AD=A071 224  NAVY ELECTRONICS LAB SAN DIEGO CA F/6 17/1
- A COMPUTER TECHNIGQUE IMPLEMENTING THE NEL SONAR CLASSIFICATION ==ETC(U)

MAY 61 W A HILLIX

UNCLASSIFIED NEL=TM=472 NL

END

DATE
FILMED

8-79

DDC




S

O

S e
20
Il

flie pee

=T

N
O

I




LEVEL~

(

R—

“ 5/‘

\\—/

(14

'

7 /Vfé 7’/‘4 - & /03 Pl R

A

i

s A e s et

UNCLASSIFIED

3
ét

S-F001 03 03, Task 813

PROBLEM/NEI. _El=ll

- _‘-_’

cly mnpum\wow ,o:gut'g%olngN

~3
N

Z‘l“ﬂll‘(l/ / ﬂmMm o, _D=l12

e @ SRS
1¢ Moy 961 | \

date

<é§iE@y4¢3/ T L
(i1 asi978:

_A COMPUTEF. TECH IQUE I‘PIMNTI“G T‘IE__NEL QfNAP CI.J ‘\SIFICATI N

=

_—

SYSTEM, WITH AN APPLICA"'"-“” T0 M‘ l (U)

— —

-— e

e

('0) W A.]Hﬂi@’q 2140

author code

This docugfenc coatams micznaton affe tag the national defense
of the United Jrate b AMcaking Spion 1;“ Laws, Title 18,

contents, in g 0 an unauthorized person, is pmhnhucd by law.

Extracrs from this publication may be made to facilitate the prep-
aration of other Departiment of Defense Publications. It is forbidden to
make extracts for any other purpose without the specific approval of
the Chief ot the Burcau of Ships, e¢xcept as provided for in the
U. €. Nasy Sccurity Manual for Classified Matter.

(uty Electromics Labaratory, San Diego 52, California

Gﬁcczz~ry:

CLASSIFIED

DOWNGRADED AT 3-YVAR INTET ALS
DECTASSIFIED AFTI) 12 YTARS
0D DIV 5200,10

ISP SHPWETSS S




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




UNCLASSIFIEQ

A COMPUTER TECHNIQUE IMPLEMENTING THE NEL SONAR CLASSIFICATION

SYSTEM, WITH AN APPLICATION TO NELTAC

INTRODUCTION

The NEL Sonar Contact Clussification System (Gales and Eady, 1958)
hasg thus far been presented for fleel use only in the form of a tabulay
flipckart. Future availedbllity of digital computer:s in some fleet contewts
will make it advisable to heve programe ready to eifect autownetic con-
tact clasgilication, given the inputs veed dy the NEL Syctem. Aulomeiic
clessification will reduce errors, increase speed of classificatiom, and
make it eagy to gather date for {he evaluetion of system performence.

Although a pyevious program has been developed for the NRL Svetem
(Mooney, 1959), this program éoes pot differentivte between non-pubmarine
configurations in the tables and coanfligurations which, thoush matheantically
possible, are not included in the NEL ﬁubles? In many coses, it night te
a gserious misctoke if & camiact vhich should be regorded os unknowm weve
d ismissed ae a nom-~cubmarine. The nresent program duplicates the previous
program functicnally by using 26 cells of stormge (where the previous pro-
gram required G84). The distinction between non-sulmarine and unimoun cascs
is preserved by using 26 edditiomel ceclls. The actual clessification in the
present program takes place by doing either six basic instructions (if
the imput configuration falls into the submerine category) or twelve in-
structions (if the configuration repregents a non-submovine or an uakactm
category). As usual, preparatory insiructions are aleo involved; for
detalls, sce the NELIAC progrem in the sppeadix. The previous progrem

'I.T Tom McDonald and LT Jerry EBdiwerds have both uwriticon ai'fsstivTe prosreme,
but neither program has been of ficlally reported.
&
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required a search of a table 48k cells in length, end, therefore, would 2ty Codrs
requirve about 342/9 - 38 times os many basic instructions to be mcuted::c?ﬁlor ,
on the everege, ae the piresent progran. ﬂ' B j i':

The proeent progranm has aleo been modified in form (tho

the sare logic is involved) for use in the NELIAC compiler, with s re-
ported saving in compiling time of one third. It is, therefore, felt

thot the general methed mey be useful in still other releted spplicsmticne,

TR — "

vhere 1% may be e uscful substituie for table lookim.

