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recent years due to the rapid development of microprocessor technology .

I sincerely hope that this report has accomplished its objective and serves

as a stimulus for further study .

Many people have contributed to this report directly and indirectly.

Mr. Daniel C. Holtz provided the initial idea and also served as my thesis

sponsor. His professionalism and dedication are sincerely appreciated.

Several members of the faculty at AFIT have been extremely helpful. Major

Alan Ross has gi ven much needed encouragement and many helpful suggestions

in the wording of the report. A very thorough reading ‘and criticism of the

rough draft was rendered by Captain J. M. Dorky w~ose comments were inval-

uable and deeply app reciated. Also, many thanks to Captain F. D. Kirschner

for hi~s reading and criticism.

A final acknowledgemen t of thanks i s due my ~ife Karen. Without her

help and support this thesis would not have been possible. I thank her frr

her patience and uncerstanding. .

ii I



- - ‘- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Contents
F ~ Pace

Preface ii

List of Figures v

List of Tables vi

Abstract Vii

I. Introduction 1

II. Parallel Architectures 4

Background 4
Mu ltiprogramming 5
Pardi lel ism 5

j  Single Irstruction Stream - S i ng l e  Dat a

Stream Computers 6
Single J,.struction Stream - Mu l t ipl e

Data Strc~am Co:~~uters 6
Multiple Instruction Stream - Multiple
Data Stream Computers 8

III. Electron i c ~ounternieasures Processing Systems 11

The EF-l ’lA Jamming Subsystem 12
The F-l5 Tactical Electronic Warfare System 12
AN/ALQ-l~ 1 Electronic Countermeasures
Po~ System Descri ption 13
The B-l I~adio Frequency/Electronic
Coun termeasures System 17
Summa ry 23

IV . The Soviet Threat 24

V. The Paral1e ’
~ Microp roc essor Arc hit ec ture 25

Architec ’ire Overview 25
Data Stream Steering Log ic 26
System Overloads 31

VI. Software 33

Norma l Pricessing Software — Subroutin~ NORPROS 33
Interrupt rrocessing Software -

Subrou tine INTSERV 41

1’

iii-

~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ - ‘ -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~
---—

~~~~~~~~~~~

-
- - -..

~~~~~~~~~~~~~~



~~~~~~- -— --~ ~1

Contents

Page
Fi rs t Level Logic Array - Sub rou ti ne FSTRAM 47
Second Level Log ic Array - Subroutine SECRAM 56
Data Extraction Subroutine - DATAOUT 67

VII. Software Execution Time Analysis 71

Analysis 89
Summary 90

VIII. Conclusions and Recommendations 91

Gener al Observa ti ons 91
Overall Results 91
Software Subroutine Improve~ents 92
Potential Hardware Modifications 92
Recommend~.Lions for Further Study 93

Bibliography 95

Appendix A 96

Appendix B 

Appendix C • 120

- 

.



— ‘

List of Figures

Fi gure  Page

1 7

2 A Typical MINE Architecture 8

3 9

4 AN/1~LQ-131 Computer Architecture 14

5 The RFS/ECI4S Software 18

6 26

7 First Level Data Steering Log ic 27

8 One Sector~s Data Steering Log ic 29

9 The Master Processor 31

10 Subroutine NORPROS 37

11 Subroutine INTSERV 42

12 Subroutine FSrRAM 49

13 Subroutine SECR4M 58

14 Subroutine DATAO UT 68

4

V .

~~~~~~~~
. 

~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



~~~~~~~~~~~——-~~~-.-~~~- ___

- Li st of lables

1 Subrouti ne NORPROS  72

2 SubrOutine INTSERV 75

3 Subroutine FSTRAM 78

4 Subrouti ne SECR.AM 83

4

vi .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ -- — . . -  - ~~~~~ .‘— -~~~~~~ ‘ -,,



!~~~
‘ ,

.

Abstract

The large number and wide variety of radio frequency emitters

encountered in electronic warfare provide an enormous quantity of data

for an electronic countermea sures system to process. Historically, all

data has had to pass through a centra l processor for threat identification .

Speed is the primary requirer ilent for this ECM processor.

In this thesis the concept of parallelis m was investi gated as a

method to increase the throughput of exist ing processors. Microp rocessors

were employed as the i.ndividual processing elements in a single data

stream - multiple instruction stream architecture . Data steering or

vectoring ~.:as accomplished via the use of progran ned log ic arrays stored

in random access memor ies .

To test the feasibility of a parallel microprocessor architecture for

ECM processing its basic building blocks were sir~uJated . The neqessary

control logic , whicn is implemented in software in a master control pro—

cesso;, includes thE~ capability to adapt the arc~itecture to deal with the

unpredictable nature 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 abi lity of the system to process data was simu l ated

through the u~e of fictitious radar parameters .
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I Introducticn

The large number ard wide variety of radio frequency emitters

encountered in electronic wa rfare provid2 an enormous quantity of

data for an electronic countermeasures system to process. Enitter

parameters must be processed at a rate of up to 300,000 to 400,000

pulses per second. Complicating this processing problem is the

fact that the emitter idantification parameters are clustered in

hi gh density groups in the frequency spectrum. Ar, automatic

electronic countermeasures system must :~~ able to detect and identify

threats , and apply jamm ing in a near real tine man ner. Historically,

previous systems ha~e all had a similar weakness. All data has had to

pass through a central processor , either a human operator or a corn-

put.er. In either case , the emitter recoynition proccss has been the

weakest and slowest element in the chain of events from receipt of a

radar pulse to application of countermeasures.

¶he primary requirement for a system which is to process electronic

countermeasures data is speed. The radar pArameters which compose

electronic counterii :~asures input data are : frequency , pulse width ,

j pulse amplitude , pulse repetition frequency , arid ang ie of arrival.

j Within the coenterrn~asures processing syste~i , this data is normally,

the output of a raoio frequency (100 MHz - 50 GH7) receiver. For

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

the rate at which it is received. P. problem aris’ s when the processing

system is placed in a real world appli cation such as a tactic al or

-
. 1

- ~~~~~~ 
• 

~~~~~



I~~~~~~~~~~~~~~~’ -~~ ~~~~~~~~~ 
— ~~~~~~~~~~~~~~~~~~~~~ ~~‘i~~~ ~~ ~~~~~~~ ~~~~~~~~~~~~~ ~~~

strateg ic aircraft  which must penetrate enemy airspace . Typically , the

rate at which data is being gc nerate d by the receiv~-r exceeds tt’ e irput

capability of the process r ’. I~ the event that the processin~ system is

unable to keep up with the incoming data , the data is either lost or delayed.

This can result in. serious consequences and the obvious solution is to usc

a faster processor or a more f lex iblo processing system.

There are two basic ways to increase the speed and capabil ity of a

processor. One is to make the actual processor physically faster , i .e. ,

use state-of—the-art di g ital technology . If this solution is available at

an acceptable cost , the problem is solved . However , if the tec heology is

unava ilable or too expensive , another solution must he considered . An

a~te rnative to a faster processor is to improve the existing processor.

This can be accomplished in two general ways. One is to make the processor

work on more than one datum concurrently, i.e., paral lel ism in the data

stream. If a proces cor can have severa l data in various phases of pro-

cessing concurrentl y, it wil l  be faster than a pr ccssor which must coni~-

plete processing on one datum before it can accept another. The other

general method to increase an existing processor ’s speed ‘~s to di’~.’ide thu

proce~sirg algorithm into separa te pieces , which ire independent and can

be executed concurre~tly, i.e., paral lel ism in tfii inst rucLi on strea m .

These concepts of parallel ism can theoretically he used to make a basic

processor up to N times faster if N paralldl processin g units are employed

and idea l conditions are assumed.

Operational electronic countermeasures systei s use various algorithms

implemented in either software c r  dig ital hardware to process their received

radar parameters [REF 9]. There are as many algo”ithms as there are systems.2
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These algorithms are well tested ~‘nd are basically sound. Their weak-

ness lies in the medium in which they are i iiiplcn.eated. Siqnif ican t in ;~rc- 1c—4 ,

ment in their performance can be obta ined, if they can be made to opera te

faster. Aircraft such as the F-15 and the F-l6 a-re examp les of we a pon

systems which must operate in a tactical electronic warfa re e nviro nm ent ,

that is , the number and density of the radars which they wi l l  encount er is

relatively low , although the threat signals still occur in high density

groups. This does not simplify the problem of providing adequate counict-

measures , howev er, because they are small systems w hich cannot carry ~~
processing hardware . Aircraft such ~s the B-l and the B-52 are exa mples

of strategic weapon systems which will encounter a large number , a g r ect

variety , and a high density of threat radars . This is part ial ly con ;penca ted

by the fact that they can carry more hardware than tactical sysL cn~s. In

either type of weapon system a faster processor is a better processor.

The main obj ect ive of this thesis is to invcst igate different types

of parallel processing concepts and apply a su iteale solution to the P C f l

data processing pro. lern. The first step in this process is to analyze

existing ECt4 systems and research various ~nethod~ of obtaining p~ralle lis’~.

Next,
~
a suitable architecture must be simulated ~nd tested. Finally, t~ e

architecture wil l  bE stim ulated with a f ict iciou~ scenario and f ic t i c ic .

radar parameters to test its data processing capab ility .

3
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II Parallel Archi tectures

Background

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

- of instructions which are nor im;ally grouped together and called a program.

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 . Uhen discussing the performance parameters of a partic-

ular computational system , speed is usually measured in terms of how fast

a block of j nstr uct~ons 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 i-ate of

arrival of the data , i.e., there is no backlog of data waiting to be pro-

cessed , it is operating fast enough. In some cas es 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

cho ic e is made , the goal wi l l  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 vary ing

degrees [REF 8:3].

Concurrent execution of sever?.l different
programs or multiprog ran~ning.

Input /output operations sirnuLaneous
with program execution .

Multiple input /output operatio ns to
include data communications being executed
simultaneously.
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Concurrency of central processor
operations in general either throuqh
paro1l eli sn~ or p i p elinir ig (confluence).

Multi programmin

Multiprogramming is the concurrent execution of several different

programs . This concept may be som e-hat misleadi ng, however , because

even thoug h more than one program is active at the same time , all of

the programs must make 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 maximiz e computation speed without depending upon

breakthrou ghs 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-

proces sors , a hi gh degree of parallelism can be achieved at a modest

cost. In some cases the entire microprocessor ne~d not be replicated ,

and the concept of pipelining or a combination of logic replication

and sharing of log i: can be used. However , the mst flexible architer:-

ture is one which is entirely parallel with N independent processors ,

wh i ch can support N different computations simult~’neousl y. The N

computations can be N different prob lems, or a partitioning of one

large problem . One obvious difficu lty which will definitely h. encountered

is that of timing or synchronizing these independent , free runn ing

processors to perfo -rn a particul ar function .

There are seve~~l methods for achieving par~~le1 opera ti on. They

5
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depend upon replicating the instruction stream , the data stream , or both.

t ~ , - 
A normal com1~uter is a Single Instruction S t ru m;  - S i ngl e  Data Stream

(SISO) machine. Three types of parallel processors are: Single Instruc-

tion Stream — Multiple Data Stream (SIMD), Multiple Instructi on Stream —

Single Data Stream (MISD), and Multip le Inst-ruct’~on Stream - Kultip lc -

Data Stream (MIND). In general , a pa rallel 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 SIND and the MIND.

The MIND is best for doing independent tasks in parallel on irdependerlt

computers and combining the results . The SIND is most useful when used

for computations wh~ch can be sep ara~ed into f unc liona l blocks [REF ~~~~~ ,

• Single Instruction Stream — j~iq1~ Data Stream Computers

There is a method of increasing the speed of the SISD machine

through confluence ~r concurrent operation on more than one datum. Each

datum would be in a different phase of the machine ’s operation. There

is still a bottleneck , however , in that only one instruction can be de-

coded per unit time in a SISD computer . A l so , wi thout replicating hard—

ware , ~there is a li imi tation on the types of instructions which can be

executed while vari llus data are at variou s phases of operation , depend-

ing upon what hardwtre the instructions must u til i ze. There is only a

narrow class of problems for which this type of computer can be used ,

and there are usuall y restrictive programming practices which must be

enforced. [REF 5:l~IU7]

~1!w1~ Instru ction Stream - Mult~~~e Data Stream 1~omputers

The major factor which determines the useful ess of this type of

- 6
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I
computer is its ability to perform the desired computation in a sequence

of vector operations. if single step in an operation depends upon

the result of the last step, vector operations cannot he used . I-i ,

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

a SIND architecture . An example of this type of operation is matrix

multiplication , where an identical operation is performed on each row and

column of the matrix. The proper row element and column element rust he

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

• ate on all elements in each row and one column in a N X N matrix. In

this case there wou ’d be N identical processors processing N sin m ulta n—

eous data streams , but only one instruction stream.

A SIND computer is organized generall y as shcwn in the following

block diagram:

Arithmetic
—‘ Processor

#1

~rocessorJ 

~~~~~~~~~~~~~~~~~~ 

~~~~~

LEEt:

Arithmetic 
—

Processor

___________________ J

Figure 1 [REF 6:3?9]
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The control processor is differe nt then thu others in that it o n  cute

condit ional branch instruct iens . It is the cont i 01 processor whi ch del :er ~
the order of the instruction stream and determines where each instruction

is to be executed (vectoring). The control processor has the exclusive

privi lega of determ ining 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.

Mu] t iple Instruction Stream - Multiple Data Stream Com~1uters

In the general MIND computer there are N input/output cha rire l s (da t a

stre am s ) arid ~ dist inct processors ( instruction st rea ms) operatin g in

parallel . Follow ing is a block diagram of a typical 1~I~ D computer:

~~thannel l

IIF—~ 
~~~

