
Artificial Intelligence 3

Lecture Notes

for

Knowledge Representation and Inference|

Don Sannella

Departmentof Artificial Intelligence

University of Edinburgh

 



The knowledge representation problem

Introduction

The Knowledge Representation problem, stated informally, is: How can we

represent knowledge in such a way that a machine can do something useful

with it?

Before answering this question, we have to consider the question: What is
knowledge? There are (at least) four kinds of knowledge we will be
interested in:

Specific knowledge, i.e. knowledge about specific things (in the form of
propositions). For example:

My caris red.
Janet has a book.

General knowledge, i.e. generalizations. For example:

Every human has a mother.
All Italians eat spaghetti.

Procedural knowledge, i.e. knowledge about "how to". For example:
To make a cupoftea,first find a cup and some tea. Then, ...

Meta-knowledge,i.e. knowledge about knowledge. For example:
Travel agents know about airline timetables.

"Knowledge" would be better referred to as belief. It is possible to "know"
something which is false. Refining this: "knowledge" in our sense is
usually belief supported by evidence of some kind (e.g. the chain of
reasoning from other facts which led to it).

The use of knowledge in “intelligent” programs

Almost any Al program has knowledge of some kind -- some people would
go so far as to define artificial intelligence like this.

Expert systems embody knowledge about some specialized domain. For
example, the MYCIN system (1976) is intended to assist with the diagnosis
and treatment of blood infections. MYCIN assists a physician who is not a
specialist in antibiotics and blood infections to select a therapy based on

what it can infer from tests, etc.



The knowledgerepresentation problem

Ingredients of a knowledge base:

- A representation language for expressing the knowledge

- An inference regime for deducing things which are implicit in the
knowledge -- generally, there are infinitely many useful implicit
consequences of the explicit knowledge

- Some knowledge

Simultaneously producing good candidates for all three of these is the
central problem.

Desirable properties:

- Expressive adequacy: it should be possible to express everything we
need to express.

- Reasoning efficiency: inference should not be intolerably slow.

These are mutually antagonistic goals, unfortunately, so this is a difficult
tradeoff.

History

Aristotle mentioned logic. But Leibniz (1646-1716) was the first to talk

about a calculus for representing and manipulating ideas in an
unambiguous way just as numbers can be represented and manipulated.

Turn of the century: Frege, Russell, Peano invented symbolic logic.

More recently, philosophers and others have discussed different kinds of
logic for expressing different kinds of information.

First-order logic

First-order logic is one of the most popular knowledge representation

formalisms. Here are some examples of specific and general knowledge
encoded in first-order logic:

Mycar is red.
red (GSX638T)

Janet has a book.

Ab.(book(b) ~ has(Janet,b))

Every human has a mother.

Vh.(human(h) = Jm.mother(m,h))

All Italians eat spaghetti.

Vh.(Italian(h) > eat(h,spaghetti))  



Inference rules can be used to infer new facts from known facts. Here are

two examples:

vx.P(x)

P(a)

P=>Q P

Q

So if we know “Ail Italians eat spaghetti" and “Luigi is an Italian" we can

infer “Luigi eats spaghetti":

Vh.(Italian(h) = eat(h,spaghetti))
 

Italian(Luigi) = eat(Luigi,spaghetti) Italian(Luigi)
 

eat(Luigi,spaghetti)

Some problems

Meta-knowledge:
The problem is that predicate calculus is for talking about things
(people, objects) and a fact is not a thing. For example, consider the
problem of expressing "Pat knows the combination of that safe”.
Suppose the combination is 42-25-17; knows(Pat,42-25-17) is not good
enough, because if the combination of some safe in Abu Dhabiis also
42-25-17 we cannot infer that Pat knows its combination as well.

Almost-universal facts:
Birds can fly (except penguins), all humans have mothers (except Adam
and Eve), if | throw something in the air it will fall back to the ground
(unless it is hit by lightning, is caught by a bird, etc.). The fact that
almost nothing is really universally true causes problems because we
don't want to qualify every almost-universal fact with all its rare
exceptions.

Procedural knowledge

Events which change the world:
These are particularly hard to represent when the change is continuous

(e.g tree growing) rather than instantaneous.

Probabilistic knowledge (like in MYCIN)

 



Summary

It is important for "intelligent" programs (expert systems, language
understanding systems, etc.) to be able to express knowledge about the
world in some explicit symbolic way so that inferences can be drawn from
it without too much work.

There is a range of problems which makethis difficult because the kinds
of things to be represented are so varied.

There are several competing methods, each of which is good for certain
kinds of knowledge and certain kinds of inference. We will examine three
main approaches in this course.

There is no known universally "best" method -- this is probably the central
problem of Al.
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Shows hak Po vle ts vedi:

c'| cv clvaP| eve!

T
 

    DA
M
A

4
4
A
I

A
A
A
A
T
D

T
N
A
A
I
O

 NAD
A
D
A
A
N
A

v
a
A
A
A
A
A
G
S

4
3
4
a
7
a
n
a
7
n
4
a
.
4
.
4

N
a
a
a
n
r
a
n
t

Whenee both CvP wk c’vIP is T, ses Ce!

By fre weg, Sine VIS commu fe pve, CvP = Pvc cn

C'vrf = "Pv c! De De onl, of liteeds ahor 5 uninputfawt



23

A speak case oF venahle ~ free viseluhin 13 fe

mep nk: A>8 A

B
Sice ADB = FAVE, fhe 15 jusk

aAvB A

B

whieh (s [RXR Sar as pre rhe abo, Where P=A,

C=F «2 c/2B

2. Binney rsolvhon

fhe fre clavses mb YF eonhin complemtrfory |fords,

bt it aight be price Pp paler. flim cornph

appns a shshkhin (<¢. rhicy « spent Case

2 Mihir toms fer veviebles) :

CvP civ!

(Cv! dy

whee. wp 1s fhe nosh yrntek ube of PP
Pe w(P) = oP

3. Full Cesolufiey
 

Tt weg be possible fo ebajnake nef yor ors be

Sevtnk (i treds simulfencersly.

‘

Cv Pv - Vang Cvs! y.vrP,

(¢ vc!)

whee f i Mh yesh” pooh unhv of HM fhe P's avef P's
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Je. redifen rotfhd

Pork by reselifrn prec as hhess:

[. Torn firemises in CWE. Ratt: seh of clauses.
2. Negak Pre coarclesion; pen sh ah CAF. Reself: sef of cleeses,

3, Take unig of bank 2

yy. Ap rts [hon wk. uh! fle eorpty cbse Ss obfriaceh

(Pe empl thse ts a dhssjuacba con Piney re lhxds)

This awevg pPo«w pref L, vedveps ade. abserelum oF fw

conclvsion from fhe premises Since PR erp chuse is Cg vive byf-

b F.

Rese ly hen is comtple fe for jak wale Lasse.

