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PROGRAM JUEUECINPUT,OUTPUT)
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AUTHORS
CHESTER CHIA=ANN LEE
DEPARTMENT OF COMPUYER SCIENCE
THE UNIVERSITY OF TEXAS AT AUSTIN
AUSTIN, TEXAS, 787i¢

PROGRAM QUEUE EMPLOYS MARKOY PROCESS 70 OBTAIN STEADY=STATE PRQOe
BABILITIES, THROUGHPUT,AVERAGE QUEUE LENGTHM,AND STANDARD DEVIATION OF
8VG, QUE=LENGTH FOR EACH QUEUE IN A CLOSED,CYCLE QUEUING NETWORK
WHERE SERVICE DISCIPLINE FOR EACH QUEUE I8 FIRST=COME=FIRST=SERVED,
EACH QUEUE IN THE NETWORK HAS ONE OR MORE SERVERS, MEAN SERVICE
TIME OF EACH SERVER IS8 EITHER EXPONENTIAL,HYPEREXPONENTIAL, OR HYPO=
EXPONENTIAL, A JOB LEAVING QUEUE I ™MAY NOT JOIN GUEUE I AT ONCE,

LETs

ND = NO, OF QUEUES IN THE NETWORK

NJ = NO, OF JOBS IN THE NETWORK

NTYPECIY = TYPE OF DEVICE(S) IN QUFUE I, VALUE OF NTYPEC(I) IS5 9 1IF
MEAN SERVICE TIME OF QUEUE T IS EXPONENTIAL, § IF IT IS5 HYPEREX=
PONENTIAL, AND 2 IF IV 1S HYPOEXPONENTIAL,

NST(I) = NO, OF BRANCHES DR STATIONS OF QUEUE I

NDY(I) = NO, OF DEVICES IN GUEUE I

MON13S1,82:6e0KIN2,S1+5250005MtaesdNTIFoasdNNySLis,,,5N) = STATE WHERE
NI I8 THE ND, OF JDBS IN QUEUE I AND 51,82,...5K ARE nN0S8, OF JOBS
IN STATIONS (s2seesK OF GUEUE 1, NOTE THAT THERE I3 NO SI IN GUEUE
1 IF GUEUE I IS5 EXPONENTIAL

N = TOTAL NO, OF STATES

PLIJ = STEADY=STATE PROBABILITY OF SYATE I

W{i,J) = PROBABILITY OF A JOB LEAVING QUEUE I FDR QUEUE J

NF(I) = FIRST POSITION OF QUEUE I IN STATE M

NS¢{1) = NO,OF JOBS IN QUEUE I

MT = TOTAL NO, OF STATIONS OR BRANCHES IN THE NETHORK

Uiy = MEAN SERVICE TIME OF STATION I

V{I} = BRRIVAL PROBABILITY FOR STATION 1

R{I} = MEAN SERVICE TIME OF QUEUE I

UT(I,J) = PROBABILITY THAT THERE ARE I JDBS IN QUEUE J

s XsXaNeRsis Rt XsKksRsEa s RxRuRrEs sl

GL{I) = AVERAGE GUEUE LENGTH OF QUEUE I
$D{¢1) = STANDARD DEVIATION OF AVG, Q=LENGTH FOR QUEUE I
TP{1) = THROUGHPUT FROM GUEUE I

NOTEs

USER OF THIS PROGRAM IS5 RESPONSIBLE 70 GIVE VALUES OF NDyNJs
NTYPECIJ,NSTCI) NDVCI)aW(T,J3,UCI),Vv{I), AND MT,

fdddddddudiddddddasadaisdadidsadididddadasddsasdadsadasasdassassgssese

OGO OO OOOOOOOIOOOOOOOICTIO ORI OIO SO0

OO OOOOOIO OO0 00O

COMMON ME218,108),NST(5) ,NTYPE(S),NF(5),N5(5),NDV(BI,P(21B),N,ND,
: NI s MT o W(S,5),U(88),V(10),UT(B,5),0L(53,8D(S),TP(5),R(5)

Lo ]

£ READ IN DATA FOR THE NETWORK

READ 10, ND,NJ,MT
$8 FORMAT(4OIZ2)
READ 10s (NSTLI3,I21,ND3



[ RaXe] 5 €3 Y

REAT §G, (NTYPE(I},Ici,ND)

READ 18, (NDV(I),I51,ND]
138 READ 148, ((W{1,J),J=i,ND),I=1,ND]
148 FORMAT(10F8,43

READ 148, (U(I),I=1,M7)

READ 140, (V{I),I=1,MT)

