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Winning Probability of Craps

Introduction

The gameis played using 2 6-sided dice. The shooter throws the dice
across the craps table, and the dice have to bounce against the wall on the
opposite side to make the throw to be fair.

There are 2 basic ways the shooter (the person rolling the dice) wins:
1. Throwing either a7 or 11 on hisfirst roll, thisis called a "natural”.

2. Throwing either a4, 5, 6, 8, 9, 10 on hisfirst roll and then rolling that
number again before herollsa 7 (craps), thisis called "making his point".

If thethefirst roll isa2, 3 or al12, then the shooter loses.

Objectives

Calculate the winning probability of the shooter using probability
mathematics.

Create asimulation of the game of craps, so that we can play it just like
inred life.

Run the simulation and then find the winning probability of the shooter
from the simulation by dividing the number of wins by the number of
games we played.

Then compare that with the true probability. It should be close to the true
value.

Winning probability of the shooter

The probability of winning in the first throw (throwing a"natural") is:
P(7) + P(11) = 6/36 + 2/36 = 8/36

To calculate the probability of winning in the second throw, we assume
that x isthe "point" with probability p. The probability of not winning in
any given throw is given by the probability of not xandnot 7=r=1-p-
1/6 . The conditional probability is:



P{win | xinfirstthrow} =p+r*p+ ("2) * p+ ... aninfinite
geometric series.
=p/(1-r),and
P {win in second or subsequent throws} =p*p/(1-r)=p*2/(1-r1)
So when x = 4,
P (win after first withx =4) = (3/36)*2/(1- (1-3/36- 1/6)) = 1/36
x =05,
P (win after first with x = 5) = (4/36)"2/ (1 - (1- 4/36 - 1/6)) = 16/360
X =0,
P (win after first with x =6) = (5/36)"2/ (1 - (1 - 5/36 - 1/6)) = 25/396

same probabilitiesfor 8, 9, 10, since the probability of throwing a4 isthe
same as the probability of throwing a 10, and same with 5 and 9, and 6
and 8.

Thus, P (shooter wins) = 8/36 + 2 (1/36) + 2* (16/360) + 2* (25/396)
= 0.493

Graph of probabilities

We're going to graph the probabilities of all possible waysto win, e.g.
throwing a"natural” and "making the point".

>w t h(plottool s):

L

- = curve([[O0, 8/36],

[1,1/36],[2, 16/ 360], [ 3, 25/396],[ 4, 25/396],[5, 16/360],[6,1/3
6]], color=green, thickness = 2):
pl ot s[ di spl ay] (L);
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. In the graphs above, at x = 0 isthe winning probability by throwing a
natural

x = 1 isthe winning probability by making the point of 4
X = 2 isthe winning probability by making the point of 5
x = 3 isthe winning probability by making the point of 6
X = 4 isthe winning probability by making the point of 8
X = 5isthe winning probability by making the point of 9
X = 6 isthe winning probability by making the point of 10

Simulation of craps

* Thisprogram simulates the game of craps. It will play the game as many
times as you want, and will keep track of the number of wins and losses
of the shooter.

>restart;
>die :=rand(l..6):
> di e;
die
>
» The program below simulates throwing 2 dice.



>dice := proc()local d,i;

#simul ates throwi ng 2 dice
d: =0;
for i froml to 2 do
d:=d + die();

od;
d;
end:
>
>dice();
7
>
>dice();
10
>
>test := proc (n)local List,i,d;

#CGenerates a |ist containing the nunber of times a sum of
2, 3 ... 12
#of 2 dice appears

> List := [seq(0,i = 2..12)];

#Creates a list having a total of 11 elenents

#wth the first element storing the nunber of tines a
sum of 2

#appears and the next elenment for the sumof 3, and so
on, up to 12.

for i froml to n do
d := dice();
List := subsop( d-1 = List[d-1] + 1, List);
od;
Li st;
end:
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>test( 10000 );

[281, 548, 875, 1099, 1398, 1709, 1386, 1042, 839,
562, 261]
>eval f (% 10000) ;

[ . 02810000000, .05480000000, .08750000000, .1099000000, .1398000000,
. 1709000000, .1386000000,



. 1042000000, .08390000000, .05620000000, .02610000000]

>List := %
Li st := [.02810000000, .05480000000, .08750000000, .1099000000,
. 1398000000, . 1709000000,

. 1386000000, .1042000000, .08390000000, .05620000000,
.02610000000]

>

>w t h(plottool s):

L :=curve([[O, List[1]],[1, List[2]],[2, List[3]],][3,
List[4]],[4, List[5]],
[5, List[6]],[6, List[7]],
List[10]],[20, List[211]]],
col or=green, thickness = 2):
pl ot s[ di spl ay] (L);
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» The graph above fits the bell-shaped graph of the probabilities of getting

2, 3,..., and 12 when throwing 2 dice.
e So our simulation of throwing 2 diceis correct.

* The program below will simulate the game of craps. It will play as many
times asyou like, and will keep track of the number of wins and |osses of



the shooter.

* Then we can use that to calculate the probability of winning of the
shooter by dividing the number of wins by the total number of games that
we played.

>craps := proc (n)loca
shoot _wi n, shoot | oss, house_wi n, house_| 0ss,i,j,toss, prev_tos
s, Li st;

#Thi s program sinul ates the gane of craps

> shoot_win := 0;
> shoot |l oss : = 0;
> house win := O,
> house | oss := 0;
> List :=[seq(0,i = 1..2)];
> for i froml by 1 to n do
> toss := dice();

#if it's a natural, then the shooter w ns
> if (toss = 7 or toss = 11) then
> shoot_win := shoot win + 1;
> house | oss := house | oss + 1;

#if the first throwis 4, 5, 6, 8, 9, or 10
> elif (toss = 4 or toss =5 or toss = 6 or toss = 8
or toss = 9 or toss = 10) then
> prev_toss := toss;
> toss := dice();
> for j from1l by 1 while toss <> prev_toss and
toss <> 7 do
> prev_toss := toss;
> toss := dice();
> od;

#t he shooter gets that nunber again

> If (toss = prev_toss) then
> shoot _win := shoot win + 1;

> house | oss : = house | oss + 1;



#t he shooter gets a 7

> el se
> house_win := house wn + 1;
> shoot | oss : = shoot | oss +1;
> fi;
#the first throwis 2, 3, or 12, then the shooter
| oses
> el se
> house_win := house wn + 1;
> shoot | oss : = shoot | oss + 1;
> fi;
> od;
>
> Li st := subsop( 1 = shoot_wn, List);
> Li st := subsop( 2 = shoot | oss, List);
> Li st;

#the first elenent of list is the nunmber of w ns of
t he shoot er

#t he second elenent of list is the nunber of |osses
of the shooter

> end:
>
>

>craps (10000); a7s 206
4794, 5

> eval f (% 10000) ;
[. 4794000000, .5206000000]

>% 1],

>
>

e The above valueisthe winning probability of the shooter that we got
from the simulation. It's close to the true probability that we calculated
earlier. We only play the game 10000, and only got the probability of
winning correct in the tenth decimal. If we want it to be correct in the
thousandth decimal, then we have to play alot more than 10000 times.

. 4794000000
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