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Abstract

We construct a principal-agent game involving network formation over layered networks with asymmetric information.
Introducing a novel approach called delegated networking principle, we aim to address two questions: (1) Is it possible for
the principal to design a mechanism to incentivize the agents to truthfully disclose their private information and adhere to the
recommended connections by the principal? (2) Is it possible for the principal to attain the same outcome as that achieved
via the centralized mechanism by selecting a profile of allowable connection sets and delegating connection choices to each
pair of players?
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1 Introduction

We consider the problem faced by a principal who seeks
to the structure incentives faced by a set of agents in form-
ing a network of connections among themselves in such
a way that each agent, in light of his private information,
forms connections that are the best interest of the princi-
pal. Thus, the principal seeks to influence - if not control
- not only who is interacting (i.e., which pairs of agents
form connections) but also how they are interacting. In
many networking situations, however, the principal, in ad-
dition to not being able to observe who is interacting and
how, does not have complete information concerning the
agent’s “type” (i.e., a parameter summarizing the agent’s
basic characteristics). Thus, there is an adverse selection
problem.

To address the issues raised above, we construct a
principal-agent game of network formation (over layered
networks) with asymmetric information and introduce a
novel approach called delegated networking. We show,
under relatively mild conditions on our game-theoretic
model of network formation, that strategic network for-
mation with incomplete information, implemented via a
mechanism and centralized reporting, is equivalent to im-
plementation via delegated networking with monitoring.
Thus, we show that the delegation principle of contracting
theory holds for games of network formation with incom-
plete information.

Because the basic strategic ingredients of our game of
network formation are bilateral connections, it is useful
to view each agent pair, ij, as a player or a node with
a player’s club choice representing the resolution of the
“whether or not to connect” and “how to connect” part of
the problem.

2 Network Formation Under
Incomplete Information

2.1 Primitives

Assume the following:

(1) N is a finite set of agents, consisting of n agents,
equipped with the discrete metric ηN , having typical
elements i and j.

(2) N2 := N × N is the set of agent pairs, consisting
of n2 pairs, each agent pair representing a player,
equipped with the discrete metric ηN×N := ηN +
ηN , having typical elements ij (including the diago-
nal pairs ii ∈ N2).

(3) C is a finite set of clubs equipped with discrete metric
ηC having typical element c, containing a special “no
interaction” club c0.

(4) (S,B(S)) is a space consisting of mutually observ-
able states, s ∈ S, where S is a complete, separable
metric (Polish) space with metric ρS and Borel σ-field
B(S).

(5) (Ti,B(Ti)) is a space consisting of ith agent types,
ti ∈ Ti, where Ti is a complete, separable met-
ric (Polish) space with metric ρTi and Borel σ-field
B(Ti).

(6) Tij := Ti × Tj is the space of player ij’s possible
types, tij := (ti, tj) ∈ Tij, equipped with the Borel
product σ-field, B(Tij) := B(Ti)×B(Tj).

(7) T = ΠiTi is the space of agent type profiles (n-
tuples), t ∈ T, equipped with the Borel product σ
-field, B(T) = ΠiB(Ti).

(8) Ac is a convex, compact metrizable subset of a locally
convex Hausdorff topological vector space Ec con-
taining all possible category c arc types, ac, equipped
with a metric ρc compatible with the locally convex
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ric (Polish) space with metric ρTi and Borel σ-field
B(Ti).

(6) Tij := Ti × Tj is the space of player ij’s possible
types, tij := (ti, tj) ∈ Tij, equipped with the Borel
product σ-field, B(Tij) := B(Ti)×B(Tj).

(7) T = ΠiTi is the space of agent type profiles (n-
tuples), t ∈ T, equipped with the Borel product σ
-field, B(T) = ΠiB(Ti).

(8) Ac is a convex, compact metrizable subset of a locally
convex Hausdorff topological vector space Ec con-
taining all possible category c arc types, ac, equipped
with a metric ρc compatible with the locally convex
topology inherited from Ec.

(9) A(·, c) is club c′s feasible arc correspondence, a set-
valued mapping from the set of all players, ij, taking
values in the collection, 2Ac , of ρc -closed subsets of
Ac such that for each player, ij,

A(ijc) ⊂ Ac ⊂ Ec.

Alternatively, the correspondence, A(ij·), is player
ij′s feasible arc correspondence across clubs, i.e.,
A(ijc) ∈ 2Ac .

We will refer to our list of primitives together with our
assumptions as [A-1](γ), γ = 1, 2, . . . , 9.

2.2 Club Networks

In our club network model, we will assume that each
player, ij ∈ N2, can join multiple clubs, c ∈ C, and in
each club player ij takes a particular action a from a fea-
sible set of actions, A(ijc), relevant to that club. This set
of relevant actions for each player-club pair is given by the
feasible arc correspondence, ijc −→ A(ijc). We have the
following formal definition of a club network.

