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APIT/GCS/EE/82D-24

Abstract

-The Tactical Air Force's Interoperability Group wants to be able to

simulate communication networks. The simulation language for

alternative modeling (SLAM) was proposed as the basis for the

simulation. However, this language requires too much effort to make any

changes to the network to be simulated. A Pre-Processor was written in

FORTRAN 77 which allows the user to describe the network in a convenient

manner, and produces the necessary SLAM source code to perform the

simulation.

v



TACTICAL AIR CONTROL SYSTEM
SIMULATION PROGRAM

I. Introduction

The Tactical Air Force Interoperability Group (TAFIG) located at

Langley Air Force Base, Virginia, wishes to be able to simulate the flow

of message traffic through the Tactical Air Control System. This

simulation will allow TAFIG to determine the number of messages going

across particular communication channels and statistics about the queues

which may form at nodes (Morrison, 1981). Current models, concluded one

study, are too broad and it was recommended that a specific set of

problems be defined and selected model development be continued

(Bennett, 1970: ix).

A simulation language for alternative modeling (SLAM) was selected

as the basis for the simulation. However, every change to the

communication network being modeled would require rewriting the SLAIM

source code. This constraint was not seen as being "user-friendly"

enough for a production system.

In order to make the ease of input acceptable, a SLAM Pre-Processor

was proposed. This Pre-Processor would take, as inputs, a description of

the network to be simulated along with descriptions of the message

traffic and produce, as output, the necessary SLA4 source code to model

the network. This SLAM source code would, in turn, be input into the

SLAM program for the actual simulation.

.. ,.m, mmmm ~ mm mm m n m " I1



II. The Pre-Processor

Introduction

In order to determine the feasability of such a system as the SLAM

Pre-Processor (SLAMPP), a subset of the desired capabilities was

selected and implemented. Following this evaluation, the system was

expanded to include all of the desired capabilities.

SLA14PP Capabilities

The SLAMPP was designed to allow the user to simulate communication

networks. To the SLAMPP, a network consists of message creations and

queues (processing locations), along with the path a message will follow

through the various queues.

In order to describe a communication network, SLAMPP must allow the

user to describe the network to be simulated. The items which may be

described are listed below.

Nodes. A node, or queue, is a location at which a message will

receive some type of handling. The maximum number of me~sages which may

be waiting at a node at any given time can be specified. The name of an

alternate node may (optionally) be supplied to which a message will

"balk" should the node's capacity be exceeded, or "blocking" may be

specified which causes messages to "back up" in the system when capacity

is exceeded. If neither balking nor blocking is specified, the message

will simply be lost (without any indication to the user) if capacity has

been reached.

Two time durations are associated with a node. The first allows

2



the user to specify how long it takes to process a message at this node,

while the second specifies how long transmission to the next node will

take. If either of these two times are not specified, a default time of

zero will be assumed.

Terminate Nodes. Terminate nodes are locations at which a message

leaves the network.

Message Creation. The rate at which a message of a particular type

is created can be specified. Additionally, the starting time for this

message and the number of messages to be created are also specified.

Routing. Each message may be routed through the nodes following

paths which the user supplies. Also, an alternate balk route can be

supplied should a message be redirected to a balk node.

Feasibility Study

In order to determine the feasibility of the SLAIPP, a subset of

the capabilities was selected and implemented.

Selected Capabilities. Only the "bare" essential capabilities were

selected for the feasibility study. Additionally, these capabilities

were (in some cases) simplified.

Node definition was included; however, balk nodes were not

implemented. Terminate nodes were included exactly as they would be

included in the final version, as was message creation. Path definition

did not support balk paths, nor blocking. Message processing times and

transmit times between nodes were ignored.

Design Stages. Following the selection of the'capabilities to be

studied, the feasibility fell into several stages. First, a logical and

easy-to-follow method was developed to input the network description to

3



the Pre-Processor. These input formats, with some modifications and

additions, remained in the final version.

Next, a small network was designed and, using the input formats

mentioned previously, a SLAMPP description of this network was coded.

A great deal of information was necessary to build even this simple

implementation. Storing and manipulating this data quickly became

confusing. In order to try and clarify this problem, the variables and

data structures to store this information was designed. Although some

modifications occurred during the course of the project, the basic

design remained the same.

Now that the exact capabilities for the feasibility study were

known, and the inputs and data structures were designed, flowcharts were

produced which showed the steps necessary to implement the project. The

flowcharts began at a very "high-level" and were iteratively refined

until the detail necessary to design the program was obtained.

Using these flowcharts, the FORTRAN source code was written.

Although some logic errors did exist, they proved to be relatively minor

and easy to correct.

Program Evaluation. After the SLAMPP was written and debugged, the

Pre-Processor output was examined for correctness. This examination

included a visual inspection of the output file to verify the SLAM code

produced by the Pre-Processor was as expected, and an execution of this

code by the SLAM program to ensure the code would indeed be accepted by

the SLAM system.

This examination showed that the SLAMPP outpat was valid and

acceptable to the SLAM program. Additionally, it showed that the basic

4



concept behind the Pre-Processor was viable and continued development

was warranted.

Completed Design

Following the feasibility study, the remaining capabilities were

incorporated into the final SLAIPP. Due to modularity of design these

additions were easily installed into the framework developed earlier

(see Appendix A for a listing of the SLA4PP program).

The basic flow of the program is shown in Figure 1, while Appendix

B contains detailed operating instructions. First, all of the nodes are

defined, followed by all of the terminate nodes. After these

definitions comes the start of the first message. Each imessage consists

of one message definition, followed by an optional process and transmit

time definition, followed by the name of the next node along the path.

Successive steps in the path are indicated by repetition of process and

transmit times and node name. Additional messages are input by placing

another message definition into the data deck and repeating the above

steps.

After all messages have been described, information about balk

routes (if any are present) is input. This process is similar to

message definition, however, the message definition card is replaced by

a balk route definition card. The process and transmit time and path

definitions are the sane as above. One balk definition is included for

each message that can possibly balk.

The validity of the inputs is verified prior to building the SLAN

source code (a sumary of the input errors which can be detected is

5



contained in Appendix C). If all inputs are valid, the SLAM source is

constructed.

The SLA4 source built by the Pre-Processor now serves as input to

the SLAM program for the actual simulation. The outputs produced by the

SLAM program are described in Appendix D.

6
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III. Program Installation

Introduction

Prior to execution of the SLAM Pre-Processor, the program must be

compiled. To minimize the amount of computer memory required, certain

changes can be made to the program to decrease array sizes.

Array Size Selection

Due to the way SLAMPP is written, the user has the flexibility to

vary the maximum number of messages (NOMSG) the Pre-Processor can

handle, the maximum number of terminate nodes (NOTRM), and the maximum

number of nodes (NONOD).

SLAIIPP is written entirely in FORTRAN 77. To allow for variable

dimension sizes for arrays, each subroutine and function contains a

PARAmETER statement (Katzan, 1978: 77) which defines each of the three

variables sizes. Prior to compilation, the user should decide on

appropriate values for these parameters and change each PARAMETER

statement accordingly.

Since each of the three parameters are used to determine array

sizes, the larger the parameter sizes, the larger the amount of computer

memory required to execute SLAMPP. Therefore, care should be used to

select values which are both realistic and conservative.

Compilation

As mentioned previously, SLAIIPP is written in FORTRAN 7?. After

any changes to the PARAMETER statements are made, the Pre-Processor is

9



ready to be compiled and saved using whatever installation dependent

procedures are required.

Enlarging SLAM

Figure 2 shows the main driver for the SLAM program. Depending

upon the size of the SLA4PP network to be simulated, certain changes may

be necessary to the SLAM nain routine to accommodate the network.

Although these changes are part of the SLAM program itself, and not part

of the Pre-Processor, they are listed here for the user's convenience.

Three items must be changed: the dimension sizes of NSET and QSET,

and the value for NNSET. Each of these three values must be the same to

ensure a successful SLAM4 run. Typically, the default value is 5,000.

PROGRAM MAINRT (INPUT, OUTPUT, TAP 7, TAPE5=INPUT,
& TAPF6=OUTPUT)

C
C THIS ROUTINE IS INCLUDED SO THAT THE ARRAY SIZE
C FOR NNSET/OSET CAN BE CHANGED TO ACCOMODATE
C LARGE SIMULATION RUNS.
C

DIMENSION NSET(7000)
COMMON /SCOMI/ ATRIB(IO0), DD(100), DDL(IOO),

& DTHOW, II, MFA, MSTOP, NCLNR, NCRDR. NPRNT,
& TNEXT, TNOW, XX(IO0)
COMMON QSFT(7000)
EQUIVALENCE (NSET(1), QSET(I))
NNSET = 7000
NCRDR = 5
NPRNT = 6
NTAPF = 7
CALL SLAM
STOP
END

Figure 2. SLAM Main Driver
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IV. SLANPP Validation

Introduction

In order to check the validity of the SLAMPP (that is, verify that

SLA4PP produces a SLAII network which represents the intention of the

inputs), a test case was designed and evaluated. In addition to this

large test case, over 30 smaller networks were input to the Pre-

Processor during development to assure a valid Pre-Processor was in fact

produced. Also, tests were performed to ensure that invalid inputs

would be detected.

Test Case

The test case used for validation was designed to exercise every

capability of SLAMPP. Specifically, nodes of all three types were used

(some with balking, some with blocking, and some with neither). Nine

different messages were included to demonstrate each of the nine valid

distribution types (see Appendix B). Process and transit times included

at least one example of each of the nine distributions also, plus

examples of the zero default time which will be generated if not

specified otherwise. Since balking was specified on two nodes, balk

route descriptions were required in iddition to regular route

descriptions. See Appendix E for a listing of the SLAMPP inputs and the

associated SLAA source which was generated.

Test Case Validation

After the test network was designed, the SLAMPP description of theI
11.



network was written and input into the Pre-Processor. The SLAM source

output was then carefully examined to ensure that a valid network

representation had been produced. Also, the Pre-Processor output was

executed through the SLAII program to verify it would execute

successfully. Both the examination and the execution showed the SLA.IPP

output to contain no known discrepancies.

Error Detection

Given valid inputs, SLANPP will produce a corresponding SLA,'1

network; however, it is equally important that the Pre-Processor

recognize invalid inputs to prevent the creation of a bad network.

iHany types of input validations are performed by the Pre-Processor.

The errors which may be detected are summarized in Appendix C. To be

certain that each input validation point worked correctly, test cases

were devised which intentionally (and unintentionally) exercised each

point. Since the validity of any SLAM network created using invalid

input data is questionable, no SLAE source is generated if any errors

are detected.

1
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V. Summary

The Tactical Air Forces Interoperability Group needs to be able to

simulate the flow of message traffic through the Tactical Air Control

System. The simulation language for alternative modeling (SLAI) was

used as the basis for the simulation. A Pre-Processor was constructed

to permit a user-friendly operation.

The Pre-Processor was written in FORTRAN 77, and produced the

source code to be used by the SLAM program. The Pre-Processor output

was validated and found to be correct.

1
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Appendix A: Program Listing

Following is the FORTRAN 77 listing of the source code for the SLAM

Pre-Processor.
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PROGRAM SLAMPP
C

C THIS PROGRAM ACCEPTS (FROM FILE 10) INPUT CARDS DESCRIBING THE
C NETWORK TO BE SIMULATED, CHECKS THEIR VALIDITY, AND (IF NO

C ERRORS ARE DETECTED) PRODUCES THE CORRESPONDING SLAM SOURCE
C CODE ON FILE 20.

C

C SUBROUTINES CALLED:
C BLDOUT--BUILD THE SLAM OUTPUT
v CIIKBLK--VALIDATE BALK ROUTES

C CliKUSD--ENSURE ALL NODES ARE USED
C BALK--PROCESS BALK CARDS
C MESS--PROCESS MESS CARDS

C NODE--PROCESS NODE CARDS
C PROC--PROCESS PROC CARDS
C PATH--PROCESS PATH CARDS
C TERM--PROCESS TERM CARDS
C XMIT--PROCESS XMIT CARDS
C READ--READ INPUT FILE
C FUNCTIONS CALLED:

C NUMNOD--RETURNS THE NODE'S NUMBER
C NUMTRM--RETURNS THE TERM'S NUMBER

C INPUT ARGUMENTS:
C NONE

C OUTPUT ARGUMENTS:

C NONE
C INPUTS VIA COMMON:
C IFATAL

C NXTNOD
C NXTTRM
C NXTMSG

C PARMI
C PARM2
C PARM 3

C PARM4
C PARM 5
C CRDTYP

C LABEL

C LABEl.2
C DSTNAM

C OUTPUTS VIA COMMON:
C IFATAL

C NXTNOD

C NXTTRKI
C NXTMSG
C MAXNOD

C MAXTRM

C MAXMSG
C PTIIMAT
C NODNAM

C TRM NAM
C DSTNAM

C WORKING VARIABLES:
C I--DO LOOP COUNTER

16



C ISAVMS--TEMPORARY STORAGE OF MESSAGE COUNT

r ISAVND--TEMPORARY STORAGE OF NODE COUNT

C J--DO LOOP COUNTER

C
C PARAMETERS FOR DIMENSION SIZES:

C NONOD--MAXIMUM NUMBER OF NODES
C NOTRM--MAXIMUM NUMBER OF TERMINATE NODES
C NOMSC--MAXIMUM NUMBER OF MESSAGES
C

PARAMETER (NONOD=I0 ' NOTRMIO ,NOMSG-IO)
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4

& BALKS*4, DSTNAM*5
C DESCRIPTION OF COMMON BLOCK /COMl/:

C
C IFATAL--NUMBER OF FATAL ERRORS DETECTED

C NXTNOD--CURRENT NODE NUMBER
C NXTTRM--CURRENT TERMINATE NODE NUMBER
C NXTMSC--CURRENT MESSAGE NUMBER

C MAXNOD--MAXIMUM NUMBER OF NODES

C MAXTRM--MAXIMUM NUMBER OF TERMINATE NODES
C MAXMSC--MAXIMUM NUMBER OF MESSAGES

C NODCAP(l,I)--MAXIMUM CAPACITY OF NODE I
C NODCAP(2,I)--NUMBER OF SERVERS AT NODE I

C PTIIMAT(I,J)--
C IF > 0, NODE NUMBER OF NEXT NODE THAT MESSAGE J
C WILL FOLLOW AFTER NODE I

C IF - 0, MESSAGE J DOES NOT USE NODE I
C IF < 0, NEGATIVE OF THE TERMINATE NODE NUMBER THAT
C MESSAGE J WILL FOLLOW AFTER NODE I
C CREATE(1,I)--PARAMETER 1 OF DISTRIBUTION RATE FOR

C MESSAGE I
C CREATE(2,I)--PARAMETER 2 OF DISTRIBUTION RATE FOR
C MESSAGE I

C CREATE(3,I)--PARAMETER 3 OF DISTRIBUTION RATE FOR
C MESSAGE I
C CREATE(4,1)--STARTING TIME FOR MESSAGE I
C CREATE(5,I)--NUNBER OF MESSAGE RELEASES
C LASNOD(I)--THE PREVIOUS NODE NUMBER IN THE PATH FOR
C MESSAGE I

C NODSTR(I)--THE FIRST NODE NUMBER IN THE PATH FOR
C MESSAGE I
C PARML--IST NUMERIC DATA FIELD READ FROM INPUT DECK

C PARM2--2ND' NUMERIC DATA FIELD READ FROM INPUT DECK
C PARM3--3RD NUMERIC DATA FIELD READ FROM INPUT DECK
C PARM4--4T1 NUMERIC DATA FIELD READ FROM INPUT DECK

C PARM5--5TH NUMERIC DATA FIELD READ FROM INPUT DECK

C DSTPRC(I,J,1)--DISTRIBUTION NUMBER FOR THE PROCESSING
C TIME FOLLOWING NODE J FROM MESSAGE I
C DSTPRC(I,J,2)--PARAMETER 1 OF PROCESSING DISTRIBUTION
C DSTPRC(I,J,3)--PARAMETER 2 OF PROCESSING DISTRIBUTION
C DSTPRC(I,J,4)--PARAMETER 3 OF PROCESSING DISTRIBUTION
C DSTXMT(I,J,I)--DISTRIBUTION NUMBER FOR THE TRANSMIT
C TIME FOLLOWING NODE J FROM MESSAGE I

17



C DSTXMT(IJ,2 )--PARAMETER I OF TRANSMIT DISTRIBUTION
C DSTXMT(I,J,4)--PARAMETFR 2 OF TRANSMIT DISTRI.BUTION
c DSTXMT(IJ,4)--PARAMETER 3 OF TRANSMIT DISTRIBUTION
C

COMMON /COMI/ IFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, MAXTRM,
& MAXMSG, NODCAP(2, NONOD), PTIIMAT(NONOD, NOMSG),
& CREATE(6, NONSO), LASNOD(NOMSG), NODSTR(NOMSG),
& PARMI, PARM2, PARM3, PARM4, PARMS,
& DSTPRC(NOMSC, NONOD, 4), DSTXMT(NOMSC, NONOD, 4)

C DESCRIPTION OF COMMON BLOCK /COm2/:

C
C NODNAM(I)--NAME OF NODE I
C DIST(I)--NAME OF THE MESSAGE DISTRIBUTION FOR MESSAGE I
C TRMNAM(I)--NAIME OF TERMINATE NODE I
C CRDTYP--CARD TYPE READ FROM INPUT DECK
C LABEL--IST CHARACTER DATA FIELD READ FROM INPUT DECK

C LABEL2--2ND CHARACTER DATA FIELD READ FROM INPUT DECK
C BALKS(I)--
C IF BLANK, NODE I DOES NOT BLOCK OR BALK

C IF 'BLOK', NODE I IS BLOCKED
C OTHERWISE, NODE NAME THAT NODE I BALKS TO
C DSTNAM--LIST OF VALID DISTRIBUTION NAMES

C
COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)

C PREPARE INPUT FILE

REWIND 10
C INITIAL VALUES

IFATAL - 0
NXTNOD- 0
NXTTRM - 0
NXTMSC - 0
MAXNOD - NONOD

MAXTRM - NOTRM

MAXMSG - NOMSG
C VALID DISTRIBUTION NAMES

DSTNAM(I) - 'EXPON'

DSTNAM(2) - 'NPSSN'
DSTNAM(3) - 'BETA -
DSTNAM(4) - 'GAMA

DSTNAM(5) - 'RLOCN'

DSTNAM(6) - 'RNORMI

DSTNAM(1) 'UNFRM'

DSTNAM(8) 'TRIAG'
DSTNAM(9) - 'CONST'

DO I I a 1, MAXMSG

DO I J - 1, MAXNOD
C ZERO OUT PTHMAT (I.E., ESTABLISH NO PATHS EXIST FOR ANY

C MESSAGE).

