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ABSTRACT

This report describes the procedures for using a digital computer
program for simulating GERT networks. New and advanced concepts of GERT
are introduced in this report. The simulation program can accommodate
GERT networks which have OR and AND logical operations associated with
the input side of a node and deterministic or probabilistic operations
associated with the output side of a node. A re-definition of a node type
permits a generalization of the logical operations that can be associated
with a node. Another new characteristic of a node is the number oi releases
to realize the node after its first realization.

The branches of a GERT network are described in terms of a probability
that the branch is realized; a time to perform the activity represented
by the branch; a count designation; and an activity number. The time
associated with a branch can be a random variable. The count designator
identifies a count set for which a counter is indexed every time the branch
is realized. The activity number identifies nodes affected by the realiza-
tion of the branch. Through activity numbers, a network can be modified
during the simulation of the network.

The results obtained from the GERT simulation program are:

1. The probability that a node is realized;

2. The average, standard ceviation, minimum and maximum time

to realize a node;
3. A histogram of the times to realize a node; and

4. The average, standard deviation, minimum, and maximum counts

observed during the time to realize a node.
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Normally th2 above information 1is obtained for each sink nolde of the net-
work. The program is written to permit the above information to be
obtained for any node specified by the input data.

The GERT simulation program is wyitten in FORTRAK IV using the
concepts employed in GASP IIA. The program has been exercised on the IBM
1800 and GE 425 computers. The IBM 1800 has a FORTRAN IV operation set
more restrictive than the general FORTRAN IV operation set. Therefore,
the GERT simulation program can be used on most computers which have
FORTRAN IV compilers. GERT networks with up to 1000 nodes can be simulated.
Six illustrations of the use of the program are included along with a

FORTRAN listing of all subprograms.




TABLE OF CONTENTS

INTRODUCTION . . . . . . . e e e e e e e e e e e e 1
NEW GERT NETWORK CHARACTERISTICS . . . . . . . . .« . . .. 4
PROGRAM OPERATING PROCEDURE e e e e e e v e 12
t Input Description e e e s e e e e s e e e e e e 12
i Limitations on Project Size . . . . . .. . .. .. ... 12
Error Messages . & ¢« v ¢ v v b b e e e e e e e e e e e 14
‘ EXAMPLES & v v v v v v v e e e v e e e e e e e e 18
Project 11: Modifying a Network Based on Elapsed Time . . 18
I Project 12: ITlustration of New Node Types . . . . . .. 25
Project 13: Simulation of a PERT Network . . . . .. .. 31
l Project 14: Specifying an Activity's Parameters Based on
. the Realization of the First Two Activities. . 38
g Project 15: Starting of Project Phases Based on Progress
| toDate . . . . . . . . 000 e e e 47
i Project 16: Multiple Modification of a Node During One
Realization of a Network . . . . . . .. .. 49
i CONCLUSIONS AND RECOMMENDATIONS . . . . . . . + 4 v v ¢ & 56
BIBLIOGRAPHY . . & v v v v e e e v et ot e e e s e e 60
{ APPENDIX A Glossary of GERT Simulation II
Subprograms and Variables . . . . . . .. . .. 61
EE APPENDIX B FORTRAN Listing of GERTS II . . . . . . . . .. 67
: APPENDIX C Description of Data Input for GERTS 11 . . . . . 85
i :
iii
P




’3
]
]
!
I
i
|

L !

GERT SIMULATION PROGRAM II

INTRODUCTION

Applications of the GERT simulation program reported previously
[7,8] resulted in the need for additional capability and concepts and for
simplified operating procedures. This need has been satisfied with the
comp]etion of GERT Simulation Program II, hereafter referred to as GERTS
I1.

Beginning with the easy problem of improving program efficiency,
the GERT simulation program was stripped of all excess subprograms and
statements to reduce computing time and the number of data cards. Many
of the features of GASP IIA included in the original GERT simulation pwi-
gram were tailored to meet the specific needs involved in simulating
GERT networks. These changes have resulted in a program which can reduce
computing time by as much as 50%, reduce the number of data cards by as
much as 50% and made available enough storage to increase the number of
nodes possible to 1,000. After improving the efficiency of the program,
research was performed to increase the capability of the program. The
following 1ist describes the new features included in GERTS II.

1. Counters which count the number of times a branch or set

of branches is realized prior to the realizatior of a node.

2. Nodes which are characterized by:

a. the number of releases required to realize the node for

the first time:;
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b. the number of releases required to realize the node after
the first time;

c. the removal of events that are scheduled to release
the node; and

d. the method for scheduling the activities emanating from
the node (deterministic or probabilistic).

3. Modification of the network based on the occurrence of events

during the simulation of the network.

4. A method for tracing a set of simulation runs.

5. Improved printout of the description of the network and the

final results.

The main purpose of this report is to describe the procedure for
using GERTS II. Since several new concepts associated with GERT have been
developed it is necessary to describe these before proceeding with the use
of the new program. These are presented in the next section. The program
operating procedure is described in general terms in the body of this
report. A detailed description of each data card type for GERTS II is
presented in Appendix C. The storage limitations and error messages ai'e
included in the program operating procedure section of this report. B8y
past experience it has been found that the most convenient way to present
a new computer progvam is by illustrating its operating procedure and use
through exampies. In presenting GERTS II this approach is followed and
six examples called projects 11 through 16 are presented. For each pro-
ject, the GERT network, data input, function of the network, and the

output reports from the simulation program are illustrated. Through the
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use of these projects it is hoped that both the modeling aspects
associated with the new characteristics of GERT and the operating procedure
associated with GERTS II will be communicated,

Since GERTS LI is written in FORTRAN it is capable of being modified
and improved by users, To facilitate the changing of the GERT simulation
program to meet speﬁific requirements of a user, a glossary of GERTS II
subprograms and variables is presented in Appendix A and a complete
FORTRAN listing of GERTS II is presented in Appendix B. In the recommen-
dations section of this report, additional features and improvements are

suggested and the means for implementing these recommendations presented.
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NEW GERT NETWORK CHARACTERISTICS

GERT networks consists of nodes and directed branches. For the
GERT simulation program, a node is described in terms of two parameters:

1. The number of releases, i.e., the number of activities

leading into the node that must be realized before the

node can be realized; and

2. A node type which specifies:

a. whether the output side of the node is deterministic
(all activities emanating from the node are taken) or
probabilistic (random sampling is to be performed to
determine which one of the activities emanating from
the node is taken); and

b. the number of releases required to nave the node realized
ayain,

The number of releases associated with a node specifies the nunber
of times activities incident to the node must be realized before the node
can be realized. When the number of releases is 1. the input side of the
node can be thought of as an OR operation. If the number of releases
equals the number of activities incident to the node, the node can be
thought of as an AND operator. However, it is permissible to specify the
number of releases to be less than or greater than the number of activities
incident on the node. For example, the number of releases can be 2 whereas
the number of activities incident on the node could be 3. This would

represent the case where if 2 of the 3 activities were reslized, the node




is realized. Alternatively, the number of releases can be 2 whereas the
number of activities incident to the node could be 1. This would represent
the case where the activity must be realized twice before the node is
realized.

There are 8 node types that can be used in GERTS II. Odd numbered
node types, 1, 3, 5 and 7 indicate a deterministic output for the node,
whereas even numbered node types represent a probabilistic output side

for the node. Node types 1 and 2 cannot be realized more than once during

Mo e ey e e ——

any simulation run of the network. A1l other node types can be realized
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as many times as the appropriate conditions exist in the simulation of a
network. After the first realization of node types 3 and 4, the realiza-
tion of any activity incident to the node will cause th: riode to be

realized again. Node types 1 through 4 have not been changed from the

original GERT simulation program (7,8). Node types 5 through 8 when
realized, have the number of releases associated with the node reset to
the initial number of releases assigned to the node. Node types 7 and
8, in addition, cause any end of activity events for activities incident

to the node to be removed (cancelled) at the time the node is realized.

Note that none of the node types are restricted in terms of the logical
operation associated with their input side. Thus GERTS II has generalized

the node types associated with GERT. A word of caution is required when

SRR e e

using node types 7 and 8. 5ince end of activity events are removed only

at the time the node is realized, it is possible that there exist some

RSP

activities on forward paths that have not been scheduled that are incident

to the node in question. When these activities are scheduled and completed,




they will reduce the number of releases associated with the node. Thus,
node types 7 and 8 may not correspond to the previous defined INCLUSIVE-OR

node.* Figure 1 presents the 8 node types.

Scheduled Reset Number Output Example
Node Events Remove.u of Tvpe of Symbol
Type When Realized Releases (a) (b)
1 no to D @
2 no to P @
3 no no D @
4 no no P
5 no yes D @
6 no yes P
7 yes yes D @
8 yes yes P
Deterministic (b) NUMBER" OF |

———
=]
~—
o
nn

Probabilistic RELEASES /NODE

NUMBER OF
RELEASES T

Figure 1. Node Type Definitions

*It is possible to accomplish this by using the network modification
feature of GERTS II.
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The AND and OR operations previously defined related the number of
activities incident to a node to the realization of the noce. The new
rode definitions do not involve this relationship. However the AND and
OR nodes are easily represented by the new node types, i.e., AND nodes
have the number of releases equal to the number of branches incident to
the node, and OR nodes have the number of releases equal to 1.

The branches of GERT networks represent activities. Activities

emanate from a start node and are incident to an end node. Associated

with activities are a probability that the activity will be realized
given its start node is realized and a time to perform the activity

given the activity is realized. For GERTS Il the time variable is specified

by a parameter set number and a distribution type. The following six

’ﬁ distribution types are available:
: i. Constar%;
2. Normal;
. 3. Uniform;
‘E 4. Erlang;
5. Lognormal; and
6. Poisson.
;; The parameters set number along with the distribution type completely

describe the time variable associated with an activity. Each distribution
type specifies the arrangement ol the parameters in a parameter set. This

is described further in Appendix C under the description of Data Card Type

8. With GERTS II, two additional characteristics can be associated with

{; an activity. These are a counter type and an activity number.
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The counter type number specifies the counter to be increased by
1 every time the activity is realized. The number of counter types per-
mitted is Timited to 4.* Any number of activities may be associated with
a counter type. Statistics are automatically kept on the counter types.
At the end of all simulation runs, the average and standard deviation of
the number of times a counter type was realized prior to the realization
of each node for which statistics are collected is determined and printed.
In addition, the minimum and maximum number of times activities having
the specified counter type were realized during a simulation is printed.
Since the number of counts is always referenced to the realization of a
node, the number of counts may be different in different simulation runs
due to the times at which the nodes are realized.

Activity numbers are given to activities to permit network modifica-
tions based on the realization of the activity. Specification of an
activity number does not automatically indicate that the retwork will be
modified. However, only activities with activity numbers can cause the
networh to be modified. Network modification involves the replacing of
a node by another node. The node to be replaced is deleted from the
network when and if it is realized. The activities then caused to occur
are from the node that is inserted. In this way a node can be changed
many times before it is actually realized. Thus, if the realization of
activity 1 could cause node 5 to be replaced by node 8, and activity 2
could cause node 5 to be replaced by node 9. Both activities should
reference node 5; that is, activity 2 should have node 9 replace node 5,

not node 8.

*Changes in the dimensions of the arrays KOUNT and SUMA can be ‘
made to increase this value.
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The activity number causing the network modification along with all
the nodes to be replaced, and the nodes to be inserted, are specified by
the user on Data Card Type 10. The method for incorporating network
medifications is described in the program operating procedure section
and Appendix C of this report. Figure 2 illustrates the branch and node
modification notation that will be used throughout this report. Modifi-
cations will be shown by a dashed branch with the activity number attached
in a square. The modification in Figure 2 is read "node 2 is replaced

by node 4 when activity 1 is realized."

(P;T’ .To 'c .A'

".0'.2 .'.o'“

LEGEND
p = probability of realization Node A is replaced
tp = parameter set for time bytvo?i B Wzﬁn

= Attt b activity wi
ty = distribution type activity number 1
¢ = counter type is realized.
a = activity number

Figure 2. Illustration of Branch Descriptors and
Network Modification Symbolism.

As an illustration of the power of these new charécteristics, the

following network is presented.




This network represents the changing of the network structure when the
self-loop about node 2 is taken three times and is accomplished in the
following manner. The output of node 3 is DETERMINISTIC so that every
time node 3 is realized both branches emanating from node 3 are taken.

The branch from node 3 to node 4 is used to count the number of times

node 3 is realized. Node 4 is only realized when the branch incident

to it is realized three times {of course, this corresponds tothree traver-
sals of the self-loop). When node 4 is realized, the activity labeled
activity number 1 (a 1 on the network in this case) causes node 2 to

be replaced by node 7, and the objective of changing thg network is

achieved.* Of significant importance in the above network is the incor-

*Care is required here to ensure that the branch from node 4 to
node 5 is realized prior to the realization of the branch from node 3 to
node 2. If a zero time is associated with both branches, normal operation
would have the branch from node 3 to node 2 realized first since it was
scheduled first. By assigning a small negative time (-.000001) to branch
from node 4 to node 5, the desired ordering can be obtained.

10



poration on the network of branches representing activities and branches
representing information transfers. The inclusion of different types of
branches within a simple network opens the door to the further combining

of network types within the GERT framework.

11
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PROGRAM OPERATING PROCEDURE

Input Description

The control cards for the program are the standard FORTRAN control
cards for the computer being used. A graphical description or data work-
sheet for the input data is given in Figure 3. In Appendix C, each input
data card is described in the order they are read into the computer, and
in terms of the fields required. The variable in each field is described
and the format and number of variables which must be inserted are given.
After card 1, all integer variables are in format I3; probabilities are

in format F8.3; and every other real variable requires ten columns.

Limitations on Project Size

Limitations on the size of a network that can be simulated depend
on the dimensions of the arrays of GERTS II. By changing array sizes,
larger networks can be simulated. The limitations and the arrays causing
the Timitation are given in tabular form below.

Network Characteristic Limitation Arrays Affected

Number of nodes 999 MFE(999) ,MLE(999) ,NQ(999),
NRELP(999), NREL(999),
NTYPE(999), NFTBU(999),
NSET({7000), QSET(1000)
[Must also change state-
ment GETS 120: IMN = 999]

Number of parameter sets 300 PARAM(300,4)

Number of source nodes 20 NSORC(20)

Number of nodes on which 20 NSINK(20), JSINK(20),
statistics are collected XLOW(20), WIDTH(20),

JCELS(20,32), SUMA{100,5)

Number of counter types 4 KOUNT{4), SUMA(100,5)
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Number of nodes affected 11 NABYA(22) [Must also
by an activity change statement DATS
1460 in DATAN]

Number of nodes that can approximately NP0O(999), NABA(999)
be modified 400

The dimensions of NSET and QSET are changed in the main program.
The dimension of QSET must be larger than the maximum number of nodes plus
the maximum number of simultaneous activities. The dimension of NSET is
seven times the dimension of QSET. The first dimension of SUMA is the
maximum number of counter types plus one times the maximum numi..r of
nodes on which statistics are collected. In the current program it is
(4+1)*20 = 100. The nodes to be modified are stored in pairs in the array
NABA. Each pair consists of the node replaced and the node to beinserted.
The nodes affected by an activity are stored sequentially and a zero is

used to indicate the end uf the nodes affected by a particular activity.

For example, the first ten cells of NABA could be
1 6 97 808 3 40

which indicates that the réa]ization of activity 1 causes node 6 to be
replaced by node 9 and node 7 to be replaced by node 8. The zero indicates
no further modifications are caused by activity 1. Next, the realization
of éctivity 8 causes node 3 to be replaced by node 4. Because of the
method for storing these modifications, only an approximate upper limit

can be given on the number of modifications permitted.

Error Messages

GERTS II has included tests for illogical conditions in many of the

subprograms. Errors of this type should not occur, but if they do, a

14
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probabie cause would be errors in the data input or incorrect dimensioning
of urrays (or exceeding the dimension of an array). Figure 4 presents a
list of error codes, the subroutine in which the error is located, and a
possible cause for the error. Figure 5 is an illustration of an error
exit obtained from GERTS II. In addition to the error code, the time

that the error occurred is also printed. The filing array, NSET, that
stores all activities and end of activity events is printed. The array
QSET is a floating point array corresponding to NSET and stores either the
event time or the probability associated with an activity. Next the array
SUMA is printed which contains the statistical storage areas for statistics
collected during the program. Time statistics and counter statistics for
each node are stored consecutively. The column headings are the row number
in the array SUMA, the sum of the times or counts in all simulation runs

up to the error time, the sum of the squares of these variables up to the
error time, the number of runs in which statistics were collected (this

may not be the total number of runs since a node is not necessariiy
realized in every run), and the minimuin and maximum values observed up

to the current run. The last array printed is the array containing histo-

gram information that has been collected up to the error time.

