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ABSTRACT

In the design of large-scale systems with stochastic inputs,
computerized Mobnte 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. Introduction

A major difficulty 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 u; an analytical mathematical model or
expression which can be manipulated to yield immediate answers of a type
that facilitate a design decision. In such a situation, Mbnte Carlo
simulation techniques 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 point where a decision must be made,
a random number is generated, which when applied to the distribution
associated with the point serves as the decision maker. By this means
experiments can be conducted on the model (simulated system) and the
results noted. These results can be analyzed stAtistically to provide
meaningful bases for design decisions.

An incidental but by no means insignificant 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 which are as yet unresolved.

The present paper delineates the creation of a Mnte Carlo simulation of
the message traffic aspects of the Display Processing Central (DPC) of the
Strategic Air Command Control System (SMCCS), 465L. opefully, two results
will be achieved: iudication of the benefits available from future use
of simulation in 465L design: and illustration of the application of Nbnte
Carlo simulation to the design of a large-scale system.

11. 3ar3y Studies

The earliest traffic st-Aies performed at SDC (MACCS Departent) were in
the for of deterministi: models of the various comoents of the 465L
system. Fbr exmp.e, considtr the case of the Electronic Data Tranmission
Control Center (ETCC). The EwrCC's functions were divided into three
catepries: input.; processingand output. Service times for each task
were predetermired, a-t tne ttme to ;rccess batches of messages with
specified routIng :.-aractersUs was zaiculated. Additional time was
allotted if tmo or mere messages had the same destination (were competing
for the ame output transmissior link).

Subsequent studies were statistJal. in nature allowing for random arrivals
of messages and randum servIce times for each function; that is, the
arrivals and serviees focloved predetermtuned probability distributions.
The models also represented mcre closely the detailed equipment operation.
For example, some crude consideratior was given to the effects of message
priority and interna. processIng sequence priority, the latter being
particularly app-icatle tco th E!CC. it should be noted that mean message
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arrival rates and service time data were obtained from message and equip-
ment studies paralleling the efforts in the traffic area. In the execution
of the traffic studies assumptions were made for vhich 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 DPC.

III. Operation of the DPC*

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 immediately 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 where deviations from this order occuro 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 which each is associated. It also
does some processing of each message. Hovever, 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. Following Data Presentation, the Regular messages are proessedp
starting with the messages associated with the higbest 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

SThe WC operates via several progrm subsystasi e.g., Control, Mlaming,

Training. Only the Control subsystem has been sImlsted. Me swimlatlon
reflects the thinking on the Control subsystem as of aury-Februa7, 1962,
ad may have changed since.

** The priority ne is actually "Special." However, "Display Request" is the
only message with this priority. Nbreover, the operating rules are written
for a one-message class.



18 June 1962 -5' ?.2

the messes are processed in order of arrival. Me coett of a mm les
can force other task. (usually of a lover p"ort*) to be opated*
Nosver, with the exception of messages ftral" #isW oubpats (da

k ePat3., operation of Data Presentation) this ffeftt Is relatvely
aftor from a traffic viewpoint. Only dIsplqs ofbe roee in the
simlan. If sesses force dis,1ws, ocNOW~m of an
%e" moseses Is deferred wtil al uesuaeese wa. withb the ta*
have been completed. Data Presentation is then operated and the requisite
displays outputted. The next lower priority task is then operated.

Flight Plan Pro-essing

The lowest priority Regular task is Flight Plan Processing. However, this
task is not part of the Control Cycle,. and therefore is discussed separately.
When all Regular messages havr been processed, unless a request for initia-
tion of Control Cycle exists, the Flight Plan processing task will operate.
Flight Plans will be processed untl. all are completed or a 'lontrol Cycle
request is 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 interr~iptible.

Message Arrivals

Messages can arrive sid be accepted by the DPC at any time. Io ver,
processing of these messages will be delayed as described in Message
Priority and Fllgbt Plan P.-cessLng.

IV. DlC Simulation

The simulation is -sr- rid bty te lock diagram of Fig. 2, and a list
of the input parsm#-ters s-eIct-able by the user, is given in Pig. 3. Note
that the charateristics of the distribution of time for each pocessing
function as ell as the input message characteristics con be selected. A
11sting of the Program instrwctions with explanstory notes is proentU.d
In the Appendix. Certain features of the slodatton are described below.

DsOCLs1 ftk!!S ead Service Time Selection

Associated with each decision (including time interval selection) in the
simulation is a probability distribution. When decision points are reached
in the simulation, a random nAnb-r is generated by the computer and combined
with the probability distribution to result in a decision.

When the decision ts Vh selection of a service time, tg is incremented
by the service time sejezted.

t f
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Example: Determination of time to operate Data Preparation Task.

Let us say ts u 56.2 sec. and the service time for operation
of Data Preparation is equally likely to be anywhere between
10 and 25 sec. A random number is generated, say 0.7. The
time interval for operation of Data Preparation is thus
i0+O.7x15 a 20.5 and ts - 56.2+20.5 N 76.7 sec. after
completion 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 equation:

Xn+ 1 N Xn (27+l) + 227, 216, 619 WoD (228)

is used to generated pseudo-random numbers uniformly distributed between
0 and 1024. These are then scaled to the interval (O,1).*

Message Arrival Time

It was decided to generate messages by means of the time between arrivals
of messages (inter-arrival 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 time interval). Also, a knowledge of
the distribution of number cf arrivals for one size time interval gives
no knowledge of the nnber of a&r!vals in a different size time taterval.
The need for such knov .edge vLii be:ome apparent in the next section.