Picsovedaon 8» rela Hechmiy vk speed up
Cason ing abel ggvelhy The rele ss:

c(t) T=s
c(s)

Logic fee knorledge expreshes — weap

We've cove pnw 05, pan (ope (wy 5 imple bt bot feo vseh)

ane festever logue (quite vseAl fer eng trey dog Asn beroolledye)

ovteon pew ls by means of- 14 Prence. wes, ent hos

possilde fe speek »p fia opem, pry vsiy fra resolvfon mtfel

So Pre. den ss thake fla knestebse bes ton funy a bunch of

frsi--ober fenvke, ake fa artm pev'7 6 wed fe make fiefs

which owe umplract jo far beaneledyy .  
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Some peubloms with ogi he hnnlledye represabpes

Yor tet prbebly Prinkiog fut— thy scheme ts ol Wey nice

an sce bv Somthew xb swith plavsible that keirowbedlge

1s relly 14Pre feel jp fe fim of fornulne in our hents

ark lerely we ae wef olaray Presremg pow when we bnalee_

Loanecors between Paps Prop we knew (fr ome Prng ,
~O make. mutales) ,

Loge 1s also wt god af reprcsenfres whe ~lerewlelyr ,

frre deluc® levechulgs or pecbebilishe levorlibso» or Pra

dex flap objets m « @vhn clss have olefaltpres

ruhiefp cn be ovevidlen ow oeasiin Ceg., byks

can fy except porns: tan't). Jhese foblens con Bee

vurcome bp fhe slums Gre roe or lass clumsy.

ArtePhu eg — ball howlebye is reprotatl «3 + bench
F bits, st vet seem fo be deffriclt- po Joa. angFaany.
TF we wank po for whh-wlhv a hh 1s we Sem fo

have. fe seh Parngh a & Asbrbase- kr « Ap of Shaw

frm aclour (foble, ---) w wh Seems oly dfpilf. TR

coll iP erg tol Pha wre sholb ef hee) tt yeroerately,

LO if shell be diate, Conney, wilh fhe «fur feneledye

we have abl flak Able. Jn A, fs sah ow penbly

velid coibreises of. begun — Shere are sephisfreak, (redeving

Shines whith ante if possible 5 fod) Pho right Ack

faicly Asp.

Tere Aare oli hrowlidlsp reyetsenbohoa Srhemts whieh stem

lb Lest sipuberi) more attra.
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thus jen pies whaf- is Somefritz known 45 coonme

Clone 4. We walk p rfOsea fps od aaupls

jn The ressk Clonowttel weg. Jas mens fast- we

wink fo aflach a prprty Nhe “bas wyge" 2s high Y
in fe bachaciody”7fisiee7 [ban guilty

mm dikesfoes bower “dwn,

Tut Gel spite dens ny objet - ovienfe Wo: amin.

foryeitys she SOLLTALK. / p J

SipsAon'S
 

Suypne we wink pr cops fle fat fr “Uyrle. owns

once“We omght- tnode fis VSteg A

link bebueen Clyde an) us neh:
Isa Sa

@
Buk fhe psn’ frk night See. Aye wnt owns a nbs

frown Mech nh Sophoaber Ja hogic we wotpobebhy oe

4 1-ccqoeealp— prrdieate :

owns (omner , ownee, Shhhee, enolprove.>

fhe wl oF gress in Serranhe pnefe pe “ ong

bray prdicaky. A sofufun 1 fo chor wedes fo ception
siafons an achorg as wth «5 objects atk sefs cf

byes Lach Sitvahin nocle Can hve 4 Bk of oubgoing

Ares uhed 4 case frame whi are ala eye

Pyefhar. For fous craryple we. need a Ose frre. 1

| wiry arcs (ples one ayy That fhe 1s a enfe. fame):

an ownershi?
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&“| odfor Gophnbo)=”

bun-79 Knows Tat kts syst po ha fuse Y ares

decaise we 4 ewngshis .

One inpuifigl— 38. Fh fla ts flake we can avange Phrgs

50 fale poles Iibe one inhenrt ded ules for

thin ef fewfete. foe example, fhe dehlt yahes

fee srt pre anh erbtme fr fhe sifvahin of oonecthly

nigh be J bepinavey tok end of fa wheels hk, eqpetnely

(He ownership hy # compe a dehuf/f valve clapench ‘

on whe Pe. owner fe jn & “0howler pis Fane. foo ki

at complex tass—refetur ‘6 reo easy fr arrange wif
semon/re ne because fore iatk rod, ang whee 7 dang

Tew. cegucead bh oF cle.)

hehlb arkwraden Thin

Serunhe nehwrths make it Gas pam fc vo Aes

4 «a dass fr be inherfeol by fencesCok Yah Von

Somefines we web flese nbecifedl9 his fo be

reyeatedl as Aehelf valies which tor be ovevideley

, fhe above. Cnemagle with dhe phe & Sit Pree.las in

ark eckfre. ).
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for exempt, bird can 4 :

G2 tia Gilles Isa ~ Grad) hesebihity63) ya fp)

So we hirew fat babel eagles, he tramph Uyile, com Mey.
Bit poguns Con /y. so we need fo wverite the defad-:

OGDD_,
| ieee

C hes-moabi/ity Bb arf pele —~ we ey need

IE pegehon)

We ton use fax sare shea b ceprtstut fo tik Shab Uyrle
ak fly Mtough he 6 6 bibl tag he be he his am

GBGedLD
bas-net-ebiliy a“ability<@
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Inkrime by enhching

bre uschl reasoning Mihensm 0 bsed on prabchirg

atpuirhe spickers.” fh paturhe fayrind— 4 conshridell
Rfitsining 4 soughb—far oboe or oakTP ank itn
taphad’ anyfr fhe. nefrirlle Asfrbese P ye zL Such

an objed chsh. Variable podts n fee fagintet are boar

m fhe rnatchueg wuss fr fhe vales fy, mibf hee fo ruber

fle mahh Phe,

fe trample, Spi we ht « dabbose onhmig fox— rtfrhes

absve indediny fla one “ssfrg Jha Cy eWS 4 pesi-

befvern ‘tkan Sepdembr Supe we wink fo angprer Je

piohe “Whal— doc Cyle on 2" We waspacd- foe. pegrit:

@n-?2)—““* 2)

Ms fragmeab- Is prabrhecl against fre ntfruede dopa bese.

looking foe an orn nage flak fos Gin ber Jk to Gycle

bher iF 15 pine The rrocke flak flr quinee Janke pis

p B brine In fe putt mals wl 5 haa lnswer fo

The.joer

fh ere complicated Cample : "Ig fee « bye vbe ons a nes?"

Mife. hub mrhhieg of fay fagmant—

Grd?)$=»Gir) Mealees rnsharg an ofertas Celyhe

auner 3a bic.)

<ae 154, CP
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Semanhe nefrorks —a survey

Rkefeince s
RJ. Brochman, “On fhe epustemolegen stays tF Stmanhc

nefuotks" 1 Brathown + Levesgoe fasohgs o Kasih Aifratsfry .

.

This 8 a Furey ofSome werk rnvebong Stenfr nepraths ,

You ave nek expeteb pr lacn foe hfik oF the diffirwe

potshins, ete, Jo fo have a prod vadisrrebieg

th whee pepe hae done wilh stanfre ntfuotes,

Guallinn

hektae:

M.R. Quillen , "Weel caneph: é Phaweg and sinvlafoo oF

some bese Semmnfrc capabh pies “in Bachan + levesqve.

huilhin patedvad Th idler oF Senanhe nefrolles 0 /966.

