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TRS-80:
TOWER OF HANOI

BY HERBERT L. DERSHEM

Several issues ago we published a couple of program examples
using recursion. At that time, we asked if anyone had other
home computer applications that were based on recursive pro-
cedures. Tower of Hanoi, as presented here, makes excellent
use of a recursive technique for implementing the “move”
section of the program.

But, beware!! If your micro does not have a recursive BASIC,
this program will not work for you as it is written. You will
have to alter lines 1000-1100. : —RZ

This program is a version of the Tower of Hanoi puzzle, also
commonly known as Donuts (see “Donuts for Kids” by Ron
Sontore in Caleulators/Computers, November, 1977). The
puzzle consists of N doughnut shaped discs, of different
diameters, and three vertical towers on which the discs can
be placed. The problem begins with all the discs on the left-
most of the three towers, called Tower 1. The larger discs
are at the bottom of the stack.

The object is to move all of the discs from Tower 1 to Tower
2. the middle of the three towers. There are three rules to
follow in moving the discs:

1) Only one disc can be moved at a time.

2) A disc is moved by removing it from the top of the stack
of discs of one tower and placing it on the top of a stack
of dises of another tower.

3) No disc may ever be placed on top of a smaller disc.

34 RECREATIONAL COMPUTING

The program given here is written in Level I BASIC for the
Radio Shack TRS-80. The user has the options of solving
the puzzle himself or watching the computer solve it. In
either case, the user has the choice of the number of discs
to be used, up to a maximum of 15, The program also provides
a time estimate for how long the solution will take. This is
helpful in the case of 15 discs where at least 32,767 moves
are required. When the computer solves the puzzle, the user
has the option of controlling the length of time between
moves. This feature is helpful for demonstration purposes.

The method used by the computer is recursive, which means
that the routine to determine the moves calls upon itself. The
basic principle here is that if you have a routine to successfully
move n-1 discs from Tower i to Tower j, for any i and j, then
you can move n discs from Tower i to Tower j by the fol-
lowing procedure:

1) Move n-1 discs from Tower i to Tower k.
2) Move 1 disc from Tower i to Tower j.
3) Move n-1 discs from Tower k to Tower j.

where k is the number of the Tower which is not Tower i or
Tower j. In other words, k = 6 — i - j. This recursive procedure
is shown in statements 1000-1100.

This program has been used with students at both the elemen-
tary and the secondary level. The puzzle is explained by
showing the students the computer solution with three discs.
Usually, about a three second delay is requested between
moves so that an explanation of each move can be given. Fol-
lowing this, the students are asked to solve the puzzle with
four discs and compare their number of moves to what the
computer reports as optimum. After several tries or after they

-do obtain the optimum number of moves, they watch the

computer solve the puzzle for four discs, and then go on to
try it for five. After the optimum effort for five discs is found,
the students are encouraged to conjecture on the effort needed
for six or more. For a larger number of discs, running the
program at least to the point where the time estimate is
produced is also interesting.
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