Arrivals During Processing

Since there exists no source of messages other than the simulation itself,
a technique was necessary for permit'ing the arrival of messages between
increments of t s . The technique used is the following: t advances
discontinuously by the mount of .ime required to execute tservice) a
processing function. After each selection of service time, a routine is
entered which checks whether the time of arrival of the message in the
input register has been exceeded because of the increment in t s . , 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) is determined

* Pbr further details, see Journal of the American Statistical Association,

Vol. 56, No. 295, September 1961, "Bias in Pseudo Random Numbers" by P. Peach.
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by generation of a rAndom numbe, and conversion to time by means of a
probability distribution. ti is incremented by the inter-arrival time
and if it is still less than the present ts, the message type is determined
and the new message is logged in. This procedure is repeated until ti for
the next message is greater than ts. The program then returns to where it
left off (a service time had been determined and t s incremented), and pro-
ceeds until the next incrementation of ts .

Flash Messages

When it has been determined that a particular messeaFe is a Flash, normal
processing is interrupted and the Flash message is processed. t s 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 Lme Selection

t s has jumped from 56.2 to 76.7 sec. Say t i - 60.0 sec. The message type
subroutine mould be entered. If the message were a Regular, it would be
stored and the Regular message counter incremented. Then a new At i
would be generated, sa 15.5 sec. The new t i would be 75.5 sec., and
therefore, the message type would be determined and the message accepted.
Say the message is a Flash. TFL is determined, say .1 sec., and added to
ts, making t s - 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
ti - 78.1'. Sinie t s <t i the message is not accepted yet, and nrocessing
resumes,

Output

Each time a message is processed or a Control Cycle reauest is issued
because of the si 7e of the collection batch, an output is generAted. The
output formats are shown in Fiv. 4. The limited format used for the out-
put of Flash and Flirht olan messages and Control Cycle remuests is due
to storage limitations in the computer.

The data is also Dunched on paper tape for input to An as yet unwritten
progrm which vll perform further statistical analysis.

V. An humiple of Simulation Operation

Figure 5 is a ample of the simulation output. The numbers were contrived
to illustrate various apects of simulation operation. A descrictin of
the events oausini 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 output. The times and queue lengths are as indicated.
The time averages relate to Regular messages here. 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 ore message.
At 153.5, a Task 6 message which forced a display was output; i.e., the
forced display was output. Note this message arrived earlier than the
previous Task 6 message processed, but was delayed until the comletion
of Task 6 before its processing was ccmpleted. There are no messages
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 arriyv,,j, ng the processing of
the Task 15 message. Therefore, the Regular eue 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 Display Reouest messages
here. Display Request processing continues until the last isnlay is
output at 195.0. At 195. , the first Regular message of the cycle is
output. It is a Task 3 message. 14hile the next Regular message is in
process, a Flash message arrives. It is processed immediately (requiring
.2 sec.), and output at 195.8. There are no Task 4 messages or Task 5
messages not forcing a display. Therefore, the next output, at 196.2 is
a Task 5 message forcing a display. The Drocessing continues.

VI. Limitations of the Present Simulhtion

The simulation was run on the Bendix G-15 located at SDC, Paramus. 14th
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
from 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. Sae
present limitations are the following:

In the simulation, messages are categorized only by the task Which they
cause to operate and later by whether they force a display. In actuality,
there are auproximately 100 different message types, so that several
messages operate the som task. Since there was no room for storage of
rules and processing time distribution Per each message, the oreent
"grouping" scheme was adopted. Since present message btudies give rela-
tive frequency of messwes by type, further processing is reouired 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 125 Display Requests. In the simulation two locations are
required ror 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 m=st be doubled because one batch is
being collected while the previous batch is being processed. The simula-
tion is able to store only 100 Regular, 50 Displw Request and 50 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 queues in evcess of these limits do not develop.

As indicated in the section on output, a limited emount of statistical
calculation is done by the simulation. It would be valuable to compute
certain other statistics as part of the output routine; e.g., length of
queue 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, message task, or message
priority.

The only probability 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 distributioms which
peak at about mid-range.

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 systM
option selections is required which muld enable the designer to vary
operational discipline and to select the probability distribution as-
sociated with each function.

It is characteristic of the Monte Carlo ewroach that to obtain statistic-
ally meaningful steady state results, the simulation mot run "severaly
times for a given set of parameters, or assuming the process to be eargodl
(which sem reasonable in this case after the ateadW state is rea e),
the simalation could be run for a *long" simulated time Instead. Dow
simulation an the 0-15 rune about 12 -1 slow; that Is, to simlate 30
minutes of T)PC time requires 6 hours a the G-l. This posoludee the tye
of prodaction running neoeesea to obtain statistica y msiangful resulte.
Simulation on the DPC should speed up the rmnW tim by a fector of be.
twen 200 and 1000, making roductim ruing preetial.