Kk vied ntpiiies ke cepictsenfang fe. semanhis oF Eng hs

wols. Th reperseeffm C vstly rflels fla shvpoee oF

an ccclioneg dicfonn 1, wilh words dthul 67 refeta

ofhe- sacl, (se thanpls bel),

Me. hae 5 Perk tah week foe werk concept) 1S

defred by a nttvee whith 1s gut Feyeln- aieg prike
po Flee worla netivorkes’ aul bi oF frm dre

sicher Ike eapencton dsjachen, wathespon, an
sbyetfolyede relifron. Sevh a wards kehaipor is Mf

a place.



N
U
N

PLANT. 1.

Apparatus used for any process in Industry,

3. Put (seed, plant, etc. + in earth for growth.
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"A STRUCTURE !

Pete :; (antfave ANIMAL WITH3 1 tra
Ayr?

/ i ! ° | i! +A APPARATUSbof Y t wan
' 1 tenon.: ’ LEAF ‘ ~

/ / / rr ~
7 é

a” “ t / ! ' WATER EARTH prop
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a / ‘ ‘ t eA TTT

77 x TN rok
”

mae - Process
/om

our
i \,

‘
“ Wi oot INDUSTRY

PERSON ‘ ‘
Lo tec ‘ twoe

(| Ind \ d5 “BD op
o-/ J

stto PLANT OBJECT
Fons \ \ Reiwaa 2
/ EARTH ‘ '

a GROW ' \ ‘
uo ! t ' '

- i ' 1 ‘
‘ se! ' 1

‘ i 1 ,
f ' 1 4
¢ 7 q YX

FOOD: 1, That which living being has to take in to keep it living and tor growth,
Things forming meats, especially other than drink
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Tt isn't gk der her youn wate , or in ak wht

fhe. APhine ts bene K we jhe pon" ark fl

concept bhoaw pine (oF which Jrere ae 2), fre Paw

sefarte ipe nodes fc Syroagens or not 7 Fobsbly ref

be Qeillian dotsn't aldttss his pink.

Quilon dehres 4 kd sseof csnceot- as ineliding all fre

nodes ye can ye fe shot at fhe fc ve of fhe

wereld ye are inktesteP iy ave fol(ong A He potkes5

f2 vesv/t 15 an enormovs breachiif spud. whi,

exforks my fofs of compl cebeab wes thresghost a ae

ehunk oF fie ovirdl nefralr, gk pees v7 Urclar.

No Conuephs are wine os probe (excpr canjunuhin Che)

—_— eveegHog 1s deft im fews of ofkir fangs th Pha

mameg.

S whale oh )” dbs wifh sudo a nefrile one J”

hove ir?

Qviflan disivsses an infotnw pechnyy tall infecsecfrin

ser which, 1s A nie ercarapole oF foe SNE of Prag

whith bs vey astro m & Semanntfrort yt hs ne

rok ana luge 17 (s«9) loge.

Joe fprblen ‘é a fol 1S of Lompar and? lon keasfrre

fe woabs — frctieg sinbshe an? Swit feren,

her menorgs.

Exanple :

Cpore ‘ O43 tam feck

lokersak: Sal

i) Cry 2 18 Anon ous Pings fe oautee. “ sacl Somef,

@) Te com Ark 3 fan he hb ruske 2 somelhig fess 2 sad.  
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Ihe phe of paprstupren seach Is po Simifeneos Slur

fom fla. foo lps trodes fr be comport, mathing M
fils nodes yes Coa rtavh jn one sHp fom hem (1,

wk ftx reds in fla same. pire), Stew felonteg AA

fonke an erabing Ah Pre mds gos tar rtoch fro

Ploeg ete. unh{ ae ah a node. whi hys artacbg
been martid 5 fpr ofher pretess, hs we willie po

ondrefrg a ‘Sine|pxnwes bt- bap seuch arog Fh

fio fll week caus bor poss oF unkh Bihan
talks abo <Apaneling sphues of achahin. A powk oF

ak givts (80 few pst bake fe tah of fe
ovigiaad ps nodes which relates Prem ,

Hee os fhe txaryple above “jin:

GD

  

      
  

AND R
oe

HAVE MAKE GIVE 5 MAKE 2

‘eso 5 “i

SAD SAD
i ‘

_

Ve
     
 

   

(Posies hhe “he” are wok flan ag ya, 5 —

pferme coy fir th sed weil inttcsecd-)  
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The. SASL 1 which fais 4s Ae pnfotace 6 Pak iE

drreonsprfes Aas fwo OS Mere buntus oF mnfreaspon

Can be pe ropa fe pr rehhinrs betiton Fangs.

Hex,
Aench oF inferhr = a wil dfnifrn = Aphn

fh (plre - hegping”path Hh Mx one bepreen Gy" ane?

‘Corntort" represents an cles whieh Is peaphint m fen

dite whidr yas fb in,

A frblora jakesedrm Stir, nxefficstatly cantareg?

fais can be seen fe nesapre responses — fa Comput

hos ty Stak as fee es iE om )° x +h fiat PP

fur can bs ane varhtel, The ds Pik an tore

Awecpevonach a neeclktd. we

Goths ancl Qvifftan

Glas a Beillen did some CAperimenls arr? 4970 fe

fest Me foghelogienh ehidity of Staanhe nefrwks,

Has Skin

Can Move Around

Eats

Breathes

  

   

    

  

  Has Wings

Can Fly ish

U7 tas Fins

~~ as Feathers

——=—Can Swim

SSHas Gills  

   
    

 

  

  

  
 

Has Long
, Thin Legs ean Bite Is Pink

strichO——|s Tall Shark Salmone<—.. js Edible

Sis Yellow Can't Fly 15 SA swims
Dangerous Upstream

To Lay
Eggs
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vice repos jhe. fle one above — simple. class

hiwchits — ale Hesfol fla reachn poe Lb sbyets,
One woe eapect- fhot ie wold fake longer fe olfire

flue "A Gan Ms shin * flew "a Canary “a chow " Since.

fie pony reg dors Sercchivy Farogh fre level of fhe hyecarshy.

Phe vel nite eonsistin f- wih etpecta frond AAflog h suid,

ee G@ve “ete Concliswe .

Wingten

Refrence :

PH. Winsfon , "beavaw sirvdin? dbseriphong fon ekapes"
| 7

1” Brochmnan t devessve.

Washo abuclopedl a prgrve in Is fe berarg Spud

diswphorg oF .,ects - fs yarn lest fhe cacept oF

an ach by beg fon wits A Seis of cca mp be

ak wonexamples (non crariples Were suprsd fo be
fear muses, sine fo vb, nen Cearygles bon

je “7 Inforerafro), Lah om bguvafro cola he

reprtsinfed by a refrwote, nk "fle ove cane
is a nttoote which combmes festa ef fra Chamfles

an excludes Rebiets oF fra pon-ceanplts, ebfnudl by
compecing Fe nefrrdk ryrestaspress.
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Het 6 A eeaprcoly simple Chample + The. oncept ha howe.