I PTIIMAT(J, I) - 0.0

DO 2, 1 = 1, MAXTRM
C INITIALIZE ALL TERMINATE NODES TO BLANK (UNUSED).

2 TRMNAM(I) = ' I

DO 3, 1 1, MAXNOD

18



C INITIALIZE ALL NODES TO BLANK (UNUSED).

3 NODNAM(I) -

PRINT *,

PRINT *,

PRINT * ' SLAM PRE-PROCESSOR'

PRINT *, '

PRINT *, ' SUMMARY OF PROGRAM INPUTS:'

C
C - - - PROCESS NODE CARDS----------------------------------------------

C

PRINT *, ,
20 CALL READ

C NODE CARDS MUST BE FIRST.
IF (CRDTYP .EQ. 'NODE') THEN

C A NODE CARD WAS FOUND--PROCESS IT.
10 CALL NODE (LABEL, PARM2, PARM3)

CALL READ
C ANOTHER NODE CARD?

IF (CRDTYP .EQ. 'NODE-) THEN

GO TO 10
ENDIF

ELSE

C SOMETHING OTHER THAN A NODE CARD WAS FIRST.
PRINT , 'ERROR--NODE CARDS MUST BE FIRST.'

IFATAL - IFATAL + I

GO TO 20
C
C
C

C - - - PROCESS TERM CARDS----------------------------------------------

C

ENDIF
30 CONTINUE

C FOLLOWING NODE CARDS MUST BE TERM CARDS.
IF (CRDTYP .EQ. 'TERM') THEN

C A TERM CARD WAS FOUND--PROCESS IT.
40 CALL TERM(LABEL)

CALL READ
C ANOTHER TERM CARD?

IF (CRDTYP .EQ. 'TERM') THEN

GO TO 40
ENDIF

ELSE
C SOMETHIINC OTHER THAN A TERM CARD WAS FOUND.

PRINT *, 'ERROR--TERM CARDS MUST FOLLOW NODE CARDS.'
IFATAL = IOATAL + I

CALL READ
CO TO 30

ENDIF

C

C----------------------- ----------
C

C - - - PROCESS MESSAGES -----------------------------------------------
C

19



C EACH MESSAGE CONSISTS OF A HESS CARD, FOLLOWED BY A PROC (OPTIONAL),
C AN XMIT (OPTIONAL), AND A PATH CARD. CONTINUE PROCESSING MESSAGES
C UNTIL A NON-MESS, PROC, XMIT OR PATH CARD IS FOUND.
C

C FOLLOWINC TERM CARDS MUST HE A MESS CARD.
50 IF (CRDTYP .NE. 'MESS') THEN
C SOMETHING OTHER THAN A MESS CARD WAS FOUND.

PRINT *, 'ERROR--MESS CARD MUST FOLLOW TERM CARDS.'
IFATAL - IFATAL + 1

CALL READ

GO TO 50
ELSE

C A MESS CARD WAS FOUND--PROCESS IT.
60 CALL MESS(LABEL, PARMI, PARM2, PAR3, PARM4, PARM5, LABEL2)

CALL READ

C FOLLOWING A MESS CARD CAN BE A PATH CARD, A PROC
C CARD, OR AN XMIT CARD.

IF (CRDTYP .EQ. 'PROC') THEN
C A PROC CARD WAS FOUND--PROCESS IT.

CALL PROC (LABEL, PARM3, PARM4, PARMI)

CALL READ
ELSE

C NO PROC CARD WAS FOUND--ESTABLISH DEFAULT PROCESS TIME
CALL. PROC('CONST', 0.0, 0.0, 0.0)

ENDIF
IF (CRDTYP .EQ. 'XMIT') THEN

C AN XMIT CARD WAS FOUND--PROCESS IT.

CALL XMIT(LABEL, PARM3, PARM4, PARMI)

CALL READ
ELSE

C NO XMIT CARD WAS FOUND--ESTABLISH DEFAULT TRANSMIT TIME
CALL XMIT('CONST', 0.0, 0.0, 0.0)

ENDIF
C A PAT! CARD MUST BE NEXT.

IF (CRDTYP NE. 'PATH') THEN

C NO PATH CARD FOUND.
NXTMSG = NXTMSG - 1
PRINT *, 'ERROR--MISSING PATI CARD. SKIPPING TO NEXT MESS.'

70 CALL READ

C CO TO BEGINNING OF NEXT MESSAGE.

IF (CRDTYP .EQ. 'MESS') THEN
GO TO 60

ELSE

CO TO 70
ENDIF

ELSE

C A PATH! CARD WAS FOUND--PROCESS IT.
80 CALL PAT!
C IF NUMTRM(LABEL) - 0. THEN THE LAST NODE SPECIFIED

C WAS NOT A TERMINATE NODE. THEREFORE, THE NEXT CARD
C MUST BE EITHER PROC, XMIT OR PATH! TO CONTINUE

C DESCRIBING THIS MESSAGE PATH.

IF (NUMTRM(LAREL) .EQ. 0) THEN
C LAST NODE WAS NOT A TERMINATE NODE.
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CALL READ

IF (CRDTYP .EQ. 'PROC') THEN

C A PROC CARD WAS FOUND--PROCESS IT.
CALL PROC(LABEL, PARM3, PARM4, PARMI)

CALL READ
EI.SE

C NO PROC CARD WAS FOUND--ESTABLISH DEFAULT PROCESS TIM
CALL PROC('CONST', 0.0, 0.0, 0.0)

ENDIF
IF (CRDTYP .EQ. 'XMIT') THEN

C AN XMIT CARD WAS FOUND--PROCESS IT.
CALL XMIT(LABEL, PARM3, PARN4, PARMI)

CALL READ
ELSE

C NO XMIT CARD WAS FOUND--ESTABLISH DEFAULT TRANSMIT
C TIME.

CALL XMIT('CONST', 0.0, 0.0, 0.0)
ENDIF
IF (CRDTYP .EQ. 'PATH') THEN

C A PATH CARD WAS FOUND--PROCESS IT.

GO TO 80
ENDIF

C NO PATH CARD WAS FOUND.
PRINT *, 'ERROR--MESSAGE MUST END ON A TERMINATE NODE.'
IFATAL - IFATAL + I

ELSE

C THE LAST NODE WAS A TERMINATE NODE.
CALL READ

ENDIF
ENDIF

ENDIF

C FOLLOWING THE LAST PATH CARD OF A MESSAGE MAY BE ANOTHER
C HESS CARD, A BALK CARD, OR AN END CARD.

IF (CRDTYP .EQ. 'MESS') THEN
C ANOTHER MESSAGE IS BEING DEFINED.

GO TO 50
C
C----------------------- ----------
C

ENDIF

C SAVE NXTNOD AND NXTMSG FOR LATER USE.
ISAVND a NXTNOD
ISAVNS - NXTMSC
IF (CRDTYP .NE. 'BALK') THEN

C A BALK ROUTE IS NOT BEING DEFINED.

GO TO 500
ENDIF

C
C PROCESS BALK ROUTES--------------------------------------------

C
C EACH BALK ROUTE CONSISTS OF A BALK CARD, FOLLOWED BY A PROC(OPTIONAL
C AN XMIT (OPTIONAL), AND A PATH CARD. CONTINUE PROCESSING BALK ROUTE
C UNTIL A NON-BALK, PROC, XMIT ORPATH CARD IS FOUND
C
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C ESTABLISH TIlE NXTNOD NUMBER FOR THIS BALK ROUTE.

400 NXTNOD = NUMNOD(LABEL)

IF (NXTNOD .EQ. 0) THEN
PRINT * 'ERROR--INVALID BALK NODE (SKIPPING TO NEXT BALK.)'

PRINT * ' CORRECT NODE NAME OR INSERT CORRESPONDING ',

& 'TERM CARD.'
IFATAL - IFATAL + 1

402 CALl, READ

IF (CRDTYP .EQ. 'BALK') THEN

GO TO 400

ELSE

GO TO 402
ENDIF

ENDIF
C ESTABLISH THE NXTMSG NUMBER FOR THIS BALK ROUTE.

C NXTMSG IS THE MESSAGE NUMBER OF THE MESSAGE FOR WHOM A BALK

C ROUTE IS BEING DEFINED.

NXTMSG - PARMI

IF (NXTMSG .GT. ISAVMS .OR. NXTMSG .LE. 0) THEN

PRINT *, 'ERROR--INVALID MESSAGE NUMBER (SKIPPING TO NEXT ',

& 'BALK).'
IFATAL - IFATAL + I

401 CALL READ

IF (CRDTYP .EQ. 'BALK') THEN

GO TO 400

ELSE

GO TO 401
ENDIF

ENDIF
C A VALID BALK CARD WAS FOUND--PROCESS IT.

CALL BALK

CALL READ
C FOLLOWING A BALK CARD MAY BE EITHER A PROC CARD, XMIT

C CARD, OR PATH! CARD.

410 IF (CRDTYP .EQ. 'PROC') THEN

C A PROC CARD WAS FOUND--PROCESS IT.
CALL PROC(LABEL, PARM3, PARM4, PARM1)

CALL READ

ELSE

C NO PROC CARD WAS FOUND--ESTABLISH DEFAULT PROCESS TIME.

CALL PROC ('CONST', 0.0, 0.0, 0.0)
ENDIF

IF (CRDTYP .EQ. 'XMIT') THEN

C AN XMTT CARD WAS FOUND--PROCESS IT.

CALL XMIT(LAREL, PARM3, PARM4, PARMI)
CALL READ

ELSE

C NO XMIT CARD WAS FOUND--ESTABLISH DEFAULT TRANSMIT TIME.

CALL XPIIT('CONST', 0.0, 0.0, 0.0)

ENDIF
IF (CRDTYP .NE. 'PATH!') THEN

C THIS BALK ROUTE CONTAINED NO PATH.

PRINT *, 'ERROR--MISSING BALK PATHl CARD. SKIPPING TO NEXT '

& 'BALK.'
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IFATAL - IFATAL + I

C SKIP TO NEXT BALK CARD.
600 CALL READ

C ANOTHER BALK?

IF (CRDTYP .EQ. 'BALK') THEN

CO TO 400
ELSE

GO TO 600
ENDIF

ELSE

C A PATH CARD WAS FOUND--PROCESS IT.

CALL PATH
ENDIF
CALL READ

C IS THE NEXT CARD A PROC OR PATH OR )[MIT (I.E., A CONTINUATION
C OF TIITS BALK PATll)?

IF (CRDTYP .EQ. 'PROC' .OR. CRDTYP .EQ. 'XMIT' .OR.
& CRDTYP .EQ. 'PATH') THEN

CO TO 410

ENDIF
C FOLLOWING THE LAST PATti CARD OF A BALK ROUTE MAY BE
C ANOTHER BALK CARD OR AN END CARD.

IF (CRDTYP .EQ. 'BALK') THEN
C ANOTHER BALK CARD WAS FOUND.

GO TO 400
C

C
C - - - END OF DATA--VALIDATE AND PRODUCE SLAM OUTPUT------- - -

C
ENDIF

500 CONTINUE

C TIHE NEXT CARD MUST BE AN END.
IF (CRDTYP .NE. 'END ') THEN

PRINT * 'ERROR--END CARD EXPECTED.'

IFATAL = IFATAL + I
ENDIF

C RESTORE NXTMSG AND NXTNOD TO THEIR PREVIOUS VALUES.
NXTHSG - ISAVMS

NXTNOD - ISAVND

C VERIFY BAI.K ROUTES.

IF (IFATAL .EQ. 0) THEN
CALL CIIKBLK

ELSE
PRINT *, 'WARNING--BALK ROUTE VERIFICATION NOT ATTEMPTED DUE',

' TO PREVIOUS ERRORS.'

ENDIF

CALL CIIKUSD
IF (IFATAL .EQ. 0) THEN

C IF NO ERRORS DETECTED, PRODUCE SLAM OUTPUT.
PRINT *, 'NO ERRORS DETECTED. SLAM SOURCE WILL BE CONSTRUCTED.
CALL BLDOUT

ELSE
PRINT * IFATAL, ' ERRORS DETECTED. SLAM SOURCE WILL NOT BE '
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'CoNSTRUCTED.

C.

ENDIF
RETURN

END
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SUBROUTINE BALK

C

C THIS SUBROUTINE IIANDLES BALK CARDS. WHEN A BALK IS ENCOUNTERED,

C LASNOD (TIIE PREVIOUS NODE NUMBER) IS INITIALIZED TO THE FIRST

C NODE IN TilE BALK PATH.

C

C CALLED BY:

C M A I N

C SUBROUTINES CALLED:
C NONE

C FUNCTIONS CALLED:

C NUMNOD
C INPUT ARGUMENTS:

C NONE

C OUTPUT ARGUMENTS:
C NONE

C INPUTS VIA COMMON:

C IFATAL
C NXTMSC

C LABEL
C OUTPUT VIA COMMON:
C IFATAL

C LASNOD
C WORKING VARIABLES:

C NUMN--NODE NUMBER

C

PARAMETER (NONOD-IO,NOTRM- ,NOMSC-=O)
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4

& BALKS*4, DSTNAM*5
COMMON /COMI/ IFATAL, NXTNOD, NXTTRtl, NXTMSG, MAXNOD, MAXTRM,

& MAXMSC, NODCAP(2, NONOD), PTHMAT(NONOD, NOMSC),

& CRFATE(6, NOMSG), LASNOD(NOMSG), NODSTR(NOMSG),

& PARMI, PARM2, PARM3, PARH4, PAR45,

& DSTPRC(NOMSG, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)

COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)

C FIND TIIE NODE NUMBER OF THE BALK NODE (NUMN MUST BE > 0 to

C BE VALID).
NUMN - NUMNOD(LABEL)

IF (NUMN .GT. 0) THEN

C INITIALIZE LASNOD TO TIlE IST NODE IN THIS BALK PATH.

LASNOD(NXTMSC) - NUMN

ELSE

PRINT * 'ERROR--ILI.ECAL BALK NODE NAME.'

IFATAL - IFATAL + I

ENDIF

RETURN

END
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SUBROUTINE BLDOUT

C
C TIlS SUBROUTINE PRODUCES THE SLAM SOURCE CODE, WHICH IS
C WRITTEN TO FILE 20.

