How to solve the Bridge and Torch problem using simulation
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1 Introduction

In this article, we will show an example of a puzzle that can be solved using algorithmic and
computer simulation.

Puzzles are Common in recreational logic or mathematics. Some of them may be extremely hard
to solve - or even impossible. Here we will consider an ‘elementary’ puzzle. That is to say, a
puzzle where the space of the possible configurations is finite and where almost all of the data
are known. We will show how to use elementary computer simulation to solve it.

2 Statement of the puzzle

This riddle is a classical riddle and is described as follows:



Let us suppose that four people A,B,C and D are located on the left bank of a river. The only
way to cross the river is via an old bridge that can support only two people at a time. Finally,
this is the night and it;s so dark that nobody can cross the bridge without a torch.

Knowing that there is only one torch, that A will cross the bridge in T(A) = 1 minute, B in
T(B) = 2 minutes, T'(C) = 5 minutes and 7'(D) = 10 minutes, is it possible that A,B,C and D
go altogether to the right bank if the torch lasts only Tj;mi: = 17 minutes?

If we name A,B,C and D as , respectively: ‘young boy’, ‘girl’, ‘senior’ and ‘old man’ so to fix
the ideas. The first thing that will usually pop into the minds is that the young boy who is the
fastest will carry the torch and bring individually with him each of the three remaining persons.

Such a trip would last T'=2 x T'(A) + T(B) + T(C) + T(D) = 19 > Tiimit
Which means that the strategy - if it exists - is not obvious.

3 Definition of the simulation

We define a k' round Sj by picking at start time ¢ = t1, a random person Pt € L(k,t)|i=, ,
among the people on the left bank which will carry the torch and another random person
Pkﬁ € L(k,t), Py # P£|t:t1,k that will go with P{* through the old bridge to the left bank of the
river. At the time t, L(k,t) is the set of people on the left bank, R(k,t) is the set of people on
the right bank, B(k,t) is the set of people on the bridge. Of course we have :

L(k,t) U R(k,t) U B(k,t) ={A,B,C,D},Vt
Finally we define T(X), X € {A, B,C, D} as the time needed to cross the bridge (in minutes)

At the time t = ¢, we have:

L(k,tay) = Lk, t1) — {P®, P}
B(k,tax) = {P, .}
R(k,ty 1) = R(k,t1)

At the time t = t3;, we have:

L(k,ts k) = L(k,ta )

B(k7t3,k) = {®}

R(kvt&k) = R(katQ,k)+{Paa P]{;ﬁ}

ts = tr +max(T(PE), T(P)))

At time t =ty y, If L(k,ta) # {@} then we choose a random person to carry the torch back to
the left bank by picking a person in R(k, ). This is possible, since |R(k,ta )| > 2

We get a random person P, € R(k,t) that carries the torch back. The sets remained of course
unchanged by that operation.

At time ¢t = t5) P crosses the bridge back

L(k,ts k) = Lk, tag) — P



B(k,ts %) = {P,Z}
R(k>t57k) = R(k7t4,k)

At time t = tg P,;’ is on the left side of the bank
L(ka t6,k) = L(ka t5,k)

Bk, ter) = {0}

R(kv tﬁ,k) = R(ka t5,k) + PI;-Y

to =tay +T(P])

This is the completion of the Step Sk

Of course, we can assume that the operations of swapping the torches and picking people are
done in a neglectable amount of time (one or two seconds) and so the time required for Step

Sk is Tj, = max(T(PY), T(PY) + T(P}) if Sy is not the last step and Ty = max(T(PZ), T(PY)
otherwise.

It is not difficult to see that there can be only 3 steps S, .52, S350 we have a global completion
time of T =T, + 15 + T3

That is to say:

T = maz(T(P), T(P)) + T(P]) + max(T(Pg), T(P})) + T(P}) + max(T(P§), T(PY))

The program is therefore described as an optimization program as such:

MIN[maz(T(P{), T(P)) + T(P}) + max(T(P§), T(PY)) + T(P}) + max(T(P§), T(P{))]
With the following constraints:

o (PP, P))e{A,B,C, D}, PP+ P}

P} e {Py, P}

(P§',Py) € {A,B,C,D} — ({P{, P} — P]), Py # Py

Py e {Pg, PYY + ({Pp, P} — P))

(Pg, PY) € P} +({A,B,C, D} — ({P®, PP} — P} — F})

o T(A)=1
o T(B) =2
o« T(C)=5
e T(D) = 10



4 Programmation of the simulation

We chose to use the PERL language for the simulation.

