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In this thesis my main objective is to explore the application of
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Abstract
=¥

The large number and wide variety of radio frequency emitters
encountered in electronic warfare provide an enormous quantity of data
for an electronic coﬁntermeasures system to process. Historically, all
data has had to pass through a central processor for threat identification.
Speed is the primary requirement for this ECM processor.

In this thesis the concept of parallelism was investigated as a
method to increase the throughput of existing processors. Microprocessors
were employed as the individual processing elements in a single data

t

stream - multiple instruction stream architecture. Data steering or

1 vectoring was accomplished via the use of programned logic arrays stored
in random access mermories.

To test the feasibility of a parallel microprocessor architecture for

ECM processing its basic building blocks were sirulated. The necessary

control logic, whicn is implemented in software in a master control pro-
cesso;, includes the capability to adapt the arctitecture to deal with the
unpredictable naturzs of ECM data.

A fictitious scenario was developed to stimulate the data steering
logic and test the master processor's capability to handle system overloads.

Also, the actual ability of the system to proces: data was simulated

through the use of fictitious radar parameters.
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I Introduction

The large number and wide variety of radio frequency emitters
encountered in electronic warfare provide an enovrmous quantily of
data for an electronic countermeasures system to process. Emitter
parameters must be processed at a rate of up to 300,000 to 400,000
pulses per second. Comp]iﬁating this processing problem is the
fact that the emitter identification parameters are clustered in

high density groups in the frequency spectrum. An automatic

L R T g

electronic counterimeasures system must be able to detect and: identify

threats, and apply jamming in a near real time manner. Historically,

previous systems have all had a similar weakness. A1l data has had to

pass through a central processor, either a huwman operator or a com- 3

puter. In either case, the emitter recegnition process has been the

! weakest and slowest element in the chain of events from receipt of a
radar pulse tc application of countermeasures. i
Yhe primary requirement for a systein which is to process electronic
countermeasures data is speed. The radar parameters which compose
electronic counterncasures input data are: frequency, pulse width,
pulse amplitude, pulse repetiticn frequency, and angie of arrival.
Within the countermcasures processing systeil, this data is normally
the output of a raaio frequency (100 MHz - 50 GHz) receiver. For 1

effective radar jamming it must be processed in rcal time, i.e., at

the rate at which it is received. A problem arices when the processing

system is placed in a real world application such as a tactical or




strategic aircrart which must penetrate enemy airspace. Typically, the

rate at which data is being generated by the receiver exceeds the input

capability of the processc~. In the event that the processiny system is

unable to keep up with the incoming data, the-deta is either lost or delayed.
This can result in serious consequences and the obvious solution is to use
a faster processor or a more flexible processing systen.

There are two basic ways to increase the speed and capability of a
processor. One is to make the actual processor physically faster, i.e.,
use state-of-the-art digital technology. If this solution is available at
an acceptable cost, the problem is solved. However, if the technolegy is
unavailable or too expensive, another solution must be considered. An
aiternative to a faster processor is tQ improve the existing processor.
This can be accomplished in two general ways. Onc is to make the processor
work on more than one datum concurrently, i.e., parallelism in the data
stream. If a processor can have several data in various phases of pro- .
cessing concurrently, it will be faster than a prccessor which must com-
plete processing on one datum before it can accept another. The other
general method to increase an existing processor's speed is to divide the
procegsing algorithin into separate pieces, which are independent and can
be executed concurreatly, i.e., parallelism in the instruction stream.
These concepts of parallelism can theoretically be used to meke a basic
processor up to N times faster if N parallél processing units are employed
and ideal conditions are assumed. -

Operational electronic countermeasures systens use various algorithms

implemented in either software or digital hardware to process their received

radar parameters [REF 9]. There are as many algorithms as there are systems.
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These algorithms are well tested and are basically sound. Their weak-
ness lies in the medium in which they are implemented. Significant improve-
ment in their performance can be obtained if they can be made to operate
faster. Aircraft such as the F-15 and the F-16 are examples of weapon
systems which must operate in a tactical electronic warfare environment,
that is, the number and density of the radars which they will encounter is
relatively low, although the threat signals still occur in high density
groups. This does not simplify the problem of providing adequate counter-
measures, however, because they are small systems which cannot carry much
processing hardware. Aircraft such és the B-1 and the B-52 are examples
of strategic weapon systems which will encounter a large number, a great
variety, and a high density of threat radars. This is partially compensated
by the fact that they can carry more hardware than tactical systems. In
either type of weapon system a faster processor is a better processor.

The main objective of this thesis is to investigate different types
of parallel processing concepts and apply a suitaeole solution to the ECH
data processing proolem. The first step in this process is to analyze
existing ECH systems and rescarch various methods of obtaining paralielic:.
Next,va suitable architecture must be simulated énd tested. Finally, th
architecture will be stimulated with a ficticious scenario and ficticiov-

radar parameters to test its data processing capebility.
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IT Parallel Architectures

Background

Computation in a digital computer consists of the execution of a set

- of instructions which are normally grouped together and called a progran.

The program operates on data. There are many ways to define instructions
and data. In general, however, an instruction is an operation, and data
is operated upon. When discussing the performance parameters of a partic-
ular computational system, speed is usually measured in teris of how fast
a block of instructions can operate on a block of data. When a system can
operate on data input'to it at a rate greater than or equal to the rate of
arrival of the data, i.e., there is no backlog of data waiting te be pro-
cessed, it is operating fast erough. In some cases instructions operating
on one datum in a data stream cannot be executed before the next datum
arrives. In this case the user has two basic chcices, obtain faster hard-
ware or software, or reorganize his system [REF 5: 1901-1909]. Whichever
choicq is made, the goal will probably be concurrency. The term concur-
rency refers to two or more events which occur in the same time interval,
and with respect to computational systems, it can be achieved in varying
degrees [REF 8:3].

Concurrent execution of several different
programs or multiprogramming.

Input/output operations simul.aneous
with program execution.

Multiple input/output operations to
include data communications being executed
simultaneously.
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Concurrency of central processor
operations in general either through
parallelism or pipelining (confluence).

Multiprogramming

Multiprogramming is the concurrent execution of several different

programs. This concept may be somewhat misleading, however, because

even though more than one program is active at the same time, all of
the programs must meke use of the same hardware resources. Multi-
programming makes the best possible use of the existing hardware's

capability but it doesn't really make the hardware faster.

Parallelism

A method to maximize computation speed without depending upon
breakthroughs in device technology is to increase speed via parallel-
ism. The ideal 'throughput (speed) potential of N identical computers
(or microprocessors) is N times that of a single unit. Using micro-
processors, a high degree of parallelism can be achieved at a modest
cost. In some cases the entire microprocessor nezxd not be replicated,
and tGe concept of pipelining or a combination of logic repiication
and sharing of logic can be used. However, the mist flexible architec-
ture is one which is entirely parallel with N independent processors,
which can support N different computations simultaneously. The N
computations can be N different problems, or a partitioning of one
large problem. One obvious difficulty which will definitely be encountered

is that of timing or synchronizing these independent, free running

processors to perfo"m a particular function.

There are several methods for achieving parellel operation. They
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depend upon replicating the instruction stream, the data stream, or both.
A normal computer is a Single Instruction Stream - Single Data Stream
(SISD) machine. Three types of parallel processors are: Single Instruc-
tion Stream - Multiple Data Stream (SINMD), Multiple Instruction Stream -
Single Data Stream (MISD), and Multiple Instruction Stream - Multiple
Data Stream (MIMD). In general, a parallel processor can exhibit par-
allelism in either the instruction stream, or the data stream, or both.
The two most interesting and useful machines are the SIMD and the MIND.
The MIMD is best for doing.independent tasks in parallel on independent
computers and combining the results. The SIMD is most useful when used

for computations which can be separated into functional blocks [REF &].

Single Instruction Streem - Single Data Stream Computers

There is a method of increasing the speed of the SISD machine
through confluence or concurrent operation on more than one datum. Each
datum would be in a different phase of the machine's opération. There
is still a bottleneck, however, in that only one instruction can be de-
coded per unit time in a SISD computer. Also, wiﬁﬁout rep]icatin§ hard-
ware, *there is a limitation on the types of instructions which can be
executed while various data are at various bhases of operation, depend-
ing upon what hardware the instructions must utilize. There is only a
narrow class of problems for which this type of computer can be used,
and there are usually restrictive programming practices which must be

enforced. [REF 5:1507]

Single Instruction Stream - Multiple Data Stream Computers

The major factor which determines the usefuliess of this type of

6 .
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of vector operations.

a SIMD architecture.

coiumn of the matrix.

A SIMD computer is organized generally as shcwn in the following

block diagram:

computer is its ability to perform the desired computation in

eous data streams, but only one instruction stream.

Avithmetic
Processor
#1
w

If single step in an operaticn depends upon

the result of the last step, vector operations cannot be used. If,

ate on all elements in each row and one colurm in a N X N matrix.

a sequence

however, the identical operation is to be performed on multiple sets or
streams of data, then this operation can be duplicated in multiple pro-.
cessors, and the data streams vectored to the processors, resulting in

An example of this type of operation is matrix
multiplication, where an identical operation is performed on each row and
The proper row element and column element must be

vectored to their respective processors, i.e., one processor riight oper-

In

this case there would be N identical processors processing N simultan-

Control
Processor

Avrithmetic
Processor

#2

Processor to
Processor
Communication
Network

Arithmetic
Processor
#N

Figure 1 [REF 6:329)

.




} The control processor is different than the others in that it can execute
conditicnal branch instructions. It is the control processor which deternines

the order of the instruction stream and determines where each instruction

1 is to be executed (vectoring). The control processor has the exclusive
privilege of deterinining the instruction to execute next, which is the

property which characterizes this as a single instruction stream machine.

The fact that the instruction can be executed in various arithmetic pro-

cessors makes this a multiple data stream machine.

Multiple Instruction Stream - Multiple Data Stream Computers

In the general MIMD computer there are N input/output channels (data

streams) and N distinct processors (instruction streams) operating in

S R N RN

parallel. Following is a block diagram of a typical MIND computer:
Processor 170 X
! #1 “=Thannel )
< o
2 i @ Pr0235501 o 1/0
= e s Channel 2
o 43 3 ey
: 2 : 2
p 4 = =
R e Processor | 1/0
#N i L ““*Thannel N
4 Memories Processors Data Streams

A Typical MIMD Architecture

Figure 2 [REF 6:357]
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Any input/output channel can be connected to any processor which in turn

can be connected to any memory. The degree of flexibility exhibited by
this machine is high, but the price which must be paid in the form of
extra control hardware and/or software is also high. There are meny
potential conflicts which arise when resources such as memory are access-
ible to different processing elements.

One alternative to overly cumbersome control machinery is to inter-
connect several independent processors, each of which can execute indepen-
dent instruction streams, but which share processors which perform all
arithmetic and computational functional functions. This type of system
was proposed by Flynn. et al. [REF 7: 251-286], and is shown in block

diagram form in Figure 3.

Memory 4 Processor .
#1 ' #1 i3 \\\\
Pool
Memory Processor g;ggd 1
% i - .
#2 #2 Arithmetic
Units
Memory Processor ’/}'
#N e N /

Figure 3 [REF 6; 361] k

There is a tradeoff between decreased ilexibility and increased simplicity. ;




The main problem areas in an MIMD computer are the partitioning of the
overall operation to be performed into many processes that can be executed
in paraliel, the concrol of the separate processes, and the interaction
between the processes. There are no established techniques for problem
partitioning which can be universally applied. There cre methods for
resource sharing and scheduling which have been established for large
computer systéms and which can be applied to MIMD computers, but, again,
the price is more control machinery. If one limits the degree of paral-
lelism, i.e., the number of parallel partitions, the resource allocation,

synchronization, and partitioning problems can be brought under control

[REF 6].
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Il Electronic Countermeasures-Processing Systems

There are many advanced electronic countermeasures systems currently

being empioyed in modern Air Force weapon systems. Effective ECM activ-

'ity requires rapid threat detection, reconnition, and application

of a jamming technique. Most systems utilize a digital processor and
associated sofiware/firmware for automated operation. Digital processing
also provides flexibility through software programmability, growth through
modularity, and speed through its inherent computational capability.
Air Force ECM systems vary in complexity from a s2lf-protection internal
electronic countermecasures system in the F-15 fighter to a single penctrator
radio frequency surveiilance/electronic countermeasures system in the B-1
bomber. The manner in which the essential processing is accomplished is
not, however, as diverse as the sysfem descripticns.

A general knowledge of Air Force ECM systems can be obtained by
investigating several examples. The F-15 tacticel electronic warfare
system (TEWS) is an example of a fairly simple self-protection system for
a specific application. A more general example is the AN/ALQ-131 electronic
countermeasures pod which performs a similar function as the F-15 TEWS,
but exhibits more capability and flexibility. The EF-111A jamming sub-
system is a multi-mission, multi-function system designed for use in a
tactical warfare environment. Finally, the B-1 radio frequency
surveillance/electronic countermeasures system (FFS/ECMS) is an example
of an advanced, power managed ECM system designed for protection of a
single strategic bouber penetrating enemy airspacc. A complete description

11
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of each system would be redundant. Therefore, only the AN/ALQ-131 ECH
pod and the B-1 RFS/ECMS will be describad in detail. The EF-111A jam-

ming subsystem and the F-15 TEWS will be summarized.

The EF-111A Jamming Subsystem

This system is designed for use in several tactical warfare roles.
It can be employed as a standoff jamming system with the aircraft orbiting
near the forward edge of the battle area (FEBA), it can be used for pro-
tection of a flight of attack aircraft with the EF-111A in an escort
role, and it can be used for protection of a flight of attackina aircraft
(and itself) with the CF-111A performing the atteck along with the other
aircraft. In gencral, the jamming subsystem performs the three basic
functions of signal identification, threat recognition, and application of
counterineasures. The manner in which it performs these functions is quite
similar, in general, to the B-1 RFS/ECMS with this exception: the EF-117A
uses a scanning superteterodyne receiver, whereas the\B-l.RFS/ECMS employs
a wide open channelized receiver. Control of a scanning superheterodyne
receiver is discussed in the AN/ALQ-131 system desciiption. :

-

The F-15 Tactical Electronic Warfare System

Self-protection s tnis system's primary function. It is designed
to recognize radio frequency signals, classify recoynized signals as
threats or non-threats, and provide either a radar warning signal to the
aircraft operatov, or e¢pply ECM against the threat. The F-15 TEWS also
employs a scanning superheterodyne receiver under cenputer control.
Received signals are converted to IF, passed to an interface unit where
they are digitized, and fed into the system's computer for signal/threet

12
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analysis. Once in the computer, the individual pulse signals are extracted
from an input storage buffer and built into pulse trains. These pulse
trains are then compared against an a prf&ri table of known threats for
threat recognition. Next, a decision is made whether to provide a warning
signal, initiate jamming, or both. The computer's final action is to tun
the receiver to the next designateu frequency band for further data col-

lection.

AN/ALQ-131 Electronic Countermeasures Pod System Description

The AN/ALQ-131 is an advanced tactical electronic countermeasures pod
designed for use on high performance aircraft. HMoidularity in system
design provides flexibility to adapt to various mission requirements. The
system is computer (software programmable) controlled which provides tech-
nique and mode control flexibility and reprogrammibility to counter varied
and changing threats. Also, this sy;tem is capable of operation in pre-
set jamming modes, or in a power management mode w#ith either an internzl
receiver/processor, or external radar warning receiver.

Eunctiona] orgenization of the AN/ALQ-131 is centered around the
control and interface portion of the system whi-n contains ¢ prograw i}
digital computer as the system controller. The receive /+ "ocessor moduls
and the actual countermecasures modules for the different frequency bands
are connected via a digital data bus. Operator interaction through cock-
pit controls includes selection o% system cperating mode (preset, semi-
automatic, or automatic) and ECM technique selection. The control/inter-
face module also contains hardware to generate up to 40 simuiltaneous
waveforms for decepvion modulation. When a selected ECM technique requires

a deception waveforii, that waveform's time-variabic values are transwitted

13
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to the onboard term nal threat countermeasures modules. Also, in the
automatic mode of operation the receiver/processor module sends time
critical data (threezt tracker pretrigger signals and blanking signals) to
the countermeasures modules via a high speed data bus.

AN/ALQ-131 Digital Computer Description. The computer is a third

generation design with a general register file, a microproaram controller,
cand a short,.powerful, multi-format instruction set. The instructicn
repertoire features direct addressing of all memory locations and
instruction modification for register data, immediate data, and indexing.

Following is a block diagram of the computer's architecture:

Microprocessor

(micro-secquencer)
>
=
=
=
£ o0 >,
= 9 o Central o
e : S S
e Processing 5]
s¥s : s
0 3 B Unit £
4+ — un (%]
(1> SRS IR S
e o o
O ¥~ QO o
V)~ Ds:
.

Input/Output

Figure 4 - AN/ALQ-131 Computer Arch®tecture

Some of the gencral features of the computer are:
1) parallel operation

2) single address logic

14




3) two's complement arithmetic
4) 16 -bit word length

5) 16 & 32 bit instructions

6) 16 general purpose registers

7) microprogram control

8) 2 MHz clock

9) 70 nanosecond memory access time

10) dircct memory access (DMA) capability
11) seven priority interrupts

As a part of the AN/ALQ-131 system, the computer has 3K words of random

§ St Sallion v e sl Bhidase

access memory (RAM), and 13K words of programmable read only memory (PROM).

The main 1/0 consists of a 16 bit parallel port which is a2lso used as a

DMA channel in conjunction with several control lines. The computer also

employs interrupt 1/0.

AN/ALQ-131 Software Functional Summary.

’

The computer programs which
reside in the system s receiver/processor medule controf its operation.
The functions which are controlled are as follows:

_1 1) system initialization (EXEC2)

v 2) executive control (EXEC3)

3) receiver control (RCHM)

|
, 4) pulse irain sorting (PTS)
5) signal analysis (TWS)
{ P a |
J 6) ‘taunch status determination (LSD) '

7) mainte.ance of active threat file (ATT)

8) receiver VCO calibration (CALIB) ;

9) analysis tracker set-on (TRKSETON) i

10) tracker update (TRKUPDAT)

15 :
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11) tracker assignment (TRKASSIN)

12) process pod commands (INTFAC)

13) reacquire tracking of signals (ROD)

14) tracking/guidance beam correlation (CCRR)

15) self test monitoring (SELFTEST)
The receiver/processor acquires signals from threat radars, analyzes them
for identification, and sends the recuired data to the jammers. The
receiver, under software control, is tuned throuch preprogrammed threat
frequency ranges to search for signals. When activity is detected, the
receiver dwells for a sufficient time interval for the processor to do its
signal analysis. Signal parameters are fed into thz processor via the DNA
channel for a predetermined amount of time dependent upon expected emitcevs'
pulse repetition frequencies (PRFs). Analysis includes determination of
pulse repetition interval (PRI) through examination of pulse time of
arrival. Scan rate is measured by the TWS subroutine to help resolve ambi-
guities. Initial identification is attempted using frequency and PRI by
comparing measured values against known expected th-eat parameters. The
software also maintains an active threat table which contains data én
each actjve threat detected.

In general, the software initiates the generation of waveforms by the
electronic countermeasures (ECM) hardware. Software also sends beain steering
information to the ECM modules. These modules contain RAMs in a control
memory matrix which store waveform generation information, and control
information, i.e., channel number, center frequency, and bandwidth (for
noise modes). Application of countermeasures by the system software uses
a power management scheie which is detailed as follows:

1) Technique Selection/Activation - Acqui:ition and identification
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of threats, selectiun of techniques, and allocation of resources in

accordance with the actual threat environment.
2) Time Gating - PRF tracking of selected emitters and inter-
leaving of deception modulation and techniques on a pulse-to-pulse basis. :
3) RF Set-On - Measurement of the threat signal freguency and

adjustment of the jammer frequency to concentrate jammer activity on the
4) Scan Set-On - Measurement of the threat's scan period and
adjustment of deception modulation (webbulation) to a harmonic of the

measured scan.

