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ABSTRACT
We consider the problem of operating a gambling market
where players pay with IOUs instead of cash, and where in
general not everyone trusts everyone else. Players declare
their degree of trust in other players—for example, Alice
trusts Bob for up to ten dollars, and Bob trusts Carol up
to twenty dollars. The system determines what bets are ac-
ceptable according to the trust network. For example, Carol
may be able to place a bet where she is at risk of losing ten
dollars to Alice, even if Alice doesn’t trust Carol directly, be-
cause the IOU can be routed through Bob. We show that if
agents can bet on n events with binary outcomes, the prob-
lem of determining whether a collection of bets is acceptable
is NP-hard. In the special case when the trust network is a
tree, the problem can be solved in polynomial time using a
maximum flow algorithm.
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1. INTRODUCTION
A typical betting market is run by a central entity who

is responsible for transferring payments from losers to win-
ners. The market organizer collects cash deposits from the
participants and carefully limits bets to ensure that all par-
ticipants can cover their losses. Participants must tie up
their cash in the system if they want to trade in the market.
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We consider an alternate framework where no central en-
tity collects deposits or verifies the creditworthiness of par-
ticipants. Instead, participants declare their degree of trust
in one another by stating the maximum amount of money
they are willing to loan to specific individuals. For example,
Alice may say she trusts Bob for up to ten dollars, while
Bob says he trusts Carol for up to twenty dollars.

In our setting, loans have no strings attached, meaning
there are no restrictions on what recipients can do with the
borrowed money. In particular, it is allowed and indeed ex-
pected that loan recipients can in turn loan out the money
to other people that they trust. Thus we envision partici-
pants declaring relatively conservative levels of trust so that,
if worse comes to worst, they are fully prepared to absorb
any and all losses stemming from defaulted loans. In the
above example, Alice is in effect vouching for Bob, promis-
ing to cover up to ten dollars of Bob’s debt if he defaults in
the system. Trust in this sense is a directed binary relation
with a real-valued weight. The set of all declarations of trust
forms a weighted directed graph, known as the trust graph
or trust network [9].

A payment in our system takes the form of an “I owe you”
(IOU) from one participant to another, or more generally a
sequence of IOUs among several participants. For example,
a $10 payment from Carol to Alice might be a direct IOU
from Carol to Alice, or it might consist of two IOUs, one
from Carol to Bob and one from Bob to Alice. A feasible
payment is a payment that respects the trust network. More
specifically, it is a payment that can be achieved via a series
of binary IOUs following links backwards in the trust graph.
In the running example, assuming no other IOUs have been
issued, Carol’s $10 payment to Alice is feasible, since it can
be achieved by issuing a $10 IOU from Carol to Bob and
a $10 IOU from Bob to Alice, both within the limits that
Alice and Bob declared.

Our previous work introduced and formalized the con-
cept of a trust network as a distributed payment system
and examined how to conduct a multi-unit auction when
the buyers and seller are nodes in the network, showing the
problem is NP-hard [9]. Subsequent work analyzed the liq-
uidity of such trust networks [5], and their formation by
strategic agents [6]. We note, moreover, that the trust net-
work framework generalizes the case of budget-constrained
agents, which has many practical applications and has been
studied in both the economics and computer science litera-



ture [2, 3, 1, 7]. In addition to this theoretical work, there
are at least two prototype implementations of trust networks
[8, 10].

2. PROBLEM STATEMENT & RESULTS
We now formally define the problem of betting on a trust

network, denominating bets in a hypothetical currency, utils,
that represents an abstract measure of utility [10].

A trust network [9] is given by a weighted directed graph
defined on a set of vertices V = {0, . . . ,m} representing m
agents. Edges in this graph represent trust relationships
among agents. Each edge (i, j) ∈ E with weight cij specifies
that i has extended j a credit line of cij utils. The power of
a trust network so defined is that arbitrary payments can be
made by passing obligations between agents that explicitly
trust each other if the network is sufficiently well-connected.
A payment of x utils from agent u to agent v is feasible as
long as there is a way to route x utils from u to v in the
network, respecting the capacities given by the cij ’s.

We consider the following simple betting scenario. Agents
can place bets on n events with binary outcomes, each with
fixed, even odds. That is, each event has two possible out-
comes, denoted by −1 and 1, and if an agent places a bet
of x utils on the outcome b ∈ {−1, 1}, it should be paid x
utils if the outcome is b; and it should pay x if the outcome
is −b. The final outcome of the n events is denoted by a
vector in {−1, 1}n, and the bets of an agent i ∈ V is de-
noted by an n-tuple in Rn, where a negative value −x in
the `-th entry indicates a bet of value x for the outcome −1
in the `-th event, and a positive value indicates a bet for
the outcome 1. Therefore, if ~xi ∈ Rn denotes the bets of
agent i ∈ V and ~v ∈ {−1, 1}n denotes the outcome, then
the overall payment that agent i should receive (or pay) is
given by the dot product ~v · ~xi. We assume that the bets
are balanced, i.e., the sum of all bets equals the zero vector
(
∑

i∈V ~xi = ~0). This guarantees that under any outcome,
the sum of payment vectors is zero, and therefore it is not
necessary to inject any additional money into the network.

We study the problem faced by a mediator who is given a
set of bets and needs to decide if these bets are feasible given
the constraints that the underlying trust network imposes on
the routing of payments among agents. We can define mul-
tiple versions of this problem, for example, deciding whether
a given set of bets can be supported by the trust network, or
selecting a maximal set of bets that can be supported. Here
we focus on the decision version of the problem. (The deci-
sion problem in fact captures the complexity of the problem
in the sense that variants of the problem for which the deci-
sion problem can be solved efficiently correspond to variants
where the optimization problem can be solved efficiently.)
Formally, the problem can be stated as follows:

Gambling Feasibility Problem
Input: Trust network G = (V,E) with capac-
ities cij on the edges, an integer n, and a bet
~xi ∈ Rn for each i ∈ V .

Question: Decide whether for every ~v ∈ {−1, 1}n,
the payments ~v · ~xi for every i ∈ S can be routed
through the trust network.

With this statement of the gambling problem, we find
two results: (1) the problem is NP-hard in general, even for
seemingly simple trust network structures; and (2) despite

this hardness result, the problem is tractable if the network
is a tree.

Theorem 1. The problem of determining feasibility of a
gamble over a trust network is:

1. NP-hard in general, even if the trust network is a bidi-
rected complete graph with uniform weights.

2. solvable in polynomial time if the corresponding undi-
rected graph is a tree.

Though we omit proofs of these results due to space con-
straints, we note the following useful reformulation of the
problem. By the max-flow min-cut theorem [4], under any
fixed outcome ~v ∈ {−1, 1}n, the problem of whether the
payments under this outcome can be routed is equivalent to
determining if for every set T of nodes in G, the total capac-
ity of the edges from T to T is at least the total amount that
the bettors in T win under the outcome ~v. This amount can
be written as max(0,

∑
i∈T ~v · ~xi). Therefore, the gambling

feasibility problem is equivalent to deciding whether for ev-
ery set T of nodes, the capacity of the cut (T, T ) is at least
the maximum amount that bettors in T can win under any
outcome.
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