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that the letters must make words. This approach is feasible with a most-constraining value
heuristic. Alternately, we could have each string of consecutive horizontal or vertical boxes
be a single variable, and the domain of the variables be wordsin the dictionary of the right
length. The constraints would say that two intersecting words must have the same letter in the
intersecting box. Solving a problem in this formulation requires fewer steps, but the domains
are larger (assuming a big dictionary) and there are fewer constraints. Both formulations are
feasible.

6.4 a. For rectilinear floor-planning, one possibility is to have avariable for each of the
small rectangles, with the value of each variable being a 4-tuple consisting of thex andy
coordinates of the upper left and lower right corners of the place where the rectangle will
be located. The domain of each variable is the set of 4-tuplesthat are the right size for the
corresponding small rectangle and that fit within the large rectangle. Constraints say that no
two rectangles can overlap; for example if the value of variableR1 is [0, 0, 5, 8], then no other
variable can take on a value that overlaps with the0, 0 to 5, 8 rectangle.

b. For class scheduling, one possibility is to have three variables for each class, one with
times for values (e.g. MWF8:00, TuTh8:00, MWF9:00, ...), one with classrooms for values
(e.g. Wheeler110, Evans330, ...) and one with instructors for values (e.g. Abelson, Bibel,
Canny, ...). Constraints say that only one class can be in thesame classroom at the same time,
and an instructor can only teach one class at a time. There maybe other constraints as well
(e.g. an instructor should not have two consecutive classes).

c. For Hamiltonian tour, one possibility is to have one variable for each stop on the tour,
with binary constraints requiring neighboring cities to beconnected by roads, and an AllDiff
constraint that all variables have a different value.

6.5 The exact steps depend on certain choices you are free to make; here are the ones I
made:

a. Choose theX3 variable. Its domain is{0, 1}.
b. Choose the value 1 forX3. (We can’t choose 0; it wouldn’t survive forward checking,

because it would forceF to be 0, and the leading digit of the sum must be non-zero.)

c. ChooseF , because it has only one remaining value.

d. Choose the value 1 forF .

e. NowX2 andX1 are tied for minimum remaining values at 2; let’s chooseX2.

f. Either value survives forward checking, let’s choose 0 forX2.

g. NowX1 has the minimum remaining values.

h. Again, arbitrarily choose 0 for the value ofX1.

i. The variableO must be an even number (because it is the sum ofT + T less than 5
(becauseO +O = R+ 10× 0). That makes it most constrained.

j . Arbitrarily choose 4 as the value ofO.

k. R now has only 1 remaining value.

l. Choose the value 8 forR.

m. T now has only 1 remaining value.
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f. A2 = R conflicts withA1,A2 = G conflicts withH, soA2 = B.

g. F2 = R.

h. A3 = R conflicts withA4, A3 = G conflicts withH, A3 = B conflicts withA2, so
backtrack. Conflict set is{A2,H,A4}, so jump toA2. Add {H,A4} to A2’s conflict
set.

i. A2 has no more values, so backtrack. Conflict set is{A1,H,A4} so jump back toA4.
Add {A1,H} toA4’s conflict set.

j . A4 = G conflicts withH, soA4 = B.

k. F1 = R

l. A2 = R conflicts withA1,A2 = G conflicts withH, soA2 = B.

m. F2 = R

n. A3 = R.

o. T = R conflicts withF1 andF2, T = G conflicts withG, soT = B.

p. Success.

6.9 The most constrained variable makes sense because it chooses a variable that is (all
other things being equal) likely to cause a failure, and it ismore efficient to fail as early
as possible (thereby pruning large parts of the search space). The least constraining value
heuristic makes sense because it allows the most chances forfuture assignments to avoid
conflict.

6.11 We’ll trace through each iteration of thewhile loop in AC-3 (for one possible ordering
of the arcs):

a. RemoveSA−WA, deleteG from SA.

b. RemoveSA− V , deleteR from SA, leaving onlyB.

c. RemoveNT −WA, deleteG fromNT .

d. RemoveNT − SA, deleteB fromNT , leaving onlyR.

e. RemoveNSW − SA, deleteB fromNSW .

f. RemoveNSW − V , deleteR fromNSW , leaving onlyG.

g. RemoveQ−NT , deleteR fromQ.

h. RemoveQ− SA, deleteB fromQ.

i. removeQ−NSW , deleteG fromQ, leaving no domain forQ.

6.12 On a tree-structured graph, no arc will be considered more than once, so the AC-
3 algorithm isO(ED), whereE is the number of edges andD is the size of the largest
domain.

6.13 The basic idea is to preprocess the constraints so that, for each value ofXi, we keep
track of those variablesXk for which an arc fromXk toXi is satisfied by that particular value
of Xi. This data structure can be computed in time proportional tothe size of the problem
representation. Then, when a value ofXi is deleted, we reduce by 1 the count of allowable
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because it would forceF to be 0, and the leading digit of the sum must be non-zero.)
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f. Either value survives forward checking, let’s choose 0 forX2.
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n. Choose the value 7 forT .

o. U must be an even number less than 9; chooseU .

p. The only value forU that survives forward checking is 6.

q. The only variable left isW .

r . The only value left forW is 3.

s. This is a solution.

This is a rather easy (under-constrained) puzzle, so it is not surprising that we arrive at a
solution with no backtracking (given that we are allowed to use forward checking).

6.6 The problem statement sets out the solution fairly completely. To express the ternary
constraint onA, B andC thatA + B = C, we first introduce a new variable,AB. If the
domain ofA andB is the set of numbersN , then the domain ofAB is the set of pairs of
numbers fromN , i.e. N × N . Now there are three binary constraints, one betweenA and
AB saying that the value ofAmust be equal to the first element of the pair-value ofAB; one
betweenB andAB saying that the value ofB must equal the second element of the value
of AB; and finally one that says that the sum of the pair of numbers that is the value ofAB
must equal the value ofC. All other ternary constraints can be handled similarly.

Now that we can reduce a ternary constraint into binary constraints, we can reduce a
4-ary constraint on variablesA,B,C,D by first reducingA,B,C to binary constraints as
shown above, then adding backD in a ternary constraint withAB andC, and then reducing
this ternary constraint to binary by introducingCD.

By induction, we can reduce anyn-ary constraint to an(n− 1)-ary constraint. We can
stop at binary, because any unary constraint can be dropped,simply by moving the effects of
the constraint into the domain of the variable.

6.7 The “Zebra Puzzle” can be represented as a CSP by introducinga variable for each
color, pet, drink, country, and cigarette brand (a total of 25 variables). The value of each
variable is a number from 1 to 5 indicating the house number. This is a good representation
because it easy to represent all the constraints given in theproblem definition this way. (We
have done so in the Python implementation of the code, and at some point we may reimple-
ment this in the other languages.) Besides ease of expressing a problem, the other reason to
choose a representation is the efficiency of finding a solution. here we have mixed results—
on some runs, min-conflicts local search finds a solution for this problem in seconds, while
on other runs it fails to find a solution after minutes.

Another representation is to have five variables for each house, one with the domain of
colors, one with pets, and so on.

6.8

a. A1 = R.

b. H = R conflicts withA1.

c. H = G.

d. A4 = R.

e. F1 = R.
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