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De Moivre, Euvler, and Montmort analyzed a predecesser of Faro,
We consider the modern game first under the assumption of random
shuffling, then with nonrandom shuffling. With random shuffling we
find the house edge can be less than 0.0006 percent, but it is at least
0.526 percent if the player is limited to negative expectation bets. Hu-
man shuffling is nonrandom and a simple model for it indicates that,
in principle, the playar can achieve significant positive expectlation.
The ideas used to apply nonrandom shuffling to Faro also extend to
other games. We illustrate with casino Blackjack., An appendix dis-
cusses previous work on modern Faro.

1. INTRODUCTIOMN

Faro appeared as early as 1400 [4, 8, 13, 207, One
version [[197] was mathematically analyzed by De Moivre
[2], Euler [6], and Montmort [127].

We present what we believe is the first correct treat-
ment of modern Faro, (See the appendix for a diseussion
of the literature.) Section 2 assumes random shufiling and
estimates the house edge on that basis. Bection 3 observes
that real shuffling i= nonrandom and uses a simple model
of it to indicate that the player can, in principle, achieve
gignificant positive expectation. Though Faro is rarely
played now, the methods apply to other games, as we
illustrate with casino Blackjack.

The reader interested in nonrandom shuflling may skip
directly to Section 3 after reading Subsections 2.1 and
2.5, An expanded version of this article is available from
the author.

2. PROBABILITIES AMD STRATEGIES
WITH RANDOM SHUFFLING

2.1 Rules and Procedures

Pairs of cards are dealt face up from a single 52-card
(bridge) deck. The first card of the deck (soda) is inactive.
Then cards are dealt in pairs. The first of the pair is the
losing eard, and the second is the winning card. The
losing card is drawn from the box and placed immediately
to the side in the losing pile. The winning card stays
momentarily in the box. After the settlement of this hand,
or furn, bets may be made or withdrawn. Then another
pair of eards is drawn. (The first iz the winner on the
previous turn and is placed on the winning pile.) The
process continues until 25 pairs or 50 cards, plus the
original soda card, have been played.
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If a player bets one umt on a speecified rank to win
{say @) then he wing one unit if the next two cards are
(X, @) in that order, where X is any eard not of rank Q.
He loses his bet if the order is (@, X)), and loses half his
bet if (@, @) occurs. If (X, X} occurs, he neither wins
nor loses,

We limit analysis here to the bet on the rank fo win.
Other bets are diseussed in the references, as are varia-
tions to the game. The expanded version of this article
extends the methods herein to these bets and to the
variations.

2.2 The Bet on a Rank

Suppose the player bets on the rank @ to win when m
cards of rank @ and » cards of other ranks & remain.
The remaining number of turns is ¢ = [{m + a)/2],
where [x] is the integer part of x. Assume the playver
leaves his bet on until a § appears and the bet 1s settled,
or for & turns, where 1 = & = { He removes the bet after
k turns if the outeomes have all been (X, X,

We wish to find Wim, n; k), the probability that the
player wins; L{m, n; &), the probability that the player
loses: S(m, n; &), the probability that the plaver loses
half his bet; and N{m, n; k), the probability of no
resolution. We also wish to know G{m, n: k), the player's
expectation per unit bet, and Gelm, n; k), the player's
{eonditional) expectation per unit bet, given that (X, X))
does not oceur on all & turns, .e., that the bet i resolved.

It can be shown that

G =W —L—82=— 8/2,
Qo = G — Ny,
WH+L+8+N=1 s0o WH+L=1—(S+N),

and
W=L=(1-8&—N)}/2

Thus & and & yield all the desired quantitics.

Nim, n; k) 1z the probability that the first 2k cards are
all X. Therefore N(m, n; &) = 0 if and only if 2k > n.
If2 = 2k = n,

Nim, n; k) = (8)/("&") = (n)e/(m + n)a
= (m+n— 2k (m + n)u
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