. 

~~~han riel 2

E processor I/OL. .. .r~ _______ . - ~~~~~1.._. ~~~~~~~~ . ______ ~ff ha m e l  N

Memories Processors Data Streams

A Typical MIND Arc hi tec ture

p 1

iignre 2 [REF (;3h7]
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Any input /output channel can be con nected to any proccssor w hich in turn

can he connected to any mcm;c ry . The degree of f lexibi l i ty cxh ili ited by

this machine is high , but the price which muSt be pai d in the form of

extra control hardware and/or software is also high. There are many

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 Flyr n~ et al. [REF 7: 251-286], and is shown in block

diagram form in Figure 3.

Memory 
— 
j  Processor 1 _____________

~f l ~l ~~~~~ 
-

Pool

Memory Processor 
• 

Arithmetic
__________________ 

Units

Memory Processor

Figure 3 [REF 6; 361]

There is a tradeoff betlwecln decreased ii e>: ibi ii L~ anti i nc r e~ sed si mpi 1 cit y .

9
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The ia a in probl em areas in an MflN ) computer are the part i t ioning of the

overall operation to be performed into marry processes that can be executed

in parallel , the con~ro1 of the separate processes , and th2 intera ction

between the processes. There are no established techniques for problem

partitioning which can he univers ally applied. There ~re methods for

resource sharing and scheduling which have been established for large

computer systems and which can be applied to MIND computers , but , again ,

the price is more control machinery . If one limi ts 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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111 Electronic Co unte n ieastrr es- Processin g Syst e ;~s

There are many advanced electronic countermea surcs systems currently

being employed in modern Air Force weapon systems . Effective EC~1 activ-

ity requires rapid threat detection, reconnition , and application

of a jamming technique. Most systems utilize a digital processor and

associated software/firmware for automated operation. Dig ital processi ng

also provides flexibility through software programmabili ty , growth throu gh

modularity , and speed through its inherent computational capability.

Air Force [CM systems vary in complexity from a s2lf-protecti cn inter nal

electronic countermeasures system in the F-15 fighter to a single penetrator

radio frequency surveillance /electronic countermeasures system in the B-l

bomber. The manner in which the essential processing is accomplished is

not , howev er, as diverse as the system descriptions ..

A general knowledge of Air Force ECM Systems can be obtained by

investi gatin g severil examples. The F-15 tactic~i elec tron i c war fare

syste~i (TEWS ) is an example of a fairly simple s€ l f—protection system for

a specific application. A more general example is the AN/ALQ-13l electronic

countermeasures pod which performs a similar function as the F-l5 TEWS ,

but exhibits more capabili ty and flexibil ity . The EF-111A jamming sub—

system is a multi-mission , multi-function system designed for use in a
J

tactical warfare environment. Finally, the B-i radio frequency

surveillance/electronic countermeasures system (~FS/ECMS) is an example

of an advanc ed , power managed [CM system designed for protection of a

sinqie strateg ic bo her penetrating enemy airsp ac . A complete descri pt i’~n

11
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of each system would be redundant. Therefore , Ofli~ the AN/AL Q- 13l [[TI

pod arid the B-l RFS/ECMS ri l  1 be descri hed in det~~l. The EF-i h A  jam-

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

The [F—lilA Jamming Subsystem 
•

This system is designed for use in several tactical warfa:’e 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 usec for pro-

tection of a flight of attack aircraft with the EF -lll A in an escort

role , and it can be used for protection of a fli ght of attacking aircraft

(and itself) with the [F-lilA performing the attack along with the other

aircraft. In genera l , the jamming subsysieni performs the three basic

functions of si gnal identification , threat recognition , and application of

countermeasures. The manner in which it performs these functions is quite

s imi lar , in genera l , to the B-I RFS/EC11S with this exception : the EF -il lA

uses a scann i ng super~eterodyne receiver , whereas the B— i RFS/EC~S emp l oys 
—

a wide open channelized receiver. Control of a scar~nin g superheterodyne

receiver is discussed in the AN/AL Q- l3 1 system description.

$4

The F-15 Tactical Elec tronic Warfare System

Self-protection ~s this system ’s primary function. It is designed

• to recognize radio frcque ncy signals , classify recognized si gnals as

threats or non-threats , and provide either a radar wirn inr y si gnal to the

aircraft operator , or apply [CM against the threat. The F-iS TEWS also

employ s a scanning superheterodyne recei vet ’ under computer control .

Received signals are convert~~ to IF, passed to art 4nterface unit where

they are di gitized , and fed into the system ’s computer for s ignal/threat

12
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analysis . Once in the computer , the individual pulse signals are extraded

from an input storage buffer and built into pulse trains. Thes e pulse

trains are then compared against an a priori table of knot-in threats for

threat recognition. Next , a decision is made whether to provide a warn ing

signal , initiate jamming, or both. The computer ’ s final action is to tore

the receiver to the next designat e-u frequency band for further data col-

lection.

AN/ALQ-l31 Electronic Countermeasures Pod System Description

The AN /ALQ- l3l is an advanced tact ica l  electronic countermeasures pod

designed for use or high performance aircraft. M dularity -in system

design provides flexibility to adapt to various m ission requirements . The

system is computer (software programmable ) controlled which provides tech-

nique and mode control flexibility and reprogr arinbihity to cour.ter ‘~ r’ied

and changing threat~. Also , this system is capable of operation in 1 rc-

set jamming modes , or in a power managemen t mode .~ith either an i ,t crr~l

receiver/processor , or ex ternal radar warn i ng re ce iver. .

Functional org~nization of the AN/ALQ-13l is centered aroi nd th

control and interface portion of the system whi -r conta in~ ~ 
procra - ~~

‘

digita l compute r as the system controller. The recei~~~’- ceS~or

and the actual counterm easures modules for the different frcq~~ncv Land ~-

are connected via a dig ital data bus. Operator interaction through cccl:-

pit control s i rrclud ’~s selection of system operating mode (preset, semi-

automatic , or automatic) and [CM technique selection. The control/inter- -

face module also contains hardware to generate up to 40 simu l taneous

•
1 waveforms for decep~.ion modulation. When a selected [CM technique requires

a deception wavcfor; , that waveform ’ s time- ,a i ah] c valu es are t raT ~~- i ttn~

13
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to the onboard term n~l threat coui te~’i;mas ures modules. Also , in the

automatic ado of operation the receiver/ processor nndu le sends time

critical data (threat tracker pretri gger signals and blanking signals)  to

the countermeasures modules via a high speed data bus.

~~~~~~~ Z~1J~I PJ~I~1 
Computer Descript ion. The computer is a third

generation design with a general register file , a micropro eram controller ,

- and a short, powerful , multi -format instruction set. The instructi on

repertoire features direct addressing of all memory locations and

instruction modification for register data , immediate data , and i ndexing.

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

Microprocessor

(micro-sequencer)

>,S.-

~~ - 
.
~~ ,~~ Cen tral

— Processing
Q) ~~.C ~~~ G) j

~~~~4 f
U ~~ 4- E

(~, U --- S.-

S.. ~~ ~~~~~~~~~
——--

U -— 0) 0
cf) — S..

$4

Input/Output

Figure 4 — AN/AL Q-l3l Computer Arch~tecture

Some of the general features of the computer are :

1) parallel operation

2) single address logic

14
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3) two ’ s comple ment arithn~et- Ic

4) 16 -bit word length

5) 16 & 32 hit instructions

6) 16 general purpose registers

7) microp rogram control

8) 2 MHz clock

9) 70 nanosecond memory access time

10) dircct meniory access (DM!k) capability

11) seve n priority interrupts

As a part of the I\~/A LQ- l3l system , the computer has 3K words of random

access moinory (~~T~~) ,  and 13K words of pro~rarrnabl e read only mc:~ory (P~O~).

The main I/O consists of a 16 bit parallel port which is also used as a

DMA channel in conjunction with several control ii nc-s. The computer also

employs interrupt I/O.

t Sun ~nc~ y. The computer progrm~s which

reside in the systcm S receiver/processor module control its operation.

The functions which are controlled are as fol lows :

1) - system initializatio n (EXEC2)

~ 2) executive control (EXEC3)

3) receiv .~r control (RCM )

4) pulse Lrai n sorting (P15)

5) signal analysis (flJS)

J 6) launch status determination (LSD)

7) mainte~:ance of active threat f i le  (ITT)

8) rece ivei ’ \‘CO calibration (CALIB )

9) analysis tracker set-on (TRKSETON)

10) tracker update (TRK!JPDAT)

~ L1.
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11) tracker assi gnment (TR KA SS IH)

12) process pod comma nds (INT IAC)

13) reacqu ire trac ki ng of s ignals (ROD)

14) tracking/guidance beam correlation (CORR)

15) self test monitoring (SELFT[ST)

The receiver/processor acquires si0n~ls from threat radars , analyzes them

for identification , and sends the reouired data to the jam:rers. The

receiver , under software control , is tuned thi-’ouuh preprogrammed thri-at

frequency ranges to search for signals. When activity is detected , the

receiver dwel ls for a sufficient time interval for the processor to do ~ts

signal analysis. Signal parameters are fed into th~ processor via ~hc ~~

channel for a predeter !ui ned amount of time dependc-nt upon expected cm
-

~ pu lse repeti tion frequencies (PRF 5 ).  A rialys i s includes det en : r:atica of

pulse repeti ion interval (PRI) through ex amination of pulse t ime of

arrival . Scan rate is measured by the TWS subroutine to help resolve amb i-

guit ies. Initial identif ication is attempted using frequency and PRI by

comparing measured va lues against known expected th ’eat parameters . The

software also maintains an active threa t table which contains data on

each act~ive threat detected.

In general , the software initiates the generat~on of wa~’cforins by thc

electronic countermeasures ([CM) hardware . Softwar€ . a lso sends hem: stee r in

information to the ECM modules. These modules conta in RAMs in a control

memory matrix which store waveform generation informa tion , and control

information , i.e., c hannel number, center frequency , and bandwidth (for

noise m odes). Application of countermeasures by the system software uses

a power man agement sche Q which is detailed as fol lows :

1) Technique Selection/Activ ation - Acqui ;ition and identific atio n

16
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of threats , select i on of techniques , end allocation of resources in

accordance with the actual threat environment.

2) Time Gating — PRI tracking pf selected emitters and inter-

leaving ol deception modulation and techni ques on a pulse -to-pulse basis.

3) RF Set-On — Measurement of the threat s1 nal frequency and

adjustment of the jam!ner frequency to concermtrate janm:er activity on the

threat.

4) Scan Set-On — Measurement of the threat’ s scan period and

adjustment of deception modulation (wobbulation) to a harmonic of the

measured scan.

The 13-1 Radio Fre~~e icy /Elect ronic Countermeasures Sys tern (RFS/EC~S)~
The B-l RFS/ECI1S is an advanced digitally controlled power and re-

source managed system , employing several levels of computer control ranging

from controls and displays for operator interaction to real-time micro-

processor control of the jamming hardware . To achieve flexibility and

responsiven ess , the RFS/ECI IS has been designed as a digitally controlled ,

software programm able , power managed , modul ar sys~:em. Its main features

are a~channelized receiver which is wide open to ~he RF env i ronment, a

central digital processor which performs such func tions as threat

identification and selection of countermeasures , and digita l jamming logic

which handles the power 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 flexi bility and growth

potential as poss ih l - . The key design features are : modular ity , higher

order lan guage (JOVIAL/J3B), and a tabular data bise. Pulse descriptor

LL 
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words from an encoder are placed in a pulse word biif~ur in the comp ~ tcr ’ s

memory via direct memory acco~-s and the preproc ea ~mr essuee~ m~m -pon~ ih i 1 t2/

for the ECH processing from that point , coiitinu ~rig until a jammi ng tech-

nique and as sociated parameters have been assigned. The various functions

of ti me preprocessor fli ght software are described in the fol lcmi r : g para-

graphs , and these functional elements are shown in Fi gure 5.

Receiver] Computer 
— 

Pulse
Encoder

J 
Interface Wo rd

I

App l~èation Emitter Emitter

[CM 
Identif ication 

. 

Reco gnitio n~~~

[ 
J~~ 

~~~~~ e 

] -H_
Tran smit ters

~
Fi gure 5. The RFS /ECMS Softwar e

Emitter Recoqnit io i Function. As pulse c1escr~ ptnr words enter the

compu ter ’s pulse woro buffer from the receiver/enco ler it processes

the em i tt er~ ’ N rame L rS. The di g itally enc oded N Ne descriptor
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words are co:~rescd of frequency , pulse width , anrle of arriv al , pulse

ampl i tude , and time of erri val . The process of p ’ lse  train dc — in L L~ lc -av i  ~m’

and parameter cLlcu lat ion involves the formation of a working file wheFe

pulse descriptor words are grouped by parameter matching. Parameters usr-:i

for matching are frequency and pulse width. The software then uses the

time of arrival of successive matching pulses to calculate pulse repetition

interval . Eventually, pulse amplituc’e and time of arrival wi l l  be used to

determi ne scan rate , however , identif ~cation can be made in the majorit y

of cases based upon frequency , pulse width , and pulse repetition intc~ \5i .

Capability is also inclu ded for hand lir - g multib eamn emitters and frequency!

time of arrival ambigu ity resolution.

Emitter Identification Function. Once an emitter ’ s parameters have

1’ been calculated , this function is responsible for identifying that emitter .

The preprocessor ’s data base contains an a priori t~b1e known as the Al arm

File which contains the parameters of all known thrcats as well as the

countermeasures technique to he applied. Another part of this function is

a priority subroutine which aff ixes a priority num h:-~r to a threat accordin:~

to its leathality . Priority is used to resolve resource conflicts. 
-

Pul~se width is th~ first parameter used for emitter identific ation .

Since it is not nieasurad very accurately, it is ess~ntially a c mar se

sorting parameter. Next , a frequency match is sought. Those emitters

whose frequencies overlap are further sorted using pulse repetition

interval. These three parameters ; f requency , pulse width , and PRI , uniquel~
identify most emitters ; however , scan rate is used o resolve any remaining

anibiguities. If a par~ncter overlap can still exist after using scan rate ,

the potentially ambiguous alarm file entries are ti€ d together using a scan

ambiguity pointer. Beca use the ambiguous emitters n’e so alike , idenl i—

_ _ _ _ _  
-
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f icat io n is made by arbitrari ly identifying the emitter as the one w i th

the grea test lethality .

In the dynamic stripping process the computer identif ies an emitter

and assigns an associat iv e tracker if one is available. 1\s part of the

assignme nt the computer tells the tracker when to edmit more pulses from

an emitter for parameter update . When system t ine equals t ie  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 emitter on which the inf orma t ion

was desired , the word is tagged wi th the tracker ’ s number and a l lo~md to pas s.

The second way to block pulse traFfic from the computer is through the

use of static stripping logic in the computer interface unit. This log ic

works in a similar fashion as the dynamic st r ipp ing logic , but does not

have the cai chi lity to track time of arrival. Static stripping logic

co nsists of a hank of parameter limits which can h~ loaded into the compare -

between limits ’ logic. Pulse descriptors are not allowed to pass if they

fall between frequency limits , pulse width limits , amplitude limits , or

angle of arrival limits. The various lim its can be tightened or relaxnd

accord i~g to the degree of blocking desired.
I

Dynamic stripp inq through the use of the asso ciative 1 ac~ers is the

optimum processing rne~hod for the preprocessor. A 5s oc ia t i v c  trackers are

also used for time of arrival or frequency am biguity el imination , main

beam detection , rec eiv er control , and time synchron :ation of the jamming

waveforms with the received pulses. Static stripping logic is used

• pr imarily for pulse traffic reduction during an overload condition .

The emitter idencifi cation function also has the capability of mode

determination for emit~ers wi th a multimode capability . The mode file

20
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section of’ the alar i f - l i e  is used for this function. ~ode file entries
also conta in jamming techni~ re information w he re a chanja is required .

Other iii es subsi di cry to the alarm file arc the PRI file which contains

the expected PRI’ s for emitters wi th none than one , the beam file for m ulti—

frequency emi tters , and the dowolink file which contains jamming inior-

mation for m issile downlink si gnals.

-
~ - 

Pulse Traffic Requlat ion Function. The RFS/ECMS must be able to

handle a high density emitter envir onn~er~t; however , the computer does not

have sufficient pulse handling capability . To reduce the pulse traffic

through the preprocessor , the computer i nterface 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 ne~i th~eats or to update the parameters of an old threat.

There are two methods of blocking pulses from the computer. The f i rs t

is dynamic stripping which uses di git al logic call ed associative trackers .

Associative trackers consist of frequency memories , direction memories ,

and a content address able memory which provides the log ic to track time of

arrival. The trackers are used in conjunction with a bank of compare

bettieen limits log ic ‘ihich does the actual blocking .

Receiver Control Function. Control of the reeeiver is exercised by

the preprocessor software. The software obtains cnntrol 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 follow i ng reasons:

a. ,~~~rator Control . The operator m a y  want to change the

receiver ’s sensitivity threshold. The software accomplishes this by

21



sending a new set of threshold commands to the receiver through tie

co~puter interface enit.

b. Jammer Leakaje and LookthroOuh/Isolation Perfcrmm~cc . If the

isolation between the receive arid transmit antennas 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 assoc ia t ive  trackers , ca n look at selected receiver

channels at an intermediate sensitivity for the purpose of CW or Puisc

Doppler emitter detection.

d. Deferred Threat Search . The software can sequence through

the receiver channels one at a time (all others switched off), at a hi gh

sensitivity , for the purpose of early detection of emitters or the detec-

tion of low power si ’~nals.

Applicat ion of Cou rite r :ueasures Function. Aft e r- the emitter ideritif-

ication function has matched a detected emitter ’ s parameters with the a

priori parameters in the alarm fi le , this function makes an entry in a file

of det~cted emitters . This emitter f i le is then used by the applicat i on

of coun termeasures fu nc ti on for emitter para m eter -j pdates and t ransmis~ ;o~
— of emitter parameters to the jamming hardware.

Direct interface with the j amming hardware is v ia the j amrner file.