CALL SUBROUTINE FCFS FOR QUEUING ANALYSIS
CalL FCFS
PRINT RESULTS

NJJshNJed
PRINT $25
125 FPORMATIIHI// /732X 3HOPU,6X,SHI/0 (,5X,5HI/0 2,5%,5HI/0 %,8%,
i SHIZ0 4/730% ;5 (THe=cemaa, 34 ) )
PRINT 13%, (NDV{I),I=1,ND)
135 FORMAT(//10X, {6HSERVERS IN QUEUE,TX,5(11,9%))
PRINT 942 ,
U2 FORMAT(/ 2%, 16HPROB, OF ARRIVAL/Y
DO S46 I=1,ND
PRINT 945, (W(I,J},J=1,ND)
945 FORMAT(31X,5(F5,3,5%)1
946 CONTINUE
PRINT 948, (RL{IJ,I={,NDJ
GUB. FORMAT(// 10X {THMEAN SERVICE TIME,S{4¥,F5,3,1X33
PRINT 950
958 FORMAT(//10X,11HUTILIZATION )
DO 960 I={,NJJ
Jal=§
PRINT 955, J,{UT(I, KI,K=i,ND]}
9E% FORMAT(124,18,4H JOB,9%,5(5X,F5,33)
960 CONTINUE
PRINT 965, (QL{I),I={,ND}
965 FORMAT(//40X,17HAVG, QUEUE LENGTH,S(dX,F5,3,1%X1)
PRIKT 980, (SD(I3,I=i,ND}
988 FORMAT(//1PX,17HSTD, DEV, OF GelN,5(8%,F5,3,1X13
PRINT 982, (TP{IJ),I=1.ND)
962 FORMAT(//10X, 1CHTHROUGHPUT , 1BXsSLFT.,2,3%3)
s§70P
END



SUBRQUTINE FCFS
€ €
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€

SUBROUTINE FCFS GENERATES ALL STATES OF A GIVEN NETHWORK,COMPUTES
TRANSITIONS BETWEEN ANY TWO STATES,AND COMPUTES STEADY-STATE PROBA=
BILITIES OF EACH STATE, DEVICE UTILIZATION, THROUGHPUT,AVG, GQUEUE
LENGTH,AND STANDARD DEVIATION OF AVG, Q=LENGTH OF EACH QUEUE IN THE
NETWORK ARE ALSO COMPUTED,

¢
€
C
€
¢
€
VARIABLES USED ARE AS FOLLOWSs #
ALT,J0 TRANSITION RATE FROM STATE 1 YO STATE J £
LIN INDEX COF GQUEUE THAT 4 JOB ENTERS €
LouY INDEX OF QUEUE THAT 4 J0B LEAVES T
KIN INDEX OF BRANCH OR STATION THAT A JDB ENTERS €
KOUT INDEX OF BRANCH OR STATION THAT A& JOB LEAVES ¢
DIaG E{I,1) €
€

£

c

48 43 8% 8% §E 39
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CIIOICION OO IO AD

COMMON M{210,183 ,NST(S) NTYPE(S),NF(53,NS5(5),NDV(5),PL218),N,ND,
H M pMT W (5,5, U(883,V(18),UT{B,53,0L(5),80(5),TP(5),R(5)
DIMENSION A(210,210; '

[9]

¢ INITIALIZE N AND POSITION THE FIRSY INDEX OF EACH QUEUE IN STATE M

NED
LAST=ND=Y
NF{1)=l
DO 25 I=2,ND
IF (NTYPE(I=1) L,EG, @) GO 70O 20
NF{II=NF(I=10+NST(I=10+1
60 70 25
28 MF{I)=NF({I=i{)+NET(I=1)
25 CONTINUE
NYeNFINDIeNST(ND)=1
IF (NTYPEIND) ,GT, B) NT=sNTei

GENERATE A4LL POSSIBLE COMBINATIONS OF JOBS IN EACH QUEUE

OO

DO 32 I=1,LA87
I N5(1)=¢

T¥s| AST

iLalX=g
4@ KNNz92

DO 5@ J={,LAST
S@ NNzNN+NS({J)

NS (NDIaNJI=hN

CALL SUBROUTINE PERMUTE YO GENERATE POSSIBLE STATES FOR GIVEN NS{I)

(s XeNel

CALL PERMUTE
IF {NS(1) LEG, NJ} GO 7O {00
15 (NS(ND) EG, B) GO TO 62
NSLIXIeNS{IX)+!
GO TO 4@

&8 IXziX=}i
ILelX=}
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(e NgNel

3 3 (e Xs R ¢l

JLed
IF CIX .EG, 1) GO 7O 8¢
D0 7e I=t{,IL
78 JL=aJL+N3(I)
88 IF (JLeNSCIX)}+i oGT. NJJ GO TO 68
IR=IX+l
DO 98 J=IR,LAST
98 NS(J)=©
NSCIXIeNS(IX)+!
IX=LAST
RIS L
GO Y0 4@

4Ll POSSIBLE STATES ARE EXHUSYED
188 CONTINUE
RE=POSITION OF ARRIVAL PROB, AND MEAN SERVICE RATE FOR EACH STATION

D0 166 Is{i,MT
168 Ulli=t,B8/U(1)
JTsMT
DO 188 I={,ND
IF (NTYPE(I) ,EQ, @) GO TO {86
JTeJT+8
J=JT
178 1IF {J ,EQ, NF(I)) GO TO 180
UlJisu(Jd=13
V(Ji=V(Je=1)
JsJ=i
GO Y0 {70
188 CONTINUE

