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INTRODUCTION

In some plalt ’orm ident i t ’ication problems , the conclusions must satisfy constraints
that involve conjunctions , disjunctions , negations , combinatorial relations , etc. The ir
solution requires . f ’or example , process-o f -elimination reasoning. The accumulation-of -
evidence reasoning and simple logical reasoning commonly used in produ ction systems is
inadequate for handli ng these problems. A production system capable of performing such
limited reasoning can be extended , however , by the addition of system -logic rules . to
perform higher order logic kinds oh ’ reasoning.

The particular problem addressed here is the matching of tracks to specifi c platforms.
(A “track” primarily represents positional and movement information concerning a plat-
t’orm. It can resu lt. for example . from a radar or sonar contact or a sighting by patrol
aircraft. ) Because this problem has no equival ent in nonmil i tary areas of science , the many
artif icial intelligence techniques tha t  have been developed for nonmilitary purposes are
inapplicable or inadequate t’or solving i t .  While a specialized problem-solving technique
probably could he developed which would provide the most eff ’icient implementation of the
solution process, the approach taken here was to t’ind a way to perform the reasoning within
t he f’ramewor k of ’ a production system. The justification for this approach is that other
types of ’ tactica l reasoning processes can he implemented in a production system (ref 1, 2).
and the coordinat ion of’ those processes with this logic-oriented process is best achieved in a
single system where they can share a data base and a package of machine functions.

Production rules that enable the higher order logical reasoning required to associate
tracks with platforms are listed in appendices A. B, and C. The implementation of rules for
this purpose within a production system used for tactica l situation assessment (such a system
wou ld include many other kinds of rules) is termed a Platform-Track Association Production
Subsystem (PTAPS). Figure I gives an overview of a system extended with PTAPS. (Pro-
drt ction systems are discussed in ref ’erences 3—8. ) Many oh’ t he assertions and rules needed to
support t he chains of logical reasoning in PTAPS are also individually useful in an unextended
system t hus the overlapping areas in figttre I , Most oh’ the PTAPS assertions are created
by PTAPS rules,

Whi le the incorporation oh’ a PTAPS into a production system containing other kinds
of reasoning has not yet been attemp ted , many oh’ the PTAPS rules have been exercised f’or
tst o Scenarios in an experimental production system built f’rom the network manipulation
and rule evaluation functions of STAMMER (ret’ I).

I. \‘)S(’ TI) 52 . STAMMER: System t ot  Tactical Assessment of ’ Multisoumce Messages. Even Radar , by
Ri Bechtel and Phi Nhnris . oh Systems Development Corporat ion . May 1979 .
hnal Technical Report on TECA Development . SE)C Integrated Services . Inc. 29 December 1978.

.
~~

. Aitit icia l Intelligence. hs P11 Winston. Addison-Wesley , 1977 .
4. Stanfo rd Al Lab Memo AIM-270 , Computer Science Dept Report STAN-CS-75-524 , An Overview of

Production Systems , by R Davis and J King. October 1975.
~~

, Stanho rd Al Lab Memo AIM-266 ,Computer Science Dept Report STAN-CS.75.519 , Production Rules
as a Representation for a Knowledge-Based Consultation System , by R Davis. BG Buchanan. and
h- I l Short litte . October, 19 75.

6. (‘omputer- Based Medical Consultations: MYCIN. by LII Shoi tl it ’fe, American Elsevier , 1976,
7. NOSC TR 364. New Methodologies for Automated Data Fusion Processing. by RA Dillard .

September 1978 .
8. STAMMER2. A Production Systt’m for Tactical Situation Assessment , by P Morris, D Kibler . and

RI Bechtel , SDC Integrated Services , Inc. August 1979 , (Also submitted (or publication as an NOSC
Technical Docum ent.)
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IIi1rE \\f~~~AI1
~‘~~ AND SIMPLE-LOGIC TYPES ~~~~~~~~~~ ACCUMULATIVE-EVIDENCE)~ uQ~,,,
if/OF REASONING ‘\

~ ,AND SIMPLE-LOGIC RULESn _ _

RULE EVALUATOR AND OTHER
CONTROL MECHANISMS

Figure I. A production system with PTAPS. used for tactical situation assessment. Each
assertion consists of two nodes (representing objects or properties) and a relation connect-
ing them, and it can have an associated confIdence. The rules are of the if-then form , an d
can also have confidences. Only assertions having high certainty are used by PTAPS rules.

DATA BASE ORGANIZATION

For any defined geographical area , denoted here by “region.” initial assertions are
as follows (written here in the form (A is the/an R of B), where A and B are nodes and R is
a relation):

RPF is the platform-file of region
RTF is the track-file of region
REF is the emission-file of region

These files receive members via PTAPS membership rules that create assertions having the
— relation “member. ” For example. (platform node> is a member of RPF. These and a number

of other fIles described below constitute part of an “intermediate framework” built into the
data base by PTAPS rules to permit chains of reasoning not otherwise possible.

The platform file RPF has as members all surface ships and submarines known to be
or thought possibly to be in the region , with the exception of boats, aircra ft , and own-force
platforms. US Navy platforms and tracks are handled separately, and it is assumed in the
discussions that their positions are known accurately enough that no track in RTF can be
that of an own-force platform .

The primary purpose of the reasoning process implemented by the system logic rules
is the matching of tracks in RTF to platfo rms in RPF’. Initial assertions about a track , t.
give its position and movement data and describe any observed physical characteristics.
Ideally, each track, t , in a region’s track file RTF would be associated (via an assertion : t is
the track of p) with a platfo rm , p. in t he region’s platform file: and p would be linked , via
assertions, with its hull number , category (surface or subsurface) , general type (carrier .

4
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~t t imset des t ro~ er I rigatt ’ . ~tnpitihit’U~. mnmcl.t~ ng .~~~~~~~~ .. SuhtU~,trine , or cotutnercia l), t~ Pc
U’V . (‘( . (‘L(s . (‘A , AO. - , ) , c lass (K~ nda . Kashin. Krivak, Kara , . . .), and other identify-
ing c lassit’ icat iomis . In practice the information about a platform i n RI’F ot ’ten ts incomplete .
contact w ith a plat form in RPF ~an be lost (in tt hk’h c ,ms e i t s  tra ck is eventually r emoved
thmnt Rh and hecontes I ts “ last— j tiac t ive - tr ac k ’’ , some tracks ma~ 1w those ot’ p lath ’ornts no~
in RPF, and various ot her inadequacies cat i t’ \ i s t

An existing plattorni node. p. ht’coincs a m ember oh a region ’s platform tile 1(19-’

~ henes er

I p is  currently .IsS& I t’ IJ t t ’d ~ it h .m track , t (~ t.i an Insertion: t is the track ol’ ~L
and t t s entering the region (t k’coiites a member oh ’ RTF . i t  that lime) , or

(2 p as earlier .tsso¼ ’tate d ~t ith a track outside the i on, no~t an iitact i t t ’ track.
and p meanwhile could has e enter ed the regm o t -

A platform node . p. is created and becomes .i member ot KPI st henet-et

I i a nest track. t , inside the region cannot be t i ta t ot ’ , mn ~ plat t’oim in RPF
(t hecotues a member of RTF and the ,issk ’ l t mO ’ t  “ t t s th e track of p’’ is made at that time). or

(2 ) a t imn& ’—late report is received oh ’ a sighting, inside the region, oh’ a pla t h ’t ’r nt

~ hich is ckarlv tmt in RN’ A track (‘row .1 t itne—Iate report Is I ~‘mporam’ ily treated as an
act is e tra ck, and the procedure t~ as in I .iht’t e l’he track ts (hett removed (‘row RTI: and

becomes the ias t—i nact iv c—trac k ol 
~ 

it the time linut specified tot active tr ack s has e~ ptit’d

When a pl at lorm node . p. t s created , all int’ortuati omt about t lit’ phy sical ~,‘h.ir,ictt ’rtsl ics ol the

~‘Ia I form ,s l ink ed 11) the node ma asst ’ ml to it s -

It is assumed bhat no acti s e track entered into the PTAPS data base is a fal se track,
t’g the resu lt of ’ a radar ’s take a larm. Also , no tw o active tracks can be the t rac k ol’ .i single
platt ’orm. l’he amount ot time al’tet’ conta ct is lost that must t’lapst’ before an ,tt ’t it  s.’ t matk  is

matte an inac ite trac k should depend on the situation and he specified h~ mules. W hemt t~ o
contact s that are reported at different times om by different sources could possibly he oh’ the
s~t mfle pl ath ’orm. onl y the most recent or most int ’ormati s e should he labe led an . ic t t s  e tr ack
h owev er , it ’ it is cert a in th a t th ey art ’ conta c ts  oh ’ the same r laht ’orm. the tla t a should be
iccorded under ,i single track.

Subsets ot ’ RPF and RTE at - h’ h ’ormed according to the chara cte , ’istics tha t  s~’t ~‘,,i l
plat forms h a s  e in con ituot i . These subsets generall y w il l  be category -subsets , gen er al— ty ise-
subsets . t~ pc-subsets . or class—sub sets. Each subse t ts tlst’l t ’ a pl at t ’oi ’mn tile or a track file .

The status oh a platform file is “comp lete ” it’ every l s la th ’orm in the region oh ’ the
kind to he kept in that  file is a member ol’ the tile. (Not e  tha t  members ot ’ a complete
plattorni tile need not actually 1w in the region.) The stat us oh’ most plathorm h’iles wil l  be
complete il ’ the regioti is enclosed ~eg the Persian Gulf , Red Sea , Medik’vranean Seal and the
entran ce ex it  a r eas a rt ’ contini ’all~ patroll ed or monit ored -

A track tilt’ can also hate a status oh’ comp lete it ’ ~‘sery plat form in that regioti (oh
that c~itt ’gor\ , t ~ pe , or ~‘lass . ,t~ a subset ot ’ RI)’) is being tracked As a result oh ’ high—alt itude
sursei lLinci.’ . t’or exampl e . a tem porary status of complete i.’.imi be given thi.’ surfai.’t’ i.’.itegory -

subse t of RTF,
When a nt’s~ track or pl at lorm is submitted as data to the production systet i l . a

r rt’ I’.’ ;isst’ r t tng t hat the status oh’ a file is comitplt ’tt’ mit t ist not be a llowed to hire hel’ore the

— —_,~~‘._,,-_---- — __,
~_.I ~~~~~~~~~~ ~~~~~~~~~~~~~
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membership rule for that tile has been exercised. In an ordered -rule system. this is no
probleta. It ’ rules are accessed in an irregular mantwr , an additional condition is needed in
each such rule to inhibit it until the membership rule has been accessed. With the exceptio m’
of the rules which assert completeness, the rules can he ordered in any manner anti the final
conclusions will he the same.

For convenience , it will be assumed that there is a single region of interest- Initially.
RPF is declared to he a platfo rm-tilt’ and RTF a track-file. ~An assertion having the relation
“is” will be expressed “B is an A.” since the form “A is an R oh’ B” sounds aw kward in
this case -) Also, the assertion

RTF is the corresponding-file of RPF

is made ,
During rule evaluations , the variable PF can he hound to any platform file that is ,

to RPF or to any platfo rm file which is a subse t oh’ RPF . Similar ly ,  the variahk Ti ’ can he
hound to RTF or any subset ,

The emission tile REF has, as members, emissions determined to have been emit ted
within the region hut not from own-h ’orce emitters .