This file contains tFe jamming technique parameter ; to be transmitted to

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

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

parameters . In addi tion , a jammer file entry cont:iins the associative

-
~~~ tracker address for ti m e tracker assi gned to the e:a~ Lter being j~~ae d.

22
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The specific j O l i l i  rig hardware with which the software interfat:e~ is

the j  ar;eer log ic. I nf on ati on is conveyc -J in tao fonm ,a Ls . One fuel at,

the jammer allocation log ic load format , tells the log ic how to set up the

RI sources for j ammin g an emitter. The other for mat , the waveform gemi-

erator format , tel ls the waveform generator ‘:hat modulation to put on tY~
transmitted j amming si gnal. When the required parame te rs are transferred

to the jamming log ic , it is necess a ry to “set-on ” the hardware. Set—on

refers to close loop frequency set-on of the vol tage controll ed osci l lators 
-

and close loop sat-on of the voltag e 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 soft -ware compares the actual output ~ ‘ith the required out-put

and sends out a new comma nd. This process is repeated until the desired

- 
- accurac y is achieved for frequency and amplitude set—on .

. 

-

Comparison of these four system descriptions yields a comnon process-

ing al gorithm for initial ECM data processing. A ;thou g h each system

emnploy~ different hardware , the processing schemes are sim ilar. Data is

co l lected by a receiver , di g itized , and passed to a central processor.

The computer timeri at t empts to dc—interleave th is data strea m into pulse

trains associated wi th separate emitters . Threat identif ication is accom-

pUshed , in all cases , via matching with an a prioei table of threat

emitter parameters , and, finally, a decision is made on the desirability

of electronic countermeasures application against detected threats.
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IV Time Soviet re~

The sheer quantity of data which arm elect ronic counter measures

system must handle is enouqh to swam p m ost processors . Comp l icating

the problem is the fact that indivi nhia l puls e descriptor t-~ord~- consist ing

of frequency , pu l -e width , pulse ai~ali tude , angle of arrival , and time of

arrival must he sorted according to the radar they were received from .

This process , referred to as pulse train de—inter leavi ng, is 010 of the

crucial steps in electronic ccuntera casures proc essing. Various de-inter~-

leav ing algor ithms a - c used , hut most ln\-olv e qronp ’ing individual pulses

by common frequermcy and pulse w idth ( PW ) until pulse repetition freq ecacy

(PRF) can be calculated. These three pam-afeters arc then used to identify

an emitter and se lec i. a counter measures technique. Wh en a hosti le radar

can be identified un~quely via frequency , PW , and PIlE th~ applic ation of

countermeasures process is a strai ght forward sequence. if , however ,

parameters from two or more radars are si m i lar or overlapp ing, the ich- ri-

t i f ication process c~n he quite com plex. In the latter case , pulse

descriptor words must be processed as rapidL as possible , ma king a p ara lle l

processing system ideally suited for the task.

Appendix B cont- iins the detai ls on radar paraiietors which a USf~E ~~~

system can expec t to encounter. It serves to intrcduce the Soviet threat

and show the inter—r e lationships between their rad - rs ’ parameters . Due

- 
- to Appendix A’ s security c lac s i f i ca t io n it is riot normally included as

part of this thesis , hut if it were it could he in~— e rt ed as Chapter ~~~.
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V The Para llel Microprocessor Arch i tecture

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 n --t-

work can process the digital data being output by an electronic counter-

measures receiver. Two main types of paral l e l ism ~ are emp loyed in the

creation of the parallel network. The first type is the grouping toqet ! er

of a large number of single data stream - multiple instruction st ream~
processors - under the supervision of one main control processor , and the

second type involves data queueing via the the use of First-In-First-Out

memories . ~any tradeoffs are necessary in designing an architecture such

as this and it is these tradeoffs as well as the o~-era ll system capabilit y

which are described i~ the following pages.

Architecture Overview

The first decisic’n to be made is on how to steer the inp ut data St e-

to the correct instruction stream . Also , the number ’ of paral le l  instruc-

tion streams must he chosen. Here lies the fi rst t~’adeoff. lhe nuaThor of

instruction stre ams (wa ich equates to the total amoint of hardw ar e ) vers es

system performance must be balanced . If too ~ew instruction streams are —

use d , the system will not be able to handle the inp -~t data rate , and , if

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

r, t most of the time , and in airborne systems idle hardwa re is dead wei ght.

To achieve opti mu- m i results this decision would require -an extensive analysis 4
F
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of Ed -i mission data and scenarios. Since this type of ana lysis wo uld be
classi f ied and would be beyond the scope of this thesis arm arbi t ra ry

decision w i l l  be m ade to test the feasibi l i ty  of the pa ra l le l ism ceucept.

A network of 64 independent instruction streams and two levels of data

stream steering logic wi l l  be used. On the first level , the azimuth cover-

age of the system wi l l  be divided into 16 sectors , arid on the second level ,

four microprocessors wil l be assigned to each sector.

Data S tream Steer i~~ Loqic

To achieve maximum speed , i.e., minimum delay in getting data to its

proper destination , a logic array approach will be employed for’ data

steering One fairly stable parm -ater in a threat radar ’s pulse desc r ipt o r

word (POW ) is angle of arrival (AOA). Even with the radio frequency

receiver or an aircraft flying at rear supersonic speeds , the i-ate at which

the AOA of a particular radar ’ s received pulses ~‘ar ies can be assu med t.o

be zero with respect to a millisecond time interv al. AOA is used as can

address input to a ~:og ic array implemented in a random access memory . The

data stored at each address is the proper destination for a pul se dcscri p-

tor woj-d with that AUR address. With AOA as the ~teering param at er , 1 ) -

azimuth coverage of the ECM system is first di vi d~d into 16 sectors of ~~~~~~~
- -

degrees each. AOA is assumed to be an 8 bi~ quan !ity (ho~ed upon the B-i

RFS/ECMS system descri ption) [REF 91. The value of the least significant

bit of this quantity would be 1.40625 degrees whi ci is also the minimum

angle resolution capability of the log ic array . rigure 6 shows the com-

position of one of the input data words and Figure 7 is a block diagram ot

the first level of data steering logic .

0 8 
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Angle of Arrival

Address Lines

First Level

Log ic Array Ram

- 
(256 wordsX l6 hits/word)

_ _2 3 ~ 5 6 7 8 9 10 11 12 13 14 15 1~~~~~
FIFO and Sector LoQ ic

Array Enable Lines
( RAM Data Lines)

_ _  

_ 
_ _ _

Sector
First -In—F irst -Out Memory

(one for each sector)
J

JL  F 1
FIFO Full FIFO Enabl e

(To Master Processor) Data Out To
Microprocessor I/O Port

Figure 7. First Leve l Data Ste e r ima -j l O g iC
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initially , the first level logic array is loaded wi th  16 different

sector addresses . Each sector ’ s address is repeated a nw -her of ti~ao~
according to its width in azimuth increments . Ihe individua l RAil

addresses ’ contents are specif ied by the equation: 2 (Secto i - l )  The data

stored at each address is a 16 bit quantity in which only one bit is set

to a log ical one. The position in the word of the bit which is set cc’r-

responds to a sector number. Fewer than 16 hits could be used to specif y

16 possible data destinations but that number is the result of another

tradeoff . Simplicity would dictate that only 4 bits be used but that

would necessitate additional hardware . The log ic array ’s data output is

used for enabling the next level of logic and the sector’ FIFO ’s and if
— it were only a 4 bit quantity , it would require decoding. There is a

tradeoff between additional hardware for- decoding logic and a larber ~~

word length to accomodate the longer data word length. Even with the

longer word length , memory parts are available ir the SiZe required (4K hits)

with acceptable acc ess ti~.es ( less than 100 nanoseconds). This results in

an acceptably low caitr ibution to the overall delay in getting a Pfl~ to

its ultimate destin ation . -

As an enable signal , a RA~-1 addresses ’ contents al lows the P~ - to

stored and held for’ the proper instruct ion stream to access. The next

level of data steering logic is implemented in a ~im i 1ar fashion to the

first level. Figure 8 depicts the second level oF data steeri ng logic.

The most obvious di-F-ferer~e in the second level of logic is the

fact that the logic array P.R~1 is addressed i-y a l~
) bit quantity c ons ist i mm: ~

-

~ of all 8 bits of AU! and the 2 most si gnific ant bits of frequency . The

incorporation of frcc;uency in the RAM address at this point allows flex-

.
~~ ibility in choosing the PDW ’s final destination . m i s  flexibility is used

28 
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Fi gure 8. One Sector ’s Da ta Steeri rm-~ Logic
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to hal p he idi ~ t ha i L~iet ion ~- h ei~c . - one sector is ove r- i ocaded r i  t im a di s~ r a --

porti onate ra-sunt of data coIr :aered to the others . The o-~-era 11 sy~ 
- is

designed around an average data rate per sectOr’ arid overlo ad conditions C C !

result when there are a large r~uehc-r - of radar pul ses L-eing received from

one azimu th sector. Overloads are disc ussed beginni ng on page 31.

Each of the sector logic array RAM s is 4K hits long and is ar-rang ed

- 
into 1024 four bit words. As in the fir -st level logic array , the 4 bits

of data in each address correspond to data d rs t i r mat ions , however , in this

case it is the data ’ s final destination. The RAM ’s contents are specified

by the equation : 2bin where bin represents one of the four m ic ru hm -ocessors

in a i articular sector. Al s sim ilar to the f irst logic level is the use

of four bits where two would serve, to eliminate the nc-cd for dec cida logic.

- One of the four processors (instructio n streams) is informed o~ its

-
~~ selection via interrupt from the logic array . Once an instruction s~:reai

is chosen , data is fed into it from the FIFO. The mi croprocessor accesses

the FIFO via an input/output port and extracts the data on which it m ust

H operate. One more tradeoff is encountered here . If only one FIFO per sec-

tor is used it must be connected to some control Thgic to queue the mi cro--

processor ’s requests for data and insure that the data gets to the correct.

processor. If instead , on e FIF O per processor ’ is used tire con Uol lo~- ic

can be eliminated. One IIFO per sector is assumed and as with the first

level logic array , accessing the RA N contributes less than 100 nanoseco nds
• to the total delay t ime of the syrTha.

The final delay in gettin o data to its proper location is in accessiig

the P110. This dela- is also less than 100 nanosc-conds~ based upon the

memory parts currently avai lable; therefore , the total delay adds up to

approximately 2b0 naroseconds. Input time for thr microproces sors is not

31)
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considered becuase it is not a delay caused spa -s i lically by system

choices , i.e., an input operation w ou ld be requ ired r’oou rd less of the systc•..;

architecture . There [ere , the total delay time f -cm receipt of a pulse to

the start of processing on that pulse is comp atible wi th  tim- requir ements

of the most capable Air For’ce FCi sys Le r , the ~-1 RFS /ECMS [REF 9].

Sy~~em Over - loads

To cope w i th the situation where too much data is f low inq into a

sector for it to handle , i.e., the FIFO fi l ls up and overflo ris , the p-c r ’-

tit ioning of the 360 degrees of azimuth into 16 sector ’ s must be ada ptah le .

Fir-st , howeve r’ , the overl oad condition must be detected . This is a cc wc ~
plished by using the FIFO full signal f m - ma each o~ the 16 sector FI FO’ s as

a prioritized inter ’upt to a master systc- m mon ito r ing processo r as show n

in Figure 9. Priorit ization of the interrupts can be used to place

flaster Processor 
- 

-

t rri i t • t f t  t 
~L~iInterrupts

- 
FIFO Fufl 

- -  
FIFO Full

Sector Sectoi’
- 
- FIFO . . . FIFO -

16

Fio~ire 9. The Master Processor
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:~ 

- 
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I nci’eilsed emph asis on some sectors to deal with si mu ltaneous over lc~ ds .

Basic ally what must he acco~ ’l ished by the waste - processor is a re—

formaiting of the logic array stored in the- first level hA 1 and the logic

array in the overloaded sector. When a sector is r ece- ivinq too much data

that load can be reduced by narrowing the azimuth range the sector’ must

cover. Narrowing one sector ’ s azimuth cover-age iueans that the coverage

of another must be expanded , given a fixed number- of sectors. 130th loc~ic

arrays invo lved must he reformatted but there is a Ijini m um azir cuth beyond

which a bin should not be shrunk. This minimum is related to the azimuth

measurement accuracy 0-F the ECJ-h system. If a nhirlimuw sector w idth of

twice the azimuth accuracy of the ECM system is us-ed , the data w ithin any

-

~ given sector should he stable long enough for processing to be accomplish es .

- 
If a smaller sector width is used the probability that one pulse Iron a

threat emitter will he in one sector and the next will appear in another

sector , before proce r-s ing is completed on the pul~ e train , become s much
• 

greater. The operat ion of the easter’ processor ’ s software programs is

highlighted in the f ml low i ng chapter.

I
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V I Softwere 
-

-

Software programs to detect and service overloads , reduce overload

conditions , and reformat logic array contents are documented in followin g

-
~ sections. Basically , these programs are of two types : those w hich would

normally reside in the roaster processor and those w hich are included for

simulation purposes. The interrupts are simulated , input data is fed

into the prcce~sor network from a tab~e, and the individual pulse descrip --

tor words are stored in arrays instead of FIFO’ s.

Norma l Processing Software-Subroutine NORPROS

Functional Descri ption. This is the software program which would be

the executive in the master processor. An o~’erlo~d occurs when any sector
- - FIFO becomes full and can no longer ’ accept new dati and results in the

narrowing of a secto’’s azimuth coverage. It would be executed conti nue- ee -y

in a loop as long as there were no overloads. Its m air~ purpose is to

return overloaded sector’s to thc-ir norma l state. There is another syste.

tradeoff here . It is desirable to attempt over-load r-eduction as soon as

possible but there is an inherent danger here in that overload redmseisio rm ir~
soon could cause a sector to re-overload and hence cause an excess ive amount

of time to he spend in reformatting arr’ays . While a sector is overloaded

1 : it cannot process pu -e desc riptor words until its logic array has been rc---

formatted , i.e., it cannot perforrir its main function. Therefore , attempts

at overload reduction too soon can result in too m~r~y pulses being missed

from a specific em itt m- r ’ s pulse train.

33 

- - - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---- - -—

~~~

-

~~~~ 

-



Va r i e b iss .  Fe; lowing is a l ist of the var ’ iohles used w i th i n  ti c- sub-

routine and a defi n4tion of the ir pur; ouee

A. T IHES—Thi s is a ‘ sin~ulation~ va riab le which deterie i nes L~-.-~
ma ny times tim e subroutine is executed before it is interrupted by a sim-

ulated overloac . Normally, the subroutine would exccu~c continuously in

a loop until interrupted.

B. OVLTAB -Thi s is the main overl oad table an.d is used by all

subroutines. It is a 16 X ‘1 array , one entry for each sector. Within each

entry there are four variables.

1. OVLTA B (SECTOR ,1) is a flag called OVLFLAG which ~-iherr

set to one indicates that a sector is over ’loaded .

2. OvLTAB (sECT0R ,2) is a variable called OVLSTAT which

indicates the status of a sector ’s azimuth coverage.

a. OVLT~B(S~CTOR ,2)~O means that a sector is expanded

to 28.125 degrees , i.e., it is covering sonic of the azimuth spectrum left

uncovered when an overloaded sector - was shrunk. -

b. OVLTAB(S[CTOR,2)~l indicates normal azimuth cover-

age by a sector.

c. OVLTAB(SECTO R ,2)=2 means that a sector has ov~r--

loaded once and now covers 16.875 degr’ees instead of its original 22.s-

degrees.

d. OVL TA B(SECTOR ,2 ) 3  indicates that a sector is

double overloaded ard is currently covering 11.25 degrees of azimuth. It

requires two other s ctors to be exp inded.

p. OVLTA B(S ECTOR ,2) = 4 means ‘hat a sector is at its

narrowest azimuth coverage of 5.62~S degrees. In t:iis state the frequency

spectrum c.overcige is divided in half so that two ‘f the sector ’s micro-

34



processors cover each half of the frequency spectrum and al l of the

narrow azimuth sector . This is done to pr - ov idc p-c rt i t ior i ing ol the data

stream in this sector via the frec~uency parameter wh en 1-hA 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 wid e and the microprocessors assigned to i~ cove r’ only

portions of the frequency spectrum , i .e, puls e-s which are received in t:iis

sector ’s azimuth range but which are considered unimportant (via t h e i r

frequencies) are not processed.

3. OV LTAB (SECTO~,3) is a pointer cal led EXPA NDR which

points to a sector’ which caused aect i e-r sector to he expanded. This

pointer is only val d when OVLSTAT=O and shou ld other-1- !ise he zero.

4. OVLTA~(S EcT CR ,4) is a counter called ORLDCNT and is

used to keep track af how long a sector has been ~n its current overload

state. For’ test purposes , the count is allowed to reach seven before an

attempt is made to reduce a sector ’s overload status , i.e., NORPROS is

executed seven tir ie~ . Seven is On arbitrary number and in an act~nal system

a muck larger numbe ’ would prob ably be used si nec its iue xi r ;u~1 value is

determined by the a:tual tin’a to execute ~i~ OS . During the per-iod of time

defined by the maxi mum value all owed for OREDChT (and NORPROS ’s execution

time) them -c should ~t least be a possibi l i ty that the overload has vanished ,

I otherwise the sector will re-overload. The test scenario in Appendix C

i l lustrates this co~i-iit iou.

C. SECTOR-This variable is used pri m arily as a table search

pointer when searchi og OVLT/~J.. for a particular cordition or parameter.

D. CUROV -When an overloaded sector is found , CUROVL is se t

35 -
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equal to the sector ’ s nuw 5nr. Thi s var i a ble is used priiu~ri ly by su b—

routi no FST NA~ as an i n i  cats . of the s e - ter mh uu-~ azi~ -uth covo -eqe is to

be reduced. - 
-

Flowcharts. Figure 10 shows the deta led logic flow of this sub-

routine. A commented listing of its implementation in FORTRAN 1V can be .

found in Appendix A.
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SECTOR=0 Initia lize the sector counter.

- 

_ _  

-

SECTOR = Increnirent the sector countc-r .
SECTORI-l

1 
—_______

- I SECTOR OT Have all sectors been checked?

-i oU ~
‘ VLFL~G F Is this secto’r overloaded?

[S

H ‘S 
_______

OREDCN I = Increment Jie overl e-ad reduction
OREDCN r÷l count.