C
C CALLED BY:
C MAIN

C SUBROUTINES CALLED:
C NONE
C FUNCTIONS CALLED:

C NUMDST
C INPUT ARGUMENTS:

C NONE

C OUTPUT ARGUMENTS:
C NONE
C INPUTS VIA COMMON:

C NXTNOD
C NXTTRM
C NXTMSG

C NODCAP
C PTHMAT
C CREATE
C NODSTR
C DSTPRC
C DSTXM T

C NODNAM
C DIST
C TRMNAM

C BALKS

C DSTNAM

C OUTPUTS VIA COMMON:

C NONE
C WORKING VARIABLES:
C BRNAME--BRANCII NODE NAME

C I--DO LOOP COUNTER
C ICNT--GENERATED LINE LABEL NUMBER
C IMAX--INTEGER REPRESENTATION OF STARTING TIME OF MESSAGE

C IMIN--INTEGER REPRESENTATION OF NUMBER OF MESSAGE RELEASES
C ISTRT--LINE LABEL NUMBER

C J--DO LOOP COUNTER
C NUM--THE NEXT NODE NUMBER IN THE PATH
C NUMD--DISTRIBIJTION NUMBER
C

PARAMETER (NONOD-lO, NOTRM10, NOMSG-I0)
CHARACTER BRNAME*4
CHARACTER CRDIYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4

& BALKS*4, DSTNAM*5
COMMON /COME/ IFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, MAXTRM,

& MAXMSC, NODCAP(2, NONOD), PTIIHMAT(NONOD, NOMSG),
& CREATE(6, NOMSC), LASNOD(NOMSG), NODSTR(NOMSG),
& PARMI, PARM2, PARM3, PARM4, PARM5,
& DSTPRC(NOMSG, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)

COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,
& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)
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REWIND 20

C WRITE SLAM GEN CARD.

WRITE (20, 10)
1O FORMAT ( 'GEN,SLAMPP,SLAM,09/19/1982,1,,,,,,72; ')

WRITE (20, 15) NXTNOD
C WRITE LIM CARD.
15 FORMAT ('LIM,-,I4,1,2,5O0;')

WRITE (20,20)

20 FORMAT ( 'NETWORK; ')
C WRITE RESOURCE CARD FOR EACH NODE.

DO 300, 1 - 1, NXTNOD
300 WRITE (20, 301) NODNAM(I), NODCAP(2, I), I
301 FORMAT (' RESOURCE/', A4, '(', 14, '),', 14, ;')
C WRITE MESSAGE CREATION CARDS. EACH MESSAGE CONSISTS OF A
C CREATE CARD, ASSIGN CARD, AND AN ACT CARD.

DO 900 1 - 1, NXTMSC

C STARTING TIME FOR TIllS MESSAGE.
IMIN = CREATE (4, 1)

C NUMBER OF MESSAGE RELEASES.

IMAX a CREATE (5, 1)
C NUMBER OF THE CREATION DISTRIBUTION RATE.

NUMD - NUMDST(DIST(I))

C EACH DISTRIBUTION RATE REQUIRES A CERTAIN NUMBER OF INPUT
C PARAMETERS. TIE FOLLOWING SELECTS TIlE APPROPRIATE WRITE

C STATEMENT FOR THE DISTRIBUTION.

IF (NUMD .EQ. 9) THEN
C CONSTANT CREATION RATE.

WRITE (20, 800) CREATE(l, I), IMIN, IMAX
800 FORMAT (' CREATE,', FlO 5, ',', 15,

15, ';')
ELSE IF (NUMD .LE. 2) THEN

C FOR EXPON AND NPSSN (REQUIRING ONE PARAMETER).
WRITE (20, 805) DIST(I), CREATE(l, I), IMIN, IMAX

805 FORMAT (' CREATE,', AS, '(', F1O.5, ')
15, '. . . 15, *;')

ELSE IF (NUMD .LE. 7) THEN
C FOR BETA, GAMA, RLOGN, RNORM AND UNFRM (REQUIRING TWO

C PARAMETERS).
WRITE (20, 810) DIST(I), CREATE(I, I), CREATE(2, I),

& IMIN, INAX
810 FORMAT (' CREATE,', A5, '(', FlO.5, ',', FlO.5,

b '),', 15' 1 ' 5, t ,

ELSE

C FOR TRIAG (REQUIRING THREE PARAMETERS).
WRITE (20, 820) DIST(I), CREATE(I, I), CREATE(2, I),

& CREATE(3, I), IMIN, IMAX

820 FORMAT (' CREATE,', AS, '(', 2(F1O.5, ','),
& F10 5, '),', 15. lo ' 15. ';t)

ENDIF

C EACHII ESSAGE IS ASSIGNED A SEQUENTIAL MESSAGE NUNBER SO
C THAT DIFFERENT MESSAGES CAN BE DISTINGUISHED FROM EACH
C OTHER THROUGHOUT THE NETWORK.

WRITE (20, 30) I

30 FORMAT (' ASSIGN,ATRIB(2)-',14,';')

27



C ACT TO BRANCH TO 1ST NODE IN TIlE PATH.

WRITE (20, 35) NODNAM(NODSTR(I))
35 FORM AT (' ACT,,,',A4,';')

900 CONTINUE

C ESTABLISH BEGINNING LABEL NUMBER FOR PROGRAM GENERATED LABELS.

ICNT - 101
C GENERATE TilE SLAH1 OUTPUT NECESSARY TO DESCRIBE EACH NODE.

C THIS WILL CONSIST OF AN AWAIT CARD, BRANCH CARDS (ACT) FOR
C EACH MESSAGE, PLUS A SET OF PROCESS AND TRANSMIT ACTIVITIES
C FOR EACH MESSAGE USING TIlS NODE.

DO 950 1 = 1, NXTNOD
C THREE TYPES OF AWAIT STATEMENTS ARE POSSIBLE: AN AWAIT WITHOUT
C ANY BLOCKING OR BALKING, AN AWAIT WITH BLOCKING, OR AN AWAIT
C WITH BALKING.

IF (BALKS(I) .EQ. ' ') THEN
C NO BLOCKING OR BALKING.

WRITE (20, 40) NODNAM(I), I, NODCAP(l, I), NODNAM(I)
40 FORMAT (A4, 2X, 'AWAIT(', 14, '/', 14, '),', A4, ';')

ELSE IF (BALKS(I) .EQ. 'BLOK') THEN

C BLOCKING.
WRITE (20, 41) NODNAM(I), I, NODCAP(I, I), NODNAM(I)

41 FORMAT (A4, 2X, 'AWAIT(', 14, '/', 14, '),', A4, ',BLOCK;')

ELSE
C BALKING.

WRITE (20, 42) NODNAM(I), I, NODCAP(I, I), NODNAM(I),

BALKS(I)
42 FORMAT (A4, 2X, 'AWAIT(', 14, '/', 14, '),', A4, ,BALK(',

& A4, ');')

ENDIF
C PLACE A DUMMY ACTIVITY FOLLOWING TiE AWAIT.

38 FORMAT (' ACT;')

WRITE (20,29)

C COON TO SPECIFY ONLY ONE BRANCH TO BE TAKEN.
29 FORMAT (' GOON,1;')

C SAVE TIlE NUMBER OF THE FIRST PROGRAM GENERATED LABEL.

ISTRT - ICNT
DO 925 J - 1, NXTMSC

C GET THE NODE NUMBER OF THE I-TH NODE IN PATH J.
NUM - PTHMAT (I, J)

C IF 0, MESSAGE I DOES NOT USE PATH J.

IF (NUM .NE. 0) THEN
C CONSTRUCT SLAM BRANCH TO THAT PORTION OF THE SLAM CODE
C WHICH WILL HANDLE THE PROCESS AND TRANSMIT TIMES FOR THIS
C MESSAGE.

WRITE (20, 500) J, ICNT
500 FORMAT (@ ACT, ,ATRIB(2 ) .EQ. ',14,' ,L',13,'; ' )
C INCREMENT PROGRAM GENERATED LABEL NUMBER.

ICNT = ICNT + I
ENDIF

925 CONTINUE
C GENERATE A PROCESS AND TRANSMIT ACTIVITY PAIR FOR EACH MESSAGE
C THAT USES NODE J.

DO 926 J = 1, NXTMSG
C GET TIlE NODE NUMBER OF TIlE I-TII NODE IN PATH J.

28



NUM - PTiIMAT(I, J)

C IF 0, MESSAGE I DOES NOT USE PATH J.
IF (NUM .NE. 0) THEN

WRITE (20, 501) ISTRT

C CONSTRUCT DUMMY COON WITH PROGRAM GENERATED LABEL.
501 FORMAT ('L', 13, ' COON;')
C INCREMENT PROGRAM GENERATED LABEL NUMBER.

ISTRT - ISTRT + I
C EACH DISTRIBUTION RATE REQUIRES A CERTAIN NUMBER OF INPUT
C PARAMETERS. THE FOLLOWING SELECTS THE APPROPRIATE WRITE

C STATEME-NT FOR THE DISTRIBUTION.

C
C IF TIHE DISTRIBUTION IS A CONSTANT ZERO, DO NOT WRITE ANYTHING.

IF (DSTPRC(J, I, 1) .EQ. 9.0 .AND.
DSTPRC(J, 1, 2) .EQ. 0.0) THEN
CO TO 600

ENDIF
IF (DSTPRC(J, 1, 1) .EQ. 9.0) THEN

C CONSTANT PROCESS TIME.

WRITE (20, 502) DSTPRC(J, I, 2)
502 FORMAT (6X,'ACT,' ,FIO.5,';')

ELSE IF (DSTPRC(J, 1, 1) .LE. 2.0) THEN

C FOR EXPON AND NPSSN (REQUIRING ONE PARAMETER).
WRITE (20, 503) DSTNAM(INT(DSTPRC(J, 1, 1))),

& DSTPRC(J, 1, 2)
503 FORMAT (6X, 'ACT,', AS, '(',

& F1O.5, '); ')
ELSE IF (DSTPRC(J, 1, 1) .LE. 7.0) THEN

C FOR BETA, CAMA, RLOCN, RNORM AND UNFRN (REQUIRING TWO
C PARAMETERS).

WRITE (20, 504) DSTNAM(INT(DSTPRC(J, I, 1))),

& DSTPRC(J, 1, 2), DSTPRC(J, I, 3)
504 FORMAT (6X, 'ACT,', AS, '('

& FIO.5, ',', F10.5, ');')
ELSE

C FOR TRIAC (REQUIRING THREE PARAMETERS).

WRITE (20, 505) DSTNAM(INT(DSTPRC(J, 1, 1))),
& DSTPRC(J, 1, 2), DSTPRC(J, I, 3), DSTPRC(J, I, 4)

505 FOR IAT (6X, 'ACT,', AS, '(',
& 2(FIO.5, ','), F1O.5, ');,)

ENDIF
C PLACE A DUMMY COON BETWEEN PROCESS AND TRANSMIT ACTIVITIES.

WRITE (20, 506)

506 FORMAT (' COON;')
600 CONTINUE
C FIND THE NODE NAME OF THE NEXT NODE IN THE PATH. IF

C NUtl > 0, THEN THE NEXT NODE IS A NODE. IF < 0, THEN THE

C NEXT NODE IS A TERMINATE NODE.
IF (NUN .GT. 0) THEN

BRNAME - NODNAM(NUM)
ELSE

BRNAME - TRMNAM(-NUM)
ENDIF

C OBTAIN THE NUMBER OF SERVERS FOR THIS TRANSMIT ACTIVITY.
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C EACH DISTRIBUTION RATE REQUIRES A CERTAIN NUMBER OF "INPUT
C PARAMETERS. TIlE FOLLOWING SELECTS THE APPROPRIATE WRITE
C STATE!IENT FOR THE DISTRIBUTION.
C IF THE DISTRIBUTION IS A CONSTANT ZERO, DO NOT WRITE &NYTHING.

IF (DSTXMT(J, I, 1) .EQ. 9.0 .AND.
& DSTXMT(J, 1, 2) .EQ. 0.0) THEN

CO TO 601

ENDIF

IF (DSTXMT(.], 1, 1) .EQ. 9.0) TIIEN
C CONSTANT PROCESS TIME.

WRITE (20, 502) DSTXMT(J, 1, 2)
ELSE IF (DSTXMT(J, I, 1) .LE. 2.0) THEN

C FOR EXPON AND NPSSN (REQUIRING ONE PARAMETER).

WRITE (20, 503) DSTNAM(INT(DSTXMT(J, I, 1))),
6 DSTX4T(J, 1, 2)

ELSE IF (DSTXMT(J, I, 1) .LE. 7.0) THEN

C FOR BETA, GAMA, RLOGN, RNORM AND UNFRM (REQUIRING TWO
C PARAMETERS).

WRITE (20, 504) DSTNAM(INT(DSTXMT(J, I, 1))),
& DSTXMT(J, 1, 2), DSTXMT(J, 1, 3)

ELSE
C FOR TRIAC (REQUIRING THREE PARAMETERS).

WRITE (20,505) DSTNAM(INT(DSTXMT(J, I, 1))),
& I)STXMT(J, 1, 2), DSTXMT(J, 1, 3), DSTXMT(J, 1, 4)

ENDIF

601 CONTINUE
WRITE (20, 303) NODNAM(I)

303 FORMAT (' FREE,', A4, ';')
WRITE (20, 35) BRNAME

ENDIF
926 CONTINUE

950 CONTINUE
DO 960 1 = 1, NXTTRM

C PRINT EACH OF THE TERMINATE NODE CARDS.
WRITE (20, 50) TRMNAM(I), TRMNAM(I)

so FORMAT (A4, 2X, 'COLCT,INT(1),EXIT INTRVL ', A4, ';')
WRITE (20, 55)

55 FORMAT (' TERM;')
960 CONTINUE

WRITE (20, 59)

59 FORMAT (' END;')

WRITE (20, 60)
60 FORMAT ('INIT,O;')

WRITE (20, 65)
65 FORMAT ('FIN;')

RETURN
END
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SUBROUTINE CIIK14,K

C
C THIS SUBROUTINE VERIFIES THAT ALL BALK PATHS ARE VALID, I.E.,
C ALL PATHS END AT A TERMINATE NODE AND NO PATH CONTAINS A CYCLE.

C
C CALLED BY:

C MAIN
C SUBROUTINES CALLED:

C NONE
C FUNCTIONS CALLED:

C NUMNOD
C INPUT ARGUMENTS:

C NONE
C OUTPUT ARGUMENTS:

C NONE
C INPUTS VIA COMMON:

C IFATAL
C NXTNOD

C NXTM SC
C PT IM AT
C NODNAM

C BALKS

C OUTPUTS VIA COMMON:

C IFATAL

C WORKING VARIABLES:

C I--DO LOOP COUNTER

C J--DO LOOP COUNTER

C NEXT--NEXT NODE NUMBER ON TIIE PATH

C NOSTEP--COINT OF THE NUMBER OF NODES IN A PATH

C NUM--BAI.K NODE NUMBER
C

PARAMETER (NONOD-I 0, NOTRM-10, NOM SG-I 0)
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4.

& BALKS*4, DSTNAM*5

COMMON /COMl/ IFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, MAXTRM,

& MAXMSG, NODCAP(2, NONOD), PTIIMAT(NONOD, NOMSG),

& CREATE(6, NOMSG), LASNOD(NOMSG), NODSTR(NOMSG),

& PARMI, PARM2, PARM3, PARM4, PARM5,

& DSTPRC(NOmSC, NONOD, 4), DSTXMT(NOMSC, NONOD, 4)

COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)

DO 10 1 - I, NXTNOD

C IF BALK(I) IS BLANK OR 'BLOK', THEN A BALK ROUTE WAS NOT

C SPECIFIED FOR NODE I AND, THEREFORE, NEED NOT BE CHECKED.

IF (BALKS(I) .NE. ' ' .AND. BALKS(I) .NE. 'BLOK') THEN

C FIND TIHE NODE NUMBER THAT NODE I WILL BALK TO.

NUM - NUMNOD(BALKS(I))

DO 20 J - I, NXTMSC

C IF PTJIMAT(I,J) - 0, TIIEN MESSAGE J DOES NOT USE NODE I AND

C CAN BE IGNORED. OTIIERWISE, FOR EACH MESSAGE J IN NODE I

C INSURE THAT BALK NODE NUN HAS A PATI FOR MESSAGE J (I.E.,

C IF MESSAGE J APPEARS IN NODE 1, MESSAGE J MUST ALSO APPEAR

C IN NODE NUM).

IF (PTHMAT(I, J) .NE. 0) THEN
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C NOSTEP WILL COUNT HOW MANY NODES ARE IN TIlE MESSAGE'S PATH.