An “OR-tile ” is built  by PTAPS rules h’or eac h member oh’ RPF. RTF. and Rl .l : , ‘fl~
members of the OR-t ’ile of a platfo rm are those tracks which have not been ruled out as the
track of that platform . A platfo rm is a member of a track ’s OR-tile if that track has not
been ruled out as a track oh’ that platformS The OR-tile ot~ an enussnm has, as members .
platforms which have not been ruled out as the emi t t ing  platform.

In some cases it is useful to assert impossible relationships t ,etsvei.’n two  nodes. For
example , each track can have at most one assertiot i (oh ’ confidence certainty ) having the
relation “track. ” For example , t is t he track oh’ p. hut it can have many assertions of the
form: t is an impos-track of p.

The examples given in the next two sections illustrate the use 01’ these f ’i les and
special relationships. After eac h firing of ’ a rule in the experimental  system, an expl anat ion
of why the rule tired was printed , The explanation contained names of pertinent nodes
involved in that particular tiring. In the description in the two examples below, explanatory
material is interspersed in a different manner.  The rules used in the t’irs t examp le art ’
contained in appendix A: those used in the second are contained in appendices A. B, and C.

TWO-SUBMARINE EXAMPLE

An example of ’ reasoning that is very simple for a human hut  somewhat difficult  for
a computer is the following:

Only two submarines could he in the region a Delta and an Echo II :  and two
subsurface tracks are reported. The acoustic signature o~’ one track shosv s that it
cannot be a Delta : there fore, tt must he the Echo U, and the other track must he
the Delta. -

Figure 2 gives an illustration oh ’ such a situation. The sequence oh’ reasoning steps
used by PTAPS to reach this conclusion will depend upon the order in which the

6
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the elie~k sum )

information (in the lorm oh assertions ) is presented to the sy stem and upon t h e  order in
w hich the rules are e’se rt ’isei.l, The rules used in th is example are contained in appendix •

~~ .

The information that  there are t ss o submarines , a Delta and an Echo II, can he espressei.l
in the h ’orm of ’ assertions as follows:

P1 is a platform
suhsrt thice is flit’ cate go m\ oh’ P1
l)elta is the class ol P1
P1 is a platt ’orm

subsurface is the category of ’ P2
Echo II is the class of P2

P1 was the first of the tst o submar ines to enter the region , . -
~~ t the time, it st as asso c iated

st it h a track : that track is now the last inactive — track oh’ P1 , Assuming that there were no
other submar ines in the region at that time, the initial detection of ’ P1 as it entered would
have resulted in the creation of several additional assertions in the data base ia the tiring ot’
several rules, as descr ibed helow,
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Active-Track RPF Membe r Rule Fired

P1 is .i metuber of RPF
ORE I is the OR-file ot ’ P1

(When a platform becom es a member ot the ri.’gioii s p l a t torm tile, an OR—file nodi.’ is

created for i t :  here . ORI I represents the node-name generated by the sy stem .)

Platform4’ategor~’ Node Creation Rule Fired . -

P1 I is J L , i te g or y  -s ubset oh RPF
suhsurt,tce Is the catego r\ of PF I
p1:1 is a pit t fo rr im —t ’ik

As discussed in appendix A. a lternat ively- tht’~e ass e rtions can permanentl y reside in the
data base

Platfo rm-(’ ategor ~’ Member Rule Fired , , -

P1 is a ntt ’ntht’r ot ’ P t I t
Always-Comp lete Subsurfa ce-Platform File Rule Fired

complete is the status of I’l” 1 f
i The knott ledge tha t  no suhmarint’s could enter the region tt ithout being detected results
front a c ry close monitoring of t he region, using st’flSItI\ e acoustic devic es at the entrance
to a nearl y enclosed gulf  or sea I h i s  rule i~ miot needed if P 1-I  permanently ex ists in the
data h,ise 1

P2 then entered the region . i t s  track is now the last-m acti t c -track of ’ P2 When P2
\% as detected entering the region , some oh ’ t ht’ additional assert ions entered into t h e dat a
base are as ho llows,

Act ive ’Track RPF Member Rule Fired ,

P2 is ,i member of RPF
ORF2 is the OR-file of ’ P2

Platform -Categor y Membe r Rule Fi red , , ,

P2 is a member of PE I

The fact that there are only two submarines in the region is nott represented h~ PE I ‘s
having a status of ’ comp lete and having two members.

The platform—class node creation rule and the plathorm —cl ass member rule hire, but
t heir conclusions are not pertinent here ,

The asse rtm on s in the data base at this point are shown in figure 3
Next, consider the in f’ormatioti “t here are t tt o subsurl’ace tracks reported” and “t he

acoustic signature of one track shows that it cannot he a Delta, ’’ We assume firs t that the
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~‘ statuS complete
Is

~iat f o r ~~~~~~~~
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Ptatf o ~~~~~~~~ ‘\~

subsurface \~~ subsur face
f

Delta ~, Echo II

ORF 1 ORF2

lii~iitt ’ 3 P~ ’ I  h U t - u t  J~~t’i tt ~~U\ L it  tl.tt ,u base Itusi (“,‘l~ it’ tua ~t~ -

acoust ic data are obtained tt m m l i  I he f i r s t  suhmii.iri itt ’ t rack - Fl Aniong the assert ions entered
iii t O  tlit ’ data base are the t’oIlo~t lug:

l’l is a track
suh sii rf  ace i~~ t he tt orki ng-category ~f I I

..~l) I us t he acoust ic—dat a of ’ ‘I’ I
is  an tin pos—ela ss— f ’ile ol ,~ l)l

Delta is a mnemn her ot . ICF

inside—region TI )  has the value ‘‘
I rue, ’’

Additional assertions are entere d 11110 the data base by fl it’ firing oh’ the following
rules -

RTF Member Rule F i res . . ,
‘I’ I is a member of RTF
F’RO l i s  the OR— f ’ile oh’ ‘I’ I

Track-Category Node Creation Rule Fires -

is a categor y-subset - oh RTF
su hsurt ’ace is the categor\ oh’ TI: I
TI’ I us a tuack-I ’ile

9
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Track-Category Member Rule Fires...

TI is a member of TEl

Corresponding-File (Category ) Rule Fires...

TFI is the corresponding-file of PFI

lmpos-Tra ck by Category Rule Fi res. . .

TI is an impos-track ot’ (each surface platform in RPF)

Impos-Track by Acoustic-Data Rule Fires.. .

TI is an impos-t rack of P1

(Because the class of P1 is Delta and the acoustic si gnature of TI shows that it is not
a Delta. )

OR-File Member Rule Fires .

TI is a member of ORF 2
P2 is a member of FRO I

Complete Track-OR-File Rule Fires . . .
Complete is the status of FROI

(The OR-file of ’T I is complete because TI is a member of a track file (TF I) whose corres-
ponding platform file (PFI) is comp lete.)

And-Then-There-Was-One Platfo rm Rule Fires.. .

TI is the track of P2

(Beca use t he OR-file of TI is complete and contains only P2.)
The assertions now in the data base are shown in figure 4. When the contact oh’

anot her submarine is reported , new assert ions are entered :

TI is a track
subsur face is the working-category of 12

Also, (inside-region T2) has the value true , These enable I’ur hhc r  t’ir ing of the rules.

RTF Member Rule Fires.. .  ‘

T2 is a member of RTF
FRO2 is the OR-file of T2

Track Category Member Rule Fires..

12 is a member of TF1

10
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RPF RIF

su bsurfac e
C,.,

PF’ 
(‘01 mespoiRhill y tile 

, 

4.,

TF 1

t iack- ble 
~~~

ifli~kJs (,ack

I

.

ORF2

Delta

I - i g iu ie  4 l\’i mu ie n t  , issei uu ~m is i i i  ~lat , i base a l t t ’i l u a ~~ I I . t \ Ik ’ i l  i lO U l O I L ’ u i t t ’ s~~ an t u e

Intilos- tr ack Its (‘ategor ~ Rule F i r e s . ,

I I  is an inipos- tm aek ot t ’ ,i ’h s u i iha t ’e pitt lortit in

lnipiss-l ’rac k ls~ l’la th ’oim-l” lim Rule Fires

us ~i mi tnt  pot-I m i ’ k  of l~2

( Because l ’I is the h i a ’ k  oh P 2 )

OR-File Member Rule Fires . -

I’2 is a metubet oh (1K 1:1
( ‘I is a ment Iset - oh I-’R( )2

‘ (‘omplek’ I’rat ’k’OR-File Rule t ires

comp lete is the s l a t  i ts oh l’ROI

And llten-fltere’Was-Oite Plat h’orm Rule Fires

I 2 1 5  bIte track of Pt
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Alternati vely to the last t wo  rules:

Complete Track-File Rule Fires -

cotuplete is the status of ‘I’l I

(Because TI: I and its corresponding t’ile I’F I have the same miumiser oh’ members and P11
is comp lete,)

Complete Plat form-OR-File Rule’ Fires

comp lete is the status of ’ ORI-’ I

l’Iie (1R— t’ile ot Ph is co m plete because P I is a muemlter oh a plattorm h’ile ~PF I) whose
corresponding fi le ( I’F It  is complete ,)

And-Then-There-Was-One ‘rrack Rule Fires .

h’2 is the track of ’ Ph

The resulting assert iomis are shown i i i  h’igure ~ -
RTF

complete s~~tJ
TF1

~~POS.tr ack

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

t m ac k __ 
Tl 

~

comee 

ORFh 
/

~

,/

FRO2

complete
- igu m C ~ Pert ~nt’fl t ,itsu ’ i t  ion S I m i da ma ha s& ’ .i t t  e I m l  at -k 12 - when no m o m  e iilt’s can liR ’

Returning to the statement ol Ihe problem, suppose that the acoustic data are
obtained h’or the second track , TI, I’ht’n t he first association (TI is (he track oh’ P2) is
about cqual l~’ likely- to occur via an OR—f i le ot a plath’orm as ati OR—file oh’ a trac k (with
t he corresponding and—then-there- st as—one rule), II’ the second associat ion is also matte via
an OR—file of’ a plalI’ortn, t h e ’ OR-h’ile reduction rule is used by- the syste m,

12
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HIGH-ALTITUI)E SURVEILLANCE EXAMPLE
No radar tracks are available to oss’il ship. because of ’ FM(’ON conditions. hut recent

positions on a ll m a jor stirt ’ace ships have been obtained from a satellite radar map ( fi g 6)~The positions oh’ own—force ships are kt iow mi, and t ilt’ locations ot two com nin erc ial ships are
known sut ’t’ici etill y t hat they can he associated with their tracks on the map,

There are fouu’ remaitt ing tracks (TI . II . T3, 1’4 ). and it is concluded that these
correspond to a small Soviet UNRFP group ((( I ~ ~~. l)1X 233 . AO 7 ,AI I 2) that earlier
had been reported heading for the area.

A patro l aircraft had overtlown the (tiler t ss’o hours earlier , and it is cal culated that
the oiler could not have reached f l it ’ posit iou of TI or 1’I -

TI is in the lead posit ion . so F I is ruled out as being either flit ’ oi ler or am nmu mliti ot l
ship.

A sigmial itltercelit is reported b~ the I-SM s~ stein at a bearing consistent with the

~~~~~~ ot ’ 13 and T4 ‘V hst of’ ship classes Isaving that emitter type are determ ined t’rotll
the’ etuitter ‘class t’ile at id . oh the ships iii tIlt’ Soviet group, only t h e ’ class of the L)l)G 22 3
is tin this l is t ,

P’I ’AP S is able to conclude in the m anner described below that

I’ I is the track oh (‘( I ~
12 is f lie track oh’ AF I 2
I 3 and 14 are tr ac ks ot (1L)( I.~3 and

4-.
.