CONSTRUCT TRANSITION MATRIX
DO 688 I={,N
INITIALIZE MAIN DIAGONAL ELEMENY
DIAG=G,9
DO 568 J=i,N
IF €1 .EG, J) GO TO 568
KT=3d
PPl .0
DO 5@@ IC=i,ND
ID=NF(IC)
JCuID+y
JD=JC+NST({IC)I=}
CHEECK FOR NO, OF JOBS IN EACH QUEUE OF STATES I AND J
1F (IABS({MCI,IDI=M{J,ID})=1) 200,308,558
NO, OF JOBS IN QUEUE IC OF STATE 1 EQUALS TO QUEUE IC OF STATE J
280 IF (NTYPE{IC)=i{} 508,218,250

SERVER IN QUEUE IC I8 HYPEREXPONENYIALLY DISTRIBUTED
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219 DO 228 JE=JC,JD
IF (M(I,JE) NE, M(J,JE}) GO YO 5580
220 CONTINUE

G0 70 508
SERVER IN GUFUE IC IS HYPDEXPONENTIALLY DISTRIBUTED
25¢ 14=0
JCC=J0e1
DO 2585 JF=JC,JCC
1F (M{IsJF) EQ, M(J,JFIJ GO YO 255
IF (MCI,JF)=M(J,JF) LEQ, 1  AND, M{J,JFeldeM(I,JF+1)
| T0 252
G0 TO 55@
252 IX=IX+i
KOUT=JF
25% CONTINUE
CHECK FOR TRANSITION BETWEEN STAGES
IF (IXel) 502,260,550
GENERATE TRANSITION RATE
260 KTsKT+2
LOUT=IC
LIn=1C
PPapPPaM (I, KOUT)I=U(KOUT)
GO T0 5080
THERE IS 4 PDSSIBLE TRANSITION BETWEEN STATES I AND J
300 IF (MLI,ID) .GT, M{J,ID)) GO TO 4e@
A JOB LEAVING STATE J ENTERS STATE 1
IF (NTYPE{(IC)Y={) 310,330,360
JOB ENTERS EXPONENTIALLY DISTRIBUTED QUEUE
340 KTsKTed
LInN=IC
GO TO 528
ENTERING HYPEREXP, DISTRIBUYTED GUEUE
3303 IX=¢@
DO 340 KasJC,JD
CHECK FOR PERMISSIBILITY OF TRANSITION

IF ¢mM(1,10) LT, NDV(IC)) GO TO 335
IF (M(I,KA) NE, M(J,XA)) GO TO 558
GO TO 340
335 1F (M{I,KA) 6T, M(J,KAa}) GU TO 550
IF (M(J,kA)=M(I,KA)=1) 340,337,550
337 IXsIX+l $ KINZKA

oEG,

13 GO
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348 CONTINUE

LInaiC

KTaKT+{

1F (IXe{l) 500,356,550
350 PPePPeVIKIN)

G0 TO 568

JOB ENTERING HYPO=EXP, DISTRIBUTED GQUEUE
3608 IF (M(J,JCI=M{1,JC)) 370,378,550
CHECK FOR PERMISSIBILITY OF TRANSITION
370 JCC=JCe+l
DO 386 JF=JCC,JD
1F (M{1,JF) (NE, M(J,JF)) GO 70O 558
3803 CONTINUE
KTeKT+!l
LinsicC
60 70 %8¢
A JOB LEAVING STATE 1 ENTERS STATE J
400 IF (NTYPECICY=1) 410,430,478

COMPUTE TRANSITION RATE FOR EXPONENTIAL QUEUE

416 LoUT=sIC

KTsKT+1

IF (M{I1,ID)=NDV(IC)) 415,428,420
415 KK=M(I,1DJ $ GO 70O 42%

428 KKsNDV(IC]
425 PPepPPxU(ID)#KK
60 T0 5280

COMPUTE TRANSITION RATE FOR HYPEREXPONENTIAL GQUELE

439 IF (M(I,ID) 6T, NDV(IC)) GO 7O d4@
LE=B
DO 435 JF=JC,J0
1F (MCI,JF)=M{J,JF)) 558,435,432
432 LAsiX+l $ KXsJF

435 CONTINUE

TF (LX ,ME, 13 60 7O 55¢@
KTsKT+1
LOUT=IC
PPuPPRUIKXYYaM{ ] KX)
GO 7O so0
443 RATE=3,0
L1298 % LJ=9
DO 462 JF=JC,JD
TF (IABS(M(I,JFI=M{J,JF))=1) 445,458,550
445 IF (ML1,JF) LEG, ©) GO TO 469
TF (L]  NE, B OR, LJ (NE, @) GO TC 488
RATE=RATE4UCIFI=V(JF)2M{1,JF)
G0 TO 4s0
6508 IF (MLI,JF) LT, MCJ,JF)) GO TO 455
LIslI+d
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1F (LI .67, 1) GO 7O 550
KOUT=JF
GO 70 460