As an indication of the usefulness of the simulation and to iflutrate
the kind of questions the disiper can ask it, eon applcations will be
presented.
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Control Cycle Request Criteria

In order to make the most efficient use of the DPC,.mesages should be
batahed 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
ad the nomber of times the various tasks mast be loaded into core memory.
This is particularly important if the task is permanently stored an tape,
since the access time is very high. On the other hand, long collection
periods man that the DPC files do not contain the latest data, and that
requests for displays are delqed. Thus, it is important to know the
tradeoff of computer efficiency and message waiting time vs. batch col-
leotion 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 any 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 vifich a 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,
maimum allowable input frequency. In the simulation virtually my
statistic of any variable in the system can be determined.
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FIGURE 3

INPUT PARAMETERS

Item Selection

1 - Inter-arrival time (exponential distribution) Mean

2 - Message type - Flash, Flight Plans Display Request, Relative Frequency
14 Regulsr Tasks (% of total)

3 - Probability of message forcing display Probability

4 - Maximum collection time for Display Requests before Tim
Control Cycle request

5 - Maximum collection time for Regular messages before Tim
Control Cycle request

6 - Maximum number of Display Requests in batch before Number
Control Cycle request

7 - Maximum number of Regular messages in batch before Number
Control Cycle request

8 - Task entry time, common to all tasks (uniform Lower Limit Width
distribution)

9 - Time to execute Data Preparation (uniform distribution) Lower Limit Width

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

11 - Time to process a Regular Message, common to all
Regular messages (uniform distribution) Lower Limit Width

12 - Time to process a Flash message (uniform distribution) Lower Limit Width

13 - Time to process a Flight Plan message Mean
(exponential distribution)
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FIGURE 4

OUTPUT FORMATS

Standard Format (Display Request & Regular)

toutput Message type1 ,2 ti trot totavg

tw w vgNN

wPavg FP DR NR Ntotal

Flight Plan Format
toutput Message Code t

for Flight Plan

201.

N N N N
FP DR R total

Flash Format

tut Message Code t
Output for Flash 1. tot

Control Cycle Request Format

trequest Number of Messages
in Batch Causing
Request.
NSB or N B

Notes

1 - Replar Message Type 301, 401o,-----1601.
If Forced Displq 302, 402 , -------- 1602.

2 - Display Request Type 101.
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FMURZ 5

SAMPIE SIMIATIO OUTPUT

150 601 1o 46.0 h8.0

45.0 47.0 12 7 67 86

152.1 601 125 27.1 47.5
26.5 46.6 13 8 66 87

153.5 602 115 38.5 47.4

37.0 46.5 13 8 65 86

154.2 1501 108 46.2 47.4

45.6 46.5 13 8 65 86

154.9 201 105
12 8 65 85

155.5 201 120
11 9 65 85

156.0 10.0

157.1 201 128
11 10 66 87

180.0 101 131 49.0 35.0
47.5 33.7 12 14 73 99

180.9 101 136 44.9 35.3
42.9 33.9 12 13 73 98

. • 0 0

0 .t .o 0.Io

1.9;.0 101 1i6.0 3i.0 37.0
38.1 34.8 14 2 80 96

195.5 301 138 57.5 47.6

56.9 46.7 14 2 79 95

195.8 1. .2

196.2 502 135 61.2 47.9

58.2 46.9 14 3 78 95
(
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GLOSSARY

to - present time in the simulation

t i  - time of arrival at the DPC of an input message

ttot - total time spent in the DPC (ts of message output - ti )
by a particular message

ttotavg - average ttot for a class of messages; e.g., Display Request,

Regular (non Flight Plan)

t w  - waiting time in the DPC for a particular message (t. of

message output - t. of start of processing of that message)

twavg - average tw, similar to ttotav&

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 Cyole

N - number of Flight Plan messages awaiting processing

N - total number of Display Requests awaiting processingincluding those in the processing batch and in the

collection batch

N - similar to N8 but applies to Regular mssages

Ntotal - total number of mssages awaiting prooessing (NFp + N3 + N )

N f- number of Display Requests in Collection Batch

- number of Regular messages in Collection Batch

TI  - time interval from arrival of first Displar Request in
Collection Batch to time a request for operation of a

Control Cycle is made

T2 - similar to T. but for Regular messages
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T CI- t i of first Display Request in Collection Batch + T,

TC2 -t i of first Regular message in Collection Batch + T2

F1  - number of Display Requests in Collection Batch which
cause Control Cycle request

F - number of Regular messages in Collection Batch which
cause Control Cycle Request.

~1
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SNTcE C M PROGRAM

Piepated by Dale-

PROBLEM __C 34UATION Line:

N 0 T E S Location K OP Address (A) or (AA)
CODE

(C"') Reset In Cycle Indioator 0700 49 11 8

o to (C) 701 29 8 o

- "T' ) _ i -
T 702 42 11.7 1

Type to ..... 703 33 121H 1

7Q4 5_ 49 2.

705 42 11 :68

Type Message Type 706 33 21____

Continue output at (1007) '7Q7 __ 10 _7

(3) START O PROGRAM 7 AD II1 ___

Set7 4 1IA for exponential rout Ie
7trA 4q 11 :71

710 42 11 ;58

Set IA Indioator 711 49 11 :31

Generate random no. 712 8 11 :84
T€

Covettoi~ti IA. ?0P 713 28 9 :85

714 42 11 5

715 43 11 :75

Storel tL. t- m OIn * TIA 716 49 11 :69

iI
Storeot i cyol 1 to OL 72 3 7'4 ____________

717 49 111 a

716 42 111 7

(K) 719 41 11 1_

if%> t o,> 7 20 20 9

721 ,42 1t1 8 1

If' not in CYo16, go to L*2 722 23 7 :24

If in cycle - return, 723 16

cle rec. . s -L 7 7
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I NT ER C OM PROGRAM Palo-- 1..-- , -

P 1ea1e by Dale:

PROILEM J_ C S]ATION Line,

N 0 T E S Location K OP Address (A) or (AA)

If oyole rep. get. go to (FP?) 726 128 10 10 _

Cyale req. eat - Go to (0) 727 129 7 ;51 ..