4-.

4, 
4-‘-s—TI _ .. ~ ,,T4 —

-
4--

- 
—
-

4

~ ..T 3 .
.

4’ 
_ 4, EARLIER

SIGHTING
— ~~~

. — 0t AOl
“ 4 -

-‘-
.4-

-4-.
‘
--4

~~~~ESM
INTERCEPT T6

~~~~T5

~ A satellite radar itiap pmovides po~itiomi data on sis platfomms Famliei l~ositiom1
data and an I’ SM intencept help Its identity omiie ol the platforms ,
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DATA BASE PRiOR TO RADAR MAP
The pertinent assertions in the data base at the tu ne t i t receipt oh’ position data

include earlier information about the platforms:

Ph is a platform
(‘( ;hSs is the hull # oh’ P1
Kara is the class of Ph
cru iser is the gt’n-type of ’ P 1
P 1 is a member of GPFI

(GPF is a task -group-platform-file.)

P2 is a plat form

DD6223 is the hull of’ P2
Krivak is the class of P2
destroyer is the gen-type of ’ P2
P2 is a metnher of ’GPFI

P3 is a p latfo rm
A07 is the hull ~ of’ P3
Kaihek is the class of P3

mil-oiler is the’ gen-fype of’ P3
P3 is a member of’ (PF I

P4 is a platform
AF 12 is the hull # of P4
Kammo is the class of ’ P4
ammo—s hip is the gen—t ype oh’ P4
P4 is a member (If (;PF I

P5 is a plat form

commerc ial is the gen-typc oh ’ PS

P6 is a platform
comtnercia h is the gen—type of ’ P6

Also, sur face is the category ot’eac h of fli t ’ six platforms, anti names are asserted where known.
Each of the platform nodes is also linked wit h a last—inactiv e—track node, For each

platform, as computations show that it has had time to e’uiter t h e ’ i’e~iuii, flit’ ‘ inactiv e-track
REP member rule” h’ires, dec laring it to be a member oh’ RPF and opening an OR-file for it.

P1 is a me ’tnher oh RPF
ORFI is the OR-tile oh’ P1
P2 is a member of RPF
ORF2 is the OR-tile of P2
P3 is a mt’tnber of ’ RPF

- -- -- 
_ 

_ _
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ORl’3 is t he OR-I’ile oh’ i’3
P4 is a membem oh RP1’
OR t~4 is the  OR-t i le  oh P4

Situilarly , flit ’ cot ut nerc ia l ships hecot ne menitsems ol h i t ’ region ’s track file’

PS ~ ~ metnl’ ier oh ’ RPI
OR ES is the OR-file oh ’ PS
P6 is a member oh’ RPF
OR1:(s is the OR—t ile oh P6

A miutuber oh’ the RPF subse t rule’s fire Amnomig f lit’ pert ine’mlt comic iusions are the
fo llowing:

t s a plat hoi ’tt i h’ik’
Pt ’ I is a ~a t t ’gou ’y -subset ot Rl ’F
surface is the categor ~ of PF I
P1 —P6 are’ memnhem’s oh’ PH

Survei llance’ in tilt ’ surrounding areas has  been t hoi’ough enough that fl it’ plaf hot i i i

bile PFI is complete.

Comp lete is the s ta tus  oh ’ PF I

POSITION I) %T,~ FROM R~~I)A R MAP

T h e ’ eL’e’i s ion P ro ce s s  ~‘ ,if l  proceed in a l l y oh a n mi i imbt ’m oh  s t a y  s, depending tipo t i f l i t ’
ortle’r of t I le’ rule at’ce’ssmng ami d the ’ order in ss hm~’h data are’ i’ece’ t te ’d - Ofle’ possible’ e h e ’e ismon
se’quetlce is out litied below,

‘VI tel’ the position data from the’ radar m a p  am’e received . ‘acli of fl it’ two mne’m’ e’ha nts
are’ quic kl~- assocm.i he ’d ss m t li a track, based omi knots ledge ot ’ its course, speed . and ~‘ai lieu
posut iot i . Ow n— f ’orce Isosl t mom is are also qu ickly e’ot’re late ’d - l’he’ t t ac k s  Ii —14 ate ,I%st ’i t ed to
be uinh ios_ t racks oh’ PS .itid P6 , lsy ti le’ ‘‘impo s—t rac k 1w plat h’o mmu—t ’lini i-tilt’ -‘ hilt’ t iac ks IS
st u d r(s . m i e  asserted to ls e’ umpos—tra cks oh’ plab (it ins P1 —P4 b~ t he’ ‘‘iunpos—track by tr ack
clumni m ia l  ion rule ” The ‘‘OR —h i l t ’ mnemht’r rule’” ~ is ‘s flit’ h ’ollon imig -

I I  is a tnetuber oh’ ORE I
P I ‘s a t iteniti er oh’ t- R() I
12 is a member of ’ ORI” I
PI us .m memitber oh’ FRO I
13 is a ilieiiibt’r oh OR F I
P3 is a member of’ I-’R() 1
14 is a mt’mnh~’r oh’ OR,: I
P4 is a member of FRO I

.ind equiva lent assert toi ls t ’or OR i~2 am id l”RO2 - ORF3 and t RW, ORl -4 and t-’R04 Also ,

I ’S is a me’tn ber of OR ES
PS is a metnht’r oh’ EROS

I~ 
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Tb is a member of ORF6
P6 is a member of FRO6

Time category-subset TFI of RTF whose category is surface has a status of ’ complete
by the “complete surface-track file by map rule” (activated by receipt oh satellite data) or,
alternatively, by the’ complete track-file rule. The OR-tiles (ORFI—O RE6) of’ platforms
P1 —P6 therefore have a status of ’ comp lete from the “complete platform-OR-file rule.” The
OR-f lies (FRO l—FR O~i) o f tracks T I—T4 have a status of ’ co mplete f ’rom t he “ comp lete —track-OR-fi le rule , ” The “ tas k-group within regio n rule ” also fires.

EAR h E R  SIGH TING OF THE OILER

The “impos-track by earlier-sighting rule” ac ts on da ta from a report of ’ an earli er
sighting of ’ the oiler , giving the following:

TI is an impos-track oh’ P3

12 is an impos-track oh ’ P3

The “OR—file reduction rule” t hen eliminates TI and T2 f’rom ORF3 anti P3 fr o m
FRO I and FROI, ( If ’ re lative platform su es can also he determined f’rom t he satelli te map.
t he oiler may t’asi1~ be ktentit’i~d.)

TI IN LEAD POSITION

Comp lete Task-Gro up-Subse t of’ RTF Rule F i r es . . .

com 1slete is tile status of GTFI

Task-Group Lead-Posit ion Rule Fires...

lead—p osition is a funct ion of ‘I’ I

lmpos -Track by Lead-Position Rule Fires...

TI is an im pos —t rack of ’ P4 1 ammo shi1s~
The OR—h ilt’ rt ’duct ‘nti rule t hen eli m inates P4 h’rom FRO I and TI from OR 14.

ESM BEARING

The I’SM ss ste mn provide’s the typ e—num ber oh ’ an intercepte d signal S I ,  tilt ’ Iat ibutle
ant i longitutit ’ of ’ t he sensor pos it ion , the intercept bearing, and the hearing accuracy’ ,

REF Member Rule Fires...

S1 is a member oh’ R1’F
SORFI is f lie OR-file of ’S I

(The OR—Ilk of ’ an emission will later have as members all platforms that have not been
ruled out as the emitter platform,)
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Impos-Em itter by Plationu-Cla ss Rule Fi res. . .

Pt is an un pos—emit ter of Si
P3 is an imp os- emi f t er of SI
P4 is an impos-emitter of ’ SI

Impos- Emitt er by Platfo mi-Gen-Type Rule Fires . - -
PS is an impos—emitter t)h SI

P6 is an im pos-e m nit te r of SI

Emission OR-File Member Rule F i res . . .

P2 is a member of SORE I

( I t ’ the “ emiss ion OR—file member rule ” fires bet ’ore t he above imilpoS-emitter rules, then tile
“ emiss ion OR-t ’ile reduction rule ” removes P1 and P3—P6 f ’rom SORE 1 .)

Comp lete Emission-OR-File Rule F i res . . .

comp lete is the st atus of ’ SORE I

(The OR-tile of signal SI is complete because the surface subset PH is complete and esery
member of ’ PFJ which is not an impossible emit ter  of ’ SI is a member oh ’ SORFI .)

And- Thet i -There-Was-One Platfor m -Emitter Rule Fires ,

P2 is th~ pla t f ’or mn-em it ter  of ’ SI

lmpos-Emi tter by Bearing Rule Fires .

TI is an impos-emittt’r of ’ SI
12 is an irnpos-emitter of ’S I

Impos-Track by Platform-Emission Associ ation Rule Fi res. . .

T i is an impos-track of ’ P2
TI is an impos-tr ack ph ’ P2

( Because signal Si was emitted by P2. and SI could not have come f ’rom the direction of
TI or TI.)

The OR-file reduction rule then eliminates TI and TI from ORI’2 antI P2 h’roni
FRO I and ERO2.

And-Then-There-W as-One Platform Rule Fires. . .

TI is the track o f ’ PI

/
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Impos-Track by Platt ’orm-Elim Rule Fires..,

TI is an impos-track of ’ P1
T3 is an impos-tra ck of P1
14 is an impos-track of Pt

OR-File Reduction Rule Fires. . .

• TI, T3, and T4 are removed from ORFI
P1 is removed trom FRO2. FRO3 , and FRO4

And-Then-There-Was-One Platfo rm Rule Fires . . .

TI is a track of P4

Impos -Track by Platform Rule F i res. . .

