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ABSTRACT

In the design of large-scale systems with stochastic inputs,
computerized Monte Carlo simulation is often of great aid,
Design decisions can be made quickly, and on the basis of
trial in a simulated system rather than on conjecture,

Such a simulation for the Data Processing Central of the
SAC Control System is described, Limitations and appli-
cations of the simulation are also discussed.
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I.

II.

Introduction

A mejor Aifficulty in the design process for a large-scale system with
stochastic inputs is that generally the situation is so complex that it

is virtually impossible to set ur an analytical mathematical model or
expression vhich can be manipulated to yield irmediate answers of a type
that faciiitate a design decision. In such a situation, Monte Carlo
simiation technliques can be used tc great advantage. The complete system
is divided into component parts each of which is readily describable by a .
probability distribution. At each print where a decision must be made,

a random number is generated, which when applied to the distribution
associated vith the point serves as the decision maker. By this means
experiments can be conducted ¢n the model (simuluted system) and the
results noted. These results can be analyzed statisticaily to provide
meaningful bases for design decisions.

An incidental but by no means iasignificant additional benefit accruing
from a simulation is that the details required for creation of a computer
program often highlight gaps in the design and thus focus attention on
specific problems vhich are as yet unresolved.

The present paper deiireates the creation of a Mornte Carlo simulation of
the message traffic aspects of the Display Processing Central (DPC) of the
Strategic Air Command Control System (8ACCS), 465L. Hopefuily, two results
will be echieved: indication of the benefits available from future use

of simulation in 465L design. and illustration of the applicetion of Monte
Carlo simulaticn to the design of a large-scale systenm.

Iarly Studies

The earliest traffic studies performed at SDC (S8ACCS Department) were in
the fom of deterministi: modeis of the various components of the L65L
system. For examp.e, consider the case of the Electronic Data Transmission
Control Center (EDICC). The EDTCC's functions were divided into three
categories: input. processing and output. Service times for each task
wvere predetermired, and tne time to rrecess batches of messages with
specified routing :maracteristi.s was caiculated. Additional time wes
allotted if tw or mcre messages had the ssme destination (were competing
for the same outpat transmissior link).

Subsequent studies were statistizal in nature allowing for rendom arrivals
of messages and randcm service times for each function; that is, the
arrivals and services followed predetarmired probability distributions.

The models also represented mcre closely the detailed equipment operation.
For exampie, some crude consideratior was given to the effects of message
priority and internal processing sequence priority, the latter being
particularly app.i-stle to the EDTCC, TI* shouid be noted that mean message
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III.

arrival rates and service time data were obteined from message and equip-
ment studies paralleling the efforts in the traffic area. In the execution
of the traffic studies assumptions were made for which the primary justi-
fication was mathematical tractability of the model, and it became
increasingly clear that to achieve more accurate results and to be able

to evaluate design proposals in terms of their effect on traffic, more
detailed and flexible models were needed. This led to the present effort--
a computerized, Monte Carlo simulation of the DFPC.

Operation of the DPCH

A block diagram of DPC operation is presented in Fig. 1.

Message Priority

The DPC recognizes three message priorities: Flash, Display Request¥* and
Regular. Flash messages are processed immedjately on arrival, interrupting
all processing except other Flash messages. Display Request and Regular
messages are collected (batched) until a pre-specified time interval (the
intervals for each are not necessarily the same) or a pre-specified number
of one kind or the other are in the batch. When one of these conditions
obtains, a request is initiated for operation of a Control Cycle.

The Control Cycle

The Control Cycle operates as a sequence of tasks performed in pre-specified
order. There are a few cases vhere deviations from this order occur, but
these are unimportant from a traffic point of view and have been ignored.
The first task to operate is Data Preparation. This task sorts the messages
in the batch according to the task with vhich each is associated. It also
does some processing of each message. However, this is of no concern here,
except insofar as it affects the operating time of the task. If there are
any Display Requests to service, the next task to operate is Data Presenta-
tion. Display Requests are processed in order of arrival, and the displays
outputted. Followiag Data Presentation, the Reguler messages are processed,
starting with the messages associated with the highest priority Regular
task and proceeding in order of task priority until the messages associated
with the lowest priority task have all been processed. Within each task

# The DIPC operates via several program subsystems; e.g., Control, Planning,

Training. Only the Control subsystem has been simulated. The simulation
reflects the thinking on the Control subsystem as of January-February, 1962,
and may have changed since.

#% The priority nsme is sctually "Special." However, "Display Request” is the

only message with this priority. Moreover, the operating rules are written
for a one-message class,
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the messages are processed in order of arrival. The content of a message
can force other tasks (usually of a lower priority) to be

¥owever, with the exception of messages forcing displey outputs (M
consequently, operstion of Data Presentation) this effect is relatively
mrtmamrﬂcvuv’om. muwmhm«mw
simiation. If messages force displays, complation of

thase messages is deferred wmatil all messages Gesocis mammt
have been completed. Data Presentation is then W and the mquutte
displays outputted. The next lower priority task is then operated.

Flight Plan Processing

The lowest priority Regular task is Flight Plan Processing., However, this
task is not part of the Controcl Cycle, and therefore is discussed separately.
When all Regular messeges havez been processed, unless a reguest for initia-
tion of Control Cycle exists, the Flight Plan processing task will operate,
Flight Plans will Y procassed until all are completed or a Tontrol Cycle
request 1s made. It should be noted that once a Control Cycle begins, it

is not interruptible by a request for a new Control Cycle ~- only Flight
Plan processing is interruptible.

Message Arrivels

Messages can arrive and be accepted by the DPC at any time. However,
processing of these messages will be delayed as described in Messag2
Priority and Fligh* Flan ¥Frcceessing.

DRC Simulation

The simulation 18 des:rioed bty the block diagram of Fig. 2, and a list
of the input parsmeters s=loctable by the user, is given in Pig. 3. KNote
that the characteristics of the distribution of time for each processing
function as well as the input message charscteristics can bs selected. A
listing of the program instructions with explanatory notes is presented
in the Appendix. Certain features of the simuletion are described below.

