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A CO?4PUV~R CH1~.LQU1~ !~~ L~NEt~~EI~G TIL~ !I~i . SO!~AL1 CLII3 SIV1’1~ AT1 ON
SYSTEZI, WITH Ar~ Ar”IaCATIo~1 TO I\~Ef,IAC

INThOBUCTIO

The’ NEL Sontir Contact CL i~ icc~~ion ~~~tem (G ~~~V~ V C~~ nnd I~~dy. 19~i3)

haa tbu.g fi~r bee-i presented for f1ec~ w’~ ou].y in t~ie foxi~ r~i z~. t;~bu1a1

flipehact . Future avsii~b11iv.y o~ dIg1~~i3. c~~puta~~ i~i ~ ine ±~!t ~C~; conte:ct t~
V 

will make it advi sable to htwc programs ready to eiL’e’c~; ~ o~t~t±c cm-

t’tct Cl i’~ V ( ’*tiO!1~ aIVV n tht’ inp~ftn t~~ed by ~h-~ rF~ C~rc~~!Iz . A~r~~~~~!e

clec3ification will reduce orrore, increase epred o.~ cl~z3if1eatic~n ; ~~~~

tn&ce it e~s.~ to ~~th~r &ita Cor the evaluation o. Gy~~c~ pe~~Ot~na~i(~c..

M.thou~h ~ pre~ 1 o~~ progr~~ hen been de ieluped for the ~~~T.. S~~~te~

I.~c~oney, 1959 ), th1~ pvc~ r~~ c:om. : not ü1f~:e~ rni
c
~~Vte be~~:een L r i_ b~~:~ r~~i~-

configuratioa~ tn the tables :uid conri€uratioa~ ~th1ch , t~o~’~fl hr~~~t~ic:~) 1.~
poceible, ~~re not include~.t in the NI~L ~ablC,3. In ~ 3flY ~~~~~ ~, it ~~ g~ f b(’

a $erioue mit~t~~~ if a cc*r~sct ~thic~i ~~ould ~~~ 
V c .

~r~~~~~ ~~~ unkno~~t ~ft’r ~

d isa.t~~ed or a n n -~ii~ r~r th.e. The oresent progr~at~ th~piicate ’.. ~~c ~~~~~~ cut ’

p r ~~ fLmcttonolJ .y by using 26 celi& of ~~ge ( where th’~ ~~~~~~~~~ ~~~~~~~~~

gr~~ required ). The di 3tinction between non ~ 1rw~~t~ irs i~nd unio~at~ c 3r’ . C

i~ preeerved by using 26 additioneJ. cclls . !th~ ~c~ u:3.. clo.~~ £ic~tion i-~: the

present p1cgr~~n takes p1~ice by doing eithet six bao).c in~truct 1orin ~ if

the ixqut cc f iguzstio~i ftilo into the ~utxaarine ca~cgory ) or t~&ve in-

ctruction~ o x ’ t~ ’ coofiguration ri~preeents a non-&1 ie.ri-~e r r  an uiikncr’~
category). Ar WTU% A.~ pre~paratory iust.ructiuxic are elco ii~~ol.v’e~ ; fOf

details, 8CC th~ NKLIAC pro~r~ n in the appen&iz. ‘1~i~’ previoua proc

‘LT Torn McVoi~t1d and LT Jerry ~ i~srri1~; have both ~rittcn t~~~ ~~~~~~~~~~~~~
but r~~ither pcogrza bar becn ictal1~ r*~ort d.
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~~11nr~Di:i UnW.

~~PL
required a ~aarc1i of a table 68&~. cello In length, end, therefore, would ~~~ 7 C o ~~~ V

-il alid/or
reonire e b t  3~T 2J9 - ~~ o~ b~WIC ~~~~~~~~~~~ to be executed,)eclal

on the average, or the present progr~vn. 

~4 j ,~ IThe prc~ent- program has also beon i~~ ffied in fcyr~n (the ~~~~~ i
the ce~e logic Is involvc~1) for une in the I~ LIftC c~~pIler, with a re-

ported saving in co!npilixzg tiiiie of one third. it ir , therefore, felt

ths~ the general ~~~~~~~~~~ ~~y V~~~~~ unt~1\~J. in still other related plicaticn~,

~tere It ris ~r be a useful cubetitute for table lookr~.