729 41 11 7,

if to % T ol.go to L-4 73 - 20 7 ___

Finish teat routine at (1066) 712 Iv 1o n iL
WJ Subroutine to 8dvance otc .1 1

nearet mileetone.
_ _ _ _ _ _ -.. , ,,,,4

rf T.1 ?o2 so to L+10 735 20 7 4,S

To, ( T2 736 42 I1 :69
737 41 11 27

If ti T., e Lh 739 20 7 142

739 42 11 5

Set t I • 1  740 49 11 7

0oto (A) 741 29 9 *

Set t a. T C1 "4.i 43 4 11 7

'o to (G) 744 .0 -7 :-1

,, 4' 11 '

746 41 11 ;29

If tj T 0 o to L+2 747 20 7 .49 _ __

if ti < Ta2. ao to L,-2 748 ;19 7 :39

74? 4,' 11 :, 1

Set to . T02 750 1 49 i ;-7

(0) Start Control Cycle 751 1 42 11 159 ..



18 June 1962 - 21 - SP-825

INTERCOM PROGRAM Pol. of-
Pleiare d bu y Dole;:

PROLEM D'PC S LATION Line: -

NOT ES Lochtion K 0- Address (A) sr (AA)

l lare752 11 27

Set Tc2 large 753 _149 11 429

S~754 42 11 :58 ___ ___

Set In Cycle ndiator 755 49 11 8

42.. ........ 7 __ 1Y 1,89

Set no. _snsL Req .7Re- _ _ 757 4- 1__ 39

758 4 2 11 ___8

Set no.re. ir Cycle 4 49 11 :93 1

Set no.rev. LEFT inCycle 7f.0 49 11 :40

7(,1 41 21 1

Reast Task Ident. o 76M 4 11 :99

Reset Cycle Req. to 0 763 4) 11 :23

Reset Reg. Input Ctr. to 0 Y64 49 11 IB

Reset Diep. Reg. Input Ctr.to0 7'5 40 11 !,89

Set index registers for collec- 7,-,-, 1 74 2
tion and prooessing batches.

767 1 70 _

7 GO 7 70

L 0lO 7F9 1 77 7 ;79

77 ) 1 73 ;

771 7 71

772 1 74 l ;

77 3 /"_ _I_

774 8 70 r
... L +7 _ 7. 377 7 U;



1.8 June 1962 -22 - sp-825

INTERCOM PROGRAMPol f
Pies~cpoored by - Date:

PROBLEM -. SMUIO Line: -

NO0 T E I Locutioni KOD Address (A) or (AA)

Go to (D) 778 29 7 183

________779 1 73 2

L-9 7A 9-2 7

coenter Data Pr.P.,9 o(TE) 7PA r m:o

To execute Data Pro*- 50 to(T I frT Abi

787 8 11 !84

Toete RPres t to-TS 78 26 10:53

709 42 11 -39

Itfno.ep.*raq. Loft a0 o to 790 23 a 1

- 791 .41 11 158

Stan no. Disp.Req. 1eft to 01o 792 149 11:3

(1) 793 142 11 :17
torbtm prootesing starteid49 1 1

**r(D'sPr. rsi.s- 796 49 11 71

797 8 11 *84I
Convsrt to displaytpr 0S~f9 78 2694

D!SP. OUTPUT 799 142 11 '97

Ylssar Boo 80 49 11 :so

801 8 42 117

Tim of arrival, tj4 11'6

003 42 ill '62



18 June 1962 - 23 - SP-825

PaINTERCOM PROGRAM Pot- eo
Plelated by ole:

PROBLEM D)PJ SIMULATION Line:

N 0 T S Lecatlonj K OE Address (A) or (AA)

Total tot for displays mince 804 49 11 i 1
e-0. '

805 42 11 135

Total displays prooessed sinoe

____ t - Q-~- 49-- - -
A0 7 42 11 6 3

Total t, for diplays mime to. 808 49 11 " 3

O0 to (T') to continue output. 809 26 7 2

810 42 11 1
tn

Now total tT 811 49 11 162

812 42 11 2

Now total no. of displ.s prS- 813 U 4 11 35

814 42 11 : 3

Now total tv 815 49 11 63

Go to (T") to finish output 816 26 10 ;33

Incremnt #8
WD ,aaso & look for next dis- ;817 8 76 7:89

play. Go to (R-4). ale 42 11 32

819 49 11 '37

820 42 11 ;40

If no bfular's, go to (C") 821 23 7'_

822 2 70

S.823 7 70 _

$mbrouti- CM B8a 824 8 10; 72

825 42 11 :37

826 4i 11 11

Set tk number. 827 49 11 37

a) .a . .z 4. i _9

____________ 829 41 11 '3"7 ...________



18 June 1962 - 2L4 SP-325

I. iN TER CO0M PROGRAM Page of.

Prepared by Dain ,-

PROsLM DPC SIMULATION Line_:_.

N0T[$Location IK IOP Address (A) of (AA)NCOTl'

If task done, Co to (N) 830 22 8 48

6. 31 41 11 ;111

If) o task hasn't been reached
____ .at, .0 . . 832 20___ 8 48 . .