15
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ERROR CODE SUBROUTINE CONDITION
22 GASP The number of entries in a file

is negative. The probable cause
is incorrect dimensions.

23 SCHAT An error has been identified
in the pointing system which
relates entries in a file.
Probable cause, would be in-
correct dimensions.

87 FILEM A1l the storage space for
activities and end of activity
events has been allocated. The
value in Field 8 of Data Card 1
should be increased. If it
exceeds 1000, then the dimensions
of NSET and QSET in the main
program should be increased
accordingly. The dimension of
QSET should be set at thz maximum
number of activities and simul-
taneous end of activity events.
The dimension of NSET should be
7 times this number.

88 FILEM A negative value for a pointer
has been detected. The possible
error involves incorrect dimensions.

90 COLCT Number of sink nodes, number of
counters or the combination of
the two is incorrect.

95 DATAN A start node has been given a
negative number, or the number
of sinks and/or the number of
counters is incorrectly specified.

97 RMOVE A possible cause is incorrect
dimensions,
98 SUMRY Incorrect value for number of

counts or number of sink nodes.

Figure 4. Error Codes Associatedwith GERT Simulation Program II
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FILE STATUS AT

ARRAY SUMA

R NN

ARRAY JCELS

TIME 9697,.0669

OO =W HWn e

Vo=oWnd N -

B b0 et b et et e b et et e
COHD~IOC VI HWN =

0 .0000
0 .0000
0 .0000
0.,0000

NSET

QSET

0 .000000E
0.600000E
0. 100000E
0,100000E
0.,100000E
0.,100000E
0. 100000E
0.100000E
0.,100000€
0 .100000E
0.100000E
0.700000E
0« 100000E
0.100000¢E
0.100000E
0.700000E
0. 100000E
U 4100000 E
0.100000E
0.700000E

0.0000
0.0000
0 .0000
0 .0000

SO0 O

00000

ERROR EXIT,

I e BN = et VTN W NN N e O

1.0000
1.0000
1.0000
1.0000

00000
(o f=NoReNala]

0 B et PSP e N e et e e e b e b e O

0.0000
0.0000
0.,0000
0.0000

(e N RoRelole)
CcCOOoOoCO

cooocDoo

OOO00oCDOOOODODOCOOO0OOQO

TYPE 97 ERROR.

0.0000

0.0000
0.0000
0.0000

OO0 OO0
000000

Figure 5, Example of a GERT Simu'lat'l.on
Error Output
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EXAMPLES

In this section examples of the use of the GERTS II are presented.
The purpose of the examples is to illustrate how the concepts contained
within GERT can be simulated. Details regarding the development of the
network and the relation of the network to actual problems will not be
included since the networks have been constructed to illustrate the use
of the simuiation program and not the problem solving procedure of GERT.
For each example the following will be given:
(') The GERT network diagram
(2) The data input to the simulation program
(3) The output from GERTS 11, which includes the network
description, activity parameters, network modification: ,
a description of the network characteristics in readable
form and the final results from the simuiation,
The examples will be labeled as projects 11 through 16 to agree with the
numbers used in the simulations and to avbid confusion with the examples

given in previous reports.

Project 11: Modifying A Network Based on Elapsed Time.

The network for project 11 is shown in Figure 6. Numbers shown
in squares on the figure indicate activity numbers and are used to
illustrate potential modifications to the network. The activity numbers
are interpreted as described previously. Thus, when activity 1, a

branch between nodes 2 and 5 is realized, the network is modified by




having node 3 replaced by node 6. The dashed branch between node 3 and

6 labeled with a 1 in a square indicates the modification to occur when
activity 1 is realized. In Figure 6, the branches from node 2 to 3, 3 to
4, and 6 to 4 are tagged with counters of type 1. That is, in the real-
ization of the network, every time one of these three branches is
realized, the count of type 1 is indexed by 1. The branch from node 6

to node 6 is tagged with a counter of type 2. Node 2 has a deterministic
output so that both branches emanating from node 2 are taken. The branch
from node 2 to rode 5 is used to represent a clock. When the branch is
realized, the clock time equals the elapsed time to traverse the branch

from node 2 to node 5. When this occurs, the network is modified., If a

)

(0.18;3,1,2,0)

Figure 6. The GERT Network for Project 11
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network was to be modified at many points in time, this would be accom-
plished by having a path of activities with each branch having a time
parameter equal to tlie time between the desired network modification
times. For project 11 all times will be considered as constants with
the parameter number assigned to a branch equal to the constant time
parameter.

The first output from GERTS II consists of the network description,
activity parameters and network modifications, These are shown in Figure
7. In the network description section of Figure 7, the parameters asso-
ciated with each branch are specified, and it is seen that the time
required to go from node 2 to node 3 is one time unit (recall distribution
type 1 indicates a constant time and we have set the parameter number
equal to the constant value for this example). In this problem only the
branch from node 2 to node 5 need by given an activity number since it
involves a potential network modification. However, if for identification
purposes it is desirable to give each branch of the network an activity
number, it is permissible to do so. Only those activities specified in
the network modification section will cause the network to be modified.
Activity numbers which are not specified as causing a network modification
do not affect the simulation process. The network modification section
of Figure 7 gives the activity number whose realization causes the net-
work to be changed and then the pairs of nodes inveived in the network
modification. Under each column headed by the word "Node" is the number
of the node to be deleted from the network. Under the heading descriptor

"File" is the node to be inserted into the network. (The word “File"

20




GERT SIMULATION PROJECT 11 B8Y PRITSKER
DATE 35/ 137 1969

eoNETHORK DESCRIPTIONos

STAR1 END PARAMETER DISTRIBUTION COUNT ACTIVITY PROBABILITY

NODE NODE NUMBER TYPE TYPE NUMBER

2 5 1 1 1 0 1.0000

Z 5 4 1 0 1 1.0000

3 4 2 1 1 0 g.7000

3 3 3 1 0 0 8.3000

-] 4 2 1 1 n £.8500

6 6 3 1 2 1 0,1500

eaACTIVITY PARAMETERSes

PARAMETER PARAMETERS
NUMBER s 2 3 4
1 1,0000 0.,0000 0.0000 0.0000
2 2.00600 g.0000 0.0000 0.0000
3 3.o0000 6.0000 0.0000 0.0000
4 4,0000 v.o000 0.0000 0.0000

¢eNETWORK MODIFICATIONSes

W ACTIVIT NODE FILE NCDE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE
1 3 6

Figure 7. GERT Simulation Output Showing Network Description, Activity Parameters, and
Network Modifications
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Figure 8. Listing of Data Input for Project 11
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evolved from the method employed in the simulation program for incorpo-
rating network modifications). Each node-file pair represents a network
modification caused by the activity number specified in the row. An
activity can effect up to ten network modifications.

The probability of taking a particular branch in a simulation of
the network is shown in the last column under fNetwork Description.”
In the data input the probabilities are inserted as the first field for
each activity as shown in Figure 8 which is the listing of the input
cards for project 11.

The second output from the simulation program is shown in Figure 9.
In this figure, a description is presented in a readable form of the
significant characteristics of the network and the nodes of the network.
Two values are shown for the initial random number since it can be either
a fixed or floating point value depending on the computer employed. The
initial random number, ISEED, is recorded as a fixed point variable that
was equal to 1267. Since the floating point initial random number was
not used, a zero is printed.

The final results for 400 simulations are presented in Figure 10.
The statistics associated with the time a node is realized and the number
of counts of each type that occurred before the node was realized are
presented. For project 11, it is seen that node 4 is realized in all
400 simulations and that the average time of realization is 3.7725 time
units with a minimum of 3 and a maximum of 12 time units. As expected,
in every simulation two counters of type 1 were realized prior to the

realization of node 4. This can be seen from the output since the mean,

22




MIGHEST NODE NUMBER 1S 6

NUMBER OF SOURCE NODES 1{S 1

NUMBER OF SINK NODES IS 1

NUMBER OF NOLES TO REALIZE THE NETWORK IS 1

STATISTICS COLLECTED ON 1 NODES

NUMBER OF PARAMETER SETS IS 4

INITIAL RANDOM NUMBER 1S 1267 0.0000 !

SOURCE NODE NUMBERS
2

SINK NODE NUMBERS
4

STATISTICS COLLECTED ALSO ON NODES

NODE NUMBER NODE
RELEASES TYPE

[+ SRV IS FTR L6 ]

0
1
1
1
i

I

Figure 9. Description of the Significant Characteristics
of the Network for Project 11

GERT SIMULATION PROJECT 11 BY PRITSKER
DATE 3/ 13/ 1969

¢eF INAL RESULYS FOR 400 SIMULATIONSee

NODE PRIB./COUNT MEAN STD.DEY, MIN, MAX.,
4 1.0uni 3,7725 1,5n55 3.0000 12.0000
4 1 2.0000 0.0000 2.0000 2.0000
4 2 0.0275 0.1784 0.0000 2.0000

- % ’
##H]STOGRAMSow

LOWER  CELL |
LIMIT  WIDTH FREQUENCIES

o
L
m

4 3.00 3.00 0 308 82 9 1 0 0 o 0 0 0
0 fi 0 0 ¢ 0 0 0 0 0 0
0 n 0 0 0 a 0 0 0 G

Figure 10. Final Results for Project 11 from
GERT Simulation Program
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min and max are two and the standard deviation is zero. Counter type 2
identifies the number of times the self loop around node 6 was realized.
From the output it is seen that on the average the self loop around node
6 was taken only 2.75% of the time and at most twice in any one simulation
run.

Since the network for project 11 is small, it is possible to
reformulate the network in a form which contains only EXCLUSIVE-OR nodes

or their equivalent. The reformulated network is shown in Figure 11.

(10,1;24) (0.7,2;2)

(.18,3;2¢)

Figure 11. Network of Project 11 in terms of
EXCLUSIVE-OR nodes

For this network the w-generating function [13] for the one branch

equivalent network is
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From the above, it is found that the expected time to realize
node 4 is 4.0588 and the expected number of times the self loop around
node 6 is taken is 0.053. Comparision between the theoretical results
and the simulation results verify that GERTS II is performing adequately.
The difference between the theoretical value and simulation value for the
average number of counts of type 2 is due to the low probability associ-
ated with obtaining a higher number of traversals of the self loop. For
example, the probability of traversing the self loop of node 6 twice in a
given realization of the network is 0.0057 and for three traversals is
0.00086. 1In 400 simulations of the network we would expect only two runs
with traversals of the self loep. The histogram data shown in Figure 10
indicates that node 4 was realized in 12 time units one time. This
indicates that the seif Toop was taken twice in one run., The histogram
also indicates that no higher order traversals of the self loop were

obtained.

Project 12: Illustration of New Node Types

Figure 12 is a small network to illustrate node type 8. Node 3 of
Figure 12 is a type 8 node which means that as soon as one of the activi-

ties incident to the node is realized all other activities which are in

25




process and end at node 3 are halted (cancelled). In simulation parlance
halting an activity involves removing the scheduled end of activity

event from the calendar of events to occur. Node 3 has an even node
number {type 8) since its output is probabilistic. If its output side

was deterministic it would be a node type 7. Since node 3 can be realized
more than once it cannot be a type 2 node. It cannot be a type 4 ndde
because when the node is realized other end of activity events for activi-

ties incident on the node should not cause the node to be realized again.

Thus, the need for node type 8.

The 1listing of the input data for project 12 is shown in Figure 13.

—

The network description as obtained from GERTS Il simulation program is
given in Figure 14. Each branch from node 2 to node 3 is taken with

probability one (node 2 is type 3 which indicates that node 2 may be

realized many times and its output side is deterministic). The time

associated with each branch from node 2 to 3 is exponentially distributed

with mean times of 6, 8 and 10 time units. The time to the first resliza-

tion of any of these activities in a particular simuiation run will also

be exponentially distributed since the minimum of exponentially distributed

TR
£,1,~-= 1

; random variables is also exponentially distributed. For project 12 the

theoretical mean time until the first realization of node 3 is 2.55 time

fromaed

units. To indicate the sequence of events that occur during the simulation
of the network of project 12, the trace feature of GERTS II was used.

(Data card 11 is not shown in Figure 13 as the trace was run on IBM 1800

sy [
s . :

on an earlier run.) Figure 15 illustrates the results of the trace of

events that occurred during simulation runs number 5-10, In Figure 15,
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Figure 12. The GERT Network for
Project 12
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the attributes associated with the activity are the parameter number,
distribution type, count type and activity number. In this example no
activity number is associated with a branch so that the identification

of each activity that occurred during tracing must be determined by the
attributes of the activity. The results obtained from GERTS II are
presented in Figure 16, Statistics were collected for two nodes in this
simulation. The output will always present the statistics on the sink
nodes first. For project 12 the sink node was node 4 which was realized
in all simulations and had an average time of realization of 4.86964, In
the simulation, a counter was used to count the number of times the feed-
back branch from node 3 to node Z was realized. From the output it is
seen that the average number of times the branch from node 3 to node 2
was taken is 0.4075, Note that this is not the probability of taking the
branch from node 3 to node 2 but is the average number of times in a
simulation run that this branch is taken. For project 12 it is seen that
in one simulation of the network the branch from node 3 to node 2 was
taken seven times. As discussed previously, a count i. only obtained if
the activity tagged is realized prior to the realization of the node for

which statistics are being collected. Thus, in the statistics for node 3

all statistics associated with the counter are zero, since the branch from

node 3 to node 2 cannot be realized prior to the first realization of ncde

3. The average time to reach node 3 is seen to be 2.5800 time units and

the standard deviation to be 2.5049 time units. These values and the

histogram for node 3 verify that the simulation is reproducing the

=



' AT TIME 0«37 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 4 0 0 W2S REALIZED
AT TIME 137 ACTIVITY ON NODE 4 WITH ATTRIBUTES & 1 0 0 WAS REALIZED
l AT TIME 0.40 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 4 0 0 WAS REALIZED
AT TIME 140 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 0 WAS REALIZED
]. AT TIME 3,17 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 0 WAS REALIZED
AT TIME 4o 17 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 0 WAS REALL}ZED
1' AT TIME 11.97 ACTIVITY ON NODE 3 WITH ATTRIBUTES 3 4 0 0 WAS REALIZED
‘ AT TIME 12,97 ACTIVITY ON NODE 4 WITH ATTP' UTES 4 1 0 0 WAS REALIZED
J' AT TIME 0.86 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 0 WAS REALJZED
AT TIME 1.86 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 0 WAS REALIZED
;j AT TIME 4,93 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 4 0 0O WAS REALIZED
‘ AT TIME 5.93 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 0 WAS REALIZED
;: AT TIME 2.88 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 4 0 0 WAS REALIZED
AE AT TIME 3,88 ACTIVITY ON NODE 2 WITH ATTRIBUTES 4 1 1 0O WAS REALIZED
i’ AT TIME 4,02 ACTIVITY ON NODE 3 WITH ATTRIBUTES 3 4 0 0 WAS REALIZED
| AT TIME 5,02 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 0 WAS REALIZED _
§; Figure 15. Trace of the Realization of Activities for :

Project 12

e

GERT SIMULATION PROJECT 12 BY PRITSKER =
DATE 4/ 28/ 1969 s

Fe

#of INAL RESULTS FOR 400 SIMULATIONSes

NQDI PROB./COUNT MEAN STD.DEV, MIN., MAX. .
4 1.0000 4.8964 3.791%  1.0007 25.9128
4 1 0.40n75 0,7925 0.0000 7.0000

1.0000 2.5800 2,5049 0.0007 16.2502
0.0N00 0.0000 0.0000 0.0000

Coi Tl
-

2oH]ISTOGRAMS o
LOWER CELL

i NGIE  LIMIT  wIDTH FREQUENCIES

4 4.00 2,00 204 7

7 56 24 17 8 7 2 3 0 1
1 0 0 0 0 n 0 0 0 0 0
o f 0 0 0 0 0 0 0 0
3 2,00 1,00 210 b1 44 21 19 20 10 4 5 3 0
1 0 1 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Figure 16. Final Results for Simulation of Project 12
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exponential distribution which as was discussed earlier is known to be the
distribution of the time until the first realization of node 3.

