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PREFACE

Th is study was undertaken as part of Project Plan Agreement

FA-632 . One objective of this program is the development and test-

ing of techniques to evaluate airport landside congestion param-

eters such as delay . This analysis provides a method of determir.-

ing delays arising from queuing . Results contained in this report

should be considered as preliminary and indicative of further

development , especially where multi-server landside facilities

require analy s i s .

The authors would like to express their appreciation to the

Program Manager , Mr. Mark Cors te in , for his s upport and c on-
s t r u c t i v e  c r it iCs in .
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EXECUT IVE SUMMARY

An ana lytical queuing model was examined for accuracy in

predicting one of the major measures of airport congestion , namely,

the waiting time at a landside facility. The particular model

chosen is applicable to a single channel server whose arrival and

service time processes have general distributions. This model was

selected because

a. Arrival t ime distributions obtained from measurements were

tested and found to he non-Poisson.

b. .\ potentially wide range of applicability was desired

because of the many service facilities present at the landside.

c. This model was available as a computer program which

furnished waiting time and queue length distributions directly.

In order to investigate the feasibility of using this queuing

model as a tool for evaluating landside congestion , statistical
comparison s were performed to determine whether there is any

correspondence between observed field data and model predictions.

Using observed passenger arrival rates and service time distribu-

tions obtained at Denver-Stapleton Airport as the inputs , the model
validation was done by comparing predicted waiting times at the
securit y station , express check-in , and one hoarding gate. Using
the t-test , agreement was obtained at the 5 percent level of sig-
nificance for the mean values of the first two facilities. More

comprehensive data collection is required to validate the probabil-

itv distributions of the waiting time and queue length.

Th is single channel queuing model may be viewed as the first

step in evaluating landside congestion using an analytical approach .
Further developments  in this area would include multi-channel facil-
ity m odeling and the linking of various facilities to formulate a

congestion mode l for the complete landside .

vii/viii
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1, INTRODUCTION

Some of the Denver-Stapleton International. Airport passenger

data which were collected for simulation model validation were

used to de termine the validity of an analytic model. This was

done by comparing the analytically computed queue length and wait-
ing time distributions with the actual observed queue length and

waiting time distributions in the field. It was hoped that this

validation work would lead to the determination of the feasibility

of using analytic models for estimating the level-of-service of the

landside facility.

The input data for the analytic model are the actual arrival

rates and the actual service time as observed in Stapleton Inter-

national Airport in Denver. The outputs of the model are the queue
length and waiting time distribu tions computed for each facility

under study . The waiting time output was compared with its field

observed counterpart for model validation . It is believed that

this quantity is one of the most meaningful indicators of the level
of service.

1
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2. THE QUEUING MODEL

2 .1 MODEL SELECTION

There are six basic characteristi cs which can be used to

specif y a queuing model:

A rr iva 1 Pat tern : The a r rival pa t tern of the ‘‘customers ’’

could be deterministic (U) or desc ri i e d  parametrically as a Poisson

1) is t r ibut ion (or exponential a r r i v a l time) (M) or general (C)

For many airport landside facilities the arrival pattern is most

likely general (G).

2. Service Pattern: The service time pattern of each server

channel could also be de terministic (0), exponential (M), or

general (C). In the airport land side situation it is most likely

general (C)

3. Number of Service Channels : The queuing process may take

place at a facility with a single channel or a number of parallel

channels . In the airport lands ide h Ith the s ingle and parallel

channel cases are app licable.

4. Svs tern Capacit Y : 1-ac i i i t I es L i accommodate a limited

queue si :e or the maximum queue si :v j ar be unbounded . Since it

is most likely that no airpo rt lands ide customers wi l l  be turned

hack , the maximum possible queue eig t h ma~ he considered infinite

for  most queuing situat ions of int e rest.

5. Number of Service Stagc~ (in series pe r cach channel):

Each channel may have a single stap e or m ulti ple stages connected

in series . Both single stayc and multi--stage processes are

manifested by the a irport lan.ki de .

6. Queue Discip line: Queue discipline can be classified into

(a) first-come-first- serve d (ICES ), a lias first-in-first-out

(FIFO) ; (b) servic e in random (‘1R 0) ; (c) last .-come--first— served

(LCFS) ; td) priori l v  I PRI ) ; and ( r ) genera l disci p line (G D) . The

airport landside s r— tern operate s mostl y on a first-co n e-first-

served (FCFS or Ff10 ) basis , t~i t h  ~OTle priority (PR!) treatments.



Based on the six basic c harac te r i s t i cs , the most desirable
model for the airport lands ide system would be a model with

(1) general arrival pattern , (2) general service time pattern ,

(3) multiple channel s , (4) infinite or finite maximum queue length ,

(5) single or mult i ple stages , per channel , and (6) first-come —
first— served and/or priority service discipline . In queuing theory

notation this most desirable model is represented as:

(/G/N 1/(~ 2)/(~~~~) 
with multiple-stage per channel

It should be realized that the so called most desirable model is

probably the most complicated model one would ever attempt to

uti li:c.

i h e  development of analytic queuing models appear to have been

influenced strongly by two factors : the origins of models in the

stud y of congestion in telep hone systems and the question of what is

easy and possible in mathematical analysis. Therefore , many assump-

tions comm only made in queuing analyses are precisely those which

seem rea sonab le in constructing queuing models associated with tele-

phone systems and those which make the models mathematically solvable.
As a re sult , anal y tic models which deal with multiple channels or

server s ~ir generall y restricted to Poisson arrivals and exponential

service times (i.e., M/M/N). Models which deal with general

arrivals and general service times are presentl y limited to single

channel  C / C / I )  eases

rli s imp li ring assumpt ions  used in M/ M/ N model development
a re  no t  a l wa y s app1 ie ahl e to queues other than those encountered in

te lephon e sy’~tem s ; they are particularly inappropriate when the

cIl s t o m e r ~. and servers are really people as in the airport landside .

In a t e l  (‘1 11 ( 110 system the p rocess  of sw i tch ing  channels or jockey-
ir i g i s c - i r r i c d  (l it a utomatically and rapidly, whereas in many multi-

counter op erati ons there arc no easily defined rules , and peop le
move t~ ith i n e r t i a . This was observed visuall y at l )enver -Stapl eton

In t e r n a t i o n a l  .-\irport where queues were formed at ticket counters

at the same time that servers were observed idle. This point was
further verified numerical l y 1w the field data . Out of five sets

3 
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of arrival data tested , o n l y  on e set was Poisson , and none of the

service times observed ‘-;ere e xponential. This was the main reason
wh y C/ C/ I  model was s e l e c t e d  over  \ 1/ M/ N for v - i l  ida t  ion . A l though
th is  s ing le channel model c~in re p r esen t  only a l im i t ed number of
facili ties in the airport landsi de , it was chosen to determine

whe ther there is any resemblanc e between observed field data and

the model predictions. In add i t ion , a mul tiple-channel C/C/N

model is curren tly under investi ga tion.

2.2 NIPJTS C/G/l MODEL

A readily available C/C/i queu i ng model wa s chosen for model
valida tion. This model , deve loped l v  P r o f e s s o r  Marce l  F . Neu t s
of Purdue tlnive rsitv , accep ts gc ieral arrivals and general  se r v i c e
ti mes and computes the time dependenc y features of a sing le server

di screte time queue with a ~in tt e queue length. The model was

coded in Fort ran IV and it res ides on the PEC -10 computer system

a t Tran spor ta t ion S~’stems Center/U.S. l )epart nu nt of Transportation

(TSC ), Cambridge , Mass . The program listing is  included in the

app endix.