455 LJdsLJed
IF (LJ 6T, §) 60O YO 55¢
KINsJF
468 CONTIWUE
IF (LI EG, @ ,aND, LJ HEG, @3 GO 7O 4%
RATEEUIKOUTI®V{KINI#M(I,KOUT]
465 PP=RATE
KTsKTe!
LouUT=1C
GO 70 500

COMPUTE TRANSITION RATE FOR HWYPOEXPONENTIAL QUEUE

478 I1F (MCI,J0)=M({J,JD) (NE, 1) GO TO 558
IF (M(J,JC)=M({I,JC) ,GT., 1) GO TO 5582
JCC=JCl+y $ JDD=2JDw=]

DO 475 JFF=JCC,J0D

475 1F (MCI,JFF3 (NE. M(J,JFF)) GO 7O 5580
KTaKT+1
LOUT=IC
PP=PPaM(1,J0)%*U(JD)

508 CONTINUE

CHECK IF MORE THAN ONE TRANSITION HAS OCCURED FOR STATES I AND J
IF (KT o NE, 2) GO TO 559
GENERATE ELEMENT A(I,J)

IF (LOUT ,NE, LIN) GO 7O 525
A(I,J)=PP 3 G0 TO 5460
5§25 A(1,J)=PP%xw{LOUT,LIN)
5409 CONTINUE
DIAG=DIAG=A{I.J)
GO TO 560
558 A(I,J1=0,0
562 CONTINUE
4{1,1)=0146

REPLACE LAST COLUMN BY 1§

ACI,NI=L,0
600 CONTINUE

INVERT TRANSITION MATRIX

DO 880 L=1,N
PIVOT=A(L,L]

CHECK TO SEE IF MAIN DIAGONAL ELEMENT I8 ZERO

1F (ABS(PIVOT) (LE, 1,7E=208) GO YO 985
a{L,L)=0.0

DO 728 I=i,N

1F (I ,EG, L) GO 7O 798¢



BT, 0sA(1,LY/PIVOT
Xad{i L}
DO 658 J=i,N
550 ACI,J)=AC1,J)=XwA{l,J]
788 CONTINUE
DO 75@ J=i,N
756 A(L,Ji==a{L,J)}/PIVOT
) 4L, L)el,B/PIVOY
BBF CONTINUE
NJJ=nJed
DO 916 KB=i,KD
Do 985 Ka=z=i,NJJ
08 UTI{XA,KB}=0,8
QLIKBI=B.9
943 CONTINUE
DO 925 1Is=i,N

PLIY=A(N,I)
COMPUTE UTILIZATIONS OF EACH QUEUE

[¢ X R e] e Re R &l

00 928 J=i,ND

LAsNF(J)

KSaM{I,La)el

UTLKS JI=UTIKS,J)4P(1]
928 CONTINUE
925 CONTINUE

COMPUTE AVERAGE QUEUE LENGTH OF EACH QUEUE

€3 Y

DO 935 Isi,ND

DO 938 J=1,NJJ
$38 QL(I)SOL({I)+(J=1)=UT(J,1)
535 CONTINUE

C COMPUTE THROUGHPUT OF EACH QUEUE

DO 948 I=i{,ND
TAsNF(I)
1F (NTYPE{I1) .GT7, B) 1A=TA«l
1B=IA#NST(I)=1
R{131=8,0
DO 837 J=14,18
937 RITI=R{II+VIIIZUCS)
943 CONTINUE
DO 968 I=1,ND
TP{11=20,0
DO 955 J=2,NJJ
IF (J={=KNDV{IJ} 945,945,958
945 TPLII=TRIINSUTLI;1)x(J=13/R(1]
G0 70 955
950 TP(I)=TP{I3+UT(J,1I.NDY(I3I/R(I)
955 CONTINUE
960 CONTINUE

LAST ROW ELEMENTS ARE STEADY=STATE PROBABILITIES

¢
C COMPUTE STANDARD DEVIATION OF AVG, O«LENGTH OF EACH QUEUE



9§78
97%
§8%

898
995

00 973 I=i,ND

5D(I)=6,9

DO €78 J=1,NJ
SDCII=SDIN+UT el 100 w2
SD{I13=SQRT{SD(Ii=QL (1) %%2)
CONTINUE

GO YO 99%

PRINY 998, L
FORMATC/ /718X, 1SHPIVOT=E AT LOOP,14)
CONTINUE

RETURN

END



FUNTCTION NFACTOR(N)
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€ THIS FUNCTION COMPUTES FACTORIAL OF N c
€ €
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€ 4

iF {nNel) 10,108,208
1@ NFACTOR={
RETURN
20 NFACTOR=1
DO 30 I=2,N
30 NFACTOR=NFACTOR=%]
RETURN
END



SUBROUTINE PERMUTE

€
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SUBROUTINE PERMUTE CONSTRUCTS ALL POSSIBLE STATES FOR FIXED NO,
OF JO0BS IN EACH QUEUE,