~~~~~~~~ 
REDCN.

>

J1Q.....+.
~~

O0 ~ 
1t titiie~~0 a t t e m p t a i e d i i ~tion

Fi gure 10. Subrouti ne NCP~PR0S
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OVLSTAT= Decrement this sector ’ s overlo ad
OVLSTAT-l status.

OREDCNT=0 Reset the over-load reduction
counter.

_

CUROV L~ Set the va’ iab lc CUm~OVL to this
SECTO R sec tor ’ s number- so that its

azimuth cover-age can he adjusted
according ~o its new over- l oad
status by FSTRP-~M.

SECT(’R~l Re -in iti a l 5z~ SECTOR for theI search for the sector which w-ss
expanded p -eviously by CUROVL.

_

is
101 XPAND~ C Is this th-~ correct secto~’?U ROV L?

~1U

- 

Increment the sector counter.

Figure l0 (cont)~
-
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EXPAND~ Set the vari ab le FX ~A i h  to th is
101 SECTJR sector’ ’ s ow her so that i te ozir- j th

cover age c~n be returned i n i w l

by subi Oiat l ne 5T h

- OVLSTAT ~1 Reset the overload status of this
sector from expanded back to

______ ____ norm al .

~
_i

iT 

-

EXPA NDR-~0 Reset this sector ’ s EXPAN DR pointer.

113 ~VLSTAT o Has the overloaded seeLor ’s over’ -
CIJROVL L load status he-err reduced all the

ES 
way back to normal?

- I 
OVLFL ,-\G=O Reset its overf i ag. -

overloaded sector ’s can continue.

YES NO If SECTOR is less than or’ equal to
11 312 

~~~~ 
there are more sectors to

- Figure lO (con ).
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312

TIMES=
TJ h ES-l Decrement the execution counter’ .

YES I~~~
S

EQ 
- 

Has NORP !~OS been executed theiL desired number of times?

NO - 

-

SEcTcR

~~~
1 

~~~~~ 
Reset the sector counter.

_ 

- 

-

‘S 

Figure lO(cornt).
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Interrupt Pro cess i~ j So1 t~-uire - Subrouti ne IUTSERV

Functional uescr ipt to n .  The subrouti re INTSE NV is partially

simul tion and parLially an interrupt service routine , it contains logic

that simulates the occurance of a hardware interrupt to the master’ pro-

cessor , as ~-~el1 as logi c to service that interrup t . Normally the inte~rupts

would occur as the sector FIFO’ s be-caine pverloaded . This subroutine ’s

basic function is to determine which sector is overloaded , find a sector

whicn can be expanded , and call the subroutine FSTRA~ so that the system ’ s

logic arrays can he reformatted .

Variables. The variables used by the subroutine INTSERV , their

definitions , and purposes are as fol lows :

A. OVLSECT — This is a “simulation ” va~-iab 1e . It su;~~lies sub—

routine INTSERV with the over-loaded sector ’ s number . In a real system

the overloaded sector ’s number would be determined via the master pro-

- 
— cessor ’s interrupt logic.

8. OVLTAB - This is the same table as used by NORPROS .

C. CUROVL — This the same variable as used by NORPROS , but in

INTSERV it represent s the sector which is actuall . ’ over-loaded.

~ D. SECTOR •- This is the same pointer a used by NO~~~OS.

C. EXPANC - This is the same variable ~s used in NORPROS ,

but in INTSERV it renresents the sector which is actual ly to he expanded.

Flowcharts. Figure 11 shows the detailed lojic flow of subroutine

INTSERV. A commented listing of its creation in FORTRAN IV can be found

in Appendix A.
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C±i~I)_ 
_- 

-

OV LFL AG of
OVLSECT Set the c--~’ rlo~’d f lag for the

=1 overload sector .

CUROVL= Set the current overload vu ri ~bleOVLSECT to the t i n. her of the secto r
~-~hich is overloaded .

is Check the over loaded secto r- ’ s
OVLSTAT EQ over-l oad sLatus. If it is already

5? 
- in over- l oad state 5 then nothirn cr

else can he dune.

ovLSTh) r

~~~~~

lo3 ~remented~~o 5
t

(a~~~ 2)
state . Otherwise , its o:in~uth

YES coverage wi ll be modified in
accor-dance r-i i tb  i ts new overl oa

‘S 
,~~~, state.

(
~z~i)

F
-

Ei gure 11. Subroutine I~lSERV
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I
OVLSTIT of Set this sector- s over-load stateCU\ ’L to 5.

±ji-
EXPI\ND~ Set both the sector search
CU ROVL counter and the expand variable

to the number of the sector r-ihich
is overloaded. EXPAND will be used

I by ESTRAM to set up frequency
stripp ing for that sector end

______- — SECTOR is also set to that val ue
SECTC’~r 

to act as a pointer to this sector”s - -

CUROVL 
- entry in the overload table.

‘S

Figure - 11 (cont).
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(T~-

~~~~~~~~~~~ 
Increme nt this sector ’s over le~d

_____—

Initi al ize the sector sear-ch
SECTOho~1 co~nte~- for the search for a

j s rc tor  w h i c h  can  be expended.

1
If ( J- ~LHJG is equal to zero , i.e. ,

O~ -‘ thi~ test is ~ei led , t h~ r thi- Secto r
in questi o n is not over l e :dod l i t
it moot be choeked to see if it is

- 

- 
il read e >o ond ~d , It is expanded

-~ i f  OVLSTI\T- 0.

-

-

‘S 

~~~~~~~~~~~~ Fi~~~~~~~~~~~~~~~~~1 
Set -

- - 2 1-hD ec~i~~ to SECTO k so tbet
SECT FST h— h -~ mu c:- -j r od the sceto ’ ~- -Ficb -

I

was found to e ava i lab le .

•1

Figur e- 11 (cont).
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~~~~~~‘ES~~~~~ is

EXPAhb ~ of - Reset the cur’rently overload ed
CUROVL~O sector”s EXPA NDR pointer- to ce- ru .

0VL ST i~T of 1 - Set the nc~-i expanded sector ’ sEXPAN r- 0 overl oad state to zero indicatins-

- 
j that it is now expanded. 

-

‘S 
-

lO~~

1
Figure 11 (cont).
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EXPANPR Set the expe nda ble sector ‘ s
~~~1 ) ‘ ~1 CUR-3VL EXP A ND~ ~-c i titer to the over’—

loaded sc-:ctor’ S number.

OVLSTAT of 
0
e
~~~~~

-
~ 
sector ’s over-load

YES 
~~SECT0p GT )—~-—- —-~ 101) Ibave all sectors been searched

16? ~~~~~~ for’ one whic h can be expanded?
If so, thor nothing can be dor~ .
If not , the-n increment the sector
search pointer and try again.

SECT O R~~J_~~ O5

H 
-~~~~~~~~~~URN

‘S

106 
-

~~~~~ Or_ 1 Restore the sector pointer to
CUROVL the number of the sector which

was overloaded.

RETIi-N

- li gure 11 (coot).
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Fi ~st Level Lcq i c Array S uh r o ot - i  no —

Functional Di sc j ’tL-o . 
- 
The subrout - ine FSTRI !-1 does the m e - f e  mo-e tt iny

of the first level logic array pr-oqranr . It is called from subroutine

IUTSERV to shrink the azimuth coverage of an overloaded sector end expand

another sector’ to pick up the slack. FSTR 1~-1 is also called from NOKI~ O~-

to reformat the log ic array w hen 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 re m overload state , and shr irr ~s

the sector which the over-loaded one had expanded. In neither case is the

entire array reformatted unless sector 1 is overloaded arid sect;or 16 is to

be expanded or vice versa. This is done to m ini m ize the time spent between

the receipt of an overlo ad interr’ upL by NChJ k~S and the act ual return to

nor-mel processi rig wi - - h the new 1 oqi c ar-ray pr’oglo-i -
. The ~. c-qrarii 1 i sti nq

in Appendix C provides additi O~Oi deta Il s on ES1 bA- ~’ s operation.

Variables. The following variables are used , created , or modified

by FSTRA M . . 

- 

-

A. EXPAND is a variable indi cating lie sector to be expand ed

if set by TNTSEUV or the sector which is having its ove-r-io~d state re-duced

(azimut4 i coverage ex ianded) if set by T~ORP~OS.

H B. CUROVL i s a variable inrdicat in0 Lho sector wh ich is current ly

p overloaded .

C. RAMENT is a variable which points to the lc- -i ic array ele ment

being modified.

D. WiDTH is a variable indicating the- width of a sector in

azimuth increments (or- l~ qic array elements). It varies accord ing to a

sector ’s overl oad state.

C. S CTOR is a genera l purpose table search pointer.
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F. RN-ITT;B is table w hich contains the new log ic ar-ray

- C. OV L TA~ is a genera l purpose . tab le ind icat ing the over~i 1

condition of the system.

H. SRAMTA!3 is the table which contains each Sec~Or ’ S log ic

array program. It is not used by ISTR/’J-1.

I. FSTSECT is a variable indicating the first sector tc be
- 

reformatted.

J. LSTSECT is a variable indicating the last sector to be

reformatted.

K. B1NCONT is a var iable which is calc ulated by the equ ati o~:

1 BINCONT= 2 tTO
~~

l), and i s stored i n RANTAB .

L. LSTENT is a variable indicating the- last-log ic array

element within a sector to be modified. -

Flowcharts . Fiqure 12 shows the detailed lo~.ic flow for subroutine
- - FSTRN-i . A commented FORTRAN listing is contained in Appendix A.

‘S
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YES Which sector cones first , the
EX PAND OT one to be expanded or the one

which is over ’loaded?

FSTSECT=
EXPAND 

- If the expanded sector come-s first
______ _______ 

in OVLTAB then set FSTSLCT equal to -

1 its number arid set LST~ECT equal to
I the number of the secto r w hich is
1- overloaded .

LSTSECT= )
EXPAND

FST SECT -

CUROVL -

— If the over m adcd sector- comes first
in OVLTAB then set FSTSFICT equal to
its nuiriber and set LS1SLCT equal to
the number of the sector which is

‘S 

- 

to be expand -d. 

-

Fic~re 12. Subroutine ISTRAM
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- - I Initialize th~ va r iab les SECIORSECT O~--l and ~i NL -J for ’ the ca~ ~ulat iorr cf
RA~~N1= 1 I the cu~aul&ti ye nu - ;bar- of azimu t

_______ - Inc amen ts in the sectors p r eeeed i t q
FSTS[CT.

203

is
f’~~\ NO SE CTOR ~ I-las the f irst sector ’ to be

FSTSECT? reformatted hr-en reached?

YES

YES If this sector ’s overloa d status
- OVLST -T Nh is ;‘cce then its widt h is 20

O~ azi uth incr - e~-sn ts

207 Increment R A T  by 20.

&~~~~~~
LSTT

~~~
E ~~~

t
~~~~~~~~~~ 1~

tatu5

~~~ 
Increment l Jd-~LNT by 16.

Fi gure 12 (cont). 
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204

YES is If this sector ’s overl oad status
O~LSTAT NE is two then its width is 12

2? azimuth increments .

NO

RA~ENT=RAMENT+12 207 Increment RA~ENT by 12.

YES is If this sect r ’s over’losd status
OVL STAT ~ 

is three then its width is 8
3? 

- 
- azifl~uth increments. -

NO

RAMENT:.T -

RAMEN T j—
O~,) 

Increment R1d~hNT by 8. 
-

‘S 

RA~1ENT~ 
The sector ’ s overload stat us must

RAMENP4. be 4 o r  5, therefore , its width is
4 azimuth increments. Increment

-- RN’IENT by 4.

-

~ 207)

Figure 12 (cont).
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Ii207

Increment sector.

Has the end of the overl oad table
YES is been reached? If not , cor t in ue- to203 - SECTOR LE calc ulate RAMENT. If so , find the

16? width of the sector’ being
reformatted.

YES -is If OVLSTAT~O the- sector ’s width is
OVL STAT N~ twenty .

0? -

NO

W I :  
- 

-

X TAT~ 
the sector ’ s width is

D!EIJ-~~
Fi gure 12 (cont).
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/

/

/

211 ,
_/

I-

YES i s If OV LSTA T~-2 then the sector ’ s r -i dth
OVLSTAT NE -is twelve.

2? 
-

NO

WIDTH

~~~~~~~~~~~~ 

- 

If OVL STAT~3 then tire sector ’ s w idth

WIDT
If OV LSTAT -’ 4 or 5 then th~’ sector- ’~width is fi rt’ .

e I ement to have tM s sector s

Fi gure 12 (cont).
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-

RN~CON T~ Calculate the logic arr-ay
2 T0R~~ element’s contents.

--

1-i
RANH T of Store the sector ’ s number in the
RAM TAU= log ic array element specihed L-y
RAMENT RA~E N T.

Increment ~AMENT.