NOSTEP = 0
C FIND THE NEXT NODE NUMBER IN THE BALK PATH FOR MESSAGE J.

NEXT - PTIHMAT(NUM, .J)
30 IF (NEXT .EQ. 0) THEN

C BALK PATH FOR MESSAGE J WAS NOT SPECIFIED OR WAS
C INCOMPLETE (DID NOT END ON A TERMINATE NODE).

PRINT 50, J, NODNAM(I)
PRINT * ' SUPPLY BALK PATH, OR MAKE SURE PATH ',

& 'ENDS AT A TERMINATE NODE.'

IFATAL - IFATAL + I

ELSE
C IF > 0, NEXT NODE IS A REGULAR NODE. IF ( 0, NEXT
C NODE IS A TERMINATE NODE (MEANING THIS PATH IS
C SUCCESSFULLY COMPLETED).

IF (NEXT .GT. 0) THEN

C FIND THE NEXT NODE NUMBER IN THE BALK PATH FOR HESSAGF

C J.
NEXT = PTHJMAT(NEXT, J)

C INCREMENT THE NUMBER OF NODES IN THIS BALK PATH.
NOSTEP - NOSTEP + I

C IF MORE STEPS IN TIHE PATH WAS USED THAN NODES WERE

C DEFINED, THEN A CYCLE MUST EXIST FOR THIS PATH
C (MESSAGE J LOOPS BACK UPON ITSELF).

IF (NOSTEP .GT. NXTNOD) THEN

PRINT 55, J, NODNAM(I)

IFATA. - IFATAL + I

CO TO 20
ENDIF
GO TO 30

ENDIF

ENDIF

ENDIF
20 CONTIJUE

ENDIF
10 CONTINUE
50 FORMAT (' ERROR--INCOMPLETE BALK PATH FOR MESSAGE ', 14,

& ' FROM NODE ', A4, '.')
55 FORMAT (' ERROR--TIIE BALK PATH FOR MESSAGE ', 14,

& ' CONTAINS A CYCLE FROM NODE ', A4, '.')

RETURN

END
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SIJBROIITINE CIIKUSD

C
C TillS SUBROUTINE VERIFIES THAT EACH NODE SPECIFIED
C BY A NODE CARD IS USED IN AT LEAST ONE PATH.

C
C CALLED BY:
C MAIN
C SUBROUTINES CALLED:

C NONE
C FUNCTIONS CALLED:

C NONE
C INPUT ARGUMENTS:

C NONE

C OUTPUT ARGUMENTS:
C NONE
C INPUTS VIA COMMON:

C IFATAL

C NXTNOD

C NXTM 'C
C PT 1I0 AT
C NODNAM
C OUTPUTS VIA COMMON:

C IFATAL
C WORKING VARIABLES:

C I--DO LOOP COUNTER
C J--DO LOOP COUNTER

C
PARAMETER (NONOD-1O,NOTRM=1O, NOMSG=IO)

CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4.
& BALKS*4, DSTNAM*5

COMMON /COMI/ IFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, MAXTRM,
& MAXIISG, NODCAP(2, NONOD), PTHIMAT(NONOD, NOMSG),
& CREATE(6, NOMSG), LASNOD(NOMSG), NODSTR(NONSG),

& PARMI, PARM2, PARM3, PARM4, PARM5,

& DSTPRC(NOMSG, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)
COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)

C SEARCH EACH NODE I LOOKING FOR A MESSAGE J THAT USES NODE I
C (I.E., PTIIMAT(I,J) .NE. 0).

DO 20, 1 = 1, NXTNOD

DO 10, J = 1, NXTMSG
IF (PTI(MAT(I, J) .NF. 0.0) THEN

C TIlE NODE WAS USED.

GO TO 20
ENDIF

1n CONTINUE

PRINT *, 'ERROR--NODE ', NODNAM(I), ' IS NOT USED IN A PATH.'
PRINT *' Rr*MOVE CORRESPONDING NODE CARD.'
IFATAL IFATAL + 1

20 CONTINUE

RETURN

END
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SUBROUTINE MESS (LABL, PRI1, PRM2, PRM3, PRM4,
&PRM5,,LABIL2)

C TIS SUBROUTINE HANDLES MESS CARDS BY SAVING THlE NECESSARY
C MESSAGE INFORMATION.
C
C CALLED BY:

C MAIN
C SUBROUTINES CALLED:
C NONE
C FUNCTIONS CALLED:
C NUM DST
C NUM NOD

C INPUT ARCUMENTS:
C LABL--MESSAGE DISTRIBUTION NAME
C PR.MI--DISTRIIIUTION PARAMETER 1
C PRM2--DISTRIBUTION PARAMETER 2
C PRM3--DISTRIRtTTION PARAMETER 3
C PRM4--MESSACE START TIME

C PRM5--NIUNBER OF MESSAGE RELEASES
C LABL.2--NA'IE OF FIRST NODE IN PATH!
c OUTPUT ARGUtMENTS;:
C NONE
C INPUTS VIA COMMON:
C IFATAL
C NXTMSC
C M AXM SC
C OUTPUTS VIA COMMON:
C IFATAL.
C NXTMSG(
C CREATE
C LASNOD
C NODSTR
C DIST
c WORK&ING VARIABLES:
C NUMN--NODE NUMBER
C

PARAMETER (NONOD-lO, NOTRM-1O,NOMSG-IO)
CHARACTER LABL*5, LABL2*4
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM'4.

& BALKS*4, DSTNAM*5
COMMON /COIIl/ IFATAL, NXTNOD, NXTTRM, NXTMSC, MAXNOD, I4AXTRM,

& MAXMSG, NODCAP(2, NONOD), PTHI4AT(NONOD, NOMSG),
& CREATE(6, NOMSC), LASNOD(NOMSG), NODSTR(NOMSG),
& PARMI, PARM2, PARM3, rARM4, PARM5,
& DSTPRC(NON SC, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)

COMMON ICOM*2I NODNAM(NONOn), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,
& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)

C INCREMENT MESSAGE COUNT.
NXTMSG - NXTMISG + I

C INSURE NXTMSG STILL. IN RANGE.
IF (NXT4SG .GT. MAXMSC) THEN

PRINT *,'ERROR--TOO MANY MESSAGES DEFINED.'
IFATAL =IFATAL + 1
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NXTMSC - MAXHSG
LASNOD(NJXTMSG) = I
CO TO 999

ENDIF

C VERIFY LABL IS A VALID DISTRIBUTION NAME.
IF (NUMDST(I.4AL) .CT. 0) THEN

C VALID NAME, SAVE IT.

DTST(NXT1SC) = LABL
ELSE

PRINT *, 'ERROR--ILLEGAL DISTRIBUTION SPECIFIED.'
IFATAI. IFATAL + I

ENDIF
C SAVE IST PARAMETER OF DISTRIBUTION

CREATE(I, NXTMSG) = PRMI
C SAVE 2ND PARAMETER OF DISTRIBUTION.

CREATE(2, NXTMSC) = PRM2
C SAVE 3RD PARAMETER OF DISTRIBUTION.

CREATE(3, NXTMSG) = PRM3
C SAVE STARTING TIME OF THIS MESSAGE.

CREATE(4, NXTMSC) = PRM4
C SAVE THE NUMBER OF MESSAGE RELEASES.

CREATE(5, NXTMSC) - PRM5

C FIND THE NODE NUMBER OF TiE FIRST NODE IN THIS MESSAGE.
NUMN - NIJMNOD(I,ABI,2)
IF (NUMN .CT. 0) THEN

C VALID NODE NUMBER--INITIALIZE THE LAST NODE IN THE PATH
C (LASNOD) AND THE FIRST NODE IN THE PATH (NODSTR) TO NUMN.

LASNOD(NXTMSC) - NUMN
NODSTR(NXTMSG) - NUMN

ELSE
PRINT *, 'ERROR--UNDEFINED NODE.'

PRINT * ' CORRECT NODE NAME OR INSERT CORRESPONDING '
& 'NODE CARlD.'

LASNOD(NXTMSC) = I
IFATAL = IFATAL + I

ENDIF
999 RETURN

END
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SUBROUTINE NODE (LABI., PRM I, PR42)

C
C THIS SUBROUTINE HANDLES NODE CARDS BY SAVING THlE NODE INFORMATION
C
C CALLED BY:
C MAI N
C SUBROIITlt- !. CALLEDFl:

C NONE
C FUNCTIONS CALLED:
r NUM NOD
C INPUT ARGUMENTS:
C I.ABI--NAME OF NODE BEING DEFINED.
c PRMI--MAXIMUM CAPACITY OF NODE
C PRM2--NfMBF.R OF SERVERS
C OUTPUT PARAMETERS:
C NONE
C INPUTS VIA COMMON:
C IFATAL
C NXTNOD
C MAXNOD
C LABEL2
C OUTPUTS VIA COMMON:

C IFATAL.
C NXTNOD)
C NOD)CAP
C NODNAM
C BALKS

C WORKING VARIABLES:k
C NONE
C

PARAMETER (NONOD=I O,NOTRM=I.O,NOMSC-IO)
CHARACTER LABL*5
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*S, TRMNAM*4,

& RALKS*4, DSTNAM*5
COMMON /COMI/ TFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, HAXTRM,

& MAXMSG. NODCAP(2, NONOD), PTHMAT(NONOD, NOM4SG),
& CIREATE(6, NONSG), LASNOD(NOMSG), NODSTR(NOMSG),
& PARMI, PARM2, PARM3, PARM4, PARM5,
& DSTPRC(NOMS5C, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)
COMMON /COM2/ NODNAM(NONOD), DIST(NOMSC), TRMNAM(NOTRM), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)
C HAS THIS NODE BEEN PREVIOUSLY DEFINED (AS INDICATED BY A
C VALUE > 0)?

IF (NUMNOD(.AIL) .CT. 0) THEN
PRINT *,'ERROR--NODE PREVIOUSLY DEFINED.'
IFATAL IFATAL + I
GO TO 999

END! F
C INCREMENT NODE COUNT.

NXTNOD - NXTNOD + I
C VERIFY NODE COUNT STILL IN RANGE.

IF (NXTNOD GCT. fIAXNOD) THEN
PRINT *,'ERROR--TOO MANY NODES DEFINED (ICNORED).'
NXTNOD -MAXNOD
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IFATAL - IFATAL + 1

NXTNOD = MAXN:OD

Go TO 999

ENDIF

C SAVE NODE NAME.
NODNAM(NXTNOD) - LABL

C VERIFY VALIDITY OF MAXIMUM CAPACITY.

IF (PREM .I.E. (.0) TIIEN
PRINT *, 'ERROR--MAXILMUM CAPACITY MUST BE GREATER THAN 0.'

IFATAL = IFATAL + I

ELSE
NODCAP(I, NXTNOD) - PRMI

ENDIF

C NUIBER OF SERVERS MUST BE GREATER THAN 0.
IF (PRM2 .CT. 0.0) THEN

C SAVE TilE NUMBER OF SERVERS.

NODCAP(2, NXTNOD) - PRM2

ELSE
PRINT A, 'ERROR--NUMBER OF SERVERS MUST BE GREATER TIAN 0.'

IFATAL IFATAL + I

ENDIF
C IS THIS NODE BLOCKED OR NO BALK NODE SPECIFIED?

IF (LABEI.2 .EQ. 'BLOK' .OR. LABEL2 .EQ. ' ') THEN
C ITS BLOCKED OR NO BALK NODE SPECIFIED.

BALKS(NXTNOD) - LABEL2

ELSE
C IS THE BALK NODE NAME VALID?

IF (NUMNOD(LABEL2) .CT. 0) THEN
C ITS VALID--SAVE IT.

BALKS(NXTNOD) - LABEL2
ELSE

C ERROR--ITS NOT VALID.

PRINT * 'ERROR--ILLEGAL BALK NODE.'
PRINT *, ' CORRECT THE NAME OR INSERT

& 'CORRESPONDING NODE CARD.'
IFATAL IFATAL + I

ENDIF
END! P

999 RETURN
END
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SUBROUTIfNE PATii

C
C TiHIS SUBROUTINE HANDLES PATH CARDS BY SAVING THE INFORMATION
C NECESSARY TO CONSTRUCT A PATI.

C
C CALLED BY:
C MAIN
C SUBROI)TINES CALLED:
C NONE

C FUNCTIONS CALLED:

C N11MNOD
C N UM T RM
C INPUT ARCUItFNTS:

C NONE
C OUTPUT ARGUMENTS:

C NONE

C INPUTS VIA COMM1ON:
C IFATAL
C NXTM S(;
C PT IIM AT
C LASNOD

C LABEL
C OUTPUTS VIA CO1HMON:
C IFATAL
C I'T IM AT
C LASNOD
C W4ORKING VARIABLES:
C NUMN--NODE NUMBER
C NUMT--TERMINATE NODE NUMBER

C
PARAMETER (NONOD-1 0, NOTRM I-10, NOM SC-I 0)

CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4
& BA.KS*4, DSTNAM*5

COMMON /COMI/ IFATAL, NXTNOD, NXTTRM, NXTXSC, MAXNOD, MAXTRM,

& MAXMSC, NODCAP(2, NONOD), PTIIHAT(NONOD, NOMSG),
& CREATE(6, NOMSG), LASNOD(NOMSC), NODSTR(NOMSG),
& PARMI, PARM2, PARM3, PARM4, PARM5,
& DSTPRC(NOMSG, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)

COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRM), CRDTYP,
& LA.BEL, LABEL2, RALKS(NONOD), DSTNAM(9)

C FIND NOD NUMBER FOR TiHIS LABEL.

NUMN - NtIMNOD(LABEL)
C FIND TERMINATE NODE NUMBER FOR THIS LABEL.

NU14T - NIIMTRM(LABEL)

C IF ROTII NUMN AND NUMT ARE 0, THEN THIS LABEL IS NEITHER A
C TERMINATE NOR A REGULAR NODE.

IF (NUMN .EQ. 0 .AND. NUNT .EQ. 0) THEN

PRINT * 'ERROR--UNDEFINED NODE.'
PRINT *, ' CORRECT NODE NAME OR INSERT CORRESPONDING ',

& 'NODE OR TERM CARD.'

IFATAL - IFATAL + 1

ELSE
C VERIFY A PATH HAS NOT BEEN PREVIOUSLY DEFINED AT THIS LOCATION

IF (PTIIMAT(LASNOD(NXT"SG), NXTMSG) .NE. 0.0) THEN
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PRINT * 'ERROR--DUPLICATE PATH DEFINITION.'.

PRINT , ' (A PATH FOR THIS MESSAGE At' THIS NODE WAS

& 'PREVIOUSLY SPECIFIED.)'

IFATAL - IFATAL + I

ELSE
IF (NIJMN .CT. 0) THEN

C A REGULAR NODE--MOVE TillS NODE NUMBER INTO THE PATH

C MATRIX (PTIHMAT).
tTIIMAT(LASNOD(NXTMSC), NXTMSC) - NUMN

C Tills NODE NOW BECOMES TIlE PREVIOUS (LAST) NODE IN THIS

C PATH .

LASNOD(NXTMSG) - NUMN
ELSE

C A TERMINATE NODE--MOVE TIIE NEGATIVE OF THE TERMINATE NOD'
C NUMBER INTO THE PATH MATRIX (PTHMAT).

PTIIMAT(LASNOD(NXTMSG), NXTMSG) = -NUMT

C TI[E TERMINATE NODE NOW BECOMES THE PREVIOUS (LAST) NODE

C IN THIS PATH.

LASNOD(NXTMSG) = -NUIMT

ENDIF
ENDI F

ENDIF

RETURN

END
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SUBROUTINE PROC(LBL, PRMI, PRM2, PRM3)

C
C THIS SUBROUTINE HANDLES PROC CARDS BY SAVING THE INFORMATION
C NECESSARY FOR PROCESSING TIMES.

C
C CALLED BY:
C MAIN

C SUBROUTINES CALLED:

C NONE
C FUNCTIONS CALLED:

C NUH DS T
C INPUT ARCUI ENTS:
C LBL--PROCESSING TIME DISTRIBUTION NAME
C PRM1--IST PARAMETER OF DISTRIBUTION
C PRM2--2ND PARAMETER OF DISTRIBUTION
C PR93--3RD PARAMETER OF DISTRIBUTION
C OUTPUT ARGUMENTS:
C NONE
C INPUTS VIA COHMON:
C IFATAL

C NXTMSC

C LASNOD
C OUTPUTS VIA COMMON:

C IFATAi,
C DSTPRC

C WORKING VARIABLES:

C NU--DISTRIBUTION RATE NUMBER
C

PARAMETER (NONOD-lO, NOTRN=1 0, NONSG-lO)
CHARACTER LBL*5
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4.