In the m ode 1 , he nunlhe rs a I a r r i va is dii ring s ucces si cc nfl i t

time inte r v a l s  are independen t , iden t i c a l l i  distri buted random

variables . these are espressed as the ro~~l i i i i  tv of a number of

cus tome us joining the queue dur ing a spec i Ii ed Ufl i t t ime . The
service t i m e s  of successive ~astou( rs ; i e a l s o  indep endent and

ident  ica liv di S t  r ated r a n d u -  var i ,ib les n 1 th 1 given proba b ility

densit y . 1’t1e q1~ -ue d i s c i  l i n e  i~ L I - S .

For any giv en time , n , the pueue len gth is denoted as N and

the residual service tine (i.e ., the numb er of additional units of

service time required hr the c l ~~~c’rle r in service) is denoted by

1
n The join t p r o b a b i l i t y  d e n s i t y  func t ion of queue leng th X~ and

residual service time is den et ed a s P
0

( i  ,i) where

l ( i ,j) = ~~ (
~ 

= i , 
~n 

=

Recurrence relations w e r e  deriv ed i-h ic h  compute 
~~~~~~~~~~~~~~~~~ 

from

P~~(i , j )  under 11 1 possibl e cen dit ions of i and -~ . This joint

4
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prob ab ilit ) den sity f unction is used to compute the distribut ions

of queue length and waiting time. These are the basic outputs of

the model. * As stated before , the mode l has been translated into

a Fortran IV program . The inputs to the program are:

a. The size of the waiting room Li. In the program , Li is

limited to 100 customers in the system .

h. The maximum number , K , of arrivals per unit time . In the 1
program , K is limited to be less than Ll arrivals.

c. The probabilit y , I’(J), that J customers join the queue

per unit time , where T = 1 ,2 , . . . K.

d . The maximu m ser~~ice time , L2 , in terms of time units. In

the program , 12 is l i m i t e d  to be less than 31 time units .

e. The pr obabilit y , R(J), that a service time lasts for J

units of time , where .J = I , 2 , . . . L2 .

f . The probability, P0, that no customers arrive during a unit

of time .

g. The initial queue length , 10, and the initial residual

service t inc , . 10 .

h. The pr agram control parameters , including the number of

time u n i t s  to he run and the output option selection parameters.

Ihe lull output of this program includes the following :

a. The mean queue length as a function of time .

h. The distribution of queue length as a function of time .

c. The mean waiting time as a function of time .

d. The distribution of waiting time as a function of time .

e. The joint density of the queue length and the residual

service time as a function of time .

For det a ils , see N1 .l . Nuets , “The Single Server Queue in Discrete
Time-Numerical Analysis , r , ” Naval Research Logistics Quarterly,
2(1 (1973), 297-304.

5
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Any one or the combination of the above output items can he printed

out according to the user-selected options.

2.3 SUPPORTING PROGRAMS

In addition to the queuing model itself , two supporting pro-

grams were written. One of them is used to process the raw data

for queuing model input. The other program is used to compare the

model—p redicted waiting time distribution with the field—observed

waiting time distribution .

2.3.1 Preprocessing Program 
~~~~~~~

This program was written for preprocessing the raw arrival

data which were gathered in Stap leton Airport . The functions of

th is  program are :

a . Convert observed arrivals into an arrival distribution

(histogram)

b. Determine the sample mean and variance of the data.

c. Perform X 2 -test (chi square test) on raw data to determine

whether the arrivals are from a Poisson process.

d. Convert the arrival distribution into compatible u n i t s  fo r

the C/C/i model.

This program was necessary because the raw data were not directly

applicable to the C/C/i model. The test of Poisson was incorpor-

ated in this program , because if the majority of the arrivals were

Poisson and the service times were exponential the applicability

of the anal ytic approach would be greatly broadened by using

M/ M/ N models. This program was wr itten in Fortran TV language and
resides on the DEC-10 computer s y s t e m  of 1SC under the file name

CHISQ.F4. The program listing is included in the append ix.

2.3 .2 Postprocessing Program KOLMOG .F4

This program was written to compare the model -predicted waiting

time distribution with the field-obse rved data. The computed and

the observed waiting time distributions are the inputs to 
this 6



program . The Kolmogroff statistic * is computed from the input

data. Based on this statistic a decision is made whether to accept

or reject the hypothesis that the predicted waiting time distribu-

tion can be used to represent the field observed waiting time dis-

tributions. The outcome of this test determines whether or not the

queuing model can he used to represent airport landside facilities.

As before , the program was written in Fortran IV and resides

on the DEC-10 computer system at TSC under the name of KOLMOG .F4.

The program listing is also included in the appendix.

* K .V. Bury, Statistical Models in Applied Science, John Wiley and
Sons , New YorkTT~7~T~~~
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3, MODEL VALIDATION

3 .1 DEFICIENCIE S IN TrIE F I E L D - O B S E R V E D  DATA

Data de f i c ienc ies  a xt ~ discussed here for two reasons. First ,
because of these imperfect data a judgement of the validatio n.
results should be qualified accordingl y. Second , if more data are

to be obtained for further analytic model validation , those
deficiencies are the pitfalls to be avoided. It may be noted that

the field data were not taken specifically for the purpose of
analytic model validation but rather for a simulation va lidation .

This would probably acc&unt for some of the reasons for a deficient
data s e t .  The major  problems of the dat a , in addition to the ex-

pected nonstationarity, are listed as follows :

a. The majority of arrival data was recorded as number of

arr ivals per 5 minutes. That means that i n te r -a r r i va l  t imes can
he erroneous by as much as 5 minutes. However , because the service

t imes are on the order of seconds , there is an i ncompa t i b i l i t y  in
the accuracy of the two sets of data. A 5-minute inaccurac y in
data is too coarse to draw definitive conclusions.

Waiting times were grouped in 5-second interval s to form

distributions. A ga in , compared to the expected service time thi s

is also too coarse for detailed validation. it is suggested that

the arrival times and the waiting tines for each customer should

be recorded and aggregated in 1-second interval s .

b. A variable number of service channels were used during

the data—taking period . The number of servers changes as the

demand slackened or increased.

c. The data are incomplete. For all the facilities , the
queue length data are missing.

d. Observed data were arbitrarily sampled. This may or may

not give a reasonable representation of the population on which

the data we re taken .

8



In sp ite of these deficiencies , three facilities were selected

for model val idat ion. They are the UAL express check-in , the
security check , and the Brariniff gate.

3.2 TEST PROCEDURE

The f ield observed arrival data and the service time data were
preprocessed to conform with the input requirements of the G/G/l

model. Based on the preprocessed data the waiting time distribu-

tion and the queue length distribution are computed by the model.

The predicted waiting time distributions and their expected values

are compared with the field-observed counterparts. The comparison

of the mean is done by the t-test and the Kolmogroff test is used

for the distribution.

3.2 .1 T-Test for Means

The mean value of the predicted waiting time is compared with

the observed mean waiting time using the t-test. The null hypoth-

esis for this test is that the population mean of the observed

waiting times is equal to the predicted value on the basis of a

random samp le. The t- statistic is defined as:

t x - a

S / v’n~

where

x sample mean

a = predicted value of mean

= standard deviation of samp le

n = numbe r of sample points

the ah ;olu t e value of the t-statistic is compared with a critical

value ~~~~~ ,2  n- l for a given significance level a. The null

hypothesis will not he rejected (i.e., it will be accepted that the

mean waiting time equals a) if the absolute value of t-statistic

is less than t . The numerical values of this critical
i / ,  n-I

9 
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statistic may be found from standard statistical tab les. * The

significance level a is usually set at 0.05.

3.2.2 Kolmogroff Test for Dist ributions

For a given sample x of site n , such that

x < x < < x
1 - 2 -  - n

a cumulative distrihution function , Cn (x)~ 
is defined by the

following:

Gn (X) = 0 , x < x 1

= r/n , x r < x ~~~~

= 1 , X ~ X n

If the sample x comes from the completely specified postulate ,

F(x), then

I. 

I.irn Pr {G (x) - F(x) = o}= 1 , for all x.

