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I. Forward Chaining

Question KB ⊨ 𝑞?
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• If all the premises of an implications are known,

then add its conclusion to KB (as a new fact).

• Continues until 𝑞 is added or no further 

inferences can be made.
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Execution

Soundness of forward chaining: every inference is an application of Modus Ponens.

Completeness: every entailed atomic sentences will be derived.
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Backward Chaining

• If 𝑞 is true, no work is needed. 

• Otherwise, finds implications in the KB whose conclusion is 𝑞.

• If all the premises of one of these implications can be proved true (recursively

by backward chaining), then 𝑞 is true. 

AND-OR graph search!

Q. KB ⊨ 𝑄?



Forward vs. Backward Chaing

 Forward chaining is data-driven, automatic, unconscious processing.

 It may perform a lot of work that is irrelevant to the goal.

 Backward chaining is goal-driven, and appropriate for problem 

solving. 

 It may run in time sublinear in the size of KB, since it touches only 

relevant facts. 

 Applicable range

• Prove the entailment of a single proposition symbol 

• KB consists of definite clauses only. 

Either 𝑃 or 𝑃1 ∧ 𝑃2 ∧ ⋯𝑃𝑘 ⇒ 𝑄
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KB ⊨ 𝛽 if and only if  KB ∧ ¬𝛽 is unsatisfiable. 

• Cast the problem as one of constraint satisfaction.

Many combinatorial problems in computer science can be reduced

to checking the satisfiability of a propositional sentence.

 Complete backtracking search (DPLL algorithm)

 Incomplete local search (WALKSAT algorithm)
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reduce the set to ¬𝐵 ∨ ¬𝐶, enabling 

𝐶 to become a pure symbol.

Unit clause propagation on a clause 

in which all literals but one are assigned

false. E.g., ¬𝐵 ∨ ¬𝐶 simplifies to the unit 

clause ¬𝐶 if 𝐵 = true.

Early termination: a clause is true if
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DPLL 

⋮

DPLL 

⋮

DPLL(…,{𝑃 = 𝑡𝑟𝑢𝑒}) DPLL(…,{𝑃 = 𝑓𝑎𝑙𝑠𝑒})

Dealing with 

pure symbols 

only

Dealing with 

unit clauses 

only

Can be handled

within one call

using iterations.



Local Search Algorithms

• Take steps in the space of complete assignments, flipping the truth 

value of one symbol at a time.

• Use an evaluation that counts the number of unsatisfied clauses.

• Escape local minima using various forms of randomness.

• Find a good balance between greediness and randomness.
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III. Agent Based on Propositional Logic

• Write down a complete logical model of the effects of action.

Knowledge base (KB): 

 general knowledge about how the world works

 percept sentences obtained in a particular world

• How logical inference can be used by an agent?.

• How to keep track of the world without resorting to inference history? 

• How to use logical inference to construct plans based on the KB? 



Current State in the Wumpus World

¬𝑃1,1

𝐵1,1 ⇔ (𝑃1,2 ∨ 𝑃2,1)

¬𝑊1,1

• 𝑃𝑥,𝑦 = true if there is a pit in 𝑥, 𝑦 .

•𝑊𝑥,𝑦 = true if there is a wumpus in 𝑥, 𝑦 , dead or alive.

• 𝐵𝑥,𝑦 = true if the agent perceives a breeze in 𝑥, 𝑦 .

• 𝑆𝑥,𝑦 = true if the agent perceives a stench in 𝑥, 𝑦 .

Axioms: 

𝑆1,1 ⇔ (𝑊1,2 ∨𝑊2,1)

⋯

 Exactly one wumpus

𝑊1,1 ∨𝑊1,2 ∨ ⋯ ∨ 𝑊4,3 ∨𝑊4,4

¬𝑊𝑖,𝑗 ∨ ¬𝑊𝑘,𝑙 1 ≤ 𝑖, 𝑗, 𝑘, 𝑙 ≤ 4 and 

(𝑖, 𝑗) ≠ (𝑘, 𝑙)

// 16 rules of this type 

// 16 

// ≥ 1 wumpus 

//  ≤ 1 Wumpus; 

// 
16×15

2
= 120 rules 
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Representing Percepts

A percept asserts something only about the current time.

