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BACKTRACKING-SEARCH(v)
foreach child v of v
if promising(u ) then
if solution(u) then
return u
else
BACKTRACKING-SEARCH(u)
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FOUNDATIONS OF

Backtracking

RICHARD Ee NEAPOL'TAN f you were trying to find your way through the well- known maze of

by . wad A hedges by Hampton Court Palace in England, you would have no

choice but to follow a hopeless path until you reached a dead end.

When that happened, you'd go back to a fork and pursue another

path. Anyone who has ever tried solving a maze puzzle has experienced the

frustration of hitting dead ends. Think how much easier it would be if there

were a sign, positioned a short way down a path, that told you that the path

led to nothing but dead ends. If the sign were positioned near the beginning

of the path, the time savings could be enormous, because all forks after that

sign would be eliminated from consideration. This means that not one but

many dead ends would be avoided. There are no such signs in the famous

maze of hedges or In most maze puzzles. However, as we shall see, they do
exist in backtracking algorithms.

Backtracking is very useful for problems such a the 0-1 Knapsack prob-
lem. Although in Section 4.5.3 we found a dynamic programming algorithm
for this problem that is efficient if the capacity W of the knapsack is not large,
the algorithm is still exponential-time in the worst case. The 0-1 Knapsack
problem 1= in the class of problems discussed in Chapter 9. No one has ever
found algorithms for any of those problems whose worst-case time complex-
ities are better than exponential, but no one has ever proved that such algo-
rithms are not possible. One way to try to handle the 0-1 Knapsack problem
would be to actually generate all the subsets, but this would be like follow-
ing every path in a maze until a dead end is reached. Recall from Section 4.5.1
that there are 2" subsets, which means that this brute-force method 1s

RE NeapOIItan, feasible only for small values of n. However, if while generating the subsets
F d o f Al . h we can find signs that tell us that many of them need not be generated, we can
oun atlons 0 go rlt ms 9 often avold much unnecessary labor. This is exactly what a backtracking algo-
th Ly . rithm does. Backtracking algorithms for problems such as the 0-1 Knapsack
5 Edltlon) Jones and Bartlett PUbIISher87 20 1 5 . problem are still exponential-time (or even worse) In the worst case. They are

useful because they are efficient for many large instances, not because they
are efficient for all large instances. We return to the 0-1 Knapsack problem

Chapter 5 %n Section 5.7. Before that, we introduce baditr'fncking with a simple example
in Section 5.1 and solve several other problems in the other sections.

203

Prepared by Kazim Fouladi | Spring 2025 | 34 Edition

K%