Project 12 was modified to project 121 by making node 3 a type 6
node* and setting the number c¢f releases to three, i.e., an AND node.
Figure 17 illustrates the network. The only changes required in the input
data are in data card types 4 and 5 where the number of releases and node
type for node 3 are changed to 3 and 6 respectively, The output from
GERTS II as run on the IBM 1800 is shown in Figures 18, 19 and 20. Project
12 was further modified to create project 122 by m2kinc the number of
releases for node 3 equal to 2. Since three brinches are incident to node
3 it will be made a type 8 node so that after two of the branches are
realized, the third activity will be cancelled. In Figure 21, a trace of
project 122 is shown and illustrates the operation of a node type 8 which
in this case involves realizing two out of three branches. For this proj-
ect, each activity is given an activity number to simplify identifying
activity reaiizations in the trace. Note no network modifications are
included in the project, therefore the activity numbers are used only for

identification purposes.

Project 13: Simulation of a PERT Network

Project 13 is identical to Example 3 of the first version of the

GERT Simulation Frogram.[7] It is included to allow comparisons between

*Actually node 3 could be considered as a type 8 node as long as
the number of releases is set to 3. The use of the type 6 node saves
coniputer execution time since there is no need to search for scheduled
end-of-activity events incident on node 3 when it is realized.
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{1.0;1,4,0,0)

(1.0;2,4,0,0)
(1.0;3,4,0,0)

(9-35 4.' .' .o,

Figure 17. The GERT Network for
Project 121

GERT SIMULATION PROJECT 121 BY PRITSKER
DATE 4/ 28/ 1969

#*XNETWORK DESCRIPTION#*%

START END PAR AMETER DISTRIBUTION COUNT ACTIVITY PROBABILITY
NODE NODE NUMBER TYPE TYPE NUMBER

2 3 1 4 0 0 1.0000

2 3 2 4 0 0 1.0000

2 3 3 4 0 0 1.0000

3 4 4 1 ¢] 0 0.7000

3 2 4 1 1 0 0.3000

#XACTIVITY PARAMETERS%%

P AR AMETER PARAMETERS
NUMBER 1 2 3 4
1 6.0000 0.0000 100.0000 1.0000
2 8.,0000 0.0000 100.G000 1.0000
3 10,0000 0.,0000 100.0000 1.0000
4 1.0000 0.0000 0.0000 0.0000

Figure 18. Network Description and
Activity Parameters for
Project 121
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HIGHEST NOOE NUMBER 1S 4

NUMBER OF SQURCE NODES IS 1

NUMBER OF SINK NODES IS 1

NUMBER OF NODES TO REALIZE THE NETWORK IS 1
STATISTICS COLLECTED ON 2 NODES

NUMBER OF PARAMETER SETS IS 4

INITIAL RANDOM NUMBER IS 1267 0.0000

SOURCE NODE NUMBERS
2

SINK NODE NUMBERS
&

STATISTICS COLLECTED ALSO ON NODES
3

NDDE NUMBER NOGE
RELEASES TYPE

1l 3
3 6
1 1

Fwmn

Figure 19. Significant Network Characteristics for
Project 121

GERT SIMULATION PROJECT 121 BY PRITSKER
DATE 4/ 28/ 1969

**FINAL RESULTS FOR 400 SIMULATIONS*#*

N.)E  PROB./COUNT MEAN  STD.DEV. MIN. MAX |
4  1.0000 22,2289 15.9343 2.8852 104.6472 i
4 1 0.4375  0.7632  0.0000  4.0000 }
3 1.0000 14,4575  9,0487  0.5447 53,4688 :
3 1 0.0000  0.0000  0.0000  0.0000
#4H1STDGRAMS #%
LOWER  CELL
NODE  LIMIT  WIDTH FREQUENCIES
4 4. 2.0 9 20 25 3¢ 34 32 22 25 20 14 20
23 ¢ 15 18 5 9 14 8 5 5 A
3 3 2 2 2 5 1 2 1 9
3 2. 1.0 4 10 11 14 19 25 22 21 27 18 25
20 13 15 18 17 15 8 7 6 5 11
11 8 5 3 7 5 4 4 3 19

Figure 20. Final Results of Simulation of Project 121
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3 AT TIME 0.79 ACTIVITY NN NODLE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED
l AT TIME 0.99 ACTIVITY DN NODDE 3 WITH ATTRIBUTES 1 4 0 1 WAS REALIZED ?
AT TIME 1,99 ACTIVITY DM NOLE 4 WITH ATTRIBUTES 4 1 0 4 WAS REALIZED
' AT TIME 0.04 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED
AT TIME 2.04 ACTIVITY ON NODE 3 WITH ATTRIBUTES 3 4 0 3 WAS REALIZED
l AT TIME 3.04 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 4 WAS REALIZED
AT TIMF 4.48 ACTIVITY ONM NDDE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED
l AT TIME 561 ACTIVITY ONM NODE 3 WITH ATTRIBUTES 1 4 0 1 WAS REALIZED
_ AT TIME 6e61 ACTIVITY ON NODE 2 WITH AYTRIBUTES 4 1 1 5 WAS REALIZED
li AT TIHME 1035 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED
x AT TIME 13.67 ACTIVITY ON MODE 3 WITH ATTRIBUTES 3 4 0 3 WAS REALIZFD
i; AT TIME 14,67 ACTIVITY ON NODE 2 WITH ATTRIBUTES 4 1 1 5 WAS REALIZEP
AT TIME 17.62 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED

AT TIME 19.75 ACTIVITY ON NODE 3 WITH ATTRIBUTES 3 4 0 3 WAS REALIZED

AT TIME 20 .75 ACTIVITY ON NDDLE 2 WITH ATTRIBUTES 4 1 1 5 WAS REALIZED

.

AT TIME 21.00 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 4 0 1 WAS REALIZED

Py
W
o
IS
Qo
™

Fi

AT TIME 24«93 ACTIVITY ON NODE WITH ATTRIBUTES WAS REALIZED

AT TIME 25,93 ACTIVITY ON NODE 2 WITH ATTRIBUTES 4 1 1 5 WAS REALIZED

i% AT TIME  2B.32 ACTIVITY ON NUODE 3 WITH ATTRIBUTES 1 4 0 1 WAS REALIZED

. AT TIME 28,40 ACTIVITY ON NODE 3 WITH ATTRIBUTES 3 4 0 3 WAS REALIZED
AT TINME  29.40 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 4 WAS REALIZED 'f
AT TIME 0.64 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 4 0 1 WAS REALIZEU -

AT TIME 5.49 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED

{ AT TIME 6.49 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 4 WAS REALIZED

AT TIME 1.73 ACTIVITY ON NODE 3 WITH ATTRIBUTES 1 &4 0 1 WAS‘REALIZEU

; AT TIME  11.58 ACTIVITY ON NODE 3 WITH ATTRIBUTES 2 4 0 2 WAS REALIZED

"~ AT TIME 12,58 ACTIVITY ON NODE 4 WITH ATTRIBUTES 4 1 0 4 WAS REALIZED

gg

Figure 21. Trace of Realization of Activities for
Project 122




the first version of the GERT Simulation Program and GERTS II. The PERT

network to be simulated is shown in Figure 22. The data input is shown

Figure 22. The PERT Network for Project 13

i
i
i

in Figure 23 and consists of 37 data cards as compared to 55 required
before. Tne network description, activity parameters, and node charac-
teristics are shown in Figures 24 and 25. From Figure 24 it is seen

that all activity times have distribution type 2 (a normal distribution).
No count or network modifications are included in this project in order

that a direct comparison could be made with the previous simulation
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HIGHEST NCDE NUMBER IS 10

NUMBFR OF SOURCE NODES IS 1

NUMBER OF SINK NODES IS 1

NUMBER OF NODES Y0 REALIZE THE NETWORK IS 1
STATISTICS COLLECTED ON > NODES

NUMBER OF PARAMETER SETS IS 13

INITIAL RANDOM NUMBER IS 1567 0,0000

SOURCE NODE NUMBERS
10

{ SINK NODE NUMBERS

% 9

. STATISTICS COLLECTED ALSO ON NODES
- 5 6 7 8

NODE NUMBER NGDE
RELEASES TYPE

OO~ B LN
SQNNRE PP WEN
P S e e

o

iﬁ Figure 25. Significant Network Characteristics for Project 12

program. The final statistics for Project 13 are given in Figure 26 for

400 simulations of the network.

Project 14. Specifying an Activity's Parameters Based on the
3' Realization of the First of Iwo Activities

As an iliustration of the use of the network modification features

of GERTS II, Project 14 has been developed. The network for Project 14

38
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GERT SIMULATION PROJECT

¢oF INAL RESULTS FOR

DATE

13 B8Y

4/ 22/ 1969

PRITSKER

400 SIMULATIONSew

iy 2 R 0 Nl 0 el ) i N

NODE  PROB,/COUNT MEAN STD.DEV, MIN, MAX.
9 1.0000 41.7559% 2.6706 33.8642 49.544%
5 1.0000 16,6011 1.7254 10.9789 20.7607
6 1.0000 10.6242 1.4076 5,8548 14,7819
7 1.0000 20.5681i°% 2.2235 14,4070 27,2393
8 1.0000 23,9223 2,3380 17.7705 31.3513
#2H]STOGRAMSo»
i, LOWER CELL
NODE LIMIT WIDTH FREQUENCIES
: 9 32,00 1.00 0 0 i 0 5 5 23 28 47 50 53 =
i 59 47 34 22 16 5 4 1 0 0 0
0 0 0 0 0 0 0 0 0 0
. 5 12,00 1.00 2 2 17 55 72 94 72 49 390 7 0
g: 0 0 0 0 0 0 0 0 0 0 ]
0 0 0 0 0 0 0 0 0 0
6 5.00 1,00 G 1 1 16 31 83 104 96 53 14 1
0 0 0 0 c 0 0 0 0 0 |
0 0 0 0 0 0 0 0 c 0
7 16,00 1.00 7 13 26 38 62 83 64 47 35 15 6
3 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 ) 0 0
8 18.00 1.00 2 4 12 23 40 64 65 68 41 38 29
8 4 1 1 0 n 0 0 0 0 0
a 0 ¢ 0 0 0 0 0 0 0
Figure 26. Final Results of Simulation for Project 13
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is shown in Figure 27. Nodes 5 and 8 represent the same milestone. It
is desired that the activity between 5 and 7 (or equivalently 8 and 7)
be dependent on which activity causes node 5 to be realized, i.e., branch

2-5 or 3-5. The method for accomplishing.this by network modifications

is described below.

Figure 27. GERT Network for Project 14

There are two source nodes associated with the network: nodes 2
and 3. From node 2, either the activity to node 4, or the activity to

node 5 is taken. Therefore, node 2 is a probabilistic node. Similarly,

40




from node 3 an activity leads to node 5 or node 6 and node 3 is also a
probabilistic node. The activity from node 3 to node 5 is defined as
activity 1. If activity 1 is compieted before the activity going from
node 2 to node 5, node £ is replaced node 8 in the network. The activity
from node 8 to node 7 ha_ associated with it the characteristics of going
from node 5 to node 7 if activity 1 is realized before the activity from
node 2 to node 5. The activity from node 5 to node 7 has associated with
it the characteristics of the activity when the activity from node 2 to
node 5 is realized before activity 1. Both nodes 5 and 8 are type 1
nodes, i.e., they can only be realized once and their output type is
deterministic (since there is only one activity emanating from the node,
the simulation is féster if the node is defined as deterministic).
Branches from nodes 4 and 6 are also incident to node 7 so that the
completion of the network is determined by the realization of the first
branch leading into node 7. The input data for project 14 is shown in
Figure 28, and the description obtained from the GERT simulation program
of the network is shown in Figures 29 and 30, . The times associated with
the activities of the network are Erlang distributed except for the
activity from node 8 to node 7. The time for this activity is a constant
ten time units since it has been assumed that if activity 1 causes node

5 to be realized, the follow-on activity can be done in a gives time.

If an activity with distribution type 2 also uses parameter set 1 then
the time to perform the activity is characterized by the exponential
distribution (the exponential is a special case of the Erlang distribution

with parameter 4 equal to 1), For the network presented in Figure 27,
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GERT SIMULATION PROJECT 14 BY PRITSKER
DATE 4/ 28/ 1969

$sNETWORK DESCRIPTIONew

START END PARAMETER DISTRIBUTION Couny ACTIVITY PROBABILITY
NODE NODE NUMBER TYPE TYPE NUMBER

2 5 b 4 0 0 0.7000

4 4 1 4 0 0 0.3009

3 5 1 4 0 1 G.6000

3 8 i 4 0 0 9.4000

4 7 2 4 0 0 1.0000

S 7 2 4 0 0 l1.0000

6 7 4 4 i 0 1.0000

8 7 i 1 1 0 1.0000

ensACTIVITY PARAMETERSe>»

PARAMETER PARAMETERS .

NUMSER 1 2 3 4
1 i0.0000 0.0000 i00.0000 1.0000
2 5.0000 0.0000 100.0000 2.0000

SeNETHORK MODIFICAT]IONG®e

al ACTIVITY NOGE FILE NODE FILE NODE FILE NOTEZ FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE
; 1 3 8
, Figure 29, Network Description, Activity Parameters, and
‘ Network Modifications for Project 134
i MIGMEST NODE NUMBER [S 8
NUMBER OF SOURCE NODES 1S 2
; NUMBER OF SIN: NODES 1S 1
. ; NUMBER OF NODES Y0 REALIZE THE NETWORK IS 1
i STATISTICS COLLECTED ON 2 NODES
= NUMBER OF PARAMETER SETS IS 2
INITIAL RANDOM NUMBER IS 267 0.0000
' SOURCE NODE NUMBERS
8 2 3
SINK NODE NUMBERS
. 7
i: STATIS;lGS COLLECTED ALSO ON NODES
T NODE NUMBER NGDE
g, RELEASES TYPE
2 0 2
3 0 s
4 i 1
A‘ ] 1 1
‘r 6 1 1
: ? 1 ]
! 8 1 i
Figure 30, Significant Network Characteristies for
- Project 14
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the possible yalues for the time to realize node 7, T, are;

: _
PLTo5<T35] = 7
Even for this small problem, it is not easy to calculate the

probabilfty that the activity from node 8 to node 7 is the activity that

causes node 7 to be realized. To obtain this information from the

Possible Expressions | Protability that T7
I for T-, Takes on This Expression
l min [T24+T47; T36+T67J 0.12
min [T24+T47; T35+T87] 0.18
i min [T25+T57; T36+T67] 0.28
Tés+T57 0.21
i T35*Tgy 0.21
l where
| To5 = To5lTp5<T35
l - and
; T35 = T351Tpe2T35.
= We have
i ' - 't/5
i PLTyest] = 1 - ™73,
) _ -t/5
i P[T355t] =1 -e .
and

simulation program, a counter is tagged to the activity from node 8 to

{

node 7. The the average number of times that this tagged activity is

realized prior to the realization of node 7 is an estimate of the

desired probability.
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The final results from GERTS II for Project 14 are presented in
Figure 31. The average time to reach node 7 is 14;0840 time units with a
standard deviation of 6.8476 time units. The minimum and maximum values
are 0.8367 and 46.8011. The large variation in the time to realize node
7 is due to the basic uncertainty in the times to perform each activity,
i.e., the activity time is a random variable. In addition, uncertainty
exists with regard to which path of the network will be involved in caus-
ing node 7 to be realized. Knowledge of this wide variability in the
time to realize a project is important. The network modification empioyed
in this project can also be thought of as the inclusion of a decision

element which specifies the choice to be made based on the realization of

‘a specific event,

From Figure 31 it can be seen that in 29.25% of the simulations
(mean number of times counter I was realized), the activity from node 8
to node 7 caused node 7 to be realized. In 79.25% of the realizations of
the network, node 5 was realized. There are two causes for not realizing
node 5: (1) both activities 2-4 and 3-6 were selected; and (2) node 7
c.:m be realized prior to the time that node 5 is realized. The latter
case obtﬁins, for example, when the sum of the times to go from node 3 to
node 6 to node 7 is less ihan the time to go from node 2 to'node 5. Uhen
node 5 i§ realized, the average completion time was 5.7346 time units.
The time to realize node 5 is distributed according to the hyperexponential
distribution since if the activity from node 2 to node 5 is taken and
activity from nogde 3 to node 5 is not taken, we have an exponential dis-

tribution; if the activity from node 3 to node 5 is taken and the activity
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from node 2 to node 5 is not taken, we also have an exponential; if the
activity from node 2 to node 5 and the activity from node 3 to node 5 are
taken, we again have an exponential time to realize nude 5 since we have
a minimum of two exponentiais. The prcbabilities associated with these
events were illustrated earlier. The variability in the time to realize

node 7 can be seen from the histogram associated with node 7.

