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Thenuakont tife, peotle are constantly faced with the *ask of
robing decisions.  As infants, we decids when we must att tt Lthe
attention of gur gjarents to ottend to nur physiolonical no=ds, as
vell oas our emotional neceds. In later years, we learn to maxe more
coerplicated wvecisions. That is, we drvelope the ability to take
mere  variables into  wccount, which will affect the outcome of our
decisions.

1}

Tome ol the decicions which we make 1re clear cut; there 3s no
docht in our minds that the eviderncey we observe 1implies that the
cdecision must be  npave with a particulsr cutcome., The infant who
ftolls out of his c¢cribs, bhas no doubt that bhe must attiract the
sttention of a jarent ubho oill see to his needs. And the mother
whte bears her baty c¢cryina has no doubtt that the baby needs her
attention for one reason or another,

Loretimes the decisions which we make du not involve actions.
byt are  decisions that involve observations. we decide what has
hetrEned, iv hagpenina, or  wilt bapyen in the future. Such
decisions involve justification, analvysis, or prediction and may
alto Le. clear cul dectsions. we predict that if we hit our hand
withh a  bvamper, v will sense pain, There is no doubt associated
with our rrediction, for we know that rain  is  an inevitable
conscuuence of such arm action.

te consaider all cureh decisions to te interences, and we infer
th consSrgurnces result when a conjecture i1s satisfied. [t the
bily it im pain, a conseauence will be that he attracts his parent's
attintion; e  craes, [he motber Feoars the baby c¢crying, and
couscauently she will ser to its neecs. In making inferences, Like
th ones discussed, we apply inference rsles.  So fars, all of our
erxavt les  have been apgplicaticons of  a pirticular inference rule.
St.tes briefly, the rute is, J1 A implies B and A is true, then
ieefvr DL The mother appliers  the rule; the bably cries because it
neces  my  attention. Since it is now <cryina, it must need my
attoention,

tLife would he full of simple vecisions 1f all inference rules
WO 4% cut cod dry as the above rule . We all know from experience
thet  this just isn't true. In fact most decisions, con not be moade
with 2lsolute ¢ertainty at all; some decisions we make are just
pl i wrone. How dJdo we cope with situaticns in which an inference
must  be made with lress than obsolute certiinty? What kind of such
inferences cat. we make?
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e beain our oiscussion with a feuw definitions. Inferences
+tich  can  always he mode with stsolute certainty are called
“pemonstrotive Inferences’, “Heuristic Inferences” are inferences
which can only te made with Lless than sbsolute certainty.
“tlousible Joterences” dnvolve 1oth demonstrotive and heuristic
infirences. Their art lications result ir cerlainties within the
continuous r.nce  {from no certainty to aebsolute certainty, the
Loundories included., The baly knows thet if he is hunary, he should
cry to attract his parent's aztentjon. He thinks that he is a
tittle L3t buniry, and so he thinks that he might want to cry. The
motter Vnows that i the baby is c¢cryinu., the baby needs her
attention. She thinks that the baby is cryinan, but she is not sure.
The tatby may need her attention. '

fpplication’ of one or more inferences 1in order to recach 2
decisinn is callea, reasonine, Plausitle reasoning involves the
prtlication of ore or more §j lausitle inferences., In demonstrative
re-fonine, it is sufticieat to apply ¢ single chain of inferences in
or'er to inter the desired conscquences with absolute. certainty,
sss5emin:  that such a series con be found and is aspplicable ot each
suceessive stepn.  Such  a eboin cornstitues a proof. In plausible
re.senin., (rore correctly, heuristic recasoning), a single such
chkoin  of inferences is only encugh to aain some insight into the
corscouence.  In order to uet o tetter 1dea of what certainty cen be
atsicned to the ronsequence, 3t is necessary to follow as many such
t.Lousitle interence chains 2as gossitle. Such, investigaticn may
Lo to a consequence  with muclh higher certainty, althouch
contracictory coprseqguences may just as easily bhe inferred. ‘

This pajer «ill eximine plausible infecrences in two lichts.
T1Ie vork of Genrae Polyall1l 0 the application of plausible
internnces tn  the dgeronrstration of mathmatical conjectures will be
dictussed and sawe of his rules will te summerized., Then the work
ot rllan Cotlins(?, 3] in his dinvestigation ot human pluusible
re. . sonine will be discussed, and sorme of Iiis rules will be presented
totlowved by o more mothematical formalization ot them, In nedither
ciases vill the nechanism of flausible rerasouninn be discussed, heyond

the  Jpplication of individuel plausibile. inference rules. for such

erinples of pleusible reasoning, see (3.

brcouently, a groof of a8 mathermotical conjecture is eitter
difiicult or impessible to find, It ~-y te, however, that we (an
o some dinsiabt inte the problem by ¢ -ervina that conjecture, A,
irgplics v consecucnces, . Ur porhape 2 s 3 consequenrce of another
raviectare, ', Cr 3t may te that a conjccture U is found to either
b araloous to A or to be 3 rival corjecture. In each of these
inttenees, while  we are unable to determine anything about A, we
stiltl  mav by arle to determine the truth of B. What kind of
trecdit ility can we attrilute to A, in crther froving or disproving
1Y ubkat 3t ve can not prove b oeither, bt we can gain some insight
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into its credititity?

tolya (1) discusses at tenath various inferences which may be
m. e with gbesolute certainty, and infoerences which may be made with
loesg than absolute crrtayinty in  the .rovinu of mathematical
conjectures, He further discusses how veryine teliefs in slternate,
ond  similar  conjrctures and consequenies affeel the credibility of
an o orioinal conjecture, I now present o brief summary of some of
ttvse jtausibie infererces.

t
ey us sav thul we neve tome clearly formulated conjecture, A,
anr' g conseouernce of F, B.  we do not know whether either A or 8§ is
true, tut we o knnw however that : :

A implies b.

