] »

w=] €
2

™l e
+

Mathematics
of Gambling

Edward O. Thorp
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;[_1] E B | ast time
'IEI W =1 |5 we brief-
Euzl = — | |ly discussed
|*~ __ payoff odds

| for simulated horse racing on a
| cruise ship. This month, as promis-
| ed] I'll illustrate how the payoff
| odds are calculated in these races.
| To start, suppose $1 is bet on the

first horse, 32 on the second horse,

| $3 on the third, through $6 on the

! sixth horse. The pool has 81 + $2
.. $6 = 321. Assume thereis

5 returned to the players
whoiet on the winning horse.

If the first horse wins, the $1 bet
| gets $21. The payoff is 21 for 1,
| also known as 20 to 1 (“odds for
one” are always one more than
“odds to one”). The payoffs for
each 31 bet are for horses 2, 3, 4, 5
and 6, respectively; twenty-one dol-
lars for 32, 821 for 33, 321 for 34,
$21 for %5 and 521 for $6.
(Throughout this article I will omit
the § signs.) If instead there was a
“track take” and the operators de-
cided to keep $6, the payoffs on
horses 1 to 6 would be: 15 for 1; 15

adtake. This means all the

| for 2; 15 for 3; 15 for 4; 15 for 5 and |
| 15 for 6, respectively. Note that T |
i could have written 5 for 1 instead |
| of 15 for 3, 7 for 2 instead of 21 for |

| 6, etc. Instead, I wanted to pre-

serve the pattern of the numbers to |

make them easier to follow.
A System
In the game, the track take was
20% or more. If there were no track

| take, we'd have the following win- |

ning system: Simply bet equal
amounts on each of the six horses.
You will have an advantage, a posi-
tive mathematical expectation.

Suppose you bet §1 on each of |

the six horses. The amount bet on
| each horse is increased by $1 and
the pool is increased by $6. The
payoffs on the horses become 27
for 2: 27 for 3; 27 for 4; 27 for b; 27
| for 6; and 27 for 7, respectively.

| Your 81 bet will win $13.50, 3$9.00, |
i

$6.75, $5.40, $4.50 and $3.86, re-
spectively. Your total bet is $6, but
you will receive only one of these
payoffs.

If one of the first three horses

wins, you will be ahead. If one of |

the last three horses wins, you will
be behind.

More precisely, to determine the
expected amount of money M re-
turned to you, on average, multiply

each payoff by the probability it |
oceurs. Assuming the dice are fair, |

each horse has an equal chance.
The probability is 1/6 for each out-

Bet equal amounts; do
not assume knowledge
of the payoffs.

come. The amount of money M is
M = $13.50 x (1/6) + 29.00 x (1/6)
+ ...+ %3.86 x (1/6) = 37.17.
Your total bet B was 36. For
each dollar bet, your expected
payback is G/B = $1.195. Your ex-
pected profit per dollar bet is
$0.195 which means you have a
19.5% expected gain per unit bet.

This is what is usually meant by

the player edge or house edge, as
the case may be.

Suppose you object. Say that
you would rather bet 31 on horse
one only since it pays the most.
Then the pool has $22; there is a $2
bet on horse number 1 and it pays
14 for 1. The expected payback on
$1.is 811 x (1/6) + S0 x (5/6) = 11/6
= $1.83. The profit per $1 is $0.83
for an 83% advantage.

Your point would be well taken, |

but it doesn’'t work. Since you
don't know the payoffs, you don’t
know which horse to bet.

Does my method have the same
flaw? No. I bet equal amounts on

each horse. 1 don't assume’ any |
knowledge of the payoffs. The i
amazing thing is that this method |

will give you an edge providing: (1)
the true winning chances are equal
for each horse; and (2) all money in
the pool is returned to the players
(no track take). In the rare event
that the same amount is bet on
éach horse, you will simply get
your money back. Neither condi-
tion (1) nor condition (2) is satisfied
at a real race track.

Why does the method work,
when conditions (1) and (2) hold?
I'll indicate the proof.

Asgsume there are n horses. The
amounts bet on horses 1, 2...n
respectively are A(1), A(Z)... Ain).
Call the total in the pool A = A(l)
+ Af2) + ...+ Aln). The amount
returned per dollar bet, in case the
winner is horse 1, 2...n, respec-
tively, is AJA(1), ATA(2) ... AlAin).

The probability iz 1/n for each
of these returns; the expected pay-
off for a $1 bet on each of the n
horses is (A/A(1) + AJA(2) + ... +
AlA) x (1m) = (/A1) + ...+
1/A(n)) x A/n. We have an edge if |
this exceeds the total amount |
bet—Sn.

My system works if we can prove
for arbitrary non-negative num-
bers that (L/A(1) + ...+ 1/An)) x |
Aln is greater than n (except when
All) = A(2) =...= A(n)).

What if there is a track take? Let

K be the fraction of the pool which
is returned to the bettors. For
simplicity of illustration, this frac-
tion is the same no matter which
horse wins. (In practice that isn't
necessarily true.)

If the track take is 20%, for ex- |
ample, then K = 0.8. If there is no
track take, then K = 1. Then the
formula for your advantage (or dis- |
advantage) E with my system is: E
= (JA(l) + ...+ 1/A(n)) x KAlin |
xn) — 1, !

Let's illustrate the use of this |
formula with our original example.
We had A(l) = 82, Al2) = 83... |
Al6) = 87, A = 327, n = 6 horses,

continued an page 72
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