The B-1 Radio Frequeicy/Electronic Countermeasures System (RFS/ECHS)

The B-1 RFS/ECMS %s an advanced digitally controlled power and re-
source managed system, employing several levels of computer control ranging
from controls and displays for operator interacticn to real-time micro-
processor controT of the jamming hardware. To achieve flexibility and
responsiveness, the RFS/ECMS has been designed as a digitally controlled,
software programmable, power managed, modular system. Its main féatures
are a*channelized receiver which is wide open to the RF environment, a
central digital processor which performs such functions as threat
identification and selection of countermeasures,'end digital jamming logic
which handles the pcwer and time management of applying countermeasure
techniques to the transmitted waveforms.

The software which resides in the RFS/ECMS p-eprocessor has been

designed to provide the system with as much flexibility and growth

potential as possible. The key design features are: modularity, higher

order language (JOVIAL/J3B), and a tabular data bise. Pulse descriptor
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words from an encoder are placed in a pulse word buffer in the computer's
memory via direct memory access and the preprocessor assumes responsibility
for the ECM processing from that point, continuing until a jamming tech-
nique and associated parameters have been assigned. The various functions

of the preprocessor flight software are described in the following para-

graphs, and these functional elements are shown in Figure 5.

Receiver/ Computer Pulse
Encoder Interface Word
Unit Buffer
Application Emitter Emitter
of [sesmmmsssel © Tdentif ication. e Recognition
ECM :
‘.
Jammer o3 5 Jamming — i Transmitters
Logic Hardware

Figure 5. The RFS/ECMS Scftware

Emitter Recognition Function. As pulse descriptor words enter the

computer's pulse woro buffer from the receiver/encoulder it processes

the emitters' perametcrs. The digitally encoded pulse descriptor

18.
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words are composced of frequency, pulse width, angle of arrival, pulse
amplitude, and time of arrival. The process of pulse train de-interleaving
and paraweter calculation involves the formation of a working file where
pulse descriptor words are grouped by parameter matching. Parameters usecd
for matching are fregquency and pulse width. The scftware then uses the
time of arrival of successive matching pulses to calculate pulse repetition
interval. Eventually, pulse amplituce and time of arrival will be used to
deterivine scan rate, however, identification cean be made in the majority

of cases based upon frequency, pulse width, and pu]se'repetition interval.
Capability is also included for handlirg multiboém cmitiers and frequency/
time of arrival ambiguity resolution.

Emitter Identification Function. Once an emitter's parameters have

been calculated, this function is responsible for identifying that emitter.
The preprocessor's data base contains an a priori table known as the Alarm
File which contains the parameters of all known threats as well as the
countcrmeasures technique to be applied. Another part of this function is
a priority subroutine which affixes a pricrity numbzr to a threat according
to its leathality. Priority is used to resolve resaurce conflicts.

Pulse width is the first parameter used for emitter identification.
Since it is not measurad very accurately, it is ess:ntially a coerse
sorting parameter. Next, a frequency match is sought. Those emitters
whose frequencies overlap are further sorted using pulse repetition
interval. These three paremeters; frequency, pulse width, and PRI, uniquely
identify most emitters; however, scan rate is used 70 resolve any remaining
ambiguities. If a parameter overlap can still exist after using scan rate,
the potentially ambiguous alarm file entries are tied together using a scan

ambiguity pointer. Because the ambiguous emitters ¢re so alike, identi-
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fication is made by arbitrarily identifying the emitter as the one with

the greatest lethality.

In the dynamic stripping process the computer identifies an emitter
and assigns an associative tracker if one is available. As part of the
assignment the computer tells the tracker when to odmit nore pulses from
an emitter for parameter update. When éystem time equals the time when the
computer wants more pulses from an emitter, the trackers inspect the pulse
descriptor words entering the computer interface unit. If one matches the
frequency or the angle of arrival of the emitier on which the information
was desired, the word is tagged with the tracker's number and allowed to pass. 3

The second way to block pulse traffic from the computer is through the
use of static stripping logic in the computer interface unit. This logic
works in a similar fashion as the dynamic stripping legic, but does not :
have the capebility to track time of arrival. Static stripping logic
consists of a bank of parameter limits which can b2 loaded into the "compare
between limits" Togic. Pulse descriptors are not allowed to pass if they
fall between frequency Timits, pulse width limits, a&p]itude Timits, or
angle of arrival limits. The various limits can be tightened or relaxed
accordipg to the degree of blocking desired.

Dynamic stripping through the use of the associative tiackers is the
optimum processing method for the preprocessor. Associative trackers are
also used for time of arrival or frequency ambiguity elimination, main
beam detection, receiver control, and time synchronization of the jamming
vaveforms with the received pulses. Static stripping logic is used
primarily for pulse traffic reduction during an overload condition.

The emitter idencification function also has the capability of mode ‘13

determination for emitiers with a multimode cepability. The mode file
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section of the alarn file is used for this function. Mode file entries
also contain jamming technique information where a changs is required.
Other files subsidicry to the alarm file are the PRI file which contains

the expected PRI's for emitters with more than one, the beam file for multi-

frequency emitters, and the downlink file which contains jamming infor-

mation for missile downlink signals.

Pulse Traffic Regulation Function. The RFS/ECHS must be able to

handle a high density emnitter environment; however, the computer dees not
have sufficient pulse handling capability. To reduce the pulse traffic
through the preprocessor, the computer interface unit contains digital logic
to selectively block pulse descriptor words from emitters which have al- ]
ready been identified. Pulse descriptor words are allowed to enter the
computer only on new threats or to update the parameters of an old threet.
There are two methods of blocking pulses from the computer. The first ﬁ
is dynamic stripping which uses digitel legic called associative trackers. 2 i

Associative trackers consist of frequency memories, direction memories, |

<

and a content addressable memory which provides the logic to track time of |
arrival. The trackers are used in conjunction with a bank of compare

between~limits logic which does the actual blocking.

Receiver Control Function. Control of the receiver is exercised by ’
the preprocessor software. The software obtains control of the receiver

through the use of variable attenuators in the receiver itself or the

associative trackers which contain logic to turn off a receiver channel
or sub-band. Receiver control is established for <he following reasons:

a. Operator Control. The operator may want to change the

receiver's sensitivity threshold. The software accomplishes this by

N S——
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sending a new set of threshold commands to the receiver through the

computer interface unit.

b. Jammer Leakage and Lookthrouch/Isolation Performance. If the

St e

isolation between the receive and transmit antennus is not sufficient to
permit the receiver to have an unobstructed view of the environment, the
software can raise the receiver's sensitivity threshold on a dynamic
basis.

c. Special Search for CW and Pulse Doppler Emitters. The ;

software, through the associative trackers, can look at selected receiver
channels at an intermediate sensitivity for the purpose of CW or Pulse s
Doppler emitter detection.

d. Deferrod Threat Search. The software can sequence through

the recciver channels one at a time (all others switched off), at a high
sensitivity, for the purpose of early detection of emitters or the detec-
tion of low power signals.

Application of Countermeasures Function. After the emitter identif-

ication function has matched & detected emitter's parameters with_the a _
priori parameters in the alarm file, this function makes an entry in a file

of detécted emitters. This emitter file is then used by the application

of countermeasures function for emitter parameter updates and transmiscion

of emitter parameters to the jamming hardware.

Direct interface with the jamming hardware is via the jammer file.

This file contains the jamming technique parameters to be transmitted to

e

the actual hardware. The parameters which make up the jammer file are {

contained in the alarm file and are adapted using actual measured emitter

P

paramcters., In addition, a jammer file entry contiins the associative

TR
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tracker address for the tracker assigned to the emitter being jemmed.
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The specific jamming hardware with which the software interfaces is
the jammer logic. Inforuation is conveyed in two formats. One format,
the jammer allocation logic load format, tells the logic how to set up the
RF sources for jamming an emitter. The other format, the waveform gen-
erator format, tells the waveform gencrator what modulation to put on the
transmitted jamming signal. When the required parameters are trensferred
to the jamming logic, it is necessary to “set-on" the hardware. Set-on
refers to close loop frequency set-on of the voltezge controlled oscillators
and close loop set-on of the voltage variable attenuators, both in the
transmitters. The software sends out commands to tune these devices, the
transmitters send out a test pulse, the RFS receives and encodes the out-
put, and the software compares the actual output vith the required output
and sends out a new command. This process is repeated until the desired

accuracy is achieved for frequency and amplitude set-on.

Comparison of these four system descriptions yields a common process-
ing algorithm for initial ECM data processing. Aithough each sysfem
employé different herdware, the processing schemes are similar. Data is
collected by a receiver, digitized, and passed to a central processor.

The computer then attempts to de-interleave this cata stream into pulse
trains associated with separate emitters. Threat identification is accom-
plished, in all cases, via matching with an a priori table of threat
emitter parameters, ¢nd, finally, a decision is made on the desirability

of electronic countermeasures application against detected threats.
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IV The Soviet Threat

The sheer quantity of data which an electronic counternricasures

system nmust handle is enough to swamp most processors. Complicating

the problem is the fact that individual pulse descripter werds consisting
of frequency, pulse width, pulse amplitude, angle of arrival, and time of
arrival must be sorted according to the radar they were received from,
This process, referred to as pulse train de-interleaving, is one of the
crucial steps in electronic countermeasures processing., Various de-inter-
leaving algorithms are used, but most involve grouping individual pulses

by common frequency and pulse width (PW) until pulse repetition frequency

(PRF) can be calculated. These three parameters are then used to identify

an emitter and seleci a countermeasures technique. When a hostile radar n

can be identified uniquely via frequency, PW, and PRF the application of

countermeasures process is a straightforward sequence. 1f, however,

parameters from two or more radars are similar or overlapping, the iden-

tificagion process cin be quite complex. In the latter case, pulse
descriptor words must be processed as rapidly as possible, making a parallei
processing system ideally suited for the task.

Appendix B contains the details on radar paraneters which a USAF ECH
system can expect to encounter. It serves to intrcduce the Soviet threat
and show the inter-rclationships between their radars' parameters. Due
to Appendix A's sccurity classification it is not normally included as

part of this thesis, but if it were it could be inuerted as Chapter 4,




V. The Parailel Microprocessor Architecture

The main purpose of the parallel microprocessor architecture is to
process electronic countermeasures data in a pseudo real-time mannar. In
this case, pseudo real-time means fast enough that the microprocessor net-
work can precess the digital datae being output by an electronic counter-
measures receiver. Two main types of parallelism are employed in the
creation of the parallel network. The first type is the grouping together
of a large number of single data stream - multiple instruction stream
processors. under the supervision of one main control processor, and the
second type involves data cueueing via the the use of First-In-First-Out
memories. Many tradeoffs are necessary in designing an architecture such
as this and it is these tradeoffs as well as the overall system capability g

which are described in the following pages.

Architecture Overview

Th% first decisicn to be made is on how to steer the input data strea
to the correct instruction stream. Also, the number of paraliel instruc-
tion streams must be chosen. Here lies the first tradeoff. The number of
instruction streams (which equates to the total amount of hardware) versus

system performance must be balanced. If too few instruction streams are

o R s b AT el T

used, the system will not be able to hendle the inpit data rate, and, if

too many instruction streams are used, some of the hardware will be idle

most of the time, and in airborne systems idle hardware is dead weight.

To achieve optimum results this decision would require an extensive analysis
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of ECH mission data and scenarios. Since this type of analysis would be
classified and would be beyond the scope of this thesis an arbitrary
decision will be made to test‘the feasibility of the parallelism concept.

A network of 64 independent instruction streams and two levels of data
stream steering logic will be used. On the first level, the azimuth cover-
age of the system will be divided into 16 sectors, and on the second level,

four microprecessors will be assigned to each sector.

Data Stream Steering Logic

To achieve maximuin speed, i.e., minimum dé]ay in getting data to its
proper destination, a logic array approach will be employed for data
steering. One fairly stable parameter in a threat radar's pulse descriptor
word (PDW) is angle of arrival (AGA). Even with the radio frequency
receiver on an aircraft flying at near supersonic speeds, the rate at which
the AOA of a particular radar's received pulses varies can be assumed to
be zero with respect to a millisecond time interval. AOA is used as an
address input to a "ogic array imp]emehted in a ranéom access memory. The
data stored at each address is the proper destination for a pulse descrip-
tor woyd with that ADA address. With AOA as the steering parameter, the
azimuth coverage of the ECM system is first divid»d into 16 sectors of Z7.
degrees each. AOA is assumed to be an 8 bit quantiiy (based upon the B-1
RFS/ECHMS system description) [REF 9]. The value of the least significant
bit of this quantity would be 1.40625 degrees which is also the minimum
angle resolution capability of the logic array. Figure 6 shows the com-
position of one of the input data words and Figure 7 is a block diagram ot

the first Tevel of data steering logic.
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Initially, the first level logic array is loaded with 16 different
sector addresses. Each sector's address is repeated a number of times
according to its width in azimuth increments. The individual RAM

addresses' contents are specified by the equation: Z(Sector—]).

The data
stored at each address is a 16 bit quantity in which only one bit is set
to a logical one. The position in the word of the bit which is set cor-
responds to a sector number. Fewer than 16 bits could be used to specify
16 possible data destinations but that number is the result of ancther
tradeoff. Simplicity would dictate that only 4 bits be used but that
would necessitate additional hardware. The logic array's data output is
used for enabling the next level of logic and the sector FIFO's end if

it were only a 4 bit quantity, it would require decoding. There is a
tradeoff between additional hardware fér decoding logic and a larger RAM
word Tenglht to accomodate the longer data word length. Even with the
longer word length, memory parts are available ir the size required (4K bits)

with acceptable access tiies (less than 100 nanoscconds). This results in

an acceptably low contribution to the overall de?ay}in getting a PDW to
its ultimate destination.

Q§ an enable signal, a RAM addresses' contents allows the PDW to be
stored and held for the proper instruction stream to access. The next
level of data steering logic is implemented in a similar fashion to the
first level. Figure 8 depicts the second level of data steering logic.

The most obvious difference in the second level of logic is the
fact that the logic array RAM is addressed by a 13 bit quantity consisting
of all 8 bits of AO/ and the 2 most significant bits of frequency. The
incorporation of frcquency in the RAM address at this point allows flex-

ibility in choosing the PDW's final destination. This flexibility is used
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te help handle the situation where cone sector is overlcaded with a dispro-
portionate amount of data compared to the others. The overall system is
designed around an everage data rate per sector and overload conditions can
result when there are a large number of fadar pulses Leing received from
one azimuth sector. Overloads are dfscussud beginning on page 31.

Each of the sector logic array RAM's is 4K bits long and is arranged
“into 1024 four bit words. As in the first level logic array, the 4 bits
of data in each address correspond to data destinations, however, in this
case it is the data's final destination. The RAM's contents are specified
by the equation: Zbin, where bin represents one of the four microprocessors
in a particular sector. Also similar to the first logic level is the use
of four bits where two would serve, to eliminate the need for decode logic.

One of the four processors (instruction streams) is informed of its
selection via interrupt from the logic array. Once an instruction stream
is chosen, data is fed into it from the FIFO. The microprocessor accesses
the FIFO via an input/output port and extracts the data on which it must
operate. One more tradeoff is encountered heve. I% only one FIFO per sec-
tor is used it must be connected to scme control Jogic to queue the wmicro-
procegfor's requests for data and insure that the data gets to the correct
processor. If insteud, one FIFO per processer is used the control logic
can be eliminated. One FIFO per sector is assumec and as with the firét
level logic array, accessing the RAM contributes less than 100 nanoseconds
to the total delay time of the system.

The final delay in getting data to its propeir lTocation is in accessing
the FIFO. This delay is also less than 100 nanoscconds, based upon the
memory parts currently available; therefore, the total delay adds up to

approximately 250 naroseconds. Input time for the microprocessors is not
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choices, i.e., an input operation would be required ragardless of the sysieu

; considered becuase it is not a delay ceused specifically by system
, architecture. Therefore, the total deiay time from receipt of a pulse to

the start of processing on that pulse is compatible with the requirements

of the most capable Air Force ECY system, the B-1 RFS/ECMS [REF 9].

System Qverloads

To cope with the situation where too much data is flowing into a
sector for it to handle, i.e., the FIFO fills up and overflows, the par-
titioning of the 360 degrees of azimuth into 16 sectors must be adaptable.

First, however, the overload condition must be detected. This is accom-
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plished by using the FIFC full signal from each of the 16 sector FIFQO's as
a prioritized inter-uptl to a master system monitoring processor as shown

| in Figure 9. Prioritization of the interrupts can be used to place

Master Processor

A T A T T B R

! Interrupts
]
FIFO Fuil FIFO_ | Full
’ Sector Sector
[ FIFO SR FIFO
. e
1 ! 16
i

Figure 9. The Master Processor
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increased emphasis on some sectors to deal with simultaneous overloads.
Basically what must be accomplished by the master processor is a re-
formatting of the logic array stored in the first level RAM and the logic
array in the overloaded sector. When a sector is receiving too much data
that load can be reduced by narrowing the azimuth range the sector must
cover. Narrowing one sector's azimuth coverage means that the coverage
of another must be expanded, given 2 fixed number of sectors. Both logic
arrays involved must be reformatted but there is a minimum azimuth beyond
which @ bin should not be shrunk. This minimum is related to the azimuth
measurement accuracy of the ECM system. If a minimum sector widih of

twice the azimuth accuracy of the ECM system is uced, the datae within any

given sector should be stable long encugh for processing to be accomplished.

If a smaller sector width is used the probability that one pulse from a
threat emitter will be in one sector and the next will appear in another
sector, before procezsing is completed on the puls2 train, becomes much
greater. The operation of the master processor's sgftware programs is

highlighted in the following chapter.
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Software programs to detect and service overioads, reduce overload
conditions, and reformat logic array contents are documented in following
sections. Basically, these programs are of two types: those which would
normaliy reside in the master processor and those which are included for
simulation purposes. The interrupts are simulated, input data is fed
into the processor network from a table, and the individual pulse descrip-

tor words are stored in arrays instead of FIFQO's.

Normal Processing Software-Subroutine NORPRQS

Functional Description. This is the software program which would be

the executive in the master processor. An overlocd occurs when any sector
FIFO becomes full amd can no lenger accept new dati and results in the
narrowing of a secto~'s azimuth coverage. It would Be executed continucusty
in a loop as long as there were no overloads. Its main purpose is to

return overloaded sectors to their normal state. There is another syste:
tradeoff here. It is desirable to attempt overload reduction as soon &s
possible but there i« an inherent danger here in that overload reduction i
soon could cause a sector to re-overload and hence cause an excessive amount
of time to be spend in reformatting arrays. While a seclor is overloaded

it cannot process puise descriptor words until its logic array has been re-
formatted, i.e., it cannot perform its main function. Therefore, attempts
at overload reduction too soon can result in too many pulses being missed

from a specific emitter's pulse train.
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Variables. Foilowing is a 1ist of the variables used within the sub-
routine and a definition of their purposes.

A. TIMES-This is a "simulation" varieble which determines how
many times the subroutine is executed before it is interrupted by a sim-
ulated overload. Normally, the subroutine would execute continuously in
a loop until interrupted.

B. OVLTAB-This is the main overload table anﬁ is used by all
subroutines. 1t is a 16 X 4 array, one entry for each sector. Within each
entry there are four variab]es.