ESSENTIAL FEATURES OF THE NEL SYSTEM b
The MEL Syctem operates on & principle of combining scpner information i
from the avdio displey, the PPI scope, ond the tectlcal range recorder. F
The classificstlon of & comrtact depends on the total pattern, or configur- :;
ation, of informetion cbiained from the three displeys, and thus lacludes ‘
3 correlative power not inberent in previous classification procodinres. |
Table 1L lists the types of information which operstors using the sye-
tem ere required to judge. From left to right, the Usble licts the somaxr
dicpleys, the variables being judged on ecach dlsplay, and the valuoes the
judgments may hove (for o detsiled description of the vaeriables and pictor- i
ia) 1llustration of scale values, refer to Gales and Eady, 1958). The rules
that limit the selection and combination of values are lisied at the botiom {
of the teble. Within these rules, there are 3072 different configurationes
of display values. Meny of these ere probably not realizeble becouse the |
physical properties of objects producing sonar comtects sve such that many |
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CONFIDENTIAL

configurations do not ceccur. To date, LOT9 configuvations of the 3072
rossible are clagsified by the NEL Sysiem a3 being submarine or noa-submarino

Teble 2 shows bhow the NEL Svstem clagsilies each of these 1079 oo

-

figurations. 3Since manv of € configurations leading to the same deczision
bave elements in commop, it is possible tc list the 1079 cases with their
associated declsions in only 56 limes, cach line reprecenting one cluste:
of configuretions. Table 2 differs sliphtly in format from uaalb might be
expected on the bagls of table 1; space is econanized by listing the ranges
of aris angle and trace length that eve aceeptoble, rather than givinz Tie
individual categovical veluss that are accapiable. In addiion, the "aope"
ategory of exis angle is understood to be gpplieeble in any caee whers s
norn-elongated pip shape is one of the velues sllowable witbin the corfig.
wation.
All of the possible legel input configurations thal can Le Formed
fvom the values listed on a given line lead to the saze clesgification

-

On line 1, for example, we cee that, regerdless of dopnler value, FPI shepe
or axis angle, the combinaticn of values of 3 on leeding edge alignmend., 3
oz trailing edze alignment, and 10-29 yard irace lengih lcosds to a clous
fication of non-submerine. In particular, the coafiguration wp doppler,
non-elongated »ip, no exis argle, 3 leading edge aligrment, 3 tvaillng edse

aligmeent, and 10-29 yard trace length 1s cne of the conflgurations in the

cluster represonted on line 1, and io clessified pon-cubmarine.

Teble 2, as presented, makes po gpecial provisicn for proventing illegel

entiries. For example, a configuration which would be a pceasible, thoush

3 CONFIDENTIAL
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not a legal, wmwbar of the clucter on line one would be dow doppler,
double pip, 0-19 axin engle, 2 leading edge olignment, 3 trailing edge
eligomont, and 10-2C yard trece length. This combination of double pip
with 0-19 degree axio-ongle is pot sllowveble, as lndicated by the rules
accaupanying table ).y If clessificstions ere being made sutamatically,
speaigl checks must he incorporated to see thal suck illegal configurations
are detected; the progent program ivcorporvates these checks.

I? clegsification were 4o be accomplished by the huvman operator, tehle
> worldd a0t be in acceptsble form for Lle use. Locaiing a given contlig-
vracion would be tco time-consuning. The {lipcharts that hove been used
in the past have accordingly not been presented in this reduced form
Opne of the cdventeges of automotic classification is that this raduced
form cen b used eaclly within the computer progrex.

Tadla 3 presenie part of the seme informaviop as teble 2, but in a
form which ear be usad by the computer. Teble 3 ie limited to the 28 non-
submarine clugsters, sinee it is presentad only for 1lllustrative purposes.
e presence of e valve in o clugter is indicsled Ly putting o 1 in the
approprigte colurn. In order to do this, it is necessary to list eech
value of esch variabie explicitly. Submarine end reentry clusters would
be handled in exactly the same way. The reentry csses are those casee

in which aighlighta have been Judged in comnection with an axis angle of

20° or greater; edg? alignment should replace the highlight judgment in all

Such cases.




CONFIDENTIAL

A computer program coulé classiflly autonntlically with infermotion in
the form indicated in teble 3. The gemeral metbod would be to canpaxe
the configuration entered dy the classification keyset with each of the
clusters in succession until that cluster was found to waleh the con-
figuretion belonged. This is westeful because most of the comparisons
made will be made with clusters to vhich the configuretion does not
belong.

Teble . presents the same information as table 3 in enother tform.
Table 4 is constructed directly from tsbie 3 by interchanging rovs and
columns; the rows in table 3 are the coluuns of table &. Each row in
table 4 represents the role of a perticuler velue of & particular variable,
as indiceted by the row labels in the rightmost column. The columns re-
preseat the velues scceptable in a particuler cluster. Pech rov of this

matrix fits conveniently into a 30-bit capuier word, with two positions
left over. Twenity-eix camputer words are needed to represent the non-
submarine clusters. Twenty-six more are needed for the subnarine and re-
entry clusters. Theee words are presented in octol form in the dimensioning
statement in the appendix; the order in which the words are pregsented ic
different becsuse of the necessity to make the table campetible with the
numbers assigned to the values by the keyset, and so thai no blank words
will be left within the computer.