333 42' 11 ',7

Store time proce,;sinR started in
_..t±hUI2L± . f t task 834 49-- 1 L _ __1

835 8 11 1 84

Convert to time to process'
rienaeP safaoi an tO (TER) er, 26 10 :92

V 7 8 11 184

838 41 11 :19

If no fozced display, zo to(T) 839 20 8 56

9 40 7 42 13

Stor mesage type forcing!naep=J 841 - 249 17 : 50

$42 17 42 13 -1

Store t. of msusge fcroingiiu. la-.h____
diln .l ,. .. 943 ,2 49 17 :51.. .

844 42 11 :96

__________________ 84 43 11 '58
Incrment no. forced displays

to do 846 4q 11 :96

Increment 02-Go to (N). 47 24 76 8 :48

Increment no. ReRularrs in _,

i y .G t ...... _q9 41 11 ,73

If no. Re ular's looked at-no.in cycle.!Go to B,_"'. ;: , .,5

Tneraeent #7. Look at next

_0 to (S) ._ ,



18 June 1962 25 - 8P-825

INTERCOM PROGRAM Pll ... 61..
Prellred by, 0ato :

PROILEM DC x , -- Line:

N1Location K C Addoss (A) or (AA)
I 0 T ( Soc t o K CO D E I d r s A

(T I ! I *

'TOUTPUT REGULAR YSSAGE 805G 42 11 140

357 A1 11 :58

Deorement no. Reguler's left
. L cl . 838 49 1 11 ! 40~1~

85.o, 7 4. 13 _

Transfer Mssage type. 8O 49 11 6'8

Transfer ti of maessae 8y 49 11 69

Go to (T3) ? 22 17 B

Go to (N)- ,.___________

(B) Reaet no. Regular's looked 365 49 11 :7S
AT.

Reset Forced display Register- Oc 2 70
#2.

(?) 8C7 42 11 9r _

If no Force Display, go to (M) 868 22 8 :20

S 8A9 8 11 84
Enter Data ?res. for forced
display _Go to (TE) 87' 26 10 53

871 42 11 7

Store time proeesinf -tted
far 49 11 61

873 42 11 :17

Stare /4
for display rooesir4 874 49 1 11 : 71

e'_ 8 11 84 1

Cavert to tVie to proones
tweeod dianlv. Go to (II) 876 ?6 9 :85

77 42 11 !40

878 41 I1 58

Dsorermt no. Re7. ___1_ in401e 879 49 11 :40 ,.,

______ 88 2 17 50

.ee1. 43 11 !5
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INTERCOM PRO RAM Pal of
Pro^s4lo by Dole: ,

PROILM, ________ LIne:

Locatin K , Address (A) or (AA)N 0 Tn E I eatonK1

Trasofer wesge t~p4 With Form4 d
I~l ndicat~or. 882 149 11 ICI'  ,

tt
_______________ 083 2 42 1"7 51 ,_____________

Transfer eIage 1., 84 149 11 9

RB5 42 11 :gr,

886 41 11 :58

Decrem nt no. Forced Displo'e. 887 49 11 196

Go to T') for output. gal 28 17 32

no to (P) for next forced distjlp7 889 2 176 8 '67

(C) 890 42 11 ;58 11

Set Ready for Flight Plan Ind. 891 1 49 11 :81 1

Go to_ K.? 892 29 7 -,2

(0') 893 42 11 187

Transfer no. Flight Plans. FP 894 49 11 ;99

If no FP, gO to (J) 895 23 7 ;3C I

._G 41 11 58

Dec e nt no. FP 897 4 I 1 :87

Sto /- to process FP. 999 49 11 :71

900 8 1U :84

Conert to time to process VP. O 901 29 9 ;85
V.o (EX).

902 8 1 :84

Determine Message TYPe 903 49 11 :74

904 6 70 ,,

905 42 Ill :58

Set Wmsags tyoe counter to CO. 9oG 49 11 :67 1

Go to L + 4 907 29 9 '11



18 June 1962 - 27 -S, -25

INTERCOM PROGRAM Page of
Plearaed by Data: -

PROWLEM A 1flDULATIO, Lime:

N 0 T E S Location K COPE Address (A) or (AA)
908 h2 11 67

909 43 11 I1

Increment message type counter
by 100. __ 910 139 11 7

911 6 42 11 _ _ _2

912 4[ lu, _ _ _

If messave type not reaohed, -_ _ _

to L10. 913 22 .9 21

9114 42 1 1 67

Store Message Type
915 49 11 6 r8

.1916 _ 1 I~ L§ 58 __________

If Flash, go to (A) 917 23 9 2 1

918 1 41 _ 11 11

If Display Request, go to (AS) 19 23 9 5.

920 41 1__ 11

If Flight Plan, go to (FP) 921 23 9 77

Regular. Go to (AR) 922 29 9 _ 33

Go to L-15 923 6 76 9 8
(AF) 11__n_ 8h

Convert to Flash Process Time.
Go to (TFLn 925 28 17: 75 . .. .

926 h3 11 75 ,,

Output Time for lsh 927 33 21, 1

Type Messa Type 92 3 11 68
ti

Type tFL 3_9__8 11 _ _75 ,..