Project 15: Starting of Project Phases Based on Progress to Date

The network in Figure 32 represents a situation in which follow-on

Figure 32. The GERT Network for Project 15

activities are started at a specified point in time even though the current

activities have not been complete. The activities of phase I of a project'
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are represented by the branch from node 2 to node 3 and phase Il by the

branch from node 3 to node 4. Phase III of the project would normally
start at node 6. However, if phase II is not completed by 30 time units,
management has decided to begin phase III and that an increased effort
will be required for phase III. The source node for the network repre-
senting the increased effort for phase III is node 7. Since only the
concepts involved in using GERTS II are being illustrated, phases I and

Il are modeled by single branches. In actuality, the branches from node

2 to node 3, and node 3 to node 4 would be represented by complete GERT

networks. The brunch from node 2 to node 5 represents a clock time. The

activity from node 2 tu node 5 is labeled activity 1. When activity 1 is

realized, it causes node 4 of the network to be replaced by node 8.

(Indicated as file 8 on the GERT simulation network modification section.)

Node 8 is a terminal node as it has no branches emanating from it. It is
not a sink node since the simulation does not stop nor can it stop when

this node is reached. It is used as a means for halting the progress of

activities in that settion of the network. When node 4 is realized and

its realization comes after the realization of activity 1, GERTS II trans-

fers to node 8 and seeing no activities emanating from node 8 returns to
determine tﬂe next activity to be realized. In this manner when time
reaches 30 time units node 5 causes node 7 to be activated, and activity
1 causes activities following node 4 to be deleted. If activity 2, the
activity between nodes 3 and 4, is realized before activity 1, then node

9 replaces node 5 and the clock does not proceed any further. Then node
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6 is the starting node for phase III. There are many other interpretations

that can be given to this simple network, and the concepts involved can
be useful in many program planning situations.

The data input for the network of Figure 32 is shown in Figure 33,
and the GERTS II reports are given in Figures 34, 35 and 36. In this

example, the times associated with the activities involved four distribu-

tion types. There is no restriction reagarding the combining of distribution

types on a network,

Project 16: Multiple Modification of a Node During One Realization of a

Network

This project illustrates how during the realization of a network a
node can be replaced by another node and changed back again. The network
for project 16 is shown in Figu;e 37. It is desired to formulate the
network so that the activities emanating from node 5 are dependent on
whether activity 1 preceded node 5 or activity 2 preceded node 5. When
activity 1 was the last of the two activities performed prior to the
realization of node 5, the activities emanating from node 5 should be |
specified by the branches from node 5 to node 3 and from node 5 to node
7. However, if activity 2 was performed prior to the realization of node
5 and no activity 1 was realized in the interim, then node 5 should be
replaced by node 10 with the branches from node 10 to node 3 and from
node 10 to node 7 inserted inte the network. A similar analysis holds
for nodz 6 except that if neither activities 1 or 2 are performed, then
the activities emanating from node 6 are unaltered. An example of a

possibie sequence may help clarify the above description. A possible
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PRITSKER | 19 apshosd sod 5| 2oh2e7 I DALS 10
 § 9 1] 2 2 O DA15 20 :
i 7 *_DALS 30

1 1 1 i 1 BAYS 40
i 1 1 DALS 50
k 20.0 30,0] DALS 60
; 1 1el DAL S L)
' 30. DATS RO
8.0 0,0 100.0 1.0 8 DALS 90
0.0 DALS5 100
20.0 0.0 100.0 2.0 DALS 110
1.0 0.0 100,00 2.0 DALS5 120
1.0] 2] 5] 1] i O] 1 B DALS 130
1.0f 2| 3] o 2| 0 DALS 14D
te0l sf 7] 3] 1| o pals 150
1.0 3| 4 2| o of 2 9 NALS 160
1.0 4 6 5| 4 o0 PAlS 170
0 DALS 180
1T 4 8] o DAL5 190
A 2| 5 9 o }10 PDALS 200
: 5 DALS 210
o

Figure 33. Listing of Input Data for Project 15

GERT SIMULATION PROJECY 15 BY PRITSKER
DATE 4/ 25/ 1969

{

! »oNETHORK DESCRIPTIONee
START END PARAMETER DISTRIBUTION COUNT ACTIVITY PROBABILITY
NODE NODE NUMBER TYPE T4PE NUMBER
! 2 5 1 4 0 1 1.0000
2 3 s 2 0 : 1.0000
3 4 2 4 0 2 1,0000
4 6 5 4 0 0 1.0000
5 7 3 1 0 0

1,0000 .

#sACTIVITY PARAMETERSes

PARAMETER PARAMETERS
NUMBER 1 2 3 4
1 30.0000 0.0000 0.00G90 0.0000
2 8,0000 0.0000 100.0000 1,0000
3 ¢.0000 0.000D0 0.0000 0.0000
4 20.0000 ¢.0p000 100.0000 2,0000
5 1.0000 0.9000 100.0000 2,0000

eeNETWORK MODIFICATIONSee
ACTIVITY NODE FILE NODE FILE NODE FILE NOJE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE

i 4 8
2 5 9

Figure 34. Network Description, Activity Parametevs, and Network Modifications for Project 15

whitakiy
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HIGHEST NODE NUMBER IS 9

NUMBER OF SOURCE NODES I§ 1

NUMBER OF SINK NODES IS 2

NUMBER OF NODES TO REALIZE THE NETWORK IS 1
SYATISTICS COLLECTED ON 2 NODES

NUMBER OF PARAMETER SETS IS 5

INITIAL RANDOM NUMBER 1S 1267 0.0000

E

SOURCE NODE NUMBERS
2

SINK NODE NUMBERS
6 7

M%‘ ﬁ -

STATISTICS COLLECTED ALSO ON NODES

NCDE NUMBER NODE
RELEASES TYPE
g 2 0 1
3 1 1
4 1 1
5 ! 1
g A S
. 7 1 b
;] 1 1 .
g; 9 1 1 ;
- Figure 35. Significant Network Characteristics for
!? Project 15
i

?I,r
L
bk

GERT SIMULATION PROJECT 15 BY PRITSKER

DATE 4/ 25/ 1969 o
ii #eF INAL RESULTS FOR 400 SIMULATIONSse 5%
| NODE  PROB./COUNT MEAN  STD.DEV.  MIN. MAX. -
Eg 6 0.7550 25,9183 3,4459  15,793% 7.1201 | -
70,2450 30.0000  0,0000 33.0000 30.0000 '
2 »#H1STOGRAMS e
COWER  CELL
NODE LIMIT  WIDTH FREQUENCIES
) 8 20.00 1.00 9 10 14 33 32 26 32 35 31 18 23
. 21 7 5 4 0 0 1 1 0 0 0
} 0 2 6 0 0 0 0 0 0 6
‘ 7 . 30,00 1,00 0 98 0 0 0 0 0 g 0 0 0
0 0 o 0 0 p ¢ 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Figure 36. Final Results from GERT Simulation Program
for Project 15
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sequence of node realizations for this network is 9, 3, 6, 4, €, 4, 10,
3, 5, 3, 11, 8. Note that node 1)1 is used as the next to last node
since activity 1 preceded the realization of node 6 without activity 2
occurring in the interim. The GERT simulation program is written to
allow as many node modifications as required in the realization of the
network., The network modifications permit the incorporation of memory
or path dependence into the transition probabilities associated with the
nodes (states) of the network. The data input for project 16 is given

in Fig. 38 with the outputs from GERTS II given in Figures 39, 40 and 41.
{0.2,9,1,0,0)

cwn.a.om ‘{0 el — %

0.4;7;

(0.440,1,0,0)

* AN GA N
B.“:'.wm on 37 N onaos ‘1 )

Figure 37. The GERT Network for Pro;ect 16
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GERY SIMULATION PROJECY 16 BY PR]TSKER
DATE 4/ 22/ 1969

o NETHWORK DESCRIPTIONee

START END PARAMETER DISTRIBUTION COUNT ACTIVITY PROBABILITY
NGDE NODE NUMBER _ TYPE TYPE NUMBER
4 1.0000
0.6000
0.4600
0.7000
0.3006
1.0000
N.8060C
0.2000
0.7000
0.3000
1.000a0
n,7000
0.3000
0.6000
23,4000

o BRI SR QR P -~

O RN B B G b T
[

e

T A ot I

)
rao
CHOWUEPROCOVOD A NWN

B S DA NN

FE 4 gk e R R R R ek S e e
ONOHOO0000O00CDO D
OO0 HDOAOD NI S

-

-

E

#8ACTIVITY PARAMETERS»#

i

: PARAMETER PARAMETERS
iy NUMBER 1 2 ki 4
1 1.0000 0.0000 0.00090 0.0000
e 2 1.0000 0.0000 0.0000 0.00400
N 3 2.0000 9.00090 0.00G0 ¢.o0000
§ 4 2.0009 0.0030 2.0000 0.0000
5 0.0000 ¢.0000 2.0009 g.0000
& 0,0000 0.0000 0,0000 0.0000
: 7 4,0000 9.0000 0.,0000 0.0000
9 8 5,0000 0,0600 0.0000 D.0000
& 9 7.0000 o.0ngc 6.3000 o.0000
10 6.0000 0,0000 0.0000 0.00C0

s#NETWORK MODIFICATIONSs»
ACTIVITY NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NODE FILE NOpE FILE NODE FILE NODE FILE NODE rlILE

i 6 11 5 5
2 5 10 L) 6

Figure 39. Network Description, Activity Parameters, and
Network Modifications for Project 16
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HI1GHEST NODE NUMBER IS b9 |

NUMBER OF SOURCE NODES 1S 1

NUMBER OF SINK NODES IS 2

NUMBER OF NODES 70 REALIZE THE NETWORK IS 1
SYATISTICS COLLECTED ON 2 NODES

NUMBER OF PARAMETER SETS IS 10

INITIAL RANDOM NUMBER IS 1247 0.0000

SOURCE NODE NUMBERS
)

SINK NODE NUMBERS
7 8

STATISTICS COLLECTED ALSO ON NODES

NODE NUMBER NODE
RELEASES TYPE

Preans el e WM Wy

FEN *3
OO0 ~NOJ S W
[ - N T Ny

-0 R N R

1 e st
| ol ol

. Figure 40. Significant Network Characteristics for

Project 16
- GERT SIMULATION PROJECT 16 BY PRITSKER
- | DATE 4/ 22/ 1969
f
s#F [NAL RESULTS FOR 400 SIMULATIONSee
E NODE  PROB./COUNT MEAN  STD.DEV.  MIN. MAX.
| 7 0.0250 71.8000 62,1929 35.0000 245.0000
. 7 1 1.0000 0,0000 1.0000 1.0000
7 2 0.0000 0.0000 0.0000 0.0000
8 0.,9750 28.1282 26.3457 5.0000 158.0000
8 1 0.0000 0.0000 0.0000 0.0000
8 2 0.4513 0.4983 0.0000 1.0000
¢oH]STOGRAMS s
LOWER  CELL |
NODE LIMIT WIDTH FREQUENCIES
7 2,00 4,00 0 0 0 0 0 0 0 0 0 1 0
3 3 0 2 0 1 1 0 0 0 1 0
0 0 0 0 ¢ 0 6 0 0 1
8 4,00 2.00 0 112 0 0 0 21 0 54 0 5 20
32 2 0 14 0 23 0 12 9 13 1
6 4 n 11 0 3 2 4 3 39
Eg Figure 41, Final Results from GERT Simulation

Program for Project 16
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CONCLUSIONS AND KECOMMENDATIONS

following four conclusions can be made with regard to GERTS II,
The tailoring of GASP IIA subprograms for specific use

within GERTS II has decreased processing time by as much

as 50%. The six projects included in this report (400

runs/project) required less than six minutes of GE 425 computer

time,

2. GERTS II input requirements are significantly less than the
previous GERT simulation program. For the four examples
presented in the earlier report the following reductions
were made:

Cards Required to Enter Input Network
Example Original GERT
Number Simulation Program GERTS II
1 25 14
2 46 28
3 55 35
4 86 44

3. The inciusion of new node types, counters, and network
modifications makes GERTS II a flexible and useful
ptanning tool.

4. Since GERTS II is written in a basic FORTRAN IV it is
easy to modify to meet individual needs.

The following seven recommendations are suggested for research and

development on GERT simulation programs.




1. The fundamental need at this time is the extended use
of GERTS II to solve probiems. One application is given
in reference 4. Through such applications, the need for
further refinement of the program can be ascertained.

The network modifications possible with GERTS Il involve

ST T
(3 %]

the replacement of the node when the node is realized.
It is also possible to aiter the input side of a node
based on the realization of an activity. There are several

problems encountered in attempting to do this; such as the

o
e
.
-
o
r
"l-.'

determination of the number of releases remaining on the
input side of a replaced node. The programming to accomplish
this is illustrated below for the situation when the number
of releases on the node inserted is set equal to its original
number of releases minus the number of realizations of

activities that were incident to the node replaced.

5 NEND = NFTBU(NEND) GSPS 260
NREL(NEND) = NREL(NEND)-1 GSPS 261
IF(NREL(NDN)-NREL.P(NDN)) 1700,1701,1701 GSPS 351

1700 NFTTT = NFTBU{NDN) GSPS 352
NREL(NFTTT) = NREL(NFTTT)-(NRELP(NDN}-NREL(NDN)) GSPS 353
IF(NREL(NFTTT)) 1702,1702,1701 GSPS 354

1702 ATRIB(1) = TNOW GSPS 355
JTRIB{1) = NFITT GSPS 356
CALL FILEM(1,NSET,QSET) GSPS 357

1701 IF(NABA(NPOS+2)) 65,65,68 GSPS 360

3. Study of the statistical characteristics of GERT networks

to assist in the design of simuiztion experiments and the

G o
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anaylsis of GERT networks through simulation.

4, For branches with constant times, eliminate the require-
ment for a parameter set. This can easily be accomplished
by using the parameter set number as the constant time.

The programming change reauired is in subroutine SAMPL
and is

1 DEY = JP SAMP 120
This change was not inciuded due to the problems involved
in specifying alternative procedures for incorporating the
time parameter.

5. The inclusion of additional distributions from which random
samples can be obtained.

6. The automatic calculation of the parameters of the normal
distribution which correspond to the parameters of a log-
normal distribution. FORTRAN statements required to
accomplish this change are shown below.

IF(JTRIB(3)-5) 300,323,300 DATS 861

323 JJ = JTRIB{2) DATS 862

PARAM(JJ,4) = SQRT(ALOG( (PARAM(JJ,4)/PARAM(JJ,1))**2

1 +1.0)) DATS 863

PARAM(JJ,3) = ALOG(PARAM(JJ,3)) DATS 864

PARAM(JJ,Z; = ALOG{PARAM(JJ,Z;) DATS 865

PARAM(JJ,1) = ALOG(PARAM(JJ,1))~1.05*PARAM(JJ,4)*

1 PARAM(JJ,4) DATS 866

The change was not included since it involves changing para-
meters of a parameter set, and currently it is possible to

use the same parameter set for different distributions.
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Accumulate total activity time and total costs of performing
activities as standard statistical collection variables,

This was done for a special application [3]. Since many
variables can be associated with an activity, further research

is needed in order to develop a general procedure.
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APPENDIX A

GLOSSARY OF GERT SIMULATION SUBPROGRAMS

NAME
AMAX (ARG, ARG2)

AMIN(ARG1, ARG2)

COLCT(X, N, NSET, QSET)

DATAN(NSET, QSET)
DRAND( ISEED)

ERLNG(J)

ERROR(J, NSET, QSET)

FILEM(JQ, NSET, QSET)

AND VARIABLES

Subprograms

FUNCTION

Sets AMAX to the maximum of ARG and
ARG2,

Sets AMIN to the minimum of ARG1 and
ARG2.

Sets X; = X and collects:

%xi in SUMA(N, 2)

%x? in SUMA(N, 2)

Number of observations of type N in

SUMA(N, 3)

min (X;) in SUMA(N, 4)
1

m@x(xi) in SUMA(N, 5)
i

Data input and initialization routine

Generates a random number DRAND using
the computer system's random number
routine,

Generates a random deviate from an
ERLNG distribution with parameters in
PARAM(J,1), I =1, 2, 3, 4.

Prints error code J, NSET, QSET and File 1
and calls SUMRY. Then calls EXIT.

Stores the vector ATRIB in QSET and .
JTRIB in NSET of File JQ in their proper
order.
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FINDN(NVAL, JQ, JATT, NSET, Locates FINDHN of FiledJQ that has an
QSET) attribute value in row JATT of NSET
equal to NVAL.

GASP(NSET, QSET) The supervisor of the GERT simulation
program. Selects the next scheduled
event and controls simuiation from
start to end.

