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=Thiks IE 3 nomechnical Introduction, mainly thnu exampies, 1o some
rapant 1opics In coinal and game theary, Including adapsve cantrol,
mirimax confrod (k3. “warsi-case control™ of "games agalnst nature"),

partially cbeervable Bysi2ms (aa. contrabed "hiddan Markov madess™),
pooperative and nancooperaive gamea equiibna, ste.

Final Exam

* Final Exam will be May 6 at 7:00 p.m.

* This conflicts with the fewest number of other
EXAMS

Forward Chaining

* Remember this from propositional logic?
— Start with atomic sentences in KB
— Apply Modus Ponens

= 3dd new Eantencas ta KB
= Jlscontinue whan no NeEw EsntEnces

— Hopefully find the sentance you are looking for in the
generated sentences

Lifting forward chaining

* First-order definite clauses
— all sentences are defined this way to simplify
processing
= disjunciion of Iterale with exactly one positve
= clause Is 2ither atomic or an Implcasion whose antecedant
Ie 3 conjuncton of posttive Itarals and whoes conseguant
IE 3 single poshlve literal
.rfl'.'.':-,'-:...l':l A Greedy(x) = El'l'll[,r'_}
.rf:'.l.':-l.'-:'.ir.'.lnrn.l.'-:l '

Crreedy| i) .

Example

— The law says it is a crime for an Amencan to sell
weapons to hostile nations. The country Nono, an
enamy of Amenca, has some missiles, and all of its
muissiles were sold to it by Colonel West, who i
American

—We will prove West is a criminal
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Example

— It i= & crime for an American to sell weapons to hostile

6
l.'.'.:'clll .Ill.-':In.:l A ETTELTE RT3 [ Y W I Hostiel 2] Clrarokiia [ 4]
—Mono. .. has some missiles

= Orwns (Nana, M1)

= Missla (M1)

— All of its missiles wera sold to it by Colonel West

Mamaide| ) A Chunai Yorso, o = Sellal West, o, Nene)

Example

— We also need to know that missiles are weapons
Miazile(2) = Wempon(z)

— and we must know that an enemy of Amenca counts

“hastile .
s IPE:'ir:'.'I-!.II..i'. America) = Hoskile(x)

— “West, who is Amencan”™

American| Weat)
— The country Mona, an enemy of Amnencs

Foermg] Nono, Amersen)

Forward-chaining

* Starting from the facts
— find all rules with satisfied premises
— add their conclusions to known facts
— repeat until

= guary ks answerad

- mo naw facks are addad

First iteration of forward chaining

* Look at the implication sentences first

HAaricrroanda | & a€, k] A Ml gl =

— must satisfy unknown premises
—We can satisfy this rule
rl & Chame| S, 7
« by substituting {xM 1}

« and asding Salls(West, M1, Nano) ta KB

Wi g ] & Sialls Tl o |

_1_r.'1 'i'l-l 1 — -'Ill'i III-' ."l_ h _1|i'.'|||:

First iteration of forward chaining

— We can satisfy
Mussle(x)] = Wenpon(r)
- with 1}
- and Waapon (M1) Is added
— We can satisfy

« wEnemylz, America) = Hostile(x)
- and Hostlle {Nono |s added

Second iteration of forward chaining

—'We can satisfy

Pierdeun]a | & Wespsra| ] & Sedlefa, v, 5] A Meslilie[ 3] == Chdmiunir|

- with {x¥WeE, y/M1, z/Nana}
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Analyze this algorithm

* Sound?
— Does it only derive sentences that are entailed?

—¥es, becauss only Modus Ponens is used and it is
sound

* Complete?

— Does it answer every query whose answers are
entaided by the KB?

—Yes if the clauses are definite clauses

Proving completeness

-Assume KB only has sentences with no function
syrnbals
— What's the most number of tteratlons through algorihm?

— [Depends on 12 number of 83cis that can b2 added
v =% i b= e arky, T max omiber of argoments of any predicat= =nd
v Laf g be the numniser of predicates
v =% = be the nuenitesr of constant symbak

— At most pn* distingt ground facts
— Flixed |]l:I|I11 I= reached a'ter this many Herathans
— A proof by contradicion shows Mat the final KBS s compiate

Complexit of this algorthm

* Three sources of complexity

— inner loop reguires finding all unifiers such that
premise of rule unifies with facts of database
» thie “patiam matching™ k expensha

— must check every rule on every iteration to check if
its premises are satisfied

— many facts are generated that are irrelevant to goal

Pattern matching

*Conjunct ordering

— Missile (x} * Cwns (Mono, x) == Sells (West, x, Mono)
» Logk at all Rems ownad By Nono, call them X
» for each element X In X, check If K ks a missla

= Look far all misskas, call hem X
= Tor 2ach slemen x in X, check IF it ks oaned by Nano

*Optimal ordening is MP-hard, similar to matrix
mult

Incremental forward chaining

=FPaintless (redundant) repetition
— 2ama nules genarate new Informanan
* this Informasion may permit snification of mesing nies

— EOme rniks generate pregxisting Information
= e nesd nof eevistt the oeification of the =xdsHng rules

=Every new fact inferred on teration t must be derivead
from at least one new fact inferred on eraton -1

Irrelevant facts

* Some factz are irrelevant and occupy
computation of forward-chaining alkgorithm

— What i Mono example included lots of facts about
food preferencas?
« Mof related to conclusions drawn about sake of weapons
= How can we eliminate tham?
- Backwand chaining is one way
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