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T2 n 2-CHANNEL SYSTEM of service facilities, following characteris-
#re pertinients:

urrivgjs are scheduled regularly at times 1,2,...., hours; but the
actusl arrivel points are independently normally distributed around
the schseduled arrival points as mean and with standard deviation
0.25 unit.

The distribution of the service times is hyperexponential with means
1.50 and 2.25

The queve discipiine is flrst-come, first-served. When both servers

are free, an arriving item is deslt with through worker 1

It is required to:

Tre

Estimate the average walting time per customer

Estimate the maximam welting time

Estimate the standard error of the average waiting time
Anglyze the relation between the mean waiting time .and the mean
service time

tool of analysis is the MONTE CARLO SIMULATION TECHNIQUE

DHOCEDURE:
L. OStart with an empty system
2. Start simulating the system for 200 arrivals, as follows:

a- Gensrate sppropriately distributed random quantities:

- Having normal distribution for arrival times

- Having Hyperexponential distribution for service times

The parameters for distributions are defined in the problem
formulation

b- Construct the simulation table, for each arrival calculate:

- Admission time to the system

- Waiting (or queuing) time

- Delivery time from the system

- Total time spent in the system
Study the system characteristics, in reference to the simulation table,
as follows:
_  Divide the arrivals into ten sectors, each of twenty arrivals
- For each sector calculate:

- Proportion of zero queuing time

- Mean queuing time

- Maximum queuing btime

- Mean service time
~  Amongst the resulhs for different sectors, determine:

- Global mean queuing time

- Standard error of the glabal mean queuing time

- Relation between mean queuing time and mean service time
- Calculate the global maximum waiting!time
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GENERATION OF APPROPRIATELY DISTRIBUTED RANDOM NUMBERS:

A- Arrival Pattern:

As previovsly stated, the arrivals are scheduled regularily at times
1,2,...., but the actual arrival points are indepently normally distri-
buted around the scheduled arrival points as mean and with standard
deviation 0.25.

So, in order to generate numbers resembling arrival times, we have
to pick them at random from a normal distribution with mean = 1 and
standard deviation = 0.25

The procedure of generation is well _ocumented in a previous work by
the same author® and the COMPUTER PROGRAM (coded in FORTRAN II) is in-
cluded in APPENDIX I for conveniency.

Two hundred quantities are so generated. They are also shown

B- Service Pattern:

Services may occur abt rates M with probabilities Pi, where W is
the parameter of the i the populatic: (i = 1,2,....,s) such that
M # ¥ and & ps = 1. Such a mivture of exponential variates is
=ln
said to follow a HYPEREXPOMENTTAL JTSTRIBUTION (in which a case S = 2)
In = o) =
our case ¥; = 1.50 and My =2 25

Methodology of generation is also previously documented® and the
COMPUTER PROGRAM is included in APPENDIX TI

Here to, two hundred quantities are generated and results are
included.

¥ Refer to Memos.No 903 , 904
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SIMULATION TABLE CONSTRUCTION:

Start with an empty system, then for each arrival:

Try tc assign first worker to service it, otherwise

Try to assign second worker to service it, otherwise

Let it wait till one of them is free

Calculate the admission time to the system, that is when the worker starts
servicing whe arrival

Calculate the queuing (waiting)time, if any

. Calculate the delivery time (Time service is terminated)

. Calculate the total time spent in the system

The procedure was FLOW-CHARTED (as showm), then translated into a FORTRAN II
coded program, labeled PROGRAM I in the group of programs presented hereafter.
The simulation table is alsc shown

T Ll o B
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SYSTEM PROPERTIES AND MATN CATCULATIONS:

The simulation tabie is used to trace system properties as follows:
- The table is divided into ten sectors, each of twenty arrivals
-~ Within each sector, following characteristics are figured:

-  Proportion of zero queuing time

-  Mean queuing time

-~  Maximum gueuing time

- Mean service time
- The two global properties are calculated:

- Global mean queuing time

- (lobal maximum queuing time
The needed procedure is shown, together with PROGRAM II, hereafter. Results
are also shown.

CALCUTATION OF STANDARD ERROR OF MEAN QUEUING TIME

As g result of PROGRAM IT, mean queuing times for different sectors (TWM(J))
were calculated, also global mean gqueuing time (TWMM) was calculated. Formula
for standard error is:

N
i Z. (mne(J) - )2 T g:l(NM(J) - TWMM) 2

VAR =
N W 85

STERR = VEAR

Where : N is the number of sectors

-

The procedure is FLOW-CHARTED, and PROGRAM ITII is the appropriate one.

The standard error has tc be tested fer significance.
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RETATION BETWEEN MEAN QUEUING TIME AND MEAN SERVICE TTME:

We want to find out how far the mean queuing time and mean service time are
correlated. In such a case a LINEAR REGRESSION analysis is to be performed.
Upon the results of an F test, we can decide how far the quantities are related.

For detailed explanation of the procedure refer to any statistical textbook
4s a quick idea, we first get the slope of lime (b) and the interception from s
the Y axis (a). Then we have to test b by analyzing the variance for the sum
of squares for the differences between actual values and corresponding ones on
the line. Then it has to be divided into two parts: p
I- Due to regression SSREG
II- Due to residual SSR

_ SSEEG
F =g (N-2)
sop - Z(TaM - Ta)?
S (Ton - T2
_ (T (TsM - TOW)(TWM - TaM) )2
SSREG = T

SSR = SST - SSREG

The following table is to be formed:

SOURCE _ OF DECREES OF SUM OF VMEAN SUN OF R
VARTATION FREEDOM SQUARES SQUARES
Due to Regression| Il =1 SSREG SSREG SSREG (y.2)
i SSR
Due to Residual |I2 =N - 2 SSR sapm= SSR
N-2
Total T3 = e SST 3

The appropriate program is PROGRAM IV
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FPROCEDURE FOR SIMULATION TABLE

READ(TA) 5 1=13H)
READ(TS(1) 513 1,N)

™(1) 20
TO(1,K) = 9999
TaD (1K) 2999

L

TO(I,1) = TA(D) + TS(T)
raD (1 ,1) = TA(D)

-

xn
o o

NO

Kl ?

