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I. INTRODUCTION

The RRL Message Processing Model (BRLMPM) is 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

modules and has three major functions:

1. Input/Output and bookkeeping

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 general and can he used to

study and evaluate:

1. Communications systems (digital, wire, voice)

2. Message processes and queues
3. Tactical doctrine

In order to achieve generality and flexibility, the code requires a

large number of inputs. Presently there are five input classes which

are:

1. Ceneral
2. Unit, Link, Net

3. Message
4. Enuipment
5. Delays

In general, doctrinal rules are embodied in the computer code and

are not greatly affected by the inputs. On the other hand, changes in

message rates reflecting different equipment types are easily handled by

the inputs and reritire little, if any, coding changes.

7he model as it is nresently confipured does not include a link

status co.p3tient or complete rules for link switching; therefore,

PLR/.TTInS or nacket radios cannot he simulated.

The remainder of the report will describe the model Presenting:

1. Input/output
2. Doctrine
3 Current capabilities
4. Oossible modifications
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Figure 1. BRLMPM Simple Flow Diagram
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II. MODEL DESCRIPTIOl

The RRL Message Processing Model (HRLMPM) is a time - based
simulation capable of processing messages over a 24 hour period. There
is 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 increment 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 BRLmp'M normally runs 60 times faster than real time. That is,
60 seconds of game time using a one second game cycle time uses one
second of computer tire.

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

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

There are five -lasses of inputs:

1. General (GENRD)
2. Unit,link, and net (UNLKNT)
3. Message (MESRD)
4. Equipment (not used at present) (EQUIPD)
5. Delays (DELYIN)

,ach 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 by the input routines. This is done in subroutine (SETVAL) and by
the main driver (RVMPM).

Next, the message queue is initialized in subroutine (INTL S). The
message oueue is basically a successor list with pointers to the lowest
message, last message, and the next nessage. Provision has been made to
handle 1500 messages, of which the first five are used as an artifact in
the initialization process. No attempt was made to erulate the message
queue sizes of existing tactical computer hardware.

9
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Figure 2. BRLUPM Main Program Flow Chart
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The model now looks to see if it is possible to insert a messa,e.
i,%i qlthroutine ("!rOPT) findsq the time interval containing the culrrent timne

and insertion rate for that interval. A random number is drawn and
using the insertion rate and pane time cycle increment, the appropriate
number of messages (Possibly none) is determined for this pane cycle.

If a message can he inserted, subroutine (!IEScMP) is called.
,.4rqCMP generates the first message of a series of messages using mission
Profiles supplied by the hiuman Engineering Laboratory (lIEL), Aberdeen
Proving fround, Maryland. A mission profile is the collection of
messages necessary to complete a mission. "ission profiles are input to
the program and used as a template or skeleton with other program data
filling, in the template as the simulation progresses. We call each such
series of messages a mission nessage tree or nessage tree. fission
Profiles need not conform to existing doctrine and are quite flexible,
handlin" from 1 to 40 ressages with provisions for repeating a
contiguous set of messages as many as five times. This is the way an
artillery mission incldip all the adjust fire messages is modeled.

frSCIM hegins hv selecting a nission profile. Up to 15 profiles
Ray he supplied for any simulation. Once the mission is selected, a
valid sender ,,nit is found. In addition, the unit structure, which
holds the sender, is also selected. All following units (senders or
-- ldressees) must helong to this ,,nit stru ctire. This way we always
insture that the proper FIST will he associated with his FOs, etc. Unit
structures are very flexible and it is up to the user to determine the
format for a unit structure. The model allows I0 unit structures each
containinR tin to 90 iinits. (NnTE,: 'he model is presently limited to 150
tuiniue units.) xfv'C~fP now searches for an appropriate addressee.
Mr -C-m requires that a direct link he found between the sender and the
addressee hecaiuse the BP.LMP' does not currently handle link switching.
Once link switchinp is incorporated, this restriction will be removed.
Tf a direct link cannot be found, an error message is printed anO the
simulation is terninnted. If a direct link is found, the appropriate
messAve parameters are selected using the message type sunplied in the
mission Profile. Iessage parameters include sender, addressee, unit
structure, message tree number, an external message number, an internal
message number (non-unique for use V the message nueue), link number,
net nutiher, messagte precedence, message priority, message length,
message type, message number in the message tree, mission type, message
count, starting time of message, endlng time of the message,
extraordinary delay time, status, and provision for up to 5 links when
swltchins, is Incorporated.

"nce the message parameters have been selected, MESCIP attempts to
4 enter the message into the message queue using subroutine (ITISMSC). If

s.,ccessful, the number of adjust fires (possibly none) for the mission
is computed, anO the units selected as sender and the addressee are
recorded so that no new units of the same generic class will he used for
this mission message tree. !rSC1 then determines whether or not the

I



;mesape Just processed is a simultaneous message* If so, subroutine
(SIM SG) is called to see if the next message is also tagged as a
sinultaneous message. If so, subroutine ((W.rThXT) is called to set up,
generate, and insert into the mesRae queue the next message for this
mission message tree. M .P will continue to call ,IMM, and CR TNXT
until all contiguous simultaneous messages have been inserted. .he
routine is then exited.

If NFt, fP is not able to insert a message into the message oueue, a
warning is printed and the routine exited.

Subroutine CETVIXT, mentioned above, generates the next message of
the mission message trne. It is in this subroutine where the testing, of
repeated sets of contiu.tts messages (adjust fire loos) occurs, and t
correct sequencing of messages is handled. nf course, there need not I
any repeats. GrN"'T inserts, at most, one message into the messag
iueue. In addition, C."TNX m recopnizes when it has finished inserttn
the last message of a mission message tree.

If it was not time to enter a message, or WSCMP comnlete.
successfully, it would now he the logical place to generate background
messages or special ressages. The former would he used to put a load on
the system; the latter to model a known scenario. Currentlv, neither is
modeled.

'he model continues by callinp (M1ESPRC), which is the heart of the
sillation. 'IFSPRC contains the algorithms for stepping a message
through a series of stages from insertion to completion. The flow chart
shown in Figure 3 will be nost helpful for the discussion of subroutine
"s'tqp~r.