 

 

     

 

 

 

   

House Near miss

(a) (b}

Neor miss Neor miss

(ce) (d)

 

feo fhings gre. Jor edge [shel. he. poem trams

abut Cerfain Spe Things fo Sftk- wilh : Supe, Supe,

neg, shinelicg, abutntnls th-



yo

hee SR pore comphriated esr la (fe. out ef an

ath) at? fle "hod hud rts/B. ”

Arch Near miss

  

   

     
 

        

(a) (b)

Near miss Arch

 

 

    
(¢) (4)

   

   

 

   

   

  

ONE-PART-IS

GROUP -OF

HAS-PROPERTY-OF

“NN

MUST-BE-SATELLITE

MODIFICATION-OF

 

   

SATELLITE
 

  SPATIAL -
RELATION 
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Dre ta ketshog thisy ab- Winspoq's nefoolis was flad-
fe relhooships bthten cones oll fumsefves be

rodhel an tlhe abo} as bon eff. Foe crxcampte,

fla Sane. nobshog can be ved! a describe R as

Lhrk Conk fp sey Par leh and egbteok
an spahek reliprons Ws are oposite.

Schank

Refrtnve:
R.C. Sthank ard C.J: Rieger, "Inkertse- avd Fa Onpufe-

ueelsprehng cE nabrd bengeran yn Brachrnan t levegee.

 

Shunk nvtakh canuppurd nofsfrmn fv repreentn

fae. meanieg ab Raters mm ub fe “Kt. fe. rh. “s

tr reefuee evtytong te a Seudl nombr Cabek 12) Ff

fPirenrifree athoas” fle FIROMS (physicek travstee of [etsfon)
INGEST (ety, drinking) th. flue are sho celrprashyes
bepreen, ats hhe cavsed Py,

for sao crncepfreX ce none pe tafy «fe fre enol’ of

Az NeWak Lege Puen,

Hee are Syme examples +

John put fertilizer on the plants.

lants
John Zo PTRANS < Fertlef Pp

 



Yr

John donated £5 to Oxfam.

oO
John G> ATRANS to<{_ fay

Johy

John smoked a cigar.

—> John

John <=> INGEST <~ smoke<—]
 
—< Cigar

I advised John to try the spaghetti.

John
I <> mtkans <{. I

t Sohn&> INGEST spsqhet

LS mound <— fit cae.

Tohnne pleasesko

John’s cat was dead.

cat <—— hood fh == choad

 

Poss by
Tehn

John’s cat died.

heal th = deaf

hedth = alive.

cor <_—

 
Poss-by

Joly  
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John threatened Fred with a broken nose.

broken
hose _-—

vabroke y

postyff

Freeh
‘th intend Fre &> Do

f cwse-
Frek <> MaUILD <— Jon> Do

ff ove,
broken

wosee—f vabrokey

Roby|

Fre

fe. mfeenes hich whlbe dove wilh [her refreshes

pnebidacl fring that As ugunk resulf cf an “fry

took foe (e.g. /rexhun changes a a pslhet a TRIMS)

valus frre 5 SonePng epleatty S909 Peak iF fda:

This Wevk 4s relted’ A Fillnere.'s wok oo OSE Shusr

” Ingushes (uhh is rebhd fv fe ounceshyp ose fare

in i lask fedue),
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Rieger

Kefrtree :

C. Rie cs “A 0GArtafren oF KnaNedbye pr rebleon Solve

4 Rapes compre henscom "19 Briheun P loayee.”

Rieytye eeprecateal hs OMenstys-— byori/hrs v5i09 7

Alfred nofafen whi, Shows fie chpenshyps pefwvern.

afpers nn shh. Thin. ave rede, cepseotirg proubre

asus Ihe (h crud dependency bite Abe tekes

reprisenhing shits, Shkk hanes, ways al Hendon vies (ke

gravity). Per is « sruth nak (dt /o) oF

Pompe biakLee whih ar usek fo rycen ¢ [re

eclefrvashifs hefween the. acho, SPY Ofc. (cnendity,

torbMimenf, Contovetne Ch.) Than nefafoy IS cme! {el, "9. ; pone
anita tel? fone seri brig Aa physick s7sfeoms work .

Exroaple: fre pastry ob 4 Ores trap Lfsh plete

 
 

  

 



ys

foblin, wilh Stanhe nefroltes

frre art yavtous frbens wilh using Semanhe ptfrilhes for

hoowiledye reprisesfro. Ta chsses ok porbbeers are

° lah oe Plabilly

+ lithe ho Ate Soranfis

Lack b Ability 7 te nilig fon

RecM fle ntfarech

= > Pages) Is wo-ebily -C9) “>(moni)

Ne. nbe hes-nof - ry 4 Edge — fhe isne

Stase in hide thls yessts Fe neufrea AA fae bak

bes-ablly, at Last jf fhtse see regecred as pak names
ark ot egpessiens wh wl the Ioase in lite abop—
tembrring furan po frm ore. compUo ones,

 

bogie 6 gk sk hrvdly Jas ~ fhats vbeb- 7 a be

lack b leapbelity lang lex dehulh

femme fob by sfleding a fre Nhe. “bes abil “

ban nh hgh“ LLM neal OP

be viel a5 « Akl whi i inhesitek by hve nodes

nless it Is ovtridelty> @ 19 [ie above exanh—. Bek

Ahilfs Srrfymes have fo S mort comples.
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Kel fe Camyple:

QE
~| _,2-2
Dn
a Crs)

We wed |jhe A thick a dAde fo ownership S$ 9 haf

te kthit shotfre ave enlpme of ex hae are
fre owner's date of buch andale reypee]ove Op heyy
Pouays simpb-). Sa, pian a prheda gente an75
cae Paal— Shottyre tv irkfrme_ are fhak-

ferbeubr- owner's burl, dobre an dla. dale vatess pl

ehltrvise.

7h Oo drule A arrange because whik wt rete (S &

sot sf OL.Neb pefectne— "9 ovole ,? compute fa

kefalf vaees ob sftme av trfire.

Loge 1s "7 Al at handlrg Mehlts which ha be

ovreradden. For Cramplt, Les 4 Je. senple Caryl

of biel, onl Aoty wl? Ps ving whrd, can't Fay:

UX.Chl => aa hy (9)

WA» (bableagle (x) > Sif (X))
baldeagle Clyde)

VX. (peagun (x) => bird (0)

WX pin 0 —> ~ ely()
perguin abner)
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From hese Stakes is oy fe rrr
canAy lftn) A 7 ton fy (fdr)

whi, 5 & coatadithen.

To handle fhe ynol of Shug we neck a Aficink sep

of lope calc feg~monefinic bye.

back ~ a la Stora nfoes : [3a bakes

We have rok bem clu treogh abt fx Aff hyefreen

objeds andlbs ob objets, and behoeen sebsth- an minbishyp
Consider:

! Q\ <shdics, pe“©
We can toncludy fhal— Mi d shdies Cyde, which ow

wk be fre. J , 4 ‘7

The prblen Ihab Some rrodlts represeay- padbnducls ark

Font cegrtstab cdessts oF tadwides, avk ssa has Leen

used pp represegh Lofh primpbarshyja naw loss and

inclesia befuten bnsses, Some chss Ppehis Krenek

nbnfee by class Insfanees, We on hurdle. fas (mare or

hess) by making « Astiacton beplit, xn fe shseb- and

ast Ciasfine- ob) Ae miesboshup wh dfiut mfrences
fr tse. dhe Inks.



uy

inst|

Note thal endangered! Sfevies 1S realy « Class oF clsses,

So bald) engl is an instna— of eralangered 5, aa. We

righ ned dilfint- thrindlsgf sridits Links fo make.
a distor bepween study an padhoelved,7 SM V9 & chss

HF indwidiuks wt [PR tase uel’ hue) sh 9 a hss

of thasses of padres.

back of a hse stenenlus i ginereh probloms

La geored, vhut- bis Tre pnofafron prtin ? Lonsitle :

Clon——Eiphed
J tolove

Whar 45 beghone-¥3 Supper p cepresen In sith a nt}wefle,

elaittg? The cones oF 4 blk felephone. 2 A porhooler
ble” Jeltghone 2? Bn infmite Sieg blake. fluyhane 7
A rip blk Heliphone. ? Some. kind of asstrfon abof-

the cehfroashia befrietn Helephores are blackness —~ [had

felighons are blak Cfresun ably jot See. felagphewe, ?
that abel felephors : is Sha Nu lass of Ah peliphonty

fhe. concept ob « Hypbow., w 4 Apud telyphone. ?