VARIABLES USED ARE A4S FOLLOWSt
L{ZsJ3 TEMPORARY LOCATIONS FOR POSSIBLE STATES
iPLI REMAINING WO, OF STATES
LRI NO, OF POSSIBLE COMBINATIONS FOR GIVEN N0, OF JOBS IN I TH,
QUEUE
TOTAL ND, OF POSSIBLE STATES

48 8 8
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IRV CIIEICIOICI OO

COMMON MEP10,18) ,NST(S),NTYPECSI,NF{S) ,NSISI,NOVIS),Pl21B3,N,ND,
i NI MTan(5,53,U010),V(iBY,UT{8,53,QL(5),8D(5),TP(5),R({5}
DIMENSION L{10,123,IP(13),LP(18)

iPpP=g

PO 78 1=1.ND

NBGN=NFLI}

LAST=NF{I)#NST(I)=1

IF (NTYPE(I} NE, D) LAST=LAST+1i

CHECK FOR ZEROC JOB IN QUEUE

€Y

1F (NS{I) .NE, 83 GO TO 22
18 DO 15 JuNBGN,LASY
15 L(i,J3=8

LP{lisl

GO TO 65

CONSTRUCT DIFFERENT COMBINATIONS OF JOBS IN EACH STATION OF QUEUE

e ReRsl

20 IF (NTYPE{I)=1) 22,25,25
22 L{1,NBGN)BNS(I]
LPL{I)=1
GO T0 65
25 IF {NS{I1)=NDV{IJ) 3@,35,35
39 MJ=NS{13
GO 70 40
35 MJ=NDVY (1}
49 Iha=1
MASNF(I)+4
MBzL AST=1
00 42 IB=MA,MB
d4g L{I4,1IB3=0
Ix=MB
ILeliXel
4% MM=Q
DO 47 Jaz=MA,MB
47 MHMaMMeL (T4,J4)
LETASNBGNI=NS(I)
LETA,LAST yaMJaMM
IF (L{TA,MAY LEG, MJ) GO TO &4
IF (L{I1A,LAST) ,EQ. B) GO YO 55
EG I1AsIA+i



€3 €Y

00 52 IB=NBGN,IL
§2 L{14,1B8)elL(lA=1,18]
ST VESSEINOTLINDE SR
66 70 4%
§8 fisixX={
ILeil=t
JiL=@
1F (IX .E0, MA) GO TO S§9
DO 87 IB=Ma,IL
§7 JLeJLelL(14,1B]
59 IF (JLeL{Ta,IX)el ,6T, MJ) GO YO 55
IRefYel
po 68 Jaz=IR,MB
$0 L{I1A+1,J83=0
IF (1Y EG, MA) GO TO 62
DD 61 JBENBGN,IL
&1 LII1A+1,IBI=L(1A,J8)
62 L{1A+1,Ix32L(TA,IX) 4
Id=MB
ILelx=§
Ia2l44%
60 TO 4%
64 LP{Ili=]A
65 IPPaIPP=LP{I}
78 CONTINUE

GENERATE ALL POSSIBLE STATES

NBzN+1§
NBN$IPP
IPLiy=IPP/LPLLD
DO 75 1=2,ND
75 IPLII=IP(I=1)/LP (1)
DO 9% Jsi.ND
Jx=}§
Kizi
KasNF(J)
KBzKA+NST ()=
IF ENTYPEC(J) oGT, @) KB=KBei
Do G0 KshB,N .
IF (KX ,LE, IP{J3}} GO VO 80
Kizi
JAzJX+i
1F {JX LE, LP{JYY GO TO 88
J¥zi
83 DO B85 KK=KA,KB
85 M{K KK)sL{JX,KK]
KXeKX+]
99 CONTINUE
95 CONTINUE
RETURN
END