The alRorlthms chosen for the initial version of the model are:

1. Ifesssa-ts will be processed on a first cone - first serve basis.
That is, the lowest time nessave will always he looked at first and
serviced if possible. 1'ote: the mechanisms for priority and precedence
handling exist throutih the inputs bt have not been implemented.

2. There is no link switching - a direct link between ,nits is a
current necessity.

3. There is no humping.

4. A nessa-e must be in the completed state awaitinp final
Processing time to exnire before an acknowledgement message is sent.

9. Tqe acknowled.ement message mutst he comoleted before the
message which generated it.

6. The next message on the mission message tree will not he
inserted into the message oueue until Its Predecessor has been removed
(with the exception of sfmIltaneous messages).

12,
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Figure 3. Message Processing
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Figure 3. Continued
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MSPRC be;nins by callin, subroutine (,JXTM). 1XT'S, will return
the messaqe number of the lowest time message whose starting time is
less than the current game time plus I sane time cycle increment if such
a message exists; otherwise, there are none. Tf one exists, NXMSr, will

set its nointers to the next lowest time message. If none exists,
'F.SPRC calls (RVnT)Y.) to reorder the message nueue and MESPRC processing
is completed.

Once a message has been found, its status is checked. If the

messape is in status 1, it is a new message. For a status 1 message the
program first checks to see if the net is busy. If it is, the message
starting time is increased to the time the net will next be free. This
is done by suhroutine (PSIP'I). ?,,gPRC then returns to NXT ,S to select
the next nessaes meeting the time criteria above. If the net is not
busy, a check is made to see if the message is an acknowledgement. If
so, a test is made to see if the acknowledgement fails. If so, the
message starting time is increased, and the message is flagged as having
an extraordinary delay and the delay time kept. Again NXTMSC would he
called. If the acknowledgerent does not fail, a check is made to see if

the acknowledgement is a relay message. If so, a relay flag is set and
a check is made to see if the relay unit is busy. If so, the messages
starting, time is increased and we call NXTMSC for the next message. If
not, the program calculates the processinr, time for the message, sets

the status of the acknowledgement message to I5 (the completed state),
sets the relay haisy for a nortion of the processing time, and sets the
net busy. The program then tries to select another message using NXT MSC
as above. If the acknowledgement messare is not a relay message, a

check is made to see if either the sender or addressee are relay units
and busy. If so, the message is delayed until the relay unit is free.
If not, the message is piven its processing time and its status set to

the completed state, and NXT1qC, called.

If the status I rensage was not an acknowledgement message, a check
is made to see if the previous message for this mission message tree was
tagtged as a "delay". If so, the starting time of this message is
increased to reflect a delay attributed to human processing, the message
is flagged as having an extraordinary delay, and the status of the

.essage is set to 1. The program then calls 11XTMSC for the next
message.

If the status 1 message is tagged as "ready", the program tests to
see if this was the first time in for this mission message tree and

calculates delays for the p.un setup time and then checks for the
nossihility of handoff to another gun battery. If this occurs, a

further delay is added.

The program then further checks the nnssibillitv of stopping this
mission to fire another one and if so calculate a delay which would
override gun setuip times. In any event, if the message is "delay" or
"ready", the starting time of the message is increased, an extraordinary
delay calculated, te message set to status 2, we call IX7.MSC, etc.

16
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Tf the status I message is not "delay" or "ready", the proeram
nroceeds to go through the relay and btsy tenting in the same manner as

descrihed for status I acknotiledqement messages. If the message is a
relay and busy the program applies the same logic described for
aclnowledgement messages. If the message is a relay and not busy, the
net and relays are set busy. In addition, the progran calculates the
net delay for the message usin the access delay tine, preamble time,

turn-on time, as well as the transmission rate (used for all messages).
The message is set to status 1, and 'IXTMSr. called for the next message.
If the message is not a relay mrssare, a check is made to see if either
the sender or the addressee Is a relay unit. If so, they are checked
for busy and appronriate additional delays added; otberwise the delay
and processing is as described above beqinning with the net access delay
time.

If the status of the message is 2, a test Is made to see if the net
is busy. If not, the nrogram transfers to the logic for status I relay
and busy. If it is busy, the propram continues to adjust the start
time.

If the status of the nessare iq 1, a test is made to see If the
meqsage wt]l fail. if so, the nro.rar- adjutsts the start and
extrnordlnarv delay times and uses V to nick un tho next messape.
If not, the program sets the waitin time in the queue and sets the
status to 4. Status 3 may he considered to be the state where a real.
messaye would enter the tactical commuter nueue.

If the status is 4, a test is made to see if the message will he

non-acl'nowYleded. If so, a delay is computed and the messape's status Is
returned to status 1. If the message is non-acknowledged 4 times a very
long delay is entered which simulates the subscriber heing removed from

the .game for this mission message tree. (Note: It does not remove the
subscriber from other missions.)

If the messa.e is not non-acknowledged, a delay for fire mission or
non-fire mission processing is calculated, the status of the message is
set to 25 (the completed state), and the acknowledgement message
generated hv subroutine (T)OAC'). Then NIXTMSG is called to nrocess the
next message. %ibroutine fMOAC" generates the acknowledgement message
(bt not an acknowletipement for an acknowledgement ressage), bv

reversinR the sender and addressee and usIng the same message number as
the messagoe it acknowledPes. The messnee type for an acknowledgment
messape is 09.

-his then comnl.etes the loP, c for subrnuttine Yr.SPRC.

The model now calls ('WSFI!) to test for completed messages. -o be

considered completed and therefore ready to he removed from the message
'ueie , the messa.es status must he 25, the current game time must be
Preater than the messa.pe tine and the acknowledgement message for the

11
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message must be completed or if the message is an acknowledgement, the
first two conditions must be met.- MESPIN will output the completed
message, if the output flag is set (done by OUTMSG,) and delete the
message from the message queue using subroutine (DELMES). mr.SFIN will
also try to insert the next message on the mission message tree using a
call to subroutine ,ENNXT (discussed earlier).