Docision Making and Service Time Selection

Associated vith each decision (including time interval selection) in the
simulation is a probability distribution., When decision points are reached
in the simulation, a random n.mber is generated by the computer and combined
with the probability distribution t5 result in a decision.

When the deciclon fs the selection of a service time, t; 18 incremented
by the service time seiected, .
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Example: Detemmination of time to operate Data Preparation Task.

let us say tg * 56.2 sec. and the service time for operation
of Date Preparation is equaliy likely tc be anywhere between
10 and 25 sec. A random rnumber is generated, say O.7. The
time interval for operation of Data Preparation is thus
1040.7x15 = 20.5 and tg * 56.2420,5 = 76,7 sec. after
completioa of the task,

Random Number Generation

Because of the large number of decisions which are made in the course of
operation of the simulation, a large supply of uniformly distributed
random numbers is required. The congruence ejuation:

Xn41 E Xp (27+l) + 227, 216, 619 MD (226)

is used to generated pseudo-random numbers uniformly distributed between
0 and 102k, These are then scaled tc the interval (0,1).*

Message Arrival Time

It was deciied to gererate messages by means of the time between arrivals
of messages (inter-srrival time) rather than in terms of the number of
message arrivals in a given time interval. The latter method suffers
from the lack of a fixei arrival time for a message (its arrival can be
placed only as somewhere in the “lme interval). Also, a knowiedge of
the distribution of number cf arrivais for one size time interval gives
no knowledge of the nmber of arrlvais in a different size time iaterval.
The need for such know.»dge wiii be:ome apparent in the next section.

Arrivals During Processing

Since there exists no source cof messages other than the simulation itself,
a technique was necessary for permit+ing the arrival of messages between
increments of tg. The technigue used is the following: tg advances
discontinuwousiy by the amount of %ime required to execute zservice) a
processing fun~tion. After each selection of service time, a routine is
entered which checks whether the time of arrivel of the message in the
input register has been exceeded because of the increment in tg. If not,
processing continues, If yes, then the message type is determined and
the message is logged in. The handling of Flash messages is described
in the next section. After the message is entered, the time interval
before the arrival of the next message (inter-arrival time) 1s determined

# For further details, see Journal of the American Statistical Association,
Vol. 56, No. 295, September 196L, "Bias in Pseudo Random Numbers" by P. Peach.
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by generation of a random numbe:r and conversion to time by mesns of a
probability distribution, t; is incremsnted by the inter-arrival time

and if it is stil} less than the present tg, the message type is determined
and the new message is logged in. This procedure is repeated until t4 for
the next message is greater than tg. The program then returns to whers it
left off (a service time had been determined and tg incremented), and pro-
ceeds until the nert incrementation of tg.

Flash Messages

When it has been determined that a particular messare is a Flash, normal
processing is interrupted and the Flash message is processed, tg is in-
cremented by the processing time. After processing the Flash message,

the program proceeds as described in the previous section and a new inter-
arrival time is generated,

Continuation of Example of Decision Making and Service 1.me Selection

t, has jumped from 56.2 to 76.7 sec. Say ty = 60.0 sec, The message type
subroutine wuld be entered, If the message were a Regular, it would be
stored and the Regular message coynter incremented. Then a new Ati
would be generated, say 15.5 sec, The new t, would be 75.5 sec,, and
therefore, the message type would be determined and the messare accepted.
Say the message is a Flash, Tpp is determined, say .1 sec., and added to
tg, making tg = 76.8 sec, An output is generated indicating the process-
ing of a Flash message, Then a new Ati is generated, say 3.0 sec, making
ty = 78.Y., Sin-e tg <tj the message is not accepted yet, and nrocessing
resumes,

Output

Each time a message is processed or a Control Cycle recuest is issued
because of the siye of the collection batch, an output is generated. The
output formats are shown in Fig. li. The limited format used for the out-
put of Flash and Flirht plan messages and Control Cycle remuests is due
to storage limitations in the computer,

The data is also opunched on paper tape for input to 4&n a8 yet unwritten
program which will perform further statistical analysis,

V. An Mgh of Simulstion Operation

S is s sample of the simulation output. The numbers were contrived
to 1llustrate various aspects of simulation operation, A description of
the events causing this output is given below, Note the use of the word
"output” with regard to a message does not necessarily correspond to actual
output of a message, but refers to completion of processing and output by
the simulation,
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At 150 seconds, a Control Cycle is in operation, and a Task 6 Regular
message has been outprt, The times and queue lengths are as indicated.
The time averages relate to Regular messages hers, At 152,1, another
Task 6 message is output., Note that while this message was in process,
one Flight Plan and one Display Request arrived., Thus the total queue
in the system actually increased by one after processing ons message,
At 153.5, a Tack 6 messapre which forced s display was output; i.e., the
forced display was ocutput. Note this message arrived sarlier than the
previous Task 6 message processed, but was delayed until the comnletion
of Task 6 before its processing was campleted, There are no messares
for Tasks 7-14. Thus at 154.,2, a Task 15 message is output., Note it
arrived before some Task 6 messares, but was delayed because of its low
priority. In this case, one Regular arrived during the processing of
the Task 15 message. Therefore, the Reguler gueus did not decrease,

The new Control Cycle begins, and at 180,0 the first Display of the new
cycle is output, The time averages relate to Displey Recuest messages
here, Display Request processing continues until the last Nisoplay is
output at 195.0, At 195.%, the first Regular message of the cycle is
output, It is a Task 3 message. While the next Regular message is in
process, a Flash message arrives., It is processed immediately (requiring
o2 aec.s, and output at 195.8, There are no Task L messages or Task S
messages not forcing a display. Therefore, the next output, at 196,2 is
a Task 5 message forcing a display. The vrocessing continues.

