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PROGRAM FTRSIM(OUTPUT,TAPE6=OUTPUT)

MAIN PROGRAM
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REAL HIAT M3VT -
COMMON /S1H/ MIAT MSVT,S1CHA,NCUST,LQT,LST,TLE,
1 CH!OUT(!OO) B, HQ 3,F,ND
COMMON /TIMEXP/ CLOCK.IHEVT,HUHEVS,FEL(Z)
NUMEY3=2
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HIAT = 4.5
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aan

gl 3 aaliy B adlpnli b ol gahs Mk
sp P pihn bty ol 4 b cele s 55 e
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GO TO 30
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CALL RPTGEN
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SUBROUTINE TIMADY
REAL HIAT,HSVT .
COMMON /SIM/ HIAT,MSVT,SIGMA,NCUST,LUT,LST,TLE,
1, "CHEOUT( 100} ,B,HQ, 5,F, HD
COMMON /TIMEXP/ CLOCK,IMEVT,NUMEVS,FEL(2)
FHINx1.E+29
IMEVTs0
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PO 30 Is1,NUMEVS
IF(FEL{1).CE.FHIN)CO TO 30
FHIN:=FEL(I)
IHEVT:1
30 CONTINUE
IF(IMEVT.GT.0)GO TO 50 i
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L]+] FORMAT(1X "®*®9SFUTURE -EVENT LIST EMPTYRABEN
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CALL RPIGER
STOP
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50 CLOCK a FEL(IMEVT)
RETURN
END
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SUDROUTINE INITLZ

AEAL MIAT, MSVT )

COMMON /SIM/ HIAT,MSVT,SIGMA,NCUST,LQT,LST,TLE,
1 CHKoUY(100),8,M4Q,S,F, ND

COMMON /TIMEKP/ CLOCK, IMEVT,NUMEYS,FEL{2)
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FEL{1)=CLOCK + EXPON{MIAT)
FEL(2)=1.0E+30

RETURN
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SUBROUTINE ARRVL

REAL MIAT HM3IVY,IAT

COMMON /3IM/ MLAT, MSYT,SIGMA, NCUST,LAQT,LST,TLE,
1 CHEQUT{100),B,MQ,5,F NP

COMMOH /TIMERE/ CLOCK, IHEVT ,HUMEY3, FEL(2)

Cod Jpita vimacuds U 8 428 s

000

IF(L.ST .EQ. 1) GO TO 20
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SUBROUTINE DPART
REAL HIAT MSVT -

COMMON /SIM/ MIAT,MSYT,SIGKA,HCUST,LQT,LST,TLE,

1 CHKOUT(100),B,Hq,3,F,ND
COMMON /TIMEKP/ CLOCK,IMEVT,HUMEVS,FEL{2)
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TLE = CLOCK

RT' = .CLOCK - CHKOUT{1)

S =z358 +«RT

HD 2z HD + 1
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30 CONTINUE
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SUBRDUTINE AFTGEN

REAL MIAT MS¥T

COMMON /S51M/ MIAT, HSVT,SIGMA, NCUSY,LOT,LST, TLE,
3 CHRQUT(100),8B,HQ,S,F, 0D

COMMON /TIMEXP/ CLOCE,IMEYT,NUMEVS FEL(2)
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PCk « F/RD
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WRITE(E, 10) .

1O FPORKAT{6X,"SINGLE SEAVER QUEUE SIMULATION - GROCERY™
1 " STORE CHECKOUT COUNTER"}

WRITE(6,20} MIAT,MSYI,SIGMA NCUST

20 FORMATI(//,17X,"MEAN INTERARRIVAL FINE m.F10.2,
' 711X, *MZAN SEAVICE TIME " F10.2,
2z 7, V11, *STANDARD DEVIATION OF SEAVICE TIMES",F5.2,
3 7,975, "KUMBEX OF CUSTOMERS SERYED ", 18)

VRITE(S, J0)RHD,MQ, AVGR , BCH, CLOCK , HD

30 FORMAT(///,1T1,"SERYER UTILIZATION - ra.z,
1 7,111, *KAYIMUM LINE LENTTH .18
2 2,171, "AYERAGS RESPOMSE TIME * F8.2,” HIRUTES"
3 Z£,11X,"PROPORTION WHO SPEND fOUR®,
L] #,19%, "HINUTES OR MORE IN STITEM™,FE.2,
5 Z, 11X, *SIMULATION AUNLENGTH ", F8.2," HINUTES™
& 7, 41X, "KUNDER OF DEPARTIRMES ", 18
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FUNCTION EXPON(FMEAN)
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EXPON = =FMEAN'ALOG(R)
RETURN
END
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VY L sy e ptabp gl

MEAN INTERARRIVAL TIME 8.50

MEAN SERVICE TIME 3.20
STAHDARD DEVIATION OF SERVICE TIMES .60
NUMBER OF CUSTOMERS SERVED . 1000
SERVER UTILTIZATION .60
MAXIMUM LINE LENGTH 5