PROGRAM LOCOBAL(INPUT,OUTPUT]
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¢ C
£ AUTHOR: €
€ CHESTER CHIA=ANN LEE €
E nEPYT, OF COMPUTER SCIENCE £
c UNIVERSITY OF TEXAS AT AUSTIN C
c AUSTIN, TEXAS e
€ o
o PROGRAM LOCOBAL EMPLOYS LOCAL BALANCE EQUATIONS TO SOLVE QUEUING €
L NETWOHK PROBLEMS, 77 GENERATES STATES FOR THE NETWORK, OBTAINS THE €
£ BTERMS OF ALL NODES IN THE NETWORK VIA TOPOLOGICAL SORT, COMPUTES c
£ STEADY=STATE PROBABILITIES OF ALL STATES, UTILIZATIONS,AVERAGE QUEUE €
& LENGTHS,STANDARD DEVIATIONS OF AVG, QUEwLENGTHS, AND THROUGHPUTS OF C
£ ALL GUEUES IN THE NETHWORK, t
€ €
£ YARIABLES ARE AS FOLLOWS: ¢
£ INPUT(I,J3= INDEX OF WNOUDES FOR A PATH IN THE NETWORK, NODES ARE [
c NUMBERED FROM § 70 N, SOURCE NODE I8 3@ AND SINK NODE c
c 18 N¢i{, NO SOURCE NODE MAY APPEAR IN INPUT({I,13 AND NO c
€ SINK NODE MAY APPEAR IN INPUT(I,23 £
€ £
£ eNOTE® NODES WITHIN A QUEUE MUST NUMBERER 1IN €
£ SUCCESSIVE ORDER o
£ g
£ TRNCLID £ NON=ZERG PROBABILITY FROM INPUT(I,{) TO INPUT(I,2} €
€ NODE = NO DF HNODES IN THE NETWORK INCLUDING SOURCE AND SINK £
£ NJOB =z NO OF JOBS IN THE SYSTEM c
£ WO £ WO OF QUFUES IN THE SYSTEM €
¢ HMM{I.J) = STATE (NC1J,N(2),..0oN{NODE)) WHERE N{X) IS8 NO OF JOBS IN C
c NODE K €
£ WETLI} = WO OF STAGES OR BRANCHES IN QUEUE I £
€ NB(I] = INDEX OF FIRST POSITION OF GUEUE I IN STATE M{J,I) g
L ONJLI3 = NGO OF JOBS IN QUEUE I €
£ K = TOTAL NO OF STATES e
£ LJ z BJOB+1 £
£ pii} 2z STEADY=S5TATE PROBABILITY DF STATE 1 o
£ PYERM{I) = MEAN SERVICE TIME OF NODE I ¢
£ BTERM{I} = PROBABILITY OF A& JOB TRAVERSE FROM SOURCE TO NODE I ¢
£ BP(I) s MEAN SERVICE TIME OF GQUEUE I [
£ uUT(I.Jl = PROBABILITY OF I-1 JDBS IN QUEUE J ot
€ oLils = AVERAGE QUFUE LENGTH OF QUEUE I ol
£ sD{1} = STANDARD DEVIATION OF AVG, Q«LNTH OF QUEUE I Lo
€ TPLI = THROUGHPUT OF QUEUE 1 e
¢ NDVIID = NO OF SERVERS IN QUEUE I €
£ INDEX £ B IF NETWORK CONTAINS & L0OP £
¢ 4 IF¥ NETWORK I8 FREE OF LOOP €
£ NEDGE = NO OF PATHS IN THE NETWORK £
C ¢
c sNOTE® THIS PROGRAM APPLIES TO NETWORK WITH SINGLE SERVER C
i QUEUES ONLY ¢
c o
§€CC£CCC€€CSQCCCCCECCCCﬁCCCCCCCCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCC
¢ c

COMMON MM(1020,10),P(1280),PTERM(18),BTERM(10),UT(18,14),8L(18),
i SOLIBY,TPLIB),NICIBY,NBL{B) ,NSTL1@),SP{18),NJOB,NODE,NQ,K
DIMENSION INPUT{10€,2),TRN({08]
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READ IN DATA AND STORE NETWORK PATH3S

READ {0, NODE,NJOB,NG
{3 FORMAT(4B1Z2)
READ 12, (NST(I),1s1i,NQ)
READ 28, (SP{I),I=1,NQ)
READ 29, (PTERM(I},Imi,NODE)
26 FORMAT{10DFB,3)
NEDGE=D
ip READ 4@, LA,LB,PC
46 FORMAT(2IS5,F5,.3]
IF (LA ,EQ, 99999) GO 70 45
NEDGE=NEDGE=1
INPUT(NEDGE, 1)5LA
INPUT(NEDGE -2)5LB
TRN{NEDGE)=PC
G0 10 %@
45 INDEX=09

CALL FOR TOPOLOGICAL SORTING
CALL TOPOSRT(INPUT,TRN,NEDGE,INDEX)
CHECK T0 SEE IF NETWORK CONTAINS A LOOP
IF (INDEX L,EQ, 1) GO 7O 189
CALL FOR GENERATING STATES
CALL NSTATES
CALL FOR COMPUTING RESULTS
Call, PSTATES
1980 CONTINUE

870P
END



SUBROU® INE TOPOSRT(INPUT,TRN,NEDGE, INDEX)

c ¢
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
c c
¢ THIS SUBROUTINE OBTAINS BTERM BY USING TOPOLOGICAL SORTING OF THE C