Wi decide that determinine the trutlh ot ¥ is easier than determining
th truth of A, Vhat dn we stund to levrn about A, Ly determininag
the truth of 0?7 I{ N turns out to le fase, we could conclude that A

is =2lsa talse. This pattern of reasoning is the MODUS TOLLENS of
thr se~callee Lypothetical syllooism:

f implirs P
"' fdlS?

1 false

Thy horizont. Ll line separating the two premises from the conclusion
stonds  for the aord “therefore”, There is no unccrtainty about the
result in this case. This is o DEMUNSTRATIVE INMFERENCE.

¢ n turns oyt to he true, we can reach no such demonstrative
¢nrclusion, vYerifyinay £ docs not prose h. It does however, make
tde  conjrcture & sevn more. credible, the implication has been
verified in tbhe one case. Therefore this is a pattern of PLAUSIBLE
trrlerence: '

& dmplies B
otrue

A more credible
fotya Lis ttie the FUNDAMENTAL TANDUCTiVL KFATICRM (or shorter., the
Ity rETTERN) What this essentially says is that the
verification ol o ransiquence renders a conjecture more credible.

tutrnse that we bave already verifiecd the viven implication for
t he consryuenrces bty o, By o, ... . lHow we are able to prove the
conseaurnce b oa o where Bpay is very differcnt from the formerly
verificy  tonseaguencrs.  Since  conjecture A had withstood o nmoure
Fxtrers . rst ttan the verificatior of another similar consequence.,
wr miaht corsicer A to ve muchk more creditle, Alternatively., had

rd



coOnNneuence lmneg nmreen very 5
(or\pvtw:bnc(~sf Wt omyeiet think t
tittlr to our confidence 0
lollovs: '
A intlies L
Cwiy is very ditferent from the

foremerly verifed consesquences
My o, iy of A

- - -

P‘l’ » ,

- e - ar ae w -

A much woure creditle

d New CONSEQ

fane M

imilar to the jrevicusly yroven
hat 1ts verdyficotion would add very
I We state Lhese new patterns as
A imglies B
Huy 1s very similar to the

for.erly vorifieced consequen:es

A just a little more creditle
t

Tht veritication of uence counts more or less accordina
as the new consvquence differs meore or less fraom the formerly
verified conscquences,
It it turrs cut that H was alwost o furnone conclusion without
t ht consider.otion of A, then the verilication of 8 cannot make A
snew  yery murch more credible.  On the ether hand, i1 8 is highly
unlikely wittout the consideration of A, then the verification ot 0
as 2 tonscquence of & rendery the conjecture muclk more (ikely. We
ade tre following patterns to our plausitile inferences:
2 implics H 2 implies B
i very improbably # quite probably in
in itsclt itsclf
{ very much more credinle . just o Little more credible
Tht verilication ol a4 consrcucence counts rore or less according as
tb~ consequence 15 more or less improbal.le in 1tself,
1t instead of teiny al.le to orove or disprove [, we are only
abler to either increase nl decrease cur confidence in 1, that s we
tird & either vwore or less credibile, we cun still moke some
inference alt:cut A, The followinu are the two such patterns:
A dmclies ¥ A irplies o
b less crediole it more credibile

- - e - e - -

# lrss credindle
fur ronfiderce i a4 conjnecture
ons of its comnscquences and varie

et US NGe Sey wE 3re aivin
W wish 1o verify conjecture
.t rare easily prrove corjecture
cent be found 1t dnrddeed conjecture
the followine pattern of plausibl

A somewhat

- - un - -

more credible

is influenced Ly our confidence
s in the same direction.

in

two analouous conjectures A ang N,
if possible, but we suspect that we
H, What insiahl Into conjecture A
¢ turns out to le true? WHe expect

e reasorinoe:
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£ snalncous ta b
G otruae

M more credible

A ronjecture Lteromes rore credible when an enaloaous conjecture
turns out to te truc.

tuppose  instcad of proving that B ds trues, thet we are only able
to increase our belied! in the truth of H; we find H to be more
creditle. we use the followinag prattern to finc A more plausible as
well:

A onnl 0'7ntxé to b
P more credible

? somewlbot more credilble

Thit is the shurded form of the previous pattern. It states that a
cerjecture Yecones somewhat more credible when an enaloqgous
conjectlure hecomes more credible,

ve new consider the converse of our earlier implication, That
is whoet infcrencrs con we make 11 we know that:

A ds implicd by 57?7

I we could fruve B, the consvuuence A would follow. It, however,
we suctceed  in  disprovine {, A could stitl be true. There i1s no
denmnonstrative conclusion. Hut, we now have one less chance of
srovin. d. A around for A bas had tu be discerced, and if there is
any  channe in cur confidence in A as a conscauence of the disproof
of ¢, 3t cuen only be a4 chanue for the worse. ke observe the
followina two patterns:

t dmplied Ly & ’ A implied Ly F
r o trur « - {alsse
I trye : A {ess credible

Vhee denonstretive inference 15 the FOPUS VOMINS of the so-callad
hvpnthetical sylloaism., The nan-demonstrative, or heuristic,
inforrnce can be stated as: ocur confiden.e in a conjecture can only
fiminish when a yossible :round tor tre conjecture is exploded.

fametimes it 1s tre cese thal twoe alternative conjectures A and
" Yre considired., and it is impossible for toth of them to be truv.
Wi say A conflicty with 00 or: ‘

~
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A is incomnatible with L.
The truth of vne conjecture imglies the falsehood of the other.