Limitations of the Present Simulktion

The simulation was run on the Bendix G-15 located at SDC, Paramus. With
the exception of two subroutines (one of them being the random number
generator) the entire program was written in Intercom 1000, an inter-
pretive language. Only 1200 locations were available for program and
data storage. As a result, many desirable features had to be omitted
fron the simulation. In the next phase of this simulation effort, a
program will be written for a much larger machine, the DPC itself, and
it should be possible to eliminate all the limitations discussed. Some
presant limitations are the following:

In the simulation, messages are categorigzed only by the task which they
cause to operate and later by whether they force a display. In actuality,
there are aovproximately 100 different message types, so that several
messagzes operate the same task., Since there was no room for storage of
rules and processing time distribution for each message, the present
“grouping" scheme was adopted. Since present message btudies give rela-
tive frequency of messsres by type, further processing is required before
this data is input to the simulation,
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The DPC requests a Control Cycle when it has collected 250 Regular mes-
sages or 12¢ Display Requests, In the simulation two locations are
required for each Regular message (other than Flight Plans) and one loca-
tion for Flight Plans and Display Reouests, In the case of Regulars and
Display Requests, these figures must be doubled because oms batch is
being collected while the previous batch is being processed. The simula-
tion is able to store only 100 Regular, 50 Display Request and SO Flight
Plan messages, This recuires 550 of the 1200 available locations, Thus
in running the simulation, parameters must be selected in such a manner
that steady state queuse in evcess of these limits do not develop.

As indicated in the section on cutput, a limited amount of statistical
calculation is done by the simulation, It would be valuabls to compute
certain other statistics as part of the output routines e,g., lsngth of
queus or waiting time such that the probability of exceeding this value
is less than P, where P is input at the start of the simulation, These
statistics should be computable by message type, measage task, or message
priority.

The only probablility distributions built into the simulation are, dis-
crete, uniform and exponential (Poisson distributed message arrivals are
generated by an exponential inter-arrival time distribution)., Several
functions would be more realistically simulated by distriutions which
peak at sbout miderange, : ‘

There is some flexibility built into the present simulation in that the
parameters characterizing the probability distributions are input para-
meters. However, to function effectively as a design aid, a system
option selections is required which wuld enable the designer to very
operational disocipline and to select the probability distribution as-
sociated with each function,

It is characteristic of the Monte Carlo avoroach that to obtain statistioc-
ally meaningful steady state results, the simulation must run "seversl”
times for a given set of parameters, or sssuming the process to be ergodic
(which seems reasonable in this case after the steady state is resched),
the simulation could be run for a "long" simulated time inateed, The
simulation on the G-15 runs sbout 12<1 slows thet is, to simulate 30
mninutes of DPC time requires 6 hours on the G-15. This presludes the type
of production running necessary to obtain statistically mssningful results.
Simulation on the DPC should speed up the running tims by & factor of de-
tween 200 and 1000, making production running prestical.

VII. Some AppMiostions

As an indiocation of the usefulness of the simulation and to illustrate
the l'c%%c.l dof questions the designer can ask it, some applications will be
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Control Cycle Request Criteria

In order to make the most efficient use of the DPC, messages should be
batohed for as long as possible to minimize for a given number of mes-
sages, the number of times the Data Preparation task must be operated

and the number of times ths various tasks must be loaded into core memory.
This is particularly important if the task is permanently stored on tape,
since the acceas time is very high. On the other hand, long collection
periods mean that the DPC filea do not contain the latest data, and that
requests for displays are delgyed., Thus, it is important to know the
tradeoff of computer efficiency and messege waiting time vs. batch col-
lection time. One can determine these tradeoffs by running the simulation
with various collection times and studying the relevant outputs,

Processing Time, Input Load

The effect of time required by sany processing function can be studied by
running the simulation for a variety of values of that parameter. The
effect of input frequency can be studied similarly.

Message/Task Priority

One of the factors determining the priority which & message or task
should be assigned is the waiting time until that message or task is
operated. This could be studied (in the next simulation) by outputting
statistics on the waiting time for that type of message or task.

Measures of Effectiveness

Often in "analytic" models only a limited number of measures of effec-
tiveness can be computed; e.g. average queue size, average waiting time,
maximum al lowable input frequency. In the simulation virtually any
statistic of any variable in the system can be determined,
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PIGURE 2

A BLOCK DIAGIRAM OF THE SIMULATION
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FIGURE 3
INPUT PARAMETERS

Item
Inter-arrival time (exponential distribution)

Message type - Flash, Flight Plan, Display Request,
14 Regular Tasks

Probability of message forcing display

L = Maximum collection time for Display Requests before

Control Cycle request

5 « Maximum collection time for Regular messages before

Control Oycle request

6 - Maximum number of Display Requests in batch before

Control Cycls request

7 = Maximum number of Regular messages in batch before

10 -

11 -

12 -
13 -

Control Cycle request

Task entry time, common to all tasks (uniform
distribution)

Time to execute Data Preparation (uni.form distribution)

Time to process (generate) a display, including forced
display (exponential distribution)

Time to procees a Regular Message, common to all
Regular messages (uniform distribution)

Time to process a Flash message (uniform distribution)

Time to process a Flight Plan message
(exponential distribution)

SP-825

Selection
Mean

Relative Frequency
(% of total)

Probability
Time

Time

Number

Number

Lower Limit Width
Lower Limit Width
Mean

Lower Limit Width

Lower Limit Width

Mean
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FIGURE |

OUTPUT FORMATS

Standard Format (Display Request & Regular)

toutput Message typel'2 ti
tw tw,avg Npp
Flight Plan Format
t Message Code t
output for Flight Plan 1
201.
N
FP
Flash Format
t Message Code t
output for Flash 1. tot

Control Cycle Request Format

t Number of Messages
request in Batch Causing
Request.
NSB or NRB
Notes

1 - Regular Message Type 301, LOl,-----1601,
If Forced Display 302, L02,ece----=1602,

2 - Display Request Type 101,

tot

N
DR

SP-825

ttot,avg

N
total

N
total
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FIOURE 5
SAMPLE SIMJIATION OUTPUT