The model now steps the time and tests to see if the simulation is
over. If not, the program goes back to TNOPT and the entire process
described above Is repeated.

There are many subroutines which have not been discussed which
handle bookkeepine for finding, Inserting, and removing units and
mission message 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 messages.
Completed messages can be displayed and saved for later processing.
Messages are printed by subroutine OniTMSC and saved on a disk file by
subroutine WTAPE. Finally, a short summary of the outputs is printed
by subroutine ZAPOUT.

Sample outnwt Is shown in Appendix D and a sample summary in
Appendix r.

18
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I11. SUMNMARY

The RRL 'essage Proce.asing. Model (1oR1?RP) is a pure messape
nrocessinp, model. It is not inctimbered with nhysical phenomena which
are not and should not he incorporated into it. The model, in its
present state, is extremely flexible and can he used for a wide variety

of scenarios.

bThe Incorporation of a link switching model is planned and will

-reatly Increase the utility of the model without serious side effects,
such as increased running time, storape capacity, etc.

.he model is valuable as a stand-alone tool; however, it may he
inm)edded into a lare war pane or simlation where other effects need to
be sinul-ated in a realistic way and denend upon a good communications
model. Such effects include movement, fire rates, attrition, damage,

19
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MW~ Gea Inpts
6%

GEM1 NOWI 7 10X, 7A1ORun identificati (axim of 70 alphanuieric characters).

GENRD2 NNSTR S 1 1OX,1415
Number of random number stream (Maxim= of 6 allowed).
If zero nnstr is set to 1.

GRD 2 na NCE i (see above)
Number of indices for random number streams. If zero, card type
3 is not read.

GE2ND 3 S SE6 6 1OX, 1415
Kernels for random number streams.

(ERD 4 IFMW GEN 1 1OX, 1415
Flag. If ncn-zero message history saved for follow-mc processing.

GD 5 GA 1 lOX, 1415
Game start1img tine. Input in minutes and onverted to seconds.

GE•RD 5 IEN GAMiI 1 (see above)
Gam ending time. Input in minutes and oonverted to secuds.

5GRD 5 INc Gv4m 1 (see above)
Game tim increment. Input in seconds.

GENF" 6 PLIN 1 1OX, 1415
Flag. If zero, no link status update. If nor-zero, number of
gaie tire increments between link status updates. Currently not used.

GEN 7 IDISQ DISPTA 1 lOX,1415
Flag. If zero, message queue is not displayed. If rKn-zero,
number of game time increments between message queue displays.

G 8 IDQ DISPIA 1 1oX, 1415
Flag. If zero completed nmessages are not displayed, otherwise,
they are.

UZMV Unit, Link, Net Inputs

UNUG 9 NUNIT UNIT 1 1OX, 1415
Nz ber of units allow1 (Maximu of 150).

U" J I 10 LIN LIK 1 lOX, 1415
* Number of links allowed (kMaimm of 200).

23
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7 -.. .. ,77t..

,_."INE CAM TYPE PAPAIE~ NAME CO3N BLXM DInewION Pam

WI! 10 LTnS LINK 1 (ae above)
Nwter of link types all1wed. Currently rot used.

LIAM 11 INDEX NCW 1 10X6I5,2F5.O
Link index. One type 31 card is needed for each link.

U1JONT 31 IxW LINK 200 (see above)
Unit numbers for both ends of the link (ote: two nmters are
requlired).

UNLK~1 11 LnET LI 200 (see above)
Net number which ontains link.

UNLKQr 11 CP LINK 200 (see above)
Euipast type numbers for both ends of the link (Note: t
numbers are required if equipments are present). Currently not used.

UNKNr 11 XLKUL LINK 200 (see above)
Link perfonmnce multiplier. If zero, set to 1.0. If larger
than 1 perf L decreases, if smaller than 1 perfo

UNaLNT 1 XMI)L LINK 200 (see above)
Messag perf e nultiplier for messages carried on this Link.
See coments for XLMM.

LIU'M 12 NETS NET 1 1OX,1415
Number of nets allowed (Maxiimm of 20).

UNLKNr 13 LKNET INK 200 1OX, 215/
(10X, 2513)

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

UNLIN 14 NCNE NT 1 1OX, 1415
Number of links not in nets. If zero, do not read card type 15.

UU 15 INDEX NONE 1 1OX, 1415
Link number.

UNUKNT 15 LNCAP NET 50 1OX, 1415
Link capacity for link not in net (Maxicum of 50 links which are
not in nets).

UNL.- 16 ILUNTS UNIT 1 10X,1415
Number of unit structures (Maxinum of 10 allowed).

24



FIRMflE CARD TYPE PARAMETER NAM CO4 BLCK DMENSIN FORMT

DESCRIPrIC

..UWP 17 INDEx N 1 1oX, 1415
Unit structure index. One type 17 card must be input for each
unit structure.

"-WXN 17 IUCT UNIT 10 (see above)
Number of different unit types for unit structure.

Lim 18 IEEM UNIT 10,50 1OX,A10,1215
For each unit structure the alphanumeric name of the unit type,
the number of that type, and the unit nutmers of that type. Nmber
of cards required given by card type 17.

Lim 19 IMS MISICN 1 1OX, 1415
amtber of mission types (Maxiiun of 15 allowed).

UWJG~T 20 INDEX NONE 1 1OX,I5,F5.0
Mission type index. Number of cards required given by card type 19.

UN4K4T 20 PCIM MISICN 15 (see above)
Percentage of missions of given type.

UKN 21 IN= NICNE 1 lOX, 1415
Mission index.

ULKNT INEX N2N1 1 (see above)
Num~ex of messages which comprise mission.

UWJCN 22 MISTRE MISIN 15,161 10X,3AI0,Ii0
First word is sender, second word addressee (Both alphanumeric and
correspond to eleamets listed in unit structure inputs). Third
word contains relay and/or simultaneous message flags and 8
character message identification. Final word is message type.

UNU(-. 23 NUMRLY RETAYD 1 lOX, 1415
Number of relay units.