Based on this fact , a test of fit for F(x) is constructed by

defining the Kolmogroff statistic ,

D = sup I’~n~ 
- F(x)~

If the value Dn is larger than a critical value (as a function of

n) (dn)c~ 
the null hypothes is that the sample x comes from the

postulate F(x) will he rejected . For si gnificance level a = 0.05

the critical value is

See , fo r examp le , E.L .  C row , F .A .  Dav is , and M .W . Ma xf i e ld ,
Sta t i s t i cs  Manu al, Dover Publication s , New York , 1955.

tBury, Statistics_Mode ls , op. cit.

1 0 
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(d ) - — , for a 0.05c

The observed waiting time distributions are tested by the

Kolmogroff test.

3,3 FACILITIES TESTED

3.3 .1 Security_Check

3.3 .1.1 Observed l)ata - J)ata were taken on January 23 , 1976 ,

between 1500 and 2000 hours. The arrivals at this station were

aggregated over 5-minute intervals , which resulted in 59 data

points. l rom these , the histogram shown as Figure 1 was produced.

A chi- square test of the data showed no agreement with a Poisson

process , and thus the C/C/i model was applied. Two channels were

generall y in service; however , at infrequent intervals onl y one

channel w a s  operating . The service time per channel was operating.

The service time per channel was assumed to be a constant 8

seconds per customer. Waiting times were recorded for 726 arrivals

sampled from a total of 3 ,511 actual patrons . The frequency dis-

tribution of waiting times is shown in Table 1.

3. 3 .1.2 lest Results - In order to get better resolutions , the

arrival rate w a s  converted from the number of arrivals per 5

minutes to number of arrivals per 4 seconds . This is done by

dividing the observed number of arrivals (per 5 minutes) by 75.

It is true that the resulting arrivals may not represent the actual

arrivals if better resolution were used when the data were taken .

II o~~evc r , t h i s  is probably the best that can be done with the exist-

ing data.

In the maj or i t y  of t imes , two channels were in operation ,

each with a constant 8 seconds service time (estimated). The

s e r v i c e  time used in the analytic model was assumed to be 4 seconds

fo r  ~ 7 percent of time , 12 seconds for 2 percent , and 20 seconds for

I p e rce nt of time . It is beli eved that this service time distrihu-

ion used i n t he a n a l y t i c  model validation is more realistic than

t h e  (‘St i r iia ted constant service time .

11 
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The comparison of mean and distribution are done separately

as follows :

a. Test for ~1ean hating Time: The observed 11 .63 sec onds

mean w aiting time at security check is compared with the model -

predicted mean w aiting tine of 10. 41 seconds by the t-test. The

t - statistic is computed as

=

s / /n

= 
11.63 - 10.41
2 3 . 0 5/  /776

4,

= 1 . 4 2 5 .

The critical value is

ta/2 n~ l = t
0 ~ )5 

7 = 1.960 .

Since t is less than ta/2 ,fl _ l~ 
there is no reason to reject the

hypothesis that the C/C/i model can be used to predict the mean

waiting time for the security check tested.

b. Test for l)istribution : The observed and the computed

waiting time distributions are compared by Kolmogroff test. The

Kolmogroff statistic is computed by the program KOLMOG.F4 as

follows :

= 0.08099 , with n = 7 2 6

The critical value is

( d )  L3b l.~~6
i) C 

~/~j ~~~~~

= 0 . 0 5 5 , for ~ = 0 . 0 5 .

Since D~ is greater than (dn)c i it is concluded that the C/C/i

model cannot be used to p redict the waiting time distribution at

the security check tested.

1 1  
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The field observed and the computed waiting time distributions

are p l o t t e d  in Figure 2. It is noticed that for waiting time less

than 10 seconds the field observed curve is flat. This flat por-

tion is the cause of the hi gh value of Kolmogroff statistic Dn .

Checking with the observed raw data it is found that there are

many (505 out of 726) who went through security check without any

wait. All of the rest waited 10 seconds or more. However , there

were no persons recorded as waiting less than 10 seconds if they

were waiting in line . This most likely indicates that the person

w h o  took the data arbitrarily recorded anything less than 10

seconds as 0 seconds . This casts some doubt on the validit y of

this portion of the field data , which therefore was omitted in

comparison . The observed and the computed results are summarized

in Table 2.

3. 3. 2 h A l ,  kxp ress Check -In

- 

3.3 .2 .1 (
~bs crv cd I)ata - Data w e r e  taken on January 23 , 1976 ,

between 1500 and 2000 hours. The arrivals were taken in 5-minute

in t c r~ als . The histogram of the arrivals is shown in Figure 3.

Ihe arrivals do not agree with a Poisson process .

A tot a l of 58 arrival intervals were observed . The number

of channels in servic e va~~ieu between one and two. The service

time p er channel  was in cumulative distribution form . (See

Fi gure 4.) The re were 192 arrivals sampled from a total of 337

actua l p ass cnger s . (See Table 3 for details.)

3.3 .2.~ lest Results - As before , the arrival rate was converted

from n u m b e r of arrivals per 5 minutes to number of arrivals per
1(1 seconds for better resolution . The service time distribution

w a ’ . deduced froni the observed cumulative distribution p lot (Figure
1 - ) .

The effect of the va r i ab le  number of channels in operation was

cO ini)t ’ f ls ,ited by m u l t i p l y in g  t he ar r iva l  rate by a f a c t o r  correspond-

ing to the average number of servers in operation. The comparison

of mean and distribution are done separately as follows :
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a. Test for Mean Waiting Time : The observed 59.75 seconds

mean waiting time at UAL Express check-in is compared with the

model-p redicted mean waiting time of 5 2 . 6 8  seconds by the t-test.

The t - s t a t i s t i c  is computed as :

- a
S / /11

59.75 - 52.68

68.15/ ‘.‘I~ 2

= 1.437 ,

The critical value is

ta/2 ,n..l 
= t0 025 191 l~ 96O

Since t is less than t~ 12~~~ 1~ there is no reason to reject that the

G/G/i model can be used to predict the mean waiting time for the

UAL express check-in tested.

h. Test for Distribution : The observed and the computed

waiting time distributions are compared by Kolmogroff test. The

Kolmogroff statistic is computed by the program KOLMOG .F4 as

follows:

Dn = 0.11894 , with n 192

The critical value is

(d ) = 
1.36 = 

1.36
m c  ,,~~ ~~~~

-
~~
-
~~
-

= 0.098 , for ~ = 0.05

Since U’.,’. 
is greater than (d

~
)
~~

, it is concluded that the GI G/ i
mode l cannot he used to predict the waiting time distribution at

the h A l  express check-in tested ,

The field observed and the computed waiting time distribu-

tions are plotted in Figure S. Note that if the waiting t ime s

which 4ire less than 30 seconds are treated the same , the predicted

21
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wai t i ng  t ime distribution is a rat her close fit to the observed
waiting times.

The observed and the computed results are summarized in Table
4 for better comprehension .

3 .3.3 Braniff Gate

3 .3. 3 .1 ()h~ ctv e d Data - Data were taken on Januzt r 25 , 1976 ,

between lOW and 1500 hours . Forty-four arrivals were observed

and recorded to the nearest minu te. The histogram of these is

sho~n in Fi gure 6. A chi-squa re test showed a lack of agreement

w ith a Poisson process. The service time per channel is shown

as Fi gure 7 in cumulative distribution form . In this case , only

one channel was in service. Braniff gate waiting time data were

combined wi th all other gate waiting times to form a single dis-

tribution shown in Table 5. There were 368 customers sampled

from a total of 1 ,498. This combined dsitrihution was used for

comparison with the GIG/i model.

