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CHAPTER 1
INTRODUCTION

1.1 Systems Simulation

Simulation is a process in which a'model of a systém is analyzed to
gain more insight into the system's behavior and performance characteristics.
The model used should reflect all the important characteristics of the
system being studied. The model describing a system can assume a variety
of forms, It can be a physical model (model for a gas turbine or an air-
plane), an analog model, a symbolic model built with mathematical equations;
or the model used can be a logical medel, represented by a computer program.
Computer simulation is essentially warking with logical models of this
kind. The magnitude and complexities of the problems encountered in
modern industrial and technological areas ha@e prompted the development
and use of computer simulation,

Mihram (3, p. 214) mentions that all simulation models can be classified

as either dynamic or static. Dynamic models exhibit properties that change

with time. In dynamic models, time is considered to be ome of the imnortant
state variables, whereas in static models time is not taken into considera-
tion at all. A second scheme reported by Mihram classifies the models as

stochastic and deterministic, A stochastic model mimics the random behavior

of a system simulated. But in a deterministic model the random behavior
of a system is not represented., In this work we shall primarily deal with
dynamic models of the stochastie variety, When digital computers are used

to simulate dynamle systems the continuous flow of time can be approximated



in two ways. The two metheds as illustrated by Emshoff and Sisson (2, p. 1943

are shown in Tigure l.1l. 1In the first methed, known as fixed-time iniewn

simulation, time is advanced in discrete, equal intervals.. In the szaomnd
method time is broken into discrete intervals- that represent the tims:
between interactions among different elements of a system. These inter-
actions result in a change in the state of the system and as seen in Figure

1,1, the time intervals between such state changes ars generally unequal.

The simulation thus performed is called a next-evant zimulation. It is geen

in Figure 1.1 that in fixed-time interval simulation, in many time intarvals,
there are no state changes, This wmay lead to inefficient time-advance
computations. Further, in this method some loss of informationm about the
system's behavior is possible due to the uncertainty about the point in
tine ét which the state of the gystem changes within each time interval.
But this method is better suited than next-event s%mu@atﬁon.xq sys;égguypggggg
one or more of the state variables change continuously and can not be approx-
_imated by discrete state changes. In this work we restrict our discussion
to next-event simulation.

Elements of a system interact within the system's boundary. Mibiam
(3, p. 215) contends that there are no hard and fast rules to precisely
define the boundaries of any system. He adds-that the systemrs amalyst must
use his judgement and draw a conceptual boundary for the system considered,
such that the intefactions between the elements within the boundary do not
significantly affect the elements outside. The components of a system thus
igolated can be classified as static and tempnoral. The static ﬁomponents

are entities, their attributes and the relptiopshing between the entities.

Entities are nothing but the objects #nd elements present in the system.
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Entities are characterized by their attributes. The state of an entity
changes with time and its attributes indicate hbw much and to what states
the entities have changed. The temporal components of a system, knowm as
activities define the behavior of the system. Mihram (3, p. 218} lists
the effects of activities in a system as:- |

1. To alter any of the attributes of one or more entities

2. To change the relationships between the entities

3. To transform system properties by changing the number of

entities within the system.

Activities in general, begin with an initial event, last for a while and

then are ended by a terminal event. These two types of events are

classified as endogenous events., Another event type known as exogenous
events refer to those events that are produged:igside the system's boundary
by elements that are outside;_ Exogenous events may be used to introduce
new entities into the system. These entities which enter the system after
the simulation has begun may depart before its completion. Such entities

are called temporarv entities as opposed tc permanent entities which remain

within the system's boundary throughout the period of simulatiom.
Information aﬁout entities anﬁ events can be stored in vectors or
matrices established by the FORTRAN data declaration statements. Pritsker
and Kiviat (1, p. 14) point out that thé key to next-eventsimulation lies
in organizing system events so that the order of execution within the
computer corresponds to the order in which they would occur in the real
system, llence, in next-event simulation the relationships between events
are of prime importance. The structure that maintains the relationshipé

between entities or events is koown as a filc. The FORTRAN arrays that



- accommodate all the files used in a simulation, are called the filinpg arrays.

The tern entrv is used to daScribe'hcﬁh entities and events. An entry is
a member of a file, A collection pf entries ordered hy a common attribute
constitutes a file. The name cell is used to refer to a unit storage
location, In the ensuing discussions, unless mentioned otherwise, all
unit storage locations should be considered to be full words i.e. four

bytes long.

1.2 GASP, GASP II and GASP IIA
1.2.1 GASP, A Y¥ext-Event Simulation Language

-GASPuGeneral Activity Simulation Program- is one of the oldest next~
event simulation languages available, It was iniﬁially developed at U. S.
Steel (8). It is FORTRAN based and consists of twenty-three subprograms
which proviﬁe the analyst a framework to build a simulation model and
execute it. The names and functions of these subprograms as illustrated by
Pritsker and Kiviat (1, p.zg) are given in Table 1.1. The standard manner
of using GASP consists of precompiling all the GASP subprograms into a
program library data set. Whenever the user runs a simulation problem, the
user written subprograms are coﬁpiled and linked to the GASP data set. GASP
is modular and hence it is easily fitted into small and medium sized computers.
Since it is FORTRAN based it needs no special.coﬁpiler and can be learnad
easily., Other simulation languages such as GP3S and SIMSCRIPT need specialr
compilers to operate. -GASP bears a strong resemblance to SIMSCRIPT. Programs
written in GASP can be easily gonverted to SIHSCRIPT and vice versa. GASP Il
~which originated at Arizona State University is an outgrowth of the original

CASP (1).



Function

GASP Executive
Initialization
Information Storage and

Retrival

Subﬂrograms
SUBROUTINE GASP(NSET)

SUBROUTINE DATAN (NSET)
SUBROUTINE SET (JQ,NSET)

SUBROUTINE FILEM(JQ,NSET)

SUBROUTINE RMOVE (KCOL,JQ,NSET)
SUBROUTINE FIND(XVAL,MCODE,JQ,JATT,KCOL,NSET)
Data Collection SUBROUTEIN COLCT(X,N,NSET)

SUBROUTINE TMST(X,T,N,NSET)

Statistical Computations
and Reporting
Monitoring and Error

Reporting

SUBROUTINE HISTO(X1,A,W,N)

SUBROUTINE PRNTQ(JQ,MSET)

SUBROUTINE

SUBROUT1INE

SUMRY (NSET)

MONTR (MSET)

SUEROUTINE ERROR(J,NSET)

Random Deviate Generators SUBROUTINE DRAND(ISEED,RNUM)
FUNCTION UNFRM(A,B)

FUNCTION RNORM(J)

FUNCTION RLOGN(J)

FUNCTION ERLGHN(J)

SUBROUTINE NPOSN{J,NPSSN)
Other Support Routines FUNCTION SUMQ(JATT,JQ,NSET)

FUNCTION PRODQ(JATT,JQ,NSLT)

Table 1,1 Functional Breakdown of the GASP II1 Subpfograms.



1.2.2 GASP I1 Filing Array

GASP II uses a two-dimensional array WSET as the filing arvay. Ia
FORTRAY two-dimensional arrays are stored by columns, as one-dimensional
arrays. Siarting from the first c¢olumn, all the columns in the two-
dimensivonal array are placed one aiter another to obtain an .equivalent one-
dimensional srray. Figure 1.2 shows the correspondence betwesen a two-
dimensional array and an equivalant one-dimensional arréy. In a two-dimen-
sional array that has seven rows, the cell (I, J) will be in position
(J-I)*ﬂHI, in its equivalant one-dimensional representation. 1t is seen
in Figure 1.2 that the cell (3,2) occupies position (2-1)*5+3 = 8 in the
one-dimensiona’ array. It should be noted that the number of columns in
& two-dimensional array does not play any.role in locating a cell of the
two-dinensional array in its one-dimensional equivalant. Iu GAST 1L, the
variables MXX and ID represeﬁt the number of columns and rows, respectively,
in WSET. OSdince the value of ID is not needed to locate a cell in NSLT, iu
all the precompiled subprograms, the filing array is dimensioned as
NSET (XX, 1) by means of a DIMENSION statement. NSET is passed as an
argument to all subprograms that use the filing array. The size cf NSET is
specified by giviné a value to ID.in the user written MAIN program as
DIMENSION (X, ID). Thus, the user is able to vary the size of the filing
array for particular problems, Howeve£ by specifying the value of MXX in
all the precompiled subprogramé, a limitation is put on the numbetr of
attributes an entry can have.

Each column in the filing array accommodates an entry. The entries in
a fi}a are related and héve one oy more common attributes., One of thgge
attributes determipe the orvdering of entries in thar file, This atfributg

is called the ‘rankinr attribute', Unce this 'vanking attribute' is established
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and the r2uking Is performed, every entry in the list, except the first and
the last, should have a successor and a predecessor. In GASP II, two sets
of pointers called 'successor pointers' and 'predecessor pointers' are used
to give the columm numbers of the successor and the predecessof of an entry.
The first entry (MfE) in the file does not have a predecessor, Hence, the
first entry in each file is given a standard code 9999 as its predecessor
pointer value, Similarly, the last entry (MLE) of a file does not have a
successor and hence assumes a standard code 7777 as‘its successor pointer
value. One other standard code 8888 is used to denote the last unused column
in the filing array. The last two rows in the filing array are used to store
the successor and predecessor pointers. Those two rows are called successor
row (MX) and predecessor row (MXX) respectively, Figure 1.3 shows entries

in NSET, linked by successor and predecessor pointers.

1,2.3 GASP II Arrays

In addition to the filing array NSET, Gasp II uses a numberof other
one~-dimensional and two-dimensional arrays to carry out different data
management chores involved in a simulatien problem. According to their
functions these arrays can'be classified as:

1, Coutrol arrays for data management

2. Statistical storage arrays

3. Information storage arrays

These arrays appear in a blank common block which is used by most of
the subprograms in GASP II. It is very important for the successful use
of GASP that this common block is properly set up in all subprograms needing
access to GASP arrays. For all the arrays that appear in COMMON, suitable

dimensions should be specified in the precompiled subvrograms. A brief
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discussion on the functional breakdown of GASP arrays has been givén

below.

1.2.3 {a) Control Arrays for Data Management

Besides the f£iling array, eleven other one-dimensional arrays are
used in GASP II as control arrays for data management., These arrays can
again be subclassified according to their functions:

1. A one-dimensional buffer array for transferring data to and

from the filing array.

2. Five one-dimensional arrays to collect file statistics. These
arrays resemble the arrays SUMA and SSUMA in their functions and
are used exclusively to collect file statistics.

3. Five one-dimensional arrays for file management.

These arrays have been listed in Table 1.2 with an indication of
functions periformed by each group of arrays., Specifying the dimension
for the array ATRIE in the precompiled subprograms will 1limit the number
of attributes in an entry. Similarly, specifying the dimensions for other
control arrays wilL_;imit the number of files that can be used in a.

s

simulation problem to some prespecified value.

1.2.3 (b) Statistical Storage and Information Storage Arrays

In GASP 1I, a one-dimensional array and three two-dimensional arrays
are used to collect statistics and furnish histograms for the different
variables used in a simulation problem. Specifying the dimensions of the
arvays in the precompiled subprograms limits the number of statistics that
may be estimated by the simulation.

Twoother avrays, a one-dimensional and a two-dimensional array are

used in GASP 11 for irnformation storage. For a detaiied description of



NO. FUNCTICNS

1 Filing array

2 Control Arravs for Data Manarcement:

Buffer array

Arrays for file management

Arrays for file statistics

3 Statistical Storage Arravs:

To prepare histogréms

To collect point estimates

To collect time weighted statistics

4 Information Steorace Arravs:

To furnish parameters to stochastic
generators; other general purpese use

To store a name

12

ARRAYS

NSET (MXX,ID)

ATRIB (IM)

INN (NOQ)
KRANK (NOQ)
MLE (NOQ)
MFE (NOQ)
MLC (NOQ)
NQ (NOQ)
QTIME (NOQ)
ENG (¥OG)

NQ (NOQ)

NCELS (NHIST)
JCELS (NHIST ,MXC)
SUMA (NCLCT,J)

SSUMA (HSTAT,J)

PARAM (NPRMS,4)

NAME (M)

Taklé 1.2  Functional Breakdowm of GASP II Arrays
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all the GASP II arrays, the reader should refer to 'Simulation with GASP T1I'
by Pritsker and Kiviat (1). Figure 1.4 shows a functional breakdown of

GASP Il arrays.

1.2.4 GASP IIA Filing Arrays

The filing array NSET used iu GASP Il is an integer array, whereas
the buffer array ATRID from which the attributes are transferred to the
filing array, is a real array. During the transfer from ATRIB teo NSET
the attributes are changed from real to integer. This regquires a scale
factor to be specified by the user to minimize truncation errors (1, p.67).
Howeﬁer, the truncation errors arising out of this scalirg operation cannot
be completely eliminated, Further, storing rezl numbers in an integer array
will limit Fhe magnitude of the numbers stored. Efforts were made fo remnove
these difficulties in GASP IIA, an extended version of GASP II (1, p. 257).
Instesd of a single two-~dimensional array KELT, GASP.IIA uses two one-
dimensional arrays, RSET for storing integer attributes and QELT for
storing real attributes. This leads to the creation of ane more buffer
array called JTRIB for integer numbers. In GASP IIA the number of integer
and!real attributes in an entryrare specified through the variabies IM
and IMM respectively. Figure 1.5 (a) and 1.5 (b) show the GASP IIA filing
arrays and their relation to GASP II filing array. Even though NSET and
NSET are one-dimensional arrays, for the sake of illustratiom they have
been shown as two-dimensional arrays in Figure 1.5 (a). OQSLET has been
shown as a two-dimensional érray with five columns (ID = 5} and two rows
(IMM = 2)., Similarly, NSET has been represented as a two-dimensional array

with five columns and three rows (M¥X = 3)..
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When a particular column in OSET 1s used to store the real attributes
of an entry the corresponding column in NSET is used to store integer
attributes and the two pointers for that entry. In GASP IiA, before
starting a simulation run, the value of IMM i; determined such that the
columns in QSET shown in Figure 1.5 (a) are big enough to accommodate the
entry with the largest number of real attributes, Similarly, the value of
IM should be detefmined such that the columns in NSET are large enough to
accommodate the. entry with the largest number of integer attributes plus
the pointers of that entry.

To illustrate the determination of IM and IMM in GASP IIA, consider
the following example. Assume three files; the first f£ile, which is
always the event file will handle three different events. The number of

real and integer attributes for each event in the first file and for each

entry in the second and third files are:

Example 1.1

File 1 Real Attributes Integer Attributes
Event 1 1 1
Event 2 " 6 ’ 2
Event 3 2 2

File 2 1 6

File 3 : 2 , 2

Scanning the column for real attributes, it is seen that Event 2 in
File 1 has the largest number of real attributes. lence, the value of IMM
is fixed as 6. Similarly, the entries in File 2 regquire the largest

number of integer attributes. The value of IM is fixed as 6. Further, for



17

every entry filed, two addirional cells are required in NSET to store the

successor and the predecessor pointers; llence, the value of MXX will be 8.
Assume, the simulation will require at most 50 entries. Then, the value of
ID is fixed as 50, Once the values of IM, IMM, and ID are determined, the

sizes of NSLET and QSET can be determined as:

Number of cells in QSET = IMM * ID
= 6 x 50
= 300 cells

Number of cells in MNSET MXX # ID

8 x 50

400 cells

The combination of any one column in Nsﬁf.and the corresponding column
in QSET can be viewed as a unit filing area. Once the values of IMM and iM
are fixed, the length of the unit filing area is also fixed. Bence, the
filing area in GASP IIA is essentially made up of a finite number of fixed
length unit filing areas,

In all the precompiled GASP IIA subprograms, NSET and QSET are given

unit dimensions as:
DIMENSION NSET (1), QSET (1)

To all the subprograms that use the filing arrays, NSET and QSET are
passed as argunments. The sizes of the filinpg arrays are specified through
the DIMENSION statement in the user written MAIN program., This arrangement
allows the user to specify the filing array sizes according to the needs

of the individual problems,
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1.3 Staterant of Objectives and Iadications On Areas-for‘imﬁrovamentﬁ
1.3.1 Statevent of Objectives
The primary objectives that have motivated this work can be briefly
stated as:
1. To eliminate the dimensional restrictions of precompiled arrays.
2., To improve the utilization of CGASP 1IA arrays by restructuring
and modifications. |
3. To obtain faster execution by eliminating redundant coding,
adding new features and modifying existing features.
4., To improve the effectiveness of GASP IIA by incorporating
new facilities.
Having thu§ stated the objectives, we shall now indicate the areas.
where modifications can be made and improvements can be effected te fulfill

these objectives,

1.3.2 Difficulties Due to Dimensioning GASP IIA Arrays in Preccmpiled
Subprograms

Specifying the dimensions of GASP IIA arrays in the precompiled
subprograms will, in most cases, result inwtwo types of ﬁroblems; one dué ko
‘over dimensioning' and another due to 'under dimensioning’.

Problems due to 'over dimensioning' arise, when the storage requirenents
of a particular problem are not big enough to use the GASP IIA arrays to
their full capacity. This results in poor utilization of these arrays,
Problems due to 'under dimensioning' arise when the storage space requirement -
in a particular problem exceed the amount of storage space reserved by
specifying the dimensions of precompiled GASP IIA arrays. The GASP IIA arrays

act as a built-in constraint, because specifying their dimensions in the



- 19

precompiled subprograms puts upper limits to the values of many GASP
variables. Once specified, the dimensions of the precompiled arrays are

not changeable without recompiling most of the GASP subproérams. GASP IIA
has been used for research work at Kansas State University. Experience has
shown that GASP needs to be recompiled at least once each year to modify the
dimensions of one or more of the GASP arrzys. In Chapter 2 ways and means
have been suggestéd to overcome the prdblems due to.'over dimensioning'

and "under dimensioning’.

1.3.3 Poor Storage Space Utilizaﬁion in the Filing Area

In GASP IIA.ghen an entry is filed, if éhe number of floating point
attributes in that entry is less than the IMM value specified, then the
remaining cells in that column of QSET are not utilized., Similar wastage
occurs in NSET when the number of fixed point attributes in the entry filed
in less than IM. - .

In Exarple 1.1, five different iypes of entries are involved. The
three events in File 1 use three different types of entries. File 2 and
File 3 use two other types of entries. The type of an entry depends on
what the attributes of that entry represené. Figure 1.6 shows the numoer
of unused cells for each type of entry. A new method for storing the

attributes has been outlined in Chapter 2, This method gives a better

utilization of storage space in the filing area.

1.3.4 Unnecessary Movement of Entries to and from Duffer Arrays

In GASP IIA whenever an entry is to be filed the real attributes are
first placed in the buffer array ATRIBE and the integer attributes are
placed in the buffer array JTRIL. Then the user cails the subroutine FILEM

which inserts the attributes placed in ATRIB into a column in ASET and the
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1 2 3 4 5
1{rd il fesf kisl Fis
2| x r22|  1F23 48 25
3] x| [F32 X % x | osEr
41 X F42 X X X
5] X% F52 < X X
D=6 | X| |F62 X X X
File 1 File 2 File 3
1|l {rizl |3 s 119
2| % 122 |123] 24 125
3] X X X 134 X
4 | x X x| [ua X | NSET
51 X X b4 154 X
IM=7 | X T X T64 %
MX=7 | S 3 ER s S
MKX=8 | P P P P P
Number of Unused
Cells: 10 4 8 5 8
LEGEND _
FMY - Mth floating point attribute of the nth type entry.

1M - nEP £ixed point attribute of the Nth tvpe entry,

X - Space allocated but not usad.

Figure 1.6 Util:izatien of Storage Space in GASP IIA
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attributes placed in JTRIE iute a corresponding column in NSET. Similarly,
whenever the user needs the attributes of an entry for further manipulations
he «alis the subroutine RMOVE which transfers the attributes of that entry
from Q5LT to ATRIB and NSET te JTRIL. The attributes thus placed in ATRIE
gud JTRIL are available to the user. The wovement of entries to and from
puffer arrays are unnecessary and time consuming. A modified data storage
and retrieval procedure in whieh the user communicates directly with the
filing arrvay without buffer arrays acting as intermediaries has been

praposed in Chapter 3, This method should help to achieve faster execution.

ome More Proposals for Lmprevements

1.3.3

en

In BASP IIA whenever a file printout is requested the subroutiﬁe
MONTR prints out the entire filing area, both the used and unused part of
it., This involves a large amount of IfO-aperations. Also, it is difficuit
gu sort out the contents of {he individual files from this printout. Heuce,
g wodified method has been propoged iu Chapter 3 with an aiﬁ to reduce the
guaunt of I/0 operations iﬁvalved and get more relevant information from

ghe £11

Hrp

printouts, Another propesed extension mentioned in Chapter 3 is
the selective monitoring of events. !

The addition of new random number gemeratorshas been discussed in
Ghapter 4. Every atochaétic generator in GASP IIA uses the randem number
geperator. The random mumber gemerator is at the heart of any stochastic
gimulation. Hence, if the random number generator is improved, it will
irmprove the performancerof all stochastic generators in general. The
provision of a separate generator for antithetic random numbers has also
been discuszsed. A proposal for a new RESET sﬁbroutine has also been made

in Ghapter 4, The results of this work hias been discussed in Chapter 2.



Ezxtensive restructuring of GASP IIA is required to fulfill our
objectives. This involves conceptual changes in the working of many
subprograms and a great amount of recocding. We have named the new,

restructured GASP as GASP IIP; 'P' for pointers.

42
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CHAPTER 2
RESTRUCTING THE GASP ARRAYS

2.1 Elininating the Constraints Imposed By Precompiled Arravs

In GASP IIA, except for the filing arravs NSET and QSEf. all the other
arrays appear in a blank COMMON block used by most of the GASP subprograms.
These arravs appearing in thé_COMMDN block should be suitably dimensioned
in the precompiled subprograms. This creétes problems due to 'over
dimensioning' and 'under dimensioning'. ‘'Over dimensioning' results in
poor storage space utilization., ‘'Under dimensioning' makes the GASP arrays
act as built-in constraints and necessitates the recompilation of GASP
subprograns whenever the dimensions of one or more of the GASP arrays have
to be altered,

We propose to overcome these problems by using a set of pointers and
a single one-dimensional arrav that serves the.purpose of all the GASP IIA
grrays. Dy using the pointers we shall arrange all the GAST arrays, one

after another, into a single one~dimensional array. This will be explained

-

in Section 2.2. Tor the present let us assume this is pessible., Before we

can accopmodate all the GASP IIA arrays into a one-dimensional array we

should convert the two~dimensional arrays in CASP IIA into oue-~dimensicnail

arrays. Here we should note that some of the GASP arrays are integer arrzys

s -

and some are real mumber arravs. So,. the GASP IIP arrav should be able to
accormodate real numbers as well as integer numbers. To enable this we shall
give two different names to the GASP 1IP arrav; an integer name NSET and

-~

a real name (O5ET, Ve can accpmplish this by declaring tws arrays UGLET and
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OSET in a DNIMEMGION stateﬁeﬁt i rhae main prospram and then making them
equivalent as:. |
E&Eﬁ
NIMENSION MNSET(N) ,QSET(N)
EQUIVALENCE (MSET(1),QSET(1))
where N is the desired size of the GASP IIP array. DBut, we would like to
have HSET and OSET in COMMON, so that fhey need not be passed as arguments
to other subprograns. The FORTRAN IV compiler does not allow two variables
specified in a COMMON statement to be made equivalent. We can get around
this difficultvy by specifying the size of the GASP IIP array in the user
written MAIN program as indicated below:
HALH
DIMENSION QSET(N)
COMMON VAR1,VARZ,.....,VARN,NSET(1)
EQUIVALENCE (NSET{1),0SET{(1))

The above procedure pulls OSET inte the GASP IIP blank COMON block
and makes it equivalent té MSET. The GASP IIP array of length specified
in the DIMENSION statement is set up at the end of the COMMON block. In
all the precompiled GASP subprograms, !SET and OSET are given unit dimen-
sions as:

GASP subnrorrams

DIMENSION 0OSLT(1)
COMMON VARL,VARZ, . 4444, VARN,HSET(1)
EQUIVALENCE {NSET(1),0SET(1))

This procedure has three distinct features:
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1, The exact dimension of the GASP IIP arrav need not be specified
in the precompiled subprogranms,

2. NSET and OSET are placed in COMION, llence, they ﬁeed ot be
pasged as arguments to the called su;programs.

3. NSET and NSET ara equivalent, Ilence the GASP array can he
referved to either as HSET or as OSET i.,e, the same arrayv can
handle béth integer and reazl numbers, Thus we have eliminated
the constraints imposed by precompiled GASP arrays.

2.2 The Concept of Pointers and Elimination of Problems Due to ‘Over

Dimensioning’

GASP IIP used a set of twenty-two pointers which divide the GASP IIP

arrav into twenty-two segments of different lengths as shown in Figuve 2,1,
A pointey indicates the beginning of a segment, The value of a pointer is

equal to thé length of the GASP IIP arrav previous to that pointer, Lence,
Value of NtB pointer=value of (M-1)th pointertLength of (1=1) P segment

It can be seen from Figure 2,1 that the value of the pointer THN will
always be zero, The lasp segment of the GASP ITY array, indicated by the
pointer NFIL is used as the filing area, Lach of the twentv-two segments
in the GASP I1IP arrav can be lecched upon as being equal to a one-«dimensional
array, Table 2,1 shows the relationship between GASP ITA one~dimensional
arrays and their cérresnoading segnents in the GASP TIIP array. For every
one-dinensional array in GASP IIA, a pointer has been provided in GASP IIP,
Usinf, these pointers the GASP IIA one-dimensional arrays have been arranged

one after another in the GASP 1IP arrav,
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GASP IIA
IKN{JQ)
KRANK (JQ)
MAXNQ(JQ)
MFE (JQ)
MLC(JQ)
MLE(JQ)
§Q(IQ)
wmQ(JQ)
ENQ(JQ)
NQTH(JQ)
NCELS (IV)

IX(I)

27

GASP IIP
NSET (INN+IQ)
NSET (KRANK+JQ)
NSET (MAXNQ+JQ)
NSET (MFE+JQ) 1€JQsNOQ
NSET (MLC+JQ)
NSET (MLE+JQ)
NSET (NQ+JQ)
QSET (NVNG+JQ)

QSET (RENQ+JINQ)

NSET (NQTM+JQ)
NSET (JHIST+JQ) 1¢NeNHIST

NSET(IX+I) 1<I<NSEED

Table 2.1 Correspondence between -GASP IIA One-dimensional

Arrays and Segments of GASP IIP Array.
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The two-dimensional arravs in GASP IIA - SUMA, SS5UMA, PARAM, JCELS -
have been converted into one-dimensional afrays before being aﬁcdmmodated
into the GASP IIP arrav., The arrays SUMA and SSUMA have been made to
occupy the same segment, the beginning of which is indicated by ;hé
pointer IISIMA, First the values of SIMMA or the statistics collected by
the subroutine COLCT are stored and then the values of SSUMA or the
statistics collected by the THMST subroutine, Similarly, GASP IIA arrays
NCELS and JCELS have been acconmodated into the same segment using the pointer
JHIST, The array PARAM has been fitted into the GASP IIP array using the
pointer NPARM., Table 2,2 shows the relation between the two=-dimensional
arrays of GASP I7A and their corresponding segments in the GASP IIP array.

Apart from the segments shovm in Table 2,1 and 2,2, seven other segments
are used to store the values of varisbles newly introduced in GASP IIP.
Table 2,3 gives the names of the pointers associated with the segments and
illustrates how the lengths of these segments can be calculated. The total

length of the GASP TIP array can be obtained by the following expression,

Total length = (12%NOQ)+(3*NEVNT)+(4*HPRMS)+(6*NCLCT)+{(7*NSTAT)

‘ MHIST '
+{4*NHIST) + ( I' NSET (JHIST+N) ) NSEEDH (ID#MEX) -2
N=1

The values of the variables appearing in the above expression will
normally be known before a simulation ruh is made; Hence an estimate of
the GASP 1IP arrav length can be made. According to this estimate the
slze of OSET is specified through a DIMEMNSION statement in the user written
MAIN progran, For every simulation prohlem the valués of the pointers which -
determine the lenpgths of the sepments are calculatéd at execute time to

matisfy the specific storage space requirements of that problem. As a result,



GASP TIA

SUMA(KN,J)
1§N§NCLCT

1£J<5

SSUMA(N,J)
1€NNSTAT

1<J<5

JCELS{N,IC)
1<HgNHIST

1sIC< (NCELS(N) 2)

PARAM(I,J)
1<I¢NPRMS

1leJg4

INDX

(N-1) *5+J

(NCLCT+N-1) #5+J

NHIST

(N-1)
+ ) NSET(JHIST+I)
I=1

+ (N-1)*2+IC

(I=-1)*4+J
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GASP 1TA

QSET (NSUMA+INDX)

QSET (NSUMA+INDX)

NSET (JHIST+INDX)

QSET (NPARM+INDX)

Table 2.2 Correspondence between GASP IIA Two-dimensional

Arrays and Segments of CASP IIP Array



Number Name of Tpinter Lencth of Peinter DATAX Card Tvpe

1 TN NOQ 2
2 KRANK. NOQ 2
3 MAXNQ NOQ . 2
4 MFE NOQ 2
5 MLC NOGQ 2
6 MLE NOQ 2
7 NQ NOQ ' 2
8 NYNG NOQ 2
9 NENQ NOQ ' 2
10 NQTM NOQ 2
11 NEVNT NOQ -z
12 M WEVNT-HI0Q-1 2
13 o IMM | NEVNT+N0Q-1 ' 2
14 NPARM 4¥NPRMS 2
15 NSUMA (NCLCT+NSTAT) *5 2
16 MCLCT NCLCT ' 2
17 MTMST . NSTAT : 2
18 NRSET Nsrgm | 2
19 MHIST NHIST 2
NHIST
20 JHIST NHIST+ ) NSET(JHIST+N) 4
© N=l
+HNHIST*2
21 X NSEED 8
52 NFIL ID*MIX _ | v

Table 2.3 Poiaters in GASP IIP and Lengths of

Sepments Associated with Them.
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in &ll segments except the last one Qe achieve 1007 storage space utilization,
Thus the pointer system adopted in GAS? iIP eliminates fhe pUOr storage spacs
utilization that results from 'over dimensioning' the precompiled GASP arravs.
The GASP IIP array is more compact and enables more economical use of

available storage space than the GASP IIA arrays.

2.3 Better Utilization of the Filing Area

In example 1.1 we indicated how in GASP IIA each type of entry
under-utilized its allotted space in NSET and QSET. In GASP IIP the
names LSET and QSET refer to the same one-dimensional array. As a result,
every ¢ell in the array can be used to store either a real or an integer
number,

The last segment in the GASP IIT array, indicated by the pointer NFIL,
is used as the filing area. This segment has been shown as a two-dimensienal
array iﬁ Figure 2,2, Ve shall refer to this as the GASP IIP filing array.
Eachk column in the filing array represent a unit filing area. Hexe also
as in GASP 114, the length of the unit filing area is fixed once the value
of MXX is specified. While filing an entry first the integer attributes
are stored and then the real aﬁtributes. fhis type of attribute arrangement
is possible in GASP IIP, only because every cell in the GASP IIP array can
accommodate either a real or zn integer number. The successor and the
predecessor pointers are stored in the last two cells in every coiumn., Ve
shall once again use the values of Lxample 1.1 to illustrate how the value

of M¥X is determined in GASP IIP.
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1D
1 2 3 L 5
)
1 1 0 Ll 15 Zd
Z Z 7 iZ L7 22| HEET or DSET

4 4 9 { 14 19 24 | Successor Pointers
MXX=5 5 10 15 20 25 | Fredecessor Pointers

Figure 2.2 GASP IIP Filing Area Represented as a

Two-dimensional Arrav,



Exammle 2.2
. o T 2

et s e

A B C
File Humber of Number of Tatal Number
Hunber Real _ Inteper of Attributes
Attributes Attributes .
File 1
Event 1 1 . 1 2
Event 2 6 2 8
Event 3 2 2 4
File 2 1 6 7

File 3 2 2 4

In CASP IIP the value-of MIX is determined by the entry having the
maximum nunber of attributes, It is seen from column A that Event 2 has
the maximumi number of attributes (8), Hence, the value of MIX is fixzed
as 10, with‘two extra cells in each column pFovided for pointers. As in

Example 1,1, if ID is given a value of 50, then,

Humber of cells in
= MXX %« ID

MNSET or QSET
= j0 x 50 S

= 500 cells.

To accotmodate the same number of entries, GASP IIP needs a filing
array of 500 cells as compared to 400 cells for NSET and 300 cells for
QSET in GA3P IIA, llence, in this particular example, the filing method
followed in GASP IIP, enables a reduction of 200 cells in the filing arvea,
Figure 2,3 shows how each type of entry is stgred in the GASP IIP filing

ared,



Type of Hntry
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n

T I1Y| TI20I13 $314 | 1io
2| FIL1} T223123 |124 | 115

6| X | F42| X |I84 | X

r
o
3
g
+3

MEX=10

Kumber of 6 0 4 1 4

) o
Uausea Czils

Per Entry 10 4 8 3 8
Length of unit filing area:
GASP LIT4 «w=—= 14 cells

GASP 1IP -~-—- 10 cells

LECGEND
kL

M - Mth real artribuce of NEDR
y type entvy,

(]

e

L
T g bdl . N T
N - M dneever attribute
t

type eut

v }r .

X - Unused csil

~~— GASP I1F

--—— GASP IIA(See Example 1,1}

Figure 2,3 Number of Unused Cells per Entry in GASP IIFP
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It is seen in Figure 2.3.that for each type of entry filed, the
number of unused cells per entry is alwavs more in GASP IIA by 4 cells
than in GAST IIP. These 4 cells represent the difference in the lengths
of "GASP IIA and GASP IIP unit filinﬁ areas, The lenpth of the unit
filing area in GASP 1IA is determined by the entry having the maximum
number of real attributes and bv the entry having the maximum number of
integer attributes, The length of the uhir.filing area will be the same
in both GASP ITA aud GASP IIP, only when the same type of entry happens
to have the maximum number of integer as well as real attributes., In all
other cases the length of the unit filing area of GASP IIP will be less
than that of GASP IIA, Hence, in most cases, the number of unused cells
and also the filing area requirement will be less in GASP IIP as compaved

to GASP ITA.

