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I. INTRODUCTION

The BRL Message Processing Model (BRLMPM) 48 a heavily input
driven, well~ commented FORTRAN computer code. The code, consisting of
4500 lines (2200 of which are comments), is contained within 47 program
mnodules and has three major functions:

l. Input/Output and bhookkeeping
2. Message generation and queuing
3. Doctrine

A simple flow diagram of the model is shown in Figure 1.

The impetus for the model was the study of artillery communication
systems; however, the model is much more peneral and can he used to
study and evaluate:

1. Communications systens (digital, wire, voice)
2. Message processes and queues
3. Tactical doctrine

In order to achieve generality and flexihility, the code requires a
large number of inputs. Presently there are five input classes which

are:

l. CGCeneral

2. Unit, Link, Net
3. Message

4, Fauipment

5. Delays

In general, doctrinal rules are embodied in the computer code and
are not preatly affected by the inputs. On the other hand, changes in
messape rates reflecting different equipment types are easily handled by
the inputs and recuire little, if any, coding changes.

The model as it 1s nresently confipured does not include a 1link
status compouent or complete rules for 1link switchingi therefore,
PLRS/.ITINS or nacket radios cannot he simulated.

The remainder of the report will describe the model nresenting:

Innut/output

Noctrine

Current capabilities
Possible modifications
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INPUT AND DISPLAY DATA

‘

> GENERATE MESSAGE (S)

v

PROCESS MESSAGE (S)

v

SAVE AND REMOVE COMPLETED MESSAGE (S)

NO v
FINISHED

YES
v

Figure 1. BRLMPM Simple Flow Diagram
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II. MODEL DESCRIPTION

The BRL Message Processing Model (BRLMPM) 18 a time - based
simulation capable of processing messages over a 24 hour period. There
ie nothing sacred about this choice and it may easily be changed. The
model begins and ends at user specified times and runs using a game time
cycle or increrment also specified by the user. The minimum cycle time
is one second, Typically, message events are processed in the cycle
immediately following the action time. This does not denigrate the
validity of the model; the communications systems, message processors,
or tactical doctrine tested; or the trends produced.

The BRILMPM normally runs 60 times faster than real time. That 1is,
6N seconds of game time using a one second game cycle time uses one
second of computer time.

To facilitate the following discussion, a flow chart of the main
driving program (DRVMPM) appears as Figure 2.

The model begins by reading and displaying the inputs, A
description of the 1inputs and the required formats for them apnear in
Avpendix A. The inputs, as displayed by the program, may be found in
Appendix R,

There are five classes of inputs:

I. General (GENRD)

2, Unit,link, and net (UNLKNT)

3. Message (MESRD)

4, FEquipment (not used at present) (EQUIPD)
5. Delays (DELYIN)

Fach class of input is read and printed by the routine indicated in
parentheses and called by a master routine (CMINOT). In the following
discussion, individual inputs will only be described to clarify the
model, show flexibility, or provide emphasis.

The model next initializes various counters, masks, and values not
set bv the input routines. This is done in subroutine (SETVAL) and by
the main driver (DRVMPM).

Next, the message queue is initialized in subroutine (INTLMS). The
message aqueue i8 basically a successor list with pointers to the lowest
message, last message, and the next message. Provision has been made to
handle 1500 nessages, of which the first five are used as an artifact in
the initialfzation process. No attempt was made to emulate the messape
queue sizes of existing tactical computer hardware.
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Figure 2. BRLMPM Main Program Flow Chart
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The model now looks to see if it is possible to insert a messaqe.
Subroutine (TMTOPT) finds the time interval containing the current time
and insertion rate for that interval. A random number is drawn and
using the insertion rate and pame time cycle increment, the appropriate
numher of messages (nossiblv none) is determined for this game cycle,

If a messase can he 1inserted, subroutine (MFSCMP) 1is called.

MESCMP pencrates the first message of a series of messapes using mission

profiles supplied by the Wuman Fngineerins Lahoratory (IIEL), Aberdeen

- Proving Cround, Marvliand. A mission profile is the collection of

B messapges necessarv to comnlete a mission. ‘‘ission profiles are input to

the progran and used as a template or skeleton vith other program data

filline in the temnlate as the simulation proeresses. We call each such

series of messagres a mission messape tree or message tree. Mission

nrrofiles need not conform to existing doctrine and are quite flexible,

handline fron 1 to 40 messages with provisions for repeating a

contipuous set of messaces as manvy as five times. This is the way an
artillery missfon inclurdine all the adjust fire messages is modeled.

MLSCHP hegins hv selecting a mission profile. Up to 15 profiles
rav  he supplied for any simnlation. Once the mission is selected, a
valid sender unit ts found, In addition, the unit structure, which
holds the sender, is also selected. All following units (senders or
addressees) must helone to this vwnit structure. This way we always
insure that the proper FIST will he associated with his FOs; etc. Unit
structures are verv flexihle and it is up to the user to deterrmine the
format for a unit structure. The model allows 10 unit structures each
containing un to S0 units. (NOTL: "he model 1is presentlv limited to 150
unique wnits.,) MESCMP now searches for an appropriate addressee.
MESCMP requires that a direct link he found between the sender and the
addressee hecause the BPLMPM does not currently handle link switching.
Once link switchine is incorporated, this restriction will be removed.
Tf a direct 1link cannot he found, an error message is printed and the
simulation is terminated. If a direct link is found, the appropriate
megsage parameters are selected using the message tvme sunplied in the
rissinn profile, Messape parameters include sender, addressee, unit
structure, message tree number, an external message numher, an internal

.

t} messare numbher (non-unique for use bv the message auene), 1link number,

. net number, messace precedence, messape priority, messape length,
messapre tvpe, messape number in the message tree, mission type, message

L~

count, starting time of messare, ending time of the message,
extraordinary delav time, status, and provision for up to 5 1links when
switchine is incorporated.