3 .3.3.2 Test Results - For better resolution , as before , the

a r r i v a l  r a t e  w a s  converted from numbers of arrivals per minute into

number of arrivals per 10 seconds . The service time distribution

was deduced from the observed cumulative distribution plot (Figure

‘) .  The mean wa i t i ng  time predicted by the G/ G/ 1 model at Braniff
gate was 33.85 seconds , which is significantl y lower than the

observed mean waiting time at the gate (68.96 seconds). However ,

it is emphasized that the field observed data were not observed at

Braniff gate a’one . Ihey were accumulated for all gates in service

(hi ring t h e  ob servation period. Since the Braniff gate was relative-

ly l i~ ht 1v used and the service time was generally lower than the

rest of the gates. The predicted lower waiting time at Braniff

gate was con sistent. Because of the lack of field data , the

s t a t i s t i c a l  t e s t s  were not done. However , the observed ( for  all
gates ) and the computed (for Braniff gate) results are summarized

in Table (.
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14, CONC LUSION

As mentioned before , the f ield data were not co llec ted
specifically for the analytic model validation and thus were

not ideal for the purpose of this study . Instead of taking the

number of arri v als per 5 minutes and taking the number of delays

in a time bra ket , the data for actual delay in sc,~onds for each

passenger wou ld be more suitable for analytic model validation .

Because of the single channel limitations , there are many

facilities in the airport landside which may not be represented by

the G/G/i model (e.g., ticket counter , baggage cla ims , curb sides).

However , despite the less than desirable field data , for all three
facilities tested the GIG/i model adequatel y predicted mean values

of the waiting time . Moreover , the tested facilities include

those whose numbers of servers were changed to accommodate demand

changes. It seems to suggest that as far as the mean values are

concerned , the G/G/i model can be used for waiting time predictions.

The predictions of waiting time distributions , howev er , were not
good. The mod el did not do we ll enough to pa ss the Kolmo grof f
test , possibl y because of the reasons described above .
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APPENDIX
PROGRAM LIST INGS

A.! YNEVTS.P4 - G/G/l MODEL

C T~-1~ P 1 O G ~~A P’ . A S C F V E L C ~~L~ ~‘Y ‘~A~~CE L F . Nh TS — OE PAR 1—
C ~EN1 OF SIAT ICTI (.S — f rONL L E u ’ . 1v € .~~~1T ~ 

— wE S T L A F A Y E T T E —
C INDIANA . OC1O~ F l~ l~ 7l.
C
C T I - IS  F~~CG~~AM rO~ ’- t..TFS ft -E T I M E  C~~~~~ ’.[)tNT FFA TLJ PES OF A
C STN (-LE SE e. VF k 1) I ’ ~CP ET t  1 i Nt ~ ‘j LFU~ ~ 11h A F T N I1E WA ITIN (j
c ~oow .
C W f l I- lhb I-’~’ F S ~~f’.1 C1~ fr’.sI0t’~ S1A T~ MEI~.1S A wA 1IINGH OOM OF
C S h E  LP TO (

~~~F p L .. F\ r: 4- f L  f r A Y  I-L c . 1 U IJ IED.  itl E DFNS1TY OF 1~-~C S F k ~.’ ICF~ 1t ~’E C A ~S ~~ (. C~~J\ T I 4A 1 c C  0r~ uP 10 T b I F ~1Y POIN IS.
C
C Tf - E FUL L UI IT P I  T CF i t - i - , OGi~ A •  INd uceS I FOLL OW IN(, V
C
C 1 . 1h~ c4. f 4 ~~’ C~ I EUt L t ~fl- A l  T IC .’~ N.
?. i~~ ,1~~1~~I~~~I T1 C ~. CE 1 t-’F~ C U F i ’ t  L f t ’ .(.,lh AT 1 I~~E N.

C ‘ . lt - E fU~~ 4)? ’ 
~~I TlI ~’- 1Tsr. A l  ll~ ’~ N.

C 4 .  1~-~ Ll~-1~-I~ t T 1 C ~’. CE ~~~ w I i j l j f \ ,G 1IMF AT 1IF~I E N.
C ~ .. IhI: 4.jC4 1~~l r F N s l l y  ij- l’- t CL’ LE L~~ N (-i I- A t - U  ThE i’~FSI0UAL
C c~ kv JC ~ T I ’ - t ’ t~1 T r u e N.
C
C t ij  I 1I- t~~- F . ~~~I- ( ‘ f l I -~~ ’ ,- I F L  F U~ N ~ r ’ TO  A S P E C I F  IEC VALU E NM’..
C
C ‘-“r (.~-E (~F 1 - E  v”f~ iI)L~- U t - I 1 u t ’ ~S. LIS1LL ) h L L O ’ ,  SOM E OF T P -~~5E —

C F~- A T $ ’ ~- Y ’ -4 ~A v  ~~
4- L EL F Tr ~L t p . k j t ”  1,- E v - t - L T T E N  C C I T ~~t T .

C
C TI— F T’-~~( ~I( ~‘I L E V E L I 4 - i ’ L f \ I uf 1~-~ L 1 S C t - t . T 4 -  T I~ ’ F ~ULUE
C W I1 ~- A r ;  U ’ ’~GU4. I~~ L I~LE L~ L E I~ (-~Tt - ‘ A Y  ~~t. FOU F ’ . I  I F ’ .v

C * Sl~ LL~ C . t I E F ~I-OS s)NC I - A~~CFI F . NEu1~
C * A ‘T’-~ -Lr c i c v I ~’- L E L ~ I r ~ f l1~ r~ E1E lIt~iE *
C * C A f - 1 t ~~~-’ (~ 4 ( f r L . 1 i — ~ f ’ t C h E ~~C ’- t CI~t~~A 1 I0 Y \ I I E L L E  — - l ’~7l.
C
C T t ~~ F ( t ~ C~~1NC- J L  A (Ij~~k.~ ’.~~U(\ P~~~- t ”  10 lt- E. L~~k SI-NT i~’ k C~G k A M V

C
C * M A P S CF L F . r.rI~,1~:( * ~~~~ ~~~~~~~~~~~~~~ 

C p ~~~~~~~~ (
~~~- L ~, ~~~, r T ’ -c , -~p l ~ lI ME. — 1\ tJM€ ~~ 1LAL
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~.‘ Lt - D~ i , I P I F4 - I ,~~ A~~~
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~~~~~ - — 1 - ~ . - J .  C F S l A T  ISTIC S.
( * ~~~ 1~

(_~E ‘ ) . I V ’ ~~’ ( I Y  — i ’E~ ’ l  L A F  ~ ‘r F 1  ft — IN — 4 7 9 0 7
C-

‘-  ( l i i i ) )  . —  ( .~ (; .EI- ( C C-~ ’’~~I.) ,~~ C I U ( )  . Y  ( 1 0 0 . 3 0)
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C * * 4 4* w  I I- F C~~— C I I-Z * * *4 ) (l

C
-C I~ Ci-GE ~ 1 ~~I T~ 01. 1 lI- I J r L r ’ ~ 1 D~~t~5 1 T Y  OF it -h ~)Uht JL LLNI,Tb
C At.1 It-F ~~~~ U I  A L ~~- 1 — V i C F  1 lkt. , Shi C I-’i (I ) ]  — OThE f~’7w I5E
C S~ I OP T C 1 )  =1

C
~ EA 1 ( k . ~~~~C )  L t — T ( 1

C
C IN C)OE~ i r  C ’~~ITh C L T ‘ f r~~ ~ I~~1 I . -3U1i O r\ CE It- F -~i A 1 T 1 r ’ .0—
C T IME , SET ~P I (~