2.4 Some Incidental Denefits
2.4,1 Conversicn of Two-dimensional Arravs into One-dimensionnl Arrays
.Earlier in this Chapter we mentioned about converting the GAS? LIA
two~dimensional arravs into one-dimensional arrays. This, besides epabling
us to set up the pointer system; will also result in faster execution. As
Larson (7) points out, subscript computations at object time are expensive
for multi-dimensional arrays. Further, it i1s not advisable to use a vector
when a scalar will do or to use an Nedimensional array wvhen an bN-1 dimensianal
array will do. Test programs have been run to determine the difference in
execution tine using a one-dimensional array in the place of a two-dimensional
array, These test programs are shown in Appendix A.l,
In this example the subroutine COLCT has been used aleny with a randoum

-

number generator calied DRAND., The subroutine COLCT is called rive thousand
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times to compute point estimates for the random numbers generated by

DRAND. In tﬁe first case COLCT uses a two-dimensional array SUMA to compute
point estimates., In the second case, SUMA has been used as a one-dimensional
array. The INTIME subroutine has been used to time the different sections

of the programs. Ib each case by subtracfing the time taken for razndom
nunber generation from the total execution time, the time taken for computing
the point estimate alome is computed. The results have been shown in

Table 2.4, A reduction in execution time, in excess of 12% is obtained

when a one-dimensional array is used instead of a two-dimensiomnal array.

2,4,2 Placing WSET and QSET in COMMCN

In GASP TIA, the filing arrays NSET and QSET appear in DIﬁENSION
statements and carry unit dimensions in all the precempiled subprograms.
Their sizes are specified through the DIMENSION statement in the user
written MAIN nrogram. Most of the GASP ITA subprograms need access to
NSET and QSET and to these subprograms NSET and OSET are passed as argu-
ments., In GASP IIP, the names NSET and QSET refer to the same one-
dimensional array which has been accommodated at the end of the blank
COMMON block. Since in GASP IIP NSET and QSET are in COMMON, they need
not be passed as arguments, This will reduce the length of the parameter
lists for many subprograms and yield simpler source codings. Table 2.5
shows the reducticn in the 1eﬁgth of theparameter lists for a number of
subpreograms. The numbef of stars appearing after a subprogram's name
indicate irs frequency of use in a normal Simulation run. The subprograms

with two stars are the ones most frequently used.



Dimension of SUMA

Single Double
Total Time - 509 555
DRAND Time 184 184
Hence,
COLCT Tirme 325 371

Saving in Execution Time = 12,47

Table 2.4 Time Comparison with One-dimensional

NOTE:

and Two-dimensional Arrays.

All times are in hundredth of a second.

a7



Percentage Reduction in Lengths

Names of Subnrocrams of Parameters Lists
GASP X .

DATAN *

MONTR ' 100%
SUMRY #

EVRTE o

ERROR

FILEM #% : . . 66 ,6%
PRNTQ *®

SET L2

COLCT * 50,.0%
RMOVE %% .

LOCAT

PRODQ 40 .07
SUMQ 5

TMST %

FINDN 25.0%
FINDQ

Stochastic Generators (074

Table 2.5 Reduction in the Length of Poarameter Lists When

NSET and OSET Are Placed in COMMON.

38
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CHAPTER 3

ELIMINATTION OF BUFFER ARRAYS AND IMPROVED FACILITIES

FOR MONITORING AND TILE ?RI&TOUTS

3.1 Elimination of Buffer Arrays
3.1.1 Changes in Some Subpregranms

In GASP IIA whenever an entry is to be filed, fhe user first places the
integer attributes of that entry in JTRIE and the real attributes in ATRIB
and calls the subroutine FILEM. This subroutine transfers the attributes
from ATRIE to QSEf and JTRIB to NSET and theg calls the subroutine SET to
adjust the pointers. Similarly, when an entry is to be retrieved from the
filing array subroutine RMOVE is called which transfers. the attributes of that
entry from QSET to ATRIB and NSET to JTRIB. The values thus placed in ATRiB“
and JTRIL are available to the user for further manipulaticns. After this
transfer BRMOVE calls the subroutine SET which adjust the pointers and
reinitiatizes to zeroes the cells that contained the attributes. This
kind of entry movement is unnecessary and increases the executicn time,
In CASP IIP butfer arrays are not used. wﬁenever an entry is to be filed
the attributes ave placed directly into the filing array. Also whenever
needed the user directly access the attributzs of an entry storea in the
filing array. The.elimination of buffer arrays has induced changes in the
subprograms CASP, DATAN AND SET. The procedures adépted in GASP IIP for

4

filing and retrieving of entries are described in Section 3.2,

3.1.2 Subroutine GASP in GASP TITF

As in GASP IIA, the subroutine CASP is rhe master control routine. &
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great deal of restructuring has been done in this subprogram to support

the additional features incorporated in CASP IIP. This subprogram has

been entirelv recoded. Figure 3.1 shows a detailed flow chart for the
subroutine GASP as it appears in GASP IIP., This subroutine, as before,
starts the simulation, selects events, sequences time, produces intermediaie
simulation vesults and initiates the print out of the final output when

a sirwlation run is completed. In addition to doing these things a little
differently than its counterpart in GASF 1IA, this subprogram performs some
additional functions,

.GASP first calls the subroutine DATAX to initialize all the GASP
variahles and to read in the initial file entries. DATAX at this time
calls the subroutine SET which sets up the pointers for the filing array.
After this is deone, GASP using the INTRY PRNFL in subroutnine PIHTO prints
out all ihe files, GASP then starts and conducts the simulation by
obtaining the values of current time TNOW and current event JEVMT from
the first entry MFE, in File 1 which is always the event fiie, Since the
use of buffer arrays has been eliminated im GASP IIP, the values of THOW andl
JEVNT are obtained directly from the filing area and not through ATRIB
and JTRIE as in GASP IIA.

Next, the switch '"JMNIT' is tested to see if monitoring is to be
done or not. If IMJIT > O then WSET (MONIT -+ JEVNT) is tested to see if
this particular event is to be monitored. If this event is scheduled to
be monitored - i.e, NSET (MONIT 4 JEVNT) > 0 - the subroutine MONTR is
calied. On the other hand 1f IMMIT = O, or if the event is not scheduled
to be monitored - i.,e, LSIT [EOKIT_+ JEVET) = 0 - then, no moniltoring

takes place, After thig GASP tests the event code to see if this event
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SUBROUTINE GASY

'J!'

i g
_ PALL nATAX4;:>

h d

Print all files by
calling, _
PRNFL(I),I=1,H00

:

|

¥

Print 211 files by
calling,
PRNFL(I),I=1,%0Q

JrEIT=0 ]

J
CALL '\ Read |
RMOVE - (NSET(MONIT+1J),1J=1,NEVNT)
}

-

-r /_,,\_‘ ws
d 1
N/

Figure 3.1 Flow Diagram for Subroutine GASP in GASP IIP
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iz one of the three standard events used in GASP IIP. In GASP 1IP event
codes 1, 2, and 3 denote standard eveuts. All the user written events
shauld be given event codes 4 and above, If the event code is 1, printouts
of all the files are given using the ENTRY PENFL in subroutine PRNTQ. If
the event code is 2, the switch JMNIT is flipped. If JMNIT > 0 it is made
equal to zero, If JMNIT = 0, then it is made equal te 1 and values of

NSET {(HOMNIT + IJ) are read in for all events. If the event code is 3, then
the RESET subroutine is called to reset the required set of variables.
Detailed information on resetting has been given in Chapter 4. If tﬁe avent
code - is greater than 3, the subroutine EVNTS is called. 1Imn GASP IIP the
event code is ot transferred to the subroutine EVNIS zs an argument as in

GASP I1TA. The subroutine EVNTS in GASP IIP, obtains the current event code

7]

JEVYNT from the GASP blank CCMION. After this point the subroutiae JAIP im

GASP I1IP and its counterpart in GASP 1IA function in the same manner,

3.1.3 Subroutine DATAX

_When a data set comprising the load modules of all the GASP IIP
subprograns was created, each member was given a name, For most ol the
memnbers the member name and thersubprogram'name werg ome and.the same, The
nave DATAN was used by one other member in the FORTRAN IV Library for the
IBM SYSTEM/360 Operating System, which was concatanated to the GAST? 1IP
data set. Since the data set of the FORTRAN IV librazry appearved before
GASP IIP data set in the concatanated data sets, whenever a reference io
the name DATAN was made, the subprogram from the FORTRAN IV library was
brought in which disrupted the simulation. To avoid this confusion the

name of the subprogram DATAN in GASP 1IA was changed to DATAX in GASP IIP.
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This subprogram has been considerably modified and expanded. Almost
dﬁuble the number of source statements has been used in DATAX as compared
te the subprogram DATAN in GASP IXA. The basiec functions af this subrouiine
s$till remain the same, Three additional card.types have been introdeced in
DATAX bringing the total to eleyen. ,

Card type 1l is the same in both GASP IIP and GASP iIA. Card type 2 is
a littie different in GASP IIP, Three of the variableg - IM, IMM, and MXC -
appearing in GASP IIA card type 2 have been omitted in GASP IIP. IM and IMM
have been replaced by MXX in GASP IIP., MXX specifies the lepmgth of a unit
filing area or column in the GASP IIP filing array. Another variable MIC
which gives the largest number of cells that can be used in a histogram, is
not used inm GASP IIP. The variable NEVNT which specifiesg the total number
of events involved in a particuvlar simulecion runm has been introduced in
GASP IIP and is initialized through data card type 2 in DATAX.

After card type 2, the values of pointe;s INN, RRANK, MAYNQ, MFE,
MLC, MLE, NG, NV§Q, WENQ, NOQTM, MONIT, Iﬁ, IMM, NPARM, NSUMA, HCLCT,
MIMST, NRSET, MHIST, and JHIST are calculated as described in Seation 2,2.

Data card type 3 has been added to support the filing and information
retrieval procedures foliowed in GASP IIP. Every event in File 1 uses -
a different type of entry and also every file other than File 1 has a
different type of entry. Hence, the total number of different entry types
in a simulation ruﬁ is given by the expressiom (NEVNT + NOQ - 1). Through
data card type 3 tha number of real and integer attributes for each entry
type are specified. The segment following the pointer IM in GASP LiP array
is (WEVNT + ¥0OQ - 1) locations long and stores the number of integer
attributes in each entry type., Similarly, the segment following the pointer

MM stores the number of real attributes in each entry type.



CASY? IIP data card tvpes 4, 5, 6, 7, and 8 are equivalent to the data
eard types 3, 4, 5, 6, and 7 in GASP IIA. After data card type 8 the vaiuss
of pointers IX and NFIL are calculated.

Through data card type 9 the seed values for the random number generators
gre read in., In GASP IIA this was done after data card type 7. Creating a
few data card type at this point in the program will provide facilities to
manipulate just the seeds and not the values of other variables that precede
the seeds.

Data card tvpe 10 has been newly introduced in GASP IIP. This card
type 1s used to specify the resetting times of the variables that use the
gubroutines COLCT, TMST, and HISTO. These values are usad by the subroutine

RESET. The variables (OSET (MCLCT + 1), I = 1, NCLCT, QSET (MIMST + I3, I = 1,

2
ot

WSTAT and QSET (MIIST -+ I), I = 1, NHIET are initinlized through this card
type.

After data card type 10, the values cof all pointers are printed.

Then if it is the beginning of a simulation run, the value of i is ses
equal to 1.

Data card type 11, is used to read in- the initial entries, At least
rwo data cards wiil be used to fiie one entry. If the entry is going into
File 1, the first data card carries the file number and the event cod=,

If the entry is going into any other file it is enought that the first data
gard carries just the file number, The first data card is used to telil the
program the number of integer and real attributes in the entry to be read,
go that the attributes can be referred to with appronriate names i.e.,
integer nunbers will be referred to as HSET and real point numbers will be

referrved tn as (SET., If the entry belomngs to File 1, then the event code
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is used to determine the number of Iinteger and real attributes in the entry
filed, Tor all files other than File 1, t{he entry type is determined by
the file number. The attributes are read in using G - FORMAT. The second
card starts the string of attributes for the entry filed. The attribute
field width is ten columns and if there are more than eight attributes in
an entry, additional cavds may be added as needed., The integer attributes
are read first and then the real attributes. If the entry is going into
Fije 1, the event code is puached as the first attribute in the second data
card. Once the number of integer and real attributes in the entry te be
filed have been determined, the attributes are read directly into the filing
array. After cach entry has been read into the filing array, the pointers
are adjusted using the ENTRY FILEM in the subroutime SET.

After all the entries have been read, the statistical storage arrzvs
are initialized as in CGASP ITA. Figure 3.2 illustrates the GASP IIP input

data sheet.

3al.§ Subroutine SET in GASP IIP

In this subprogram in additien to the normal entry point (SET) two
other nonstandard entry points (FILEM, RMOVE) have been provided. In
the beginning of a simulation run the subroutine DATAX calls the subroutine
SET to set up the pointers in the f£iling array and to initialize some GASP
variables and some segments in the GASP-IIP array. The use of two other
entry points in this subprogram has eliminated the need for the control
variable INIT that was previously used in the subprogram SET of GASP 1IA.
In GASD? IIP the entire filing array is not initialized in the beginning
of a simulatien run. The GASP ITD filing array can be considered to be

made up or & finite nunber of unit filing areas or columns. The last two
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iocations in each column is used to accommodate the 'successor’ and
'predecessor’' pointers. In GASP IIP, in the beginning of a simulation
‘run only these pointers are initialized by the subroutine SET and the vest
of the filing array is not initialized te zer%esﬁ Whenever an entry is
removed only the pointers at thg end of the column that accommod#ted the
entry are adjusted, Tne rest of the locations in that éclumn are not

set to zerc. This is possibie in CGASP IIP because the types of entries
are classified and the number of Integer and real attributes in each type
of entry is specified. Since the use of buffer arrays ATRIB aund JTRIL,
has been eliminated in GASP IIP, most of the functions of the subroutines
FILEM and RMOVE have also been eliminated. This has made it pessible to

make FILEM and RMOVE as two nonstandard entry points in the subroutine SET.

3.2 Filing and Retrieving of Entries in GASP IIF
3.2.1 Role Plaved by FINCTION LOCAT (NCODE,. K, JATT)

This subprogram enables the user to relate a column number to z cell
and attribute number. The first argument NCODE is used to specify codz
numbers. Uniike the function LOCAT in GASP IIA which uses a set of four
eode numbers, two for OSET and nwo for_HSEf, the function LOCAT in GASP L1IP
ugeg only two code numbers, s;nce; NSET and QSET refer to the same one-
dimensional array.

If MCODE = 1, the function returns the cell number, for the column and
attribute numbers specified through K and JATT respectively. If NCCIL = 2,
it returns the column number, for the cell and attribute numbers specified
through . and JATT. Hence,'aither a cell nusber or a column number.is speci-
fied through K depending upon the value of NCODL. The statement INDX = LGCAT
(1, 10, 5) cives the cell nunber the fifth attribute iu the tenth column of

the filing avray. Similarly, cthe statement KCOL = LOCAT (2, 10, 5) is



wmioa

used to obtain the colusn myusbor of

of that eatxry is in tha tenth call,

In GASF IIP when an entry is t

of that entry directly in the firsc
neads the nurbar of the first cell

IEDX = LOCAY

I

LN

1

thn

1

=1y

an entry, given that the fifth daseri

o be T

avalliable colurn ¥Fs To do this hz
in M)A which he obtaius as:

(1, MFa, 1)

er places the attribu

| P

Iy this manner, the functioﬁ LOCAY is extensively u;ed in the GASP IIP
user written programs Ior filing entfies.
3.2.2 An Example with Snapshots of the ¥Filing Array

The procedure follewed for Iiling and retriving of enrrles are
explained here with enapshiois of lthe GiSP_IIP;fiiing:a?rny: The v uss of
some of the GASP IIP varishirs uzad dn thig &xampie are zs follow:
Varinblcs £ wad Boarpiagel gf
1. liumber of files: NHOD = 2
2. Maximum number of entyvies in file: ID = 5
3. Length of 2 unit £iling aven: WX = 5
4, ﬁumbar of events: REWIT = 2
5.  Atetribetes in each type of enivy:

Entry type: I 1 2 x|

Feal attributes: WNSET {I:7 4 1) .2 1 1

Integer attributes: WSET (IMM + 1): 1 1 2
6, TFirst file is LVF (Low Value Tirst) NSLT (THN i) = 1

hazad on first vaal jttrib;ve _HSRT (KRAEK + 1) = 1

is

o

Second il

First) NSET (T + 2) = 2
NEET {KRANK + 2) = 101

e
LaAedTy
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19)]

Variables Initiziized in Subrourine SET

7. Standard flags:
End of file iundicator: KOL = 7777
End of filing array indicator: KOF = 5888
Beginning of file indicator: KLE = 9999
8. Maximun size of filing arrav: MXX #*# 1D = 5 x 5
= 25

(NOTE: In GASP IIA filing array requirement to handle this problem will be:

1. Floating poiunt attributes/entry: IMM = 2

()

2. TFixed point attributes/entry: IM =

3. Predecessor pointer row: MXX = IM+ 2 = 4

4, Maximum size of QSET: IDM * ID = 10

5. Maximum size of HSET: MXX * ID = 20
Hence, the total flling area requirement in GASP TIA is 30 cells as compared
to 25 ecells in GASP IIP)

Figure 3.3 (a) is a snapshot of the filing array immediately after
initialization., It should be noted that only the pointers have been set
in the last two rows. The rest of the filing array has not been initialized
and carries uncdefined quantities. Column 1 is the first svailable columm
for filing an entry (MFA = 1), Since, this column has no predecessor, its
predécesscr pointer waalé.normally be 9999, For debugging purpcses this
value is taken as zero immediately after initialization. Thus, if the
filing arrav does not contain at least one entry with the flag value 9999,
it sndicates that no entries were ever inserted into the filing array.

Next an entry is filed into File 1 with an event code 1. As specified

before this entry has tve integer artributes and one real attribute. The
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i 3 _
3 2 3 4 5 Inicialization,
i U U U 5 U i U . CALL SET
200 U gt ‘ 1 |
Rows 3| u | v| uviv |ou
4 24 3] 4105 busz| successor
MI=5 h 0 1 21 3 E 4 ?r&decgggor
Kow
7 = Undefined Values
MEA = 1
File 1 MFE{1) = O MLE{1) = O HQ{1l) = O
File 2 MFE(2) = O MLE(Z) = O HQ(2) = 0

Figure 3.3 (a) ©Sanpshot of the GASP IIP Filing Array after Initializatien

COLUMIS OPERAT m‘!‘IOh:
ib
1 2 3 4 5 Insert an Entiy ints File 1,
1 1] vt Y U INDX=LOCAT {1 ,3F4,1

™I
-2

T B¢
gjo v NSET (IDX)=1

o T 1 T T
Rows 311.5y U U U 3 NSET(IHDNe1)=2

4 7177 3 4 3 jA283 Eur:c.ec's‘ﬁr OSET(INDAF2)=1.5
M¥X=5 @roediaagg] 2 3 5 Predecgggﬁr .
Row CALL PILEM{ L)
MFA = 2
File 1 MFE(1) = 1 MLE(L) = 1 NQ{l) = 1
File 2 MFE(2) = O MLE{2) = 0 HO{2) = 0

Figure 3.3 (L) Snapshot of the GASP TIP Filing Arvay atter
& 3 it

Iasertion of an Entry Into File 1.,



statement INDX = LOCAT (1, ¥FA, 1) is used to obtain the number of the
first cell in the first avsilable column MFA. As seen in Figure 3.3 (b)
first the fixed peoint attributes are stored and then the floating point
attributes. Since, this is the only entry in File 1 it has no successcor
or predecessor. Hence, its successor and predecessor pointer values are
7777 and 9999 respectively. The first as well as the last entry iu File 1

is in columm 1. Hence MFE (1) = 1, MLE (1)

1, and NQ (1) = 1, and the

first available column is columa Z i.e. MFA = 2,

Next an entry belonging to File 2 is inserted in column 2 as shown in
Fignre 3.3 (c¢). This entry has one integer and two real attributes., Since
this is the only entry in File 2 it has no successor or predecessor.

Figure 3.3 (d) shows the insertion of another entry into Flle 1. With
event code 2. This entry has only two atrributes and does not use the third
cell in column 3., The entries in File 1, which is a LVF file, are ranked
according to the first real attribute., Since the entry in columm 3 has a
raaking attribute 0.5 ae compared to the ranking attribute valuve 1.3 of
entry i column 1, the emtry in column 3 becomes the first entry in File 1
and the entry in columnw%fhecamES its successor.

A& second entry is inserted into File 2 and it occupiles ccluwn 4 as
shown in Figure 3.3 (e). File 2 is a HVf file ranked according to the
first Inteser atcribute. Since the ranking attribute of the entry in
column 4 has a higher value than that of the entry in column 2, the entry
in column 4 becomes the first entry in File 2.

Figure 3.3 (f) shows the last column of the filing array being occupied
by an entry belenging to File 1. Since its ranking attribute has a value

of 0.6 which is in boetwesn the raniiine attribute values of the entries in

columns 1 and , the new entry beccwes the middle entry in File 1.
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o o otk g et

1D
1 2 3 4 5 Ingert an bntry into Fiie ..
7y
by g Ly u) vy # ! INDX=LOCAT (1,MFA, 1)
i
Z ML 8 B “u%m - NSET(INDX)=1
ROWS 3 |1.5]3.5| U gl U
- OSET(INDE+L)=2.53
L V777777737 4 3 | L580] Successor
B QSET (INDX+2)=3.5
MAX=5 | 9094 99adgago| 3 4 | Predecessor
Row CALL FILLEM(2)
MFA=3
Flile 1 MFE (1)=1 MLE(L)=1 NQ(1)=1
File 2 MFE(Z)=2 MLE(2)=2 NO(2)=1

Figure 3.3 (c¢) Snapshot of the GASP I1IP Filing Arvasy

after Insertion of an Eatry Inte File Z,

COLUMNS ) OPEI}.E}T TON:
ID .
1 2 3 4 5 Insert an Entry into File 1,
- 1]
Ided b | &1 U B INDX=LOCAT (1,14, 1)
2 2]12.5| 0.5 U U
NSET{(INDX)}=2
3

ROWS 3|1

. QSET(INDX+1)=0.5
5 IESSS Successor

4 | 7777 7771 1 |
i Row CALL FILEM{(1)
MXX=5 3 [seealosga|eses| 4 | Predecessor
Row
MFA=4
File 1 MFL(L) = 3 MLE(1) = 1 n(l) = 2
File 2 MFL{2) = 2 MLE(2) = 2 HQ(L) = 1

F{guze 3.3 () Snapsitot of tihe GASP IIP Filing Arvay Atter the

Insertion of a Szcond Entry Into File 1 (LVF).
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COLUMNS BEERATION:
L . _
12 3 % g Ingert an kntry Inte File 2.
r W i T ] _
1 R 4 S P . e
L b | A NDXE=LOCAT (1,1FA, 1)
| 21281854 by w ] |
R S R NSET(TXDE)=2
ROWS 3 13,5 |3.5] U 2.0 ;
: § GET(INDX+1y=1.0
& 177777777 1 5 2 |30TE|Successor
; f oW DSET(INDE+2)3=2.0
XK= 5 3 4 ‘:?”‘U@9§;E?$ngreﬂeccssur
) Low CALL FILEM{2)
MPA=S
File 1 MFE{1)=3 HMEE(l)=1 ° NQ{1)=2
File 2 MFFE (2)=4 MLE(2)=2 NG(2)=2
Figure 3.3 (e} Snapshot of the GASP IIP Filing Array After
Insertion of a Seccud Entry Inte Tile 2 (UVE).
COLUMTS OPERATION:
in
1 2 3 4 5 Insert an Encey Inge File 1.
] ~ " B
i #) L &G 3 L TNDX=LOCAT (1,:FA,1)
2 £ [y BB 1 BIB.&
L el el (040 NSET(INDX)=2
ROWS 211.% 13.5 U 2.001 U
OSET{INDX+1)=0.0
177777777 5 211 Successor

! - CALL FILEM(1)
3 }Fredecessov
How

i~
o
o
o

HMEXN=5 5

P I SR R
M AsbE0E

File 1 HPE(L)=3 MLE(1)=1 NQ(1)=3

F‘]J
[
=
,.-.
e
=y

FE(2) =4 MLE(2)=2 H0(2)=2

Figure 3.3 (f) Snanshot of the CASP IIP Filing Array After
Insertion of an intrvy Letween Two Entries,
No More Ceolumns Avaliable for Storving kEntries,
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Figure 3.2 (g) shows the removal of the entry in column 4. This entry
was the first of the two entries in File 2, Now, the entrv in colurm 2

becomes the first as well as the lazs:¢ entry in File 2 and its pointer

-

values are modified accordingly. It sbould be noted that when the entry

is removed from column 4 only the pointers are modified and the ether cells

1

in that column are not reinitialized to zeroes.

Next an entry belenging to File 1 i

]
)

ted into tha columm just

vacated, It should be noted in Figure 3.3 (#), that the two attributes
of this entrv occupy the first two cells of column 4. The number 2.0

in the third cell (circled element in Figu:e 3.3 (1) is leftover from the
previcus entry and does not belong to the entyy that currently occupies

column 4,

3.3 Improved Facilities for Monitoring

%5

Selective Moniteoring, The subroute NOWIR in GASP IIP has been

considerably nodified and it no longer gives a printout of the entive
filing array as it did in GASP IIA. In GASP IIP subroutine MINTD i3 used
ornly to monitor selected evznts between two given time points durizng a
simialation run. Changes have been made in subroutine GAS? for mwnituri;g
selecred events whenever needed. In GASPF IIA once the meonitoring is
triggered all events will be monitored which in many cases may not be
necessary. The switch JMNIT controls the momitoring of events. Only when
JMNIT ds 'O (d.e. JMIIT is positive) the monitoring takes placs, An
event filed with a standard event code 2 flips the JMHIT switech i.e., if
JMSIT is "ON' it is switched 'OFF' and {f it is'OFF' 1t is switched 'ON'.
Vuenever JINIT is switched on information has te ve supplied to the program

as to which events are to be monitored., This is gpecified through a data
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L

COLUMNG OPERATLION .

R A o, A

1 .-; ) K g

: Fewmove an Enfry From File 1,

; ™
1 1] 1 ! Pz n :
2 2.0 G.ﬂél,ﬁ beye
‘.....__..\.-T [ S ..__‘2,.-._._..?..__.._......
ROWS 315350 u jz.00

1
4 V7777 T77Y 5 jELeR L SUCCEeSsSsSOr

|
|
=
|
|

i ' Honer
MXK=5 5184599 9@993@99%{ 4 1 ¢Yredecessor
Row

ME A 4
File 1 MFE(1)=3 MLE{1)=1 RO(1)=3

File 2 MFE (2) =2 MLE (2)=2 NQ(2)=1

Figure 3.3 (g) Snapshot of GASP IIF Filiung Array After an

Entrv las Been Removed From File 1.

COLIMNS OPERATION:
1D " B
1 2 3 4 5 INDX=LOCAT(1 ,MFA,L)
] a2 a
1 1 i 2 2 < NSET(IDX)=2
2 21 2.3|0.5 |2.5 0.6

OQSET(INDE+1)=2.5

o

ROWS 301.5/3.5] vl v ' _
! CALL FILEM(1)
4

4 7777 5 |7777] 1 |Successor
now
MX¥=5 51659416959 1 3 |{Predecessor
Row

MrA=B888
File 1 MFE(1)=3" MLE(1l)=4 NQ(1l)=4

File: 2 MYL(2)=2 MLE(2)=2 a0{1)=1

Figuve 3.3 (h) Spapshor of CASP IITP Filing Arvay After
Ingervion of a Pourth motry Inte File 1.
Leftover Attribute in the lMiddle of the Entry.



card. Starting from the first calumﬁ, as many columns as there are events -
including the standard events 1, 2, and 3 - , are filled up either with a
'1' or with a '0'. The variable HEVAT denotes the number Qf events used

in a simulation run. A '1' in the first column will cause the event with

an event code 1 to be monitored. Similarly, a '0' in the second column
will supress the monitoring of the event with event code 2, The information
thus supplied nhrough a data card will be stored in a segment of the UASP 11V
array, indicated by the pointer MONIT. If it is desired to start the
monitoring of events at time T1, an event with ceode 2 should be schedules
take place at that time. A data card that indicates the events to be
monitored should be supplied at this time. If the monitoring is to be
stopped at time T2 (T2 > Ti), then, another event with event code 2 and
event time T2 should be filed.

Difference Betweep CASP TIA and GASP TI? Yonitoring. The momnitoring

-

procedure followed in GASP IIA does not facilitate selective monitoring

of events. In GASP IIA, monitoring of an event takes place after that

event has been executed., The information printed out by the subroutine
MONTR consists of the event code and eventJtimé for the current event and
2ll the attributes of the next event. Let us assume that a simulaticn deals
with three tvpes of events El, E2, and E3 and berween the time paints Tl

and TZ? these ewvents occur aé shown in Figure 3.4. 1f we decide not to monitor
events of type E2,7then the monitoring method followed in GASP ITA will
results in lone of information about events that immediately follow an E2
ewant., In thz above example information about events that have.been circled
in Figurs 3.4 will Le lost. To avoid tinis the subroutine MONTR in GASP IIP

prints out all the attributes of the current event and not those of the
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+Tl {Start of Monitoring)

$L1
b &b
k@é?w—*ﬂw_anaﬂ“ Events
S
JE I Events for which
Information is Lost
. When E2 Events Are
L2

Not Monitored,

172 (kEnd of Momitoring)

A 4

Progress
of
Simulation.

Figure 3.4 Effect of Selective Monitoring In GASP IIA.



next event., Further, in GASP ILIT? an evenr is monirored befere its exccution
so0 28 to facilitate effective debugging in case something goes wrong durinp
the execution of that event.

Since the subroutine MOWIR in GASP IIP is not used anymore to obtain
the printouts of the filing array, its present size is about half of its
previous size in GASP IIA. The ENTRY PRNFL in thg subroutine PRNTN is

used to eobtain file printouts whenever needed,

3.4 Improved Facilities for File Printouts

Nead for Impnrovements., In GASP IIA after the filing array has been

set up and initialized using subroutines SET and DATAN, the entire filing
arvray is dumped out. Whenever a file dumpout is regquested, subroutine
MONTR dumps out the entire filing array, both the used and unused part of
it. Thls tyvbe of printout invelves large amount of I/0, e2specially whexn
the filing array used is large. It is not easy to sort out the entries of
individual files from this kind of printourt.

GASP ITP File Printouts. In GAST? IIF, 1f a file printout is needed

at time Tl, then an event with event code 1 and event time Ti is filed.
Whenever an event with the standard event code 1 is encountered, GASP I1IP
giveg printouts of individual files using the ENTRY PRNFL in subroutine
PENTQ. In this method, only that part of the filing array which is currently
being used, is printed out. When an entry is dumped, only that part of the
colump which contains values velevant teo that entry, is printed. In

Figure 3.3 (h), columms 1, 3, 4, and 5 cmntaiﬁ entries belonging to File 1,
Let us assume that File 1 is being printed using ENTRY.PRNFL in subroutine
PRNT(. For the entry in column 1, the values in all five cells of that
celuan will De printed., DBut for the entries in columns 3, 4, and 3 the

values in the thivd cell in each of these column will rot be printed out, -
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because these values do not belong to the entries in those columns. In
GASP 1IP, this kind of selective printout is made possible by the information
read in, through card type 3 in subroutine DATAX, stating £he nunber of
integer and real attributes for each type of ;ntry. This modified file

printout procedure followed in GASP IIP should reduce the I/0 operations

considerably,
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CHAPTER 4
IMPROVED FACILITIES TO AXD STOCHASTIC SIMULATION

4,1 New Facilities for Rezerting
4,1.1 Transicnt and Steady States

Before we start collecting cbservations generated by a simulator
we should know whether we are going to study the transient or the steady
gtate behavior of the system., 1n simulatioa, most often the starting
conditions will be atypical of the system's eventual operating conditions.
The gradual change from the starting to the opeérating conditions is known
as the trausient state, TFwshoff and Sisson (2, p. 190) define a system as
having reached steady state if successive observations of the system’'s
performance are statisticzlly indistinguisheble. If (x4) is cae of the
state vaviables of iuterest in the simulated sysktem, then when the steady
state conditions prevail, E(xy) will be independent of time. Many
simulaticn wmodels are built and operated under the implicit assumption
that they are capable of steady state behav;cr. In such cases If the
starting conditions are atyﬁical cf the operating conditions, the model
will exhibit transient behavior in the beginning as shown in Figurs 4.1,
1f the objective is to study the system’s steady state bahavior, the
effects of transients on the data generated by the simulator must be vemoved;
otherwice the conclusions drawn from the analysis of such data will be biased.

Emshoff and Sisson (2, p, 191) list two methods commonly used o
remove the effects of transients. One method 1is to use long simulation
runs sa that the transient data is insignificant relative to the steady

state data. This method is expensive, requiving long simulation runs.
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The second method is to run the simulator until steady state conditions

are reached, then clear all statistical accumulations, but leave the

state of the simulated system as it is. The conditions established at

the end of the transient period are an es;iméte of the steady state
operating conditioné. Taking these as the initizl conditions the simulation

vun is continued. This is called resetting.

4,1.2 Resetting in GASP IIA

Time Weichted Staztisties., In GASP IIA the subroutine TMST is used

to calculate time weighted statistics. Suppose X is one of the performance
messures in the simulated sysctem behaving as shown in Figure 4.1 over

the period of simulation. We shall assume that the simulation starting

time TBEG > 0 and that the variable X uses TMST with the variable code N.
Suppose with in the time between TBEG and T, the variable X has assumed

n different values K1y 224 X5y 0 00y Xy Whenever the wvariable ¥ changes
its state, THMST is called., The time weighted average of X can be calculated

as.:

1

Here, atj is the time interval for which the variable X has the value X,.
) n
In TMST the time weighted summation E Xi-ﬂti is given by the variable
i=1
SSUMA (17,2). This is equal to the shaded area in Figure 4.1. The summation

of time intervals is indirectly calculated through SSUMA (N,1). At the
start of the simulation SSUMA (N,1)} is set equal to TBEG in subroutine DATAX.