1. OVLTAB(SECTOR,1) is a flag called OVLFLAG which when
set to one indicates that a sector is overloaded.

2. OVLTAB(SECTOR,2) is a variable called OVLSTAT which
indicates the status of a sector's azimuth coverage.

2. OVLTAB(SECTOR,2)=0 means that a sector is expanded
to 28.125 degrees, i.e., it is covering some of the azimuth spectrum left
uncovered when an overloaded sector was shrunk. ‘

b. OVLTAB(SECTOR,2)=1 indicates normal azimuth cover-
age by a sector. :

. c. OVLTAB(SECTOR,2)=2 means that a sector has over-
loaded once and now covers 16.875 degrees instead of its original 22.5
degrees.

d. OVLTAB(SECTOR,2)=3 indicates that a sector is
double overloaded and is currently covering 11.25 degrees of azimuth. It
requires two other scctors to be expanded.

e. OVLTAB(SECTOR,2)=4 means that a sector is at its
narrowest azimuth coverage of 5.625 degrees. In this state the frequency

spectrum coverage is divided in half so that two of the sector's micro-
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processors cover each half of the frequency specirum and all of the
narrow azfmuth sector. This is done to provide partitioning of the data
stream in this sector via the frequency'parcmeter when ADA can no longer
be used.

f. OVLTAB(SECTOR,2)=5 is the most severe overload
condition. In this state frequency coverage is decreased. A sector is
only 5.625 degrees wide and the microprocessors assigned to it cover only
portions of the frequency spectrum, i.e, pulses which are received in this
sector's azimuth range but which are considered unimportant (via their
frequencies) are not processed.

3. OVLTAB(SECTOR,3) is a pointer called EXPANDR which
points to a sector which caused another sector to be expanded. This
pointer is only val’d when OVLSTAT=0 and should otherwise be zero.

4. OVLTAB(SECTCR,4) is a counter called OREDCNT and is
used to keep track of how long a sector has been in its current overioad
state. For test purposes, the count is allowed to reach seven before an
attempt'is made to reduce a sector's overlead statué, i.e., NORPROS is
executed seven times. Seven is an arbitrary number and in an actual system
a much Targer numbe~ would probably be used since its maximum value is
determined by the a:tual time to execute KCHPROS. During the period of time
defined by the maxi=mum value allowed for OREDCHT {and NORPROS's execution
time) there should it Teast be a possibility that the overload has vanished,
otherwise the secter will re-overload. The test scenario in Appendix C
illustrates this condition.

C. SECTOR-This variable is used primarily as a table secarch
pointer when searching OVLTAL for a particular condition or parameter.

D. CUROV'.-When an overloaded sector is found, CUROVL is set
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equal to the secter's nuwber. This variable is used primarily by sub-
routine FSTRAM as an indicator of the sector whose azimuth coverage is to
be reduced.

Flowcharts. Figure 10 shows the detailed logic flow of this sub-
routine. A commented listing of its implementation in FORTRAMN 1V can be

found in Appendix A.
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Figure 10.

Initialize the sector counter.

Increment the sector counter.

Have all sectors been checked?

Is this sector overloaded?

Increment .he overlcad reduction
count.

REDCNT L 0 @ Is it time to attempt a reduction

in this sector's overload status?

Subroutine NCRPROS




QVLSTAT=
OVLSTAT-1

OREDCNT=0

CUROYL =
SECTOR

SECTOR=1

SECTCit=
SECTOR+1

Decrement this sector's overload
status.

Reset the overload reduction
counter.

Set the variable CUROVL to this
sector's number so that its
azimuth coverage can be adjusted
according *o its new overload
status by FSTRAM.

Re-initialize SECTOR for the
search for the sector which was
expanded previously by CUROVL.

Is this th: correct secior?

Increment ihe sector counter.

Figure 10(cont),
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EXPAND= Set the variable EXPAND to this
-—-——» SECTOR sector's number so that its azimuth
coverage can be returned to normal
by subroutine FSTRAM.

_ OVLSTAT=1 Reset the overload status of this
sector from expanded back to
normal.
EXPANDR=0 Reset this sector's EXPANDR pointer.

302

Y

is
VLSTAT o
CUROVL LE

Has the overloaded sector's over-
load status been reduced all the
way back to norinal?

(

3
: OVLFLAG=0 Reset its overflag.
\J
113
SECTOUR= Restore the sector counter back to
CUROYL the currently overloaded sector's
nuwiber so that the search for more
overloaded sectors can continue.

If SECTCR is less than or equal to
15 than there are more sectors to
check.

Figure 10(cont).
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Decrement the executicon counter.

Has NCRPROS been executed the
desired number of times?

TIMES=
TIMES-1
_YES
NO
SECTCR=0

____ Reset the sector counter.

‘ RETURN )

Figure 10(cont).
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Interrupt Processing Software - Subroutine INTSERV

Functional Description. The subroutine INTSERY is partially

simuletion and partially an interrupt service routine. It contains logic
that simulates the occurance of a hardware interrupt to the master pro-
cessor, as well as logic to service that interrupt. Normally the interrupts
would occur as the sector FIFQ's became 5ver]oaded. This subroutine's
basic function is to determine which sector is overloaded, find a sector
which can be expanded, and call the subroutine FSTRAY so that the system's
logic arrays can be reformétted.
Variables. The variables used by the subroutine INTSERV, their
definitions, and purposes are as follows:
A. OVLSECT - This is a "simulation" variable. It supplies sub-
routine INTSERV with the overloaded sector's number. In a real system
the overloaded sector's number would be determined via the master pro-
cessor's interrupt logic.
B. OVLTAB - This is the same table as ised by NORPRGS.
C. CURDVL. - This the same variable as used by NOéPROS, but in
INTSERV it represents the sector which is actuall~ overloaded.
‘ D. SECTOR - This is the same pointer a, used by NORPROS.
E. EXPANC - This is the same variable is used in NORPROS,
but in INTSERYV it represents the sector which is actually to be expanded.
Flowcharts. Figure 11 shows the detailed lojic fiow of subroutine
INTSERV. A commented listing of its creation in FORTRAN IV can be found

in Appendix A.
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‘ INTSERV :)

OVLFLAG of
OVLSECT
=}

CUROVL=
OVLSECT

Figure 11.

42

Set the overload flag for the
overloaded secctor,

Set the current overload variable
to the nuiber of the sector
vhich is overloaded.

.Check the nverloaded sector's

overload sitatus. If it is already
in overload state 5 then nothing
else can be done.

If OVLSTAT is now equal to 4 it
will be in:remented to 5 (at 102)
which is a frequency stripping
state. Otherwise, its azimuth
coverage will be modified in
accordance with its new overload
state.

Subroutine INTSERV

B

i dlasincn




OVLSTAT of
CUROVL
=3

EXPAND=
CURCVL

SECTOR=
CUROVL

.
(  RETURN )

Set this sector's overload state
to 5.

Set both the sector secarch

counter and the expand variable

to the number of the secter which

is overloaded. EXPAND will be used
by FSTRAM to set up frequency
stripping for that sector and

SECTOR is also set to that value

to act as & pointer to this sector's
entry in the overload table.

Figure 11 (cont).
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3 .
| OVLSTAT= ISR Fogi-] 4 o
OVLSTAT+1 iggizgcnt this sector's overload
| |
3 r f
| .
! Initialize the sector search :
¢ SECTOR=1 counter for the search for a
3 sector which can be expanded.
J
g 1'5\
@ n\_ES OVLFLAG HL)‘ If OVLFLAG is equal to zero, i.e.,
0¢ this test is failed, then the sector
el ; : -
in question is not overloaded but
HO it must be chacked to see if it is
' already expanded. It is expanded :
' if OVLSTAT-0.
is
104 ) ovn,.srﬂy
1¢
0
l
EXPAYD= Set {XPAND equal to SECTOR so that |
: SECT2R FSTRAM wili expand the sector which !
[ was found to be available.
3 SSESEO—— e
4

Figure 11 (cont).
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Test to see if the currently
overloaded sector is one which
used to be expanded.

EXPANDR of
EXPAND=
EXPANDR of
CUROVL

Pass the EXPANDR pointer from the
now overloaded sector {(which used
to be expanded) to the new secior
which was found to teke its place.

EXPANER of
CUROVL=0

Reset the currently overloaded
sector's EXPANDR pointer to zevo.

2

OVLSTAT of
EXPAN)=0

Set the new expanded sector's A
overload state to zerc indicating i
that it is now expanded.

105)

Figure 11 (cont).
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EXPANDR=
201 CUROVL

OVLSTAT of
_.__ CEXPAND =0

SECTOR=
SECTOR+]

@

106

‘ RETURN

SECTOR=
CUROVL

4

( RETLREN )

Set the expandable sector's
EXPANDR pcinter to the over-
loaded sector's number.

Set the expanded sector's overload
state tc zero.

Have all sectors been searched
for one which can be expanded?

If so, ther nothing can be done.
If not, then increment the sector
search pointer and try again.

Restore the sector pointer to
the number of the sector which
was overloaded.

Figure 11 (cont).
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Functional Description. The subroutine FSTRAM does the reformatiing

of the first level logic array program. 'Jt is called from subroutine
INTSERV to shrink the azimuth coverage of an cverlcaded sector and expand
another sector to pick up the slack. FSTRAM is also called from NORPROS
to reforinat the logic array when a sector's overload status is to be
reduced. In the latter case, FSTRAM expands the azimuth coverage of the
overloaded sector in accordance with its new overload state, and shrinks
the sector which the overloaded one had expanded. In neither case is the
entire array reformatted unless sector 1 is overloaded and sector 16 is to
be expanded or vice versa. This is done to minimize the time spent between
the receipt of an overload interrupt by HNORPROS and the actug] return to
normal processing with the new logic array program. The program listing
in Appendix C provides additional details on FSTRA's operation.
Variables. The following variables are used, created, or modified

by FSTRAM.

A. EXPAND is a variable indicating tle sector 1o be expanded
if set by INTSLRV or the sector which is having it overioad state reduced
(azimuth coverage expanded) if set by NORPROS.

B. CUROVL is a variable indicating the sector which is currently
overloaded.

C. RAMENT is a variable which points to the logic array element
being modified.

D. WIDTH is a variable indicating the width of a sector in
azimuth increments (or logic array elements). It varies according to a
sector's overload state.

E. SLCTOR is a general purpose tabie search pointer,
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F. RAMTABR is a table which contains the new 1ogfc array
prograii.

G. OVLTAB is a general purpose. table indicating the overall
condition of the system.

H. SRAMTAB is the table which contains each sector's logic
array pregram. It is not used by FSTRAM.

I. FSTSECT is a variable indicating the first sector to be
reformatted.

J. LSTSECT is aivariab1e indicating the last sector te¢ be
reformatted.

K. BINCONT is a variable which is calculated by the equation:

BINCONT=2(SECTOR-T)

, and is stored in RAMTAB.
L. LSTENT is a variable indicating the last-logic array
element within a sector to be modified.
Flowcharts. Figure 12 shows the detailed logic flow for subroutine

FSTRAM. A commented FORTRAN 1isting is contained in Appendix A.
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FSTSECT=
EXPAND

LSTSECT=

EXPAND

\

FSTSECT
=CUROVL

e o)

LSTSECT
=EXPAND

Figur‘e 12.

Subroutine FSTRAM

49
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Which sector cones first, the
one to be expanded or the one
which is overloaded?

If the expanded sector comes first
in OVLTAB then set FSTSECT equal to
its number and set LSTSECT equal to
the number of the sector which 1s
overloaded.

If the overinaded sector comes first
in OVLTAB then set FSTSECT equal to
its number and set LSTSECT equal to
the number of the sector which is

to be expanded.




102

SECTOR=1
RAMENT=1

Initialize the variables SECTOR
and ‘RAMENT for the calculation of
the cumulative number of azimuth

increments in the sectors preceeding

YES

is
OVLSTAT HE
0%

RAMENT =
RAMENT+20

FSTSECT.

Has the first sector to be
reformatted been reached?

If this sector's overload status
is zero then its width is 20
azimuth increments.

Increment RAMENT by 20.

If ifis sector's overload status
is one then its width is 16
azimuth increments.

RAMENT=
RAMEN1+16

Increment FAMENT by 16.

U ——

Figure 12 (cont).
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YES

NO

RAMENT=
RAMENT+12

RAMENT:-
RAMENT +8

RAMENT =
RAMENT +4.

207)

If this sector's overlcad status
is two then its width is 12
azimuth increments.

Increment RAMENT by 12.

If this sector's overload status
is three then its width is &
azimuth increments.

Increment RAMENT by 8.

The scoctor's overload status nmust
be 4 or 5, therefore, its width is
4 azimuth increments. Increment
RAMENT by 4.

Figure 12 (cont).
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SECTOR=
SECTOR+1

Increment sector.

Has the end of the overload tabie

been reached? If not, continue to
calculate RAMENT. If so, find the
width of the sector being

reformatted.
YES is IT GVLSTAT=0 the sector's width is
e VLS TAT .> twenty.

WIDTH |
=20

If OVLSTAT=1 thie sector's width is
sixteen.

WIGTH
=16

214

Figure 12 (cont).
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YES is
OVLSTAT NE
2?

=12 P e

NO

WIDTH
=g

LSTENT=
RAMENT+

WIDTH

b ey ———

53

WIDTH /\)

is twelve.

If OVLSTAT=3 then the sector's width
is eight.

If OVLSTAT=4 or 5 then the sector':
width is fuur.

LSTENT is the last logic array
element to nave this sector's
number stored in it.

Figure 12 (cont).

If OVLSTAT=2 then the sector's width




RAMCONT=
,(SECTOR-1)

y

RAMERT of
RAMTAL=
RAMENT

RAMENT=
RAMENT+1

is
JPAMERT N

N (K

LSTENT
?

NO

CALL
SECKAM

)

-

Calculate the logic array
element's contents.

Store the sector's nuwber in the
logic array element specified by
RAMENT.

Increment RAMENT.

Have all 1>gic array elements
which are essigned to this sector
been modified?

Call the subroutine SECRAM so
that it can reformat the sector's
logic array.

Figure 12 (cont).
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Have all sector's which are supposed
to be reformatted been done?

SECTOR= __._¢<EE§> Increment SECTOR.
SECTOR+1

""““*{ RETURN )

Figure 12 (cont).
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Second Level Logic Array Subroutine - SECRAM

Functional Description. The subroutine SECRAM is responsible for the
reformatting of the Togic arrays which pgrform the second level (sector
level) of data steering. It is called by the subroutine FSTRAM each time
FSTRAM completes its processing on a particular scctor. Each azimuth
sector has four microprocessors availabie for assignment and the sector
logic arrays steer the incoming data to the proper processor bin.

When a sector's azimuth coverage is modified the assigrients of the
microprocessors within that sector must also be modified. If a sector's
coverage is narrowed to less than 12 ezimuth ihcrements (16.8 degrees),
frequency is used in addition to AOA as a steering parameter. The two most
significant bits of the frequency parameter are concatenated with the &
bits of AOA forming a 10 bit addressing parameter for use with the second
level logic arrays. The methodolcogy for storing the data destinations in
their appropriate aadresses is as follows. If a sactor's width is 12
azimuth increments or greater, the destinations (Fin assignments) are stored
in four groups of lccations specified by the addrrsses: QO0AARAAALA, ~
OTAAAAAAAA, TOARAAAAEA, and T1AAAAAARAA. The firs. two bits are the
frequgncy bits and tne others are the 8 bits of AUA, In essence, the
frequency bits in th2 address are ignored. If a wactor's widih is 8, on
freguency bit is used and the destinations will be found at the eddresses
OFARAAAAAA and TFAAARAAAA. Finally, if a sector's width is 4, both
frequency bits are used and the destinations can te found at the addresses
specified by FFAAAAALAA.

Subroutine SECR'M stores the new logic array =lements in a table
called SRAMTAB and rcturns control to FSTRAM. Like FSTRAM, it only re-

formats the array elements which must be moaified thus minimizing its
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execution time. A program listing for SECRAM's 1mp1ementaiion in FORTRAN
IV is contained in Appendic C.

Variables. The following variables are used, created, or modified
by SECRAM. |

A. SRAMENT is a variable similar to RAMENT in that it points
to a specific logic array element in the array table called SRAMTASL.

B. SRAMTAB is the sector logic array table.

C. BWIDTH is a variable which indicates the size of a single
bin within a sector when a sector's width is at least 12 azimuth increments.

D. TIMES is a counter which keeps tfack of how many times a
Toop in SECRAM has been executed.

E. BIN is a variable equal to a microprocessor's bin number,.

F. _BINCONT is a variable which indicates the desired destination
for the data entering a sector. BINCONT is calculated by the equation:
pInconT=20 1N,

G. WIDCNT is a variable indicating the final logic array element
to be modified during e particular execution of SLCRAM.
Flowcharts. Figure 13 shows the detailed lojic flow for subroutinc

SECRAM. A commented 1listing is contained in Appeadix A.
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SECLAN )

3 Decrement RAMENT to the last first
} RAMENT= level logic array element to be
’{[;NE'N‘T—] modified. SECRAM will modify
, s SRAMTAB's elements in decending
{ : order from that point. |
i \
! SRAMENT= SRAMENT is SECRAM's pointer into
& RAMENT its logic array.
-4 y
. For all sectors which are at least
BWiDTH= 12 azimuth increments wide, each
WIDTH/4 micreoprocessor covers 1/4 of the
assigned azimuth,

| s

| is . e

| PWIDTH The next two decisions check to sec
| 0 2; if the sector's width is less than
| - '

12 azimuth increments.

TSN
BHIDTH N
£Q 17

If a sector's width is 12 or greater

L then the data destinations must be
3 L TIHEs=a stored in 1 sets of locations to
3 : effectively ignore the frequency

portion of the RAM address.

Figure 13. Subroutine SECRAM
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BIN=3 Start with bin number three.

a 104 *"
}
: BINCUNT=
} 2BIN Calculate BINCONT.
3
§ .
: gégﬁgg} Calculate the number of the last
| BWIDTH logic array element to be modified.
:
|
3
‘ MEN :
§ ggﬁﬂ%;g_Of Store the data destination BINCONT

MTAB= G o ation in SRAMTAD
1 RWIDTH in its proper lecation 1nl-n”.r: :

L]
A

SRAMENT= Decrement SRAMENT to the next
SRAMENT-1 element tc be modified.

is
SRAM=NT NO Have all ihe logic array elements
E WIDCNT j been modified?

7/

P

Figure 13 (cont).
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is
BIN EQ
0?

Have all the microprocessors been
assigned?

g%mi] -—-wr<:::> Decrement BIN,

\

PP

TIMES= . Decrement TIMES.
TIMES-1

is
TIMES EQ
37

Is it time to do the rcpet1t1on
for frequency = 017

SRAMENT= Set the pointer equal to the address
28+QAfFNT of the portion of SRAMTAB where"
il frequency = 01.

! Figure 13 (cont).
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is
TIMES EQ
2?

Is it time to do the repetition
for frequency = 10?

Set the pointer equal to the

SSAMENT= i i 403) address of the section of SRAMTAB
27+RAMENT where frequency = 10.

HO Is it time to do the repetition
— for frequency = 117

SRAMENT= " Set the pointer equal to the
L S address of the section of SRAMTAR
27H2THRANMENT where frequency = 11.

403>

ol

Figure 13 (cont).

61




SRAMENT=
28+RAMENT

}

SRAMENT of

SRAMTAB =1

SRANEAT=
SRAMEAT-1

.

!

"
X

SRAMENT of
SRAMTAB =2

|

A
Py

SRAMENT=
RAMENT

1,

SRAMELT of
SRAMTAB =4

The sector's width is 8 azimuth
increments, therefore, one bit of
the two frzauency bits will be used
for addressing and the other cne
will effectively be ignored by
repeating the data destinations in
addresses where its value is both
one and zero.

Set the pointer to the address where
frequency = 01.

Assign processor 1.

Decrement the pointer.

Assign processor 2.

Set the pcinter to its normal value.

Assign processor 3.

Figure 13 (cont). q
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SRAMENT=
SRAMENT-1

y

SRAMENT of
SRAMTAB=8

Y

SRAMET=
2 VA RAMENT

'

SRAMENT of
SRAMTAB=1

SRAMENT=
SRAMERT-1

Y.

SRAHENT of
SRAMTAL=2

63

Decrement the pointer.

Assign processor 4,

Now repeat the process for the

addresses vhere the MSB of
frequency = 1.

Assign processor 1.

Decrement the pointer.

Assign processor 2.

Figure 13 (cont).




O J.