- )
~~~l — L ) r ~~’~~1~ F 51.1 CPT (2 )~~.C

kE A L ( 5 , C.(
~ C;)  C F H?)

C
C Tt-E USES M A y  - J 5t-- 1( ~0~~~t i ~ A r - C  ~F I t E  ThE U1S TPI~ U1I0N OF
C THE ~:A1TI ~ r1I’~t CN L~ MT l I t - i F t-n lNlS ~ I-JCh AkE A MOLTIt-L I OF
C A C C N 5 T A I ~I1 r~~. TfrI’- It. Si~v~ ON Ch~~SiN~ TIM E ANL ON Tt- t
C NuH~~E t - OF hi , .~~ t.F C U I ~-’L i .  IN Tt- I~ CA St. T t - C -  J C F N T T F  It- k
C OPT (3) ~t - u I L L iF SE I t J L ~ L lu ONE AM) 11- L NUr4teFN NR ShOULD bF
C OIv ~~r . t~Pi ( 3 )  A N L  NJ~ ~ -- ‘t~ 1t~ t-F C - Iv f N  IN A N I 1 e I ~ F O N M A I .
C

k~~A~~(s . gc~7 )  C E 1 ( 3 ) , N k
A NR Nk
C~Tf ST l = C - ~PT C L )
Pc lE5T ~-=C PT (?)
PcT E S T 3~~OET (3 )
iF (,c1fcT3 .~~C .i) t~ l F S 1~~~O
IF (4KTFSI3 .FL .tJ ) ‘~ f t -  ~1 4 U

C
C ***~~ * I H F A $ A
C
C Li IS TI - F 5I~~F OF I t- F ~A 11IN uI ~~C~i . LI is Li. 101
C

k E A L ( S . 1 0 l) L I
C
C L2 IS I$- t- t ’ t c F ~ ’~Ff ~ CE PUIt ~T~ ON •.- s- ICt- It- F UF i S I T Y  OF lHt
C c~ pv~ c~ T I~~F Is CCr’.- C ENTk ’~iE L. ~

- 1 5  L I .  J i
C

t~EAD (S.iUM ) L
C
C 1 IS THE MA~~IM Ufr N U ~~I - k  CF A~~~T V A L E PEt- uNji CF TIME.
C ~ St-OULL- n E  A T  EA ST CNE AND STI-~ICILY LESS It -AN Li.
C

MEAI )(b ,10r -i ) Ic
C
C RU)  15 It -F P~ u,-~A t - I L I 1 Y  1k - MI A SE t -V IC E IIMF LAST S FOR J
C UN ITS OF 1I~.’E.
C ONE S’-OULI) \I FC. IF Y F F F C H E b A N C  T IIAI IF- F SUM ~ (i)~~...(~(L~~

)
C IS FOUAL TO O~ t .
C

C~E 4C (5,IOC?) (k-(J). ,~~ 1,L~?)
C
C P ( J )  IS T HE P Q O P A E I L I T Y  I t - A l  . CUSICME~ S JOIN ’ THE DLILUE
C DUPING A UNTI  OF 1I~’F.C THE INDE X J RI t~S F 4 - C~ ON E IC Ic •

32
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REAIl (5,lOfl? ) (PU)  , J 1 ~~P~)
C
C P0 IS T H E P R O F - A H I L I T Y  I l-Al NO rL STCMERS AR PIVE DUPING A
C UNIT OF T I M F .
C ONE SHOULD VF c IF ’y P~ FUREH AN C It -AT Fl) + PU)  • ...,P( $ )
C IS EQUAL TO Ot~F .
C

kE AL(5 ,100 :l ) P0
C
C 10 IS Tt-E I N I T I A L  O LF U E LE N GT H .
C jo IS THE IN1TL A L R ES IDU AL SE R v ICE lI ME .
C IF IO = U, T I - E N  J0 :O  AN C C v E ~~~~L’ v .
C To SHOULD NOT FX (EEC LI.
C JO SHOU LD NOT F X C E F C  L~~~.
C

k E A L ( b . i O I~)l) ho
PE AC ( S , i0 0 i)  J O

C
C NNP’. IS 1HE M A X ! M t ..fr T T f r E  HC I NT  FCR ~ t ICh IF’FL OLEt~EC F F A TU R ES A RE C OMFU T E D.  t’.Nt’. SPICI’ L D FE AT LEAST ONE AND
C A T M OST 9999. NO IE H O w EVE R THA T THE PROCESSING TIME
C A ND THE NU MFEP Of L INE S CF OUTPU T c- h ow PR OPO RII ONA TELY 10
C THE VAL U E CF ~‘NN.
C

FEEAO (S,1004) tt rsr..
IF (1O .FO.0 .ANC.. .’0.EC .O)GUTO 2001
P P ( J O ’ J O )~~i.GOTO ~

$
~02

200 1 P O O~~1.
2002  N~ O

X l i  =PO
00 21 ! 1.Y
A I = I
X 1 i = X11 .PU )
3 1 X 1 +Xl*p (1)

21 CO It 1INUF
DO �2 J 1.L2

X11 X11 .R (J)
X2 X 2+X J ~~~R (j )

22 CONTINUE
X 1 1 = X 1 I— ? .
xl1 = A ~ svc 1 1)

lIE C 3, 10 14)
W H ITE (3,1O ?2 )K,L2 ,L 1
N 1 0
wRIT E (3.I0O1 )Ni ,PO.Li, P lJ),.j 1,Pc )
wPIT E (3 ,1 012 )
W P I T € ( 3 , I 0 I 0) ( J , R (J ) ,~~~~1,L ? )

LIE C 3 ,  10 12 )
WRITE (3.1008) I0 ,J0
WR I T E  (3 ,10 12)
WPII E ( 3 ,1009)NNN
W R I 1E C 3 .101 2 )

lIE 13 , 1013 ) Xl,
WRXTE (3,1006)
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~~~*~~~~*i~~~~ :::~~ ~~~~~~~~
IF (L 1 .LE. Ic) C -C TC ~~O0S
IF (IO.E O.O .ANC .4j0 .NE.O .OR .IO .NE.O.ANO .jO.EO.0 )GOTO 2005
IF (X 1l.C- T..00000I) GOTO 2005
IF ( P TEST 3 .EC .1.ANL.NR .L1 .2) GO 1C 2005
WRI I E ( 4 ,3200)

32 00 F O R M A T (/ ,1 A ,s T t - F t — R O C R A M  I-AS RC -~~$J
C
C
C

L 1 l ~~~~L ] — 1

L2 1~~ L~~— l

L 2 2 L2~~ l

M1 L)*L2
c i = t c . i
uC 1 3 I= l.L1

-~~~

1 3 W (I ) 1.— Pr
IF (Ic.EC .A GO1C 2003
DO ~O T=?.tc
W (I) W( I— 1 )— F (I—1 )

~0 CCN1I NUE
C
C AT It - I S  S 1 A ( ~E THE IN P t . T  L A T A  I - A V t~ ~EEN REAn IN, THE
C PP— A kRA Y ~-‘A~~ PE FN INIlI ~ LI ZEU A N D lI- E INPUT D A T A  HA VE
C PEEN ~~IIT~ N CUT A N C  ~ub.JE CTLr 10 SCME RUDIMENTA RY
C PIAC NCS T IC Tt~~TS. Il- F N E X 4  L1N ~- STA HTS THE MAIN LOOP
( .~ -~~ ( $-i IS kEPE~~T E C  NNN TIM ES.
C
C * * ** *  I H t- ~d A I N L 0 0 F~
C

2 t ) 03  t- = N i . 1
IF ( N .UI .N~ N) S T C P

C
C T t -1 5  PO C ~T I O N  (IF it- F P~~O E k A M  C C M R U T f S  T HE N E W  P P — A R R A Y .
C PP ( 1 , j )  IS 1t-~ P H C I - A ~~1LI1’Y T H A T  Al ihE T IME CONSIDERED
C Tt - ERE t.kL I CI  SIC r~F’.’ IN 1t— E 5 y 5 T L t ~ AND TH E RESIDU A L
C cFP VI C E T I~A t C F It- F. Ct.STCF~Lk PE1 NG SERVED IS t .
C It-I’- IS FO° I -F1 ~~E FN (J I\ h ANU t 1, FCR J bETWEEN ONE AND
C L2. I t- F  I 1 . F t T T F I t . k  ~ 0 $.4 C ON1AIN c Tt-E PROHAP IL ITy It-Al THE
C ()UEUL I’~ ~~~~C