930) ' 1

Oo to (E) 911 19 7' 8

(9A2 31 42. .....8
(AR) 933 - 2 11 ,,68
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INTERCOM PROGRAM File of
Prepaeed by Dale

PROBLEM DPC SIMULATION Line:,

NOTES Location K O Address (A) or (AA)

93L l I 9 13 
935 42 111 5

936 1 L9 13 _ 1

937 42 II !88

If no Regulars, go to L+2 933 23 9 40

L+4 939 29 9 ',,1

9h0 1 2 13 1 

941 Q 11 :92

Set T,2  9112 1 29

L+3 93 1 76 _ ,_46

I I

9144 1 70

L*l 91.4,5 "I9!

_ 946 ,2 11 188

I 9? 3 11 :58

Increment R-ular Counter 948 :58 11 I8
-,

949 b!11i : 9L

If NRB < Fl - o to (E) 950 22 __ _ _ _ _

le t, 951 33 11 :05 _

Type no. in Regular Counter 952 38 s8

953 30 3 0 01 _

(Q) 954 .2] 11 58

955 -!.123

Go to (E) 956 29 7 a

(AS) 957 1.2 11 5

958 9 17:

959 12 11,89
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INTERCOM PROGRAM Pag--.t

P~itared by Ol:
PROILIEM IPC SnU4.ATION Line:

NOF'L Address (A) of (AA)N 0 T E SLcatin K ICODE

, -,, , -
L +2 90r 2-3 9 ___ ______

L 4 4 961 29 9 45

962 3 42 17 _

963 43 Il1 :91 ..

Set Tel 964 14 11 "1 7 ...

_ _ 3 065 3 17 S g _

tt

________ ________ _______ 3 70 ______________

________________________ 909 12 411 ;:s, ______________

Tnoint nip. Req. Counter 97 13^ , 81'59

9751 00 
L
r

Type no. in O~sp. Rt., count, 9" __________,____

0oto(Q) 976 129 :5e, K
________(F?) ______ 977 142 11,

________ ________ ____97_ 4 14 1' 7 _ __ _ _ __ _ _

_____ 980 143 1 "8
Inarimnt (Fp) Counter 01 49 11 S7

!notevmnt 0Z. Go to (9) , 4 .. e2§ ' ". 7 8

Reset rL9

Go to (E) 09 -q 1L.. A...

go istributim ga -
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INTERCOM PROGRAM Pall .-of
Pr^pared by Data:

POSL[M DPC SIMU1.AT N Ling:

N 0 T E S Location K COP I Address (A) or (AA)

989 44 21 ' 01

44 1 09 ',32

994 1 43 10 05

996 43 io ;o4

1000 48 .1 :,:71

At =  101 4 17

• 1 ; ,1 0 0 2 2 9 s0 : 6

1003

100q

1006;

Se.ond e, of (TO) rou.tine. 1o,' 1 , ,.

Tyr t£ ftor messeae. 1000 3 2',
103, OD 42



18 June 196? - 31 - cP-825

S c INTERCOM PROGRAM Pate . ,f

DPitoid by Dalle:
PROmLEM ITC 31Z4ULATION Line:

NOTES Location K oP Address (A) or (AA)

iCi2 41 11 Co _ _ _

Type t for m s:,... 1013 3! 21 1

1014 5 49 12 _ ,'_,

1015 4. 1 1 1 ,

'Store total tTCT for all messag a1016 4

1017 42 11 '

1018 43 11 ',58

Acre total processed in cla.m a 19 49 11 '

1%-0 47 11 1

t, t1TO 1-138 2 1
tt

1022 5 49 1 4

'V3 '2 1 _______________

1024 41 11 Cr9 ______________
tt

TY -w 1025 3" 21 1

102C, 5 49 12 _ 5

1007 43 11. 3
Store total tv for all message$

L 1029 48 11 _.

Type tw (AVO) 1030 33 21 1

1031 5 49 12,

1032 16

(T") 1033 42 11 :87

__ _ NFP 1034 3j 21 1

1035 5 49 1Z 7

is 113 42 i 't 11

1 103"7 1 43 11 ',39 1



tV: ,une ]/i6 - 32 -- 25

INTERCOM PROGRAM Palo_ of

Prepared by Dile:

FRO__M DP _ _ _ __ _1, _ _ _ Line:

N 0 T E S Location K OF Address (A) or (AA)CODE

,Ty p e 1 0 I 3 9 3 ,' Pl 1

1039 5 49 12 8

1040 42 11 88

1?41 43 11 :40

Type NR 1'42 33 zi I I

1043 40 A 12 __9

1044 5 43 12 8

1045 5 43 12, 7

TY6TTNg NS1.F 1046 33 21 1i

1(47 30 2

1048 5 49 12 10

1049 5 73 10, 52

1050 5 70

Punoh stored output. 1051 3" 12 99

1052 1, ,

Task entry (TE) 1053 44 11 14

PA + lower limit 1054 43 11 10

Store 4t 1055 49 11 >, 75

(U) 1A indioator. 1056 42 11 31

1057 41 11 58

If not an IA select, Go to Lh. 1059 22 10 62

1059 41 21 1 1

Reset IA Indicator. 1060 49 11 31

[U)e t is for prcoessen, not 1,_ 4_ 11:75
for IA T

1 1063 43 11 _]7



.4,
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I N TERCM POARAM Fal_ - o__

Prepared by ole

PROBLEM' DV SDLATION Line:

N 0 T £ S OePllee K Address (A) of (AA)

Store now ta 1064 49 11 7

Go to (xI 1 -6 9

Remainder of tol routIne. ION - l 11 1 29
o0 to .C(3$ fequ.t Got" ir I

1068 14V 11. 09. ..