& BALKS*4, DSTNAM*5
COMMON /COMI/ IFATAL, NXTNOD, NXTTRM, NXTMSC, MAXNOD, MAXTRM,

& MAXMSG, NODCAP.(2, NONOD), PTHMAT(NONOD, NOMSG),
& CPEATE(6, NOMSG), LASNOD(NOMSG), NODSTR(NOMSG),

& rARMI, PARM2, PARM3, PARM4, PARMS,
& DSTPRC(NOMSC, NONOD, 4), DSTXMT(NOMSG, NONOD, 4)

COMMON /COM2/ NODNAM(NONOD), DIST(NOMSC), TRMNAM(NOTRM), CRDTYP,
& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)

C FIND TIlE DISTRIBUTION NUMBER.
NUN - NUMDST(LBL)

C IS DISTRIBUTION VALID (I.E., > 0)?
IF (NUM .EQ. 0) THEN

PRINT *, 'ERROR--ILLEGAL DISTRIBUTION SPECIFIED.'
IFATAL IPATAL + I

ELSE

C VALID, SAVE DISTRIRUTION NUMBER.
DSTPRC(NXTHSC, LASNOD(NXTMSG), I) - NUM

C SAVE DISTRIBUTION PARAMETER I.

DSTPRC(NXTMSC, LASNOD(NXTMSC), 2) - PRMI
C SAVE DISTRIBUTION PARAMETER 2.

DSTPRC(NXTMSG, LASNOD(NXTMSG), 3) - PRM2
C SAVE DISTRIBUTION PARAMETER 3.

DSTPRC(NXTMSG, LASNOD(NXTMSG), 4) - PRM3
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RETURN
END



SUBROUTINF READ)

C THIS SUBRROUTINE READS TIIC INPUT DATA DECK FROM FILE 20.
c
C CAl.IED BY:
C MAIN
C SIIRROIJT INES CAIA.ED:
C NONEUr
C FUNCTIOUNS CAl1.1-1):

C 1 N P UT A R C I I F 'S
C NO0NER
C OUTPUT APCIIMENTS:
C NONE
C INPUTS VIA COWION:
C IFATA.
C OUTPUTS VIA COMMO1N:
C IFATAL.
C P ARM I
C PAR11 2
C PARM 3
C PAP11 4
C PARM'l5
C CROTYP

C LARFI.2

C WORKI NG VAUTAILFS:

CC CARI67--CARD COLUMINS 6-72 Or THE INPUT CARDk

PARAMll:TFH (rNO.NOD=1O,NOTRM-1O, NOM4SC-10)
CHARACTER CARrDh7*67
CHARACTEr. CRVTYP*4. LAREL*5, LAIIEL2*4, NODNAM*4, DIST*5, TRMNAM*4,
&BALKS*4, DSTtNAM*5
COMMON /CO'i1/ IFATAL, NXTNOD, NXTTRM, NXTMSC, MAXNOD, MAXTRM,

& MAX'ISG, NODCA1(2, NONOD), PT11rMAT(NONOD, NON SG),
& CREATE(6, NOISC), LASNO1)(NOMSC), NODSTR(NOMSC),
& PARMI, PARM42, PAPM30, PARM4, PARM5,
& nSTPRC(NOf4SG, NONOD, 4), DSTXMT(NOISG, NONOD, 4)

COMMON /rOM2/ NODNAM(NONOD), DI9T(NOMSC), TRMNAM(NOTRM), CRDTYP,
& LABF.L, LAREI.2, BALKS(NONOD), DS~rNAM(9)

C READ A CARD.
READ (I0, 10, ENn=999) CRDTYP, CARD67
PRINT 30, CRDTYP, CARD67

C RE-READ EACH CARD BASED UPON THE CARD TYPE TO OBTAIN THE NECESSARN
C INFORMATIOM FOR THAT PARTICULAR CARD TYPE.

IF (CRDTYP .EO. "NODE') THEN
BACKSI'ArE 10
READ) (10, 20, FRRm88) LABEL, PARm2. PARM3,

&LA fi 1,2
ELSE IF (rCUDTYP FEO. 'TERM' .OR. CRD)TYP .EQ. 'PATH') THEN

BACKSPACE 10
READ (10, 40, 17RR-898) LABEL

ELSE IF (CRD)TYP r Q. 'MlESS') TH1EN
BACKSPACE 10



READ (1(, 90, ERR-885) LABEL, PARI, PARM2, PARM3,
& PARH4, PARM5, LAREL2
ELSE IF (CRDTYP .EQ. 'PROC' .OR. CRDTYP .EQ. 'XMIT') THEN

BACKSPACE 10
READ (10, 70, ERR-888) LABEL, PARM3, PARM4, PARMI.

ELSE IF (CRDTYI' .EQ. 'BALK') THEN

BACKSPACE 10
READ (10, 90, ERR=888) LABEL, PARMI

ELSE IF (CRDrYP .NE. 'END ') TIIEN
C AN INVALID CARD TYPE WAS SPECIFIED.

PRINT 100
IFATAL = IFATAL + I

ENDIF

CO TO 1000
888 PRINT 110

CRDTYP - 'ERR
IFATAL - IFATAL + 1

1000 RETURN

999 PRINT 120

STOP
10 FORMAT (A4, A67)
20 FORMAT (5X, A5, 2FI0.5, A4)
30 FORM AT (IX,A4, A67)
40 FORMAT (5X, A5)
50 FORMfAT (SX, A5, 5FI0.5, A4)
70 FORMAT (SX, AS, 3FI0.5)
90 FORMAT (SX, AS, F10.5)
100 FORMAT (' ERROR--INVALID CARD TYPE.')
110 FORMAT (' ERROR--CONVERSION ERRORS OCCURRED.', I,

& 7X, 'CH{ECK INPUT FORMATS.')
120 FORMAT (' UNEXPECTED END-OF-FILE. JOB TERMINATED.')

END
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SUBROUTINE TERM (LARL)

C THIS SUBROUJTINE HANDLES TERM CARDS BY SAVING THlE TERMINATE NODE
C NAME.
C
C CALLED BY:

C SIJBROtU'r I NE:S CALLED:
C NON17
C FUNCTIONS CALLED:
C NUM T RH
C INPUT ARGUrMENTS:
C LABL--TERMINATE NODE NAME
C OUTPUT ARGUMENTS:
C NONE
C INPUTS V7A COMMON:

C IFATAL
C NXTTR4
C MAXTRMl
c OUTPUTS VIA COMMON:
C IFATAL

C NXTTRM
C T RM N AM
c WORKING VARIABLES:
C NONE
C

PARAM ETER (NONOD'd 0, NOTRM -10,tIOM5C-10)
CHARACTER LABI,*5
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5. TRMNAM*4

& BALKS*4, DSTNAM-5
COMMON /COM1/ IFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, MAXTRM,

& MAXMS., NODCAP(2, NONOD), PTIHMAT(NONOD, NOMSG),
6 CREATE(6, NOM'SG), LASNon(NomsC), NODSTR(NOMSG),
& PARMI, PAR42, PARM3, PARM4, PARMS,
& DSTPRC(NOMC,, NONOD, 4), DSTXMT(NOMSC, NONOD, 4)
COMMON /CO!12/ NODNAM(NONOD), DIST(NONSC), TRMNAM(NOTRM), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)
C IIAS THIS TERMIINATE NODE BEEN PREVIOUSLY DEFINED?

IF (NUM.TRM(LABL) GCT. 0) THEN
PRINT *,'ERROR--TERM PREVIOUSLY DEFINED.'
IFATAL - IFATAL + 1

ELSE
C INCREMENT TERMINATE NODE COUNT.

NXTTRM -NXTTRM + I
C IS COVNT STILL IN RANGE?

IF (NXTTRM .CT. MAXTRM) THEN
PRINT *,'ERROR--TOO MANY TERMS DEFINED (IGNORED).'
IFATAL -IFATAL + I
NXTTRM -MAXTRM

ELSE
C SAVE THIS TERMINATE NODE NAME.

TRMNAM(NXTTRM) - LABL
E 14DI F

ENUI P
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WETURN
END



SUBROUT INE XM IT (LR3L, PRM1I, PRM2, PRM3)
C
C TIIIS SUBROUTINE ' HANDLES XMlIT CARDS BY SAVING TIIE INFORMATION
r NECESSARY FOR TRANSMIT TIME.
C
C CALLED BY:
C MAIN
C SUBROUTINES CALLED:

C NONF
C FUNCTIONS CALLED):
C NUMDS T
C INPUT ARGUMiENTS:
c LBI.--TRANS'iIT TIME DISTRIBUTION NAME
C PR,11--IST PARAMETER OF DISTRIBUTION
C PRM2-2ND PARAMEFTER OF DISTRIBUTION
C PR43--3RD PARAmETER OF DISTRIBUTION
C OUTPUT ARGUIMENTrS:
C NONE
c INPUTS VIA COMMON:
C IFATAL
C N XT MSCG
C LASNOD
C OUTPUTS VIA COMMON:
C IPATAL
C DSTXM T
C 14ORKING VARIABLES:
C NUII-DISTRIBUTTON RATE NUMBER

Ck
PARAt ETER (NONOD-lO0 NOTRM=IO, NOIISG-1O)
CHARACTER LBL*5
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4,

& BALKS*4, DSTNAM*5
COPIMON /Cffll/ IFATAL, NXTNOD, NXTTRM, NXTMSG, MAXNOD, HAXTRM,

& MAX'ISG, NODCAP(2, NONOD), PTIIAT(NONOD, NOMSG),
& CREATF,(6, NOM4SC), LASNOP(NO!-ISC), NODSTR(NOt4SG),

&PARMI, PARM2, PARM3, PARM4, PA145,
&DSTPRC(NO4SC, NONOD, 4), I)STXMT(NOMSG, NONOD, 4)
COMiMON /COrH2/ NODNAM"(NONOD), DIST(NOMSC), TRI4NAM(NOTRM), CRDTYP,

& LABEL, IABEL2, BALKS(NONOD), DSTNAM(9)
C FIND TlE DISTRIBUTION NUMBER.

NUM - NlUMDST(LBL)
C IS VISTRIH1UTION NUMIBER VALID?

IF (NUM .EO. 0) TIIEN
PRINT *,'ERROR-ILLEGAL DISTRIBUTION SPECIFTED.'
IFATAL - IFATAL + 1.

ELSE
C SAVE THJE DISTRIBUTION NUMBER.

DSTX.4T(NXTMSC, LASNOD(NXTISG), 1) - NUM
C SAVE PAr\AETr.R I OF THIE DISTRIBUlTION.

DSTXMT(NXTMSG, LASNOD(NXTMSC), 2) - PRMI
C SAVE PARAMETER 2 OF THEC DISTRIB UTION.

DSTXMT(NX-THSG, LASNOD(NXTMSC), 3) - PRM2
C SAVE PARAMETER 3 OF THE DISTRIBUTION.

DSTXMT(NXTMSG, LASNOD(NXTMSG), 4) - PR1M3
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END! F

END
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FUJNCTION Nlt'-I DST( NAME)
c
C THIS FUNCTION .ETURNS THlE DISTRIBUTION NUfNRER FOR NAME (IF
C A VALID DIrSTRIBUTIrON NAME) OR 0 (IF INVALID).
C
C CAILED RY:
C B t.to urr
C H F.S 1
C PR Oc,
C x1 T
C 11 BR 0 UJrI N F C A 1Lf:D:

C N, 17
C FUNCTIONS CAL.LED):
C NONE
C INPUT ARCUMENTcS:
C NAME--DISTRTBUTION NAME
r OUTPUT ARGUMENTS:
C N 0N r
C INPUTS %'IA COPION0,*:
C TlSTNAM
C OUTPUTS VIA COW~ION:
C NONE
c WORKING VARIARLPS:
C I--DO LOOP COUNTER
C

PARAMETI? (NONOD)=1O,NOTRII-1O,NO! ISG-IO)
CHARACTFR NAM17*5
CHARACTER CRDTYP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*4

& RAI.KS*4, fSTNAM*5
COMMION /CO',-l/ IFATAL, NXTNOD, NXTTRM, NXTMSC, MAXNOD, MAXTRM,

& MAXWSC, NODCAP(2, NONOD), PTIIAT(NONOD, NOMSC),
& CREATE(6, NOM4SG), LASNOD(NOI4SC), NODSTR(NOt SG),
& PARMI, PARM2, rARM3, PARM4, PARM5,
& DSTPI1C(NOIISG, VONOD, 4), DSTXMT(NOtiSG, NONOD, 4)

COMMON /C0Uf2/ NODNAM(NONOD), DIST(NOMSC), TRMNAM(NOTRM), CRDTYP,
& LABEL, iAREL2, BALKS(NONOD), DSTNAM(9)

C ESTABLISH DEFAULT RETURN VALUE.
NUMI)ST -0

DO 10 1 1 1, 9
C IF FOUND, TPETURN 1.

IF (NAME .EQ. D)STNAM(I)) THEN
NUMBS? - I
GO TO 20

ENDI F
10 COw I NUr
20 R ETUR N

E ND1
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FUN CT ION N'M NOD( NO PE

C THIS FUNCTION RETURNS THE NODE NUMBER FOR NODE (IF THE NODE HAS
C BEEN PRF. !OUSLY DEFINED) OR 0 (IF UNDEFINED).
C
C CALLED BY:
C MAIN

C ~ 1 A.

C PATH
C SUBROUITINEr. A..D:
C NONE
C FUNCTIONS CALLED:
C NONE
C TNPUT APCWIENTS:

C NODE-lODE NAME1
C OUTPUT ARC~U Etr:

r NONE
C INPUTTS VIA COMMION:
C MAXNOD
C NODN-AM
C OUTPUTS VIA COMIMON:

C NONE
C WIORKING VARIABLErS:

C I--DO LOOP COUINTER

PARAIIETER (NONOlD=lO,NOTRM-10,NOM SG-1O)
CHARACTER NODE*4
CHARACTER CRDTYP*4, LAIIEL*4, LABEL2*4, NODNAN*4, DIST*5, TRMNAM*I.

& BALKS*4, DSTNAII*5
COMMON /COMI1 IFATAL, NXTNOD, NXTTRM, NXTMSG, M1AXNO), MAXTRH,

& MAXMSC, NODCAP(2, NONOD), PTHMAT(NONOD, NOMSG),
& CRFATE(6, NOI4SG), LASNOD(NOMSC), NODSTR(NOMSG),
& PARML, PAR!12, PARM3, PARM4, PARM5,
& D)STPRC(I]OMSG;, NONOD, 4), DSTXMT(NO!iSC, NONOD, 4)

COMMON ICO 12/ NODNAM(NONorD), DLST(NO14SC), TRMNAM(NOTRM), CRDTYP,
& LABEL, IABEL2, RALKS(MONOD), DSTNAM(9)

C FSTARLISH DEFAULT RETURN VALUE.
NUMNOD - 0
DO 10, 1 =1, MAXNon

C IF FOUND, RrITURN I.
IF (NODE .EQ. NODNAM(I)) THEN

NUN NOD -I
Go To 20

ENDIF
10 CON4TINUE
20 RETURN

END)
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FUNCTION NtIlTEM (NODE)

C
C TIlTS FUNCTION RETURNS TIHE TERMINATE NODE NUMBER FOR NODE (IF
C TIHE TERMINATE NODE HAS BEEN DEFINED) OR 0 (IF UNDEFINED).

C
C CALLED BY:

C MAIN
C PATH
C TE7RM

C SUBROUTINES CALLED:
C NONE
C FUNCTIONS CALLED:

C NONE

C INPUT ARGUMENTS:
C NODE--TERMINATE NODE NAME'
C OUTPUT ARGUMENTS:
C NONE
C INPUTS VIA COMMON:

c MAXTRM

C TR4 NAM
C OUTPUTS VIA CO4MON:

C NONE
C WORKING VARIABLES:

C I--DO LOOP COUNTER
C

PARAITER (NONOD=I 0, NOTRMI O,NOM4SG-IO)
CHARACTER NODE*4
CIIARACTER CRn'ryP*4, LABEL*5, LABEL2*4, NODNAM*4, DIST*5, TRMNAM*/

& BAIKS*4, DSTMAM*5

COMMON /COIII/ IFATAL, NXTNOD, NXTTRH, NXTMSC, MAXNOD, MAXTRM,
& MAXMSG, NODCAP(2, NONOD), PTIIMAT(NONOD, NOMSG),
& CREATE(6, NOMSC), LASNOD(NO4SG), NODSTR(NOMSG),
& PARMI, 1'ARM2, PAR43, PARI4, PARM5,
& DSTPRC(NOMSC, NONOD, 4), DSTXMT(NO4SG, NONOD, 4)
COMMON /COM2/ NODNAM(NONOD), DIST(NOMSG), TRMNAM(NOTRI), CRDTYP,

& LABEL, LABEL2, BALKS(NONOD), DSTNAM(9)
C ESTABLIS11 DEFAULT RETURN VALUE.