" e

YES

"3_/1).; TO(I,%)?

~.

CALCULATIONS

T (1,K) = TA(Z)
TRTHK)ETA 4TS

®




NO

YES

TMD Oy k)= To (X, K)
Tz TO (T3 K)=TA L)
TO1sK): 7D (3,K) 4 T5A)

|

TR(T,KR) = T

TADQ ‘K) =TAQ)

TO(1,K) = TACI)4 TS(I)

| 7Ap(1,0: To(1.x)
TW(Dz TO (I R)-TAL)
To(): TO (1hK)4TSE)

=)

@®—

PUNCH FINAL RESULTS
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* FRCGRAK 1

A PROGRAM 10 FORM SINULATICN TABLE
APPLIEC TO 2CC ARRIVALS CALY
CUE TO IBM-1€2C (CARD SYSTEWN) LIMITED STCRAGE CAFRCITY
CIMENSION TﬂlZCC)'IS(ZCC)|T¥|2CC’.TC‘zOO.ZJ.T‘C‘zuO:Z)
CIMENSIONTSS(2CC)
READI1sN
EUlCH=lC.h'1C
L=M-6S
READZ,{TA(1) o I=LsV)
CO1Z2M=1CyN,1C
L=M=-6
REACZ,LTSL[)sI=L,M)
CO1EI=1,N
Twil)=C
CO1EK=1,2
TClI1sK)=55¢€S
TAC(I,K)=¢65S
TCL1,1)=TA(1)+TS(1)
TAC(141)=TALL)
TSS(1)=18(1)
J=1
CO1501=2sN
K=1
J=I-1
IF(TDlJsK1-SS55a)5C,25:25
IFtJ=1135,32C,325
GOTOEES
J=J=-1
caoTo2c
IFLTALLII=TC(J,K) ) TCEE 455
TAC(I.K)=TALI)
TCOI,K)=TALI)+TSLI)
GOTO15C
IF(K=2)7%,12C,13C
K=2
11=J
COTO1E8
IF{TO0J;2)=-10811,100025,14C,14C

§ K=2

IFLTDLdaKE=5S2SaDA2EL12E0136
TACU K }=TAMT)
TCURRRA=TALRD=TSQTD
COTOASL
TACEEGKD=TICAdaK )

Tl E=MCELAKI~TAERD
TCERaRISTEHI,KE2TEET)
CONDREC

K=}

WACEE.K)=TCHI1:K)
BwlE¥=TCLIL1,K)=-TA(I)
FELILK)=TCIIL,K)+TSLI)
TSS(I)=TwiI)+1S(1)
CO1€¢01=1sN

PUNCF2o I, TALT) s 1S(I) s TADIL 410 s TAD UL 42) g TC U 41) +sTCUT42) o THIT) TS0

x)
FORMAT(12)
FORMATI1CXx,1C(F7.2))
FORMATII2,EX,E(FSa2))
0705
ENC



LIST OF ABBREVIATIONS IN PROGRAM 1

N : Number of Arrivals

TA(I) : Arrival Time for Item I
TS(I) : Service Time For Item I
TW(I) : Waiting Time For Item I

TAD(I,K): Admission Time of Item I To Facility K
TD(I,K) : Delivery Time of Item I From Facility K
TSS(I) : Total Time Spent In the System for Item I



PROCEDURE OF TRACING SYSTE

SeTuP INI1TIAL CONDITIONS
Two@)z0 37z 15N
TwH(3):0 33z 14N
1sH(T) 0 33z 1HN
TssM () 20 93z 14N

TSSHE(I) =0 3z 14N

12141

TwrH (@)= TWH(T) 4T (1)
ToH (1) sTSH(T) 4T3 (n
rs8 M (3) 2TSIN(T),TSSU)

S
YES T (kL) TW(EN) ?

SIS

TWH AR )< TH RL)

S

M PROPERTIES

.Nl‘\ﬂ-m 2Tl

KL=TH

Sen
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YES

T™O(T) : TWo()/ L

Tur (3 Tn )/ L
TsM(T): TSH() /L
TssH (I) = TssH(T)/ L
TWHH 2 TWHH + TWH ()
TesHE(T) s TSSH(T) o P

5

YES

' T:a'-"
Ks Kyl NO_/J=N?
LNz LNk
AMz= M
TWHH = TWHM M/AM
K=z 1
I=2
A
TwHAX(K) 72 TwHAx(1) ?
TWHLH: THHAX(K) TWHUH & TwiAX (1)
}
K=1
L J
Iz T4 LLES SV

PUNCH FIMNAL RESULTS
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FRCGRAN 2

A PROGRAM TC CALCLLATE NECESSARY STATISTICS
USES SIMLLATICN TABLE AS THE MALIN DATA
CIMENSION ThO(ZC)TnMI2C),TEN(20) ;TESMI20) 4TSSFEL20) oThMLX(20)
CIMENSION Th{zCC),T72(2CC),T785(200)
OFAC1oNFsL ;CMER
N=NE/L
THMM=C
COICJ=1,N
ThOtJd)=C
THMLJ)=(
TSM(Ji-C
TSSM(J)=C
10 TSSME(J)=C

CO11E81=],NF
115 REAC2,TS(I)oTRII)TSSLI)
K=1
LN=L
COECJ=14N
KL=1
CO2E81=K,LN
IF(TWiI))2C,15,2C
TWO(J)=TWO(J)+]1.
THM(J)=ThMIJ)+TR(I)
TSM{J)=TSHIJ)+TS(T)
TSSMIJ)=TSSMIJD4TSS(I)

n

[
o

~
w

KI=K+1
FINC MAXIMLM WAITING TIME
CO4CJM=K1sLN
IF(TWIKL )=Tw(JM))35,3C,2C
30 TWMAX(J)=ThiKL)
coT04C
35 TWMAX(J)=Th(JIM)
KL=JM
40 CONTINLE