150 601 104 u6.0 18.0
45.0 47.0 12 7 67
152,1 601 125 27.1 u7.5
26,5 46.6 13 8 66
153.5 602 115 38,5 L7.4
37,0 L6.5 13 8 65
154.2 1501 108 L6.2 u7.k4
456 6.5 13 8 65
154.9 201 105

12 8 65
155.5 201 120

11 9 65
156,0 10,0
157.1 201 128

11 10 66
180,0 101 131 L49.0 35.0
u7.5 33.7 12 T 73
180.9 101 136 L9 35.3
k2.9 33.9 12 13 73
195.0 101 156.0 39,0 37.0
38.1 34.8 1 2 80
195.5 301 138 $7.5 L7.6
56.9 Lb6.7 V1 2 79
195.8 1. .2
196.2 502 135 61.2 17.9
58.2 L6.9 1L 3 78

86

87

85

8s

87

99
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GLOSSARY
ty - present time in the simulation
ti = time of arrival at the DPC of an input message
ttot - total time spent in the DPC (t’ of message cutput - t)
by a particular message
ttot,avg - average ttot for a class of messages; e.g., Display Request,
Regular (non Flight Plan)
ty - waiting time in the DPC for a particular message (ts of
message output - ts of start of processing of that message)
tw, avg - average tw, similar to ttot,avg

Processing Batch -~ that group of messages which the present Control Cycle is
operating

Collection Batch - that group of messages being collected for processing in
the next operation of a Control Cycle

N - number of Flight Plan messages awaiting prooessing

Ns = total number of Diesplay Requests awaiting processirg
including those in the processing batoch and in the
collection batch

“R - similar to Ns but epplies to Regular messages

Ntoul = total number of messages awaiting proocessing (Npp ¢ Ns + Nn)
N“ = number of Display Requests in Collection Batoh

“RB = number of Regular messages in Collection Batch

Tl « time interval from arrival of first Display Request in

Collection Batch to time a request for operation of a
Cotrol Oycle is made

'1‘2 = gimilar to 'rl tut for Regular messages
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t; of first Display Request in Collection Batch + Ty
ti of first Regular message in Collection Batch + Ty

number of Display Requests in Collecyion Batch which
cause Control Cycle request

number of Regular messages in Collection Batch which
cause Control Cycle Request.
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INTERCOM PROGRAM Poge  of
Prepared by . _ Daie .
PROBLEM __ DPC SIMULATION Line:
NOTES Locationff K 9P | Address (A) o5 (AN)
(C") Reset In Cycle Indicator 0700 49 n é 8
Gota(Cc) 701 29 |8 iso
o e e n i1 _
TP s . 703 2 o iy
S 704 §5]4a |12 .
705 2 N . _
Type Message Type 706 Bl i
Continue output at (1007) - g 10 E ;
(B; START OF PROGRAM 208 0 n §13
set 71IA for exponential routihe 700 w | 371
710 2 n gsa
Set IA Indioator m 49 1 231 o
Qenerate random no. ne 8 1" 584
Gonvert to 1 time, A {&]°| 713 28 |9 i85
714 2 In - 5
s 43 In §75
Store %, NEWe %4, OLD + TH) 716 49 N §69
nr | [s9 [ 5
718 2 n 7
(K) 79 4 In , 5
12 %2 Y sove () 720 20 945r2
721 2 [ne
If not in cycle, go to Le2 722 23 7 ;2‘
If in cyole - retumn: : ‘1 723 16 B
AR W00 N N (LA I e
Ge vo .
Jf cycle req. ner 8ot - Ly b v syl 1108 e e}
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INTERCOM PROGRAM Page e ol
Piepared by Date: . .
PROBLEM _DPC SIMULATION Line:
NOTES Location| K (38 ' Agdress (W) o1 (AR
1f oyole req, sev, Go to (FP?)| 726 28|19 290
Cyole req. set - Go to (0) | 727 29 7 ::@
128 42 11 %7.
729 4l 1127
1r te? Toy JR0_to L=l 1730 20 11 Jas
231 42 11 3[7
Finish test routine at (1066) 732 g 10 ;
(J) Subroutine to sdvance ty 34 133 42 11 '527
nsarest milestons. !
134, 41 il ?Q
¥ T1d Too o %0110 738 20 |7 4s
To1 € Tos 1736 2 |n %9
737 41 11 ?7
(22 %49 Toy, gosn Lol 738 20 |7 4
739 &2 n E 5 (I
Set by o by 740 49 11457
90 to (A) S L T G » 2
[ 43 1y w_ﬂrr_a__ qwo_n 2?7
Set *a = Toy e ‘_iao n o7
| seret@ [ o 7w
1.6 Toq 70 L
746 ar n 329
PO R AT T
| 17 Y1 < T2, g0 to L9 748 9 {7 9
ZET S LETO AN
set % o Top 150 49 7
(6) Start Control Cycle 751 a2 I s
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-
INTERCOM PROGRAM Page . ol
Prepared ty Date:
?ROBLEM ___ DPC SIMULATION Ling
NOTES tocation| K |37 | Address (A) of (AN
Set Tel large 752 s~ in §.a7
Set Tc2 1arge . 753 s |1 L’.e
- SR A, - az__|n s
Set In Cycle Indioator 155 49 1 2 8
1% a2 1] ';ga
Set no, Disrlay Req. 751 49 11 i39
158 _|uiee
Set no,reg. ir Oycls 259 49 111 gaa
Set no.reg. LEFT in Cycls | 7¢O s9 |11 a0
761 s e
Reset Task Ident. tvs C 767 49 " 299
Reset Cycle Req. to C 763 49 1" 223
Reset Reg. Input Cir, to O 764 49 Al 5719
Reset Disp. Reg. Input Ctr.to O] 7°3 49 |11 189 .
Set index registers for collec~{ 7:¢ 1174 o :
tion and processing batches. B
-~ 767 _[1{70 ;
~ 78 _[7]70
Le10 | 789 JvfTr | 7379
) e 7y 1173
S i m Y1l |z
;
. 2 Jaira | oo _ L
_________ 773 317
— 114 10
Le? _ 775 43177 1 8
. . e Yaln —
el m oLt
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F-.—
Snc INTERCOM PROGRAM PR ol
Prepared by [J [ 11 [ —
PROBLEM . DPC_SIMULATION Line:
NOTES tocationd K | OF | Address (A) o1 (AR)
go to (D) 778 29 7 583
79 v |2
130 H7]73 '
L-9 781 29 17 :12
782 48723 ,
(D) 793 a_i1n f
fTo_enter Data Prep., go to (TE)| 784 2: 119 2,5‘
28% A UJ
ro_execute Dats Prep., 8o to(Th 26 110 i&,
b8 8 |11 !84
P enter Dats Pres,, go to (TE)| 788 6 |10 '53
789 2 in j}ae
1f no. Disp.Meq. left ® ox:r:# 700 23 | 8 ;Lw
79 41 |11 is8
tore no. Disp.Req. Left to do 92 49 11139
(R) 793 42 (n E 1
[Store time processing started 794 4 " 361
795 . W N 517
t.crd?‘m».l’roe. for m 106 49 " ;71
797 8 |11 84
Convert to Momrmgcm 798 26 0 : 85
DISP. COUTPUT 799 2 In im
Message Type 800 49 | n ;se
goi_ lefaz |17
Time of arrival, "L 800 49 11 ::59
803 a2 Ju g2
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INTERCOM PROGRAM Page — of
Prepared by Date:
PRODLEM __ DPC SIMULATION Line:
NOTES Location} K | 0P | Address (A) o1 (AA)
Total “tot for displays since| 804 a9 |ui
iy w0, ]
805 a2_ |11 i35
Total displays processed since i
te=o0. | 806 { l49 112
a0zl laz |11 éﬁa
Total t, for displays 016:30 tee 808 49 1 .: 3
0o to (T') to continue output. 809 26 7 f 2
810 2 In 1
New total bror 811 49 | M ?62
812 2 In 2
New total no, of duplq’m 813 40 1 §35
814 2 {n ‘ 3
New total % 815 a9 | n éss
Go to (T") to finish output 816 26 |10 : 33
Toorament A or mext die- |- 817 18|76 | 7i8s
play. Oo to (R-L). 818 2 | iz
819 49 | N §31
820 42 | n §4o
If no Regular's, go to (C*) 821 23 7!
g22 | 2|70 J :
823 7|70 H
Subroutine-Reset #7 CH Base 824 8 |10 g 72
825 42 {1 §31
826 8 [nin
Set_task nusber, 827 49 | niy
) 74 M W 13§
829 NI RIRE
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INTERCOM PROGRAM Page . of .
Pregared by . Date s
PROBLEM . DPC SIMULATION Line:
NOTES Location|| K |00 | Address (A) o1 (AR)
If tagk done, go to (N) 830 22 8 148
631 RN
Ifso task hasn't been reachsad T
® _yat, Go to (N).. 832 20 g i48
e 333 42 1.1
Store time proce-sing started in .
1th mepsage of Jth task 834 49 11561
) 835 8 |11 184
Convert to time to process X 635 26 lOLSZ
837 8 {11 ss
838 M1 e
R
If no forced display, ro to(T) 839 20 8 555
t
si0 f7fa2 |13
Store message type foroing .
Moplay, 841 {2 {49 {17 !80
se f7la2 133
Stare t, of message foroin :
1 O oty . %43 f2la9 [17!s1
R 044 4211 196
BAc 43 {11 is8
Tnerement no, Torced displays R
to do 846 49 11 196
Increment #2-Co to (N}, JL 847 > 176 8 ;40
T .- ——— g -
(N 040 a2 u s
A9 I R
Increment no. Regular's in S B " 17
_Lycls logked st. LA G 73
81 41 11 .92