T3 is an impos -track ofP4
14 is an impos -track of P4

OR-File Reduction Rule Fires . . -

13 and 14 are removed from ORF4
P4 is removed f’rom FRO3 and FRO4

RESULTING DATA BASE

The conclusions available from the system inclu de the following:

TI is a track of P1 [CGISS I
Tl is a tra ck of P4 lAEI I I
The OR-file of P2 1DDG2231 is complete and contains T3 and T4
The OR-file of P3 (A07 is complete and contains 13 and 14
The OR-file of 13 is complete and contains P2 and P3
The OR-file of T4 is complete and con tains P2 and P3,

PRESENT CONSTRAINTS

SIMPLIFYING ASSUMPTIONS

The assumption was made in this veris un of PTAPS that every track of a US platform
(s urface ship or submarine ) was known to he that of a US plat fo rm , When this assump tion
cannot be sat isf ied , the rules for membe rshi p in RPF and RTF need to he modifi ed, Any
tr ack not certain to be that of a US ship must he made a memb er of ’ the track file RTF of ‘ .

the region it is in , and any US platfo rm who se track coul d possibly he a member of RTF
must be made a member of the region ’s platfor m file , RFP. Also, additional rem oval rules
are needed. Tracks later determined to he own-force ’s should be removed from t rack files

—____ .1
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aiid () R ’ t I l e ’~. , i i ij  t h e  pLi t l o i m im s l i tmu ld  be rc’m iiost ’d h ro m mi pla t f orm hil t ’s am id OR—file s l h ie i r
,m ’~”c ’ r tm ons has t r i g the re lat iomish ip impe )s — t r aL ’k should also be removed lhi ~’sc ’ r~’ i i iosals art ’
needed oni~ t u reduce flit ’ numnbcr of ~~~e’~ t oI1~ ‘~t om ccl i i i  flit ’ d.m i.~ base. —

l’lic’ trac k tiles s~ crc assu m ed to c o n t a mm i  only t macks of sumi ~uce ships anti subm arines ,
am id the problem oh d st migimishmin g ship t rac k s f rou t boat tracks was disregarded. When there
is doubt as to whet her a su m hac - c’ co m ita ct is a sh m p or a boat ft he radar c’moss s ectio n of a
cors ct t e can approach that oh a t r uga t e ’ , him exa mp le t. a mitochi f ie cl t’rsioli oh ’ ti le ‘‘complete

u’ack —I mit ’ rule ’’ is nt’c’cletl to determine f l i t ’ c’umiiple t eml e ss  oh hilc ~ contain ing that t r ack ,
l”l ,-\ PS can be ex tended to include’ boat in platform files , but miew rtm les would be n eeded to
deal st it h situatiofls ~ here , hot e xamp le , landing craft are launched hroni or docked at a
landimig ship c lock - Whet her or not boats are included in plat h ’o rm ii t ik ’ s , i t w oul d also bt ’
t i~ - t ’ul to it as e’ jss~’rt ions mn dmc afine a eemier,ml m.inge oh Si/c ’ for each track , where possible.
Ovc’r lapp mm ig suhs~’t h i  L’s eg ‘‘Lii ~c’ ‘miiediuni ships ,’’ ‘‘niecliumu small ships ,’’ anti ‘‘small ships
and hoats ’’

~ cou ld be used mm i f ’mmichini ~ ,icldit ioii ,tI pl a th o rm u—t o— s hi p assoc ’ iati o m ls 5 ia a comp lete p
t ra ck-f i le rule ,

l),-~T -~ INC ONSISTI- Nt’IFS \Nl) (‘ONTRAI)IC TIONS

A se ry mmnpor t ai i t  ~issuun ptto m 1 at r~’acl y tl ise ’usse’d umidc’r ~~~~~ l~.-~Sl ( )R( ,-\ N lt - ~ ll( )N
is tii~t no tss o ,ie ’ t i %  e tr ack s c’ j m l be th e trac k oh a sing le ~lafh ’ormn ‘‘Act is e ’’ here has been
interprete d to mea m l ‘‘at k’ ,ist re’e’em i t .

‘‘ am i d r im I,’~ ,is et nude f ’im ic ’d are mieetled t U spe’ci h’~ w hen
a track should be made im lae ’t it C’ -

lmicorrect data caLised by deceptive i l i e , I su l e s  by t h e  e’flCtfl\ tt ill lead to incorrect
conclusions in P I APS in about f l i t ’ s~ if lc ’ m i ia m i m lc ’ r as in lit imnan rc ’,ison im lg , pm- os ided that ‘ 

-

Con t r a dic tory- data are ci t sc ove re ’d ~mic l L’SOls Cc l  by t lie ss ~t c ’n1 befor e ’ e’O m ic l lLSIc ) I i s  art’ cI ras~ mi
h ’r omu them , I s c i i  st i t hout a m ec h anis m for m e ’sols mis e’ont raclie ’forv data , deception should
seldom result iii mnislea dim ig conclusions it ’, whem ievc u’ a h’orm n o f c lecept ion is suspected as
a possibilit~ - the t y pe of data that can be af fe cted b~ t lit’ clecc ’pt ion is weig hted s~ it Ii a
conhj ele’mie- c’ fa c tor  less t han near ce rta int~ , In order to compete with humnan reasoning,
fhout~h - t he ss st ,’ni must has e’ the sopli st cat  iou to use e’o uih ’idemice .dues im i the m iian m ier
describe d next

I~XT ENflIN(; ~ sys’ri~ i WITH PFAP S

I xtemi dm ng fl it’ capa bi i it ie’s of ’ a prod uction s~ ste m ii  iise ’c h for tact ical  situa hiom i assess—
uncut by im lc ’om ’porat mng im ito mt a l”l’APS should iwese’nt mm major desigm i i”roble’ms h’or f lit’
simple’ \e ’rsiOtl oh ’ PTAPS cIe ’se’ribeel in t his re-port - Omie’ obs ious step in miiaking I’TAPS
com pa t ib le s~ mth  othe ’r s~ s t e ’!il operat tomis us t o cliamige t lit’ termn imiolog~ st here ’ necessary
f’or consi s tenc y A mote dih’h’ict i lt and subt It’ problemii occurs in em il ploy ing f lit ’ comice’pf s
of a trac k amid a piat t’ormn uniformly t hroughotuf the ’ s y s te ’ mi i .  (‘o m is m s t e m i I Lis t ’ oh ’ flit’ not b u s
of an activ e’ trac k and an imiact is e’ track can be’ am iother problem ,

‘ 
,-~ s i t  is d esc ribed in t h i s  report, the MAPS data base ’ c’omlhaii is only data h aving s c ry

h igh con fidence s alues conh’icience va lues are not used in the veascsnmg pi Oc’CSS I loss CVe’1 ,
by recording com icliusions based omi less cer ta im i cia ta and h he’ui re’in it ia l ii im ig the data base’ b~re’plat’ing se’le’cted questionab le’ assert ions se it hi alte’rnat is e assert ions, fl it’ comic’iusions which
would logically follow t’roni dih’t’e’ rem it asstmm Pt 10115 about part k’ular tracks or platforms
could he’ atitom atica lly dete’rmined, The’ conh mde’nce imi MM’S e’one’lusions . as a whole’,
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~ouId he the joint cum ifid emice value of the initial data, as ca lculated by some appropriate
w eightim ig fo rmula . If con f iden ce v alues for individual comiclusions are desired. t hem . in
addit ion to having the capability of ’ re init ial i,ing the PTAPS d ata base , the system m ust
st o re t he conf idence of each oh’ the asser h iom is im i it. (Many production sy stems have this
capa hiIit~ . Most oh’ the asser li om is will be PTAPS conclusions , and whi le the weighting
formulas used in the non-PTAPS part oh ’ the syste m may be satish acto ry t’or computing
tilany oh t heir confidences , a f ’ew specia l f ’orm nu las would have to he developed , Computing
conf idences of conclusions from “ and -th en-t here-wa s-tmt ” ru les , for example ’ , would
require a we ighting formula th at e,in assign a confidenc e to a memher— coum t compu tation
by using the ’ conf idences oh individual membership in the particular file.

In a production sy ste m that tri es to f ’ire a ru le onl~ where there is new informatiomi
pert inent to a condition of ’ t he rule , there cou ld be dih’f ’icult~ w ith rules where ’ the m est
information is a value of ’ the function, such as a change in the mnemher—counf ot’ an OR-file ,
rather than a new assertion.

COMPUTATION AL REQUI REMENTS

Fxper iments based on the two precedimig scenarios were run in INTF RL ISP at
USC-ISIC on the ARI’ANI-T For both , t he e’xper iments began ss’ith the data base contain—
imig assertions representing a ‘‘snapshot ’’ oh the situation just before track inh’ormation is
received , I’ scept ,mt time’s of ’ tieas ~ computer usage , the individua l runs proceeded at a toler-
able raw . While no computer limitatiomis other than occasional slowm iess we ’re’ e’ncountere d
in these experiments , a muore comupre hensive s~ stem having a complete P’I’APS embedehecl it)
it wou ld probably at least tax the capabilities of milost e’XiS ti flg c’omi putc’r sy stems ,

Only t he simpler of the geometric t’unct ions involved in evaluating rule comicliticitis
were progr amm ued. The other t’unctions can be’ imnp lementeel st ith o ut serious tlih’ficulty.
hut including them in these ex perim uents would not serv e a purp ose relative to the intent of ’
th e ~nve’st!g at io ns anti wou ld increase c\e’e’ution—ti me ag~ravahions. Some oh’ f l it ’ geo metric
h’uncl io ns used in the rules given are currently imuplemented it) STANIM I R (ret ’ I amid
S1’AM MER2 (ret ’ S) , In ami operational sy stem , the geometric h’unct iom eva luation shoul d be
performed in a language t uore e’ft ’ec ’ iem t f’or the purpose than ( ISP. and an inte’rh’ae’e’ of that
language with LISP would then he needed .