First, we define a hash table where the characteristics of A, B, C, D are stored.
"girl’=>"L’,’senior’=>"L’,’old man’=>"L’);
my %g_ times =("young boy’=>1, girl’=>2, ’senior’=>5, old man’=>10);

my %g_ people=("young boy’=>’L’,
The hash %g_peoplewill store the location of the people (L for left bank and R for right bank)
while the hash %g times will store the values of T'(A), T(B),T(C),T(D).

We define two simple functions peopleOnLeftSide() and numberOfPeople OnLeftSide() which will
respectively return the list of people on the left bank and their amount.

We will use a random generator rand(n) that will return a number between 0 and n-1.

We will code two loops. The first loop will iterate the tries, until a solution can be founded, and
the second loop will iterate the 3 steps S, 59, Ss.

In order to simulate the displacement of some people, namely $key , from a bank to another, we
simply change the %g people{$key} value.

We also code a function printSituation() that will print on a console a visualisation of the
situation at any moment, displaying the people who are on the left and right banks.

The complete listing of the code used for the simulation can be found in the annex (Source
code 1)

5 Running the simulation

We run the simulation and a solution is quickly exhibed, which consists in swapping adequately
people on the right side of the bank at the second step So. If rigorously implemented, the
simulation isn’t long to run and can even provide all the possible solutions.

We find that the puzzle has (at least) one solution ( See Solution 1 in annex ).

If we try for 16 minutes, we do not find a solution, meaning 17 minutes is the best time that
could be achieved!.

6 Interest of using a simulation

The interest of using a simulation approach (versus trying to solve the puzzle by using mental
computations or mathematics ) is that there is a sure path to the solution. If the simulation is

To be completely rigorous, since we use simulation with random variables, we can only mention that it is
extremely unlikely that a solution with 16 minutes could exist, however we could easily change the code to make
sure we have covered all the cases.



correctly coded, then, the program will find a solution if such a solution does exist.

It is also possible to find more solutions, even all of them and to extend the original puzzle.
For example, it is quite easy to compute solution of a more general problem, when there are n
people X ..., X, on the left side of the bridge with different times 7'(X1)..., T(X,,) and to compute
the best possible time.

It is easy to compute the maximal amount of combination we need to perform to have all the
possible cases, it is N(n) =[], ,—ni0.50C5 x Cf.

In the case of n=4 people, the maximal amount of cases to test is N(4) = C§ x CF x C3 x C} =
10 x 2 x 3 x 3 = 180.

For instance, the simulation can now provide solutions to infinite variants of the puzzle:

1. If there is another young boy who is also able to cross the bridge in T=1 minute, can the
time of 17 minutes still be achieved?

Answer is ‘yes’( See Solution 2 in annex).

1. If there are 1 young boy, 2 girls, 2 seniors and 1 old man, can the time of 26 minutes still
be achieved?

Answer is ‘yes’. We can represent the solution as a sequence of displacements through the bridge.

girll young boy —
+— girll

old_man senior?2 —
+— young_boy

girl2 young boy —
+— young_boy

girll young boy —
+— young_boy

young boy seniorl —

Note that in the case of 10 people, we have:N(10) = C1% x C% x C§ x C} x C§ x Cf x C'27 X
CPxCSxCYxCyx C] x C x C¥ x C3 x O
= 933295426560000.

This means that a simulation can take some time before a solution is found if the amount of
people is too big.



7 Annex

7.1 Source code 1

use strict;

use List::Util qw(min maz);

#globals

my %g_people=("young boy’=>’L’, girl’=>"L’ ’senior’=>"L’,’old_man’=>"L’);
my %g_times =("young_boy’=>1, girl’=>2,’senior’=>5,’0old_man’=>10);

my $g_ limit=17;

my $g T=0;

sub peopleOnLeftSide()
{

my @ppl;
foreach my $keys (keys %g people)

{

if (8g_ people{$keys} eq 'L’)
{

push @ppl, $keys;

}

return @ppl;

sub printSituation()
{
print "\n\n";
foreach my $keys (keys %g_ people)

{

if ($g_ people{$keys} eq 'L’)
{

nomn.
s

print $keys,

}
print "\t\t\t\t\t";
foreach my $keys (keys %g_people)
{
if (8g_people{$keys} eq 'R’)
{

print $keys," ";

y " n.
print "\n—— — — — —-

print "\n—— — s
print "\nl| I I I I\n";

p'mnt Mo~ ~o Ao~ NN~ A A AN AU AIAUAY AU A N N D N N AN AR NNNN\n”;

print (PP TNINPNP AUAUAIAIAS AIATAIAS N AU AU A~ A A AUAIAIA A A A AU A AU AY NNN\n”"



print "\n\n";

sub numberOfPeopleOnLeftSide()
{

my @peoples= peopleOnLeftSide();
return (34 peoples+1);

print "initial number on left side=",numberOfPeopleOnLeftSide(), "\n";
$g T=20;
while($g_T>$g limit)
{
$g T=0;
%yg_ people=("young _boy’=>’"L’ "girl’=>’L’,’senior’=>"L’, ’old_man’=>’L’);

while(1)
{

my $N_ L=numberOfPeopleOnLeftSide();
my @peoples=peopleOnLeftSide();