Its value is calculated by adding the vime increments as:
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SSUMA (M,1) = TBEG + § Aty
i=1

Te get the cime weighted average, the shaded afaa SSUMA (N, 2) in Figure 4.1
should be divided by the correspending abscissa (SSUMA (N,1) - TBEG).
Dividing SSUMA (N,2) just by SSUMA (¥,1) as indicated by Pritsker and
Kiviat (1, p. 318) will give a biased estimate for the wean if TBEG > 0.
Similar correction should be applied while calculating the standard deviation
also,

Resetting Operations. In GASP I1A, one way of resetting is to file

a reéet event to gccur at the resét time TSET, When this event occurs the
user calls the subroutine DATAN with NEF = 9, This clears the statistical
accumulations and reinitializes the statistical storage arrays. Resetting
is equivalent to starting a new simulation run at time TSET, with the state
nf the simulator at the end of the transient state providing the starting
conditions. Hence, when the simulator is reset, SSUMA (N,1) is set egual teo
TSET. From now on to get time weighted statistics we should use

(SsuMA {¥,1} -~ TSET).

-

Need for MNew Facilities. In GASP TIA, there are no built-in facilities

for these resetting operations. The user must provide all coding needed.
Further, in GASP ITA all the variables are reset at the same time regardless
of our needs. We would like to have the flexibility to reset only a
selected set of variables. Also, we should be abie to reset different
varisbles at different times., To enable this and also to relieve the user
from the task of providing the reset coding, we have incorporated new

facilipies +in CASP LIP,
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4,1.3 Resetting in GASP IIP

Reset Time and Reser Lvent. In GASP IIP, card type 10 in the sub-

routine DATAX is used to read in the reset times for all wariables. The
segments in the CASP IIP array indicated by the pointers MCLCf; MTMST and
MHIST are used to store the reset times far the variables that use the
subprograms COLCT, TMST and HIiSTO respectively. Suppose the variables to

be reset can be grouped into three sets such that one set is to be reset

at time T1l, another set at T2, and the third set at T3, where T1, T2 and

T3 > 0, Then three different reset events should be scheduled at event

times Tl, T2 and T3, Jn GASP IIP reset events are given the standard event
code 3. Whenever an event with code 3 comes up the subroutine GASP calls

the subroutine RESET. This subroutine has been added in GASP IIP. The reset
event should have three inveger attributes and one real attribute, The first
integer attribute, as usual, is the event code and the real attribute is the
event time, If the second attribute is greater than zero, then at the resat-
time the subroutine RESET calls DATAX with the NEP valua specified through

the third integer attribute,

Subroutivte Reset., A dgtailed flow chart for the RESET subroutine is
shown in Figure 4.2. TIf RESET is Ealled at time TNOW, it resets ail the
varizhles that are scheduled to be reset at that time, First, the reset-
times of the variables that use the subioutines COLCT are tested and all
the variables whose reset-times are equal to THOW are reset. Next the
variables using TMST and then the variabies using HISTO are tested and resst
as specified. The sepment in GASP IIP arrav indicated by the pointer KRSET
is used to assist the resetting of variables that use TMST. The cells in this

segment are initialized to TBLG in the subreutime SET at the start of the
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simulation., When the variable with code 1 is reset (QSET (NRESET + 1) ié set
equél te the reset time of that variabie in RESET, Towards the end of this
section we shall explain how this value is to be used while calculating time
welghted statistics. After the resetting operations are over the second
integer attribute of the current reset evént is tested. If it is greater
than zerc, the current values of JCLR and NEY are temporarily stoved in

JOLD and NSTORE. JCLR assumes a new value of zero, and NEP assumes the value
specified through the third integer attribute of the reset event and DATAX

is called. This facility has been provided to read in new data in the middle
of a simulation Tun. On return freom DATAX, the GASP variables JCLR and NEP
are restorved to their old values.

Correctiong to be Applied, In GASP IlA while computing time weighted

statistics for a variable with code 1, the wvalue of SSUMA (I,l)sheculd he
corrected as (SSUMA (I,1) - TBEG) before resetting and (SSUMA (I,1) - TSET)
after resetting. In GASP IIP this is taken care of by using

(QSET (INDX) - QSET (NRSET + I))
where, INDX = NSUMA + (NCLCT + I - 1) *# 5 + 1, QSET (INDX) is the GASP IIP
equivalent to SSUMA (I,1). 'The value of QSET (NRSET + I) will be TBEG before
the variable is reset. When the vériable is reset QSET (NRSET + I) 1s set
equal. to the reset time of that variable in the subroutine RESET. This
arrangement enables the required correc£10n5 to be applied automatically

whether a variable is reset or not.

4.2 MNew Psuedo-Random Number Generators
4,2.1 Role of the Pseudo-ilandom Number Generator
The vandom numbevr generator, FUNCTION DRAND is used either directly

or indirccrly by every stochastic generator in GASP IIA, as shown below:
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CALL
1. UNFRM ~mewwem—-—w  DRAND

2. RRORM === DRAND

3. RLOGN = > RNORM  =emmeree ———2-  DRAND
4, ERLGN m=mvermomem—dw  DRAND
5, NPQSN —emememem3e DRAND

RNORM -—————> TRAND

The arrows indicate the callinpg sequence, For instance, the FUNCTION
NPOSN ealls DRAND directly once and again indirectly through the FUNCTION
RNORM, Since the random number generator is the focal peint in a stochastic
gimulation, it should be efficient and produce statistically scund random
aumbers. In CASP 1IA, DRAND is used to géneﬁate regular, as wall as

apnfithetic random number,

%,2,2 Antithetic Random Numbers
Agaume Xi and Y;, i=1, n represent the performance measures of a
gysten under two different sets of opervating conditions. The estimates
8f the system's average performance under the two different conditions are
I Y_} Q@ E‘l
My = ) Xifm 8R4 By ® ) Yy 0 === EQ 4.1
i=]1 iw]
We ghall assume that X, and ¥, are two sets of independent variables.
Thenn the coniidence we can place on the above estimates are indicated by

the variances

o? = a% and 0¢ = ci ------- EG 4.2
¥ M u .
% n Y =
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We can compare the system’'s performance under the two different

conditions by comparing the estimates of the average performance,

Hx

EQ 4.2 should be small. One obvious way to reduce the sizes of the variances

and My For this comparison to be meaningful, the variances shown in

is to increase the sample size u. This means longer simulation runs and
more computing expenses, Another method is to replicate the runs and
introduce correlation between runs. Suppose we repliéate the simulation
runs twice with a correlation p between replications and observe the
performance measures Xy and Xi. We shall take a sample of size n/2 from
each replication. We shall also assume that the performance measures
within each replication are independent and have the same varianée 0.
The estimate of the mean performance for both replications is

' n 2 , . . ;
™ Ll (Xi + Xi) /n moem TR =\ T EQ 4-3 ia)
i=1

and the variance estimate for this mean is

=)
L6

= (o%/n) (1 +p) - # - - == = EQ 4.3 (b)
u
We can see from EQ 4.3 (b) that by introducing a negative correlatien
between replications we can get a smaller variance estimate for the mean

nf the combined observations (Ki + Xi) (X2 + Xé) ..,....{Xn + XA) . The

2 2
wvariables produced by introducing negative correlation between pairs are
known as antithetic variables. The method commonly used to preduce a pair

of antithetic simulations is to use 4 set of regular random numbers
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B(Q.0 < R < 1,0) to generate probablistic events in one run and to use the
corresponding set of antithetic numbers (l.0-R} for the equivalent events

in the second run (Emshoff aad Sisson (2, p. 197)).

4.2,3 CASP IIA Pseudo-Random Number CGenerators

Facilivfes Available in GASP IIA. In GASP IIA modified by Grosh (5),

the arvay IX is used to store the random number seeds. Suppose IX(I) is

the seed used for randem number generation, If I is even, then the one's
compliment of the number generated is taken as the new random number. If

I is odd the number is used as it is. Hence, everytime DRAND is called

the éubsczipt I is tested to see whether it is odd or even., Teo aveid this
kind of testing we have provided separate generaters in GASP IIP for regular
and antithet}c random numbers. In GASF ITA to make two consecutivae
gimulation runs antithetic, the seeds that are stored in the odd locetions
of the array IX in the first vun should be in even locations in the genond
run and vice versa. Thils requires changes in the source codings between
réplications, In GASP IIP we have added new facilities that enables the
wsey o produce a pair of sntithetic simulations without changing the scurce
codings herween replicatioms.

¥aster Genarators, QOur search for a faster generator led us to

junvestigate a 34l. generator preposed by Lewis, Goodman, and Miller (6).
These generators use the full capacity of the 32-bit vegisters of the
IBM SYSTEN/300 cemputers. The sequence of numbers (N;) produced by them

is bagsad on tlhe gzguation

Ni4y = Ni A (mod ?}



Where p ig the prime 231 1 ana A is a positive primitive root of p.
The value of A used in GASP IIP generators is ?5. The integer random

nuzbers generated are converted to real numbers as:

Ry = (/2 ) + 230

o)

This operation convevts the binary number in a 32-bit register to a

positive floating point pumber between ¢ and 1,

Designed to Help Antithetic Simulation. To facilitate the simulraneous
use of the regular as well as the antithetic simﬁlators and to make two
simulations antithetic without changing the source statements we have
provided four random number generators with diffevent member names. The
member names are the names of the load modules that conétitute the data‘
set, fable 4.1 gives the member and subprcgram names of these generators.
One pair of‘genefatﬂrs has eszentizlly the same source codings but different
subprogram names and generates regular random numbers (R). The other pair
with the szme source codings but different subprogram names gensrates
antithetic randem numbers (I-R). Out of these four gensrators we can
chosse & maxinmum of two at a time by.specifying Lheir mewmber napes in

& INCLUDE statement as:

fILEED. SYSIN DB %
INCLUDE SUSLIE (NAMEL, NAMEZ)

/%

The JCL statements given above shall be used right ziter the GASP data set
has heen linked to the user written proprams,. Care should Le taken so

ghat two geperators with the same subprogram name are not chogea., Suppose
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Member {(or Load Module) Name

To generate regular

random members (R). DRAND
- do - ARAND

To generate antithetic

random numbers (}-R). £ DﬁAND

I ABAND

DREG

AREG

DANTI

AANTI

Table 4.1 Member (or Load Module) and Subprogram Names

of GASP IIF Random Number. Generators.



R
N

in the first run we have chosen DREC and AREG for use, To make the second .
run antithetic to the first we should chocse DANTI and AANTI for the
sécond run,

Some More Desicn Characteristies. The DAL generators im GASP IIP

have access to the blank COMMON, The segmﬁﬁt of the GASP I1P array indicated
by the pointer IX is used to store the seeds for the random number generators.

The yandom number genetrators can be invoked by statements such as:
Rl = DRAND (I)

If DREG is the name specified in the INCLUDE statement, then DRAND
fefers €0 the repular random number generatow., The subscript I refers to
the IR cell in Ehe CASP IIP segment that contains the seed to generate RI,

EXTERIAL Stntemsats, Since we hawve two fames for the generators,

DRAND and ARAND, we must tell the stochastic generétnrﬂ which one to use,

Te do this the name of the generater (DRAND or ARAND) to be used is passed

a8 an arpument to the atochastic peénerators. The subprogram names that

are passed as arguments should be declared EXTERNAL in the calling prograng.
All the atochastic generators have been modified to conform to this arrvange-
ment, The use of the EXTERNAL statement is illustrated in Appendix A.2. The
gubprogram names DRAND and ARAND have been declared EXTERNAL in the MAIN
pYopram. Thesa names are received by the subroutine NFOSN through the
a¥pument ANAME,  ANAME has been declared EXTERNAL in NPOSN since it is

passed a8 an argument to RNORM.

4,24 Cowmpavison of Speed and Statistical Soundness
Test programs have been run to compare the speed of the pseudo-
random numner generators used in GASD IIA and GASP IIP. These test programs

ate shown in Appendix A.Jd., Do loops have been used to call these



genarators one hundred thouvsand times and the INTIME subroutine has been
used ro measure the time taken to do this. The time taken to execute the
D0 statement alone has been determined, The differences indicate the time
taken for tre random number genaration by'eadh generator, The results
from these est yuns are shown in Table 4.2, ‘The saving in executien time
is in excess or 504 with the LAL generator.

We have generated two sets of random numbeéve using the GASP TIA

and the GAST IIP penerators. EAch set consists of ten thousand numbers.

These nuroers have been tested using a one-dimensional chi-square test

ERd]

oy agroemeut with the thesretical disrributier. The theoretical dis-

trvilbution is assumad to be uniform over the interval 0.0 to 1.0. We have

randeorness berween successive numbers. In bothynf.these rests the
significance level «, has been taken ag 0.05.

Suppess we generate a set of N random numbers T1s Lge Ty *t0s Ty
We shall divide the range (0,1) of these variatics into M equal sub-
intarvals., The expecred ﬁumber of randowm numbers in each subinterval is (8/M).

Let fj, j=1,2, -+ «, M, denote the observed count of pseudorandom

numbers v, (L = L, 2, » + +,  N) in the subinverval

i
) ¥

(G-0)/1 < vy < (3/M)
Then, . hip
\‘éﬁ.‘;‘., i;"‘t_ ¢ o

M 2 s e

X3 = /) (£5 ~ W/M*, can
§=1

be shown to have approximately a chi-squarz distribution with (ii~1) degrees

of freedom for a sequence eof truely random numbers (4, p. 53}, The calculated
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Generators Total tiwre Do loop time Time for
random generation
BAL 2387 189 2098
FORTRAN , 514l . 263 4878

Savings in execution time = 4878-2098
4878

= 57.1%

Table 4.2 Comparison of Speed

HCTE: All times are in hundredths of a

¢ 1G0

second.
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chi~square value is then compared with the theoretical value obtained from
the table for the given degrees of freedom and significance level. If the
caleulated value is less than the theoretical value, we acéep; the null
hypothesis (li;) that the sequence of numbers éenerated are a random sample
from their parent distribution.

The two-dimensional chi-square is usually applied to pairs of random
numbers where the-random numbers are taken as the coordinates of a point
in a unit square divided into, say M@ cells (4, p. 58). First the one-
dimensional chi-square test is applied to the sequence of generated numbars
and a chi-sguare value (x°) is calculated. Let, fjk = a set of random

menbers 1 (1=1, 2, =+ » ¢« , N ~ 1), that satisfies the inequalities

1< K/M

(3 - 1)/M < ry < 3/M and (k - 1)/M < LI

where, J = 1, 2, 3, =« « +, M,

Then
M2 M ¥ N-1
2 LA B " 1]
Xz = N 1 2 (£ k™ “2) ’
N-1 j=1 k=1 ] =

It can be shown thag (x% = x%) has an .approximate chi-square
distribution with (1% - M) degrees of freedom (4, p. 59). If the chi-square
value calculated is less than the theoretical value we accept the null
hypothesis (Ho) that the numbers generated are random aund that there is
no serial correlation between successive numbers. The pregram used for the
chi-square tests is shown in Appendix A.4, The results of these tests are
presented in Table 4.3. The random numbers generated by both GASP IIA and

GASP 1IP gpenerators passed the tests for the significance level 0,05,
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Significance
level (w)

Description

xz Calculated
FORTRAN GEN DAL CEN

x* Theoretical

Dezrees of
freedom

One~dimep- .
sional 0,05

/
Chi-square
test

o

g9 123.8 112.54 114436

Twa-dimen~\,
sional 0,05

Chi-square
test

3890 425 346.51 520,89

Table 4.3 Chi-square Tests.
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4,3 Miscellaneous Changes

The subprograms FINDN, FINDO, SUMG, and PRODQIhave been modified to
conform to the pointer system and the attributes storing method foliowed
in GASP IIP. Except for these modifications these subprograms function
much the same way as their counterparts in GASP IIA. The source listing
of these subpregrams is included in Appendix B, The subroutine ERROR in
GASP IIP calls the ENTRY PRNFL in subroutine PRNTQ to produce file printouts.
The subroutine PRNTQ prints its own error messages to avoid enless loops
in case of an error in PRNTQ. Table 4.4 lists the error codes and the

subprogrars in which they are raised.



Lrror Coue

NO

Ll
4

E:

20

70

80, 85

90, 95

100

116

120

130

87, 140, 145

150

Subprogram in which Error Occurred

PRODQ
SUMQ

SET

FINDN
FINDQ
COLCT

TMST

GASP

PRNTQ
DATAX

SET (RMOVE)
SUMRY
MONTR
LOCAT

RESET

Table 4.4 Error Codes for CGASP IIP Subprograms,

Codes 90, 95, 120 and 130 are printed out by the subprograms in

which they are reaised and not by subroutine ERROR.

80
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CHAPTER 5

COMPARISON OF GASP IIA AND GASP IIP

5.1 Sample Simulation Problem
5.1.1 Objectives cf the Simulation
We have writtenm a jobshep simulation using GASP IIA and GASP IIP.

This was one of the assigned problems in the simulation ccurse offered

by Grosh (5). Our primary objective here is not to study the characteristics

of the simulsated system, but to write a typical simulation that exercises
the different sections in GASP IIA and GASP IIP so that we can compare

1. Programing effort involved in writing the simulation

2. Core space requirements

3. Speed of execurion,
We have vsed, as much as possibpie, equivalent codings in beth the cases
to malke the comparison meaningful, This sample problem will alze serve
to illustrate bow teo write a simulation using GASP I1P.

We nave used FORIRAN IV G-Lewel and hE-~Level compilers to determine
the execution speed zand core space requireﬁants in =ach case. Tor all
our wvork we have uged the IBM SYSTEM 360G/5C Compurer at Kansas State

University.

5.1.2 Pioblem Defined
The simulation deals with a jobshop inveolving three machines. Orders

are releasec to the shop every morning, tie number of orders released has

b

a Poisson distribution with a mean of 11 ordevs per dav., &Lvery job has

three cperatiens. A transition matrix (Table 5.1) is used to determine the



Next
Yachine
FPresent £j) 1 2 3
Machine (i)
New Order 0.4 0.5 0.1
0
1 g.¢ 0.6 0.4
2 0.3 g.0 0.7
3 0.5 0.5 0.0
P = The probability that the next operation

i3

is on machine j given that the last one

was on machine 1.

Table 5.1 Transition Matrix
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sequencing of the machines. This matrix gives the probability Pij that the

job currently on itll machine will be processed next on jth

machine. The
operation time has a Log Normal distribution with a mean of Z hours and a
standard deviation 0.5 hour. Each job is due 72 hours after entering the

system., 1t is assumed, that in the beginning of the simulation there are

no jobs in the system and that all machines are idle,

5.1.3 Statistics Gathered

We shall collect statistics on the slack time (= Due Date--Time of
Completion} characteristics when the jobs are served on a FIFO (First In
First Out) basis. We shall alsoc collect statistics on machine utilizations
and quewe lengths. These statistics can be used to study the steady state
and transient state characteristics of the system. We shall also collect
data for histograms of job arrivalg and operation times. These histograms
can be used to study the resembiance between the generated and the theoret-
ical distributions. Table 5,2 indicates how the GASP subprograms are used

for this purpose.

5.1.4 Procedure Described P

Tile Manarement. We shall use four files as indicated in Table 5.3,

All files are ranked according to the first real attributz with the low

valueg first.

Preparation of Data Cards. Tigures 5.1 and 5.2 show the data sheets
for this simulation in GASP ITIA and GASP IIP. The cumulative probabilities
calculated from the transition matri# and the parameters of the Poisson and
the Log Normal distributions are.raad in throuch data card & in GASP 1IA

and data card 7 in GASP IIP, Ue have followed the procedure indicated by
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Code MNumber in HISTO

Humoer of orders released

ner day (XJOLS) 1 1
Operation time (OPTM) 2 2
Slack time (=Due date

~ time of completion) 3 3

Time Velonted Stavistics
Name of the Varizble : Code Number
Jobs in queus i 1
_ Given by entries
Jobs in gueue 2 in Files 2, 3 2
and 4
Jobs in queue 3 3
Status of machine 1 {(BUS (1)) &
Status of machine 2 (BUS (2)) 5
Status of machine 3 {(BUS (3)) 6
Number of jobs in the system 7

Table 5.2 Statistics Collected for the Sample Problem.



File Fo.
1
2, ¥ &

Event or Entitvy

Arrival of JOB

End of Operation

Operations waiting
for machines 1, 2

and 3

Table 5.3 Files, Lntities, LEvents and Attributes

Inteczer Attributes

1,

Event code

Event code
Cperation number

Machine number

Dummy

Operation number

Machine number

in the Sample Problem

85

Real Attributes

l-

Event time

Event time

Due date

Time of joining
the queus
Due date

Operation time
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Pritsker and Kiviat (1, p. 98) tec determine the parameters to be suppiied
for penerating Log Normal variates. bSuppose 4 is a normally distributed
varilable, then the variable  given by the relation 0 = eK.is said to have

& Log Normal distribution. The mean and the %arian;e of 0 and Y are related
as:

.
& + 1
X In ;Z

Q

[+

From the data given,

UQ = (0,5 or UX = (0,245
Hq = 2 or uy = 0.6628

Agsunme,

Min Q = L/60 hour OR Min X =-4

Max Q = 12 hours QR Max X = 2.5
M, Min X, Max X, and UK are the parameters supplied to GASP for generating
Log Normal varieties.

Dimensioninc NSET and QSET. It is seen from Table 5.3 that in this

example, the same entry type (jobs in the queues) has the maximum number '
of integer as well as rzal attributes; three in each category. ilence, in
GASF IIA,

IM= 3, IMM = 2, and MEX = 5,

Similarly, in GASP IV, MXX = §. llence the length of the unit filimg areas
is the same snd equal to 8 in both the cases. Assume that the filing area

will bave to accommodate at most 200 entvies at a fise., Hence, ID = Z00,



&9

ID * IMM

fi

size of QSET

600 cells

-8

size of NSET MX % ID

1000 cells
In GASP 1IP,
size of the filing area only = ID * MXX
= 1600 cells.
From Section 2.2,
Array space
: = (12 % NOQ} + (3 * NEVNT) + (4 % NPRMS) + (06 # NCLCT)
required
NHIST '
+ (7 * NSTAT) + (4 % NHIST) + 1 (JHIST + N) + NSEED

Ne=1

+ (ID * MY} -2

= (L2 %4) + (3 %6) + (& *¥6) + (6 x3) + (7 #7)
+ (4 %3 + (A3 +16+13) + 3+ (200 #8) =2

= 1Bl0 cells

5.1.5 User Written Programs
A MAIN prograw and four subprograms have been written for this jobshop
simulation. The functions of these usey written programs are:

MATN PROGRAM. 1. Set array dimensiens,

2, Inirizlize non-GASY variables.

3. Call GAs?,

EVNTS. 1. Call events according to evant code

APRVL ., 1., File the next arrival event.



ENDOP .

QUTPUT.

90

Generate new arrivals. -Generate maehine number

and operation time for each érrival and file

it in the proper queue,

Test every machine. If a machine is idle and if
there are jobs in‘its queue file an end of operaticn

event for that machine,

If the final operation 1§ over compute slack time

and exclude the job from the system., Go to Step 3.
If 21l operations are not over generate the next
machine number and operation time. File the job

in the proper queve., Test the new machine. If it

is busy go to step I, otherwise make the machine busy
and file aﬁ end of_Operatiﬂn event.

For the machire that just finished an operation 1f
there are no jobs waiting in the gquoue make the

machine idle, otherwise file an end of operation,

Fiie the next output event,
Collect time statistics on the status of the machine,
Compute and print out the required intermediate

results,

Source listings of the user written programs and the results have been

given in Appendix A.5 and A.6.

5.2 Programming Effort Involved in GASP IIA and GASP IIP.

Any com

arison of the propramming effort invelved in GASP IIA and:

GASP IIP is bound to be subjective. In the author's opinion, the various
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additions, modifications and extensions discussed in Chapters 2, 3, and 4
have made simulation with CASP simpler in some areas and more complex in
other areas, The blank COMMON block used in GASP IIP is more compact and
easier to handle. The various GASP subprograms carry shorter or no argument
lists. The provision of the RESET subroutine has considerably reduced the
user's effort in resetting the different variables. It is easier to run an
antithetic simulation in CGAST IIP than in GASP 114,

On thé other hand the peinter system adopted in GASP IIP requires the
computation and use of more complex subscripts. Further, to support the
additional features incorperated in GASP IIP, the user should fill cut two
extra data cards (card typss 3 and 10).

In GASP, whenever the entry in a column is reﬁaved, that column becomes
the first availoble column MFA.,  Thic plus a thoughtful artrvibute arrangement
for the different eveuts and.entitieﬂ will help to reduce the work involved
in the filing and retriving of entries. This is brought teo light in
Table 5.3, in the attribute arrangement of the end of operation events and
the jobz in the queues. In these two entry types, cowmon attributes occupy
identical positions. Hence, in our example after a job has been removed
from the queue, to.file an end =i ;peratiou for that job, we just insert two
more attributes (event code and eveat time) into the column removed and call
the ENTRY FILEM, Thus, in most casos a.careful structuring and coding of
the user written program will help to reduce the effort invoived in using

GASP for systems simulation.

5.3 Comparison of Core Space Requirements
5.3.1 Core Space Requirements of CASP IIA and GASP IIP
Table 5.4 compares the sizes of CASP IIA and GASP IIP subprograms.

When cowpiled in G-Level the total size of the GASP I[IP subprograms is
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GASP 1IP 7 GASP IIA

SUBPROGRAM G~Level H~Level G-Level
GASP 1400 956 1266
DATAX 71268 5884 4056
SET 4526 3084 3930
FILEM - - 740
RMOVE - - 730
LOCAT o046 410 758
MOWTE 964 &04 1482
HISTO -840 576 738
COLCT 552 3se _ 728
TMST 340 420 146
DRAND : _ 486
DREG : 104 104 -
DANTI 112 11z -
ARAND: '

AREG 112 112 -
AANTI 7 104 104 -
UNFRM 404 C 286 386
RNGEM - 716 536 672
RLOGN 396 308 366
KWPOSH 918 740 914
ERLCGH 778 566 730
PRNTQ 2050 1668 1614
SUMRY 2414 1934 2242
RESET 1198 : 914 -
ERROR 1378 1050 1638
SUMQ 1014 652 850
PRODQ 10246 - . 660 g 862
FINDH . 1026 636 1094
FPINDQ ' 1228 ___ 760 _ 1194
31770 24734 28224

Table 5.4 Sizes of Subprograms in GASP IIA and GASP IIP

(All sizes in bytes)



3546 bytes (12.5%) greater than that of GASP IIA'subprngrams. Almest ail
of this dificrence is accounted for by the subprogram DATAX. Turther,
GASP 1IA uses only one random number penerator. Whereas GASP IIP uses
four randcm number generators. DBut for these differences the core space
reaquirenents of GASP IIA and GASP ILP wili be the same. lowever, merely
comparirg the numbers without taking into account the greater performance
potentials of GASP IIP can be misleading. When GAS? I1P is compiled in

H-Level the total size comes to be 24734 bytes, thus resulting in 227

saving in core space over GahP [IP compiled in G-Level,

5.3.2 Cove Space Regulremencs of the Samplie Troblew

5,

Filing Arravs, Imn Section 2,3 we indicated that the atrribute storage

. resulc in smaller f£iling

aGe

[2]
‘
]

a3

method adepted dn GASP 1IP will, in most

td

ares requirvements, iowever, in our example, since the lengths of the unit

i

filing areas are toe same in both GASP IIA and CASP IIP, the filing area

requirements to accemmodate equal number of entries are also equal. For
the jobshop simulationr we use 1600 bytes of {iling area in both cases. In
general the space saving obtainable in the filing area with GASP IIP will
vary from problem to problem, this saving éan be significant in problems
requiring large filing areas.

Gther GASP-Arravs and Variables, Other precomniled arrays—contvol
F I Y

2

arrays for data managenent, statistical and information storage arrays-—
and the GASP variables has taken up 4040 bytes of core space. Since this
is mwore thau tie recuirenments of the simularion, under utilization resuits.
GAST IIP uses 1076 bytes for this purpose which is utilized 100%.

Dreakdown of *he Tornl Sencz Peavirerents. Table 5.5 shows the

breakdown of the core space uscd in three test runs. Fov all the three



Blank COMMON

Named COMMON

User Wiitczn Program
.GASP.Subprngram

IEM Routines

Total

Table 5.5

Compiled in
—G-level .
4,640

b4
12,252
22,348

22,380

61,664

94

GASP_IIP

Compiled in Compiled in
__G-Level H-Level
7,476 7,476

44 &4
5,254 5,254
25,966 19,846
22,380 21,978
£1,120 54,5598

Core Space Breakdown in Three Test Runs

(A1l sizes in bytes)
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N

test runs the user written ycutines were compiled in G-Level. The blank
COMMON in GASP IIP includes tine filing area. Whereas in GASP 1IA the
filing arrays appear in DIMENSTON statements, This i1s dne-of the reasons
for the user written programs in GASP ITA to be more than twice the size
of GASP IIP subprograms. We can see from Table 5.5 that even with all
the added facilities the total space requirements of GASP IIr, for this
jobshop simulation is a little less than that of GASP II1A, When CASP IIP
is compiled in H-Level we get a 10J space saving over GASP IIP compiled

in G-Level.

5.4 Comparison of Executicen Tines

To vowpara the exscution rimes we have simulated the jobshop using
both GASP 1IA snd GASP 1IP, for the same length of gimulation time (5,400
hours). Tabl& 5.6 shews that in this example the total number of iobs
handied and ceompleted are about the same in GASP ITA and GAST I1P.

We made five different vuns as shown in Table 5.7. The first three
runy were made in class & (56 K fast core and 72 K slow rore). e to
the structural difference between the GASP IIA and GASP ITP arrays, the
manner in which thev use the fast and the élow core within the specified
partition differ. This is brought to light in Table 5.7 by the percentége
figures which indicate the preoportion in which the fast core is %vailable
to the arrays in GASP IIA and GASP IIFP.

When both GASP 1IIP and GASP IIA are compiled in G-Level and run in
class A we obtain 17% saving in execution time with GASP IIP. In the third
run, GASP IIP has been compiled in H-Level and the simulation run has been
made in G-Level, clzss A. This is the fastest of all the five runz, . In this

Tun we get a 247 reduction in execstion time over the second rum and 20.5%
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GASP_I14 GASP_IIP

Jobs completed _ 2273 2315
Back log 17¢4 169
Jobs eutesring shop 2447 . 2484
Fervcentaze differenca:
Jobs compleced = (42/2273) = 100

= 1,857
Jobs entering shop = (37/2247) x 140

= 1.51%

Table 5.6 Comparison of Jobs llandled in the Sample System.
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reduc;inn over the first run. The difference between the first and the
third run can be éttributed to the optimiéation done by the H-Level

compiler and to the fact that in the third run the whole program is executed
in fast core, The last two runs have been made in class B (128 K slow core)
to elinminazte the effect of the core speed between runs, so that the
difference in execution times can be entirely attributed to the speed of

the prosrams alone., It is seen from Table 5.7 that GASP IIP gives 14.8%
reduction in exeéution time over GASP IIA when both are used entirely in

slow core.

5.5 Gonclusion

The test runs show that for medium size simulation problemws, the
proper modz of cperaticn to suit the computing environment at Kansas
Stage University will Le, to compile CGASP ITP in H-Levei and run the
simulatjion in G-Level, TFor making the test vuns we have compiled CASP IIP
and created a data set comprising the load moedules of 21l the subprograms.
The lead module of every subprogram has been given a separate member name
go that we have the ability to manipulate individual.load modules., To
execute a simulation the user written prog;ams are compiled and linked to
the GASF 1Ir data set.

Thus, through the restructuring of GASP arvays and the various
modifications and extensions discussed in Chapters 2, 3, and 4 we have
successfully eliminated the problems caused by the precompiled arrays.

We have also added numerous new fazilities and have made the existing

facilities more ceffective. ILven with all the added facilities and greater

performance potentials, the core space requirsments of GASP LIP is comparable
to that ol GASP LIA. CASP IIP is faster than GASP 114 and gives significant:

saving in execution time.
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We have developed GASF II¥ using the IPM SYSTEM 360/530 computer at
Kansas State University. In all cur work we have used the IIM FORTRAN 1V
G-lLevel and l-Level compilers. GScme of the features used in CGASP I1IIP such
as, provision of multiple entry points in a subprogram and calling BAL
subprograms from FORTRAN routines, are IBM extensions to American National
Standard {(ANS) FORTRAN,., Further the BAL generators used in GASP IIP have
been deslipgned to use the full capacity of the 32-bits registers available
in IIM SYSTEM 360 computers, To implement CASP IIP on other installations,
these generators should be recoded to fit the word size available and the
IBM exteusions ussd in GASP IIP should be suitably modified. The IBM
FORTRAN IV feetures not found in ANS FORTRAM have been listed in IBM
FORTRAN 1V language manual {Order He. GCIS~6515-8). Further the user is
causioned tc'check if his compiler allows the tfpe of COMMON implsmentations

adopred in GASP 117,
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TEST PROGRAMS
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RS2t EFEL TR TR AR 2R R TR S A MRS A A E IR S RN R R L]

r Tii METERMING THF SAVING 1N fFX{0HTION TIMe PHEN A DNE-
C DIMINSTONAL ARRAY IS USFD INSTCAD OF A TwWii=D1MeNSTONAL
c Al AY
(A F TP LR EL RIS R P2 AR R NSNS AR R A XSRS
C
C TEST RUN WITH TWO-DIMENSIONAL ARRAY
C

CcOoMMNON SUMA(2,5)

I¥x=11111

WCLTT=2

O 1 I=14NCLCT

N 2 J=1l.+3

2 SUMA(T,J)=0.
SUMA{ T44)=100.
1 SUMALT,5)=~-100.

TIME FOR GEMNMERATING RANDOM VARIABLES AND COMPUTING
PDINT ESTIMATES

s Eale s’

CALL INTIHME(ILl}

Nt 3 K=1,45G000

X=0DRANDIIX)

CALL COLCT{Xs2}
3 CONTIMNUE

CALL INTIME{IZ]}

Ix=11111

TIME FOOR GENERATING RANDUM VARIATES ONLY

e N ele]

CALL INYIME(Y4)
DT 5 I=1.5040
E=ORANDLT XY
CONTINUE
CALL TNTIMELI%) ’
WRITE (6,4 {ESUMALT 4 J)4d=1:5) ,1=1,NCLLCT)
4 FORMAT(® ', 5F15.7)
13=(12~11])
T6=¢15~14}
WRITE (6501316
6 FORMATEY 1,2110)
sTar
END

wvi

SUBPDUTINE COLLTIXyN)
COMMON SUMA(2:5)

COMPUTE POINT ESTIMATES USING TWO-DIMENSIONAL ARRAY

s Ralel

SUMAIN 1) =SUMAIN, LY +X
SUMALM 2 1 =SUMAIN, 2 } +#X%X
SUMAITN, I =SUMEIN3)+1.0
SUMA{N,GI=AMTMNTISUMAINGS) ¢ X}
SUMA{MN,5)=AMAXLLSUMAIN,S ) 4X)
RETUKN

END

Atpendix 4.1 Comparisen of Txecution Tine,
One-dimensional Vs. Two-dimsnsional Array.
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e Nekalel

™y

(BNl

'y

»

TEST RUN WITH A DHME=-DIMENSTIONAL ARRAY

LOMMNDN SUMA(LO)
1%=11111

NCLLCT =2

INDX=1

N1 T=14NCLCT
SUMALENNX)=0.0
SUMA(LTHNX+11=0.0
SUMALINLX+2)=0.0
SUMATINNX+33=1C0.0
SUMAL TNDX+4)=-100.0
INNX= INDX+5

-

TIME FOP GENFRATING RANDDOM VARIABLES AND COMPUTING

PAOINT ESTIMATES

CALEL INTIMEIIL)
nn 3 K=1,5000
X=DRANOIIX)
CALL COLCTI(Xs21
CONTINUE

CALL INTIME(12)
IX=11111

TIME FOR GENFRATING RANDOM VARIATES ONLY

CatL INTIMELT&)

By 5 1=1,.35000
Y=D2AND{TX)

CONT INUE

CALL INTIME(IS)
L2=5*NCLCT
WPITE(G 4 ISUMALT ) e1=1.021
FORMATIEY ',5F15.7)
i=112-11)
[6=115-14)
WRITFEIL6,5113,16
FiaaaTyy ¥,21101
St1gp

END

SURRNUTINE COLCTIX N
COouMMON SUMALLO])

COMPUTE POINT ESTIMATES USING ONUE-DIMENSIONAL ARRAY

{(HNDX=5%[N-1)+1
SUMALIMNDX)=SUMAL TNDX ) +X
SUMA(TNDN+L}=SUMA[TNDX+L ) +X*)X

SUMA [NMOX+2)=SYMALINNX+2) 4] .0
SUMATIAMDXY +3 1= AMTNTISUMAL INTGA#3) e N1
CSLUMAL ENDX+4 ) =2 XL {SUMA{INDX#4 )+ X}
RETURN

END
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FUNCTION DRANDETY)
SENERATE RANDOM VARIATES

1¥=1Y*¢5539

TFQIV LT LI IY=TY4714T4R366T+#]
DREAND=TY*0a46560130-9

RETURN

ERD

e gt
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T OILLUSTRATE THF 1SE NF ExTEOMAL STATEMENTS,
FIRST Call STATEMENT wiLl CAUS[0 #=3lBANDExt TO AL
PRINTRD. SECOND CALL WILL LAHSE *PwradANL*®® TD RE
PRINTED.