Stench 4:   the agent senses stench at time step 4 (in square 𝐴).

¬Stench 3:   the agent senses no stench at time step 3 (in square 𝐵).
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A percept asserts something only about the current time.

Stench 4:   the agent senses stench at time step 4 (in square 𝐴).

¬Stench 3:   the agent senses no stench at time step 3 (in square 𝐵).
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changes over time.

𝐿1,1
0 :   the agent is in square 1, 1 at time step 0.

For any time step 𝑡 and any square [𝑥, 𝑦], 

𝐿𝑥,𝑦
𝑡 ⇒ (Breeze 𝑡 ⇔ 𝐵𝑥,𝑦)

𝐿𝑥,𝑦
𝑡 ⇒ (Stench 𝑡 ⇔ 𝑆𝑥,𝑦)

fluent

(aspect changing

with time)
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Forward𝑡:   the agent executes the forward action at time 𝑡.

Effect axioms specify outcome of an action at the next time step.

𝐿1,1
0 ∧ FacingEast0 ∧ Forward0 ⇒ (𝐿2,1

1 ∧ ¬𝐿1,1
1 )
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𝑂(𝑚𝑛) frame axioms for 𝑚 actions and 𝑛 fluents
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𝐹𝑡+1 ⇔ ActionCausesF𝑡 ∨ (𝐹𝑡 ∧ ¬ActionCausesNotF𝑡)

HaveArrow𝑡+1 ⇔ (HaveArro𝑤𝑡 ∧ ¬Shoot𝑡)

// no action, e.g., for reloading

𝐿1,1
𝑡+1 ⇔ (𝐿1,1

𝑡 ∧ (¬Forward𝑡 ∨ Bump𝑡+1)) ∨ (𝐿1,2
𝑡 ∧ FacingSouth𝑡 ∨ Forward𝑡

∨ (𝐿2,1
𝑡 ∧ FacingWest𝑡 ∨ Forward𝑡 )

Square-OK axiom asserts that a square is free of a pit or live Wumpus.

OK𝑥,𝑦
𝑡 ⇔ ¬𝑃𝑥,𝑦 ∧ ¬(𝑊𝑥,𝑦 ∧WumpusAlive𝑡)



Initial Percepts and Actions

¬Stench0 ∧ ¬Breeze0 ∧ ¬Glitter0 ∧ ¬Bump0 ∧ ¬Scream0; Forward0

¬Stench1 ∧ Breeze1 ∧ ¬Glitter1 ∧ ¬Bump1 ∧ ¬Scream1; TurnRight1

¬Stench2 ∧ Breeze2 ∧ ¬Glitter2 ∧ ¬Bump2 ∧ ¬Scream2; TurnRight2

¬Stench3 ∧ Breeze3 ∧ ¬Glitter3 ∧ ¬Bump3 ∧ ¬Scream3; Forward3

¬Stench4 ∧ ¬Breeze4 ∧ ¬Glitter4 ∧ ¬Bump4 ∧ ¬Scream4; TurnRight4

¬Stench5 ∧ ¬Breeze5 ∧ ¬Glitter5 ∧ ¬Bump5 ∧ ¬Scream5; Forward5

Stench6 ∧ ¬Breeze6 ∧ ¬Glitter6 ∧ ¬Bump6 ∧ ¬Scream6

ASK 𝐾𝐵, 𝐿1,2
6 = true

ASK(𝐾𝐵, 𝑊1,3) = true

ASK(𝐾𝐵, 𝑃3,1) = true

Query the knowledge base: 

ASK(𝐾𝐵,OK2,2
6 ) = true

// the square [2,2] is OK to move into.