24 NRUNIT RELAYD 30 1OX, 1415
Unit numbers of relay units.

MESPD Message Inputs

MESRD 25 DEM4H MESAGE 1 1OX,F5.0
Time betwen dummy messages in the message queue. An artifact of
the nrdel.

MESRD 26 MESTYP MESAGE 1OX, 1415
Number of message types (Maximum of 30 allowed).
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-PROUTINE C TY PARAMEn' NAM CON BOCK =421SICK FUMT

1'2SRD 27 IN= N 1 l0X, 1415
Message type index. The numbre of type 27 cards is given by type 26.

M SD 27 ESCER 1A 30,5 (see above)
Message dicteristca-precedence, mininum, maximum, and nodal
length in characters, priority type.

NESRD 28 MESPRIO MES Z 1 1OX, 1415
N~zber of message priority types (Maximum of 10 allowed).

MESRD 29 INLAE NCNE 1 1OX,I5,3F5.0
Message priority type index.

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

'*" priority type.

MSRD 30 IHCXR MSRAIE 1 1OX, 1415
Nuzber of hours in simulation.

MESRD 31 IRATE M RATE 48 1OX, 1415
Hour and hourly rate (Maximum of 24 hours). Hours converted to

BQIPD Equipment Inputs

EYQUIPD 32 IEQP EQUIPS 1 1OX,1415
Equ~ipe nt flag. Currently 0, no equipment.

DELYIN Delay Inputs

DELYIN 33 NTRAN TRANS 1 1OX, 1415
Number of transmission rates (Maximum of 10 allowed).

DELYIN 34 TRATE 1 10,2 1OX,1415
Transmission rate followed by probability of that rate occurring
(Fate in bits per second).

• LYIN 35 NAWJ ADJUST 1 1OX, 1415
Ibtal number of adjust fires to consider (Including none) (Maximum
of 10 allowed).

DELYIN 36 XNJUST ADJUST 10,2 1OX, 1415
Number of adjust fires followed by probability of that number of
adjust fires occurring.

2
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IOUTINE CAD TYPE PARAMETER NAME COMM =I DI2SIN FawT

DELYIN 37 GUN (JNSEE 3 1OX,14F5.0
Mudinu, maximum, and modal gun set times (Seconds).

D.LYIN 38 HG1NS 4 1OX, 14F5.0
*" Probability of gun handoff followed by minimu=, maxinum, and modal

delay for handoff (Seconds).

DELYIN 39 SGUNS GUNSET 4 1OX,14F5.0
Probability of stopping a mission, resuming it later, folloed by
miniumn, mminan and modal delays (Seconds).

DELYIN 40 NAKS MES 1 1OX, 1415
Total number of non-ack 1oMguuqts (Including noe) Oaximm of
10 allowed).

DELYIN 41 PNAKS MESD 10,2 1OX,14F5.0
Number of non-ackrvwledg n mt followed by probability of its
occurrence.

DELYIN 42 XNIE. MESDM 3 1OX,14F5.0
Minimum, maximum, and nc dal delay in processing a n=r-ackorwledgement
(Seconds).

DELYIN 43 NPRF M PREAM 1 1OX, 1415
Number of preamble tines (Maximun of 10 allowed).

DELYIN 44 PRFEM PREANE 10,2 1OX,14F5.0
Preamble tines and probabilities of their occurring (Secords).

DELYIN 45 N PREW 1 1OX, 1415
Number of turn-on tines 04aximzn of 10 allowed).

DELYIN 46 TR" PREA 10,2 1OX,14F5.0
Turn-on tines and probabilities of their occurring (Sec.-ds).

DELYIN 47 ACCDL NETDLY 4 1OX, 14F5.0
Most probable net access delay time and its probability of
occurrence followed by number of intervals and tire between
intervals (Seonds).

DELYIN 48 O0MPDL CCMP 1 1OX,14F5.0
Citer delay for fire mission processing (Seconds).

DELYIN 49 XNCOM COMP 3 1OX, 14F5.0
Miniumn, maximun, and nodal computer delays for non-f ire mission
processing (Seconds).
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ROUTINE CARD TP PAPA M NAME OCC4 BUX DIIEo~ N FagwT

DESCRIPTICN

DELYIN 50 HLOEL a43 3 1OX, 14F5.0
Miniwn, maximum, and modal times for hmn delay (Seamnds).

DELYIN 51 SUDDEL SUBLST 1 1OX,14F5.0
Delay if subscriber taken out of subscriber list (Seconds).

-LYIN 52 FISTDL FISTL 3 1OX, 14F5.0
Mininmn, maxinm, and modal delays for messages relayed through
fist team (Seconds).

DELYN 53 OTDL (EDL 3 1OX, 14F5.0
Minimmn, maximmn, modal delays (Seconds) to cover blanket situations
(No t currently used).

DELYIN 54 CMPTRF MESFAL 1 1OX, 14F5.0
Probability of computer failure.

DELYIN 54 O(fTERF MESFAL 1 (see above)
Probability of message failing.

DELYIN 54 DEIAYF NESFAL 3 (see above)
Minimum, maxmum, and modal delay (Seccnds) if GMPTqF or
OTHERF above occur.

DELYIN 55 WAIT WAIT 3 1OX,14F5.O
* Mininmn, maxmum, and modal waiting times (Seconds) of a message

in the omputer message queue.

1 2
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APPENDIX B

SAMPLE INPUT'S
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V.

' , CIJM"IUNICATIDNS " ESSACgE pQ~' F ,!,NC M D L

TODAYS DATE IS 08/07191
THE TIME IS NOW O0.37.4g.

