CS 385 Artificial Intelligence Exam 2 Answers
October 29, 2006
Open book, closed people, due 11/6. Omit two of the following problems.

1. Perform best first search on the following graph, indicating at each step the open and closed lists.
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	Evaluate
	Open
	Closed

	
	A11
	

	A11
	C4, B5, D7, E8
	A11

	C4
	B5, H6, D7, E8
	C4, A11

	B5
	G3, H6, D7, E8, F9
	B5, C4, A11

	G3
	H6, D7, E8, F9
	G3, B5, C4, A11

	H6
	I2, D7, E8, F9
	H6, G3, B5, C4, A11

	I2
	D7, E8, F9
	I2, H6, G3, B5, C4, A11

	D7
	E8, F9
	D7, I2, H6, G3, B5, C4, A11

	E8
	F9
	E8, D7, I2, H6, G3, B5, C4, A11

	F9
	
	F9, E8, D7, I2, H6, G3, B5, C4, A11


2. a.  Solve the following game using  min max. You are playing the top node and want to win.   

           Heuristics are at leaf nodes. You are playing the top node and want to win. 
b.  Perform an alpha-beta prune on the same tree. Show the direction you are taking, and exactly 
     where all pruning takes place. 

      a:                                                                            b.
[image: image2.emf][image: image3.emf]
a. 
[image: image4]
b. left to right


[image: image5]
right to left:  max
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3. Given the following graph, goal A, F true and I true: 
      a.  Solve using the pattern-search algorithm, ignoring heuristic weights. Indicate what case (in the   

           algorithm) is being applied at each step in the reasoning. 
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           Converting the graph to predicates:

F →B

G → B

B  C → A

H → C

I → H

D → A

I → E

E → A

F

I

           pattern_search(A)                     // is a conjunction of B and C

   
      pattern_search(B)              // is a disjunction of F and G



pattern_search(F)        // unifies with a fact

                        B succeeds

                 pattern_search(C)               // unifies with a conclusion H → C



pattern_search (H)       // unifies with a conclusion I → H



     pattern_search (I)   // unifies with a fact



H suceeds


    C suceeds

          A suceeds

      b.  Solve using heuristic weights. State your assumptions for selecting which branches to expand.
Criterion: select the lowest heuristic value. The cost of an AND is the sum of the branches
            Goal = A     
// 


   Subgoal D



fails


  Subgoal E



Subgoal I



suceeds


suceeds

4. a.  Describe production systems (what are they). 
A production system consists of  a set of production rules, a working memory, and a recognize-act cycle. The rules represent the knowledge necessary to solve a problem, specified as condition-action pairs. The working memory consists of what is known and is modified as rules are evaluated. The recognize-act cycle selects one rule from a conflict set (the set of rules whose conditions match elements of the working memory) and "fires" it to produce a change in the working memory. This continues until the goal is reached or there are no more rules to fire/
      b.  How can such a system be used for either data or goal driven problem solving?

Goal driven: start with the goal in working memory. The conflict set consists of productions that  conclude elements in the working memory. Fire rules, adding their right-hand sides to working memory until you reach conditions that imply the goal or there are no more elements in the conflict set.

Data-driven: start with what is known to be true. The conflict set consists of productions that  with what is known on the left-hand side. Fire rules, adding the results to the working memory, until you reach the goal or there are no more elements in the conflict set.

      c.  List three reasons why production systems offer an important “architecture”  for computer based
           problem solving.

(1) The rules (knowledge) are separated from the control mechanism that allows one to conclude something. Once the control mechanism has been coded, it is straightforward to add rules for a particular problem.
(2) Rules are a conceptually intuitive way to capture understanding of a system.
(3) Production systems model human memory:  rules correspond to long-term memory and working memory corresponds to short term.

(4) It is based on mathematical foundations and hence productions can be easily and consistently analyzed and formed.

(more on p. 215)
5. Consider the following story: All people that are not poor and are smart are happy. Those people that read are smart. John is wealthy. Helen can read and is wealthy. Happy people have exciting lives. Wealthy people are not poor. 
You want to find someone with an exciting life.

      a.  Translate the story into predicate calculus.

X (poor(X)  smart(X) → happy(X))

X (reads(X) → smart(X))

X (wealthy(X) → poor(X))

X (happy(X) → excitinglife(X))

5.  wealthy(John)
6.  reads(Helen).

7.  wealthy(Helen).
      b.  Reformulate as a production system.