EXTERMNAL NAND, ARAND
CALL NPOSNUDRAND]
CALL NPDSNIARANDG
STOP

EMD

SUPRDUTINE RNCEM{BNAME}
CALYL BNAME

RETURN

ENC

SURFGUTINE HPDEN(ANAMED
EXTFRIAL ANAME

CALL RNCOREM{ANAME)
RETURN

END

SURROUTINE DRAND
WRITF(G,11}

FORMATE® v, "R¥DRAND®¥*}
RETURN

END "

SUBROUTINE ARAND
WRITFiGei}

FORMAT {7 Y, 32 % ARANDREY }
RETURN

END

Apmendix £.2 Exiernal Statements.



C**#*ﬁlﬂ******ﬁf*-ﬁ*#‘#***k*ﬁ#ﬁ“ﬁ#tﬁ‘i‘##tﬁ#*u*$$t*¢*t*tt*#t¢t$***¥
C TEST PENGRAMS TH {nuMpavs THE SPEED F AL AND FCRTRAN
C RANDOM Nyeers SUHFRATICS
Cttt**a{u&natntmt::-:ssa#nn#*».*z***ﬁusm:&:uam###tnn##t##ﬂ#m*ﬂ#at#tﬁ
DIMENSTHN OSITL10D o
COMMON TX o T TR, TN, T I UNT p JMNTT g JCLRy JHIST o KRANK L1, MFA,MSTOP
LM MONT T AN g MAKIS (MAXN L MEE g ML o ML g MOLCT o M TMST o MHL ST NOLE Ty
PNEVNT g NHI AT 000 e NDOEPT NI s P WS NP Ung WHUNS 4 S TAT 2 NORNT o NLCRDH yNEP,
TNV NEAQ e RF TLy g MPATM LT My NGUMA g NP ROy NDAY p NYH g NRSET ¢ NXX o OUT ¢
LTHDW TASG o TF IR AMELE) JWSTT LY
EQUIVALLMNCE (NSETCL)QSETILN)
IX=0
NSET{IX#2)=323333

TOTAL TIME FOR GENERATING 100000 RANDOM NUMBERS USING
BAL GENERATOR

aaoe

CAapt. INTIMELIL}
00 1 I=1,100000
R=MRANDL2)

1 CONTINUE

TIKE FD® CAECUTING JUST THE *CO-LOOP?

iaRalel

CALL INTIME(IZ)

00 2 1=1,100000
2 CONTINUE

CALL TRNTIME{IZ)

J=12-11
K=]13-1%
WRITE{H,23 104K -
3 OFORMAT{Y 2113}
sTae
END
BRAND CSECT
USING #,1% ’ INITIAL LINKAGE.
STM 2,8,20013%)
L 2401011 LOAD ADDRESS OF THE VARIABLE PASSED.
[ Ie=A{I XY COMPUTE ADDRESS DF THE SEED STORED IN NSET
L T.0(2)
-3 T:+0(3)
S Tex=Fo L0
M 6,":-:“"4'
L 8= LINSET)
AR T8
L 34 COMPUTE NEXT INTFGER RANDNM NUMBER
" 44087} " AS NSET{IX+i}=A=NSET{IX+1){MOD Pl.
D 4P
<1 440(7)
SR 45T COMPUTE NEXT REAL RANDTM NUMBER AND STORE
A 4o CHAR IT IN THE FLOATING POINT REGISTER Q.
ST 4,WORD
LE O+ WORD - .
(R 2:8+28(13) TERMIMNAL LINKAGE.
BR 14
.HAR D T FV1DT3T41824 CONSTAMNTS. CHAR FIRST S0 A IS DN DOURLE
A C F'l()B')T'_’ WOKD BOUMDARY, MAKDS LM INSTRUCTION FASTER
P [ Fr2147453647'_ s e hns

. Appendlx A.3 Comparisen of Speed. BAL Vs. FOITHAN Generator.



WORD

X
NSET

alaNeRel

amf

N

ns F
coM
ns 59F IX IS COMSINEYI™  AS ENUTVALENT
DS F WORDS 10 COMPUTE THE ADDRESS OF
END

COMMON TDTMy TNTT e JEVNT g JMNTT g MFAZMETOD MY MXC,NCLCT

INHIST g N i 0T G NOT G MPEMT otk 8 MR LS S TAT o CUT W TNGW
2THEGy TFINMXX o MPRENT g HUF D a2 g UNG L 1)y IMM ¢ MAXDS,
BMAXMS g AT I { L), CNQ0LAF T ILG) . JCELS 27,300,
GERANK (14)9™0% w0 (1) o MFEQ LG o MULO(14) 4 WCELST201oNQ{ 140
SPARAM (20w g 0T T95 014 4 S3UMAE 20,5 ) oSUMA(25:5) «NAME(S )
ENPROS ¢ MU dNUAY g NFRyJCULR e JTRID{12) e TX(E) yMLE(L G}

IXt21=32333

TIME FOR GENERATING 10CJO33 RANDOM NUMBERS USING
FURTRAN GENERATOR

CALL INTIMF{IL1)
DN 1 1=1.102000
R=DRANDI[2]
CONTINUE

TIME FDOR EXECUTING JUST THE *0OO0~-LCOP

CALL INTIME(T2)

CO 2 T=1,1C0C00
CUONYTINYE 8
CALL TNTIME(IZ)
J=12-11

K=13-12
WRITE{H:3) 4K
FORMAT (" ,2110)
STOP

END

FUMCTION DRANDIT:

COMMON ID 10, TNTT o dJEVNT IMNTI T MFA G METOR M. MXCLNCLC T,
IRHT ST g MO g NR BT G NGT g NPRME L NED N e NPUNS o NS TAT s DUT o TNDW o
2TRTG TR TN, MY g WORNT g HURD -, PO 4] B IR MAXTS,
AMAXMS g ATRTELIN o b d0 0 Ly [N LAY JCELSTZ20¢300,

GRRAME (14) dMAXL T304 ) o MrE(1a) oMLT(LC1,iCELS{20) . NAL14),
SPARAMI 2O ooy STIMEL LAY ,SOUMATZ2,2) o SUMALZS5) W NAMELG)

BNPROS yMON G WTIAY g NTReJCLRJTRIBILZ ) s 1 X088 ) +MLE{14)

IXCP)=1X(1}=£5535
TFCIX{I) LT O} IN(T) = IX{T1) + 2147483047 + 1

DRAMD = IX{1i*5.4656613D-9 s s
IF(HON(Ts2).E0a01 DRAND=140-DRAND

RETURN

END
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NSETS

RKO01870

REDOLY40
REDQOLSSO
RKLULSED
RKDI1901
. RKTIO19TO
REDG1580



ct****t#¢$ﬁtmt#*i#nkvtttﬂi&nﬁnﬁﬁ$tﬁtmx$¢=ﬂ#$a$#ﬂﬂ*#ﬁ’ﬂ#“t#ﬂﬁﬂt*ﬂﬁﬂttttﬂ

€ PROGEAM FUP OEMERATING A STT CF @AM NUMLEE S a4 MAKTNG

C DHE=DIMENSTONAL ANG Twii=DT4eyS il (HE-SQUARE TESTS TO TEST THE

C DAMDOMNL SG OF T oAy p S GENTRATIED.

(R e R B T S T A KAy Y SN G R A AT RGBT AN I A E R ST R I TR ERFEF AR L AR
C DRSCEIRPTINON NF THE VARTAFLILS HSI0:

C NOUUNT CONUNT=LOUNT =P S Bk Gur=DTMINSIONAL CHI=-SOIIARE TESTS

C MODUMT . DCOURT-CHUNT T 28 FOR Twli—DTMENETLAL CHI-SOUARE TESTS

C KCMINT L 3COUNT-CONTIRS FOR TAO=-0T2INSI3RAL CHI-SCUARE TESTS

C PARAMETFRS TO RE SUPPLIED

C NMAR S =TNOTAL NUMAER NF FANDDOM NUMAERS GEMERATED

c ICELS —~MUMBER DF CELLS FNE ONT-NIMSNSTONAL CHI-SQUARE TEST
C KLELS =NUNMAFER NDF CSULLS FOR Twu—f1¥ehSTontl CHI-SQUARE TEST
C o ~CEED NUMBFR FUR RANDOM NMOMBED GEXNERATOR

Cldkdfd ot npararxr ikt ol xRy s EXBURTRERIRFALTr oS =R S Rn Bk kk kk ok

DIMENSTUN NCOUNTLZ2C23 2C00UNTE200 0 s MCOUNTL2L2) « BCOUNTL230)
IKCOUNT(3G,30« BCOUNTE3C30) 2 A(10500)

TO READ PARAMETERS

L Se N |

READES ¢ 12N
1 FURN&T(R{L
WRITE(G,2:
2 FORMAT(*]1T,
WRITE{5,3} )
3 FORMATLYO",° NHERS ICELS KCELS IY*}
WRITE {64 iMNMERE  TCEL S KCELS.TY
& FORMATILY *,&1104

E“‘leELQ,KCELStI¥
¥

TMPUT PARAMETERS®}

TO INTTTIALIZE THE FGUNTERS

[aEalel

0 5 T=1,ICELS
NCOUNT (T 3=0
MCAUNTIT i =0
TONTINUE
GG 6 I=1.KCELS
DO €& J=1sXCELS
KCOUNT{Tedi=0
BCOUNTII¢Jd)=0al
6 CONTINUE
AMRRS=F{ OAT{YMPRRS)
ACELS=FLOAT{ICELS]) .
BLCELS=FLOATIKCELS)

A

TO GENCRATE RANDOM NUMBERS AND TO COUNT FREQUEINCIES 1IN EACH CELL

[ Nw el

A{1)=DRANDITIY) . i
I=AL1}*ACELS+1,0 ’
J=A{1)2RCFLS+1.0
NCOUNTOI)=NCOUNT (T bed
MCOUNTLIY =MCOUNTIdie ]
DO 15 I=2.NMBRS
A{T)=CRamtn(IY)
=A(1-1)#RCELS#1,0
K=A{]})*BCELS+1aD

TL=A(T )®RACELSH+] LU
KCOMT S o KI=KTIOVINTIY K I41.0
NCOUNT L) =HOOUNT{L b1
MCOUNTIK ) =MCOUNTIK)+1

10 CONTINUE
Appendix A.4% Chi-Square Tests.
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noo

aon

s Nakel

11

13

ONE=-DIMENSTNOMAL

SuM=0.0
DO 11 I=1.ICFLS
CCOUNT (] ) =NTDUN
SUM=SUM+ 1 CCUUNT
CONTTMUF
CHISQ1=aCELS=SY

THO~-DIMENSIONAL

SUM=0.0C

DN 12 I=1.KCELS
NCOUNTIT b =MCOUN
SM=SUM+ [ DCOUNT
CONTINUF
CHISQ2=BCFLS*5U
SUM=0,0

D7 13 1=1,KCELS
DO 13 J=1.,KCELS
BCOUNMTIL,J)=KCO
SUM=SUMS {QCDUNT
CONTITNUE
CHISQ2={RCILS¥*
CHISA=CHISHZ~CH
NDF=KLELS#*2-KC

TO PRINT OUT RE

WEKITE{&:14])
FRORMAT(¥09,1 FR
WRITELG6, 251 (NCO
FORMATIBY 10710
WRIT=(&64161CHIS
FOF{"‘AT‘J’},E;{Q’
WRITELGE,1T)

FARMAT(T1Y,? FREQUENCIFS FNR TWO=DIMENSINNAL CHI-SQUARE TEST3

WRITE(6,1R)({KC
FORMAT(5X,2016/
WRITE (6,19)CHIS
FORMAT(/ /35X, °
WEITE(642030HIS
FORMATL/ /95X, "
WRITF L%, 21INDF
FORYATLS/ 45Ky ®
sror

END

CHI--SQUARE TELST

T{1)
LI)—AMARSFACELS ) %32

M AMBRS

CHE--SQUARE TEST

Tit}
{1}-AMBRS/BCELS)*%2

M/AMBRS

UNTITI 4 J)
{190)={AMBRS~1,)/BCELS*¥2) %x2

2)*SUMS{AMBRS -1, )
1563
ELS

SULTS

EQUENCIES FOR ONE-DIMENSIONAL CHI-SQUARE TESTY)
UNTEII)I=120CELSY

2%

Q1 )

VALUE OF CHT-SQUARE=®,Fll.4}

QUNTLTadd +I=1.KCELS) 9 J=1KCELS}
)

az

VALUE OF CHISDZ2=",F10.4)

f

VALUz OF CHI-SQUARE=',Fl10.4)

EGREES OF FREEDGOM=*,14)
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}

§LEAOM

(2RI EAETE RS N2 IS RS BRSNS AR AR R FE AR ISR F R I 22 222 R 2R R 2 &8
r A JDH SHAD STy ATTHN T IRG S A, )

c.ﬁtu*ﬁ#ttkuuw-s R OR AN IR A T R A TN AR S N AT F A R A I PR R AN R R R Tk w ko

C FIST NF NONeSASD FORTR84 VAR [AA| IS,

C BuS INDICATRT 02V ™) §F £ #ACHINE IS IPLE,

C (ANF) EF A MACHINED TS PUSY,

C NOP Mg rpe NF SOFRATINNS D7E JUR,

¢ MATH HUMRER N MACHIMNFG J* THE SYSTEM,

o AINT TIME JNYERVAL AETEIOYN TWD AZDTIVALS,

C AJTH TIME ALLCWTN FOR THT COMPLETTON DIF A JNB,

c XISY5S HUMRBRER NP ARNTRS 18 THE SYSTFRM,

c RESEY PEFSFEYY ASSNMES THe vaLUF i TTHNOWE AT THE TIKE JF
C DESETTING JH OSHARMUTIMNE TEYNTSY,
c-‘m&*tgﬂt*aat#*#tnre*rrwvxvﬂ;zaét:ﬁzznﬁ##t‘z.::s'xtzttﬁa—zt:t:ﬁtz;kst.t#*:}stt*#xt

DIMENSTAM MEZY(1775) (OSFTIADA)
EOWSTr [N, T, TRTT , JTYNT JMNI T, 4EAMETOP WX, MXC,NILET,
THHT ST QMO HORAT (MOT G NPEMS N IN G NEDINS RS TAT 4 TUT p THTOW
ATANG,, TEIN WYY (MACT NPRDNL DT D  UNDLL14) oy [, MAX]S,
AMAYY S GATRIRIIO "N 14 ) I LS 9 dCRLSI22430 0 ’
AURANK [ 1A) JMAYN (LS ) o YFI{LaY oI T16) HNOFLSL2T 1aNDILS),
BEARAML TN 4 TTIMTL LAY g R5IMA 0255 ] o SUMA[2T,5) 9 NAME(H )
SNOUAF VMO DAY (AYR GJOLE, UTRINILIZ 1 IX(8)MLE(LS)
COMSINZUAATNT yAJTH  MACH  NOP s XTSY 5, RUSTE)

NPT el

MPRKT =3

AINTw D4,

AMTH=T2,

WACH»2

NP2z

T STERT WiTh THERE ARE NO JOKS TH THE SYSTEM, ALL THE QUEUES ARE
EMOTY nHal) ALl THE MAZHIMES AR IDLE.

faBaRalel

NTEVS= 0.
Py 1 §elyrdlH
BUS(T =0

1 e e
CALL G357 (NSET.QSETI )
sTom
END

Appendix A.5 Job Shop Simulatlion with GASP IIA.



STRPNUITINMNE FYNTSLT JNSPFTGSET )

NIMONSTAN MICT(1),057T(11

COMMN, TR Ty THNTT o JUVNT  JMNTT G MER RETP X (MY 4 NCLCT,
THHEST g N R PP T MOT G WPLME o MO S GNSTAT o WIT ¢ TNGIW
DPYNEN, TRIN MY HDENT  NEUNI  NED 10 14), 4", MAXNS,
FUAYMC G ATR TRy PO TN LS ba JOFLSI2T 00 ), .
GEIALK [ 1) oMAR Il 14 o MREl L) dMEDIYS) 00 FLS [._‘:.I1N‘)(14)l
ARARMP L2734 ) o OT I {14 14000 YA[ 25 5) 3 SITHAL 254 5] 4 NAMEL 6],
BUIDD [ | MU INAY  NY B SO0, JTEISI7 ), 1N (B} ¥LTE{14])

CPMMO A FAT T g AJTM AN HG NP, X1 SY5,808(6)

GO T [1e2¢3) 81
1 CALL ARVL{MSETL0SET)

RETIIP N
2 CALL FNRNP(NSETL0SET}

RETIIRN ‘
3 CALL MTPUTINSETLQSETI

RETURN

END
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[z Ealel [ NeleRael e I o T |

[ e Nl [BuBalale NalsNelel

(e NaNe)

[aBaleto

112

SURAC T ING 22P YL {NSTT,Q
AIMIRE R werT L), 00,7 :
Cowsin T P, THIT, gy SRR UL S SN S S S
TEHECT N, L DT, “1*-’9'*: Pla T S TAY T g TN W
2ANTG TEIMGMXX g NPIRT MO 20y D2 VA1) ¢ FHM MAXDS,
AMAXNS G ATT IR LT QY POl G TP S b JUTLGIT 7920
SHLAUK ]G] o MAYNTIT A ) o P B b R4 G LT IED ) e N T4,
EPAIAMTZ. 3 4) o ITIWT LA} SRUMAE20 0] S A [P0 8] NAVELR ],
BEPOTJ  MON HIE Y VR JOLR o JTH TECLZ) o EXU B MLE( L4 '
COMALMIUL N INT g RITH G MACH NP W X ITY 5, BUS (6 )

FILF THF MEXT ARRIVAL EVENT.

ATRIBI1} TMAW + ATNT
JYRIB(Y) 1
CALL FTLEM{1,NSFT,QSET)

FIND QUT NUMBER OF JNMARS ARRIVING (KJOGRS). COLLECY STATISTICE 9N
NJORS »

NJNBES=NPOSN({Ll,5}

XJOBS=NIDIRS

CALL COLCT{XJNARS,1,NS55T,Q5ET}
CALL HISTOIXJINAS,2492e91])

COLLELT STATISTICS DN XISYS.

CALL TMSTUXISYS,TNOW,NSTATNSET,QSET]
XISYS=XISYS+XJ0ORS

FILF spl THE JORS SJUST APRIVET IM TW& PROPER QUEUE. WITH
FIXED PNINT ATTRIRUTES 1a TMIMMY

2o MPERLTINY MIIMAZR

3. MACHIME RSMBEP AND
FLOATING FOINT ATTRTPBUTES 1. TIME W a?~%IVAL IN QUEUE

2« DUE NATFE

3, DPERATINN f!HE.

ATRIA(1} = TNOW
ATRIR(Z} = TNOW + AJTM

JTRIB{11=0 _ :

JIRIB(2) = 0 . .

GENERATE MATHINE NUMBER. &

Do 1 I=1,NJHBS

AfN= NRANDII)

00O ? MEXTM =1, MACH
TRIPADAMIT NEXTM) = RN) 243,23
CONTINYUE .

JTRIB{3) = NEXTM

GEMERATE NPERATION TIME.

NPTu= RLNGMNIZ2,6]

ATRIa{3}=0PTM

TACS STATISTIAS DN THE MUMRER OF JORS IN THE DUFUF AND FILE THE
NEWw JNROTN THE PRIAPER QUEUE.



[m N el

laBalalelaRuNaNalisNeNael

JO=MNFXTY+1

ANQ=NOQ(ID)

CALL TMSTUANDaTRNOIWGNENTM NETT  J5ET)
CALE FILFMIJUNSFTLOSET) :

COLLECT STATISTICS 7™ DRFRATINDN TIME,

CALL COLCTI{NPTM,2,NSTT4QS5EY)
CALL SISTOUNPTMy425,42542)
CONT I NUE -

TEST TH® MACHINFS TN SFF IF THEY APF mysy n° TNLE, [F A MACHINE
15 1IDLS, TEST THF QUIEUE, TF THIOAF IS A 00 1IN THF JUSUF, COLLECT
STATISTICS 7 TY® MACHINE . UTILIZATINN, THFN MAKE THE MACHINFE
RUSY AND FTLE AN END NPERATTINN EVENT WITH '
FIXED POINT ATTRIRUTES le EVENTY CODE

7s OPERATION NUMRER

3. MACHINF NUMBFR AND
FLOATING MOINT ATTRIBUTES le EVENT TIME

2« DUE DATE

NN & 1=1,MALH

IF(RUSTT Y]S5 644%

FALL ERROR{LoNSET,QSET}

Jo=Tsl

TFIRO(JY) 18e449

CALL ERROR[{2,NSET,QSET}
NCONF=T+MACH CoE

CALYL TMST(S.s TNOWSNCODE 4NSET.QSET]
RUS{IY = 1.

ANQ=NOL.IN) *

CEEL TMSTIAND,TNIW, T NSET,Q5ET)
NCOL=MERLIN]

CALL BMOVE(H DLy JOsNSETHO5ETH
ATRIR{Y) = TMOW + ATRIBL(3)

JTRIR(L) = 2

CALL FILFM(1.NSET.Q5ET}

CONTINUF . .
RETURN

END



YOy

[ R K (3 R=RaRelaly Ralalal [aXale.

SO M~MO0

[t

5

SHRKAUTTINE EMINAINSET, QLT
NIMENSTION KSFT{1) 4058711

COMMY T, BAg TNTT, JIVHT o W T, MEA G MET AP o) W MYXE NI C T,
THUHT AT G NOO G MOERDT N T G NORME L g LR UING o S TAT o 2T TNDOW,
DTG TRETH aMAN G MPRNTGMIPNR (70 yhO{14])  ITMY,MAXQS5,
TMAXNC G ATR TP ITT) S0 1oy [N 1210 JOFLSL27, 300,
GRENUKTT14) o MAXND (14 g 4FF [ 14) 2 CLL1ad " CFRLSI2™) 0014,
ERAD AL e ) g DT IMT {14} o SSUMAL TN, B g SUMA{ 25,6}, JAME(S]),
ANPDCY oMUY g NITAY NYRGJCLR ¢ JTRTIRL12) 2 IX{RB)MLEL]4)

COMMANA A AINT, ASTH, MACH, NOP, XTSYS, BUSLE) B

STORE THE MACHINE NUMBER,

NSAVE=JTRTIAR(3)
JTRIB(2)=dTPIRB{Z)+1

IF ALL NPERATIONS ARE OVER COLLECT STATISTICS ON SLACK TIME.

IFCITRIB(Z)I-NOP 1,242
SLKTM=ATRIA{Z )=TNOW

CALL COLCT{SLKTM,3,NSET,QSET)
CALL HISTAISLKTMy=154934¢3)

CALL TMETIX]SYS,TNOWNSTAT,NSETQSET}

XTEVS=XISYS~1,
GO TO 7

GENERATE MACHINE NUMBER AND FILE THE JNR IN ITS QUEUE WITH

FIXED PNMINT ATTRIBUTES |

FLOATING PODINT ATTRIBUTES

RN=DRAND{3)

INDX=NSAVE+]

D 3 NEXTM = 1,4ACH
TRIPARAMIINDX (NEXTHM)=RN] 3,444
CANTIMIE

JTRIB(2A} = NEXTM

JTRIB(L)= O

GENFRATE CGPERATION TIMF AND COLLECT STATISTICS ON IT.

ANPTM=RLOGN{Zy &}

CALL COULETIMATM, 2, NSETQSET)
CALL MHEISTRINOTV, 2542254213
ATRIS(3) = NPTM

JA=NEXTMS] 2
AMQ=NQFIN)

l. DUMMY
2 NPERATION

3e MACHINE NIMEER AND

NIMRER

1e TIME NF ARRIVAL TH QUEUE

2+ DUE DATE
3., OPFRATINN

CALL THSTTAND, TNOWNEXTM NSETLQSET)

CALL FILFM{JONSETHQS5FTI

CHELK TIF THE MACHINE [S RUSY 0% INLE,

TIiMF.

1F TH" MACHINE TS IDLE

COLLFOT STATISTICS NN INLE TIME AND SET THF MACHINE ausy, COLLECT

STATISTICS NN THE MIMRPR NFE  jNec

IN THF QUEUC.

"THE QUEUE AND FILE AN END-DF-~OPEPATIUN EVFNT.

IFIRUSENEXTMY ) 5,647
CALL BRROR{1,NSET#QSET)

REMAVE

THF JNR FROM
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£ 90

19

NCONF=NTXTHeMACH

CALL THST. o THIW G NCTENE NSFT ,GSET)
RUS{NEXTM)= 1, :
ANQ=NTIIN)

CALL TMSTIAND, TNNWgNEATH G4 TT ,B5ET)
NEOL=MFr{J0}

CALL OMNVE(2CTL , JQ,MSFT QSFT)
ATRI®{1) = TNOW + ATRIB(3)

JreIsiiy = >

CALL FILFM{1,NSET,QSET)

TEST AND SEF IF THERF ARE ANY JIRS WAITING FDR THF

PREVINUS

MACHINE o 17 THPRT TS Any J08 IALLECT STATISTILS 0N THE JORS IN
AUFUE . REMOYE THT JOR FROM THE OUCUE AND FTLE AN FND=OF-JRERATINN

EVEMT, 1# THERF IS W JOB COLLECTY -STATISTICS

MAKE THE MACHINFE IDLE.

JOA=NSAVE+Y

TFENOLJTY) 899,10

CALL FRROD{2,NEST,QSET)
NCODE=NSAVE+MALH

CALL THMET[1ley TNHGNCODF.NSET,QSET)
BUS(NSAVE) =0,

RETURWY

ANG=NQ( IO}

CALL TMSTUIANG, TNOWLNSAVENSETLQSET)
MCDL=MFE{30)

CALL RMNVYE(NCOL . JRNSETLQSET)

TAYRIRB{I)= THOW + ATRIBIL3I)

JTRIB{LY = 2

CALL FILEMIL.NSET,QSET])
RETURN *
ENI:

OM THE BUSY FIME AND
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[n e el

lalgiainNslainRel

SUREPUTINE OTANT{NSTT,087T)

PIMFAST I MS™T(1),05FT(1)

CO™HNR T Ty [T g P UNT 24T T M A MO T 0D MK, MY 0 KELC T,
IRHTST My W@ 0T MOT ADI G hm b e ST AT AT TNOW
PYREGSTE [P @ XX g APRNT g I 00 E V20 A (L) o ] UM, MAKADS,
AMARES G ATE IR (1D 2200 Lo o THE A 140 p STELS (209370

GROANK{ TG ) o MAXND (1A o Vel Iab e MLLELE) » N T TLSIZ0 NI 14,

EPARAML T (4] o 2TIM {14 eSS AL08,5 ) SHMAL 2R, 5, HMAMELA]),
BNDIPOG oMM gAY g NY R JCL R )Tl 12 4 1X10 ) MLE(L14)
CIMMYINZ AT TS AJTHMGMACH NP o XESYSBUSTEY
DIMENST ON 2VOQ{10)AUT(1Z)

FILE NFXT REPORT EVENT

ATRIRB(1)=TNOW+ 48,

JTRIA{1)=3

CALL FILEM{1,MNSET.QSET}

nn 1 1=1,MaCH

AA=RUS(T)

NCONE=MACH+]

CALL TMAT(AA, TNOWsNCONF,NSETQSETH
1 CONTINUE

CALCULATF STATISTICS: AvHP -AVFRAGE MPERATINN TIME
AVGRT ~AVERAGE NyvRER OF DRDOFRS RECD
AVSLX ~AVERAGE SLACK TTMF )
AVA(T] —AYFRAGE NYMBER OF JORS TN *QF
TAUT(T) —AVERAGE UTTLIZATICN PFE M/C V11
AVYSYS —~AVERAGE NUMBER NF JORS TN SYSTEM
AVORD=SUIMALT,1)/75UMA(1,.3)
AVAD=S A (Z,1 ) /SUMALZ2,3)
AVSEK = SUMA{T,13/5UMAL3,3)
DN 3 1=1.%40H '
AVG{I ¥={330U"AI1,21/S3UMAlTs1})
3 CONTINDE
IFITHNNW. NEL 484160 TO 6
WRITE{NPRNT &) .
4 FORMAT{®19,?* Avop AvoRD AVSLK AvO 1 AVQ 2
1 Ay9 3 AT 1 AyT 2 AUT 3 AYSYS®)
LY=MACH+] :
L2=23MACH

6 DN 2 1=LY,LZ
AUT{1Y=SSUMALT42)/SSUMA(T 1)
2 CANTINUE
AVSYS={SCUMAINSTAT,,2) /SSUMAINSTAT 1))
WRITELNSONT,SIAVOP (AVASD AVSLK. LAVQIT) o T=14MACH],
C2{AUTOT) . I=21YeL7)s AVSYS :
5 FORMAT(Y ',12F10.6]
RETURN
END

115
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FORTRAN IV G LEVEL 21 MATN DATE = 73045 ' 2274331

R R AR AN A R R R T Ak A R I T T LRI B IR R AR AR IR R MK EX IR TR TL R I RN
C A JDA SHOP SIMOLATION USIMNG GASP T1P. ' '
I T T2 2 E RS R e 2 A HE R E IR AR ERFER AL F AR kA ek kxR ek Ty hkk
C LIST OF MON=GASP ENRATRAN VARTARLES,
c BUS INDICATUR, L 25200) TF A& MACHIME IS 1DLE,
¢ {ANE) TIF 2 MACHINTS IS BUSY.
C MOP NIIMRERP DF NOPERATIONS PEFR JOR.
C MACH NUMRFER (F MACHIMIE IN THE SYSTEM,
C AINT TIME IMTFRVAL BETWEFN TWO ARRIVALS,.
C AJTM TIME ALLOWFN FA2 THE COMPLETICN DF A J08,
c XISYS MUMRER NF DRDEES IN THE SYSTEM,
o ke s o e o e e o S B o o e e e ke ke e e oK ok 0 o R Rk R R ek kot R Rk ok e R kR R W R R RNk
0001 DIMENSION QSET{1810)
o202 COMMAOAN TX,y TMy IN, TD I MM JEYNT g UMNT T, JCLR , JHIST 4KRANK LU, MFA,MSTOP,

IMONGMONT Ty XX g MAXNS g MAXND yMEE ¢ MLC o MLES MLLCT 4 MTMST ,¥HIST ¢ NCLCT,
ZNEYNT o HIS T o M IQ g NNRP T o NOT g NPRMS y NRUN 4N UNS s NSTAT L nIPRNT 4 NCRIIR 4 NEP,
INVMNIGNERD METL o N, NPARY,, M OTHy NSUMAZNPROI 4 NDAY 4y NYR s NRSET o NX X 4 DUT
GTNON, TREG, TRINNLVE(L) ,NSETIL}

0003 EQUTVALENCE (HNSTT(1),03ET(1))

0C0G COMMON/UZATNT ¢ AJTM , MACH MNOPXTISYS, BUS L)

oans NCRDR=1

- 0006 NPRNT=3

06o7 AINT=24.

0ons AJTM=T2,

0299 MACH=3 3

no1c NOP=3
' ;
c TO START WITH THFERE APE NN JOBS IN THE SYSTEM, ALL THE QUEUES ARE
c EMPTY AND ALL THE MACHINES ARE IDLE. '
C

po1t X1SYS5=0.

0012 NN 1 I=1,MACH

0013 BUSI{I)=0a

0014 1 CONTINUE

0015 © CALL GASP

0015 STOP . "

oolY END

-

Appendix A.6 Job Shop Simulation with GASP IIP.



117

FORTRAN TV G LEVEL 21 ' EVNTS DATE = T3045 22743731
0001 : SUNRNUTINE EYNTS
0002 DIMENSION OQSTT{1)

0on3 : COMMON IXg IM IR T TMM JFVNT y JMHTT a JCLR, JHTST y KRANK , LU MF A, MSTOP,
: IHM NG MINTT g MXX g PANNS g MEXND g MFE G ML g MLF 4 MOLET o MTMST o MHTSTNCLCT,
PNEVUNT g NHT ST eNU e NTIAPT o HNNT o NPRMS gt g N i) iS o NSTAT G NPRINT G NCRIDR (NEP,
BNV NEHG NPT s 2o e NPARM  MAOTH NS UMAZNPRDS 4 MNDAY s NYRGN2SET o NXX 0QUT
GTNDN s TAEG TEIHNAME[ET G NSETILY .