FINC AVERAGES
AL =L
TWO(J ) =ThO(J) /AL
THMIJ)=TwM[J) /AL
TSMIJI=TSMLJ)/AL
TSSM(J)=TSSMLJ) /AL
THMM=ThMM+TRM [ J)
TSSHE(J)=TSSMIJ)4CMER
K=K+L
LN=LN+L
50 PUNCrE.J.IhG(J|.1hH(JI.1SPIJI.IESP!Jl:ISS*EtJ)nThP!XlJI
AN=N
THMM=TWHMM /AN
PUNCF4, THMM
K=1
COTCI=24N
!F(IhMAX(K)-IhMA!{Ill&ﬁ.é(.éc
60 THMUM=THHAXI(K)
¢o0T01¢
£5 THMUM=ThMAXI{I)
K=1
70 CONTINLE
PUNCFE&, ThMLVM
FrRMATIZ13,F4.2)
FORMAT( I3D§116‘FE-4’;4!']
FORMAT(1IX; FSeZ203EX2F502)
FORMATI 22FAVERAGE WAITING TIME =,F1Ca4)
SORMATIZ2FMAXINLM WAITING TIME = 4F1C.4)

R
ENC

S S PO N



LIST OF ABBREVIATIONS IN PROGRAM 2

NH

L
CMEW
N

WO
WM
TSM
TSSM
TWMAX
TWMM

TSSME
TWMUM

ec oo 88 086 o6 o® pe 0G oC

o0 a0

Total No. of Arrivals

Length of Each Sector

Service Rate

No. of Sectors

No. of Orders With Zero Waiting Time (For sach sector)

Accumulative Waiting Time (For each sector), them averaged
n n

%

1 Service 1 ( it 1 1t , 5
" Time spent im the syste: (For each sector)
Msx. Waiting Time (for ss:h sector)
Accumulative Waiting Time (for all ssctors), then averaged for all
arrivals
Estimated total Time Spent in the System {for esach sector)
Max. Waiting Time (global)
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CALCULATION OF STANDARD ERROR

READ TWH(T), Tz 14N
READ TWHH

}

SuUH z 0
SuH2: 0

J=1

DEV(T) = THH(T)-TWM
PEV2(T) = DEV(I)=DEVE)

L

SUH = SUM4+DEV(T)
SuM2: SUMLy DEV2(T)

Ja Tt HO

ES

ANz N

[VRR = (SUM2/AN) - ((SUH/AN) ke 2)

SERR = SQRTF(VAR)
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FRCGRAF 3
A PROGRAM T0 ESTIMATE STANDARC ERRCR CF FIMA
USES RESLLIS OF PRCGRAF 2 AS DATA
OIMENSION TFHlZCitDE\IZOJ.DEVZIZOl
READL.N
FORMAT(12)
Co?J=1.:N
READ2, ThM(J)
FORMAT(2CXFE.4)
READ3, ThHM
FORMAT (22X ,F10.4)
SuM=0
suM2=0
co10J=1,N
CEVI(L) =ThM{J)=ThHMH
BEV?lJl-DEUlJl'DEVIJl
SUMsSUM+DEV(J)
SsuM2=SLM2+CEVZUI)
AN=N
VIR-ISLHZIANI-I(StPIANI'*Zl
STERR=SQRTF (VAR)
PUNCH2, STERR
€oT05
END

L PERM CUEUINE TIME
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LIST OF ABEREVIATIONS IN PROGRAM 3

DEV(J) : The Deviation Between Mean Waiting Time, for sector J, And The
(ilohel Mean Waiting Time.

DEV2(J) 2 The Square of DEV(J)

SUM : The Sum Of Deviations

SUM2 : The “ume of Squares of Deviations
TAR : The Variance

CIEBRR : The Ttandard Error
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C FRCGRAN 4

C A PROGRAM FOR LINEAR REGRESSLCM

c PROGRAMMEL BY»

c MISS LCBMNA ZAYTCH e
C MR, WAFAIE ELRICI *
C MR. AHMED HASSAM ABD EL RAZEK

oo

CIMENSIONY(1C)X(1C)
READLs M

FORMAT.(I2)
.LO1CI=1,N

- N

. 10 PEADZ, Y(I)sX(1)

AN=N

L1=1

L3=N-1

L2s:L2-L1

AL=L2

si=¢

s2=0

§3=Q

§4=0

§5:=0

CO181=14N

$1=51+X(1}

gz=S2+x(11%xl)

§23=52+4Y(1)

S4=S44Y(1)*Y(I}
15 SE=SS+Y(1)*X(1)

CY=S2%S2/AN

§ST=54-CY

Cx=S1*S1/AN

E=52-CX

ZED=SE-S1#82/AN
~ B=LlED/E

. SSREG=E#B¥E

SSR=SS 1-SSREG

SSRM=SSR/AL

SGMA=SCRTF(SSRM)

FSEG=1.5€¥SGMA

R=SSREC/SSRM

A=(S3-B%S1} /AN 4

ENC OF CALCLLATIONS

PUNCKF3 - :
3 FORMAT(ZEX,2SHREGRESSICA ANALYSIS TABLE)
PURNCES

& FDRMATLE G too-rr e ma o --_._---.---o----.----A-a-—---------

PUNCHE

& FORMAT(&x,1SHSCLRCE CF \hﬂlﬂ1l[h.5).5FS.SG..Bl.ﬁFt.F..EX,’PF.S.SG.