~~~~~~~~~~~~~~~~~~~

F CALL 1 Call the sibroutine S[CRA :i so
SECP \li that it can re Ic rmst the sector- ’ s

_____ ______ 
logic array .

Figure 12 (cont).
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Y ES
~~~~C~~R r Q H v ~~~l~~~~c s  which are s upposad

- NO

[ SEcTE }—~<~
) Increment SECTOR .

‘S

V 
Figure 12 (coot).
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Second Level Loqic Arra y Subroutine — SFELAM

Funct ional Description. The suhrout~ne- SECR!d is rc-spor ;~: H i ~ fc - r- th~
reformatting of the logic ar-rays which perform the second level (sector-

level) of data steering. It is called by the subroutine ES ~J-~ each t~~e

FSTRAM completes its processing on a par’ticular sector. Each az imuth

sector has four microprocessors avai lable for assignment and the sector

logic arrays steer the incoming data to the proper processor bin.

When a sector ’s azimuth coverage is modified tire assignments of the

microp -ocessors within that sector must also be modified. If a sector ’s

coverage is narrowed to less than 12 azimuth increments (16.8 deg rees) , - -

frequency is used in addition to AOA as a steer’ inç~ parameter. The two ~ost

significant bits of the frequency parameter’ are concatenated wi th  the t~
bits of AOA for-miri g a 10 bit addressing paramete r— for use with the scccn~i

level logic arrays. The methodol ogy for stor-ing the data desti nations in

their appropriate aedresses is as follows . If a ~-~ctor ’s w idth is 12

azimuth increments or greater , ti-iC dest inat ions (i-in assignments) are ~t cred

in four groups of iccations specified by the addr— i-sses: OOAAi ~iJ’A T- !~,, 
-

O1AAAAAAA A , 1OAAAAA 1A.AA , ari d 11AAAMAAA. The firs t two hits are the

frequ~ncy bits and tie others are the 8 bits of Al~~. In essence , the

frequency bits in th~ addr ess a re i gnored. If a -~ctor ’s w idt h is 8, e-

frequency bit is usel and the destinat i ons w i ll b found at the address~ s

OFJ~MAAAAA and 1 FAAAAPAAA. Finally, if a sector ’~ width is 4, both

- - frequency bits are uned and the destinations can ~ � found at the addressc~

specified by FFAAAAPMA .

Subroutine SECRAM stores the new logic array ‘?lemcnts in a table

called SRA I4TAB end raturns control to FSTR/\I~. Lih- -~ FSTRAM , it only re-

formats the array elements which must be moa if i cd chus min imizing its
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execution time . A program listing fo~’ SECRA M ’ s implementation n [0LT~
IV is contained in I\ppen dic C.

Var iables.  The fol lowin g ~‘a r- iabl es are used , created , e m e-odi~ ie’J

by SECflA~-i .

A. SRANENT is a vari able similar - to RANLh T in that iL points

to a specific log ic array element in the array table called SRPNTAt .

B. SRN-1TAB is the sector log ic ar-ray table. -

C. BW IDTH is a variable ~\hich indicates the size of a sinc~le

bin within a sector when a sector ’ s width is at least 12 azimuth inc r c -T - e  nt:.

D. TItlES is a counter which keeps track of how many times a

loop in SECRAM Iras been executed.

E. Bili is a var ic ib le equal to a microprocessor ’ s bin nUmb er’ .

F. BINCONT is a variable which indicates the desir -ed desti nar on

for the data entering a sector. BINCO NT is calcuThted by the equ ah ion :

BIr1CONT~2
NN. 

-

G. WIDCN1 is a variable indicating the final log ic array el e :m t

to be modified dur irq •a particular execution of S CRAM . 
-

Flowcharts . Figure 13 shcws the detailed lo~ic flow for subrout is-:-

SECRAM . A commented listing is contained in Appe~dix A.
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r SRAi-lEUT~ 1 SRA~IENT is SECNA~4’ s pointer- into

L~~~
t
~~J 

its log ic array.

For all sectors which are at lees t
BW~~T~ 12 azimuth inc reme nts with .- , each
WIw rl/ i mic rep r-ocessor cove rs 1/4 of the

assi gned azimuth.

YES . . -101 j - 4 J [ r d  ~~~~ Fhe next .o decisions check to see
if the sec~or- ’ s width is less then
12 azimuth increments .

‘S NO

~~~~~~~~~~~~ YES -

NO

I then the d~ta destinations rust beo
~
{ ~

—
~~1 If a sec to - ’ s width is 12 or qrm- ter-

403 TI- IL- :4 I stored in 1 sets of locations toI 
effective i~’ ignore the frequency

_ _ _ _ _ _  _ _ _ _ _ _  
portion of the RAi~ ad d ress.

I~ gurc 13. Subroutine :SECh f -H
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BIN~3 Start with bin number three.

BII - CUNT=

2~~ Calcul ate BINCONT .

Calculate ti- re number of the last

— BW IDTH logic arr-ay element to be modified.

‘S 

- 

store the data destinati on BI;~~~

SRt~:1Et:T= j Decrement SRAMt -J-~T to the next
SRA MEHT-l element t be modified.

YES ~~~~~~~~~~~~~~~~~~~~ 
Have all i.he logic array elements

Fi gure 13 (cont).
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YES BP Have all the mi :roprocessors been
0 assigned?

NO

— 

-—--
~~~~~~~~~~~~~~~~ Decrement BIN.

TIMES = . Decrement TINES .
TI M ES— l

- 

for ~~~~~~~~ 
do the repetitio n

‘S 

SRAM~NT Set the pointer equal to the address
284RA -~[r~F 

~~~~~~~~~~~~~ 
SRAMTAB where -

Figure 13 (cont).

60

I__&_ __ __



1!’  .-
~~

---- —‘-

~~

-.-—- ‘- ~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~ 
-- -

~~~ ~~~~~~~~ ~~~~

201

NO is Is it time to do the repetition
TIMES EQ for frequency = 10?

2?

YES

SRAME ’-IT= Set the pointer equal to the
- 4O3~ 

address of the sect ion of Sft~-tTA B
2 +RANENT where frequency 10.

N O is Is it time to do the repetition9 510 — TIMES EQ for’ freque - rcy = 11?
1?

YES

SRAMENT= - Set the pom nter equal to the
address of the section of SF-~AMT/\~where frequency 11 .

‘S

403)

‘-1

Figure 13 (cont).
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The sector ’s width is 8 azimuth
~~~~ I0

} 
. increm-ent~ , therefore , erie hit. of

the two fì :-~c’uericy bits wi I ~l be used
I for addressing and the other one

will effectively he ignored by
repeating the data destinations in

SRAM L NT addresses where its value is Lat h
28+P~AMENT 

- one and zero .

_____________ Set the pointer to the address ~-here[ frequency = 01.

S RAME NT of
SRA MTA B ~l Assi gn processor 1.

Decr

~

ncnt the pointer’ .

- 

Assi gn processor 2. 

- 

-

‘S 
______  _____

SRA tr E~T- Set the printer to its norma l val ue-.

Ass i gn processor 3.

Figure 13 (cont).
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Decrement the pointer.

1

Assi gn processor 4.

S MEI~F- How repeat the process for the
2 +RA~’-~Ei-~T addresses r-here the MSB of

_____ — - 
frequency 1.

L~~~~
:
~=ri 

Assign processor i. 

-

‘S ___
SRAT-1 [Nr= Decrement the pointer’ .
SRAMEN i- 1

____  
- 

Ass ign processor 2.

Figure 13 (cont).
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- -- _______________

i
A

SRANENT=
~ 

Set the P0 ritor’
2 +2 ÷RAMU:T

• 
_

ii___
SRAI-1[NT of .

SRAMTABr 4 Assign prOCe SS o ~~.

-

~ 
_LI

~

SRfd-~LhT~ Decrereer-it the pointer.
SRAI-ILI JT-l

______ Li

~

_
SRAM E-T of 

- 

Assign processor 4.
SRAi~lT~B~8

Figure 1 3 (cont).
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The sector ’s width is 4 ezimuth
~l0~) - incr ements , the,-e~om- e , b e t h  b i t s

route the data , because l ie  azimuth~
J 

of frequency ~- .r 11 be used Lu help

can no l onger be divided.

rSRAMENT= Set the pointer to the address
I 29+R~~~-T specif ied by frequency = 10

concatoiiated with 110A.

Assign processor 1.

[ SRA MEN Th~~~ Set the pcint cr to the address

[~~ +29+RA~.iEr-~j  ~~~~~~~~~~ 
~~~~~~~ 11

~~ Ass ig n p re ces sor 2. 
-

‘S 
_____ _ _ _ _ _

SRAME t-:T~ Set the pc-int e:- to the address

28÷RArENT specified Ly fr-eqs-racy = 01
con c~tonated with Aft-i.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j 
- 

Assi gn processo r’ 3.

Figure 13 (cont).
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-

5
~~~~ T=i ~~ o~~t~’~~~~~

; 
~d~~ess

SRA MENT of
SRAMTAB=8 Assign processor 4.

__
RAI’lENT= - Rc-sto r-e RA~W NT to the value it
RANLNT+l had upon entry into this

_______ ______ 
subrouti ne .

__ -
.

- 
- 1R~T URN D

‘S

- 
- Fi gure 13 (cont).
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Data Extraction Subr outine - DATAQUT

Functi oudi Descriptio n. The subroutin e PATA-DUT is used to simulate

the normal use of the logic arrays for data steci ing. It contains a table

consist ing of parameters from 16 fictitious c-sitters similar to those

which would normally be received by the ECU system. Ttìese Paramete r’s are

extracted from the input table and stec-r ed to their prc-per destinations

via the logic arrays formatted by FSTRA~i end SECRAM . For test purposes

the subroutine prints out the sector and bin assignme nts on an output

dev i ce.

Var iab l es .  The following variables are used , created , or modifieU

by DATAOUT.

A. DATI\BUF is the input data table use-cl for- storing simulated

radar parameters .

B. SECT0:~ is the yenem’~-l purpose table search pointer equa l to

the sector ’ s numbers.

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

(sector number) reac fr’om the first level logic array. -

D. RIM is a variable indicating a micr-oprocessor aSsigor;~ent.

E. STRY ~ a local variable used to store the data destination
‘S

(bin assignment ) rei d from the second level-logic array .

Flowcharts. Tie detailed logic flow for subroutine DATAOUT is shown

in Figure 11 . A con mented listing of the subrout-n&s implementation iii

FORTRAN IV is in Ap pendix A.
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__Ii 
- 

- 
-

r - 1 Set the  counter I to 1 -b r’I-i extraction of the f i rst  emitter ’ s
_________ J parameters from DATABIJF.

® TITL
SECTOR=l Initialize -the secto r search ro in t c r .

~~~ TRY 1 - Extract th data destin ation ~rc:~AOA of the f i rst level log ic array I~~~~ L
RAMTAB I is at the address specifi ed by the

L~~ .~~•J emitter ’ s AOA.

- 

Translate the i6 bit quant ity iota

~~~~~~~
ES

~~~~~~~~0 

- 

is this thc proper’ sncior foi’

Increment SECTOR a;id try again.

F isu re  l/ ~. hrc-~~i~~ PAT~-1ThT
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~~~~~~~~~~~~~~~~~~~~~~ choScn Sector ’s numb~r

BJN=i Initiali ze the bin search counter.

STRY~ 
- Extract the data destination from

:1 FAOA ~f the second level logic array s : ic h

SRA~TA U*2 is at the address specified by
______ 

frequency concatonated with AOA .

STRY =ST RY /
(rI~) 

Translate :he 4 hit quantity into
2 a bin number.

801 YES STRY~~~~~~ 
Is this thE proper bin for this data?

NO

Incremen t PIN and try aga i n.

Fi gure 14 (c ont).
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/ OUTPUTJ 
Pr i nt  out 

a n ~~~~~~~~ 
t;~

Increment I to work on t he n e x t
- 

— 

cmi tters ’ paI-&~:-2 Lers .

~~~~~~~~ see 
~~

-~~

‘S 

-

Figure 14 (coot).
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VII So f t wa re  Ex ocv t ier Ti me Auui y :~i s

To obtain on eeti mat r of the t i r e  required to execute the

microprocessor system ’s software programr~, an assembly language equiv-

alent of the routines must be derived. Since any mi cropro cessor which

is chosen for  the  actual system iruplen :entat ion will have its own unique

machine and assemb ly language , the routines have been rewrit ten in a

general asse mb ly language and a rough order’ of magnitude esti mate has ha- a

obta i ned. Two other assumptions are required. The f irst is an ass umpt r a

of avera ge conditi ens , i . e., subrouti !Cs arc call ed and loops arc execut- :~
a number of t ines co m mensu rate with something less than the won-st case.

- 
- The other assumption which must be made is that of an avera ge instruction

‘H time for an average microprocessor. The system r 2quir es a 13 bit micro -

processo r’ , therefore , an average insti-uction time of 5 nI iC ro src o nc ~s woa ld

be representative of processors currently ava ilab~e [REF 11 : - -l f~]. 
-

With data derived us ng the above cond it ions and ‘ss um pt ica S a u~ cr can

later ’Sder ive best case or wo n-st cas e estimates fo~ his cmi sat of con~h a

The following tables contain the  rou g h tr’airslatio i f rom FO~Tih~ IV to-

asse mb ly langu age fo ’  each subrouti ne.
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The master processo ~- ’ s executi v~ subrouti ne~ ~
)
~P[~OS , rcqui res ~n

average of approximately 2 ml l l i se co tFd s per execu iion . This e3t iIiIa~c- Cd f l

fluctuate depending upon the number of exist ing over lo~dcd sectors before

N ORP R OS ’ execut ion and the number of new over loads  which  occur d u r i n g  ar l~
after its execution. In a beni gn env ironment there  are ~~ overloads to

reduce and N OR PR OS can execute in approximate ly  1 m i l l i s e c o n d . In a very

dense environment , i.e., all sectors are either overloaded or expanded ,

NOR PROS wil l  either not be allowed to execute because of constant interrupts

or wil l  take more than 3 mil l iseconds per execution because of the large

number of overlo rd reductions which ~ust be perfornied. The most important

piece of data obtain ed f rc ;~ exa mination of NO RPROS is an average execution

time number w hich can be used to maku an intelligent choice for the fl~3 X 1lLU~

number of NOR PROS execution times a sector  wi l l  remain overloaded before a

reduction is attempted.

INTSE RV is a short , fast subroutine w hich dcter nFin~s an overloaded

sector ’ s number , finds an expandable sector , and posses those data to

FSTRAM . Its averag e execution time is approx ir~ tcly .7 niilliseconds ~ind

is not~ very dependent upon external conditions.

The subroutines which reformat the log c arrays , FSTRAM and ~ECRA~ ,

are heavily rJe,~endent upon the system ’ s status , th~ density of the external

pulse enviro n!~Gnt , a ~d the locations of the sectors w hich overload. As the

diff e rence be~ - -~~n the overlo aded sec tor ’ s r r;ubcr ~nd the expandable sector ’ s

number increases , tb- execution time for both FSTk. M and SECRAM increases

due to the larger portions of logic arrays w uich n~ st be reformatted. On

the average , F~TR/~M ~‘.ill tak& ~ over 3 mill iseconds to execute and SECRP M ,- ,~~l

take 2.3 mi lii . econd ~.. The essent ial  cs s m ption ~d r i c h  was made in deriv if l~
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these numbers was that the overlo aded sector and the expand ed sector were

8 sectors aprrt.

Sunlluary -

Using the numbers derived from the preceeding analysis , the time

required to restructure the microprocessor network after a sector overlo ads

can be estimated . First , an interrupt occurs and .7 mil l iseconds is ~pent

in INTSERV . INTSERV then cal ls FSTF~AM which reformats one secto r ’ s entr ies

in the first level logic array. After finishing its mod if icat i o n on One

sector, FSTRAM calls SEC~1~i to reformat that sector ’ s second level io~j ic

array. S[CRAM returns control to FSTRI’J1 and the process is repeated un til

al l  lOg ic array entries wh ich must be reformatted are modi fied. TIi~ teta~

elapsed time is approximately 6 milliseconds. Meanwhile , processing in

the non-overloaded sectors , i.e., all but the one wh ich interrupted ~O?~PRUS ,

continues normally. Processing does not cease in the overloaded sector,

however. Pulses are still ad~iiitted into the sector ’ s FIFO on a space

availa b le basis as the sector ’s microprocessors cxtract data for proc essin~ .

An extensive analysi s of expected pulse den~ity b r  represent ative scen~.~

woul d~ be required before a quantitative estimate of ho~; many Iul~ c-s ‘ca l1

be lost during the ( millisecond del ay could be cht~’iFa d .
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- V III Conclusions and Recoc~cnd~t ions -

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 unpredictab le

making a single instruction stream processor un-feasible. There are , how-

ever , parameters in the data stream which can be used to vector portio ns

of the data to separate processors . The multipl e instruction stream net-

• work which was inves .igated provid :~s sufficient division of the processi ng

task to allow parallel data processing mithout the addition of overly cum-

bersome control hardware and software. A master processor , executive con-

trol software, programmed logic arrays, and First- in— First -Out memories

provide the necessary monitoring and control to allow 64 indepe ndent micro-

processors to operat’~ in parall el. The arch itectu~’e is flexible and adapt-

able , and reconfigures itself to cope with the unpredict able nature of

elect~~n i c coun termeas ures data.

