B e s 4

ST —

The Mathematics
of Gambling

Systems for Roulette |

by Edward O. Thorp

In this month’s article, as well as
in the two following, I will discuss
three main ideas for roulette
systems:

1. Mathematical systems. There
is no “mathematical” winning
system for roulette and it is im-
possible ever to discover one.

2. Beating biased wheels. Actual
roulette wheels may become biased
or defective in a variety of ways,
possibly enough so that some
numbers favor the player.

3. Prediction using physics.
Claude Shannon and I built a tran-
sistorized electronic analog com-
puter which successfully forecast
the section of the wheel where the
ball would finally stop. This gave a
winning edge in laboratory and
casino tests.

To clearly understand and ap-
preciate what systems might win
in roulette, it is important first to
understand why no “mathemat-
ical” system can ever be devised.
When mathematicians analyze the
game of roulette, they assume that
each of the numbers has the same
chance beforehand of coming up on
any one spin of the ball and wheel.
To fix the discussion, let's consider
the standard American wheel. This
has thirty-eight numbers, namely,
0,001,2,...36.

Figure 1. Arrangement of numbers,
standard American wheel -
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The mathematician's assump-
tion, that each of these numbers is
equally likely beforehand to come
up on any spin of the ball and
wheel, seems plausible. The wheels
are carefully machined and bal-
anced by the manufacturer. They
are checked from time to time by
the casinos. When they show signs
of wear they may be thoroughly
reconditioned. Ewven if the wheel
has irregularities which make some
numbers more favored than others,
if the player does not know this
and his system is not designed to
exploit - this, then mathematical
reasoning—based on the assump-
tion that all numbers are equally
likely to come up—gives correct
conclusions about that player’s
system.

By a “mathematical system™ I
mean a system where all numbers
are equally likely to come up on
each spin and the player decides
what bet to make using only the
following information: (1) a record
of what numbers have come up on
some number of past spins, and (2)
a record of the bets he has made, if
any, on those spins. We must also
assume there is a smallest
allowable house (minimum) bet
{such as $1) and a greatest
allowable house (maximum) bet
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{such as $1000).

Casinos need to fix a maximum
bet in order to stop the simple
mathematical system of “doubling
up.” To see why, imagine we've
found a casino with no maximum.
We bet £1000 on Red. There are 18
Red numbers so our chance to win
is 18/38. The payoff if we do win is
$1000, because Red pays even
money or 1 for 1. If we lose, we dou-
ble and bet $2000 on the second
turn. If that wins, we net $1000 on
the two turns. If the second bet
loses, we double again and bet
$4000 on the third turn. Having
lost $3000 on the first two turns, a
win of 34000 on the third turn nets
$1000 on the cycle of three turns.
We continue doubling our bet after
each loss. Finally, when we win, we
have a net gain of $1000. We put
this $1000 safely aside and start a
new cycle of doubling until we win
with a bet of $1000 on the Red.
Each completed cycle wins another
$1000 net. Table 1 illustrates this
eycle.

The doubling-up system in Table
1 with no casino limit on bets is be-
ing discussed not because anyone
would ever be allowed to do it, but
to illustrate ideas we will be using.
To see how ridiculous the system
would be, note that if the first ten
turns of a cycle have lost, on the
eleventh turn the player bets 1.024
times his initial bet. His initial bet
was 51000, so he bets $1,024,000.
Of course the chance is small that
this will happen. The last column
shows a chance of 0.9984 that the
cycle ends on or before the tenth
turn, hence that the eleventh bet is
never made. Thus, the chance of
reaching the eleventh turn is only
1—-0.9984=0.0016 or 0.16% or
about one chance in 613. But if the
doubling-up system is used long
enough, it will happen.