NUMTRM 0 O
DO 10 1 - 1, MAXTRH

C IF FOUND, RETURN I.
IF (NODE .EQ. TRMNAM(I)) THEN

NUM TRM - I

CO TO 20

ENDIF
i0 CONTINUE
20 RETURN

END
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Appendix B: Operating Instructions

Introduction

The SLAM Pre-Processor is designed to operate in a batch mode, with

card or card image inputs from file 10. Eight legal card types describe

the network to be simulated, and the flow of messages through the

network.

Card Types

The eight legal card types are BALK, END, MESS, NODE, PATH, PROC,

TERIM, and XMIT. Each of these are described in more detail below.

Samples of each card type may be found in Appendix E.

BALK Card. When the capacity of a node has been exceeded, a balk

node may be specified (more details concerning balking may be found in

the description of the NODE card). A BALK card is used to define the

beginning of a balk route specification (the route to be taken should a

node's capacity be exceeeded) by specifying the name of the node for

which a balk route is being provided, and the message number for which

the route applies.

END Card. An END card marks the end of the SLAMPP input deck.

MESS Card. A MESS card marks the beginning of a message

description and defines the message arrival rate, the time of the first

message arrival, the number of message releases (number of messages to

be created), and the name of the first node on the message path.

NODE Card. A NODE card defines a node (by name), its maximum

capacity, the number of servers (the number of messages which may be
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processed at the sane time) at this node, and balking or blocking

infornation.

When a message arrives at a node whose queue is at its maximum

capacity, one of three actions may occur: the message may balk, the

message may block, or the message may be lost. If balking is specified,

the message will go to amn alternate (balk) node. If blocking is

specified, the message "backs up" in the network prior to the node and

waits until a message leaves the node, at which time it moves into the

node. If neither balking nor blocking is specified, the message will

simply be lost.

PATH Card. .4 PATH card specifies the name of the node which is

next in the path.

PROC Card. A PROC card describes the amount of time a message

takes to be processed prior to leaving a node.

TERM Card. A TERM card defines (by name) those nodes at which a

message may leave the network, called "terminate nodes."

XIIT Card. An XMIT card describes the amount of time it takes to

transmit a message to the next node on the path after a message has been

processed.

Distribution Rates

Three card types (IESS, PROC, and XMIT) allow the user to specify a

time duration. In the case of the MESS card, the time is the time

between message creations while, for PROC and XMIT, it is the time for

processing and transmitting a message, respectively.

SLAMPP will recognize nine distributions as valid. Each
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distribution requires from one to three parameters, which should be

input in the order given. These are described below (Pritsker, 1979:

528-5q,4).

BETA. Beta distribution with two parameters: Theta and phi.

CONST. Constant duration with one parameter: length.

EXPON. Exponential distribution with one parameter: mean.

GAMA. Gamma distribution with two parameters: Beta and alpha.

NPSSN. Poisson distribution with one parameter: mean.

RLOGN. Lognormal distribution with two parameters: mean and

standard deviation.

RNOR,. Normal distribution with two parameters: mean and standard

deviation.

TRIAG. Triagonal distribution with three parameters: interval low

j J value, mode, and interval high value.

UNFRM. Uniform distribution with two parameters: interval low

value and interval high value.

Input Formats

Each input card consists of a card type, plus (depending upon card

type) up to seven additional data areas. Regardless of card type, each

data area (or field) is located in the same card columns. Field one is

in columns 1-4 and field two in 6-10, while the remaining fields begin

in columns 11, 21, 31, 41, 51, and 61, and are each 10 columns wide.

Two types of data ;.ay be placed within each field: alphanumeric or

numeric. Alphanumeric data must be left justified rithin the field.

All numeric data is input as real values, and may fall any place within
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a field; however, a decimal point must be explicitly included ith the

number. Thus, the number "1" should be entered as "1." or "1.0". Only

the first five decimal places are significant.

Although each numeric field should be entered as a real value (to

keep all data field for,,iats consistant for all card types), some values

are internally converted to integers by truncation. Therefore, if the

data item is listed as "integer," ensure that no decimal place3 are

included.

The format for each of the eight card types is shown below. The

number within parenthesis is the field number associated with that data

item.

BALK. (i) Card type key word "BALK". (2) Name of the node (not a

terminate node) for which a balk route is being specified. This node

name should have appeared as a balk node on a NODE card. (3) The

integer message number for which a balk route is being specified.

Message numbers are assigned sequentially (beginning with one) in the

order found in the SLAHPP input deck (see the section on message

numbering later).

END. (1) Card type keyword "END".

NESS. (1) Card type keyword "IIESS". (2) Distribution name for the

message creation rate. (3) Parameter one of the distribution. (4)

Parameter two of the distribution (if only one parameter is required,

enter zero). (5) Parameter three of the distribution (if only one or

two parameters are required, enter zero). (6) The integer time of

creation of the first message. (7) The integer number of messages to be

created. (8) The name of the first node in this message's path.
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]YODE. (1) Card type keyword "NOD". (2) The name of the node

being defined (four or fewer characters). (3) The integer maximum

capacity of this node (the maximum number of messages which may be

waiting at this node at any one time). (4) The integer number of

servers at this node (the maximum number of messages which may be

processed concurrently). (5) Balking or blocking information. If

balking is to occur, place the name of the node to which messages should

balk if maximum capacity is exceeded. If blocking is to occur, place

the keyword "BLOK" into this field. If neither balking or blocking is

desired (meaning that an arriving message will be lost if maximum

capacity has been reached), leave this field blank.

PATH. (i) Card type keyword "PATH". (2) The name of the next node

along this message or balk route's path.

PROC. (i) Card type keyword "PROC". (2) The distribution name for

the processing time at this node. (3) Parameter one of the

distribution. (4) Parameter two of the distribution (if only one

parameter is required, enter zero). (5) Parameter three of the

distribution (if only one or two parameters are required, enter zero).

TERM. (I) Card type keyword "TERM". (2) The name (four or fewer

characters) of the terminated node being declared.

2MIT. (i) Card type keyword "XMIT". (2) The distribution name for

the transmission time at this node. (3) Parameter one of the

distribution. (4) Parameter two of the distribution (if only one

parameter is required, enter zero). (5) Parameter three of the

distribution (if only one or two parameters are required, enter zero).
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Building the Input Peck

The input deck can be divided into four catagories, which are

described below. The order of these descriptions is the sane as the

order in which these catagories must fall within the SLANPP input deck.

Declarations. Before any message can be defined, all nodes within

the network must be defined. Each node must be described and defined

(using NODE cards). Following the node declarations cones the

declaration of all terminate nodes (using TERM cards).

Hessage Descriptions. Following the declaration portion of the

SLAMPP input is the message description area. A message description may

involve up to four card types: MESS, PROC, XHIT and PATH.

The first card in the description of any message is a MESS card

specifying the creation rate for this message and the first node along

the path. In essence, this card specifies when and how often this

message will arrive, and the name of the node where the message will

first arrive.

While at a node, a message may be processed in some manner which

requires time. This processing time can be expressed by using a PROC

card. If processing is not required, this card may be omitted.

After all processing is complete, this message is ready to be

transmitted to the next node along the path. This transmission may

require time, and can be defined using an XMIT card. If no transmission

time is needed, this card may be omitted.

The next node along this message's path (that is, the node to which

the message is being transmitted) is defined by a PATH card. This PROC,

PATH! and XMIT pattern is repeated until the entire path of the message
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has been described. The last node of every message's path must be a

terminate node.

Subsequent messages are described by inserting another MESS card

and following the above instructions again.

Balk Route Descriptions. One of the items specified on a IODE card

is whether balking will occur or not. If balking is specified, there is

a possibiity that every message that uses this node could be redirected

to the balk node. Therefore, a path must exist for every message which

could possibly enter a balk node. If a path already exists for a

message at the balk node from the message's original description,

nothing more need be done for this message. However, if a path does not

exist, one must be supplied by means of a BALK card. All balk route

descriptions (if any are present) follow the last message description.

The BALK card specifies the balk node name and the message number

for which a balk route is being provided. Following the BALK card,

PROC, XMIT and PATH cards are repeated (just as in a message

description) until the entire balk path is defined. As with a regular

message path, balk paths must end at a terminate node.

Additional balk routes may be supplied by inserting another BALK

card and repeating the above steps.

End of Deck. The last card of the input deck must be an END card.

No additional data will be read beyond the END card.

Design Considerations

Designing the SLA1PP Network. Experience has shown that even the

most simple network can become confusing unless a systematic method is
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used to translate that network into SLA.PP inputs. In order to minimize

the number of input errors, a few simple guidelines are suggested.

First, determine exactly which nodes and terminate nodes will be

required for the network. In the case of nodes, also determine the

number of servers, maximum capacity, and balking or blocking

characteristics. Translate this information into the appropriate NODE

or TERM cards.

Second, determine exactly which messages are to be included. A

good method to follow is to "outline" the message directly into SLAiEP

inputs. That is, code the appropriate NESS card for the message, and

follow this with the applicable PROC, XMIT and PATH cards to describe

th. message. After the first message is completely defined, begin

defining the second, then the third, etc., until all messages have been

S defined.

Third, define any balk routes which may be required. To do this,

examine each node, in succession, which has a balk node specified on its

NODE card. Then, for every message which uses this node, ensure a route

exists for this message from the balk node. This route may already

exist if the message originally was routed using this balk node as part

of its path, For example, as might occur if a message went from NI to

112 to N3 to 114, and NI balked to N3. In this case, if Ni was at maximum

capacity the message would skip Il and 112 and go directly to N3. If a

route does not already exist for this message, then a route must be

defined by using a BALK card. As with a message, follow the BALK card

with the necessary PROC, XMIT and PATTI cards to describe the route.

Fourth, make sure that any routes added in step three that use a
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node which can balk has its own balk routes specified. Repeat this step

until all routes and all necessary balk routes are specified.

Lastly, supply an EID card to the input deck.

Message Numbering. Balk routes are specified using the number of

the message for which a route is being supplied. It is, therefore,

important to know how messages are numbered.

Messages are numbered consecutively (beginning at one) in the order

they appear in the input deck. Thus, the first message found is message

number one; the second, number two, etc.

hen additional messages are being added to the network, always add

the new message(s) after the end of the last message of the network. In

this manner, any balk routes which may have been previously defined will

not need any changes. Otherw;ise, the BALK cards will need changing to

reflect the new message numbers.

Balk Route Considerations. Balk route design provides the user

with several methods which nay be used. To familiarize the user with

these methods, they are described below.

First, no balk route may be necessary and therefore, the user need

not do anything. However, this is only applicable to nodes which do not

have a balk node specified.

Second, the balk route nay be an entirely different route from the

path defined for the message (by the HESS card). The primary

consideration here is to ensure that this balk route ends on a terminate

node.

Third, the balk node may have been included within the message's

original path. In this case, a route already exists for this message

59

amm i mm aOaNO-



from the balk node, and the user need not (in fact, cannot) provide

another route.

Fourth, the balk route may merge back into the message route. This

means that a portion of the balk routp is entirely different from the

message path; however, at some point in the balk route a node defined in

the message path is used. From this node forward, the balk route is the

same as the message path. To illustrate this, assume a message has path

111, 112, 14, i13 and 115 (in that order). If Nl2 balks to I7, then a

merging balk route might be 117, 148 and 114. In this example, a message

would balk from 112 to 117 and then traverse N8 and 114. The remainder of

the path from N4 would be the same as the message path. In essence, the

balk route would be N7, 118, N4, 143 and N5. Diagraatically, this could

be viewed as:

N2iN

(Balk) jI
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All messages which arrive at a node are required to balk to the

same balk node. Occasionally, however, different balk nodes may be

desired for each different message. This can be accomplished by using a

"dummy" balk node whose only function is to redirect messages to their

appropriate nodes. The recommended procedure is to define this dummy

balk node as having a very large capacity (9999) and a large number of

servers (9999). Since this node does not represent a real node within

the netuork, following this definition prevents this node from becoming

a "bottleneck" in the system and affecting statistics. Immediately

following the BALK cards for the messages to be redirected, insert a

PATH card to the desired node. This causes the message to balk to the

dummy node and then be transmitted to the appropriate node. However,

since both balking and transmitting (in this case) use zero time, the

net result is that the message goes directly to its appropriate node.
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Appendix C: Input Errors

The validity of the SLA4 Pre-Processor input is verified at several

points. Should any errors be detected, an error message is printed and

the SLAil input source code is not created. Below is a list of the error

messages which may be produced, along with an explaination and a

possible cause or correction.

CONVERSION ERRORS OCCURRED. A conversion error occurred trying to

read the input file. The most likely cause is failure to follow the

correct input format for the card type involved. Correct the format.

DUPLICATE PATH DEFINITION. An attempt was made to define a path

for a particular message using a node already defined on that message's

path. Frequently caused by trying to define a balk path for a message

which overlaps the message's path.

END CARD EXPECTED. Additional input data followed the end of the

last balk route or, if no balk routes are specified, the end of the last

message. Either this data is incorrect (and should be removed), or a

problem exists in the last message or balk route to be specified.

INCOIIPLETE BALK PATH FOR MESSAGE n FROM NODE name. The balk path

for message number n (which balks from node name) does not end on a

terminate node. Either the path is incorrect (and should be corrected)

or the balk route was not supplied as required.

ILLEGAL BALK NODE. The balk node name specified was not defined in

a NODE statement. Either supply a corresponding NODE statement, or

correct the node name.

ILLEGAL BALK NODE NAME. The balk node name specified on the BALK
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card is incorrect and should be corrected.

ILLEGAL DISTRIBUTION SPECIFIED. The distribution name specified is

not valid in the SLAPP (see Appendix B). Correct to a valid name.

INVALID BALK NODE (SKIPPING TO NEXT BALK). The balk node name is

incorrect and should be corrected. The remainder of this balk path is

ignored.

INVALID CARD TYPE. The card type specified is not a valid SLAIPP

card type (see Appendix B). Correct the card type or remove from the

input deck.

INVALID HESSAGE hUIIBER (SKIPPING TO NEXT BALK). The message number

specified on the BALK card is invalid (either zero, negative, or greater

than the number of messages input to SLAMPP). Correct the number. The

remainder of this balk path is ignored.

11AXI1UM1 CAPACITY MUST BE GREATER THAN 0. The maximum capacity

specified for this node was either zero or negative. Correct to a

positive value.

MESS CARD MUST FOLLOW TERM CARDS. A card type other than MESS was

found following the last TERM card. The input deck is out of order (and

should be reordered).

MESSAGE MUST END ON A TERMINATE NODE. The message path being

defined did not end on a terminate node, leaving this path incomplete.

Complete the path.

MISSING BALK PATH CARD. SKIPPING TO NEXT BALK. The path for this

balk route did not contain a PATH card. The remainder of this path is

ignored.

MISSING PATH CARD. SKIPPING TO NEXT I ESS. The path for this
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message route did not contain a PATH card. The remainder of this

message is ignored.

NODE CARDS 'IUST BE FIRST. The first card type found was not a NODE

card. Inputs are out of order and should be reordered.

NODE name IS OT USED IN A PATH. The node name, which was defined

in a NODE card, was not used in any path. Either place name in a path,

or remove the corresponding NODE card.

NODE PREVIOUSLY DEFINED. The node being defined by this NODE card

has appeared previously on a NODE card. Remove one of the NODE cards.

NUIIBER OF SERVERS 1iUST BE GREATER THAN 0. The number of servers

specified for this node was either zero or negative. Correct to a

positive value.

TER!1 CARDS HUST FOLLOW NODE CARDS. The first card type found

following the last NODE card ias not a TER," card. Inputs are out of

order and should be reordered.

TERN PREVIOUSLY DEFINED. The terminate node being defined by this

TERI[ card has appeared previously on a TERN card. Remove one of the

TERN cards.

THE BALK PATH FOR NESSAGE n CONTAINS A CYCLE FROiN NODE name. The

balk route specified for message number n from node name loops back upon

itself. Correct the path to remove the cycle.