0004 EJUIVALERCE (N3ET{1],Q58TEL))

Qoas Crw AN UL A INT L AS T MALHNDOP, LI SY S BUSTSD
00De JSW=JFVYNT-3

aoce7 GN.TD (1e243)4J5W

0008 1 CALL ARRVL .

opne RETURN

£oi0 2 CALL ENDDP

601l RETURM

o012 3 CALL OTPUT

6013 RETURN

0014 END
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.FORTRAN 1V G LEVEL 21 ARRVL - DATE = 73045 22743/731

0001 SUBRROUTINE ARRVL

o002 EXTERNAL DRAND

Qo3 NIMENSTAN QSETLL)

0034 CNMMIN Ix'_IM'IN"J,In'}”*‘!'JFVNT'JWNIT'JClRQJH]STIKRANK'LUQPFA,MSTUP'
TN, MONT T MXX g MAXNS g MAXND pMEE ML g MEF g MOLLT g MTMET 4 MHIST o NCLET
2NEVNT.NHlST.nao.anpT.ﬂqr.wpgns.wkum.wpuws,NRTAT.NPRNT.NCRDR.NEP.
INVND NENQe NFIL o Qe NP ARMGMATH o NSUMA s NPROJ o NDAY s NYH g NRSET o NXX £ DUT o
LGTNOW e THEG s TFINGNAMF (6] yNSETIL)

0003 EOUTVALERCE INSET{1),Q05ETI(1)}

0006 COMMONZUZATINTAJTM, BACH4NOP,XISYS, BUSIEG)

c
C FILF THE NEXT ARRIVAL EVENT.
c .

G607 IN=LOCAT{1,HMFA,1)

onos NSFT{IN})=4

coo9 OSETCIN+Y)I=TNOW+AINT

Q010 CAtL FILEMILY

C

c FIND OUT NUMRER OF JDBS ARRIVING INJOBS)}. COLLECT STATISTICS ON
C NJOBS . ;

C

0011 NIDBS=NPNSA{1,5, DRAND)

0012 XJORS=NIDBS

00313 CALL CRLCTIXJOBS,1)

0014 CALL HISTDIXJNBSe2avZerl]

C
C COLLECT STATISTICS ON XISYS.
C
gnils CALL THSTIXISYS.NSTAT)
4016 XI1SYS=XISYS+XJOBS
C
c FILE ALL THE JDRS JUST ARRIVED IN THE PROPER JUEUE, WITH
c FIXED POINT ATTRIBUTES le DUMMY
c 2« OPERATION NUMBER
C . 3. MACHINE MNUMBER AND
C FLOATING POINT ATTYRIBUTES l. TiME OF ARRIVAL IN GQUEUE
C i ?e DUE DATE
c 3¢ OPERATION TIME,
c

co17 oC 1 1=1,NJOBS

Q018 IN=LOCAT(14MFA,1}

CoLS NSETLINI=O.

c . \
C GENERATE MACHINE NUMBER,
T

0o2n RN=DRAND(3)

Q021 INTX=HDOARM+]

po22 DO 2 NEXTM=1,MACH

0023 IFINSETOINDXI~RN)2,343

G244 INDX=TNDX+1

0025 NSET(TIN+1)}=0

0G24 NSETLIN+? ) =NEXTM

oozT OSFTITN+3)=TNDH

op28 QSET{ IN#4)=TNDW+AJITM

L
C GENERATE OPERATION TIME,
C

0029

NPTM=RLOGN12+6+DRAND)



FORTRAN IV G LEVEL

0030

o031
0o32
D233
0a34

0035
0036
0037

0025
0039
Gnag
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050

00351
0052
¢0s3
0054
0055
00656
gos7

sl aBaNal

[aNa R el

alulaslslalaNeRaNalals]

aNaksel

&

el -]
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21 ARRVL DATE = 73045 22743731
QSETLINS}=0PTM

TAKE STATISTICS NN THE NUMRER OF JOBS IN THE OUEUE AND FILE THE
NEW JOB IN THE PROPER QUEUE.

JOA=NEXTM+1
ANG=NSETINJ+JQ)

CALL TMSTUANDNEXTM}
CALL FILEM{JQ)

COLLECT STATISTICS 0N OPERATION TIME.

CALL COLCTIOPTM,2)
CALL HISTOU(APTM, 25,2552}
CONT T NUE '

TEST THE MACHINES TO SFE IF THEY ARE BUSY DR IDLE. IF A MACHINE
1S IDLE, TEST THF QUEUE. IF THERE IS A JOB IN THF DUEUE, COLLECT
STATISTICS NN THE MACHINE UTILIZATION,; THEN MAKE THE MACHINE
RIJLY AND FILF AN END OPERATION FVENT WITH '
FIXED POINT ATTRIBUTES 1. EVENT CODE
‘ 2e OPERATIDN NUMBER
3. MACHINE NUMBER AND
FLOATING POINT ATTRIBUTES le EVENT TIME
° 2. DUE DATE

DY 4 I=)]:MACH
TFIBUSTIII}S54604
CALL ERROR(1)
Jo=1+1
TEINSETINQ+JQ) 1B 44,9
CALL ERRNR{2)
NCANE= L +4ACH
CALL THST(G.sNCODE]
BUS(I)=1,
ANQ=NSET (NQ+JQ)
CALL TMSTUAND,I)
NCOL=NSET(MFE+JQ)
CALL RMAVE [NCOL, Q)

NOW THE COLUMN REMOVED *NCOL' WILL BE "MFAY,

TN={ DCAT{1,MFA,1}
NSET{IN}=5
NSETIING3 ) =TNOW+QSET(IN#5}
CALL FILEMIL)

CONTINUE

RETURN

END



FNRTRAN

0001
o602
0023
0004

0005%
0006

0027
coos
oong
0010

0011
oQlz2
0013
0014
GO15
0016
0017

00l®
ep19
0029
cn21
on22
0023
0024
2925
U026
opz27

o028
0029
0a3o
0051
0032
0023
00354
0n3s
0036

IV 6 LEVEL

(o NN

fgEnla

(g Nzl alaRaReNal

aRalel
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21 ENDOP DATE = 73045 22743431

SUARQDQUTINE ENDOP
- EXTERNAL DRAND

DIMENSINN OSETIL)

COMANN ITX o TMe TANG TN o TMMy TEVYNT s IMATT G JOCLR G JHTST s KRANK 4 LU o MFA,, MSTOP,
TMON MM T T o X MAXNS g MAXND oME R MU ML G MCLCT g MTMST o MHIST ,NCLET,
INFYNT ¢ NHIST ¢NIQe MIIRP T4 NOT g NPRMS yNKUN g MNRIINS ¢y NSTAT MORNT g NCRDR ¢ NEP
ANV G HENG y NETL s WP AR N?TW.NSUMA.NPRHJ;NUAY,NYR.NRSCT.NKK.DUTv
LTNOWe TRFG G TFIMN G MEAMELA) 4 NSET{1}

EQUIVALENCZ MSFTI1)},Q5ET{L)}

CUMMAN/USAINT G AITH  MACH NDP» X18YScBUS(6)

STORE THE MACHINE NUMBER,

NCOL=NSETI[MFE+1}
N=LOCAT(14NCOL,1)

NSAVE=NSET(IN+2)

OPNO=NSET{IN+1)#]l

IF ALL OPERATTONS ARE OVER COLLECT STATISTICS ON SLACK TIME.

TF{NPNO=NND)1,2,2
SLKTM=0SET [ IN+4)~TNOW

CALL COLCT(SLKTM,3)

CALL HISTO(SLKTM,=154434,31
CALL TMST(XISYS.NSTAT)
XISYS=XISYS-1.

GO TO 7

GENERATE MACHINE NUMSER AND FILE THE JOB IN ITS QUEUE WITH
FIXED POINT ATTRIBUTES ls DUMMY

2. OPERATION NUMBER

3. MACHINE NUMBER AND
FLOATING POINT ATTRIBUTES 1. TIME DF ARRIVAL IN QUEUE

2. DUE DATE

3. OPERATION TIMEs

RN=DRANDI3} . 8
INDX=4*NSAVE+{NPARM+1)

DO 3 NEXTM=1,MACH

TFIASETLINDX)=RNI3 4t

INDX=TNDX+1

IP=LOCAT{1,MFA,1}

NSFT{IP}=0

NSET{1P+1)}=0PNO

NSFT(IP+2)=NEXTM

QSFTI{IP+3)=TNONK

GENERATE OPERATION TIME AND COLLECT STATISTICS ON IT.

OPTM=RLOGN (2464 DRAND)

CALL COLCT (NPTH,2)

CALL HISTUINPTM, . 25,42542)
QSET{IP+41=0SETLIN®G)
QSETEIP+SI=0PTM

JOQ=NEXTM+¢]

ANQ=NSET(NQ+J0)

CALL T4ST{ANQ,NEXTHM)

CALL FILEM{JQ}
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FORTRAN 1V § LEVEL 21 ENDOP DATE = 73045 22743731
8] .
c CHECK IF THE MACHMINE I8 8USY OrR IDLE. TF THE MACHINE IS IDLE
I ¢ COLLECCT STATISTICS MY IDLE TIME anND SET THE MACHINE PiSY, COLLECT
C STATISTICS NN THE NUMRFR NF JNRS-IN THE QUEUE. REMOVE THE J0% FRODM
C THE QUEUL AND FILE AN END=-JF-UPERATIGN EVENT.
C .
o037 : TF{RUSINEXTMI 1S40, T
0038 5 CALL ERRNR{]) :
0039 & NCDDE=NEXTM+MACH
0040 falt TMST{J..NCODEI) -
0041 AYSINEXTHM) =1,
Q042 AND=NSTT{NQ+IQ})
0043 CALL THMST{ANQLNEXTM)
O04%% NCOL=NSET{MFE+JQ)
0045 CALL RMOVE(NCOL.J4Q)
C
c NOW COLUMN REMOVED T*NCOL® WILL BE TMFA',
c . .
Q046 ’ IN=LCCAT(L+MFA,1)
0047 NSET{IN)=5
0048 RSET{TN+3 ) =TNOWHQSET L IN®5)
0049 CALL FILEM(1)
’ C
c TEST AND SEE IF THERE ARE ANY JORS WAITING FOR THE PREVINOUS
e MACHINE o “IF THFERF 15 ANMY 0% COLLELT STATISTICS GOM THE JOBS IN
C QHEUE, REMOVE THE JNOR FRNM THE QUEUE AND FILE AN END-NF-OPERATION
C EVENT, T1F THERE 1S ND JOB COLLECT STATISTICS ON THE BUSY TIME AND
(o MAKE THE MACHINE IDLE.
c
0G50 7 JO=NSAVF+1 o ; : .
0051 IF{NSET(NR+JO)}IB,9,:10
0052 8 CALL ERROR(2} .
0052 9 NCODE=NSAVE+MACH
0054 CALL TMST{1l.,NCODE)
o055 BUSINSAVE)=0.
0055 RETUEN _
00s7 10 ANQ=NSFTINQ+JQ)
0058 CALL TMST{ 4ANTLNSAVE)
0059 -NCOL=NSETIMFE+JQ)
0060 CALL RMOVZ (NCOL.JQ)
[n101.38 IN=LOCATIL «MFA,L) E
0062 NSET{IN) =5,
0062 QASETIINH3)=TNNW+QSET(INGSY)
11a 1.0 CALL FILEM{(1)
DO6&S RETURN

0066 END



0333

122

FORTRAYN I¥W G LEVEL 21 oTePyT DATE = 73045 227143731
nooi SURROUTINE OTPUT
. poc2 UIMeNSINN QSET{1)
0003 COMMUR IX DMy INN e T Y MM JFVNT g UMNTT o JCLRy JHIST o KRANK LU MF A, MSTDP,
lMlNgHﬂHIT,WXX,WﬁiJ\,VAXN\'“F v HALE y MLE G MOLCT o MIMST MHIST,NCLCT,
INEVNT ¢ NHI ST o NG e N EP T o N T o NPRMG o NRUN S MR UNS «NST AT NPRLT}NCRHR NEP,
INYND s REND, NEIL o NONPASM, NOT M, NSUMA, NPRUJ W NDAY ; NYP g NRSET 4 NXX 4 DUT 5
GTNG Wy TREG TFIN NAME (6] ¢ NSFT{L}
0004 FOQUIVALENCE (NSFTLL).OS5ETLLY)
coos CUMMNN/UZAINT ¢ AJTM MACH,NOP, XISYS. BUS{E)
0006 DIMENSION AVGI1Q0),AUT(10)
vl
(o FILE NEXT REPORT EVENT
ol
noo7Y IN=LDCATi{1,MFALL1)
06008 NSET(INI=8
pocs ASETUIN+#1)=TNOW+48,
001D CALL FILFEM(1}
0011 00 1 T=1+MACH
0012 Aa=BUS{T)
G313 NCODE=MACH+]
tole CALL TYST(AA,NCODE)
0015 1 CONTINUE
C
c CALCULATE STATISTICS: AvOP ~AVERAGE DPERATION TIME :
4 o AVORD ~AVERAGE HNUMBER OF ORDERS RECD
C AVSLK —AVERAGE SLACK TIMF
c AVQIL) -~AVFRAGE NUMRFER 0OF JnNBS IN Q¢
c AUTLT) -AVERAGE UTILIZATION DF M/C 10
C AVSYS ~AVERAGE NUMBER 0OF JOBS IN SYSTEM
C
0016 AVORD=NSETINSUMASL) FOSETINSUMA+3 )
co1Y AVS=RSETINSHMA+6 I FASETINSLMALS]
cais AVSEK=03FT {NSUYA+LL )/ QSETINSUMA+L3)
G619 INDX=S*NCLCT+HINSUMA+L )
no20 DO 2 I=14MACH .
Qo2 AVRITI)=0SETIINDX+1) /QSETIINDX)
0022 2 INDX=INDX+5
€023 DO 3 I=1,MACH
an2a AUTII)=0RSETLINDY+1) /QSETL INDX)
0025 3 TNDX= INVR+5
Qo246 AVSYS=QSFT{IMNX+1) 7QSET{INDX)
0927 IFL{TNOW.NEL 43, )60 TO &
0028 WRITE{NPRNT 34} ) . .
0029 & FORMRT(*1°,° AVOP AVORD RVSLK AVQ 1 AVQ 2
1 AVD 3 AT 1 AUT 2 AUT 3 AVSYS?)
gu3c B WRITE(NORNT ;5 )AVIEP ,AVIIR Dy AVSL Ky (AVOLI ) o I=1o MACH,
ZiAUT(TI'I‘lyM‘CHI9AVSYS
0031 5 FNRMAT(® *,10Fl0.4}
0g3z RETURN

END



ECHD CHECK NN INPUT DATA

CAPD TYPE 1

- NAME NPROJ

MOM MDAY NYR  NRUNS

RAJAGDPALAN, 1 11 25 1972 1
CARD TYPF 2
NPAMS NHIST NCLCT NSTAT In MY X NNQ NEVNT
[ 3 3 7 200 B 4 &
.CARD TYPE 3
FOR EVENTS
FIXED POINT ATTRIABUTES L 1 3 1 3
FLOATING BOINT ATTRIBUTES i 1 1 1 2
FOR FILES ’
FIXFC POIMT ATTRIBUTES 3 ° 3 3.
FLOATING POINT ATTRIBUTES 3 3 3
CARD TYPE &
NO, DF CELLS
13 14 i3
CARD TYPE 5
KRANK
1 1 3 1
CARD TYPE &
INN
1 1 1 1
CARD TYPE 7
PARAMFTERS
PARAMETER ND. 1 0. 4000 0. 9000
PARAMETER NO. 2 C.0 - 0.600C
PARAMETER NO, 3 03232 0a.3C00
PARAMETER NO. 5 11.00%0 0.0
PARAMETER NO« & 6628 =44 0GOC
CARD TYPE B8
MSTOP JCLR NORPT NEP TBEG TFIN NSEED
1 1 0 4 0.0 540C.000 3
CARD TYPE g - '
SEEDS FAR RANDNM NUMRER GENERATYON
11111 33333 77777
CARD TYPFE 10
RESET TIMES FOR COLCT
480,000 4B0.000 480,000
!ESEf-TIHES FOR TMST :
480,000  4B0.300 480,000 480.000 480,000 480.000
RESET TIMES FOR HISTO
4B8Z.0C2 480.000 #80,000

123

s e

1.0000 e}
1.0000 0
1.8200 0.
1. 000G 0
1CC.CUB0 0
2e50C00 0

480.000

Appendix £.65(a) Simulation Hesults with GASP IIP.



POINTERS
TNN KRANK MAXNQ MFE mLL MLE ND NVYNQ NINQ NQTH MONIT
O 4 8 12 16 20 24 28 32 36 40.
MOLCT MTMST NRSET MHIST JHIST IX NFIL .

138 . l4l 148 155 158 207 210

CARD TYPE 11
FILE N{., ATTRIBUTES
1 : & 0.0
1 é 48, 000000
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STMULATION PROJECT NO. 1 BY RAJAGDPALAN.
DAYE 11/ 25/ 1972 RUN MNUMRER 1
CONTENTS OF FILE NO. 1
NSET AND OSET

2 9999 : 4
0.0

77 1 6

0.480000E 02

CONTENTS OF FILE NO. 2

NSET AND QSET
THE FILE IS EMPTY
* CONTENTS OF FILE NO. 3
NSET AND QSET
THE FILE 1S EMPTY
CONTENTS OF FILE NO. 4
NSET AND OSET

THE FILE 1S EMPTY



1.99599
2.2021
240322
203227
242018

AVORD
DeTIID
lle32C20
lG.R333
CaT5I7
i G
9.9167
a,32R6
1T.50C2
lladabq
10. 2322
17e1364
Loa 293
1C. 6538
10.T143
0. 9EET
110000
11a2294
1045722
IT7.%579
1LaS250
iTeu¥E2
107273
10.545%2
10.73832
GaT300
125346
106491
10.553¢%
Yiwh233
10.T657
12,7773
1{.81258
10,9071
leeBE24
119143
13.9325
1049109
13,5435
179231
10e%%00
12,9146
I{e321D
14,8543
11,9371
12.955¢
1249457
1549255
129583
11.0376
117253
1£.9705
1C.9R0%
1649523
109167
10,9455
1. 9643
1C.561
10.965%
1).95T6

AVSLK
5644009
480162
4240 33T
362547
34.1198
BhH, 6600
372069
Fa. GHRT
344BTDC
33,51CR
33,8502
33.8513
32,5130
5045456
23.098%
2% 9089

2142321 .

173550
144543
11.7472
B.C1l47
Te766°
5. PRET
5.6054
3.5374
2« 1358
la2235%
Da27F4%
~De£55]
-le1663
“1ls 3064
—2452%4%
-3.1122
-3,6389
=-641290
-He T35
~4a1Ttu
~12.0774
wlluhlasg

=~1denlle

~Zza53C7
~Zla£6340
=224 9253
-244, 1001
25 3545
—2h, THED
-28.431%
~29« 7141
-3Le2625
—32a911L

-34.3494

~33.23517
-3T7.4365

AvQ 2
e 4356
Eallfit
A.Tapn

1C.6623
98147
Gal%39
G, 14RG
10.1237
1Ca 74487
12,4755
1C.9042
12,8274
11.R3%2

13.2410

1Salar®
16. 9796
18.58783
19.972¢
2la1172
2146950
2240358
22a5z200
23a2Tul
2R SRET
Z4el851
2472495

Sa7i%91
2542354
25.41 0%
25 .8076
545317
284 345G
270374
2Ta 5541
29a.3574
25,0385
29 T2
3C.%129
3l.8356
3La5941
12.1204%
32.£2146
33,0837
3Z.4828
33.R997
3443511
54 B8751
35,4915
36,2273
34,9540
37.7153
35,3948
33.0521
30, Thld
due3I3L
40.9%02
415241
42.070%
42,5786

Zab

2
AL
Zal?b53
1.al5¢
laU&RS
QuFTTE
Ta9731
Je 9704
CaB66T
G.81R8%
Caf578
Ce 75905
DaeThTh
2.5982
Je T369
Ja933%
De 8832
Ca939%
C.5982
DaG52¢
0:5236
DuRaye
1eCT32
1.0545
leChat
Teeas
leaas
leii846
1.0G543
lall30
l.1879
121557
le 164E
10720
l.223%
Fudlbl
1.1925
L=168¢&
la1%5%
1a.1247
La1721
i.1572
lalbbs
le2284
leld64
1.1780
l1.1587
1e1423
la1354
L1e13289
lallél
L0979
1.0654
11140
i=0931
1.0774
LeCB32
1. 0538
1.059%
10844

&y

AUT 1
Ua 357
Qabrdhdy
Le&3Eg
Le@Z27
DebTh2
De65T3
Ua 6705
D.71473
[ o O 8]
2aT454
J.T215
Ca7324
JeT320

Us 7556 .

GeTBLlE
GaT713
Ca 7710

+T7TT5
GeTHTZ
0. T&H2S
CaTTl4
Q77381
0.T6TA
Je TTT2
veTBE2
C.7875
G 7907

. CeTHZI

G THSD

. GaT9ED

08226
O8I G
LaBCZL
Ce £OG2
Ca20598
C.8151
Ce2231
Jded241%
Ge829%
CeR325
£.83069
C.B268
n.g305
e BR42
C.R3RD
GeBéaly
Qebais
CaB8412
Qs bietsC
0 8459
OueBent
Do EGTx
Cefedd
SaB&DE
G«5393
Q5421
0s 5443
OsB4TE

Ca.8502

AUT 2
0.7725
Je 8616
Da%.70
Ge 9210
e Gk P
Se5501L
Ja 9572
D.94628
Ou GEET
. FTCC
0.59726
Ca 9757
IO
Ce G785
Ve FEOC
0.981%
Ca9E24
J.9834
069942
09750
e 9857
Ua GRE4
DeIBRTC
Ta9ETY
0. 9880
Qw35
J. 9899
Oa9R52
Ga2457
Ca9520
CuBEE2
D.2906
C.9509
Ja 9512
G.9914
G«9917
JeFY1E
Da.5521
S.5923
Qe @925
G.9927
fia 3529
we 9930
JaS0ET
Ja 9533
SR A7 )
we 393 &
5.993¢8
D595%34
T o
Ca9%41
Do 9942
D 9943
0. 2945
G, BUasb
D.9G47
0a 96467
2.9%48
Oa99%9

AUT 3
Cab561
GaT305
NnaTRA4
Cati¥en
Je 6757
C.7212
LaT197

(G.T322

CaT430
0.7532
Je Th4b
0. 7329
TeTa4T
CeT484%
Ca 1544
0.7439
0.7553
047653
G T4R4A
Ja.T452

Cal518 .

2. 7629
N.7585
Ge 7990
2. 7656
0.7635
Ne 764G
CaTT33
0.7752
Da7257
GaT821
0.7323
QuTE4D
s TG
Je T513
Ca7302
Ja7£85
0.7896
L7876
0. 7529
07932
Je¥923
0a 79454
O« 7931
0.7915
Uas T34
0.7901
H.7893
C.T788%
Q7872
G.7852
Qe T8EE
w7906
Je 7858
CaTY29
CaTBu2
GaTT8L
Ja7814
D.7847
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AVSYS
T.30561
11.44T2
13,6999
15.3497
14.3062
14,0512
14.2088
15.2377
15,9565
15,9711
16,0278
15,9119
173573
13,8503
20 6976
22,5261
244 1579
2B.6967F
26,6659
27,0837
27.537T1
2B.2507
2R 6THE
29.5439
304407
30.9551
3le298C0
3leaT6
3leb422
32.1348
32.6T20
33,1588
33,7329
34,4519
35. 1843
15,9805
AbeTZRS
37,5235
38,1994
AR HE096
39,3564
39,7508
40.2%29
40 HET4
41,1763
Lls65189
42.0565
L2, 6149
43,4529
L. iB4]
44, 3662
45,4867
4he1817
%b.B8l 88
AT.3%85
45.C24H
4Be&6ABE0
49,4067
S50.0160



2.0014%

#2012
240212
1. 9939
1.99G8
20004
1.,9992
19394
24 0N04
2.0301
2.J)Qz
19995
1.,%399
12987
19784
1.9925
1.9995
1.999)]
1.9992
1.9987
1. 93988
19999
149953
j.9972
1.9983
la 9492
1.9985
19978
1.9372
1.9372
l.298%
1.9282
1.9372
JL.99462
1.9932
1.9973
1.27T¢&
1.996%
1.9974
1.9993
1.9993
2.000°
2.,0079
2.0204
2+3211
2.0010
2.0301
l.9999
1.9907
1.7992
1.999%¢
19992
1,9994

13.9167
17,9180
10.91094%

‘109127

iC.%826
10.A538
10. A48
1CB657
10. 8897
10.53%8
10,9000
1C.8373
17.91617
1J. B973
12.,785]
1f. 8647

10,3276 .

10974
1l.9208
11.9000C
lue 9037
11.3300
117261
IN.38530
ILa7752
I.9294
15 .8%89%
1C2050
10. 6864
179387
159552
122765
10.97258
1967
1l. 2900
109842
10.9R56
11.0852
1152700
109697
109850
ils399

1.00CC
1549651
11.%192
11a.0206
11.7330
112701
11.0463
11.5321
110405

~38,5100C
=33, 98519
=404 F302
-4]ebB&s
~42,781%
“h3aBl&1
=45, 0577
—lyt, 31568
4745511
-43, 0664
-43a1287
-43,A92¢R
~51a0325
=-57.5%57
=53, T425
~54.2398
-~ 53,3878
-55,9311
-57. 3127
=88, 4603
~hG,4262
=60, 2539
=-41.5832%
~h2.8570
-E4. 0025
~£3.1510
-t e TRIS
~£N 38675
- 62,3854
~Tlal4bt
~-Tl.8288
S
~TéaqaHhéD
=75, 0247
~Tha4TT7
~TT.573D
~T8e %942
~T9e456]
~F5.TT62
=Hl.2663
-E3,1%99
-B4.,56221
-05,.94326
~8TebTHL
R ADZL
~90. 778
-%Z2,1211
-G2.4764
=G5, GEZA
-7 b428
=-97.,1714

109955 ~100a. 44259
11,3029 —101.8657

3.69T74
3.659T
346153
JwHAG
3.9068
3.53C8H
3.4893
324603
FebhAQ
34322
2.4381
34287
3.4313
3a409%
B -k
3.3506
3.3726
3.3851
3.4142
2 a44nl
3.4715
3.5473
23,5913
3.5792
3.56T7
3.51R3
3.47128
3a4t53
A,462°8
3.42T2
3,449
35251
3.5737
3 5815
]
245203
34673
3.48352
J.4T61
34501
3.45FE2
Ja%Tl5
AehHZBI

3440817

Ja4l84.

34210
3.410T
34360
3.43009
34201
EFES N
323939
343922

43,1040
43,5357
4he 1195
b hTTT
45,1357
45,5667
45, G851
Gbade]5
46,9304
474762
4T.975T
H4H, 4732
4B8,.57%6
45,4255
49, A314
50.27E3
S0a£937
51.1575
5l. 7357

5203512

. 52.9R¢3

53.4618%
D4, 234k
S4a905%
55, 5046
555733
She 3263
S5Tali246
5T.5%1406
57« STEL
58,%0¢8
5542487
B 6200
£, 1953
6 BSC1
Ele 4359
62.1479
62.TT3T
3, 4584
O4he 1734
t44 BGB3A
55« 6445
465168
67e3463
6He 153R
6B.9313
59, R60H
6= THTT
Tr.t368
T2e 8221
73,3387
Tha2259
1503138

1.067%
1.0571
10527
1.0459
1. 0687
103408
<0332
l.0235
1.0313
1a0420
lalit2a
1.0%19
1la05Q1
1.0535
1o 0443
l.0387
lad4746
l1a1831
1.2531
le 2ok
1.2335
1a2412
le2322
1.2294
12715
i1-20493
lelG&E
1.1912
1. 182F
11747
1.17C5
1.1871
I.1£15
la1532
lol&lm
1al3e?
1s1467
1o 1349
1.1271
lal28}
1.128C
121263
la117B
1.137R
le1059
l.0997
leallZ4
les1022

1.1155

1e2213
11357
L.150A

11042

" GaB453

U.R469
Ga8472
Q0462
[ : L% 49
DaB&T2
JeB441
Ca 8384
CaB4G8
CaB&ZO
JaB437
Cefaka
CeBaT4
GuBO56
e 8448
CeP4a34
QeB427
0DaR4519

0.B4TT

(e 8487
J.8515
GeA534
L8552
G.B519
C.8516
Ca B0
CeB4T4L
Ga Fdbw
Jebhbl
CuB4ab6
D.8473
Co8400
J. 8506

Ge8522

Oa®51%

Ga A4972
C.8495
e D48T
La3%97
JaE48N
08495
0.8508
Oe B&97
CeBABD
{eB4%5
L« B5CO
0.8500

C. 8814

0.E512
085235
L.B8522
0.8521
De 8534

0. 9057
Oe99%1
0. 9052
0.9952
0. 9353

0.64954

0.9955
0.°955
U 9954
3.99357
Ga 9057
Ca9958
0. 99% 4
D.U08G
O 5360
Le 95635
Ce9951
0. 9961
G.9962
0. 9962
0= 3663
(99572
Lo Q963
N.GG64s
CaB50%
Ce 99658
Da 89635
Ue 994K
DeSht S
Oe 9966
Le9GAT
L9967
e PBET
0. 9980
J.9%968
(e G9F8
0.9959
L, 99e9
0.9909
De 99TOD
CaG&TD
Ve 9970
0s 9971
046671
08571
0.957T1
Je5972
Da0072
Le9972
0a.%573
0.9973
0. 9973
Qs 9973

0.7831
C.78286
DeTR1G
CeT814
07821
0. 7614
0.7826
Jde.7819
J.7815
Q.7842
Q. 7871
C.T261
0.7867
0. 7859
0.7339
Ce 7827
C.TB45
0. 7873
0. 7900
Q. TEBT
D« 7886
00,7912
Ce T34
Le 7922
Da.TSG3
0.TBE3
CaT850
DLTR4Y
DL TE26
0. TE22
JeTE3S
5.7825
Ce 7343
Ca7E33
CaTBlo
Ce 7802
G.T558
L7751
DTTITH
0.T773
0. 7779
CeTTE2Z
Ce 7790
STTT4
Qe 7735
0 77RO
17796
D. 7791
G« TT96
Ca 7787
D.7T85
3« TT73
0. 7730
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SD. 4611
50,9221
5},4257
51.9077
52.3T64
52.7563
53.1181
53.5429
54.0152
54,5748
55,0848
55,5526
56,0438
S6.4B16
56,8947
57.2216
57.7325
59.2726
58.5685
5946469
60,3373
60.956C
&le7527
6243450
62.9135
63,4377
63,8455
6%.3015
64,7340
6522140
8527447
6623533
6629917
6 TaB6EL
841668
65 745 T
&9a%l28
T0.0138
70,5731
T1.272&
72,0798
T2.8357
73,6854
T4o&233
75,2967
T641298
17,0125
77.8610
75,8446
19,6923
BGC.56TU
81,3544
FZ.1%428
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**GASP SUMMARY REPORTS*

SIMULATION PROJECT NO. 1 BY RAJAGOPALAN,

DATE 11/ 257 1872 RUN NUMBER 1
PARAMETER NO. 1 0. 4000 0.9000 1.0000 0.0
PARAMETER NO. ‘2 0.0 D.6000 . 1.0000 0.0
PARAMETER NO. 3 0.3030 0.3C00 1.0000 0.0
PARAMETER NO. 4 . 0.5009 1.0000 1,0000 Qa0
PARAMETER NO. 5 11.0C00 0.0 106G.0000 0.0
PARAMETER NOa 6 0. 6628 -44 0000 2.5000 02450
sEGENERATED DATA*s
CODE MEAN STD.DEV. MiNe MAX . 088,
1 10,9511 3.3280 1.0000 20.0000 226
2 1.9995 C.508C 0.8373 4. 4826 7255
3 =103.7438 122.4TL3 =~547.3711 66.9372 2315
#%Y IME GENFRATED DATA#*®
CODE MEAN STDWDEV. #IN. MAX. TOTAL TIME
1 3.3834 31,3207 0.0 15.2000 5400.0000
2 75.4209 43,5337 G0 173.5000  5400.0000
3 1.0998 1.7659 Cal 15.52790 5400.0000
& 0.8527 03544 0.0 1.0000 5400.0000
5 0.9973 040516 Ga0 L0000 5376.0000
6 CaTl8® n,41a% Sed 1.0600 535044531
7 B2.5378 43,7139 CeC 186.0000 5400.0000
#8GENERATED FREOQUENCY DISTRIBUT JONS#%
CODE HISTOCRAMS
1 2 3 6 19 35 53 67 22 12 & 1 O O
2 0 O 0 34 247 83B134514651295 909 564 298 114
30
3 1733 22 16 14 15 24 16 T 13 10 14 9 13
FILE PRINTOUT, FILE ND. 1 .
AVERASE NUMBER IN FILE WAS 426256
STD. GEV,' . 0.5861
MAXTMUM _ 6
CONTENTS OF FILE NO. 1.
NSET AND OSET
5 z 3

Q.540012E 04 0.513600F 04

5 1 2

o o
se 28
12 396

128
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0. 54004E

0d [.513609F 04
114 104 5 5 0 1
Ge540121F G4 0.54720JE 04
104 T2 114 &
D.542400F 04
12z 77T 104 4
0.542400F 04
FILF PRINTOUT, FILE NU. 2
AVERAGE NUMBER IN FILE WAS 3,3834
STN. DEV. ; 3.3207
MAXIMUM 15
CONTENTS OF FILE NO. 2
. RSET AND QSET
110 12 9999 +} 0 1
0.,540000F 04 0.547200F D& (.226262E 01
12 TI7T? 1L0 0 0 1
Q«5%0000F 04 0.54720C0FE 04 0.2B6506E 01
FILE PRINTOUT, FILE NO. 3
AYERAGE NUMARER IN FILE - WAS T5.4209
STD. DEV. ’ 43,5387
MAXTYUM & ‘173
CONTENTS OF FILE NDa. 3
NSET AND QSET
178 135 9539 o ? 2
: 0.507T4BTF D4 0.3136005 04 0.210166E 01
135 5T Li72 : o} 2 . 2
D.507890E 04 0.513600F 04 0.173B26E 02
57 48 135 ¢} 2 2
0.508646F D4 0.487230F 04 U.l64114E 01
48 113 57 g 0 : 0 2
0.508800FE 04 0.516000E 04 0.137725E 01
113 102 48 0 v] 2
0.508800F 04 (.51&£2COF 24 0.170024F 01
1482 115 113 0 0 2
0.508800F 04 (0.516000F 04 D.27B543E 01
115 39 102 ' 0 o 2
_ D.508800F 04 (.516000F 04 D.159769E 01
39 85 115 v 0 2
0.508800F 04 0.51&6300F 24 0.248159E 01
BS 13 39 o} o 2
0.508800F 04 0.516003E€ 04 0.2260T1E 01
13 37 as a Q 2
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0u54000CE 04 0.547200F 04 0.22202BF 01
a ‘ 2

o]
0.540080E C4 GC.54T200E 04 0.1101B0F 01
2

55 77 &7 ] a
- " Q0.540000E 04 0.547200FE J4 0.185241E 01

FILE PRINTOUT, FILE NO. 4

AVERAGE NUMBER IN FILE WAS 1.0998
$TD. DEVe l. 7659
KAXTHUM 15

- .