Nnce the messape paraneters have heen selected, MESCMP attenpts to
enter the messare into the message queue using subroutine (INSMSG)., If
successful, the number of adjust fires (possibly none) for the mission
is computed, and the units selected as sender and the addressee are
recorded so that no new units of the same seneric class will be used for
this mission messape tree. MFSC™P then determines whether or not the

NERE. 20a BILEOURCEN fn s g
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{; messape just processed is a similtaneous message. If 8o, subroutine
(SIMMSG) 18 called tn see 1if the next messape is also tagged as a
similtaneous messape, If so, subroutine (GFMNXT) is called to set up,
penerate, and insert 1into the message queue the next messase for this
missinn messape tree. MRSCMP will continue to call SIMMSC and GEMNXT
until all conticuous simultaneous messages have heen inserted. "he
routine 1is then exited.
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If MESCMP {8 not ahle to insert a message into the message aueue, a
warnine is nrinted and the routine exited.

Subroutine NFNNXT, mentioned ahnve, penerates the next messape of
the mission messare tree. It is8 in this subroutine where the testine of
reneated sets of contisuous messages (adjust fire loons) occurs, and t}
correct sequencine of messapes {8 handled. O0Of course, there need not t
" anv repeats. OGFNNYT inserts, at most, one message into the messap
L aqueve., In addition, CGINNXT recoernizes when it has finished insertin
S . the last messape of a mission messape tree.

If it was not time to enter a messare, or MRESCMP comnleted

- successfully, 1t wnuld now he the logical place to penerate background

| = messasres or special messages. The former would he used to put a load on

N the svstem; the latter to model a known scenario. Currentlv, neither is
modeled.

"he model continues hv calline (MESPRC), which is the heart of the
sirmilation. MESPRC contains the algorithms for stenpineg a message

( through a serles of stages from insertion to completion. The flow chart
- shown in Figure 3 will he nnst helnful for the discussion of subroutine
MEQSPRC, '

The aleorithms chasen for the initial version of the model are:

1. Y“essares will bhe processed on a first come - first serve hasis.
That 1is, the lowest time nessace will always be looked at first and
serviced if possible. !Mote: the mechanisms for prioritv and precedence
bandling exist throuph the inputs hut have not been inplemented.

2. There is nn link switchineg - a direct link hetween nnits {s a

. current necessitv,
- 3. There 18 no bumping.
"_ 4, A messane must he in the completed state awaitine final
" nrocessing time to exnire hefore an acknowledsement messape is sent.

5« The acknowlederement message rmust he completed before the

messare which eenerated 1t.

f. The next messape on the mission messape tree will not bhe :

‘ inserted into the messane Aueue until its nredecessor has bheen removed

(uith the exception of simultaneous messages).

12
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GAME CYCLE (RVDMLS)
(NXTMSG)
lvss
UNPACK MESSAGE
(UNPMSG) (TD
l ves YES FIX INSERT TIME
NEW MESSAGE —ee————pp IS NET BUSY ——————p ADJUST TIME (REVISM)
(LE. STATUS 1) NO
* NO $ YES e
0) IS MSG AN ACK ——————p WILL ACK FAIL?
NO "°¢ YES
YES HUMAN v

ADJUST TIME €@— WAS LAST MSG A ‘DELAY"

RELAY AND BUSY

(REVISM) Yy uo‘
SET STATUS Sy, NO SET NET BUSY
10 2 v ADD PROCESSING TIME
‘ IS THIS MSG "READY" SET STATUS T0 2
® NO ?
v Yes
IS MSG RELAY/OR BUSY ———— ADJUST TIMES
(REVISM)
NO

v

SET NET BUSY
SET RELAY BUSY I[F NEEDED
TIME = NET ACCESS DELAY
+ TURN ON TIME
+ PREAMBLE
<+ TRANSMISSION
ADJUST TIMES (REVISM)
SET STATUS TO 3

'

O

Figure 3. Message Processing
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ERROR EXIT

IS MSG STATUS 4

.......................

YES YES
IS MSG STATUS 2 ————=> IS NET BUSY ———p ADJUST TIMES

‘uo YES (REVISM)
RELAY AND BUSY l
lno &
SET NET BUSY
No SET RELAY BUSY IF NEEDED
SET TIMES
SET STATUS TO 3
v Yes YES T
IS MSG STATUS 3 ——> IS MSG GONG ——> ADJUST TIMES
T0 FAL REVISM)
| yho
No ADJUST TIME FOR WA ™ QUEE —p (7)
SET STATUS TO 4

YES | YES
~—— NAK MSG ~———p ADJUST TIME
l'm FOR DELAY

CALCULATE RANAL TIMES l
ADJUST TIMES (REVISM) ®
ISSUE ACK (DOACK)
SET STATUS T0 25

'

®

Figure 3. Continued
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+ MESPRC berins hy calline subroutine (NXTMSG). MNXTMSG will return

e the messace numher of the lowest time message whose starting time is

less than the current pame time nlus 1 game time cycle increment 1f such

{ a messanre exists; otherwise, there are none. Tf one exists, NXTMSC will

: set its pointers to the next lowest time messape, If none exists,

MESPRC calls (RYDMLS) to reorder the message aueue and MESPR( processing
is completed.