~~TIAL FT~A~tTJR1~~ Q1? 
~~~~~~~ ~~L SY~~~~4

itie ~~~~~~~ Sy~teiIi operats~ on a principl e of eonbinir~g ronar Information

~rc~ the audio dicpl~ r, the PPI acope, onc~ the tactic al range recorder.

The classification of ~ coctact ~~penda on the total pattern, or configur-

atlon, of inforrnetion obtained. frcei the three dirpicys, axit3. thus iticlude~

~~. correlative potror not Inherent In previous claneffication pro ccdw’er

~~.b1e 1 ilato the types of Info!~mition ~hich opcratorc using the eye-

tarn are required to judge. ~ru~ left to right, the table licts the sonar

d.tepleys, the ~rar1ables being judged on each diapla~r, sth the values the

juc)gtneitbs may have (for r. detailed description of the variables end pictor-

ial illustration of scale valu~a, refer to Gales e.nd Zady, 1958) The rules

that limit the oeloction end conbinotion of valuer are listed, at the botton

of the table . Within thc~e rules, there cre 3072 dlffereut configurations

of display valuc~~ M~~y of these are probably not realizable because the

~,hyuical propertIes of object s producing son-sr contacts are such that many
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A ecuputer program couic Clas 31.L’y ~~I~ tO ~1e~ LL,: ~rIth 1’cVx ; :z :t ~ c~ i~
the form indicated in table 3. The gcmer~il rnethocl v~a1d be V~~~~ cu p ~~ ’~
the conf igurati on entered by ti’’ c~~~ 3i1’icatIon ka~~ct witit e~~h @: .iie

c lusters in Lucceusior) until that clur~~er wac found to i~~ich ‘ie con-

f t .guratian belonged. Th13 Is v~tateru1 beca~~e ~no~t ol’ the cc~ p~rison~
m&dVa will be mude with c.lu~ters to ~rbith V~e cor:figur~t i ’ i  ~~~~ not 

V

belong

Table 1~ pro ate the eZ~~C Infomatlon aa table 3 iT) nnoth~ r ± orr~i.
Table 4 is conitruct.ed &trc~ctly frorn thbie 3 by int~rc~’u’ ~;1ng r~~- 3  ani

columns ; the rows in table 3 are the cclu~nis Cf table ~~~. ~~ ch rc.; ir

table 4 represents the role at a Iculer vC~lue c~’ a p~u’~~ cu1’~ varI&,lcV,

gii Indicetad by t ue  ro~i 1abel~ In the rightuos t coiuziin . The co1wn~’; re~. 
V

present the v~’.lues ~cccpt~ab) e~ in a pcrticul&~z clu~ter. I~ach ro~ o~ ~l~t’;
mat”Iz fita conveniently into a 3(~-bit ccniputer word. ~th V~~~~~~~ p i t C ~~
left over. TlJcnty.ci.x c~~puter words are needed to r~jn’e3cnt i;hc not-

au~~~rthe clusters . T~tonty..six mre are needed for the subzart ne and r~-

entry cluster.. Theee words are presented in octal fox~ in the d~nozi~ L ’rx:ng
•tatm.ent in the spp~ idix ; the order in which the words ar e pre sented Is

diffex.ent bec~wse of the necessity to make the table e~~~e.tiblc’ with the
numbers aseigned to the values by the key-set, end so ths~. no blank wor ds
will be left within the c~~pu~er.

Du.~s in the form indieat~d in table 4 cun be used to determine the
clese ~~~bergbIp (su~~ur1ue or non-su~nsrine) of a configuration with a

5 Cc~ FIDFsTLAL
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minimum nuntb:r of operation s. The cl~~~ifIcc~tion keyset provides a nLm~ber

for each variable; the niuber ~~~~~~ ~~~ operator n judg~ent of the

‘mine of that ‘i~~ Iab1o. TAte c~~putor u~e& these numbers an Indi ces to

select the computer i~ord~ which reprc5ent thone values. If , for exe~p1e~

the cla~~tricat ion key.~~t operator prcs~es the k~ yc for up dop~1er, elongated

pip, 0-19 axi3 angle, 3 lending edge aiIgnuze~t , 3 trailing edge aiignz~~nt ,

and 10-29 yard trace 1:~~ ti~, the c~~iputer will select the corresponding

~orda to work in.th, as folloue~

011 010 030 COO 000 000 ill 000 000 CCO (up dopp ler)
011 000 000 Ui 111 011 110 111 110 100 (elon~~ted pip)
010 111 ~ii no 000 111 103 110 000 110 (0-19 axIs angle)
010 000 011 110 110 110 100 100 111 000 (3 lcz4ing edge n1 gzur~cnt )
010 000 010 101 001 10). UI 010 100 110 (3 t~ iil1ng ~~~ alignment.)
011 111 000 000 000 000 000 000 000 000 ~ 10-29 yard trace length )

The stx words above are identical to the corresponding rovz~ In tab? !

4, ~~~~~~~~~~~~~~ ~~~~~~~~~ the left-moat and right-most b . VC po~!:~.c~is, Which do tot

repr esent a’iy cluster , are indicated above ana not in table 4.

In tnbie 4 it will be recalled, each column or bit pualtion, rcpreoente~1

a c1u~ te: . That Is, the column repre:~~~ ing a cluntur hat. ones in all those

rova representing values acceptable in the cluster . P&~ttieg it the other

~~~ .rounã, every e~~~iuter word rcpre~cntIng a value which is part 0! a

cluster will have a one in the bit tcal t ion r enting that cluster. now-

ever, if’ any one of a set of valu es is not part of a cluster, that value will

have a zero in the bit position representing the cluster .

In the cix words above, there Is a one in each of the words in the

second bit position fr~~ the left (position 23). This bit position represents

6 co~ I rIAL
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eluJ3ter ~~~~~~ (13t ~ ox~e in tai!e 2~’ . P~o .-~~
-}

~~~~~~~ hi~ positIon c:~ ::~.:..i

in every ~~~~~ becau se :li~ ~~~~~~~~~~~~~ r~pr ~e.at~’d ~~c z..D1: a?1 .~~ pf~~~.V~ of
V V 

ot~~r ~1~’~~ er. TV ~~~~ aL~4a7r ~~~f
V~~~~ ~~~~~~~~ ,

~~~~~~ ~~~~~~~~ 
•~~~~ 

~~~

t.�~V8fl OL~e C1’19t~~v

The l~gi cai p . ’~ u~~.; .~~n : ; .ru ~~~ti~~~~~~, ~.~iich ~ V Z  p~~
4
~ ~~ ~~~

~f ~~~~~~~~~~ 
~~V ’~~~~j t~~~~ . C~~~~ut~ 13 , t.~ a v~~y convenient method of cr:~~’~ ~~~~ ‘~~

~~~ ~~~~ ~~ any gI~ cn ~~t ~~~~ ~ 1 in a ec~ ~~~ b: ~oz:.t: ~:n , a~ ~ . . 
\~ rç~ .

f’ere, i12 b~Thng t~ a ‘2V U~it1 r~ In tii~ ~rcrc,p .i; s~~~~. ~~~~~ t~~ •~~ :~~~V )~ ~~:. V~~~r’~ •

‘~~~~ th~ i~ - doppJ er and clongatc~d pip ~ :o~~~~3V:~ ic~ ~‘o:z~L~; t~i~~ ~~~

I pwduc . ‘.~f th~ previous ~V~’.g Vcai pro&~ct ani. the 0-19 ~~~~ angie . . .

f~~e2e& ~.nd ;.~ or ~~r& ltg~i the rr~’mt ining thrv~e ~ords . 3. Vr ~~~~ V t hVV~~~~ ~~2J.. b~

•~ I in aX.~ given hit t~ JV ~ ±r,T 1 0.’ ~~. ~~~~~~ produc~ r~~~~~~ , j~’ t~~. rt : ~ i.’. 1

in ~~a :  ) i :  pc.’ ~V’~ ~ in 1,o~L’. the c~ii5ti ~~~ 
V. 

~~~~~~~~~ t~~ i:Y~2 ~~~~~~~~~~~~~~~~~~~~~~

i~gic~ l i~~~~~~~ r~t~~ ~~~~~~~~~~~~ 1 
~~~~ h: ~~~~~ ;