1 3t turns out that one of the conjucture is proven to be the
enrrect one, let us say L, then the other one gust be false. 1f
is only shown to he nspore credible, coijecture A is still possible.,
sltiounn it is less plausitte. We have the followiny two patterns:

1

$ incompotible with R A Incompatible with B
¢ tru» - n ftulse
& false A more credible
Dy confidence in a ¢nnjucture <cen only increase when an

inrom; atitle rival conjecture is oxy loded.

shen 0 dis foundg to Le less creditle insteso of 1alses, we have
the follovwine shaded pattern of plauvsible inference:

A inconpatibile with K
n less credible

& somewhat nrore credible
r it these patterns of g lousible easoning, as well as others,
LANEN te chaelred ond nested te create new useful patterns., for that
reoaon, the (2tierns just discussed are considered to be some of the

fucdarental retterns, by Polya,

Atlan Collina dnvestirated the use of human ylausible reasoninng

in attemptin:  to understand the types of protocols pecoole use in

answverine qgurstions (23, His analysis attempts to account for such
protocals in termrs of A taxanomy of plausible inference types, a
toronomy of detayult assumetions, and what the subject must have know
& priori. wWrat follins® «ciscovered as o result of his questioninu
arn analyzine the protucouls of his subjects is the followinag:

1) There ore usitally severcl different inference types used to
CRSWEr any cuecstion, A

2) Yhe same dipference types recur in many different answers.,

3y teopte wei-h all the evidence they find that bears on the
cusstinn, :

4) tieople ore more or Liss certain cepending on the certainty
of the inforsation, the certainty of the inferences, and
vn whether dilterent inferences lesd to the suame or
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s wppousite ¢onclusions.

The rules "described by (ollins arc nleusible inferences which
involve maprinas from suterordinate sets, similar sets, or
sul erdinate sots,., fProepertics may be mapped trom one set or from
niony  Setls. ibe ditferent kindg of mappinas delineated in his theory
At -

PFRDUCTIUN (Surerorginate Inferences) witich map properties
nt the st onto subsets.,

AMALOCY (Sinilarity Inferences) which map properties from
onr st 1o a simitar set,

INPUCTICKH vhich maps prorerties of subuets of o set onto

Ather subsets.

LEHNERALIZATION (Proot=bwv=cusevs) which maps properties

of subtsets of a set onto the set.

ARCHCTION chich naps & subset with the same property as
sume set Iinto the set,

Some of Collins' rules ore described in Tnalish in {2, 3. The
rescinder of this pajer deals with developina a {formal description
ol some of tte ylausible inference rules presented by Collins. The
rules dealine with temporil and spatial inferences are intentionally

emitted fror this fiscussion since the temporal and sparial
preperties  tremselves rely wuron other jproperties which are not
pertinent to the other rules., such as transitivity &nd

asrtociativity. In  odditinn, the temporal and spatial rules. as
jresented by (ollins, make various assurptions about the type of
surel representations required for such fproperties. This 18
sorrthing thoat I wish to aveid in developing a8 formalization at a
sutticiently encral Lovel.

- vhat tollows 18 a definition of t he notation used in the
fermptization of (oltlin®s rules. The remeincer of the paper, after
th.t, dis a statement ot each of Collins' rules, followed by an
er.weple by Collins and conditions that inercase the certainty of the
rate, for each rule, 1 then present a formalization of the rule, o
formalization of the condilions that incredse certainty, and an
opflication ot my farmetlization to (ollins' example,
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NCTAYTION USED Tt THE TCLLDIING DISCUSSTION OF INFERENCE RULES:

L - - - - - - - - e - - - - - G . - - -

€y s some concept wunder considrration, it is the set of all
rases of the concept for which 1t stands for. Note that a
cocse ot the contept moy he o concept as well,

€% is the sup=rset, containing all contepts, C, as its elements.
Therefore o+ collection of concepts is o subset of (5. A sinale
concejt € is an elemrent cf cS. Note that € is also a subset of
(5 since, the cerses of C are also concepts which are elements
of (5. € «ill bic used in toth contexts in the following
exameples, althouab care will e taken to make the context clear.

f; is- 4 concept of the concepts which are beinug considered. () and
v~ are therrfore two such concepts. )

C* .nd C'' «rec complerentary concepts. That is C' and C'' differ
is some perticular way that is of interest in the example.

¢ s a subiset of concept €. It contains particular cases., c; »
s its elements, which will be definec¢ telow.

¢ ard ¢''  arc co&;lcgvntary subsets of €. That is, they are
tartition of ¢ based on some property or properties of
interest.

€} 18 a porticular case ol (. It is an atomic concept, That is
it is yn on-tuples, 8 projyerty value for each know property
cf c.

FFois o set ol preperties.

() reopeesents the set of jrojerties of a concepts, (» based on
the asbove consiyueration,

pis a4 sublset of I, 1t cuntains the properties ol interest in a
‘iven examole, :

i) represents o sulbiset of the properties of L, those propertins
ol € that we are interasted in,
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' ond ' are complement iry subsets of ©, That is, they are &
rortition of P bLused on some criterion,

fx frviresents one of the propecrties that we are interested in.

ftC) rerresents one of the properties of € that we are interested

p1 () represents the set of ingependent variables of concept C.
. {

'L(()""’ViJ() represents the clements of pi(C).

nyto) represents the depondent variat le of concept €.

i is the set ol py for py such that p; e Py;. That is the set
ot functional “ependencies that lead to [py€0) = rgd.
tote, althouth 14 & Y4, pyC P,

¥ rejpreserts the rannes of the properties 17, thot we are
intrrested in. It represents the scts of values that P(C) may
attein, foertherrore any o1 oll of the volues in the set may
themsetlves e sets. For exarple [kind(animal) ={insect.,
nommal, reptited, Lkind{mameal) = {humon, ox, horse, ...}3,
{kindthorse) = ...

r is o subset of #., It represents the sct .of values that p(c)
may attain.,

-

ry s a subset of R. It represents the set of values that pile )
may attain.

vi s a sinale clement of rj . At times when r; in fact bhas
only one clement, v; may be used in place of r; to express this.

v is a transtormation from one rule to another rule. 1t takes as
its arcument the aricinal rule and cenerates an inference rule.

[ 23
s
[X]

> is the rule veneration syehol., 1t sep3rates t and its

#f tument from the nenerated infoerence rule, specifying that the
rule on the ry-ht cide of the arrow is veneroted by t actinu on
the araumert -ule,

"t
i
"

> is the ftun . tional deiennency symbol. It separates the
dependent vartatle (ogls on the riaht hand sides, from the
candependent varval Les (pys) on the Llett hand sive.