AVERAGE RESPONSE TIME
PROPORTION WHO SPEND FOUR

MINUTES OR MORE IN SYSTEM .48
SIHULATION RUNLENGTH 4460.68 MINUTES
HUMBER OF DEPARTURES 1000

8,59 HINUTES

LAk S o (giluars (sl FORTRAN wly oy, VA-Y JS0S

Big shal 5 (Shsly f't NEXT |, o GASP 5 5V-Y-T 25 , ; FORTRAN
wiltyy LS pr goti (NEXT pm) gasls ool Sl e L | EVNTS i o 6
353 sy bi EVNTS iy b ool (oS gl 3

s g3 & )l3y g FORTRAN yls Sa 5l & plaspeslS 251 sl GASP IV
DAY 0lS 5 T 0 ! [VAYF] Sy sty 30 ol 53 JulS 25 ]
Hhals bl Jbu Sy bosbes aii g 5

SIMSCRIPT b (sjluinus ¥-Y-¥
b Laiia ol JUSWH b (qun sy W pie b oSy SIMSCRIPT ILO
A gilotn 5l S Dot oand 03l abb Al € 5l Jow sl
Galy 4 S i gade Gl Sy Dliea )b e jlone [ BlE 25 5 aallsy (st
5k 4 g gaaby S 3 )by o] JBL L AALGOL PL/1 .FORTRAN
FORTRAN w o s sy 205 3y oo (2} 15,22 (WISt SIMSCRIPT
el byt by el Ly 4t SN 4 SIMSCRIPT &by b an] yialoni
bl sl arh 4 5 Gl @3l it 55 L 55 il i St 2oy I sl
4% HSuI SIMSCRIPT FORTRAN G s ol pu 25 S (o sl 5 o
oy )0 tlasalitey saiilej ooy il 2008y T sbbdalin, o i 1655
300 ST 0 (6305 3 taas goma 5l Lasly ""'.j"' 3 oot Gl fls dase g
S abi [ Jla | slgm g g aemy tl,.l Il e saas ladlys o 5l

e Jeol 3y 3,5 sl VAP2 43,3 RAND &,z 1l s |, SIMSCRIPT
St S, SIMSCRIPT I+ 0 m oib ol s ¢ 5] .5, FORTRAN ,

3] OO0 aaoan

OO
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Jlj sl ool Ay
FUNCTION NORHL(MEAN,SICMA)
HEAL MEAN,SICHA
DATA K/0/,P1/3.10159/

2 el b Ikt Jluj st i ploS S oy

IF(K.EQ.1)CO TO 10

ASaly gela sse p

RONE=RARF{DUMMY)
RTWO=HANF (DUMMY)

¥sbas) 48 udg bt Jluj 1 ol Lty
Koy 1, (YF-A)

ZONE=SQRT(-2"ALOG(RONE)} * COS(2"PI"RTWO)
ZTWO=SQRT(-2"ALOG{RONE}) * SIN(2°PI1*RTWO)

3 MEAN o5l )l jlaysi s JUj oola s
225 alina |, SIGMA L Gl

NORML

t

ZONE*SIGMA + MEAN

K =1
RETURN

35S b by ol s

NORML = ZTWO®SIGMA + MEAN

K=20

I

RETURN
END 3
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(SIMSCRIPT b & sitscuds S i (jlwined) V-F Jou w
ols g (0T Jiu) glié slys g Gyis tel SIMSCRIPT Jau S, S

sl 3 syy odsl &S 348 s 24 SIMSCRIPT Jou s 03y Al 205 98 o g
'rixjiu‘ b S sl b Joe 53 53 0355 ol 3l G e a3 g 1y e
S Sl aebyd Ga5 e ot ead 4LIVASY J5s o aales
“NORMALLY, MODE IS ..” dus ta3l (gliet b poms coul oS lajite
3lg e SIMSCRIPT ;5 bpab s 2 Conl i ot lapile pls Sl et jladie
A oo 3550 il 6 5t ) bl FSHS G2 L gy bl 2 Sy o
Sy ols%ar & «DEFINE &S TO MEAN G i p @lan 1324 30 4 janis
ha Jt ol 5 oS o el | i v sty 3 @S n 4 3p5n 0 8 0 &S 2as g
“ATRB1” ylyca “DEPARTING.CUSTOMER” 50 & &5 ppranisd a3 v
sl 33 et 51 g o353 sLisl “DEPARTURE” suliey U gl 5 353 b Sen