Data in the form indicated in table 4 can be used to determine the
clags membership (submarine or non-sulmerine) of a configuration with a

5 CONFIDERTIAL
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ninimum mumber off operations. The claggification keysetl provides a number
for each varieble; the number represents the operator’'s judgnent of the
velve of that varisble. The computer uses these numbers as indices to
select the computer words vhich represent those values. If, for exsmple,
the classificavion keyset operator presses vhe keys for up doppler, elongated
pip, 0-19 axia angle, 3 leading edge alignment, 3 trailing edge elignment,
and 10-29 yard trace leangth, the computer will select the corresponding
words to work with, as follows:
011 010 €00 COC 000 000 111 000 000 CCO iup doppler)
011 000 000 111 111 011 110 111 110 100 (elongsted pip)
010 111 113 110 000 111 100 110 000 110 (0-19 axis angle)
010 000 01l 110 110 110 100 100 111 000 (3 leuding edge aligoment)
010 000 010 101 00L 101 11l 010 100 110 %3 trailing odge aligmment)
011 111 000 000 0CO 000 Q00 000 000 000 (10-29 yard trace length)

The six words above are identical t¢ the corresponding rows in table

4, except that the left-wost and right-most bit positioms, which do rot

vepreaseat any cluster, are indicated sbove and not in tedble b.
in teble %, it will be recalled, esch column or bdit position, represented |
a cluster. That is, the column vepresenting & cluster hes ones in all thosge
Tows repregsenting values acceptable in the cluster. Putting it the other
woy around, every computer word representing 8 value which is part of a
cluster will have a one in the bit position representing that cluster. How-
aver, 1f any one of a set of values ic not part of a cluster, that value will |
have a zero in the bit position representing the cluster.
In the eix words above, there is a one in each of the wouods in the

second bit position fram the left (position 23). This bit position represenis

6 CORFIDENTIAL *
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cluster one (line ope in table 2). Ho other bit positicn coctains o ana

in every word, beceuse the velues represented arve not all a part of any
other cluster. It im alweys true thet any six valves beleng 4o as mors
than one cluster.

The logical produci instruction, which iz 2 part of the repurteire

of most digitsl computers, is & very convenient method of checkiag whother
all words 1ln any given agt have a 1 1n a common bit position, and, ters-
tfore, all belong to e cluster. In the precent excmple, tbe logi-zal produet
of the up doppler and clongated pip words ia formed; then the logiesl
product of the previous logicsl product and the 0-19 axis sngle word ir
formed; znd so or thrcugh the remeining three words. Since thers will be
a 1l ip any given bit position of s logieal produeh only if there was e 1

in ¢hav it porition in both the constituent words, the five successive

logical products obiained in the gbove exapplie will be as follows:

Ol1 COO OCC 000 QOO 000 110 CCO 000 G20 /1
010 000 000 COU CCQ 000 100 0G0 000 C0o {2
€10 00O 0CO COC COC OO 100 GO0 €00 €20 (3
| 010 CO0 GCO QO C00 COO 100 ©00 000 CCO (&)
' 3 010 000 000 GO0 COO CO0 000 000 000 0O (S

Thus, at each stege, onec remain 1a those dit positicns representing
clugters to whick the values enering the logical product all belong.

When the logical product of 2ll six value words hes beer cbteined, it will

contain e one if end only 4if all six values were part of one cluster. Tho

program has the subzmarine clugters rapresented in one group of words. snd 1

7 COMFLDENTTAL
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the pon-submarine clusters revresented in another grouvp of words. The
program {irat forms the logical product of the six words selected from
the submparine cluster portion. Then it checks to seec 1f there is & one
renaining in the logical product. If a one remains, the confizuretion ls
clessified gulwarine. If no one remalins, the program selecis the six
words representing the six values from the non-submarine portion of the
camputer storage. The logileal product of thece ig formed ond checked to
sce whether a one remains; if so, the contact 16 clessified non-gubmerine.
If not, the contact is classified uninown.

The foregoing outlices the loglc involved. For simplicity of expos-
ition, the reentry condition was ignored; however, the subnscine words
actually contain ’ bit positions repregenting rzentry clusters. If a one
oceurs in s logical product obtained from "submerine" werds, submarine
classifications have to be distinguisbed from reentxry classificetions vis
& compavison statoment. Since the four least »ignificant bit positicoe
{ rightmost) are used for configuratiors indicating that edse aligmueat
Judgnents should replace a highlight entyy, the final value of the logical
product will be no greater then 8 if & reentry condition is indiceted;

ciherwise, a submarine clessification is indicated.

APPLICATION CF THAE LOGICAL PRODUCT MRIHOD TQ NELIAC

LT T. McDonald, who helped the author get the clagssificetion program
into acceptable WELIAC, alec suggested to the author that e similar method
might be applicsble to the problem of selecting the correct subroutines to

8 CORFIDENTIAL
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Jump to in the NELIAC compiling process. The suthor worked cut the general
method for meking this epplication, and LTs A. B. Lemgy and J. E. ¥hite
wrote the routine. "They report that the canpiler with the routine incor-
porated ran shout 1/3 faster than it previously hed, and hsd scme other
desirable features.