[
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~~=> is the inference symbol., Tt means the the rigyht hana side of
the arrow =moy be dnferred 14 the left band side of the arrow
evaluates to true,

U f representt set union of sl!l such sets [, as. defined In context.,

Is] represents the cardinality of set s.

wrt is on abrieviation for “"with respect to'.

f « ] stands for zero of more independent variables in a functional
derendency whose valyes are either not known. not in the range,
or not of interest.,

“ith this tbackarounc, wo may now define what we mean by a
conceg t more preciscly. A c¢oncepts, C, is equivalent to rp x o x
eee ¥ P whire [pye(C) = rpl.  Thit is ary aiven concept is defined
inn terms  of  its properties. The cases of C, c;, are themselves
corcerts  which are non-atemic if ry x r3 ... x r, has more than one
element . Atomic concepts wre called particular cases. 1t follows

th,t if anvy re for some propertys, pglecj)s is a set, then c¢j is a
non=atomic concept.
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If a nproperty is in a aiven ranse for a number of instances of a
srt, then infer  that the property s in thazt range for any otner
instances ¢of the set,

2 S A

- -

toveral nflicial spokesmen from country X make public
st.tiements mnre belicerent  than their kngow private views. Thus a
recent  put lic statement by an official of country x is likely to be
overly Lelinerent.,

CONPITIIUNS THMT INCREAST CERTIAIMTY

- - - - - - - — - - - e s W ow -~

1) the rore instances for which the property is in the given rance.

2) fthe Less the variabiylity in the values of the property for the
citierent irstaccces.

3 1he more typical the instances for which the property is in the
viven ronuoe,

4) 1he more similar are the instances over which the property is
Mo e,

“)Y Yhe more tygical the irstances onto which the property is mapped.

n) 1he nmore tyjicol the dinstances which are most certain.,

FOVMULATTION o ulr

- - - - o . -

tly cf €ec &0 [iygle; ) =2 1))
' 2 v e e O [ogley ) = rrd ===> [pptl) = rg)d

tere  cach ¢ is o particular case ot a more ceneral concept (. The
tr.nsforration jreduces 3 rule for groperty py allowine induction

from some perticular CntesSy ot a mare yeneral concept, to that
cov et

PeCryLrTIonN of CERTATNTY

1) %y &c¢' & frefcy) = rd, Wege ¢'' &£ 0 [petlc:) JNOT.= r-
/ KL . 4 . kol K
le*] Laracre wrt Jc*'] <22> increase in certainty
2 Y€ c e C 0y wlcy ) =

VrJ]l ijl-f‘kj & Me



I'x,‘! sealler wet Jrg] ==22> dncrease in certainty
Y e & Yo, e’ & lreCejd = rels
ve; e ' €L Yige 'St (g Ce) O ,= ey ]
[p*] tarcer wret |p*'] ==22> increase in certainty
f’) .
")

FETLICATION

- -

-Civen that:

Y sjokesran; € (siokesmen «ith belinerent views) & {all spokesmen)
lputrlic stutement(spokesman;) = teliuverent]

Ye can acnereate the infercence rule:

¥ sjokesrong € {spekesmen v ith belianerent viecws) £4all spokesmen)
fpurlic statencntlstokeswan ) = beligerent) ‘
-==> {publi¢c strtementtell spokesmen) = beligyerent]

~hich we then apply to infer:

ffulllic statenent(all spokesmen) = beliqgrrent)

-
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It o property is in a2 aiven ranae for a set, and if the property is
fn that Fart ¢ for a gparticular dirstances, «then infer that this
tnstaree 16 a member o1 the set ., )

Faowgyr

- m s A e \

tountrirs with pucleor weapons tend to ctlassify their nuclear
Fhysies rescarch and import guantities c¢f uranium or plutoniunm,
fonntry X is doini Loth these things, so it may have nuclear
WO PONnS .

COrDPIYITQNS THAY IM(RIEASE CIRPIATNTY -

LI S S I S - - - - - - - - - - e e e o

1) Yhe tewer olternative scts for which the property is in the same
tonoe .

¢) the more properties of the instance that are in the aiven range
tor the sct,

) Yhe less Libely that the property is in the qiven range o priori
for ony incrance,

&) Yhe more litely the projerty is in the aiven rznge for instances
ol the set .

%) Yhe Lless Lilely are the otber sets for which the property is in
th{ same ronoc., .

€)Y The less corrclated ore the properties that are in the given
roracs for the instance.

?) 1he more coreliated arc the other sets for which the property is
in the same fparcse,

&Y Yhe more livelv is the oiven set (i.¢. the more {frequently are
instances of the sct).

SEMULAYTOR OF PULE

Yl (C) = rl) 110> [pe(C) = rKJ;A [peCe;) = red ===> ¢c;e(

Hore ¢ty s 1 toneert varioble of o more ceneral concept, €. The
trastformation produces a rule for property, px » allowiya a
vener.lization from o particular caser, €3+ to that of a general
eives €, by atducttion on thet property.
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FORitbATION OF CEYIATINTY

LRSS ea - W S om e m e e

1) wet & €5 1 a(0t) = k), ¥C'T S (S [rk(C'') UNOT.= ryds
[€*] swaller wrt JC'*] =z=22> increase in certainty

2) Miger' @t ligleg) = rgle ¥poeco'' 10 Ippley) NOT.rg)
Ipt] afeater wrt Ip''| ===> increase in certainty ,

V) Ipull) £ red Less Likely a priori ===> increase 'in certainty
) Ye; e €0 Toawley) = red more Likely === increase in certainty
V) wir e ¢S, ¢ Lnot.s € Crw(C') & i)
€Y Lass Likely tunion of all such sects)
Ered increuse in certainty
t)