MULTIPLE REGIONS

The production system method described in this documuent deals st ith tracks , plat-
f’orms. and em itters in a tietineel geographical area referred to as a “ region. ” In the first
examp le given, the region was a mostly enclosed area such as the Persian Gulh’

~ in the’ second.
it was an area of open ocean , In opemi-sea cases , th e reg ions can he permanently dehint’d or
can be change d as satel l ite surveillance paths change or as a hostile task h’orce progresses, In
open -sea cases, furt hermore ’ , it may be pract ical to somewhat overlap atLiacent regions ,

In SOfl ie’ sutt i ~it i0uis t he pro tl uctiom i s~ stem n for a regiomi should resi de ’ in a computer
located within or clo se ’ to the regiot i . e’ither shipboard or s ho re-has ed~ but t he sy stern might
best be a remote one if the ’ region is in open seas anti under satellite surs’eillanct’. Having
severa l adjoining regio ns time -share a production system in a single high-speed computer
wou ld he adva ntageous in providing common storage of the rules and of ’ the f’unct ions used
for rule evaluation, network manageme nt , and geometric calculations , Each region st ould
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h,ise’ a separate data base’, a lthough there might he an et ’fic ic’nt stay to giv e eac h region
.lc ’ c’ e’ss to al l  platform mmd ,’s and the assertiom is about t hose plathorms, Adjoining rc’g iomis
often ss ill both riced the’ sau i ie ’ platform node when the location of ’ f l it ’ platform is uncertaim i ,
amid a plathorm node will need to be transf ’erretl from t he platf ’orm f’ile RPF of ’ one’ region to
an adjoin ing re’gion ss hen its track is handed os e’r, Also , platform u nodes miced to he shared if ’
regions over lap.

tl)I)ITIONAL KINI)S OF LOGl(’

‘l’he’ rule’s given or outlined in this document are probab ly ss elI short of those needed
for solving all logical problems that might occur, An example of ’ th e need for additional
reasoning capabi lity is givemi below ,

It ’ the OR-I’ile c~t the tracks I I . T2 . and 13 are com nplete and are , respect ivel y-’
P1 P2) . tPI  P2) . amid P1 P2 P3 .  the rule ’s gite ’ml and tested will quickly deduce that T3 is

t he track ot ’ l’3. ‘rhi s tktl uct io n is possible he’c’ause (lie’ d ata base wi ll also have that the
OR—I ’ile oh’ P3 is (TI ), and the a nti—th e ’ m i— the ’re— st ,ms—o ne’ track rule app lies. .\ more’ dih’f’icult
problem occurs sshen the OR—f ile’s of ‘l’I , F2 . 13 ,  and T4 are . respectivel y , (P1 P2), (P1 P2) .
( Ph P2 P3 l’4 ). anti (P1 P2 P3 P4), Rules not presentl~ formulate d are needed to deduce
t hat the OR—files oh 13 and 14 can both be’ re’cluce’d to ( l’3 P4), The reasoning in general
wou ld he as f ’olloss s: It t he OR-files of N t racks are complete , are identical , amid have N
mium hers , t hen those N t ra~’k s are imiipossub le’ tr acks of all other Platforms. It ’ this reasoning
ste ’re implemuentetl , an existing ru le tt otul e l remuove Ph and P2 h’rom (lie OR—files of 1’3 and 14,
An equivalent rule or set oh rule’s is mieeded tot OR—files øf N platforms ,

SUMMA RY .‘~Nl) CONCLUSIONS
A method is ele’scr i bed of usmng prod uction rule’s to pe’rh’orni munch of ’ t h e  higher

orde’r logical reasoning needed to associate spee’if ’ic platforms with tracks. In practical
applicat ions , f lit’ rules and data base u m s  oh eel in this logical Process \s oulel reside as a sub—
s~ ste’m in a t c-fl large’ prod uction sy stem , one containing mna miv rules hor tactical sit uatiomi
asse ’ssmne-nt . The app l ic ati o mi oh ’ t his method in this manner has been termneel PTAPS, f’or
l’ latf ’or m- Track Association Production Sub sv s t en i , In practice . t here svo tml d he no clear line
ot de’niarc’at,on ht ’twee ’n PTAPS and the rema incl e’r of ’ f lit ’ syste ’m. 5111Cc’ an unextended sy ste m
wou ld co ntain mun ch of (lie data and a numb er of the rules need ed by PTAPS (h ’ig 1~).

Mauiy of ’ the PTAPS rult ’s w ere exercised experimentally, as described under
l’Rl ’ SI - Ni (‘ONSTRAINTS Computational Re’quirements, The rule set was augmeui t c’d
an d ref ’ined t hrough experim nentatio n to (lie extent t hat the logical reasoning proceeded as
intended, reaching correct conclusions. The t’x pe rituentat ion inc luded varying the order in
ts hic h nie’ssa ges are receiv ed and t he order in which the rules are sequenced. Because the
t\t o scenarios under lying the ’ experiments were ’ des igmied to test t he method eh ’t’ iciem i t ly . th ey
are’ not representative of more typical rea l situations st here t h e  available information will
sup port re’ L i t m t - e’ ly l’ew p lat t ’ortn —t rac k associations ,

Further research is mieetleth to f ’ind sol utions to the interface problems invo lved
iii ex tending with PTAPS a production system applied to tactical situation assessment.
for int erfacing PTAPS with STAMM I R2 (ret ’ 8), f ’or examp le, it would be desirable
to employ STAMM FR2’ s mec hanism h’or computing cont idence values , as we ll as its
exp lanation tu echa m ii s ms of ’ derivation tracing and ret riev im ig memo ry contents. Actual
impk’mentafinn oh a I’TAPS in a production syst e ’m such as STAMMI’R2 is recommended
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as an exp lorator y devel op menh task when (best’ and compatibi li ty problems oh’ interfacing
are so lved and adequate com puting resources become available.

Developing this method of performing log ical reasoning has been just one phase of a
large r effort to develop automated data -fusion techniqu e’s. The automation of ’ data f ’usion
w ill requ ire the integration of many interacting su hproc ess es (ref 7). Probably the two
most important of the applicable ’ technolog ies are pro duct ion sy stems atid natural langu age
processing. Much of ’ the data to be fused is textual material, and t he pertinent textual
information must he converted into an assertion al tor t )) acceptable by a production system.
A problem now being addressed in a subtask of th is project is the ’ processing of ’ natural
language comments on tactical messag e’s ; methods of ’ us ing the t ’o rmatte d part of t he
message to help understand the unfo rmatted part are being investigated. When a satist ’actory
tec hnique ’ has been developed for solving some of the simpler problems of processing natural
language tactical data , the technique’ should be intert ’aced wit h a production system itt a
sma ll—scale experimental tuodel of a data—fusion s} sl e ’tf l . Investi gat ion oh ’ indivi dual data—
fusion techniques should continue , and the more’ promising ones should he int egrated into
t he experImental model of a data-fusion system . This experimental mode l can he used to
find the interactions among th e various proce ’sses . lead ing to the optimu m design and
integration of autoniate d data-fusion pro cesses.
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~PPI N UI\  ‘t -  BAS IC PL AT FORM , TRACK RULES

RF(;ION ’s PL .-~TFOR~h FIL l ’ . R i l  i -S

Die’ plat oriti iod~ p along ss i t im it s t rack t or Lts t— u htcttvc — tt ’ a ck can he’ ‘‘hand ed
05 e’ r 1 roni an ,id u , i imn ~ region, or P can be’ ~‘reated by flit ’ ‘‘pla t t ’ormu—node creation b~
l i i i  po~-t r,iL- ks mul ~’ 

‘ gi s c’fl late r .)

-
~

c tivt ’-l ’ rack RPF Member Rule

It ~p is  ,i plat f ’orm ii

u nk’s~ p is  ,i nic’uihe’r o t ott it t otLe

& i f  ~~t is th e’ t i ,i~L of p

~ i! mnside ’’re’guon
N~ tiiil ~

’ss P is ,i ni~’iuh~’i oh RPI
& i f  * mi (ne’~ t—noe le’-~ t
I hen p Is a me’nit’er oh RPI-
& mi is the () R—f ’ile oh ’ p

‘r~ .ist~’rt~k im lJ iL ’, itL ’s that t h e ’ s a rm a ble ’ is  hot imid to th~’ “met i l L ’ S .iI - 
‘ lm t 50111e’ L’asL ’s th em e’ wil l

he a numiiber oh ’ . i f l s st ers retr ies cc! , allel each oh t hese’ poss ihil mtie s is ca rrie d fortt arel A h till
explanat ion o h rule ’ iml te ’rpretat ion i~ g is em ) in I L’ tL ’ re’llc ’~- - ‘ I -‘s colon im idiL ’ a tL ’s that the ’
. i s t d ’ I i s k d ’ d h varia ble’ is  boimm ie l to t i lL ’ t . iht i~’ ol th e’ ft i m iL ’tlon tollost imi ~ iti

• Fhe’ ht i l h ’ t  loll tinsidt’—r eg ion f t  d l c ’t~ ’ l I l l I l1L ’5 i t  t h e ’ 110sf re ’ e’c m i t  posit omi .1550L’i ,i tL ’Li st it h
t rack  t is  im isi cl e ’ t i le ’ i e ’ i~lt ’ l l  lii .t simp le’ L , i sL ’ , it stot i let el i,’ te ’ r ii i im ie ’ i t ’ a poim it lie’S st i th mn a
poi~ gem on a sphie’ric,ul e’art ii. Ihe’ s alue ’ of  f l ie ’ h ’tifle’t iou is e’j t he’i true ’ or m i ll.

• l’lie t t i i ic ’ t i oti (mit ’~ t—notle- ~
) prodtlL ’L’s an identif y mug na mne ’ or numnbe’r, In tt i~’ e’ xpc ’ ri—

mne’ntal sy st cr11 , the’ lute ’ r h isp fun c t ion ge’nsy m u l l  I st .is USe’~i

I nae’ti~e-Trat’k RPI” ~sh emn her Ru Ic

If * r i ~ p Lit to nil
& unIc,’s’ P i~ a mne’mube’r oh RPI:
& umile ’ss p is a member of ott ii force
& ti l) (CS~’s * t is the t rac-k of p
‘~ ml ~~ s the la st— inacti s e’—tr a c k of p
& i f

’ ( c otmlcl —re ’ac’l i— re’giomi p t t  ~
& i t ’ * 11 ( next - i iod~’ 1

hc’mi p is a nie’muhe’r ot RPF
& umlc ’e’ rtaim i is  the s t a tus  of p

& mi is t h e  OR—tile oh ’ i~
-~~I \US(’ II) ~~~ S I’ WR It  R St S l t ’ l l  t t ~ , T aeti~.iI - \ ‘ ssll1 ~,’ll i ~ ‘l \IlIIlls ~’llft~’ ~lt ’\5 .U~’s . I v~’ii Raelai

h~ Ri L4echife’t .ind Pt I \h~ is - of Ss siems l\’s~topn’c’iit (‘oipoiaimon , \1j~ h ~ “L1
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• The function (could-reach-region p tt) USeS the most recent position associated with
an inactive track tt and the velocity of the platforni p to determine’ if p could possibly nave
entered the region.

Platform-file subsets are built by the next eight rules. Depending upon the rule-
eva luation mech anism of the production system , it could he much more efficient to
permanent ly establish a surface plath’orm subset file and a subsurface platform subset file
rat her than to remove them when empty and recreate them (by the first rule below) when
needed.