HISTO(X1, A, W, N) X1 is a value to be used to form histo-
gram N. A is the lower Timit. W is
the cell width,

NPOSN(J, NPSSN) Genecrates a random deviate from a Pois-
son distribution with parameter PARAM
(d,1}, 1 =1, 2, 2, 4,

RLOGN(J) Generates a random deviate from a log-
normal distribution with parameters
PARAM(J, I}, 1 =1, 2, 3, 4.

RMOVE(KCOL, JQ, NSET, QSET) Removes column KCOL from File JQ and
stores attribute of NSET in the vector
JTRIB and attributes of QSET in ATRIB.

Tl T Fae e o g TRe T W

% RNORM(J) Generates a random deviate from a normal
g distribution with parameters PARAM(J, I),
E I=1, 2, 3, 4,

% i% SUMRY (NSET, QSET Prints the final GERT summary report.

§ " UNFRM(J) Generates a random deviate from &

? iﬁ uniform distribution between PARAM(J,2)

and PARAM(J,3).

W _ 62




- i

Variables

The following is an alphabetized 1ist of the variables used in the
GERT simulation program stored in COMMIN. These variables must be used

i by a programmer with great care. A1l variables listed are in COMMON ex-
cept the arrays NSET and QSET. Variables are dimensioned as required by
the GERT simulation program,
ATRIB(1) Buffer for attribute value being
! stored in or retrieved from QSET.
ID Number of columns in total filing
array, limited only by available
i storage.
‘IM Number of attribute rows in NSET
{ (IM=5)
" IMM Number of attribute rows of QSET
? (IMM=1)
ISEED The initial random number.

e,-.'.wn.a

JCELS({NKIST, MXC)

JSEED

JTRIB(5)

JSINK(NSKS)

KOUNT(NCTS)

MFA

MFE(NN)

Storage array for histograms. (NHIST
< 20, MXC < 32).

A local variable used in subroutine
DATAN that reads in the initial random
number seed value, JSEED must be
positive for TNOW to be set to TBEG.

Buffer for attribute values being
stored in or retrieved from NSET.

JSINK(J) = 0 if node J has not been
realized in this simulations 1 if
statistics have been cgllected for
node J in this run.

KNOUNT(K) is the number of times
counter K was indexed in a simulation
rur.

identifies the first column in NSET
available for storing an event or
entity.

MFE(J) is the first entry in File J.
-——""",
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MLE (NN)
MON
MSTOP
MX

MXC

MXX
NABA(NN)

NAME
NCLCT

NCROR
NCTS

NDAY
NFTBU{NN)

NHIST

NN
NNM

NOQ

NPD
NPO(NN)

NPRMS

.....

MLE(J) is the last entry in File J.
Month number.

An indicator for ending the simulation.
Successor row in array NSET, MX = 6.

Largest number of cells to be used in
any histogram (MXC < 32).

Predecessor row in arvay NSET. MXX = 7,

Array storing nodes affected by
realization of activities.

User‘s name or identification.

The number of sets of statistics that
can be collected in COLCT (NCLCT = 20).

The card reader number,

Number of counter types in the simulation
(NCTS < 4).

Day numbes.

NFTBU(J) is the node number to be used
when node J is realized,

The number of histograms that can be
generated by HISTO ?NHIST < 20)

The largest node number,

An indicator. If NNM > 0, nodes are
modi fied,

The number of files in filing array.
(Equal to NN),

The number of sink nodes.

NPO(J) is cell number in NABA(NN) where

nodes affected by activity J are stored.

Number of sets of parameters (NPRMS <

300).
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j NPRNT The printer number for the computer
being used.
! NPROJ Project number of identification if
negative permits tracing.
] NQ(NM) NQ(J) is the current number of entries
; in File J.
MREL. (NN) NREL(J) is the number of releases for
i node J.
NRELP (NN) NRELP(d) is the initiai number of
i: releases for node J.
NRUN The number of the current simulation
%i run,
. NRUNS The number of runs remaining, includ-
i. ing the one being processed.
: NSET(ID*7) The integer part of the filing array.
(ID iimited by available storage). ;
ig NSINK(NSKS) The sink node numbers.
- NSKS The number of nodes on which statistics
i? are collected including sink nodes
) (NSKS € 20)
gé NSORC{NSRC) The source node numbers .
NSKSR The number of sink nodes remaining to t
Ef be realized.
= NSKST The number of sink nodes required for
} a network to be realized.
|
| N3RC The number of source nodes. v
NTYPE(NN) NTYPE(J) is the node type for node J.

NYR Year number,
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PARAM(NPRMS, 4)

QSET(ID*1)

SUMA(NCLCT,J)

TNOW

TOTIM
WIDTH(NSKS)
XLOW(NSKS)

Array for styring parameter values.
(NPRMS < 300)

The rzal valued part of the filing
array. (ID limited by available
storage. )

Array for storing statistics generated
by COLCT.

The current time of a simulation.
Total time all simulation runs.

The width of a histogram cell.

The lower 1imit of cell 2 of a histo-
gram,




APPENDIX B
FORTRAN LISTING OF GERTS 1I

l DIMENSION NSET!7000)sQSET(1000) GRTS 10
COMMON 1Dy IMyMFAsMSTOPyMXyMXC yNCLCT yNHEST 9MPRNT ¢NCRDR o NNMy I MN,NPDy GRTS 20
- 1NOQ , NPRMS y NRUN o NRUNS ¢ ISEED » TNOW 4MXX y IMM¢NYR y SEED GRTS 30
i 2MAXQSyMAXNS ¢ ATRIB(1) ¢ JTRIB(5) . M3ME(6) ¢ NPROJoMONyNDAY, JCELS(20,32) GRTS 40
: COMMON MFE(999 )y MLE(999) 4NQ(F39) 9 PARAM{30044 ), SUMA(100,5) GRTS 50
_ COMMON NSINK(20)yNSKSTsNSRC » XLOW(20) ,NRELP 999 ) yNREL{9991 4NNy NSKSyGRTS 60
i INSKSR y NSORC (20 ) 9 NTYPE (999} yWIDTH{20), TOTIM,NC TS, KOUNT (4) ¢ JSINK(20)GRTS 70
' COMMON NPD(999),NFTBU(999) yNABA{999) GRTS 80
C
% Cx##%%SET EQUIPMENT NUMBERS FOR CARD READER(NCRDR) AND PRINTER (NPRNT). GRTS 90
e )
NCRDR=50 GRTS 100
; NPRNT=66 GRTS 110
i IMN=999 : GRTS 120
' 7 CALL GASP(NSET,QSET) GRTS 130 |
GO TO 7 GRTS 140
i’ END GRTS 150
L
FUNCTION AMAX (ARG1sARG2) : MAXS 10
" IF (ARGl = ARG2) 24141 MAXS 20
| 1 amax = arel MAXS 30
2. RETURN MAXS 40
2 AMAX = ARG2 MAXS 50
g RETURN MAXS 60
i END | MAXS 70




T

FUNCTION AMIN (ARG1¢ARG2) MINS 10
l IF (ARG1-ARG2) lyly2 MINS 20
1 AMIN = ARG1 MINS 30
RETURN MINS 40
l 2 AMIN = ARG2 MINS 50
- RETURN MINS 60
END MINS 7O

£
SUBROUTINE COLCT (XyNeNSET,QSET) CLTS 10
DIMENSION NSET(1),QSET(1) CLTS 20
COMMON TDyIMyMFAyMSTOP »MX MXC yNCLCT ¢NHIST oNPRNT yNCROR g NNM, IMNyNPD,CLTS 30
1NOQ » NPRMS s NRUNyNRUNS » ISEED y TNOW ¢ MXX 9 IMM 9 NYR 9 SEED CLTS 40
2MAXQSsMAXNS s ATRIB(1) 2 JTRIB(5) yNAME (6) yNPROJ yMON 4NDAY 3 JCELS(20,32) CLTS 50
COMMON MFE({999) 4MLE(999) ,NQ(999),PARAM(30044), SUMA{100,5) CLTS 60
IF (N} 24241 CLTS 70
2 CALL ERROR (90yNSET,QSET) CLTS 80
1 IF (N= NCLCT) 39342 CLTS 90
; 3 SUMA(Ns1) = SUMA(Njy1)+X CLTS 100
i SUMA(N,2) = SUMA(Ns 2)+X%X CLTS 110
SUMA(Ny3) = SUMA(Ns3)+1.0 CLTS 120
- SUMA(Ny4) = AMIN- (SUMA(N,4&) 4X) CLTS 130
i SUMA(N.5) = AMAX (SUMA(N5),X) CLTS 140
: RETURN CLTS 150
i END CLTS 160
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SUBROUTINE DATAN{NSET,QSET) DATS
DIMENSION NSET(1),QSET(1),NABYA(22) DATS
COMMON IDyIMyMFAoMSTOPyMXyMXC oNCLCToNHISTyNPRNToNCRDR ¢ NNMy IMNyMPDy DATS
INOQyNPRMS ¢ NRUN9yNRUNS y ISEED o TNOW ¢MXX 9 IMMyNYR y SEED DATS
2MAXGSyMAXNS,ATRIB(1) 9 JTRIB(S) +NAME(6) 9NPROJyMON,NDAY,JCELS(20,32) DATS
COMMON MFE(999),MLE(999),NQ(999),PARAM(300,+4),SUMA(100,5) DATS

COMMON NSINK{20)yNSKSTyNSRC ¢ XLOW{20) sNRELP(999)4NREL(999) NNy NSKSyDATS
INSKSR ¢y NSORC{20) ¢ NTYPE(999) yWIDTH(20) s TOTIMyNCTSyKOUNT(4) » JSINK(20)DATS

COMMON NPOD(999),NFTBU({999) yNABA(999) DATS
NRUN = 1 DATS
READ({NCRDR,101) NAME¢NPROJyMON¢NDAY ¢NYRoNRUNS s NPRMS, IDy JSEED,SEED DATS
FORMAT{6A2914¢y21295149F1044) DATS
IF (NRUNS) 30,3C,5 DATS
CALL EXIT DATS
FORMAT (251 3) DATS
FORMAT(BF10.2) : DATS

Cxx***READ LARGEST NODE NUMBER, NO. OF SINK NODESs NO. OF SOURCE NODES, DATS

Cx#%x%NO, OF NODES NECESSARY TO REALIZE THE NETWORKsNODES MOD.sPRT CNDE DATS
c
5 READ{NCRDR410) NNyNSRCyNPDyNSKSTyNSKSyNCTS 2 NNM DATS
NSKSR=HSKST DATS
#%%%%*READ SOURCE AND SINK NODE NOS. DATS
READ(NCROR910) (NSORC(J)yJ=194NSRC)y (NSINK{K)yoK=14NSKS) DATS
##%%*READ NO. OF RELEASES FOR EACH NODE. NODE NOS. MUST BE .GE. TO 2. DATS
READ(NCRDRy20) (NRELP{I)yI=2,NN) DATS
DO 11 I=2,NN DATS
11 NREL{I)=NRELP(I) DATS
C#%%%*READ NODE TYPE. 1 AND 2 ARE DETERMINISTIC., 2 AND 4 ARE PROBABILIDATS
C###%%3 AND 4 CAN BE REALIZED MORE THAN ONCE. DATS
C .
READ(NCROR ; 10} (NTYPE (1), 1=2,NN) DATS
C
C*#**+READ LOWER LIMIT AND CELL WIDTH FOR HISTOGRAMS, DATS
c
READ(NCRDR ¢ 14) (XLOW{K)¢K=14NSKS) DATS
READ (NCRDRs14) (WIDTH(K) 4K=14NSKS) DATS
IF(NCTS) 135,135,125 DATS
125 DD 130 J=1,NCTS DATS
130 KOUNT(J)=0 DATS
135 DO 140 K=1,NSXS . DATS
140 JSINK(K)=1 DATS
NHIST=NSKS DATS
NCLCT=NSKS*(NCTS+1) DATS
IM=5 | DATS
NOQ=NN DATS
MXC=32 DATS
IMM=1 DATS
MSTOP=0 DATS
PO 9 I = 14NPRMS DATS
READ (NCRDRy106) (PARAM(IyJ)¢J=1¢4) DATS
106 FORMAT(4F1044) DATS
9 CONTINUE DATS

ISEED=JSEED DATS

10
20
30
40
50
6C
70

80
90

100
110
120
130
140
150
160

170
180

190
200

210
220

230
240

250 <
260 .

270
280

290
300
310 -
320 .

320
340

350

360
370
380

390 .

400
410 .

420
430

440
450

460 -

470

480 - °
490 4%
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i RNUM=DRAND( I SEED) DATS 500
. TNOW=0.0 DATS 510
j Ca=s2INITIALIZE NSET DATS 520
c i
KOL=TT777 DATS 5386 .
l KOF = 8888 DATS 540
KLE = 9999 DATS 550
MX = IM +1 DATS 560
, MXX=1Me2 DATS 570
I MAXQS = ID * IMM DATS 580 *
MAXNS = ID * MXX DATS 590 .
DD 35 J=1,MAXQS DATS 600
I 35 QSET(J)=0.0 DATS 610
DO 40 J=1,MAXNS DATS 620
40 NSET(J}=0 DATS 630
a DO 45 I=1,1D DATS 640
| INDX = I # MXX DATS 650
NSET(INDX - 1) = [ + 1 DATS 660
x 45 NSET(INDX)=I-1 A DATS 670
i NSET{MAXNS - 1) = KOF DATS 680
DO 3 K = 1,NDQ DATS 690
NQ(K)=0 DATS 700
i MFE(K)=0 DATS 710
3 3 MLE(K)=0 DATS 720
MFA = 1 DATS 730
: JTRIB(1)=0 DATS 740
i JTRIB(2)=0 DATS 750 . ;
JTRIB(3)=0 DATS 760
JTRIBI4)=0 DATS 770 .5
g ATRIB(1)=0.0 DATS 780
CALL FILEM(1,NSET+QSET) DATS 790
3 DO 300 JS = 1,1D DATS 800
; Cx*%%%DATA CARD TYPES NINE DATS 810
C
. READ(NCRDRy1110) ATRIB(1)9JQy (JTRIB(JK)pJIK=1yIM) DATS 820
é 1110 FORMAT(F8,.,39613) DATS B30 &
IF(JQ)23+15,320 DATS 840
. 23 CALL ERROR(95,NSET,QSET) DATS 850
& 320 CALL FILEM{JQyNSET4QSET) DATS 860
e 300 CONTINUE DATS 870 7
15 IF(NCLCT)234111,116 DATS 880 ..
5 116 DO 18 I = 14,NCLCT . DATS 890 -
. DO 17 J =1,3 - DATS 900
17 SUMA(1,J) = O. DATS 910
SUMA(I,4) = 1.0E20 DATS 920 -
18 SUMA(1,5)= =1.0E20 | DATS 930 !
111 IF(NHIST)23,20,118 _ DATS 940 @ -+
118 DO 380 K = 14NHIST DATS 950
DO 380 L = 1,MXC DATS 960
380 JCELS(KyL) = O DATS 970
20 WRITE(NPRNT,21) DATS 980
WRITE(NPRNT,22) NPROJ9yNAME ,MONyNDAY yNYR | DATS 990
WRITE(NPRNT24) DATS1000
DO 80 JQ=2,NOQ DATS1010
. PROB = 0.0 DATS1020
] LINE = MFE(JQ) DATS1030 -
i NT = NTYPE(JQ) DATS1040
IF(LINE)}BO,80,82 | | DATS1050
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22 FORMAT(32X¢23HGERT SIMULATION PROJECTI444H BY

24 FORMAT(42Xy923H**NETWORK DESCRIPTION#*%//16X5HSTART ¢6X3HEND,6X,
19HP ARAMETER 96Xy 12HDISTRIBUTION 96 X9 SHCOUNT 96Xy BHACTIVITY 46X,

12

199 FORMAT(///36X26HERROR EXITy TYPE 70 ERROR,)

IB = (LINE=1) * MXX + 1
IE = [B + [M-1
IQ = (LINE=1} = IMM + 1

DPROB = QSET(I1Q)

GO TO (729739729 T73972¢73972+73)4NT
QSET(iQ)=QSET(IQ)+PROB

PROB = PROB + DPROB

WRITE(NPRNT,12) JG:(NSET(I)s1=IB+1E)sDPROB
LINE = NSET{IE+1)

IF(LINE = 7777) 82,80,+84%
WRITE(NPRNT,199)

CONTINUE

WRITE(NPRNT,26)

DO 50 I = 14NPRMS

WRITE(NPRNT,28) I+ (PARAM(IyJ)yd=1y4)
FORMAT(1H1)

