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._E: Eco B4l Problem Set 3
Problem 3.1 [10 points} SOLTILNS

Problem 3.7 of R&N, parts {x), (c), and (d) only. For cach part, also ideatify the antire state 3pace, X. Give the
initial state, goal test, successor function, and cost function for eack of the following. Chonse » formulation that
is precive enough to be implemented. ‘

entin state space = all states reachable from the initial state (page 62)

2} You have to color a plasar map wsing only four colors, in such s way that ne two sdjscent regions have the
same rolor.

Initial State: Uncolored map

Goal Test: every square on the map colored. No two adjacent areas colored the same.
Snceessor Function: Color Next Area (Should be colored color that does not match adjacent
ones if possible)

Cost function: Nong

State Space: Any combination of area colors (and areas not colored yet)

d) Yoo have three jugs, measuring 12 gallons, 3 gatlons, and 3 galions and & water faucet. You can fill the jugs
up or empty them out from one to another or onte the ground. You need to meamre exactly one gallon,

Initinl State: Volume in three jugs equals (0,0,0)
Gos) Teat: Volume in any one of the three jugs equals 1.
Successor Function: Returns states resulting from
Fill up a jug
Pour one jug into another
Empty jug
Cost function: number of actions (dr:pth of search)

Stute Space: Volume of three jugs is any combmntmn of (0 to 12) and (0 to 8) and (0 to 3)
in increments of | gallon.
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Problem 3.2 (10 points]

Problem 3.8 of R&N ‘
Compider 4 siate space where the start state is rumber 1 and the succensor function for state n returns two states,
aumbers 2r and In +1.

a. Draw the portion of the state space for staten 1 10 15

)R

b. Breadth-first: 1,2,3,4,5,6,7,8,9,10,11 (10 steps)
Depth-firgt (limit 3): 1,2,4,8,9,5,10,11 (7 steps)
Iterative Deepening searchi1,2,3,1,2,4,5,3,6,7,1,2,4,8,9,5,10,11 ( 13 steps)
c. Bidirectional search could work in this example.
(The parent of a cell equals half of (n rounded down to nearest even number))
The initial cell (1) would generate it's children (2,3)
neither child is a goal or goal-parent so ...
The goal cell (11) would find it’s parent (5)
the parent is neither the initial cell not the child of the initial cell so ..
The initial-children would generate their children (4,5,6,7)
5 is was found by both the forward search and backward search,
path is found to be 1,2.4,11
d. Forward branching factor is 2, backward branching factor is 1
e. It would be better to just find parents of the goal until the initial state is found
rather than look for children. Because the backwards search has no branching.
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Problem 3.3 [20 points]

Problem 4.1 of R&N, Draw a figure a1 in Redo waing a different heuristic, b', based
Figure 4.31), page 98 of REN but make sure sch on b xnd ooe-step look-ahead, That ix, let b* (n) =
node is labeled With F=g+h and a eircled number min over i a nelghbor of n [ e(n.i) + hii) ).

relating to its order of sxpansion.
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Problem 3.4 [5 points] S

Problem 4.2 of R&N. The heuristic path algorithm it a bast-first search in which the objective function is An) = (2-wig(n) + wh(n). For
what values of w is this slgorithm guaranteed to be optimal? (You may assame that & is admissible.) What kind of search does this
perform when w=07 When »=17 When we2?

Sin) = (2-w)g(n) + whin) = g(n) + [(1-w)g(n)y+whin)]
This is equivalent to an A* saarch with h' = [(1-w)g(n)+wh(n)]
Therefore the search is guaranteed to be optimal when b’ is admissible, or never overestimates so
gigoal) — g(r)> (1-w)g(m)yrwi(n)
g(goal) > (2-w)g{nyrwh(n)
since g is exact and h is admissible
(2-w) <1 AND w<1
Therefore w<1 will guarantee an optimal search,

When w = 0, the search is equivalent to a uniform cost search

When w = 1, the search is equivalent to an A* search

When w = 2, is equivalent to greedy best-first search, because even though the 4 function is doubled, the nodes
will still be selected in the same order.

Problem 3.5 [5 points] ‘

Problym 4.3 of R&N: Prove each of the following statements:

2, Breadth-first search is » special case of uniform cost search

If the cost = depth, then the uniform cost search will check the nodes at each level before moving to the next
level, which will access the nodes in the same order as breadth-first search,

b. Breadth-first search, depth-first search, and uniform cost search are special ¢ases of best-firat search.
For breadth-first, s(n)= depth

For depth-first k(») = 1/depth

For uniform cost searches A(n) = cost 1o get to node

. Uniform cost search is & special case of A" sarch,

g(n) = cost to get 10 node

h(n) =10
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(a) The soltion code is attached. [ SuPPRESSED |

(b) Testing on the in class example:

BFS$ approach: closed = 24, fringe = 2, path length = 12

Greedy approach: closed = 21, fringe = 5, path length =12

A¥ approach: closed = 21, fringe = 5, path length = 12

The path returned in all three cases was:
13-12-22-32-42-43-44-45-46-47-37-27-1,7

(¢) Testing on the “bug trap” space:

BFS approach: closed = 4357, fringe = 118, path length = 52
Greedy approach: closed = 1042, fringe = 78, path length = 32
A* approach: closed = 785, fringe = 101, path length = 52

(d) With start and finish locations reversed:

BFS approach: closed = 2809, fringe = 56, path length = 52
Greedy approach: closed = 53, fringe = 44, path length = 52
A* approach: closed = 350, fringe = 54, path length = 52

(e) As the results from part d indicate, it is much easier for all three of the search
algorithms to work backwards in this instance than to work forwards. Because of this a
bidirectitnal search should prove very effective for this problem though it would require
restructuring of the solution program. This result is due to the specific layout of the
obstacles in the grid space so the effectiveness of a bidirectional search will vary
somewhat by the layout of the obstacles.



