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Abstract

This paper studies networks of dynamic duopoly systems with the objectives of maximization of firms’ discounted profits and

of convergence of market prices in all markets. We model each duopoly as a dynamical process of price adjustment, driven

by production decisions of firms. The profit maximization problem is reformulated as a quadratic optimal control problem by

representing the dynamics of the duopoly in a linear time-invariant (LTI) state-space form. In order to impose the price convergence

between the markets, a consensus term is added to the cost function. We use the Hamilton–Jacobi–Bellman (HJB) approach to

derive a control law that encourages profit maximization and market price convergence over a finite time horizon. The proposed

framework reformulates the dynamic duopoly problem in networked markets within an optimal control framework, allowing

simultaneous profit optimization and market price coordination.
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1 Introduction
Optimal control theory offers a powerful framework for the analysis of dynamic systems in economics and finance. One important

application of this framework is the study of duopoly markets, where two firms produce homogeneous products and interact strategically

over time [3, 9, 14]. Traditional duopoly models have gradually evolved into dynamic differential game frameworks that incorporate

time-dependent decision-making, adaptive consumer behavior, and network effects. In this context, differential game techniques have

been widely employed to investigate competitive behavior, pricing dynamics and market evolution under network externalities [10].

Recently, the analysis of dynamic economic networks has attracted increasing attention in control theory [7, 11, 17]. Particularly,

the duopoly competition has been extended to dynamic state-feedback strategies with consideration of partially observed consumer

networks and robustness to external disturbances. These approaches emphasize stability, adaptability and convergence in market-oriented

decision-making processes. [1]. Moreover, event-triggered control based distributed Nash equilibrium seeking approaches have been

proposed for noncooperative duopoly games to guarantee system stability and improve the performance of multi-agent competitive systems

[15].
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In multi-agent control theory, consensus refers to the process through which interconnected agents asymptotically reach agreement on a

common variable despite differences in initial conditions or locally available information. Integrating consensus mechanisms with optimal

control theory provides a unified framework for simultaneously achieving performance optimization and coordination objectives [4,16]. This

combination is not only theoretically significant but also practically relevant in modern economic infrastructures. For instance, networks of

regional electricity markets can be modeled as interconnected duopoly systems, where each region is dominated by two major electricity

producers. Such market structures are often seen in power systems that are not regulated whith a limited number of generators that compete

within geographically separated but economically interconnected regions [6, 12]. In such environments, consensus-based coordination and

optimal feedback control can contribute importantly to price stability, competition regulation and overall market efficiency.

From an economic perspective, price convergence is particularly desirable in interconnected or regulated markets, where excessive price

disparities may reduce market efficiency and hinder market integration. In such environments, the consensus objective can be interpreted as

a coordination mechanism that promotes balanced market behavior while preserving competitive incentives.

The existing literature has studied various aspects of the dynamic games and distributed coordination for economic systems. For instance,

the work in [1] studied dynamic duopoly competition within a differential game framework using state-feedback strategies and online

saddle-point dynamics under disturbances and partial observations. However, the considered framework focuses on an isolated duopoly

market and does not address coordination or consensus among multiple interconnected markets. On the other hand, the consensus-based

Nash equilibrium seeking methods for distributed multi-agent games have been developed in [18]. In these approaches the consensus

mechanisms are essentially used for information exchange and equilibrium estimation, while the players are modeled by simplified

integrator-type dynamics. So, the combination of dynamic duopoly models, optimal state-feedback control and consensus-based market

coordination has not been much studied. Despite these advances, the incorporation of price consensus directly into the profit optimization

objectives of dynamic duopoly systems remains insufficiently explored. In particular, the simultaneous achievement of individual discounted

profit maximization and global market price convergence has not yet been adequately addressed within a unified state-space optimal control

framework.

Classical differential game formulations for duopoly markets generally assign separate objective functions to individual firms and seek

equilibrium strategies arising from strategic interactions. In contrast, the present work reformulates the dynamic duopoly problem within an

optimal control framework, where discounted profit optimization and market price coordination are incorporated into a unified performance

index. Furthermore, unlike conventional consensus-based approaches that primarily focus on coordination or information exchange, the

proposed framework embeds the price agreement objective directly into the optimization criterion and derives an optimal state-feedback law

through the HJB framework.