-“
~ 

‘~~:~~~~~~ V
•.
~~ V ~~~~

V : ’ V ~~~~~ ~~~~

011 000 000 000 C~ 0 000 110 COO C(X)~~~X) 1~010 000 000 c~~ c~~ o~~ ioo ooo ooo oo~ ~010 000 000 C OC COO 000 100 000 000 ( : :  ~) 3
31’) 000 ~,C() C~2 C~V~ COO 10!~ ~~0 000 COO .

~~~~

010 000 ~~~~~~~ ‘~3~ C ) 000 000 000 00O OC~) •~~~~~~ &

Thus, c~t ~~~~~~ ~te~ ( :. o i~~ -~~~~~ i . ~A’~c~e ~ii ~~~~ :cn ~ ~~~~~~~ ~~~~~~~

V c1u~ters t~ ~:h~~ 1~ the va1uez~ ~~~~~ V V V
,~~~rj ~~~~~ the io~ 4 c~1 rroth.~ct u11 b?~~ n~ .

When the logical ~r~duc~; of ifl ‘~~~~~~ value ~~rds he.~ 1~~~~ . C  V , .~~~~~~~ it v~.U

cont~.In a one if ~~~~ on~; 1~’ all ~~~~~~~ J ~ip~ ~~~~~~~~~~ p~xt .
~~~ : one elu~~~~r~ ~~~

p o ~~~~ hats the s a b~arine ciuj~tc.~s ~~~~~~~~~~~~~~~~~~~~~~ i.r ca.- t~y.i~ p r 
~~~~~~ ~~~

7 C0~Ffl~~ TtAL
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LT P. Mc~~ns1d, Who helped t !~~ author get ~:e c
’a’;~~~ i ’  .c~~~~”~ or~ ~~~r ’~~

iu:~ accept.ablm ~r~J4”C alco ~~~~ to .
~~~~~~ autho tha t a ‘ . .~~~1ar ~
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V V
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Jucp to in t1~ ‘i~~Jf~ co~~ i1..~~ ~~~~~~~ ~~~~ ~~~~~~ ~:crL~.r:c~ :,uk th~ ~~~~
method for ~~~~~~~~~~~~~~ this npp1ic~,:,io2.~.. ~~~ iT~ !~ E. Le:~ ’~’,’ a ’d j .  ~: ~t’~
wrote the rc’1V:t~.r ~e .  They r oo. ~~~~~~ the e~~ ::ile’~ 

V
~ I I V ~~}1 the rout11c I

porated r’:~n about 1/3 facter then it ~ rcvi :~~ 1~ L~~i. .T~ ~ ~)V ~~~’ C(~LC Ct’~~

deslrable features .

Tht~ ‘~11JAC ~~~Viili Ca;~LC;Ii re:lly ju st V.
~~~Vd ~~

V
~.r ~~~~~~~ cf

fication problom. The CC~~ L V ! V
~~~~~ ~rogr ~~i ezc.’u!xiez the’ ~~CT Cnt çflç~ •,V .Q7,

. 
~~~~~~

~ol to ca~binttion wit.~i the rie~t oper ~~ o~ c ,’~bCi, ~‘~~5 then cle3s ::~Vef ~ ”

V the c~~bination aecord.irrp. to ~~ich c’V~~~rci.itio~ ~i1i i~’~ ne~~t~~ t’ ~~~~~~~
che r~’:c~inc ~~structIoas for cax rt ~-i~, out ~~ in icc.tc~1 o cz ~;ioo .

~ &io~ s the legal current op~~~~ cr~ in the ieft.-hand c~~umn, ~ .c F::~2.

next operatorr in the t o - ~~’. ~~~~ 
V~~~~~~~ ~~~~ber s of the ~~~~~~ ~ fo— ’: i.c e

as entries in V~~~~( table.

In the CO1~~ . V~.1C~~ application, there c.r.~ 20 pocoible current ~~~~~~~~ c~ ’r

and 211, possible next operatoro for a total of ~3C eot~ . ~~~~~ on~ ~~

operator and next operator . This number i-~ inmccliately r ducec~. to k~
( 3.9 x 23), since the t ’or ” and ~end~ symbols are treated ~o Identical for

purposes of selecting a subroutine .. The partIcular combinatioli c:.’ current.

operator an~3. next operator determines vhi.ei of’ 27 aubroutine~ is tO be

used, if the ca~bination is legal ; if the c~xththation Is not legal , a

fault conditIon should be indicetCdV, This gives a t.ota3 . of 28 outputs

needed, as contrasted irith four final outputs for the elaaaifIcati~ i pro-

grr~~5 The small number of output s in the classification progre~n riade it

9 Cc~~ID~NTIAL
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~~~ :.~~- In the ~~~~~~~~~ V V ~~~~~ • ~~ 1arg~r nt~ ber Of outputs

~
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~~~~ I~ V -.::~~ V ’~~1~~~ ’J 

‘. C) ~~~~~~~~~~ ~~~~~~~~ ~it pc it ’V : ~n ~~~~~~~~ .~ i:J, V~d ~~~~~~~~~~ the ~~r-

~~~~ 3

V A V Vj ~~~ S . flV V~~ C CCi , . ’). ’(~ . r4 1Q ’ 7r’t4 .i Wr: ~~~ 
‘
~~

: -  
~~ ~~:. 1.V

’
~~~: ~~~~ ~,

“ :.~~ ‘ i~~~ h i~c.ä.

n ct o~curre i in k.e ~~~~~~~~~~~~~~~~~~~~~~~~ J L V.~t . :C . ~~~~ O~’ t~’~’ V ~~~~~

~~~~~~~ r’ ’ ~~~~~~~ 
~~~~~~~~~~ “the c .irr~nt y~~ratc~ r~ordV& ~~~ the next crr)era t,or ‘W0r 3

V~~~~~~ 
V½ a~ :~~~~~ty, thLl . i~ , i~or~ tb~~ c;y ’ bI~ : V  ~~

V
~ V VCI~~ c t ~~~~~~ a 1.

t ~~~~ V 1~~•C~~~ 
(~~~~~~~~ j 

V;
J

.~~~~ 

~oC: t Icn .~~‘~~‘ . :‘r~:n~~ a • , ; V ,
V~~~ i~ ~~uid ~~

‘-
~~~~ be

-~~i:~~e tc ~ ~~r~ in~ uiiich cu ;jr: t ~~~~~~~~ ec~rec~. . r~~~’. special quostion~

~h.i ’h would s’x~r ~~ir~ ~~~~~~~ L~~~
V
~~ ~~~ c.~v1 L~~~y ~~lved the ~~~~~~~~b V , ’~ V~

~~~~~~~~~~~ by :‘~~~~iri,~ ~~~~~ Q~ :V~V ) , S ~ -~r~~ Ie~ ~.o r~ bi&~uit:r , that. is, by

:~~~?;t~~ ~~~~~~~~~~~~ C ) ’  ‘:x~ ~~~~~~~ ~o n :~~~:.. ~~t ~~~~~~~~ For c: az,~~~~ 3V c , ~~~~
‘
~
JV .

