R , N R 1 , 1 , NUD IA6)
16 DC 32 I’l ,I.kl
17 IF(UR CI).NE •R (I)) WRI TE (t,P ) UR (I),I4 (1).I
18 32 CO N T I N U E
19 Il (NPA SS •Pi E .0) wR ITE (6 ,10)

3s CO N T I N U E
*1 l l t hh l ND.E Q . 0) 60 TO 40

16
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~~IS PAGE IS BEST QUALITY PRACTICABLE
- .  

J~ O.M (X>?Y FURNISH.Ea) TO DDC ~~~~~~~ —

82 DO 42 I’l ,TIRl
L3 II (k(I ) .EQ .NF1ND ) ~k IT E ( 6 ,12) I ,N F IND

42 C~)N TINUE
4 C CO NTINUE

06 I F ( N PA S S . N E . O) . R 1T E( 6 , 5 )  Ji
e7 C

• I F ( N S . E Q . 1) GO TO 599
89 DO 100 K1:2 ,N S

514 x14R 14 (K1 2) ‘PIP
51 CALL RAND 2 (C ,1 .NN,O )
92 CALL AP W R
43 C
54 CA LL AP GE T (k,IJ,N R ,O)
45 CALL AP wD
96 IF (NCHK.EQ .C) GU TO 21
47 DO 17 I” 1 ,NR
48 N510 z 514 4 1
59 IF (CK.D.EQ .R (I)) w PITL (6 ,7) NS EW ,NCHK ,P (I)
100 17 CONTINUE
101 2 1 CON TI NUE
102 I l (NDIA G.$ ’ E.O ) WR1 TE( t ,4) K~~
103 1UNDIA G.NE.0) . I1T E( t ,2 ) ( R ( I) , I 1 ,NR)
104 IF (N C NPR .EQ .O) bO TO 20
105 CALL UFO RM2 ( UR,NR ,O ,NU DIA G )
106 DO 22 I 1 , NR
1~ 7 NS EQ P4+i
ICE IF (UR(I).loE.R(I)) wai1E( 6,~~) uR (1 ),R(i),MI EQ
109 22 CONTINUE
110 *F th PASS.NE.O) .NETL ( 6 ,lO)
111 2Q CCIPTINUE
112 IF (PoFIND .E Q .O) GO TO !0
113 DC 52 i’l ,NR
114 II (R(I).EQ.HF)PIG ) GO TO 51
115 52 CO NTI NUE
114 60 TO 50
117 51 NS EQ’k4.I
118 WR IT E(6 ,12) NS EQ ,NFIND
119 SC CO NTINUE
120 99 I1 (NPASS .P0E.O) wRIT E (C ,5) N I
121 100 CO NTI N UE
122 499 CONTINUE
123 STOP
124 EN D

1 Sot~NO LTINE LFONPi 2 (~~,NR ,NIlIS, NvIA G )
2 0
3 t G E N E R A T E S  INIFOLIM L Y • I S T P I B U T E S  RA P.D Ofl  N U M B E R S  FROM A

4 1 IS b it  SH Ill REGISTE R (SEE NO SC TN 345 wY K. LA w RENCE)
5 C *ID APPENDS A 0 TO T HE LSD OF THE NUMBE R WORD TO CAUSE

V C A G R E E M E N T  WI TH TIl L NA RD.ANE G E N E R A T E D  WORDS IN THE API?O B
7 ( A R R A Y  PROCESS OR (HMA B IT It IS A L N A Y S  0).

8 C
9 C OU TPU T

• IC’ C
11 L R : A N R A Y  OF PA R D O N H U Nt ERS ( Z M I F O E R  O C T A L )  DI M ENSIONED IN CALLING
12 C PR O G R A M .
13 0
14 0 IN PUT
15 0
16 C N O OF N I M O E N S TO B E U E P I E R A T E D
17 C PvRES l TO R ES E T TEE SE Q UN C E, 0 TO NUT
1? 0 ‘iOIAG ’I TO IRi rs i D I A G N CS TZ C S
15 C

17
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N~! IS B~~T QUALITY P~LCTI13ilL1
1~OM OOP~ FURZ(ISHED TO DDC —

20 C A D A P T E D  F l O P  1141 ORIGINAL BY K A R E N  LA . R E NC E — BILL LA FON O API 78
21 C

C
2 3  D IM E NSION INUM (15 ), NUP (1’)
24 INTEGE R P C i )
65 C S H I F T  S A M P L I N W  BY 13 FO R S E E D -  PIUS.
26 D A T A  INuM/ C21 174 ,015720 . 01072 7, U 7 C t 2 6  ,0 S4 726 ,