Platform-Category Node Creation Rule

If ~p is a member of ’ RPF
& if *ctg is the category of p
& unless *PF is a category-subset of RPF & ctg is the category of PF

& if *n: (next-node’# )

then n is a category-subset of RPF
& ctg is the category of’ ii
& n is a platform-file

Platform -Category Member Rule

Jf *p is a member of RPF
& if *ctg is the category of p
& if *PF is a category-subset of RPF
& if ctg is t h e  category of PF
& unless p is a member of’ PF
t hen p is a member of ’ PF

Platform-General-Type Node Creation Rule

If *p is a memuber oh’ RPF
& if *gty is the gen-typ e of p
& un less *PF is a gen-type-subset ot’ RPF & gty is the ~en-type of PF
& it ’ *n: (next-nod e#)
t hen n is a gen-type- s ubset of RPF
& gty is the gen-type of n
& n is a platform-file

Platform-General-Type Member Rule

If *p is a member of RPF
& if *gty is the gen-type ~f p

& if *PF is a gen-type-subset of RPF
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& if gty is t he gen-type of’ PF
& unless p is a mem ber of PF
then p is a member of PF

Platform-Ty pe Node Creation Rule

If * p is a member of RPF
& if *ty is the type of p
& unless *PF is a type-subset of RPF & ty is the type of PF
&i t ’* n: (next-no de# )
then n is a type-subset of ’ RPF
& ty is the type of’ n
& n is a platform-file

Platform-Type Member Rule

If ~p is a member oh’ RPF
& it’ * ty is the type of p
& if *PF is a type-subset of RPF
& if ty is the type of PF
& unless p is a member of PF
t hen p is a member of ’ PF

Platform-Class Node Creation Rule

ff ’ *p is a member of ’ RPF
& if * chs is the class of p
& unless *PF is a class-subset of ’ RPF & cls is the class of PF
& it ’ *n: (next-node #)
t hen n is a c lass-subset of RPF
& cls is the class of n
& n is a platt ’orm-t’ile

• Platform-Class Member Rule

If’ * p is a member of’ RPF

• & ih’ *c ls is the class of ’ p
& if *PF is a class-subset of RPF
& it’ els is the class of PF
& unless p is a member of PF
t hen p is a member of ’ PF
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R E ;K)N’s TRACK FILE RULES

RTE Member Rule

It ’ ‘t i s  a track
& un~css (is a member oh
& it’ (inside-region I)
& unless t is a member oh’ Ri’F

& It’ ‘t i : (next-miOe te#)
then t is a member oh RTC
and n is the ’ OR-t ’ile oh’

“Workin g” Relations

It ’ fl it ’ t y pe’ oh ’ a co ntact has been tlett’rmincd , evem i t bough t he t tack has not been
assoc iated w ith a spec if ic ’ plat t’ornm In the pla t t ’orm n f ile. t h is observation is expressed as

(t y pe) is t h e ’  working-type of ’ 1’OO4~
(‘a t e’go ry , general type . t~ tw. and class are’ a lso ext’ m t’e’ssed as working relat iomis .

e’g “working—class, ’’ If the categor y- . gem ieral t~ pe . t~ pe . or c lass of ’ a trac k is knowt i be~’aus~’
it has been associated with a particular platform , the int’orutation mx altae ’he’d to the (tac k
mmdc’ v ia om w of ’ the following rules ,

Working-Category Rule

If • f is a member of R’l’F
& it ’ t is the track of ’ ‘p
& it’ ct g is flit ’ category ot ’ p
& unless ct g is the workin g-category oh ’

t hen ct g is th e’ working- category ol’

Working-General-Ty pe Rule

II’ ‘t mx a me’tiiht’t of R’~F
& it ’ t m  the track of ‘p
& ii ‘gt% is ti lt ’ gt’n-(ype ~t ~
& unless gt~ is the t~otking-gen-t ~ ;w oh p
t hen gt~ is the t~or king- ~en - t t  pe’ o t t

Work ing-Type Rule

It ’ * t mx a member oh’ Ri-I:
& if t is the trac k oh ‘p
& it’ ‘t~ is t he t~~pe oh p
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‘

& umile ’sx f y is h he s~ (lr kimig-t~ 1ie oh
the’mt Is mx f l u ’  tt orkim ug—t v pe oh ’ I

Working4iass Rule

It ’ ‘t is a membem’ oh’ RTI
it ( i s  the trac k oh’ ‘p

& it ~cls is t he class oh p
& unless cls ix t i l e’ work iiig—chtss of I
t hen cix is the’ tt orking—c lass of

When a new observation is made about a track t .  and t is the track (It p. and the
intormat ion is miot ~ reael y at tache’d to tIle’ plah fom’mn p. it is t liem u at tat ’hed t o p t ia a set oh ’

rules similar to those’ above -

Ii ,wk —t ’ik subse ’t~ art’ built b’s the ne’xI eight mules ,

l’rac k-Catcgo rv Node’ Creation Rule

l h ’ ‘ t is ~ m uie’miihem’ oh R Fl”
& i t  ‘~ ‘ t g  ix t h e  ss o m k itug ’ca te ’gory til’ t

& iiiile’ss “l’l-’ mx a categors -st ihsset ol’ K IF & ctg is the ’ c’a te go m ’y oh I I  
-

& if ‘n: (muext-ntlde ~ )

tbe ’ui Il lS .1 c’atc ’goi \ —s ubset of K 11-
& c(~r i”. (1w cat egor\ t i t  it

& nix ~I t rac k-t ’ile

Track -Category Member Rule
II ‘t is a ,uit’mii hie’i’ oh Rt ’ l - ’

& ml ‘e’tg is flit ’ tt or km m ug-e ’ate ’gom \ oh’ I
& if ‘IF is a categor~’ -xubset oh KIT

& if ct~ tx t he category of ’ ‘fl’
& ttt u le’ss t is a membe’t’ oh’ TE
I hen t ix a member ot IF’

Track4 eneral-Type Node Creation Rule

It ’ ‘t is a muemuber of R’FF
• & i t  ‘gt~ ix (lie’ tt otking-getu-t~ pe oh I

& unless ‘‘(‘F’ is a gc’u-(\ pe-subset oh KIT & gly ix the’ gen-t % pe’ oh’ Ii”
& it ’ ‘ml: (flCxt-noek’#
t hen n i x  a ge’n-tvpe-subset ot ’ R’l’F
& gt~ is t he gen-t~’ pt’ oh’ n
& ii is a track (‘lie
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Track-General-Type Member Rule

It’ ‘t is a member of RTF
& if ‘gty is the gen-working-type 01’
& if ‘IF is a gen-type-subset of RTF
& if gty is the gen-typ e of TF
& unless t is a member of TF
then t is a member of IF

Track-Type Node Creation Rule

lf ’t  isa men ibero f RTF
& if ‘ty is the working-type of
& un less ‘IF is a type-subset of RTF & ty is the type of’ IF
&if ’n: (next-no de#)
th en n is a type-subset of ’ RTF
& ty is the type of n
& n is a track-file

Track-Type Member Rule

It’ ‘t is a member of ’ RTF
& if ‘ty is the working-type of
& if ‘IF is a type -subset of ’ RTF
& if ty is the type ofTF
& unless t is a member of TF
then ( is a member of’ TE

Track-Class Node Creation Rule

If ‘t is a member of RTF
& if ‘cls is the worki ng-c lass of t

& unless ‘IF is a class-subset of RIF & cls is the class of IF
& if ‘n: (next -nod e#)
then n is a clas s-subset of RTF
& ty is t he type of n

& n is a track-file

Track -Class Member Rule

ir ‘u s  a member of RTF
& if ‘cls is the worki ng-class of t
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& it’ ‘TF is a class-subse t of RTF
& if els is the class oh’ TF
& un less t is a member of ’ TF
t hen t is a member of TF

Removal Rules

Another set of rules removes platform nodes t’rom RPF and its subsets a*id rem oves
trac k nodes from RTF and its subsets when they are known to be outside the region. Subset

‘ nodes are remove d when their last member is removed. A track t is also removed froni RTF
it’ it becomes an inactive track. The status of ’ comp lete is removed from a track ilk ii that
t’ile loses a member track because the track becomes inactive.

IMPOSSIBLE-TRACK RULES

Impos- Irack by Track-E hin i Rule

If’ ‘t i s  a niember oh’ RTF
& It ’ t is the track of ‘ap

& It ’ ‘p is a member of RPF
& unless t is an impos-track of’ p
& unless (eq p ap)
t hen t is an impos-track of ’ p

• The t’unct ion (eq x y) has the value true if ’ x amid y are identical and the value miii
ot herwise ,

Impos-Track by Platfor ni-Elim Rule

If ’ * p is a member of RPF
& if ‘at is the track of 

~
& if’ ‘t is a member of RTF
& unless t is an impos-track of ’ p
& unless (eq t at )
t hen t is an impos- t rack of ’ p

Impos-T rack by Category Rule
It’ ‘t is a member of RTF
& if’’p isa  mem her o t ’RPF
& unless t is an impos-track oh p
& if ‘ctg is t he working-category of ’
& it ’ ‘c is the category of p
& unless (eq c ct g)
t hen t is an impos- f rack of ’ p
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Impos-Track by General-Typ e Rule

If ‘t is a member of’ RTF
&if ’pis a member of RPF
& unless t is an impos-track of p
& if ‘gty is the working-gen-type of t
& if ‘y is the gen-type of p
& unless (eq y gty)
then t is an impos-track of p

Impos-Track by Type Rule

If ‘t is a member of RTF
& if ‘p is a member of RPF
& unless t is an impos-track of p
& if ‘ty is the wor king-type of
& if ‘y is the type of p
& unless (eq y ty)
then t is an impos-track of p

Impos-Track by Class Rule

If ‘t is a member of RTF
&if ’pis a member of RPF
& unless t is an impos-track of p
& if ‘cis is the working-class of t
& if ‘c is t he class of p
& unless (eq c cls)
t hen t is an impos-track of p

Impos-Track by Acoustic-Data Rule

If ‘t is a m ember of RTF
& if subsurface is the working-category of t
& if ‘ad is the acoustic-data of t
& if ‘icf is the impos-class-file of ad
&if ’pis a member of RPF
& if ‘cls is the class ofp
& if cls is a member of icf
& unless t is an impos-track of p
then t is an impos-track of p
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Impos -Track by Earlier-Si ghting Rule

It ’ ‘p is a member oh’ RPF
& if ‘t is a member of RTF
& unless t is an impos -track of p
& unless ( is  the track of p
& if ‘ft  is the last-inactive-track of ’ p
& if(impos-speed p tt t )

t hen t is an impos -tra ck of p

• The function (impos-speed p tt t) use s the positions and times associated W i th
inact ive track f t and acti ve track t to determine if the velocity required to transit is
greater t han the maximum velocity of ’ platform p.

Pta t for m-Node Creat ion by lmpos -Tracks Rule

It ’ ‘I is a member of RTF
& if Ip is a member of ’ RPF ~ p an impos-track of ’ t I
& i f ’ n: (next -no de#)
t hen n is a platform
& t is the track of n

CORRESPONDING-FILE RULES

Corresponding File (Category ) Rule

It ’ ‘PF is a category-subset of ’ RPF
& if ’ ‘ctg is the category of PF
& if ‘IF is a category -subset ot ’ RIP
& it ’ ctg is the category of ’ IF
& un less IF is tile correspo nding - f’ile oh ’ PF
then IF is the corresponding- file of ’ PP

Corres ponding File (Gen-Iype ) Rule

If ‘PF is a gen-type-subset oh’ RPF
& if ‘gty is (lie gen-t y pe of ’ PF
& if ‘TF is a gen-typ e-s ubset of ’ RIP
& if gty is the gem i-typ e of ’ IF
& unless IF is the corresponding-tile of PF
then IF is the corresponding-file of ’ PF
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Corresponding File (Type ) Rule

If’ PF is a type-subset of ’ RPF
& it ’ ‘ty is the type of ’ PF
& if ‘IF is a type-subse t of ’ RIF

& if ty is the type of TF

& unless TF is the correspom udin g-file of PP
t hen IF is the correspon eh ing-f ’ile of ’ PP

Corresponding File (Class ) Rule

If ‘PP is a c lass-subs et of RPF
& if ‘els is the class of’ PP
& it’ ‘TF is a class-subset of RIP
& i f t v  is the class of IF
& unless IF is the corresponding-file of ’ PP

then IF is t he corresponding-file of PP

COMPLETE FILE RULES

in com utinua hly monitored regions, a rule such as t he t ’o llowin g could he kept activated ,
It is needed only when a su bsurface platform t’ik has been created and is unnecessary if
category tiles are permanently estab lished , A similar rule would exist for s urface plat fo rms.