PREAHDLE
HORMALLY, MODE IS5 INTEGER .
DEFINE DEPARTING,CUSTOHER TO MEAN ATRBI
DEFINE ARRIVAL.TIME TO MEAN ATRB2

EVENT NOTICES INCLUDE ARRIVAL

EYERY DEPARTURE NAS A DEPARTING.CUSTOMER
TEMPORARY EWTITIES

EVERY CUSTOMER HAS AN ARRIVAL.TIME

AND HAY BELONC TO THE QUEUE

THE SYSTEM OWNS THE QUEUE
DEFINE QUEUE AS FIFO SET
DEFINE REPORT.GENERATOR AS A ROUTINE

DEFINE KIAT, MSYT, SICHA, ARRAIVAL.TIME, AND RESPONSE,TIME
AS REAL VARIABLES

DEFINE SERVER, NCUST, IS.AT.4 AND NUMBER.OF.DEPARTURES
AS INTEGEN VARIADLES

DEFINE IDLE TO MEAN D

DEFINE BUSY TO MEAN 1

ACCUMULATE RND AS THE AVERAGE OF SERVER

TALLY HAX.Q.LENGTII AS THE HAXIMUM OF N,QUEUE

TALLY AVG.RT AS THE AVERAGE OF RESPONSE.TIME

TALLY PROB.RT.GE.% AS THE AVERAGCE OF JS.RT.H
END

e diaban i S5 cie S sl SIMSCRIPT ialys VA-¥ 82
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SCHEDULE AN ARRIVAL NOW

LET MIAT = 4.5 T'MINUTES, THE MEAN INTERARRIVAL TIME

LET MSYT = 3.2  ''MINUTES, THE MEAN SERVICZ TIME

LET SIGHA = 0.6  '’MINUTE, THE STANDARD DEVIATION OF SERVICE TIHE
LET NCUST = 1000  ''CUSTOMERS TO BE SERVED (THE STOPPING CRITEARIA)

> -

LET SERVER = IDLE ''SO THAT THE FIAST ARAIVAL WILL FIND THE SERVER lDLEr"

LET NUMBER.OFf .DEFARTURES = 0
.

START SINULATION

END
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SCHEDULE AN ARRIVAL IN EXPONENTIAL.F(MIAT,1) MINUTES
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s S el el pizn Sy “SERVER” 5 o phe ) (ool Ul sl S
ass b (IDLE) jiws 5 (BUSY) Sy s3lie of & wdwscuadss Condy e sl
i oy T3] par JSgm b4 SIMSCRIPT 5k “ACCUMULATE” iar L
3 3l & |, “SERVER” iu (FORTRAN Ja ;5 B b o) sl bl
sl “RHO” liie 4 TIME.V & €261 por ol pres Jool esjlonrs 0LG
35 g0 35 “ACCUMULATE” & 51,555 syba  “RHO” L aaleil
U380 i it 330 ¥-0 2 3 2 ) el (5Loj Saiye PR Se gl S
Jyl “TALLY” 55 dalys (ylows Candd Jypias 2B 00 & gLy deys b RHO
sl ad7 “QUEUE” 15 ame sboslys 3138 oS Glsies L, MAX.Q.LENGTH
L;JL\JJ 48 gara b uhy oy sba SIMSCRIPT L.y “N. 4cpama 'oii 7y aS
“RESPONSE.TIME”  sisb 1 33 53 DEPARTURE sl S, on 550 0
,sb4 SIMSCRIPT y &5+ 4l |, “DEPARTING.CUSTOMER” 4 by 54
deabra st il Dbl g3 5 pamr o) S bil e e Jll 4 b e gl 160
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Jls gl i e &S 3l iy am g gt g0 SCHEDULE (s 33,3 34339 (=2
(SIGMA) Jlas Glml ((MSVT) il 23))s 53 L7155 4w 4 NORMAL.F ;=

Ve B Sl o $axe) uul.a? slasl )y 2, s
ol Ea el 23wl QLI YYAT S o DEPARTURE wli, &by
saly> (5,560 833155 DEPARTING.CUSTOMER Sy s 1y dliy
SCHEDULE ilex L ARRIVAL &b, ;> SCHEDULE ik L) Na S 3
FLL uan_:..-,(.'L‘_a ol g oad b bl Jail ys (aalip gen 5> 39w
oly 5 <ol DEPARTURE aulisy ool 4 by s CUSTOMER sl s S
vslizl 5,y» DEPARTING.CUSTOMER « by ,» ARRIVALTIME bk
o) 3 o 355 gt vt o SUCs ool RESPONSE.TIME S Gysba 350 AP
DESTROYED «c.zl> .t DEPARTING.CUSTOMER & CUSTOMER »ly
RURTTR SRR IS WA C PV K pUIFNIE T B P S
e3licl 3, p0 deoli plov sl b o SIMSCRIPT jlzad ;s Sl oy P R A EY
Sppocrl nf g3 03 296 2b S XS g0 S5l s Sy oty 35 25008