The NELIAC application iz really just another iunstence ¢f e classi-
fication problem. The compiling progrem exemines the current operszior sym-
bol in combinstion with the next operstor symbol, =nd then “clessifies"”
the combination according tc which subroutine will bz necded to gensrate
the macbkine instructions for carrying cut the indicefted opersiion. Teble
5 shows the legal current operators in the left-band coluumn, the legal
next operators in the top row, and the nuvmbers of the desired sub-cutines
a3 entries Iln the table.

In the compilexr applicaticn, there are 20 pogsible currant operators
and 24 possible next operators for a Lotal of 48C embinations of curient
operator and next operator. This number iz immedistely reduced to 37
(19 x 23), since the "or" and "and" symbols src trested as identiesl for
purpcses of selecting a subroutine. Tae particulsr combination of current
operator and next operator determines which of 27 subroutines is %o be
ugsed, if the combination is legal; if the cowbination is not legei, a
fault condition should be indicetad. This gives & wotal of 28 outputs
needed, as contrasted with four finael outputs for the clessification pro-

grem. The small number of cutputs in the classification progream mede it

9 CONFIDENTTAL
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assiest to disiinguish between cutpubs by simply knowing et which stege

in the program the output occurred end by asking one special guestiocn ©oO
distinguish reentry ceses. In the compiler, the larger number of outputs
mode 14 necegsary (o0 dsfermine vhich bit position was filled when the out-
puL occurred.

A problem cccurred in the writing of the NELIAC routine which had
nct ozcurred in the classzificetion routine. Some of the logical products
performed tatwvesn the curvent operator words snd the next operetor words
led to an ambiguity, thet iz, wmore than cne bit position contained a 1.
Since esch hit positicn represents a separate oubput, it would not be
possible to d=termine unich cubput was correct without special gquestions
wnich weuld siow the routire. LTs ¥Vhile end lLemay sclved the problem
ingeniouzly by reneming the outputs which led 4o emblguity, that is, by
shifting troubliescwme ouiputs to a new bit position. For erauple, sub-
routine 10 a3 it occcurred in some pooitions was renamed 27. Tals routine
then bad wo nowes =t an intermediate stage in the progrsm. Ancther look
at teble 3 will sbow whalt was involved more clearly. Consider the combin-
ation of comma &8 curvent operstor with colon es next operator. For this
combiretion the correct subrouvtine is number 2. However, the carma shares
gubroutine 10 with several next cperstors, and subroutine 10 1s also used
when the current operator is plus and the nsxt operator colon. Therefors,
the words in the compubter for a current operator of camma and the next
operator of coloa hove two bit pesitions in ctmon: 10 and 29. By re-
naming the case where the plus and colon use subroutine 10, calling this

1¢ CONFIDENTIAL
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zase 27, the ambiguity is eliminated. Several other oceurrences of 10

were also rememed 27, and other embiguities were eliminaied in anzicgous
fagbion; all ambiguities axe indicated in the table by sters. The jumw
table is then conetructed so that 10 and 27 are recombined and, whether

bit positiom 10 or 27 is filled, the same suvhroutine is junped %o.

GENERAL USFYULNEES OF THE METEOD

Beceuse of the larvge aumber of cubpuvis, the number of ambiguitiea
was amell, and it was possible Lo procesd by renaming a few eases. IT
the pumber of outpuis had bheen smaller, or if the 4table cutputs bai clusteored
in less orderly feshicn, it might bove besn necessery 0 constyuct a mini-
mel table viz the same type of procedures that were used for the HEL Claszi-
fication System. Thet 1s, the knowve copfigurations could be listed separ-
ately at first, and then combired as for es possible without introducing
any smbiguity. The lines in such e minimel table would represent the
intermedigte outputs necessery to svold ambliguity. Several lines might
represent the geme fin2l ocutcome; in the case of the NEL System tables,

22 many 23 28 lines represent & single fingl outcome; in the NELIAT com-

piler, only two n2res needed o be used for ary sirgle subroutine. so

only two intermedizie outputs are cambined for anmy finsl output.

Both the NEL System and the NELIAC tebles lend themselves well %o 3
%
the logical product method partly because thers is in each case & aingle |
output for a large proportion of the poasible configuraltions. In the

first case, 1993 configurations out of the 3072 legal configurnticns lead

11 CONFIDENTTAL
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to sn "mnknown" output. In the compller case, 200 of 437 coubinations
are illegel. In both ceses, this commonest output could be 2szgigned the
condition, loglcal produet = Q. The ability to treat the cammonest out-
put in this economlcal fashion 1z another advantage of the leglesl product
method. I the camonest output had to be treated exactly like the other
outputs, meny more awbiguities would arice, and the minimal tseble would
bave o de much larger.