€ NODES IN THE NETWORK AND IS A FORTRAN VERSION 0OF THE PROGRAM DONE BY €
¢ KNUTH (THE ARY OF COMPUTER PROGRAMMING ,VOL . 1 ,PP264=265], THE ARRAY C
€ LINKCI) STORES ORDERED LISY OF NODES IN THE NETWORK, ol
€ €
tCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCﬁtCCCCCCCCCCCCCCCCCCCCCC
¢ c
COMMON MM(&G@@.1@)'P(iﬂﬂe)pPTERM(iGJ,BTEﬂﬁtiB);UT(iG;iﬁjgaLtlﬁ)'
i SD(&@),TPK&B),NJ(i@),NB(&GJFNST(lﬂ),SP(iB);NJOB.NODE.NG.K
INTEGER COUNT(23),TOP(28),0LINK(203,SUCLLB) ,NEXT(UB]R,F
DIMENSION INPUT(180,2), TRN(10B),LINK(28)
NPaNODE+{
LIMIT=G9999
p0 18 I=1,.NODE
GLINK{(I =@
COUNT(1)=8
TOP(I)=LIMITY
i8 CONTINUE
GLINK{(NPI=D
DO 15 Jsi,NEDGE
INPUT{I,1)INPUT(I, 1348
INPUTCI,23=INPUT(J,2)#1
$S CONTINUE
N=NQODE
DO 28 K=1,NEDGE
KAZINPUT{K,1)
KBeINPUT{K,;2)
COUNT(¥BISCOUNT(KBI 4
SUL{K)=KB
NEXT(X)=TOP(KA&)
TJOP{RAY=K
2¢ CONTINUE
R=0
NNeg
DD 25 K=i,NDODE
IF (COUNT(KY  NE, @3 GO 70 25
QLINK{R+1)=K
REK#§
25 CONTINUE
FaQLINK{1}
38 NNS NN+
LINK(NNY=F
IF (F ,EQ, #) GO 70 5@
N:Nai
LETOP(F)
35 IF (L LEG, LIMIT) GO YO 45
KCaSUC({L?
COUNT(KCI=COUNT(KC) =1
IF (COUNT(KC) ,NE, B) GO TO 4@
GLINK{R)=KC
Rzul+l
4% LeNEXTILY
GO YO 35
4% FaQLINK(F®#L])



5@

55

68

119
128

136

jde

i5@

160
i7@
180

GO Y0 312

IF (N ,EQ, @) GO 7O &4

INDEX=Y

PRINT 55

FORMAT(///7/7/75X, *sNETWORK CONTAINS A LOOP®)

RETURN

CONTINUE

BTERM(1)=1,48

DO §2@ I=2,NODE

IIslLINK{I}

BYERM{I1)=0,0

DO $18 J=1,NEDGE

IF €11 NE, INPUT(J,23) GO 7O 118

JJeINPUT (I, 1)

BTERM(III=BTERMCIIIBRTERM{JIIRTRN(J)

CONTINUE

CONTINUE

DO 138 I=4,NEDGE

INPUTCI, )=INPUT(I, 1)

INPUT(I,23=INPUT(],2) =1

CONTINUE

NODE=NODE=1{

DO {4@ I=1,NODE

LINKCII=LINK(I¢l)w}

NODE=NODE=1

PRINT 150, ((CINPUT(IsJ),J=1,2),TRN(I}),I=1,NEDGE)

FORMAT(LHL/////10BX, *NETWORK FLOW®//SX,4HNODE,2X,2HT0,2X, 4HNODE,2X,
*TRANSITION®//(5X,13,7X,13,6X:F5,3/31

PRINT 168, (LINK(I),I=1,NODE)

FORMAT(////5X,*ORDERED LINK LIST OF QUEUING NETWORK%//(5X,2515/))

DO 170 J=1,NODE

BTERM(J)=BTERM{J+1)

PRINT 188, ({I,BTERM(I)},I={,NODE)

FORMAT(///7(5X,#»BTERM% ,#(%,13,%) zx,F7,45)

RETURN

END



¢
¢

THIS SURROUTINE AUTOMATICALLY GENERATES ALL POSSIBLE STATES OF &

SUBROUTINE NSTATES

¢
CCCCCCCCCCCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

€ QUEUING NETWORK,

¢
€

geeceeeceeeeceeceeececececeececececcecccee

¢

i@
i5

28

5

32

35

48

43

45

a7
48

58

55

60
&5

THE INDICES OF & STATE IS:

i

COMMON HM(iGEG:i@):P(!@BG)aPTERHfiﬁ);BTERMtiﬂi,UT(iG.lﬂ);QL(l@)a
SD(1G), TPCI2I,NI(13) ,NB(1@I,NST(18),SP(18),NJOB,NODE,NG,K

Kaei

LAST=NDODE=1

IX=l ASY

ILeiX=}i

D0 18 I=i,LAST

MM{K,1)=0

NF=(

D0 29 J=1,LAST

NFeNF+MM(K,J)

MM (K, NDDE)eNJOB=NF

IF (MM(K,1) ,EG, NJOB) GO Y0 S8
IF (MM(K,NODE) ,EQ. 8) GO TO 35
KK+l

DO 38 I=1,IL

MMIK,1)zHMM({K=1,1)

MMEK, IXIsMM{K=1,IX)¢1

GO T0O 15

IXzlX={

ILalX=1{

JL=9

IF {IX .EG. 1) GO TO 43

DO 48 I=1,1IL

JLEJL+MM{K, 13

IF (JLeMMIK,IX)%1 (6T NJOR)Y 60 7O 35
IR=IX+}

DO 45 J=IR,LAST

MM{K+1,3)=0

IF {IX (EG, 1) GO 70 48

DG 47 Ja=1,1L
MMIK+$,JJ MM {K,JJ)

