
 

 
 

Abstract—With the rapid advance of information technology, 

supply chains evolved from clusters of connected companies to 

a virtual e-marketplace that serves as a central hub for many 

companies that buy and sell. Over this large community of 

companies supply chains can be dynamically formed by me-

diator agents. From the view of an ecosystem, the companies 

that are connected in the e-marketplace can be viewed as indi-

vidual entities that have self-interest. They however compete 

for survival as well as collaborate with each other for projects. 

This paper is concerned with simulating how dynamic 

make-to-order supply chains are formed based on two differ-

ent job competition schemes from the perspective of a supply 

chain ecosystem. One can see in the simulation that the supply 

chain ecosystem grows in different directions. One scheme 

called Cost-driven principle leads to destructive competition 

while the other one namely Pareto-optimal evolves into a co-

operative competition that tries to mutually benefit every par-

ticipant. Through a visualization tool that we built we show 

that the Pareto-optimal principle is preferable to the 

Cost-driven principle in the long-term with regard to global 

survival. 

 
Index Terms—Agent-mediated supply chain ecosystem, 

computer simulation, Cost-driven, Pareto-optimal. 

I. INTRODUCTION 

Digital ecosystems are a new way of conceptualizing 

complex, inter-dependent, loosely-coupled and de-

mand-driven interactive environments [1]. They are com-

posed of multiple actors, often from separate organizational 

entities, interacting for mutual and self-interest. Supply 

chains are a typical example exhibiting these features. 

Nowadays, supply chains are being augmented through 

automated negotiation. Mediator agents, widely used in 

automated negotiation systems, are prevalent in such elec-

tronic commerce applications as online travel agents, bilat-

eral B2B e-commerce, etc. The management of supply 

chains has meanwhile become widespread in global business 

[2]. Suppliers, manufacturers and orders are composed ap-

propriately through supply chain management (SCM). 

Agent-mediated supply chains have advantages over tradi-

tional supply chain management given that advanced IT 

applications are incorporated in the supply chain, such as 

automated negotiation, auctions and others [3], leading to 

more efficient and optimal management. Agent technology 

provides the automated negotiating infrastructure [4]. An 

e-marketplace is composed of multiple vendors and partners 

to provide value to each other. Many supply chains enable 

collaboration among suppliers, manufacturers and custom-

ers [5]. When combined with an agent-based e-marketplace, 

used for monitoring the performance of multiple entities and 

share information with them, this becomes an 

agent-mediated supply chain ecosystem. 

Previously, an agent-mediated model for a make-to-order 

supply chain was proposed [6,7,8,9]. Supply chains are 

dynamically formed over an infrastructure of e-Marketplace 

that uses agents to link up certain kinds and numbers of 

participants such as manufacturers and suppliers that are 

deemed fit. Once the infrastructure and the connections are 

ready, the agents will decide how a supply chain is formed 

among the participants for the duration of producing a 

product. Hence this type of dynamic supply chain formation 

is called make-to-order or built-to-order supply chain. 

The relations of the participants in a make-to-order sup-

ply chain can be described in such a way that they need each 

other across the supply chain (e.g. a factory needs material 

from suppliers), but the companies who have common roles 

or supply the same products at any stage of the supply chain 

may compete with one another (e.g. several suppliers may 

bid for the job tendered by a factory). 

For example in Fig. 2, clients who are at the top of the 

e-marketplace initiate job requests. The jobs are defined as 

production projects that require certain members of the 

e-marketplace to jointly accomplish them. The agents who 

are responsible for mediating the participants have to decide 

how a dynamic supply chain should be formed among them 

as per the production project. The decision of mediating 

which members to form a supply chain is made by the agents. 

This decision is complex in nature and generally carried out 

by computation-based or negotiation-based methods. 

A computation-based method assumes agents will coop-

erate or that there is a central decision maker that gathers all 

the facts and makes an overall decision which is usually 

optimal in a global sense. Pareto-optimal principle is usually 

applied in this method for ensuring most participants’ gains 

without jeopardising anyone. By following this principle, 

jobs are shared among multiple winners to encourage co-

operative competition. Cooperative competition is based on 

promoting mutual survival – “everyone wins”. It is a process 

where individuals compete to improve their level of satis-

faction but compete in a cooperative manner through 

peaceful exchange and without violating others. Cooperative 

competition focuses entities against the environment [10]. 