EVENT DEPARTURE OIYEN DEPARTING.CUSTOMER

LET RESPONSE.TIHE x TIKE.V - ARRIVAL.TIME({DEPARTIKG.CUSTOHER)
DESTROY A CUSTOMER CALLED DEPARTING.CUSTOHER

1F RESPONSE.TIME*HOURS,VY®MINUTES.V IS NOT LESS THAN b,
LET IS.RT.4 =21

ELSE
LET IS.RT.% = ©

REGARDLESS

ADD 1 TO NUMDER.OF .DEPARTURES

IF NUMBER.OF .DEFARTURES IS GE HCUST,
CALL REPORT.GEMERATOR

ALWAYS

IF QUEUE IS EMPTY,
LET SERVER = 1DLE

OTIERWISE
REMOVE FIRST CUSTOMER FAOH QUEUE )
SCHEDULE A DEPARTURE OIVEN CUSTOMER IH
HORMAL .F(MIVT, SIGMA, 1) MINUTES

REGARDLESS

RETURN
END

asEti oS5 i e sl SEMSCRIPT & oS5 aakig auby Y-V S

200l . COm

SR P PV VPP S Py WP Y

EVENT ARRIVAL
CREATE A CUSTOMER
LET ARRIVAL.TIME = TIME.Y

1F SERVER I3 EQUAL TO IDLE,
LET SERVER = BUSY )
SCHEDULE A DEPARTURE GIVEN CUSTOMER IN
NORMAL.F(MSVT, SIGHA, 1) HIRUTES

ELSE . ":.‘_‘:
FILE CUSTOMER IN QUEUE

RECGARDLESS
SCHEDULE AN ARRIVAL 1N EXPONENTIAL.F{MIAT, 1) MINUTES

“RETURN
END

AadEaads oS5 i Jiu 5]y SIMSCRIPT & 3y daliy b, YV-¥ S

bl Jae bl Sl S5 a aut e b L IF 4as S, SIMSCRIPT
Ao Sy st B
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et Saa BbL sl 3l 36 CUSTOMER oS5 aaliy g3y 5 BUSY (i
S o Cline Gl (sile; ol 32 s il 022 Ay Uy s b o2 ook )
oMl land ol 1358 a 03 L suliy cmpp > DEPARTURE ailiy, jlail
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V15 (5 S5t Jyiin 036 S CUSTOMER 5l & by o Sl sy g0 s 5l g0
Glalg sl & by e s Silss 550 e 023 DEPARTURE sl jlas ] > o
oo b sl Sens sl sl Yl s S QWCUSTOMER (f 2o CUSTOMER
35 0,3 QUEUE” b & she yona 3 “FILE CUSTOMER IN QUEUE”
2> SERVER 3 aas ) ARRIVAL sl oS, & 558 plnil (385 Joe 0al ol (oo
S sl e Sy adg b aans by om o6 bl S o b co a3k BUSY s
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boaby ool g ob 535 aife Aol & (3,50 eyl 45 {Cnms hialiyy sladily
oypon PRINT dus JS JS2 3l ali DEPARTURE a2, 4t
PRINT n LINES WITH .., THUS:

U#EJ)WJMLJ)&SJ:LJAJ;‘JLAbLlJSU,IU’L.L.’-IlJ;L u]uJale
ghye xS gle s liss MIAT Jliis 1S amy KLyt ks B 4 aaly
Jesbe s b g2 rgdr sl G5l Lol g g wah L3 e
STOP 3o (.52 +3lizd FORTRAN 4t S 4 by o ke 1 5 5,0 555
25 (plodnd JAS G mge by AT

o ey slnls 4 ol 002 ol Jla YE-Y S s loat ol s '
YA-Y JS2 s FORTRAN Jao oy 5 YP=Y JS5 5 SIMSCRIPT Jus (f2sn

b 3hael o SUS st 1 ol s 9 o & ol el g e LEalis cul a8 amss

3l gn oAb i 3,505 1 5313hs st slind o 48 393 gn sk il i S 03lic
B il e G Sl 26 ol sl 3l 1y 3yl ol Gl oS 5
* S ol @ akzabin (e sy el g b 33 4 SIMSCRIPT , FORTRAN (slyion
N "";u" ..\J, U-L..S.- Uln_,,_,. Jae 3 n (diss PYAP , Gids PFFe C5ja wlra)
shagl 3 asliead b a8 2abl Sy 5l sl 33 sdas 43 diny islas slas 236 oyl ool
i Bl 5l plsler it sl Jab bl b aash sal] casey it ol
| . Syt 7305 ) SF phe
daltg Sy Catly g [ carl A0 Hoa il e 15l eyl 4 Bl jloa S

SINGLE-SEIVER QUEUE SINULATION - CROCERY STORE CHECKOUT COUNTER

HEAH IHTERARRIVAL TIHE N5
HEAN SERVICE TIME l.20
STANDARD DEVIATION OF SERVICE TIMES .60
NUMBER OF CUSTOMERS TO BE SERVED 1000
SERYER UTILIZATION .67
MAXINUM LINE LEMGTH 8
AVERAGE RESPONSE TIME 6.51 HINUTES
PROPORTION WUO SPEND FOUR