X)
PUNCFH4
PUNCHFTsSSREG,L1 4 SEREG
7 FORMAT(E&X,11HDRLE 1C REGREESlCh.&l.El&.S,hI.iS.#X.El&.!I
PUNCHE SSR,L2sSIRP
B FGRHAT!élvE&RESEOLlelBI'Elﬁ.S|4!.15.41-[14-5)
PUNCH4
PUNCHG S5T sk 2
S FORHAT!&I;!b?ﬁfﬁtul£).514-5.4!.151
PLNCKF4&
PUNCEEE,a 4R
11 FORBETILX/LB,6H A =£14.7,7>,¢cH B oaf14,T 71X 4FF =E14T)
TRt E Y SE¥A (FRER
LI e e, EF SUMA b B, T2 ,6HFSEG =El&.T)
LR
16 THIRET YN jHermaee e s s s e A SRS RS S S S

EAEEmEE - -~

e



Fa——————— LS RS

COT05
2 FORMATLZCX,21FEs4,4X))

END

S



LIST OF ABBREVIATIONS:

S1
52
S3
Sk
S5
A

.B

ee @& o 88 e o0

Sum Of X's

Sum Of X Square

Sum Of Y's

Sum Of X square

Sum Of X.Y

Intercept From Y Axis
Slope Of Iine

- 18 -
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RESLLTS FCR ARRIVAL TIFE
lIsllllI:lll:---lllt:lll
MEAN ARRIVAL RATE =1

STANDARD CEVIATION= .25

ARR IVAL
ARR IVAL
ARR IVAL
ARR IVAL
ARR IVAL
ARR IVAL
ARR IVAL
ARR IVAL
ARR TVAL
ARR GV AL
ARR EVAL
ARR PV AL
ARR TVAL
ARR I¥AL
ARR IVAL
ARR TvAL
ARR IV AL
ARR IV AL
ARR IV AL

ARA IVAL

Bl gl e
PO b= O DD e AN B PO e

P
w

et nd s Gt Lot e
o0 D =d O AN B

20

eS4
11.0C
z21.C€
21012
41021
£l.32
tC.14
Ca81
ElolE
GCatS
1C1.C2
11C.¢€€E
121.0¢
1:C. 7§
141.11
1£1.3¢
1é1.1C
111.2%
161.€2
ist.21

2.22
12,23
22.3C
21,78
42.C5
£1.58
€l.54
712023
el.5¢
§52e01¢

101.78
112.C8
121.87
132.24
141.85
152.0¢€
162,15
172.2C
1€1.61
16167

259
12.56
23.12
23,54
42.52
52,17
£2.58
13037
£€3.10
G2.E4

10277
112,75
122.79
132.77
143.20
152,93
163.01
173,29
182.65
163.29

3.69
13.51
24,13
33,50
44,17
53,53
64,08
T4.C4
83,87
S4e43

103.86
114,10
123,73
134034
l44.16
153.4%3
163,62
174.32
184.C1
153,54

- - - - -

5.06
15,01
25.12
35,28
44,52
54,81
64084
74087
84,90
$4.90

104053
115.30
124.54
135.32
144,77
155,22
164,89
175.03
185.07
194.74

T L T TR

5,81
16024
26.32
36.06
46,10
55064
65,88
15.84
86,06
95.76

105,89
115,90
125,83
135.80
146.42
156.00
166.24
176.00
186,02
195.80

6,81
16.48
27.22
36.8€
464175
56060
66066
T6.84
87.04
9658

106474
11684
126066
136.80
147.14
156,76
167.19
176,53
187.02
196.30

7.9¢
17417
2775
37.¢5
48022
E7.65
€B.22
78.08
E7455
57.50
108.2E
117.5z2
127 EE
127.€8
148.30
157.5E
168.45
177.85

188,05

158.07

S.CE
15.CE
2525
2¢8.175
4€ .12
£6.14
€5.07
16.C3
€S2l
GE.ET

1CS.1¢
116.22
126.11
128.24
14€.56
166.35
16E.54
17€.82
18€.65¢
16€.5¢

q—----numu—----n--——-----------------------.-t-—---q------—-

€.¢C
16.17¢
£S.8¢
3¢,.E¢
£6.5¢
EC.2¢
€18
T5.EE
SCa2E
10C.CE
1C¢.SE
12C.C2
13C.11

126,52
146,56
156,62
166,51
176.€1
16C.C2
aCC.0¢
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1.18 «33
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L <3k
102 .16
ZuSE 20562
1.£5 157
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1.5% «CE

<23 236

1% 2.15
SsEX T 1

e 2,42

k2 5
1.42 . L.Eb

BT ISIE=

Z2.1E +51
152 ‘»34%
=13 4.84
1«15 «33
2«14 + 406
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‘e k6 5.29
225, 12
6 4465
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«35 12
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«SC 255
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SIMLLATICN TABLE

 ENEZIZZZISIVTTTIBTIZTIEITTI===SFE LIS

1 1A T
1 «54 1.5C
2 Zei i 21
3 256 -
4 3¢5 2.1¢
5 el .t
6 t.El 4.7E
1 €.E] +18
8 152 2.E1
9 S.CE 12.C¢
10 Soél 1.62
11 11.CC al2
12 12.22 1.5¢C
13 12.6¢ oG
14 12.61 1etid
15 18.C1 «34
16 1€.24 3.18
17 1€.4E o 15
18 17.47 452
19 15.CE «C1
20 15.7¢ «28
21 2laC¢ el A"
22 2243C 1.51
23 23.1% 1.1E
24 24.12 12
25 t2a12 40 E4
26 zbal2 1.ES
21 ilazd 2.1E
28 118 1.E4
29 2G.2% 2425
20 2S.E¢ 114
31 21.72 «C1
a2 21.1E «1C
a3 22,54 el
34 23.6¢C 1.1%
2% 3E.2E «33
36 k.08 4abt
7 3e.EE 3¢
38 2168 £
39 28e 1% 045
40 IG.EE 282
41 41021 L2
42 42.C8 w2l
43 42452 ot é
44 . 4,11 2.14
45 L4a52 s 2€
46 4ea1C s EE
47 LEaE «SC
48 4E.32 &.28
49 46,12 11.11%
50 45.5¢ (3
51 £1e432 o84
52 81s8¢ o M4
%3 82411 1.02
54 £3.52 5«13
55 €4.E1 alS
56 EE. b4 L7
57 £E.EC 012
58 ki o 2 13
59 ' ESe 1N «13
a0 £G.5¢ «13
61 €Cal4 e €1
62 €1.54 1-1E