In this paper, we propose a control-theoretic framework for coordinating a network of dynamic duopoly systems. The proposed approach

is different from previous studies focusing mainly on isolated markets or equilibrium analysis, as it explicitly studies interacting duopolies

in a networked setting and addresses both economic optimization and price consensus in a unified dynamic framework. Each duopoly

is modeled in LTI state-space form, which allows the simultaneous use of optimal control and consensus theory. Moreover, the price

coordination objective is directly included in the performance index, modeling centralized, regulatory or socially motivated coordination

mechanisms.

The main contributions of this work are as follows: (i) The dynamic duopoly problem is reformulated as an optimal control problem for

networks of duopoly systems; (ii) a consensus-based performance index is introduced to incorporate market price coordination directly into

the optimization objective; and (iii) an HJB-based optimal feedback controller is developed to achieve simultaneous profit optimization and

market price agreement.

The paper is organized as follows: Section 2 introduces the necessary preliminaries. Section 3 formulates the optimization problem

and presents the main results. Section 4 provides a numerical example and simulation results. Finally, Section 5 concludes the paper with

remarks and future research directions.

2 Preliminaries
In this section, we present necessary background required to understand the main topic of the article.
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2.1 State-Space Representation

Consider a network of N continuous-time LTI systems. The j-th system dynamics are:

ẋ j(t) = A jx j(t)+B ju j(t), for j = 1, . . . ,N, (1)

where x j ∈ Rn is the state of the system (which can represent a set of economic variables), u j ∈ Rm is the control input, and A j ∈ Rn×n,

B j ∈ Rn×m are system matrices.

The overall dynamic of the entire network can be expressed as:

Ẋ(t) = ADX(t)+BDU(t), (2)

where

X(t) =
[
x1(t),x2(t), . . . ,xN(t)

]T
, U(t) =

[
u1(t),u2(t), . . . ,uN(t)

]T
,

and

AD = diag(A1, . . . ,AN), BD = diag(B1, . . . ,BN).

Definition 1 (see [13]). The network (1) achieves state consensus if the following relation holds over a finite horizon:

∀ j,k : ∥x j(t)− xk(t)∥→ 0. (3)

In other words, state consensus refers to the agreement on a common value of a quantity of interest, reached despite differing initial

states among network members.

Definition 2 (see [5]). Let S ∈ RnN×p be an orthonormal matrix. The network (2) achieves consensus to the subspace S = span{S} if for

any initial condition, X(t) converges to a point in S .

The following lemma provides necessary and sufficient conditions under which state consensus can be achieved via state-feedback

control.

Lemma 1 (see [5]). For the network (2) there exists a control law U = FX such that consensus to S is achieved if and only if there exists

a positive definite matrix X and a matrix Y such that F = Y X −1 and:

i) X = S⊥S T
⊥X S⊥S T

⊥ +S S T X S S T ,

ii) ADX S +BDY S = 0,

iii) S T
⊥ (ADX +X AT

D +BDY +Y T BT
D)S⊥ < 0.

Here, the first condition ensures decomposition into consensus and disagreement subspaces, the second condition is about zero dynamics

on agreement or consensus subspace and the third guarantees stability in the disagreement subspace.

In most optimization problems, the linear system (1) is associated with a quadratic cost criterion or performance index of the following

general form that should be minimized:

J j =
∫ T

0
(xT

j (t)Q jx j(t)+uT
j (t)R ju j(t))dt, for j = 1, . . . ,N. (4)

where Q j ∈ Rn×n is symmetric positive semi-definite and R j ∈ Rm×m is symmetric positive definite. An effective approach to solving the

above optimization problem involves seeking a continuously differentiable value function of the following form:

V j(t,x j) = min
u j

(∫ T

0
(xT

j (t)Q jx j(t)+uT
j (t)R ju j(t))dt

)
, for j = 1, . . . ,N, (5)

which satisfies the terminal condition V j(T,x j) = 0 and is the solution of a partial differential equation (PDE) known as HJB equation of the

following form [2]:

−
∂V j

∂ t
(t,x j) = min

u j

{
(xT

j Q jx j +uT
j R ju j)+

∂V j

∂x j
(t,x j)(A jx j +B ju j)

}
. (6)
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2.2 Dynamic Duopoly System