GENERAL MODEL INPUTS

GAME ID TEST INPUTS DESIGNED 20 MAY 1981

THERE ARE 1 RANDOM NUMBER STREAMS
THERE ARE NI KERNELS Tf1 Be CHANGED

NO MESSAGE qISTOPY WILL 3E KEPT

GAME TIES 4RE AS FOLLOWS
START TIF 0 MINUTES 00 0 SECDNDS
END TIME 24O MINUTES JR 1440L SECONDS
TIME INCPEMENT 5 SECONDS

THERE IS Nl LINK STATUS UPDATE

THE MESSAGE QUEUE WILL NIT BE DISPLAYED

COMPLETED MESSAGES WILL 9E DISPLAYED

;4

'4
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UNIT# LINKP AND NET INPUTS

THERE ARE 50 UNITS

THERE ARE 70 LI4KS
THERE ARE 1 LINK TYPES

THERE ARE 16 NETS

THERE ARE NJ LINKS NOT IN A NET

LINK TYPE NET END EN! E9P TYP FQP TYP LINK MUL MSG AUL
1 1 1 1 ?a 0 0 0600 .003
2 1 1 2 28 n tC 0.00 Coco
3 1 1 3 28 0 0 Coco c.O0
4 1 2 4 29 C C CCO Co
5 1 2 5 29 0 9600 co
6 1 2 6 29 0 0 0.0 0.00
7 1 3 7 30 0 0O0C 00C
8 1 3 8 30 0 0 CoCO 0.o
9 1 3 9 30 0 0 0.0 0.co

10 1 4 10 31 0 0 .0(0 Coco
11 1 4 11 31 0 0 0.00 0.ou
12 1 4 12 31 0 0 CoOC O.O
13 1 5 13 32 0 0 O.CO O.ca
14 1 5 14 32 0 0 C.CO CoCC
15 1 5 15 3! 0 C 0o0 .o0
16 1 6 16 33 0 4 Coo0 0.0

* 17 1 6 17 33 t i.O0 0.0
* 18 1 6 L8 33 C 0 0.00 C.CC

19 1 7 19 34 0 0 0000 CoCo
20 1 7 .0 34 0 0 C.00 C.CC
21 1 7 21 34 0 0 0.00 0,00
22 1 8 22 35 c 0 0.00 OeCO
2 23 1 a 23 35 C 0 O0CO 0.00
24 1 8 24 35 0 c 0.00 0.00
25 1 9 ?5 36 0 0 0.cC C.ce
26 1 9 26 36 0 0 0.00 0.00
27 1 9 27 36 0 0 000 0.00
28 1 10 Z8 42 0 0 OCO cao0
29 1 10 28 37 G 0 0.CC 0.00

* 30 1 10 28 40 0 0 oeco Cs,0
31 1 10 ?9 3? 0 .00co 00

4 32 1 1( 29 42 ( V Oc 0.C0
33 1 10 29 40 0 0 Cco a.l0
34 1 10 30 37 0 0 u.oC c.CC
35 1 10 30 4Z 0 0 0.00 C.GC
36 1 iC 30 43 0 0 0.00 (.00
37 11C 37 42 t 0 0oo0 000

438 110c 40 42 0 0 0.00 C.CC
39 1 11 31 43 o 0 000 CoCO
40 1 11 31 40 0 0 Co.o C.co
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41 1 11 31 38 a 0 0.00 U,00
42 1 11 32 43 0 0.00 c.CC
43 1 11 32 38 0 0 0.00 c.OC
44 1 11 32 40 0 0 0.00 000C
45 1 11 38 40 C C 0.00 C.CC
46 111 40 43 .00 c..a

. 47 1 12 34 40 C. 0 0,00 GCO
48 1 12 34 44 0 0 CocO Coo
49 1 L2 34 39 0 C 0000 0.00
50 1 12 35 40 0 0 .,CO C.OC
51 1 1? 35 44 0 0 0.00 .0O 3
52 1 12 35 39 ( 0 Oco 0.00
53 1 12 36 40 C 0 0.00 c.cC
54 1 12 36 39 0 c cO0 C0.00
55 1 12 36 44 0 c GCO 0,0%
56 1 12 39 43 0 0 0,00 Otc
57 1 12 39 44 C C O.CO OCO
58 1 13 40 41 0 0 0.00 Co0c
59 1 14 42 4'. C 0 0.00 CoCO
60 1 14 42 46 0 0 Coo c,0
61 115 43 47 0 0 0.03 0
62 1 15 43 4q C C O.CO C.Oc
63 1 16 44 49 0 C OCC CCC
64 1 16 44 !0 0 C 0o.C Coco
65 1 1c 37 40 G 6000 CO
66 1 11 33 36 0 0 Oo0 0ol
67 1 11 33 40 ( 0 0,C0 CoCO
68 1 11 33 43 C 0 ccc .,GG
69 1 11 38 43 0 COo 3,CC
70 1 12 40 44 C 0 OGO CG0

33



, . ,:. . .. .. . . .. . • . .. . . . . . . . . . * . * .* .. . . " .. - _ .. :,, ... . 2 ..

*THERE ARE 3 UNIT STRUCTURES

UNIT STRUCTURE I COUNT 7

NAME COUNT J41IT NUMBERS
FO 9 1 2 3 4 5 6 7 a 9
FIST 3 24 29 30)
BNFSE 1 37
BNFDC 1 40
BDEFSI3 1 41
BATT 1 4Z
GUNS 2 45 46

UNIT STRUCTUR~E 2 COUNT 7

NAME COUNT U41T NUnBFRS
FO 9 1J 11 12 13 14 15 16 17 16
FIST 3 31 32 33
BNFSE 1 33
BNFDC 1 '.0
BDEFSJ 1 41
BATT 1 43
GUNS 2 47 qp,

UNIT STRUCTURE 3 COUNT 7

NAME COUNT UNIT NUMBERS 2 4 2 e 2
FO 9 11 20 21, 22 23 4 2i ?e 2
FIST 3 34 35 36
RNFSE 1 3
B NFDC 1 40
BDEFS13 1 41L
BATT 1 44
GUNS 2 '1 50

3

e.
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THERE ARE 2 MISSIONS

MISSION PERCENT
1 43.00
2 57,00

MISS13N TREE FOR 4ISSII I

THERE ARE 26 MESSAGE PARTS

INDEX SENDER ADDRESSEE RELAY SIUL MSG ID MSG TY2F
1 FO FIST NO N- DELAY 1
2 FIST RNFSE NO 04 DELAY
3 RNFSE BATT NO NO STRY
4 BATT FIST NO 4') BTRY
5 FIST FO o NI BTRY 1
6 FO BATT YES NI OBSRLOC 1
? F-) BATT YFS N1 FRGRID 1
8 NO N1 0,8
9 BATT GUNS NO YES WR 3