~~~~~~~~~ 10 ~~ It ~cc~ c’::r~d In SCIne 90 ±tiGfl: ~ia~ L~cI1~ i::V. d 27~ Th±c ~~~~tr~

then bad ‘:~-~o ~~ :;~~:. i’~t. ~n i~~ ~ e c3 tn ’c  stage in the ~~~~. og~~-~ Another look

~~~~ ~~~~~~~~~~~~ 3 ~-r-fl~. fCCV~~~ What rra ~ Involved ~j:c,rc c1~~~ Ly . Consi&?r the cc~nbin-

atlon of ~~~~~~~~~~~~ ~~ ~~~~ -~~Y- operator ‘~-ith c~1on ~~ next operator . For tb.i~r

c~~bthation t~ae correct 3ubro~rtine Is nu~ ber 29. However, ~:he cc~mma ths.~’e~

subrout ine 10 ~iith several next operators, and. ~ub~outine 10 lo also u.~ed

‘ then the current a~o~’ ~.S n1~u~ and the U~~XtV operator CO].Ofl . The~~~fOT~~:

;i~~ words in the cc’~rputer for a cur.rent opera to~.- of c~~~~~ and the nect

operator of colon have two bIt positions in c~xxtor. : 10 and 29.~ ~y re-

naming the case uhere the plus and colon use subroutii~ 10, callIng tb . it~

10 C~~FIDE1~TTIAL
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VV

~~~ 27, t-h3 e1~~~~7~~~y I ;  c~V . : ~r~ ted.~ ~~~eral c~h~r OC . c~~:. 3Z~ 3~ ..~O

were ~V ’~VW r~netred 21, ~~~ o~h~ i’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~;cr~ ~~~~~~~~~~~ in V~~~~c V ’,:

faahlon; all ~mbL~uItiec a~~ in&iV c~~V:ed in t~e ta~~.3 by ~~~~~~~~~~~~~~ ~~~~~~~

~ablc i .~ f~en conctructc~ ~~ that 10 ~~~Y. 27 ~~~~ i c:::Lii~~ ani~., ~:1~~ther

bit po~’itic~ 10 or 27 is filled, the ~~~~~~~~~~~~~~~~st~~r - ,
~~~~ ~~~~~~~~~~~~~~ 

‘~~~~~ .

(~ NERAL_USF3ULt~T~ :: O~ ~~~ j ’~~~~~D

Because of ~~~ ~.avg’~ no :.~bor of ~~~~~~~~ the ~~~~~~~~~~~~~~ of ~~ 2~ V ’.gui. f~i,e3

-
~~~~~~ c~na1l . ~nd it was possible to ~~‘o~~’~. ’J. bj  ren~~in~ a feir C~.. � ?  I’~’

the num ber of’ o~’.’~~utc had i:cei~ s~aiie~ , o’~ if’ ~~~ haã c~~~~~:rr~d

in 1c~ms~ orderly fe.ehicn, it ~~~~~~~
‘ ri~~ i~~:re ~~~~ ~~~~ ~~rj ~~~~~~~~~~ a mini-

mal table ~~~ ~~~ ~~~~~ ~~~~~ of proc t~ro~ that uo:’o ~~~~~ for tho ~~~

~iC~~YiOfl ~y~3te~~ That is, th~ i~~c~~ ~~~~~~~~~~~~~~ ~~ ,.
V
~

V V !
OUQ could be 3.icte~i ~~~~~~~~V~’~r’-.

at~ly a~ :~i :ot . and then c~~bined as .~er ~~ rc~ siblc~ irithcu~ intr -±ici~~

airy -~~~~~~i:~y. ¶jbe lines in ~ueh ~~ 
~j j ~~j -~~J V~~~~~~

)1~~~ ~~~~~~ ~~~~~~~~~~

intc~:med.Iato outputz nccez~ary to ~~~~ro: d nmb ity .. Scve~’ai iir~~ ~~~~
r pr.~aent the fIn~.1 outcome; In the ce~~e of the NEL Systc i t~,Cales .

e~ 28 lines represent a sln&.e finc’.). outcome; in the ~~LI/’.~ cce~-

piler , only two names needed to ~~ used f’c~ ary :~~~~ le ~ 1~ rou~ ine CO

only two intermcdi.ate outputs are combined for .,.r~ r fin!tl output

Both the NEL S~ratew and the NELIAC tables lend thenmelve~ ~~ J•

the logical product method partly because there is in each case a aIn~ l€~

output for a large proportion of the pooaiblc configuratizms, In the

first case, 1993 configuratiom out of t~xo 3072 legal config ir~tIon~ lead

11 C0NFID1~NTIAL
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~~~~~j~~~~ : ~~‘~~L

1.~ ~~~
‘ ;.u~~ rNfl” Ot,~~~Jt ,  ~.rt vh.~ c~~i~~ ler (~‘.“c~ 200 c’~f’ ~37 CO Ub [n iOLr~

ur~ ~~~~~~~ . ‘In bot.h c~~~’3 ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ OLA ~~VO’~~~ cou.1(i b~ ~~aI~n?d td~,

c’; ~ Lt .iou~ VO (~~1.C51 pr c~ ’.ne ~ 0. The xthiliJy to trc~t t~ • : ‘ &.j i..~st out-

put  In this ecorc~nlcal rashlon ‘is ~noth~r 3t j ?L ~~~.~ C c’.i’ the 1:gica L pr . iI~~ ~.

~~Z ’~~~C~~ I ’~’ ‘t h ’  ca’~ enE~~ . OU i Vfl~~~.t. 11P~ tO 1’ . .’ ~~~~~~~ ~~~~~~ i~~’ the ~i~her

~~~~~~ ~~~~~~~~~ more awbIguitte~ ~:ould nr~~~~’, :~i~l the ’ ~Viir~~~i’~ l t&~Le ‘..‘oul d

b~tv.~ to be much ~~~~~~~

¶Ib~ uaeful ~~~ of tb~ logic:.1 ,rcduc~ ~e i i ~’d ~~ a ‘IU~~~~~~ t VL U~~~~~ i~ox

t”.~ !v’ ~e~’rch inethc&~~ 3.r th e& c ti~~ ~~~~~~~~~~~~~~ ~i; !c :~ ‘e~~d~ one to nt~uI~e w~~ n .

in ~‘~e’i~ ’ r~~~, cu :h ~ r~ t1~cl  ~~uld i~~ u U.1V and ~*hen it would ~~ Tb~’

t ength ~ f ~~ logical prodt c~’ !~~~ :~‘.~i ~~ t~.iL’ t it ~~~~~~~~~~~ a ~ ‘.~c~”t t imo 1V~~)

“~“ 8 ~~~ ‘~- ‘C input ~~~~~~~~1~~~ V !’ \~~. .O~~f) ~nd dote~~~ ~~ ~~ ~~V•~~ V.~~~~ (V~~~~ ..,
~~~~ 