A negotiation-based method requires each agent to be a 

mediator that coordinates negotiation among bidders at each 

level, for finding the best deals. This competitive approach is 

usually cost-driven and results in few winners but almost 

always optimized outcomes in each production project. 
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So far many researches have been based on 

Pareto-optimal resource allocation, however there has been 

no systematic visual comparison of these two different 

principles. In this paper, we investigate how two competition 

schemes, namely Pareto-optimal and cost-driven, affect 

participants in a supply chain ecosystem, especially with a 

long-term view. In particular, we observe by simulating a 

supply chain ecosystem in two modes of different competi-

tion schemes, the balance and fairness under competition. 

Through visualization output of our simulator, the competi-

tion relationship in the supply chain ecosystem is presented. 

The competition schemes reflect a trend of evolution. 

II. RELATED WORK 

Aditya and George [11] propose a framework for 

cross-organizational modelling called Actor Eco-systems in 

2008. It provides the superstructure for describing the in-

ternal and external environment of virtual enterprises as a set 

of interrelated actors. It addresses a framework of de-

sign-time requirements for building multi-agent systems 

(MAS) that can be also applied to supply-chain ecosystems. 

Because of the dependence of participants between every 

two supply chain streams, the relationship between the two 

streams is usually collaborative. However, more than one 

participant in the same stream may be expecting profitable 

work from its upstream. The relationship between all par-

ticipants in the same stream could be competitive. To opti-

mize resource allocation in coordinating different relation-

ships, multi-agent systems find their use in SCM [12, 13]. 

Many researches address supply chain resource alloca-

tion. For example, Hyun Soo Kim and Jae Hyung Cho [14] 

proposed a Single Machine Earliness/Tardiness (SET) 

model based on determination of optimal scheduling. The 

primary theoretical fundamental used by the SET model is 

implementing Pareto-optimality [15] by MAS. In light of 

Pareto-optimal algorithm, each participant along the supply 

chain cannot suffer a loss. However, SET does not relate to 

the logistic in the supply chain. Dorer and Calisti [16] pro-

posed a MAS for dynamic transport optimization. Dorer & 

Calisti’s system provides agent-based optimization and 

execution capabilities that automate order dispatching, a 

crucial phase of transportation planning. Sander and Valen-

tin [17] proposed another MAS for optimal allocation of 

transportation orders, which is based on multi-issue nego-

tiation. Sander’s system allows parties to discover jointly 

profitable bundles of orders. Both studies are on the basis of 

supply chain resource allocation corresponding to logistics. 

The chief difference between the two is: the former is mostly 

concerned with distribution of orders in the planning phase 

between trucks of the same company, while the latter is 

concerned with automating the negotiation over loads be-

tween different companies in a supply chain. 

Digital ecosystems are seen as the future technological 

evolution for industrial development and will be increas-

ingly applied in existing e-commerce areas. So far as our 

review of existent research, however, none has dealt with job 

competition methods in supply chain ecosystems. 

 
Fig 1. Agent-mediated Supply Chain Ecosystem 

 
Fig 2. Agent-mediated Supply Chain Resource Allocation 

III. AGENT-MEDIATED SUPPLY CHAIN MODE 

E-commerce in supply chains includes information flow, 

goods flow and cash flow. Information flow occurs in 

agent-based negotiation systems; goods flow is provided by 

Third Party Logistics (3PL) providers; and cash flow is 

provided by financial institutions (refer to Fig. 1). Four types 

of entities are defined in a supply chain ecosystem: Dis-

tributor, Manufacturer, Supplier and 3PL  Provider, each of 

whom has a specific business goal and attributes. Media-

tor-agents work as broker machines for them. Job competi-

tion takes place during the negotiation amongst these broker 

agents. The demand/supply relationship is linked up by 

scheduling along the supply chain workflows. Digital in-

formation is transferred throughout the negotiating process 

shown in Fig. 2: Client’s Broker Machine sends out an order 

to Distributor’s agent, from which it is transferred to Fac-

tory’s agent. Factory gets this order and estimates the 

manufacturing process. To fulfil the work, factory needs raw 

materials which are required from Supplier’s agent. Along 

the chain all goods flow is provided by 3PL Providers. The 

negotiation amongst Broker Machines is responsible for 

Negotiation Agent. By automated negotiating, Negotiation 



 

 
 

Agent determines how to distribute the jobs according to 

some competition schemes. In Tab. 1, each entity has its own 

characteristic attributes, while all entities together form the 

supply chain ecosystem over an e-Marketplace infrastruc-

ture. 

