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SUMMARY

The MACK tactical system is a highly Mobile Com-
mand and Control system. To monitor system pexfor-
mance for the MACK tactical system, analysis was
conducted to support the design and development of the
logic for the functional elements of the Operational and
Recording Programs and their interface capability with
the Executive and with associated peripheral equipments.
This analysis provided the capability for continuous
monitoring of the operating environment from the point
of sequencing computer subprograms, allocating the
necessary storage requirements and satisfying response
time requirements. This analysis was conducted by the
development of a Monte Carlo Process for Determining
Response Times for Tactical Systems simulation program.

INTRODUCTION

The continuous demand that computerized decision
making techniques in tactical systems permit rapid re-
sponses to urgent and varied externally initiated requests
play a vital role in determining system performance.
Clearly, the performance of an existing system can be
determined from an observe-record-analyze approach.
However, for systems still in their design stages, the
problem of ascertaining system performance is acute.
No system exists for observational purpose. Yet, some
simplified method, depicting system performance, must
exist in order to continually evaluate proposed system
improvements. Obviously, each system's performance
depends upon the system's hardware and software pack-
ages. In many instances realistic assumptions can be
made about these packages so that the effect of one upon
system performance can be relegated while system per-
formance is considered to be primarily dependent upon
the other.

In detexrmining system performance for the MACK
tactical system, system analysis was conducted to sup-
port the development of its hardware and software pack-
ages. However, it soon became apparent that a mathe-
matical model was needed to aid in evaluating critical
areas of the system. It was decided to simulate the
MACK tactical system using the General Purpose Sys-
tem Simulator (GPSS) IO as the technique of Analysis.

APPROACH

The approach selected for constructing the model
was as follows:

1. Each equipment and program function normally,
II. The interaction is primarily among operator,
external world, and software package.

II. Construction of an Executive Program which
supervises and designates authority to subordinate pro-
grams. .

IV. Analyze response times versus requests gen-
erated for a selected operations center.

V. Presents hard copies (and possibly plots) of
significant results to management to enable an analyst
to evaluate system performance.

DATA SOURCES

The processing times for the operational programs
are obtained from the program development activities.
These times are submitted bi-monthly and progress in
accuracy from rough initial estimates to actual measure-
ments. The auxiliary input data is determined by the
user of the program.

DATA SAMPLE

The input data of interest to this study include,
but is not limited to, the following:

1. Environmental Data
A. Identification Friend or Foe/Selective
Identification Feature (IFF/SIF) Data
B. Adaptation Data
C. Operator Actions
D. Automatic Data Link Data
E. Aircraft Status Data

II. Timing algorithms which define the processing
times for the various operational and recording programs.

OBJECTIVES

The program was written to extract the following
information:

I. Operational and recording programs processing
times versus system load.

II. The effect of interrupts on response times.

II. Elapsed times required to insert (retrieve)
data into (from) the computer.

IV. Core estimates of selected memory banks.

THE SIMULATION

Data Initiation and Data Flow

Simulation studies are limited only by ourimagina~
tion and available computer core storage. Thus, it is
possible to derive and program a mathematical model



which represents, approximately, the system which is
being considered. In this study the assumption was to
imagine that an operations center exists; modularly con-
structed. System inputs result from various actions
being generated at any of fourteen consoles, at the oper-
ator station, Automatic Data Link (ADL) Network or
other equipments. Figures 1, 2 and 3 depict the peri-
pheral equipments attached to the computer, and the
flow of information through the system. Finally, the
need exists to simulate the system for any operational
period, repeat the process as often as desired in a sin~
gle "run", but restrict the computer time to afew minutes.

To properly simulate an action generated at a con-
sole, operator station, or other equipments requires
that data be selected at random or in an orderly manner,
To ensure that both capabilities exist, a Monte Carlo
process is incorporated. In this case the random vari-
able may be either the type of action generated or the
time at which the action is generated or both. The action
taken at a console, operator station, or other equipments
is selected from one of several stored actions for that
console, operator station or other equipments. The stor-
ed actions are defined as FUNCTION,; values.

The simulation program permits multiple entries
of input data to be stored internally before a complete
message is created. The program also allows the hard-
ware to progess inputs as a function of the number of
bits associated with the message. Thus, as an input
moves from its point of initiation to its first core loca~
tion, one of its delay times can be computed as a func-
tion of the number of bits associated with the message.

In the model, the time of oceurrence of each initial
action is input via an INITTAL card. After the initial in-
put is generated, all succeeding inputs initiated at this
source are generated via one of two methods (depending
upon program inputs). In one method the succeeding
action or time or both action and time is (are) randomly
selected. In the second method each source generates
actions cyclically at unique constant time intervals.

If the generated action originates from a console,
the message is delayed in the Control and Coding Logic
and Output Data Unit blocks (see FIGURE 2) before it is
QUEUE{. The message will remain in the appropriate
QUEUE until one of two conditions are satisfied: (1) a
K-Millisecond interrupt occurs and the hardware initiates
its display cycle; (2) a hardware display cycle is ter-
minated after more than K-Milliseconds have elapsed.