)Y € nore likely 222> iacCrease in certaintly

APFLICAYLON

R B

f{vepr that:

telassily physics reseatrch(countrics with nuclear weapons) = truel
eha  bLinpart nuantities of uranium ce plutonium
(teountries with nuclear weapons) = trucl

¥

wt tanh senetrate the inference rules:

felassify physics researchfcountrdies with nuclear weapons) = truel
lelassity thysics research{country Y)Y = truel
=ee> tountry X countries with nuclcar weapons, and

lirport quantities of uraeniun or plutoniunm
Lequntrics with nuclear weapons) = truce)
(imgort nuontities of urunium or clutonium(country X) = truel
-e=d toOunhtry X countries with nuclear weapons

which we may then apply to:

felanssity physics research(country 2} = truel, anao
{irport quantities of uranium or jlutonium{country X) = truel

Yo infefr that:

Lountry ¥ is o ounlry with nuclear weajyons.,
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1 a prorerty is in A niven ranaoe for one case, and if a second

moatches the "irst on many projerties. then infer that the pronerty
s in the sane ranoe for the second case. -
EXeMELE

This tunk is Like another tenk the Wussians made which is
vutlpnersthle tee attack from abuves, so this one may be vulnerable as
we LL,

COonpITioNs THEY THCREASE CERTAINTY

- e e o e e - - - - - — e - - - - - - -

1Y the more preprreties on ~hich the two cases matceh.,

?) the tetter the match an any prorerty,

) The more crrtain the property is in the aiven range for the one
case,

4) The nore Likely the property is in the aiven ranae a8 priori.

) YThe arenter the semantic distance from the second case of the
most similaec ¢ase that has a contradictory property.

perMuLeYIe CEo RILE

- e e e e e e

t((ng(c‘} = rd o>
Tiley) = re, I A vigep et tpgley) = rgd Alyalea) = rg )
===> lrgley? = ryld

Were, €, ane €y represent  jarticular  cases, ¢y beina a3 concept
variatle. The set, 1o 15 4 subtset of the projertics of a3 concept for
whych the properties arc known 1o te the same for particular casess
ty, Apn ca.

[CTYOLATIOS (1 CERTATOTY

- - wn w- - - e W . -

1Y Yppep' & ¥ (relece) = red N [pglecs) = red.
' ¥ie €' 'S 11 lpgler) = rpdALpeley) 10107 reldl
e ' ereate- wrt fp*''] =22> dncrease 30 certainty
) vipgep S LogCaad = vid Aligley) = vyds v Ergr voErg s
222> qrcerease in certainty

vy nor~ sienlar to vy
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[pfCy ) re) more certoin ===> increase in certainty
lpelca) re) more Likely o priory ===> incredase
in certainty
(BCI Vi k?irk?’?l ((Vlgﬁ'l‘.{"_"‘ [iL(Ci) =r,],
Vg e b €8 Loglen) = rel)
tle] > Irf) A -
Toeles) = red A Do (e ) JNOTL= rl))
A“'P( ' & r [rafcy) = red A [patei) = rele
vpe e p'' e 0 Lloglea) = rgd A Lrelei) .w0T.= rgl)
Ip*'] areater wrt Jp'l ===> incrcaSe in certointy

t

1

AP LICATION

R A

GCiven that:

i

fvatnerabitity(another tank) from abOV({

Ve can genergte the inference rule:

(Yulner bt ilityCanather tunk) = from alovel
vip e S P (pglanother tank) = rgd A [pg(this tank) = rg]

({that 15, othor ;ropertics of each 1ank have similar values))

~=«> [vulnerat ility(this tank) = fron ubovel

Which e may then apply to ~another tank'-, o particular -another

tant- with siemilar proyertics to -this tank-, to infer:

[vaulaerabilitylanother tank') = f{rom obove]

1e
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CEMERALIZATIOCY ({Deaeneratye proot by cases)

P e TR

It & oreperty 5 in o aiven ranae far sonme instances then infer it
1§ in thot range (ofr the svt of which the instance is & member.

Py LrppLf
“““““ 1

A rin 1000 eaptured f(rom the Pussians cannot reach certain
spreds  at Inw  altitude. Therctfnre, probably all the MIG 1000's
Carnot. )

COSDITIONS THAT LLONEASE CLPTAIHTY

e - . — - - -~ - e o PR S S

1) The tecs vericuility in the set.,

2)Y tYhe more typtcoel the instance is 0! the sct.

3) The more ¢certuin the property is in the uiven ranye tor the
instance,

6) The ureater the semantic Jdistance from the set of the most
similar cave that has a contradictory jroperty.

R) the more L kely the projerty s 1n the aiven ronye a priori.

POt uLATIOY O vt

- ———— - A - o

-

tlloelei) = rgl)y 1> [pglei) = red ===> [p(C) rgd

f represents a0 concept  variables, which is  specialized to a
e.rticular cose, €. The transformation produces an inference rule
far grtojerty  allowvin: reneraliza:iion from the particular case ¢
to & more ~eneral concept, (.

srppulsYIor of (ERTATHTY

P L LR - LR SR A Y

1) vt Tp (€)= rpd
S lrgl sma ter wrv [C] ==2=> increaae in crrtainty
-
; .
3 Ipxleci) = gkl mere certain 222> dinczrease in ctertainty
A) ( 3Cwm Yixs k £ ms k ¥ 0, ((v1, ¢ S 1 lpglecd = rgles
Vig ep & 1 (rglend = rpg 1A
tol > [PIY A ‘
Leefei) = red Alpglaa) JH0TL= rpd))



Pooe
* /
o <
Ty L A‘(Vl-‘((.:ti' < Py [y:llc;) :org )l A lpglua) = rgls
vy Viget Tt b Tieley) = gl A Diate) JHOTL=E 1))
;?/’ Ip*'*| ~reater wrt |p'] ==z==> dincrease in certainty
S) [pe(C) = red more Likely o priori s==> increase in certainty
AUV LICATION

fiven that:

fcaupalt-ility(a M1 1000 capturec frobm the Kussians)
connot reach certain speeds at low altitudel

i

We can vencrate the infercence rule:

[leopab dlity{a ¥1 0 1000 captured from the Pussians)
cannot reach certain speeds 2t low cltitudel -

we=> [capatilityla cenecralization of & MIG 1000 captured from
the Russiang) = cannot reach certain speedus at low altitudel

which we car then apply to:

fa neneratization of 2 Mla 10400 caﬁxured from the Russians =
all MICG 1000's]

1o dnfor:

fcacat-ilityatt #1060 10ULO's) =
cannot recach certain speeds at Low altitudel
7
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FURCTECRAT DEPUCTION (or Calculaution)

- - - - e e e e w we

1t o property {the dependent variab le) depends on several foctor
{(thr inde;endent veriablesd, ond 1 f the value™for the factors are i
4 niven ran-¢ {for o partaicular cases, then infer that for this cast
the gproprrty is in the ranne thot follows from the values of the
factors. 1

ExiseLr

it the -rain production of 3 country depends on the mean qrain
productiono for the country tnacther with moditications for the
dicstritution of raintall fnd temperature durina the qrowinag seasone
then  the preduction for s particular country con be estimated from
ttese factuers. -

fORDI*{ONS THAT IvCFFASE CERIAINTY

- - - - - - -—— . - R

1} The more the property depends on the ftactors for which the values
Wre knawn.

2)Y The more certain that any of the factors are in the aiven ranac.

) Yhe more Llikely the value of the property is in the aiven range.

TORPULATLOL OF RULT .

- e e e e e - - - -

3

. ]

tCE o 3 G () 3 riyY Lol feaC) = o d === [ g(C) = rgl A [C = ci 1D
paasd> Legfegd = i d coe bpgafei) = org ) --=2 Dpgtey) = ryd
Vere ( reiresents A (oncept variabile, which s specialized

cxtticitly tn 3 tarticular case by addine the conjunction (C = ¢;]
to the anteccdent tormulo. MHote thal functicnel deduction is the
cprcislizationr rule implicytly wused by functional abduction and
functional covalnny, turther, note that ( * ] implies that the
furctional deyerdency alson  includes independent variables whose
virlues are not known,

FovEmul RYION OF CERTIATIUYTY
1) ¥rjcer' < o, FNCUNC e ()0

LI ™ R S OT o linv il 2 0)
(¢tote 1 » 7 = {p*"*'(C) = r* ')



P agoe A

I£*] areater wet |p''] ===> increase in certaointy
2) My et S iy . . . .
(pifci) = ryJ more certain =23> increase in certainty
3) Lpg(C) = rg) more Llikely ===> incrcose in certainty
APt LICATION ' -

urpose  for b above rFrxumple, thaot a country’s yrain production
depends on  the wmern crain proddction for the country, and the
country's rotnfall distribution and temperature durina the trowing
season as  per the followsine functional dependency, i.e. oiven this
functional dependency: ‘

foroin Procuction(cnuntry) = .

hich [rvean ~rain preoduction(country) = hioh]
{rainfall distritution{country) = modcrate, high] -
{temprorature(ccuntry) = moderate] V

roderete lfueon troin proaduction{country) = moterate)
frainfall distribution(cauntry) = moderate]
{temrerature{country) = moderatel V )

fov [mesn rain production(ccuntry) = wsoderate)
[reintall distritution(country) = moderatel

{tempreratureCcountry) = Llowd

ber 0 viver country, Lot us  say Potswania  (that is [country
Letswonel), Let us say that we know the tollowing concept:

{rean oragin groduction{fotseana) = mederate]
{rainfall Jdistribution(Hotswuna) = moderate]
Applying functional deduction tu Grain production(country), based on

the known variatiles, we get:

“rein production(irotswaong) =

kiob [hean crado production(iotswana) = hiahl
(rasafall distribution(fiotswana) = moderate., hinghl v
moderate [reen rate production(fiotswvara) = uwoderatc)
fraintall gistribution(lotsyana) = modercte) V
low mean . rain productiont otswana) = moderate)
raintall distritutionU-ntswana) = moderite)

Flrer applyine loaical  reguction methods to the oboves the final
result ot function:l deduction sgplied to Grain
Prnuuttion(“o!$uanu); ttased on the known vuriasbles 1s:
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fface

Wil [reon ~radn production(ihntesanra) = bich)d
Tradrntoll distedibutionli-olswana)

= moderote, hiuhl) ¥
rocerate, low [mcan aredn treoduction(boteswana) = moderate]

{frainfall distributionliotswona) = moderatel
Finaltiy, we can inter: b
["“rain production{Votswanal) = moderate, low)

1

"~y
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pLurCcryomnat ALDUCTILION

1K) 2 property {the dependent voriabtle) depends on several factor
(the indecendent varialb les), ana i1 the propecty is in a given ranu
for ¢ particular caser, thon dinfer that any factor has a value in th
reicce that leads to the aiven rance on the dependent variable.

FYrepLl '

- .

chether Yoyt attocks Israoel depenus non thinkine that they wil
not lose the tile remton, that Israel does not have atomic weapons
annd  that fsrucl is not rxpecting on sttiack. Therefore when Eqyp
attarcked dIsrael in 1967, they must have thoutht Israel did not havy
Atomic weapone .

COrpITIONS TrRET INMCPEASE CEETALIHTY

- - - - - - - - - - e -

1). Tthr feaser alternative furctional dependencies that lead to the
aiven ranue for the dependent varioble,

2) The more degpendent variallses that are in the range that follows
trom the value of the foctnr(s).

%) 1he teas Libely that thr property is in the ¢iven range a priori

4) -1he more Likely that the property is in the given range four the
valurs of the facturs,

) the less Likely are alternative functions that lead to the aiven
rance for the acpendent voriable.

63 the less correleted are the dependent variables that are in the
rerae that follows Trom the valuer of the factloer{s).

7) 1hs more correlated are the alternative functions that lead to
the niven rannes for the derendent voriable. :

#) The more Likely are the poerticular volues of the factor(s).