Tab 1. CSET System Required Attributes   Supply Chain Ecosystem Entities Distributor Manufacturer Supplier 3PL Provider Final Product Amount Final Product Amount Max Raw Material Supply Amount Unit Delivery Time Anticipated Deliv-ery Time Raw Material Amount Supply Time Latest Acceptable Delivery Time Manuf. Ratio Raw Material Price Location Location Daily Penalty Daily Manuf. Cost Daily Inventory Cost Final Product Price Working Duration Location Unit delivery Price 
IV. ASSUMPTIONS  

In order to abstract the operations of job competition 

schemes in a supply chain ecosystem, we make the follow-

ing assumptions both on business and technical view. 

The trading contract between Factory and Suppliers is 

Free-on-broad (FOB), which means the freight cost is 

shouldered by the factory. The one between Factory and 

Distributor is Cost-and-Freight (CFR), which means the 

freight cost is also shouldered by the factory.  In other words, 

the factory is responsible for paying all the delivery bills. 

A supply-chain ecosystem runs on a make-to-order 

workflow. The production approach is that, when an order 

for products is sent, products manufacturing and raw mate-

rial procuring are initiated. For job allocation result, each 

type of entity has its specific type of satisfaction, which is 

defined as the Local Scheme Satisfaction (LSS). It influ-

ences the entity’s positive value in supply chain business. 

The higher the LSS, the higher its positive value in the 

ecosystem. Data transactions run on a trusted network and 

with well-defined agent privacy, so that the ecosystem is 

assumed to be safe from security threats. 

V. DEFINITIONS  

Generally, there are five kinds of cost involved in our 

experimental supply chain: Fixed Cost, Manufacturing Cost, 

Inventory Cost, Penalty Cost and Freight Cost. The sum of 

them is called total cost. 

Fixed Cost is the cost for raw material procuring. ∑
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x: the total number of suppliers 

Manufacturing Cost is the cost to process final products 

from the raw materials. 
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m: the total number of manufacturers 

Inventory Cost shall be paid in the case that, if the dis-

tributor delivers the final product earlier than the client’s 

anticipant delivery time, and the delivery is refused by the 

client. Thus the distributor must suffer the inventory cost in 

this duration. 
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Penalty Cost shall be paid in the case that, if the dis-

tributor’s delivery time is later than the client’s anticipated 

delivery time while no later than the latest acceptable time, 

the product is accepted by the client but with some penalty. 

Likewise, the distributor delivery time is evaluated by fac-

tory finishing manufacture time and 3PL delivery time. ∑
=

×=

m

j

mmtPenaltyCos PenalDaytyCostDailyPenalf
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Freight Cost is the cost that the factory shall shoulder 

itself. The cost includes that from Supplier to Factory and 

Factory to Distributor. ∑
=

××=
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Fig 3. Two resource allocating principles flowchart 

As Fig. 3 shows, the relevant cost calculation above is 

unified in both experimental supply chain ecosystems; 

however their resource allocating principles are distinct. In 

terms of the different principles, supply chain ecosystem 

results in a disparate outcome as is shown in Section VI. 

A.  Destructive Competition Agent-mediated Supply 

Chain Ecosystem (DC-ASCE) 

Destructive Competition Agent-mediated Supply Chain 

Ecosystem (DC-ASCE) [17] runs the negotiation seeking 

the lowest cost. It is also called cost-driven supply chain. 

DC-ASCE resource allocation selects the participants with 

the lowest overall cost.Cost-driven principle represents the 

bias that buyers always seek the lowest price with the 

maximum profit as the resource allocation [18,19,20]. The 

supply chain mediator-agent distributes the resource in terms 

of the lowest cost principle above: ∑
=
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B.  Cooperative Competition Agent-mediated Supply 

Chain Ecosystem (CC-ASCE) 

Cooperative Competition Agent-mediated Supply Chain 

Ecosystem (CC-ASCE) [21] runs according to the 

Pareto-optimal principle for resource allocation. In the light 

of the fairness principle, no one will suffer a loss. The ne-

gotiating runs on the basis of weak Pareto-optimal theory. It 

means a resource allocation can gain as long as at least one 

allocation has better performance while all other participants 

are willing to accept it. This better allocation is resulted from 

weak Pareto-optimal improvement. The performance is jus-

tified by the Pareto-optimal principle. A Global Scheme 

Satisfaction (GSS) is derived from the total cost calculation, 

which also reflects the supply chain total productivity. The 

valid range is [0, +100]. The Utility Function of GSS is: 
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The resource allocating principle in CC-ASCE not only 

considers the total productivity but also each entity’s satis-

faction. For different types of participants, their satisfaction 

is specified in terms of different factors. We define these 

factors as three Local Scheme Satisfactions (LSS). They are: 
- The Distributor’s Scheme Satisfaction (DSS); 

- The Manufacturer’s Scheme Satisfaction (MSS); 

- The Supplier’s Scheme Satisfaction (SSS). 

