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1. THE PROBIEM:

In one of the Job-shops, there are about 20-30 machines in operation,
Due to fatigue and aging, those machines are subject to breakdown. Some
repairmen are maintainad on the regular payroll in order to restore the
machines to operation.

THE PROBIEM is how nany vepairmen should be kept

THE OBJECTIVE is minimun cost

THE STRATEGIRS are the various number of repairmen who might be hired
THE STATES OF NATURE are:

- The various rates at which th= machines may breakdown

- The various rates at which repair takes place.

2., COST ANALYSIS

Concerning cost elements, there are two conflicting elements. One
which increases as the number of repairmen increases, which is the cost
of their idle time; while the other decreases as thelr mumber Increases,
which is the cost of idle mechinss due %o the unavailability of repeir-
men for service.

As an example, suppose that we have a shop with the following charac-

teristics:

- 20 machines are in operation

- The cost of one machine being out of operation for one hour is estima-
ted to be £ 60.

-  Repairmen—capable for this job arepaid g 7 per hour.

- The probability distribution for the breakdown (on an hourly basis)
is as follows: '

BREAKDOWNS PER HOUR PROBABILITY CUMULATIVE PROBABILITY
0 0.613 0.613
i 0.281 0.89)
2 T s e 0006 - 1.000
TABLE 1

In which case the mean of the distribution of machine breakdown is
calculated by:

0(0.613) + 1(0.281) + 2{0.106) = 0.L493 machines/ hour
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In other words, on the average, one machine b
(1/0.493 = 2.029) : reaks down every 2.029 hours

-~ The probability distritutlon for the repairtime is as follows:

HOURS TO REPAIR _PHOBABILITY CUMULATIVE PROBABILITT

Iy —r—— | T— —— e

1 0.191 ST

2 0.217 0.708

3 0.19) 0.902

N 0.062 0.96L

5 Rk SEMOSOBGENE = " ey SRIN000R 0t
TABLE IT

- ———

The average repalr time is ocalculated as follows:
1(0.491) + 2(0.217) + 3(0.194) + L(0.062) + 5(0.036) = 1.915

3. NEED FOR OPTIMIZATION:

It might appear that there is really no problem here at all. On the
basia of the available information we have been given 1t aseems that, on
the average, a machine will break down every 2.029 houra end 1t will take
the repairman, again on the average, 1.915 hour to repair it. Thus, one
repairman can easily handle the necessary repalrs and renain idle for a
period of, on the average) 0.11lL hour between consecutive repairs.
Associated with each breakdown there 1s a loss of 1.915 x 60 =&£11L.90.
Considering four breakdowns during en 8-hours day, the loss will be £u59.40.

. This dialysis, misfortunatsly, is too aggreslive becavse 1t completely
overlooks the outstanding cheracteristic of this kind of problem. We have
baged the 'fallégcious argument of the analysls on the agsumption that we can
calculate the cost of the machina's being out of operation by simply
multiplying the average time during which the machine remains idle by the
cost of an idle hour. This is based on the assumption that there is a .
repairman available to start work once the breakdown takes place, but what
happens if he is not. Suppose that he is busy repairing another machine.
In such event the machine will have to walt, and the time is has to wailt
costs £ 60 per hour. We have to study the characteristice of such 1dle
time. There is a possibility that more than one machine are idle and
waiting for service. Those machines have to QUEUE UP for service forming
what ig called a QUEUE or a WAITING LINE.

Unfortunately, the mathematics involved in the analysis of waiting
lines and waiting times is too complex and behind the mcope of this article.
Instead, Monte Carlo Simulation Techniques" can help us to get some insight
into the problen.



4, USE OF SIMULATION :

The idea behind simulation is the use of RANDOM SAMPLING to
construct a version to simulate the process being analyzed. By this
means we can actually see what happens rather than having to cal-
culate it from mathematical equations.