~~~~ I i F ( ~ • 1 (~1 1 )  N

W h i l E .  L~. } ’ ) 2 ~
)

X00= PUO .Pr~ (1~~1)
L’C 1 I~~i.’<
X C  I ) =n- ( I ) * POU +P~~* t — P (  I , 1)
1 1 = 1 — )  1

DC i ~1 .:~~.T

~ 11  ~ I i >  ,,- - ( I  • —~~- i _ ~‘ —t— (Nu. 1)
-~ C 1 ~~l IN C I

- -- ~~~~~~~~~~~~~~~~~~ -— -—--  
~~~~~~
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4 L)O ~ J~~I .l 21
Y ( I,j )~~P O * P P ( L , J + 1 )
IF ( I . E O .l )G C 1C  S1
DC) 5 NV= 1.J!
Y (I ,j)~~Y (T , J )+~~(T ~~N V ) *PP (bv ,J ,1)

S CO NI INUE
~ 1 CON TIN U E
2 CONI INLE
I COt-I INI E

DC 6 I~~kl.L1 1
NUI I—K
NU2 NU).1
IJ~~I— 1 F
~ 
(1) —0 41Rr (I + 1 .1)

Do ~f Nt N t  ~ , I
X C I )  = 4* (1) •P C I • l— ~’ U)  ~~-~H (NI) ,)

7 CO NT INU F
DL) 9 j~~1 .i ? l
Y ( I ‘J )  P0* PP (I .~~~

+ j
tIC H NV= NI  I • II

~ COUT Jr i F

~ cor ’.i lINt - F

~ CC II INI F -

X ( L I )  =~~~~ .C

DO iO “ I ~~~ 1 • ‘
X (L I ) ~ (L i) +~~ (~~~- ( .  ) ~~~~ (Li + j — ~ U’!)

Iv U G N I  m t-F
Do II J=1 .12)
V (L1,j)~~l— (L I ,j.)

]
~ ~~I~~~ C •Ic

V (I. I • .~ 
) =V ( 1 1 • •I~ NL ) 

~U— i-- CL —N I~ •1)
I c ?  CCNT !t- - I f -

-

11 CON1 I ’ . t - E
P 0O t - U * y Cj~

C
C 7 ( 1 )  ( U . IA T F S  FI k~ T Ir- t. C r c ~S A 1 v  A NC Nf~~1 T ’— E C I S T P I H U T I C N
C CF 1 t-t LIt- if I r NC r i- A (frt~ I I fr . t-C INT CONS IDERED.
C ~~N C Ci -i 4 ~L~~ ‘t i -  ~‘‘ AN .LtL ! L~~- (:It- A T It-I. TIME POINT
C r(t ~s1 UI- -- F 1.-.
(.

$1. I .= I • —P 0.”

~ - 1~ I I ‘I I
/ (1 ) .1 • 0)
I C  I” ~I= 1 -t c
t—’I- (I •J) ~ (1~~4..) • t -  C ...) *~$~ ( J
1( 1)  / (1) •t - - ’ -  l~ .j

15 (o~~i Ic - - I - ’ -

C C T
/ ( I ) = / ( f l +L t~~
~~~ r = * . n • I .— / (1)
I - ,  It - 1 =~— •L 1
E (1 )~~/ l T ) + 7 (i — I )
X t - 0 -  A t- i t +1 .— i l  J )

1~-l CO~ 1 I M p

35
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~ -: ~~~ ,;

!~ t--~~ - -
. 4 ’

I I- On.  It ~I j •
t: I~ • ( I )  (~t . . i I ;  ~

X N N
C • X N I

IFR ~1.LI. ”.R) Ic I i - 3 1 4 1
IF ( t 1 . C- T .  .~-.) ~~~~
i F  (~~ T r ~~ I4..~~L . I)  ‘d O  — u I ..
J F 0$- ~~~~~~~~~~~ ~,C1t. ~~t~~’ ’~

20 0b (U I. lIc ’t F
C
C T H I~ H)r~ I I (’t ~ ‘F i t - i- Pp. tj C-n- Ci r. ( - i - U f t S  i l— I- C ISTHIb U I ION OF
C THE VIt ~1Ut. 1 ‘~r 1i IN(- 1 ifr f i..1 II~~c N. i l - F A L GO RIT HM I’- AN
C A N -A L~~L -t E OF hC h NE ~~i~ ~N IhC t .  t - c .; THE E V A L U A T I C r ’. OF Ok&.1—
C ~. A t - Y FO L Y : \ O M J ~~ L S ,  — L T  A I : A P T F U  •~~t.~~ $- 1U CCtIV LCIII ON P~ UuoC 1S.
C

I F ( Ic I t . ’-’T? .F O . i ~) C- ..1C 2 h
2010 CON1INI F

N 32 .11.L ?

~1 (J )  =PF (
~ I , -...)

3/ C C L I  J 1 ’ . ( I1

i~~ J=L~~~.I- I
~T ( J ) t •

33 COi’~T TNI F
MN 1 1

N i  ?
N ‘+ = L r

DC :j~. JX 1 .L I I

JX 1 L1—j) ’

M N4=MN?+ L2

DO 35 J r - .I N 4
j  I- = F’- N S— j
l’i I ( ..i-~ 

) 0 •
(-tNt M A Y O ( 1 ,  j R — M N ?
MN7 M I t O ( I  2,.~~— 1 )
00 35 $-~1 Nb, t

~N7
1 (4.j’~) t’T (j ~.)  k ( N~~~)~~I~~~( (..p~—~-L )

35 C O N I I N I F

DC 37 J J 1 , L C
W l (JJ) WI( jJ )+Pt -LX 1,...J)

37 CON TIN u E
3’. CON TI NUt-

~!.I (1 ) ~~- 0 ( . - ~ 1 (1 )
LM N / .— P u -~—I. 1 (1)
IcC - &  J = ? .~~~1
wT ( , j ) I -T  ( j )  •wl (.j—i
/MN=?P4t ’4I •—~~1 U)

36 CONTI NUE
2 00t- C ONT 1N UF

C
C THE W R I T E  9 T A T F ~~ t N T S  FC R  )$- E R F CUl~~11) O U T H iT .
C
2009 W H I T E  (3 ,1 r 1 F . ) N , X M i ~

W R ITE C 3 • I -
~ 12)

36
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HI~ I It ~ (3. 1~ iP )~
..~t - 1 T E  (N ,1 ie )
DC 4ODC l= I.L 1
IF (i (I).LF .O.~~~~~~ OC TO 40,00
L l k= I~~~I