Once a message has been found, 1its status 18 checked, If the
messace is in status 1, it is a new messare. For a status 1 messape the
- _ program first checks to see if the net is busy, If it is, the message

T starting time is increased to the time the net will next be free. This
- is done bv subroutine (REVIS), MESPRC then returns to NXTMSG to select
Lj : the next mnessape meeting the time criteria ahove. If the net is not
P . busy, a check is made to see if the message is an acknowledgement, If
{ s0o, a test 1s mnade to see if the acknowledgement fails. If so, the

. messape starting time is increased, and the message is flagped as having
an eoxtraordinary delay and the delay time kept. Asain MNXTMSC would be
called. 1f the acknowledeerent does not fail, a check is made to see if
the acknowledgement is a relav message. If so, a relay flap is set and
- a check is made to see if the relav unit is bhusv, 1f sn, the messages
('Y startine tine is increased and we call NXTMSC for the next message. If
o not, the nrosram calculates the processine time for the messape, sects

. the status of the acknowledpement nessape to 25 (the completed state),
- sets the relay bhusy for a nortion of the processing time, and sets the
- net busy. The proaram then tries to select another message using NXTMSG

(. check 1is made to see 1if either the sender or addressee are relay units

2 as above., If the acknowledsement messase is not a relay mnessape, a
. and busv. 1If so, the messapge is delayed until the relay unit is free.
;f‘ If not, the messape is piven its processing time and its status set to

the completed state, and NXTMSC called.

If the status | ressase was not an acknowledgement message, a check
is made to see if the previous messapge for this mission messape trce was
X tagged as a "delay'", 1f so, the starting time of this message 1s
S increased to reflect a delay attrihuted to human processing, the message
Al is flagred as having an extraordinarv delav, and the status of the
nessare 1is set to 7, The nropran then calls MNXTMSG for the next
messape.

If the status 1 messape is tapeed as "ready", the program tests to
see {f this was the first time in for this mission message tree and
calculates delays for the gpun setup time and then checks for the
nossihility of handoff to another gun batterv. If this occurs, a
further delay is added.

= The progpram then further checks the nnssihilitv of stopping this
o nission to fire another one and {f so calculate a delay which would
a override gun setup times. In any event, if the message 1is '"delav" or
, "readv", the starting time of the messape is increased, an extraordinary
‘%i delav calenlated, the nessape set to status 2, we call NXT™SG, etc.

16
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Tf the status 1 measape is not "delay" or "ready", the prorram
nroceeds to po through the relay and busy testing in the same manner as
descrihed for status 1 acknovledgement messapes, If the messape 1s a
relav and busy the progran apnlies the same 1logic descrihed for
actnowledpement messanes. 1f the messape i8 a relay and not busy, the
net and relays are set hurv, In addition, the nrogran calculates the
net delay for the messare usine the access delay tine, preamble time,
turn-on time, as well as the transmission rate (used for all messaces).
The message is set to status 3, and IXTMS. called for the next messrage.
If the message is not a relav messape, a check is made to see if either
the sender or the addressee is a relay unit. If so, they are checked
for husy and appronriate additional delays added; otherwise the relay
and processing {s as described above heeinning with the net access delav
time.

If the status of the message is 2, a test is made to see if the net
is busy. 1If not, the nrogram transfers to the loeoic for status } relay
and busy., If 1t is busy, the proeram continues to adjust the start
time.

If the status of the messase 1s 3, a test is nade to see {if the
ressare will fail, Tf so, the nrograr adjusts the start and
extraordinarv delav times and uses WXTMS7 to nick un the next messape.
If not, the nprogram sets the waiting time in the queue and sets the
status to 4, Status 7 mav be considered to he the state where a real
nessage would enter the tactical comnuter aueue.

1f the status is 4, a test is nade to see if the message will he
non-acknovledeed, If so, a delav is computed and the messape's status is
returned to status 1., If the messape is non-acknowledged 4 times a very
long delav is entered which simulates the subscribher heing removed from
the rame for this mission messare tree. (Note: It does not remove the
subscriher from other missions,)

If the messace 1s not non-acknowledaced, a delav for fire mission or
non-fire mission nrocessine is calculated, the status of the message is
set to 25 (the completed state), and the acknowledeement messape
renerated hv  subroutine (NNACY.). Then NXTMSG is called to nrocess the
next messace. Subroutine NOACY penerates the acknowledeement messare
(but not an acknowledeement for an acknowledpement messane), hv
reversine the sender and addressee and using the same message numher as
the nmessare 1t acknowledres. The messare tvpe for an acknowledement
messace is °9,

“his then comnletes the locic for subroutine MRSPRC,
The model now calls (MTSFIN) to test for completed messapes. 7o bhe
congidered completed and therefore readv to be removed from the message

auenc, the messape's status must he 25, the current pame time must he
rreater than the messace tine and the acknowledpement messare for the

17




X el PR ACNIC
-
x
\:_
~.
‘..; .
i? message must be completed or if the message is an acknowledgement, the

first two conditions must be met.. MESFIN will output the completed
message, if the output flag is set (done hy OUTMSG) and delete the
message from the message queue using subhroutine (DELMES). MESFIN will
also try to insert the next message on the mission message tree using a
call to subroutine GENNXT (discussed earlier).

The model now steps the time and tests to see if the simulation is
over. If not, the program goes hack to TMTOPT and the entire process
descrihed ahove is repeated.

There are manv subroutines which have not been discussed which
handle haookkeepine for finding, 1inserting, and removing units and
mission nessage trees from the simulation as it progresses, Short
descriptions of all the subroutines in the model appear in Appendix C.

The major output of the model is the history of completed messapes.
Completed messages can he displayed and saved for later processing.
Messages are printed by subroutine OUTMSG and saved on a disk file by
subroutine WRTAPE, Finally, a short summary of the outputs is printed
by subroutine ZATOUT.

Sample outnut is shown in Appendix D and a sample summary in
Appendix T,

18
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I1I. SUMMARY

The RRL Hessape Processing Model (BRIMPM) 4§g a pure messape
nrocessing nmodel. It 1is nnt incumhered with nhysical phenomena which
are not and should not he incorporated 1{into Iit, The model, in 1{its
present state, is extremely flexihle and can he used for a wide variety
of scenarios.

The incornoration of a link switching model 1s oplanned and will
rreatly  increase the utilitv of the model without serious side effects,
such as increased running time, storase capacity, etc.