FOEMULATIOCN ©F RULT

R A e - - — -

> f!-d(() = f"(])

1¢C) = ";l],""q T L0 = rg 1)

K

where € rep -esents a concent varishle, which moy be gspecified cithe
e the antececent formula or the intorred formula by the addition o
the cenjuction., [C = ¢33, where ¢; s an element is sel ¢, th
pressitle votues ot (. tote thet functional deduction is required a
dospecizlizetinn eperation to detesmine A value ¢; for £, in orde
te ~prdly functional abduction to o particular case.
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NN AS VAN TR I RO AR R R IR YR I I |

Mowd e s Lt = e 3o D0y = 3 ===
(pg(C) = rgl, v}, er’y
jrgl smaller ==2=> dncrease in certainty

2) ¥Yejec' &t Do) = ok

[¢*] ercater ===2> increase in certainty - ‘
3 Ipg(C) = ryd less lLikely 2 priory ==3> increose in certainty
%) fpi‘(ci) = vyl ....[;;,\(cg) : Vil :=:,> Cegley) = ryl

morc Likely =35> ncrease in certainty

Sy vy e rie Y Aoy
l(""(()': r'\"‘
{tess Likely -

. f{u,'h((:) 4 r,-‘hl =z =2 {l‘((((‘) = fd]
M increase in certainty

H s
"o

A )
7)

3 vp, éViC.'~ ij(c;) ='v&1 ) .
Vig more Likely ==2=> Increase In certainty

AL ICRTION

- - -

Given that:

(think witl Lese ' Rile reaean(faypt) = false)
firink fsr-¢l evprectin: attack(i~y;t) = falsel
{trink JIsruel hias atomic wearpons(Eoypt) = talsel
sz [attacks tsrael (t .ypt) = truel)

‘e ¢&n aecncrate the inference rule:
fattachs Isracl(Foypt) = truel

--=> [thip} fsrael has atomic weapons(toypt) = false
shich we may then apply to:

[F.ypt = Saypt in 19¢7]

tgimo functional feduction to obtain the particular inference rule:

fottecks Ysroe LOL svpt in 19647) = truel
~==> [thionk lsr.ecl has atomic weasons{loypt in 1¥67) = false)
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1o infer;

[th3ink Israel bas atomic weapons(f jypt in 1967) = falsel

.

Lete thit Ly opplyine functional obduction, we can also derive rul
which allow us to infer: ’

Lerdink will tose Mile rearonttoypt in 1Y67) = falsel  and
{(think Israel expecting attaock(teypt in 19A7) = {alsel
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fOr(Y1I6YAL AlALagY

14 a rrojperty {t he de endent viriable) deyends on a rumber
factors (the indcuncendent variables), and 11 ome case matches anothe
crse on these foactors, and 31 the value of the property for one c¢as
is in a aiven ranae, then infer that the value of the property fo
the other case 15 1n the iven ranve.

pyrvrLL

- . -

Yhen Cormancder ¥ was making Little headwaoy alonu a particula
frent s 2n the dry weather season had only two months to run, h,
launctheo an attack by ses ot o position thet was unprotected. Sinc
e 15 ir the saswe position now, wve should expect another surpris
sttack from hair,

(ONPITIONS THAT INCRTASL CERTATHTY

- o e W e e -~ - - o - - P e L e

1Y The more factonrs on which the two cases match,

2) The areater Lhe dependency on any tactors on which the two cases
agtch.

4)Y fThe hettes the matech on any {ouctor.

L)Y ths more ¢cortain the properly 1s 1o the given range for the one

Cace, .

%) The more likely the valuce of the property is in the aiven range
pryori.

€Y Tre more coeptain the fictors bhave the aiven values in the two
Ceses.

FY the areater Lhe derendercy on those factors that match best.

FOEMULZ TTON OF RULT

———— - - - - - —

Cog) 00 = ri)d v G Op) = =id =233 (pg(Cy) = rg)
> Ui, 00y = e ) T Cd = rg7 L O (Gy) = rg )
l;i,‘((;) = f,'ﬁl teg(G ) = rgd ===2> {pytCy) = ryg)d

Merpe (o, it Oy represent particuler ¢cases with € beina a concept
voriable shich  may te srecified in the gencrated formulsc by the
conjunction [(y = ¢35 1, whire ¢, is on element of set ¢, the
possit le values of 5. nroete that funclional deduction is reguirec
1 8 sprrizlizotion oprration te aetermine the value ¢y for (.
"ete  also  that the {erw of the furctional dejpondency is not knowr
tgr the oerrral case, o8 it was  for tunctional deduction anc
tunetiecnal st duction, bl just that such a dependency erists.
Eoowine the form for a particuloer case, howcver, pernits the
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interence of the form  tor o similar case by functional anclo
ticre L ¢ J revresents grorertics whose values are either not kn.
tor ¢ » not known for (3, or not in the seme ranye for € and (j.

forLtptrTICH 0 (TRIAINTY

- e e e A - L I A

1Y ¥ogper’s € v Tojle) 2 gt A Dejtead = rigdy
‘ﬂ{’bl’l{'c. S; ipir(r-l) = H’]A gL‘rQ(C,«:) LNOT, = r(’]
fp'l greater wrt p''] =:2=> dincrrase in ctertainty

) ¥rigert crp Liige) = rigd A Dpigey) = rgd A
po(C) = ¢ 3 =232 [ (C) = r J more likely
=2=> dncrease in certainty

3y vrggen; Lrgelean) = v 3 A Lpgdey) = val vis vy e,
vy mrore similar to vy =33 increase in certainty

&) Trgtey? = r4) more certuin =232 dncrcasc in certainty
5) UpytCey) = rqg) more likely o priori ===> increase in certainty
&) ®rioen; Loigley) = vyl moce certoin, (rilea) = vigl

mofP CPrtain,s vy, vy & rj, 2> increasr in certainty
7) ¥ri en; Crsgler) = vy A [pigfea) = vy3 A vy very similar
ta vy o vy » va& g,
LrigdC) = rigd 222> Lo g(C) = rqgd more Likely
#2222 increase in certainty

ATV ICPTION

- e W -

foiven thit: ’ .