STs=TTZTIIT=I=TTTIST=SSSZII=I=

TAD{I 41}

o~ - o -

EGSS.OOi

.54
$665.C0
2.5
3.69
£555.CC
£$55.C0
&.01
.52
$$5.00
1C. 75
12.41
12,54
14,44
14,51
16,03
16,37
15.56
15. 71
§555.CC
65540
§5554CC
556400
24,63
§§554C0
§§55.C0
26432
2€.21
§§55.CC
30439
6555400
32468
32469
32,54
$§55400
35,26
36406
$655.00

1 §€95,0C0

§655.C0
§666.C0
41.21
42,05
42452
444117
§666.C0
§6G5.C0
46,15
48.32
£§95.00
54,60
54,63
554,47
554 €1
56.63
§635.CC
§696.C0
£655.00
§595.C0
§655.00
§5696.CC
§665.C0
61,16

TADII:2)

2.22
€565.C0
§5665.00

5.26

5.81
€565.00
§655,00

1€.59
§555.C0
§699.00
€665.00
€§95.00
€565.00
§5895.C0
§§65.00
§955.00
§665.C0
22.67
st
224917
23.14
$965.00
2%.08
25.18
§595.00
§595.00
3C.02
§56¢.00
Jl.86
§655.00
6§566.,00
6655.00
33.90
§669.00
6659.00
3. 806
37465
38,78
39.86
6565400
9665.00
§666.00
§669.00
44,52
46410
§665.C0
§655.,00
46412
599,00
§559,00
£996,00
§695.00
§569,00
60,89
61.04
6l.11
61.23
6136
61.49
tl.62
565,00

TCLI.1)
2+44
$555.00
3.57
5.87
§555.00
§55%9.00
698
10.79
§555.00
12441
12.54
14.44
14.51
16.03
‘6.37
19.58
19.71
24.63
§595.00
§665.,C0
$699.00
§695.00
25.81
9655.00
596%.00
28.21
30.39
§66%.00
32448
9999.00
32.69
32,79
33.94
§6659,00
354,61
hle12
699,00
§569.,00
§659.00
6§6658.00
41.23
42020
43,58
4ha31
§649.00
$996.00
47465
54060
§569.00
544,63
55.4T
55.61
56663
61aT6
§565.00
§959.00
969500
9959.00
§599.00
9665.00

- 665900

62094

TC(1.2)

1LY

SETTITID=SIETATIIFIIARARI=S

188

.......... amssssseasneTws

5665 .C0
2.432
56€5.C0
$5%$%.00
S8
10.59
£655.00
£€5495.00
22.¢817
§5§5.0C
$55%.00
§95%.00
£595.00
$865.CC
§656%.00
§6585.00
$595.00
6§$69.00
22488
‘22497
2,14
25.0%
§656.00
25418
30,02
§669.00
§666.C0
31.0¢
9866.00
33,00
§669.00
§656.CC
§665.00
35,05
§969.00

§566.00.

37,22
38,03
39,280
42448

§559.00
§559.00
§655,00
6559400
44,178
46,58
§565.00
§655.C0
€0.85
§555.00
565900
§555.00
§665.00
$559.00
€1.04
€1.11
€1.22
61426
61445
€1.62
€2422
§$59.00

“CaC

€tC
€.C3C
CaCC
C.CC
€L
€. CC
Q.{¢C
1.%1
1.18
1.1

081
Jo.68

o4C

1.03,

12
2.(€
de24
1.5
52
1a.61

oE4

e a a & ©
A Y L
ny Mot By M

1.20
o1
a2

E.1E
)

2,1€
JE

3-‘]

f.86¢

-te s

-

Bl



113

20
A
122
123
124
125
126
127
128

€Z.5¢
€4.Cé
E4aE4
EELEE
L. tE
€Eoz2
€S.C1
iCa 15
1651
1cec?2
12.27
T4.C4
T4.E7
15.E4
€. E4
TELCE
1S.C2
iS.EE
Ela18
Els5C
£3.1C
E2.E1
E4a5C
EELCE
ET1.C4
£ET.¢¢
£S.21
SC.CE
CCa.E6
€Z.1¢
€2.E4
S4.43
C4.5C
SEelt
SE.EE
$7.5C
CEoET
1CC.CE
1C1.C2
1C1.7¢
1C2.171
1C2. €€
1C4a52
1CE.ES
10¢6.74
1CE.2E
10S.1¢
10SaSE
11C.€EE
112.CE
Bk
114.1C
115.2
1155t
11€.€4
117.52
115.22
12CeCs

1z).Cc

121.E1
lzz2.17¢

z3a 73

1z4.54
1¢2.€2
lz€a.¢¢
121.¢¢

12
EE
Se26

la7€.

3.5¢

£ 3
- -

12
«1C
1.C1
574
1.17¢
2.25%
212
a21
s 4E
e 45
«24
«31
«29
.C5
=31
o€
4.€5
2.1%
1.C1
«E4
la€2
.c3
«C1
1.C2
2 1¢
«S1

13
.-

2R

LR

2
L=

o E4
4y €4
«£1
241
2056
. C2
21

2
L

2.4C
«45
«12
lo€2
1.C1
o €2
l.€°2
1.51
.12
1.56
«11
e13
4.5C
121
€L
2.4C
«€EC
«3C
152
l.14
oLl
121