The model is valuable as a stand=alone tool; however, it mav bhe
imhedded into a larse war same or simnulation where nther effects need to
be sirmlated in a realistic way and denend upon a gpood communications
model. Such effects include movement, fire rates, attrition, damage,
ard jamming.
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APPENDIX A
DESCRIPTION OF MODEL INPUTS AND THEIR FORMATS
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DESCRIPTION
General Inputs

1l TEMP NONE 7 10Xx,7A10
Run identification (Maximum of 70 alphanumeric characters).

2 NNSTR 1l 10X,1415
Nurber of random nunber streams (Maximm of 6 allowed).
If zero nnstr is set to 1.

2 INDEX NONE 1 (see above)
Nutber of indices for random nuwber streams. If zero, card type
3 is not read.

3 SSEED SEEDS 6 10x,1415
Kermels for random nmber streams.

4 IFOLOW GEN 1l 10X, 1415
Flag. If non—zero message history saved for follow-on processing.

5 IBEG GAMI'TM 1 10X,1415
Game startimg time. Input in minutes and converted to seconds.

5 IEND GAMT'IM 1 (see above)
Game ending time. Input in minutes and converted to seconds.

5 IINC GAMI'ITM 1 (see abowve)
Game time increment. Input in seconds.

6 TLNKOP - LINKOP 1l 10X, 1415
Flag. If zero, no link status update. If non-zero, number of

---------

game time increments between link status updates. Currently not used.

7 IDISQ DISPIA 1l 10x,1415
Flag. If zero, message queue is not displayed. If non—-zero,
mmber of game time increments between message queue displays.

8 IMDQ DISPLA 1l 10X, 1415
Flag. If zero completed messages are not displayed, otherwise,
they are.

Unit, Link, Net Inputs

9 NUNIT UNIT 1l 10X, 1415
Nunber of units allowed (Maximum of 150).

10 LINKS LINK 1l 10X,1415
Nunber of links allowed (Maximm of 200).

23
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ROUTINE CARD TYPE PARAMETER NAME COMMON BLOCK DIMENSION FORMAT

{ DESCRIPTION
UNLKNT 10 LTYPES LINK 1 (see above)
o Number of link types allowed. Currently not used. '
- UNLKNT 11 INDEX NONE 1 10X6I5,2F5.0
Link index. One type 1l card is needed for each link.
UNLKNT 1 LKEND LINK 200 (see above)
Unit nubers for both ends of the link (Note: two mmbers are
: required) .
C UNLKNT 1 LKNET LINK 200 (see above)

Net number which contains link.

UNLKNT 11 LKEQP LINK 200 (see above)
Equipment type numbers for both erds of the link (Note: two
nubers are required if equipments are present). Currently not used.

UNLKNT 11 XIMUL LINK 200 (see abowve)
Link perfommance multiplier. If zero, set to 1.0. If larger
than 1 performance decreases, if smaller than 1 performance
increases.

UNLKNT 1n XMSMUL LINK 200 (see above)
Message performance multiplier for messages carried on this Link.
See comments for XIMIL.

UNLKNT 12 NETS NET 1l 10X,1415
Nurber of nets allowed (Maximum of 20).

UNLKNT 13 IKNET LINK 200 10x,215/

(10x,2513)

Net number followed by number of links in that net on first card.
Link nunbers for that net on following card. There must be as many
sets of cards as there are nets.

- UNLKNT 14 NONET NET 1 10X, 1415
- Number of links not in nets. If zero, do not read card type 15.
- UNLKNT 15 INDEX NONE 1 10X, 1415
- Link number.

[

- UNLKNT 15 INCAP NET 50 10X,1415
Link capacity for link not in net (Maxirum of 50 links which are
not in nets).

i UNLKNT 16 IUNITS UNIT 1 10X, 1415

] Nurber of unit structures (Maximum of 10 allowed).

24
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CARD TYPE PARAMETER NAME COMMON BLOCK DIMENSION FORMAT
DESCRIPTION

17 INDEX NONE 1l 10x,1415
Unit structure index. One type 17 card must be input for each
unit structure.

17 IuCT UNIT 10 (see abowve)
Nurber of different unit types for unit structure.

18 IELEM UNIT 10,50 10X,Al0,121I5
For each unit structure the alphanumeric name of the unit type,
the nurtber of that type, and the unit numbers of that type. Number

of cards required given by card type 17.

19 IMISON MISTON 1l 10X,1415
Number of mission types (Maximm of 15 allowed).

20 INDEX NONE 1l 10X,I5,F5.0
Mission type index. Nuwber of cards required given by card type 19.

20 PCIM MISION 15 (see abowe)
Percentage of missions of given type.

21 INDEX NONE 1l 10X, 1415
Mission index.

21 INDEX NONE 1 (see above)
Number of messages which comprise mission.

22 MISTRE MISTON 15,161 10%,3al0,I10
First word is sender, second word addressee (Both alphanumeric and
correspond to elements listed in unit structure inputs). Third
word contains relay and/or simultaneous message flags and 8
character message identification. Final word is message type.

23 NUMRLY RELAYD 1 10X,1415
Number of relay units.

24 NRUNIT RELAYD 30 10x, 1415
Unit nubers of relay units.

Message Inputs

25 DUMIM MESAGE 1 10X,F5.0
Time between dummy messages in the message queue. An artifact of
the model.

26 MESTYP MESAGE 1 10X, 1415
Number of message types (Maximum of 30 allowed).

25
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ROUTINE

MESRD

BQUIFD

DELYIN

DELYIN

DELYIN

DELYIN

DELYIN

---------
------------------------------------------

CARD TYPE PARAMETER NAME QOMMCN BLOCK DIMENSION FORMAT

DESCRIPTION
27 INDEX NONE 1 10X,1415
Message type index. The number of type 27 cards is given by type 26.
27 MESCHR 30,5 (see above)

Message characteristics-precedence, m:lnimm, maximum, and modal
length in characters, priority type.