Always-Comp lete Subsurface-P latfo rm File Rule

If ‘PP is a category-subset of ’ RPF
& if subsurface is the cat egory of ’ PP
& unless com plete is the status of’ PP

then comphete is the status of PP

Comp lete Surface-Track File by Map Rule

It ’ ‘IF is a category-subse t of RIP
& if surface is the cate gory ot ’ TF 

‘

&if (mapt lag ) 
‘

& unless complete is the status oh’ IF
t hen complete is the status of ’ IF - -

• (ma ptiag) is a pseudo t’uncti omu which has the value true in the event of’ recent receipt
of position data t’rom satellite reconna issance covering the region ,
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Complete Track-File Rule

If’ • PP is a lila I form—fil e’
& it ’ complete is the status of PP
& it ’ ‘IF is t he correspom iding-h i le oh Pt”
& it ’ (member—count PE) = (mem ber-count IF)
& unless complete is (hut ’ status of IF
(t iett complete is the status of ’ IF

• The t’unctIon (member—count iit counts flue numnht-r of ’ nodes ni such tha t “ nu is a
muiember of n” is an assert ion.

OR-FILE RULES

The memuuhers of the OR—f ’ile of ’ a platf ’ornu will he those tracks which have not \ ci
been ru led out as the track of that platform, The meiuuhers of the OK-Ilk of a track wi ll be’
t hose plat fo rms that have miot been ruled out for tha t track.

OR-File Membe r Rule

m ‘~ ‘p s a member of ’ RPF
& ii ‘t is a muuemnher of RTF

& unless t is an imupos-track of P

& it ’ ‘orf is the OR—tile of p
& it ’ ‘t ’ro ms th e OR-Ilk of I

& unless t is a memuuht’r of ort ’ — -

t hen t is a member oh om’t
& p mx a member Of t’ro

OR-File Reduction Rule

Ii’ p ix a member of RPF
& if ‘orh ’ Ix the OR-f ile oh p
& it ’ ‘t ix .i nuc’mnher of ’ or h’
& if I Ix an imnpos-t r~c’k oh ii

& ml ‘t ro Ix th e t)R-tlle of i

then erase t mx a member oh ’ orh ’
& erase - p i~ a member of ’ Iro

Comp lete Platform-OR-File Rule

It ’ ‘IF us a tr ack-file
& if complete is the status of ’ IF
& if IF mx the corresponding-file oh’ ‘(‘I’
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& if ‘p is a meniber of PF
& if orf is the OR-file of p
& unless complete is the status of orf
then complete is the statu s of orf

Comp lete-Track-OR-File Rule

It’ ‘PF is a platform- fi le
& if complete is the status of PF
& if ‘IF is the correspond ing-fi le of PF
& if ‘( is a member ofTF
& if ‘fro is the OR-file o f t
& unless co m plete is the sta tus of fro
then coniplete is the statu s of fro

Complete Associated-Track OR-File Rule

If ‘( is a member of RTF
& u t  is the track of’ p
& if fro is the OR-file of t
& unless complete is the status of fro
& if p is a member of h’ro
then complete is t he status of fro

Complete Associated-Platfonn OR-File Rule
If p is a member of RPF
& if ‘t is the track of p
& if orf is the OR-tile of p
& unless complete is the status of ort ’
& if t is a member of orf
t hen complete is t he status of on

And-Then-There-Was-One Track Rule

If p is a member of RPF
& if ‘orf is the OR-file of p
& if complete is the status of orf
& if (member-count orf ) = I
& if t is the member of orf
& unless t is the trac k of p
then t is the track of p

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~
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And-Then -There-Was-Omie Platform Rule

It ’ ‘t is a muemu ber of ’ RIP
& it ’ ‘tr o is the OR-file of ’
& It ’ complete is the status of’ f ’ro

- 
& if (mem ber-count fro ) = I
& it ’ ‘p is the member of t’ro
& un less t is the track of p
t hemi t is the track of ’ p
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APPENDIX B: EMISSION RULES

REGION’S EMISSION-FILE MEMBER RULE

REF Member Rule

It ’ ‘s is an emission
& if’ (emitter-inside-reg ions s~
& if ‘k is the emitter-type of s
& unless s is a member of’ own-emitter- file
& unless s is a member of REF
& it’ ‘n: (next-node#)
then s is a member of REF
&n is the OR-file ot’ s

• The function (emitter-inside-region s) uses the position data (if ’ available) or bearing
data (ot herwise) associate d with the intercepted signal s to determine if the emitter is within
t h e  region. Unless a method of using comifidence values has been built info PIAPS, t h e  value’
is nil if there is doubt,

IMPOSSIBLE-EMITTER RULES

Impos-Emitter by Bearing Rule P
f f ’ 5ç is a member of REF
& it’ ‘t is a miiemher of ’ RTF

& unless t is an impos-emitter of’s
& if’ ‘h is the hearing-data of ’ s
& if ‘ h i s  the position-data of’ t
& unless (hearing-consistent I b)
t hen t is an impos-emitter of s

• The function (bearing-consistent I Ii) uses the position data I of a track and the
hearing data b of ’ a signal to determine if the signal could have been emitted fro m that
trac k location , The value is true if possible and nil if impossible.

Impos-Emitter by Call-Sign Rule

It ’ ‘s is a member of’ R h h

& i f ‘c is the call-sign of s
& if ‘p is a member of RPF
& if (impos-call-sign c p)
then p is an impos-emitter of s
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• ‘l’he f’umuct iom u ( imnpos-t’alI—sign c p) Looks f’or t he mnost mele ’ntif ’yimig int ’orn uatmomi
( me muamuc , hull ~ , ~‘Iasx , t~ pc, gemuera l—t ~ pe, or ~Jtcgo m’\ about platforiuu r anti ~‘oiuip.i~ ’s it
with the correspond ing c lassif ’ication of the platt ’ornu having call sign c -

Impos-Ernitt er t i~ Track’kiass Rule

It ‘x mx a miuemher oh ’ RE F
& it ‘ f i s a  m ui em uub er of ’ RTF
& Limik’ xs I Is an imnpos—t ’nuitter of ’ s

‘ & it ‘CI mx t lue se or ki m u~-t’lass of t

& m t * f•, mx the’ e’muu mt ter —t ~ pe’ of ’ ‘s
& it ’ 

~,‘ o’ t is f lie c lass—OR—fi le of 1’,

& ~tuk’s~ cI is a mu i emnh er of ’ c omt
t h en  t Is .umi uluupos—t ’ m u i it ter of

lmpos-Emiuifter Ii~ Track- Type Rule

If ‘\ is ,i muuemuu ber of ’ RI- F
& if ’ ‘f ix ~ mnem mubc r of ’ K I’l~
& umul ess f is ami mnupos-t ’ m uum fter of ’
& t i I l fL ’xx ‘el Is t tiC se om ’ km iuc ’claxs oh
& if ’ * R is flue ~~ om’Liue,’-t~ ~~~~ o
& i t ’ * k is the e m uu if fer f~ pe of ’ s

& i f  ~ t om’t is t tue t v pc—OR—fil e of ’ k
& unless t mx a iuuemuuhe r oh’ to m ’f
f luemu I ix  .iiu iuuupos—e muif ter of s

I mpos- E muif fer h~’ Track-Gemu-T~ pe Rule

It ~ s is a memuher of RI F

t & i f
• ‘t s a miuenuber of R’I’l:

- I & Liiule ’ss I is an iiuupos-emuuit fe ’r of ’ s
& unless ‘cI is t h e  seork m iuiz ’~’lass oh
& unless ‘t~ mx the wo rk imig-t~ pe of ’
& if ’ ‘gt~ is the %~orkimug—ge’n—t ~ pe’ of
& it ’ I. is the ’ enu it t er —t ~ pe’ of ‘c

& i f ’ ‘golf is t h e  ge’n-t~ pe4) R-f ’ile of L
& umuless gt ~ mx a muuemu uhe’r of ’ gorf ’
t hen t mx an impos—emn ifter of ’ s

r
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Impus-Emit ter by Platform-Class Rule

It ’ ‘s is a m ember of REF
& if ‘p is a member of’ RPF
& unless p is an impos-emitter of s
& if ‘cl is the class of’ p
& if ‘k is the emitter-type of s
& if’ ‘corf is the class-OR-file of k
& unless ci is a member of corf
t huen p is au impos-em it t er  of s

Impos -Emitter by Platfo rm-Ty pe Rule

It’ ‘s is the member of REF
& if ‘p is a member of RPF
& unless p is an imiihios mitter of ’ s
& un less ‘cI is the class of p
& if ‘ty is (hue type oh’ p
& if ‘k is the emuiitter-type of ‘s
& if’ ‘tort ’ is the type4)R-file of k
& umiless ty is a member of ’ tort ’

t hen p is au impos—emitter of ’s

Impos-Emitter by Platform Gen-Type Rule

It ’ ‘s is a member of’ REF
& it’ ‘p is a member of’ Rpl:

& unless p is an impos-emitt er of ’ s
& un less ‘ci is t iuc class of ’ p
& un less ‘ty is t h e  type of p
& if ‘gty is t he gen-typ e of ’ p
& if ‘k is the emitter-type of s
& if ‘gorf is the gen -type -OR-file of k
& un less gty is a memb er of gor f
then p is an impo s mitter of s

lmpos-Emttter by OR-File of Track Rule

It ‘s is a member of ’ REF
& if ‘t is a member of RTF
& unless ( i s  an imp os-emitter of s
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& if’ ‘f’ro is flue (‘)R-f ’ilt’ oh’
& It’ coniple’te is the status oh’ l’m’o
& it ’ ‘p a mm u e’mlier of ’ l’ro ~ p amu impos—t’mn it f e -r of s i

( ie all platf ’orms imi t’ro are impos-emif hem’s of ’ the signa l)
t liemu t is amu imuipos —emmu itte r oh’ 5

I

lmpos- Fmitte r by OR-File of Platform Ru le
lh ’ ‘s is a member of ’ RH”
& if ’ ‘p is a nue’muuber oh ’ RPI:
& unless p is an impos-emit (ci o t s
& if ‘ort ’ is the OK-file of ’ p
& if ’ complete is the sta tus of oi’h’
& if I ‘I a member oh ’ ort ’ ~ f an imui pos-t’mit 1cm ’ ot s I
f tuemi p is amu iuuupos—etnifter oh’ s

Impos-Emitt er h~’ Track-lilimu Rule

If ’ ‘s is a muem uiber oh’ RI ” I -
& if ’ ‘u s  t h e ’ trac k-eniitfe r cit ’ s

