CS 1571: Homework 8 

Inference in First-Order Logic (Chapter 9), 100 pts

Answer key:

1 Forward and Backward Chain (50 pts)

KB:

1. Programmer(x) AND Emulator(y) AND People(z) AND Provide(x,y,z) => Criminal(x) 

2. Use(Friends,x) AND Runs(x, GameXgames) => Provide(SuperProgrammer,x,Friends) 

3. Software(x) AND Runs(x, GameXgames) => Emulator(x) 

4. Programmer(SuperProgrammer) 

5. People(Friends) 

6. Software(Emulator1) 

7. Use(Friends,Emulator1) 

8. Runs(Emulator1,GameXgames) 
 (a) Forward Chaining (25pts)
Step 1: 
Rules 2 and 3 can fire, but rule 2 fires first since it has a lower rule number. (Facts 8 and 7 match the premise of rule 2 with Emulator1 substituted for x). Firing rule 2 adds the fact Provide(SuperProgrammer,Emulator1, Friends) to the knowledge base. Rule 2 will not fire again with these bindings.

Step 2: 
Rule 3 fires since facts 6 and 8 match its premise with Emulator1 substituted for x, adding the fact Emulator(Emulator1) to the knowledge base.

Step 3: 
Rule 1 fires since facts 4 and 5 and the newly generated facts Provide(SuperProgrammer,Emulator1, Friends) and Emulator(Emulator1) match this premise with SuperProgrammer substituted for x, Emulator1 for y, and Friends for z, adding the fact Criminal(SuperProgrammer) to the knowledge base.
 (B) Backward Chaining (25pts)
We want to prove Criminal(SuperProgrammer). It is not in the knowledge base. It matches the conclusion of only rule 1 with SuperProgrammer substituted for x. Thus, we need to prove the premise of rule 1, namely Programmer(SuperProgrammer), Emulator(y), People(z), and Provide(SuperProgrammer, y, z), for some objects y and z. 
We consider these in turn: 
1. Programmer(SuperProgrammer) is proven since it is in the knowledge base. 
2. Emulator(y) does not match facts in the knowledge base but it matches the conclusion of rule 3 with y equal to x. Thus, we need to prove the premise of rule 3, namely Software(y) and Runs(y, GameXgames). Software(y) is proven with Emulator1 substituted for y since Software(Emulator1) is in the knowledge base. We then need to prove Runs(Emulator1,GameXgames). This is proven since it is in the knowledge base as well. 
3. People(z) is proven with Friends substituted for z since People(Friends) is in the knowledge base.
4. Finally, Provide(SuperProgrammer, y, z) now is Provide(SuperProgrammer,Emulator1, Friends), which is not in the knowledge base but matches the conclusion of rule 2 with Emulator1 substituted for x. Thus, we need to prove the premise of rule 2, namely Use(Friends,Emulator1) and Runs(Emulator1,GameXgames), which are both in the knowledge base.
At this point, the proof of Criminal(SuperProgrammer) succeeds.
2 Resolution (50 pts)

(a) Representation (20 pts) 

1. Anyone passing his history exams and winning the lottery is happy
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2. But anyone who studies or is lucky can pass all his exams
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3. John did not study but he is lucky
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4. Anyone who is lucky wins the lottery
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5. There exists a person who is wealthy
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Goal:


happy(John)

(b) Conjunctive Normal Form (15 pts)

1. 
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2.
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Two CNF:
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3. Two CNF
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5. wealthy(skolem)
 (c) Resolution by refutation (15pts) 

1
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5 
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  negation of the goal
Note: only part of facts are used
6. 
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1 and 5, x is replaced by John
7. 
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2 and 3, x is replaced by John
8. 
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3 and 4, x is replaced by John
9. 
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6 and 7, y is replaced by history
10 empty 





8 and 9
Thus we proved that “John is happy”.
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