28 MESPRIO 1 10X,141S
Nurber of message priority types (Maxim.mof 10 allowed).

29 INDEX NONE 1 10X%,15,3F5.0
Message priority type index.

29 PRIO MESAGE 10,3 (see above)
Percentage of urgent, priority, and routine messages for that
priority type.

30 THOUR MSRATE 1l 10X%,1415
Nurber of hours in simulation.

31 IRATE MSRATE 48 10X,1415

Hour and hourly rate (Maximum of 24 hours). Hours converted to
seconds.

Bquipment Inputs

32 IEQP BQUIPS 1l 10X, 1415
Equipment flag. Currently 0, no equipment.
Delay Inputs

33 NTRAN TRANS 1l 10X,1415

Number of transmission rates (Maximum of 10 allowed).

34 TRATE TRANS 10,2 10X, 1415
Transmission rate followed by probability of that rate occurring
(Rate in bits per second).

35 NADJ ADJUST 1 10X,1415
Total nutber of adjust fires to consider (Including none) (Maximum
of 10 allowed).

36 XNJUST ADJUST 10,2 10X, 1415

Number of adjust fires followed by probability of that number of
adjust fires occurring.

26
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ROUTINE

DELYIN

DELYIN

DELYIN

DELYIN

DELYIN

DELYIN

DELYIN

............
......................

CARD TYPE PARAMETER NAME COMMON  BLOCK DIMENSION FORMAT
DESCRIPTION

37 GUN GINSET 3 10X%,14F5.0
Minimm, maximm, and modal gun setup times (Secords).

38 HGUNS GUNSET 4 10X%,14F5.0
Probability of gun handoff followed by minimum, maximm, and modal
delay for handoff (Seconds).

39 SGUNS GUNSET 4 10X,14F5.0
Probab:.llty of stopping a mission, resuming it later, followed by
minimum, maximm and modal delays (Seconds).

40 NAKS MESDEL 1 10X, 1415
Total number of non-acknowledgements (Including none) (Maximum of
10 allowed).

41 PNAKS MESDEL 10,2 10X,14F5.0
Number of non—acknowledgement followed by probability of its
occurrence.

42 XNDEL MESDEL 3 10X,14F5.0
Minimmm, maximum, and modal delay in processing a non-acknowledgement
(Seconds) .

43 NPREAM PREAMS 1 10x,1415
Number of preanble times (Maximum of 10 allowed).

44 PREAM PREAMS 10,2 10X,14F5.0
Prearble times and probabilities of their occurring (Secords).

45 NTRNON PREAMS 1 10X,1415
Nurber of turm—on times (Maximum of 10 a2llowed).

46 TRNON PREAMS 10,2 10X,14F5.0
Turm—on times and probabilities of their occurring (Seccnds).

47 ACCDL NETDLY 4 10X,14F5.0
Most probable net access delay time and its probability of
occurrence followed by number of intervals and time between
intervals (Seconds).

48 COMPDL aovp 1 10X,14F5.0
Camputer delay for fire mission processing (Seconds).

49 XNCCOM aMp 3 10X,14F5.0
Minimum, maximm, and modal camputer delays for non—-fire mission
processing (Secords).

27
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ROUTINE

DELYIN

DELYIN

DELYIN

DELYIN

DELYIN

DELYIN

CARD TYPE PARAMETER NAME COMON BLOCK  DIMENSION FORMAT
DESCRIPTION
50 HUMDEL 00 /% 3 10X,14F5.0

Minimum, maximum, and modal times for human delay (Seconds).

51 SUBDEL SUBLST 1l 10X,14F5.0
Delay if subscriber taken out of subscriber list (Seconds).

52 FISTDL FISTDL 3 10X,14F5.0
Minimum, maximm, and modal delays for messages relayed through
fist team (Seconds).

53 OTHDL GENDL 3 10X,14F5.0
Minimum, maximum, modal delays (Seconds) to cover blanket situations
(Not currently used).

54 CMPTRF MESFAL 1l 10X,14F5.0
Probability of camputer failure.

54 OTHERF MESFAL 1 (see abowe)
Probability of message failing.

54 DELAYF MESFAL 3 (see above)
Minimumm, maximm, and modal delay (Seconds) if COMPTRF or
OTHERF above occur.

55 WAIT WAIT 3 10X, 14F5.0

Minimum, maximm, and modal waiting times (Seconds) of a message
in the camputer message queue.

28







CIMMUNICATIONS MESSAGE PRICFSTIING MADEL

TODAYS DATE IS J8/07/31
THE TIME IS NOW 00.37.4S.

GENERAL MODEL INPUTS
GAME ID TEST INPUTS DESIGNED 20 MAY 1681

THERE ARE 1 RANDOM NUMBER STREAMS
THERE ARE NO KERNELS TN 8¢ CHANGED

NO MESSAGE HISTORY WILL 3¢ KEPT

GAME TIMES ARE AS FOLLOWS

START TIuE O MINUTES 0% 3 SECINDS
END TIME 240 MINUTES IR 14490 StCONDS
TIME INCREMENT 5 StCONDS

THERE IS NN LINK STATUS UPDATE
THE MESSAGE QUEUE WILL NIT BE DISPLAYED
COMPLETED MESSAGES WwILL 3¢ DISPLAYED
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UNITs LINK, AND NET INPUTS
( THERE ARE 50 UNITS