 

Db npepahhions sypwk dflenr jinfrea ws, Se Sher' PME OOO
j5fors art nek™Jo hurspltteg +



44

for Mort nifrers” hog fase. Irs, see Pw cbssie in

"What's in a Ink.» fondshors br Stranfri. papers"

by WA. Works In  Beachoan + Lust, os n

Koronedy Kepeeseabrfon.

Londvsion

Sevan fte netwerks are a fpr cepresenfafre7 schime m fl.

fhe. nefohon Seems fo phere Seomefang \apectnk— nbooit—

ASociafien in Pre sy helogy of mine hich ss

Me cchren aye, oF being esi paploremfable bing pointes.

Bp fox Simple en of having pols whieh, rt presead- Thing

In fle week! aL bes he represtae- ‘beh a

befuten Prys any be poset po fr.
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feames gre «a scheme he resenfag Kron abefo—

Skreohped objets ark hub. 7ityog pb
ply sina fe Stranfoe nefotes jn many wings hop

Sine a dan as do‘i (ans Jhs simdan Ks

ps jmmncols}ely af rent. a Gre mere. thle. fhan

Strant. ntpirks “as we will See.

framts “ee. orgs repriseok by Snsh NT) we

basis fe LaneY preypheinkhagnge

delogues, ane’ Shee complex behaviours,

Ne. ebessie /9 :

M- Mrnshy > "Bt fameiotle fv reentry Knovdledye. “

1) Bracken + Leveggee, Measles 2 Kiitellebe Kprse Abe,

Sexpaps art fartlhe Shwcfires adapfeel A fhe

represen tation oF shirtohyped, deg vontes ef teats.

Ser) fs were. develo by Sanh sre bbetron, Jee sds

woease Ja ee7

K Schank pv h. Abele, Serh plus, ands an

ndesfardieg Larvtace. Erlbaung fe hg, /977.



vt

Fumes

A frame ts bass cally & record! as in Pesca L, wilh a avaby-

of hdks oll slots caning values called fillers.

You Gan Pink of @ fame ais berg wa complex nol In ew

Stranhe nehurk, wilh one slo berg fille wifh Ju ange oF

fre. objed fast fix fame. neprseats ante efee- sols berg

Blk wilh Pe wales ob yous sHabufer satape? wih

fe. objeuk:

hike Semanfre nefoekes, fame, yahe we oF deh are

ahecsfane of [opts beeen fares whit are rebfel

4 wor Be lor a km f) relation. Me ab oF fares
jn A S95fem fan 4 hjecuthy wife, hier rock iy fle

5 stem aebhong shh whit [one lerk® farce shallfrovde

wilh kes, someones with 4 ony oF prs Gj valves Or-

a dehy: ve. Tf 4 sible fo pride a prrcedere. fal-

Gn be call A prvde hls rife [han Je « vale.

[fle ph tom fer fa is prudwd afahrinf-).

the orgAnitalin is sypestel tv frufate capechlirg -dy

pressirg, 19 which ont looks A Shiigs faa ave eyete”

in confttl- wae fick ond MH '0., One hoobes

he thes fr {tr info shfs im fe wntal fart.

Fee trample (nele that fa retsfig 9 nab sfrubecdived/):

fecson : a teal oF Dey. wih



ge

Expy lam hil of Baicg wh

fetye 6 laety wit
Unifs + Years

Geng : P-l2o

Heb + 0 Lepety wilh

 

Usts + feer

Krag : o-§ .

Weght: 4a Lopely wih,

Ynbs * Bunds

Kaye> 0-300

Freel. ot Basra wilh
Age : Lo

Wenht: bo

Tee Pein fame can be vie ap 4 decbaha — it seys

whik shribitts 4 for hos (em, height; wtght). The

Gttnbuits fhemselets ave. etpristnfedl as fares, Ade tan have

PLCS oF ftir oun,

A kino wt" rthks classes (lh bck) 7 lasses, re,

it cotapoas A fe shek rthhon. “AY [sm

Keoshp ate ) relates ojeuhs Cele jrsppnes) #

classes, 0. ob conrtgporcls pe membeship.
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Another earyple :

Gr + «4 kine, of 2 wil

Ganky of meat

Mile per Geflon

eluh/bg
Gvafeg oh Man vfahie : 2 Eapety wil

Keng: (brikin, Fran, Germany, Thy, Japon)

Miks 72 Gahoa toa fepely wilh

aye : D-/00

Keleaby lie A Lupety wilh

a : (Le, Meolum, /yh)

Giteen +: a bn oF Gr wif

Gounfry of Manufpire : france

hele bi].ty J Aicdim

Gren GS: a kind of Ghaey, with

Als Pc Gahon : 32

GS5X 6387 7 a Citwen 6S whh,

Khibils : Low

The mpd lar fro hetero ieots - hee. any oF ts

poprtes. already flee mn. Pome, fre Mpa Cifrtr is
a mtd phabl. or aude 1m fant. Fb peel canwuenpfen

dyteds 4 fre nackefZo Ofrtn GS fos $2 mp4. br

“ Cikrtn GS pale es rersble as « yore linty. Tho

fhe fame fe my bor GSX63KT) sherds 1 toonfey ok
thanfatvee from for Lift, frre, se fe CGprtaGS

far fas, bt tt overwrite foe blebilty Soke flr

ty heefel fom The Ginter fore. I haat a3 mies pe

pollen fom fre Ufrer GS fare, Macy h Priser hyve

fonpeel 45 well. Is pf rms au ey of

is sss, Crta Sho h if yolks som oF fee Ye

valits yy fle lip SIM - w PD  
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he wih sirenre rth” jie subclss ctlafren “s per fly

fhe Sime as fla sbsef pthhr gh Sek Shewy (Sine Fame

A Pre seprebss Prprhs meq be vrlSeof 4y fre sbelas),

hor ts sna rtlpin Tre seme as’ Sth rembeship.