If no, Regular's locked atwno,

in ecycle, Go to (B), £ 23 g 15
Increment #7. Look at next .

—em— c— - — —

Go to (S) R i1 9 '2%
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INTERCOM PROGRAM Page ol
Pregared by [ 1 ] [ ——
PROBLEM Line:
NOTES Location| K cg;z Address () or (AN
[]
{(Dourpyr REGULAR MESSACE 8% 42 11140
[
857 2y | 11188
' \
Degrement no, ﬁw&:{ef left 858 A9 TR
859 7] 42 13}
Transfer message type. 870 49 11 68
861 1]4¢ 1311
Tranafer Y4 of nasesce cp 49 - | 1169
Go to (17) 253 20 117,082
1
Go to (N) 364 2o | st
(B) Reset no. Regular's looked 365 49 n ':78
at. 1
Reset Forced display Register-| &¢G 2470 :
72, :
(?) 87 42 111'%
I no Force Display, go to (M){ 868 2z | 8i20
89 8 |1 i84
Enter Dats Pres. for forced T
| _display -Go to (TE) 870 26 10 1 83
871 2 (17
Store time processing started .
| e tn foraad Slsnia, LI 49 1.6
' 8713 . 2 |1
Store /Mfor display vrocessi H
a i 1 e 49 | 11T
673 8 |11 .04
Convert to t!me to process H
{rx) 8976 26 9 ;85
877 a2 |11 140
88 41 [ ime
Deorement no. Reg. lort in :
Cycie, 879 45 11 140

50
881 43 [11 s
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INTERCOM PROGRAM Page . _ ol e

Prepared by [ ] ] R —

PROBLEM . DPC_3DMULATION Ling ! e

NOTES Location cg;‘ Address (A) or CAR)
Transfor mossage t;';‘a with Forog ag2 40 " ‘:Lm
813 A2 17 i51
Tranafer meesage 4, 854 40 111 lea
885 42 111 .96
836 a1 N ::53
Decremsnt no, Forced Displays, 887 49 1 ::96
go to (1) for output, 8as 28 |17 532
Go %o (P) for vext forced displey 869 76 8457
_ () T 890 a2 |11 iss
Set Ready for Flight ghn Ind, 891 49 11 E.BI
go to (K+2) 892 2¢ 7 ';21
(c') 893 2 | e
Transfer no. Flight Plane, FP| 894 49 11 §99
If no FP, go to (J) 895 23 | 743
860 1 1 %58
Decrement no, FP 807 49 11 ';87
897 Lo 11 f.?m
Store 7% to process FP. 399 49 (N
900 8 1 ';84
Convert to time to process FF.¢o 901 20 | 9iss
Ww(EK): T
902 8 |11 84
"Deternine Message Type 903 49 (11 §74
904 70

