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Part I

Motivation and context

Based on: M. Arcos, R. Renner, J. Oppenheim, A resource theory of gambling

arxiv: 2510.08418



Motivation: unify perspectives

Blackwell’s theorem (economics) gives a general order on

informativeness: one experiment is better than another i! it we
can simulate it by post-processing or equivalently i! it is better for
a decision maker.
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Context: divide between economic and

information-theoretic perspectives
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Main Results

1. Single-shot Kelly gambling

We extend the Kelly criterion beyond the asymptotic regime
to finite and one-shot betting games.

2. Optimal strategy and success probability

For a target rate of return after a finite number of bets, we
compute the strategy maximizing the probability of success.

3. Risk–reward

Rényi divergences.

4. Conceptual bridge

↭ expected utility (economics)
↭ Information theory

5. Connection to communication theory.

6. Connection to thermodynamics (with Takahiro Sagawa,

Philippe Faist).
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Background

Kelly betting



Kelly betting
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Kelly betting
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Example: fixed odds, compare Alice’s strategies, two horse

race

Suppose Alice has $100. Bob’s odds (implied probs):

Q
B

X
= (qB

0 , q
B

0 ) = (0.6, 0.4),

Wi = 100q
A

i

qB

i

Strategy Bet fractions (qA

0 , q
A

1 ) Payo! if 1 wins Payo! if 2 wins

A (0.9, 0.1) $150 $25
B (0.7, 0.3) $116.67 $75
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Kelly betting

↭ The growth in wealth after in the asymptotic, i.i.d. limit (with
re-investing) was shown by Kelly to be:

WF

Wi

= exp
(
n

[
D(PX →Q

B

X ) ↑ D(PX →Q
A

X )
])

Optimal asymptotic strategy: QA = P. Ignore the odds!
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Kelly betting
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Part II

Finite n Kelly betting



Why only the type matters (already for finite n)

Step 1: repeated Kelly betting is a single bet on the whole

sequence

Step 2: the i.i.d. source probability also depends only on the type

Hence stake, odds, and probability are all constant on each type class !ω:

QA(xn) = 2→n(H(ωxn )+D(ωxn ↑QA)), QB(xn) = 2→n(H(ωxn )+D(ωxn ↑QB)),

and therefore
WF

Wi

= 2 n(D(ωxn ↑QB)→D(ωxn ↑QA)).

Finite-n Kelly reduces to betting on type classes.
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For finite n, wealth depends on the type

WF

Wi

= 2n

(
D(ωxn →QB)↑D(ωxn →QA)

)
.

Each type ω defines:
↭ a reward D(ωxn→QB)
↭ a probability 2↑nD(ωxn →P)

Alice faces a tradeo! between reward and probability.
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Optimisation Perspective

Finite–n problem:

Optimise D(ωxn→P) subject to a bound on D(ωxn→Q
B

X
)).

Optimal strategy:

Q
A↓
X (x) = PX (x)ε

Q
B

X
(x) 1↑ε

∑
x → PX (x ↔)ε QB

X
(x ↔) 1↑ε

.

for some ε ↓ [0, 1] which depends on the constraint.
Optimal betting strategy (Bleuer–Lapidoth–Pfister 2020):

QA,ϑ(x) = P(x)1/(1↑ϑ)
QB(x)ϑ/(1↑ϑ)

∑
x → P(x ↔)1/(1↑ϑ)QB(x ↔)ϑ/(1↑ϑ)

Therefore:

Information-theoretic optimisation = expected utility

maximisation.
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Some Renyi divergences

Using the optimal strategy, we show that the wealth for a rational
individual may be written as

log
(

WF

Wi

)
= ϑD(PX ||QB

X ) + (1 ↑ ϑ)Dϖ(PX ||QB

X ) (1)

where ϑ = 1
1 ↑ ϖ

(2)
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Part III

A resource theory of gambling



Re-interpretation as communication task
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Betting as variable-length coding

The communication interpretation of the gambling game:
↭ Bob’s odds = commitment to a variable-length code:

ϱB(zn|yn) bits from Charlie to Alice per outcome
↭ Alice’s bet = her own compression scheme: ϱA(zn|xn) bits
↭ Both must satisfy Kraft equality:

∑
2↑ϱ = 1 (prefix-free =

unambiguous decoding)
↭ Payo! = surplus communication: k = ϱB ↑ ϱA bits
↭ Identifying QA := 2↑ϱA , QB := 2↑ϱB recovers the Kelly result

QA/QB

Takeaway: The requirement that strategies are probability
distributions isn’t an axiom — it’s a physical necessity for a valid
communication protocol.
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Conclusions

↭ Information is a resource convertible into payo!s.

↭ Single-shot Kelly gambling

↭ Conceptual bridge

↭ expected utility (economics)
↭ Information theory

↭ Connection to communication theory.

↭ Connection to thermodynamics (with Takahiro Sagawa,

Philippe Faist).

↭ In this setting, the payo! admits a coding / communication

interpretation.
↭ Connection to thermodynamics in companion paper.
↭ Quantum generalisation?
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