10 BATT FO YES YES MTl 1
11 GUNS BATT NO NO READY
12 OATT GUNS NO NI FIRE 1
13 GUNS BATT NO N3 SlOT 1
14 RATT FO YES N43 SHOT
15 BATT F3 YES NI SPLASH 1
16 FO BATT YES NI SARID 
17 NO NI
e 18 BATT GUNS NO YES WR 5

19 BATT FO YES YES "TO
20 GUNS BATT NO N1 READY A

21 BATT GJNS NO NJ rF. I
22 GUNS BATT NO N) S40T 1
23 BATT FO YES NI SdOT 1
24 GUNS BATT NO NJ COMPLETE 4
?5 BATT FO YES No CJMPLtTE 1
26 END NO ml

I.
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PSISSI')4 TREE FOR MISSION 2
T'EERE ARE 25 MESSAGE PARTS

INDEX SENDER ADDRESSEE RELAY SIMUL Me 10 456 TYPF
1 FIST St4FOC 0O N1) RF2 FM 3
2 RNFDC BATT No YES Ric 1
3 RNFOC 9NFSE NOYES RFAF 2

*4 84FDC FIST NO YES 04T' 1
5 SNFDC %DFFSO No YF% REC nCI 4
6 BATT GUMS N~o Nf) UR 3
7 GUNS GATT No NO) READYA
a BATT FIST No No S'40 1
9 FIST BNFDC N1) N1 FkrvRID1

*10 No N) goo
*11 84FDC BATT N (I N) RFC Fm 3

12 MATT' GUNS ho NI iiR 3
13 GUJNS BATT NC N1) READY
14 BATT FI!T NO NJ SHI)T I
15 FIST SNFDC NO N') SAG'RIC I
16 NO N) 991
17 8NFDC BATT NO ml REC F14 3

16 MATT GUNS NC N') WR
19 GUNS BATT No N1 READY
20 MATT FIST NO N) FF; 1
21 GUNS BATT No N13 CIV4'LETE 4

*22 FIST SNFOC NO Nr) REC EO1 5
23 6NFOC SATT NO t4) EM6
24 BATT GUNS NO NI1 EO
? 5 END No N I

NUMBER OF RELAY UNITS 9
* INDEX UNIT

1 28
2 29
3 30
4 31
5 32
6 33
7 34

6 35

336
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MESSAGE INPUTS

THE MESSAGE QUEUE WILL HOLD 1530 MESSAGES

TIME BETWEEN DUMMY MESSAGES .ol%1

THERE ARE 6 MESSAGE TYPES

MESSAGE CHARACTERISTICS
TYPE PREC MIN LEN MAX LE4 MODE PRI TYPF

L ? 372 492 432 1
2 2 5400 6600 58-80 1
3 2 4200 5400 480C 1
4 2160 4260 3240 1
5 2 2160 540J 3790 1
6 2 720 216J 963 1

THERE ARE 1 MESSAGF PRIORITY TYPES

PRIORITY DISTRIBUTION
TYPE URGENT PRIORITY RJUTINE

1 20.00 30.33 53.00

HOURLY RATES FOR 8 HOURS

HOUR RATE
1 63
2 6?
3 63
4 63
5 63
6 63
7 63
8 63

EQUIPMENT INPUTS

THERE IS NO EQUIPMENT FUPNISHEO

37
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p.

DELAY INPUTS

ALL DELAY TIMES ARE IN SECONDS

ALL PROBABILITIES ARE INPUT 14 PERCENT

THERE ARE 2 TRANSMISSION RATES
INDEX RATE PROS CUM PROS

1 1200. 9000 90.30
2 6OO 10.00 100.00

NUMBER OF ADJUST FIRES (INCLUDING 0) 5
INDEX ADJ FIRES PROS CUM PROS

1 0 5.00 500
2 1 150O1 20.00
3 2 70.00 90.00
4 3 5000 9500
5 4 5.00 100.00

GUN SETUP TIMES MIN, MAX, MODE 0.00 90.00 60,GC

PROBABILITY OF 4ANDOFF 5.30
MIN# 4AXP MODE 1000 120.00 9Co0

PROBABILITY OF INTERRUPTING MISSInN 50oC
MIN* 4AXP MODE 120.00 600.00 24C900

NUMBER OF NAKS (INCLUDING 0) 5
INDEX NAKS PROS CUM PRO3

1 0 90.00 90o00
2 1 5o00 95.00
3 2 2.00 97.00
4 3 2.00 99.00
5 4 1.00 100003

DELAY IN PROCESSING A NAK
MIN# MAX, MODE 12.00 3,0O 15.00

NUMBER OF PREAMBLE TIMES 8
INDEX PREAMBLE TIME PROB CUM PRCB

1 0.00 2.00 2,00
2 ,20 2000 4.00
3 970 10900 14oCC
4 1.40 2.00 16.Go
5 1.70 70.03 86o00
6 2.10 10.00 96oOO
7 2e80 2,00 q8.00
8 4.00 2,CO 1o00Cc

38



THERE ARE 3 EQUIP4ENT TURNI JN TIMES
INDEX TURN ON TIME PROS CUM PROS

1 .05 30*.0 30,00
2 .10 30.00 60.00
3 ,40 4000 100.00

4 OST PROBARLE NET ACCESS CELAY TIME ,5C
PROBI1LITY 90000 flT'ERWISE
NUMREq OF INTERVALS 98.
TIME BETWEEN INTERVALS .5

COMPUTER DFLAY FOR FIRE IISSION PROCtSSING 9,Co

COMPUTER OFLAYS NON FIRE MISSION PROCESSING

MIN# MAX, 4ODE f)000 9,0C 3.00

HUMAN DELAYS
MINP MAX, MODE O00 (000c 20.30

DELAY IF UNIT REMOVED FRJI SU3S'RIBER LIST 1834'.60

DELAY FOR RELAY TiROUGH FIST
MIN# IAXP MODE O90(1 33900 6.00

DELAY DUE TO OTHER SOURCES
MIN# 4AX, MODE 00O0 6'010c 15.00

PROBABILITY OF COMPUTER FAILURE 0,4CO
PROBABILITY OF MESSAGF FAILURE 1C,0o
DELAYS FOR FAILURES
MIN* MAX, MODE 6,OC 30s00 17.00