The usefulness of the logical product method as a subgtitute for
table search methods ir these two applications le2ds one to inguire when,
in general, guch a method would be ugeful and when it would not. The
strength of the logical product method is that 1t tekes a short time to
"seavch” the input combimations and determine whether a logal output existe.
Then the outputs must be "seawch»d” sufficlently to determine which finsl
output has resulted. In the NRRLIAC routine, this seawch i cerried out dy
succesaive ghifting, counting the shifis, and choosing the output as deter-
wined by the cbift counter when & "1L" appesrs in the rightmost position.
In the clasgification voutine, the clsge in the program at which an ouiput
was obtained wee sufficient to specify the output. In either case, the
logical product method involves an outpui, rather then sa input, search.
Thus, in general, if there are fewer cutputs then inputs, it would sesm
prefevable ¥o use an output search. In addition, instructions sre avail-
able thai make this oulput aesreh very fast, at least where the number
of outputs is  the number of Dits in a computer word. If a computer

12 CONFIDENTIAL
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word specifies 30 outputs according to which of fus 30 biy positions
contain & 1, it 18 quite fest Lo initiate & vepeat of a right shift
instruction for 30 times with o skip condition when the regiober tums to
0; the number of shifts requived tc turn the regisier to O is available
in the repeat index. No special comparigen iustructions ere required.
The weakness of the logical preduct methed ic that epecisi pre-
cautions are necessary in order o evold ambiguities. As we have scon,
if embiguities occur, the number of iatermediste ocutputs must be en-
larged in arder to eliminate the ambiguities. In the clessificsation pro-
gram, there were actually 56 intermediate cutputs correspending to the
lines of the table. These 56 wers recawbined partislly to give only ihree
final outputs, plus the fourth when none of ithe 56 positions contaived a
1. The technigue of multiplying logical products 1s ugeful only if the nun-
ber of intermediate outputs ic relatively smsll. This weans that spprec-
iable numbers of input configurations must clusiter on the lines of a tahle,
vhere each line represents an output; or that in a table like the NELIAC
distribution table, the outputs must cluster on rows, or in colums, or
in both. Where these clustering ecffects are observed, it seems safa {o
say that table storage methods shonld be replaced by methods vhich find
an output by obtaining logical preducts of words, where each word dea-
cribes the role of an iandividual input value. Of course, there arve other
factors to consider in a specific cese; for exmmple, doee the number of
intermediate outpuis nearly equal some multiple of the number of bits in
o computer word? If it does, eech performance of a logical product pro-

duces more information, and storsge space is better used. If it does not,
13 COr"IDENTIAL
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a method like table storage which is ebotractly inferior may actually
be bettex.

Onc epplicetion which would be evpected to show the characieristics
agsociated with efficient use of the logicel product method woulid be the
meking of tactical deciclons in computer-aided wogpons syatems operating
in real tize. In such cases, dccisions would be likely to depend upon
the existing valves of soverel veriables. The number of possible decisions
would probably te quite limited compered to the number of configurations
of valnes of varisbles. These are exactly the reguirements for gituations

where the prosent method might be helpful.

SUMMARY

A computer technique is described which effliciently implements the
N2L Souar Contact Classification System. The coxrect output is determined
by @ logicel product method rether than by the ucual teble storage and lock
up methods., The computer gets its inpute from a Xeyset designed specifi-
cally for somar classifiestion. The contact classification given by the
couputer will be identical to thet mede from tebles based on the current
HEL Sonar Contact Classsification Systea for scanning sonars.

A logierlly identical tachnigue turned out to heve an application
within the NELIAC compiling progrem, where it was reported to save 1/3 of
the campiling time., The succese of the method in these two applications
led to some cxsmination of the general usefulness of the wethod as a
1k CONFIDENTIAL
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| substitute for table storsge and table look up in computer progremming.
Cne type of problem where thie method should be efficlent is the making
of decisions in real time systems, where the decisionc ave bazed op the |

exigting values of geveral varishles. J
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CONFIDENTIAL

