Building Knowledge Base in FOL

1. Identify the task
2. Assemble the relevant knowledge

3. Decide on a vocabulary of predicates, functions,
and constants

4. Encode general knowledge about the domain

5. Encode a description of the specific problem
instance

6. Pose queries to the inference procedure and get
answers

7. Debug the knowledge base

Example

Consider the following knowledge base:

» The law says that it is a crime for an American to sell
weapons to hostile nations. The country Nono, an enemy
of America, has some missiles, and all of its missiles were
sold to it by Colonel West, who is American.

* Prove that Col. West is a criminal
» We will do it through FC, BC, resolution




Example knowledge base contd.

... it is a crime for an American to sell weapons to hostile nations:
American(x) n Weapon(y) » Sells(x,y,z) A Hostile(z) = Criminal(x)
= American(x) v = Weapon(y) v — Sells(x,y,z) v — Hostile(z) v Criminal(x)

Nono ... has some missiles, i.e., 3x Owns(Nono,x) A Missile(x):

Owns(Nono,M;) A Missile(M,)

... all of its missiles were sold to it by Colonel West
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missiles are weapons:

Missile(x) = Weapon(x)

An enemy of America counts as "hostile®:

Enemy(x,America) = Hostile(x)
West, who is American ...American(West)
The country Nono, an enemy of America ...Enemy(Nono,America)

Resolution proof: definite clauses

| 1 American{x) v - Weaporiy) v - Sellsixy.z) v - Hostile(z) v Criminalix) ‘ |—| Criminal{ Wtsr,l|

American West) 1V American(West] v © Weapon(y) v Sells{Westy,z) v 7 Hostile(z)

- Missileix) v llcr.'.‘pcmr.':.l‘ | - Weaponiy) v - Sells{West,yz) v — Hostile(z)

Missilei M1 ) - Missile(y) w1 Sellsi West.p.z) v -1 Hostile(z)

— Missife(x) v - Owns{Nono,x) v Sells{West,x,Nono) | - Sellsi West, M 1.z) v — Hostile(z)

| MissilefM 1] | — MissilefM1) v — Owns{NonoM1) v - Hostile{Nono)

Owns{ Neno .M 1) = OwnsiNono.M1) v - Hostilei Nono)

- Enemwx,America) W Hostile(x) | =1 Hostile{ Nono ) |

Enemv{ Nono, America) Enermy Nono,Anierica ) |

= e




American(x) A Weapon(y) » Sells(x,y,z) A Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) F C f
Owns(Nono,M,) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Enemy(x,America) = Hostile(x)

American(West)

Enemy(Nono,America)

American{ West ) | | MissileiM1) | |Ou‘n.sf1\fanﬂ,.wi,l |

I Enemw Nono, America )

American(x) n Weapon(y) » Sells(x,y,z) » Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) F C f
Owns(Nono,M;) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Enemy(x,America) = Hostile(x)

American(West)

Enemy(Nono,America)

| Weapor(M1 ) | [ Sells( West. M1 Nano) |Hasn‘fe{,\fam;|
American{ West ) | | Missile(M1) | [ OvnsiNone, M1 | | Enemyi Nono, Ameriaa)




American(x) A Weapon(y) » Sells(x,y,z) A Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) F C f
Owns(Nono,M,) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Enemy(x,America) = Hostile(x)

Criminal{ West)

American(West)

Enemy(Nono,America)

[ Weaporimi) | [ Sells( West,M1Neno) Hostile(Neno )

American{ West ) | | MissileiM1) | |Ou‘n.sf1\fanﬂ,.wi,l | IEnem_ﬂ'J\bm,Amrim,l

American(x) n Weapon(y) » Sells(x,y,z) » Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) B C _I:
Owns(Nono,M;) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Enemy(x,America) = Hostile(x)
American(West)

Enemy(Nono,America)




American(x) A Weapon(y) » Sells(x,y,z) A Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x)

Owns(Nono,M,) A Missile(M,) B C p rOOf
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Enemy(x,America) = Hostile(x)

Criminall Wesr)

{x/Westf
American(West)

Enemy(Nono,America)

|Am£rfccmr.r,' | Weapori v/ | I.Sch’sf.t.}‘.:)

Haostile( z)

American(x) n Weapon(y) » Sells(x,y,z) » Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x)

Owns(Nono,M;) A Missile(M,) B C p rOOf
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Enemy(x,America) = Hostile(x) [/ West]

Criminali Wesr)

American(West)

Enemy(Nono,America)

| American| West) |

L

| Weapor| v) | I.Ssz-‘.r,_r,:J

Hostile{z)




American(x) A Weapon(y) » Sells(x,y,z) A Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) B C f
Owns(Nono,M,) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Criminall Wesr)

Enemy(x,America) = Hostile(x) {x/Westf

American(West)

Enemy(Nono,America)

| American Wesr) |

Ll

[ weapon(y) | [ selisixy.z)

Haostile( z)

Missile(y)

American(x) n Weapon(y) » Sells(x,y,z) » Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) B C .I:
Owns(Nono,M;) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

[/ West, w1}

Criminali Wesr)

Enemy(x,America) = Hostile(x)

American(West)

Enemy(Nono,America)

| American| West) |

L

| Weapor| v) | I.Ssz-‘.r,_r,:J

Hostile{z)

Missile(y)

| wml}




American(x) A Weapon(y) » Sells(x,y,z) A Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) B C f
Owns(Nono,M,) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Criminall Wesr)

Enemy(x,America) = Hostile(x) {x/West, wMI, z/Nono |

American(West)

Enemy(Nono,America)

|Am£rfccmrl1r"zsr}| | Weapori v/ | I.Sch‘sflr}"zsr.M!.:J |

() [ Zono)

Haostile( z)

| Missile(y) ||J'wr'ssff£rM!,l | IOn‘rrsr-'\'o.rro,MUI
| wml}

American(x) n Weapon(y) » Sells(x,y,z) » Hostile(z) = Criminal(x)
3Ix Owns(Nono,x) A Missile(x) B C .I:
Owns(Nono,M;) A Missile(M,) p ro O
Missile(x) A Owns(Nono,x) = Sells(West,x,Nono)

Missile(x) = Weapon(x)

Criminali Wesr)

Enemy(x,America) = Hostile(x) {x/West, pMI, z/Nono |

American(West)

Enemy(Nono,America)

|Am£riczm‘lr1r"zsr,l| | Weapor| v) | I.Szh‘sflrl’zsr,ML:J |

L | aNono |

Hostile{ Nono )

| Missile(y) ||;‘Hr’schrM!,l | IOu‘nsr.'\fono‘M!_,ll |£Jrc:;r_w.\forro‘r\.rrr£ricm

LI} L} L} Ll




Inference approaches in FOL

» Forward-chaining
— Uses GMP to add new atomic sentences

— Useful for systems that make inferences as information
streams in

— Requires KB to be in form of first-order definite clauses
» Backward-chaining
— Works backwards from a query to try to construct a proof
— Can suffer from repeated states and incompleteness
— Useful for query-driven inference
» Resolution-based inference (FOL)

— Refutation-complete for general KB

« Can be used to confirm or refute a sentence p (but not to generate
all entailed sentences)

— Requires FOL KB to be reduced to CNF
— Uses generalized version of propositional inference rule