TOO IIANY MESSAGES DEFINED. The number of messages input to the

SLAI1P exceeds the program capacity. Either remove the excess messages,

or reconpile the Pre-Processor with an increased value for NOUSG (see

Chapter III).

TOO IRANY NODES DEFINED (IGNORED). The number of nodes input to the
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SLA1,PP exceeds the program capacity. This node declaration is ignored.

Either remove the excess nodes, or recompile the Pre-Processor with an

increased value for NONOD (see Chapter III).

TOO HANY TERNS DEFINED (IGNORED). The number of terninate nodes

input to the SLAIPP exceeds the program capacity. This terminate node

declaration is ignored. Either remove the excess terminate nodes, or

recompile the Pre-Processor with an increased value for NOTRM (see

Chapter III).

UNDEFINED NODE. The node specified uas not declared in a NODE or

TERM statement. Insert the corresponding declaration.

UNEXPECTED END-OF-FILE. JOB TERMINATED. The end of the input data

was encountered when SLAHPP expected additional data, usually caused by

a missing END card or previous errors. Insert an END card or correct

the other errors.
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Appendix D: Interpreting the SLAM Output

Introduction

Upon successful completion of a network simulation, the user must

be able to interpret the SLAM output. Summarized here is a description

of the outputs. Refer to the sample SLAM output at the end of this

appendix for examples.

SLAII Output

The output of interest to the user begins on the page labelled

"SLAM SUMMARY REPORT." The first item to notice is the "Current Time."

The time shown is the time the last message left the network, leaving

the network empty.I
Terminate Nodes

Following this is the "Statistics for Variables Based on

Observations." Statistics are produced for each terminate node within

the network and are identified by terminate node name. The statistics

are based upon the time interval between message arrivals at the

terminate node. The mean, standard deviation, and coefficient of

variation of the time between message arrivals are listed. Also, the

minimum and maximum arrival intervals and the number of messages to

arrive at this terminate node are shown.

Queues

File statistics are printed next. These statistics deal with the
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queues for each of the nodes in the network. The queue statistics are

listed in the same order as their NODE cards in the SLAAPP network. An

easier way, perhaps, to identify the node's name is to look at the next

section of the SLAI output titled "Resource Statistics." The "Resource

Number" for a particular node name (listed under "Resource Label") is

the same as that node's "File Number." Note that the last file number

listed is a SLAM work file and should be ignored.

The statistics shown include the average length, standard deviation

and maximum length of each queue. The average time a message waited t'-

be processed at a queue is also presented. Note that nessages nay have

been lost at nodes which do not have balking nor blocking specified if

the maximum length of that node's queue is the same as that node's

maximum capacity.

Service and Transmission

The "Resource Statistics" represents statistics dealing with the

service and transmission time at each node. The first group of data

represents node utilization while the second group represents node

availability.

In the utilization group, "Current Capacity" is the number of

servers available at this node. The "Average Utilization" is the

average number of servers to be used. The maximum number of servers

used concurrently and the current number of servers being used (at end

of simulation) are also showm.

In the available group, the average number of servers available,

plus the minimum and maximum number available are shown.
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SIAA SU[! 41 ARY REPORT

SIMULATION PROJECT SLAM BY SLAMPP

DATE 9/19/1982 RUN NUMBER I OF

CURRENT TIME .1235E+04
STATISTICAL ARRAYS CLEARED AT TIMIE 0.

**STATISTICS FOR VARIABLES BASED ON OBSERVATION**

MEAN STANDARD COEFF. OF MINIMUM MAXIMUM NO.0F
VALUE DEVIATION VARIATION VALUE VALUE OBS

1XIT INTRVL TRM1 .563E+02 .158E+03 .2ROE+Of .172E+01 .113E+04 295

EXIT INTRVL TR,12 .391E+03 .356F.+03 .934E+00 .903E+01 .115E+04 74
EXIT INTRVL TR'13 .1199+03 .131E+03 .110E+O1 .938E+O1 .764E+03 238

**FILF STATISTICS**

FIlE ASSnCI TEDb AVERACE STANDARD ? AXIH UM rURRENT AVERAGE
NUMBER NODE TYPE.  LENCT|1 DEVIATION LENGTI1 LENGTH WAIT TIME

I AWAIT 0.000 0.000 1 0 0.000
2 AWAIT .001 .045 3 0 .113
3 AWAIT 2.991 10.750 61 0 92.125
4 AWAIT 9.904 17.473 50 0 152.550
5 A'AAIT 0.000 0.000 1 0 0.000
6 AWAIT 4.399 12.353 50 0 28.399
7 AWAIT .181 1.249 10 0 6.967
8 AW AIT 9.A69 13.005 30 0 570.047
9 AWAIT .629 2.90q 15 0 3.790

10 4.118 3.395 19 0 1.162

**RESOURCE STATISTICS**

RESOURCE RESOURCE CURRENT AVERAGE STANDARD MAXIMUM CURRENT
NUMBER LABEL CAPACITY UTI. DEVIATION UTIL UTIL

I ALFA 1 .18 .3RI 1 0
2 RLKI 1 .00 .052, 1 0
3 BLY2 I .1( .298 1 0
4 RETA 1 .29 .451 1 0
5 1)LTA 5 .Os .294 4 0
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6 P1 1 .46 .498 1 0

7 RHO 1 .03 .179 1 0
8 ZETA 1 .39 .489 1 0
9 CAMA 2 .17 .481 2 0

RFSOURCE RESOURCE CURRE NT AVERAGE MINIMUM MAXIMUM
NUMIBER LABEL AVAILARLE AVAILARLE AVAILABLE AVAILABLE

1 ALFA 1 .8241 0 1
2 9I,1 1 .9973 0 1

3 BLK2 1 .9016 0 1
4 RETA I . 7149 0 1
5 DLTA 5 4.9460 1 5
6 P1 1 .5389 0 I
7 RHO I .966R 0 1
p ZETA 1 .6066 0 1

9 CAMA 2 1.8349 0 2

I'
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Appendix E: Test and Evaluation

In order to check the validity of the SLAPP, a test case was

designed and evaluated. This test case was Cdesigned to use at least

once every capability of SLAMPP. Specifically, nodes with balking,

nodes with blocking and nodes with neither were used. Each of the nine

valid distribution types found in Appendix B was used in each of their

legal positions, that is, on the message creation card (MESS), process

card (PROC) and the transmit card (XMIT). The default process and

transmit time of zero was also demonstrated. Since balking was

specified on two nodes, balk route descriptions were required in

addition to regular route descriptions.

This test case was developed using the design considerations found

in Appendix B. All of the nodes to be included were first determined

and translated into NODE and TERM cards (a listing of the SLAMPP inputs

may be found later in this appendix). The messages to be included were

determined and placed into the SLA[PP input deck. Lastly, all balk

routes which were necessary were supplied. The message creations and

routings are diagramatically illustrated on the following pages.

After all SLA14PP inputs were completed, the SLA11PP program was

executed to produce the SLMi source code, a copy of which is at the end

of this appendix. This source code was manually inspected to ensure

that the source was an accurate representation of the network to be

modeled. After acceptance, the source code was executed by SLAM to

verify that SLAIT would indeed accept the code. The SLAIM execution

listing is also included in this appendix.
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After repeated executions of SLA7IPP, no errors could be detected

and the program was accepted.
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SLAM PRI'-PROCESSOR

SUMMARY OF PROGRAl INPUTS:

NODE ALF A rO.* 1.0
NOPE B DRLK 109.) 1 .0
NODE Rr,? 9999.0 1. )

NOrPE BETA 5'.O 1.0
NODE D.TA 20.() 5 )
NOPE P1 50.0 1 0 BLKI
NOPrE R110 10.0 1 .0 BLOK
NODE ZETA 30.0 1.0
hODE CAMA 15.0 2.0 BLK2
TERM TRM 1
TEIN TRM 2
TERM TRM 3
M FSS EXPON2.O 0.0 0.0 0.0 50.0 BETA

PROC TRIAC2.O 7.0 9.
'A T11 1LTA

XMIT CONSTI.7
PATH1 PI
PROC EXPONO. 75
X'lIT B.TA 3.12 6.14

PATH1 TR'l I
!ESS NPSSN3.2 0.0 0.0 20.0 100.0 BETA
PATIt DI.TA
PROC CAWA 2. 17 .95
X' IT CONSTO.5
PA Tit P I

XMIT R1.ONI. 333 .888
PATH RIO

PROC EXPON.23175

XMIT NPSSN.103
PATI1 ZETA
PROC RNORM2.1 .44

PATH CAM A
PROC CONST2.0
XMIT CONSTI.1

PATi TR4 I
MP.SS RETA 2.') 1.0 0.0 10.0 75.0 RHO
PROC UNFRM2.1 3.6
PATH PI
XMIT CONST6.55

PATH TR4 2
HESS GAM!A 6.2 5.1 0.0 0.0 100.0 Pi
PROC CONST9.75
X.4IT NPSSIO. 2?3
PATH ,AMA

PA Ti1 ALFA
PROC rONST3.1
X!?IT RLO(N2. 7 .334
PATHl TR!4
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cESS RION .1 .3 0.0 150.0 250.0 GAMA

PROC CO:STO. onnI

X!t IT TRIAC , .89 .9

PATII PI

PROC CONST.00
0 1

XMIT TRIAC.R5 .8,1 .91

PATH TR06

MESS Rv40RmI4. 1 2. 6 0.0 500.0 63.0 ZETA

PATH BETA

PROC NrSqt . 6  7

X' IT NpS r:. 6 61

PAT If R H o

X4 IT CV A ./5 .23

PATH 1LTA
PROC PtopM. .3P2 .125

XMIT RI.OCN. S 4 3  .321
PATH1 TP"3!
MESS T(NFR. 1.3 0.0 0.0 200.0 CAMA

PATH ZETA
PROC CON T25.'

X'l IT CONSTS.
0

P'ATlH Triu
PESS TR A(:2 • 5. 10.0 15.0 125. BETA

X'IIT TRIAG3.OO 6. 11.0
'ATiIITRM3

MESS CONST1.S 0.0 0.0 1.0 85.0 GAMA
P'ROC lNFRM'.2 b

1'ATII P1M IT C0OST 1.62.1

PROC BETA .5 .

PATH BETA

PATH1 TRM I

BALK BLKI 1.0

XMIT CONST.5

PATH RIIO

PROC NPS;rI. 6

XMIT E.XPON'.00
0 2

PATH TRM I
BALK BLVI 2.0

PATH DLTA

BALK BLK2 2.0

XMIT GAMA 1.23/4 2.345

PATI BETA

WALIt BL KI 3. )

PROC RNORM .
145 .21

XMIT CONST2.678

PATHI BETA

PAT1I DLTA

PROC RLOCNI .2 .7654

PATH1 ZETA

XMIT BETA 6.1 3.7

PATH TRM 2

BALK BLKI 4 .0
XH IT IINFR ! .()' 2.1
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PATti BETA

PATIl D)LTA
PROC CAMA 1.1 .P7654

XMIT CONST2.3

PATH TRm 3
BALK BLK2 4 .0

PATH RI1O
PROC NI'S,"S '. 7
X4 IT FXPON. 7

PAT1 ZF TA

PATh TR11 3
BALK BLK1 5.0

PROC CONS T. )0OQ

XM IT COHST.O()l99n
PA THI BETA

PATH DLTA
XMIT RjORM4.675 1.304

PATII RflO

XkIT ItLOCN ) .898

PATH ZETA
PROC JNFRM , 54 .62

XMIT TRIAG,0003 2.5 15.0
PATH! TRM I
BALK BLK2 7 .0
XM IT RNORM 5.223 .162
PATH BETA
PROC TRIAC3.56 4.0 5.0

X:lIT CONST.4

PATI DLTA
PA Th P I

XMIT EXPON.1

PATH Z ETA
BALK BLKI 7.0

PATH R11O
PATH GAMA
BALK ILKI 9.0
XMIT CONST.7

PATH TRM 2

BALK BLK2 9.0
PATH TR1 3

BALK BLK2 5.0
PATH BETA

I ND
NO ERRORS DETECTED. L, AI SOURCE WILL BE CONSTRUCTED.
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1 GEN, SLAM PP!,',0/1
9 /198 2, 1,,. .,7 2

2 L II, 9,.2,.500;
3 NETWORK ;
4 RESO1'RC F/ AtFA( I) 1

5 RESOUTC r/ P'K I( 1) 2;

6 R F 'SO'111Z CE / MYL ? ( 1) 3;

7 R F S0PR ' 1'/ li FTA\ 1) 4;

8 11,T: .; il C' F/ 1) ITA 5) 5;

9 lz f! o zcf.,/P p 1 ) 6;

R12Sr PJflR C I' /CAl A 2) 9;
13 c-.E\rTi", Ext'or( 2.00000), 0,1, 50;

14 AfSlfCN,ATR1P,(2)- 1;
15 ACT,,HIETA;
16 CREATE,NJPSS!J( 3.20000), 20.1, 100;

17 A-ICN,ATRIB(2)- 2;
is ACT, ,,BFTA;

19 CRI'ATE,PETA ( 2.00000, 1.00000), 10,1, 75;
20 ASSICN,ATRIB(2)- 3;
21 Ar?, ,,RllO
22 cflrATE,GA,'lA ( 6.20000, 5.10000), 0,1, 100;

23 ASSfCN,ATRTR(2)- 4;

24 ACT, .. PI ;0 ), 10r, 20
25 CRE.ATF,I.OGN( 9.10000, 1.3000) 15,, 2;

26 ASS1CN,ATR11R(2) 5;

27 ACT,,,CA' IA;

28 CPl:ATEIlN0RA( 4.10000, 2.60000), 500,1, 63;

29 ASSIGN,ATRTR(2)= 6;

30 ACT,,,.FTA;01,2;
31 CREATE,UNFRM( .75000, 1.50000), 0,, 2;

32 ASSIGN,ATRIB(2)- 7;

33 ACT, ,,GA'A;
34 CRLAT17,TRIAG( 2.00000, 5.00000, 10.00000), 15,1,

35 A S 31 N , A TRI R( 2 8;

36 ACT,,,RKTA;

31 CRE~ATE:, 1.50000, 1,, 85;

38 ASSIc.N,ATRIB(2)- q;

39 ACT,,,GAMA;
40 ALFA AWAIT( I/ 50),ALFA;
41 COON, I;
42 ACT,,ATRIR(2).EQ. 4,1,101;

43 L1O1 COON
44 ACT, 3.10000;
45 COON;
46 ACT,RL.OCN!( 2.70000, .33400);

47 FlFF,AL.FA;
48 ACr .. ,Tw1A3;

49 RLJ(1 AIA IT ( 2/909)9BLK I
50 C 0ON, .I

51 ACT,,ATRIR(2).FQ. 1,L102;

52 ACT.,ATRTI',(!).EQ. 2,L103;

53 ACT,,ATRT8(2)-FQ. 3,L104;

80



54 ACT,,ATRIB(2).EQ. 4,L105;

55 ACT,,ATRIB(2).EQ. 5,L106;

56 ACT,,ATRIT (2).FQ. 7,L107;

57 ACT,,ATRIO(2).EQ. 9,L108;

58 L102 COON;

59 ACT, .50000;

6 n FREE, RLK ;

61 ACT, , 1'I10
62 1.103 GOO 'I
63 FREE,I, 1;

64 ACT, , , ILTA
6S 1,104 COON;

66 ACTRNORM( .45000, .21000);

67 COON ;

68 ACT, 2.67800;

69 FREE,RLKI;

70 ACT , ,RETA;

71 LiO5 C 0 " N' ;
72 ACTUNFRM ( .99000, 2.10000);
73 FRFE , BL I ;

74 ACT. , ,BETA;

75 L106 COON;
76 ACT, .00090;
7 7 G 0 ) N ;I
78 ACT, .00099;

79 FRE, ,LY I ;
80 ACT, , , BETA
mq 1 1,1 7 COON;

82 FREE, R.KI1;

83 ACT, ,Rij

84 L108 COON;

85 ACT, .70000;

86 FREF,BLl ;

A7 ACT, ,,TRM2;

88 BLK2 AWAIT( 3/9999),BLK2;

89 COON, ;

90 ACT, ,ATRIB(2).EQ. 2,L1 Oq;

91 ACT,,ATRIR(2).EQ. 4,LIIO;

92 ACT,,ATRII(2).EQ. 5,LI1;

q3 A(T, ,ATRI I(2).EQ. 7,L112;