In this paper, we consider a network of N distinct duopoly systems that each of which has two firms. For the i-th (i = 1,2) firm in the

j-th ( j = 1, . . . ,N) duopoly system, let v ji(t) ⩾ 0 denote the output rate of each firm, p j(t) be the market price at time t and a j > 0 be

constant. Then, according to [7] the relationship between outputs of firms and the market price is stated by p j(t) = a j − (v j1(t)+v j2(t)). To

reflect that market prices do not instantaneously adjust to the demand-implied price, Engwerda [8] introduces a price adjustment dynamic in

which the current market price is a function of the difference between the current market price and the price indicated by the linear demand

function that leads to the following mathematical model:

ṗ j(t) = s j{a j − (v j1(t)+ v j2(t))− p j(t)}, p j(0) = p j0. (7)

where s j > 0 is the adjustment speed parameter.

In addition, the discount profit for the i-th firm (i = 1,2) of the j-th duopoly system ( j = 1, . . . ,N) that should be maximized is:

J ji =
∫ T

0
e−rt{p j(t)v ji(t)− c ji v ji(t)−

1
2

v2
ji(t)}dt, (8)

where c ji ∈ (0,a j) are fixed parameters and r > 0 is the discount rate.

3 Main Results
We assume that each member in the duopoly network (7) seeks to maximize its discounted profit (8). It should be emphasized that the

proposed formulation differs from classical differential game approaches. In differential games, firms are usually treated as strategic

players seeking Nash equilibrium solutions through individual objective functions. In the present work, the focus is not on equilibrium

analysis but rather on constructing an optimal control framework in which the interactions among multiple duopoly systems are coordinated

through a consensus-related performance criterion. This reformulation allows the simultaneous treatment of economic optimization and

market price coordination within a unified HJB-based design framework. The reformulation of the dynamic duopoly problem into a unified

HJB-based optimal control framework that simultaneously addresses profit optimization and market price coordination constitutes the main

methodological distinction of the proposed approach from both classical differential game formulations and conventional consensus-based

control frameworks. From an economic perspective, market price coordination is introduced as an additional design objective. Accordingly,

the market prices of all network members are required to converge to a common value. In other words, the difference between the market

prices of any two distinct members converges to zero over a finite horizon, i.e., ∀ j,k: ∥p j(t)− pk(t)∥ → 0. To reach both of these goals

simultaneously, we are going to use the state space representation of duopoly systems (7). To this end, f or j = 1, . . . ,N and i = 1,2 we

introduce the state vector x ji(t) and the control vector u ji(t) as follows:

x ji(t) = e−rt/2

[
p j(t)

1

]
, u ji(t) = e−rt/2v ji(t)+

[
−1 c ji

]
x ji(t). (9)

Due to (9), the system matrices are given as:

A ji =

[
−r/2−3s j (a j +2c ji)s j

0 −r/2

]
, B j1 = B j2 =

[
−s j

0

]
. (10)

Furthermore, required matrices for performance (6) are as follows:

Q ji =−1
2

[
1 −c ji

−c ji c2
ji

]
, R j1 = R j2 =−1

2
. (11)

By incorporating relations (9)–(11) into (8), the discounted profit maximization becomes:

maxJ ji =
∫ T

0
(xT

ji Q ji x ji +uT
ji R ji u ji)dt. (12)
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Since maxJ ji = min−J ji by selecting J̃ ji =−J ji , Q̃ ji =−Q ji and R̃ ji =−R ji the corresponding minimization problem is:

min J̃ ji =
∫ T

0
(xT

ji Q̃ ji x ji +uT
ji R̃ ji u ji)dt. (13)

It is noted that R̃ ji =
1
2 is positive definite and the eigenvalues of Q̃ ji are given by:

λ1 =
1
2 (1+ c2

ji), λ2 = 0.

Hence, Q̃ ji is positive semidefinite. Now our objective is to ensure that market prices converge to a common value or equivalently, their

difference converges to zero, i.e., ∀ j,k ∥p j(t)− pk(t)∥→ 0. By using the state vector defined in (9), this requirement can be expressed in

the form of a state-consensus condition as: ∀ j,k ∥x ji(t)−xki(t)∥→ 0. We incorporate this criterion into J̃ ji . In this way, the final form for

the optimization problem for the j-th ( j = 1, . . . ,N) member of the network of duopoly systems converging to a common market price can

be summarized as follows:

min J̃ ji =
∫ T

0

( N

∑
k=1
k ̸= j

(x ji − xki)
T Q̃ ji(x ji − xki)+uT

ji R̃ ji u ji

)
dt

s.t.