905 2 In gsa
Set message type counter to Wl.| gop 49 1 5,67
GotoL e+l 907 29 9 Ln
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INTERCOM PROGRAM Page o
Prepared by . Date:
PROBLEM __ _ DPC SDMULATION Line:
NOTES Location| K {OF | Aadress (A) or (AR)
908 2 | 1nier
909 L3 |1 , 11
nerement message type counter i
by 100. 910 L9 11_:r 67
su 64 w2 |11t
912 bl 113 : N
If msssape type not reached, pd |
to L+10, 913 22 923
91l b2 11 r 6
Store Message Type 915 b |11 E 68
916 Ly | 1L E ©8
If Flash, go to (AF) 917 23 21:, 2l
918 bl {11 ; 11
If Display Request, go to (AS) 919 2319 E €7
920 Ll {11 g phy
If Flight Plan, go to (FP) 9 23 9 E 77
Regular, Go to (AR) 922 29 9 3 33
Go to L~15 923 61 | 9 é 8
(AF) 92l 8 {n 8l
ot e M ete (i | 925 28 | 1775
926 U |1 : 75
Type Output Time for Flash 927 33 21§ 1 —
Type Message Typs 928 33 ({1 ‘ 68
Type L 929 38 | nis
930 30 1
Go_to (E) o 29|18
932 |
(AR) 933 | n '; 68
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INTERCOM PROGRAM Poge ot .
Prapared by Oate:
PROBLEM DPC_SIMULATION Line:
NOTES Location|| K {o0f | Address (A or (AR
93k 1| 49 [13
935 h2 |1 , 5
936 1) L® Bj 1
937 2 111 ' 8
__1f no Repulars, go to L+2 919 23 9 E 0
L+l 939 29 9 ': 3
940 1] 42 |13 : 1
9Ll 43 |11 '2
Set T , 9l:2 ot , 9
‘l L+3 9L3 1| 7 9 S: 6
i 9Ly 1{ 70 ‘
r L+l 948 RN IR éhé
9L6 w2 in éee
947 woln s
Inorement Regular Counter 948 L1l : g |
9L9 L1 |1l é?h
If Mg < Fy - Go to (E) 950 22 vée
Type t, 951 33 |1 ios
Type no, in Regular Counter 952 38 [ 11188
953 3¢ 0 ;,01
(Q) 9L RS isa
955 L9 11§ 3
Go to (E) 956 29 1 7 8
(As) 957 2 iIn§ 5
958 31 L9117
959 R
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INTERCOM PROGRAM Pa e 0
Prepared by [ T
PROBLEM DPC SIMULATION Ling: e,
NOTES Locationf K cg;E Address (A) or (AN)
L+2 960 23 9 :rz
L+l 961 29 9 éﬁs
962 JI3 Ja2 ni
963 42 In §91
Set_Ta1 964 49 {1 %27
L+3 265 2 i1c 9 63
956 |13 {70
L+1 sz W3 172 gﬁim
953 12 U 8o
969 12 n ::50
Tncrement Disp. Req. Counter 979 4¢ |11 58'3
o7 a3y ::95
1 &P oL o7 pe |7 : f
vpe ts o :” ) lfﬁ ‘
Tvpe no. in Disp, Reg, Counted 74 pe_ (1 ?59 H
975 %o oy |
G0 to () 976 2 1o
(¥2) 977 a2 o g
9re 49 '8 -,
079 le2 I by
989 43 1 ss
Increment (Fp) Counter 91 I R
| Inctement #y, Govo (B) | osp kb 7 ‘e
Reget #L 933k 179
Go to (E) o84 v ":zL
(Egyp. Distribution 9 %
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INTERCOM PROGRAM Page ol
Pregared by Date:
PROSLEM . __ DPC SIMULATION Line:
NOTES tocation| K [ 3P | Adaress (A) o1 (AR)
286 ibl_"_;ojoh
987 47 |21 7k
o8 [PRETRED
989 b 2;§o,L
990 L9 09.312
99 TS BTEETY
992 43 1oio6
93 Lh 095 2
94 b3 1ojig
- 995 Wy | oo
996 4y | 1004
o w09l
998 b3 103'03
999 W |27
2000 ¥ 0T
at * - %-Ml 1001 bo |1 :'Ji
Go to (U) routine following ]
aslact T. 1002 22 12056
1003
100k i
200% ; ;
Aok
Second part of (T')muti_u_z_j_m_ 75' 49 B 1
2008 %2 11169
Type t4 for messege. 2008 33 2; by
1010 S! 49 2
ToTY b2 17
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INTERCOM PROGRAM Page . of
Prepared by Date:
PROBLEM DPC SIMULATION Line:
NOTES Location| K cone | Address (A) or (AA)
1012 4 11169
1
| Tvpe Yror ror meseooe. | 1013 3: ot
L o o | lota 45049 12 !0
~ 1S 43 1.
Store total tpor for all messangs :
o o _inclasa, | 1016 89 1115 1 -
e 1017 42 112
| 1018 4 11_:98
__Store total processed in clags 1719 49 n ': 2
1000 47 1
e el T
| Tire ‘ror (ave; 1001 I EER
t
_ ) 1022 5|40 1ot 4
L L 13 L " EG'.
o 1004 a1 |1y iee
Type *w 1025 30 o1 iy
- B
) 12t fs5]49 J12 ' 5
'
1027 43 |11, 3
Store total ¢ f :
Stors total ty for all messages) |, 4 i1 i3
1029 8 |12
vpe Y (av3) 1030 33 Jar i
- 10n_Jsis0 J12i6
[)
103 16 :
o
(™) 1033 42 |1 87
Type _Npp 1034 3 111
‘ 1035 5449 112 17
1006 42 113 ‘ge_
H 1237 43 11239
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INTERCOM PROGRAM Page ot
Prepared by Date:
proaLem _ DPC SIMULATTON Line:
NOTES tocationf| K | O% ' Address (A) o1 (AR
ype Y5 1008 3; | oo
1039 || 5] 49 u, 8
e 1040 a2 nias
- o 17341 43 | n .3‘40
e Nk 1042 IR PARIR
_ 1043 1 5] 49 12§ 9
_ 114 5043 |12} 8
1045 [l 51 43 12§ 7
Type Npop = N + Ng * Nep 1046 33 21§1A
1047 30 b2
1048 || 5] 49 12§1o
1049 i 8| 77 mise
1050 || 5| 70 .
Punch stored output. 105! 3" 12 ; 99
1052 1%
| Task entry (TE) 1053 44 | ' 14
' PA + lower limit 1054 43 | 11:10
Store at 1055 49 1" 575
() 1A indicator, 1056 2 | n §31 ]
1057 AENRL ése
If not an IA select, Ooto L+L.| 1053 22 10 E 62
1059 s |21 1
| Reset IA Indjcator, 1060 ac 1 §31
1061 18
(U') @t is for processing, not | 1062 42 1 175
for I TIFY 1063 43 | n 7
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INTERCOM PROGRAM Page ___ ol
Prepated by Dale! e
PROBLEM  _ DPC SIMULATION [N ] 1 —
NOTES Location] K [oO0 | Adurass (A) o (AK)
[]
Store nev Y, 1064 49 [1i 7
1]
| Goto () 1068 29 | 719
Remainder of test routine, _ | 1086 41 _|11!29
go to "Cyel, uest set" if
c{. : {‘:g 1067 20 }
)
1068 42 111 i99
If =0, not doing FP, G0 to (J) | yncq 23 |17 ;Tm
]
Go to output of FP 1070 28 10 i82
1]
Go to (C') 1071 29 | 8,
[) .
1072 » 1
H
1073 « :
1
1074 . 5
)
1071% * J'r
d )
1076 » :
N
1077 » H
]
" 1078 » !
bt :
" ] 1079 . ;
' (FPIify0, doing FP, G0 to Le2 | 080 42 ;
3 1081 - 23_|10.61
" .
ype % 1082 B INni7 \
# : :
:'. Tvpe PP code 1083 a N
Type t inp ¢, 1084 Jo]3s [18:%0 \
; Incremsnt #9, 0o to Le2 1085 Jol76 [10:87
' ' 1086 _f9f 70
! Go to (OUTPUT FP) 1087 29 | 1767
(*op) 44 11135
j 1089 e lu e
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INTERCOM PROGRAM Page o .
Prepared by Date:
PROSLEM DPC SIMULATION Lime:
NOTES tocation] K | OP | Adurass (A) ot (AR
[]
At = PA+ lower limit 1090 49 |11 i7s
Go to (U') 1091 29 110 !'e2
(]
(TPR) 109 44 11172
{72
1093 43 |1 13
At = PA+ lower limit 1094 49 1" 575
go to (U') 1095 29 |10 i62
1096 »* N
Working Storage 1097
1098 *
1099 »