;RAgnhT= Set the pointer

2 +27+RAMENT

g
| SRAMENT of 2 S D I
] SRAMTAB=4 Assign processor 3.
i |
SRAMENT= Decrenent the pointer.
SRAMENT-1

SRAMERT of Assign processor 4.
SRAMTAB=8

Figure 13 (cont).
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102

SRAMENT=
2 S 4 RAMENT

y

SRAMENT of
SRAMTAB=1

Y

SRAMENT=
28+29+RAMENT

SRAMENT of
SRAMTAB=2

SRAMENT=

284 RAMENT

SRAMENT of
SRAMTAB=4

SR ————

The sector's width is 4 azimuth
increments, therefore, both bits

of frequency will be used to help
route the data, because the azimuth
can no longer be divided.

Set the pointer to the address
specified by frequency = 10
concatonated with AOA.

Assign processor 1.

Set the pcinter to the address

specified by frequency = 11
concatonated with AOA.

Assign precessor 2.

Set the pcinter to the address
specified by frequency = 01
concetonated with AQCA.

Assign processor 3.

Figure 13 (cont).
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: Set the pointer te the address
AMENT=
ggﬂgﬁ?T specified by frequency = 00
4 concatonated with AOA.

\

SRAMENT of .
SRAMTAB=8 Assign processor 4,

510
RAMENT= - Restore RAMENT to the value it
RAMENT+1 had upon entry into this

subroutine.
\{ )
( RETURN )
‘v

Figure 13 (cont).
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y Data Extraction Subroutine - DATACUT

Functional Description. The subroutine DATAOUT is used to simulate

the normal use of the logic arrays for data steering. It contains a tzble

consisting of parameters from 16 fictitious emitters similar to these

which would normally be received by the ECHM system. These parameters are
extracted from the input table and steered to their proper destinatiOns'
via the logic arrays formatted by FSTRAM and SECRAM. For test purposes
the subroutine prints out the sector and bin assignments on an output
device.
Variables. The following variables are used, created, or modified ;

by DATAOUT. F

A. DATABUF is the input data teble used for storing simulated
radar parameters.

B. SECTOR is the general purpcse table search pointer equal to
the sector's numbers. . #

C. TRY is a local variable used-to store the-data destination

(sector nuinber) reac from the first level legic array.
D. BIN is a variable indicating a microprocessor assignment.
) E. STRY -s a Tocal variable used to store the data destination
(bin assignment) reed from the second level logic array.
Flowcharts. The detailed logic flow for subroutine DATAOUT is shown

in Figure 14. A conmented listing of the subrout.ne's implementation in

FORTRAN IV is in Appendix A.
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< DATACUT j:)
r_#.»:ln.ﬂ.~_

Set the cecunter I to 1 for
extraction of the first emitter's
parameters from DATABUF.

SECTOR=1 Initialize the sector search pointer.

1

TRY= "Extract the data destination from
AOA of the first level logic array which
RAMTAB is at the address specified by the

emitter's ADA.

B o S L TR b ¥ T it Y (Bt N

A 2 A S TS A

\

TRY=TRY/

SECTOR-1) Translate the 16 bit quantity into

2( a sector number.

TRY1EU Is this the¢ proper sector for
17 this data?

SECTOR=

SECTOVH Increment SECTOR and try again.

U ————

P T T T ——— T

Ficure 14. Subroutine DATACUT
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892)

OUTPUT

BIN=1

101

SiRY=
FAOA of
SRAMTAL*2

'

STRY=STRY/
Z

(BIN)

| BIN-
BIN+

P

Print out a message giving the
chosen sector's number.

Initialize the bin search counter.

Extract the data destination from
the second level logic array which
is at the address specified by
frequency concatonated with AOQA.

Translate he 4 bit quantity into

a bin number.

Is this the proper bin for this data?

Increment BIN and try again.

Figure 14 (cont).
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0UTPUT Print out a message indiceling the
; bin which was chosen.

1=1+1 Increment I to work on the next
emitters' paranmeters.

Check to see if all of the emitter
parameters have been extracted from
DATABUF .

T s A PRI, AR b 7o oY T TR i e

Figure 14 (cont).
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VII Software Exccution Time Analysis

To obtain an estimate of the time required to execute the
microprocessor system's software programs, an assembly language equiv-
alent of the routines must be derived. Since any microprocessor which
is chosen for the actual system implementation will have its own unique
machine and assembly language, the rcutines have been rewritten in a
general assembly language and a rough order of magnitude estiiate hes bhecy
obtained. Two other assumptions are required. The first is an assumption
of average conditions, i.e., subroutines are called and Toops are executed
a number of times conmensurate with something less than the worst case.
The other assumption which must be made is that of an average instruction
time for an average wicroprocessor. The system rcquires a 16 bit micro-
processor, therefore, an average instruction time of 5 microseconds would
be representative of processors currently availabie [REF 11:56-186].

With data derived using the above conditions and assumptions a usér can
later vderive best case or worst case estimates foi his own set of condit®
The following tables contain the rough translation from FORTRAN IV to

assembly language for each subroutine.
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Analysis

The master processor's executive subroutine, NORPROS, requires an
average of approximately 2 mi]]iseconds'per execuvion. This estimate can
fluctuate depending upon the number of existing overloaded sectors before
NORPROS' execution and the number of new overloads which occur during and
after its execution. In a benign environment there arc few coverloads to
reduce and NORPROS can execute in approximately 1 millisecond. 1In a very
dense environment, i.e., all sectors are either overloaded or expanded,
NORPROS will either not be allowed to execute because of constant intervupts
or will take niore than 3 milliseconds per execution because of the large
number of overload reductions which must be perforued. The most important
piece of data obtained from examination of NORPROS is an average execution
tirie number which can be used to make an intelligent choice for the maximum

nuimber of NORPROS execution times a Sector will remain overloaded before a

reduction is attempted. %,

INTSERY is a short, fast subroutine which determines an overloaded
sector's number, finds an expandable sector, and passes those data to -
FSTRAM. Its average execution time is approximately .7 milliseconds and
is not, very dependent upon external conditions.

The subroutines which reformat the logic arvays, FSTRAM and SECRAM,
are heavily dependent upon the system's status, the density of the external
pulse environwent, aid the locations of the sectors which overload. As the
difference between the overloaded sector's number znd the expandab]g sector's
nunber increases, the exccution time for both FSTR.M and SECRAM increases
due to the larger portions of logic arrays wnich nust be reformatied. On
the average, FSTRAM will take over 3 milliseconds to execute and SECRAM will

take 2.3 milliteconds. The essential assumplion which was made in deriving

&9
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these numbers was that the overlcaded sector and the expanded sector were

8 sectors apart.

Sumnary

Using the numbers derived from the preceeding analysis, the time
required to restfucture the microprocesscr network after a sector overloads
can be estimated. First, an interrupt occurs and .7 milliseconds is spent
in INTSERV. INTSERV then calls FSTRAM which reformats one sector's entries
in the first level logic érray. After finishing its modification on one
sector, FSTRAM calls SECRAM to reformat that éector‘s second level logic
array. SECRAM returns control to FSTRAM and the process is repeated until
all Togic array entries which must be reformatted are modified. The total
elapsed time is approximately 6 milliseconds. Meanwhile, processing in
the non-overloaded sectors, i.e., all but the one vhich interrupted NORPROS,
continues normally. Processing does not cease in the cverloaded secter,
however. Pulses are still admitted-into the sector's FIF0 on a space
available basis as the sector's microprocessors cxtract data for proééssing.
An extensive analysis of expected pulse density for representative scener ic
woulds be required before a quantitative estimate of how many pulses wonic

be lost during the 6 millisecond delay could be cbtained.
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VIII Conclusions and Recomuendations

General Observations

Electronic countermeasures systems present a data processing problem

‘which is definetely amenable to solution via application of a parallel

microprocessor architecture. The input data rate is high and unpredictable
making a single instruction stream processor unfeasible. There are, how-
ever, parameters in the data stream which can be used to vector portions

of the data to separste processors. The multipie instruction stream net-
work which was inves-.igated provides sufficient division of the processing
task to_al]ow para11e1.data processing without the addition of overly cum-
bersome control hardware and software. A master processor, executive con-
trol software, progrommed logic arrays, and First-In-First-Out memories
provide the ncceésary monitoring and contrel to allow €4 independent micro-
processors to operate in parallel. The architecture is flexible and éﬂapf—
able, and reconfigures itself to cope with the unpredictable natuée of

electronic countermeasures data.

Overall Results

The system software and hardware design was simulated and exercised
against a test scenerio and fictitious radar data. Test results, presented
in Appendix C, highlight the microprocessor's response Lo system overloads.
The master processor's overload handling software allowed for the orderly
reconfiguration of tha network as overloads occurred and the restoration

of the network as overloads diminished. Additional test results exhibit




the capability of the programmed logic arrays to steer the inceming radar
pulse descriptor words tc¢ their proper processing locations while adding

very little time delay between receipt of a pulse and the start of processing.

Seftware Subroutine Tmprovements

In general, the subroutines are constrained to a specific set of -

initial conditions. Changing the test scenerio or input data stream

requires a software mwodification. To prevent possible configuration

control problems and to provide for easier testing, the subroutines should

o il AR sy 35

be modifiea to accept user specified initial conditions and should be made

interactive. The test scenerio can be generated in advance and loaded via

punched cards, paper tape, or magnetic tape. The wpecific radar paraneters

sl R Dea i &

of the threat emitters can be loaded at run time. Jnitial sector overload
status can be specified by the user during the actual test.
Another softwava improvement which can be made involves the general ‘
nature of the architecture itself. For test purposes, the archiiecture
presented in this thesis was assumed to consist of sixteen sectors and four

microprocessers per sector. For future investigations a modification can

be madg to allow var-ous different configurations by allowing changes in
the number of sectors, sector spacing, and niicroprocessor assignments to
the sectors. Tradeo®f studies can be made to analyze the impact of different

architecture configurations on system overloads and throughput. 3

Potential Hardware Medifications

One of the moest difficult decisions to make wnen partitioning the
azimuth coverage of the network inte sectors is on sector size versus the i

total number of sectcrs. Because the actual envircament is unknown a priori
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the architecture wust be general in nature and must be f]eiib]e, resuiting
in a finite amount of control hardware and software. If, however, the
system could somenow measure its environment and adapt itself, the amount
of control hardware and software could be reduced and the system's perfor-
mance increased. One way to provide the requived environmenial data is to
place hardware pulse counters at each sector FIFQ (counting the FIFO enable
signals) to keep track of the quantity of incoming radar pulse descriptor
words. This data can be monitored by the master processor which can then
adapt the network's configuration. .

One other improvement which could be made is to employ one FIFO for
each microprocessor instead of one FIFQ per sector. Thnis tradecff is
discussed in Chapter V and would result in a four fold increase in each
sector's throughput capability as well as the elimination of the FIFQ

control circuitry.

Recommendations for vurther Study

As it is presented in this thesis, the microprocessor network
requires a set of initial conditions and a fixed <cenario to be tésted
and eveluated. Dynemic stimulation of the procestor architecture can be
achieved by modeling a typical electronic counterieasures cnvivonment to
create input data fo~ the network. Implemented iv a minicouputer, this
stimulation can be accomplished in real time and the parallel microprocessor
concept can be extensively tested.-

Another area fov further study is the actual fabrication of porticns
of the system's hardware. Two candidates for fabrication are the dala
steering logic and the master processor. Logic ariey programs can be

created, stored in actual RAM's, and tested to prcvide further insicht into
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system time delays. Also, the master processor software can be programmed
for and executed in an actual microprocessor to test its performance.

As an alternative to an extremely f]exib1e architecture configuration,
made necessary by the unpredictable data environment, an extensive analysis
can be acconplished to determine an optimum parallel architecture. This
analysis would require the examination of actual weapon system scenarios
and would necessarily be classified.

One final area for potential future study is the complexity of the
control overhead inherent in a paral'el processing complex. The overload
handling software presented in this thesis is cumbersome and could probably
be streamlined to operate more efficiently. The rumber of intermediate
states between situation novinal and a severe overload should be examined

as well as the transitions between these states.
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Appendix A

PABEN “BY T ABNIRABIE Y L RE e W AR CIR SFRI BRI AN AIRN NI NG Hra

C"*'i""-"lnliAh‘livb-v‘i'l-b& RS EATERTEEE R EEE N RN RN RN NI RN TN I
:vlvi'!’ R A A AN CROGOAM SFNERIQ¥ AV ENAEFSFSHIF P20 ¥y
?4‘&!}‘-& P RRMRR IR ANAN RN B AR ZEARS R PPRLRR I RLIE RN
PrXEFTRY T BRAYEI A 42 i rAXNGHTF4 PN RAT A RS AN BTN NI v By
C*+*t ¥¥TH™ PURPOSFE OF SENFRID IS T0 TEST THT JVERLUAD HANNLING
CreCAPARTLITIES OF THE MICROPRNACESSOR ARCHITECTURF. SURROUTINE
frETNTSEOV HAMDLES THE fREATTON NF QVFRLOANS W4ILE SUPROUTINE
FE®NORDPTNS ATTEMPTS TO FSQURE QVERLOAPED CONIITIONS TO NORMAL,
[

c
n~
p
©NGRAM SENFRIO(INPUT,0UTPUT,TAPFE=0T?T)
IMPLICIT INTEGER(A=?)
ITYENSION OVLTAB(10,%)
c
c
Cx¥t ¥xxADSAY “QVLTAB™ IS THE SYSTEM'S OVERLOA) TARLE. THE FOUR

C**YARTARLES PEF ENTRY ARE DEFINEN AS FOLLOASt OVLTARBR(N,1) IS
C**THE OYFRLOAD FLAG FOR SECTOR Ny OVLTAR(M,2) 1S CVLSTAT WHICH
C#* INDITATES HOW SEVERELY SECTOR N IS OVERLDJADED, OVLTAR®(N,3) IS
Ce*A POIMTER WHICH POINTS TO THE SECTOR WHICH SAUSED SECTOR N TO
C**3F FYPANNED, OVLTA3(Nys)IS VARTABLE OREDCNT WHICH IS A COUNT
C**Tn KE~P TRACK OF WHEN TO REDHNCF SECTOR N€5 OVERLOAD STATUS.,

~

~

Cre*%x7HE FOLLOWING STATEMENTS INITIALIZE T4 SYSTEM'S OVERLOAD
C**TABLF, INITIALLY, SECTORS 7 & 410 ARE IN JVERLOAD STATE 2 AND
C*%*SECTN?S 8 £ ¢ ARE IN OVERLOAD STATE 3. SECTOR 4 HAS BEEN
C**EXPANNED AY SECTOR 8, SECTOR 2 HAS BEEN EXPANDED B8Y SECTOR 9
C*¥SFCTN? 3 HAS BEEN EXFANDED 3Y SECTOR 8, SECTOR & HAS BEEN
C»*EXPANNED RY,SECTOR 9, SECTNR 5 HAS BEEN EXPANDEDR BY SECTOR 7,
C**AND SSCTOR 6, HAS BEEN EXPANDED BY SECTOR 10, THE OVERLOAD
*EOCNYATTICN COUNTS FOR SECTOIRS 7-10 ARE 049293,0 RESPECTIVELY.

= N M)

7Y 100 I=1,6
100 AVLTAD(I,1)=0
0 101 I=7,10
101 OVLTAR(I,1)=1
N) 102 1=11,15
102  OVLTAP(I,1)=0
NN 102 I=1,¢

e

103 WLTAR(I,2)=0

N0 104 T=11,1¢C

104 VI TAR(I,2) =1

N0 10F I=7,16

195 OVLTAB(I,7)=0
.'

XYy 1988 I=1
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DNTAR(I,t)=0
Do 107 Iz18416
107 IWLTAR(I,L)=0
WILTAR(T4?2)=2
OV_TAR(n,72) =3
WILTAB(G,y2)=3
OVLTAR(10,2)=2
NVI.TAR(1,4 2)=8
OVI TAB(2,7)=G ,
AVLTAR(2,3)=5
NV_TAR (4 42)=9
nYL TAP(S 4 2) =7
OVLTAR(E,T) =10
OVI.TAR(EHi )=2
DVLTAR(9,yi ) =2

C***¥72R°NT QOUT THE INTTIAL OVS2LOAD TARLE

WRITE (6,4,9G00)
anp FOOMAT (2(/) 98Xy INI TTAL JVFRLOAD TABLE"y2(/))

W2TTE(64901) ((OFLTAR(MyN) yN=1y4) yM=1,15)
901 FOPMAT ((5Y 44 (3X4T3)))
n
C*¥¥¥2TUC SCENERIO “OLLCWS. THE VARIABLE TIMES SIMULATES HOW
CreMANY TIMES THE NORMAL PRDOGRAM WHICH HAS )JVERLOAD REDUCTION AS
C**QNE 0F ITS TASKS, WOLLD RF RIN., THE VARTA3LE IS SET AND THE
C**SUBRAUTIN MOFPPROS IS CALLED. THE VARIA3L: OVLSECY SIMULATES
C+*¥DATA YHICH WOULD NORMALLY BS PFETURNED FROM AN INTERRUPT
C**4ANILING SUBFOUTINE IF THE SIXTEEN SECTORS SIGNALLED OVERLOADS
C*¥YTA PRICGRITIZED INTERRUPTS. AFTER OVLSEST IS SETs THE
C«*SUANONTINE INTSERV IS CALLEDs THIS SCENFRID SIMULATES A FLIGHT
C**DPATY TOWARDS AM NENSE ENVIRINMENT WHERE T4Z SECTORS ON EITHER
C**3IDS OF 0 DEGREES AZIMUTH OVERLOAD AND T4EN THE FLIGHT PATH
C**CHANGES WITH A TURN TO THE RIGHT CAUSING TH4E SECTORS ON THE
C**LEFT SIDE TO OVERLOAD.
7
&
CexaxrTys PFAR SFCTCRS ARE OVERLOADED AUT HY INTERRU2TS ARE
C*PFNOINT SO NOFPROS WILL NOW HAVFE A CHANCT TO REDUCE THE
C*OV=PLNA"N STATUS OF SOME SFCTIRS. IF THIS IS DPONF TOO SOUN,
C*T FeyTHF SECTORS ARE STILL OVFRLOADED THEY WILL FE-OVERLOAD.