& it ’ ‘It is a mem ber of ’ K 1 1 2

& unless (eq t ~~
lien It is an inupess—ciuuit Ici ’ of s

Impos-Enuit icr by Platf on u-Ll iuuu Ru le
II ‘s mx a mcmbe’r o f ’ Rl :h :
& it ‘p ix the pkittor uuu—emitter ol’ s

& it ’ ‘pp is a member oh’ RPF
& unless pp us an itnpos—emn iIk’ r of x
& unless (eq p liii)
fh e m u 

~~ is au impos—eiuiit Icr of ’ s

• EMISSION OR-FILE RULES

Enuissiomu OR-File Member Rule
• It ‘s mx a mne mnbe ’r of Rh-I

& ii ’ ‘p us a menubem of ’ RPF

& un less s~ 
is an impos~’mn itIer of ’ s

& mf ‘sort ’ is f lie OR-file of ’ s
& unless p is a member of sort ’
t hen p ix a nucuuuhen’ of son I’

— 
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Emission OR-File Reduction Rule

If ‘s is a member of REF
& if ‘sorf is the OR-file of s
& if ‘p is a member of ’ sorf
& if p is an imnpos mitter of s
then erase: Ii isa n’memuiber of sorf

Complete Emission-OR-File Rule

It’ ‘s is a member of REF
& if ‘PF is a category-subset of’ RPF
& if ’ surface is the category of ’ PP
& it’ complete is the status of ’ PP
& if ‘k is the emitter -type of s
& if ‘gorf is the gen-type-OR-file of k
& unless sub is a member of ’ gorf ’
& if’ ‘sort’ is the OR-file of ’ s
& unless complete is the status of sort’

then complete is t he status of sorf

And-Then-There-Was-One Platforni-Enuitter Rule

It ’ ‘s isa member of’ REF
& if ‘sorf is the OR-file of ’ s
& if complete is t he status of sorf
& it’(member-count sort’) = I
& if ‘p is the member of sort’
& umiless p is (lie platform-emitter of s
then p is the platform-emitter of s

ASSOCIATION RULES

Platform-Emis sion Assoc iation by Call-Sign Rule

If ‘s is a member of REF
& if ‘c is the call-sign of s ‘

& if ‘p is a member of RPF j
& if c is the call-sign of p
I& unless call-sign-deception is a member of region-state )
& unless p is the platform -enuitter of s
then p is the platform-emitter of s

40
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Platfo nn- Eiuiss ion As~oc~atiwa by Track Rule

It’ ‘s is a m e m ber of ’ R E h~
& it’ ‘t is the track -em itter ot’ s
& if t is the track of ‘p
& umu les s p ix the plat to rnu— ~m n it t e r of ’ x

• themu p ix the platfo rm—euuuit ter oh s

Track-Emission Associatieui by PInt form Rule

It’ ‘s is a memnht-r of ’ RE F
& ii ‘p is thud- platf ’ormuu-t-mitte’ r of ’ s
& it’ ‘t is t he track of’ p
& unless ( is  the Iracki~muuitte r of ’ s
t hen t is the trac k-emuuitter of ’ s

Alternative Track-Emission Association by Platform Rule

it ’ ‘p is a membe r of ’ RPF
k & it’ p ix t he platt ’ornu—emitter of’ ‘s

& it’ ‘t is the track of ’ p
& unless t us flue trac k-t ’mn itfer of s
theui t is the track mifler ol’ s

Asso ciatio n by Emission Rule

It’ ‘s is a member of’ REF
& it ’ ‘p is the platfor m —emit Icr of 5
& if ’ ‘( is the track -cmuui t ter of ’ s
& unless t is the track of p
t hen t is flue track of p

Platform -Emission Association by OR-File Rule
ii ’ ‘s is a member oh REF

I

& if ‘sort’ is flue OR-tile of s
& if complete is the status of’ sort’
& if ’ (memuuber—count sort ’) I
& it’ ‘p is the muuemiu her of sort’
& unless p is (he p la t f onuu —c m uu it ter of ’ s
then p is the ptatt ’orm-emitter of’ s

4 1
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Impos-Track by Platform-Emission Association Rule

If ‘s is a member of REF
& if ‘p is the platform -emitter of s
& if ’t is a member of RTF
& unless t is an impos-track of p
& if t is an impos -’emitter of s -

~

then t is an impos-track of p

__ L



APPENDIX (‘: TASK-GROUP RULES

The initial data about a Soviet task group (or force) are either handed over from
anot her region or emitered from intelligence reports. although somiue could have been deduced
fromu u ot her d ata by t h e prod uction system , Typically the data might be as t ’ollows:

(;0002o is a task-group—p lat t’orm — t’ile
P00320 is a miuemuuher oh’ ~00020

P004% is a muiember of G00020

The pla t f’orni miodes have descriptive cIa ta at fach ue-d to t henu, It’ every plat l’ornu in thue
task group is a mui cmuuber of ’ flue task-group t ’i le, t h is is expressed as follows:

comuup lete is flue status of G00020

The rules below are especially structured h’or the kimid of situatiouu in w h ich a muumuuber
of trac ks are derived h’rom huigh—altitude recominaissance data, The system is able to asso c iate
some of ’ thue tracks with specifi c plattorm uis not in the task group amid to deduce that souuie oh
t h e  ot her tracks cannot he t h ose oh ’ ( lie task group, ‘fl ue remaind er becom ue members oh a
special track t’ile built b~’ the first two rules below , w hich imuteracf with flue rules givemi earlier,
The other rules below can he used to eliiuuiiuafe som e of the possible associations.

FILE RULES

Task-Group-Subset of RPF Rule

II’ ‘(;PF is a tas k—group—p lat f ’o rnu— t ’ile
& unless (PF is a task-g roup-subset of ’ RPF

& if ’ ‘p ix a memuu her of (Pl~
& if ’ p is a mu en u her oh ’ Rl’I’
then GPF is a tas k—group—subset ol’ RPF

(Th e subse t is create d whemi it is i’i rsf discovered thu at a task—grou p platlormu is inside the
region.) -

RTF Task-Group-Subset Node Creation Rule

It ’ ‘(~pF is a task-group-subset oh’ RPI’
& ui md es s ‘( ;ir us f lue’ correspomidimug—f ’ile’ of ’ ( Ph- ’
& it ’ ‘n: (miext-node#)
t hem u mu is a task-group-subset cit RT):
& nix a task -group—t rack-t ’ile
& n is the corresponding-tile of’ (;PF

4 4
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Task-Group-Subset Member Rule

If ‘GPF is a task-group-subset of RPF
& if ‘GTE is the corresponding-file of (WE
& if p is a member of GPF
& it’ ‘orf is the OR-tile of p
& if ‘t is a member of ort’
& unless l i x  a member of GTF
then t is a member of GTE

(Note that members of GTE are members of RTF. h

Task-Group-Subset Reduction Rule

If ‘GTE is a task-group -su bset of RIP
& if GTE is the correspo ndimug-tile ot ~ ‘(WE
& if ‘t is a member of GTF
& if I p a member oh’ GPF ~ t is au impos -tra ck of p1
then remove: ( is a member of ’ GTF

GEOMETRY-RELATED RULES

tA~pend ing on factors such as the s u e  of ’ t he region and the type of’ task group. t h e
system should he able to determine if it can he safely assumed that every phatf ’orm is inside
the region. The next rule is an exampk of one of ’ severa l rules (‘or do ing this ,

Task -Group With imu Region Rule

If ‘CTF is a task-g roup-subse t of RIP
& if ’ ‘t i s  a member of GTE
& if (t’ar-inside-region 0
& unless inside-region if CTF
then inside-region is GTF

• The function (far-inside-region 0 takes the position associated wit lu track t and
compare s its minimum distance from the edge of flue region with a constant.

Complete Task-Group Subset of RTF Rule

It’ ‘(;TF is a task-group-subset of RTF
& it ’ inside-region is GTE
& if 511: is a category-subset of RIP
& if ~ur facc is the category of IF
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& i t ’ comuip lete is the sta t us oh ’ 1’F
& unless comuiplete is the status oh’ GTE
then complete ix the status of GTF

(The notion oh’ co m p lete is difh’erent t han h’or other track flies, since GTF can also confaim i
tracks of platfo rms not iii the task group. )

Task-Group Lead-Position Rule

It ’ ‘GTE is a task-group-subset of ’ RIP
& it’ conuplete is t he status oh’ GTE
& it’ ‘t: (head-track GTF)
& it ’ ‘t’ro is flue OR-file oh’
& it’ complete is the status of f r o

& it ’ GTE is the corresponding-tile of ‘GPF
& i f I p a member oh’ t’ro ~ p a member oh’ GPF I
& unless lead—position ix a huuiction oh’ I
t hen lead—positiomi is a function of

• The f’unct ion (lead-track GTE) has as a value either a member oh’ GTE or. ih’ none is
signi t’icant hy in the lead , nil. It ’ a course has not already hee’n asserted for GTE. one must he
estimated fro m time courses of (t ie mnemuhers of GTE.

Impos-Track by Lead-Position Rule

t If ’ ‘GTE is a task-group-subse t oh ’ RIP
& ih ’ ‘t is a muienuher of ’ GTE

& it’ lead—position is a tumuction of ’

& it’ ‘p is a member of ’ RPF
& unless t is an impos—t rack oh ’ p
& it ’ carrier is t he gen-type of P

or mil—o ih er is the pen—type oh ’ p
or amnuumiitioii is the ge-mi—hyp e of ’ P 

—

t hen t is an imp-is—I rack oh ’ p

The next two rules are best suited h’or use in a Liroduct ion system having a weighting
mechan isnu for accumuia I i%’e-t’v idence reasoning.

thither Rule

II’ ‘GTE is a task-group—subset of ’ RIP
& it ’ com plete is the status of ’ RIP ~-~; 

‘

~

& it’ (;‘tF is the corresponding f’ile oh’ ‘GIl ”
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& it~ complete is the status of ’ GPF

& if’ ‘m: (member-count GPF)
& if ’ (member -count GTF) > m but <2 mu

&if ’c: (centroid GlF)
& if’ ‘v: (dispersion c GTE)
& if ( ’t ‘d): (max-distant-track GTF c)
& unless I ‘fro is the OR-file of

& comiuplete is the status of fro
& I p a muuemher of fro p a mem ber of GPFI I

& if ’ c l v  > constant
& unless t is an unlikely-member oh’ GTE
then t is an unlikely-member of GTF

• The function (centroid GTE) yields a hat-Ion pair which is the “cemiter ” of ’ the
positions of the members of ’ GTE. Probably it would average their respective latitudes
and longitudes,

• The function (dispersion c GTF) computes a mneasure of’ scatter based on flue distance
of the members of (‘tTF t’roni the centroid c.

• The function (max-d istant-track GTF c) selects flue member of ’ GTE havimug the
greatest distance from t he centroid c and returns it and its distance .

Unlikely-Track by Task-Group Outhier Rule

It ’ ‘GTF is a task-group-subset of’ RIP
& if ‘t is an unlikely-m ember of’ GTE
& if GTF is the corresponding-file oh’ ‘GPE
& if p is a member of GPF
& unless t is an unlikely-track oh’ p
then t is an unlikely-track of p

I