94 ACT,,ATRIR(2).EQ. 9,L113;

95 L109 CrOON;

96 A CT, CA A ( 1.23400, 2.34500);

97 FREE, ,I.K2;
98 ACT, , , RFTA;

49 LI 10 COoN;
10 0 FR F I" B1,.K2;
lo1 ACI', , ,R O ;

102 1.1 11 CooN;
I03 FPi r I BI.'2

104 ACT, , ,BETA
105 L112 COON;

106 ACT, PNOR"( 5.22300, .16200);

' 107 FREE, I.K 2;
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108 ACT , A;

109 Ll1 3 GOrON;
110 FREE, B1,1,

2

III ACT., , TRM 3;

112 BETA AWAIT( 4/ 50),BETA;

113 COON, ;

114 ACT,,ATR 7( ). . 1,L11
4 ;

115 ACr, ,ATRIP(?) .Q. 2,.ILI 15;

116 ACr,,ATRIi(
2 ).EQ 3, L16;

ill ACT ,A , I 1'( 2 ) - Q 1 , LlI7;

118 ACT,,ATIl B(2 )EQ. 5,.l1R;

I I ACT, ,ATRII(
2 ),.Q. 6,L1 19;

120 ACT, ,ATR, I R(
2 ). Q. 7,L12

0 ;

121 ACr,,ATRIR(
2 ).EQ. 8,1,121;

122 ACT,,ATRI9(
2 ).EQ. q,1122;

123 1.114 COON; 2.00000, 7.00000, 9.00000);124+ ACT,TKIAC 2.O 0 , ? 0 0 ,

12 S COON ;

126 FRIEE, RETA;

127 ACT,, , I.TA ;

128 LuI
9  conN;

129 FRFF,, BETA;

130 AC'T,,,DLTA;

131 Ll 16 c ooN ;

132 FRIF F, BETA;

133 ACT,, ,pLTA;

134 I 117 CO )N;

135 FRF., ,iTA

136 ACT, , ,oILTA;

137 LI1 8  (;O N;

13Bf FRFEF ,.TA

139 ACT,, ,0LTA;

140 LI1 9  GOON;

141 ACT,NPSSN ( .66700);

142 COON ;

143 ACT, NPSSN( .66800);

144 Fr. r., ErTA;

145 A fT, , , R ;()
14s6 L.12

0  GOO0:;5.00;

147 ArTTRIAV( 3.56000, 4,00000,

148 cooN;

149 ACT, • 00O;

150 Fr ,BFTA;

191 ACT, , ,OITA;

1523 1121 T1 C( 3.oooo, 6.00000, 11.00000);

154 FHREE,RrTA;

1 5 ACr, , ,TRM 3;

156 L127 COoN;

157 F?:'.E,BElTA;

158 ACT, , ,Ti1 I

159 DLTA AW AIT( 5 20),1L1AN
160 

COON,1

161 ACT,,ATRI1(?).Eo. 
1,1,12 ;
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162 ACT, ,ATIPB (2).EQ. 2,1.124;

161 ArT,,ATRIB(2).EQ. 3,L125;

164 ACT,,ATRIB(2).EQ. 4,L126;

165 AIT,,ATRIB(2).EQ- 5,L127;

166 ACT, ,ATRIH(2).EQ. 6,L128;

167 ACT,,ATRIB(2).FQ. 7,L12
9 ;

168 L123 COON;

169 ACT, 1.70000;

170 1I . , Pl'[1 A ;

17L A'T. , ,PI
172 L 12 4 COON ;
173 ACT ,(;AH1A ( 2.17000, .95000);

174 G11N;

175 ACT, .50000;

176 FP ,D, UTA

177 ACT, ,,PI

178 1.129 ';n:N ;
179 ACT, I1l.OC ( 1.20000, .76540);
1s0 C 0 O% ;

181 Fv 1: r-, DL.TA
182 ACT,,,ZETA;

183 L126 COON;
184 ACT,(AIA ( 1.10000, .87654);
|s c ()' ~N ;

1S6 ACT, 2.3O00;

187 FI' , )IT,;
188 Arr, , ,r" 1;

190 ACT, !NORI ( 4. 67500, 1.30400);

191 F'Rp E, DITA;

192 ACT , ,RIO ;

193 L128 COON;

194 ACT,RNORM( .38200, .1250n);

Iq5 C f o N;

196 ACTRLOGN( .54300, .32100);

197 FRE ,F DLTA ;

198 ACT , ,T'r1 3;

199 L129 CnON;

200 FRFF,PI.TA;

201 A CT, ,,PI 

202 PI AreAlr( 6/ 5fl),PI ,BALK(BLKI);

203 (;oo:, I;

204 ACT, ,ATRI(2).EQ. I ,Ll30;

205 ACT ,,A'rR I (2) .EQ. 2,L131;

206 ACT ,,ATRIB(2).EO.. 3,L132;

207 AC'T,,AI"RIB(2).EQ. 4,1.133;

208 ACT ,,ATR1(2).;Q. 5,1.134;

209 ACT,.ATRT8(2)FQ. 7,L135;

210 ACT,,ATII(2 ).IIQI 2 136;

211 L130 COON ;

212 ACT,FXPON( .75000);

213 Go(IN ;

214 ACT,PFITA ( 3.12000, 6.14000);

215 .'1Im f, PT
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. ... . . .. I I i I H I

216 ACT, , i 1 ;
217 1.131 C o' : ;
211 ACT P I.OG ( 1.33300, .800);
219 F)EE,P I
220 ACT, , , )
221 L132 COON;
222 ACT, 6.5 OOO;

223 F vE PEE, P I
224 A CT T,, " l :'
225 !133 C 0 )'!;
226 ACT 9. 75000;

227 GOON;

228 AC T ,' P5;NC .22300);

229 FR. E, P I
230 ACT, , ,GA!IA;

231 L134 COON;
232 ACT, .onlo;

233 Cooi;

234 ACTTRIAC( .85000, .8g00 , .91000);

235 FP -, PI
236 ACT, , ,TRM 1;

237 L135 CO 0N ;
238 ACT,E X PON( . 10000) ;

239 FRjEE, P ;

240 At:r,,,7Z TA;
241 1,136 (;OON;
242 A"T,BI.:TA ( .50000, .10000);

243 COON ;
244 i".- , Pl
245 ACT, ,,3FTA;

246 RHO AWA Yr( 7/ 10),RIIO ,BLOCK;

247 COON,1;
748 ACT,,ATRTR(2).EQ. 1,L137;

249 ACT, ,ATRIi(2).EQ. 2,1.138;

250 ACT,,ATRTIl(2).EQ. 3,L139;

251 ACT,,ATRlB(2).EQ. 4,L140;

252 ACT,, ATR I ItB(2).EQ. 5,L141;

253 ACT,,ATRIl(2).EQ. 6,L142;

254 ACT,,A'rRIB(2).EQ. 7,1143;

255 L137 COON;
256 ArT,NI'SSN( 1.60000);

257 CO ' ) N ;
258 ACT, FX1'O N( .00020);

25q FRrE, Rif()
261) ACT, , TRl 1l;

261 L138 ;OON;
262 ACt',FXPON( .23175);

263 G; ) N ;

264 Ar: r, mS SI ( .10300 );

265 FRE, RIIO
266 ACtr,,, ZETA;
267 L 139 G0O ON;

268 Acr,INF R"I ( 2.10000 , 3.60000);

269 COON;
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270 F I 1: E, V IIo
271 ACT, ,, I 
272 1140 COON;

273 ACT,NPSSN( .70010);

274 COON;
275 ACTV YPON( .700oo);

276 FREE, IIO
277 ACT ,, r TA;
279 1,141 G 0ON'

279 ACT,I1(C,( .q9900, .88 00);

280 FRE E, RlO1 ;
281 ACT,, ,ZETA;

282 L142 COON;
283 ACTCA'IA ( .45000, .23000);
284 FREE ,RIO
285 ACT , ,DLTA;

286 1,143 COON;
287 rI:E, ruO ;
288 AC7, , ,CAMA;

289 7ETA AWAIT( A/ 30),ZETA;
290 COON,.;
291 ACT, ,ATP I l(2) .EQ. 2,L144;
292 ACT, ,ATRI,(2).EQ. 3,1,145;
293 ACT , ,ATIU 1 (2) .EQ. 4 ,.146;

294 ACT, ,ATRI(2).EQ. 5,L147;
295 ACT,,ATRIP.(2).EQ. 6,1,148;
296 ACT, ,ATRlP,(2 ) .EO. 7 ,L149;

297 1,144 CO')N;
2989 ACT,P.Nr)RM( 2.10000, .44000);
299 COo; N
300 FREE, ZETA;
301 ACT,,,CAIA;
302 L1 4 5 COON;

3n3 ACT,l..T. ( 6.10000i 3.70000);
304 FREE, ZETA;
305 ACT,, ,TR'42;
306 L1 4 6 COON ;
307 FRF7, Z1'TA;
309 ACT, , ,' lk 3 ;

30c 1,147 (;OON;
310 ACT, 'NF WI( .54000, .62000);

311 C~oiN;
312 ACT,TIIA(;( .00030, 2.50000, 15.00000);

313 Fr 'r ZF TA;
314 ACT,, ,TR 11I;
315 L148 rOON ;
316 FREE,ZETA;
317 ACT,, ,111.'TA;
318 L1 4 9 COON;
319 ACT, 25.00000;
320 GoO' ;
321 ACT, 5.00000;
322 FREE , ZETA ;
323 AC, , ,TR:i 2;
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324 GAM A AUAIT( / 5) ,CAMA, BALK( BLIK2);

325 (COn K, 1;

326 ACT, ,ATp.IP,(2).EQ. 2,L150;

327 ACT,,ATRIB(2).EO. 4,L151;

328 ACT, ,ATP In(2).EO. 5,L152;

329 ArT, ,ATIR1(2).EQ. 7,1 153;

330 ACT, ,ATRIB(2 ) .E . 9,L154;

331 1.1 5() ;ooN
332 Ar , . n, o);

3313 '
334 ACT, 1 .1 0000;
335 FPE, GAM A;

336 ACT ,,,TR'I 1;

337 LI51 GOnN;

338 FREE,GAMA;

339 ACT, , ,ALFA;

340 LI 52 GOOM;
341 ACT, .ooo10;

342 GOON ;
343 ACT,TRIAC( .85000, .88000, .90000);

344 FREF, CAI A;

345 ACT, , ,PI

346 1.153 GOOm;
347 FREE,CAMIA;
348 ACT, ,,Z7TA;
34q 1.154 COON;
350 ACT,HNFIRM( 4.20000, 6.50000);

3 51 GoON;

352 ACT, 1.62100;

353 FRtrE, C-MA;

354 ACT,, ,P
355 TRMI COLCT,INT(1),EXIT INTRVL TRM1;

356 TERM ;

357 TRM2 CO].CT,INT(1),EXIT INTRVL TRM2;

358 T .P'i ;

35q TR13 COLCT,TNT(1),EXIT INTRVL TRM3;

360 TERq ;

361 E N ;
362 INITf;

363 FIN;
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S L A M E C H 0 R E P O R T

SIMULATION PROJECT SLAM 
BY SLAMPP

DATE 9 /1 9 /1 982 
RUN NUMBER I OF

S;LA, VERSION JAN 79

GENERAL OPTIONS

PRINT INPUT STATE'ENTS (ILIST): YES

PRINT ECHO REPORT (IrC11O): YES

EXECUTE SIMULATIONS (IXQT): YES

PRINT INTER'IEDIATE RESULTS HEADING (IPIRM): YES

PRINT SUMMARY REPORT (ISHRY): YES

LIMITS ON FILES

MAXIMUM NUMR!'.P OF USER FILES (MFILS): 9

MAXIMUM NU 1I1ER OF USER ATTRIBUTES (MATR): 2

MAXIMUM NUMBER OF CONCURRENT ENTRIES (MNTRY): 500

FILE SUMMARY

FILE INITIAL RANKING

NUMBER ENTRIES CRITERION

1 0 FIFO

2 0 FIFO
3 0 FIFO

4 0 FIFO

5 0 FIFO

6 0 FIFO

7 0 FIFO
0 FIFO

Q 0 FIFO

STATISTICS BASEr ON OBSERVATIONS

COLCT COLLECTION IDENTIFIER HISTOGRAM SPECIFICATIONS

NUMBER MODE NCEL HLOW HWID

I NETWORK EXIT INTRVL TRMI

2 NETWORK EXIT INTRVL TRi2

3 NETWORK EXIT INTRVL TRM3

87



RANDOM NUMBER STRF. AiS

STREA4 S FE) RETNITIAIIZATION
NUMBER VALUE OF STREAM

I 124397P22910q57 NO
2 3467131363389 NO

3 7 ( 654 4 ( ( (,1 4 3 ", NO
4 1 84 1 /(? 32 1 3 6H 1 3 N')
5 2o0i3(12 993 ')n8S NO
6 14705q51 296394( NO

7 125894 583R54 29 NO
8 150477775603725 NO
9 227H 74 74f 727O ( 7 NO

10 82174077q46221 NO

INITIALIZATION OPT IONS

BECINNING TIME OF SIMULATION (TTBEG): 0.
ENDING TIME OF SI'iULATION (TTFIN): .1OOOE+21

STATISTICAL ARRAYS CLEARED (JJCLR): YES
VARIABLES INITIALIZED (JJVAR): YES

FILES INITIAIZ.17.ED (JJFIL): YES

NSET/QSET STORACE ALLOCATION

DIMErSION OF NSET/QSET (NUSET): 7000
WO;'DS ALLOCATED TO FILING SYSTEM: 3000
WORDS ALLOCATED TO INDEXED LIST TAGS: 0

WORDS ALLOCATED TO NETWORK: 3.042
WORDS AVAILABLE FOR PLOTS/TABLF.S: 958

INPUT ERRORS DETECTED: 0

EXECUTION WILL BE ATTEMPTED

8



S 1, A 'I S U 1 M A R Y R E P O R T

SIMULATION PROJECT SLAM BY SLAMPP

DATE 9/19/1982 RUN NUMBER 1 OF

CURRENT TIME .3235E+04
STATISTICAL ARRAYS CLEARED AT TIME 0.

**STATISTICS FOR VARIABLES BASED ON OBSERVATION**

HEAN STANDARD COEFF. OF M ININUM MAXIM UM NO.OF
VALIE DEVIATION VARIATION VALUE VALUE OBS

EXIT INTRVL TRMI .563E+02 .158E+03 .280E+01 .172E+0l .113E+04 295
FXIT INTRVL TR92 .3811+03 .356E+03 .934E+O0 .903E+01 .115E+04 74
EXIT INrRVL TR?3 .119E4+03 .131E+03 .1lOE+O .938E+01 .764E+03 238

**FI LE STATISTICS**

PILE ASSOCIATED AVERAGE STANDARD MAXIMUM CURRENT AVERAGE
NUMBER NODE TYPE LEcTii DEVIATION LENGTH LENGTH WAIT TIME

1 AWAIT 0.000 0.000 1 0 0.000
2 AWAIT .001 .045 3 0 .113
3 AW AIT 2.991 10.750 61 0 92.125
4 AWAIT r 9.904 17.473 50 0 152.550
5 AWAIT 0.000 0.000 1 0 0.000
6 AWAIT 4.399 12.353 50 0 28.399
7 AWAIT .181 1.249 10 0 6.967
8 AWAIT 9.869 1 3.005 30 0 570.047
9 AWAIT .628 2.909 19 0 3.790

10 4.118 3.395 19 0 1.162

**RESOURCE STATISTICS**

RESOURCE RESOURCE riCURRENT AVERAGE STANDARD MAXIMUM CURRENT
NU BER LABEL CAPACITY UTII DEVIATION UTIL UTIL

I ALFA 1 .18 .381 1 0
2 BLKI 1 .00 .052 1 0
3 SLY2 1 .10 .298 1 0
4 BETA 1 .29 .451 1 0
5 DLTA 5 .05 .294 4 0
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6 P1 1 .46 .498 1 0

7 RHO 1 .03 .179 1 0

8 ZETA 1 .39 .499 1 0

9 CAMA 2 .17 .481 2 0

RFSO1,RCE RESOURCE CtRRE T AVERAE ?r I N IMHl H AX IM UM

NUtIIER LAREl. AVAILAI.E AVAILAI.V AVAILABLE AVAILABLE

I ALFA 1 .8241 0 1

2 RIJ,1 1 .9973 0 1

3 R Io(2 I .QO 1 6 0 1

4 AETA 1 .7149 0 1

5 DLTA 5 4.9460 1 5

6 PT 1 .5389 0 1

7 RHO I .9668 0 1

R ZETA 1 .6066 0 1

9 CAM1A 2 1.8349 0 2
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