If -0 no on7?, Go to_(_)1069_2_17_7

__________-_________ 1

00 to output of FrP 1070 2 0:9

•Go to (C') ,1,71 29 9.:

-i - 1073 _

51074

1076

_________ 1077 * ,

1078 - I .

1.7. ___10_9

Tpe t 1e 3 1! 7 ,

Ty-pe FP ood. L3 33 1 , 9,

Type t fip tL 1064 9 38 18 50

Incremnt #9. 0o to L*2 1085 9 76 10 67

__1066 9 70 _

Go to (OUTPUT F)-___ 1067 29 17 :67

(T~p) , I088 4 1;I

43 11 16



.V J ife 1962 - 4 - :"2

INTERCOM PROGRAM Page of
Prepaled by Date:

PIOILEM D.- S .UA"LM N Line:

N 0 T E S LeCAteIn K CO Address (A) or (AA)

at * PA+ lower limit 1090 49 11 :75

Go to (u,) _10_oo1 29 10 :62
(TPR) - 0 .Q 44 11 .17_

1093 43 11 :73
At - PA+ lower limit 1094 49 11 :75

Go to (U') 1095 29 10 :62

1096

Working Storage 1097 ,_ _,

109% *

1099 
__

_____ ____ ____



18 June 1962 -35- SP-825

INTERCOM PROGRAM Pao. f
o Pleplied by oile:

PROBLEM D I SEAION LINO:.

N O T E S Location K OP Addfrss (A) or (AA)

(OTPUT FF) 1767 30 2 1 ....

1768 26 10 33

1769 - ,

. ... . 1UQ 42 11181s
If not ready for FP and not-in F?. zo to (J). 1771 23 7 33

1772 4 21 1

Rest "Read for 71" InicaStor 1773 49 11 _1

I:.g tg, ? but red to ,tar 1774 29 - 93

, ?TL) 1775 44 11 21

1776 43 11 18

T L. PA + lower linit 1777 49 11

1778 43 .11 7 ..

1780 42 1 11 5 ___________
1701

(T3) 1762 42 11 77

Total tT(JT for Rea Dme t 173 49 il 1 ____________

1784 42 11 36
Total- R. dnioot 0  1785 49 11 2_

1761 42

Tot&, tT for pm, gpWLo to'_ 1787 49 11 3_1

0o to(TI) 1786 26_____L4.___2

1784 42 11 1 3

11ev total toT ____________ 17890_il_,__. .

.t n I 0e. promood. 1782 4. 11 9 , •



INTERCOM PROGRAM Pts ..
^DCPlepared by oil#:-

PROIL[M DP JIMM "JMN OWlI

N 0 T SLocation K ODE IAddress (A) or(AA)Da,

1793 42 1 3

New total tw 1794 49 1.411 :79

_ __TJ___ _____ 2

17Q___ JA
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INTERCOM PROGRAM Po - at

P,^Dgrep by cel: -

POIL(M 4 In41x Rflitor Sottlnn Lime:

N 0 T E S Location K Op Address (A) or (AA)C0ODE

1 70 00:0

1 71 00 .02

-1 72 00 99

1 73 00 00

1 74 01 _0

1 75 03 :00

2 70 00!00

2 72 00.65
12 73 00 00

3 70 00 00

L 71 00 0_O1

3 72 O0 4:9

_3_ 73 00 :00

_____ _____ ____ ____ ___ 13 74 1 01 00 1 _ _ _ _ __ _ _ _ _

3 75 01 _0

4, 70 00:00

_ 71 00 0,1e_

. 72 00 :L9

4 73 00:00

5 70 00o00o

5 72 00 98

__ 0 0 ,_0

_______ _______ _ ____ 16 '0 00 00-___ _ _ _ _ _ _ _ _

6 71 1 00 01

__6 72 1 ,0016
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I N T IAC IM PRA 61AM Fl o
)O Npugpeai by Otis:

FROSMM. mi..2 Inleat" Batt=

tocatlom K OFAtdressl (A) or (AA)



6 'Jun.-~ ? 39

P ~ f~ 4 UTES

U ~ ~ V 72 3) 1), x2u 8u ~ .OT

1 9 0 1 75 71 96? 028 31

is 3V 531 1 l 9 0 2813
4 4 2 .I1 -

5$ 2 13 5 $1 75 79 87 0 0 's tn

WsIV,
__ _ __ _ __-' - - m

29 11 fs h oriwid

46 IL A
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SDC Pags ef
G -5 1andom nd un ,_,_d by -. _ _.Dale:

PROGRAM PROLEM: Xn+l (2 ) Lime 11

0 1 2 3 L P N11 c S- PI N OTE S

4 5 6 7 84 85 90 - 19 21 BMIX: Xn --- 2101

18910 11 8<lzzzz <__ __._ -
12 13 14 ' ~ . 3 0 202_-3_ q - 7::t12391- -

16 17 18 19 3 -4 Q 2.31
20 21 22 23 - - -  21  

A lt . . ..

24 25 26 27 0 _, 0 28 24

28 29 30 31 09 lk- 22 0o-26j 31 It

32 33 34 35 23 2 1. 24 __29 (27 +i + -

36 31 38 39 7~2. ~ 1 1

40 41 42 43 2K x '.W I A >

,o~ ~~ -, -, _ _t_ xa-_ o vc, w.-_ c .....
44 45 46 41 26 _ 27 2a 28 2X6L

48 49 50 51 28 29 0 1 28 i o- 211 _

.. . . .-. . ... . . . . . . . .