THERE ARE 70 LINKS
o THERE ARE 1 LINK TYPES

THERE ARE 16 NETS
THERE ARE NJ LINKS NOT IN A NET
END EQP TYP EQP TYP LINK MUL MSG AUL

LINK TYPE NET  END
g 1 1 1 1 28 0 0 Ge 00 0403
3 2 1 1 2 28 0 ¢ 0400 CeCO
{ 3 1 1 3 23 0 0 C.CO C.00
s ¢« 1 2 4 29 ¢ c CeCO Ge 0
5 5 1 2 5 29 0 v 6eGO CotO
. 5 1 2 6 29 0 0 046 04GJ
- 7 1 3 T 230 ¢ ( 0s0C 0o CGC
% 8 1 3 8 30 0 c €eCO 0.0¢C
. 9 1 3 9 30 ¢ 0 Ve GO CeCO
- 10 1 4 10 3N G 0 CelO e 00
A 11 1 4 11 31 0 0 Ce00 0e0U
0 12 1 4 12 31 " 0 Ce0C 0.0
13 1 5 13 32 0 0 0.C0 0.C0
2 16 1 5 14 32 0 0 CeCO CeCO
( 15 1 5 15 32 a ¢ 0+G0 oGl
16 1 6 15 33 0 v .00 6ol
17 1 6 17 33 o ¢ e 00 040
18 1 6 1f 33 c o .00 c.CC
19 1 7 1 %4 0 0 0400 CeCO
20 1 7 20 3 0 0 e 0O c.ce
21 1 7 21 34 9 0 0.00 Jel0
22 1 8 22 35 ¢ 0 0.00 04€0
23 1 &8 23 35 ¢ 0 04€0 €400
26¢ 1 8 24 135 o ¢ 0400 0eCO
25 1 9 25 36 0 0 0sC0 cocl
26 L 9 26 36 0 0 040U G400
4 217 1 9 27 36 ¢ 0 0400 0400
28 1 10 28 42 0 0 04C0 €00
29 1 10 28 37 ¢ 0 v.cC G CO
30 1 10 28 49 0 0 0sCO Ceu
31 1 16 29 a7 o Q 04C0 e
. 32 1 1¢ 29 42 ¢ ¢ 04€0 0400
33 1 10 29 49 0 0 Ce00 .00
3 1 10 30 37 o 0 e €0 GeCO
35 1 10 30 42 0 0 04GO Codl
36 1 1c N 43 0 9 0400 Ced0
37 1 W 37 42 ( 0 €400 0.00
p 38 1 1¢ 40 42 0 0 0400 CeCC
) 39 1 11 31 43 ¢ 0 €00 CeCO
40 1 11 31 40 0 o eGG CeCO
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

3e
43

40
40
43
40
44
39
40
44
39
40
39
44
42
44
41

&
-

46
“7
48
49
£9
490
38
40
43
43
44

33

CCOCONOCoDOTGOoOOO™NCOOOMNTAODOONLHDOO TO

DOOOOCLOOONGCOCOOOCNOOCODNOOLOOOOO

0,00
0,00
C.C0O
0400
06G0
0,80
Ge 00
C.CO
0.00
C.C0
0.00
0.CC
0.00
C.00
GeCO
0,00
0.,C0
0,00
0.00
CeCO
Ce03
0,CC
Qg.CC
G.CC
Ge0O0
G.CO
0.,C0
C.CC
Ce00
Ge GO

veQ0O
C.CC
G.0C
GeGC
CelC
Coeld
G.CO
€090
0,00
€C.0QC
QedT
Ce03
C.CC
Ceil
Oelu
Qe L
0.,C0
C.00
CeCO
Coell
Cet O
C.GC
C.CC
CeC3
CelC
GelC
C.CO
CeCC
GelC
CelCO
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THERE ARE
UNIT STRUCTURE

BDEFSI
BATT
GUNS

UNIT STRUCTURE

1

COUNT

N s Pt ot b W) O

~N

COUNT

COUNT

PN = g s W O

Nt s W) O

3 UNIT STRUCTURES

COUNT

7

UNIT NUMBERS

1
23
37
40
4l
42
45

COUNT

2 3 & 5 ] 4 8 9
29 30

46

7

UNIT NUMBERS

19
31
33
40
41
43
47

COUNT

UNIT NUMBERS

17
34
39
49
4l
44
43

11 i2 13 14 15 16 17 16
32 33

48

7

2¢ 23 22 23 2é 2% 2¢ 27
35 36

50
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(
. THERE ARE 2 MISSIONS
MISSION PERCENT
1 43,00
* 2 57,00
MISSIIN TREE FOR MISSION 1
THERE ARE 26 MESSAGE PARTS
¥ INDEX SENDER ADDRESSEE RELAY SIMUL MSG ID MSG TY?F
{ 1 FO FIST NO NI DELAY 1
y 2 FIST ANFSE N N9 DELAY 2
2 3 BNFSE BATT NO NO ATRY #
: 4 BATT FIST NOD N) BTRY &
. - 5 FIST O ND NI BTRY 1
N 6 FO BATT YES NI 0BSRLOC 1
- 7 (3] BATT YES NI FRGRID 1
& 8 NO N1 Q98
: 9 BATT GUNS NO YES 4R 3
10 BATT FO YES YES MNTN 1
11 GUNS BATT ND N7 READY I
12 BATT GUNS NO N) FIRE 1
- 13 GUNS BATT NO N) SH0T 1
{ 14 RATT €0 YES N2 SHOT !
; 15 BATT (3] YES NI SPLASH 1
. 16 F9 BATT YES N9 SAGRID 1
AS 17 NOD N) 939
- 18 BATT GUNS NO YES WR 5
19 BATT Fo YES YES MTD 1
20 GUNS BATT NO NI READY Iy
21 BATT GUNS NO N) BFE 1
22 GUNS BATT NO NJ SHOT 1
23 BATT FO YES N7 SHOT 1
24 GUNS BATT NO N) COMPLETE 4
A 25 BATT F0 YES NI COMPLETE 1
- 26 END NO NI 3
[
35
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% WISSIIN TREE FOR MISSION 2
: THERE ARE 25 MESSAGE PARTS