WAITING TIME IN MESSAGE QUEUE
MINP MAX, MODE oO0 3,O4 2.00

.
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SUBROUTINEDIRITI
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* NAME ANt) CALLING SEWUENCE (IF ANY)
* PURPOSE

DESCRIPTION OF THE PARAt4ETEHS IN THE CALLIN6 bEWUENCE

1
PWOGf4AM URVMPM

* ~MAIN PIkO'iWAM. I.'NITIALILE!: AND CALLS> MAJOR PKUCESSIN, ROUTINLS

quHkdhiTlIJE ADDUNT(INUEXNUN)
ADD)S ft UNIT TO THCJSt ALRt.ALY IN tXISTENC.F (CH-ANbt.S Ti-it Ilk42uY AHRAY)

TNOE )X INDEX IN THE IK(,UYb Ap WAY
WAIN UN~IT NU.,4HEP, TO t-. Auvut)

StJHROtJTINt" CMINUT
E:~kCUTIVE Ii*41UT kUUTINjE CALLS ALL THIE OTHt.H INPUT HUUTINEt)

4
S'l4OUTINtE DELWES (MESNO)

IP LLTwS A '4ESSA(,E FHOOM Ttit I4bSA%3E WiJEUE
t4FSN(J INTtHNAL MESSM(,t NUMbtk OiF THE mESSAGL TO) -4F UtLETEn

lJH4No'TINL ULLPIUY (MESNo1I' ISO IFLb IFLAW,
* St-ARCHtS FUN( PHOP~k DELAY WO#,[j

r-F:SO 04SSAUEt NUMH1EN
T'415 f"IS 0IUN TYP-
IFL(, FLAo, 1 DELAY* e' RiAI)Y, 3 wk (wmntr4 HE.ADY)
I F Lub FLA, I IF F~uutd. ()T iWI,F 0

sFAHHS FUR A '4LSSA(,t. THLE AND tlTi-tq uLtLTts IT UiH KETU'kNS ITS 114ULA
ITNI-E TkEt. NU'4HENH SUUL'IT
tNlrJD L FLA(,j IF 0 tutLETt~ THEt.9 IF NOT Li IETU, 1Nt'A.

7

SU*4PUiJTINE OLLY If
* PktAflS DE1LAY l'jPUTS

9S104HOUTIiiF U(JACts
*ItNS1NTS AN AC10L~tmN OH LTHtl4 HI(*1h VWICtUNCE. 9lvSSAG3F (t,6. AN FPF)

FIJNCTIU'J UkwAlU(AAAAAA)
,F4 AF A UfjIFiJNMILY DIITNit-UTtUL kA'40u - LDEVIATLIN1r THE IWTI-PVAL 0-1

XAXAAA lU-40~Y VAWIA-ILE (1,OjT USED)

StImooTlljt. EuUfJIP
* FAJSE(AlJINhT 1.4PuTs (NUIU~t AT PRESENT)
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SWINOUTINE EKR(I9IVAL)
PkINTS FRRUk NESSAbL AND TENviliNATES A kUN

I EkWOW NUMH~k (SET IN CALL1Ib INUUTINk.)
IVAL VALUE wrIICH CAUSt() TH*. EfkkO&

FINDS A 'EWI)IN (UNI(INATUH) ANIi TtiE UNIT STRUCTU~t IT htLuiJ4US TO
NAME iNCL) NAME OF A 1'USSIPILL hk:NUI~o
111N UNIT STRUCTukE I-AVINbv THE SLINOE AS A hiLM4ER
IS UNIT r~uhljEH OF lfiF. SEND)Et

13
%lj141w0UTI'AE F XHSLT (Im4#NLTvF INLTH)

COHRECTs mfI SSAb7. LEo(,Tpi TO, FILL lb CHAkACTELN frSLUCIS iITI AT LL.AbT 4 tOTS
rfi;IvfdLT OWJ$INAL LI-N(.,T'
FINLTH FINA~L LEN(vTI-

14

GENEPATES A.40 i I'tSTS THEI f4t)T 1lSE~SA.L FUI( A T~tk SThiqjCTUP&
mp5NU P1NTtNAL MLSSAC* r'JU4#$L OF THE wt.SSAbt. Ur,NAT 1IIJNMS
JFLA(; FLAG( IF o TH. CuO;PLE.TE&) UTH *k'.lSE IrNIt'A Ir\ miSIkt At-04AY
I I~ FLAt7 l, I~ S1MUJLTtf'FULJb 4lS.SA',L, UTHLkwiSt NOT

StukUTINui (tNkU
QFAI)S GENEPNAL MODFL P~AWAM4TLI( S

IpjSFPTS A MtSSAUL INTO Tiit MF..~,A, K1J

LTS7 mE5SA(, PAR-fAFTt-t-S
pq IhTtNI4AL Mtb.SA~t NtJMtIL o)N ) If P-tsSbAL, CA~jiOT fist. INSEkTt.D

17
SLJ$.OUTI4 INTLMiS

1ilIT TALIZES THE tb '~bAGiE 41iLt

* FIJ.NCTIUN\ INTSLNWA1'Rli)
t3LNF PATES A N.ANOW4LY SFLLLTH: INTtOLH IN Ttt- HANf: I-NUMtrF N

NtN 0 AXIM4UM VALUF

* (INt~-ATt:s Trol INITIAL MlFS ,A(it FOW A 41Sbjimia

201
StJNNUu T 114t , t SP I N

RLmOVFS ME:3SAI4l F~u.- T'H uA~-tt Alen PHOSS-jt'LY IouT"uTb

44
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SUMNOLJTINE MtSI~kC
*PIkoCSQS MESSAGES THROUbH VAhIfOUS STATES ANto (JTEWINES DtLAYS