(~‘-‘i~~t6

Th-n th~ output~; must be ~~ear c]~~~” 5u t’f:~c~.ez~t,J .~ t~’ d~~’ . ~~~tine ~ii~~ -I~ ~~~~~

oiit~ u~’ ba~i icr~.ft.ted.. In the NF t.IAC i~ .ro , tb~~ ~~~~~~ c. ’r ’- .t ’d c~u~ by

‘e~-e~~ ive el’iftL.~~, ‘:~u~~ tin~; the ~thif~ .:, amv3 c ’o~~;th~ th~- Ou*~~u i. ?~.3 ~~~~~~

~‘ine~ by th~’ ‘~bift cowiter !then ~ ‘i~ ~~c~ar~; ~ i the r htuo~t• p.’~~~V~t-iOn ..

In tl~ ’ clas~~. cr ’~~on routine. ~~~~~~~ ~~~~~~~~~~~~ ~ the ~ rog.ra~i ~t ~•‘j~j ~~\ an ou~pu~

obt&Intxi ‘w~~ oufi .Lc’i .ei to 6pee:~ ’ ,- ~he Out put .. In ~Iih~~ ei~~e, tb ;

~~~~~~~ product mcthod in ’.o].ves ~m ot’tp~’t. rt~ther ~~~~ ~~ ~~p~zf , ~earci~ .

‘.~‘.3, in 1 < : ~eø.’z~~, if them ~re fever outputG then 1nput~ , it wo~id ~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~ to u~~~ tixt out put search ., V ’ fl add.ttion, iV ’ structlong &re ava.Il-

ibi c’ that. maki~ thl.ø outp~it aes.reh very faot , at leairt where th~ ru~ ber

01 outpithi is < the number of bit ~ ~.u a ca~~uter word. If a e~~ puter

12
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~~~~~~~~~~~~~~~~~~~~~~~~~~ ,

~ord sp:z~ifies 30 output. -.% eecor..ui ng to - 
~ Ich of .! “.~~ s’”” ~~

conta in tt . i , it t~ quite taBt V~ •Q ni~ i~~’~ ‘
~~~~
‘

~~~~; of :. rI s.’n~ h i .It.

Instruction for 30 t imes with e. skip C O flV ~~~~~~~~~~ v ’ vm t::’.~ re~:,ioter tu~~ t to

0; the nt~ ber of ~~~~~~~ ~~~~~~~~~~~~ to VF U.... the ‘.‘eg3~~~.; .eV ’ 0 0 i~ &‘~~:. ‘.“t~te

in the :~cpeat index . ?~o eci~e~. cc~’.ç~ ::5.~cn ~~~~~~~~~~~~~ ~~~~~~~ :;~~~~~r’c~1

The wealcneas of the io~~cc’. ~ic~3~ ”;~ ~~~~~ i~; ‘ c~ir~i 
~~:“

CautIons $Xt neceoct’~ry ifl order ~o c V . o d ~~~~~~~~~~~ ~~ ~~ 3~w~
If tgnbI~ uit1es occur , ‘the number of’ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~T’.~~~;~~~ be

iar ,~ed in order to eiimIr2te t!’~ ~~b~ ’~~it t t~o ~~~ iL’ . ’~tiOn ~,r . -

~.~‘•s~u3 there ~~re actu~U.y 56 V
~r . . ,~~~

V.
~~~Cdi “ cut:.’.~~~ co~r~~~~~~~in~ to the

lipe ” ~~ the tible . e~ce ~‘~r :~ rec~~ti:~incd “L~ .lly to g~~’e P. tly ,

final outputs, plus the fourth when none of the ~~ ~~&; ttit .iw cc~ it. J~~~”c~. .~~.

1. . The technioi.’.o of multiplyin g logical product s J~ ~~~~~~~ O ’~~J the .: ‘J ’t”

ber of th.terinedJ.at’~ outputs is relatIvely ~~~~~~ ~~~~ means that ~q~-

J~~~)e numbers of input configurations mt~’ i  cli.’.ster co ~he ilnee ~~~~
‘ a

ithere each line represen” s an output ; or Lh~t In t3ble 1Vi U’  el- c Ni’L’tJ~c

diatribution tabl e, the outputs must cluster on rcrs ,. o ~n c uar~.. or

in both . Where these cluster ing effect a are obsez-ved, it seemr s.~if~’ to

say that table stor age metbode uhould be replaced by methods vLi i~~i fi~~

an output by obtaining logical products of words,, uber’~ e~ch word ...‘c-

crthea the role of an individual i o 1 ~ value. Of course, tw -e  ~ “e ‘~~~~“~~~~

factors to consIder In a specific cr~:o; for e~a~sp1e, c~o~ r tho ~~~~~~ cf

intcnnediate outputs nearly equal. some multiple of the :u~~ e r of bits in

a cc*~puter word? If it. does each performance o.~ a logic..), product pro-

duces more infon~~tion, and stor.€e ~,pace is better used. If i t doso ixt ,
13 C~~”IIENTIAL 
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Oi~ U).)~i •  ‘
~

,~ ~~~~~~~~~ iii~~ ~.uble ~~~ w~ii c’ j~ ~~b” :;.~~ i.e c .y inferior may actually

o~ t r~t~e.

Onr ~~~~~~~~~~~~~~~~~~~~~~~~~~ uM~’~ wo il~ .~~~~ e !ec~ed to sho~ t.~c eha,.’~~~~crI’it . ic~

~y~ociated V~~~ t,ll e~”~ ‘ de n t  use of the logice’ p~.” e t  R~ethoc~ would be thc’

‘~2?iJg ci’ te.~~ic&. dcei. ,it ~~ i.~i cct~ipu~ c. - o ” d e d  ~~~~z;~’ts ay~~tcnu operating

In rca]. ~I.:e. In such ra.~~’,J .  ~cui~iioi~ ~ic~~1c~ be likely to dopend upon

‘j ~~ e’:i~t1ng ~slue s of several vnriablc~;. The nu~i~~: of possible decisions

~ uid probably b’~ qtite limited c~~~~~~d t~ ‘~ V~ nUII!ber of confi~-urations

of “~ 1ues of varishl.es. ~i~ese e~r;~ exact ly ~:he requircmentr~ for &itu3ticn~

M~~re ti~ ~~~~rr~; me’thcxl might be he].pt~i.