TARIE 2. MINIMAL REPRECENTATION OF THE
NEL CIASSIFICATION SYSTEM
CLUSTER  DOPPLER PP SHAPE AXIS ANCLE  ALIGNMENT TRACE LENGTH  CLASS 5'
y 3 U DN ME E EW DP 0-90 3-3 10-29 N
2. U DN E EW 20-59 1,2,1,2 10-29 N ;
3. N NE - 2-2 10-29 N
h. U D NE - 1,2-1,2 10-29 n
5 N EW 0-19 1,2-1,2 10-29 it
6. N E - 2-2 30-129 N {
T N NE - 1,2,3-3,W 30-129 N
8. N NE - 3,W-1,2 30-129 N
9. N E 0-59 1,2,3-3,VW 30-129 N §
10. N E 0-59 3,W-1,2 30-129 N
Ll N E 60-90 1,2-3,W 30-69 N
12. N B 60-90 3,W-1,2 30-69 N A
13. N E EW 60-90 1,2,3,Ww-1,2 T0-129 N ]
1h. N E EW 60-90 1,2-3,w 70-129 N
15, N EW 0-59 1,2,3,W-1,2, 30-129 N
16. N NE E EW DP 0-90 ?:2,3,w-1,2 130-over N
)iy N NE E EW DP 0-90 1,2-3,W 130-over N
18. U NE E EW 0-90 W,3-1,2,3,W 30-over N
. 19. u E 60-90 1,2-1,2,3,W 130-over N
20. U EW 75-90 1,2-1,2,3,W 130-over N
: ol. D NE E EW 0-59 2,3-W 30-over X
2. D NE E EW 0-90 1-3,W 30-over N
23. D E EW 60-90 2-W 30-over N !
2k, D N E EW 60-90 3,W-3,W 30-over N
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CONFIDENTIAL

TABLE 2 (Cont'd)

CLUSTER DOPPLER

! 25. D
é | 26. D
§ 21 N
| g 28. N
1
- :
| : 31. N
;: 33. N
% 3k. N
g 35. N
g 36. N
E 37. N
-é 38. N
: 39. N
Lo. U DN
L. U D
be. u
L3. U
by, u
4s5. u
L6. D
47. D
u8. D

PPI SHAPE AXIS ANGLE ALIGNMENT TRACE LENGTH CLASS
E 60-90 1,2,3,W-1,2 130-over N
EW T5-90 1,2,3,W-1,2 130-over N
E 0-19 H 130-over N
EW 0-99 H 30-over N
- 1-1,2 10-29 S :
- 2-1 10-29 S
E 0-19 1,2-1,2 10-29 S
DP 85-90 1,2-1,2 10-29 S 4
- 1,2<1 30-129 S
i 1-2 30-129 S
E 0-59 1,2-1,2 30-129 S j
E 60-90 1,2-1,2 30-69 s
EW 60-90 1,2-1,2,3,W 30-69 8
EW 60-90 3,W-1,2 30-69 s
E 0-19 H 30-129 S
E EW 60-90 1,2-1,2 10-29 S
E EW 0-19 1,2-1,2 10-29 s |
E EW 0-59 1,2-1,2,3,W 30-over S :
E 60-90 1,2-1,2,3,W 30-129 S ;
EW 60-Th 1,2-1,2,3,W 30-over s |
EW 75-90 1,2-1,2,3,W 30-129 S
E EW 0-59 1,2,3,w-1,2 30-over S
E EW 0-59 2,3,w-3 30-over S
E 60-90 1,2,3,W-1,2 30-129 S
CONFIDENTIAL




CONF1IDENTIAL

TABLE 2 (Cont'd)

CLUSTER DOPPLER
k9. D
50. D
51. Uuop
52. U D
53. U oD
5k, u o
55. Uu o

PP1 SHAPE AXIS ANGLE ALIGNMENT TRACE LENGTH CLASS
EW 60-Th 1,2,3,W-1,2 30-over s
EW 75“90 1;293""1,2 30"129 S
E 0-19 H 30-over S
EW 0-19 H 30-over S
E 20-90 H 30-129 Not a high-
light case,
enter edge
alignment
EW 60-90 H 30-129 .
EW 20-59 H 30-over i

10-29
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CONF IDENTIAL

TABIE k.
COMPIITER WORD
NIMRER BIT POSTTTONX
27T £ o, )8 35 12 9 G
1 11 010 000 000 000 000 111 000
: 2 11 101 111 111 111 111 000 000
! 3 11 010 000 000 000 000 000 1)}
h 16 110 111 000 000 O0l1 100 110
5 11 000 000 111 11l 011 110 111
6 11 @01 000 ©00 ©11 111 101 137
7 10 000 000 000 000 Ol1 000 000
8 00 110 111 000 000 000 000 000
9 10 113 111 110 000 I3} 100 110
10 11 1o 111 310 006 111 160 110
11 10 110 111 001 111 011 110 ol
12 10 110 111 001 111 011 111 011
13 10 110 111 001 111 011 111 o
14 01 011 010 101 011 111 011 o010
15 01 111 110 101 011 111 o011 101
16 10 000 011 110 1i0 110 100 100
17 00 000 001 010 110 110 100 000
18 00 000 000 000 000 000 000 000
i 19 0L 011 001 010 110 110 111 000
20 0L 111 101 010 110 110 111 000
* 21 10 000 010 101 001 101 111 010
: ¥Bit Positions O and 29 are not used; the numbers

| —————— O

of each set of three bits.