SUhROiUTINE ME.SRD

SUr'NOUTINt- NATMS(i(MEbt'i))
HFTOPNS THE :4ESSibF NUMIIEk OF THE~ LOWEST TImEU t*.bSAb-t. NOT CufI'JLETtu

t-4FSN%) INTEi'JAL ME~SSAt~t NUbE (IF AINY)o U THL*tISE. o

S10-POUTINE OUTr-,Sr;
HrdINTS mESS>A(,r PRAmEITERS JF INS~reTtO m:.SSA(-t.S

* ~PkIA~TS TH4E E(TIke. mE~SS~bE Witt

FINI)S A UNJIT 61IVE,,, A NAPt.
Ij~pt JNI T StoIJ(.,1T

11IN UNIT STNUCTUNHz
L TST MESSAbE V4PJUT Al-kAY

SU-wNOUTI'JE HLVISM(4I.SNOolH-LTA)
qF094r)kS TH4E mESSAoE 40FKuE w't-kN *41-SSAUE -FSru IS) (bLAYE.') (AY 11IME I)LLTak

14F bS~u I1NTNA4L MESSAt~ NU'1,4ERL
nWLTA i)ELAY TIM~E

StJH-rUuTDi'F HLYr(,((LN4FNM,1UNITPN)EA.)
LOOKS TO SEE IF Tril IS A NFLAY 14E.SSAGE

I NF k-- LOUT A-"NAY
TJNIT UNIT CARRYI'd, wFLAY mE.SsA(, CR LrN()

N NE A INOFAA uF UNIT I FOUND

SU1'NRUUT INF NLYUI-4T C I'41 M, 114'lT ,NI)EYX)
SIF.ARCmES FUR WFLAY oUtT

TNFf!m LOUT A-NNAY
TIINIT dtLAY UNIT
Nf X ljjEX A F UN IT IF F')ulqU

4 3n
oikkOUTI'* F(V)wLS

too
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31
suI'NuuTINE SCHU1UT(NAML*IUNI~.FLA(7)

SIA~rHES FUIN A UNIT Wilmo4EN
NAmE 4CD N4AmE UP IJNIT HEIN(3 SUU(tIT
I WN UNIT ST.RUCTUmE Hl-ivN U'4IT AS A N.Eititk
IFLA(i FLA, IF *UNIT NUMHLmv IF -INDEA 11-4 THE. UN1T bThuCTUs'E

(;U~HRU0TL4 SETFNIFINt)
tNtTlJPAS THE NkUmrt uF ALJvST 1Jt i'U.s A MISS ION

IFIWF. NU~Mmm OF ADJUST FjmE.S

* IN'ITIALLIEL2 IK(,LUYS ANNAY M4Y 1!,,S~rTltNe AiJoST PIRES ANU UN~ITS
L IS T TpqEL rw~i4 AfJLST Ilkt.p AfjbktSSEt, Sb4'UtiR

3d4

iN,.w~uTIVat StTVAL

TO-STr' IF T*L) 4ES :oA6ES A~f- To r-t IP'JPUT SL4ULTAANv-OUSLY
N~IS MISSION TYPE

TNDEf A SIMUL TA'.tOIJS FLP0 (,4 I' ISTI-- Aki-,-Y
IF~oFLAIt, IF- 0 WuT SIrMULTMNEtJLJ9 IF I THE.Y At-.

St;JHkOUTINF TAt~wT(AIo-LA(-)
PACKS COAPLFTf-U MLSSA.,)t IfJO i UFFhr4 ANDJ (juTpurS BUFFtrj( TO~ ud4T 1)

x C(JM)LETEU mtSbctd~ HI, THUY
IFLA(' FLA(., IF 1 UouTPtOlS F ILLED~ t)U f-tN IF 2 FLUZ)HES P'AkTIAL bI.FFLR

4* 7

',NurwuTINt~ ITTpT(IFLA4,)
D* FfTF -4MINK!, Wp4FTt4Eq (JH '4uT I T I S TIImt TO (N iWeTE. A STM4T INi MtSSA(,L
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.4U[Ci( SUMMAR~Y

NUMBER OF MESSAGES GENERATEO 676?
NUMBER 2JF MESSAGES IN 0'JFUE 30
NUMBER OF MESSAGES CrIPLETED 3232
NUMBER OF ACKS CO,PLETE ,  3231

*"-"NUMBER OF TREES GENERATEO 2LQ
NUMBER OF TREES LEFT 177
NU4BER OF TREES C¢,MPLETEr) 32

THERE ARF 1.6 NETS
TOTAL TIME 4ETS ARE RUSY
NET TIlE BUSY (SEC) FRACTIJN BUSY

1 326.*' oCu
437, 51

3 563.93
4 ?37.C3 ,OGt
5 583oB5 .C.C
6 872.51 o03u
7 261C4 o009
8 ?55006 .309
9 483.67 9017

10 14C02*46 4A
11 13628o4 473
12 13383.43 ,465
13 2i 72.?' *Q?
14 7651.q2 9273
15 O239P3 s 313
16 10711.95 o37?

AVERAGE FRACTION BUSY1 iei ETSC ONTAINING-
FOpFIST ,0155
FIST,3'4FSO,3NFOC,3ATTERY FOC 44
BNFOCPBDEFS) ,c 96b
BATTERY FDCPGUN SECTIINS .3193

THERE ARE 9 PELAY UNITS
TOTAL TIME RELAYS ARE BUSY
RELAY TIME 3USY(S!C) FRACTiTO iUSy

1 736.46 ,026
, 1612.92 oC 56
3 756o6 *C?6
4 945o 7; ,e33
5 1955.67 ,.4
6 1659.59 $056
7 1621o(9 ,C'A
8 1147,14 o041
9 10049;4 o IC4

AVtRAGE FqACTION QELAYS BUSY- ,.515
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place
in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name: _ _ _ _ _ _ _ _ _ _ _ _

Telephone Number:

Organization Address:
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