MM{Ke1,IX aMM(K, IX) 41

IX=LAST

IL=lX=}

KEKed

G0 YO {5

PRINT 55
FORMAT(///7//75%X#QUEUING NETWORK STATES®)
DO 65 I={,K

PRINT 68, I, (MM(IyJ)aJ=1'NOOE)
FORMAT(SX,1H{,I3,1H),38I4/)
CONTINUE

RETURN

END

€10250¢sILsIXs IRy 6,sLAST,NODE)

gcececeeeeeeeeeececeeecececceeccecceceee

c
c
<

€
¢
€
€
€
c



SUBROUTINE PSTATES
9 ; €
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
¢ ¢
¢ THIS SUBROUTINE COMPUTES STEADY=STATE PROBABILITIES,UTILIZATIONS, C
C MEAN GUEUE LENGTHS,STANDARD DEVIATIONS OF AVG, Q= NTHS,AND THROUGH= (€

£ PUTS OF ALL QUEUES IN THE NETWORK, Lo}
¢ €
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtC
£ C

COMMON MM(100@,10),P(1000),PTERM(1@),BTERM(18),UT(18,18),0LC10),
i SD(10Y,TPL10),NJ(10) ,NBC1B),NST(10),SP(18),NJOB,NODE,NG,K

c INITIALIZING

PRINT 7

7 FORMAT(1K1///7/32X,3HCPU,6X,SHI/O {1,5%,5HI/0 2,5%X,SHI/0 3,5X%,
§ SHI/O 4//30%X,S(THemosen=,3X))
LJ=NJOB+i
NB(13=d
D0 28 1I=2,NG

20 NB(IJI=NB(I=1)+NST(I=})
DO 58 I=1,NG
DO 4@ J=1.,LJ

49 UT(J,1)=8.0
GL(l)=e.@
§0(1)=0,0
TP(1)50.0

53 CONTINUE

€
c COMPUTE STEADY=STATE PROBABILITIES

c
G=8,9
DO 798 1=i.,K
P{li=i,0
00 65 1I={,NG
NJ(I1)=3
MA=NBC(II) $ MBEMASNST(II) =}
IF (MA NE, MBY} GO 70 55
NJCITIaNJC(IT)+MM(T MA)
PC1Y=P(I)*(BTERM(MAYXPTERM(MA) ) 2xNJ(II)
GO T0 &5
§5 DO 63 J=HMA,MB
NJCIIX=NJ(II)+MMIT,J)
P(1)=P(I)*((PTERM(J)*BTERM(J))**MM(I:J)/NFACTOR(MM(I,J)))
&3 CONTINULE
PLIY=P(I)*NFACTORINI(IL1)
65 CONTINUE
G=G+P(I)
78 CONTINUE
o
C COMPUTE PROBABILITY FOR JOBS IN QUEUE, AVG, G=LENGTH, AND STANDARD
C DEVIATION FOR EACH QUEUE
C

DO 88 I={,K
P(I13=P(1)/G
DO 75 J=1i,NG
NJ(J)i=0



72

75
89

85

98

§5
180

185

119
115

120
125
158

MAsNB(J: $ MBEMA$NST(J)=i
DO 72 JasMaA,MB
NJCIIENJ (I +MM(T,JA)
JJeNJ(Ji+1
UTCIJsJIsUTEJT,JI4P(L)
CONTINUE

CONTINUE

DO 90 I=i,NQ

0O 85 J=zisLdJd
QLEII=0LCI)+(J=13%UT (I, 1)
SDEII=SNLIYsUT(I, 1 {J~1)%e2
CONTINUE
SD{II=SORT(SO(II=0L (1) %%2]
CONTINUE

£ COMPUTE THROUGHPUT FOR EACH QUEUE

DG 95 I=i,NQ

TRPLIISTP{IN+(1,8=UT{4:,133/8P (1)

CONTINUE

PRINT 120, {(SP(1).Isi,NQ)}

FORMAT(//18X%,; 17THMEAN SERVICE TIME,SC8XF5,3,1X%3)
PRINY 185

FORMAT(//30X, 4 IHUTILIZATION)

DO §15 I=i,LJ

Julei

PRINT 1108, J,oCUTLI,I1),11=1,N0)

FORMAT(12X,11,4H JOB,9%,S5(5X,F5,3))

CONTINUE

PRINT 1208, (OL(I),Isf{,NQ)

FORMAT(//10X,1THAVG, QUEUE LENGTH,5(4%X,F5,3,1X3)
PRINT 125, (5D{I),I=1,NQ)

FORMAT(//38X,14HSTD, DEVIATION,2X,S5{85¥%,;F5,3))
PRINT 156, (TP(I)sI=31,NGQ)

FORMAT(//10X, 1DHTHROUGHPUT ;6X,5(5X,F5,23)

RETURN

END