C o4 1 ? e � . o 4 t 1 s i 4 ,o o 5~.j 1s ,o 2o 70o ,o141 r c ~,26 C CI3~~74 ,Q C 5 2 3 2 , O 4 2 U5 6 , O~ 5 2 7 t , O 5 4 4 ’ 5 !
69 C

1 F I ,RN AT ( / T 5 , U11S$ T I T E D  15 B IT  IN IT IA L  C O N D I T I O N  W O R D S  F RO M
31 C , UF0 RN~~~I)i2 2 F U R K A T ( I T S , S G I T W A R L  L IMPA T E L  RANDO M NU PLE RS I)
33 3 F U R M A T ( 1 3 ( 5 J ,G6) )
34 0
35 - 1F (NRIS.Eo .C ) GO 10 15
36 DO i~I 1 1 ,l5
37 20 NuM(I) INU P (I)
38 15 CuNTINU E
39 I I ( ( N D I A ~~.EQ.~~) . O R .( N R E S . k O .t ~)) 60 ~O 18
40 w R I T E ( 6 , 1 )
4 1 . P IT E( 6 ,3) ( NUM( I ) , 1s 1,15)
42 C
43 C
44 18 00 ico K1’ l ,N P
45 C MULT IPL Y BY Te O TO S H I F T  ONE b I T  ( i lNA1~~=~~)46 R(K1) Po~ Iq( I)*~
4 7 17 ’ Ps U M ( 7 )
46 115—NuN (15)
49 NEh ’XO R( 17 ,11S)
50 oo 10 1=15,2, —i

Nu M ( I ) = N U M ( i — 1 )
52 10 CONTI N UE
53 MU M( l) —H E W
34 100 CO N TI N UE
55 IF( NO I* G.NE.O )  . P I TE(e ,2 )
St - 

II C ND IA G .P.E.O) uRZII (t ,3) (I (I) ,i 1 ,’dk)
57 RETURN
58 END -

1. ST I TLE H A R D W A R E  RANDOM NUM B ER JES T P R O 6 R A N  RA ND?
S E N T R Y  RA PID 2 , 4

3. S E X I  VCLN
4. • BILL LAF OND M A R C H  lo
S. — FOR NOSC S P E C I A L  M O D I F I C A T I O N  TO A T T A C H  HARDWAR E RA N DOM NO.
6. GE N E RA T OR TO 1*4 1 A M 1~~3O.
1. LOADS THE F I R S T  (S PAD 2 )  LOCAT IONS IN M E  MEMORY W I T H  RANDOM P4O .’S

II F LA G 3 IS SET uNE N THIS SUB ROUTINE IS CALLED THE SEQUENCE
9. • IS INITIALI ZED. OT MI R W I 2 E  THE SE QUENCE CONTINUE S IRON THE
IC. • LAST wORD GE NERAT ED. SW ITC H 2 010 TIlE RANDOM NO . BEN . SHOULD BE CLOSED
11. • THE FORTR AN SUBROUTINE RA N D2 IS CALLED BY PROGRAM CO M PA REI.
1~~. • SPA G O ’ W A S E  A D D R E S S  IN ND ME MORY
Is. • SIAD1’ MEMORY flCNIN EN T
14. • SM A Ll ’ NO. Dl RANDO M NO. S TO BE OCHE R P lED

N S P A L 3 z  R E S E T  IL IG ( S E T S  FL 3 )  — 1—R ESET NE X T CALL, 0’ NOt
it.
17. P11002: HOP
la. MO W 0,1
15. POW 1,10
20. NOV 2 ,11
21. 08.1110; L DAP S
U. POW ~~~

18
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~ 1IS PAGE IS B~s~ QUALITy ?RLCrICA~LE
23. INC 2 ~~O&L OOPy lt~ NIS1~~D TO I~DQ ____ ..

24. JSR V CLR
25. DEC 2
26. NOV t,
27. HOP
21. LDDA; 0B 11
25. LO S PI C ; 0u 17?777
30. NOV 6,6; St TM A
3 1. NOV ~,C ~s P t IS CO UNTE R PEG
32. DEC 6
33. bli.3 ILl
34. LL: 1N~ 01=11185 ; P1 (08; INC RA; WR TLMN
35. sI&.3; D EC 6
3t. ILl: IN; 1 t 3= I NBS;  P1(08 ; I F ICMA ;  W RI L M N
37. (1L3; DEC 6; BGT EL
3t. 10CM
34. HOP
40. MOW 7,0
41. NOV 10,1
4~. NOV 11,2
43. NOV 3,3 TM CH E C K IF RES E T NE X T TINE
4~~. 81w NOR E S
45. SF5.3
44. HORES: M OP
47. RETURN
44. SEND

19

—-~ - .  — ~~ .- _ _-

-- 
-—

~~~
—-- 

------- -.