In the present cases we want to see what happens if. we have
machines that break down according to the given pattern ~-nd a sin-
gle repairman who repairs the breakdowns according to another gi-
ven pattern (refer to tables IXII)

L4=l-~ STEPS OF SIMULATION PROCEDURE :

1- Decide upon the numbher of hours to he simulated
(lenght of experiment, or sample size)
2- Calculate failures in each simulated hour as follows:
a- Genarate a 3 - digit uniform random number, trans-
fer it to a deviate (between O=—=—-- 1)
b- Compare it with the numbers in the last column
in Table 1, ascendingly till we arrive at a sta-
ge where the generated deviate is found to be less
than or equal %o the corresponding cunulative pro=-
bability figure. The corresponding no.of breakdowns
per heur are read as well (either O or 1 or 2 )
%= For each failure, calculate the vepair tine, using
5 = digits uniform random nagbers in conjunction
with tahle II. It is obvious that hovrs witih no fai-
lure (or O failure) are excoldasd from our analysis
heretoafter.
e Proacead with the anslvsie to deteraipe
TERMINATION TIME (ox hime %o terminate repair), If
at the heour the breaskdown ocenrs, the repairman is
vecant; he can handle the exror right at once, In
this case the terminating time is simply the pro=-
duvet of adding therepair time(as found in step 3)
to the hour of failuve.

In another cas, the repairman might be busy
repairing another machine, The machine has to wait,
idle, till ke finishes the one he is dealing with

% This procedure of "RANDOM PICKING" is well documented in Memo 842 of
the NPIC. '
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Cumulazé-ﬂ
Cumulss
Machinzst!
Worker's

The same sheno,
to a FORTRAN II coded
1- Read statemant
] o Setuln;_‘g
e Readi
« Readi
2= There ara
‘e SUBROUT! 'D gmnerazg Random
» SUBROUTINE %5 calculabe gQueus
« SUBROUTIYE #o caleulatd Neces
Termingiing Conditions. -
3~ There is a part of the program for the case of 2 - RE~
PAIRMEN for further ﬂnuluals and comparative analysis
(as will b= i Iater on) The program is appliczble
for either © oxr two repalrmen) using Sense
Switeh =
& I apologize for nct being able to include this ‘subromntine.

dica
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4= Due to IBM=-1620 limited strage capacity. The
program can be used to simulate 1OOhours (at a
maximum) as it can be seen from the DIMENSION
statement. In such simulation experiments, we
should be able to sinmulate a much longer period
(in the crder of 2000-3000hours). Misfortunately
we are completely disabled to do this, The least
we can do is show the methodology and don't rely
much on the simulated values. In the near future,
if I ¢an perform a longer run on a biggar com=-
puter, I will publish resuts in a Part II of this
me mo,
The results of the 100 simulated hours period are
also included,
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4% ANALYSIS OF OBTAINED RESULTS :

Examining the results, we can see that :

- Cumulative waiting time (m/c's idle time) =~ 119 hours

- There were 45 breakdowns in 100 hours. This compares well

with the mean of the distribution of machine breakdowns
(as found in section 2) as found to be 0,493, In other .
words our sample, through very stall in size, is very much
representing origihal population. '

- Cumulative service time is 81 hours to prepare 45 breakdowns
On the average of 81/45 = 1,80 hour/breakdown. In section
2, the average repair time was calculated to 1.915 houxr/
breakdown. - This is another evidence that our sample is
quite representative of the original data.

" = The total waiting time, . as found to be 119 hours, can b=
averaged as 119/100 « 1.19 hours for each of the 100hou
represented in the sample. At the stated cost of & 60 peu
hour for a machine out of order, this will cause £ 7l.%
loss due to waiting time per hour. '

Since an additional repairman would cost only £ 7 per houw
it appears worth investigating whether an additional re~
pe irman would save more than € 7 in waiting time . This is=
why I have included the part of TWO REPAIRMAN in the pro~
gram. Results for the simulation experiment in this case
are also showne

S5- COMPARATIVE ANALYSIS FOR TWO REPAIRMEN :

- The total waiting time in this case = 9 hours

This represents an average waiting time of 0,09 hours /hour

At a £ 60 cost of an idle machine per hour, the cost of idleness

9% this case =% Sy4 _ :

& The additional repalrman has. decreased the average hourly

cost of idleness by an amount = Lol = 54 = & Gl

This decrease has been' actiieved at the cost of an additional

repairman's salary of & 7.

' The net saving = 66 - 7 = & 359

.» An additional repairman should be definitely added.
This conclusion is surprising because it seefis that the idle
time for the case of one repairman (being 30,61%) should pre-
clude the idea of adding another repairman. However, results
from minimizing total costs show the contrary.
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6=~ DISCUSSIONS AND CONCLUSION :

From the results previously obtained, an obvious conflict between
the results obtained and the ones we should normally expect. This is
due to the fact that the obviocus averages are not good messures of
effectiveness in a process like this.