~ 22 -

6555.C0
64.06
644 E4
$665.C0
§555.C0
e
7C. ¢4
FA S
7€. 57
12523
72,37
§556.C0
75.15
15, €4
Tte E4
78.CE
75.03
16.E8
gl.1¢
$655.C0
83.1¢C
83.87
84.50
$€ss5,C0
§¢5¢,0C
8¢,55
$65S.C0
5C. 58
SC.66
§2.16
§€66.C0
S4.43
§€55.CC
55,16
c¥ss.CC
€666, CC
GE.E7
§555.C0
§€55,C0
6655.C0
103. 51
103, 86
104.53
1054 85
6556, CO
106,38
1CS.16
£cg6,. CC
11C. 78
112.C8
§¢65,CC
114410
115.30
115.50
€$55.C0
117462
115.23
€556, 00
€$6S.CC
$555,C0
123.73
£666.¢0
124454
$€95.C0
126,66
127.€8

62.58
€$55.00
§€SS.C0

65.88

6T.64
55%5.00
$565.C0
$555.00
$565.00
$665.00
§555.00

T4.04
$€565.00
€555.00
6§6%.00
§665.00
§565.00
§595.C0
€555.C0

81,50
§556.030
€665.00
$665.00

86.06

gg,8l
€565.00

B8S.82
6§555.00
6555.C0
§665.00

92.84
€555.00

§4.90
$655.00

G6.58

G57.50
$659.00

100.08
101.03
101.78
§665.00
€666.C0
§669.00
§655.00
106.74
555,00
€555.00
109.98
€555.00
$555.00
112.75
€5566.00
€656.C0
$655.00
116.84
$655.00
$555.00
120.05
121.006
121.87
€555.00
124.27
6655.00
125.83
§555.00
€666.00

§5656.00
64,72
70.13

9$99.00

$969.00
70.64
T0.77
70.87
12.04
72.97
75.15

9655.00
15.27
76.11
1732
78.53
79.37
80.25
81.57

5569.00
83.41
84.53
89.55

9665.00

§565.00
90.19

6665.00
90.61
90.70
93.19

6956.00
95434

9999.00
98.11

6666.C0

9665.00

103.51

9666.00

§656.00

9699.00

103.53
104,07
108.29
6666.00
109.11
110.78
9955.00
111.40
113.73
§665.00
114.49
115,42
117.46
§656.C0
118.05
123.73
$669.00
9665.C0
9599.00
124.33
§656.00
12606
9956,00
126,67
128.09

€2.71
§§66.00
$S65.C0
€T.€4
11.20
§6¢5.C0
§5¢€6.C0
$659.00

€565.00°

§555.C0
$555.C0
16.29
§5559.00
§656.C0
6665.C00
§5565.C0
5655.00
6§555.C0
§65G.CC
Bl.55
§555.C0
§665.C0
6¢cS.C0
€8.81
8S.82
5555.00
S1.45
6555.00
§656.00
§655.00
$2.00
§555.00
S5.42
5655.00
S€.54
SB.54
§655.00
100 .€5
101.44
104.24
5595 .00
$566.00
$6566.00
6§665.00
107.16
6655.C0

§5554CC

110.99
6655 .00
§555.C0

114.2z2
6565.00
§655.G0
5655.CC

116.95
$555.00
$555.00

120.2¢€

121.72

124.217
6665.00

124.51
§555.C0

126.97
9655%C0
6§665.00

C.CC
CoCC
C.CC
C.CC

«SE
1.5€C

o 51

otz
C.CC
C.CC
C.CC
C.CC

-

i3
C.CC
C.CC
C.CC
C.CC
C.CC
C.(C
C.CC
C.CC
C.CC
C.CC
C.CC
1.i71

-

o €1
C.CC
C.CC
€GO
C.CC
C.CC
C.CC
C.CC
C.CC
C.CC
C.CC
C.CC
C.CC
c.CC

W14
C.CC
C.CC
C.CC
C.CC
C.CC
C.CC
C.CC

«1C
C.CC
C.CC
C.CC
CI(C
C.CC
C.CC
€.CC
€C.CC
C.CC
c.CC
C.CC

«S4
C.CC
C.CC
C.CC
C.CC

Ay R RS RY
e o & = & »
~

n

[
TR ELELE TN N W= NS R RN |
AR R e PR G e L R Y Mon

ny
» = a &8 & & &

02



129
130
131
122
123
134
135
136
127
138
138
140
141
142
143
144
145
146
147
148
149
150
151
152
152
154
155
156
1517
158
155
160
1€1
le2
163
1€4
165
1¢6
1€1
1-1:]
169
170
171
172
112
174
115
176
177
178
179
180
181
182
1€3
184
185
18¢
187
1e¢
189
130
161
152
192
154

(LR

™ O

s 8 0 0 % 8 0 00
oM G L) sl R al e
P e LU U L N

Ead Bab ad Bad Gab BaY A

w AR AN B R R

.-o-‘l-lh-'-ln-lh-'h-'l-it-ll-l
L

“
m
L

[\
£~

125422
141.11
141.€¢
142.2C
144.,1¢
144671
14€.42
147.14
14€.32C
14E.5¢
14S.55S
151.2¢
152.CE€
162.52
153252
YEEStz
15¢.0C
15€.77¢
151.5¢E
155325
156.65
161.1C
1¢2.15
162.C1
162.¢E2
1€4eES
1€€.24
1€7.1%
168442
1€6E-54
1€6.51
1il.2¢
1iz.2C
172e2%
| T
115,02
1ieltc
lito‘!
1i7. €%
1i€eE2
LiS. €7
yE1LCE
lellEd
T 328 34
le4al
1eEaCF
jeeo€e
1Et.C2

n
(8]

«%3
215
Z1E
«=5
oCE
e4E
e o
t.CE
1.72
3,64
.Cc-
-E-'
«C1
L3¢
«SC
-21
«17
w22
«2C
«1C
2.1€
15
3.18
§.52
o E2
1.47
+1C
« 35
o194
l13
2.42
sl
o0
1.E5
W22
12