000

100

111

000

LD

101

000

000

00O

000

110

Lok

158% |

011

01l

Vi

L1l

000

011

011

100

00

00

10

10

o

o0

00

11

11

1]

11

HON SUBMARTNE MATRTX TR FORM USED T COMPUTER

VARTABLE

(up Aoppler)

(no doppler)

(Down doppler)

(Not elonzated pip)
(Eloneated pip)

(Flongated with walke pip)
(houble pip)

(Mo axis nngle)

(0-19 nxis ansle)

(20-59 axis angle)

(GO-Th axis anzle)

(75-8% axis angle)

(85-00 axisanyle)

(1 leading edje alignment)
(2 leading edie alipnment)
(3 leading edge alignuent)
(Wake on leadin: ed;e)
(Highlights)

(1 trailing edge alipmment)
(2 trailing edge alisument)

(3 trailing edge alignment)

are for the least significant
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CONFIDENTIAL
TARLE 5. HELIAC DISTRIBUTION TABIE
AT aEY B W B e R N T T TR N B AR R B AR
’ b B 3 29 6 23 h 1010 31010 10 1111 1317 & 10 L
; L h 3 20 6 o3 1030 1010 10 1111 1317 4 10 L
. . E h 3 209 | 23 h 1010 1010 0 1111 1317 % 30 l
b X % %6 23 ko 2030 1030 10 1131E 1232317k 1 *lo i
: ( 6 20 23 & T 1T 1337
) 9 & 23 e S T o B R L I g 2
[ 25 2 2l
= 1 5 | 23 et GRS TG S | 1
o d 3y 23 A R N O | 1
33 3 A R 1
< ; W 03 o smtr ce B N B 1
+* 19 1919 1986 19 &3 19 19 19 1919 19 19 19 19 10 19 10
F *1o 6 M0 23 25 1010 010 10 11 11 13 17 10 M0 21
- 12 6 12 23 25 1212 1212 12 12 12 1317 12 21
X 15 6 15 23 15 15 15 15 15 15 15 15 15 15
‘ / 16 6 16 23 1616 1616 16 16 16 16 16 16
10
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APPENDIX

CONFIDENTIAL

L

(COMMENTS: THE AMPLIFYING WORD FROM THE KEYSET WILL CONTAIN THE DOPPIER
ENTRY IN BITS 27429, PIP SHAPE IN 24426, AXIS ANGLE IN 21423, LEADING EDGE
ALIGNMENT IN 18+20, TRAILING EDGE ALIGNMENT IN 15-+17, AND TRACE IENGTH IN

12+14, ENTRIES IN THE SONAR CIASSIFICATION WORD HAVE THE FOLLOWING MEANINGC :

O = UNKNOWN, l= ILLEGAL, 2 = NONSUB, 3 = SUB, 7 = INSUFFICIENT DATA.

THE DIMENSIONING STATEMENT IS SET UP SO THAT A COMPACT TABIE WILL RESULT.
THEREFORE, THE IAST VALUE FOR A PARTICUIAR VARIABLE, LIKE SUB DOPPLER, IS
LISTED IN THE DIMENSIONING STATEMENT AS THOUGH IT WERE THE FIRST VALUE

OF THE SUCCEDING VARIABIE, THE ORDER OF WORDS IN THE DIMENSIONING
STATEMENT IS: DOPPLER, NONE, UP, DOWN; PIP SHAPE, NOT ELONGATED, ELON-
GATED, ELONGATED WITH WAKE, DOUBLE PIP; AXIS ANGIE, IN ORDER OF SIZE;
LEADING EDGE ALIGNMENT, 1, 2, 3, W; HIGHLIGHTS; TRAILING EDGE ALIGNMZNT,
1, 2, 3, W; AND TRACE IENGPH, IN ORDER OF SIZE. THE KEYSET ENTERS NUMBERS
FOR EACH VARIABIE WHEN AN ENTRY IS MADE, EXCEPT THAT HIGHLIGHTS ARE
HANDIED AS THE IAST VAIUE OF LEADING EDGE ALIGNMENT. THE SIZE OF THE
NUMBERS ENTERED CORRESPONDS TO THE ORDER OF THE VALUES IN THE TABIE

IN COMPUTER STORAGE. )
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SUB DOPPIER (3) = , $ 37770 00015, $ 00007 70156,
¥ SUB PIP (4) = § 00006 07756, # 31411 06100,
£ oa317 47110, $ 00067 36646, SUB AXIS ANGIE (6) = § oeéoo 00001,
$ 31400 00000, f 35613 06140, $ 61601 06012, P 61564 61414, § 31564 S1214,

SUB IEADING EDGE ALIGNMENT (5) = § 33564 51215, § 27747 75600,

& 17347 77600, $ 00020 07600, P 00020 07600, SUB TRAILING EDGE
ALIGNMENT (4) = $ 00010 00157, $ 37377 75740, § 26777 75740, $ 00051 72140,
SUB TRACE IENGTH (5) = $ 00051 70140, $ 36006 00001, $ 01771 77756,