We have proceeded in the following terms :

ON THE AVERAGE , a’ ‘machine breaks down every 2,029 hours

ON THE AVERAGE , 1,915 hours are needed to prepare the machine
So ON THE AVERAGE , the repairman will be able to repair breskdowns
So : ON THE AVERAGE , why should we nsed another repuirman ?

The fault in this reaggning is that it does not take account of

another kind of average, which is

ON THE AVERAGE , machines will not break down in intervals nice=
ly spread to allow the repairman to handle them all. Rather , the
Breakdowns will cluster in the way they have done in the simulation
experiment.This clustering of breakdowns accounts for the waiting
time which is not considered in the ON THE AVERAGE reasonning tra=-
ced above.
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Iist of Abbreviations,

EPS = Precision Factor For Comparison

NO = Full Length For Random Number Generator

MO = Characteristic For Random Number Generator

M3 = Number of Simulated Hours

IHB(I) = Intervals For Failure Pattern

IBP(I) = Frequencies For Intervals Of Failure Pattern (Three Digits)
IDT(T) = Intervals For Repair Pattern

ICT(I) = Frequencies For Intervals Of Repair (Three Digits)
NR = (Cenerated Random Uniform Number (three Digits)
IA(K) = Arrival Time For Event K

IRT(L1l) = Repair Time For Event Il

™W(I2) = Waiting Time For Event T2

TINA(I2) = TIpactive Time For Worker Associated With Arrival Of I2
STW = Cummlative Wagiting Time

STINA = Cumulative Inactive Time

ITER(I2) = Terminating Time For Repair Of Failure I2

IQL(I2) = Queue Length When Event I2 Arrives

IQL1 = Maximum Queue Length

ISTS = Cunmulative Servlie Time

ISQL = Cumulative Queue Length

PINAM = Machines idlenesssladhor

PINAW = Worksr's Indlergss Faclor
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CIMENS ION NRCIICC},AR?(lOC).EhEthOl:Th!lOOlsTIhllllCO)
EIMENSIGNIA{ICG).IFB(EI,IBF(S).lDT(l5l|ICT(15I.E(20!
CIMENS ION lTER(lCCl;[R]llCC).IZIICG]|ICL1100l.Ill100}
REAC11,EPS

READC RoN. GENERATOR CHARACTERS AMNC MUMBER CF RRRIVELS
REACZ1,NCsMCsM2 :

REAC FAILLRE PATTERN .
REACZ1 MM

COSI=1,MM
REACZ2,1FB(1),IBP(I)

REAC REPAIR PATTERN
JREAC21,NN
LO1CI=1,NN

REACZ, ICT(I1),1CT(I)

MM=0
NN=0

PREPARATICN OF ReNe GENERATCR CATA

[0151=1,NC

BlI)=1

1=0

J=0

K=0

PRINT1 : : _
FORMAT (47+SENSE SWITCH 1 Ch FCR REFAIR TINE , FRESS STZRT)
PAUSE

CALL RNCGENIBsNC,MC RN)

IF(SENSE SWITCH 1)1C5,29C
CALCULATE FAILLRE TIVE

IF(J=-MZ)4C, 45,45
NRC(I)=NR

coToz0

NRC(I)=NR

K=0

M=Q

MM=Q

[0721=1,M2

NRI=NRC(1)

[0€QU1=1,2

Je=Jl
IFINRI=-IBP(JL1))E54£E,€C
CONTINLE
ENBLI)=IFB(J2)
IF(ENB(I)=EPS)12,72,7C
MM=MM+ 1

1Z(MM) =1

CONTINLE

COESIL=1,MM

K=K+1

L=K+1]

IK=1Z(1IL)
IFIENB(IK)=24)T75,EC,EC
IALK )= 1K

M=K

cOTO8E

IALK )= IK

IA(L )= 1K

M=L
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140
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K=L
CONTINLE
CETERMINATICN CF RLPAIRTIME
I=G
J=40
CCTO1lE
IF(J-M)11C,112Z2,+11¢%
NRT(I)=NR
c0 10 =zC
NRTILI)=NR
CC123CL1=1.V
NRJ=NRT(L1)
[01zClz=1,1¢
12=12
IF(NRJ-ICT(I2))128,12E,12¢C
CONTINLE
IRTIL1)=ICT(I2)
CONTINLE
PRINTZ
PAUSE
FORMAT (48F SENSE SWITCH 2 ChN FCR TwhC REFAIFRMEN, FRESS STURT)
IF(SENSE SWITCF 2)444,223

