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Anomauisn

3anpononosano euxopucmanus mypripie Axcenbpooa Ha OCHO8I NOBMOPHOBAHOI OuleMu 8 A3HA AK IMIMayitiHo2o
cepedosuuja 0Jid aHALi3y KOONepamusHoi nogedinku 0yOigeibHUX KoMnawiu. Memoro € UABNIeHHA CMPame2iyHux 3aKo-
HOMIpHOCEU, 5IKi 3a0e3neyyoms 00620CMPOKO8Y eKOHOMIYHY eeKmuUsHicmby [ cmabilbHi NapmHepCcubKi 6IOHOCUHU Ni0
yac peanizayii cepii 6yoigenvHux npoekmie. Pezynomamu imimayitinux excnepumenmis ceiouams, wo cmpamezii, 3a-
CHOBAHI HA 83AEMHOCMI, ¥ 00820CMPOKOBUX 83AEMOOIAX 3A368UUAL Nepesepuiyioms cymo e2oicmuyuni cmpamezii. byoi-
8ENLHUM KOMNAHIAM OOYINbHO YKIAOAmMU y200U NPo CRi8Npayio, AKi CMUMyIiooms Koonepayiro, 00HO4AcHo 36epizaiodu
Mexauizmu nio38imHocmi ma peazy8ants Ha ONOPMYHICIMUYHY NOBEOIHK).

KurouoBi ciioBa: OyniBeipHa KOMITaHis, KOOTIEpaTHBHA ITOBEIHKA, TYPHIPH AKCeIbpoa, MapTHEPCTRBO.

Abstract

The use of Axelrod Iterated Prisoner’s Dilemma tournaments as a simulation framework for analyzing cooperative
behavior among building companies is proposed. The objective is to identify strategic patterns that support long-term
economic performance and stable partnerships for multiple projects. Simulation experiments indicate that strategies
based on reciprocity generally outperform purely selfish strategies in long-term interactions. Building companies
should establish collaboration agreements that encourage cooperation while preserving mechanisms for accountability
and response to opportunistic behavior.
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Introduction

The construction industry is characterized by complex interactions among multiple stakeholders, includ-
ing construction contractors, material suppliers, transportation providers, equipment owners, and subcontrac-
tors. Although each company aims to maximize its own profit, many construction projects require various
forms of cooperation such as resource sharing, logistics support, coordinated scheduling, and information
exchange. Such cooperation may improve project efficiency and reduce costs. However, individual firms
often face incentives to prioritize their own interests at the expense of partners [1, 2].

This conflict between collective and individual interests can be represented as a socio-economic dilemma
[3, 4]. While cooperation (alternatively referred to as compliance) may generate greater long-term benefits
for all participating companies, unilateral defection (alternatively referred to as defiance) may provide higher
immediate gains for a particular firm [5, 6]. Consequently, understanding the conditions under which coop-
eration emerges and remains stable is an important problem for sustainable construction management.

This study proposes the use of Axelrod Iterated Prisoner’s Dilemma tournaments [7, 8] as a simulation
framework for analyzing cooperative behavior among building companies. The objective is to identify stra-
tegic patterns that support long-term economic performance and stable partnerships in multi-project con-
struction environments, including healthy recycling [1, 2, 9, 10].

Methods

The proposed model represents each participating company as an autonomous agent employing a prede-
fined behavioral strategy [7, 11, 12]. Agents interact repeatedly during a sequence of construction projects.
In every interaction, a company chooses either to cooperate or to defect with respect to a partner company.
Cooperative actions may include sharing transportation resources, lending construction equipment, exchang-
ing technical information, coordinating deliveries, or temporarily allocating excess materials to project part-



ners. Defective actions generally correspond to withholding resources, refusing assistance, exploiting shared
information for unilateral gain, or pursuing purely self-interested decisions [4, 6, 13, 14].

An illustrative scenario consists of two cement manufacturers and three construction contractors partici-
pating in several consecutive projects. The manufacturers possess production capacities and distribution ca-
pabilities, whereas the contractors differ in machinery availability, workforce productivity, and logistics effi-
ciency. Cooperation between these firms may plausibly reduce project delays and operational expenses,
while defection may provide temporary advantages to individual participants.

To investigate the effects of strategic behavior, a tournament environment inspired by Axelrod framework
[7] is employed. Various strategies are introduced, including unconditional cooperation, unconditional defec-
tion, reciprocal cooperation, retaliatory behavior, and forgiveness-oriented strategies. During the tournament,
each strategy interacts repeatedly with all other strategies. The accumulated economic outcomes are inter-
preted as indicators of long-term business performance.