- KINYTES OR MORE IN SYSTEM .63
SIHULATION RUMLERGTH AN 13
RUMDER OF DEPARTURES - 1000

edadCaadh 5 Lo sty SIMSCRIPT Jiu > YE-Y S
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o Jpeo) raaldy S jloaens VYO

diile 31 f m il S S 5y LMD ) e col San jigeel ails
RESPONSE.TIME & & &y e (131 sl By gms b (pldenst 1352 )l.-lf
_\,...U..u!.sJJ.nSuL_,n_aL.\;,L.aISRTf,{aL.uwbL.L.-Lu...u T’_,I,...S
RESPONSE.TIME «sj ol 4 o Sl 33y SIMSCRIPT s gl {jad) day
(MINUTES.V) £ ;5 , (HOURS.V) Y¥ 3 555 o p b (IF dha )3) ) e
S el 2y U] S, NUMBER.QF. DEPARTURES 352 ,0 Jids 4ic> %
35 (cmd LET X = X 4\ Jsle ADD 1 TO X) 250 s |y 0f e gaolin
seslis 3,0 NCUST = \e+ | NUMBER.OF. DEPARTURES (s IF 2hes
455) 4 b %lyals §) REPORT.GENERATOR sl Al 552 psler G YK PP
ghie IF dan o T (o glzal IF... ALWAYS (55 ;5 ELSE o sl 2l
124 EMPTY . Ji-“QUEUE” icyurs .55 4 L, DEPARTURE auliy
ol Sl Whalon aiiley 5 plog spphe by & J25 5 IDLE S, SERVER
Ss kly (Scams 325 i “QUEVE” S (ol 524851y Sy EMPTY) gt
3950 REMOVE T sl i gmy 226 <215 352y 48 5mms 3 CUSTOMER lgs
(33)y a;a) FIFO icyims o5 “QUEUE" dryome wnlus y3 FLET AR
Gi» CUSTOMER slg il DEPARTURE suliyy oSy il 5t g 35 G j86
b e JBH 5l sk by 4 JS 5 355+ SCHEDULE o232 (REMOVE)
51 S vcnl) 283 e 4))) |, REPORT.GENERATOR ik, o ppp Y11 S5

ROUTINE REPORT.GENERATOR

PRINT 1 LINE THUS
SINGLE SERYER QUEUE SIKULATION - GROCERY STORE CUECXQUT COUNTER

SKLF 2 OUTPUT LINES
PRINT 7 LINES WITH MIAT, MSVI, SICHA, NCUST THUS

MEAN INTERARR1VAL TIME "
MEAN SERVICE TIME (LR T
STANDARD DEYIATION OF SERVICE TIMES W ve
HUMBER OF CUSTOMERS TQ DE SERVED LA LA

SKIP 3 OUTPUT LINES
PRINT 7 LINES WITH RS0, MAX.Q.LENGTH, AVG.RT'HOURS. V'HINUTES v

PROD.RT.GE.N, TIME.V*HOURS.VMINUTES.V, AHD
NUHBER, OF . WPAHTURES TS
SEAVER UTILIZATION ., e

MAXINUM LINE LENGTH sane
AVERAGE RESPONSE TIME W8 88 HINUTES
PROPORTION Wit0 SPERD FOUR
MINUTES OR NORE IH STYSTEM LA

SINULATION RUNLENGTH s nu
NUMBER OF DEFARTURES LA

STOP

END
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Define the constants, .

DATA MULT1,MULT2/24112,26143/
DATA B2E15,B2E16,MODLUS/32768,65536,2147483647/

Set the default seeds for all 100 skreams.

DATA 2RNG/1973272912, 281629770,
1933576050, 913566091,

20006270,1280689831,2096730329,
246780520,1363774876, 604901985,
1511152140,12559851944, B24064364, 150493284, 24270853],

75253171,1964472944, 1202299975, 233217322,1911216000,

726370533, 403498145, 993232223,1103205531, 762430696,
1922803170,1385516923, - 76271663, 413682397, 726466604,

336157058,1432650381, 1120463904, 5957788190, 8&777228%0,
1046574445. 68911991, 2088367019, 743545416, 622401386,

2122378830, 640690903,1774006%13,2132545692 2079249579,
78130110, 852776735,1187867272,13514213507,1645973084,
1997049139, 922510944,2045%12870, 898585771, 243649545‘
1004818771, 773686052, 403188473, 372279877,1901633463,
4968067494,2087759558, 493157915, 597104727,1530940798,
1814496276, 516444682,1663153658, 855503715, 67784157,
1432404475, 619691088, 119025595, 880802310, 176192644,
1116780070, 2778546?1 1366580350,1142483975, 2026948561,

1053920743, 786262391,1792203830,1494667770, 1922011392,
1433700034,1244184613 1147297105, 539712780,1545929719,
190641742, 1645390429, 264907697, 620289252, 1502074852,
927711160, 164849192, 2049576050, 638580085, 547070247/

Generate the next random number.