CASE OF ONE REPAIRFMAMN

CALCULATICN OF TERMINATING TINE , WAITING TINME o ICLE TakiE
ITER(1)=IA(1)+IRTI(1)
TWl1)=C
TINAL(1)=1A(1)

STINA=C

STH=0
STINA=STINA+TINAL(1)
IKZ=1

CO 145 Iz=2,M

IKZ=1Kz+1
C=IAlIz)=1TER(I2-1)
IF(C)14C,125,12¢5
THlIZ)=C
ITER(IZ)=1A(12)+IRT(12)
STH=STh+Th(12)
TINA1(]Z)=C
STINA=STINA4TINAL(IZ)
CCTO1l4E

TW(I1Z2)==C
STWSSTh+4Th(12)
TINAL(1Z)=(C
ITER(IZ)=1TER(I2=1)+IRT(I2)
STINA=STINA4TINAL(I2)
CONTINLE

AA=TALM)
PINAMS(STh/AA)%®1CC.
PINAWS(STINA/ZAA)*1CC.

CALCULATE QLELE LENGTF
CALL QULEN(IASITER:ICLyM)

PUNCE SIMLLATICN TABLE

PUNCF4

PUNCFE

PUNCET

PUNCEE

CO 18C IZ=1,M
PUNCkZ,IZ.lA(lZl.IRT(IZ)tlTERlIZ)|Th(12)|Tlh#lll!)|l‘L(ﬂ?l
PUNCEE

ENC OF SIMLLATICN TABLE
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B
CALCULATE NECESSARY STATISTICS
CALL TERMUIRT,IQL, 1QL1, ISTS,1SCLsN)

EQCUMENT NECESSARY <1ATLSTICS
PUNCE21

PUNCF2Z, IQLI

PUNCF23,18T¢

FUNCE 3¢, 15CL

PUNCE2€, STINA

PUNCH2EsSTh

PUNCE2<,P INAM

PUNCH4Z,P INAR

PUNCFA4Z

PAUSE
COTOEEZE
CASE OF TwC REPAIRFMEM

CALCULATICN OF TERMINATING TIME , WAITING TINE
444 STW=0

200 IQL(L

AL1)+IRT

(1)
A(Z2)+IRTLZ)

W

K=0
CO215J=1,11
12=12-J
14=12-J-1
IC=ITER(IZ)-ITER(I4)
IF(IC=1IRT{13))21C,2CE,21C

2C5 L=L+1
IX({L)=1z-J41
coT021%

210 K=K+1

215 CONTINLE
IF(K=11)zzCy25

220 IF(L-2)24C,225

225 CO235IL=2,L
IL1=1L-1
X1=IX[ IL)=1IX(IL1)
IF(X1-1.)235,22C,22

230 J1=12-1X(1IL)+1

g Co TO z4°%

235 CONTINLE
CO TO z4°%

240 J1=1z2-1x(L)+1

245 TW(12)=1A(1Z)-1TER(J1)
ITER(IZ)=1TER(J1)I4IRT(I2)

250 C1=IA(1Z)-ITER([I2-2)
IFID1)2€05255,255

255 TWl12)=C
ITER(IZ)=1ALIZ)+IRT([2)

: o TO z§C

260 Cz=IA(12)-1TER(I2=FF

. IFLD2)27C,2€54265

265 TWllz)=C
ITER(I1Z)=1A(I2)+IRT(12]

C
'

\ﬁl’\.l

12
2
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€0 TO 25C

270 TF(C1-CZ2)z75,28C,2€C

275 TW(12}=-Cz
ITER(IZ)=ITER(12=1)+1RT (12}
€O TO ZES

280 TW(12)=-C1
ITER{ 1Z2)=1TER(12-2)+IRT (12}

285 STW=STh+Th(IZ)

250 CONTINLE
AA=TALM)
PINAM=(STh/AA)*1CC.
PINAW=(STINA/AA)*1CC.
PAUSE

CALCULATE GLELE LENGTH
CALL QULLEN(IASITER,ICL,M)