GO 10 4 0 1 0
4 0 0 0  CO NT INIIE
4 0 10  C O NT I N U E

T I L t  ~ • I r~ 1 1)  Ni  ,~~t 0  , ( 1 , 2 ( 1 )  . 1= 1  •L LP )
WR lIE (3~ 1 (1 2 )
I F ( K T F j S T ? .F ( : . 0 .A N L . .c l E S l 4 . c G . 0 )  G O TC 2n 07
~~~ I FE (1 . 1 ~~ 1) N • ?M I~

~~ i t t  (‘ .1 r 12)
DO ‘4 1 0 ”  I = 1 . ” l
I F ( w T ( l ) . t i - .0 .~~S R , 9 )  00 10 4 1 0 0

IF- I +
0,0 1 0 ~ 1 1c ~

‘.10) CC-~IINI’E
‘.110 CCNTIO. 1 .IF

W k I t E ( 3 , 1 C ? 0 ) N , N I , P0U , U , t . T ( j ) , ,~= 1 , M 1 P )
2 (107  CONTI N UE

I F ( ’ ~T t 5 T l . E C . O )  GC TC é 0 0 4
w t i I l L ( 3 ,I P 1 2 ’ )
WI- liE (3. 1(1 q )N
W I-  l iE ( 3. 10 15 )  P00
WI - I TI (3~ 1012 )
DO 17 1 1.LI
WI - lIE ( 3. 111.5) 1’ (F’- ( I ,_ ) J 1  .L2)

17 CU N I I N U E
2~0O4 o,t, 10 200’
2 00S ~P ,hI E (1,9v P )

3. 3” 0(i ) A I 1
3000 F C R M A T ( / ,l I ,�fll = �. E �0. l t)

“ J -ITE (‘..3100) X l i
3 100 F O R 4 A 1 ( , . i X , � E ~~R O b ,  X II = r.E2C .10)

C
C T~~F F O I - P.~AT cT A I E W E N I S .
C

997 F C J R M A T ( ! 1 • 1 2 )
99~~ F~)P~~A I �  siTTE N 1 I C N ~ l IRE AR E EN R O RS IN IHE INPUT S.

~ � DA TA. Pt EA SE C l - t C t~. *)
999 F J P t v A I (I i

1000 FOR .’Al (�l i
1001 FO R M A T (1 3
1002 l - C R M A I (3 F 7 . 5)
1003 F O I - f r A T (F 7.’~)
1004 F O R N A T (I 4 )
lOuS FO RM A T (3A.1 3 ,I r) F7. 4, (€X,IO F7.4)
b ce, F O R M A l  (/ / 1

37 
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1007 FC RM A I (*  THE 0FN ~~I1Y OF T t-E NLM (~ER OF A R R I V A L S  PERs ,
*� U N I T  OF T1fr€ X ,// (2X,IO (I4 ,F8 .~~)))

1008 FO RMA1( ~ THE IN I T I AL QIJELF LE NG TH IS �.13 ,/* IHE*,
•� I N I 1 I A L  R ESI DU AL SER VICE lIME IS ~,I3)

1 009 FO PMA T( * THE bUM PER CF TIMF POINTS COMPUTED IS.,
* 14)

101 0 FC RMA T (� TI- E DENSIT Y CF iu- c SE Rv ICE TI ’~ES~~,//2x,

1011 F O R M A T  (3X,10( l4 ,F ~~.5)
1012 F O R M Al (I)
1013 FOR ,~A T( 2x.s T t- E P~E~~N NI- . uF A R R I V A L S  PEP tjbI1 — T1I ’*Ev � ,

a flO. 4,/* THE M E A N  SLI -VI C E TIM E ”$,F10 .4)
1014 FO PMA I (*1 ,,/,/,� lI-I I R A N S T E N T  b E H A V I O R  OF A A ,

*�DISCt -F TI T I M E  0U~ UE ~.IT h A F I N i T E  W A IT 1NE POOM A ,

1 015 FCRI-iA I( $ ‘HE CU€ Cj~ IS E M P1~ W I ll- PRObA ~~ILITY A ,

I 0 1~~ F OP MA T ( *  A T  l IM E  N ~~~,l 4 ,A lI -I M E A N  1~U PUE  L E N GTHs ,

*� E CU MLS X.i - 1G .’ .)
1017 FOR M A I ( �  THE CUEU ~ C H A H A I T F I - I S T I C S  41 TIME N A ,

—4.

I O 1 II FO P~~AT ( 2  T t t ( -  C~l 5 T h l h L 1 l C N  oF It- I QUEU E L E N G T H  ~~,

*�LT T I” F ~ =

1 019 F CP M A I (s  it-I. J O I N i  C tN S I TY CF lu- I NULU E LENGTH t,
*�ANC It- I ‘-1510041 SE~~~ICt. r IME A T TI M E N 5 ,14/)

1O? O F O t - ’ A I ( S  It-I C I S T H I b U 1 I O N  oF THE WA IT IIc I C- T IME AT A.
P =

102 1  FCb MA I ( �  i l-il ME A N w Ail j NUlI M E A l TIME N =5,14,
*s lSt ,F 1� .4 )

1022 fC~ M A T (s  Ti-il L P P F t - L i M I T  Of- THE N UMRE R OF ARR IVAL S S.
*~~ PF-~ UNI T CF T I M E  lSi.li .,s TI- I UPPER L I M I T  OF THEA ,
*5 NUM~—El-. C E U N I T S  OF S t R V I CE T I M L  R~ N CUSTOMER 1St,
*1 3,/A 1H~ UPI-EN L I M I l  10 l~~E bL I-HE N OF CU STOM ER SA.
*5 ~ i- it -F Y S I E~~ 1 5 5 ,14 /)

INC

38
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A.2 CHISQ .F4 — PREPROCESSING PROGRAM

Cl . RE AD lb THE SA M P L E  CF A R R I V A L S PER UNIT TIME: .
C2. SORT 1HE SAYPL I P y N U M b E R  OF A R R I VA L S .
C3. CHEC PO IF TFu~ SAM PLE IS A POI SSON FROCESS .

DI MENSION A l  (101 ) ,P 1 (101 ).IF (1O)
C. A l ( I ) NUMHFR OF CCC UMAN C E S OF I—I  A R R I V A L S  PER UNIT TIME.
C. N = T O T A L  SAM PLE FC jt l ~~.

f*EAfJ(20 , IOu H
SoI~~O.
SUM2 =O .
JMA X =u
SMA LL =O •
DC 900 1 1 , iC1

coo A 1 (l ) = ~~.
00 lOo n I=l.N
l- EAD (cO.L C - l)) IA
IF (I4 .~,f.”)GC TO ‘400(1
A l  (1 ) A 1  (1) +1
GO TO 1000

4 0 0 0  CO NT INUE
0)0 5 0 0 0  j = 1 , i O 0
I F ( I A .Gl .J ) C ’ C  1C ~ O 0 v
A l  (j. I) A 1  ( . .J ’ 1 ) • 1
SUti = So ”- ’ IA
SU Mc=SLJ M ?,1 A * IA
I F  (.. • C, I . .$‘~A * ) Jt ’A X

~,C IC 10 0 ”
5000 CG \ F IN$ F

1O 0~ CO’.I1N $~t ~~ t.~~. =~~- i  ~~~~
V A . ~~=5 t , n~ / / P  — E N E £.N*t. M$- /*~~
‘- 4 1 j ( ) I A I - / F  Mt A N
TY I-’ t “~o.r~- f 4 N.vA.~,~ A 1 10
IF t - A t T ( .I T . C .w . . t 4 1 I J . 0 T . 1 . 2 ) o , O lo ’-99c

C. Vi t - I F Y iF It-F (.AM P I F  IS I -OI S~~CN
iF” IN = I

F AC 1 = I .
F X I - A = 1  AM ( — F  I-F AN)
F ME 1-7.. 1 1
Pb (I )  F ~~~~~~~~

e - L l (J C(J NI It -..I F
uo ‘-0.1’ J? j ’~ IN . . t~.1X
F AC I =F -.C I ” T
F ME Mt... 1= F ~~~ AN I ’ F MI- At.,

t - = r  x i - - A ”~ “ ‘ - t. ,\ lit A C I
100.) Pi(I .b ) I—~’ I

IF (1- 1 (JM4fl •Lf .~~I-sLL )C-U TO e2OC
JI- II- ..: JP.’ A X  • I
J~ A X j ” lAt .1
(‘C TO ~1d ’-

p- ,- ( ’ ( . LCN11-W ~
I)( .f =J fr A X

‘ - I L = ’ - i ( I )
A IL =4 I C  1 )
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- - I r ’- i t j P  t~~
61 r- c j  (Jr
1 - i . r~~~~I - ’ ~~~~~~~~
IF (.—I0 •r-~~.c~~A LL ) (t. I~ ‘ 3 l (.

- AL ’- II •i-- 1 (1 )
1L .A 1t~ +t  1( 1 )

I L = 1
L ( ~F ~ l)1~ — 1

~-fl I) CC~.1I1- ~~
IF (‘— l .-- .(-t • ‘~ ‘Pl I )(- L ~~~~ 

r

~ 1h~~- I ’— .’- l ( j f r t . ’ — ! i
-~ I ‘— = .~ I ~~ + t~ 1 ( jr . .~ ~ — H
It -=~ -~~~— I

(.~ F = [‘~~ ‘ — I
e32~1 IF ( l - 1 l .(1 . - ’- I-L I • ..~~I • I — ( r .,,F .~~M A L I ) ( - C  I C  ~‘~4(j()

e- H’I) C1.t.l IN ~~
t4LD CI~.N1 T I \ I J F

[-L ~F 
_N

~ —1
1L 1 I L•)
Ih i 1 h 1

I~~= (~~lL —--~~L )~~~-~~?/ l  IL. ~~~~~~~~~~~~~~~~~~~~
L - C  ~—~-. . - I J ii 1 .1 ~ 1
Ci- it ( ‘—it • ( 1 - 0 ( I )  — -  1 ( 1 ) )  *-1 .,I- 1 (1 )

- -4.- 1- b I l l  (1 (1- C I . ’
TV,- - ~~ ( • -T ~- ,~
II ~ I ‘.. ‘-, --

I v. - - 1 - i
~~~~~~~~~ CO d I ’~ I t