CONTENTS OF FILE ND. 4

M3ET AND QSET

84 149 9939 0 o 3
D<540000E 0% 0.%47200E 04 0.292620F 0Ol

149 T17 88 0 [¥] 3
) 0.5400CCE 04 0.547200E 04 0.339513t 01

1.9995 10.9911 ~103.7438 3.3834 754209 l.0998 0.8527 0.9973 Q. TTTG B2.5378
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$4P AR M ‘
ARAND CSECT ' _ o ARADOOLO
USING %415 INYTTAL LINKAGE. ARADUC 2T

STM 2+8423013) ARAJGG3O

L 2+01(1) LUAD ANDRCSS NF THE VARIAZLE PASSER. ARA2QT4T

L 3e=8{1%) CNMPYTE ADPRESS OF THE S5TED STNRED IN NSET ARA20LSE

L T+002) " ARAQQQSGC

[} T.003)} APAGCCTO

b3 TesFelr 2 ARADCOR0

M 6y=F 4t ARACCO90

L Ry=A{NSET) " -ARAGCLOC

AR T.8 o ‘ . ARANCILO

L S5eA COMPUTE NEXT INTEGER RANDOM NUMBER ARADGL20

M G T AS NSETOIX+I1=A®KSETIIX+L}{MAD P). . ARAIC130

D 4eP - ARADQL40

ST 490ETY . ARADC1SO

SRL 4y 7 COMPUTE NEXT RFAL RANDUM NUMBER R AND ARAG(Q140

A 44 CHAR STORE 1-R IN THE FLOATING PQOINT REGISTER O ARAQQITO

ST 4 ¢ WORD ARAQOLRO

LE 0.0NE ARADOLSO

SE Q. WORD ATADC20D

L™ 21Be 2R11 3 TERMINAL LINKAGE. BRAZGZ10

B8R i4 ARAQQZ20

CHAR DL FYINTATL1IR247 CONSTANTS. CHAR FIRST SD A IS ON DOUBLE ARADDZ230
3 . nC Ftl1e807" WORD 3OUNDAKY. MAKES LM INSTRUCTION FASTER ARADJZ40
P ne F1214748364T" ; ARADO250
ONE nc Frl ¢ ARADG260C
WORD 0s F ; ARAQQ2TD
coM : ARAQDZBC

Ix ns - 59F IX IS CONSIDERED -AS EQUIVALENT TO 59 ARADD290
NSET 0s F WORDS TO COMPUTE THE ADDJRESS MF NSETa ARADO3DO
END . ’ ARAND31D
SURROQUTINE COLCT {X,N) ' ! coLoeolo
DIMENSION NSET{1) COLC0020
COMMON IX o TMy INMy I0s IMMy JEVNT o JMNIT o JCLR s JHIST A KRANK LU MFAMSTCOP,LOLO0030
LMUNSMONET e MX Ko MAXNS y MAXNQ ¢ MFE o MLC o MLE MCLET -MTMS Ty MHIST e NCLET, COLAnC&0

PNEVNT s NHI ST o NOO NORP Ty NOT o NPRMS JHRUN o NRUNS JHSTAT o NPRNT LMORDR G NEP, CRLI0C50
INYNG e NENQoMFIL o NGe NPARM, NQTM o NSUMANPROJ NDAY g MYRy NRSET HNXX,0UT,y CNL3Gre0

HTNOW, TBEG« TFINJNAMELS) 4NSET(]1) coLooe1o
EQUIVALENCE (MSETI11,QSET(L}} - CoL3o0s8n

C ' - coLaageed
C TD COMPUTE POINT ESTIMATES FDR THE VARIABLE SPECIFIED. coL30100
c coLaa11c
iF (N} 2.241 : CoL00L20

2 CAtt ERRDOR{60D) : COLOCGI30

I IF (nN= NCLCT) 3,3,2 : - COL0O140

3 TNDX=S®{N=1 }+INSUMA+]L) ) ' COLIC1sC
CSETI IHRXI=DSFT{INNY 14X . i o enLeelrsl
OSETLINDXEL)=QSFT{IH0DX+] } 4+ X%X S EOL201TG
OSETLINDX+2)=055T{ INNX+2)+1,.0 s’ cougolec
QSETLINOX#3 )= EMiNI{ISTTIINGX+3) 4 X} ’ COLOO1]0

QSETH INNX+41=AMAXI{2SETUINGX+4} 4 2} ' : caLgazco
RETURN coLn02io

END cCoLoo220
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SSURROUTINE DATAX DATACLC1O
DIMSMSTON QSFTIL) i NATNI020
COMHUUN TXp IMy TN 17, IMM JEVNT o JMHI T JCLRy JHIST o FRANK,L L LI4MF A, MSTOP,DATOCCAC
TMONGMONTT g MUX ¢ MAXNS g MAXND G MEL 30 0 MUE MO CT  MTHST g MHIST LN 0T, NATASL&0

2NEYNT (MHIST yNId e MATP Ty NOT o MPOMS G NFIIN g NRUNS o ISTAT o 1VPHNT ¢ MCRURK 4 NEPy NDATICISE
BNVNDy NEND o NFEL o S NP AP NOT My HEUMA G NPROJ NDAY g NYR G HPSET 4y NXX4OUT sy DATICZH0

4TNTW, TREG S TRENGNARE[A) 4NSETIL) DATQCOTL
EQUIVALEMIE (MSETIL1)L.QSETIL)) . DATQCCRD

101 FARMAT{AAR, 4412412, 14414) DATOJ3990
102 FORMAT(1H1,29%," STMULATION PROJECT MOL* 4 T1442Xe?BY42K,6A827/, DATDO190
130X 4HIATRE I3, 1H /s 134 1H/ 315 12X LOHRUN NUMBER,15F DATOC110

103 FORMAT{1615) . DATO0120
104 FORMAT(415,5F10.3,14) ) DATOO130
105 FORMAT{1117) DATGOL40
106 FORWAT(4F10.4) : ‘ DATOO015C
107 FURMAT(20X,14H PARAMETER ND..15,4F12.41 DATOOL60
108 FNRMAT[' PARAMETEQSY) ] DATODLTO
T65 FORMATIY ',682,14,16415¢16,1I5] _ DATORiSD
B44 FORMATLY *,8G16.8) : DATQQ1S0
855 FORMATI® FILZ Nl.s ATTRIRUTES®) T s DATOOZO0
876 FORMATL® MAME NPROJ MON NDAY NYR NRUNS?) DATOQZ2LD
944 FORMAT(® ®,1517) : DATOD220
954 FIRMAT{®* ANPRMS NHIST NCLCT NSTAT 1D MXX NOQ NEYNT!) DATO0230
955 FNOMAT(? 7,416,2F10.3,16) | : DATOGL24C
965 FORMATI(' ND. 0F CELL&Y} DAT0O02S5Q
986 FNOMAT{? SESDS FOR RANDOM NUMBER GENERATION® ) NATO0250
9AT FNRMAT{* 1,2015} DATQO27C
968 FORMATIL! ',20161 = I DATO028C
976 FORMAT{' KRANK!'} ' DAT2029(
077 FORIMAT(? MSTAP JCLR NDRPT NEP TBEG TFIN NSEED®) DATAO030C
978 FNRMAT(' INN') - DAT20310
987 FORMAT{%1®,' ECHO CHCCK GN INPUT DATA‘) : - DATDI320
11170 FORMATIEG10.4) DATOG32G
117D FDAMAT(t *,1518}) : i : DATQU340
1190 FOAMAT(I-POINTERSY) ’ ‘ DATOQ3S5C
1200 FORMAT{® 1,TT7,1INN K RANK MAXNOQ MFE MLC MLE _ NODATI0360
1 N VNG NENG THNQTM MONTT M _ IMM " MPARM NSUMA T }DATOG3ITC
"1220 FORMAT(T ',T75,"MCLCT MTMST NRSET MHIST JHIST 1% NFOATQQ3B0
11L") DATO03SC

1240 FNRMATIBF10.3) DATQC400
1250 FORMAT{* RESFT TIMES FOR COLCT?) : DATAQ41C
1260 FORMAT(Y ",BF17.3} . ) DATOC4 20
1277 FORMAT(Y=0ESET TIMES FOR TMSTY) DATQOQ43C
1283 FORMAT({'=RESET TIMES FOR HISTO®} a DATOD440
1330 FNRMAT{Y 1,T35,.7F0R EVENTS®) ) DATO0450
1340 FNRATLY ',T35,'FIR FILESY) DATQ0460
1350 FORMAT('01,' CARD TYPE®,13) . : DATO0ATC
1360 FARMATLY *,YELXFN POINT ATTRIRUTESY 4 (T25,16151)) ; NATA0480
1370 FOOMATES 1, vFLOATING POINT ATTRISBUTESY,(T35,.1615)) DATOU490
IFINGT)IZ23:162 DATO0500

C ~ DATOCS510
CRrwsaNFP [S A CGNTROL VAPTARLE FOR DETFRMINIANG THE STARTING CARD DATO0S2G
Cxex24TYPE FPP MULTIPLE PUN PRORLEMS. THE VALUF 0OF NEP SPECIFIES THE NATA0530
C*#xxxxSTART ING CARD TYPE, DATO0940
c : DATACS50
2 NT=NEP DATO2560

GN. TO (1+5513204641270+4226943+1315412304299,15+1303)1,NT DATOOST7O

23 CALL ERADRL100D] ; DATCOS580



1 NOT=1}
) NRUN=1 NDATO0BLO
c NATOO610
Ce#%s2NATA CARD TYPE ONE. . NATD0E2C
c : DATO0L 3L
RFADENCRDR 41911 NAMEGNPROJ,MON,NCAY 4 NYR NRUNS DATO0640
" WRITE [MPRNT,987} PATOD6SC
NTYPE=1 PATOGE6D
WOITF {NPENT,135))INTYPE DATQD&TO
WRITE (MPRNT 4 676) DATODGS0
WRITE(NPENT , 765 )NAME JNPROJLMONy NDAY 4 NYR s NRUNS DATOGA9C
IFENRUNS)IAD.30,5 DATOOTOD
30 sTOP DATOOTLIO
C NATIOT20
C*k&x%«DATA CARD TYPE TwWD. NATO0T20
c 2 DATOOTAC
5 REANINCRDR, 103 INPRMS JNHIST 4 NCLCToNSTAT , 1D ¢ MXX 4 NCQ,y NEVNT DATOAOTSC
NXX=MXX=-2 . nATD0TS0
NTYPE=2 DATCOTTO
WRTITE (NPRNT,1350INTYPE DATO0TE0
WRITE {NPRNT 954} DATOO0TS0
WRITE (NPRMNTyS6BINPRMS yNHIST ¢ NCLET ¢ NSTAT » IDy MXX 4 NODy NEVNT NATOCB00
c NATOCSE10
C CALCULATION OF PDINTERS. DATO0820
c DATO0830
INN=0 DATN0840
KRANK=NOQ DATOO0BSD
MAXNQ=2*NOQ NATNCBAD
MFE=3%NGQ DATOCSTO
MLC=4*NOQ DATCCBAD
MLE=5%*N0Q DATROB90
‘NQ=5=N0Q DATSC900
NYNQ=T#N0] . DATAC910
NENQ=8¥NOG : - DATOG920
NQTM=9%NOQ ' DATO093D
MONTT=10%N0OO DATOG940
IM=MONIT+NEVNT DATR0950
IMM= T MeNEYNT +M0Q-1 DATC09A0
NCARM=]WMENEVUNT +NOQ=1 DATOORTO
NSUMAZMNAARM+ (4=NPRMS) DATOCYBD
 MCLCT=5%{NSTAT+NCLECT ) +NSUMA DATOCI90
MTMST=MCLCTHNCLCT DATO1000
NRSET=MTMST+NSTAT DATOI010
MHIST=NRSET+NSTAT DATOl02C
JHIST=MHISTHNHIST DATO1030
c DATQO104D
C DATA CARD TYPE THREES, READ IN THF NUMBER OF FIXED PNINT ATTRIBUTESDATCLINSE
C AND FLOATING POINT ATTRIBUTES FOR FACH EVENT IN FILE 1 AND FCR DATOL1060
c JD=2s30aesNM0ay WHERE JQ IS THE FILE NUMBER, NATDIOTO
C DATDL0BD
1320 1L1=NFVUNT+] DATOlCSC
L2=NEYNT+NO0-1 DATC110C
READ{NCRDR . 103V (NSETIIM#T),1=1,L2) DATOll110
HEADEMCADRYICIIINSETLIMM4T o I=1pL2) NAYOL1120
NTYPE=3 DATOL13L
WRYITF (NPRNT,1350)NTYPE NATOL140
WRITE {NPRNT 13303 DATOL150
WO ITE{NPRIT 41360 ) (NSETIIH#I )+ T=1,NEVNT! DATOL160
WRITE (NPRNT 13720 (NSET{TMM+] } 4 J=1,NEVNT) DATOL1TO
1F{NO0.FQ.11GN TO 1380 DATAO118D
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WRTITE(NPANT , 1340)

WOITEINPONT 136G ANSFTITM+]) o I=L14L2)

WRITEINPENT QLITONINSITOIMM el )y 1=L1,L1L2)
y

Cxxsx:NATA CART TYPF FOUR 1S USED OMLY 1F NHIST 15 GREATER THAN ZERN

135

DATO1190
nataizace
TATOL21C
DeTalz2d
nATHLZ220

CHeaux{DECIFY THE NUMARER OF CELLS IN HISTUGKAMS NOT FRCLUBING END CELLSNATIL1Z40

c
1282 IFIMNHISTY 41,4146
6 READ(MCRD? 103V (NSET(JHIST+1),T1=1,NHIST}
NTYPE=4
WRITFINPPNT,135)INTYPE
WRITE (MNPRNT,945)
WRITE(NPANT 4 G6T)INSETIJHIST+I ) ,1=1,NHIST]
C
CHs®x¥DATA CARDN YYPE EIVE
CoxxxaSPECTFY KRANK=RANKING ROW.

Cc

C

Cokk&®¥KRANK = 1ye21s0ealM™ FNR ROW KRANK- IN QSET.

ChuxsdKRANK = 1014102 veseeslCU+I™MM FOR ROW LKFANK-130) IN NSET.
c

NSUM=0
DN 1120 [=1.NHIST
1120 NSUY=NSUMENSET{JHIST+I¥+2
LU=MSUM+NHISET
GO TO 1293
41 LU=0
1250 READ(NCROR,IC3Y{NSETIKRANK+1),1=1,N0Q)
NTYPE=5
WRTTE (NURNT,1350)NTYPE
WRITEINPRNT, 9761}
WRITE INDRNT 4S6 T INSETIKRANK+T ) I=14NDO} -
C
Chxux+xDATA CARN TYPE STX
CruexrxSPECTFY INN=1 FOR FIFO, INN=2 FOR LIFGKL
C
42 READ(NCROR,ID3IJ{NSET(INN+1),I=1,N0OQ)
NTYPE=6
- WRITE(NORNT 41350 INTYPE
WRITF [NORNT,273)
WRITELNPRMT yGATYINSETITINNFI} I=1,NOQ)
IFINPPMS) 23,43,8
8 INDX=NPARM
C
Cx*»x2xxDATA CARD TYPE T IS USED ONLY IF NPRMS IS GREATER THaAN ZERDC
C
NTYPE=T . ¢
WRITF(NORNT,1350}INTYPE
WRITE(NPRNT,108)
BN 9 I=1,NPRMS
READINCENRLIGEI(QSETIINDX+J) 2+ =14}
WRITEINPRANT 10T [+ (QSETIINOX+J)ed=144)
ITNDX=IRDXE+4
9 CONTINUE
C .
CxxxxxDATA CARD TYPE EIGHT., TWE NEP VALUE IS FDOR THE NEXT RUN.
c
43 RECAD (MNCRDR,104) MSTOP,JCLR,NORPT+NEP,TREGTFIN,NSEED
NTYPE=R
WRITE (NPANT ,1350INTYPE

DATN1250
DATO1260

‘DATO127C

DATQL125C
DAT01290
DATO13C0O
DAT21310
DATJ1320
DATO133C
DAT(O1340
DAT(01350
DATO01360
DATQ1370C
DATO1380
NATO1390 .
DATO1400
DATD1410
DATO1420
DATO1430
DATO1440
DATO1450

- DATC1460

DATOL14T0
DATQ 1480
DATOL149C
DATO1500
DATO151G
DATQLS2C
DPATO1530C
DATO1540
DATO1550
DATO1560
DATGL5T0
DATQ1580
DATO159%0
DAT01600
DATOlé10

RATD1620

DATO1630
DATO1640
DATO1650

- DATO1660C

DATO16TO
DATO168C
DATQ1690
DATC1700

DATOIT1O

DATO1720
DATO173C
DATO1740
DATO1750
DATO1760
DATO177C
DATOLTS0C



C
c

C

CksxxvDATA CARD TYPE 9,

WRITEINPPNT,STT)

WRITE LNPRNT 49551 M5TOP o JCLRNORPT 4 NEP, THEGoTF!N NSCED
IX=dH]IST+LU

NFIL=IX+NSEED

1310 IFINSFEN)23,26,27
27 READUNCENN G LOSHINSETLIX+1)y1=1,HNSEED)

NTYPF=0

WRITF{NMPRNT,135DINTYPE
WRITE{NDPRNT,956)
WRITE(NPRMT 4944 ) (NSFET(IX+1),1=1,NSEED)
TNOW=TBEG

DO 142 J=1,N0D0Q

142 QSET{NQTM+]]=TNOW
26 JMNIT=0

Cexxk%DATA CARD TYPE 10
Cx#¥¥*READ [N THE VALUES OF RESET TIMES FOR DIFFERENT VARIABLES

c

C

1230 NTYPE=10

1231

1232

WRITE(NPANT 13501 NTYPE

IFINCLET.=Q.0160 T 1231
REANINCRGOR 12400 {2SFT(MCLLT+1 ), I=1,NCLCT}
WRITEINPRNT 41259}

T WRITE(NPPNT L1260 (ASETIMCLCT«I),1=14NCLCT)

IFINSTATLFRLCIGD T2 1232

READ(MCOEDA 4 1240} (OSETI(MTMST+I ), I=1,NSTAT}

WRITE{NPRMNT,1273}

WRITEINPRENT 12601 (QSET(MTMET+T),1=1,NSTAT)
IFIMHIST 20,060 TN 1223

READINCAN, 1240 OSETIMHIST+1 ), I=1,NHIST)

WRITE{NPRNT 1283}

WRITE(NPRNT 41260 (QSETIMHISTHI )4 1=1,NHIST)

C&#x#PRINT POINTER VALUES.

c

c

1233 HRITE{N®PNT,1190})

WRITEINPRNT,1200]}

WRITE(NOSNTZI1TC) INN S KRANK o MAXNO s MFE ¢4 MLC, MLEsNQoNVNQy NENQs NQTM,

IMONTT o T4y TH2, NPARM,NSIMA
WRITE (NPRNT,1220)

WRITE [NPRNT, 11 TCIMCLET yMTMST s NRSET o MHISTo JHIST, IXo NFIL
NTYPE=11

WRTTE (NPRNT,1350)NTYPE

WRITE {NPPNT 4 B55)

IF{THOW.EQ.TREG IMFA=1

Cxxxx%xDATA CARD TYPE 11

Cex=va [NJTIALIZE MNSET AND QSET RY JQ EQUAL TO A NEGATIVE VALUE ON FIRST

C

Cx=&¥*KRFAD IN INITTAL EVENTS.
CxxaxxEQUAL TO ZERD. '

c

EVENT CARD.

299 DI 330 JS=1,ID

Li=(MFA-] ) =MXX+INFIL#1)"
REANINCKDRy111001JQsNSETILL)
IF {(J0)44415,320

44 CALL SET

READ IN SEED VALUES FDR RANNOM NUMAFR GENERATNR

END INITIAL EVENTS AND ENTITIES WITH JQ
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DATQ1790
NATULIBOO
DATJ1810
DATCLB2C
DATN1R30
NATILOAC
NAT21850
DATO1860
DAT21870
DATO188B0
NATQ1890
DATO1900
DATOl910
DATOD1920
DATOQ1930
DAT01940
DATO1950
DATOL1960
DAT(QL970
DATO1980
DATO1990
DATQ2000 -
DATQ201C
NAT02020C
DATO02030
DATN2040
DATG2050
DATO2060
DATD207C
DATQ2C80
DAT02090

- DATDZ2100

OATO2110
DaT02120
DATD2130
DATO2140
DAT02150
DAT02160
DATO2170
DATOZ180
DAT02190
DATO2200
D&TO2210
DATO2220
DAT02230
DAT02240
DATD2250
NDAT02260
DATN22TC
DATOZ2280
DAT(G2290
DATC2300
DATO231C
DAT02320
DATC2330
NDATO2340 °
DAT02350
DATO2360
NATO2370
DATOZ2380



325

31

311

312

313
300
C

GO TO 300
T1=MFVNT+J0-1

IF(JYe55a1)T11=NSETILL)
12=MSETLIM4TL)

12=NSITL{IMM+1 1)

NSUM=T2+]13 |

TFINXX-N5U1) 23,310,310

L2=11+12-1

L3=L2+1

La=L2+12

IFtI2.E2.0)G0 TN 311

1IF{13,E2.2)G" TO 312 :
READIMNCPDR, YL1ISHINSETOT ) 41=L1,L2)+(QSETL{J +Jd=L3,L%}
WRITE AINPONT 344104 (NSETUT) p1=L14L2), (QSETII}yI=L3,4L4)
60 1O 212
READINCRNZ,1110)C9SET{d)sd=L3,0L 4]
WRITF[NPENT 844300, (05ETUd) yd=L3,L4])
GO TO 313
READINCRNQ, 11120 (NSET(T hoI=L1,12}
WRITE(NPRUT s b4 i JQe INSET{I)yI=LL,L2}
CALL FILEM{JO)

CONTINUE

C*xxx* JC|R RE POSITIVE FOR INITIALIZATION OF STORAGE ARRAYS.

c
15

10

116

18
112
117

360
111
118

39¢
C

IF{ JCLE 1130C,1300,10
IF(NCLCT)23,110,116
INDX=NSUMA+]L

DO 18 T=1,NCLCT
QSET [ INDX}=0.0
OSET(INAIX+1}=0.0

QSET{ INDX#2)=0.0

OSET ( INAX+3)=1,0E20
OSETEINDX+4)=~1.0E20
INDX= INDX+5

CONT INUE

IF{NSTAT) 23,111,117
INDX=5%:CLCT+(NSUMA#] )
D2 357 1=1,NSTAT
QSETC INDX )=TNOW
QSETLINNX+1)=0.0
QSETCINDX421=0.0

OSET L INMX+3)=1.0E20

L OSETEINDX +4)=—1,0E20

INDX= INDX+5

CONTINUE

TF{NISTY23,1300.118

LL=NHIST+1 - ’
00 390 I=LL,LU '
NSETCJHIST+I)=0

Cx»%+xxPRINT OUT PROGRAM 1DFNTIFICATION INFORMATION.

c
1392

WRITE (NPRNT,102} NPROJ,NAME,MON, NDAY o NYRy NRUN
RETURN
END
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NATN2390
DATR2400
PATOZ410
NATD2420
DATOZ430
DATO2440
NATI2450
DATD246C
DATGC2470
DATR2480
DATO245C
DATR2500
DATG2510
DAT22520
DATD2530
DATO2540
DAT02550
DATG2560
DAT0257G
DATI258C
NATD2590
DATC2600
DAT02610
NATRZ2620

-DATQ263C

DAT02640
DAT02650
DAT02660
DAT02670
DATO2680
DATC2690
DAT22700
DATO2710
naTO272¢C
DATD2730
DATO2740
DAT02750
DATD2760
DAT02770
DAT02780
DATO2790
DAT02200

" DAT02810

DATI2820
DATO0283C
DAT02840
DATD2850
DATO2R60
UATO287C
DATOZBBO
DAT02890
DATO0290D
NATOD291C
DATDZ292C
DATO2930
DATO294D
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DRAND CSECY DRADCO1C
USING #,15 INITIAL LINKAGE. ' nrRAGOLZO

STM Z4B.28(13) DRACHD 3D

L 2+0101) LOAD ADDRESS NF THE VARIARLFE PASSED. NOADNSAG

L 3,=A(1X) © CUMPUTE ADDRcSS DF THE SEED STORED IN. NSET DRANCHSG

L Te 0021 ¢ PRAJ{ D60

A T,0(3} DRAQO2TO

S Te=Ft11 DRADOOBO

] Ly=F141 DRACODG0

L By=AINSET) : ' DRACCLOD

AR T+8 ) DRAOJCLLQ

L LPY. COMPUTE NEXT INTEGER RANDOM NUMRER DRAGOL120

™ 4,0(T) AS NSET{IX+I}=A*NSET{IX+1)(MOD P). CRADDL3O

o &4y P ‘ DRAOD140

ST 44007} : CRADOLSO0

SRL Ge7 COMPUTE NEXT REAL RANDUM NUMABFR AND STORE -DRANDLIAD

A 4 CHAR IT IN THE FLOATING POINT REGISTER Q. MRAGQLTC

57 &4 WORD DRADCIBC

LE 0y WORD _ . DRAGOLI9C

LM 295,28{13) TERMINAL LINKAGE. DRAQDZ00

AR 14 7 : : DRAGOZ210

CHAR D FeIOT2T41824% CONSTANTS. CHAR FIPST SO A IS ON GDURLE DRACCZ220
& oc F*168071 WORD BOUNDARY. MAKES LM INSTRUCTION FASTER DRAUG230
P bt Fe2147483647F _ DRADO240
WORD bs F : T DRAQ(QZS50
. COw _ DRADOZGG

Ix Ds 59¢f IX 1S CONSIDERED AS EQUIVALENT TO 502 BRAJCZTO
NSET . DS F “WORDS TO COMPUTE THE ADDRESS OF NSFT. DRADDZBO
END DRAGQZ90

FIINCTTON TRLNG{T,Jy ANAME} ' ERLOQOLO
DIMENSION QSETIL} . ERLODOZ20
COMMON TXy IMy TAN, TN, TMM, JEYNT o JMNTT , JCLR, JHT STy KRANK 1 U, MFA,MSTOPLERLOCO30
IMONGMINIT g MXX e MAXNG g MAXND e MER yMEL g MLE 4 MCLCT o MTMST  MHIST W NCLLT, ERLOGOAD

PNEYNT g MAT ST NI NDRPT g T g WPRME  NEHUN G NUINS G HISTAT S NPRNT S NCRDR G NEPR, ERLOCOS0O
FRYND s MENQ G NETL s NO GNP ARPM HOT M iSUMA HPRDJ s NDAY s NYR s NRSET 4 NXX,CUT, ERLCOCHD

HTNOW TBFG,, TFINSNAME(S) 4 NSET(1} ERLOCOTO
EQUIVALENCE (NSET(114QSETIL)) ERLOCOSBO
c . ERLODL90
c 1O GENFRATE FRLANG VARIATES, WHEN K=1 EXPONENTIAL VARTATES ARE ERLOQL00
C GENERATED. ERLODIIO
(o ERLO2120
INDX=4%{ J-1)+NPARM _ EPLOOL13D
K=NSET(INDX+4) : . P . _ ERLAOGLAC
IFIK~118,10,10 : ERLCOIS0
R WRITE{3,201J . L ERLOD1GD
2G FORMATI® K = O FOR ERLANG',IT) _ ERLOO1TO
STOP : ; ’ ERLOCIBOC
10 A=l : ' ERLOCLSO
0N 2 L=l4K ERLOLZA0
R=REANAME(T) ERLOO210
2 CNNTINUE : ERLOD22D
ERtLNG= —QSFTIINDX+1)*ALOGIR) ) ERLOO230D
IFLERLNG-OSTTLIRDX 4233725086 ’ 4 FRLOO24C
T ERLRG=QSETLINDX+2) _ ERLOO250
5 RETURN ) ERLODZ260

&

IFIERLNG=~QSETIINDX¢3135:5+4 . e ERLOOZTO



[z Naly

[ Xa Nyl

(e N alal

™

4

10 FNRMAT(/736XI6HERROR EXITy TYPE,I3,7H ERRORG/F2IH FILE STATUS AT

11
14
16
19
23
26

13

15
12

18

20
iv

22

25

ERULNG=QSETITINDX+3)
RETURN
END

SUBRNUT!NE ERRNRINCODEY
DIMENSTON QSETHL)
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FRLOC2E0
ERLOC290
ERLQU3GO

ERRDOOLD
FRRUCGZ0

COMANY TXe g TRMa IR IMM JEUNT o UMNTT p JCLR e JHI ST KRANK LU MFA,METNR,FRRILO30

TMON G MONTT g MEH g MAXNS g WAXHD G MFE G ML C o MLE e MCLECT G MTMST o MHI STGRELET,
ZNEVMT JMHE ST o I N IO T g T PR MG g NEUNg NRITNS yNSTAT e NOENT 4 NCRDR JNEP,
ANV HEND NI TL o MR NP ARY (NOTMa MSUMA G NPRUJ e NDAY ¢ NYR o NRSETNXX,CUT,

HTNIW TREC s TFINZNEAMELS) yNSET{ L)
EUIVALENTE (MNSFTIL}.Q3ETI1})

ITIME,Fl0.47)

FORMAT (181}

FRauaTiine, s COLCT VALUES?/)
FARMATIILS,5F10a%)
FORMAT(*D!, % THS5T VALUES®)
FORMAT(®C . HISTNGRAMS)
FORMATILIT7Xe13+.5X02314)

WRITE CURRENT TIME AND EVENT CODE. PRINT DUT ALL FILES.

WRITE (NPRNT,10) NCODE,TNOW
D0 1 T=1.NOQ

CALL PRNFLI(I)

CAONTINUE

WRITE (NPRNT,11)
IFINCLCT)12+12413

PRINT 0UT PCINT ESTIMATES.

WRITE [NPRNT,14)
TNDX=NSUMA

D0 15 I=1,NCLCT .

WRITE(NPRNT16) I, (QSETLINDX+J) 2 d=1y5)
INDX=INDX+5

WRITE (NPRNT,11}

IFINSTATI1T+417418

PRINT OUT TIME WEIGHTED STATISTICS.