o] INDEX SENDER ADDRESSEE RELAY SImuL MSs ID 456 TYP:
o 1 FIST ANFOC ND NT REQ FM 3
2 ANFOC BATT ND YES REC )|
- 3 ANFOC ONFSE ND YES RFAF 2
‘- 4 BNFOC FIST NO YES nTD 1
o 5 BNFDC BDEFSO ND YES REC MOL 6
3 6 BATT GUNS NO ND WR 3
;o 7 GUNS BATT NO N9 READY )
hb e BATT FIST NG NO SHNT 1
M 9 FIST BN FDC ) N) FRGRID 1
10 NO N) 69
11 BNFDC BATT ND N) REC FM 3
12 AATT GUNS NG N?) wR 3
13 GUNS BATT NC NY REACY ¢
_ 14 BATT FIST N N) sHNT 1
'S 15 FIST BNFOC NG N7 SAGRID 1
. 16 NO N) 991
17 ANFODC BATT NO N) REC FNM 3
. 18 BATT GUNS NC N) WR s
L 19 GUNS BATY NO N READY A
- 20 BATT FIST NO N) FFz 1
( 21 GUNS BATT ND N9 CMPLFTE 4
. 22 FIST BNFDC NO ND REC £0Y 5
23 BNFDC SATT NO N) (3]] 6
- 24 BATT GUNS NO N) EQM 6
o 25 ENO NG N 3
NUMBER OF RELAY UNITS 9
INDEX UNIT
» 1 28
. 2 29
3 30
. 31
N 5 32
’ 6 33
L 7 34
" 8 35
s 9 3¢
[
. 36
[ ]
[




Rt t a?almd eV

)

I " L > ’ N
W e WU I DG I ¢ A P W WP A S IR LI IR S o WL P A W

p 3 o

MESSAGE INPUTS

THE MESSAGE QUEUE WILL HOLD 1530 MESSAGES
TIME BETWEEN DUMMY MESSAGES «0010
THERE ARE 6 MESSAGE TYPES

MESSAGE CHARACTERISTICS

nnnnnnnnnn

W et LIPNY JRRR P, FE S Ot

TYPE PREC MIN LEN MAX LEN MODE PRI TYPF

1 2 372 492 432

2 2 56400 6600 5380

3 2 4200 5400 480C

& ? 21¢0 4260 3240

5 2 2160 5400 3730

6 2 720 2163 963
THERE ARE 1 MESSAGF PRIOQRITY TYPcS

PRIJRITY DISTRIBUTION
TYPE URGENT PRICGRITY RIUTINE
1 20,00 30.2) 534939

HOURLY RATES FOR 8 HOURS

HOUR RATE
63
63
63
63
63
63
63
63

BN VS WN -

EQUIPMENT INPUTS
THERE IS NO EQUIPMENT FURNISHED
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DELAY INPUTS

ALL DELAY TIMES ARE IN SECONDS
ALL PROBABILITIES ARE INPUT IN PERCENT

THERE ARE 2 TRANSHMISSION RATES
INDEX RATE PRO8 CUM PROB

1 1200. 93,00 9.9

2 600, 10,00 100,00
NUMBER OF ADJUST FIRES (INCLUOING O) "5
INDEX ADJ FTIRES PRO8 CuM PROB

1 0 500 5.00

2 1 1503 2%.00

3 2 T0 406 90,00

4 3 5.00 95,00

] & %.00 100.00
GUN SETUP TIMES MINs» MAX, MODE 000 99,00 €0.GC
PROBABLILITY OF YANDOFF 530
MIN,» MAX, MODE 10.00 120,00 9C.00
PROBABILITY OF INTERRUPTING MISSION S5¢0C
MIN, MAX, MODE 120,00 €0%400 24C.00
NUMBER (OF NAKS (INCLUDING 0) 5
INDEX NAKS PROB CUM PRO3

1 0 90.00 90.00

2 1 5.00 95,00

3 2 2.00 $7.00

4 3 2,00 99,00

5 4 1.00 190,09

DELAY IN PROCESSING A NAK

MIN, MAX, MODE 12.00 3%.00 1£.00

NUMBER OF PREAMBLE TIMES 8

INDEX PREAMBLE TIME PROB CUM PRCB
1 0.00 2400 2400
2 020 2.00 4.0C
3 o70 10.0C 14.CC
4 1.40 2406 16,G0
5 1.70 70,00 86.00
6 2010 10.00 96,00
7 2.80 2400 98.00C
8 4,00 2.C0 100.CC
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THERE ARE 3 EQUIPYENT TURN JIN TIMES
INDEX TURN ON TIME PROB CUM PROB
1 «05 30,20 30,00
2 +10 30,00 60,00
3 e b0 40,00 100.00
: MOST PROBARLE NET ACCESS CELAY TIME e5C
PROBABILITY 90,00 NTHERWISE
NUMRER OF INTERVALS 98,
TIME BETJEEN INTERVALS .5
COMPUTER DELAY FOR FIRE MISSION PROCESSING 9.€9
COMPUTER OFLAYS NON FIRE MISSION PRJCESSING
MIN» MAX, MODE Ge00 9.0C 3,00
HUMAN DELAYS
MINs MAX, MJDE 040¢ €060C 20,00
DELAY IF UNIT REMJVED FRIM SU3SZRIBER LIST 1824400
DELAY FOR RELAY THRDUGH FIST
MIN» MAX, MODE 0400 39,00 6400
DELAY DUE TO OTHER SOURCES
MINs MAX, MODE Ge 00 60,00 15,00
PROBABILITY OF COMPUTEP FAILURE «C4C0
PROBABILITY OF MESSAGF FAILURE 1C, 20
DELAYS FOR FAILURES
MINs MAX, MODE 640C 30,00 12,00
WAITING TIME IN MESSAGE QUEUE
MINs “AX, MODE 0.00 3,00 2.00
39
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NAME AND CALLING SEWUENCE (IF ANY)
PURPOSE
DESCRIPTION OF THE PARAMETERS IN THE CALLING SEWUENCE