C
£

TTMES=8§

CALL NORPFOS(TIMES,OVLTAY)
4

ComxvaTy= ATRCRLFT 1S NOW FLYING TOWAIDS A HIGH DFNSITY RADIO
feFREAIFNGY ENVIRONMENT ANDN  THE SFECTORS 0N FITHER SICE OF THE
AYNNSE WTLL REGIN OVERLOACING.




n
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Cr¥¥%x250°TOR GNE OVERLOANS

¢

OVLSECT=1

SALL INTSRV(OVLSECTLOVLTAR)
Car¥¥x2nNyrRLOAD FEDUCTION ATTEMOPT FOLLOWS
n

e all~ | t‘Q:iG

CALL NCRPFOS(TIMES,0VLTAR)

¢
C*7HX5SERTOR ONE RE-OVELOADS
C
OV SECT =1
SALL INTSFRV(OVLSECT,0VLTAR)
G
Cr*¥x4GENTORP SIYTEEN OVERLOADS
5
WLSECT=1¢
JALL INTSFRV(OVLSECT,0VLTAR)
c
C*#*x*QYTPLOAD FEDUSTICON ATTEMPT FOLLOMS
c
TIMFS=E
SALL NORPFOS(TIMES,0VLTAR)
r
Cove¥SCTOR ONF RE-OVFRLOANS
P
OVL SECT=1
SALL INTSFRY (QVLSECT,0VLTAR)
[
c

sXRXIGTATOE SIYTEEN RE-OVEILOANS AND SECTORS FIFTEEN AND TWO
S*OVYEDLOA N FOR THE FI2ST TIME,

o }

AL CECT=1¢

CALL INTSERV(QOVLSECT,QVLTAR)

OVLSECT=1¢

CALL INTSERPV(QOVLSECT,2VLTAR)

W_SECT=2

CALL INTSERV(OVLSECT,OVLTAR)
C
C*#e2»2NOOPROS IS ALLOWED TO EXFECUTE ONLY THREE TIMES BECAUSE OF
C*THE NFMSE FNVIPONMENT, THIS TIME IS ARTTFICIALLY SHORT TO ALLOW
C*"FOP 4Nnc TESTING OF THE SYSTEM®*S OVERLOAD 4ANDLING CAPASILITY.
&

TIMES=3

AL MCRPFOS(TIMES,OVLTAR)
e
C¥xx¥>ySe~TORPS OMNEy TWOy FIFTEEN, AND SIXTESEN RF=-QVERLCAD,

98




AWLSECT=1
SAL INTSERV(QVLSECT,0VLTAR)
OVL SECT=1¢
BALL INTSFRV(OVLSECT,NVLTAR)
WL SECT =1t
CA_L INTSFRV(OVLSICT,IVLTAR)
VL RECT=2
AALYL TNTSERV(OVLSECT,IVLTAM)

“¥x¥2qy~F| OAD FEDUCTION ATTEMPT FOLLOWS

TTUFS=2
CALL NORPFCOS(TIMES,0VLTA3)

~
v

cr¥r22AS THE AIRCRAFT GETS CLOSER TO THE STMJLATED JEMSE
C*ENVIRONMENT, THE OVERLOADE IN THE NOSE SFITORS GET MORE
C*SEVERE,

NVLSECT=1

CALL INTSERV(OVLSECT,0VLTARB)

WL SECT=1¢

CALL INTSERV(OVLSECT,JVLTAR)

I RFECT=1¢

SALL INTSERV(DVLSECT,0VLTAR)

VYL SECT=2

GALL INTSERV(QVLSECT,0VLTAR)

~
-

Coxas«Tus HTRCRAFT NOW BECINS A TURN TO THT RIGHT TO PRFVENT
CEOYEPSLTGHT OF A HMIGHMLY DZTENITN TARGET, AS A RESULT,THE SECTORS
B#ON THE LEFT SIDE OF THE AIRC2AFT BEGIN TO JVERLOAD AND THME NOSE
C*STCTAPS BEGIN TO 2ETURN TO NIRMAL,
c

TIMFES =14

SALL NOPPFOS(TTYFS,0VLTAR)

IYLSEFT =G

CALL INTSFRV(CWLSECT,0VLTAR)

WL SECT=1r

SALL INTSERV(OVLSECT,HVLTAR)

I SECT=12

SALL INTSFRV(OVLSTCT,OVLTA™

VL SECT=114

BALL INTSERV(OVL SECT,0VLTAR)

?T'l‘.‘S:!

SALL NCRPEOS(TIMFS,0VLTAY

YL SECT=11

SALL INTSEPV(OVLSECT,IVLTAR)

IV SECT=9

SA.L INTSERV(UVLSSCTyVLTAM

IVLSECT=12
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SALL INTSERV(OVLSECT,IVLTAR)
VL SECT=11

SALL INTSFRV(OVLSECT,0VLTAR)
TIMES=2

GA_L NORPFOS(TIMES,0VLTAR)
OVLSECT=1¢C

SALL INTSERV(QVLSECT, 2WLTAR)
W SECT=11

GALL INTSFRV(OVLSECT,0VLTA™
TI4ES=5

GALL NCRPEOS(TIMES,0VLTA3)
TTHFS=10

CA_L NORPFOS(TIMES,0VLTAY)
TIMES=3S

CALL NORPSOS(TIMES,0VLTA3)
STAP

'.'N‘W




‘XX ESUAROUTINF NORPROS IS A SORT OF OVERALL EXECUTIVE FOR THE
“®PROCESSOR SYSTEM. NCORMALLY THF SUHRROUTINE WOULD BE CONSTANTLY
¢S XEFCUTING UNTIL AN OVERLOADSD SECTOR CAUSED AN TNTERRUPT.
*®EFOR TEST PURPOSES THE INTERRUPTS ARE SIMJLATED AND NORPROS IS
C*2ONLY FXECUTED THE NUMBER J0F TIMES SPECIFIED BRY THE VARIABLE
C**TIMES., PALSO, FCR TEST PURPOSES, THE AMOJNT OF TIME SPENT
C+®*=XECUTING NOFPROS IS ARTIFICIALLY SHORT TJ ALLOW MORE TESTING
C**¥)F THF SYSTEM'’S OVERLOAD HANDLING CAPASILITY.

S

C

&

DOOOOHOO

SUPRQUTINE NORPROS(TIMES,0OVLTAR)
IMPLICIT INTEGER (A=-7)
ATHENSION CVLTA3(15,4)

NRTTE (€495 0)
850 FOPMAT (2(7) 35X, "NORPRIS WILL NOW TRY I3 REODUCE OVERLOADS®™) |
NRTTE(6,9% 1) TIMES |
951 FOOMAT(1(/) 45X, "NCRFROS NILL BE EXEC!TED™, 1XyI2y 1Xy"TIMES™) |
SETTOR=( ;
LA%%¥ *TNTTIALI?F THE SFCTCR SEARCH COUNTER |
100 SERTOR=SE(TOR+1 1
Cr**¥ +INCREMENT THE STCTOR SFARCH COUNTER
107  TF(SECTOR.GT.156)G0 17 312 j
C*#*#¥xTEST SECTORy IF IT IS GREATFR THAN 16 ALL SECTORS HAVF A3EEN
CH#s ¥ XC4FCKED ‘
TE(OVLTAB(SECTOR,1) N¥,0)G0 TO 102
C¥senxxTERT THE OVERLOAD FLAG FOR THIS SECTOR, 1IF IT IS 7ERD THAN
S*T4E SECTOR IS NOT OVFRLOADFD AND NOTHING NZEJ)S TC BE DONE-GO TO
C*T4F NEYT SECTCR., IF HOWEYFR, YME OVERLOA) FLAG IS ONF THAN THE
C*SICTIP TS QVERLOADED AND THE OVFRLOAN RENJSTION COUNT MUST RE
C*INCREMENTEN-JUMP TO THAT SECTION OF CODE.
50 70 100
fewx¥s o AACK AND CHECK THF NFXT SECTOR
c
107 VL TAR(SECTOR,4) =QULTAR(SECTOR,,4) +1
Crrs#*TNIRPEMENT THE OVERLOAD RZOUCTION COUNT
TE(OVLTAR(SECTORy4) oLTe 7) GO TO 100
Cr*¥x+7F THE QVFRLOADN REDUCTION COUNT IS LTSS THAN SEVEN GO CHECK
CH*T4E NFYT SECTOR, OTHEFWISE, JUMP TO THE SESTION OF CODE WHICH
C*TNSTTTITES A FFDUCTION IN THIS SECTORS OVIRLOAD STATUS,

20N MWLTAR(SECTOR,2) =CVLTA3 (3ECTOR,2) -1
Ce2x<OFTREMENT THE SECTOR’S OVERILOAD STATUS,
SE1 ILTAR(SECTOR,4) =0

CEEEEARNESET THE SECHUR*S OVERLIAD FREAG




SUROVL=SECTOR

C*#exiQFET THE VARIASLE CURIYL TO THE NUMBER JF THE SECTOR WHOSE

C*Nyc=RLOAD STATUS IS TO BE IENUYSEN, NORMALLY,SUROVL IS A

} C*VARIARLF USEQ PY SURRCUTIMFE IMTSERY TO INDICATE AN OVERLOARDED
C¥SECTOR WHOSE AZIMUTH (COVERAGE IS TO 8E SHRINK BY SUBROUTINE

C¥*FITRAM, IN THIS CASE IT IS YSED MERELY TD SAVE THE VALUE OF

C¥SSZCTOR AND WILL BE RESTORED LATFER,

in

SECTOR=1
CH*¥2¥e<INTTIALIZE THE SECTCR SEARCH COUNTER
112 IF (QVLTAP(SECTORy3).E1.CUROVL) GO TO 104
C****xTF THE ABQVE TEST IS TRUE THEN THE EXPANDED SECTOR HAS BEEN

L*FENIND,
SECTOFR=SECTOR+1
GO TO 112

¢

104 EXP AND=SECTO
C**®¥xxS5cT THE VARIABLE EXPAND TO THE SECTOR NJMBER JF THE SECTOR
C*WHICH WAS EXPANDED. EXPAND IS USED BY SU3IROUTINE FSTRAM TO
C*REFORMAT THE FIRST LEVEL PAM'S LOGIC ARRAY,
IVLTAB(SECTOR,2) =1
Cx*¢¥*QETTORE THE EXPANDEC SECTOR'S OVERLOA) STATUS TO NORMAL
AVI.TAR(SECTNR,3) =0
Crx*3x0cScT THE EYPANDED SECTOR’S EXPANDER PJINTER.
50 70 362
*¥£60 PERFORM A TEST TO SEF IF THIS SECTIR'S OVERLOAC STATUS
S 3FTN FEDQUCEN ALL THE WAY 2ACK TQ NOPMAL(IVLTA3I(TUROVL,2)=1)
IT HAS THEN PESET THE OVE2LOAQO INOICATIR FLAG,

LR

[}
A

s

D T T—

»
S

QOO

113 3T TOA=CUFOVL
C¥x¥s=DE TORE THE SECTOR POAINTEP TO THE CUPRTNTLY CVERLOADEN
C*SECTIR

IF(SECTORWLE.15)GC TO 109

0 TO 3ic

w0

n? TECOVLTARICUROVL, ) +LF,1Y50 TO 500
50 T0 113

n

500 IVI.TAR(CUFQOVL,1) =0
0 7O 113

C

312 TIMES=TIMES =1
Cexx¥xIFAREMENT THE COUNTER WHICH KEEPS TRASC JF THE NUMBER OF
C*T IMES THIS SUPROUTINE MUST RS EXECUTED. IF IT HAS REACHED
C*77RN THTN FRINT QUT THE CURRINT OQVERLOAN TRALE AND EXIT BACK
£¥TH T4E MAIN PFOGRAM, (THERWTSFE <0 RECK TO THE BEGINNING OF
C¥T4TS SU3ROUTINE AND EXECUTE IT AGAIN.

IFITIMES.FN.0)6GI TN 600

SESTOR=C

50 TO 100

102




B00  WRTTE(6,970) g
920 FAPMAT(2(/) 58X, CURRENT IVFTLOAD TASLE",2(/))

WRTTE(89921) ((OVLTAR(I, D) gy J=148) g I=1,1F)

Qar4 TAYMAT((BY,6(3Xy,13)))
DETIHRM !
=M

et o e

o o s h WSR-S ¥
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Sew»¥rTHT CURROUTINS, INTSEIV, WOULD NOPMALLY 3E THE INTERRUPT
C*HINOLTMG SUPRCUTINE IN A XEAL OPERATIMNG SYSTEM, FOR THE
£*PYPPIST (F STMULATION, THF OYFRLOADED SECTI'S  NUMRER IS
C*PASSTY TO THIS SURROUTINE VIA THFE VYARIAABLE OVLSECT AND THE
C*SURPYITTINE PRCCFEDS T(C PRNOCESS THE OVERLNAD, FIND A SECTOF
DP*WHNST AZIMYTH COVERAGE CAM 25 FYPANNEND SO THAT THE OVERLORDED
C¥*SECTAS!T COVEFAGE CAN 1T SHRINK, ANN IT A_30 CALLS SURROYTINE
CrrE3ITOAM S0 THAT THE RAM LORIC ARPPAYS CAN 7% REFORMATTEN,

r\

e
SURROGUTINF INTSERV (OVLSECT ,0VLTAR)
TM?LICIT INTEGER(A=7)
ITHUENSION CVLTA3(19544)

[

c

C*#=¥3T74Y" FOLLOWING IS K MESSAGE 70 INDICAT: THAT 7
CYHANNLTMNG SUPROUTINE HAS BFEN CALLEND, IT A_SO TEL
C*SENTOAR HAS BEFN OVERLOADED.
WPTTE(RyG: C)OVLSELT
aLQ FOOMAT (2(/) 35X EMERGENCY 111 SECTOR™1X,I12,1%,"TS
SOVFRLOADEDR",2(7))

INTERRUPT

4z
LS WHICH

IVLTAR(QOVLSECT,1)=1
prxexxx3cT THE QVEKLOANED SECTOR?!S OVERLOAD SLAS TO ONE.

cU20VL=0VLSECT
prey¥¥qrT THF CURKENT OQVERLCAND VYRAPIARLE TO THE OVEFLOBDED SECTOR?S
fENJMITD,

IF (CVLTAP(CURDVL ¢2)+EN.5)GN TO 777
pr¥vaxTr THE SFITOR IS ELRELDY IN OVERLCAD STATUS FIVE THEN
C*NOTHING ELSE CAN BE NONEc.,

IF (OVLTAB(CUROVL,y Z) sE0e%) GO TO 102
Co*x¥%xTF THE SFCTOR IS CURRFNTLY TN OVERLOAY STATUS FOUR ITS
CEAZTMITH COVEFAGE CANNOT B8F SYRUNK FURTHERP 3UT IT CAN BE PUT
C*INTO OVFRLOAD STATUS FIVE WHICH INSTITUTES A FRECUENCY
C*SIDTAOTNG CVFFLCOAD QEQUARTION SCHEME YIA A NEW RAM LOGIC ARRAY,
(&

0 T@ 188
r
CAXBBUTNTONEASE THIS SECTORYS OVERLOAD STATUS T) THF v0ST SEVERE
C*CONNTTTON ANM SET THE VARIARLES EXPAND AND ZJROVL TO THS
Cx*STrTH21S NUMBER, THIS IS NONF 70 INFORM SUBRQOUTINE FSTRAM
CETUAT TATS SFCTOR!S A7IMUTH COVEPAGE REMATNS JNCHANGED AND
C*FRFAVUENCY STRIPPING IS TO BE USED.

™

1C¢2 WL TAR(CUFOVLy?) =5
EYDAND=CUFQVL
SETTOR=CUROVL

104




it

S o R T L Tt

.

G0 TO 777

C4%s4 ™ THE QVFRLCANZN SECTIP¢S PREYTONIS OYFRLOAD STATUS WES
CY¥LISS THAN FOUF THE YARIAILE QVLSTAT IS IMIE4ENTFI TO THE NEXT
C*LFVFL NF OVERLOAD AND A SFARSH TS BEGUN TJ FIND £ SFECTO? TO
CrEXPANN,

C
10T VL TAR(CUFCVL, 2) =OVLTAR(SUROVL 42) +1
3E3TOR=1
5-&5""",”—("( FOR £ SECTOFR WHORFE QVUERLQOAN FLAS IS NO1 SET.
c
107 TF (OVLTAF(SECTOR,1).NE.D) O TD 104
C

(]
®
H
®

“A TFST MUST ALSO fE MADE TO INSURE THAT THE SESTOR FOUND
C*T3 IM N NORMAL CCNDITIONyT.S4yNCT ONE WATZSH IS ALREADY
C*F¢DAYNTN

i

TEOOVLTAR(SECTORy2) «NFL1)G0 TO 104
C**¥*=4H-MN AN EYPANCA3LE SETT0OR HAS BFEN FOUND SET FX2AND
F*=APAL T0 THAT SECTOR’S NUMRER,
EXPAND=SECTOR
c
Cx»*¥*TF THE QVFRLOADED SECTIR IS NOT ONE WHICH WAS PREVIQOUSLY
SHEYOANNTN, SKIF THE NFXT INSTRUICTIONSe OTATAVISE, EXCHANGF
C*E(PANDTT POINTERS RETWEEN THS PREVIOUSLY IxPANDED SECTOR &ND
C*T4F NFW ONE TCO BE EXPANDER,
n
TF (OVLTAF(CUROVL,.2) JNFE.1)G0 TO 201
OVLTAR(SECTORy X)) =QVLT?3(CURNVL,3)
fexxvonEacy THE PREVIOUSLY FXPANNFD SFCTOR'S EXPANNER POINTER
WLTARP(CUFOVLy3) = ¢
Lexe®:§F~ THF QVFRLOAD STATUS FOR THE SECTO? T) BF E£XPANDED
C*T™h 7827, INNICATING AN EXEAMNEN SECTOR.
WL TAPISECTOR,2) =1
30 TO0 10e
C
Creax: IF THE SECTOR WHICH IS OYFRLOADED WAS NOT PREVIJUSLY
C*¥S(BANNTN THEN JUST SET THE EXPANDABLE SECT)IR'S EYPANDER
C*PIINTEP TO THF OVFRLOADED SFCTOP'S NUMRER AND SET ITS
C*NIE2LOAT STATUS VARTIAPLE T) 7ERO,.
c
201 WoTAR(SEN TOR, 3) =CUROVL
WL TAR(SECTORy2) =0
50 TO 1C€
e
CeswsaNEYT ,TEST TO SEE IF ALL SECTORS HAVE 3ESN CHECKED IN TME
C¥SEAPSH TQF AN EXFANDARLE SECPNOP, IF NOT,INCREMENT THF
C*SEMATIR COUNTEF ANT CHECK THF NEXT SECTOR. IF ALL SFCTORS




C*MAYF TEN CHE(KED, INJIGATE THAT FACT 8Y JJT2UTTING ONLY THE
C*RJRPENT OVERLCAD TARLE, THIS OUTPUT DIFFTRS FROM THE QUTPUT
C*WHEY A SECTOR TO SXPAND MAS 3EEN FOUND IN THAT IT LACKS THE
C*MESSAGT CONTAINING THF OVFRLOIADEN SECTOR'S NUMBER, THE
S¥E(PANNTD SECTORYS NUMBER AND THT CALL TO “3TRAM,
106  IF (SFCTOfF.GE.10) GO TO “0p
3FATOR=SECTOR+1
50 TO 105
106  3F"TOP=CUFOVL
777  WRITE(6,9(1)
Q01 FORMAT(Z(/),5X,"™AT THTS °NINT, FSTRAM WA0JLD PF CALLED AND™)
HRTTE (6,30k)
904  EOPMAT(EY,"WHEN CCNTRCL WAS PASSED B8AZY  IT WOULD™)
NRTTE(6,005)
905  ENTMAT(EX,“RETURN CONTROL RACK TO NOPPINS™)
MATTE(5,310)CURIVL
910 TADUAT(2(/) 45X, " THE OVERLNANED SECTOR TS™,1X,I2)
WRTTE(6,911) EXPAND
Q11 TNOMAT(1(/) 45X, THE SECTI® TO AF EXPANIED IS"y1%,12,2(/))
700 NRTTE(6,930)
930 EATMAT(2(/) 98X, CURRENT JVEPLOAD TASLE",2(/))
NETTE(6,071) ((OVLTAR(T, ) 3 J=1,4) yI=1,13)
931  FTODMAT((EX,L(3X,1)))
PETIRE
=N
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Crery IGRAM TEST 1S A DRIVER TO EXERCISE A SUBEIJIINES
C*FSTRAY AND SErRAM WHICH ARE THF SUBROUTINEZS THAT CRFATE
C*T4E LOSTC AKRAY PROGRAMS “0R THE FIRST LE/JZL ANDC 3EZTOR
C¥AMS. IT ALSOC USES A SUBRJIUTINE DATAQUT 4415H SIMULATES
S TME EXTRACTION UF DATA FR04 AN INPUT DRTA STIEAM AN ITS
C¥PROPER ROUTINC VIA THE LOSIC ARRPRAYS. THE INITIAL OVER-
C¥L)AD TAPLE WHICHK I7 USES IS NONF WHICH REF.TSTS A NIIMEL
C*SITATE “TTH ALL SECTOKS IN THSIR NORMAL A7[4JT4 COVERAGE.