A computer technique is describot3. thlcb. effIciently pi~~~ &ta the

~~L 3o’~~a• Cont~Lct Cla~ 8ificat iOn Syst~~.. The oor~. oct:. output it~ dstel7nine i

by a logical product “~ethc d rath er than by the usual tRble storage and lock

~p ~~~~~~~~~~~~~~~~~~~~ The computer gets Its inputs from a kcçyset designed specifl-

c. ’Uy for son~r classification .. ¶Ihe cont act c c~ ification given by the

cc~put~~ will be I~~~r .~cal to that ru~~c from tables baue d on the curre nt

~!i~L Sonsr Contact Cla~ni~ ~ation 5yste~n ‘~or scanning ccn~rs,

A lo~ic~1iy identical t2cbnIque turned ou.~ to heve an applicabion

~‘~ thin the 1~ELIAC compiling progrm~, ~~~ It icae reported to sav e 1/3 o~’

tb~ c~~piling time. The success of the method in these two applications

led to some exemination of the general usefulness of the method as a

cc’~I7rDENTI.AL

i
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J( ~ ‘1L’~ - t~’~~

sub~~itute for table storage and tt~bio i~o~ up ~~~~ ~~~~~~~~~~ ~

One type or Cb1~
.V

~ ~~~~~~~~~~~~ th is iaethod ~h~uid ~~ ‘~‘ ef.V .; c~~en. .  ; o i~ e V’:. ’~:c1 t1~

of deci~ Ion~ in real t~1li .’ ~~~~~~~~ ~~~~~ V
~~)•r d i ’ ~io~v ~re i..~’z~i r’~ the

existing va1ue~ of several V~xi~~~e~5.

R~~~ BS

G~1eu, fi. S. SXld Eed~, ~I* R~~: ~~~~~~~~~~~~~ t~)1’~ is SOflA.tr ~~~~~ J )X ’ ~‘r~d

Cl~~ nifieatIon ”, J . th~dcwate r_A .oas~dc& , July 19.,3.

Moon~~, F. L . ,  ‘t Automati~n of Sonar 1~c’.�~~ C1~~ sifIca’t ion with ~& :t
t
~IV J~~~;

Unit Computer” , ~~L PM- 3~62 i3 October 1. ’~ i9.
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C~ (F1I*NTI.A.L

TAP IE 2. P1TNIUA T. EP~E2ENTAT1OTI OF TIlE
NEt. C1/W~ T F L ~itT10!I SY~3TE?4

CLIJ3TER DOPPLER PT’l SItAPE AXIS ANGLE ALIG NM ENT THAC E LENGTH CL~J3S

1. Ii D N TIE E EM nr 0-90 3-3 10-29 N

2. U D 11 E FM 20-59 1,2,-l ,2 10-29

3. II TIE — 2—2 V l O — 2~
) N

14. U D TIE - 1 ,2-1 ,2 10-29 N

5. N EM O-1~
) 1 ,2-1,2 10-29 U

6. N NE - 2- ’
~ 30.42~) 11

7. N T iE — I ,2,3-3,W 30-129 H

TI TIE - 3,W-1 ,2 30-129 N

9. N E 0-59 1 ,2,3-3, W 30-129 II

10. N E 0-59 3,W -i ,2 30-129 tI

11. N E 60-90 i,2-3,W 30-69 N

12. N E 60-90 3,W -i ,2 30-69

13. N E EM 60-90 1 ,2,3, W - ’1 ,2 70-1.29 N

114. N E FM 60-00 .I , 2-3, W 70-129 N

15. N EW 0- 39 i,2,1,W -1 ,2, 30-129 N
3,W

16. N NE E EM DI’ 0-90 I ,2,3, W- 1,2 130-over N

17. N TIE E FM PP 0-90 1 ,2-3,W 130-over N

18. U TIE E FM 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-’t,2,3,W 130-over N

21. D NE E EM 0-59 2,3-W 30-over N

22. D NE E FM 0-90 1-3,W 30-over N

23. D E FM 60-90 2-W 30-over TI

214. D N E EM 60-90 3,W-3,W 30-over N

CONFIDENTIAL
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TABLE P ( Cont’d)

CLUS~~H DOPPLER }P1 SHAPE AXIS ANOLE AUGN?.~ NT ThACE LENG Th CLASS

25. D 60-90 1,2,3, W -1 ,P 130-over N

26. 0 EM 75-90 1, ,3, W -I ,2 130-over N

27. N NE B 0-19 H 130-over N

28. N EM 0-59 H 30-over N

29. N NE - L-1 ,P 10-29 S

30. N NE - 2-1 10-29 S

31. N F 0-19 1 ,2-1,2 10-29 S

32. N DI’ 85-90 1 ,2-1,2 10-29 S

33. N NE - 1,2-1 30-129 3

34. N NE - 1-2 30-129 S

35. N E 0-59 1,2-1,2 30-129

36. N E 60-90 1,2-1,2 30-69 S

37. N EM 60-90 1,2-1 ,2,3, W 30-69 3

38. N PM 60-90 3,W -i ,2 30-69 S

39. N NE B 0-19 H 30-129 S

40. U D N F EM 60-90 1,2-1,2 10-29 3

41. U D B EM 0-19 1,2-1,2 10-29 S

42. U NE F EM 0-59 1,2-1,2,3,W 30-over S

43. U B 60-90 1,2-1,2,3,W 30-129 S

44. U EM 60-74 1,2-1,2,3, W 30-over S

45. U EM 75-90 1,2-1,2,3,W 30-129 S

1s6 . D NE B EM 0-59 1,2,3, W-1 ,2 30-over S

147. D NE B EM 0-59 2,3,W-3 30-over S

48. D B 60-90 1,2,3,W-1,2 30-129 S
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TABLE 2 (Cont’d)

CU~ 1~ H DOPPLER PPI SHAPE AXIS ANG LE ALIGNI€NT ThACE LENGTh CLASS

49. D EM 60-74 1,2,3, W -1 ,2 30-over S

50. D EM 75-90 1,2,3, W -i ,2 30-129 S

51. U D NE F 0-19 H 30-over S

52. U D ElI 0-19 H 30-over S

53. U D N B 20-90 H 30-129 Not a high-
light case,
enter edge
alignment

54. U D N ElI 60-90 H 30-129

55. U 1) FbI 20-59 H 30-over

56. N DI’ 85-90 H 10-29
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TA1~LE ~~. 
:I( i t  ~; 1AkU IE T~\ ’t ’RTX I N  r( r ’  i ’~;im r~ ~ ‘~ ‘~n’i- : ,