ẋ ji = A ji x ji +B ji

2

∑
i=1

u ji .

(14)

It should be noted that the optimization problem in (14) is formulated using a single performance index that combines economic and

coordination objectives. Therefore, the proposed framework should not be interpreted as a classical differential game, where individual

players are typically associated with separate objective functions and equilibrium concepts. Instead, the interaction among duopoly systems

is addressed through a unified optimal control formulation. The consensus term in the performance index penalizes excessive price

differences among interconnected markets. From an economic perspective, this term represents a coordination objective that may arise

in integrated or regulated market environments, where reducing large price disparities can improve market efficiency, enhance stability, and

support market integration. Therefore, the proposed formulation seeks to balance individual profit optimization with coordinated market

behavior through a unified optimal control framework.

The corresponding HJB quation to (14) is:

−
∂V ji
∂ t

(t,x ji) = min
u

{
N

∑
k=1
k ̸= j

(x ji − xki)
T Q̃ ji(x ji − xki)+uT

ji R̃ ji u ji +
∂V ji
∂x ji

(t,x ji)

(
A ji x ji +B ji

2

∑
i=1

u ji

)}
, (15)

where V ji is a value function that should be determined subject to the boundary condition V ji(T,x ji) = 0.

Since the objective is formulated through a unified performance index, the resulting HJB equation characterizes an optimal control

solution rather than a Nash equilibrium solution of a differential game.

Based on the above formulation, the following theorem presents the optimal control law that ensures both profit optimization and price

consensus.

Theorem 1. Assume a network of N duopoly systems with dynamics (7) and discounted profits (8). To achieve individual profit maximization

together with market price convergence, the optimization problem can be reformulated in the following state-space form:

min J̃ ji =
∫ T

0

( N

∑
k=1
k ̸= j

(x ji − xki)
T Q̃ ji(x ji − xki)+uT

ji R̃ ji u ji

)
dt

s.t.

ẋ ji = A ji x ji +B ji

2

∑
i=1

u ji ,

(16)

with the optimal state-feedback control law as:

u ji =−R̃−1
ji BT

ji

(
S ji x ji + ∑

k ̸= j
GT

ji xki

)
, (17)
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where S ji ∈ Rn×n and G ji ∈ Rn×n are positive definite and symmetric matrices satisfying:

Ṡ ji +S ji A ji +AT
ji S ji −S ji B ji R̃

−1
ji BT

ji S ji + Q̃ ji = 0, S ji(T ) = 0,

Ġ ji +(A ji −B ji R̃
−1
ji BT

ji S ji)
T G ji − Q̃ ji = 0, G ji(T ) = 0.

(18)

Proof. The state-space representation of the optimization problem (16) has already been established via relations (9)–(14). For the remainder

of the proof, consider the following candidate value function:

V ji(t,x ji) =
1
2 xT

ji S ji x ji +
N

∑
k=1
k ̸= j

xT
ki

G ji x ji , (19)

where S ji ∈Rn×n and G ji ∈Rn×n are positive definite matrices with continuously differentiable entries. Differentiating (19) and substituting

into the HJB equation (15) yields:

− 1
2 xT

ji Ṡ ji x ji − xT
ji

N

∑
k=1
k ̸= j

Ġ ji xki = min
u ji

{
N

∑
k=1
k ̸= j

(x ji − xki)
T Q̃ ji(x ji − xki)+uT

ji R̃ ji u ji +

xT
ji S ji +

N

∑
k=1
k ̸= j

xT
ki

G ji

(A ji x ji +B ji

2

∑
i=1

u ji

)}
. (20)

To handle the recent equation, take the derivative of the right-hand side with respect to u ji and set it equal to zero:

d
du ji

{
N

∑
k=1
k ̸= j

(x ji − xki)
T Q̃ ji(x ji − xki)+uT

ji R̃ ji u ji +

xT
ji S ji +

N

∑
k=1
k ̸= j

xT
ki

G ji

(A ji x ji +B ji

2

∑
i=1

u ji

)}
= 0, (21)

which leads to the optimal control law:

u∗ji =−R̃−1
ji BT

ji

S ji x ji +
N

∑
k=1
k ̸= j

GT
ji xki

 . (22)