Y*THE OTHFR ARRAYS WHICH IT USSES ARE?! RAMTAZ-THE FIRSI
f‘L’V?L L0GIC AFRAY PROGRAM?! SIAMTAB=-THE SE_TOX LOGLIS
C* ARRAY CROGRAME S AND DATA

s e s R D R e, & 30 2y IR B e

\3UF=A TaAaBLE SIMULATING AN INPUT
C*DATA STREAM OF FULSE DESCXIPTOR WORDS.,
~
PIVGRAM TEST(INPUT 4OUTOUT,,TAPEE=0UTPUT)
IMPLICIT INTEGER{ A=Z)
NIYENSION OVLTAB(1644) 3 RAMTAB(256) 4SPAMTAS (1024)
2 A '”Hr(lg,c)
c T4= FOLLOWING STATEMENTS LOAD THE OVERLOAD Te3L
10 & REFLECT A MNORMAL STATE.
C
N3 108C I=1,1%
169 QVLTARP(IH1)=0
g 181 J=1,16
101 IWLTAR(JI,2) =1
¥ 1'_'( K= ]’1
102 OV TAR(K,?)=0

N3 143 L=14186
105 WJ_'A?(L,A)—G
NRITE(54900)
980 FOTMAT (S (/) 920X,y " INITLAL OVFRLGAD TAR.Z"y2(/))
WRTTE(E,9€C1) ((OVLTAE(M,N) ,H-i,'}) yM=1,y12)
S FORMAT C (25 Xph(3Xy 133))

sexy = THE VARIARLE EXPAND LS SET 10 REFLECT Faly THAT

(& H® N Mo N ) J

.‘
*SICTOR 16 IS TO BE EXPANDED AND THE VARIA3.E JURCVL 1S
L £ QVER=

STT 73 4 710 RFFLEST THE FA3T THAT SECTOR
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LIANEN, SETTING THESE VARIASLES TO THE A3IJVE VAL JE3
*ALLOWS THE LOCIC ARRAY FORMATTING SUBFROUTINZS TO FORIMAT
T4E ARRAYS FOR A NORMAL STATE. THIS IS DINE FOR FTEST
*PIRPASFS HERE BUT WOULD AL50 BE DONE NORMALLY TO SET
THE LO5IC AKRAYS TO THEIR INITIAL CONDITIONS,
EX4AND=1E
SJROVL=1
TREFNCALL THE SUBROUTINE FSTRAM WITH THE FOLLOWING
“TIPUT "HD QUTFUT ARSUEMENTS® EXPAND-INPUT 1IR3 TO
YEZTRAM TO INDICATE THE SECTOR TO BE EXPHIJTJQ
CJRPOYL-INPUT ARG TO FSTRAM TO INDICATE THE OVER-
LOADED SECTOR® RAMENT -0UT?JT ARG FROM FSTE\W;J SED
*3f SECRAM AS A POINTER TO THE SFCTOR CURRENT.Y
*BEING REFORMATTED? WIDTH-2UTPUT ARG FROM =STIEM
UsSeED BY SECRANM TO INDICATE THE SECTOR'S WIJTAH?
*RAMTAR-QUTPUT ARG FROM FSTRAY WHICH IS THD FIRSH
*LIVEL LOGIC ARRAY PROGRAM! SECTOR=-INRPUT/Z0JTRPJT ARS
TO/FROM FSTRAM WHICH IS A GEMNERAL PURPOSE POINTEER:
*"OJLTAR-INPUT ERG TO FSTRAM INDICATING THE JVEZRALL
¥STATUS OF THE SYSTEM?! AND SRAMTAB WHICH IS USED BY
“SECRAM AND 1S INCLUDED HERE ONLY FOR COMPLETENESS.,
CALL FSTRAMIEXPANR) yCUROVLyREMENT y HIDTHyRAMTAR,SECTOR,
TIVLETAR,SEEMTAS)
waypa: i AL

»
*ETO%3

S R
A

WRT
01 02
W3~
& N i
X > l"]l'
FORTA (S
rTADLS
s I4NINAT
fLOGIC
o1}
&1
=N

A¥M CALLS SECRAM AND WHEHN ALL THE NECZE
HAVE PEEN REFCRMATTED TIT RETURNS 3 3
WHICH FPOINT THE LOUGIC ARRAYS AKE PRINTED JJT.

TE(B,7C1)
AAT(E (/) 935X,y "SRAMTAS FOLLOWS®™,2(7))
E(Bby511) (SRAMFAB(L) yI=1,1024L)
‘AT((1rY,1 (IX$I2V1}

CALL THE SUBRCUTINEZ NATAOUT WHICH AILL RFA4D
"”'CT NG A REAL INPUT DATA STREAM r?““ t

ALLED DATABUF AND PRINT OUT THAT DATA WITH AN
T0ON OF 1TSS PROPER DESTINATIONs I USES FHE

ARRAYS T0O MAKE ITS FQUTING DECISIONS.

NATACUT (RAMT £8,SIA4TAR, NATASUF)




e —————

-
i 0- %% TY~ SU3RCUTINE FSIKAM I0ZS THE DEFORMATIING C°
3 B“THE FT:ST LEVEL LOGIC AKR'Y 2X0CKAMe ITS IN2JT E£ND
| C*OUT™YT ARGUEMENTS ARE EXPLAINED IN THE LISTING FCR
¥ S*PINAMM 1FST.
} SUTTQUTINE FOTRAMCEXPAND,CUf QVLyRAMENT A DTHy<xAMTEB,SFCI Uk,
*OV_TAR,SE/MTAR)
TMELICIT INTEGER (A7)
.
Cre=%* TYT MEXT “WO STATEMENTS INITIALIZE THI FIRST LFVEL
C*LIGTC "ORAY TC€ ZERO, ++**'WARINTHNG-THIS IS SO THIS TEST
j CERPINUTINT OMLY. IN & NORMAL f'*H'.Tuv FSTA% J0ES NOT =¢g-
; C*FORMAT THE FNTIRE LJIGIC AFRAY=I7T QNLY WORCS IN THE ;
C*eTNATAT AFTWEEN THE ONE TJ 05 FYPANDED AND THE ONE WHICH ;
i S'TS AYSOLORDEDG. LEAYING THFSE STATEMENTS TN FOR NCRIMEL }
? C N03FRATINON WQULD CAUSE SOMF 0F THE AXRAY T) A_WAYS 3F SE E
Cl‘rq "'::“..o'n--- t

VL’”7(1K,¢‘ RAMTEB(256) 4SRAMTAR (1024)

) >
-
=
4\“

-
" |
>
-
yod b

N
-
Y -4

! f¥X2TYCSE NEXT & STATFMENTS SET UP THE VARATAILES FSTSECT
| C#AND LSTSECT. FSTRAM warv:%*r" THE SECTO:S 3>TAEF¢

CXFSTSEST AND LSTSEST IN ASSENIING ORDERe RISLANING AT
{ CrPSTSECT .

5

IF (EXPANDGT.CURCVL) 3D TO 201

: FSTSECT=EYPAND
} LSTSECT=CURCVL
g 650 TO 162
f 201 TSTSECT=CUROVL
i LE™SECT=EXPAND

CHAFXCSTARTING WITH SECTOR UNE THE VARIARLS RAYENT IS §
: SURALALATED, FAMENT IMINETES HOW MANY A7IMJT4 INSREMENTS ,
4 C*AT 2INTAINED IN THE 3ECTORS PF "CEEDING FSTSE3T. JNE ;
’ C“A? THMITH INCHEMENT I3 APPRIXTI4A €Y FAUAL T te4 DE3REES |
] C¥AND TH™ WIITH OF & SFCTCR EXPIESSED IN ATIvJTH INSREMENTS ;
| S WARTFS LCCORDING TO THE SS3TIR¢S QVE.L o9 3TATUS. ]

TY CALTULATE FAMENY THESE STATEMENTS SeQUINCE THRIJSH T4=
DYERLOAD TARLE AND INCKREMENT TIT ACCORDING TO THE VALUE OF
0ILSTETe FOR OVLSTAT=0,RAMENT IS INCREMENTEY BY 28t FOR
*OVLSTAT=1, RAMENT IS5 INCREMENTED BY 16°¢ FIR JVLSTAT=2,
C*RVMENT IS INCREMENTED BY 12¢ FOF OVLSTAT=2%, RAMENT IS
C*INCREMENTED BY 8¢ AND FOR JVLSTAT=4 OR 54 RWMMENT IS5
CYINUREM=NTED ‘BY &4

.

-
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102 ST~ TOR=1
MHMENT=1

208 It SECTOR NELFSTSECT)SY TOQ 202
63 TO 3432

202 I-{OMLTAB(SECTIOR, 2) sNE.0)GO TO 283
RAMCENT=RAFENT+23
50 TOQ 287

202 TECOVLTAB(SECTOR,2)YeNEL1)50 TO 204
AATNT=RA*ENT +106
G35 TO 207

204 TF(OVLTAR(SECTORs2) «NEs2)GO TO 205
RAYENT=RAMENT+12
GO TO.287

205 IF{OVLTAB(SECTORy 2) NEL3)GO0 TO 206 3
PREMENT=RAFENT+5

G0 1 ) 207

I R

207, DAMENT=KANENT +4 ]
B 4
C+22¥ THT FOLLOWING 6R0UP OF STATEMENTS ART JS=D TO
C*CALCULATE THE WIDTH, IN AZIMITH IHCREMENTS, JF THE !
SURINTAP CURRENTLY SEING RETIR4ATTEN, THEY J3I THE SAaMT
CHLNGTS S THE STATEMENTS WHICH CALCULATED RAMINT. 1
20" ST TOR=SECTOR+1 .
T (SECTORJLELEB)GC T 203
203 TF(GVLTAR(SECTOR2) «NF. )50 TO 210 |
UTATH=20 !
GO0 TO 214 !
; 211 IF(OVLTAR(SECTORy2) «NF,1)K0 TO 211 g
WINTH=1o 1]
5 G0 TO 2t
211 IC(OVLTAS(SECTOR,y 2) NF.2)GO TO 212
WTNTH=12
3 60 TO 21k
1 217 IT(OVLTAB(SECTORy 2) «NF.3)50 TO 213
3 WTATH=2
; 63 7O 214
3 213 WY TH=4
' ¢
! press oy THAT THE WINTH UF THIS SECTOR IS ¢NOAN THES i
: C*LAST L"RI1C ARFAY ENTRY TO BE RFFQORMATTED SAN 3¢
J C*CALCULETER, THAT VALUE IS SAVEN AS VARIAI_E L_STENT, |
CXTHE 79T LOGIC ARRAY ELEMSNT TO 8E wEFOOYATTED IS |
l C¥*RAMTAIC SAMENT +1)
e
i 21k [_““—'j_":'L\"F!,"\F'J'ﬁ‘h ]
J i ;3 1
f ~
3 Cersr TU™ CONTENT OF ZACH LOSIC ARPAY ELEMENT L[5 THE
' C¥SICTNI NUMIER T(O WHIGH THIS OARTICULAR ATIYJTH ELFMENT
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O*HAS BETN ASSIGNED (FIRST LEVEL LOGIC ARRAY E_EMENT=

C*A? IMUTH INCREMENT=1.4 DEGREES) s THE SECTIR NJMBER> ARE
C¥E(PRESSED AS: 16 BEIT QUANTITIES WITH ONE BIf “OR EACH

£%52 C D5 THEY ARE CALCULATED BY THE EQUATLIIONZ

C**AAMCONT =2**SECTOR-1"s THE VALUE QOF KHAMCONT IS THEN STORED
C*¥IN FACA LOGIC ARRAY ELEMENT ASSIGNED TO A 2ARTICU.AR

CXS=CTOR

1e85 RAMCONT=2%% (SECT Ok~ 1)
RAMT AR (RAMENT) =RAMCONT

101 RAACNT=RAMENT +1
, IF(RAMENT oNECLSTENT)IGO T3 105
| C
i C*#¥%¥AFT FR EACH OF THE SECTORS IN THE FIRST LEVEL XAM HAS
i ACRTEN ITFUPMATTED THEN THF SUIROUTINE SECRAY {8S T) BF
1 C*CALLSD TO REFURMAT THE SEZOND LFVEL LOGIC ARRAY KAM FOR
: C*T4AT SCCTOR. EACH JF THE SESOND LEVEL LOSIC ARPAYS HAS
; A TUT RTIEGNSINILITY OF ASSIGUENG FOUR 4IC: 39230 ESSURE
; A T) THFE 17THUTH COVERAGE ALLOMATED TJ A SE3TIR. THE
i C*INPYUT AMD OQUTFUT ARSUEMENTS FUR SECKRAM Ax: DZSCRIBED
. C*TN ~HA7 SUPKOUTINS!S COMMENTS.
: ¢
i e

LL SECKEHM (RAMENT,WIDTH,0VLTAB,SRAMIA3,5ECTOR)

% &
: Ce*#¥¥i43 AACK BND REFORMAT THE NFYT SECTOR JNLESS
E*JUST FTNISHED WAS THE LAST SECTORs
g
IF(SECTOREQRL.LSTSECTEY S0 TO 5440
SETOR=SECTOR L
G 10 303
C
=Nt 22D03T NT OUT THE NEW FIRST LEVEL LOGIC A=RRAY.
“a0 WRITE (€ ,}lC)
71N FORMAT (E (/) g "RAMTLI FOLLOWS"™,2(/))
W2 TTE(s ,-Li)(u'&‘rh_‘f(l)qk-i,t‘t)
501 FOIMATC(2X,8(3Xs15%)))
66 RETHRN
: END
i
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OO DDLIODCADDCIND IO DT O

*BACKWA NS FnOM THERE
YWILL 97 RESTOMED BIFORE EXITTNG THIS SU3RIJTINE.

#xMETHE SUBKOUTLINE SECRAM 13 RESPONSIBLE FOR REFCRMATTING THE
*SECOND LEVEL (SECTOR LEVEL) LOGIC ARRAYS. FACH SEZTOR HAS &
*MECROPROCESSOFS AVAILABLE 70 ASSIGN AND HIIMALLY £ACH ONE IS

ASSIGNTD ONE FCURTH OF THE SECTOR'S A7ZIMUI4 COVERAGE, A5 THE

SEATORS 'S AZINMUTH COVERAGY CHANCES DUE To JVERLOADS OR
*RIDUCTTON OF CVERLDADS THE MICROPROCESSOR ASSIGNMENTS MJUST

A.S0O CHANGED. HWHEN A SECTIR?'S AZIMUTH COJERAGE IS LESS THAN

12 A?T41ITH INCREMENTS (15.7 DEGREES) IT IS NJ LONSER DIVIULED

INTO "OURTHS. IF THE COVERAGE TS 8 INCREMEZNIS THEN 2

PROLESSORS ARF ASSIGNMNED T2 EACH HALS OF T4z SECTORy AND IF

THE COJERAGE 1S 4 INCREMENTS THEN ALL P~.:?333Q5 ARE LSSIGNED

TAE SA4E AZIMUTH COVERAGE. IN EITHER .OF F4E ABOVE SASES,

FREQUENCY IS USED TO HELP DECIDE HOW TO RIIJT=Z PHLSES TO0 THE

PROCESSORS

SURRQUTINE SECRAM (RAMENT WIDTH,OVLTA3,SRAMTE3,SECTIR)
IMSLTICIT INTEGER(A-Z)
MTYENSICN SRAMTAB( 102t) ,RAMTAB(25€6) yOV_TAB (1E4 %)

FERETHE CALLING ARGUEFMENTS FOR2 SECRAM ARE 35 FOLLOWS?®

RIMENT-INPUT ARGUEMENT WHICH TELLS SECRAM AHERFE FSRAH

LFT D-F IN I17S REFORMATTING EFFORT: WIDT4=INPUT ARS

WAIGCH TELLS SECRAM 4CH WIDE THE SECTOR ISt JVLTAR-INPUT
“AG HHTCH PROVIDES SECRAM WITH EACH SECTOR'S JVER_0AD

STATYUS® SKAMTLS=-0UTRUT ARG WHICH IS THE NZW _0CGIC ARRAY?®
*AND SECTOR=INFUT ARG WHICH IS A GENERAL PURPISE FOINTER.

¥ FETHE VALUE QF RAMENT
LZVEL 2AM ENTEY WHICH WAS

5 DECREMENIED TO §FH:= LAST =IRSI
EFORMATTED. SZORAM RWILL WORK
REFORMATTING ZFFJIRT. RAMENT

Sy =4

-

W) Al

J'QJ.

IYERTSRAPENE =1
Kwv STT SRAMENT TO THE VALJE OF RAMENT FOR INTERNAL
S3RUTTNE USE .

SRUMENT=RAHENT

LXE TYTOE THE SECTOR 'S WLITY AV FQUR SO
PROCESSOR WILL PRCEESS ONE FOURTH GF THE
A7 THITH COVERAGE. 1F, 4OWFYZR, BWINTH IS
3 THEN FREOUENCY WILL 23 <ENJIRFD IN ADUI

€03 THT DATA STEFWM ROUTING,

MWTATH=WIDTHZ%
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IF(BHIDTIH.EQ:2)G0 TO 101

IF(RWIDTH.EQ.1)50 TO 102
CY¥¥®:CDR THE CASES WHEN TE SECTOR'S AZIMUTA ZOVERASE IS
E*12 INCTEMENTS OR SREATER BND FREQUENCY IS T2 BE IGMIRED
C*T4E MIT ROPROCESSO (RIN) BSSIGNMENTS mMUST 3% REPEATED &
C*TIMES. THE AODRESS INPUT TO THTS LOGIC ARRAY CONSISTS OF
C*THE 8 PTTS OF LGA AND THE 2 MNST SIGNIFICANT BITS JF THE
C*16 FREJUENCY RBITIS IN A PU.SE DESCRIPTOR W)RD. IHE 2
CEEREAMNENCY 8ITS ARE AL SO THE 2 MSB*S OF TH: LIGIC AIRAY
CPADDRESS , TO IGNOKE FREQUENCY,s THE BIN ASSISNMENTS ARE
E*ARE PLACED IN THE ADDRESSES SPECIFIED BY AJA AND FACH
C*PQSSIALF COMBINATION (OF THE 2 FREQ BITS (01410411:500),
~
gexx¥sTHE VARIABLE TIMES COUNTS THE NUMS I TIMES THAT
C*T4c 3IY ASSIGNMENTS HAVE LEFT TO BE RE AT=D AND THE
C*VARTIABLE BIN CONTROLS WHICH4 MICROPRDCESSOR I3 TO BRE
C*ASSIGNED (BIN'S POSSISLE VALUES ARE 09142¢83) .
Cey¥¥5s T4 CALCULATION OF EASHA ARPAY ELEMENMT®*S CONTENTS NOW
CHrPROCEEDS IN THE SAME EASHIIN AS FOR THE FIBT ELEYV:E ARRAY o
~

TIMES=
4oz 3T =3
104 JINMCONT=2" * 21N
crr®¥3TUE FIRST TIME THROUGHs; SRAMENTs WHICH IS THE POINTER
C*THE SECTOR RAM LOGIC -ARRAYS, IS SET TO CONSIJDER AJA AS THE
C*AINRESSING VAPIABLE FCR DATA EXTRACTION(BIN S3ELECTLON) . 1
C*SEETINY OF THE TASLE WGULD 25 ANDRESSEN W4Iy THE 2 FrRENJEN
C*3I TS WTRE 00,
C