Formally, given a set of N admissible strategies {si}i“i1 for every agent and a period T of the virtual Ax-

elrod tournament, the goal is to run each of those strategies through the tournament, denoted by A, and de-
termine a strategy s e {s, }iN:1 such that maximizes the expected performance for every agent. So, tournament

A factually returns the most efficient strategy
s'=A({s ], T.P;K,M) by s e{s }}!, (1)

where P is a payoff matrix, K and M are the numbers of turns and repetitions, respectively, serving for
tournament statistically stable results. Strategy (1) can be used during period T in real interactions among
building companies, but not necessarily that exact period. This approach is a simple yet very effective in
simultaneously analyzing three dimensions:

1. Individual profitability of participating companies.

2. Collective profitability of the construction network.

3. Stability of cooperation over multiple projects.

In fact, the Axelrod tournament results are used to identify behavioral patterns associated with sustainable
economic outcomes. And strategy (1) may outperform some other strategies just for little. Then a subset

S =A({s )5 TP K M) by S"c (s}, @)

is determined, where each element of subset (2) is an efficient strategy s~ applicable to the cooperation me-
ta-strategy for the building companies.

Results

Simulation experiments indicate that strategies based on reciprocity generally outperform purely selfish
strategies in long-term interactions. While persistent defection may generate short-term benefits (Fig. 1), its
effectiveness decreases when interactions are repeated and reputation effects accumulate (Fig. 2). Reciprocal
strategies successfully discourage opportunistic behavior while preserving opportunities for mutually benefi-
cial cooperation [15, 16]. In environments involving multiple projects and repeated partnerships, these strat-
egies tend to produce higher cumulative profits than unconditional defection, but this also depends on the
period of real interactions, not the virtual interaction period in formulae (1) and (2).
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Fig. 1. A tournament result, where two strategies appear to be both efficient throughout a month of interactions (these two strategies,
namely Grudger and Defector, can be applied with either equal probabilities or by the exact sequence, but not longer than a few months)

The results further suggest that moderate levels of cooperation can improve the overall performance of
the construction network. Companies possessing complementary resources, such as transportation assets,



machinery, or material inventories, benefit from coordinated resource utilization. Such cooperation reduces
idle capacity and improves project execution efficiency.
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Fig. 2. A tournament result, where five strategies appear to be efficient throughout a year of interactions, but Grudger and Defector
significantly dominate; here, their respective relative frequencies are 0.46 and 0.37, which are re-normalized to 0.55 and 0.45, respective-
ly, whereupon Grudger and Defector are to be applied randomly at those probabilistic rates

The simulations also demonstrate that excessive vulnerability to exploitation may reduce the effectiveness
of cooperative behavior (the example of such reduction is shown in Fig. 2, where direct cooperation is hardly
survivable). Consequently, the most successful strategies are neither fully cooperative nor fully competitive;
instead, they balance willingness to cooperate with the ability to respond to non-cooperative actions [3, 17].

Discussion

The findings support the view that long-term sustainability in construction networks depends on strategic
reciprocity rather than unconditional cooperation. Repeated interactions create incentives for firms to main-
tain trustworthy relationships because future opportunities may outweigh immediate gains from opportunistic
conduct [18, 19].

The Axelrod tournament framework provides a useful decision-support tool for evaluating partnership
policies among construction companies. Managers may use such models to examine the consequences of
different cooperation mechanisms before implementing them in practice.

From a practical perspective, the model, formalized by (1) and (2), suggests that construction firms
should establish collaboration agreements that encourage cooperation while preserving mechanisms for ac-
countability and response to opportunistic behavior. Such arrangements may include transparent perfor-
mance monitoring, contractual incentives, and information-sharing protocols, which are not directly modeled
by Iterated Prisoner’s Dilemma tournaments. Moreover, the tournament results heavily depend on the choice
of its parameters, like number of turns K and number of repetitions M in (1) and (2). Furthermore, setting
payoff matrix P therein is fundamental. This is a nontrivial task, which is commonly solved in an iterative,
trial-and-update manner.

Future research may extend the proposed framework by incorporating heterogeneous project sizes, sto-
chastic market conditions, evolving strategies, coalition formation, and dynamic partner selection mecha-
nisms. These extensions would increase the realism of the model and enhance its applicability to real-world
construction ecosystems.

Conclusions

Axelrod Iterated Prisoner’s Dilemma tournaments provide an effective conceptual framework for study-
ing cooperation among building companies involved in repeated construction projects. The results indicate
that reciprocal cooperative strategies can generate superior long-term economic performance compared with
purely self-interested behavior. Short-term performance rationalization is possible as well, but it is practical-
ly implausible because construction projects are rarely accomplished in a few months. The study demon-
strates that sustainable cooperation emerges when companies can benefit from repeated interactions, reputa-
tion effects, and complementary resource utilization. Consequently, strategic cooperation may become a
significant factor in improving both individual profitability and overall efficiency within construction indus-
try networks.
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