To verify optimality, consider the second derivative:

d2

du2
ji

{
N

∑
k=1
k ̸= j

(x ji − xki)
T Q̃ ji(x ji − xki)+uT

ji R̃ ji u ji +

xT
ji S ji +

N

∑
k=1
k ̸= j

xT
ki

G ji

(A ji x ji +B ji

2

∑
i=1

u ji

)}
= R̃ ji . (23)

Since R̃ ji is positive definite, the control law (22) is optimal.

To establish state consensus, rewrite (22) in overal form by using (2):

U =−R−1
D BT

D(SD +GD)XD, (24)

where RD = diag{R̃ ji}, BD = diag{B ji}, SD = diag{S ji}, and GD = diag{GT
ji}. Since both SD and GD are positive definite, their sum is also

positive definite and invertible. So, define:

X = (SD +GD)
−1, Y =−R−1

D BT
D. (25)

Then, with F = Y X −1, we obtain U = FXD, and the closed-loop system becomes:

ẊD =
(

AD −BDR−1
D BT

D(SD +GD)
)

XD. (26)

To verify the conditions of Lemma 1, note that X = (SD +GD)
−1 is positive definite. The matrix SD captures individual (consensus)

dynamics, while GD captures coupling (disagreement) dynamics. Hence, the state space is decomposed into orthogonal consensus and

disagreement subspaces, i.e., condition (i) holds.

From (26) and the definition of S in lemma 1, we obtain:(
AD −BDR−1

D BT
D(SD +GD)

)
S = 0, (27)
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which, using (25), yields:

(AD +BDY X −1)S = 0. (28)

Right multiplying (28) by S T X S gives:

(ADX +BDY )S = 0. (29)

Finally, consider the Lyapunov function:

V (t) = XT
D (SD +GD)XD. (30)

Since SD +GD is positive definite, it follows that V̇ (t) < 0, implying asymptotic stability of the closed-loop system. Restricting to the

disagreement subspace yields:

S T
⊥ (ADX +X AT

D +BDY +Y T BT
D)S⊥ < 0, (31)

which guarantees condition (iii).

Therefore, all conditions of Lemma 1 are satisfied and this completes the proof.

4 Numerical Example

Example 1. Consider a network of N = 3 duopoly systems. For each system j = 1,2,3, the demand and price adjustment parameters are

defined as:

a j = 100, s j = 0.4, r = 0.05.

The marginal production costs of the two firms in each system are given by:

c j1 = 20, c j2 = 25.

Under these parameters, the market price dynamics for the jth system are described by:

ṗ j(t) = 0.4
(
100−

(
v j1(t)+ v j2(t)

)
− p j(t)

)
.

Each firm seeks to maximize its discounted profit over a finite time horizon T , defined as:

J j1 =
∫ T

0
e−0.05t

(
p j(t)v j1(t)−20v j1(t)− 1

2 v2
j1(t)

)
dt,

J j2 =
∫ T

0
e−0.05t

(
p j(t)v j2(t)−25v j2(t)− 1

2 v2
j2(t)

)
dt.

By the above assumptions, the control objective is:

(i) To maximize the discounted profit of each firm;

(ii) To ensure convergence of market prices to a common value, i.e.,

∀ j ̸= k, ∥p j(t)− pk(t)∥→ 0.

By reformulating the network using relations (9)–(12), for j = 1,2,3 the system matrices are obtained as:

A j1 =

[
−1.225 56

0 −0.025

]
, A j2 =

[
−1.225 60

0 −0.025

]
, B j1 = B j2 =

[
−0.4

0

]
.

The corresponding cost matrices for j = 1,2,3 are given by:

Q̃ j1 =−Q j1 =
1
2

[
1 −20

−20 400

]
, Q̃ j2 =−Q j2 =

1
2

[
1 −25

−25 625

]
,
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R̃ j1 = R̃ j2 =−R ji =
1
2 .