[mibin~ Little headeay alone front(commander ¥ once before) = truel
ldry weatdor season lelt(commanacr X once tLefore) = 2 months]
~==% [{leuch attack at(Comrondir X once hetore)

= unprotected yositionl

ve can venerate tos infercnce rule:

fmakine Little headuav alane front(commander X once before) = truel

fwakin: Little headway alony lTront{cnmmonder X unother time)

= truerl)
[dry weather scoson lelt(commandger X once before) = 2 monthas]
fodry weather seoson lett{commander ¥ apother time) = ¢ months)
{launch atteck at(commander x once bivfoce)

= unprotecterd esition)
wee> (lounch sttack stlchracncer X another time)

= unpratocted positionl
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flane 2“

shich we way then cprly to:

{cormander X ennmther time = caommander ¥ this time)

Hsino functicor Adeduction to obtain the farticular inference rule:

teokione Little headway alonn ftrontl(communder ¥ cocnce before) = true)
Imikin: Little headway alons front(commander X this time)
T true) !
{ary weather season left(cormander X once helore) = 2 months])
ldry weather season leftfcommander x this time) = 2 months])

[Launch attraock at(commonder x once belfore)
uni.roterted josition)

{lrunch attack aticeommander X this time)
urproteactrd position)

¥
L}
t
LU ]

*hich we proply 1o

{nokins Littls headway alona front{communder X this time) = truel
[dry weasther scason left{commander X this time) = 2 months]

To infure:

[teunch ottact at{commandger X this tirec) = unjprotected position]
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IMITFRINCES ON META-FHOVLEDGLE

- . o - - -~ - e e

LACK=0F=KNOWLI DOt =INILRENCE (Meta FModus Tollens)

- A tm e e e M D K W SR e W e G T e e e e e e -

11 a3 gerson would know about a property for a civen case 1f it wer
in @ aiven rante and if the person ¢oes not know sbout the property
thern  infer  tbat  the preperty is kOT in the given ranae for tha

tht o,

ExrriLE

1t & particular rnad tbas heen bembed, this information woulca
h.ove beepr ropnrted by ocut ocubiservers in the orea. It has not been.,
so,therefore the read is probably ir geocod shaje.

COYDITIONS THOT IN(CRFASE CFRTAINTY

D I - - - —— . - - -

1) Ths mnre irartant the particular casc,

2) The tess Liykrly the prapgerty is in Lhe aiven ranaqae.

3 Yt morse informrtion stored wboul the oiven cuse.

4) 11lo more similor proeperties stored nbout the given case.
%) The more imponrtent 18 the property to other similar cases.
) Thye more 1rtartonl the civen jroperty.

7) 11e wore intormation stored about the given property.

LY The more similur cases stered with the aitven property.

) the more important the case to other similar properties.

FORNMULATION OF RULF

- e e e - e A - e ———— -

TP elC) = rel 523> KNCWH (U €)) 22102 ONOT.KHOWN (ppes €)
===> Loxg(C) N01.= )

lirre € reprencnts o concept variatlce, which may be specified Ly the
iadition  ¢f the conjunction, (€ = ¢;), where ¢ is a0 element of
st ¢, the gpossible values of €, lote thet functional deduction
mest tirs!l be rertformed on the antece tent formula with [0 = ¢ 1, in
rrevr ta o specialize €00 K20wNpe, €) 15 a function returninag true if
trrocerty o 16 know tor case €, and fulse otherwise, SHOT.KNUWN(ps
t) is the com tementary function,
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EORNULSATICY OF CLETATHNTY

- -

1)
)
3

W)

)
7)

-
[

l,‘)

C;j more dimrortant in (3 T=T> increase in certainty
(€)Y = rxd less Likely =225 inc ecase in certainty
Yieepn S F PHOWN (e oy ) ‘
bi | oreater ==23> increase in certainty
Ypge p S P LPEQVN(G g, 05)
iy similur Lo oy =32 increase in certointy
Y, ec o 0 (Migeph s r ¥NOUN(pg, € ) A
(paCej) = rg I A [pgfcj) = reds
Yigep'' &0 KACUN(D,, 1IN
LogCe; ) = rpd A lngley) J10T,.=2 rgd
'] orcater wret (pet ')
e Orc important to cj T2 increase in certainty
e fore Impaortant te ¢f ===> increasse i1n certainty
“eject & (8 KMOWN (1 s €5 ) ‘ '
ve;ec'' & O3 HLOT LV ROWN G s €5)
le*] ereater wrt Jc''| ===2> jncreise in certainty
vej € ¢t & ¢ KROUN (G e €5)

(ripen' & Tialeg) = rgdl Alpaele;) = rel,

Yig EL'' S I i eley ) 7 rpl A [pgley) JNOT= rg])

rrc wrt Ip*'y.,

( EOT RNCWE (s ('J)
Vi, e’ €10 lyole;) = rgd Alegle;) = red,
Fpper 'TS P Drglc;) = gl A (bglej) NOT= rgl)
ettt Lorae wrt g,

¢'} ereater wrt Je''|] T==> increase in certainty

i more imrortant to propert?vs similar to p

=z> increasse in certainty

FCPLICATION

- o -

- -

fiven that:

[tondition(roia) = homted] === FhOWh{(condition, rosd)

r cen cererate the inference rule:

ffave

.wC!.rNOLN(cnndttion) road) ~-=> [consition{roaed) = . NOT.bombed)

Which ve may ther opply tea:
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{riad = porticular road]
Usino functional aeduction to obtain the varticular
LMOTLENDWH (conadition, jarticular road) -
-==~> {cond tyontparticular road) = _KOT.bombeu)
1
To intoer:
{candition{iarticular road) = _NOT.hoabed]

faue i

inference rule:

e
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