Mut we hue her iy more 4 fie Of Cap/veg fb

ehfreeshya beAver yr n wndivider conegas.

hell Jest fague file fe handle ahd whuh colo

be overridden [f cxaryple of bua whch can ft

valess hey are puns hb *# /ocensiskaey). Kz,

tn bundle Sei Fhregs «s fhe aghue exangyle Kerenshapes,

Minskys lr sath Phat (ogre ‘b narlepeabe pr

kirerledse copresea fa hron jot becuse wp te nd é
handle fee bard ok mba remsenitg whidh, Akes

ple m pepes! mds,

Be fame poblem'

The frame prblor" dateussedl by [lacPog ad Hhages

[mn Some. philesephiced frbens fom Ste Haneprota of

athrwk inpdlienr" , 109) hes pr the mf fe
my of mesh hrerteAy repciseastion Krendios pp troll

re, Side ks of afpueg —_— heeriry wherh

Fhangs jn The wrll are. ; ne i pve. as fee tsufpr

of an action, ard whi favegs ave spl Pwe (fe

lll ‘B herdler).

The fame probln tas rafting fe he al fares |
Merype have bn ty Tas Kemimalegy.

(Ther sa slght- rthhen Insel «s beh bere & ob wif

meddling ptatrens, th, bp See Same “an be sand o£

task concepts ” Ar.)



so

Hee lp a were coophake examg le, in 4 dbwk mb:

Generic RESTAURANT Frame

Special ization-of:

Types:
range:

default:

if-needed:

Location:

range:

if-needed:

Name:

if-needed:

Food-Sty le:

range:

default:

if-added:

Times-of-Operation:

range:

default:

Payment-Form:

range:

Event-Sequence:

default:

Alternatives:

range:

if-needed:

Business-Establ ishment

(Cafeteria, Seat-Yourself, Wait-To-Be-Seated)
Wa it-to-be-Seated

IF plastic-orange-counter THEN Fast-Food,

IF stack-of-trays THEN Cafeteria,
IF weit-for-waitress-sign or reservations-made

THEN Wait—To-Be-Seated,

OTHERWISE Seat-Yourse!f.

an ADDRESS

(Look at the MENU)

(Look at the MENU)

(Burgers, Chinese, American, Seafood, French)
American

(Update Alternatives of Restaurant)

a Time-of-Day

open evenings except Mondays

(Cash, CreditCard, Check, Washing-Dishes-Scr i pt)

Eat-at-Restaurant Script

all restaurants with same FoodStyle

(Find all Restaurants with the same FoodStyle)



5b

In Pas ceample, foe. Spectctsxhon -t  sfof- esPSishes an

fabeciprnce heachy Via /he A bane, of" /9 Jo

pues exe mples, Then tk-needeh subshike confoin
abhachell Prrceduces whih cn be ised Pp FAin fee

shop's yale fF necessary.  Defadf fagests a Pller fer
fhe he valss faire 5 enidence pp fs cot hav,

Eviat- vince. 8 a“ Sery , — Ste beho. hn Jao,

Cromple, The. nobrhon 4 fan pehile ace rok Ioprhuby

ut ts inedvdeo ay an example of a nen -frovief frame.

Serif

Seryol, ae fanelhe sfrefwes adaphd fe fre. frokhe

of Stree type Syitoues of eveahs, pe thoraple fod a (Cfevranf-

Thue “re Afreent- serps fe pry pa ritevanls Ac

Ckanple fez ak fer. Serof- ly heiseyr Ad fom &

dipley wkpt ipa fay, in peg beher eshy)
ti di + wom pha fot toreo wih, ys

ire. betnd Pegin hegre & Mt wih 4 dy fo

felheg Zop) whidh, is Afhernt- yom a Any rofsvrant—

Steph [sit don, whifress [osteo takes vahe, fel Comes,

/7 «ke oxtng > th).

Thi. Gee anions faheesfon Joes — abut fotyy Heide
The a eea Serf 4 ypye ” a je Siheafon

al ahi Leta nin serps. See Sdhawk + Colby

he ld fen hth.
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Her 4 fre fan réhurndk Suypf3 “pura, She. noftfron

ane fre athife are nek linpectonbe-

EAT-AT-RESTAURANT Script

(Restaurant, Money, Food, Menu, Tables, Chairs)Props:

Roles: (Hungry-Persons, Wait-Persons, Chef-Persons)

Point-of-View: Hungry-Persons

Time-of-Occurrence: (Times-of-Operstion of Restaurant)
Place-of-Occurrence: (Location of Restaurant)

Event-Sequence:

first:

then:

then:

then:

then:

then:

then:

Enter-Restaurant Script
if (Wait-To-Be-Seated-Sign or Reservations)

then Get—Maitre-d’s-Attention Script
Please-Be-Seated Script
Order-Food-Seript
Eat-Food-Script unless (Long-Wait) when

Exit-Restaurant-Angry Script
if (Food-Quality was better than Palatable)

then Compt iments-To-The-Chef Script
Pay-For-It-Seript

finally: Leave-Resteurant Script
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Produchon 2yakms

Produchon 348 eons wee for discussed by fost in fhe 1940's

and Markey in the 1950'S im the context of auvbmata Prtorg.

The basic iden 1s that of cules casatngof aadihon ~ acfien,

paws. An ahon an be perfect pow that its associated

enabling cordibow us sahshel.

These niles are optlerd pooduches wks or jor prodschoas .

A predvchon system hw 3 po:

- 4 coke bose = «a set of pordvchen yes

«a date studvre codlul for centet or wodeing memory

- an inkepee tee

A prdichon leis a statute of the fem: “i this corglihon

Wells ten PKG achon os “ppp

for example, the le

Alungs dirwe wih headlights after davk |

mughh be encoded as the vebon ovle

If after - dark ak dewving then vse-herdl lights

Tha iF pet of fre vile, calle fin. cordiben states the—

evdihon (3) tak ask Wl ke fhe predechon wl bh be

applicable .

fr then pert, collec the achin, gies tha. appeeprinte
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During te execuhm of fre sasten, 4 rele whose

toudi fon is sahshel can fice. provielul the nterprebe

selats it been amongst the others whic have their

canal boas sah hed at Ae same timer.

The cndlihons reke fo the eater, which can bejst

a lst of symb-ls or somethy wilh mart sheyvre,

The ondihon “cam chee whethe” cevtim
present m fhe untert, an) fe achon can then hanes

the context so that ole miles will hae teu

condihens sahsheol,

fhiegs are

Pre intupeetic’s main job deviig whith ple te
fre when (ss is very oftn fle. ase) flere 15) more

flan one nile whose concliten b& sapshel,

Examplr (fom thy HerLbeoke of AL)

Hee wo vey simple prodectoa syShim which can be vseof

fe doncby fre iteras.

Podurtions

1. TF wj-wntecr “green then addcontext “produce”.

2. IF la-wahere "packed? 1 ste contarner tea obd-ortat “dereney".

3. JE wena “eefrigernbol or ~umtat “prdves.”

then addcontext “perishable.” :

4. TE m-contect “henvy” aR Mmentt " we"
an tet I> enka *pretshable” Then abd-con torte ‘staple.

5. JE m-unter “presha ble" an’ 1h-confA “heey

thun add~vontext "fockey

6. i In-tonkar “heswy" an th-oanfack pode

flan slel—-uanate Muatermelon” .