           Productions correspond to the predicates in a:
	Productions

	poor(X)  smart(X) → happy(X)

2.  reads(X) → smart(X)

3.  wealthy(X) → poor(X)

4.  happy(X) → excitinglife(X)

5. start → wealthy(john)   reads(helen) wealthy(helen).


      c.  Show the solution process with iterations of a production system using first goal-directed 
           reasoning and then data-driven reasoning.


Data driven

	iter
	working memory
	conflict set
	fire 

	0
	start
	5
	5

	1
	wealthy(john)

reads(helen)

wealthy(helen)
	2, 3
	2

	2
	smart(helen)

wealthy(john)

reads(helen)

wealthy(helen)
	3
	3

	3
	poor(john)

poor(helen)

smart(helen)

wealthy(john)

reads(helen)

wealthy(helen)
	 1
	1

	4
	 happy(helen)

poor(john)

poor(helen)

smart(helen)

wealthy(john)

reads(helen)

wealthy(helen)
	 4
	4

	5
	excitinglife(helen)

happy(helen)

poor(john)

poor(helen)

smart(helen)

wealthy(john)

reads(helen)

wealthy(helen)
	 goal!
	


	Productions

	poor(X)  smart(X) → happy(X)

2.  reads(X) → smart(X)

3.  wealthy(X) → poor(X)

4.  happy(X) → excitinglife(X)

5. start → wealthy(john)   reads(helen) wealthy(helen).



Goal directed:



	iter
	working memory
	conflict set
	fire rule

	0
	excitinglife(X)
	4
	4

	1
	excitinglife(X)

happy(X) 
	1
	1

	2
	excitinglife(X)

happy(X) 

poor(X) 
smart(X)
	2, 3
	2

	3
	excitinglife(X)

happy(X) 

poor(X) 
smart(X)

reads(X) 
	3
	3

	4
	excitinglife(X)

happy(X) 

poor(X) 
smart(X)

reads(X) 

wealthy(X) 
	5
	5

	5
	excitinglife(X)

happy(X) 

poor(X) 
smart(X)

reads(X) 

wealthy(X)
start *
	goal!
	


            * reads(helen)  reads(helen) → smart(helen) 

               wealthy(helen) → poor(helen)


poor(helen) smart(helen) → excitinglife(helen)
6. Construct frames to describe a birthday party  using both specialization and superclass. Explain the semantic difference between specialization and superclass in this context. 


[image: image8]
Example of specialization: a birthday cake is a specialization of cake because it must have candles

Example of superclass: person is a superclass of guest because the guest does not need any specialized characteristics.
7. Build conceptual graphs for the dogs world that would cover the following sentences. Construct its joins with the conceptual graphs of the following sentences. Convert each into predicate calculus.

a. The dog bites the man on the cheek with his teeth.
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( X, Y, Z, T, U, V (dog(X) ( has(X,Y) ( teeth(Z) ( agent(X, T) ( bites(T) ( with(T,Z) ( object(T,U) ( man(U) ( has(U, V) ( cheek(V) ( where(T,V))
b. John loves his dog Fido.
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( X, Y, Z (man(john) ( agent(john,X) ( loves(X) ( object(X, fido) ( dog(fido) 
                  ( agent(john, Z)) ( owns(Z)  ( object(z, fido))
c. Every dog bites the postman
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 ("every" in the graph above is supposed to be ()
( X (dog(X) ( agent(X,Y)  ( object(Y, postman) → bites(Y) 

8. Construct a hierarchy of at least 4 subtypes that includes the concept angry. Build a conceptual graph for each subtype that captures information specific to it. Give an example of a sentence whose semantic representation, when joined with the conceptual graphs of problem 4 includes information from more than one type. Show the conceptual graph and the join.



            postal



angry

irrational



bothered


One might construct conceptual graphs to associate a red face with an angry person, to associate irrationality with postal, and to describe Mary as postal: 
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A join of the three, noting that anger is a subclass of postal allows Mary to inherit anger's cymprom:
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Other approaches: 

hierarchy represents degree of control paraniod → asleep
hierarchy represents actions: bad language → cursing

9. Modify the tea ceremony so that a task is not passed to a person of lower precedence if any task may be passed to a person of higher precedence.
      a. Draw the state space

      b. Write the PROLOG program to implement recursive search and find a path.

(no one tried this one)
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party


guests: subclass of person


date:


location:





birthday party


specialization of: party


contains: birthday cake





birthday cake


specialization of: cake


has: candles





cake


flavor:


size:





person


name:


address:


cell:
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