Overall Resul ts

The system soft’~are and hardwa re design was simulated and exercised

against a test scenerio and fictitious radar data . Test results , presented

J in Appendix C, hi ghl i 9ht the microprocessor ’s response to system overloads.

The master processor ’s overload handli n g software allowed for the orderly

reconfiguration of tL~ network as overloads occurr~-d and the restoration

of the network as ov rloaci s dimini~ hed. Add iti on ’~ test results rxhi~-~ t
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the capability of the prograr~aed logic arrays to steer the incc~ ing r~~-ec

pulse descriptor words tc- their proper proc essi r~ locations ‘chile adding

very l ittle time delay betsee n receipt of a pulse and the start of prore:~s inq .

Software Subroutine Jmprove raents

In general , the subroutines are constrained to a specifi.:~ set of -

initial conditions. Changing the test - scenerio or input data ¶ - t rears

requires a sof~uere modification. To prevent possible conf igcr~t ion

control problea~s and to provide for easier test ing, the subro uti acs sho al d

be modified to accept user specif ied initia l conditions and should be made

interactive. The test scen ario can he generated in advance and lo~dcd via

punched cards , paper tape , or magnetic tape. The pecif ic radar para ;c t e rs

of the threat emit - te l- s c~n he loaded at run ti ’ce . Initial sector overl oad

status can be specif ied by the u ser during the actual test.

Another softw are improvc~eot which can be ~oacV invo~ves the general

nature of the architecture i tself. F-or test purposes , the arch itec Lure

presented in this thesis was assum ed to consist of sixteen sectors and four

microprocessors per sector. For future investi goUons a modification can

be made to allow var ous d ifferent configurations by allowi ng changes in

the nmnber of sector~- , sector spacing, and r-~icroprocessor assi gnments to

the sectors . l radco i studies can be made to anai~-ze the irpoct of differ~nt

architecture configurations on system overloads ani throughput.

Potent ial IIard~ tre ~ ~ificat i  O i S

One of the most difficult decisions to make w- -~ r partit ionin~ the

azimuth coverag-: of ihe network into sccLors is on sector size versus the

tota l number of sectc - rs. Because the actual envireir:ent is unknown a p~ ion
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the architecture must he ~e ic-ral in nature ard must be- f lexible , resu1t in~
in a f inite amount of control hard~are and so~t~•are . If , howev e r , the

system could somehow measure its envi ronment and ada pt itsel f , the amr - elt

of control hardware and software could be reduced and the system ’ s pcrfor-

mance increased. One way to provide the reoui~ed environmental data is to

place hardware pulse counters at each sector lIFt) (counting the FIFO enable

signals) to keep track of the quantity of incoming radar pulse descri ptor

words. This data can be monitor -ed by the master processor which can t ie r

adapt the network ’ s configuration.

One other improvement which could be made is to employ one FIFO for

each microprocessor instead of one FIFO per sector . This tradeoff is

discussed in Chapter V and would result in a four fold incre ,’c-e in eac- h

sector ’ s throughput capability as well  as the elimination of the liFt)

control circuitry .

Recommendations for urther Study -

As it is presented in this thesis , the microprocessor network

requires a set of in itial conditions and a fixed ~cenario to he tested

and e~~luated . Dyneli c stimulation of the proces~ or architecture can L

achicv cd by modeling a typ ical electronic counteri aasvres (F\~ roa:m-nt to

create input data fo - the network. Implcmented ir a minico mputer , this

- 
- 

stimulation caa he accomplished in real time and t i e  parallel microprocessor

concept can be extensively tested. -

Another area fo- further study is the actual ~ uLric atio ri of porti ons

of the system ’s harr!m~rc. Two candi dates for fahr-~~.ation are the data

steering log ic and t r a  roster processor. Lo~~c an oy programs can b~
created , stored in a~-tual RAM ’ s , and tested to pr v ide further insic~ht j~ t n
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system time delay:~. Also , the r aster processor software can he prograr~ ar~
for and executed in an actu el ni CrOpio:;~SSOr to test its perfo r~:ance -

As cin alternati ve to an extremely flexible architecture con figurati .n~,

made necessary by the unpredictabl e data environ ment , an extensiv e an alysis

can he accomplished to determine an opLimu ~ paral~ el architecture. This

analysis would require the exami nation of actual weapon system scenarios

and would necessarily be classified .

One final area for potential future study is the complexity of th~
control overhead inherent in .a paral~el processing complex. The overl oad

handling software presented irr this thesis is cumbersome and could probably

be streaml ined to operate more efficiently. The number of intermediate

states betwe c-n situation rorn’cil and a seve re overload should be exa ni r d

as well as the transit ions between these states.

I,
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Appendix B

This appendix is published as a separate document entitled , A Parallel

Mi cro p rocessor Arch itecture for Elec tron i c Coun termeasures Pro cess ing -

~ppendix B,

.11

2
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INITIA L 0V E D LO~~ T~~~LF

In the ini tial overload table sectors
I 7 and 10 are in overl oad state two

O causing sectors 5 and 6 respectively
0 to be expanded . Sectors 8 and 9 are

o C I.~ 
both in overloa d state three an d have

1 7 -
~ 

caused sectors 1,3,2, and 4, respec-
j  2 tively , to be expanded. Sectors

7 11-16 are in norma l azimu th coverage.

~-40~~~~0S ‘~I1L ~‘ I ’ W ~~v TO F~~DUCE ‘ )V E~ L~~~~S

N0~~P~ 0S W ILL ‘~~ ~
Y
~~’UT~~ 8 TP-~5S

CJ~
1
~ 1~J1’ 0V~~~L1A” T -’~~L~

o ‘1

o 1 c The overloads in sectors 7 and 10
F-~ave been el iminated , sectors 8 and

r 9 have been reduced to an overl oa d2 c state of two, and sectors 1,2,5, and
i n c 6 have been changed from the expanded

o 1 state to the norma l state .
j  2 0

2’ I
o 1 0
o r 0
F) 1 2 0
a i 0

- • 0 1 0
0 1 0
0 1 -2 0

~T7  I IS O V E R L OA D E ’ )
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~T THIS QOI NT , r~ T~~AM  WOUL D ~E C~~LLE 3 A~~1
WI-lEN CONTROL ~a c  ~

2
~~SFO ~~CK IT W OIJLC

~FT t JRN CON TR DI ~A~~’ TO NO~~P~ OS

THE OV E RL OA!~r 1 ~~~~ OR IS 1

TH E S!CTO~ TO ~ F EY~~A N O E D  IS 2

C’ I~ REN7 NI~~P L OA ~ T A B L E

• 1 7 P 0
0 C 1 0

Sector 1 has re-overl oade d causing
I sector 2 to be expanded .

0 1 0
0 1 1 C
1 2’ 3
I ?
0 1 1 C
0 1 ‘3 0
o 1 ‘3 0

• 0 1 2 0
0 1 2 0
o 1 ‘3 0
F) 1 0

NO~~P~ OS W ILL ~1~W 7 V  TO PEOIJ C E OVE RLID~. ’~S

N0~~PROS WILL ~E EY~~’U~~ED 10  T IM E~

C ’JR~ FN T OV ~~~Lr’A T~~~LE

0 1 I’ 0

0 1 ‘3 0

a 0 1 ‘3 0 NORPROS was execu ted enou gh ti mes
F) 0 to reduce the overl oads in all sectors
0 1 1 0 back to normal. This is a clean
0 1 0 overl oad table , i.e., all sectors
0 1 0 0 are in norma l azimu th coverage .
0 1 1 0
0 1 ‘3 0
o 1 0 0
‘3 1 ‘3 0
3 1 I 0
0 1. ii a
o 1 ‘3 0
0 1 ‘3 0
o 1 0

122

-- ____•~ 1_•-__ - ~~~
_ - _~~~~~~ . - _ L__ .~~~~~ a — -- - -- - - ~~~~~~~~~~~~~~ 

- -.. -



-~~ - _ : -- — ;,  - -- a,  - .

E— IER cEN CY ,,, ~~~7~ O 1 IS OV ERL O ADE D

AT THIS POI’-JT , Fc1~~~~ M WOU~ O BE CALLE D ~N1
W HEN CONT R OL ‘4’S P~~cSEn ~AC~ IT WOUL ’)
RET u RN CONT PI’I L ~‘A ~~ TO NOF PROS

T H E  O V E R L D A ’ ~~~~ ~E 4 - D~ IS 1

THE SECTOR ~ fl l~~~ r y~~~ 4~~~fl I~ 2’

CIJR~ ENI nv~ ’LO 4-

1 1 ‘3
‘3 C 1 0
o 1 ‘3 0
o 1 0 The overl oad in sector 1 was remove d
F) 1 0 too soon and it re-overl oads .
0 1 -2 0
o i 0
0 1 -2 0

o i i 0
0 1 ‘3 C
o 1 0
o 1 0
9 1. 2 0
0 1 -1 0
I) I 0
o 1 1 0

E M F ~~~EP1CY ’ ! ’  ~~~~~~~~~~~ 1E IS CIVERLOADE ’)

AT THIS ~OTP-” , ~~~~‘ A M  WOU L D OE C A L L E D  AND
W H E N  CON T~OL wA -s 

~~~~~~~~~~~~~~~~~ ~‘I’Ck IT WO ’JL~
‘ ETU RN C O J T P~~L ~A C ”  T O NO~~PkOS

‘
1 THE OVE RLOA ~~~ 5~~~~12~~~~~~~ p IS

- 
•
~ THE S EC T O~ TCI  ~~~ ~~~ PA N 0 E D  IS ~
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C’~RRENT OV ~~~LDA3 T AB L E

1 2’ ~1 9
o 0 1 0
0 C 1~’ C
0 1 2 

‘3
o Sector 16 has now overl oaded as the
o i aircra ft approa ches the simulated

1 0 dense rad i o fre quency environmen t .
o 1 0 0
O 1 1 0

-, 0 1 (3 0
0 I ‘3 0
0 1 I’ 0
o 1 I C

0 1 ‘3 0
0 1 ‘3 0
1 2’ 0 0

N ORPR O S WILL P2CI W “ 4 - V  r~ P~ OUCE D V E R L 7 A D S

“4(D ’~PROS WILL ~~ ~Y~~’UT EO E TIH~~

C IJ O RENT C’V~~~ LO~~’ TA ~~LE

1 2’ ‘3
o 0 I ‘3
o 1’~ 0
o I “ 0 There is a lull in the overl oa d s(1 1 ‘3 0 and NORPROS execu tes f i ve ti mes.
o 1 0 No overloads are red uced but the
I) I ‘ overloa d reduc t ion coun t for sec tors0 1 2 ‘3 1 an d 16 has reached five .

-J 0 1 0 0
0 1 I) 0
o 1 (3 9
o I ‘3 0
o 1 ‘3 C
0 1 I) 0
o 1 0 0
I ? fl

EME P~~ENCY ’ !’ E~~C’’O 1 IS O I1 E R L OA I1Er)
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A T THIS POI NT , ~2i’~~~M W O U L D ~E CAL LE I  AN D
WH E N CON TROL WA~ ~P~~SFO ~tC V IT WO ’JL~
RETU RN CONI POL !

~~~ I’V TO NOF PFO~

TH~ DV E R L D A P ~ fl ~~ 2 T O R  IS 1

T H~ SE CT O R “~ ~~~ 
Y ’ ~ 4~-~Q~~cI IS ~+

C ’ J RRENT OV~~
P L DA ~ TA B LE

° ‘3 Sector 1 overl oads again and now
its in over l oaa s tate th ree .

0 1 (3 0
0 1 0 0
0 1 (3 C
o i 13 ‘3
0 1 9
Ii 1~ 1 (1

• 0 1 0
o 1 (3 0
o 1 2 

‘3

1 2’ ‘3

EMERG ENC Y 4 I !  ~~~rTD ’ if IS O~fER L OAD E fl

A T THIS POIN~’, ~ST P - M  WOUL D BE CA LLE D AN 1
W H E N  C O N T R O L  WA ~ ~~~~SFD ~A C V  IT WOUL D
RETURN CO P4T~~rlL I A ”  TO NOCP~ OS

~ HE O V E R L O A ~ r ’  
~~~~OR IS ie

THE SECTOR TO I~~ ~~~~A N0 ED IS 5
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C’IPRENT

1 3 0
0 ‘3 1 6
0 0 I~ 0
0 C -t 0
o 0 1~ 0 The aircraft is approaching the
o 1 ‘3 0 simula ted dense environment and
0 1 ‘3 ‘3 the sectors around the nose begin
o 1 ‘3 0 to overload more severely .
0 1 C 0
0 1 13
0 1 0 0
0 1 ‘3 0
o I 13 0
O 1 • 0
o 1 2 

‘3
1 - 2 5

E~FE R G E N C Y ! ’ ’  ~~~~‘n  
~~ IS

AT THIS °OINT , ~c~~ -’-M WOUL D ~E 2AL L~~ A N )
WHEN CONTROL L4A 2 ~~~~~~~ B~ C~ IT WO’JL~PROS

T HE r )VERLDA n~ D ~~~ 2 OP IS 1~
THE S ECT O~ Tfl BE ~~~ A r-~O E D  I E

C?J P RENT OV ~~BLC .~2 TAB LE

1 1’

o 0 1 0
o a i- o
0 1 1 C-

j  0 0 1f 0
o 1 0
o 1 0
o i 1 0
o 1

P
4 0 1 0

0 1 ‘3 0
H a 1 ‘3 o

o 1 13 C
0 1 ‘3 126
1 2 ‘3 0
1 -

~ 
- 
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- —  -~~~~~~~~ .

E~~~~~~r~~C V ! ! ,  ~~ CTrr 2 IS OVERLOA O fl

AT THIS ~~~~~ ~~~~~~~~ WOUL D BE C A L L E D  A N D
WHEN CONTROL W A~ r~~ ~srn B -~CK IT W O I JL fl
R~TURN CONT~’OL ~~~ 4-V TC NO~ PRO S

THE OV E RL DAP ~~ ~EC~~)-c IS 2

T ’-IE SECTO~ TO I~ ~~~~~~~~~~~~~~~ IS 7

C’J~RE~JT C’F~~ 1CA~ T A B L E

1 3 C 5

1 1 0
‘3 0 1~ C
0 ‘3 1 0
0 ‘3 1 0
0 0 1 0
0 ‘3 I 0
o 1 0
‘3 1 2 C
0 1 ‘3 (3
o 1 (1 0
0 1 ‘3 0
0 1 13 0
0 1 0
1 2 13 0
1 ‘3

N’Y~PROS W ILL ‘~I(2 W ~~~ TC REDUC E ‘ )VERL O t - D S

NO-- ~~ROS WILL BE !Y~~~IJTED 3 TIM E S

‘S
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C1J~~R~ N T OV~~~ LO P- ’ T A B L E

1 ? ‘3 1
1 1 1 ‘3 3
I 0 I ‘3 0

-~~ 
(3 1 I’ 0
0 0 1~ 0
0 0 i 0 There is a short l u l l  in the0 - ‘3 1 0 overloads and NORPROS executes three0 1 7 0 times. Since the overloa d reductiono 1 ‘3 0 counts in sectors 1 and 16 wereo 1 ‘3 0 alread y at five , the i r over loa d0 1 ‘3 0 states were reduced one level .0 I 0 0

-
~ 0 1 13 0

1 0 1 ‘3 0
2 f) 3

H 1. ‘3

E M E R G E N C Y! ! ’  S!~~~~D I IS OV ER LO ADED

AT THIS DOINT , ~C~~~A M  W O UL D SF CALLE D AN D
-~~ WHEN CONTROL W~.S S~~ B ACK  IT W D’JL ”

RETURN COP-4T~ CIL W ” TO NO~ PROS

- 
• THE DVER L OAD ~~ S’ICI1OF. IS 1

H THE SECT OR TO ~ E ry
~~A W D E D  Is ?

- C ’JPRENT OVE”LD ~’~’ TA B LE

- 1 13 1
1 1 3
F) P 1 0
o i C The overl oadin g continues as theo I. 0 aircraf t approaches closer to th e

- 0 ‘3 I 0 dense environment.0 ‘3 1 0
0 1 ‘3 0

:~ ‘3 1 r 0
0 1 ‘3 0

- 0 1 a
0 I 13 0
o i ‘3

(3 1 1 0
1 2 ‘3 3
I 2 13 1

128

_ _ _ _ _ _  ~~~- - -- ~~~~~~~
- - -