Go

Tw. toateat- here. is jor a hisk of symbols. Da- contx

Bow predicate whid,  chedkes 1F a yo symbol ism

te (sk an abl-onterr adds « syenbel fe fra
bent oF fre list

latepete

1. Find 0 prrdvchene whose.  enelifions are. subshel

a make. rtm applicable

2- TE mer than on prrduchon ‘Ss apphiable, then

deactvale a duction whese achon eadlols ~

duplicate fybol to the untext,

3. Exevde fre pefey of Me lowest numbered

“ppheable produchen. TE pn. prdy chon Is apphabe

thin quik,

4. Reset Pe “pphebiliy cF ch predichons awl rthn fo I.

Ie inkepecter pore In a gu. dn Cah ge, fr

poduchons ore Oamned fo see whi are ppopomte

dee bring. TE more than one ts reek. a single

predvchen ts stlefef fom | m. Finally, t+

prdeen is feed, Pres th phases are

pitching coaftict ctsoldhy ta actor.
 

Ja evr exaraple, Phe eonFlic reselvbun passe fest Alitecs

wt wes whih would nef predew a raves hig chante

fo Tie ontat (fhe prevents eg eles as fou aS a

ave. owly aflene tr abl - fy enteat) an then

selects the Ast of ohh Prox whi are applica ble.
Typed, coaftif reselu tes strategies ave. corsa

mere. emplica te,
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Copvoydap¥spp|weLanqvoydleww9's"a)

Powayuml‘mped]=prove?=

(aodes|myeLyws)

[Paveytv]=prapves

«phony'umb] prawenpryulmyewyLams
wagswryrayasdoyVARRM4!seoddeyyr”aH]

19



6e

Sime guts mn the Aasyn Lpodetrn Sysens

° Coplexty oF ondpos ol acfyrns

To mie rules mere anf, we can allow! foén

conten yarirbles cybuh, are bord alvin metehing

ak whese. Jeope ectinds # fir er oF" fr vole.

Copan (08g Prolog - Like synfax)?

Lage Pee, 3¢) aol vnenplyab(Ate)
then chim [ferec, vneapleymeap-beneht)

whuh ool ple Kh Beker when he ws Be, ls

SE apelh A) and unenplyed (f)
% ISSA anh Hehe

fea dun (ho vnempliyntbeneht)

flere cond ron ar action tan be athis

hnks EF LDP code. Ths yes gkfer" ber

fours abe yok frboh-h pr makirg an

Chermos oes oh Prrys it fe proces s see

0 an vn lsevplineef Ww)

© Stuctwe ok fn rk bese ancl confer

It 6 dsinble fw shhe foe. le_ bape nf é

bs by se 43 fo Mo! rd dfemmafon ab fhe

nts Arh ar opliable sifafon . Thus can be a

mafic of “compiling” fe nbs info a sensing Pre
or foPhony Shera Recoraling rp Perr ondfog Jo

Pha only a relfr sal nomby fF res bow

h he Exarynteh oh Pre making phe (A Ree

abyoTbrs ).



G3

Tes— water” can tse be stubreof fp Moo? it fo

represtat prove, compherked sipve prongs. fie example,

Some Fysherts use a semanhe. nofwet as conket.

© Cnfhef- resehon

fhere ave. shategits he cheosin beAveen tM

fre nts whey vi applien ble 1h ang piven egke

Sane of fla. Aerwnt- affroahes !

Cheese: :

Lo fe fot rte (aeeocbry p Pe srl ot pte;

in fre. pte base)
2. The baphest- aber, ree

ee rte (fe ond. wilh Jor rsh3 fu mest speuiffe
deforleof Lard,or whit ts sepshed)

4. fhe rhe fat rthes b fre mast resent acbled?
elemeat- of fre content.

S.A new nte (one whih has nok been vstel )

rlviews'] — a, Gvad fhe Most ct viel rte

gerd ee “t6. An ar fae

7. Dent choose — tyglorea chores inpacded

Toronado i] !

Pelociness Don't Se any rhe moe han once

on fhe same dar. (se — above)

hong: Vse- most rt ahd def ia preereace

fh hh which te arene! fr awhy ] abet)

5 hus, : Res hav. condifons which are Mere

adhe)t p shiby are preeref ((3 above)
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o Mhrks

Pha. poodechen syshm may meld. les which contre!
fae ofliates iF her nites, 7. mia mebirt

dingnases $y 5kom ha MICA we mighb- hee « ne

which sags Prat sh we are pleating “fh an

aleeholic or a bum pipet far beastlar ntes

hich menprr cartin diseases bahre vtes wha
minhon 9fir Ascrses,

See "A shock yntreduipry po OPS” 4 Pete fess hr
infemshin abo pn prod prrdhefrn rte language.
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The tradeoff between expressivenessandtractability

Introduction

The role of a knowledge representation (KR) system is to perform a class
of inferences determined by the propositions in the knowledge base (KB).
One thing it should be able to do is determine when the truth of one
proposition is implicit in another. But depending on the range of
propositions which have to be dealt with, this task can be either relatively
trivial or completely unsolvable.

As long as we are dealing with computational systems that reason

automatically and correctly, they will either be limited in what knowledge
they can represent or unlimited in the reasoning effort they might require.

Reference:

Levesque and Brachman, "A fundamental tradeoff in knowledge
representation and reasoning” in Readings in Knowledge Representation.

Knowledge Representation

The job of a KR system is to manage a KB for a knowledge based system.

The main problem is determining what the KB says regarding the truth of

certain propositions. It is not whether the proposition itself is present in
the KB that counts, but whetherits truth is implicit in the KB. That is, a
KR has to be able to determine, given a proposition S, the answer to the
question:

Assuming the world is such that what is believed is true, is S also true?

Determining the answer to this question might require not just simple
retrieval capabilities, but also inference of some sort.

First-order logic

Deciding whether or not a sentence of first-order logic (FOL) is a theorem
is unsolvable (i.e. the set of theorems is recursively enumerable). This is
bad if we want to use the KR system for representation of routine common
sense knowledge: bogging down on a logically difficult but low-level

subgoal and being unable to continue without human intervention is clearly

an unreasonable form of behaviour for an "intelligent" system. If the KR

service is going to be used as a utility and is not available for inspection
or control then it should be dependable both in terms of correctness and

the resources it consumes. Of course, the same problem arises for any
language which is at least as powerful as FOL, for example English.  
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There are two ways to avoid the problem. Speeding up the theorem prover

helps but does not solve the problem. Another wayis to relax our notion of
correctness, @.g. by making the theorem prover always return an answer

after a certain amount of time ("unknown" if it hasn't been able to

complete a proof one way or the other). This might be acceptable under
some circumstances but it is not a solution either.

The power of FOL is used in KR not to deal with infinite domains (this is
its main use in mathematics) but to deal with incomplete knowledge. For
example:

1. astudent(john)

This says that John is not a student without saying what heis.

2. parent(sue,bill) v parent(sue,george)

This says that either Bill or George is a parent of Sue, but does not

specify which.

3. 3x. (cousin(bill,x) A male(x))

This says that Bill has at least one male cousin but does not say who.

4. Vx. (friend(george,x) = Jy. child(x,y))

This says that all of George's friends have children without saying
who those friends or their children are or even if there are any.

The main point is that FOL is not used to capture complex details about the
domain, but to avoid having to represent details that may not be known.
The expressive power of FOL determines not.so much what can be said, but
what can be left unsaid.

Last solution to the tractability problem: restrict the logical form of the
KB by controlling the incompleteness of the knowledge represented.