1
PROGRAM DRVMPM
MAIN PROGSKHAM,  INITIALIZES AnND CALLS MAJOR PRUCESSING ROUTINES

rd
SUBKROJTINE ADDUNTY (INUEX ¢ NUN)

ADDS A UNIT TU THOSE ALREALY IN EXISTENCF (CHANOLES The IkROQUY AKRRAY)
INDE X INDEX IN THE IKGUYS AKRRAY
NUN UNIT NUMHER TO rt ADUED

3
SUHRROUTINE CMINOT

EXECUTIVE IwrkUT KUUTINE  CALLS ALL THE OTHER InPUT ROUTINES

4
SUKROUTINE DELMES (MESNO) _
PDELETES A MESSAGE FROM ThE MeESSAveE GUEUER
tESNO INTERNAL MESSAGE NUMHBER OF THE MESSAGE TU ZF DelLETED

S
SUKROUTINE DELRUY(MESNUCINMISeIFLGeIFLAL)
SEARCHES FUK PHROPER DELAY WORD

MESNO MESSALE NUMKEK

T41S mISsIun TYRE

IFLOG FLao 1 VELAYe ¢ READYs 3 wk (wnbti KEADY)
JIFLAG FLAG 1 IF FOUNDe OTHERWISE O

H
SUFRQUTINE DELTRE(ITREE $NUDEL)

SFARCHES FUK A MESSAGE THek AND el1THewr VELETES IT Uk ®XETURNS ITS InbeX
ITREE THEE NUYHFER SUUGLHT '
NGDEL FLAG IF 0 DElLETe TREEs IF NOT 0 RETUkN InDEX

2
SURKOUTINE DELY I
KEADS DELAY IwPUTS

[
SURKGUTLME DOACK
INSERTS AN ACKNOWLEDHOMENT ON UTHER RIGH PRECEUENCE MESSAGE (EeBGs AN FPF)

(0]
FUNCTION URAWUD(AXRXAAA)
WEERATES A UNTIFORMILY DISTHIWUTED RawDuw DEVIATE jtv THE INTHERVAL (-1
AXXXKK hu4MY varIAnLE (WOT USED)

1n
StURrOUT e EWUIP)

READS EQUIPMENT 1wPUTS  (WONE AT PRESENT) bg:&”
W P
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SUMKROUTINE £RHOKF(TeIVAL)

PRINTS FRRUR MESSALE AND TERMINATES A kUN
I ERROK NUMBER  (SET IN CALLINOG ROUTINE)
IVAL VALUE wHICH CAUSED THE ERKOR

12

SURKIUTINE FauSinb (NAMEsTUNSIS)
FINDS A SENDER (URTOGINATUR) AN THE UNIT STHUCTuwke [T sELUNGS TO

NAME HCD NAME OF A PUSSIHLE SENDF
TUN UNIT STRUCTURE PavING THE StinDEK AS A MEMHKER
1$ UNIT NUMHER OF THFE SENDEW

13
SUMNOUTINE FXMSLT (OHWNLToF TNLTH)

CORRECTS MESSAGE LEWGTH TO FILL 1o CHAKACTEKN BLUOCKS wlTH AT LEAST 4 e0TS
NEaLT ORIGINAL LENOGTH
FINLTH FINaL LENGTH

14
SUSROUTINE GENNXT (MESHUeJUFLAGCISIM)
GENERATES A InSERTS THE wneXT MESSAuLE Fuw A TReEt STrUCTURE

MESNU INTERNAL MESSAGE NUAHER OF THE MESSAGE OFNNAT FurMS
JFLAG FLLAG L1F 0 THREE COMPLETEODe OTHERWISE InDEXA IN MLISTRE AmxkAY
ISt FLAL b ] SIMULTANFUUS 41£SSaGEs UTAEKRWISE NOT
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SURKKOUTINE GENKD
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SURKOUTINE ITNTLMS
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SUHKROUTINE MESPKRC
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SURROUTINE MESKD
RFANS MESSAGE [INPUTS
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SURKOUTINE NRTMSG (MESKU)
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SUHROUTINE SCHUNT (NAME ¢« JUINOIF LAG)
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SURKUUT e SETFIR(IFIKE)
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SUrKOUTLIHE SEToUuY (LIST)
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APPENDIX E

SAMPLE SUMMARY
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JUICK SUMMARY

NUMBER OF MESSAGES GENERATED

NUMBER JF MESSAGES IN QUFU

NUMBER OF MESSAGES CNMPLETED

NUMBER OF ACKS COMPLETED

NUMBER OF TREES GENERATED
NUUMBER QF TREES LEFT
NUMBERQ JF TREES COMPLETEDN

THERE AREF 16 NETS
TOTAL TIME NETS ARE BUSY
NET TIME BUSY(SEC)
1 326452
2 437,53
3 563,93
4 237.C3
5 583,85
5 872,51
4 261.C4
8 255.06
9 432,67
10 14C02,456
11 13628449
12 13383,412
13 2782,72
14 T€E51.92
15 3023, 89
16 10711,.65

AVERAGE FRACTION BUSY 1IN
FOLFIST

FIST,aANFSOsANFOC,IATTERY FNC

3NFDCy BDEFSD
BATTERY FDC»GUN SECTIINS

€

hre2

Ev
3232
3231

209
177
32

FRACTION BUSY

NETS

«C11
o155
«G20
e 00k
«C2C
«Q3v
«C09
«JC9
Q17
R
473
0465
e 097
273
«313
«372

THERE ARE 9 RELAY UNITS
TOTAL TIME RELAYS ARE BUSY
ReELAY TIME 3USY(SEC) FRACTION 3UuSY
1 736,46 o025
2 1612,62 «C56
3 756,830 oL 26
4 645,70 "33
5 1355,6? LX)
6 1659.,59 o028
7 1621.(8 «CEh
8 11647,14 o0&y
9 3004454 o1C4
AVeRAGE FRACTIIN RELAYS 3yUSY- su515
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