$ 01611 77756, $ 00001 26542, NONSUB DOPPIER (3) = , $ 35777 70046,

$ 32000 07000, NONSUB PIP (4) = $ 32000 00770, $ 26700 34604,

$ 30077 36764, P 31003 75752, NONSUB AXIS ANGIE (6) = $ 20000 30000,

$ 06700 00000, § 27760 TUE06, P 36760 TUE02, P 26717 36360,

$ 26717 37370, NONSUB IEADING EDGE ALIGNMENT (5) = § 26717 37370,

$ 13253 73230, $ 17653 73530, P 20366 64470, $ 00126 64070,

NONSUB TRAILING EDGE ALIGNMENT (4) = $ 00000 00006,

$ 13126 67036, $ 17526 67036, $ 20251 57246,

NONSUB TRACE IENGTH (5) = $ 00251 57746, $ 37000 00000, § 00774 LuTh2,
$ 00763 44742, $ 0000 37776, LOGICAL PRODUCT;
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CONF [DENTTAL

; NEL CIASSIFY:

B b

E SAVE. INDEX REGTSTER VAIUES, AMPLIFYING WORD [ J] -+ AMPLIFYING WORD,
SET UFP INDICES, CHECK ENTRIES FOR LOGIC, CHECK SUBMARINE WORDS,
. CHECK NON SUBMARINE h\l()RDS, EXIT CIASSIFICATION:,|,

SAVE INDEX REGISTER VAILUES:

[1 > SAVE I, J » SAVE J, k » SAVE K, L » SAVE L, m » SAVE M, n » SAVE N, |,

SET UP INDICES:

[AMPLIFYTNG WORD (27+29) » 1, AMPLIFYING WORD (2U-+26) -~ 4,
AMPLIFYING WORD (21+23) » k, AMPLIFYING WORD (18+20) - 1,
AMPLIFYING WORD (15+17) - m, AMPLIFYING WORD (12+14) - n,],

CHECK ENTRIES FOR LOGIC:
| IF L= 5: | IFmw O: | IF1 = 0@ J=w O@®@k=0®n= 0: INSUFFICIENT
DATA. IF NOT, ;| ; IF NOT, TLIEGAL.,| ; IF NOT, | TF { « 0 ® J = O @ k = O @
L=0@®meO®@ne=0: INSUFFICIENT DATA, IF NOT,;|; IF L= 4 B ma= U:
ILIEGAL, TIF NOT,; IF J= 1B ko 1t TLIEGAL, IF NOT,; IF J = U4 B k  6:
ILIEGAL, 1IF NoTr, ; |,

’

CHECK SUBMARINE WORDS :

| 10031 suB DOPPIER, | 40032 SUB PIP, | 03000 30, | 40033 SUB AXIS ANGIE,
03000 30, | h0o34 SUB LEADING EDGE ALIGNMENT, | 03000 30, '
40035 SUB TRAILING EDGE ALIGNMENT, | 03000 30,

400%6 SUB TRACE LENGTH, _I_ 15030 LOGIC I PRODUCT, IF LOGICAL 3

PRODUCT o O: | IF 16 ¢ LOGICAL PRODUCT: SUBMARINE., IF NOT,
ILIEGAL.|, IF NOT, ; |,
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WNCLASSIFIED
CONMLLNEr™

CHECK NON SUBMARINE WORDS i
| | 10031 NONSUB DOPPIER, | 40032 NONSUB PIP, | 03000 30,
| %0033 NONSUB AXIS ANGIE, | 03000 30, | 40034 NONSUB IEADING
EDGE ALIONMENT, | 03000 30, | 40035 NONSUB TRAILING EDOE
ALIGNMENT, L 03000 30, L K0036 NONSUB TRACE IENGTH,
| 15030 LOGICAL PRODUCT, IF LOGICAL PRODUCT ¥ Ot NON SUBMARINE,

IF NOT, UNKNOWN. |,

TLIEGA L:
RESTORE INDFEX REGISTER VALUES, 1 - CIASSIFICATION [J], EXIT CIASSIFICATION,

INSUFFICIENT DATA:
RESTORE INDEX REGISTER VALUES, 7 - CLASSIFICATION [J], EXIT CIASSIFICATION.

SUBMARINE :
RESTORE INDEX REGISTER VALUES, 3 - CIASSIFICATION [J], EXIT CIASSIFICATION.

NON SUBMARINE:
RESTORE INDEX REGISTER VALUES, 2

v

CLASSIFICATION [J], EXIT CIASSIFICATION,

UNKNOWN
RESTORE INDEX REGISTER VALUES, O -+ CIASSIFICATION [J], EXIT CIASSIFICATION,

RESTORE INDEX REGISTER VALUES :
{SAVE I » 1, SAVE J » J, SAVE K > k, SAVE L » |, SAVE M » m, SAVE N » n, |..
SQMRLLENDIIAL

UNCLASSIFIED

it - MM