R
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INTERCOM PROGRAM Page _ o
Prepated dy [ 1] —
PRODLEM  ____ DPC SIMULATION (] 1 ——
NOTES Locatlond K {20 | Aadress (A) ot (AN
{(QUTRIT FP) 1767 20 2! 1
1768 26 ] 10133
1769 18
I 1720
If not ready for FP and not
in FP, go to (J), 1711
1172
Reset "Ready for FP" Indicator| 1773
It ngt t&‘? but ready to stari 4.q,
¢TrL) | 7S
1776 43 [ 11is
Trle P+ lower Limit 1177 49 _|nis
1778 2y -I_
r_f'g_gov -t a4 m 1779 49 | N : 1
1780 2 _[nis!
1781 18 :
(13 178 2_|nin
Total Y1on for Reg. since “o| 1783 49 N
e | ja2 [11i36
Totsl Reg, déne einoe 49 o 0 | 1785 49 |1 2
1786 1 1:19
Total 1781 a9 i3
0o to (1) 1788 28 L 2
uee | le In
Nev total Yror ] 49
1181 42 |
Nev total no, Reg. provessed. | 172 49
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INTERCOM PROGRAM Page . . 0
Prepared by Dale:
PROBLEM _ DPC SIMITATION Line:
NOTES Location cgl')i Address (A) o1 (AN)
1793 2 Ju i3
New total bu 1794 49 |11 i79
Go to (T") 1795 2¢ 110 133
1796 18 1
:
T
;
1
)
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INTERCOM PROGRAM Page — of
Prepared by Date:
PROBLEM de; Settings (W] 1 B —
NOTES Location K |00 ¢ | Address (A) o1 (AN

L | 70 | 0000
1| 1 |ooioe
v | 72 {ooiss
L | 73 o0 00
L | o Joioo
L | 75 |o3ioo
2 | 70 | 00 !0
n Lo o
72 | 0065
2 | 73 |00 00

Bl 00 00

n oo‘im

s | 72 jo00iLs
b | 73 | 00ioo
3 " Olgm
3 | 8 01§oo
L | 70 | o000
bl nlwioa
L | 72 | ooius
L 73 OO:OO
s | 1 oojoo
s | 72 | 00:98
. 7 ooioo
70 ooéoo

71 | 0001
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INTERCOM PROGRAM Page ot

o X0,

X Prepared by Osts:
ProsiEm: ____Index Reginter Settings LNl d
NOTES Lacation K c:;, Adiress (A) o1 (AN)