WITCNT=SKREMENT=IWIDIH
1C% SREMTAS(SEAMENT) =8INCONT

SREMENT=SHAMENT~-1

TTfSRAMENT «NEJWIDCNT)YSO T2 105

IF(BIN.EQ«D)GO YO 108

RIV=RIN=1

GO TO 1064
c

411,',‘_4—

ESBES O

~
C
106 1M
IE ¢
50
200 SR A
-
¥

SE NEXT
RRAY FCRMAT CREATED FIX
9104841, THE FREAQUENDY
+#NOD dh Z“-

T Mr (-1
EQ.3)6G0 T0 230

2%+ 3) #AAMENT

13 STATEMENTS ALLOW FOR THE REPETITION OF |

FREQ=00 IN THE AOCDIESSES W+
RITS ARE

L SR Y,

INTC

HIS
cy

R AN Y T M v e T TSR [ 5 B ¢ e =




Siar il Shs s i

201 IF(TIMERS.EQ.2)50 T0 202

5) 70 203
202 SREMENT= (2% +9) 434 FENT

30 TO 403
203 IF(TIMES.EQ.1)6B0 TO 20k

50 TO 510
20! SRAMENT=(2*%8) +(2+*3) +RAMENT

GO TO 403
CH¥¥®2T4TS NEXT SECTION OF CJDE (LABELED 101) SLLONS TOR THE CARE
C*WHEN THE AZIMUTH SECTOR BEINS REFCRMATTED IS ONLY 8 AZIMUTH
C*INCREMENTS (11.25 DEGKREES) WIDE AND CANNOT 3= DIVIDED INTO ¢
CYAINS, INE FOR Fif4 4}b~19~’:759ﬂm. THE RIASIN IT S&NNOT BE
C*NIVINEN 1S THAT WOULD CREATE A RIN WIDTH )% 2.8 DEGREES AND THE
C*ADA 77 A RECEIVE L Di_ € TRAEI4 MAY NOT REMAIN IN THAT NAKROW A
C¥SICTOR LONG ENOUGH TO COMP_ETE THE ECM PRISESSING. THE STATEMENTS
C*USDER LABEL 101 ASSIGN BINS 0 AND 1 TO THE ADRESSES SPECLIFIED
C#3Y ADA AND FREQ=01% AND ASSIGNS BINS 2 AND % TO THE A?ﬁff“S£
C*SPECTFTED BY AOA ANO FREQ=00. THE TATEMINTS UNDER LABEL 107
C¥ASSIGN SINS ¢ AND 1 TC ADCRESSES SPECIFIE]) BY AOA BAND FR »0-1L’
C* AND ASSIGN RINS 2 AND 3 T) ADDRESSES SPECIFIED BY AQOA AnD FREQ=11.
s
191 SRAMENT=(2%*8) +3A MENT

SIUMTAB(SKAMENT) =1

SRAMENT =SHA ‘*’wT-l

SAAMTAR(SEAMENT) =2

ST MENT =k L MENT

SRAMTAR(SFAMENT) =

SIRMERT 25! Hvzw*-1

SRHMTAZ(SFAMENT) =¢
107 SR MENT= -e)+*arFuT

32 HTAR (S AMENT) = 1

33 AMENT=SFAMENT~1

SREMTRAB(SEAMENT) =2

SRAMENF=C2*28) +(2¥* Q) +IAMENT

SR MTEB(STAMENT) =

SRAMENT=SRAMENT ~ 1

S A MTAB(SFAMENT) =¢

50 TO 510
~
Cre¥¥xT4c STATEMENTS UNCER .ABEL 102 ARE CA..E) WHEN THE SECTOR
C*H=ING '*F'J“p'*fn IS ONLY ONE A"THUTH INCREMINT (5.52F DEGREES)
C*WINE, THEY ASSIGN ONE MICROPROCESSOR (BIW) TO ADRESSES
SeSSECTFTED BY LOA AND EACH 3F THE & vJN“lU‘f*JNS CF THE 2 FREN
C*BLTS., TO AMPLIFY THE SITUATION, EACH MICRIPROCESSOR WILL NOHW
C¥RE PESPONSIBLF FOR PROCESTING PULSES WITHIN % 5.€25 DEGREE
C*A7IMUTH SECTOF AND ONF FOJR2TH OF THE FREVJENSY SFECTRUM,
~
10”2 SRIEHMENT= (244 9) 4RA MENT

SREMTAR(SFAMENT) =1

114
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510

SRAMENT=(2¥49)+(2%*5) +IAMENT
SRLEMTAS(SFAMERT) = ¢
SAAMENT=(2**5) #RAMENT
SAEMTAR(SFAMENT) =«
S?AMENT=REMENIT
SRPAUTAB(SFAMENT) =8
RESTORE '‘RARENT TC I
RAACNT=RAMENT+1
RFTURN

A )

j

S JRIGINAL VALUE.
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QOO DO

“ARAY TONTAINING

't THT SUBFOUTINE NATAQUT STMULATES THE VIRMAL SIZERING (F THE
PJLST "FSCRIPTOR WOKDS TO THETP PROPER LUSATLON. [i USES THE
T4O LEYELS OF LCOGIS ARRAYS T) STEER THE NiT4. DATA3UF IS AN
[HE O TYPE 9F NATA WHLOH MIJL) NOFMALLY 3E INPUT
*TO TYE MICRUPFOCESSUR NETHIRK.

SJPF0UTINE DATAOUT(RAMTAY,SRAMTAB,DATIJT)
IMPLICIT INTEGER (A-Z)
ITMENSION RAMTAZ(258) 4SRAMTAB(1024) yDATA3JF (164 4)

EMENTS LOADS THE IN2JT DATA ARR "V WITH

¥E¥THYT NEXT GHQUP OF STAT
TUZ WORDS (FXSLUDING PULST WLIDTH 4ND PUL
BE i

Y5 PIE.SE DESCRIP X WO
YAMPLTITUNE) FROM SOME FICTIZIDUS RADARS. DJATABUF®*S FIRST :OLUMH
“"CONTATINS AOA EXPRESSED IN A7IMUTH INCREMENTS J3F 1.4 DEGREES
SATASU=*S SECOND C MN CONTAINS FREQUENCY EXPRESSED IN
INGREMENTS OQF 1 . THIRND COLYUMN CONTAINS TIME OF ARRLIVEL
EXPRESSEQD IN NANGSECONDS FROM TIME ZERO. THZ FOURTH CO_UMN

T I !

*CINTAINS A CONCA ION 0F ADA WITH THE 2 433T SISNIFICANT BITS
ENF ERTAUENCY (FOR TN AJDRESSING THE I20ND LEVEL LO3TZ
TARRAYY)

1 XK A .

JATABUF (141) =i
'l""”’“ (1,2)=143060
ABUF (143)=23

)"’A"UF(l,L.;-;
DATABUF(2,1)=103
JATARBUF (2,2)=13000
JATABUF (243 )-4uf
NATABUF (2443=35

]

BATABUF (3410 =
JATABUF (3,2)=2000
DAETABUF(34,3)=5300
JATABUF (3 44) =

IATABUF (4y1)=7
)..l‘.'L‘l':( 6,2)”1JJC
YATABUF (4 4 3)=5 000
DATABUF (444) =
DATABUF(S5,1)=132
JATABUF (L 4, 2)=54%300
DATABUF(H5,3)=10030
ATARBUF (2 9g4) =360
NATABUF(641)=125
MTARUF (6,,2)=200¢C
JATARUF (6 42)=12000
NATABUF (Lyk) =125
NATABUF (7 41)=7
ATASUF (7 4,23=1000
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LYW .
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~
-

Qzn

QAT4

-
K

2R F W

VLT ABUF (7 ,Z):l"J'J‘;)

JETABUF (T 4&)=T
TARBUF (d41)=1

NATABUF (6,2)=13340

DATABUF (8,3)=1600¢0

JATARBUF (& 46) =353

Y TARUF (G, 1

1

VATARUE (552)24530
DATARUF (94230213010
IATABUF(Q,44 )=
DATAE \‘C‘if,l):/
OATABUF(1042)=1010
JATABUF(1C,3)=204 G0
73_'EUF(1L,‘)Tf
JATABUF(11,1)=132
7-.«. -’5‘3-”"(14,2):' + 0 00
NATABEHF (11 ,:):791 o
VATABUE (11,6)2350
DATABUF(12,1)=128
NATABUF (12,2)=30060
DATABUF(12,3)=241] 10
NATABUF (12,4) =125

NATABUF(17,1)5
JATABUF(12,2)=1010
AT ABUF (1243)=2
*"'3ur<1 4y =7
3ABUF (16 ,1)2103
)m ABUF (14 ,2)=13000
YATABUF (1 53) =263 50
IATABUF (14 44)=3,9
ATARUE (1% 4, 1) =7
IATABUF (1! 4 2)=5000
TATABUF (1£,3)=301C0
JATABUF (15 i) =)
IATABUF (1F 41)=7
AT ABUF (16 42)=104 f
VAT ABUF (1¢ 4 3)=320 00
JATARNF (1t gi ) =7

1

2508 ¢

23TNT AQUT THE DATA 70 3F INFUT

1T TE(5,970)

ATHAT(Z/) 925Ky INITLAL DATARU
1377 E (s ,,\]~((J\TL?}’

FOTMAT (20X ,4(3X,y15))

747 STATEMENTS FOLLOAINS LAPREL

L TABLE
(Uy 1)70 1"),O=1,
)

PROG

=207}

187

100 SE&<SH

C*LOGIT ARRAY 10 FIND THE PRUPER SECTOR FOR

C*TyO!

RrAIRLY

IT JATA TABLE® AOA IS JSEQ FOR THE
IND WHAT 1S EXTRACTED IS* 2**(SECTOR=1).

ANIRESS

FHE

SOR

ARSI
IN THE
INTJ) THE LLGLC
THAT UATH IS5

DATA

NETWUSK,.

LEVEL

———




TAEN NTVILED FY 2+*(SICTOR-1) UNTIL THE PRIPIR VALJE FOR SECTOR
C 13 F’) 2ef ey TRY=1,
c
N0 200 I=1,1
3ECTOR=1
100 TIY=RAMIAF(OATA3UF(I,1))
TRY=TRY/2  * (SECTOR=1)
TF(TEY.EQ.1)60 TO 500
SETTOR=SECTOR+1
50 70O 140
c i
Ce¥vx dATNT QUT THE SZCTOR NJMIFR WHILH WAS SS_ECTED.
c ;
800  MPTTE(6,900)1,SECTOR |
aln FOTMAT (2(7) 920X “THE 24TA IN DATARUF _INI*,2X,12,
9%, “BELGNGS TO SECTCR™,2%,I?)
NRTITE(H,601)
SC1 SN MET(20¥,"31N SFLECTLON FCR THE CHOSEN SECTIR FOL_ONWS™)
C+*¥% T4 FOLLOWING STRAIEMENTS SELECT THE OR

4 S
*TO SEN) THE DATA 7O In MUCH THE SAME MANNAR A

pe
73
n
-
n
-

-4

i

-
=z

.

101 SY=SRAMTAB(JATARUF(I,5))*2
S TRY=8TRY/2**BIN
TF(STRY.EG.1)GO T3 B01
c
Y EREERIT MY OUT E BiN NUMBER SELECTED.
c

ATN=IINHL
GO0 t0 101
801 WRTTE(5,9(2)RBINySECTIR
a2 TOTMAT (19X g™ RIN" gy cX9T192Xy*""CF SECTOR",
R2X, T292Xy "WAS CHOSEN')

C*»#%¥4T45 FOLLOWING STATEMENTS SCALE FREQUENJY TO UNITS 0OF
C*aAND ORRINT OUT THE FREQUENCTY AND TIME OF ARRIVAL FOR EACH
NESCRISTOR WOFD AS ITS PRIPER NESTINATION IS SELECTEZD.

PR

FATOz0ATARUF(Ly2) /72
43‘7E(b,°£3)F°Eﬁ,uA.A?JC(I,?)
903 FOPMAT(EX,"THE CHITTELS EREOUENCY IS™,2Xy15%,2X,
TUM4T AND ITS 104 IS™g2XyI592Xe"NS"y2(7))
200  GOMTINUE
N TURN
=49

% NI2R3PROCELSOR
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Appendix B
This appendix is published as a separate document entitled, A Parallel
Microprocessor Architecture for Electronic Countermeasures Processing -

Appendix B.
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Appendix C
Test Results
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INITIAL OVERLNAD TABLE

CO0OOOLOoORrRPRPRPFHFPFOODOLODOLOOO
[ N A S B BEOY HRAN I o N o i e e R e e ]

NORPROS WILL

DOOODOMOO0ODDO0ONO D»O®

OO0 NNNOoooo oo O

In the initial overload table sectors
7 and 10 are in overload state two
causing sectors 5 and 6 respectively
to be expanded. Sectors 8 and 9 are
both in overload state three and have
caused sectors 1,3,2, and 4, respec-
tively , to be expanded. Sectors
11-16 are in normal azimuth coverage.

NOW T-Y TO RFOUCE OVERLOANS

NORPROS WILL RF EX=CUTED

CURRENT 0OVFRLNA

OO0 0O R PO OO
A b A A A AR N O D

EMERGENCY' !

QOO O DD DDDODOW PO

SERTO"

-

TABLE

1

OO ocoo0OoObfFNoDoOoOOOo O o

=
wn

8 TIMES

The overloads in sectors 7 and 10
have been eliminated, sectors 8 and

9 have been reduced to an overload
state of two, and sectors 1,2,5, and
6 have been changed from the expanded
state to the normal state.

OVERLOADED




e T

AT THIS PQINT, FSTTAM WOULD BE CALLED AN
WHEN CONTROL WAS PASSFD BACK IT WOULSD
RETURN CONTROL B8AC¥ TO NOF PRQOS

THE OVERLOADEN SEGCTOR IS 1

THE SECTOR TO ™EF EYSPANDED IS 2

CURRENT OVFRLOAN TABLE

Sector 1 has re-overloaded causing
sector 2 to be expanded.

OO0 OrFFrFROOODOOOO
e s el e S TS B = = e M I v AN |
D OO OOODDO DD VDD
OooooooO0df WO ooDo o O

NORPROS WILL NNW T"Y TO RELUCE OVERLOELDS

NORPROS WILL RF EX"FUTED 10 TIMES

CURRENT CVFRLOA™ TABLE

NORPROS was executed enough times

to reduce the overloads in all sectors
back to normal. This is a clean
overload table, i.e., all sectors

are in normal azimuth coverage.

200990000 OO OLODODOoODO O
OO0 DODO0OOoODOLOODOOoDODO0O0OO O

1
2
1
p
i
1
b
1
1
1
1
1
1
1
1
1

OO 000UV VLooDULUOoODOODOoOO O




EMERGENCY?!! SECTORP 1 IS OVERLOADED

AT THIS POINT, FST"AM WOULD BE CALLED AND
WHEN CONTROL WAS PASSED BACK IT WOULD
RETURN CONTROL RACY TO NOFPROS

THE OVERLOADED SECTOR IS 1

THE SECTOR TO RE EXPANDED IS 2

CURRENT OVFRLOAT TABLE

) | rd 0 o]

0 ¢ 1 0

0 1 0 0

0 bt 0 c The overload in sector 1 was removed
0 1 n 0 too soon and it re-overloads.
0 3 0 0

0 3 n 6]

] 1 0 0

0 T N 0

0 | n C

0 p | n 0

0 1 n 0

0 3 n 0

1] 3 ] 0

0 1 n 0

0 2 0 0

EMERGENCYYY SFQTN® 1€ IS OVERLOADEDN

AT THIS POINT, FSTOAM WOULD BE CALLED AND
WHEN CONTROL WAS PASSED RACK IT WOULD
RETURN CONTROL RACY TO NOFPROS

THE OVERLODANEN S=CTNR TS 16

THE SECTN® TO BF FYPANDED IS 3
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CURRENT QVFRPLNAD TABLE

-

Sector 16 has now overloaded as the
aircraft approaches the simulated
dense radio frequency environment.

o i RIS b Ao

P OO0 O0OO0OOO0ODODOoO0D OO
AN T e T e e e R = i e B e BN}
OO0 DIODODOD DAL
OO OOCDODODODOOCODOOCDOLODOOO

NORPROS WILL NOW T?Y T0 RFDUCE OVERLJIADS

NORPROS WILL B%E EXECUTED & TIMES

e o e WA B &

CURRENT (OVFRLOAY TARLE

There is a 1ull in the overloads

and NORPROS executes five times.

No overloads are reduced but the
overload reduction count for sectors
1 and 16 has reached five.

OO0 O0DO0OO M
N b R R A A e e A D O
DO DD ODD DO D NIA
VToooooooooOooooo o\

EMERGENCY'!Y SECTO® 1 IS OVERLOANDED




AT THIS POINT, FST2AM WOULD Pt CALLED AN)D
WHEN CONTROL WAS PASSFD RACK IT WOULP
RETURN CONTROL R3ACK TO NOFPFOS

THE OVERLDOADFN S=ECTOR IS 1

THE SECTOR TH 8F EXPANDED IS &

CURRENT OV=RLNAM TABLE

N

-

DO MDMOODODDD DO MNMEOD

R L Ty

Sector 1 overloads again and now
its in overload state three.

P OO0 D00 ODOODMMOO OO
S e I I S e = e I =
NMoooooooOoooooooWMm

EMERGENCY'?'! SEOTO 1€ IS OVERLOADFN

AT THIS POINT, FSTTAM WOULD BE CALLED AN)
WHEN CONTROL WAS PRSSEN RACK IT WOULD
RETURN CONTROL BAC¥ TO NOFPROS

THE OVERLOANET StECTOR IS 16

THE SECTOR TN 3% EYPANDED IS 5




CUURRENT OV FRLOAM™ TABLFE

-

-

The aircraft is approaching the
simulated dense environment and
the sectors around the nose begin
to overload more severely.

P OOO0OO0O0ODODOO0O0OO OOk
LN e e i S e e i = I e Wi e IOV |
IO D IIOODOODODDDO N e
Vi oo Do iR

EMERGENCY!?Y SECTOR 15 IS OVERLOADED

AT THIS POIMT, FSTTAM WOULD BE ZALLEN AN)
WHEN CONTROL WAS PA2SSFQ BACK IT WouLn
RETURN CONTROL BACK TC NOFPROS

THE OVERLOADED SECFOR IS 15

THE SECTOR TO RE EXPANDED IS 6

CURRENT OQOVFRLCAN TABLE

1 2 0 &
0 0 1 0
0 0 17 0
0 0 1 0
0 0 1r 0
0 n 1= 0
0 1 n 0
0 1 0 0
0 1 n 0
0 1 n 0
0 1 0 0
0 1 0 0
0 1 0 0
0 1 9 0 126
1 > - 0
1 3 " 5
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EMERGENGCYY Y'Y SECTOR 2 IS OVERLOADEN

AT THIS POINT, FST°AM WOULD BE CALLEND AND
WHEN CONTROL WAS P*SSFED B8ACK IT wWoULND
RETURN CONTRAL R3A7°¥ TC NOFPROS

THE OVERLOADED SECTOR IS 2

THE SECTOR TO BE EXPANDBED IS 7

CURRENT CVERLOAM TABLE

1 3 0 5
1 1 0 0
0 0 1€ C 4
0 U 1 0
0 0 15 0
0 0 15 0
0 0 ol 0
0 1 2 0
0 1 0 (o
0 1 0 0
0 1 0 0
0 1 n 0
9 1 0 0
0 1 0 0
1 2 0 C
1 3 n 5

NORPRQOS WILL NOW T7Y TC RFDUCF OVERLOLDS

NORPROS WILL BF EXSCUTED 3 TIMES
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CURRENT OVFRPLOAN TABLE

1 2 0 1
1 1 0 3
0 1 0 0
) 1 D 0
0 0 1€ 0
TR 15 0 There is a short 1ull in the
g.. ¢ .8 1 0 overloads and NORPROS executes three
0 o i 0 times. Since the overload reduction
0 1 S g counts in sectors 1 and 16 were
9 1 n 0 already at five, their overload
g i g g states were reduced one level.
0 1 0 0
0 1 0 e
1 2 n 3
1 ? n 1
EMERGENCY!'Y SEATOS 1 IS OVERLOADED

AT THIS POINT, FSTTAM WQULD BE CALLED AND
WHEN CONTROL WAS PASSFC BACK IT wWouLn
RETURN CONTRAL 3ACY TQ NOFPROS

THE OVERLOADEN SECTOR IS 1

THE SECTOR TO BE FYPANDED IS 3

CURRENT OVEPLOAN TABLE

1 2 0 1

1 1 n 3

n 0 1 0

g 1 g C The overloading continues as the
0 0 1 0 aircraft approaches closer to the
0 0 1° 0 dense environment.