21 = ZRNG{ISTRM)

HI15 = I / B2E1é

LOWPRD = (ZI - HI15 * B2E16) * MULT1

LOW15 = LOWPRD ; B2E16

HI31 = HI1S * MULTL + LOW1&

OVFLOW = HI31 / B2ElS

21 = (((LOWPRD - LOWLS # BZE16) - MODLUS) +
(HI31 - OVFLOW * B2E1S)} * B2E16) + OVFLOW

IF (ZI .LT. 0} ZI = ZI + MODLUS
HI1l5 = Z1 / B2Ele
LOWPRD = (21 - HILl5 * B2El6} * MULT2

LOWLS = LOWPRD / B2Els

HI31 = HI1S *» MULT2 + LOW1S

OVFLOW = HI31 / B2ElS

21 = (((LOWPRD - LOW15 * B2El6) - MODLUS) +

(HIJ1 - OVFLOW * B2E15) % R2E16} + OVFLOW
IF (ZI .LT. 0) ZI = ZI + MODLUS
ZRNG (ISTRM) = ZI
RAND = {2 * (2T / 256) + 1) / 16777216.0
RETURN

Set the current ZRNG for stream ISTRM to IZSET.

ENTRY RANDST(IZSET,ISTRM)
ZRNG{ISTRM} = I1ZSET
RETURN

Return the current 2RNG for stream TSTRM.
ENTRY IRAMDG(ISTRM}

IRANDG = ZRNG{ISTRM)
RETURHN
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Prime modulus multiplicative linear congruential genera
Z(I) = (63036C016 * Z(I - 1}) {MOD(2+*31 - 1)}, based on Marse
and Roberts' portable randeom-number generator UNIRAN. Multiple
[100) streams are supperted, with seeds spaced 100,000 apart.
Throughout, input argument ISTRM must be an INTEGER giving the
desired stream number.

Usage: {Three options)

1. To obtain the next U{0,1) random number from stream ISTRM,

execute
U = RAND(ISTRM) _
The REAL variable U will contain the next random number.

2. To set the seed for stream ISTRM te a desired value IZSET,

execute
CALL RANDST(IZSET,ISTRM)

where IZSET must be an INTEGER constant or variable set to the
desired seed, a number between 1 apd 2147483646 (inclusive).
Default sceds for all 100 streams are given in the code.

3. To get the current (most recently used) integer in the
sequence being generated for stream ISTRM into the INTEGER
variable TZGET, execute

IZGET = IRANDG{ISTRM}

INTEGER B2E15,B2F16,HI15,HI31,ISTRM,IZGET,12SET, LOW15, LOWPRD,
& MODLUS, MULT2, MOLT2,OVFLOW, 27, ZRNG(108)
INTEGER IRANDG,RANDST

Force saving of ZRNG between calls.

SAVE ZRNG
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{ Prime modulus multiplicatjive lincar congruential genorator
Z(I) = (630360016 * ZT(I - 1) (HOD 214T483647), based on Marse and
Roberts' portsble FORTRAN random-nusber genarator UNIRAN. Hultiple
{100) streams are supported, with secds spaced 100,000 apark.
Throughout, input argument 5tream must be an Integer giving the
desired stream number. The injtialization procedure Randdf described
below must be Invoked kefore using the generator, in order to set the
seeds for the 100 predcfined streams.

The following daclarations must appear in the program using this

genarator:
VAR
Zrng @ ARRAY [1..100] OF Integer;
PROCEDURE Randdf; FORWARD
FORWARD

FUNCTION Rand(Stream : Integar) : Real;
PROCEDURE Randst{Zset : Integer; Stream : Integer): FORWARD:
FUNCTION Rardgt(Stream : Integer) : Integer: FORWARD;

Wote that the name Zrng is thus ressrved and cannot be ugsed for any
. other purpose.

tUgagae: (Four procedures)

1. Beforc using the genarator, it is requiced to initiaslize the
routines by executing
Randdf;
Thia sots the Initial seed values for all 100 streams in the array
Zrng.

2. To obtaln the next U{D,1} random number from stream Stream,

exccute
U := Rand(Stream)
Tha Real variable U will contain the next random number.

3. To sot the sced for stream Stroam to a desiced value Zset, execute

Randst(Zoet, Stream)
whers Zsct must be an Intager constant or variable set to the
desired seced, a number between 1 and 2147483646 (inclusive).
Soeds for all 100 streams are given in the cede, and must be
initialized by invoking Ranadf.

4. To get the current (most recoently used) Integer in the sequenca
being generated for stroam Stream into the Integer variable Zget,

execute
Zgot = Randgt (Stream);

]
PROCEDURE Randdl;:
DEGIN [ Randdt )

{ Set the sceds for all 100 streams, )

zrng{ J}:= 20006270;
Trng[ 6):=1923576050;
Zengf 9):i=1163774876¢

Zeng[ 11:=1973272912; Zrng[ 2):= 281629770
Zrng[ 4}:1200689831; Zrnqg[ 5):=2096730329:
Zrng( 7}:= 913566091; Zrng[ B8]:= 246780520:
Zrngf10]:e 604301985: Zrng(11]:=1511192140; Zrng(12):=1259851944;
2rng{12):= 824064364; zeng(i4}i= 1504932847 Zrng[13):= 242708531
Zrng[16):= ?5253171; Zrng[i7):=1964472944; 2rng{108]:=120229997%;
£rng[19]:= 233217322; Zrng[20):=1911216000; Zrng(21]:= 736370533:
Trng[22]:= 40J49B145; Trng{23):= 993212223 2rng[24]:=11032035314
m 7624306967 Zrng[26):=1922800170; Zrng{27):w138551602);
-