#pick up a random bearer of the torch
my $ri= int rand($N_L);

my $7r2= int rand($N_L);
#pickup a random walker

while($r2==9r1)

{
$r2= int rand($N_L);

my $T1=8g_times{$peoples[Sr1]};
my $T2=8g_times{$peoples[Sr2[};
my $t_trip=maz($T1,$T2);

$g T+= $¢_trip;

print "$peoples[Sr1] is going to the right side with $peoples/$r2] \n";
print "Trip to right side took $t_trip minutes \n";

$g people{Speoples[$r2[}="R’;
$g_people{Speoples[Sr1[}="R’;

printSituation();

$N_ L=numberOfPeopleOnLeftSide();



if(8N_L==0)
{
printSituation();
print "everybody is on the Right side \n";
last;

}

else
{
print "S§N_ L are still on the Left side \n'";
my $N_R=4-$N_L;
#Hwe may switch torch with the other person already there
my $r3= int rand(3N_R);
#we switch
my $i=0;
foreach my $key (keys %g_ people)

{

if (8g_people{Skey} eq 'R’)
{

if ($1==9%r3)
{
$g people{Skey}="L";
print "$key is going back to the left side with the torch \n";
my $T3=8g_times{$key};
print "Return trip took $ T3 minutes \n";

F#return time

$g T+=$T3;

}

$i++;

}
}
printSituation();
}

}
print "———— — o — —————— — — — — A\n'
print "sxxx it took $g T minutes in total xxxx\n";
print "——m——— ——r — —— ————— —— \n"
}

7.2 Solution 1

picked up randomly 0 and 2
young boy is going to the right side with girl
Trip to right side took 2 minutes



old_man senior young boy girl
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2 are still on the Left side
young boy is going back to the left side with the torch
Return trip took 1 minutes

young _boy old _man senior girl
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picked up randomly 1 and 2
old_man is going to the right side with senior
Trip to right side took 10 minutes

young _boy old_man girl senior
I | 1 I |
[aialaSiaSia Ve V) NI NIy Y Y ANINININY NI NI NI I NI NI NI NI NI NI Y
[a i aIaViaSia Vi V) ANININININY NINININY NI MY [aialaVia Ve Ve V) NI Y



1 are still on the Left side
girl is going back to the left side with the torch
Return trip took 2 minutes

young boy girl old_man senior
| | I I I
[aialaSlaSia S la ) NI NIy Y Y ANINININY NI NI Y NI NI I NI NI NI NI NI NS
[a e laSiaSia Ve V) NININININY NINININY NI Y [aialaSiaSia Ve V) ANINININY Y

picked up randomly 0 and 1
young boy is going to the right side with girl
Trip to right side took 2 minutes

young boy old _man girl senior

(010 ¥1aV1a Ve VeV AININININT NINININY YA 2 1aY1aY1a V1o Vo V] 1a%a%1a%1aVANaV]

everybody is on the Right side

7.3 Solution 2

young boy is going to the right side with other young boy
Trip to right side took 1 minutes

10



girl old _man senior other young boy young boy
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3 are still on the Left side
other young boy is going back to the left side with the torch

Return trip took 1 minutes

other young boy girl old man senior young boy
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senior is going to the right side with old man
Trip to right side took 10 minutes

other young boy girl young boy old _man senior
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2 are still on the Left side
young boy is going back to the left side with the torch

Return trip took 1 minutes

other young boy girl young boy old_man senior
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young boy is going to the right side with other young boy
Trip to right side took 1 minutes

girl other young boy young boy old_man senior
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1 are still on the Left side
young _boy is going back to the left side with the torch

Return trip took 1 minutes

girl young boy other young boy old_man senior
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(10 ¥1aV1a Ve V1V AININININT NINININY NI Y 2 1aY1aY1a Ve Vo V] 1a%a%1a 1o VANaV]

girl is going to the right side with young boy
Trip to right side took 2 minutes

other young boy girl young boy old man senior
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everybody is on the Right side

sxxx 1t took 17 minutes in total xxxx*
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