In either case, the appropriate QUEUEg are interrogated
(by the hardware package) for their inputs prior to the
initiation of each display cycle. Only one input from each
QUEUE is allowed to leave at the time of interrogation.
The departing input enters sequentially the Data Conver-
ter and the Console Buffer. The Computer Input/Output
(Computer I/0) processor takes the input from the buf-
fer and stores it into its initial core storage. The input
is then under the influence of the Executive program. In
cage the input is initiated from the operator station or
magnetic tape synchronizer, the input is delayed in the
peripheral I/0 area before it is QUEUEq (see FIGURE
3). It will remain in the QUEUE until the peripheral I/0
program (of the Time Cycle) is activated. When this pro-
gram is activated, all inputs currently residing in the
peripheral I/0 inputs QUEUEg are removed from the
QUEUEg via Computer I/0 processor and stored in core
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memory. Again, each input is now under the influence of
the Executive program.

When IFF/SIF data is required, one IFF/SIF in~
put is generated. Instead of defining a FUNCTION for
the type of desired IFF/SIF inputs, the FUNCTIONy]
values represent the added number, N, of IFF/SIF in-
puts created this period. The parent IFF/SIF input is
duplicated N times., The Computer I/O accesses the
(N+1) inputs and stores them in the IFF/SIF buffer. The
IFF/SIF inputs are then under the influence of the Exe-
cutive program.

If the generated action represents an ADL input,
the FUNCTION,; values of thirteen uniqgue FUNCTION
are stored into the first thirteen PARAMETER associ~
ated with this input. Each PARAMETER represents a
unique ADL message type and its value is the magni-
tude of that message type. A similar approach is utiliz-
ed in initiating ADL outputs. If the message is an ADL
input, the message is delayed to represent a transit
delay between tracking sites. Both ADL input and out-
put messages are stored in unique storages. The mes-
sages are then under the influence of the Executive pro-
gram.,

An appropriate time delay is allowed to elapse
each time the Computer I/0 processor accesses and
stores each input into core. The Computer I/O proces-
sor processes each input on a priority basis.

Executive

The Executive Program consists of several sub-
programs. The list includes: Interrupt Receiver, Time
Cycle Controller, Intermediate Cycle Controller and
the Data Cycle Controller. The Executive supervises
the activities of the operational and recording programs.
It segregates the operational and recording programs
into three classes (commonly called cycles): the Time
Cycle (see FIGURE 5) for quick response, rapid pro-
cessing programs; the Intermediate Cycle (see FIGURE
6) for quick response but less rapid processing programs;
and the Data Cycle (see FIGURE 7) programs which are
essentially slow response and slow processing programs.

Interrupt Receiver. This subprogram inhibits fur-
ther interrupts while an existing interrupt is being ser-
viced., During lockout, interrupts are stacked and then
processed according to priority. The types of interrupts
processed by the Interrupt Receiver include: Display
Oufput Interrupt, North Pulse Interrupt and the K-Milli~
seconds interrupt which initiates the Time Cycle. The
Display Output Interrupt occurs at the end of each dis-
play cycle. The North pulse interrupt occurs upon de-
tection of North pulse.

Time Cycle Controller. This subprogram is en-
tered at the occurrence of the K-Milliseconds Interrupt.
The Time Cycle Controller sequences through the list
of Time Cycle programs, executing each program in
turn if frequency counts and need indicators are set.
Each execution causes data to be transferred between
STORAGEs. When the list is completed control is trans-
ferred to the Intermediate Cycle Controller unless the
last K-Milliseconds Interrupt occured during the Inter-
mediate Cycle. In the latter case, the previous machine
conditions are restored and control is returned to the




point of interrupt. Before entering the Intermediate
Cycle the transit time through the Time Cycle is re-
corded. Time spent out of the Time Cycle (o process
superior interrupts) is also recorded.

Intermediate Cycle Controller. This program
steps through the list of Intermediate Cycle programs,
executing each program if frequency counts and need
indicators are satisfied. Each execution causes data to
be transferred between STORAGE,. When the list is
completed the transit time througﬁ the Intermediate
Cycle is recorded. Time spent out of the Intermediate
Cycle (to process superior interrupts) is also recorded.
Previous machine conditions are restored and control
is returned to the point of interrupt in the Data Cycle.

Data Cycle Controller, This program steps through
a circular list of Data Cycle programs, executing each
program if frequency counts and need indicators are
satisfied. Each execution causes data to be transferred
between STORAGEg. When the list is completed the
transit time through the Data Cycle is completed. Time
spent out of the Data Cycle (to process superior inter-
rups) is also recorded.

Time-Intermediate-Data Cycle Programs

The 1000 maximum words count imposed upon this
paper does not permit the author to describe the indivi-
dual programs which make up the Time, Intermediate,
and Data Cycles. The primary function of these pro-
grams is to move the data, created during "Data Initia-
tion and Data Flow", through various "states" to re-
present system processing. An appropriate time delay
is allowed to elapse whenever program processing is
required. For the MACK tactical system each program
performs a definite function. However, the various pro-
grams depicted in Figures 5, 6 and 7 are merely dummy
programs. This implies that the model can be used to
simulate an arbitrary tactical system by assigning speci-
fic tasks to the different programs.

CONCLUSIONS

The results from this simulation study clearly
demonstrated that the MACK tactical system was capable
of meeting response times under adverse system loads.
Moreover, the results showed that predicted QUEUE
lengths agreed with computed QUEUE lengths. A mea-
sure of the likelihood of being in any cycle was computed.
The likelihood function provided a quick and easy way of
determining the amount of time the Executive allocated
to each cycle. The results from the model and the in-
creased interest in the model may lead management to
develop a more sophisticated model to aid in the design
and planning stages of future tactical systems.
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