67 |ooloo
7110 00 : 00
7{7n | 0002

| 7|7 |09y

i 117 ooio

7] |orioo
175 | 0300
’ : 8] |ooioo
4 L . 8ln [wia
e : —
R 872 | 00!y
8| 73 | 00: 00
— ‘ T
8| m | oaioo
- T v
‘ L L 817 |01 00 ~ _
9| 70 | 0o 00
¥ B - N
: $lm | 000
i e 9] 72 | 00} LY
. 9. 13 | 00 00
'
}i -
| . f
¥ '
_.u.f._. T N —
L ,
E——
‘ A — — :
i e

gu

»
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G-150 Ro.ndomm«- ]3, mp‘ "_"'E_—‘—"" Date:

PROGRAM PRODLEM: Xn4) = (ol4, 2,, D (2%°) Lise 21
0o 1 2 3 lPuncs—oBP NOTES
L I N 85 190 o] 19| 2 EEGIN: X — 2101
U N TS 12|z 2]z | > <x >
oM o] fesfefolwla) | maran |
LA oo o3 jou o] 23] Clear 2 vord registers . . .__|
B0 2 By o] loslesnlalal | Xnts s
4 2 % N

L o6 | _Jor |99 By | 2wy
® 8 N ¥ w22 jol 26| 2 2 X ]
D 8 B - N PN I N A N
¥ 0B WY ] Jasles jalaoj] b @My,
w o s h.aﬁ.v,g.,xa_qsfo_ Wl Xy 2 <_"" 7 ]
“oas 6 21 | 228|028 g | ]
@4 8 50 51f NEREENE T.QLJ»--*PJ.)-‘M_,_" 2101 ]
.88 W % ,l_m« S f33 Q3 ol g j Fxtractor —»2001
% 5 % 8 <ZZ wo Qq.v@,->~#_*..§_ﬁz§rac_fe£>.. e
© & 8 84 . | laz | Jolxn =L
6‘ 65 SS 57 L—}B .‘_32 _‘,__lﬂ-_ O» #294 .-s,i,- 55'{‘ AR AR s 0 o .
8 88 0 1,1 v ie lola 311, Nommnlize My ]

O e e o e RS s
Bononn ‘[ 64 65 166 1119 ] 29 b ADD_exponent —]
o & 2 n Lr,ﬁs_ < 00 Q0 o‘bﬁo+}4;r.ar.<,emgj2‘- S
Wl W W] e o filaly | nong ptat mr. (Xea)

b - 4 4+ - - et e s s AT L
W NNl Jule fo]as =) §omeeram ]
92 9 9 9% 26 | so (1] 28 1;"_ 21‘_* # g —> 2101
% 9 990 9 | Ba. | g2 |82 lo |23 l ;i _ Xe.et overflow indicator _ |
Ww w U w0 v ! ‘ P — 1685

L 82 | i 85_186 |0 ] .22.1_;1‘, B ) R T 185 B
WS b 83 85 186 jofe22 !l || ! Xnel—>1985
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DESCRIPTION OF IORAGE TOCA™10

LOCATION ITel
0932 Working Storage
1003 2
1004 66667
1005 o
1006 .28571
1102 OUTPUT Total Time in Gystem
1102 OUTPUT Total Messages of that Kind Processed
1103 OUTPUT Total Waiting Time
110L *
1105 ty
1106 »
1107 tg
1108 In Cycle Indicator
1109 *
+ 1110 Lowver Limit (Enter Task)
1111 100
1112 22222
+ 1113 2< (IA TIME)
+ 1114 A (Enter Task)
+ 1115 A (Execute Data Preparation)
+ 1116 Tower Limit (Execute Data Preparation)

+ 1117 /4 (Data Presentation)
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+ 1110 lower Linit (Process Flash)

+ 119 ? (Probability that message fovces diaplay)
+ 1120 A~ (Process Might Pan)
¢+ L1 & (Process Maah)
1122 *
1123 Cycle Request Indicater
12k »
112% *
126 »
nzy Tel
R E-) o
1129 Te2 '
1130 *
nin IA Indicator
u3se 800
133 .
nusu * ‘
1135 OUTPUT No. Display Requests Processed
136 OUTPUT No. Reguler Processed
137 Tesk No. (Regular) 5 Task Identificstion
138 *
1139 Total Display Requests in Processing Batch

1140 Total Regular's left in Processing Batch

L J
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+ 142
+ 1143
+ 11hh
+ 1145
+ 1146
+ 11U47
+ 1148
+ 1149
+ 1150
+ 1151
+ 1152
+ 1153
+ 1154
+ 1155
+ 1156
+ 1157
158
1159
1160
1161
162
1163
1164
1165
1166

- Ll - SP-825

Processing Start Time
Total Time in System - Display Request
Total Waiting Time - Display Request

*
*

*
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167 Message Type Counter
1168 Message Type
1169 OUTPUT Message Ty
1170 *
un 4 (in EX)
+ 172 A (Process Regular)
+ 173 Iover Limit (Process Regular)
ns P from Random No. (in EX)
1175 A t, OUTPUT from "Convert to Time" routine
176 *
uTr Total Time in System - all Regular's
178 No., Regular's looked at
u79 Total Waiting Time - all Regular's
1180 *
1L "Resdy for Flight Plan" Indicetor
182 *
1182 *
184 »
1185 * -
1186 4
1187 No. Flight Plans in System
1188 No. of Reguler's in Collection Batch
1189 No. of Display Requests in Collection Batch
1190 *
+ 191 T

1
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+ 1192
1193
+ 1194
+ 1195
1196
197
1198
1199
LOCATION
1300-1499
1500-1699
1760-1789
1700-1749
1800-1849
1850-1899
1200-1298

NOTES:

- 46 -

T,

Sp-825

No. Regular's originally in Processing Batch

R

F2

No. Forced displays left to do
Display Request Code =~ 101
Flight Plan Code - 201

Flight Plans in Process Indicator

Regular's Batch 1
Regular's Batch 2

Forced Displays

Display Requests Batch 1
Display Requests Batch 2
Flight Plans

Output

Message Type

INDEX REGISTER

1,7
1,7

3,8
3,8
4,9

1. * location is used in random number generator subroutine.

2. + Item is input parameter,

3. Locations 1142-1157 are for probebillities of message types
Nl-O = Flash

Ny~ = Display Request

N

3

N2 < Flight Plan
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