Definition 1 (Club Networks). Given arc sets {Ac : c ∈
C}, with A := ∪c Ac, node set, N2 ∪ C, and feasible
arc correspondence, ijc −→ A(ijc), a club network is a
nonempty, closed subset, G, of A ×

(
N2 × C

)
such that

(i) |G(ijc)| ≤ 1 and |G(ijc)| = 1 for some c ∈ C, (ii) if
for c ∈ C, |G(ijc)| = 1, then (a, (ij, c)) ∈ G if and only
if a ∈ A(ijc), and (iii) for all ij ∈ N2,

|G(ijc0)| = 1 iff |G(ijc)| = 0 for all c ∈ C\{c0}.

We will denote by G the collection of all feasible club net-
works. Thus,

G :=
{

G ∈ Pf (A × (N2 × C)) :
satisfying (i), (ii), and (iii)

}
.

Thus, in a club network a typical connection is given
by

(a, (ij, c)) ∈ A × ((N × N)× C),

where connection, (a, (ij, c)), indicates that player ij is in
club c and that in this club player ij takes feasible action
a ∈ A(ijc).

Then, we will assume the following concerning each
player’s payoff function, uij(·, ·) (see Balder (1997), and
Bloch and Jackson (2007)).

[A-2] (Players’ payoff functions are Caratheodory and
additively coupled)
We will assume that for each (ω, G) ∈ Ω × G,

uij(ω, G) = vij(ωij, Gij) + ∑i′ j′ �=ij v̄ij(ωij, ωi′ j′ , Gi′ j′),

for some functions v, v̄, where v is Caratheodory.

3 Mechanism Games vs Catalog Games

3.1 Mechanism Games

In this section, we analyze the network formation problem
under incomplete information as a principal-agent network
formation game with adverse selection, assuming that the
principal is allowed to design a profile of network forma-
tion mechanisms, so as to induce players to reveal their
types and to follow the connection recommendations of
the mechanism.

3.2 Catalog Games

A catalog is a closed set of feasible networks offered to
players who choose the optimal network from the catalog,
while the principal observes these choices to form recom-
mendations. The Delegated Networking Principle charac-
terizes all incentive-compatible mechanisms via catalogs
of networks. This simplifies the principal-agent game,
converting it into an equivalent unconstrained game over
network catalogs.

Theorem 1 (The Delegated Networking Principle).
Suppose assumptions [A-1] and [A-2] hold. The following
statements are equivalent.

(1) Mij(·) ∈ G(Ωij, Gij), is incentive compatible, that
is, for all ωij and ω′

ij

Uij(ωij, Mij(ωij)) ≥ Uij(ωij, Mij(ω
′
ij)).

(2) Mij(·) ∈ M(Ωij, Gij) is such that there exists a
unique, minimal (by set inclusion) ij-catalog, Gij ∈
PhK f (Gij) satisfying

Mij(ωij) ∈ ΦUij(ωij,Gij) for all ωij.

We prove the equivalence between mechanism and cat-
alog game theoretic approaches to network formation un-
der incomplete information. The Delegated Networking
Principle offers a powerful tool for designing incentive-
compatible networks, emphasizing the role of delegation
in managing complex network interactions.
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Construction of a Spray Model for High Accurate Prediction  
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Abstract 

The breakup time was modified to improve the accuracy of droplet breakup predictions. The modified breakup 
time showed a similar trend to the experimental formula proposed by Pilch et al. By using a revised breakup time, 
a value close to the empirical formula proposed by Pilch et al. was obtained. Furthermore, downstream droplet 
information was predicted from upstream droplet information using measurements of the velocity and size of 
droplets inside the spray near the nozzle exit using a laser 2-focus velocimeter(L2F). The sauter mean diameter 
of modified RT model was closer to the one measured by L2F than the one of RT model. 
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Abstract 

Olfactory inputs can modulate the visual cognitive process. The authors investigated the effect of citrus odor on the working 
memory of the orange color. This report focused on color brightness as one of the visual features for memorization. We designed a 
2-back color working memory task. The participants performed this task with citrus odor presentation and were measured 
electroencephalography (EEG) during the task. This report compared the event-related potential peaks obtained from EEG to 
demonstrate the impact of citrus odor on the recognition of orange color brightness.   

 
Keywords Event-related potential, Olfaction, 2-back Task 
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topology inherited from Ec.
(9) A(·, c) is club c′s feasible arc correspondence, a set-

valued mapping from the set of all players, ij, taking
values in the collection, 2Ac , of ρc -closed subsets of
Ac such that for each player, ij,

A(ijc) ⊂ Ac ⊂ Ec.

Alternatively, the correspondence, A(ij·), is player
ij′s feasible arc correspondence across clubs, i.e.,
A(ijc) ∈ 2Ac .