L3
L

21
1e18
2.05

«CS

41
.42

«12
6. El

oC2

«1C

«12

saC

35

«2C

42

-3

4l

.11

«C4
C.CC
2,€6
2.71
242€
1.42
1eEE

«2E

= ke

125.17
13C.11
€c55,.CO
€c5c.CC
132.77
134.34
135.32
€55<.CC
13¢€. €0
13E.53
5€55.C0
ccsc,CC
142.17
142424
143.20
ccGS.CC
€656.C0
146,42
147.14
148. 20
148.5S
145.55
151.36
ccg6.CC
€655.C0
154414
§6565.CC
€655.CC
€655.CC
5554 CC
1559439
15%5. 55
161.1C
£566.C0C
163. 53
164413
166,92
16&. 24
LET. 1S
16845
§686.0C
166. 67
9999, CC
172 2C
173.25
5899.CC
9999%.(C
126,71
176.53
117. €S
118.82
175.8€7
18l.03
181. 8L
182.¢€5
1€4.CL
ISEs 'J?
18¢.02
187.C2
1EE.CH
€€sS.CO
c¢sc.(C
151.74
162.12
i53. 5%
€ccc. CO

§555.90
$555.00
130.75
132.24
£665.00
§556.C0
€655.00
135.80
€56S.U0
£6565.00
141.86
141.95
€656.00
€565.00
€€55.00
144.16
145.06
§556.00
€555.00
5555.00
€566.30
€555.00
§555.00
152.08
152.93
§565.00
156.08
156.50
158.37
158447
§655.00
§555.00
§865.00
162.15
9665.00
§5695.0C
§665.C0C
§555.00
§565.00
€666.00
168.94
§565.00
171.29
§655.00
€555.00
174,32
175.03
955%.00
§6%5.C0C
€$55.00
$$%5.00
5£85.C0
£55%.C0
§£59%5.00
58500
$595-CQ
€655.00
£6%5.00
$€5S.00
€$558.00
188+ %06
151.67
€665.00
€656.00
€€cs. 00
163.94

129.70
132.30
5655.00
§555.00
132.85
134.79
135.82
§665.C0
138.53
142.17
$555.00
§655.00
142.24
142.57
145.56
6555.00
6§695.00
146,69
147.31
148.52
145.19
150.09
154.14
$§55.00
§965.39
159.06
$§555.00
$555.00
5595.00
§5656.00
159.58
160.68
1632.53
$559.00
164.13
166.02
166424
166.97
167.76
168.96
$555.00
172.06
65659.00
172.719
176.71
9555.00
$655.00
17€.173
177.03
178.02
179.22
180.26
181.23
182.23
183.24
184.48
185.18
186.06
1687.02
191.74
§656.00
$665.00
152.12
192.54
165.40

$555.02

§655.00
5555.C0
120.57

122.82

$655.00 -
€€65.00

6655 .CC
141.8¢€
§655.CC
§655.90
141.55
14Z.82
655.00
6655.00
6655 .00
145.0¢
145.€1
§655.00
§655.00C
66¢6.CC
§555.30
5¢¢5.C0
§565.00
52.21
15€.08
$555.00
15€.50
158.27
158.47
158.8€
$555.C0
6555.C0
66¢5.C0
167.1¢
5§555.00
§655.C0
5666.C0
§6565.00
€665 .00
$65G.CC
170.€5
6565.00C
171.28
6655.CC
$655.00
17445
181.84
$555.CC
5565.C0
€655.00
§6565.CC
S§555.CC
§555.C0
$665.C0
€555 .CC
6555.CC
§665.C0
§655.0C
$G655.C0
66SS.CC
151.¢€7
193252
£565.C0
€665.CC
$665.09
164,232

c.CC

LS
a 8 & @

L]

" s e e

~

.

P P N W B L
o st LA R UM A0 A R e e B

+53
1.87
z.11



S5.1C
.E&
2.21

.1c

< EC

2€8

.zs

= 2l=

$$55.C0
15§5.80
1G€. €6
1G€. €7
168457
20C. 16

154.74
S€5S5.C0
§655.00
$665.00
6569.00
€5%S.C0

$665.00
196.¢€6
198.87
198.97
159.77
200.51

159.84
6665.CC
5565.00
$555.00
$565.00
§655.C0

1 S . . R S S S R S e e e e e W e

MEAN SERVICE RATE=1.17117

155 14454
1s¢ 152.EC
157 YS€a3C
158 138.C7
155 1S€.5¢
200 2iCalé
=Rz
X

/LL THROUGH THIS TABLE, 9999,00 IS PUT INSTEAD OF BLANKS

R 2 ZEE I3 I E S IT S SRS AT AN N LIRS EE I ST NN S CSEIESENIAINTRSEIDSTITAD



= 25/ <

LIST CF NECESSARY STATISTICS

EEXXIIEIEIISIEEIISASIIATIIZIIIIET

THCLJ) TWM(J) TS0 () 1SSKLJ) ISSME(J) TRV EX(J)
1 .4CCC «5ESC °  1.5500 2.9190 4.6350 2.55(C
2 «45CC -£135 1.4C35 2.0770 2,79170 2.27CC
3 «45CC 2.C56&C 1.55C5 3.6065 5.32€5 e.CECC
4 «&£5CC .3225 1.€SCO 1.4125 3.1225 1.5CCC
5 .25CC .1570 1.1655 1.3625 3.0825 1.77C¢
6 .SCCC «C42C 1.025C 1.0710 2.7510 2.74CC
1 .15CC 4135 <2315 1.1510 32,3710 2.52CC
8 <£CCO «2EE5 +5555 1.2840 3.C040 1.61CC
S +ECCC .1335 1.3540 1.5275 3.2475 1.12¢¢C

10 - €5CC .2€2¢ 1.1675 1.3555 3,1158 1.64CC
SOURCE OF VARIATION €. 5Ga CoFa FeSaSCa
CUE TO REGRESSICN 12€,53853E-02 1 128.53853E-02
RESICUAL 15€,53832€6-02 8 248.17250E-02
TOTAL 1 227.C71686E-02 ‘9
A ==1,17662ECE-CC B = 1,3112872E-00 F o= 5,1152944E=-CC

SCMA = 4,581¢S22E~C1 © FSEG = 9.7641232E-01
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DISCUSSIONS OF RESULTS AND CONCLUSIONS:

- Global mean waiting time = 1.0569 hour
-~  HMaximum waiting time = 6.08 hour
-  Standard error for the average waiting time = 1.1183

Refering to tables of t test, we find that this error is insignificant.
This result obviates the insignificant changes in results between
different sectors of simulation table (which reflect simulated system).