-

Zrng[25]s

Zrng[28]: 76271663 2rng[29):i= 413£82397: Zrng[l0]:= T26466804:
Zrng[31]:= 36157058; Zrng(12):=14336501B1: Zrng{Jld]:=1120461904!
2rng(34)t= 535778810; 2rrg(35):i~ 877722890; Zrng[36]:=l046574445;
Zrng(37): £8911991; 2rng(38]:=2088167019; Zrng[l9]:= 748545416;
Zrng(40}:= 622401386; Zrng(41]:=21221786307 2rng{42):= 6406909037
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/% Prime modulus multiplicative linear cangruential generator
T(E] = (620260016 » Z{i-11) {wod(pow(2,31} - 1}}, based on Marss and
Roberts' portable FORTRAN random-number genevator UNIRAN., HMultiple
{100} streams ara supported, with seeds spaced 140,000 apart.
Throughout, input argument *scrosm® must be an int giving the
desired streas numbar. The header flle rand.h must ba included In
tha calling program (finclude “rand.h”) before using these
functiong.

Usaga: (Three functions)

1. To obtain the naxt U{0,1) random number from stream “astream, ™
axocute
uy = rand(stroam);
whore rand i5 a fipat functlon, The float variable u will
contain the naxt randem number.,

2. To set the secd for stream "straan® to a desired value zaet,
exacute
randst(zsat, atroam):
whore randst is a void function and zset must be a long set to
the desired secd, a number betweon 1 and 2147483646 (inclusive).
pefault secds for all 1040 streams are glven ln the code.

"

To gat tha current {(most recently uscd) intager ln the sequence
being ganarated for stream "stream” i{nto the long variable zgat,
exgcute

tget = randgt(straam};
whare randgt ls a long function.
/* Bafine the censtants. */

fdefine MODLUS 2147483647
fdatlne MULT1 24112
ideflne MULT2 216142

/* Sat the default sceds for ail 100 stroans. &/
atatic long zrng[] =
Q

I . .
19732729k2, 281829774, 20006270,1280689811,2096730729,1911376050,
3135366091, 246780520,1363774876, 604901585,1511192140,1259058944,
B24064264, 150493284, 242708531, 7525)171,1964472944,1202299975,
233217322,1911216000, 726170511, 403498145, $93232223,1101205531,
767410696, 1932003170, 1385516923, T62T16E, 411602397, T26466604,
J36157058,14326530381, 1120463904, 5957TAB10, HTT722890,1046574445,
§08911991, 2008167019, 748545416, 632401186,21223T8330, 6406902021,
}774806513,2132545652,2079249579, 78110110, B52776715,1187867272
1331421507, 1645373004,1997049139, 922510944,2045512270, §90535771
243649545,1004018771, 773686062, 401100473, 172279477,190161146)
4138067454, 2087159550, 483157515, 597104727,1530940798, 1814496276,
516444882, 1663053650, B55507735, 677B4357,1432404473, 519621008,
119025595, 804002210, 176192644,1116783070, 277854671,1166500350,
1142483075, 2026948561, 1051920741, T06262391,1792201010,14944667770,
1923011392, 1433700014, 1244184613, 1147297105, $19712780,1845929119,
190641742, 1643390420, 264907607, 620185251,1502074852, 27711160,
164849192, 2049576050, £3050008%, 47070247 |

/* Gonerate the naxt randem number. &/

float rand{int atream)

long zl, lowprd, hidi; i
i

zl = zrng(strecam}:

lowprd = {2l & 6553%) & MULT);

hizl w {z§ »> 16) * MULTL + (lawprd >> L6): i

zi = {{lowprd & 65515} - MODLUS) + H

{(hill & 32767) << 16) + (b3l >> 1%5);

It {z1 < 0) 21 += MODLDS:

lowprd = {zl & £5513) * HULTZ:

hizy = {zl >> 16) * HULT? + (lowprd >> 16);

zi = {{lowprd & £5533) - MODLUS) +

SYN N = m sl s e b e s e sl G0 TV SRS
VAT G s pla sl ST FEera NP = a

zrng[i)):-lTTABossll:
Zeng[46):e 7813011
Zeng[49):=135142350
2rng(62]:= 922510944;
2rpg{55):= 24364%545;
2rng|58fi= 403188473
Zrng[61]:i™ A9BROETAG4;
Zrng(64):= 597104727
teng(67):= 5364448082

Zrng[70) = 67184357
119023595!
1116700070}
Zrng(19]):=1142403573;
Zrng(82}:= 706262331;
Zrnq155§.-)92]011)92:
Zrnq[un]:-1147297105:
Zrng[9l):= 190641742;
2rnqg[94]:= 520189253;
= 1648491925
2rng{100):= S47070247

zrngl73)t
2rngl 76

zeng(37]