~~~~~~~~~~~~~~~~~~~~

- .—



——~--~ —ii ~~~~~ —~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~ -.,--~-~~~~~~
-—— ~~

,

- • ~~~~~‘~~N C Y ! I ~ ~~~~~~ iF IS O ”FRL OA D~D

AT THIS POI~~ , ~~~‘~ M WOULD BE CA LLE D A ND
W HEN CONTROL WA~ ~‘~~SFfl  B A CK IT W O’JLfl
RE TURN CO~4T~ lL ~A~’ TO NOPP ROS

THE OV ER L3A ~~~D S~~~~OR IS ¶ 6

THE SECTOR TO ~~ ~~~~A P’~DED IS ~

C’JRRE~-1 T OV~ PL”~-~.’ TA ° L FJ

1 ‘3 1
1 1 13
0 ‘3 1 C
0 0 1’ C
0 0 I~ 0
0 ‘3 1 C
0 ‘3 1 0
(3 1 ‘3 0
‘3 1 ‘3 C

- - 
0 1 ‘3 0
o 1 ‘3 0
0 ¶ ‘3 0
‘3 1 ‘3 0
0 1 ‘3 0
1. ? ‘3 3
1 13

EME P~~ENC Y !!’ ~~~~~~~ 1~ IS r~\/ERL CADF fl

AT THIS POIt~’, 
C~ ”~ A M WOUL D SF CALL ED AN )

WH EN CONTROL ‘4A ’~ ~~~~~‘5~~1) B ACK IT W OULP
P~TUR ”J COt~JTPrl L I~~~~~~

V TO NOE PPO S

‘H! 1V !RLDA ~
r..
~ ~~‘) O R  IS 1’

THE SECTO~ TO ~~ ~~ A N D ED IS S
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ £~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r~~DP~~fl CIV~~ 113’ A~ TA~ LE

i I
1. 1 ‘3 3
o 0 1~ 0
o ic (3
0 0 i’3 0
O C 1J~ C
o 0 I 0
F) 2 0
‘3 1 ‘3 0
0 1 ‘3 0
0 1 ‘3 ‘3
0 1 0
0 1 ‘3 C
0 1 ‘3 0
I ‘3 3
1 1

2’ IS O %FERL~ A D E n

-
• I~T “HIS POI~~~, ~~~~~~~ WOUL D ~F ‘ ) A LL~~’ AN’)

WH~~~ CONTROL ‘4-i c ‘~~~SE D B P C K  IT WO !IL B
RE TUR N C O NT L r II ~ -V’  IC UOc PROS

THE OVE R L OA’~~~ ~~C ’3’E IS 2

THE SECT O R TI ~V~~AN DEO IS

C’IPPSE~1T ()‘ °1~~- ’ TA ~~LE

1 1 1
I ‘3 3
1 1- I C

0 ‘3 t C
0 ‘3 1~ 0
0 ‘3 I C
0 0 1 0
0 C 1— 0
‘3 C 7 C

‘3 1 (1
0 1 ‘3 CI
0 1 ‘3 0
o i 0
o 1 ‘3 0
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N O -~PROS WILL P 1 W  ~~~~V TO REDU CE OV ~ RLO~~JS

N OR PR OS ‘4ILL ~~ ~Y~~~UT E D 2 TI~I ’S

C !J RR ENT OV~~~ L C A ’ 3  T A B L E

1 -3 ‘3 3
1 2’ ‘3 5
0 ‘3 1 0
0 ‘3 1’3 C
0 0 1~ 0
o o ir o There i s another brief lul l i n the
0 a a overloading and NORPROS execu tes
-3 ‘3 ‘3 twice but has no effect on the
0 ci overl oad condition of any sector.
0 1 ‘3 0
0 1 ‘3 0
0 1 ‘3 0
0 1. ‘3 0
0 1 ‘3 0
1 ‘3
1 3

EM~~~GEN C Y !~~ ~~‘C~~-I I IS OV E R L O A D E D

AT THIS POI~~~ , rS~~-~- M  WOU L D B~ CA L L E D  A N ’ )
WHEN CONT POL W A ’ ~ ‘~~~ 5~~fl R r C K  IT W OU L ”
RETU R PI CO N ’~~IL BAC~ IC NO~- PPO S

TM! OV !RLOAf l r~ 5~~”IP IS 1

P-I F S!CTJ ‘1 BE !YDANCEO IS 10
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rU ORENT OV~
’
~ LCI~~ TABL E

1 ~.- ‘3 3
1 2 ‘3

o P 1. 0
0 0 I~. ‘3

o 0 9
0 0 1~ U
o 0 1 0
o a U
0 0 2 0
0 ‘3 1 0
0 1 13 0
0 1 ‘3 0

. 1  0 1 1’ 0
0 i 0
1
1 7

EM ERG E NCY ’ ! ’  i~ IS O V E R L O A D E D

A T THIS DOINT , r?.~~~~M WOUL D BE C~~LLE1) A N D
WH EN CO NT RO L 9A~ ~ ~SF D  B A C K  IT WO tJL ’~
RETU RN CO~-lT~ OL ~~~-~~~~~ ‘ TO NOF PPOS

T H E  O V !RL O A 7~I SE~~~O R IS 1€-

THE SECTO R “D B~ E~~~A N ~~EO IS ii

C ’ J ~? P E u~JT OV !~ !S A~ T A ° L E

— 
1 1. ‘3 3
1 13

0 ‘3 1 0
‘3 u 1~ 0
0 i~ C

‘3 1 1’ C-
0 0 1 0
0 0 1-. 0
0 ‘3 0

ri 0 0 1 0
- j  0 0 1-~ 0

o 1 13 ‘3
0 1 ‘3 0
0 1 0
1 ‘3 5

1 13
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E~4 FP GEN CY ! ! 1  ~~~~~~~~~~ t~ IS OV!R LOA D !~

AT THIS POI NT , rST’3A M  WOUL D BE CALL E D A N ’ )
W HEN CONTROL ‘4AS ~~ C~SED PA CK IT W O t JL I
RETURN CON TQOL M~” TO NO~~~ROS

THE OV ER L 3AD ~~-I C IS 15

T HE S ECTO R TI BE F~~~A ND ED IS 1?

CURRENT OV!DL OA r~ TA~~L!

1. 1~ ‘3 3
1 2’
0 0 1 0
0 o o
0 0 1~ 0
0 0 1~ 0
0 C’ 1 0
0 ‘3 1’ 0
0 0 2

0 ‘3 1 C
0 0 1-~ 0
o o 1 C
O 1 ‘3 0
0 1. 0 0
1 C’ 5
1 0 3

EM E RGEN CY!’’ ~~C? J~ 2 IS OVERLOADED

AT THIS POIN T , ~S~~~AM  WOULD BE CELL ED A N ’ )
W HEN CONTROL HA S ~~ ~SED B A CK IT WO ?JL 2
RETU RN CONT~~OL IA0’ TO NO F PROS

TM ~ ‘3VERLDA n rD SE~~IR IS 2

THE’ SECTOR TI B~ ~Y~ A NOED IS 13

•1 1 33

- - — ~~~~_ .  — • .. — ~~~~•



V7~ R~~~NT OV~’D LC C~’ TA~~LF

1 6 C’ 3
1 - ‘3

o 0 1. 0
0 0 0
0 0 113 - 0
o 0 1~ 0
o 0 1 0
O 0 1~ 0
o 0
0 0 1 0
o 0 1.13 0
0 ‘3 1•

~ 0
0 ‘3 2 0
(3 1 13 0
I ‘3
1 1- 13 3

N0’.PROS W ILL P ’ O W  ~~~~V T O REDUCE OV E R L D~
.,DS

NOR PROS W ILL ~~ EX~~’3U TED I TI ME S

Cu RREN T

1 6 ‘3

1. ‘3 6
0 0 1 0
0 ‘3 1~ C
‘3 0 1~ 0
o 0 I’~ C
0 0 1 0
0 ci
o 0 7 0
0 0 1 0
0 0 j F -  0
F) F) IE U
0 C 7 0
‘3 1 ‘3 0
1 (I
j  P 1~

EME Pc ENC Y! , ’  ~~~~~~~~~~ ° IS OVERLOADE D
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- -4

AT THIS POI NT , ~S T ’~M WOUL D RE CALLED A ND
WH EN CONTROL WAS D’ 3~~~~~ fl BACK IT WO’JL0
RETU RN CON T POL ‘AC ” TO NO c PRO~

T 4 ~ OV~ RL )A -B~’fl S~~~~OR IS 9 
The aircra ft makes a turn to the

— - _ - - - righ t and now the azimuth sectors on
THE SECTOR If) ~~ !X~~A NC E D IS ~~ 

the left side will be exposed to
the dense radio frequency

env i ronment.
C’J RRENT OV ED LO~ B T A B L E

1 1 0 1~
— 1 C)

0 0 1 0
0 0 This incident show s how the EXPANDR
a a pointer is passed from one sector to
o ci a another when an expanded sector over-

‘1 ‘3 1 0 l oads . Sector 9 was expanded
0 0 a previousl y by sector 2 and now that
I 1. the aircraft has turned it over l oads.
0 o 1 a Sector 9’s EXPANDR pointer (EXPANDR 2)
0 ci is passed to an available sector
o 0 a wh ich can be expanded , sector 14.
0 0 7 0
0 0 2’ 0
1. ‘3
I L. -1 4

EMER G ENCY’’’ ~~~~0 1 3 -  10 IS OVERLOADED

CURRE N T OV~~ LnA ~ TA~ LE

1 ‘- ‘3 ‘4

1 13
0 ‘3 1
o j c  

U Sector 10 has overl oaded but there
- 

- 
are no sectors available to

0 ‘3 0
0 0 1 0

— 0 0 1~ 0
1 1 ‘3 0
1 1 1 0
0 0 113 0
0 ‘3 1.~ 0
0 0 0
‘3 0 2’ 0
1 ‘3 6

L 0
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EM ERGENCY!! ’ ~~CT~~ 12 IS OVE ~’LOA DFD

C ’JRRENT OV~ RL OA” TA B LE

I L. ‘3
1. 13
O ‘3 1 C
0 ‘3 j r. 0
0 I~ 0
0 ‘3 1 0
0 1 0
o Ir

1 1 C
1 1 1 0
0 0 1.’ 0
1 1 1— 0
0 0 7 0
o 0 0
1. ‘3
1 L 13 1-

H 
~MFP’3,ENC Y ! ! ’  C~CT~~’ 11 IS OV E RLOADE I

H C’JRR!P41 O~J~~’LI~.’ TA B LE

I
1. ‘3 6
0 0 1 0
a U i’ 0
o 1E~ 0
0 ‘3 1 0
0 ‘3 1 0
0 13 Ir 0
I I C
1 1 1 0

J 1 1 1 0
1. 1. 1 0
0 0 2

0 0 -, 0
1 Li ‘3 6
I ‘- 0 4
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N 3R PROS WILL NOW T”- V TO REDUCE O V E P L O A D S

NORPROS WILL ~~ 
rY CUT!I~ 1 TIMES

CURRENT OV~~~L’3-A~ TABLE

1 ‘3 5
1 2 2 0
o a 1 0 Two sectors are returned to norma l0 ‘3 0 (sectors 6 and 13). Normally,O 0 I’~ NORPROS would execu te more than onceo 1 ‘3 U but its execution is 1im itec~ for0 C’ I ci test purposes . Note that sectorso - 1 0 9-12 are in overload state one1 ~ - (normal coverage) but are shown as
1 - being overloaded . This is a result1 1 of the aircra ft turn . These sectors

0 were expanded previo usly and are now
0 0 13 overloaded. As the sectors which

1 ‘3 0 cuasevl their ixpanslon return to
1 ‘3 normal the new overl oads will be

- deal t w i th.

E1 F ~’G ENCY’ ’’ 
(
~‘‘3Y ii IS O ”ERLOAO ED

AT THIS 0OI~J’ , F 51 - ’ii WOUL D RE C A L L E D  AN ’)
WM!P ~ CONT R OL WA ~~ ~~~S~D B A CK I T  WO !~ L~~

TO

TH~ DJ ~RL~ A Or I ~~~~1R IS 11.

THE 5~~ 
T I )  I E Y C A N D E D  IS S
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j~~~~~~ ~~~~~~~~~~~~ T~~~T~~ ’ ~~~~~~~~~~~~~~~~ ~~~~~ .~~~~~~~~ —~~_--.

C’JRRE ~~T OV~~°U’ A~ TA B LE

I ~- ‘3 5
1 2 ‘3 0
o c 1

•1 0 0 IC 0
0 0 0
0 0 11 0
0 0 1 0
o a C
1 1. ‘3 1
1 1 1~ 1

• 1 2 I~ 1
‘-.1 j  I 1~ 1

0 1 ‘2 0
0 0 0
1 ‘7 ‘3 0
I ‘. ‘3 5

EME RG E N C Y ! ’ !  cE~~~I~ 9 IS OVERLOADE D

AT THIS POI NT , P~ ”’~~M WOULD RE C ALLED AN D
WH EN CONTROL WA~ ~~~~S !fl B A C K  IT W O’ JL fl

TO

T~4~ OV E R L OAD E D 5~(~~OR IS 9

THE SECTOR “I 2~~ rV~)AN DED IS 13

CURR ENT OV E~ LO~~ TAB LE

1 ‘3

1 7 ‘3 a
O 0 1 0
0 0 IC C
0 0 1~- 0
0 0 ii U
0 0 1 0
o 0 1’? 0
1 2 ‘3 1
1 1 1 1
1 2’ I~ 1
1 1 l 1
0 0 0
0 0 2 0
1 ‘3 0
I ‘3 5
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~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -~~~ - - - --~~ — .~

EMERG ENCY ’’’ ~~~~~ 12 IS OVERLOADED

CURRENT OV~~ LI~’ TA PL~

1 0 5
1 2 0 0
o 0 1 C
‘3 0 0
0 ‘3 I.E 0
0 P 11 0
0 ‘3 1 C
o 0 0
1 ‘3 1
1 1 1 1
1 2 l~ 1
1 2’ 1’13 1
0 ‘3
o 0 0
1. ‘7 ‘3 0
1 C) 5

EM!PGENCV!~~! S!0T r~~ 10 IS OV E R LOAD E D

CURRENT OV~~°LC~~ TA PLE

I 0 5
1 2 3 0
0 ‘3 1 0
o 0 I~ 0
o o 0
o o ii U
O 0 1 0
‘3 0 1 0
1 2’ ‘3 1
1 2’ 1 1
1 2’ 1~ 1
1 2’ IE 1
0 0 0
0 ‘2 2’ 0
1 3 ‘3 0
1 ‘3 5

NO R PROS WILL P lOW ~~-Y TO PFDtJCE ~)V ER L O A DS

N OR QD O S W ILL ‘~~ 
CY~~~U TED 2 TIME S
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— -

CIRR~~NT O V~~~L - ~~’ T A B LE

1. ‘7 0
1 2 0 2
0 1 “ 0
0 1 ‘3 C
0 0 l~ 0
0 C I I  0
o ‘3 1 0
0 0
1 2’ ‘3
1 2’ 1 3
1 2 IC .7

1. ? F 3
0 ‘3 6
0 ‘3 

-, 0
I 2’
1 3 C 0

E’ IERGE NCY !’ ’  E r T ~ iC IS O ’/ER L rA fl~ D

~r THIS oor~r , r Sr -~~ M I~OUL O RE CALL~~ A N )
WHEN CONTRO L WA~ ~~~~~~~~~~ R A C K  IT W O ’J L fl
R~ TU~ N CONI c -OL ‘ ‘  T O

TH~ OVF R L D A )Efl c~~’ o ~ IS IC

THE SECTOR TI B E rY~~A N 0ED IS

I
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- - -

OtJ RRE,IT 1V~~~L~~
4 ‘~ TA~~LF

1 0 6
1 2 0 2
o i’3 C
0 1 ‘3 ‘3
0 0 I~ - 0
0 ‘3 II C
o ci 1 0
0 0 1~ 0
1 2 ‘3 3
1 3 1
1 2 I 3
1 2 1~ 3
0 ‘3 0
0 0 2 0
1 0 2
1 ‘7 13 0-

E 4E PGEN CV ’’’ E~~CT D~ 11 IS OVE R L O A D E D

AT “HiS PDTN~~. FS~~~~M wo ut fl ~E CALLE D A N’ )
WHEN CONTROL ‘-‘~~S ~‘flSF’~ BA CK IT ~OUL’3
~ET tIRN CO~ T~’OL 

I?~” TO NOf PROS

THE O~IE~ L D A n F f l  s ’ ~~ is 11

T HE S ECTO R TI ~~~~f lN~~ED IS

C ’JRRENT OV r PL O~~-~ TA B L E

1 3 ‘3 0
1 2’ ‘3 2
O 0 113 0
0 ‘3 11 C
0 n
0 C 1-1 0
0 ‘3 1 0
o a F a
1 2 0 3

:1 1 ‘7 1 3
1 ‘7 IC

¶ 1 2 I~ 3
H 0 r 0

o o
1 3 ‘3 2
1 ‘7 ‘3 () 141 
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The fol lowing test resul ts are from a simulat ion of the log i c array

formatting subroutines and a spec ial subroutine called DATAOIJT which

simula tes the f low of data from an input table to a f i nal des ti nat ion.

