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Name / Id-4: 

Artificial Intelligence/ Intro

CSE 4301/5290

Fall 2016 

Home Work on Search and Constraints
Points  UG:33/Grad:40
Time 110 min


Q1. Input: a set of letters {a,b,c,t}, and a function dictionary(s) that returns T/F to check if a Q1. Input: a set of letters {a,b,c,t}, and a function dictionary(s) that returns T/F to check if a string s exists in the English dictionary; Output: all valid words constructed out of the input sets. 

Task: (a) construct words up to size 3 by Depth First Search. 

[8]

(b) Draw the search tree.

(c) How many possibilities exist (# leaf nodes)? 

(d) What is the worst-case or asymptotic complexity of the search, for n letters and d maximum size of all words?

(e) Can you suggest a way to prune the search tree?

Q2. Modify the following graph with [g(Rimmnicu-Pitesti)=110, and g(Pitesti-Bucharest)=110], (g is actual distance traveled along the road between the pair of nodes). Draw the A* search tree for traveling from Arad to Bucharest (with the heuristic function f=g+los, los is the line of sight distances as on the table on the right hand side).



[5]
Key: f computations are mostly ok, but note how A* operates by “flowing” toward goal.
[image: image1.emf]
Q3. Adversarial search: On the minimax game tree below cross out the branches removed by alpha-beta pruning assuming left to right traversal. [Ref: UCB, F-2014-2c]
[6]












Q3a. Write the value at each internal node without alpha-beta pruning.

Q3b. Pruned branches with alpha-beta pruning turned on.
ANSWER: 13 can be pruned because at that point, alpha=3, and 2<3. The branch leading to the minimizer with 8 and 6 can be pruned because beta= 3 at that point and 7>3. The 4 can be pruned because alpha=3 (from the root node), and 0<3. Lastly, 15 can be pruned because alpha= 3 at that point, and 1<3.

Q4. Intelligent Search: If f(s), g(s) and h(s) are admissible heuristics, then which of the following are also guaranteed to be admissible heuristics:
[Ref: UCB, F-2014-2a]

[8]
a. f(s) + g(s) + h(s)


F
b. f(s)/6 + g(s)/3 + h(s)/2

T
c. max(f(s), g(s), h(s))


T
d. min(f(s), g(s), h(s))


T
e. f(s)/3 + g(s)/3 + h(s)/3

T
f. f(s)*g(s)*h(s)



F
g. min(f(s), g(s) + h(s))


T
h. max(f(s), g(s) + h(s))


F
ANSWER: In order to guarantee that a function of admissible heuristics is still admissible, the expression must be less than or equal to the max of the heuristics.  Sums and products do not satisfy these, so bubbles 1, 6, and 8 all immediately fail.  Bubbles 3, 4, and 7 all work because the max of admissible heuristics is still admissible, as is the min of an admissible heuristic and anything else.  Bubble 5 is the average of the heuristics, so it must be less than the max, and is thus admissible.  Lastly, bubble 2 is a weighted average, and is thus also less than the max, and is thus admissible.

Q7. Is the following network Arc-consistent? Path-consistent?

[2]




Key: Not AC – you can filter domains by AC. PC? Depends, if you view A {<,+,>}C as input arc, then that gets filtered to A{=}C and the input is not PC. But if you ignore an absent constraint, then nothing else gets filtered and the input network is PC – this is the conventional view.
Q8. Run the PC-2 algorithm over the following network to make it Path-consistent. Show the Queue from each iteration starting with the initial Queue.

[5]







Key: Different ordering may produce different queue-snapshots. As long you worked through correctly I am ok with any sequence of output triangles-queue snapshots. Suggestion: code it up and see what comes out as per your input ordering or your initial queue.

Q9. Suppose an AC iteration makes a node empty. Instead of stopping if it runs to the end (until nothing changes any more) what will happen?



[1]
Key: All nodes will eventually become empty. AC will never run infinitely on a finite input!
Grad Q10. Compose time-interval relations Overlap and During, showing graphically (with three time-intervals) the resulting relations of composition. Feel free to use my slides or materials on the Internet.







[2]
Key: o.d = s|o|d ,  3 models!
Grad Q11. Explain in one sentence, why Arc Consistency is inapplicable in time-interval network.







[1]
Key: Domains are infinite, no filtering of them is possible, hence it is already in AC, and any AC algorithm is inapplicable. Only constraints on arcs may need filtering.

Grad Q12. Derive step-by-step the relation(s) between a pair of time-intervals A and C in a 4-node time-interval network {A overlap B during C,   A overlap-inv D during C,   A ?? C}. Feel free to use my slides or materials on the Internet.



  [5]
Key: Check for o.d (as before) and o~.d. Then intersect these two sets for refined constrained AC. Just drawing one model is not enough, resulting constraint on AC will provide another model.
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