PUNCF SIMULATICN TABLE
PUNCF4]
PUNCEE
PUNCF7
PUNCHE
CO02S51e=1,4M
265 PUNCF12,122IA(12)IRTII2) 1 TER(IZ2) +TWII2),ICL(12)
PUNCEE :
ENC OF SIMLLATICN TABLE

CALCULATE NECESSARY STATISTICS ;
CALL TERMIIRT,IQL,IGLY, ISTS,15CL,N)

COCUMENT NECESSARY STATISTICS
PUNCF21

PUNCF2z,ICL1

PUNCE2Z,181S

PUNCF24,ISCL

PUNCF2E,;STh

PUNCF2¢S,P INAM

PUNCF42,P INAW

PUNCF4:

. - coTolecc

2 FORMAT(1CX 4(T5,5X),2(F7.2453X),415) £

4 FORMAT(EX, €4HRESLLTS FCR THE M/C INTERFERENCE FRCELEM , CASE GF ON

XE REPA IRMAN)

6 FDRMAT[Ec}============:=======:==3==::z:sa::-::a:--i-la‘l--sqqtq:a

x:::::z:z::::::::z:::::::)

7 FORMAT(1Z2X,EFARIVAL,Z2Xs1CH ARIV TME ,10H SERV TME ,10F TERNM TFE o1

X0F WAIT TME ,1CH INAC TME ,4H C.l)

8- FORMATIBOE ~mmm=mm e e mm e === meEm e b IR S
s e M EAN T e Rl ) :
21 FORMATI(1CXx3214)

.11 FORMATI(FE.2)
12 FORMATI(1CX4(15,5%X),F1e2+13%,15)
22 FORMATUICX,2(15,5X),2(F7.2,3X))
21 FORMAT(1CX,Z1HENECESSARY STATISTICS,)
22 FORMAT(ZCX,25FMAXINMLM CLELE LENGTH =,16)
33 FORMAT(ZCX,25HCUMLLATIVE SERVICE TIME =,16)
34 FORMAT(ZCX;25HCULMLLATIVE CLELE LENGTH =,16)
36 FORMAT(ZCX,25HCLMULLATIVE INACTIV TIME =,F9.2)
38 FORMATI{2CX25FCUMLLATINVE WAITING TINME =,FS.2)
3G FORMAT(2CX,25KM/C ICLENESE FACTCR =4F%.2)
42 FORMAT(ZCX;25HMAN 1CLENESS FACTCR =,F9.2)
43 FORMATI(/)
41 FORMAT(EXs E4HRESLLTS FCR THE M/C INTERFERENCE FRCELEF , CASE'CF Th

X0 REPA IRMEN)
ENC
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150

155
160

1€5
170
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SUBROUTINE QULEN(IA,ITER,ICLsN)
CIMENS IONIA(1CC),ITER(1CO),ICL(100C)
CALCULATION OF QLELE LENGTH
IgL13=C

CO17C K=2,M

JK=0

ITAK=IA(K)

CO1€651K=2,4K

Kl1=K-1K+1
IF{ITERIK1)=-ITAK)1€éC,155,15C
JK=JK 1

COTO1é&E

JK=JK+1]

1QLEK ) =JK

cotTo117¢

CONTINLE

1QL (K ) =JK

CONTINLE .

RETURN

ENC

B N« e e P

ey
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SUBROUTINE TERM{IRT,IGLICLL,IST1S,ISCLyN)
CIMENSIONIRT(1CC),IGLI(1COD
C CALCULATICN OF QL1 , £1§8 4 SCL

1sQL=C
ISTS=IRT(1)
1QL1=IGL(1)
CO 165 I=1.,M
IFCIQLI-IQLII})1EE,1SC,15C

185 IQL1=ICL(I)

190 ISTS=ISTS4IRT(I)

195 IsQL=ISQL+IqQLil)
RETURN
ENC

%0608
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RESULTS FOR THE F/C INTERFERENCE FRCBLEFN + CASE CF CNE REFZIRMEN