113,1H/41341H/,4157/)

2 L1HPROBABILITY/

317TX4HNODEy 6 X9 4HNODE » TX 9 6HNUMBER 9 11 X4HTYPE ¢ L1 X4HTYPE » 7X 9 6HNUMBER /)

FORMAT(I19+411191129116921149F17.4)

y6A2/45X 4 4HDATE ¢

DATS51060
DATS1070
DATS1080
DATS1090
DATS511C0
DATS1110
DATS1120
DATS1130
DATS1140
DATS1150
DATS1160
DATS1170
DATS1180
PATS1190
DATS1200
DATS1210
DATS1220
DATS1230
DATS1240
DATS1250
DATS1260
DATS1270
DATS1280
NDATS1290

26 FORMAT(//39X23H**ACTIVITY PARAMETERS*#//16X9HPARAMETER32X,10HPARAMDATS1300

28

1024
1023

LETERS/17X6HNUMBER 3 16 X1H1313X1H2 413Xy 1H3913X1H4/)

FORMAT(I121+7Xe4F1l4e4)
DO 1024 J=1yIMN
NPO(J)=0

IF(NNM) 1020,41020,1023
WRITE(NPRNT,1004)

DATS1310
DATS1320
NDATS1340
DATS1350
2aTS1370
DATS1380

1004 FORMAT(//39X25H*%*NETWORK MODIFICATIONS*%//12X+8HACTIVITY,10(1Xy9HNDATS1390

1025
1005

1037

1039

1038
1040

1006
1035
1036
1020
1041

1591

1592

10DE FILE)/)

D0 1035 NPOS=1,IMN
READ{NCRDR,1005) NACTNysNABYA
FORMAT(2513)

IFINACTN) 10364+1036,41037
NPO(NACTN)=NPOS

DO 1038 I=1,2242
IF(NABYA(I)) 1040,1040.,1039
NABA(NPDS)I=NABYA(T)
NABA(NPOS+1)=NABYA(I+1)
NPOS=NPOS+2

NABA(NPOS)=0

IM1=1-1

WRITE(NPRNT,1006) NACTNy (NABYA(J)}sJd=141IM1)
FORMAT(I17+42Xy10(154151})
CONTINUE

NABA{NPOS)=0

DD 1041 KK=1,NN

NFTBU(KK)=KK

IF(NPROJ) 159141592,1592
IMN1=IMN-1

READ{NCRDR,10) NABA(IMN) NABA({IMN])
WRITE(NPRNT,21)

WRITE(NPRNTy221)NNyNSRCsNPD ¢NSKSToNSKSsNPRMS,JSEED,SEED

WRITE(NPRNT,223) (NSORC{J),J=14NSRC)
WRITE(NPRNT9225) (NSINK(K)sK=1,NPD)
KPP=NP D+ 1

WRITE(NPRNT9227) (NSINK(K)yK=KPP¢NSKS)

DATS1400
DATS1410
DATS1420
DATS1430
DATS1440
DATS1450
DATS1460
DATS1470

‘DATS1480

DATS1490
DATS1500
DATS1510
DATS1530
DATS1540
DATS1550
DATS1560
DATS1570
DATS1580
DATS1590 .

DATS1591
DATS1592
DATS1593
DATS1594
DATS1600
DATS1610
DATS1620

DATS1630
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WRITE(NPRNT,229) DATS1640
DO 231 J=2+NN DATS1650
231 WRITE(NPRNT,233) JyNRELP(J) ¢NTYPE(J) DATS1660

221 FORMAT(1H1414X22HHIGHEST NODE NUMBER 1S915,/15X,25HNUMBER OF SOURCRATS1670
1E NODES 1Sy15/15X¢23HNUMBER OF SINK NODES ISy15/15X41HNUMBER OF NODATS1680
2DES TO REALIZE THE NETWORK IS¢I15/15X923HSTATISTICS COLLECTED ONyJ5DATS1690
3y6H NODES/15Xy2THNUMBER OF PARAMETER SETS IS9I5/15X24HINITIAL RANDDATS1700

40M NUMBER ISy I5+F10.4/) DATS1710
223 FORMAT(15X, 19HSOURCE NODE NUMBERS/17X,10(1015)) DATS1720
225 FORMAT(/15Xy17HSINK NODE NUMBERS/17X,10(1015)})) DATS1730

227 FORMAT(/15Xs34HSTATISTICS COLLECTED AL30 ON NODES/17X,10(1015)) DATS1740
229 FORMAT(/25Xy5HNODE 5X9 6HNUMBER 95X ¢4HNODE/ 34X ¢BHRELEASES»4X s 4HTYPEDATS1750

, 1/) DATS1760
233 FORMAT(128,110+110) DATS1770
RETURN DATS1780
END PATS1790
FUNCTION DRAND(ISEED) DRDS 10

DR AND=R ANDF ( I SEED) DRDS 20
RETURN DRDOS 30
END DRDS 40
FUNCTION ERLNG (J) ERLG 10
COMMON IDIMyMFA,MSTOPyMXyMXC yNCLCT yNHIST 4NPRNT9NCRDR o NMMy TMNyNPDyERLG 20
INOQ o NPRMS y NRUNy NRUNSy ISEED 9 TNOW ¢MXX ¢ IMM yNYR » SEED ELNG 30
2MAXQSy MAXNSyATRIB(1) yJTRIB(S) yNAME(6) yNPROJSMONNDAY,JCELS(20,32) ERLG 40
COMMON MFE(999)yMLE(999),NQ(999) ,PARAM(30044 ) SUMA(100,5) ERLG 50

K = PARAM{Jy4) ERLG 60

IF {K=1) 8410510 ERLG 70

8 WRITE(NPRNT,20) J ERLG 80
20 FORMAT(/16HK = O FOR ERLNG17) ERLG 90
CALL EXIT ERLG 100

10 ERLNG = O. ERLG 110
DO 2 I = 14K ERLG 120
RNUM=DR AND( I SEED) ERLG 130

2 ERLNG = ERLNG = PARAM(J,y1)*ALOG(RNUM) FRLG 140
IF (ERLNG-PARAM(Jy 2} 179546 ERLG 150

7 ERLNG = PARAM (Jy2) ERLG 160
5 RETURN ERLG 170
6 IF{ERLNG = PARAM (Jy3))545+4 | ERLG 180
4 ERLNG = PARAM (Jy3) ERLG 190
RETURN | FRLG 200

END ERLG 210

[
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SUBROUTINE ERROR(JyNSETyQSET) ERRS 10
) DIMENSION NSET(1)sQSET(1) ERRS 20
¥ COMMON I1DsIM,MFAsMSTOP s MX oMXC yNCLCT yNMHIST yNPRNT s NCRDR s NNM, IMN,NPD,ERRS 30
: INOQyNPRMS o NRUMy NRUNS s 1SEED s TNOW ¢MXX » IMM yNYR o SEED, ERRS 40
2MAXQSyMAXNS ATRIB(1) y JTRIB(5S) yNAME (6 ) s NPROJoMON yNDAY » JCELS(20,32) ERRS 50
COMMON MFE(999)sMLE (999) ,NQ(999) ,PARAM(300 ¢4 ) » SUMA( 100,5) ERRS 60
WRITE(NPRNT99) ERRS 70
WRITE (NPRNT,10G) JoTNOW ERRS 80
100 FORMAT(//36X16HERROR EXITs TYPE,I3,7H ERROR.//21H FILE STATUS AT ERRS 90
1TIME,F10.4/) ERRS 100
WRITE {NPRNT,200) ERRS 110
200 FORMAT (30X 4HNSET/) ERRS 120
DO 210 I=1,1D ERRS 130
IL=(1~1)%MXX+1 ERRS 140
IV=1L+MXX=1 ERRS 150
210 WRITE{NPRNT,90) T4 (NSET(IJ)1J=IL1IV) ERRS 160
90 FORMAT(13Xs1595X91218) ERRS 170
WRITE (NPRNT202) ERRS 180
202 FORMAT{//30Xs4HQSET/) ERRS 190
DO 215 1=1,1D ERRS 200
IL=(f=1)%IMM+1 ERRS 210
Iv=]L+IMM=1 ERRS 220
215 WRITE(NPRNT,95) 1,(QSET(IJ)IJ=ILyIV) ERRS 230
l; 95 FORMATI13XyI594Xs10{E1266¢2X)) ERRS 240
WRITE (NPRNT,99) ERRS 250
. 99 FORMAT(1H1) ERRS 260
55 IF(NCLCT) Q99,8 ERRS 270
8 WRITE (NPRNT,98) ERRS 280
98 FORMAT(/11H ARRAY SUMA,/) ERRS 290
DO 110 I=1,NCLCT ERKS 300
110 WRITE (NPRNT,80) Io{SUMA(I,K)sK=1,5) ERRS 310
80 FORMAT(I10y5F10.4) ERRS 320
WRITE (NPRNT,99) ERRS 330 -
9 IFINHIST) 11s11s12 ERRS 340 =
12 WRITE (NPRNT,96) ERRS 350
. 96 FORMAT (/12H ARRAY JCELS/) ERRS 360
: NC L=MXC ERRS 370
£ DO 112 I=1,NHIST ERRS 380
112 WRITE (NPRNT26) I,(JCELS(I4K),K=1,NCL) ERRS 390
[} 26 FORMAT(17X»13,5X,1114/(25X,1114)) ERRS 400
. 11 NFOOL = 0 ERRS 410 =
IF (NFODL) 3443 ERRS 420
. 3 RETURN ERRS 430
if 4 CALL EXIT ERRS 440
i END ERRS 450
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l SUBROUTTNE FILEM (JQyNSET,QSET) FILS 10

DIMENS.ON NSET{1),QSET(1) FILS 20
i COMMON IDyIMyMFAsMSTOPsMXyMXC oNCLCToMHIST o NPRNToNCROR yNNMy IMNyNPD,FILS 30
| INOQ s NPRMS o NRUNy NRUNSy ISEED » TNOW yMXX 9 IMM oNYR ¢ SEED, FILS 40
2MAXQS MAXNSsATRIB(1) 9 JTRIB(5) 4NAME (6 )9 NPROJyMON,NDAY, JCELS{20432) FILS SO
2 COMMON MFE(999),MLE(999) yNQ(999),PARAM(300¢4),SUMA(100,5) FILS 60
' C
' Cxux%&#TEST TO SEE IF THERE JS AN AVAILABLE COLUMN FOR STORAGE FILS 70
C
IF (MFA = ID ) 24243 FILS &80
3 WRITE (NPRMT,4) FILS 90
4% FORMAT !'/7/24H OVERLAP SET GIVEN BELOW/) FILS 100
CALL ERROR (B7,NSETyQSET) FILS 110
C
C#+uk*%PUT ATTRIBUTE VALUES IN FILE FILS 120
c
2 INDX = (MFA = 1) %= IMM FILS 130
L KOL = 7777 FILS 140
_ KOF = 8888 FILS 150
: KLE = 9999 FILS 160
DO 11 = 1,IMM FILS 170
INDX = INDX + 1 FILS 180
. 1 QSET(INDX) = ATRIB(I) FILS 190
i INDX = (MFA = 1) #% MXX FILS 200
DO 10 I = 1,IM FILS 210
: INDX = INDX + 1 FILS 220
{ 10 NSET(INDX) = JTRIB(I) FILS 230
‘ MFEX=MFE{ JQ) FILS 240
KNT = 2 FILS 250
E KS=1 FILS 260
" INDX=MFA%MXX~-1 FILS 270 -
NXFA = NSET(INDX) FILS 280
- MLEX=MLE(JQ) FILS 290
l& IF(MLEX)100,27+11 FILS 300
* 100 CALL ERROR (88¢NSET,QSET) FILS 310 =~
~ 27 INDX=MFA%MXX FILS 320 -
: NSET(INDX) = KLE FILS 330 °
g MFE(JQ) = MFA FILS 340 °
17 INDX = MFA % MXX = 1 FILS 350
g NSET(INDX) = KOL FILS 360
3 MLE(JQ) = MFA FILS 370 4
N 14 MFA =NXFA FILS 380 .
IF(MFA-KOF) 237,238,238 FILS 390 *
237 INDX=NXFA®MXX FILS 400 !
NSET(INDX) = KLE FILS 410
238 NQ(JQ)=NQ(JQ)+1 FILS 420
RETURN - FILS 430 ¢
11 INDX1=(MFA-1)*IMM+KS FILS 440
IF(JQ-1) 241,241,242 FILS 455 §
241 IF (QSET(INDX1) - QSET(INDX2)) 1241313 FILS 460-§
242 IF {QSET(INDX1) - QSET(INDX2)) 13,13,12 FILS 465 3
13 INDX = MLEX #* MXX « 1 FILS 470 §
MSU = NSET(INDX) FILS 480 &
NSET(INDX) = MFA FILS 490
INDX = MFA * MXX | FILS 500 &
g NSET({INDX) = MLEX | FILS 510 -§
¥ GO TO (18417)¢KNT | FILS 520 g
18 INDX = MFA * MXX - 1 FILS 530 %
. i
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NSET{INDX) = MSU
NSET(INDX) = MFA
GO T0 14

KNT = )

INDX = MLEX * MXX
MLEX = NSET(INDX)
IF(MLEX=-KLE) 11,16,11
INDX = MFA # MXX
NSET(INDX) = KLE
MFE(JQ) = MFA

INDX = MFA % MXX - 1
NSET(INDX) = MFEX
INDX = MFEX = MXX
NSET({INDX) = MFA

GO T0 14

END
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SUBROUTINE GASP(NSET,QSET) GSPS
DIMENSION NSET(1)yQSET(1) GSPS
COMMON TDyIMyMFAsMSTOPoMX ¢MXC ¢NCLCT oNHISToNPRNTyNCRDR s NNMo IMNyNPCy GSPS
INOQ ¢ NPRMS 9 NRUNy NRUNE ) ISEED 9 TNOW¢MXX 9 IMMyNYRy SEED, GSPS
2MAXQSy MAXNSyATRIB(1) 9 JTRIBIS) ¢yNAME(6) yNPROJyMON¢NDAY ¢ JCELS(20432) GSPS
COMMON MFE(999)4MLE(999) 4NQ(999)PARAM{300+4)ySUMA(100,45) GSPS