52 53 5 5 li -3 33 34- 0 F.~trnctor -*2001

.... 1 _ _ _ _.. . ..

56 57 5 09 3 0K IK Extrac t.r >

07 81 62 63 0 -31 .24 + A. o- -- --

6Z i 4 6 66 17 _3. ... . 8 _ 29 ?. 13.] AR -! 0..+,'"

12 7 74 75 4 A 64f 1.01--4220

76 7 : 71 ~ -9 .12.D e. -- n t_____

10 81 s2 'K83Q 04

14 85 86 11 1 24 2 ---t g on br X l

98 93 90 95 .73 _ _j6 0 t3 20 4 reset
_7Z 737 80 1 28 214 Y,

16 91 98 99 T - t -

IO ul u2 3 et over flow ±ndisaqtor_

U4 V5 9Aa 45 86 0 22 ~ 2 495 _ - -

u uS 83 85 86 0 22 1 Xn4 - 1985



lb June 1.9t - hl - SP-825

G110 Random NurGerraVA:Jd _ D :
PROGRAM PROBLEM: XV 1 27+1 Xn + Ae MD (22T) L Im ps

0 1 2 3 L P N C S D IP N OTES

4 5 6 7 86 w O0 87 .2 Retirn to ttercom

S 9 10 Il

12 13 14 15

16 17 i 19

20 21 22 23

24 25 26 27

28 29 30 31

32 33 34 35

36 37 38 39

40 41 42 43

44 45 46 47

48 49 50 51 U
56 5? 58 55

60 61 62 63

6 4 6 5 56 617 - .- -

68 69 70 71

12 73 74 75 4
76 77 71 71

8 0 8 1 2 3 --

i8 89 90 91

92 93 94 95 F -

96 97 98 99
uo U1 U2 93
u4 uS us



7
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DE3CRIPTION OF AUOILAGE IDCA(<c :

LOCATr10 IT1'2U

0932 Working Storage

1003 2

loo4 .66667

1005 .4

1006 .28571

1103 OUTr£ Total Time in System

1102 OUTPUT Total Messages of that Kind Processed

1-103 OUTPUT Total Waiting Time

ll04 *

1105 t i

uo6 *

1107 t s

1108 In Cycle Indicator

1109 *

+ 1110 Lower Limit (Enter Task)

1111 100

1112 .22222

+1113 ^ (IA TIN)

+ 1114 A (Enter Task)

+ 1115 & (Execute Data Preparation)

+ 1116 IowrLimit (Execute Data Preparation)

* 1117 /4 (Data Presentation)



1I8 June 1962 14

* U18 lovr Z Lit (1oose6 flnah)

+ 1119 P (lrobabltty tha isneee * es dOYt66 pv)

+ 1120 A (roeess ,im nmsa)

+ l. A (process klash)

1122 *

123 Wcle Request Zn4icator

1123

1126

1127 Tel

1129

130 *

1131 IA Indicator

1132 80o

1133 *

1134 *

.135 OUfn No. Display Requests PMOcese4

1136 OUWW No. Regulaz' 7ocessed,

1137 Task No. (Regular) S Teak Identifioation

1138 *

U139 Total Display Requests in Processing Batch

1114O Total Regular's left In Processing Batch
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+ 1142 N1

+ 1143 N2

+ 1 -1 N 3

+ u45 N4

+ 1146 N5

+ u47 N6

+ 148 N7

+ 1u49 N8

+1150 N9

+ 1151 N1o

+ 1152 All

+ 1153 N12

+ 1154 N13

+ 1155 N14

+ 1156 N1 5

+ 1157 N16

1158 1

159 100

116o *

1161 Processing Start Tim

1162 Total Time in System - Display Request

1163 Total Waiting Time - Display Request

1164 *

1165 *

1166 *
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1167 Messass Type Counter

168 Message Type

169 07D", Message Ti

1170 *

1171 (inEX)

S1172 Process Regular)

+ 1173 .over Ludt (process Regular)

11714 Pt omRa 4o No (In SC

1175 A6 t, 0OYDW fom "Convert to Tim" routine

1176 *

1177 Total TIM in ees - all Regul' a

1178 No, Regular's looked at

1179 Total Wating Time - L o Regular's

1181 "Ready for Fligt vima" Indicstor

1182

81182

1185 4
1187 No. nlight Plas in system

1188 No. of Regular's in Collection Batch

1189 No* of Display Requests in Collection Batch

1190 *

+ 1. T,
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+ 192 T2

1193 No. Heular's originally in Processing Batch

+ 1194 F1

+ 1195 F2

1196 No. Forced displays left to do

1197 Display Request Code - 101

1198 Flight Plan Code - 201

1199 Flight Plans in Process Indicator

LOCATION INDEX REGISTER

1300-1499 Regular's Batch 1 1,7

1500-1699 Regular's Batch 2 1,7

1760-1789 Forced Displays 2

1700-1749 Display Requests Batch 1 3,8

1800-1849 Display Requests Batch 2 3,8

1850-1899 Flight Plans 4,9

1200-1298 Output 5

Message Type 6

NOTES:

1. * Location is used in random nmuber generator subroutine.

2. + Item is input parameter.

3. Locations 142-1157 are for probabilities of message types

Nl-O - Flash

Display Request

N3 -N2 Flight Plan



18 June 1.962 - 47 - S-2

(jast Page)

NVN3 s pgula Task I

1 N,16 g p~ua * 4