By solving the ODEs in (18), the optimal control laws for j = 1,2,3 are obtained as:

u∗j1 =
[
0.1591 0.6937

]
x j1 −

[
0.2208 1391.7091

] 3

∑
k=1
k ̸= j

xk1 ,

u∗j2 =
[
0.1591 0.3442

]
x j2 −

[
0.2208 1503.3473

] 3

∑
k=1
k ̸= j

xk2 .

To evaluate the effectiveness of the proposed coordination strategy, different initial price conditions are considered:

p1(0) = 100, p2(0) = 50, p3(0) = 10.

The corresponding initial state vectors are:

x1(0) =

[
100

1

]
, x2(0) =

[
50

1

]
, x3(0) =

[
10

1

]
.

The numerical simulations show that, for all firms, the proposed optimal feedback control law drives the market prices of all duopolies to a

common value, despite different initial conditions. This confirms that profit optimization and price consensus are simultaneously achieved

for each firm.

Figure 1 shows evolution of market prices p1(t), p2(t) and p3(t) under the proposed optimal consensus-based feedback controller. The

trajectories converge to a common value despite different initial conditions.

Figure 2 shows Consensus errors between market prices of the duopoly systems. All pairwise price differences asymptotically converge

to zero.
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Figure 1. Evolution of market prices.

Table 1 compares the accumulated discounted profits obtained using the proposed consensus-based controller and the baseline controller

without the consensus coupling term. Although the accumulated profit of the third market is reduced, the first and second markets exhibit

profit improvements. Consequently, the total accumulated discounted profit of the network increases from 7425.2 to 10098.4, corresponding

to an improvement of approximately 36%. These results indicate that the proposed controller enhances the overall economic performance

of the interconnected markets while simultaneously achieving market price coordination.

The above results also provide evidence that, for the considered numerical example, the consensus objective does not conflict with profit

maximization. Instead, the proposed controller simultaneously promotes market price agreement and improves the overall accumulated

discounted profit of the interconnected network compared with the baseline controller.
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Figure 2. Consensus errors.

Table 1. Comparison of accumulated discounted profits for the proposed consensus-based controller and the baseline controller without

the consensus coupling term.

Controller Market 1 Market 2 Market 3 Total

Baseline 4061.1 1539.6 1824.5 7425.2

Proposed 6788.9 1552.4 1757.1 10098.4

To investigate the sensitivity of the proposed controller to the discount rate, additional simulations were carried out for different values

of r. The corresponding accumulated discounted profits and final consensus errors are reported in Table 2. As shown in Table 2, the proposed

Table 2. Sensitivity analysis of the proposed controller with respect to the discount rate.

r Total Profit Final Consensus Error

0.02 9486.4 0.1879

0.05 10098.4 0.1995

0.10 11083.4 0.2205

controller maintains satisfactory performance over the considered range of discount rates. Although both the accumulated discounted profit

and the final consensus error exhibit moderate variations as the discount rate changes, the controller consistently achieves simultaneous

profit optimization and market price coordination. These results indicate that the proposed framework is not overly sensitive to moderate

changes in the discount rate and preserves its effectiveness under different economic conditions.

To further examine the scalability of the proposed framework, the original network was expanded by adding one additional

interconnected duopoly market, resulting in a four-market network. The same controller design procedure was applied without any

modification.

Figure 3 illustrates the market price trajectories for the expanded four-market network. It can be observed that all market prices converge

to a common value despite the increased network size. Since the same controller design and optimization framework are directly applicable

after expanding the network, this example demonstrates the scalability of the proposed approach to larger interconnected market networks.
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Figure 3. Evolution of market prices for the expanded four-market network.

5 Conclusion
In this paper, a network of dynamic duopoly systems has been considered with the aim of jointly optimizing discounted profits of firms and

requiring the convergence of market prices in all markets. The original dynamic duopoly problem was reformulated as a quadratic optimal

control problem by modeling the duopoly dynamics of each market through a price adjustment mechanism and representing the overall

system in an LTI state-space form. For the price consensus, a term based on the deviation between the states of different duopoly systems

was embedded directly into the performance index. An optimal state-feedback control law was derived using the HJB approach. The

proposed control strategy ensures convergence of the market prices while maintaining the individual profit optimization. Unlike classical

differential game formulations that assign separate objective functions to individual players and seek equilibrium strategies, the proposed

framework employs a unified performance index with an embedded consensus objective. This enables discounted profit optimization and

market price coordination to be addressed simultaneously through a common state-feedback design. Results show that consensus based

optimal control is a useful tool for the coordination of dynamic competitive markets. Future work may generalize this framework to

time-varying network topologies, stochastic disturbances or more general demand functions.