It also interﬁrets that the behaviour of the real system over a moderate
time is not going to depart appreciably from that predicted using our
simulation technique. So, we have succeeded to simulate the system to a
good accuracy.

- As a result of the REGRESSION ANALYSIS, we repest:

al = =1.176628
b =+, 3] 12872
F = + 5.179394h

From which we interpret that, since F is too large, a trend in the rela-
tion between the mean waiting time and the mean service time is insigni-
ficant. This is ideal in a queuing situation.
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AM 10 CALCLLATE RANDCP ARRI

ACCORDING TOSTOCHASTIC NORMAL VAR
CIMENS ION IA{ZCCla!l2CC!is1(2COI
READ1sNsAMERPY,SEGFA
FORMAT(I2,2F7.4)
FORMAT(1CXs10(2X,14))

K=1
L=1
M=10

READZ:(IR(:||1’LOP,
1F(M-N)2C,25.25

L=L+1
M=M+1
GoT01

C
C

=

COTO(2C,4C) K
CO351=1.N
IR1CI)=IR(I)

IR(I)
K=K+1
coT0E

=C

CO451=1,N
IR2(I)=IRLT)

K=1
L=1
H=1C

PUNC"ZII‘RI‘I’SI'L'P-’
IFIM=N)1C, 75,15

L=L+1
M=M+1
CO0TOE

[
C

3
-

BMEW=AMEW

CO1CI=14N

R1=IR1(I)

R1=R1*¥.CCC1

Rz=IR2(1)

Rz=R2%,0CC1
S1=COSF{Z*¥PY*R2)
$2=SQRIF(=2.*LOGFIR1})
X(I1)=81%%2
TAUL)=BMER+ XU )RSEGNA) -
EMER=BMER$AREY

J=1

wAL TIKES
IATES
,1R2 (200} ,IR(200)
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APROGRAM 10 GENERATE RANDCM SERVICE TiPE
ACCORDING TC HYPEREXPCMENTIAL CISTRIBLTICH
THROUGH APPLYING MARSAGLIA TECHMICLE

DIMENS ION lRGIECQ).lRI!ZCC!|]RZ(ZGU'.ls‘zoo’.‘FlCIIS,nElznluﬁlliﬂl
CIMENSIONIRIZCC)pE!PIEC).AIFISC) d
‘500 REAC llNPQPIIAHEhIHPEinﬁl
1 FORHAI‘I!!Fé14I2F402.F1¢5‘
N=NK
K=1
5 L=]
M=10
115 READ2, (IRLI) 1L eM)
IF(M=N)112C,125,125

© 120 Le=L+1C

M=M210
GOTO11%
1285 GOTOI12Cs14C15C) oK
120 CO1251=1sN
IROLI)=IRLI)
135 IR(I)=C
K=K+}
covT0E
140 CO1451=1sN
IRILI)=IRLI)
145 IR(I)=C
K=K+1
GOTOE
150 CO1551=1,N
IR2(1)=1R( 1)
IR(T)=C
155 CONTINLE
N=0
2 FORMATI1CX,100(23X,14))
READ2oNCoMC »
3 FORMATI(212)
K=0
A=(Q
gl=0
EIIIEX-I.
EXP({1)=EX1/EX
AXPL1)=EXP(])
co2151=2,5C
EXPLII=EXP(I=1)/EX
215 AXP(1)=AXP(1=1)+EXP(I)

COS01=1,NF
R=IROL 1)
R=R*,C(C1
IFIR=-P1)1C,1Cy15

10 CMEW=AMEW
A=A+l
co7020

15 CMEw=BMEW
gl=Bl¢l,
CALCULATE M

20 R1=IR1L1)
Rl=R1#.CCC1
CUM=(Q
M=C
Ml=M+¢l

(M 2y

Il
=

20 ﬁi-H1+1-
MapMed

1F< , 32 24434



= onr=

coT0ZE

M=50

CALCLLATE N

Rz=1R2(1)

Rz=R2*,(CC1

ARZ=R2%(EX=1.)

AN=1

AFACLL)=1

BFAC=1

40 AN=AN+].
N=AN
AFACIN)=14+/{AN*AFAC(N=1))
BFAC=BFAC+AFACIN)
IFIAR2-BFAC)45,45,4C
GENERATE N NLMDERC

45 IF(K=1)EC,€54¢€5

50 CO E511=1,NC,2

€5 B(II)=1
N1=NC=1
CO0e0JJ=2sN1,2

€0 B(JJ)=C

&5 CALL RNCGEN(B RN NsN1,NC,yFC)
K=K+1
KL=1
COBCJIM=24N
IF[RN(KLI—RNIJFIlTC.?f.TS

7C RNMIN=RN(KL)
CCTOEC

75 RNMIN=RN(JM)
KL=JM

80 CONTINLE
AM=M

G0 TS(I)=(AM+RNMIN)*CNMEW
AN=NF
CMEW=( (A*AFER)+ (B12BNEW)) /AN
PUNCFT7 ,CHEW
J=1
L=1
M=1C

175 PUNCFE 3 Js LTSIT) 5 I=L,¥)
IF(M-NF)1EC,1E5,18¢

160 L=L+1C

M=M+1C

J=J+1

COTOL17¢

COTOECC

FORMAT(1CX,1CFTa4)

FORMAT(THSERVICE,12,1C(F7.2))

FORMAT(FE.Z)

ENC
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