Database form

First type of restriction: database form, i.e. restrict KB so that it can only
contain the kind of information that can be represented in a standard
database. So for example, here is a small database containing information
about university courses:

1D NAME DEPARTMENT ENROLLMENT LECTURER
cs248 Prog. Languages Computer Science 42 F. Fortran

mai00O Linear Algebra Mathematics 64 J. Vector
cs373 Anal. of Algorithms Computer Science 52 H. Polynomial

Translating this into FOL gives something like the following:

course(cs248) dept(cs248,computerscience) enrollment(cs248,42) _.....
course(ma100) dept(ma100,mathematics) enroliment(ma100,64) .....
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The list of sentences does not include oneslike:

dept(mai00,mathematics) v dept(mat100,history)

so the range of uncertainty we are dealing with is quite limited.

Now, consider the question "How many courses are offered by the Computer
Science department?". The knowledge expressed in the above FOL
sentences is insufficient to answer this question since there is nothing
saying that cs248 and cs373 are different courses, and nothing saying that
there are not other courses offered by the Computer Science department

which are notlisted in the database. But from a database point of view we
could answer this question. This is because there is some additional
information implicit in the use of database form, namely the assertion
that each constant represents a unique individual:

cs248  mai00 mathematics # computerscience_......

and that the only objects of interest are the ones explicitly mentioned (the

closed world assumption):

Vx. (course(x) = x=cs248 v x=mai100 v x=cs373)

With this additional information we can answer the question.

An important property of a KB in database form is that (except for the

implicit information) we are restricted to a subset of FOL which does not
include negation, disjunction or existential quantification. This means

that it is impossible to express incomplete knowledge, and so inference

can be reduced to calculation (counting). We do not have to reason by
cases or by contradiction, for instance. If we knew that either cs148 or
csi49 or both were Computer Science courses but that no Computer
Science course other than cs373 had an odd identification number, we
could still determine that there were three CS courses, but not simply by
counting. But a KB in database form does not allow us to express this kind
of uncertainty, which makes things more tractable.

In a sense, the database is an analogue or model!of the domain, in the
sense that there is a very close structural correspondence between the
domain and the representation (exactly one representational object for
each object in the domain). The advantage of this is that calculation on
the model can play the role of more general reasoning techniques, just as

arithmetic can replace reasoning with axioms in FOL defining addition and
multiplication. The disadvantage is that it is not possible to leave
anything unsaid about the domain. The same is true for other kinds of
models. For example, a map cannot express the information that a river
passes through one of two widely separated towns without specifying
which. A plastic model of a ship cannot tell us that the ship it represents
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does not have two smokestacks without also telling us how many it does

have. This is not to say that there is no uncertainty associated with the
analogue, but that this uncertainty is due to the coarseness of the
analogue (e.g. how carefully the maps is drawn) rather than to its content.

Logic program form

Second type of restriction: logic program form: restrict KB so that it can

only contain Horn clauses, i.e. FOL sentences of the form:

VX4.Xqe (Py A. A Pry => Pry 4) where m20 and each P;is atomic

In the case where m=0 and n=0, the logic program form coincides with the

database form.

Again there is information implicit in a logic program which is not

accounted for by such a list of sentences, namely a list of sentences
(usually infinite) of the form s#t for all distinct ground terms s and t,
together with a version of the closed world assumption which is now a set
containing the negation of every ground atomic sentence not implied by the
Horn clauses in the explicit KB.

The result of this restriction is a KB which once again has complete

knowledge of the world, but this time may require inference to answer
questions. The reasoning in this case is the execution of the logic
program. For example, given a Prolog KB consisting of:

parent(bill,mary).
parent(bill,sam).
mother(X,Y) :- parent(X,Y), female(Y).
female(mary).

we know exactly who the mother of Bill is, but only after having executed
the program.

In a sense, the logic program form does not provide any computational

advantage to a KB in unrestricted FOL since determining what is implicit
in the KB is in general undecidable. On the other hand, the form is much
more manageable than in the general case since the necessary inference
can be split very nicely into two components: a retrieval component that
extracts (atomic) facts from a database by pattern-matching and a search
component that tries to use the non-atomic Horn clauses to complete the
inference.  
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Semantic network form

Third type of restriction: semantic network form. This amounts to an FOL
in database form containing only unary and binary predicates. For example,

instead of representing the fact that John’s grade in cs373 was 85 by

grade(john,cs373,85)

we have to postulate the existance of objects called "grade-assignments"

and represent the fact about John in terms of a particular
grade-assignment g-al as:

 

course grade-assignment

[es [+

—_— mat > John
os873 course 9 student

|e In

85 student

[= |p

grade person

which amounts to the following:

grade-assignment(g-a1) «a student(g-al,john) ~ course(g-ai,cs373)

A grade(g-a1,85)

The main feature of a semantic net is not the treatment of individuals but
the treatment of the unary predicates (types) and binary predicates
(attributes). The types are organized into a taxonomy which we will
represent as a set of sentences of the form

Wx. (B(x) = A(x))

(This is not a very good example because attributes are only attached to
constants, not to types, and the taxonomy is very simple.) The nodes are

either constants or types, and the edges are either labelled with an
attribute or with the special label js-a. (Note that the interpretation of
an edge depends on whetherits source and target are constants or types.

For example, from a constant c to a type B, is-a says B(c), but from a type

B to a type A, is-a gives rise to a taxonomic sentence Vx. (B(x) = A(x)).)  



or

The significance of this graphical representation is that it allows certain
kinds of inferences to be performed by simple graph-searching techniques.

For example, to kind out if a particular individual has a certain attribute,
it is sufficient to search from the constant representing that individual,

up is-a links, for a node having an edge labelled with that attribute. By

placing the attribute as high as possible in the taxonomy, all individuals
below it can inherit the property.

The graph representation suggests different kinds of inference that are

based more directly on the structure of the KB than to its logical content.
For example, we can ask how two nodes are related and answer byfinding
a path in the graph between them (intersection search). Given for instance
Clyde the elephant and Jimmy Carter, we could end up with an answer

saying that Clyde is an elephant and the favourite food of elephants is
peanuts which is also the major product of the farm owned by Jimmy
Carter. A typical method of producing this answer would be to perform a
"spreading activation" search beginning at the nodes for Clyde and Jimmy.
Obviously, this form of question would be very difficult to answer for a KB

that was not in semantic net form.

The appeal of the graphical nature of semantic nets has lead to forms of
reasoning, such as default reasoning, that do not fall into standard logical
categories and are not yet very well understood. This is a case of a
representational notation taking on a life of its own and motivating a
completely different style of use not necessarily grounded in truth theory.
It is easier to develop an algorithm that appears to reason over structures
of a certain kind than to justify its reasoning by explaining what the
structures are saying about the world.

This is not to say that defaults are not a crucial part of our information

about the world. The problem is to make this intuition precise.
Paradoxically, the best formal accounts of defaults would claim that
reasoning with them is more difficult than reasoning without them.

Conclusion

It is more difficult to reason with one representational language than with

another and this difficulty increases as the expressive power of the
language increases. Expressiveness often amounts to the ability to leave

certain things unsaid, with full first-order logic at one extreme and

databases at the other. There is a tradeoff between the expressiveness of
a representational language and its computational tractability. There is
no single best language, only more or less interesting positions on the
tradeoff. Neither expressibility nor tractability by itself determines the
value of a representation language.  
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