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Modeling Problems as Search

Algorithms Lecture 23: Basic Graph Algorithms [Fa’14]
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A typical Snakes and Ladders board.
Upward straight arrows are ladders; downward wavy arrows are snakes.

Describe and analyze an algorithm to compute the smallest number of moves required for the
token to reach the last square of the grid.

9. The following puzzle was invented by the infamous Mongolian puzzle-warrior Vidrach Itky Leda in
the year 1473. The puzzle consists of an n⇥ n grid of squares, where each square is labeled with a
positive integer, and two tokens, one red and the other blue. The tokens always lie on distinct
squares of the grid. The tokens start in the top left and bottom right corners of the grid; the goal
of the puzzle is to swap the tokens.

In a single turn, you may move either token up, right, down, or left by a distance determined by
the other token. For example, if the red token is on a square labeled 3, then you may move the
blue token 3 steps up, 3 steps left, 3 steps right, or 3 steps down. However, you may not move a
token off the grid or to the same square as the other token.
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A five-move solution for a 4⇥ 4 Vidrach Itky Leda puzzle.

Describe and analyze an efficient algorithm that either returns the minimum number of moves
required to solve a given Vidrach Itky Leda puzzle, or correctly reports that the puzzle has no
solution. For example, given the puzzle above, your algorithm would return the number 5.

10. Racetrack (also known as Graph Racers and Vector Rally) is a two-player paper-and-pencil racing
game that Jeff played on the bus in 5th grade.4 The game is played with a track drawn on a sheet
of graph paper. The players alternately choose a sequence of grid points that represent the motion
of a car around the track, subject to certain constraints explained below.

Each car has a position and a velocity, both with integer x- and y-coordinates. A subset of
grid squares is marked as the starting area, and another subset is marked as the finishing area.

4The actual game is a bit more complicated than the version described here. See http://harmmade.com/vectorracer/ for an
excellent online version.
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Undirected vs Directed Connectivity

Consider following problem.

Given undirected graph G = (V ,E ).

Two subsets of nodes R ⊂ V (red nodes) and B ⊂ V (blue nodes). R and B
non-empty.

Describe linear-time algorithm to decide whether every red node can reach every
blue node.

How does the problem differ in directed graphs?
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Undirected vs Directed Connectivity

Consider following problem.

Given directed graph G = (V ,E ).

Two subsets of nodes R ⊂ V (red nodes) and B ⊂ V (blue nodes).

Describe linear-time algorithm to decide whether every red node can be reached by
some blue node.
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THE END
...

(for now)
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