WRITE {NPRNT,19)

INDX=5#NCLCT+NSUMA

DO 22 I=1,NSTAT ] '

WRITF (NPRNT,16 1 Ty dQSETEINDK+J) ¢ J=145)
INNX= TNDK+5

WRITE (MPRNT,11)

IFINRISTI21,21422

PRINT OUY FREQUENCY COUNTS FOR HISTOGRAMS,

WRITE {NPRNT,23)

DO 24 [=1,NHIST
L2=NHIST+JHIST

00 25 J=1.1
L2=L2+NSETLIHIST#JI+2

EFRD0G4C
ERRGOOSO
ERPQCCED
£RROCOTO
FRROCORD
FRR 30090
ERRCO100
ERRDOL1C
ERROD120
EFRCOL130
ERRDOL40
ERRDO1S5C
ERRN0160
ERRD01E4
FRRDO165
ERROC1 66
FRRICLTO
ERROOLEC
ERROO190
ERROCZOC
ERROOZIO
ERR0022C
FRROC224
EPR(D225
ERRDQ226
ERPROC230
ERROU240
FRROD25D
ERRO0260
EORCG270
ERRG0280
EFROGZSG
ERRO0294
ERRDQ295
ERR20296
ERROO3CH
ERRDO3LIO0
ERRO0320
ERROOD33C
ERROQ340
ERROQASC
ERRDOIG0
ERRI0164
ERRQO365
ERRO0366
EPROQ3TO
ERRO0380
ERROQ29C
ERRO0400
ERROQ4LO



140

.o

< 3
L1=1l 2=-NSET[JHIST+I}=-1 : FRROD420
WREITF {NPRNT 2601 {NSETEJ)ed=L1sL2} FRRID430
24 CONTINUE ERROO44G
21 NFOOL=0 . ERRDO450
IF(NF”WL)ZT:ZB-Z? . B FRROC4H0
2T RETURN ’ . ERROOATO
28 CONTINUE - FRRQG4BO
sTOP ERROQ49C
END ERROCS500
SURRDUTINE FINPNINVALMCODE+JQeJATT,KCOL) FDNOQOLG
DIMENSION QSETIL) ’ FONT0020
COMMON TX o T%e INNoTDe TMMy JEVNT  JMNIT, JCLR.JHIST;KRANK LUSMFALMSTOPLFCNOQO30
TMONMONT T o MXX g MAKHS g MAXNU MFE o MLT, MLE 4 MELCT o MTMET o MET ST 4NCLLIT, FONQGO&O

SNEVNT o NHIST o ND2QGNIRPT o NOT 4 NPIME g NEUN G NRIINS gy NSTAT o NPRRNT o NCRDR 4 NEP, FDNAQOSO
BNYNGQ e NENGaNFIL g NS NPARM MOTM e NSUMA, NPROJ» NDAY + NYR, NFSET NXXsLUTy FDONOCOGC

LTNNW, TOEG, TRIN NAME(S) 4NSET( 1) FDNQOOTO

_ EOUIVALENCE (NSETIL)4QSETILH) ' FONOQOB0

C ‘ FONDOO90
CrdkeTHE COLUMN WHICH IS YHE REST CANDIDATE IS KBEST FDNOOLOD
C ) . FDNGOL110
KBEST=0 FONDDL120

o . 'FDNDO130
CoakaxkTHE NEXT COLUMN TO BE CONSTDERED AS A CANDIDATE IS NEXTK FONOO 140
c FDNOO15D
“NEXTK=NSET{MFE+JQ) ' _ EDNIDL160
TF(NFXTK) 169142 ' FONDOLTO

16 CALL ERRORISD) - FONDO18O

1 RCOL=KBEST : _ FNNDO190
RETURN : FONOG200

c , , FONCGZIC
Cx#rwxMGRNY 1S +1 FRR GRFATER THAN SEARCH AND -1 FOR LESS THAN SEARCH  FDN2022D
CRzxexupMAMN 5 +1 FOR MAXIMUM AND =1 FOR MINTMUM FONDG230
CH#*++FR SEARCH FNR EQUALITY THE SIGN DF MGRNV AND NMAMN ARE NOT USED FON30240
c FONOO25C
2 GO T (11412413414,11)+MCODE FONOO250

11 MGRNV=1 FONDG2TO
NMAMN=1 ‘'FONGO280

GO 1o 20 ' ; © FDNOU290

12 MGRNV=1 . FNPNOO30C
NMAMN==1 FONOO310

GO TO 20 i : FRNOO320

13 MGRNV=-1 ; FDN20330
NMAMN=1 . ’ ' : ; FONDO340

GO To 20 : : FONOQ3ISO

14 MGRNV=-1 ' : : - FDND0360
NMAMN==1 : FDNOO3T0

20 INDX = (NEXTK~=1)=MXX+JATT+NFIL . ; ENNOD3BO

TF (MGRNVH{NSETIINDX)=NVAL)] 4,21,66 . o FANGO39C

C _ ‘ FONOO4GD
CxssesWHEN FOUALTITY 15 DATAINED TEST FOR MCODE=5, THE SEARCH FOR A ~ .ENNJ0410
CHxxxnSOECTFIED VALUE ) - T'FONb0420
c _ FONGO430
21 IF(MEMDE~5) 4,15+4 ‘ FONOO440

B85 IF (MLCONE=5) By4eb : FONDO450

6 TFIKREST) 16:8,7 ' _ FDNOG46D

T IFINMAMARINSET{INDX}-NSET{KINDXY}) 4+4,8 - FPNQO470



C
C

c .
Cxe%+xTHE NEXT COLUMN TO BE COMSIDERED AS A CANDIDATE IS NEXTK

c

c

8

4

15

16
1

KREST = NFXTK

KINDX = [NDX

INDS = INEXTKI®MXX = 1
NEXTK = NSETLIMDS#NFTIL])
TF{MEXTE-TTTT)I204141
KCOL=NEXTK

RETURN

END

SUBRDUTINE FINNQUIOVAL 4MCNDE, JQJATT »TCGL,KCOL)

NIMENSINN QSETILY . i :

COMMON TX o Py TMNG TDy IMMe JFUNT g JMNIT 3 JCLR 3 JHIST KRANK LU MFA, MSTOP,
IMONGMANT T o MW g MAXMS g MAXNQ o MFE sMLC s MLE o MCLCT o MTMSET o MHIST 4 NELET,
ENEUNT fNHIST yNOS NABPT (MAT G MPRMS G NRUFI G NRUNS s MSTAT ¢ NPRNT sNCRDR 4NEP,
BNYNQe NEN Do HFTL yNQ NP ASMy NITH  NSUMA G APROIy NDAY yNYRyNRSET 4 NXX e NUT
ATNGW, TBEG, TFIN, NAMEL6) NSETIL) '

EQUIVALEMCE ({NSETI11,QSET{1})

CenaxadTHE COLUMN WHICH IS THE BEST CANDIDATE IS XBEST

KBEST=0

NEXTK=NSETIMFE+JQ)
TRF{NEXTK) 1&s1,2
CALL ERRORISS)
KCOL=KREST

" RETURN

Coeakt XGRNY 1S +1 FOR GREATER THAN SEARCH AND -1 FOR LESS THAN SEARCH
Compax XMAMN IS +]1 FOR MAXIMUM AND ~1 FOR MINIMUM
CraxxeFNR SEARCH FOR EQUALITY THE SIGN OF XGRNV AND XMAMN ARE NOT USED

c

2
12

12
13

14

20

GO TO 111+12413:14%4,11),MCODE
XGRNV=14a

XMAMN=1,

G0 7O 20

XGRANV=1.e

XMAMN==1],

GO TO 20

XGRNY==1,

XMAMN=],

G0 7O 20 _ s
XGRNV==1, ' .
XMAMN==1, : o
INDX=INFYXTH~1 MY X+NFIL
T1=NSVYNT+3Q~1
IF1JN50.1 )1 11=NSET(INDX 4L}
NFEIX=NSETEIMeI]1}

INDX= INPXENFIX+JATT

TEMB = XGRNV*[QOSET(INDX)}-QVAL)

TEM = TEMP _
1F (TEMP} 30,31,31
TEM = =TEMP

IFITEM=TNL) 21+21,33
JEITEMP) 4,421,066
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FONOO4B0
EANNC4SC
FONGULSC0
FONQOSIC
FRNOO52C
FONQOS530
FONQCE&O
FONOOS550

FNQooo10
FDRO0020
FDQGGO30
FNR00040
FDOOD0S0
FrQoonsen
FDQJI00TC
FNQQOC8C
FDQOQ090C
FDQOOLCO
FDQOCL10
FOQOO120

"FDQOOL130

FDO2O0L140
FDQOO0150
FDQO0160
FDQCO170
FOQOO180
FOQI0190
£0Q00200
FDQN0210
FBEo0Z20
FDQO0230
FDQNO240
FRQOQO250
FDQIO260
FDQDO2790
FOQOO280
FDQ0C290

. FNQUQO300

FDOOO310
FnQeo3zo
FOQ00330
FDQOQ340
FDQOO0350
FOQOO0360
FDQOVATO
FDQN0380
FDQOD390
FDQOQ400

. FDQQ0410

FDQOO0420
FOQJC430
ENQl0440
FDQOG450
FOQAU460
FORCO4TO
FCQO0480



c

CoxxxwayHEN EQUALITY 1S5 OBTAINED TEST FOR HCUDE=5' THE SEARCH FDR A
CoaxxySPECIFICD VALUE

C

[aRalel

c

21
66
é
7
8

4

15

2
3

IFIMCONE=5) 44,1544
TF (MCANE=S) 64446
IFIKAEST) 164847

TRUXMAMER [QSETOINDXY—NSETIKINDXI) ) 44+4,8
KBFST = NEXTK

KINDX = INDX

INNS = (NEXTK)I#FMXX = 1

MEXTK = NSETOINNSeNFIL)
IFINEXTK=-TTTT)I2Ce 101
KCOL=NEXTK

RETURN

END

SUBRNUTINE GASP
DIMENSION QSETI(1)
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FNQO0490
FDQIUSCC
FOQICS1C
FDQOO0520
FOQLOS30
FOQGOS4 U
FNEo0s5s0
FDQJ0560
FDQOOSTO
FNQUOS580
FNQ20590
FDQOJ600
FNOoG6&610
FDROO0G20
FNQT0630
FDQRO640

GASO0010
GAS00020

COMMON TX g Iy TNNG TN, TMM, JEYNT o JMNTT y JCLR JHIST s KRANK LU MFA,MSTOP,GASO0030

TMON MONTT pMXX g MAXNS e MAKND g MEE GMU CoMLE, MCLTT o MTMST yMHIST 4 NCLC T,

SNEVNT g NHT ST o MOQ G NIRPT (NOT NORMS g NEUN g NEUNS ¢ NSTAT,NORNT 4 NCRDR #NEP,

BNYNQ s NINQeNFIL g NQaNOARM NITMGNSUMA, NPROJ o NNAY JNYR 4 NRSET o NX X4 OUT
4TNDW, TAFG  TRINGNAME(5) 4 NSET (1)

EQUIVALENCE (NSET(1),Q3ET(1)}

NOT=0

CALL DATAX

PRINT OUT THE FILES.

nO 2 1=1,NOQ

CALL PRNFLUEL)

CONTINUE

WRITEINPRNT 43}

FURMAT(1H1,58X,"*% JNTERMEDIATE RESULTS. *%t//}

CxeexOBTAIN NEXT EVENT WHICH [S FIRST ENTRY IN FILS 1. DBTAIN EVENT

GASD0040
GASQQOS0
GASD0060
GASZ0CTO
GASG00BO
GASQOQO90
GASDCLCO
GASD0110
GASQ0120
GASO0125
GASJ0130
GAS30140
GAS0Q0150
GAS00160
GASQ0170
GASQD180
GAS30190

CxkxxxT[ME AMD EVENT CODE WHICH ARE STORED IN QSET AND NSET RCSPECTIVELYGASQOZDD

C.

[(aNaNal

[aNaNalelal

4

5
6

25
26

MFE1=NSTT (MFE<1)
IFIMEEL)5,5,6

CALL ERRAOR{BO)
INDX=(MFE]~1 PEMUX4NFIL &1
JEVNT=NSFT(INDX)
INDX=INNX+NSET{IM+JEVNT)
TNOW=Q5FT LINDX)

TEST TO SEF IF EVENT INFORMATION IS TD BE PRINRED.

IF(IMMNTIT)14,27425
TF{NSETIUNNITHIEVNT) 114427426
CALL MONTE

TEST TO SFE IF THIS 1S AN EVENT WITH ONE OF THE STANDARD CNNES,
EVENT CDDE 1 IS USEN 70 GET THE DUMP [UT OF FILES. EVINT CNDE
2 I3 USFD TN TRIGGHFF THE 4ONITCRING EVENT. ZVENT CODE 3 TRIGGFRS
THE RESETTING OF VARIABLES,.

GASCD210
GASQQ220
GASO0230C
GASQ0240
GASO025¢C
GAS00260
GAS00270
GASOC2B0
GASO0290
GASOC300
GAS0031¢0
GASO0320
GAS00330
GASQ00340
GASQ035¢C
GASQ0360
GASQO370
GESOC3BO
GAS00390



s NaNalal

s Ealsel

aNelel

SO0

12

IFCJEVNT=3)1T:+ T4 8
TF{JEVHNT=219,10,411

PRINT fUT THE FILES.

"D 12 I=1,N0Q

CALL PRNFLIT)
CONTINUE

CALL RMCVEIMFEL,1)

G0 TO 4

10

14
1%

17

16

11

18
20

22
24

23

CHANGE THE VALUE CF JMNIT (0 OR 1l

CALL PMDVE{MFELl,1)
IF(JMNTIT)I14,415.16
CALL ERROR(BSY
JMNIT=1

READ{NCFDR 17} INSETIMONIT+IJ) 4 T1J=1,NEVNT)

FORMATL80I1)} i
GO TOQ 4
JMNIT=0
GO TO 4

TO RESET THE VARIABLES.

CALL RESET

CALL RMOVE{MFEl,1])
GO TO 4

CALL FVNTS

CALL PMNVE(MFEL,1)
IFIMSTOP) 18,4420
MSTaP=0
IFINNAPT ) 14,421,222
IFLTNGW~-TFINI&,21521
CALL SUMRY

CALL OTPUT

TEST NUMBER OF RUNS REMAINING.

IF(NRUNS=1)14523,24%
NRUNS=NRUNS-1
NRUN=NRUN+1

60 10 1

RETURN

END

SURRNUTINE HISTN (X1yAsWeN)
DIMENSTIMN DSET(1)
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GASOC40C
GASOC410
GASuUC420
GASNO430
GAS0Q0430
GASOCA4D
GASO0450
GASO04460
GAS2047C

"GASCO480

GASD0490C
GAS0O500
GAS00510
GAS2C52C
GASO0530
GAS00540
GAS00550
GASO0560
GASQUSTQ
GAS00580
GASQO0590
GASQ0600
GASGO610
GAS00520

-GASJ0630

GASD0640
GASO0650
GAS)CE60
GASOQ06T0
GAS00680
GAS0C690
GASQ0700
GASOQOTIO
GASQO720
GASQD730
GAS00740
GAS00Q750
GASCQ760
GAS00770
GASO0780
GASNOTI0
GASO0800

" GASDOB10

GAS00820
GAS00830
GASOQB40
GASOCBS0

HISOQO10
H1500920

CAMMNN T XeIMy INNoTDIUM JEVNT 3 JUNTT , JCLR, JHIST  KRANK, LU, MFA, MSTOP¢H1ISD0030

IMONGMINET oM X g MAXN S MAXNUG G MFEZ g MLC eMLE Z MOLC T MTMSET 4 MHT STHNCLLT o
ZNEVNT o WHTST o NN RORAT g T o NPRMS g NRPUN S NHUINS g NSTAT L HPRNT o NCRDR G TEP,
ANVND G MEND G METL g NQ GNP ARNM  NOTM  NSUMA G NPROJJNDAY o NYR NRSET ¢ NXX o TUT

GTNOW, TREG, TRINGNAME{E) 4 NSETLL)
EAUIVALENCE (NSTTI1),Q85ETI(1)1}
IF (N-NHIST)Y 1le11,2

H[S20040
HISJ0CS0
HISOC060
HIS00070
HISQCCBO
HIS00090



€

2 WHITE (NPANT,Z25C) N
Z52 ENRPMAT{19K ey [N HISTOGEAM[4&//)
sInp
11 IFIN)}2Z242e3
CHews*TRANSLATE X1 AY SURTRACTING A IF X.LE.A THEN ACD 1 TO FIRST CELL
. :
3 X=X1- A
IF [X}6eTe7
6 I1C = 1 E
GO TO 8 ' "
c
CoxwsnDETERMINE CFLL NUMRFR IC. ADD 1 FOR LOWER LIMIT CELL AND 1 FOR
CeexxxTRUNCATION
c
T IC = X/W + 2.

mMoao

MO0

9

IF{IC~NSFT{JHIST+N)-1}8,8,9
IC=NSETIJIHIST#N}+2

B L2=NHIST+JHIST

12

16C0
100
200
200C

400

300
3009

560

00 12 I=1eN
L2=L2+NSET(JHIST #1142
LisL2=-NSET(JHIST+NI+(IC~2)
NSETILEI=NSET(LL}+)
RETURN

END

FUNCTION LOTAT{NCODE +K+JATT)
DIMENMNSINN QSET(L)

144

HIS00100
HISCOL11C
HISCo12¢
HISQD130
HIL0C140
HISILLSC
HISPOLAO
HISJLLTU
HISCOLIRG
HI59C190
H153020Q0
HIEDD2LD
HIS0C220
HIS20Z3G
HISO0240
H1500250
H1S20260
HIS00270
HIS20280
HIS00290
HI1SC00300
HISD0310
HISD0320
HIS00330

H1500340

LOCOCO10
Lncacoz2o

COMMON TX 4 IM, TN TN, T8, JEYNT G JMNIT , JCLP , JHIST KRANK, LU, MFA,#STOP,LLOCOC0A0

IMON MONT T g MU MAXHS g MAXND, MFE L Lo MLE, ML LT MTMST o MHIST ¢ NCLCT,
ZNEVNT o NHI ST N0 N RP Ty LN T o NPRFS yNFUN o WATING g NSTAT o NPANT ¢ KCRDR 4 NEP,
BNYNGD g HEMN D ME TL s MO NP ARM g NGTHM  MSUMA G NPR U NDAY s NYRG NRSET 4 NX X DT,
LHTNOW, TAEG ¢ TETM L AME{6) #NSET{L) g
EOUIVALEMNCE {NSETUL).OSETLL})

TE(MXX~JATTILIOZG,1C3,100

CALL ESROR{1&0) ’ .

GO TO 1200,320)NCODE

IF{K~-ID1400,400,2000

CALL FREBOR(145)

TO COMPUTE THE CELL NUMBER FOR THE GIVEN COLUMN AND ATTRIBUTE
NUMBERa

LOCAT=(K=1)#M4XX+JATT+NFIL
RETIRN
[FIK-MAXNS}500,500,3000
CALL ERRORIET)

TN COMPUTE COLUMN NUMBER FOR THE GIVEN CELL AND ATTRIBUTE NLMBER,
LOCAT=1+#{K=JATT) /MXX

RETURN
END

LAOCO0C4D
LOCO0GSE
LOC2006G -
LOCA00TD
LRCOOCsD
LOCCOOs0
LOCOC100
LDEOCIN0
1.0Co0120
LOCo0130
LOCOO0140

- L0Co0150

LOCQO160
t.OcCoc17Q
LaCco0L80
LOCOO190
Locac200
Locgoz2:0
taocoe220
LGC00230
LOC 20240
LOCOO250
LOCONZ60
LOCNO27C



oaoon

iz Nalelel

103
125
136
250
255
260

- s

SURRMIITINE MONTR
DIMFNSION QSFT(L)

145

MONOOQLC
MOM20G20

COMAN TX p TMy INNG TNy EMM JFVNT G JMNTIT y JCLF g JHTIST ¢ KRANK 3 L U MF A MSTOP, MO ICC3D

TMONGMANT T g MXX g MAXNS g MAXMD M oML Oy AL o #CLTT o MTHET g MHIST 4y NOLCT,

ZNEVNT g NHIST 4 M) MR T G NOT gNDE MG G KLU, W UNS ¢ NSTAT ¢ NPPNT ¢ NCRDR ¢ NF P,

AINVHNE G HEL DG NTFTL o NQ o NP ARM MO T Mo NSHIMAGNPRUS o NOAY o YRy NRSET ¢ NXX,0UT,
GTHNOM TANG y TEINGWNAMEL G W NSETIL )

FOUTVALINCE [NSTTL1)4NSETIL))

FORMAT(Y ®,T73),7Fl4a6])

FReuAT  {/1CX23HCURRFNT EVENTeaae TIME =4F8424SXTHEVENT =,17]
FORMAT(L1IX42154(730,7114})

FNRAT{/ /17X, *CURPFNT EYENT(NSET)LY)

FORMAT(//10X, *CURPENT EVFRNT {QSET}a')

FORMATL///36X,* ERROR EXITs TYPE 13C ERROR.')

PRINT ALL THE ATTRIBUTES OF THE CURRENT EVENT,.

L1={NSET{MFE+]1)~1)¥MXX+NFIL+1
NFIX=[SFT{IMeJEVNT }
NFLT=WSET{IMM+JEVYNT)
NSUM=NFIX+NFLT

TFINXX=NSUMIZ, 77

WRITE{NPRNT 2601

L2=Li+NFIX~1

L3=12+1

L4=L2+NFLT

LS=L]l+MXX~-2

Le=L5+1
WRITE{NPRNT,105)TNOW s JEVNT
WRITF(MNDRNT,250)

"WRITSANPRNT 4 1CEVINSET I}, I=L5+LE ) INSET{1)1=L1,4L2)
WRITE(NPRNT,255)
WPITE(NPANT,103)(QSET(I},1=L3,14)
RETURN

END

FUNCTION NPOSN{I,J:CNAME}
EXTERNAL CMNAME
DIMENSINN QSETIL)

MONG D040
MONICES0
MONDCLBO
MONOOGTC
MONJO080
MONJONQOD
MANJLL100
MCONJOY11C
MONOOL120
MONCOL30
MONOO140
MONQOL50
MOGNADL160
MONOOL170
MONQOL8O
MONJO19G
MONQ0Z 00
MONOQ210
MONQD220
MONODZ230
MONOQZ40
MONDOOZ50

" MON0D260

MONOO270
MONDO 280
MONG Q290
MONJ0Q300
MONCO310
MONGO320
MONDO330
MOND0340
MONDO350

NPOOOOL0
NPDOOD20
NPD20C30

CUMMON ITX o IMy INN, IDe TMM JFVNT g JMNIT g JULP, JHIST o KRANK LU, MF A, MSTNP,NADDD04C

IMONMONTT g MXKy MAXNS g MAXNG s MFE g ML o MLE  MOLCT 4MTMST g MHEIST W NCLET 4

ZNEVNT 3 NHIST g N ID. NORDT G NOT 4 NO MG (NRUN G NRUNS 4 NSTAT,NPRNT 4 NC2 DR, NEP,

ANVNQ e NENQ o NFTL o NI s NPARN JNITMy NSUMA, NPROJs NDAY s NYRp NRSET yNX X4 OUT,

&TNOW, TRFG, TFIN,NAMEL6) yNSET( L}
EQUIVALENCE (NSST(1).QSETIL))

TO GENERATE POISSON VARIATES. PARAMETERS TO BE SUPPLIED ARE THE
EXPECTED VALUE,MINIMUM AND THE MAXIMUM VALUE OF THE VARIABLE.

NPOSN=0

INNX=4%(J-1)+NPARM i
P=QSET(INDX+1}

1F{P=6.0) 24204

Y=EXP(-P}

X=1.0

X=X*CNAME(T)

[F(X=Y 64848

NPGI00S50
NPDIACO60
NPOOOCTC
NFQOCNBO0
NPOO0090
NPRO010C
NEOQOL10
NPOIOOL12C
NPDDO130
NPDCOL14C
NPO0OO15S0
NPODOL6C
NPOCO170
NPOOOQ1BO
NPOOD190
NPDOO200
NPDJO0210



[alalel

TEMP=55TITNNX+4)

OSET{ INDX+4)=SNRAT(QSET{INDY+Y) )
NPDOSH= AN RMIT 3 JoCNAME ) #(3,.5
QSETLINUA &G )=TEMD
IFINPOSM) 44646
KE=OSFTIINOX+2}
KEK=JSFT ( INDX+3)
NPDSN=KK+NPOSN
IF(NPNSN-KKK] TsTe%

RETURN

NP(ISHN=HNPOSN+]

GO T0 3

NPOSN=QSETIINDX+3)

RETURN

END

FUNCTION PRODDIITJATTJQ)
DIMENSINN QSET(L1)

COMMON TX,IMe INNSTO, TMM, JEVNT o JMNIT &
TMOMGMONTIT p XX o MAXNS o MAXH o MFE g MLC MLEMCLCT s MTMSTHMHISTWNCLET,
ENEYHNT ¢ MHIST o NOQeMOPOT o NOT o NPRMS yNRUN s NRUNS o NSTAT S NPRNT o NCRDR ¢ NEP
BNYNQy NENTeNFIL o N o NPARMGNOT M NSUMAZNPROJy NOAY yNYEy NRSET o NXX20UT

4TNIN, TREGL TFINGNAME( ) yNSETI1)

fo
W= g W

EQUIVALENCE (NSET{11,QSET(1))
PRONQ=1.

1F(J0-NOQI1,1,2

CALL EPROR(20)
IF(NSFT{NO+J0) 13344
PRODQ=0.

RETURN

MTFM=NSET (MFE+4Q)

INDX= {MTEM=1) #MXX#NF IL
TLsHEVNT +40-1
IF(J0.EC. 1) I1=NSET (INDX+1)
NEIX=NSET{IM+I1)
NFLT=NSET ¢ TMM+11)

JATT IS AN INTEGER IF JT=13 A REAL NUMBER IF JT=2.

GO TO (S546),dT
TF(SATT-NFIX}T:T48
IF{JATT~NXX)}9s 9910

CALL ERROR{251)
TE{JATT=MXX)1T9T29 .
PRODQ=PRODAENSET{INDX+JATT)
G0 10 14
IF(JATY=-NFLTI11,11,9
PRONGG=PRODO*QSETI TNDX+NFIX+JATT)
IMDX=MTEMEMYX=]
MTEM=NSET{INDX#NFIL])
TF{MTEM=TTTT)13:12:13
RETURN

END

146

NPOBO220
NPOID0230
KPAGC240
NPDOO25C
NPOQL260
NPOOC2TO
NPDO028BC
NPONL29C
NPOJO300
NPOOQ31G
NROC32C
NPOJ0330
NPDOJC340
NPDQO3SC
NPODO360

PDOYCOLO
PNNADD2C

JCLRy JHISTKRANK, LU, MFA, MSTOP,PDQOLLO3C

PDQNON40
PRQ0050
"PDRNCOGD
PLQOO0OTO
PDQJO0B0
PRQACOSC
“PRRICLI0C
PDQOOLLC
PDONGL20
pQ20130
PRQOOL4C
PDO20150
PDQOLLEC
PDQOC1T0
PDQOCOLBO
ppQOO1ISO
PNQ00200
PDQO0C204
PORAC205
. PDQOO2CE
POQN0210
PDOOG220
PDQOO230
- POQO0240
PNO20250
PDOOO26TC
POOQC27C
POOD028B0
PNEA0250
PDQOO300
PNQJ0310C
PDQO0320
PNOOQ330
PDQD0340



SURRNUTINE PRNTO{J0)

DIMENSTION OSETI1)

COMMON TX o Tty INNe IDe I MMy JFVAIT o IMHTT JOU Ry JHT ST e KPANK L Ly MEA,MSTRP
IMUNeMINTT o2 XX g MAXN Sy HAXRN D g MFE MU N M LCT e MTMST fdMHTIST NILCT,
PNFVYNT g NHLST o 1 1da NRPT o NOT o NPw MS g NRUN g NS S o NSTAT, NPRNT g NCRE DR G NFP
ANYND G MEM D NFTL ¢ N MIARYM BINT A NEUIMA, NPKUJ ¢ NITAY ¢ NY K9 NRSET o NXX ¢ D1IT,
4thu.THfG,TF1h.wr“F{o) NSETI(L1)

EQUIVALENCE [MSTETIL)«QSETIL}])

WRITF (MPRMNT,100) J3

IF (TNOW — TOEG) 12412413

12 WRITE {NPRNT,105)
RETURN
C
CexxxxCOMPUTE EXPECT NG. TN FILE JQ UP TO PRESENT THIS MAY BE USEFUL
Cxx#xx I[N SETTING THE VALUE OF ID
C
13 XNQ=NSFT(NQ+JQ)
X=AQSETINENGHIQI+XNDEITNAW=0SETINATM+IN}) )/ (TNOW--TBREG }
STD={ (NSET{NVNQ+JO I+ XNQEXNU{ THOW—QSET{NQTHM+JQ) 3}/ (TNOW~TBEG)
1-X*X)*%0,5 )
WRITE {NPRANT.1C4) XySTD,NSET{MAXNO+JIQ)
C

Cxne%2PRINT FILE IN PROPER DRDER REQUIRES TRACING THRDUGH THE PQOINTERS
Cxdxx*(OF THE FILE
c
* ENTRY PRNFL{JQ}
-WRITE {(MPRNT,L101)00Q
WRITE{NPCONT ,200)
LINE = NSET{MFE+JQ)
TF{LINE-1)4,41,41
WRITE (NPRNT,102)
RETURN
L1=(1 INE=1) =X X+NFIL#1
T1=NEVNT+JR-1 ]
IFLJ0C0LIYI1I=NSETILY) : ‘ s
T2=NSET{IM+I1}
13=NSET(IvM+T1}
NSUM=12+13
TF{NXX=NSUM)I3,6,6
6 L2=L1+12~1
L3=12+1
La=L2+]13
LG=L14MxN~2
Le=L5+1
IF{T2.5T4231G0 TO 8
WRITF{WPRNT s 106)LINEs INSET{I)s1=L5sL6)
GO TN 5
B WRITE(MOPANT,106)LINEZ(NSET{I) 1= LS.Lel.(NSET(Ii.l—Ll.LZI
1FI13.E0.2)60 T0 7
G WRITE(NPANT,10)(QSETI(I)sI=L3,4L4)
T INDX=LINE®MXX=L+NFIL
LINE=NSETULINDX)
IFILINE=TT7T7)1143245
3 WRITE{NPRNT,201) o
5 WRTTE (MNPRNT,199) C E* i T -
100 EDRMAT(//39X2SH FILF PRINTOUT, FILE NOe.,I3)
101 FOEMAT{//65%,'CONTFNTS OF FILE NOL'.13/7)
102 FNRMATI/43X1ARHTHE FTLE IS EMPTY//)
103 FNRMATIL' *,735,7EL4.5)

=AY
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PNQOCTLO
PRQOCD2N

s PNOSCD30

PMIZDLCA0
PNOCACSE
PN CCH0
PMOCOAGCTO
PNQOOCAO
PNQQOCS0
PNQOGLO0
PNQOCL10
PNQODL20
PNQOO0130
PNQOC1 40
PNQJQ150
PNQQOL60
PNQOQ1T70
PNQOOL1BO
PNQOD1IOC
PNQOC200
PNQOOZ210
PNQOD220
PNQDG230
PNQDO240C

- PNQOQ250

PNQOC260
PNQDO2TO
PNQID2BO
PNQOO290
PNQDO30C
PNQIO0310
PNQOO320
PNOT0O330
PNQO0340
PNQCO350
PNQOC360
PNQOG3RTO
PNQO0C3 8D
PNQOR39D
PNQD04Q0
FNQOO410
PNQO0420

" PNQOD430

PNQOC440
PNQCO450
PNQOO460O
PNO2C4TO
PNDQO&BO
PNQOO49C
PRQCO500
PNQJC510Q
PRNQOC520
PNOQCS30
PNQI0540
PMNQDLS5C

- PNODOSEO

PNQGOQSTO
PNQOOSEQ
PNODOOS 90

104 FORMATI/35X,2 THAVERAGE NUMABER IN FILE WAS,F10e4+/35X,9HSTD. DEV.,PNQDI0600



[aNuNal

lalgRal

2l ala)

105
166
199
200
201

1 1BXeFlCase /35X THUAY.TMUM, 24X, 141
FORMATL/Z5X, 25 MY PRINTOUT TMDW = TBEG £/7)
FORMAT {IX,15,0Xy 215, (TS0, TT141) )
FUNMATL///36X?HERROR EXTT, TYPE 90 ERRORL)
FRR¥2ATISIKe *NSET AND QSFT//} )
FORMAT{///36Xs% ERROP EXITe TYPE 95 ERROR.")
STOP
END

SURRNUTINE RESET
DIMEMSINN QSET(1)

148

PNOOC6LD
PNGAGE20
PNCICE3D
PNO2064E
PNGI0ESE
PNOOCEAD
PNDDOGTO
PNOOO6BO

RESOQ010
RESDOC20

COMADH IX o IMy INN, TDy IMM JEVNT o JMNTT p JOLR ¢ JHIST o KRANK,, L1 MF A, MSTOPL,RESDD03D

IMONGMDONTT g G MAXNS o MAXNGO oMY E g MLO ¢ MEE ¢ MOLCT o MTMST g MHT ST, NCLC

ZNEVNT g NHT STy MU NORPT 4 MIT yMORMS G NRUN o R UNS s NSTAT 4 NPHNT ¢ NCRDR 4 NFP,

ANVNQ  NENAQGNFTL s HQ o NP ARMGNITMy NSUMAS NPROJ s WDAY s NYRGNRSET ¢ NX Xy
HGTNOW, TREG TRFTNNAMELS) ,NSETL L)
EQUIVALENCE [NSET{1l),QSETI1)}

TO RESET A PARTICULAR SET OF VARTABLES I[N 'COLCT' TO ZERC.

TFINCLCT)1043,1
CALL ERROR{150)
TINDX=NSUMAS]L
D0 2 I=1,NCLCT
IF (OSET{MCLCT+I).NELTNGW) GO TO 2
OSEY{ INDX)=0.0 .
QSET{ INDX+1)=040
CQSETLINNX421=0,0
OSETL INDX+3)=1,0E20
QASETLINDX+4 ) =~]1,0E20
INDX=INDX+5 :
CONTINUE

RESET THE SET OF VARIABLES IN *TMST? TO ZERO.

IFINSTATI0+4.5
INNX=NCLCT*5+NSUMA+]

N3O 6 I=1,NSTAT
IF{QSETI{MTMET+I1.NE. TNGW) GO TD &

- QSET(NPSET+I )=TNOW

11

RSETLINDX I=TNOW
QSETH INDX+11=040

C@SETLINDX+21=0.0 X
QSET(INOXK+3)=1,0E20 i
QSET({INDX+4)==1.0E20
INDX= INOK+5

- CONTINUE

KESET THE DESIRED SET DF VARIABLES IN THISTO' TO ZERO.