The overload table which is used reflects a norma l state , i.e., the sixteen

sectors share the system azimuth coverage equally.

‘I

.
~ 

~~~1 ~~-_ ~) - .‘ — s-. e

— I 0-
‘3 - I

1 J
C

I. 1 - - 0
3 ‘3

- o
I -j 3

-~ - I
-i

I 1 13

- 1 - - 0
C’ C’ U

I ‘3 1. J 0

1
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The fi rst level logic array is formatted to steer data to the sectors
- equally. Each sector is sixteen azimuth increments (22.5 degrees ) wide .

-
. 

~~~~ k~~
)

I. 1 1 1 1 1 1
1 1 1 1 1 1 1
-‘ 2’ 2 2 2
2 2 - 2 2
I. 1. £ L —

I 4

I 
.

~ 

.-

~ 
—

1~ 1~ - 1~ 1: 1 l~ I~
It 1.. ~1 32 32’

‘7., ‘7, 32 ’  32
I —

1 _ ) —  
- 

. L -  - •~~
— -

-- ( ,
• - 1’’~ 1”~ 12 ~ 12 1?.  12o l’~ 12’

I ~~ 1~~~ 1~H~
- ‘ -.

2 1
•1’ 12

12 ’ - ‘ 12  -- 1 ’  12
10 -7 - 1 ‘‘‘ j ‘2 107 - 1 - i ’- 1 .?o + 1J ’ 4

1 0 - 2 -  1~~’ 1r 2 ~~ 1fl’~ 1 IJ2 L
-- 

~~~~~~~ ~~:-~ . 2 t - ~ 2 ’ - - - .3 2 0~~2,.-. - 2 -,t~ _ -~~~ 2~~E ~,I -- ~~~~~~~ ~ - -
~~~~

I 
~13 ~ - 1 . ’ c -~2 -~i i2 El - 2
11)’  ‘. 1 ?  1 ~1 4 7  .1~~ 1~~2 o 1 1 3 2

i~~~ 
~~~‘ -, ~ 3~~~- - IP~~H 1 ...- 3 ~ 1 ’ 7~~’ 1’~3 -  1~~’7P~

-~~ ~~~~~~~~ 
‘7~~~ ~~~~~~ 1~~~:- : t e ’ 7~~’~ 1~~3 ~j 3’~~~ ~~~~~ ~~~~~~~~ ‘2  - ‘ 7 ’ ’

~~~~
- ~2 ~~o ~~~~~~~ 7 2 t - -

1 ~ 7 ’ ~~ 
‘
.
‘

~~~~~
‘
~ 

‘i~~ ~~~ , • . ~ :-‘~~~ ‘2 r - c  32~~--~ ~~~~~~~

Normally, there would be one second level logic array for each sector.

For test purposes , however , these separate tables are combin ed into one
- table which follows .
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— -. -‘ d W M~~~~ Sflfl~~~ t —

~~~ ~~~~~~~~~~~~~

1 1 1 L 2 2’ 2’ + +
-~ 1 1 1 1

- 
2 2 - - - •  3

1 1 1. 1 1. 1 2 2
-~ - 3 1. 1
1. 2 ‘3 ‘3 2’ 4

c 1 1 1 1
- 2’ 1

4 — — 4 -, — -4)
- - - .4

- 1 1 1. 1
2’ 2 -
I - I I 2 2 2
4 -. I 1 1

, 1 4 4 - - ) -,
J 4— - .— -4

- 1. 1 1. 1. 2’

-
~~ 

2’ 
2’ - ) —

1 1 1 1 2 -, 2 2’
-~~ 4 - 1 1 1 1

‘3 2’ 
2 

- 4.

1 1 ‘3 2

1
1 1 1 2 2 -

L 1 1 1 1 2’
- ‘3 2 - -- -4.

1 1 1 ‘3 2 -

-- 1 1 1 1.
2’ ‘ .

~ 
-
~

-
- )~

- j I 1 1 2 2’ 2’ 2’
- _ I. 1. 1

1 2 ‘3 2’ ‘-  - ,

-
~ k 1. i. 2’

2’ - r 4 D

t 1 1 1. ‘3 2 2
44 1 1 1. 1

-
~~ 

2’ ‘2 2 ‘3 .t ~-

-
. 1. 1. 1 2 2 ‘3 ‘3

- — £4 -~ 1 1
1 1 2 ‘3 2’ - - - 4

1 1. 1 1 2 2’
H -

~ 
-, - -

: 1  - - ,- -, -~ ¼.

- I  I~ 1 1 1. ‘3 ~‘ 2 2 $

-i ~- c- 1 1 1 1

2’ 2 2’ 1

- - 1 1 1 1 2 ‘3 ‘3 2
• - . • 3 1 1.

1. 1 2 ‘3 2’ 2’ -, -~ -. 4

1 ~- I I. 1 1 ‘3 2r ~
‘ 2’ -

~ 
‘4 •~

1 1 1 1 2’ 2’ 2 2 -

- 4 • -  -~ 1. 1 1 1
-~~ 

2’ -.
2’ 1 1. 1. 1 2 ‘3 2 2

- ‘  144
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-4 - -

F -
~ ~

-

i 2’ 2’ 2’ 2 ‘4

-
~ 1. 1. 1 1 2’

-, 
2’ - - .

1 1 1 1 2’ ‘ 2 +

- • -; -, 1 1 1. 1
2’ ‘3 2 2’ - - -4.

1 1 1 2 2 2’ 2’
•- . - . 

.- 1 1
1 1 2’ 13 2’ 4 (4 4 4
I 2 3 1 1 1 1. ‘3 2
2’ 2’ 4 - 

¼. 2’

1 1 1 2’ 2’ 2 2
- -~ 1 1 t

-2’ - 
‘3 

-• -
~ - .- - . -

-
, 

~ - 1 1 1 1 2 2 ‘3 2’
- - 1. 1
1 1 2 2’ 2’ 2’

- • 1 1 1 1 ? 2’
-~ ,- ~- -4- --  41 -

~ ) -

1 1 1 2’ 2 2 2
-- - -‘ 

- 1 1 1 1
2 2 2’ -~ -

-- 1 1 1 1 2 2 2’ 2
fl - ‘ . - - 

- 
-: 1 1

1 1 2’ 2’ 2’ -, .

( 2’ ? L - . -,

I I 1. ~. 
‘3 ‘3 2 2 + 4

-~~ -~ i 1 1 1
2’ 2 2’ -.

1 1 1 1 2 2’ 2’ 2
- - -~ 1 1

I ? 2’ 2 2’ -. - +

1 1 1 1 2’ 2
2’ - - -.4 ¼.. .4 —

1 1 1 1 ‘3 2’ 2 “ -

J ~- 3 1 1. 1 1.
‘3 2’ 2’ 2’ * -

~ 
-
~ •

I 1 ii 2 2’ 2’
-
- - ‘~ ‘ - ;- I I
1 1 2 2 2 2’ ‘~ 4 4
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The test data to be steered via the logic arrays is contained in the

tab le below .

i - 4 t r - - L  i~~T~~RU~ ~~~~~

1 1 0 u
1 0 2 ’  1~~~00 3~~3 3; ~

‘ 3 0 3  ‘-ri’
1 0 u  1 7

I~~2’ ~-~- - L 0 ’ 3  10 C . ’~ 
-
~~~ L-

7 - - 0 0  12 -.~~3 1~~
1C0~) 1- c ::- C

1 J ~~ lo r o J  it. 1~
r 2’~~~ i~~c~~:- 7
i üü 2’~Y ;

i- ~~
2’ .- ‘ - f i ~J 2 2 0 2 )

12 Z ’ 3 0 d  2 ’ - L ..~ 12k;
- l C u O  2i- ’j )

1’33  1~- O U J  2~~O ’ ’ 3  ‘
~~~

-
~ 0 - 0 0  3 0 0 0 ]  2’
I C O U J  3 2 0 1 3 2

The fol l owing series of statements show how the pulse descriptor words

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

-
~~~~ D~ T~ I

~ ~~~‘I l F L’~ J~ I L O ~ !G~ r i  ~~~1 I ) ’~
2’-~~~- 1 ‘~F L EC 1’ 3 N  fl . T-1 ’ ~~H ) 3 r .  S~ ’3Tu ,~. F)~~.)4-~S

0 2 ’ ’ C 4 ~~2’ l -~~~ ; r~~os~~
C • 2’ J “~~

y J 2 
- .3 C ~~~~~~ ~ I D  T ~ 0 0 1  ~ ‘u C C s : —

7 4 ~~ ~~~~~~~ fl D~- T ~ miF ‘ i W ~ 
2’ J E L C N .~~ ID SE~C1 DR ;-

~~~~EC ’ 4 I ‘3l ~ ~~~~~~ ~E ‘3~~ ) S E 4  S E - T U ’ 3~ f l_~.)W 1 ,
lfl J 2 ~ r :, F C ’ ) ~ 2 4~~3 CLIu~~E~I

T-~ F It i ~~ . - ” 
~~~~~~~~~~~ I~ 0 ’ 3-0 ~~4 7  ~~j 1 3  T T S i J~ 1
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~ ~~~~~~~~~~~~~~~~~~~~~ 
-

— -
~~~

— _
‘• 4 ”

•
.- -

~~ , J r~;~~’3J~ L i ~~~ 
‘7 r~ 0~~Ci ~~~

7 ?  
• 

r , .  -; - ‘
~~ ~~~~~~~ 2’ -

~ ~~ ~~ 
r ) _ _ J,J ~

~~~~~~ 
‘ - , r 

~~~ ‘ C J — <  I 4~~~ ~ ‘ O S ~ \’
r~..: r 1 : t o - s  2 ’ i C ’ -

~~ I’ I I ”  (‘~~J ~ TS J -’-~ 
1- - : ( 4 . ~ü \1~

~-1 ‘ 1:1.1 ~~ ~~~~~~~~~~ L ’lT 10Lur ~~S t~ 1E -Cij~
1 - _~~~ 

F )~~ T - ~E ‘4)  E’I SE 2 TO - . ~ D _ DI 4 ’0
C’ ~ 0 1~~~~~2 • ~ 1. ‘44~ ~~~~~~

1 - 12’ ~~~~~~~t — . ‘~ ~~
2’ ‘ThT ~ 1~ ~~ 2 i — ~ 7 i~ 13~ ‘3 ~0 0 0  ~E

-J~~ ~ . T - .  i~ . ) T - ~ -~~’E ~~~~~ ~tr L 6 4 ’ 3  I) ~~~‘ 3 T )~ 12

~~1 .  ~ L - C ~~~ 2N  ~~~~1-: ; • -
~~ :~~ ;- ? r1 -’ ~ F : ; - ~~. - ) _ J 4 S

-, ‘ C ’  D- ’~ 1 ‘3 ~~~~ ~~ ‘J ~~E~
1- 4 ’ ~~- 1 ’ 3 ’~~~- 3 1  2 U~~ ) i H 7 - 1 U) T S  1 -j I\ 1~ t u t u 1 

~~

- - ~~~~4 ’  i’- T ;  ‘“ fl: Tvw~ •~.
j -F’ • ~: r - ~~,’3 J E~~~- 1 ) -

‘0 -
~ Y L~~T-~ ~‘w ~~j-~ r “ 2’~f l 5 E  :~E 3Tu ~ fl~~~)w S

~~~~~~ 
‘-4 - ,i 1 . ., I ) ”  .) 4~~ ) C’- -jS F’~

-
~~~ 2 ’ - 1 : ‘ ~ -

-~~ - r ? ‘~‘ 13 ~~~~~~~~~ Y ~ t - ~~~
-0 1-1 7 -~ J ~s ; o~ ~~~~ 1? i  - 1 -a ~~

-
~~~ HtT .-  t- T~~~L~ !~4~ 

-- 
~~~~~~~~ 1~ SE C1D ~

1: ~~~~~~~~~~ ~‘j ~~ 
V T~~-4 3 

~~~~~~~ ~~~ $ j~~ 
) J , ~1S

( -~z ’i ‘ ~~ :~~c~~
-””~ 1. ~~~

T 4 -4 E ~~1~~~ J C ’ ~. 2 ’  ~~~~~! N-2’Y Yl : - 0  1’l ’ -~~J ’ )  I T S  ~~~~~~ 1 1~~u- ) u ~

i-I~ ~PTA ]~~. 
I)~- T ~~’3L~ L I ~J~ 

- 3 C ’ LO’ -~G~ ~ ) S E C 1 J ~ 7
~~~~“ S~~L 0 C  - r ~ ~~~ T~~ ~~l )S F’  SE 2 TO ~< )_...DWS

‘3
~”~~ 2 CF ~~C i ) ’ ~ 

;• ~~~~ ‘3~~ 2 ’ S E~

~~~~ ~~~~~~~~~~ ~~~~~~~~~~~ :~ J- f l I - ‘~7 ~~~~~~~~ : T s  ~~~ i~ t~~~o o ~~

I

,.
-1’ 2’~~T- . ~~~ O.1T~~lU~ L !~ 4 -  •

- 7 C ’ LC~~
,
~ T D  ~ E C T D ~

~~~~
‘ 

~~
C’
~~~~ ’3’ I u r ~ ~~~~~~ 

‘ ‘- ‘ . -fl~~’3~ SE T3I~. F)~~.)45
IJ  2’ t F  SOCT I~ I d4A ~ -~U3E~r~i~ f ’-I1~~T E -  ~~~~3 2 ’ J r . ; (  Y I., 7 J~i U  ~~- 4 ’ 7  ~ 4 D  12 ’ T O — ~ j

~ 1 3 C u u  ‘- 1E~
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r)~~J.~3
2 L-~~ 1” C- ’i D~ I 4 ( -~ C ‘~~3 E - J

~~~- 4 4  
~II 0 C ’~~’ 

C’ ‘~ ‘~~~- :~~ :~ ~~~ t-~~Tt ~13 TO~ 1~ 20 C 0 0  ‘~~~

1 -
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