z-—egez=SIFTE€IIIIZIIIAIZ

=l=x::========:=::====:=::':=

=:::::======================:=

ARIVAL ARIV 1ME SERvV TME TERF TME WAIT TME

...-.--_-—_-..--—_....-.—--__--—_--——_...—_..—_

1 11 2

é 1z 1

2 12 2

4 1¢ 3

< 1¢ 1

[ 2C 1

i 22 1

€ 24 2

S 21 1

1C 324 1

11 e 3

1z r 42 2

12 4¢ 2

14 4% 2

15 4¢€ 1

1¢ 4¢ 2

17 47 1

1€ 41 2

15 E2 2

<C £S5 2

z1 ec 3

iz £z 3

2 €1 3

Z4 €1 3

z=E €S 1

€ ic 1

ris 1€ 1

S s 1

z1 14 2

20 Ee 2

21 E2 1

32 ES 2

22 €€ 2

24 €1 3

35 €1 1

€ EE 2

EN| EE 2

2 G2 1

25 g2 2 1
4C Sé 3 1
41 Sé 1 1
42 S 1 1
42 S 1 1
44 SE 2 1
4% St 1 1

NECESSARY STATISTICS,

MAXIVLM CLELE LENGTH
CLMLLATIVE SERVICE TINE
CLMULLATIVE CLELE LEMGTH
CLMULATIVE INACTIV TIME
CLMLLATIVE WAITING TIFE
M/C ICLENESS FACTCR

MAN ICLENESS FACICR

13
14
16
21
22
23
24
26
32
35
38
45
41
45
50

wowonohonouwn

1.00
2.C0
0.00
G.C0

0.00

6.C0

2.C0

5.00

5.00

INEC THE

-—---_....._—-.--.-------¢—-------------..

0.00
C.CC
2.00

C.CC

C.l

P N SR LB N TV h.blulnh\hll—a-'ﬂ!hl-iﬂlnhlhv—l—ll-lﬂh\\ﬂ hlun\ntuﬁpﬂﬂu_hnuﬂa\—-ﬁ

-
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RESULTS FQR THE M/C INTERFERENCE FRCBLEM 5 CASE CF ThC REFZIFNEN

”aas’xzaa:;::::z.u:z::=:==:=:::::2:83=========8==-‘t====.=l=‘!.=¢“llﬂlqﬁ:I’: 13'3'.'

ARIVAL ARIV TME SERV TFE TERM TME WAIT TME IMNAC TME C.L

- — - T - - S e e W W e A e A W AN W W MW e e

1 11 2 13 0.0 - c
z 12 1 13 0.C0
2 12 2 15 0.C0 1
4 1€ 3 21 €.C0 C
£ 1¢ 1 20 0.0 1
¢ z¢ 1 21 0.0 ]
7 22 1 24 €.C0 C
£ 24 2 26 0.00 ]
S 21 1 32 €.CO ¢
1 24 1 35 0.00 ¢
11 2¢ 3 38 0.00 1
12 42 2 45 0.00 C
12 48 2 47 0.C0O 1
14 4t 2 47 0.C0 i
£ 4e 1 gale IR0 :
1¢ 4¢ 2 49 1.00 2
17 47 1 49 1.€0 z
1€ 47 2 51 2.00 4
15 £2 2 55 0.C0 c
ac 5s 2 61 0.C0 C
z1 ec 3 63 0.€0 1
22 €z 3 65 C.CO 1
22 €1 3 70 0.C0 ¢
24 €1 3 70 . 0400 1
2t €< 1 71 1.00 :
z¢ ¢ 1 71 €.C0 ‘
21 14 2 76 0.C0 c
2e 7€ 1 79 0.€0 ~ ¢
25 7% 1 80 C.CO )
2 €2 2 84 0.0 C
21 €2 1 83 0.0 1
22 £s 2 87 0.C0 ¢
22 £¢ 2 88 0.C0 1
24 €7 3 50 0.0 :
25 €1 1 89 1.00 2
3¢ €€ 2 51 1.€0 2
27 T 2 91 1.€0 ‘
28 Sz 1 93 0.00 ¢
25 g2 2 95 0.00 1
4¢ T -3 59 €.Co C
41 sé 1 57 0400 1
42 §1 1 58 €.C0 ]
42 §1 1 58 0.€0 i
44 S¢ 2 160 €.C0 1
4¢ gE 1 55 0.00 é
'NECESSARY STATISTICS,

MAXINMULM QLELE LENGTH = 4

CLMLLATIVE SERVICE TIFE = 81

CLMLLATIVE CLELE LENGTK = 51

CLMULATIVE WAITING TIFE = 9400

M/C IDLENESS FACTCR - 9.18

MAN ICLENESS FACTCR = 30.6l