JF{MHISTI10,T7:8

DO & I=1+NHIST
TFIQSETIMHEIST+I Y NEL.TNOW) GO TO 9
L2=JHLIST+NHIST

no 11 J=1,1

L2=L2+NSEFT{JHIST+J}+2
L1=L2-NSET{JHIST+]1)=-1

Te

DUT &

PESQ2CD40
RESQONS0

_RESGLOLD

RESJ0070O
RESQ0080
RESQLCSO
RESOC100
RESND110

- RES00120

RESO0130
RES00140
RESJ0150
RESO016Q
RESD017C
RES20C180
RESQOISC
RESN0200
RESOOZ1C

© RESQQZ2C

RESC0230
RES500240
RES00250
RESO0260
RESQC2T7O
RESDG280

 RES00290

RES00300
RESNG310
RES00320
RESN0330
RES00340
RES00350C
RESI0360
RESB0370
RES00280
RES00390
RESOD4CD
RES00410
RESGD420
RESN043C
RES00440
RESOD45C
RESD0460
RES00470
RESOC480
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+

DN 12 J=t1,L2 : ’ RESD0490

12 MSFT{J)=0 RESOCS50C

9 CNNTINUE . PLCSHOSIE

C PESOCS520
C TN CALL SURPOUTIMNE NMATAN [F ANY ANDITICHAL DATA CARDS ARE T AF RTSN0S30
C PEAD IMN AT THIS TIME, "JCLF* SHOULD ALWAYS HF LESS THAN 1R FNRUAL ERISCO%&0
c TO ZERD WHFM DATAN SURKOUTIMNE 1S USED AT TH® TIME OF RESETTIMNG. PESQLES0
c RES0056C
T IM={NSFT{MFF+] )=1J*MXX¢2&NFIL RESQOS5T0
IFINSETIINIIIZ 13414 - ; RESOQS580

14 NSTORE=MEP RESOQS590
JOLD=JCLR ’ RFS0OH0D
NEP=NSET(IN#1) ’ RESJ0610
JCLR=0 . ’ . RESQ00620

CALL DATAX RESOCH30
NEP=NSTORE ) RESOOB40
JCLR=JOLD : RESNC650

13 RETURN RFSCOA60
END 4 RESDO6TO
FUNCTION RLOGNUT,.J,BNAME) RLNOOGLO
EXTERNAL BNAME w o . - RLNQOO20
DIMENSTON QSETH(1) . fLNNQO30
COMMON DX IMy TN N IDe TMMy JFYNT s JMNTT o JCLR g JHTST o KRANK L UGMFAZMSTOPRFLNDCT40
IMOMGMOHET gMAX g MAXNS g MAXNDGMFF (MLCoMLEyMCLCT MTMST o MHIST  NCLET, GLNOCOSE
INEVNT G MNHT ST o MO NSO T g NNT GNP IMS  MRUN g HRILINS g NSTAT G NPRET G NCFNE 4 NFPy RLNOCOAKD
BRVNQ g NI T G MEIL g NG NTAIM G NOTM  NSUMA¢NPRCI e NDAY ¢ NYR NRSCT.Nx;,CUl, RLNJQOTO
SINDOW, TACG 4 TRINSNAMELA Y o NSET(L) RLNIDGRO
EQUIVALFMNCE (NSTTIL)4QSETIL)) RLNDOOS(Q

£ . RLNOOO9S
Cxrra=THE PARAMETEDS (JSEDN WITH RLOGM ARE THE MEAN AND THE STANDARD RLNOQ1CO
Cesxx*DEVIATION OF A NORMAL DISTRIZUTIONS. . RLNOOL1O
o : ’ RLMNOO120
V= RNORM({1,JsBNAME) BLNOC130
RLOGN=EXP{VA) . RLNOO140
RETLIRN RLNOOGISO

END RLNGO160
FUNCTTON BNOSM(TI,J,ANAME) aN450010
DIMENSITN QSET(1) PNMOO020
CIMMNIN T IMy IRy I TYM G JEVRT g JUNTT y JCLR e SHTISToKRANK o LU 4 MF A, MSTOP ¢RYMO5030

THMOING MONTT gMXX g MEXNS y MAXNI GMEE G MLC ,MLE U0 CT, MTUST w1 ST NOLET LRMICO40
2HNEYNT GNHIST o NI NIRRT o NOT ¢ MNP AS o NRUN G NI HNS yNSTATGNPRNT 4 NOENR (NF Py RNMIGOSED
3uvuﬂ.\‘“3 NETL o MO o NBARM NOTM, NSUMAGNPRGI s NOAY s NYRGNRSET oNXX,QUT sy BNMO0DS0
4TNGh.TEEG.TFIw.K£“=(6I'NSET(ll REMGECTO
EQUIVALFMNCE INSET(1).QSETHI1)) Ruwa0080

c T ORNMI0090
C T GENFIATE WIRMAL DFVIATES. PARAMETERS TD 8SE SPECIFIED ARE THE ARMIG100
C MERN, #IN I MM, MAXTMUM AND THE STANDARD DEVIATIDN OF THE FNM3dI10
C GISTRIBUTION, . RNMOO0L120
C . : PNMOLT30
RA=ANAME(T) RAMOG140
RA=ANAME( 1) ' RuMIG150

V={-2,0*ALOGIRA) ) #%0 ,52C NS (6, 283%RB) RANMOOL&0



TNDX=4%( J=-1)+NPARM
RMORM=Y.OSTTL INOX+4) #DSETLINOX+L )

TFENDNIH=QSFTUINNX42)) 6476 8
6 RNUKM=QRSET{INDX+2)
T RETHAN
B [FIRMORM=QSTT{TNDX+3)17:7,9
9 RNOPM=QSET(INNX+3)

RETURN

END

SURROUTINE SET
DIMENSTION RSET(L1)
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RNM3B1T0
RNMJC180
REMO0190
RYMOL200
RNMOC210
RNMAC220
PAMD023(C
RNMO0240
RNMO0250

SFTOCO10
SFT0Q020

COMMON IX ¢ TMy TNNy TNy TMMy JEVNT g JMNIT o JCLP 4 JHIST KRANK,LUSMFA,MSTNP,SETO0Q30
IMONGMAONTT ¢MX Xy MAXNS ¢ MAXND G MFE oML CoMLE ¢ MCLC T« MTMET o MHIST o NOLT T o SFTOCDAD
ZNEVPIT g NHIST g RN NURPT ¢ NOT g NP MG NP UN G NAUNS A NS TAT NPRNT 4MCRNR 4 NEP, SETOCD50
INYND G NENQGNFTL y N, NPARM NQTH, QSUHAoNFP“J.NDAY,NYR'NRS:T,NXX;DUT, SETICCS0

GTNOW, TREG o TFIN,HNAME(6) 4 NSETIL}
EQUIVALENCE INSETIL),QSET(1))

SETOLOTO
SETO0080
SETOCO90

THE TwWD SEPAPATE ARRAYS NSFET AND QSET HAVE BEEN MADF EQUIVALENT SETO0L100
AND A PARTTICULAR LOCATION NF THE ARRAY CAN RE USED EITHEF RY SET00110

NSET OR BY QSET. POINTERS FPC THE ENTRIES ARE STORELD AS BEFORE IN SFTO0120

NSET. QSFT AND NSET

GF AS YWO DIMENSTONAL ARRAYS WITH BOTH NUMBEPR OF RMOW: AND

ARE OME DIMFRSINNAL ARRAYS BUT “AY RE THNUGHT "SETQC130

VARTABLE AT FXECUTION TIME, FUMCTICN LOCAT WILL LINK

{ROW.,COL)Y TO TNDX,.
TIME AND FIRST CELL

FO2 FILE 1,FIRST CELL IN OSET CONTAINS EVENT

IN NSET CONTAINS EVENT CCDE.

COLUMNS SETQ0140

SETDCLSC
SET20156C
SETOO170

Izl EalolizgNeRaNnNalel

Cx*%¥xSET UP POINTERS FOR A FILE JQ, NSET(INN4JQ)=1 IS FIFO AND

CxEkaxAND NSET{INN+I0)=2 I5 LIFN.
c

KOL=T777

KOF = 8888

KLE = 9999

MAXNS = ID #* MXX
¢ :
Cxexxx INITIALIZE POINTERS IN NSET AND QSET.
o

DC 1 1 = 1,1D

INDX = ] % MXX+NFIL

NSET(INDXY -~ 1) = [ + 1

1 NSET(INDX) = [ = 1

NSET {MAXNS - 1+NFIL)=KOF

DO 3 K = 1,N0Q

NSET{NQ+K)={

NSET{MLC+K)=0

NSETI{MFE+K)=0

NSET (“AXNQ+K)=0

NSETIMLE+K)=0

OSETINENG+K1=0.0

OSET INVNORK]=0,.0

3 QSETINOTM+KI=TNOW

c
CxxuxxF[RST AVAILABLE COLUMN = 1
C

MFA = 1

UUT = 000

SFTOCL180
SFTOC190
SEYD0200
SETO0210
§ET00220
SETC0230
SETO0240
SET00250
SET00260
SETOC27C
SET00280Q
SET00290
. SETO0200
SET00310
SET00320
SFT00330
SET00340
SFTOR35C
SFTQO036C
SET0Q370
SETOC3RL
SET00390
SET0Q400
SETOC41C
SETOC42C
SETJ30430
SET3044C0
SET00450
SETQ0460
SET0047C
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PO @ I=1,NSTAT SETD04B0

9 OSET{NMSET«1)=TBEG SETI0490
RETURN SFT00500

c SETO0S10
CexxxxMFEX 5 FIRPST ENTRY IN FILE WHICH HAS NDY BEFN COMPARED WITH ITEM SETNOS20
Cex*22T0 BE INSERTED - SET00530
o SET00540
ENTRY RMNOVE{KCOLL+JQ) SET00550

C TFERCDLL I 27,27,28 SETN0560

27 CALL ER2PK (110} SET00570

28 NSET{MLC+J0)=KCOLL SET00580
oUT=1.0 SET0059G

ENTRY FILEM(JQ) SET00600
MFEX=NSET [MFE+JQ) SET00610

c SETHCH2C
Co+3x¥KNT IS A CHECK CODE TO INDICATE THAT NO COMPARISONS HAVE BEEN MADESETI0630
c SET00640D
ENT = 2 SET00650

c SET00640
Ces*3%KS [S THE ROW ON WHICH ITEMS OF FILE JQ ARE RANKED SET006T0
C : SET00680
KS=NSET(KRANK+4Q) SET00690

KSJ = 1 SETO0700

[F IXS - 1C0) 102C,100,1000 -SETO0T10

1000 KSJ=2 SET00T20
"KS = KS - 100 SETO0730

c SFT00740
Cx=x%%TEST FOR PUTTING VALUE IN OR OUT SETO0T50
S CwxEa:IF OUT EQUALS ONE AN ITEM 1S TO BE REMOVED raow FILE JQa IF DUT SET0O0760
C*=22xx ]S LESS THAN ONE AN ITEM IS TO BE INSERTED IN FILE JQ SETOCTTC
c ) SFT00780
1020 IFIOUTIIDO'B.S SFTO0790
c SET0QQB00
CrexuxpTTING AN ENTRY IN FILE JOQ SETODOR1D
Ce=xx=THE JTEM YO BE TNSERTED WILL BE PUT IN CDLUMN MFA SET00820
c SETOOB30Q
B8 INDX = MFA * MXX = 14NFIL SETCCR4D
NXFA = NSET(INDX) SETNO850

c SET00880
Cetdas]F NSET(TNA4J0) FOUALS TN TWQ THE FILE 1S A LTFO FILE, IF SFTO0BTOQ
CrxaxaNSET{INN+JD] IS ONE THE FILE IS & FIFO FILE FDR FIFD FILLS TRY TO SET00880
CrasesIMSERT STARTING AT THE END 0OF FILF. MLEX IS LAST ENTRY 1IN FILE SETCOR90
CrknxsyHICH HAS NOT BEEN COMPARED WITH TTEMS TO BE INSERTED. SET00S00
t SET00910
~ 1F INSETITNN#JO)=111C04746 SET00920

T MLEX=NSET{MLE+JQ) SET00930

c SET00940
Chsxx#[F MLEX IS ZERO FILE IS EMPTY. ITEM TO BE INSERTED WILL BE ONLY SET00950C
Crszxxx [TEM IN FILE. SFT00960
¢ SETOCSTO
IF {MLEX) 100410,11 SFTO0980

12 INDX = MFA *= MXX+MFIL SETNQ990
NSETCINNX) = KLE SETO1000
NSET(MFE+ JQ)=MFA SETOLOLC

C _ SETO1020
Ckr#%#THERF 1S NO SUCCESSTF DF ITEM [NSERTED. SINCE ITEM WAS INSERTED SETD1030
Crwxxx]N COLUMN MPFA THE LAST ENTRY OF FILE JOQ I5 IN COLUMN MFA. SETD1040
c SFT0O1050
17 INDX = MFA * MXX — L#NFIL SETU1060
NSET( INDX) = KOL SETQLO07O



RSETIMLE+JQI=MFA
C :
CeeexASET NEW MFA FROUAL TP SUCCESSOR OF OLD MPA. THAT IS5 NXFA. THE

Caexexliy MEA HAS N0 PREDELCESSOR SINCE IT IS THE FIRST AVAILAJGLE COLUMN

(®auexFNR STORAGE.
C
14 MFA =NXFA
IFIMFALGELKOFIGD TO 238
INDX = MXFALMXX+#NFIL
NSCTLINDX) = KLE
C
ChxzkxJPDATE STATISTICS OF FILE JQ
C
239 XNOQ = NSET(NO+JO)
QSETIHENQ+JOI=ASFTINENQ+JO) #XNDE{ TNOW-0SET(NOTM+JQ) )
QSET{NVNI+ID) =QSETINVNQ+ QI +XNQEXNG* (TNCH-QSET(NQTM+2Q )
RSFT{NATM+IQ ) =THNOW
NSETENO+JQI=NIET{NOQ+J0)+]
NSETIMAXNQ+JIQ) = “AXD(NSET(MAXNQ+JQI.NSET(NQ*JQ]!
NSETI“LF+JQ)—MSET(MFE+JQI
RETURN
C
C**x¥2%T75ST TO DETERMINE IF RANKING ATTRIBUTE IS IN QSET (KRANK.LT.100}
Ce¥xaxIR NSET (KRANK .GT.100).
C
11 GO T (110G.,1120)4KSJ
1100 INDX1=(MFA—1)#MXX+NFIL
11=NEVNT +40Q-1
IFLI0.FRL1IIT1=NSETIINDX1+1)
INDX]I=INDXLI4NSETIIM+IT1I+KS
TNDX2={MLEX=1)*MXX+NFIL
12=11
CIFLJ0.ENG 1V I2=NSETIINDX241)
TNDX2=IMOX2+NSET{IM+ T2 14KS
ITF (QSETL{INDX1).LTaQSET{INDX2)IGD TO 12
GN 1D 12
- 3120 INDX1
INDX2

{MFA — 1) % MXX + KS+NFIL
{MLEX = L1} * MXX 4 KS+NFIL

"

c
Cxx2xxTEST RANKING VALUE OF NEW ITEM AGAINST VALUE OF ITEM IN COLUMN
CH&eskMLEX
¢
IF INSETHINDX1)aLT.NSETLINDX2))GO TD 12
[ . ' .
Cos*x2 NSFRT ITEM AFTER COLUMN MLEX. LET SUCCESSOR OF MLEX BE MSU.
c
13 INDX = MLEX = MXX — 1+NFIL

MSU = NSET(INNX)

NSETIINDX) = MFA

INDX = MFA * MXXeNFIL

NSET{INDX) = MLEX

GO TO (18,171 KNT
[
CerxaxSTNGCT KNT EOUALS ONE A COMPARISNN WAS MANE AND THERE 1S A
Cxea2aSUCCESSO? TO MLEX, lo.Fey MSU IS NOT EQUAL TO KOL. POINT COLUMN
C=mrxsMFA T(O MSU AND VICE VERSA.
C

1B INDX = MFA = MxX - 14+NFIL
CNSETUINDX) = MSU
M™PAX = MSU % MXX+NFIL
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SETO1380
SFT01290
SETOL100
SETI1110
SET01120
SETO1130
SET01140
SETOL150C
SETOL16¢
SETO1170
SFT01180
SETO1190
SET012C0
SET01210
SET21220
SET0123¢
SET01240
SFT01250
SET01260
SET01270
SETQ128¢C
SET01290
SET01300
SETO1310

T SETGL1320

SETO1330
SETO1340
SFTO135C
SETQ1260
SETO1370
SETO138G
SETO139C
SET01400
SETO1410
SETOL1420
SFT01430
SET01440
SETOL1450
SET01460
SET01470
SETJ1480

. SET01490C

SETG1500
SETQ1510
SET0152C
SETO1530
SET01540
SETO1550
SETQ1560
SETO1570
SETO1580
SET01590
SETO16G0
SETOL610
SETO1620
SETO1630
SET0164C
SFT01650
SET01660

TEETO1670



NSET{INDX) = MFA

GN 710 14
C
Cxex&SET KNT TO NNE SINCE A COMPARISON WAS MADE.
c
12 KNT = ]
C

htttt*TFST MEA AGAINST PREDECESSOR OF MLEX BY LETTING MLEX EQUAL
Cxx#xxPRENECESSOR OF MLEX. )

C
JINOX = MLEX ¥ MXX+NFIL
MLEX = NSETLINDX)
IF{MLEX~-KLE) 11416s11
C

C##%#%]F MLEX HAD NO PREDECESSOR MFA IS FIRST IN FILE.
¢
16 INDX = MFA * MXX+NFIL
NSET(INNX} = KLE

 NSET(MFE+JQ)=MFA
c ' :
C*#%##SUCCESSOR OF MFA IS MFEX AND PREDECESSOR OF MFEX IS MFA. INDTE AT
CHe¥x4THIS PCINT MLEX = MFEX IF FIFD WAS USED)e

(o
26 INDX = MFA % My¥ - 1+NFIL
NSETL{ TNDX)} = MFEX
CINDX = MFEX * MXX+NFIL
NSETUINDX) = MFA
GO0 TD 14
c

C#xxxxFOR LIFD OPFRATION TRY TO INSERT TTEM STARTING AT BEGINNING OF
CherxxFILE JQ.
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5FTO168C
SETOl69L
SETOL17CC
STTN1T1C
SFT31720
SETDL1T730
SFT31740
SETQL750
SET3176C
SETOL1TTU
SYTO1780
SETOLVSC
SETO1800
SETO18190
SETOLB20
SET01830
SETO1840
SETQ1850
SFTR1860
SEYD1870
SETOI88C
SETQ189C
SET01900

" SET01910
.SETO1820

SET0193C
SET01940
SETO1950
SET01960
SETAL9TG
SETOl980

Cexe=e[F MFEX IS O, NO ENTRIES ARE IN FILE JQ. THIS CASE WAS CUNSIDEREDSET21990

CHxx=wPREYIOUSLY AT STATEMENT 10.
C
& IF IMFEX) 10Cs10+519
(o
CeexexTEST RANKING VALUE OF NEW ITEM AGAINST VALUE OF ITEM [N COLUMN
CoenxiMFEX,
C
19 GO TO (1200,1220),%5J
1200 INDX1=(MFA=-1)*MXX+NFIL
. I1=NEYNT +J0Q-1
CIFLJQeERN 1)1 1=NSFT{INDX1+1)
INDXL=IMNDXI+MSETEIM+I 1) 4KS
INDXZ2=({MLEX~-1 J=MXX+#NFTIL
12=11 3
IF(JQ.EQa1)I2=NSETIINNX2+1)
INDXZ2=TNDX2#NSETIIM+ T2 1+KS
IF {QSETUINDX1)aLTLASETIINDX2}IGO TO 20
GO TCO 21 :
1220 INDX1 = (MFA — 1)} * MXX + KS+NFIL
INDX? = (MFEX — 1) = XX + KS+NFIL
IF INSETUINDX1).GELNSETLINDX2))GO TO 21
o . ; .
Coeeae*[F NEW VALUE IF LOWER, MFA MUST BE COMPARED AGAINST SUCTESSNR COF
CeeudMFEX, 3 s
C
20 KENT = 1
c +
Cekex| ET MPRE = MFEX AND LET MFEX BE THE SUCCESSOR OF MFEX.

SETR2000
SETQ201C
SETO2020
SET02030
SETO2040
SET02050
SET02060
SETQ2070

. SETQ208C

SETO2090
SETQ2100
SETO211C
SET023120
SETQ213C
SETO2140
SETQ2150
SETOZ2160
SETQ217C
SETO2180
SFT0219¢C
SETO2200
SETJ2210
SET02220
SET02230
SETD2240
SETO225C
SETGC2260
SETQ2270
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C ; §FT02280

MPRE = MFEX : : SFT02250
INDX = MEEX & MXX = L#NFIL _ SFT02300
MFEX = NSET(INOX) SFT02314
IF (MFEX=KOL) 19424419 . SFTA2320
c : SFTC2233
CHssxx[F NEJ VALUE IS HIGHER, IT SHOULD BE INSERTED BETWEEN MFEX AND 1TSS[T02340
Cos##%PREDECESSOR, . SFT02250

Cr2sxs]F KNT = 2, MFEX HAS NO PREPDECESSPR, 67 TO STATEMENT 16, LF KNT SFTJ23¢D
Caxexns= |, & COMPARISUN WAS MADE AND A VALUE OF MFRE HAS ALPEADY HEEN SETRZ3TC
CH=*2x0BTAINED ON THE PREVINUS ITERATICN. SET KNT = 2 TN INOICATE THIS.3FTO2380

(o _ SET02390
21 GO TD (22,16),KNT SEY02400

22 KNT = 2 8 - i SETO2%41C

G SET02420
Cox¥ixMFA 15 TO BE INSERTED AFTER MPRE, MAKE MPREE THE PREDECESSDR OF SETJ2430
CexxxxMFA AND MFA THE SUCCESSDR OF MPRE. SETD2440
C SETO2450
24 INDX = MFA % MXXENFIL : ’ SET02460
HSET{INDX) = MPRE . SET02470

INDX = MPRE * MX)X = 14NFIL < SET02480
NSETLINDX} = MFA ) SET02490

C SET02500
CexsrxF KNT whS NDOT RESET TO 2y THERE TS NO SUCCESSOR 0F MFAL.  PNINTERSSETOZ2S10
CEx¥sxARE UPOATFD AT STATEMENT 17 IF XNT = 24 1T wWAS RESET AND THE SETQ2520
Cxe=xxSUCCESSOR OF MFA IS MFEX. 3 - SETQ2530
c ' SFTU2540
GO TO {17261+ KNT ; SETQ2550

C SETQ225560
Cx%%x%REMOVAL OF AN ITEM FROM FILE JQ. SETO2ST0
Cx#akxRESFT OUT TO § AND CLEAR CRLUMN PEMMWE(R, LZT Jt EQUAL SUCCESSOR SET22580
CEekxF COLUMN REMAYED AKRD JK EQUAL PREAFCESSOR 0OF CULUMN REMNOVED, SETG25%90

CaxxdIF B = KDL, MLC WAS LAST ENTRY. IF JX = KLE, MLC wAS FIPST ENTRYSFEFTC2600
CE¥dxxMLL Was NIT FIRST CF LAST FNTRY. UJPDATE PTIHTERS SC THAT JL 1S SETQ2&1G

Cx¥rexrxSUCCESSOR NOF JK AND JK IS PREDECESSOR OF JL. . SFTQ2620
c S$FTO2630
§ OUT = 0.0 SETD2640

c - ° SFYG2650
Cxxa2eyPNATE PDINTING SYSTEM TO ACCOUNT FOR REMNDVAL OF MLC (JJJ)e COLUMNSETOZ660
Cx&*x%4xREMJVEIN I'S ALWAYS SET TO MLC{JQ) BY SUBROUTINE RMOVE, SETQ2670
C T SET02680
© O INDX=NSETIMLO+JIQ) #MXX+NFIL - SETD2690

JL = NSETCINDX = 11} ) : ) SETQZ700

JK = NSET(INDX} 5FTO2710
TFLJLLEQ.KOLIGD TO 3% , SET02720
AFLIKLEQ.KLEIGO TD 36 _ ’ SETC273C

INDX = JK * MXX = 1+NFIL - 3 . SETQ2740
NSETLINDX) = JL ‘ : : : 8 _ SET0275C

INDX = JL * MXX+NFIL : ) 2 SETQ2750
NSET(UINDX) = JK ; : o SFYO2TTG

C : . . SET02780
CekexxiPDATE POINTERS, ‘ - SETO2790
C SET02800
AT INDX = NSET(MLC+JO)*MAX-1+NFIL SETa281G
NSETLINDX) = MFA ) : i SETO2820
NSET{INIX+1) = KLE ) ‘ SETOZ2830
IFIMFA.GEKOFIGN TD 235 : : - SETOZ2840
INDX=MFAZMX X +NEFTL SET02850
MSET{INDX)=NSETIMLC+JQ} SET0286C

235 MFA = NSET{MLC+4Q) : SET02870
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NSET{MLC+JQ}=NSET{MFE+JQ) SETC288(0

c . STrT028%0
CxeaeeUPDATING FILE STATISTICS SETA2900
C 4 SET02%910
KNG = NSETINQ#+IN} §FTa2%92C
CDSETINENQ+JII=QSETIMNENQHID )+ XNOXITNOW-QSET (NQTM+IQ) ) SETOH203D
QSETINVRNI+IN) =05 T INVNQ#JQ) + XNQEXMO® {TNUW=QSETINQTM+JIQ}} SETA294C
ASETLHOTM+IQ)=TNOW SETQ295¢
NSET!NQ+JOI*HSETINQ+J0)“1 SETOH296C
RETURN SFTQ2970

c . ) . SFT0z98(
CexnseM C WAS FIRST ENTRY BUT NOT CLAST ENTRY, UPDATE PCINTERS. SET02990
C SETC33C0
36 INDX = JL * MXX+NFIL SFTO3010C
NSET{INNX) = KLE SFTO3520
NSET{MFE+JQ}=JL SETJ3030

GO 10 37 SETO3040

34 JFLIKLEQ.XLEIGD TO 39 SETO3050

c SETO3060
CrksxeMiL WAS LAST ENTRY BUT NOT FIRST ENTRY. UPDATE PDINTERS. SETQ3070
C : SETO3080
INDX = JK ®MXX =~ L4NFIL SETO309C
NSET(INDX) = KOL - SET03100
NSET(MLE+JDI=JK ~SETO3110

GO TQ 37 SET03120

(o ] SET03130
CxteasMLC WAS BNTH THE LAST AND FIRST ENTRY, THEREFDRE, IT IS THE ONLY SET03140
Crs e ENTRY o SFTO3150
C SETLALGG
39 NSET(MFE+JQ)=0 SETN3170
MSET{MLE+JQ)=0 SETC3180

G0 Ta 37 SET0O3190

160 CALL ERROR {40) SEY03200
RETURN SETO3210

END E SET0322¢
FUNCTINN SUMDLJIT , JATT,2Q1 SMO00010
DFMENSION QSETI(1) SMQ30¢c20
COMMON TX g 1Me INN, ID s ITMMa JEUNT L, UJMNT T2 JOLE, JHTQT'KRANK LU+MFALMSTOPR,SMB00030
TMONgMIONTT g MR Y MAXNS g MAX N Dy MFE G MLE o MLE 4 MTLC Ty MTMST MHTI ST HNCLCT, SMA00LA0
ZNEVMT,NHIST.NDQ,NQRPT,NﬂT.NDRMS,NRHN.NFUNS,MS AT MPRNT o NCRDRLNEP, SMJI0I50
ANYND, HENG o NFIL o NU g NP ARM G NGTMGNSUIMA s NPROIJg NUAY ¢ NYReNHSET o NXX0UT,  SMOOCCHED
GYNOW  TAEG+ TFINGNAME (6 )9 NSET(1) SMQ00Q07C
EQUIVALENCE (NSLTtll'OSETlllI SMQI008O
SUMG=D. B 3 ~SMRGCOS0

15 IF{JR-NNQILl, 1.2 i ~§MQO0L00

2 CALL ERRCRI20) SMQO0110

1 TF(MSETINQG#JA) 3,344 SMQa0120

3 RETURN SMQaaL30

4 MBTEM=NSET(MFE+JQ) SMQAC140

12 INDX=(MTEM=1)*MXX+NFTL SMQCOL50
11=KEVNT ¢J0-1 SMQQ0L60
IF{J0.EQ 1) T1=NSET{INDX+1} SMQOG1ITO
NEIX=NSET({IM+I1} ’ SMQoC180
NFLT=NSET{IMM+11} SMQOC190

c : SMQU0194
C. . JATT IS AN JNTEGER IF JT=1; A REAL NUMBER IF JTz2. SMQD0195



156

C Mp00196
GO TO (5.6).4T SMQUL2J0

S IF(JATT=NFIX}T,7,8 S¥QDC210
B IFIJATT=NXX)Y,9,10 - _ 5 SMQ00p220
-9 CALL ERRDRL25) . : SMOG0230
10 TRIJATY=MXXLT,T49 . ' ' ) ) EMQN0240
T SUMO=SUMU+NSETI INDX+JATT) : ' ' SKQI0250
GO TN 14 - ' SMQO0260

& TF(JATT=NFLT)I11411,9 ' §¥Qa0270
11 SUMO=SUMUNSET{ INDX+NFIX+JATT) o §»000280
14 TNDX=MTEMeMXX-] : . ‘ SMQI0290
MTEM=NSETLINDX+NFIL]) . - $MQO0300
IF(MTEM-TTTTIL3,12,13 SHQ00310

13 RETURN ; . SMQO0320
END SMQGO330
SUARDUTINE SUMRY ) SKRYQOC1C
OIMENSINN QSET{1} ; SMYD0020
COMMOIN TX o IMy TNNy IDs TMM JEYNT p JMNTT 3 JCLR 4 JHTST 4 KRANK, LU, MFA, MSTOP, SMYQ0030
IMONGMONTT o MEX  MAXNS g MAXHG  MFE 4 MLL yMLE yMOLCT 4 MTHMST o MHESTLNCLCT, SMYGOD 40

ZNEVNT o NHT STy NOQD G NORP T4 NOT 4 NPRME G NRUN NAUMS o NSTAT 4 NPRNMT o MCRNR 4NEPy SMYQUOSO
INVND NENCQ g NETL ¢ MO e NPARMGNOT M NSUMAS NPROJ ¢ NOAY o NYRy NRSET GJNXXQUT s  SPYILO0BG

HGYNDWy TOEG s TRINGNAME(AR) oNSET{L) SMYOO00TO
TEQUIVALENEF ANSET(L}4ASET(1)) SMYO0080

21 FORMAT {IH]1 39X y23Hx2SAS5D SUMMARY REPDRT®%/) ) SMYDQ09%
23 FORMAT [ /744X, 19H=xGENERATED DATAx®/ 2TXeGHCODE ¢ 4Xe GMMEAN .6 X, BHSTDSMYDC 100
TaMEVe 15X s 4HMI N s TX g4 HMAX o ¢ 5X 9 4HURS 0/ } SMYDO1l1C

24 FORMAT (27X, ]13¢4F1)ladelT) SMYJL120
25 FORMAT [F3TX s 3THEEGFNERATED FREQUEKCY DISTRIBUTTIDNS==%/f 27X .4HCODSMYO0130
1E420LX ¢ 1OHHI STOGRAMS /) SMYG0140

26 FORMATIZTN, I2,5X,250714/035X,1514}) SHYQO1S0
29 FORMAT  { /44X 23MHx%TIME GENERATIND DATA®RX/ 27X, 4HCODE, 44X, 4HMEAN 6 X, SMYOGLE0
1BHSTUGDEV e s SX e 4HMINg o TH o4 HMAX o 93X LUHTQTAL TIME/S) SMYQ0170

30 FOARMAT {(2TX,[3,5F11l.41 SMYQO0180
63 FNAMATIZ2TX I3, 10X1EHND YALUES RECORDED) SMYD0190
102 FDRMAT FI0Xe 22HSIMULATION PROJELT NCeel%+42X+2HBY,2X, ) SMYQO0200
1 622/ /7 430Xe4HNATE I3 91H/ 3123 1H/ 9159 12Ks 1OHRUN NUMBER, IS//7) - SKMYQ0Z10
107 FORMAT{ZOXy14H PARAMETEFR NO.s15:4F1l2a%] : SMYDQ220
199 FORMAT(/ /736X, ERROR EXIT, TYPE 120 ERRDR.") : © SMYd0230
¥ WRITE {MPRNT,Z1) SMYO0240
CWRITE (MNPRNTL102) NPROJ+NAME s MONSNDAY o NYR ¢ NRUN SMYJ0zS0

IF (NPRMS} 14T,147+146 ! SMYJ0260

146 TNDX=NPARM _ SMYQD270
DO 64 1=14NPRMS _ S | SMY00280
WRITE (NPRNT,107) 1,(QSET{INDX+J)ed=1s4) o . S¥Y3J029C
INDX= [NDX+4 & o LRy SMYDD300

&4 CONTINUE ’ ’ ) SMY0O0310
147 IFINCLCT)S.60466 ‘ SMYS0320
5 WRITE [NPRNT,199) SMYCQ33C
STOP SMYDN0340

Bb WRITE (NPRNT,231) SMYOQZ50
C SMYQ0360
CramxxMPUTE AND PRINT STATISTICS GATHERED BY CLCT sSMYQQo3To
c : SMYD038C
INDX= (NSUMA+L) . SMYD0390

Dy 2 I=1.NCLCT ) . SMYJ0400

IFIQSETUINDX+Z}) 5,62461 SMY(Q0410



c

62

61

231

200
202

3
2
&0
4

WRITF (MPRNT,63) 1
Gn TH 3
XS=NSETEINDX)
XSS=QSET{INDX+1)
XN=DSETLINDX+24
IF{XN=1) 20142014200
AVG=XS5/ XN

51D=0.0

GO TN 202 ' : A e

AVG=XS/XN _ ) .

STO={ {{XN®XSS )= E XSRS/ IXNE{XN=1,0))12%,5
N=XH ~ ’ . e
WETTEANPRNT 241 14 AVGoSTDsQSETIINDX+3) 4 OSETIINDX#4) 4N
INOX= INDX+5

CONTINUE

IFIMSTAT 5,67 0%

WRITE (NPRNT,29)

Co*#:x{OMPUTE AND PRINT STATISTICS GATHERED BY TMST

C

c

71

72

14
6
67
9

INDX=S%*NCLCT+{NSUMA+1)

DN &6 1 = L NSTAT
IFLONSETLINDXYI5:T1,72

WRITE (NPRNT,63) 1

G0 1O 10
XT=0SET{INDX)=QSET{NRSET+I)
X5=QSETUINDX+1}
XSS=0SETUINDX+2)

AVG = XS/XT

STND = IXSS/AT-AVOXAYGYI*%,§

WRITE(MPRNT 43731 4AVG 9 STDHQSET{INDX+3) JQSETIINDX+4) 4 XT

INDX=TNDX+5
CONTINUE
IFIMNHISTYS5 7549
WRITE {NPRNT,25)

Cerex¥PRINT HISTOGRAMS

C

C
c

13

12

75
15

P 12 I=1,NHIST *
L2=MHIST+JHIST ‘

D0 13 J=1,1

L2=L2+NSETIJHIST+I)42
L1=L2-NSET(JHIST#]}~1
WRITE(NPPNT,261 1, {NSET(J}yJ=L1,L2}
CONTINUE

CexkxxPRINT FILES AND FILE STATISTICS

DO 15 I=1.NOQ
CALL PRNTOQIT)
CONTINUE
RETURN

END

SURRDUTINE T¥ST {Xe¢N)
DIMENSINN QSETIY)
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SMYQO0420
SMY2C430
SMYJG440
SMYJU45C
SMYQG460
SMYJCATL
Suydo4BL
SMY 26490
SMYGCOS500
SMYCG510
SMYQ052C
SMY00530
$MY30540
SMYQQ550
SMYQ0560
SMYJG570
SMYJ05E0
SMYg 0590
SMYQG0600
SMY005610
SMYD0620
SMY00630
SMYD0640
SMYJ0E50

- SMYQ0660

SMYQO06TO
SMYQ06B0
SMYQO069C
SMYQQTGO
SMYQO0TLID
SMYCZCT20
SMYQO0730
SMYCOT4C
SMYI0750
SMY3O0T80
SMYJ0770
SMYJ0TBC
SKYQCT9C
SMYJ0B00
SMYQ0510
SMYQ0820
SMY20830

" SMYD0840

SMYQ08535
SKMYoC86D
SMYJ08TO
smuyoosgo
SMYD(e9p
SMY2090¢C
SMYQQ0910
SHYQ0920
SMYQJ(S3gp
S¥YOCT40

“TM5CQ010
TM500020

COMMIN ]XpIH.INN.ID'I“H|JEVNT.JMNITpJCLR'JHIST.KRANK.LU.HanHSTopoTMSOOOBO
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ABSTRACT

In this work GASP I1IA, a FORTRAN based simulation language has been
modified and extended so as to improve its potentials and performange
characteristics. GASP TIP is the result of this effert. Many of the
constraints present in GASP 1IA have been-eliminated; new .facilities have
been added and existing facilities ha?e been made more eiffective, GASP IIP
utilizes the allotted core space better than GASP IIA. Even with all the
added facilities, the total core space requirements of GASP I1IP is
‘comparable to that of GASP IIA. Trial simulation runs have shown that

GASP 1IP is zlso faster in execution than GASP IIA.