1 V .- ~~~~

DC ‘ - O u r ’  1 1  ~~~~~~~ • 1.’

rc ~ O i  J 1.I(

i—Oi( l~~ (.i) ( T — l ) ’ .— i
TV ~- ‘- ‘-“ i) • C I i-- ( ) , J 1 • I C
IV,— E ‘— ‘ (i. (‘-‘ I I 1 ( j )  ‘1) • j 1  ‘i C )

E L J O ( I  V I— ’- ~~-~~.(.~I (Ii- (J )~~I).J 1, ...)
100 F C - ’.ti T (1~ I
2u0 FU . v MT I,. ’ • •~~F~~~ L~i \ , V A ’ ~ ,V / P ~
‘.00 F~~~- ’ 4 I t/ , 1~~ , J C t - 1  ~~ •L.CF
4c~0 Fu l - -- - t . i (/ / .) * .~~ A Ml ~L~ ,tA.~ir Ft - t - U /C h~ VL F P E M  TA ’-’LE v~~,/)
‘-00 FC- ”A I (/• 1 *.1 ) (I ~~. it ) I
t -OO F ,~ l. - ’ i ~ i I l X . I O ( I X ,F— .I
700 F(c,- ? - A f ( / / .1 X ,:lt- f ~.AI ~ RL i (i- N NC] HF PO !SSCN �)

EN P
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A.3 KOLMOG.F4 POSIPROCESSING PROG RAM

I-
C Tt - I’~ C( ~~L”’ O A ’  L F V E L O R I . r  I -V  LI S’-IN YUAN. TM A NSROR TAIIOF ’ ,
C Sv Slf1 - -~ Cc N I E~~. tI’C1. C A ~~~~~~~~~ T C C , E , M A 5 5 .•  MA’V I97~~.
C l . fl-I’ I-l-OU - 4fr (C P s ~ ,ti S T I -F r,rS~ I -VLL w A I l I N G  TIME [ J I S T N i 8 1 . ~Tj ON
C l . o’.l lt - i t -F  ‘IIE LI.ING MC UI L UFi -~~PA l E U WA 1IIN (, TIME CIS TRIthjTION USING
C). KCLMQ~,CROrF lEST.

r 1 M r N c I o ~ Ot- I~P C ( ~~o C )  •( 1Fl~O (cOO )
1)0 16fl0 T I . ~~UC

I I ) = c’
( F H ’ U 1 ) .

1000 CCt-.1l~~ c
40 0 1 .  P t ,Mt-~’i ( F5.u)
C. I N PUT S ~POI- C LEL1 - ING MC I) FL

i’v (—F ~-Gfl0
FO~~F~A I I / , ,:1.LM t-fir . CF CLAS ~~1S I-’v c, E0EINr, MO 0~L = �,/,4X)

AC C f i--l 41I) ’J.~’()
,, ‘ - J 1 i - ( 1 1 . 4 b 0 U H~C’
T Y i — ~-. ‘-)~~ l’

~~~ fowr .A l (,, 1 x, .1yp. F Ii - It-f ’ ONE A l A T f l~E ,,ITr-- —1 . AS T HE I s Ts . / )
A l C r p - I 4 ’ .(~ Ft - t . C 1 ) , I = l , ~- C )
¶.1-. j  1~~ (I i  • M? 1 0) ((~F .C (I) .1 = I •Nl.~ I

‘.21u F U..,..AT (F 7 .~~)
‘.100 Ft.t-’-j~~V (T3 )
‘.cOO F (.~ r A T ( r 7.~~)
C. F A C T O ~~~G IJF U ~~JNG L N I J  TI /OI~~E I -V E C UNIT TIME.

I r  ~ 4 ” ’ )
e~400 F0p4 r~n T C , , 1 A . � f A € T C p  = ~ ,/ , 4X )

A C C I I— 1 4”(~t j , F A C T~~ M

~t - I T E ( I 1 . 4 O C Q ) F~~CTG ’ -.
F A C T , I - = 1  ~/F.A ( T OP

C. INI -U T S F F0 ” ot-cFI-VErJ DATA
J= I
s F . -  F .= e.
IYI— € ~‘30’t : ioe  t ( j I - M A T ( / , I X . t~~Y g.. (- IN co,~c V A L U E  ~ FREr ~ I PA IR AT A TIME $ . / , 4 X )

‘000 CCi~l1NUF
~((~~ i - — )  ‘.?~ t ,C r- SV ,Ft-tC
i-Ik j I 1 ( 1 L’,’.2CO)CP~~v, Fh ~~(.

‘.~ /j . F O s ~MA l ( ? F C , . O )

1 t ( G t I ~ V . L T . — G . 0 1 ) G C  10 2 1 1 0
IOHSV 0t3~ V*fA C 10N .1 .~
~~~~~~~~~~~~~~~ IC c i O O

C-U IC 20l’ O
cl fl( i Uhf —~

)Ij
~~SFREC

~~= In~ cV
SF Pt O~ C F ~ I • F C
(10 10 200.)

2 1 1 0  C C N T I N UF

N SF -I I’I
SF I-I 1. 1 SF RtC
CC) ?tOO ‘=l ,IC ,-Sv
Or- F t - (j  I)=0! PF I-’~(I I ~SFIEO
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2200 CONTI N UF
C. GET M A X  A B C D E V I A T E  FOR lESi 1

OMAX = 0 .
DO 2300 T=2 ,IOE Sv
IF (OBFPO (1) ,LE .O.OOO 00l)~-n TO 2300
IF (OF P0 (I) •LE .0. (100001) OFPC (I) = 1 .
DEV=4E45 ((‘BERG (I) —O FR C (I))
IF (OEV.GT.0 l-’AX )D r -rA X CEV

2 3 0 0  (UNT INIJ F
F N N
SOI -TN~~~OI T  (F b I
TY PE 5000.N ,SQI -Tb ,CMA X

S000 FORM A 1 (.,,1X ,�N. 5t0R IN,DM A~ = � ,I4,F l0 .S.F9.S)
1YPE “100

5100  For - CMAT( , ,1x ,� c RsI.kV~~C : 5)
TYPE ~~~~, (CFF1~O (I) .1=1 ,inb 5V )

t200 FC’QMAT(5F’i ,b,/)
TYPE C~I00

b300 FOP”~ l (,,lA,� COi’PL1ED : ~)IF ( IO~~sV .GT .N C ) N L = I O I - SV

T Y P E  ?O~.,(0FPC(1 ) ,1 ~~l ,N C u
I Ni

230 Copies  
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