COMMON NSINK(20)oNSKSToNSRC ¢ XLOW(20) ¢NRELP(999) ¢NREL(999) 4 NNy NSKSyGSPS

INSKSR ¢ NSORC{20) s NTYPE(999) yWIDTH(20) o TOTIM NCTSyKOUNT(4) 9y JSINK(20)}GSPS
COMMON NPO{999),NFTBU{999) yNABA(999) GSPS
CALL DATAN(NSET.QSET) GSPS
C
Cx%xx*0BTAIN NEXT EVENT WHICH IS FIRST ENTRY IN FILE 1. ATRIB{1) IS GSPS
Coax#%EVENT TIME, JTRIB(1l) IS EVENT CODE GSPS
C
11 CALL RMOVE(MFE(1)y Lo NSETQSET) GSPS
TNOW=ATRIB( 1) GSPS
NEND=JTRIB(1)} GSPS
C -
,C#xx%%]F END NODE 1S ZERO START NETWORK BY SCHEDULING ACTIVITIES GSPS
- Cxu%x%FROM EACH SOURCE NODE GSPS
C
IF(NEND)4+4,5 ‘ GSPS
4 DO 10 N=]14NSRC GSPS
M=NSORC (N) GSPS
CALL SCHAT(MyNSETsQSET) GSPS
10 CONTINUE ' GSPS
GO TO 42 GSPS
"
_ C***x**REDUCE NO. OF RELEASES FOR END NODE BY 1. GSPS
| Cx*x%=%TEST TO SEE IF NODE 1S RELEASED. GSFPS
C
‘5 NREL(NEND)=NREL(NEND)-~1 GSPS
IFINPRGJ) 511945124512 GSPS
511 IF{NRUN-NABA(IMM)) 51245144514 GSPS
514 JMN1=IMN-1 — GSPS
IF (NRUN—NABA{IMN1)) 515,515,512 GSPS
515 WRITE(NPRNT,598) TNOW,JTRIB GSPS
598 FORMAT(/S5XyTHAT TIMEsFBa2917H ACTIVITY ON NODE.I15416H WITH ATTRIBUGSPS
1TESy415,13H WAS REALIZED)
512 IF(JTRIB(4)) 6659665460 GSPS
60 L=JTRIB(4) GSPS
KOUNT (L )=KOUNT(L)}+1 GSPS
665 IF(JTRIB(5)) 654565466 GSPS
66 JJJ=JTRIB(S) GSPS
IF{NPO(JJSJ)) 659654967 GSPS
67 NPOS=NPO(JJIJ) GSPS
69 NDN=NABA{NPOS) GSPS
NFTBU(NDN)=NABA(NPOS+1) GSPS
IF(NABA(NPOS+2)) 65465468 GSPS
68 NPOS=NPOS +2 GSPS
GO 7O 69 GSPS
65 IF(NREL(NEND))9¢T7+42 GSPS
C
Cx*%**TEST TO SEE IF NODE CAN BE RELEASED MORE THAN ONCE. GSPS
C
9 IF(NTYPEINEND)=2)42+42+50 GSPS
*¥%TEST TO SEE IF STATISTICS ARE TO BE COLLECTED ON THE NODE. GSPS
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! 7 DO 8 K=1,NHKS GSPS 430
IF{NEND-NSINK(K})8,y39,8 GSPS 440
39 IF(JSINK{K))50,50+40 GSPS 450
a 8 CONTINUE GSPS 460
2 50 NT=NTYPE(NEND) GSPS 470
GD TO (52452¢52¢52952952:54954) ¢oNT G_PS 471
E 54 KCOL=NFIND{(NEND¢ 191 e«NSETQSET) GSPS 472
IF(KCOL) 52452456 GSPS 473
56 CALL RMOVE(KCOLy1yNSETQSET) GSPS 474
- GO TO 54 GSPS 475
52 CALL SCHATINCENDINSETsQSET) GSPS 476
GO TO (429429429429519¢51951951)¢NT GSPS 480
) 51 NREL{NEND)=NRELP(NEND) GSPS 490
F GO TO 42 GSPS 500
C
C%xx*%REDUCE NO. OF SINK NODES REALIZED BY DONEs COLLECT STATISTICS. GLSPS 510
i C
40 IF(K-=NPD) 44044404441 GSPS 515
440 NSKSR=NSKSR~1 GSPS 520
441 JSINK{(K)=0 GSPS 530
CALL HISTO(TMNOW: XLOW(K) ¢y WIDTH(K) ¢K) GSPS 540
NL=K+{K=1)=NCTS GSPS 550
CALL COLCT{TNOWeNLyNSET,QSET) GSPS 560
IFINCTS) 454454946 GSPS 570
46 DO 70 I=1¢NCTS GSPS 580
NL=NL+1 GSPS 590
. XC=KOUNT (1) GSPS 600
: 70 CALL COLCT(XCoNLyNSET,QSET) : GSPS 610
C e 5
 C=*%*x%TEST TO SEE IF NETWORK SIMULATION IS COMPLETE. ’ GSPS 620 -
- C
45 IF(NSKSR} 22,100,999 GSPS 630
999 IFI(NQI(NEND))22942+50 GSPS 640
} 22 CALL ERROR{22yNSET,QSET) GSPS 650
i C

Cx*=xx=NETWORK HAS BEEN SIMULATED ONE MORE TIME. ADD TNOW TO TOTAL TIME.GSPS 660
. C

{; 100 TOTIM=TOTIM+TNOW GSPS 670
¢
_ C#x%%x%TEST TO SEE IF ALL RUNS HAVE BEEN MADE. GSPS 680
Sc E
ig IFINRUNS~NRUN) 110,110,115 GSPS 690 -
C .
© CH***%REINITIALE FOR ANOTHER RUN BY REMOVING ALL EVENTS FROM EVENT GSPS 700
g g*####FILE AND RESETTING NETWORK VALUES. GSPS 710
115 IF(NQ(1))22,120,4116 GSPS 720 °
116 CALL RMOVE(MFE(1),14NSET,QSET) GSPS 730 <
G0 TO 115 | GSPS 740 -
120 NRUN=NIUN+1 | GSPS 750 -
JTRIB(1)=0 GSPS 760 .
ATRIB(1)=0. GSPS 770 -
CALL FILEM(1,NSET+QSET) GSPS 780
TNOW=0. GSPS 790
NSKSR=NSKST _ GSPS 800 .
DD 80 K=1,NSKS GSPS 810
] 80 JSINKI{K)=1 GSPS 820
i DO 85 J=1¢NCTS | . ~ GSPS 830
¥ 85 KOUNT(J}=0 GSPS 840
M 37 1J=14NN GSPS 850




l NFTBU(TJ)=1J GSPS 860

37 NREL(IJI=NRELP(IJ) | GSPS 870
GO TO 42 GSPS 880
l 110 MSTOP=-1 GSPS 890
NRUNS=1 GSPS 900
TNOW=TOTIM GSPS 910
¥ C
i Cxxx%x[S IT TIME TO STOP GSPS 920
C
42 IF(MSTOP)44,.11411 GSPS 930
? 44 CALL SUMRY{NSET»QSET) GSPS 940
‘ RETURN GSPS 950
END G5PS 960
-
SUBROUTINE HISTO (XleAgW,N) HSTS 10
; COMMON IDyIMyMFAJMSTOP¢MXsMXC oNCLCTyNHISTosNPRNToNCRDR y NNMyIMNyNPD,HSTS 20
- INOQyNPRMS ¢ NRUNy NRUNSy ISEEDy TNOW ¢MXX 9 IMMyNYR ¢ SEED » HSTS 30
. 2MAXQSy MAXNSyATRIB(1) 9 JTRIB(5) yNAME(6) ¢NPROJyMONyNDAY yJCELS(20432) HSTS 40
¥ COMMON MFE(999)+MLE(999) ,NQ(999) ,PARAM(3004+4)4SUMA(100,5) HSTS 50
] IF (N=NHIST) 11,11,2 4TS 60
2 WRITE{NPRNT,250) N HSTS 70
. 250 FORMAT(19H ERROR IN HISTOGRAM,14//) HSTS 80 -
[y CALL EXIT HSTS 90 -
11 IF(N)2¢2¢5 HSTS 100

- C
g§C*****TRANSLATE X1 BY SUBTRACTING A IF X.LE.A THEM ADD 1 TO FIRST CELL HSTS 110
- C

- 3 X = X1 = A HSTS 120
i IF (X)64+797 HSTS 130
= 6 IC = 1 HSTS 140
G0 TO 8 HSTS 150 -
oG
| C*%x%%DETERMINE CELL NUMBER IC. ADD 1 FOR LOWER LIMIT CELL AND 1 FOR HSTS 160 -
C%%xxxTRUNCATION HSTS 170 -
¢ .
7 IC = X/W + 2« +.0001 HSTS 180
i IF(IC - MXC 184899 HSTS 190
9 IC = MXC HSTS 200
8 JCELS(NyIC) = JCELS(N,IC) + 1 HSTS 210 .
RETURN HSTS 220
END - MSTS 230
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1 FUNCTION NFIND(NVAL9sJQs JATToNSET,QSET) FIND

DIMENSION NSET(1),QSET(1) FIND
- COMMON 1Dy IMyMFAyMSTOP yMXyMXC yNCLCT oNHIST ¢NPRNT 9NCRDR o NNMy IMNoNPD,y FIND
INOQ¢NPRMS ¢ NRUN9NRUNS s ISEED y TNOW yMXX » TMM yNYR ¢y SEED FIND
2MAXQSs MAXNSyATRIB(1) ¢ JTRIB{5) yNAME (6} yNPROJyMONyNDAY y JCELS(20432) FIND
. COMMON MFE(200)sMLE(200),NO(200),PARAM{30044),SUMA(100,5) FIND
: NEXTK=MFE(JQ) FIND
IF (NEXTK) 1691420 FIND
16 CALL ERROR(894NSET,QSET) FIND
1 NFIND=0 FIND
RETURN FIND
20 INDX={NEXTK=1)#MXX +JATT FIND
IF(NSET(INDX)-NVAL) 442144 FIND
4 INDS=NEXTK#MXX -1 FIND
NEXTK=NSET (INDS) FIND
IF(NEXTK=T7777) 204141 FIND
21 NFIND=NEXTK FIND
RETURN FIND
END FIND
f:
: SUBROUTINE NPOSN{JyNPSSN) PSNS
a COMMON TDyIMyMFAyMSTOPyMXsMXC yNCLCT 9yNHISTyNPRNT4NCRDR y NNMy IMNyNPDy PSNS
: INDQ y NPRMS y NRUN s NRUNSy ISEED s TNOW ¢MXX 9y IMMsNYR » SEED PSNS
2MAXQSs MAXNSy ATRIB(1) » JTRIB(S) yNAME(6) ¢NPROJyMON,NDAY 4 JCELS(20,532) PSNS
o COMMON MFE(999),MLE(999),NQ(999) +PARAM(3004)ySUMA(100+5) PSNS
5 NPSSN = 0 PSNS
P = PARAM (Jy1) PSNS
8 IF (P=6.0) 29244 PSNS
b 2 Y = EXP (~P) PSNS
X = 1.0 PSNS
- 3 RNUM=DRAND(ISEED) PSNS
g X=X #*RNUM PSNS
- IF (X=Y) 6+8+8 PSNS
. 8 NPSSN = NPSSN+1 PSNS
| G0 7O 3 PSNS
E 4 TEMP=PARAM (Jy4) PSNS
PARAM(Js4) = (PARAM{Jy1))%%,5 PSNS
£ NPSSN=RNORM(J) +.5 PSNS
g PARAM (Jy4)=TEMP PSNS
g IF(NPSSN) 4466 PN
i 6 KK=PARAM (J,2) PSNS
: KKK=PARAM (Jy3) PSNS
NP SSN=KK+NPSSN PSNS
IF(NPSSN=KKK) 74799 PSNS
9 NPSSN = PARAM (J,y3) PSNS
7 RETURN PSNS
END PSNS
: FUNCTION RLOGN (J) | LGNS
e
Ca#%%THE PARAMETERS USED WITH RLOGN ARE THE MEAN AND STANDARD DEVIATIONLGNS
[iC#x#x%x0F A NORMAL DISTRIBUTION LGNS
EC
VA= RNORM (J) LGNS
RLOGN=EXP(VA) LGNS
RETURN - 79 LGNS

END LGNS
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SUBROUTINE RMOVE (KCOLLsJQsNSET.QSET) RMVS
DIMENSION NSET(1)9QSET{1)KCOLL(1) RMVS
COMMON IDeIM;MFAYMSTOPsMXyMXC yNCLCT ¢NHIST ¢yNPRNT ¢NCRDR ¢ NNMy IMNoNPDyRMVS
1NDQyNPRMS ¢y NRUNyNRUNS 9 ISEED» TNOW 9 MXXy IMMyNYR, SEED, RMVS
2MAXOS s MAXNS ATRIB(1)9JTRIB(5) ¢ NAME(6) yNPROJyMON¢NDAY s JCELS(20,432) RMVS
COMMON MFE(999) yMLE(999) ¢NQ(999) +PARAM(300+4)+SUMA(100,5) RMVS

C
Cx%#%%xTHE DUMMY ARRAY KCOLL IS USED AS Ait ARGUMENT TO FORCE THE CALL RMVS
. Chmdwd BY NAME OPTION ON COMPUTERS SUCH AS THE IBM 360, THE CALL RMVS
C %k BY NAME OPTION 1S REQUIRED FOR PROPER OPERATION OF THIS RMVS
sk SUBRDUTINE. RMVS
KOL = 7777 RMVS
KOF = 8888 RMVS
KLE = 9999 RMVS
KCOL = KCOLL(1) RMVS
IF (KCOL) 1641692 RMVS
16 CALL ERROR (97,NSET,QSET) RMVS

. C
. C#dEx%PUT VALUES OF KCOL IN ATTRIB RMVS
2 INDX={KCOL=1)*IMM RMVS
DO 3 1 = 1yIMM RMVS
INDX = INDX + 1 RMVS
3 ATRIB(I) = QSET(INDX) RMVS
INDX = (KCOL = 1) #* MXX RMVS
DO 10 T =1+1IM RMVS
INDX = INDX + 1 RMVS
10 JTRIB(I) = NSET(INDX) RMVS
INDX=(KCOL-1)*IMM RMVS
DO 32 I=1,IMM RMVS
INDX = INDX + 1 | RMVS
32 QSET(INDX) = 0.0 RMVS
INDX= ( KCOL=1 ) #MXX RMVS
DO 1300 I= 1,IM RMVS
INDX = INDX + 1 RMVS
1300 NSET(INDX) = 0 RMVS
INDX=KC OL*%MXX RMVS
JL = NSET(INDX - 1) RMVS
JK = NSET(INDX) RMVS
IF (JL- KOL) 33,34,33 RMVS
33 IF (JK= KLE) 35436435 RMVS
35 INDX = JK * MXX = 1 ~ RMVS
NSET(INDX) = JL RMVS
INDX = JL * MXX RMVS
NSET(INDX) = JK RMVS
37 INDX=KCOL*MXX-1 RMVS
" NSET(INDX) = MFA RMVS
NSET({INDX+1) = KLE RMVS
iF (MFA=KOF) 2349235,23¢ RMVS
234 INDX=MFA%MXX - RMVS
| NSET(INDX)=KCOL RMVS
235 MFA=KCOL  RMVS
NQ{JQ) = NQ(JQ)=1 RMVS
RETURN RMVS
36 INDX = JL * MXX | | RMVS
NSET{INDX) = KLE RMVS
MFE(JQ) = JL RMVS
GO TO 37 RMVS
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l 34 IF (JK-KLE) 38,39,38 RMVS 560
: 38 INDX = JK =MXX - 1 RMVS 570
E, NSET(INDX) = KOL RMVS 580
2 MLE(JQ) = JK RMVS 590
GO TO 37 RMVS 600
* 39 MFE(JQ) = 0 RMVS 610
MLE(JQ) = O RMVS 620
G0 TO 37 RMVS 630
END RMVS 640 -
¥
& FUNCTION RNORM (J) NRLS 10
COMMON IDyIMyMFAyMSTOP ¢MX yMXC yNCLCT yNHIST yNPRNT ,NCRDR o NNMy IMNyNPD4NRLS 20
y 1NDQyNPRMS y NRUNy NRUNS » ISEED s TNOW ¢ MXX s IMMyNYR 4 SEED, NRLS 30
& 2MAXQSyMAXNSy ATRIB(1) 9 JTRIB(S) yNAME(6) yNPROJ ¢MON,NDAY 4 JCELS{20432) NRLS 40
COMMON MFE(999) yMLE(999) yNQ(999) ;PARAM(300,4),SUMA(100,5) NRLS 50
. RA=DRAND{ISEED) NRLS 60
g RB=DRAND(ISEED) NRLS 70
- V= (=2.0%ALOG(RA) ) %0, 5%C0OS (6.283%RB) NRLS B0
RNORM = VE=PARAM (Js4) + PARAM (Js1) NRLS 90
{g IF (RNORM —PARAM (J92)) 6,7,8 NRLS 100 -
i 6 RNORM = PARAM (Jy2} NRLS 110 —
7 RETURN NRLS 120
- 8 IF (RNORM =PARAM (Jy3)) 797,49 NRLS 130
| 9 RNORM = PARAM (Jy3) NRLS 140
RETURN NRLS 150

END ' MRLS 160
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FUNCTION UNFRM (A,B) UFMS
COMMON IDsIMyMFAsMSTOPyMX¢MXC yNCLCT ¢NHIST9NPRNTyNCRDR o NNMoIMNyNPDy UFMS
INOQ,NPRMS ¢ NRUNyNRUNSy ISEED 9 TNOW ¢MXX o IMMyNYR o SEED, UNFS
2MAXQSyMAXNS e ATRIB(1) ¢ JTRIB{S5) ¢yNAME(6) o NPROJyMONyNDAY,JCELS(20,32) UFMS
COMMON MFE({999),MLE(999) yNQ{999) ¢ PARAM(300,4)ySUMA(100,5) UFMS
RNUM=DRAND(ISEED) UFMS
UNFRM = A+(B=-A)*=RNUM : UFMS
RETURN - UFMS
END UFMS
SUBROUTINE SAMPL(DEV ¢NSET,QSET) SAMP
DIMENSION NSET(1),QSET(1) SAMP
COMMON IDyIMyMFAyMSTOPsMXyMXC yNCLCToNHISTyNPRNTyNCRDR y NNMy IMNy NPDy SAMP
INOQ yNPRMS g NRUNyNRUNSy ISEED o TNOW ¢MXX 9 IMMyNYR o SEED, SAMP
2MAXQSyMAXNS s ATRIB(1) s JTRIB(5) yNAME(6) yNPROJyMONyNDAY 3 JCELS(20432) SAMP
COMMON MFE{999)yMLE{999) 4NQ(999),PARAM{300+%4)ySUMA(100,5) SAMP