“‘ r~.;~ WORD
1’l ‘r r~~; t 1 i  (

~iI’~ vr 4 ,~ Tt , ~i

‘7 2~ 21 1~ 1. 5 12 ~ 4 ’  3 i

1 11 010 000 ( 4100 ( ( 4 4 )  (N~~( )  
~~~~ W~~1) 004 1 4 4 ( 1 ( I ~~~ I’ .~ ’’ ’I r- ! ’)

2 1.1. 1.01 31 .1 l i i  i l l  1 1 1  000 (‘( .() 100 .1 1 ( : :  4 ) ” 4 l ’p 1”~~)

11 030 (XX ’) ( 4144) 0 1 0  ()~_‘0 ( ) ( 44~ 1 1 111  ~( 1  ( 1)( 4~ 4 i (~( ’~~1 ‘‘r )

10 1 1 0  1 1 1  (400 4 )00 01. 1 100 1 ~~ ~ 0, ’ 1 i~ ( Nv)  ‘ ‘ 1  ~~1 ’ 4  : 4 , , ’ ’ )  ‘‘ N )

5 1 1  000 000 Vi i i  3 M  OH 1. 1( 1 111 11 ’.~ 1 4  ( E I ’ ’ ’ t1 ’’i 10 1’)

1J  (4fl~ (\ 14~( 000 0 11. 1. 11 114!  HI . !1)1 oi (f’ 01 ’ I . ’~~1 tl V ’ . i  ‘~‘ 1  ~ . ‘‘ ‘ . ‘

7 10 000 000 O( 10 000 011 4 X’) I ‘ ‘
~~ ) 04 0  04’ ( i~~ ii1 ‘~~1’ i’ i r )

(‘40 1 10 lii 000 000 000 ( 414fl 004’4 000 00 ( N I )  ax .‘~~~ r ’ ’ ’ I ‘ )

9 10 111. 111 3 1 ( ’  0(10 111 100 110 ( 4 0 4 ’4 ~~ (o - i~~ :~x i ~ ; I ! 4 4 ~~1e)

10 11 110 3 1 1  110 (‘404 1 1 .11 . tOO 110 ( ( 4 ( 4 (‘41 ( , )_ 4~~1 4L’W~ n .~~~o r ’ )

11 10 110 .111, 001 i l l  011. l1. (~ 011 110 00 ( ( 0 — 7 1 4 ~~~~ ~~~~~ .

12 10 110 l i i. 001 l i i .  01 1 111 011 l i i  00 ( ‘( ‘~ _ . 4  11 ,X I ) ‘4

13 10 110 113 001 11. 1 011 111 O I l  i i i  00 ( P _ li ~~ I ~~~

114 01 011 01,0 10,! 011 111 011. 010 011 00 ( i  i v I I i h v , r ’ l ’i’ ~~~~~~ ‘o. )

15 01 111 110 1.01 01.1. 1.13 011. 101. 01. 1. 014 ( , ‘4 1 4 ” I ’ I t n  (~0, , I’

i6 1.0 000 011 110 110 110 100 100 .1.1 1. 00 ( 3  i ’ ’ 1 4 l j 4 ) ~ (‘ tipe 1(1  i,N4’  i ’~~~t . )

17 00 000 001 01.0 110 h o  1,00 000 lii (‘K) ( Wat~’. 011 1va i~ n ‘

18 00 000 000 000 OCX) 000 000 0(X) 000 1 1 (ii iph i i , ’ it  ~.)

19 01 011 001 010 110 110 111 (XX) 011 ii (I . trail t i ~~ i’ ,’~ ’,’ n l I I  •~~~4 ’ ’ l 1 l , ~~

20 01 111 101 010 11.0 110 111 000 011 3,) (p tra l i i n ~ v ’~ , ,“ i’~ 1 i~ ’:: I ’

21 10 000 010 101 001 101 111 010 100 I i  (3  t i’I li n:’, ‘.‘ll ,;’ .’ n 1 i ,~~

Bit Posittons 0 and 29 are not used ; the numbers are for the least significant
of each eet of three bita.
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(COMME NTS : THE AMPLIFYI NG W ORD FR OM THE KEYSET WILL C ONT AIN THE DOPP LE R

ENTRY IN BITS 27- 29, PIP SHA PE IN 2L 4 -~26 , AXIS ANG IE IN 21-~23, LEAD I NG EDG E’

A LIGNME NT IN 18-+20, TRAILING EDGE A LIG NME NT IN 15-4’17, AND TRACE lENGTH IN

12+14 . ENTRIES IN THE SONA R CLASSIF I CATION W ORD HA VE THE FOLLOWING ~~ AN I~~~~ :

O UNKNOW N , 1— I LLEGA L, 2 — NONSUB , 3 — SUB, 7 — INSUFFIC IE NT DATA

TIlE DIME NSIONI NG STATEME NT IS SET UP SO THAT A COM PACT TABLE WILL RESULT .

THEREFOR E , THE LAST VA LUE FOR A PART ICULA R VARIAB LE , LI KE SUB DOP P LER , IS

LISTED IN THE DIMENSI ONING STATEME NT AS TH OUGH IT W ERE THE F IR ST VA LUE

OF THE SUCCEDING VARIAB LE . THE ORDER OF WORDS IN THE DIME NSIONING

STATEME NT IS: DOPPLE R , NONE , UP , D(~.4N; PIP SHA PE , NC1~ ELONGATED , E LON-

GATED , ELO NG ATED WITH WAKE , DOUB LE PIP AXIS A N G L E, IN ORDER OF S IZE ;

LEADI NG EDGE A LIGNME NT, 1, 2 , 3, W ; HIGHLIGHTS ; TRAILI NG EDG E A LIGNME N’r ,

1, 2 , 3, W ; AND TRACE LENGTh, IN ORDER OF SIZE . THE KE YSET ENTERS N~~ 2ET15

FOR EACH VARIABLE WHEN AN E NTR Y IS MADE , EXCEJ’r THAT HIGHLIGHTS ARE

HA ND LED AS THE LAST VA WE OF LEADING EDG E A LIG NME NT • THE S IZE OF THE

NUMBERS ENTE R ED CORR E S PONDS TO THE ORDER OF THE VA LUES IN THE TA BLE

O IN COM PUTER STORAGE.)
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PUB DOPP LE R ( 3 )  — , f 37770 00015, f 00007 70156 ,

• SUB PIP ( 1 4 )  f~ 00006 07756 , f ‘
~1Ii1i 06100,

{b 04317 ~47n O , f ooo67 366146, SUB AXIS ANG IE (6 )  — {* 02000 00001,