Data Availability
All data in the paper are available from the corresponding authors upon reasonable request.

Conflicts of Interest
The author declares that there is no conflict of interest.

Ethical Considerations
This study does not involve human or animal subjects, and therefore no ethics approval is required.

Funding
This research did not receive any grant from funding agencies in the public, commercial, or nonprofit sectors.



Arti
cle

in
pr

es
s

Simultaneous Profit Optimization and Price Agreement in LTI Duopoly Networks 11 of 11

References
[1] S. Ahmed and M. O. Sayin, Dynamic Feedback Strategies for Duopolies Over Partially Observed Consumer Networks, Dynamic

Games and Applications, 1–40, (2025).

[2] T. Basar and G. J. Olsder, Dynamic noncooperative game theory, Vol. 23, Siam, 1999.

[3] A. Bhaya and E. Kaszkurewicz Dynamic advertising games in duopolies under one-step-ahead optimal control, Dynamic Games and

Applications, 13(3), 721-749, (2023).

[4] C. Cheng, B. Yang, B. Li, Z. Han and F. Peng, Model predictive coordinated cooperative control mechanism for multiagent systems

based on priority negotiation, Journal of Process Control, 136, 103182, (2024).

[5] G. A. De Castro and F. Paganini, Convex synthesis of controllers for consensus, Proceedings of American Control Conference IEEE,

6, 4933–4938, (2024).

[6] M. T. Devine and V. Bertsch, Analysing the interactions between demand side and supply side investment decisions in an oligopolistic

electricity market using a stochastic mixed complementarity problem, European Journal of Operational Research, (2026).

[7] P. A. A. Driessen, R. M. Hermans and P. P. J. Van Den Bosch, Distributed economic model predictive control of networks in competitive

environments, 51st IEEE Conference on Decision and Control (CDC), 266–271, (2012).

[8] J. Engwerda, LQ dynamic optimization and differential games, John Wiley & Sons, 2005.

[9] G. Feichtinger and E. Dockner, Optimal pricing in a duopoly: A noncooperative differential games solution. Journal of Optimization

Theory and Applications, Journal of Optimization Theory and Applications, 45(2), 199-218, (1985).

[10] L. Ge and S. Li, Price and product innovation competition with network effects and consumers adaptive learning: A differential game

approach, Computers & Industrial Engineering, 193, 110298, (2024).

[11] K. Kok Multi-agent coordination in the electricity grid, from concept towards market introduction, Proceedings of the 9th International

Conference on Autonomous Agents and Multiagent Systems: Industry track, 1681–1688, (2010).

[12] V. Nalepova and M. Lampart, Stabilizing energy markets: A dynamic analysis of price cap regulation in oligopolistic environments,

Energy Economics 151, 108879, (2025).

[13] R. Olfati-Saber, J. A. Fax and R. M. Murray, Consensus and cooperation in networked multi-agent systems, Proceedings of the IEEE,

95, 215–233, (2007).

[14] J. Ran and Y. Zhou, A stochastic discrete fractional cournot duopoly game: modeling, stability, and optimal control, Complexity,

2024(1), 6680399, (2024).

[15] V. H. P. Rodrigues, T. R. Oliveira, M. Krstic and T. Basar, Nash equilibrium seeking for noncooperative duopoly games via

event-triggered control, IEEE 63rd Conference on Decision and Control (CDC), 5248–5255, (2024).

[16] E. Semsar-Kazerooni and K. Khorasani, Multi-agent team cooperation: A game theory approach, Automatica, 45(10), 2205–2213,

(2009).

[17] T. A. Weber, Optimal control theory with applications in economics, MIT press, 2011.

[18] M. Ye, L. Yin, G. Wen and Y. Zheng, On distributed Nash equilibrium computation: Hybrid games and a novel consensus-tracking

perspective, IEEE Transactions on Cybernetics, 51(10), 5021–5031, (2020).


	introduction
	Preliminaries
	State-Space Representation
	Dynamic Duopoly System

	Main Results
	Numerical example
	Conclusion