END; { Randaf )

FUNCTION Rand: {. Cenerate the next randon

ir 44]1u2132545692;
Zr:g}JT;:- 852776715¢
2rng(50]:=1645971004;
zrng[5]1:-2045512870:
zrnq[56]:-100481977

zrng[591:= 172279877
Zrng[62)1=2087759558;
Zrnq[ﬁS]:-lS)D?lO??B:
Zeng{68]:=1E63151650
Zrnq[Tl]:-\lJ!&O{l?s:
Zeng(74):= 880B02310:
2rng(77]):= 277954671
ZrnglﬂO]:-IDZGBIBSSl;
Zrng(B3]: 1792203830
2rng(86]: 1432700034
2eng[B89)1= 339712780
2rng(02]:=1645390429;
Zrng[95):=1502074852:
Zrng|90):=2049576050;

{ Deflne theo constants., 1

CONGT
D2E1S - 32768
BIElGE = 655367
Modlus = 21474836477
Multl = 241127
Mult2 = 2614);

VAR
nils, #izi, Lewls,

BEGIN | Rand }

towvprd, Ovilow, 3

{ Genarate tha next random nuaber. }

ZEng[4%) 1 =2079249579%;
Zeng(46):=1197867272;
2eng(51]:=19970491291
2rng(Se )= 898585771 :
Zrng(51):= 773686063:
Zrnq[ﬁﬁi:-l?ﬁlﬁ])l&]:
Zrng[63]:= 4931579157
zrnq[ssj:-xexit95276:
Zrng[6%]1:~ A55503735:
Zrng{72]:= 619691088;
2rogl?5 176192644

Zrng{78 1366580250
Zrng[Bl): 103392074132
Zrng(ae 1494467770;
Zrng (87
Zrng(90
Zrng(93]:= 2649076373

Zeng[96]):= 927711160;
2rng[99]:i= 6385800857

numbor. }

Intagar:

i 1. zrnqlstreuml:
- z1 DIV B1EMNG; .
ttzgrd - [z}t - uils « DIEL6) * Multl:
Lowl3 = Lowprd DIV D2E16:
Midlk :m Hi1% * Multl + Lowl5i
- 1 DIV B2E1%7
Ozflov im ?:?lawprd - Ln;ls » B2E16) = Hodlus) + .
’ ’ (i3l - gvflow * B2EL13) * p2EIS) + Ovilow!
iF 25 < 0 THEN 21 = :i + Modlus:
nils 1w 1 DIV BIELE! .
Lowprd = (2l - Wils » D2E16) * HuleZ:
Lowls = Lowprd DIV B2E16}
Hi¥l rm j[E15 ¢ Multl & Lowl5;
ovilow Hij1 DIV BRELS:

zi

{{{Lowprd — Low

IF 21 < 0 THEN Zi := 21 + Hodlus;
aengtstrean) U z;'DIV 256) + 1) / 16777216.0

Rand w2
END; | Rand )
PROCEDURE Randst:
BEGIH { Randst ]

| Set th

& current Zrrg for stream Strea

Zrng|Stream] % zaet

END: { Randst ]
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((hill & 32767} << 36) + {hidl >> 15):
1f {zi < D) wi += MODLUS!
zrng[stream} = zi:
return ({zl >> 7 | 1) + 1}/ 16777216.0;
]

/" Sgbt the current zfnq for stream Ystream™ to zset. &/
vold randst {long zsst, Int stream)

zrng{stream] = zset;

/* Roturn the current zrng for atream “stream™. L4
long randgt {int stream)

return zrng(strean];
)

Ladsl) oYY S

/% The following 3 declarations are for use of the random-number
generator rand and the associated functions randst and randgt for
seed management. This file (named rand.h) should be included in any
program using these functions by executing

#include "rand.h"
before referencing the functions.

LFs

float rand(lnt stream);

void randst(long zset, int stream);

long rapdgt(int stream);

(o TY JS2 C oS w ploil oty (rand h) C 5l j 4 header file oot Jsa

INTEGER FUNCTION NXSEED(ISTRM)

Function from Marse and Roberts to return in its name the beginning

*
* seed for stream ISTRM in the generator of Figs. 7.5, 7.6, and 7.7,
* All streams are assumed to be of length 100,000 random numbers.
* Usage: To get the beginning seed for stream ISTRM into INTEGER
* variable ISEED, execute
- ISEED = NXSEED{ISTRM)
* Input argument ISTRM is an INTEGER between 1 and 21,474,
INTEGER I,5EED, ISTRM
DOUBLE PRECISION Z
Z = 1973272912
0O 10 I =~ 1, ISTRM
2 = DMOD( 715.DD*Z, 2147481647.D0}
Z = DMOD(1058.D0%Z, 21474B3647.D0)
Z = DMOD(1J85.D0*Z, 2147481647.D0)
10 CONTINUE
NXSEED = IDINT({Z)
RETURN

END
3 ooV gAY S Ay sy S FORTRAN 4 NXSEED gt 2-0.Y S8
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