0 n 1 0

0 1 0 0

0 1 r 0

0 1 ) 0

0 1 a 0

0 1 0 0

0 1 n 0

) 1 n 0

1 2 n 3

1 2 0 1
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FEMERGENCY! ' SFCTO? 16 IS OVERLOADEN

AT THIS POINT, FST2AM WOULD BE CALLED AND
WHEN CONTROL WAS PFPSSER BACK IT WOULD
RETURIN CONTRNL RAC< TO NOPPROS

THE OVERLOADFEN S=CTOR IS 16

THE SECTOR TO RE EXPANDED IS &

CURRENT OQVERLNA™ TAAQLE

1 ? 0 1
1 1 0 z
0 0 1 0
0 0 15 0
0 0 17 0
0 0 15 0
0 0 1 0
9 1 n 0
0 1 0 0
0 1 0 0
0 1 n 0
0 1 n 0
0 1 n 0
0 1 0 0
1 2 0 3
1 2 0 1
EMERGENCY!!? SECTA™ 18 IS NVERLOADED

AT THIS POINT, FST7AM WOULD BE CALLED AND
WHEN CONTROL WAS PRSSFND BACK IT WOULD
RETURN CONTRNL BATY TO NOFPROS

THE OVERLOADED SECTOR IS 15

THE SECTOR TO 8F FYPANDED IS 8
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CURPRENT OVEPLCAY TABLE

1 2 0 1
1 1 n 3
0 0 1 0
0 0 18 0
0 0 16 0
0 0 1= c
0 0 1 0
0 n 1" 0
n 1 n 0
0 1 0 0
0 1 0 0
0 1 0 0
0 1 n 0
0 1 n 0
1 2 n 3
1 2 1 1
EMERGENCY! Y SEATAT 2 IS DVERLNADED

AT THIS POINT, FSTAM WOULD BF CALLEN AN)
WHEN CONTR20L WAS PASSED BACK IT WOULD
RETURN CONTENL 13404 TC NOF PRQOS

THE OVERLOADED SFCTOR IS 2

THE SECTOR TN AaF EYPANDED IS 9

CHPRENT OVEOLAL™ TAALE
|
1 ? n 1
1 ? 0 3
9 0 1 0
0 n 1" 0
0 0 12 )
0 0 15 0
0 0 1 0
0 0 1= 0
n 0 > 0
0 1 n 0
0 1 9 0
0 1 n 0
4 0 1 0 0
g 0 1 n 0
. 1 ? 0 3
| 1 2 0 1
:
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NORPROS WILL NOW T=Y 70 RFDUCE OVFRLOLDS

NORPROS WILL BF EXFOUTED 2 TIMES

CURRENT OVFEPLCA)Y TABLE

1 3 0 2
1 2 n 5
0 n 1 0
0 n 16 ¢
0 0 1f 0
0 0 0 There is another brief 1ull in the
0 ) 4 0 overloading and NORPROS executes
b] 0 15 0 twice but has no effect on the
0 0 2 0 overload condition of any sector.
0 1 0 0
0 b | n c
0 1 n 0
0 5 a 0
0 1 n 0
1 2 ] o
1 2 n 3
EMERGENCY!'Y SFATHT 1 IS OVERLOADEN

AT THIS POINT, FSTTAM WOULD BE TALLED AND
WHEN CONTROL WAS PASSFD 8fCK IT WOULP
RETURN CONTROL B8ACY TC NOFPROS

THE OVERLOANFEN SE2TNR IS 4

THE SECTOR 7O BE EYPANDED IS 10
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CURRENT OVERLOA™ TABLE

1 L n 3
1 2 0 -
0 0 1 0
0 0 16 0
0 0 16 0
0 0 15 0
0 0 1 0
0 (v 15 0
0 0 2 e
] 0 1 0
0 1 0 0
0 1 0 0
0 1 n 0
0 1 0 0
. 3 n 5
1 3 9 3
EMERGENCY'YY SFCTO® 16 IS OVERLOADED

AT THIS POTINT, FST"AM WOULD 8F CZALLED AND
WHEN CONTROL WAS PASSED BACK IT WOULMD
RETURN CONTROL 2AT¢ TC NORPPROS

THE OVERLOADFDN SECTOR IS 1€

THE SECTOR 70 8F EYPANDED IS 11

CYURRENT OVERLOAN TABLE

Vo

(ST

PP O0OD0DO0000DODOOO O

FANSRRrROOoODOOOD DO N
[

DO ODODNAN I )N A DD

NTNMoooooooooooo oUW
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EMERGENCY!®® SFCTOR 15 IS OVERLOADED

AT THIS POINT, FST?AM WOULD BE CALLED AND
WHEN CONTROL WAS FASSED RACK IT WOULN
RETURN CONTROL 2AfY TC NOF FROS

THE OVERLOADFD SECTOR IS 15

THE SECTOR TO RE EYPANDED IS 12

CURRENT OVERPLOAN TARLE

1 4 0 3
1 2 0 5
0 i 1 0
0 o 16 0
0 0 15 0
0 0 15 (0
0 U 1 0
0 0 15 0
0 0 = 0
0 0 1 ("
0 0 15 0
0 0 15 C
0 1 n 0
0 1 0 0
1 & 0 5
1 b 0 3
EMERGENCY! ! SECTD> 2 IS OVERLOADED

AT THIS POINT, FSTTAM WOULD BE CALLED AN)D
WHEN CONTROL WAS PRSSED BACK IT WOULPD
RETURN CONTFROL BArY TO NOFPROS

THE OVERLOADED SECTOR IS 2

THE SECTOR TO 8F EXPANOED IS 13
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CURRENT OVERLOAN TASBLF

1 & n 3
1 2 n 5
0 0 1 0
0 0 1¢ 0
0 0 17 0
0 0 17 0
0 0 1 0
0 0 13 0
0 0 . 0
0 0 1 0
0 0 18 0
0 0 1= 0
0 0 2 i
0 1 0 0
1 6 n g
1 L n 2

NO2PROS WILL MOW T®Y TO REDUCE OV ERLOADS

NORPROS WILL BE EXFCUTED 1 TIMES

CURRENT OQVFERLOAN TASLE

1 & 0 L
1 2 n 6
] 0 34 0
0 0 14 G
0 0 16 i
0 0 5 o
0 e 1 e
0 0 15 U
0 0 & 0
0 0 1 0
0 0 16 0
9 q 5 e
¢ C ? 0
0 i ) 0
1 L 0 3
1 4 0 4

EMERGENCY!LY SECTOR 9 IS

134
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AT THIS POINT, FST2AM WOULD BE CALLED AND
WHEMN CONTROL NAS PASSEN BACK IT WOULP
RETURN CONTRNOL RATY TO NOFPROS

The aircraft makes a turn to the
right and now the azimuth sectors on
the left side will be exposed to
the dense radio frequency
environment.

THE OVERLIADEDN SECTOR IS 9

THE SECTOR 70 8E =XPANDED IS 14

CURRENT OVERPLOAN TARLE

1 f 0 4
3 3 0 3
0 0 1 0
0 0 1% i This incident shows how the EXPANDR
0 0 15 ) pointer is passed from one sector to
0 0 15 0 another when an expanded sector over-
0 0 1 0 loads. Sector 9 was expanded
0 0 15 0 previously by sector 2 and now that
1 1 n c the aircraft has turned it overloads.
0 0 1 0 Sector 9's EXPANDR pointer (EXPANDR=2)
0 0 1% 0 is passed to an available sector
0 0 1% 0 which can be expanded, sector 14.
0 0 2 ]
0 0 2 0
1 i 0 6
1 L n 4
EMERGENCY'** SFATN® 10 IS OVERLOADEN

CURRENT OVFPLOAN TANLE

1 [ n =

1 2 i} 6

g g 1: g Sector 10 has over]oaded but there
0 0 16 o are no sectors available to

5 expand.

0 0 15 0

0 ) 1 0

0 0 1% 0

1 1 n 0

1 1 1 0

0 0 16 0

0 0 15 0

0 0 2 0

0 0 2 0

1 L n 6

i L 0 4




OVERLOADFD

SECTOR 12 1S

EMERGENCY' !

CYRRENT QVERLOA™ TABLE

I DO CcOOCD OO g I3
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CVYERLOADBED

11 IS

SECTOR

EMERGENCY!' !

TARLE

CURRENT QV=PLNA"
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NORPROS WILL NOW TPY TO REDUCE OVERLOANS

NORPROS WILL BF EXTCUTEN 1 TIMES

CURRENT OVFRLDA™ TARLE

1 L n 5
1 2 0 0
g 2 1} g Two sectors are returned to normal
- 6 = : (sectors 6 and 13). Normally,
3 h . . NORPBOS would execute more than once
3 5 > o but its execution is limite¢ for
- - 4 o test purposes. Note that sectors
: : P 1 9-12 are in overload state one
- ; 4 : (ngrmal coverage) but are shown as
: i i 1 being overloaded. This is a result
4 < iF . of the aircraft tufn. These sectoers
8 3 0 0 were expanded previously and are now
a . 5 0 overloaded: As the sectors which
1 - p 0 cuased their expansion return to
1 . & . normal the new overloads will be
dealt with.
EMFRGENCY!*? SFOTNT 11 IS OVERLOADED

AT THIS °POINT, FST®AM WOULD RE CALLEND AN)D
WHEN CONTROL WAS PASSFN BACK TIT WOULN
RETURN CONTFOL RAT¢ TO NOFPROS

THE OVERLDADFD SECTOR IS 11t

THE SF T0¢ TO BE EXPANDED 1S &




CURRENT OVFRLDAM TARLE

1 l e 5
1 2 0 0
0 0 1 0
0 0 1° 6
0 n 16 0
0 0 13 0
0 0 1 0
0 0 s 0
1 1 n 1
1 1 1 1
1 2 1¢ 1
1 1 15 1
0 1 n 0
0 0 2 0
1 2 0 0
1 i n 5
EMERGENCY!'Y SEATNY g IS OVERLOADED

AT THIS POINT, FSTPAM WOULD BRE CALLED AND
WHEN CONTROL WAS SASSEN BACK IT WOULD
RFTURN CONTENL RAT< TO NOFPROS

THE OVERLOADFN SECTOR IS 9

THE SECTOR Tn RE FYPANDED IS 13

CYRRENT OQVERLOAN TABLE

1 L a 5
i ? 0 ]
0 0 1 0
0 0 16 0
0 0 15 0
0 0 11 0
0 0 1 0
0 0 15 0
1 2 0 1
i 1 1 1
1 2 16 o |
1 1 1% 1
0 0 3 0
0 0 2 0
2 3 0 C
1 Cl 0 S
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EMERGENCY'*? SECTO® 12 IS . OVERLOADED

CURRENT OVERLNAN TARLF

4 L 0 &
1 2 0 0
! 0 C 1 0
i 0 0 16 0
i 0 0 1¢ 0
“ 0 0 11 0
: 0 0 il 0
H 0 0 1% 0
% 1 2 0 1
i 1 1 1 L
1 2 1f/ 1
4 2 15 1
0 0 a 0
0 0 4 0
1 2 n 0
1 L 0 5
EMERGENCY! 'Y SFENTN” 40 IS NVERLOADED

CURRENT OVFRLCAN TARLE

1 L 0 5
1 2 n 0
0 0 1 0
0 0 16 0
0 0 15 0
0 C 11 i
0 0 1 0
9 0 15 0
1 2 n 1
i ? 1 1
1 2 16 b
1 g i8 1
0 0 9 0
0 0 e 0
1 3 0 0
i k& 0 5

NORPROS WILL NOW T2Y T0O RFDUCF OVERLOADS

NORPROS WILL RE EXTOUTED 2 TIMES
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CURRENT OVFRLIAN TABLE

1 3 f 0
1 2 0 2
0 1 n 0
0 1 n C
0 0 16 0
0 C 11 0
0 0 1 0
0 0 15 1
1 2 n 2
51 2 1 3
1 2 16 3
il 2 15 3
0 0 9 G
0 o ? 0
1 3 n 2
1 3 0 0
EMERGENCY!YY SECTOR 18 IS OVERLOADEN

AT THIS POINT, FSTTAM WOULD BE CALLER 4AND
WHEN CONTROL WAS PASSFD RACK IT WOULD
RETURN CONTROL RAT¢ TO NOFPRQS

THE OVERLOADED SECTOR IS 10

THE SECTOR TO BE EXPANDED IS 3

:
!
$
{
i
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CURRENT NVERLOAN TARLFE

1 ? 0 i
1 2 0 2
0 n 10 c
0 1 n 0
0 0 15 0
0 0 11 4]
0 0 1 i
0 0 15 0
1 2 n 3
1 2 1 3
1 2 1F 3
1 2 1° 3
n 0 3 0
0 0 2 0
1 Kt 0 2
1 2 n 0
EMERGENCY® 'Y SE6TNT 11 IS OYERLOADED

AT THIS PDINT, FST™2M WOULD RE CALLED AND
WHEN CONTROL “AS PASSED RACK TIT WOULP
RETURN CONTROL 3474 TO NORPROS

THE OVERLOANFN SSCTOR IS 11

THE SECTOR TO 8E EYPANODED IS &

CURRENT OVFPLNAT TARLE

1 3 n 0
z 2 n 2
0 0 10 0
0 n 11 (1
0 n 156 0
0 e 11 e
0 n 1 0
0 e 15 0
1 2 0 3
i 3 I 3
" 3 1€ 2
1 = 15 3
0 0 3 0
0 0 2 0
1 3 n 2
1 3 0 0 141




The following test results are from a simulation of the logic array
formatting subroutines and a special subroutine called DATAOUT which
simulates the flow of data from an input table to a final destination.

The overload table which is used retlects a normal state, i.e., the sixteen

sectors share the system azimuth coverage equally.

ih1TIAL OVERL DG 1 ARLE
0 1 0 3]
n i J ]
d | | Jd
: 1 Q U
{ 1 g ]
{ 1 ] 2
¢ 1 0 J
J 1 i il
u 1 J
{ p! f 0
U 1 i 0
L a J 0
d 3 0 ]
0 i dJ )
0 1 a 0
9 i J ]




The first level logic array is formatted to steer data to the sectors

equally. Each sector is sixteen azimuth increments (22.5 degrees) wide.

1 i %

1 1 i

b 2 by

2 > 2

i )

i

3 3 [

“ 3 ¢

156 16 1f

1€ 15 1t

32 32 32

22 32 2

Al 4 i

e & &4 T~

123 173 12¢
124 10 122
25¢ 256 25¢F
25k, 255 ?;(

1z 12 gic

612 12 :
102 f102t 102¢
1624 1024 102¢

2044 2UkL8 BRI R
2048 20%3 2048
463, 096 13
4035 “n35 Lg9a¢

3132 8132 192

3132 5192 3 192
15384 1e 304 15 38
15334 15784 1774
32756 32763 7276
32768 32753  177%

Normally, there would be one second level logic array for each sector.
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For test purposes, however, these separate tables are combined into one

table which follows.
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The test data to be steered via the logic arrays is contained in the

table below.

INITIAL DATASBUF TA3LE

100u 2001 /

103 1€ 760 #0330 3:3
€000 60072 7

1000 8003 7

192 L Gge 130603 E1a
k. 2500 124131 12
1004 14033 )

103 18000 10 Gi0 353
0 SR 15800) 4
1000 260°7] f

192 w004 2207) 950
1£2s 3000 2uiul 128
; 17ud 2c (5] '
103 18000 20020 5% 3

~d

£000 30001
1000 320010

The following series of statements show how the pulse descriptor words

were extracted from the input table and routed to their proper destinations.

T4E DATA IN DATARUF LTNE 1 BELONGS T3 SECTIR
3TV SELECTION FOR THE CHOSEN SECTOR FILLIONWS
HIN 2 OF SECTOR 1 WAS CHOSEN

THE EMITTERS FREJIENCY 1S J0 MH? AND ITS TOA IS 20060 N3

THT DATA IN DATABUF LINE 2 BELONGS TJ SECTIR
3TN SELECTION FOR THE CHOSEN SECTOR FILLINS
HiN & - @F SECTOR ¢ AAS CHOSEN

THE EMITIERS FREGQIFENCY IS G000 MHZ AND ITS TOA IS +000 NS
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T4 DATA TN DAT! LINE 2 BELONGS TJ) SECTIR
3TN SELECTION SHOSEN SEZTOR FJ.LIAS

BIN 2 OF SECT A4S CHOSEN

EYIENCY IS }  MHZ AND 1TS TOA 1S 50006 NS

T4 DATA IN DATARUF LINE BELONGS T
3TN SELECTION FOR THE CHOSEN SECTOR FJI.LD
IIN 2 OF SECTOR 1 AAS CHUSEN

REVIENCY 1€ 540 47 AND ITS TOA I5

T4 OATA 1 JATABUF LINE - BELONGS TJ SECTIR
318 SELECTION FOR THE CHOSEN SESTOR FI-LIOWS

TN & OF S e e AS CHOSEN

EFUENCY 1 ¢ 04 qHZ AND TTS TOA I3 100688 NS

TN DATASUF LINE BELONGS T2 ¢
1 ION FOR THE N SECTOR FILLIW
SECTOR

1530 HZ g I1S T0A IS

N DATABLF LINE 7 BELONGS T3 SECTIR

ION FOR THE SHOSEN SESTOR FJ.LIWS
SECTOR 1 AAS CHOUSEN

THE EMIYFERS REQIE ¢ 500 MHZ AND ITS 1TOA IS 12008 NS

THT NDATA IN DATABUF LINE #  BELONGS TJ) SECTOIR
8T\ SELECTION FOR THE SHOSEN SECTOR FILLINS
AN ¢ ©OF SEGTOR 7 A4S CHOSEN
FREQUENCY 18 3000 M™MHZ AND ITS TOA IS 150600 NS

T4E DATA IN DATARUF LINE : BELONGS D SECTIR
JTN SELECTION FOR THE CHOSEN SECTOR FILLIWS
BEN - & OF SEUTUR 1 AAS CHOSEN

JHE EMIFTERS FREJIJENGCY I3 3000 MH47 AND ITS TOA IS 13000 NS
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THT DATA IN DATARUF LINF 17 RELUNGS F) SECTIR
ITA SELECTION FOR THE 34)SEN SESTUR FI.LDAS
TN 2 OF SECIOR 1 d4AS CHOSEN
FRTNIENCY 1€ 500 @47 adD 1T3 T0A IS 20080 NS

T4E OATA IN DATABUF LINE 11 BELONBS [0 SECTIR
BIN SELECTIGH FOR THE CHOSEN SECTOR FILLOAS
BIN & OF SEGTOR 12 MWAS CHOSEN

FREJIJENECY IS 27000 MHZ AND ITS TOA IS 220480 NS5

T4T NATA IN DATARUF LINE 12 BELONGS T) SECTIR
T SELECTION FOR THE SHISEN SECTOR FI.LIWS
ATN 4 OF SECTOX 5 AAS CHOSEN
FESANENCY IS 1500 MAZ AND TTS T0A IS 24000 N5

T4E DATA IN DATABUF LINE 13 BELONGS 3 SECTIR
AIN SELECTION FOR THE SHOSEN SECTOR FIOLLOWS
BIN 2 OF SECTER 1 WA5 CHODSEN
FREQUENGCY IS 580 HHZ AND ITS TOA IS 250800 NS

T4% DATA IN DATABUF LINE 1 BELONGS )3 SECTIR
QTN SELECTION FOGR THE CHOSEN SECTOR FILLOKS

I
BEN 2" OF SECHIR /7 WAS CHOSEN
FREGUENCY 1S 9000 MHZ AND ITS 70A IS 23000 N

v

T4 DATA IN DATABUF LINE 1{f BELONGS [J SECTIR
BTN SELECTION FOR THE CHOSEN SESTOR FI.LINWS

BIN 2 OF SEGIUR 1 WAS CHOSEN
FREQUENCY IS 000 MHZ AND ITS TOA IS 30000 NS

TY4E DATA IN DATABUF LINE  1¢ BELONGS TJ SECTIR
3IN SELECTION FOR THE CHOSEN SECTOR FI.LJIWS
SEN 2 UF SEGTUR 1 AAS CHUSEN

FREAUENCY IS 500 MHZ AND ITS TOA IS 3200806 NS
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