We will refer to our list of primitives together with our
assumptions as [A-1](γ), γ = 1, 2, . . . , 9.

2.2 Club Networks

In our club network model, we will assume that each
player, ij ∈ N2, can join multiple clubs, c ∈ C, and in
each club player ij takes a particular action a from a fea-
sible set of actions, A(ijc), relevant to that club. This set
of relevant actions for each player-club pair is given by the
feasible arc correspondence, ijc −→ A(ijc). We have the
following formal definition of a club network.

Definition 1 (Club Networks). Given arc sets {Ac : c ∈
C}, with A := ∪c Ac, node set, N2 ∪ C, and feasible
arc correspondence, ijc −→ A(ijc), a club network is a
nonempty, closed subset, G, of A ×

(
N2 × C

)
such that

(i) |G(ijc)| ≤ 1 and |G(ijc)| = 1 for some c ∈ C, (ii) if
for c ∈ C, |G(ijc)| = 1, then (a, (ij, c)) ∈ G if and only
if a ∈ A(ijc), and (iii) for all ij ∈ N2,

|G(ijc0)| = 1 iff |G(ijc)| = 0 for all c ∈ C\{c0}.

We will denote by G the collection of all feasible club net-
works. Thus,

G :=
{

G ∈ Pf (A × (N2 × C)) :
satisfying (i), (ii), and (iii)

}
.

Thus, in a club network a typical connection is given
by

(a, (ij, c)) ∈ A × ((N × N)× C),

where connection, (a, (ij, c)), indicates that player ij is in
club c and that in this club player ij takes feasible action
a ∈ A(ijc).

Then, we will assume the following concerning each
player’s payoff function, uij(·, ·) (see Balder (1997), and
Bloch and Jackson (2007)).

[A-2] (Players’ payoff functions are Caratheodory and
additively coupled)
We will assume that for each (ω, G) ∈ Ω × G,

uij(ω, G) = vij(ωij, Gij) + ∑i′ j′ �=ij v̄ij(ωij, ωi′ j′ , Gi′ j′),

for some functions v, v̄, where v is Caratheodory.

3 Mechanism Games vs Catalog Games

3.1 Mechanism Games

In this section, we analyze the network formation problem
under incomplete information as a principal-agent network
formation game with adverse selection, assuming that the
principal is allowed to design a profile of network forma-
tion mechanisms, so as to induce players to reveal their
types and to follow the connection recommendations of
the mechanism.

3.2 Catalog Games

A catalog is a closed set of feasible networks offered to
players who choose the optimal network from the catalog,
while the principal observes these choices to form recom-
mendations. The Delegated Networking Principle charac-
terizes all incentive-compatible mechanisms via catalogs
of networks. This simplifies the principal-agent game,
converting it into an equivalent unconstrained game over
network catalogs.

Theorem 1 (The Delegated Networking Principle).
Suppose assumptions [A-1] and [A-2] hold. The following
statements are equivalent.

(1) Mij(·) ∈ G(Ωij, Gij), is incentive compatible, that
is, for all ωij and ω′

ij

Uij(ωij, Mij(ωij)) ≥ Uij(ωij, Mij(ω
′
ij)).

(2) Mij(·) ∈ M(Ωij, Gij) is such that there exists a
unique, minimal (by set inclusion) ij-catalog, Gij ∈
PhK f (Gij) satisfying

Mij(ωij) ∈ ΦUij(ωij,Gij) for all ωij.

We prove the equivalence between mechanism and cat-
alog game theoretic approaches to network formation un-
der incomplete information. The Delegated Networking
Principle offers a powerful tool for designing incentive-
compatible networks, emphasizing the role of delegation
in managing complex network interactions.
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principal is allowed to design a profile of network forma-
tion mechanisms, so as to induce players to reveal their
types and to follow the connection recommendations of
the mechanism.

3.2 Catalog Games

A catalog is a closed set of feasible networks offered to
players who choose the optimal network from the catalog,
while the principal observes these choices to form recom-
mendations. The Delegated Networking Principle charac-
terizes all incentive-compatible mechanisms via catalogs
of networks. This simplifies the principal-agent game,
converting it into an equivalent unconstrained game over
network catalogs.

Theorem 1 (The Delegated Networking Principle).
Suppose assumptions [A-1] and [A-2] hold. The following
statements are equivalent.

(1) Mij(·) ∈ G(Ωij, Gij), is incentive compatible, that
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′
ij)).

(2) Mij(·) ∈ M(Ωij, Gij) is such that there exists a
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PhK f (Gij) satisfying
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We prove the equivalence between mechanism and cat-
alog game theoretic approaches to network formation un-
der incomplete information. The Delegated Networking
Principle offers a powerful tool for designing incentive-
compatible networks, emphasizing the role of delegation
in managing complex network interactions.
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