COMMON NSINK(20)yNSKSTeNSRC ¢ XLOW(20) s NRELP(999) 4NREL(999) yNNyNSKSy SAMP
LNSKSRyNSORC (20 )9y NTYPE{999) 4WIDTH(20)y TOTIMyNCTSoKDUNT(4) 9y JSINK{20)SAMP

JP=JTRIB(2) SAMP
JD=JTRIB(3) , SAMP
GO TO (192+3949596)9JD SAMP
DEV=PARAM{ JPy 1} SAMP
RETURN SAMP
DEV=RNORMI( JP) ' SAMP
RETURN SAMP
A=PARAM( JP,42) SAMP
B=PARAM{JP,3) SAMP
DEV=UNFRM({A:+B) SAMP
RETURN , SAMP
DEV=ERLNG (JP) SAMP
RETURN SAMP
DEV=RLOGN( J) . SAMP
RETURN SAMP
CALL NPOSN(JyNPSSN) SAMP
DEV=NP SSN SAMP
RETURP; : © SAMP

END SAMP
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SUBROUTINE SCHAT(NODEyMSET+QSET) SCAT 10
; DIMENSION NSET(1)9sQSET(1) SCAT 20
§ COMMON IDyIMyMFASMSTOP ¢MXyMXC ¢sNCLCT yNHIST ¢NPRNT ¢NCRDR yNNMy IMN,NPDySCAT 30
’ L1NOQ ¢ NPRMS ¢ NRUN 9 NRUNS ¢ ISEED» TNOW 9 MXX 9 IMMoNYR » SEED, SCAT 40
2ZMAXQS MAXNSyATRIB(1) 9 JTRIB(S) ¢yNAME(6) ¢yNPROJyMON ¢NDAY , JCELS(20,32) SCAT SO
> COMMON MFE(999)4MLE{999) 4NQ(999) +PARAM(3C044)ySUMA(100,5) SCAT 60 .
COMMON NSINK(20) ¢ NSKST9NSRC 9 XLOW(20) yNRELP(999) 4NREL{999),NNyNSKSySCAT 70
INSKSR 9 NSORC {20) yNTYPE(999) yWIDTH(20) 4 TOTIMyNCTSyKOUNT(4) 9y JSINK(20)SCAT 80 -
COMMON NPD(999),NFTBU(999) 4NABA(999) SCAT 90
o
CHxxx*NEXT IS LOCATION OF FIRST ENTRY IN FILE OF ACTIVITIES WITH START SCAT 100 -
C*%%%%*NODE- NODE. NT IS THE NODE TYPE. SCAT 110
o
NODE=NFTBU (NODE) SCAT 120
NT=NTYPE(NODE) SCAT 130
NEXT=MFE(NODE) SCAT 140
IFINEXT) 44445 SCAT 150
o
Cx*=xx*GENERATE A RANDOM NUMBER PNUM, SCAT 160
L 5 RNUM=DRAND(ISEED) SCAT 170
C |
Cx*%%*0BTAIN STARTING LOCATION IN NSET OF ENTRY. SCAT 180
C .
1 INDXN={NEXT=1)%MXX . ‘ SCAT 190
C
C*#%%%*TEST IF DETERMINISTIC OR PROBABILISTIC NODE. SCAT 200
o
. GO TO (100,200,100,200+100,200,100,200)4NT SCAT 210 -
. 100 DO 10 I=i,IM SCAT 220
& INDX =1 NDXN+ I SCAT 230
10 JTRIB(I)=NSET(INDX) SCAT 240
FLC
i C**x*%0BTAIN SAMPLE FOR ACTIVITY. SCAT 250
c |
. CALL SAMPL(DEVsNSET,QSET) SCAT 260 -
¥ ATRIB(1)=TNOW+DEV SCAT 270 .
ka C
C**%%%FILE END OF ACTIVITY EVENT IN EVENT FILE. SCAT 280
ioC
i CALL FILEM(1,NSET»QSET) SCAT 290
GO TO (11094911054911094,411044)4NT SCAT 300
c
Cx#*%%*DETERMINE IF OTHER ACTIVITIES ARE IN FILE. SCAT 310 :
o !
110 INDX=1NDXN+MX SCAT 320 -
NEXT=NSET(INDX) SCAT 330 -
IFINEXT=7777) 144423 - SCAT 340
23 CALL ERROR{23,NSET+QSET) SCAT 350
4 RETURN | SCAT 360 .
200 INDX=(NEXT=1)*IMM+1 SCAT 370
o -
C**%%%xTEST RNUM AGAINST PROBABILITY (CUM.) OF REALIZING THE ACTIVITY. SCAT 380 -
o ;
IF(QSET(INDX)~RNUM)110+110,100 SCAT 390
~ END SCAT 400
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SUBROUTINE SUMRY (NSET,QSET) SMYS
DIMENSION NSET(L1)¢QSET(1) SMYS
COMMON IDyIMyMFAyMSTOPsMXgMXC yNCLCTyNHISToNPRNTyNCRDR g NNMy I MNyNPDy SMYS
INOQy NPRMS s NRUNy NRUNSy ISEED » TNOWoMXX 9 IMMyNYR SEED, SMYS
2MAXQSsMAXNS ATRIB(1) o JTRIB(5) yNAME(6) ¢ NPROJyMON¢NDAYJCELS(20432) SMYS
COMMON MFE(999),MLE(999),NQ(2999)PARAM{300+4)4SUMA(100,5) SMYS

COMMON NSINK(20) s NSKSToNSRC ¢ XLOW( 20 +NRELP(999) +yNREL(999),NN¢NSKSySMYS
INSKSR yNSORC (20 ) ¢y NTYPE(999) yWIDTHI{20)} s TOTIMyNCTSoKOUNT(4) 4 JSINK(20)SMYS

COMMON NPO(999),NFTRU(999) yNABA(999) SMYS

21 FORMAT(1H1) SMYS
10 FORMAT{32Xy23HGERT SIMULATION PROJECT,I494H BY +y6A2/45X44HDATE,13,SMYS
11H/91341H/415//) SMYS
15 FORMAT(//31X19H2*FINAL RESULTS FORyI5414H SIMULATIONS*%/) SMYS
16 FORMAT(16X4HNODE3X11HPROB «/COUNT 95 X4HMEAN ¢4 X8HSTDDEV ey 4Xy SMYS
L4HMIN. 9 6X4HMAX, ) SMYS
18 FORMAT(//43Xy14H**HISTOGRAMS*=//20X s SHLOWER  3X 9 4HCELL/13XSMYS
13 4HNODE 33Xy S5SHLIMITy3XeSHWIDTH31 X1 1HFREQUENCIES ) SMYS
19 FORMLT{/1169F9.29FB8.2¢5X91116/(3BX41116)) SMYS
XRUNE = NRUN SMYS
WRITE(NPRNT,21) SMYS
WRITE (NPRNT,10) NPROJyNAMEsMONsNDAY sNYR SMYS
WRITE (NPRNT,15) NRUN SMYS
WRITE(NPRNTs16) ] SMYS
NCTS1=NCTS+1 SMYS

DO 6 K=14NSKS ' SMYS

DO 6 J=14NCTS1 SMYS
I=(K=1)%#NCTS1+J SMYS
JJ=J-1 SMYS
IF{SUMA(1+3))5+62,61 SMYS

5 WRITE (NPRNT,199) SMYS
199 FORMAT(///36X26HERROR EXIT, TYPE 98 ERROR.) SMYS
62 WRITE(NPRNTy63) NSINKI(K)JJ SMYS
63 FORMAT{I18,113,9X:18HNO VALUES RECOFfDED) SMYS
GO TO 6 SMYS

61 XS=SUMA{I,1) SMYS
XSS=SUMA(1,2) SMYS

XN = SUMA(TI,+3) SMYS
AVG=XS/XN SMYS
STO={ L{XNEXSS)={XS*xXS) ) /{XN*(XN=1.0)))**0,5 SMYS
IF(J=-1) 41441442 SMYS

41 PROB=XN/XRUNS SMYS
WRITE(NPRNT917) NSINK{K)PROByAVGySTDsSUMA(L+4)4SUMA(T+5) SMYS

17 FORMAT(/I18,4F9+497X94F10.4) 5MYS
GO T0 6 SMYS

42 WRITE(NPRNT,20) NSINK(K) 9JJsAVG+STDySUMA{I 44) 4 SUMA(TI,45) SMYS
20 FORMAT(I184113+43Xy4F10.4) SMYS
6 CONTINUE SMYS
HRITE(NPRNT,18) SMYS

DO 82 I=14NHIST SMYS
NCL=MXC SMYS
WRITE{NPRNT, 19) NSINK(I)sXLOW(I)oWIDTH(I) s (JCELS(I¢J)seJd=1yNCL) SMYS

82 CONTINUE SMYS
WRITE{NPRNT,21) SMYS
RETURN SMYS
END SMYS
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APPENDIX C
DESCRIPTION OF DATA INPUT FOR GERTS II

5’ DATA CARD 1
Field 1 The analyst's name (6A2,1)
Field 2 The project number (I14,1) (If negative, data card
11 is requirec to indicate the runs to be traced).
Field 3 The month number (12,1)
) Field 4 The day number (12,1)
: Field 5 The year (14,1)
Field 6 _ The number of times the network is to be simulated
(14,1)
Field 7 The number of activities with different time
characteristics (14,1)
Field 8 The number of branches in the network plus the number
B of activities which can occur simultaneously. The
A maximum number of these which can be accomodated on
the GE 425 is 1000 (I4,1)
g Field 9 An integer random rumber seed (14.1) )
Field 10 A floating point random number seed (F10.4,1)
DATA CARD 2
;f Field 1 The largest node number of the network including all
possible modifications to the network (I13,1). The
smaliest node numbor permitted is 2. The largest
node number permitted on the GE 425 is 999,
Field 2 Number of source nodes (13,1). A maximum of 20 is
permitted on the GE 425 version.
Field 3 Number of sink nodes (I3,1). The maximum value for
the GE 425 version is 20.
Field 4 Number of sink nodes that must be realized before
. the network is realized (13,1). A maximum of 20
g is permitted in the GE 425 version.
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Field 5 Number of nodes which statistics are to be collected
on, including all sink nodes (I3,1). A maximum of
20 is permitted.

Field 6 Number of types of counts (I3,1). A maximum of 4
is permitted,
Field 7 ? 1 ig network modifications exist; a 0 otherwise
13,1
DATA CARD 3
Field 1 The node numbers for all source nodes (I3, the number

of source nodes). For example, if there are two
source nodes (a 2 in Field 2 of Data Card 2) and if
the source node numbers are 4 and 6, then 004006
would appear in columns 1 through 6 of Data Card 3.

Field 2 The node numbers for all sink nodes (I3. the number
of sink nodes).

Field 3 The node numbers for the nodes which are not sink

nodes on which statistics are to be obtained (I3,
y the number of nodes on which statistics are collected--
; the number of sink nodes).

The fields are placed consequtive on & card with at most 25 values/card.

RN

DATA CARD 4

g Field 1 The number of branches required to release each node
- (2513, the largest node number assigned minus 1).

A value must be given for each number starting with node 2 and going to

the largest node number assigncd. Even if there is no node number 3, a
value (or blank) must be given to the number of releases associated with
node number 3. Node numbers must be greater than or equal to 2 and the
first value on card number 4 is the number of releases associated with node
number 2,

b vt

DATA CARD 5

Field 1 The node type of each node. As in data card 4, all
numbers from 2 to the largest node number assigned
must be given node type designators (2513, the
largest node number assigned minus 1).




}
23

3

=,

The characteristics associated with each node type are:

When realized should Reset number OQutput

Node Type scheduled events be of releases Type *
removed
1 no to D
2 no to P
3 no no D
4 no no P
5 no yes D
6 no yes P
7 yes yes D
8 yes yes P
*D = Deterministic
P = Probabilistic
DATA CARD 6
Field 1 The lower limit for the histogram to be obtained

for each node on which statistics are being gathered.
The lower limits are put on the card in the same
order as the nodes are listed in Fieids Z and 3 of
Data Card 3. The value assigned will be the lower
1imit of the second cell of the histogram. The first
cell of the histogram will contain the number of
times the node was realized in the time lower than
the lower limit given (8F10,2, the number of nodes

on which statistics are to be collected.)

DATA CARD 7

Field 1 The width of each cell of the histogram. The widths
are put in the same order as the nodes are listed
in Fields 2 and 3 of Data Card 3 (8F10.2, the number
of nodes on which statistics are to be collected.]
Each histogram will contain 32 cells. The last cell
will be fore values greater than the lower limit
+30* (ce11 width).

DATA CARD 8

The parameters associated with the distribution of the time to perform each
activity. One card is recuired for each activity with a different time




characterization. The number of cards is specified by DGata Card 1, Field
7. A maximum of 300 is permitted. The cards must be arranged by ascending
parameter number and the parameters must be numbered consecutively or

blank cards appropriately placed. Six distribution types are available

in the GE 425 version of the GERT Simulation Program. These types are:

1. Cecnstant
2. Normal

3. Unifurm
4, Erlang

5. Lognormal
6. Poisson

The fields required are dependent on the distribution type of the activity.
For distribution type 1 (Constant):

Field 1 The constant time (F10.4,1)
v For distribution type 2 (Normal):

£ Field 1 The mean value (F10.4,1)
ié Field 2 The minimum value (F10.4,1)
Field 3 The maximum value (F10.4,1)

Field 4 The standard deviation (F10.4,1)
For distribution type 3 (Uniform):

Field 1 Not used (F10.4,1)
; Field 2 The minimum value (F10.4,1)
% Field 3 The maximuw value (F10.4,1)
Field 4 Not used (F10.4,1)

For distribution type 4 (Erlang):

Field 1 The mean time for the Erlang variable divided by
the value given to Field 4(F10.4,1)

Field 2 The minimum value (F10.4,1)

Field 3 The maximum value (F10.4,1)

Field 4 The number of exnonential deviates to be included
En13h2 ??mp1e obtained from the Erlang distribution
F10.4,
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If Field 4 is set equal to 1, an exponential deviate will be obtained
from distribution type 4. y

For distribution type 5 (lognormal):
Given:

Mg = mean of lognormal random variable
06 = variance of lognormal random variable
min Q = smallest sample allowable

max Q = largest sample allowable

Field 1 In ug - 3 [value in Field 4]2
Field 2 In (min Q)

Field 3 In (max Q)

Field 4 / 1n (calua +1)

The values in fields 1 and 4 are the mean and standard deviation of the
normally distributed random variable associated with the lognormal random
variable.

For distribution type 6 (Poisson):

Field 1 The mean minus the minimum value
Fieid 2 The minimum value
Field 3 The maximum value
Field 4 Not used

Care is required when using the Poisson since it is not usually used to
represent an interval of time. The interpretation of the mean should be
the mean number of time units per time period.

Samples are obtained from the distributions such that if a sample is less
than the minimum value, the sample value is given the minimum value.
Similariy, if the sample is greater than the maximum value, the sample
value is assigned the maximum value. This is not sampling from a truncated
distribution but sampling from a distribution witk a given probability of
obtaining the minimum and maximum values., The GERT Simulation Program has
been written to facilitate the adding of other distribution types. FORTRAN
subroutines for obtaining deviates from other distribution types are
available (14,23).
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DATA CARD 9

One data card is for each activity associated with the network.

Field 1 probability of realization (F8.3)
Field 2 Start node (I3,1)

r Field 3 End node (13,1)
Field 4 Parameter number (13,1)
Field & The distribution type (I3,1)
Field 6 Count type (I13,1)
Field 7 Activity number (13,1)

The last data card type must have a zero (or blank) in Field 2.

DATA CARD 10

Only required if number of nodes modified is greater than zero. (Field 7,
Data Card 2)

Field 1 An activity number (I3,1)

Field 2 The number of the node to be replaced if the
activity given in Field 1 is realized (13,1)

5 Field 3 The number of the node to be inserted into the
s network in place of the node specified in Field 2
when the activity in Field 1 is realized (13,1)

A Fields 4-21 Fields 2 and 3 are repeated if the activity given .
- in Field 1 affects multipie nodes. A zero in an :
even-numbered field indicates the end of the data

on the card.

A,

The last card of this type must have a zero in Field 1.

DATA CARD 11

Only used if the project number is negative. (Field 2, Data Card 1)

Field 1 The run number for which tracing of the e¢nd of
activity events should begin (13,1)
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Field 2 The run number for which tracing of the end of
activity events should terminate (I3,1)

Multiple networks can be analyzed by stacking the data cards as described
above, one after another. No blank cards should separate the data cards

for each network. A blank card is required to indicate the end of all
networks to be simulated.

|
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