f~ 311400 00000, f 35613 O61’l o , f 61601 06012, f 615614 611414 , f 31564 512114 ,

SUB LEADING EDG E A LIG NME NT (~ ) f 335614 51215, {~ 277~47 75600 ,

j~ 173147 77600, f’ 00020 07600, {~ 00020 07600, SUB TRA I LI NG EDG E

A LIGNMENT (14) f 00010 00157, ~ 37377 75740, ~ 26777 757140, f 00051 72140,
SUB TRACE lENGTH (5) f 00051 70140 , {‘ 36006 00001, f 01771 77756 ,

f~ 01611 77756 , f 00001 26542, NONS UB DOPPLER (3) — , f 35777 70046,

~ 32000 07000, NONSUB PIP (14) — f 32000 00770 , f 26700 3)46014,

{~ 30077 3676 14, { 31003 75752, NONSUB AX IS ANG IE (6) — f 20000 30000,

f~ 06700 00000, {~‘ 27760 74606, f 36760 714602, f 26717 36360 ,

f 26717 37370, NONSUB LEADING EDGE ALI G NME NT (5) f 26717 37370,

~ 13253 73230, 
{~ 17653 73530, f 20366 641470, {~ 00126 64070,

NON SUB TRAILING EDGE A LIGNMENT (11 ) — f 00000 00006 ,

f 13126 67036 , f 17526 67036 , f 20251 572146,

NONSUB TRACE LENGTH (5) — f 00251 57746 , [ ‘ 37000 00000, {~ 00774 1414742,

f 00763 44742 , f 0000 37776 , LOGI CAL PRODUCT ;
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C0N~’ I DK NT I A [,

N I L  C L A SS IFY :

~P’\ VE INDE X REGTSTER VA LUES , AMPLIFYING WOR I) Lii ~ AMPLIFYING WORD ,

SET (U’ I NDICE S , CHECK E PIFR I EP FOR IAX] IC , CHEC K SUB MARI NE WORDS ,

• C h EC K NON SUB MAR TN E WORDS , EX IT C lA S SIFICATION : , I ,

SAVE INDEX HEG ISTI:n VA LUES :

PAVE I , j  ~ SAVE J , k ‘ SAVE K , I. ‘ PAVE L, m ‘
~~ SAVE M , n “ SAVE N ,~~,

51~1’ UP iNDIc~:s:

AMPLIFY TNG WOR E) (27 .2 ’) ) I . AMPLIFYING WO R D (214 ~~6 )
AMPLIFYI NG WO RD (?i ’2~~) ~ k , AMPLIFYING WO R D (l8-’2o) -, I.,

AMPLIFYI NG WORD (i~~ i7) ~ m , AMPLI FYING W ORD (i~~~i 4 )  -
~~ n,~~,

CHE C K ENTRIES FOR LOG IC :

I IF t — ‘~~: I IF m — 0: I IF I — 0 
~ 

j — 0 G k — 0 0 n — 0: INSUF FICIENT

DATA . IF NOT, ;~ ; IF NO’~, T LLEGA L .I ; IF’ NOT, I IF 1. — 0 0 j — 0 0 k — 0 0t . 0 0 m 0 0 — 0: INSUFFICIENT DATA . IF NC)T , ; I ;  IF I — 14 ~ m — 4 :

ILL[GA1,, IF NOT,; IF j  — 1 ~ k ~ 1: ILLEGA L. IF NOT,; IF j — 14 ~ k ~ 6:

ILlEGA L. IF NOT, ; I ,

CHE CK SUBMARINE WORDS :
• 10031 StY!) DOPPLER , 1 40032 SUB PIP , I 03000 ‘SO , 1 40033 SUB AXIS ANG LE ,

I 03000 30, 110()34 StIR LE ADI NG EDGE A li GN ME NT , 03000 30,

1 140035 SUB TRAILI NG EDG E A LiGNME NT , I 03000 ‘30 ,

I 4oo~ 6 SUB TRAC E LENG TH , I l~ O3O LOG Ic L PRODUCT, IF LOG ICA L

PR ODUCT ~d’ 0: IF 16 < LOG ICA L PR ODUC T : SUB MARINE . IF NOT,

I L r EOA L. I ,  II~’ NOT , ; I ,
CO NF IDENT IAL
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CHEC K NON SUBMARINE WORDS :

I 1 10031 NONS UB DOPPLE R , I 110032 NONSUB PIP, I 03000 30 ,

~ 
40033 NONS UB AXIS ANG IE, I 03000 30 , 1100314 NONSUB LEADING

EDGE A LtO NME NT , 1 03000 30 , 
~ 

140035 NONS U!) TRA I LINO EDG E

A LIG NME NT , I 03000 30 , I 140036 NONSUB TRACE TF.NOTH ,

1 15030 LOGICAL PR ODUCT , IF LOG ICA L PRODUCT 
~ 
0: NON SUBMARINE .

IF NOT, UNKN OWN. 1,

ILLEGAL:

RESTORE IND EX REG ISTER VA UJES , 1 -
~~ CLASSIFICATION [ ji ,  EX IT C LASSIFICATI ON.

INSUFFICIENT DATA :

RESTORE IND EX REG ISTER VA LUES , 7 -+ C LASSIFICATION (ii, EXIT CLASSIFICATION.

SUBMARINE :

REST ORE IND EX REGISTER VA LUES, 3 -
~~ CLASSIFICATION I i ] ,  EX IT CL A SSIFICATION .

NON SUBMARINE :

RESTORE INDEX REGISTER VA LUES , 2 V.~~ C LASSIFICATION [j), EX IT CLASSIFICATiON.

UN KN OW N:

• RES TOR E INDEX REGISTE R VA LUES , 0 -
~ CLASSIFICATION [j ] ,  EXIT CLASSIFICATION .

S

RESTORE INDEX REG ISTER VA LUES :

1SAVE I -
~~ I, SAVE J -‘ J, SAVE K -

~~ k , SAVE L -
~~ I , SAVE M -

~~ n , SAVE N -
~~ n ,f . .

~~ L~l.fl~ 1 1~~~~PP 1

UNCLASSIFIED
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