DSS is calculated by the time factors. The DSS utility 

value ranges from -100 to +100; however only the positive 

values are the distributor’s satisfaction value. DSS function 

is: 
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SSS can be deduced as the supplying amount. The more 

raw material amounts supplier offers, the more profit he can 

gain. For this reason, SSS function is: 
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  MSS is determined by the profit margin. For every fac-

tory, profit margin is a vital measurement of benefit. Gaining 

the maximum profit margin is the business goal for factories. 

Hence, MSS function is: 
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It is assumed that there is no preference bias amongst each 

individual in the same stream. Therefore, all resource allo-

cations are competitive. *Allocation  is defined as the fairness 

principle allocation. Compared with one resource allocation 

to the others, the Allocation’ with a higher satisfaction of the 

four schemes than any other 
xAllocation  can be found as the 

Pareto-optimum. The formula is shown below: 
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M is the marginal minimum acceptable utility. For each 

utility function, M is set as a different value by the indi-

viduals, thus Pareto-optimal allocation shall meet the con-

ditions: 
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In terms of the Pareto-optimal principle, the resource al-

location result is preferred by all participants, so that no one 

will be defeated in the competition consequently. That is to 

say, the Pareto-optimal principle plays a significant role in 

seeking a win-win situation in the supply chain sourcing. 

C.  Fairness and Utility Measurement 

Fairness of supply chain resource allocation is measured 

by the percentage of entities that are able to gain a job. In 

DC-ASCE resources are allocated according to the 

Cost-driven principle, as a result only the entities with the 

lowest cost can gain a job in the supply chain. In CC-ASCE 

the allocation is on the basis of the Pareto-optimal principle 

so that everyone is able to gain a job. 

yNumberTotalEntit
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Utility is the positiveness of resource allocation, which 

represents satisfaction of the ecosystem. ∑=
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j: the number of supply chain in resource allocation result 

VI. EXPERIMENT 

To visualize job competition in agent-mediated supply 

chain ecosystems, we developed a Java-based analysis tool. 

The supply chain formation used as input to the simulator is 

derived from [22], which closely resembles data of a realistic 

supply chain in a Global Textile Supply Chain in the US.  

From the point of view of a dynamic make-to-order sup-

ply chain, typically there are multiple streams and many 

participants. The firm starts its manufacturing only after it 

receives an order. Because of the dependence of participants 

between every two streams, the relationship between these 

two streams is usually collaborative. However, there may be 

more than one participant in the same stream expecting 

profitable orders from its upstream. The relationship be-

tween all participants in the same stream could be competi-

tive. Fig. 4 presents the simulation result of a three-stream 

supply chain ecosystem under environments of both De-

structive Competition and Cooperative Competition. There 

are five distributors, five factories, five raw material sup-

pliers and one 3PL. 

The top of the visualization shows the supply chain re-

source allocation of Cost-driven principle. It shows the cost 

and satisfaction on every entity label. For the cost, on the 

distributor’s , cost is the delay cost of  penalty and inventory 

that the factory has to pay for; on the factory’s, cost is the 

manufacturing and all freight cost that the factory has to 

shoulder itself; and on the supplier’s, cost reflects the fixed 



 

 
 

cost of raw material procuring. For the relevant calculation 

refer to Section V.A. Satisfaction baseline is also presented 

on the labels. As a result, only one entity in each stream is 

able to get a job (Distributor 5 – Factory 4 – Supplier 4), with 

the minimum total cost of $15,870. The total utility of the 

three participants is 191. However, in the light of fairness 

and total utility calculation formulas mentioned in Section 

V.D, only 20% (3 of 15) entities get jobs. 

 

 
Fig 4. Visualization GUI of Entity Number is 5 

Tab 2.  Visualization Result List for Long-Term 

           Entity# 

Attribute 
2 3 4 5 6 7 

Cost 16520 15600 16070 15870 16180 16080 

Sat 219 200 194 191 198 197 
D

C 
Job% 50 33 25 20 16 14 

Cost 16840 17860 20350 20900 19490 20230 
SC1 

Sat 215 204 191 174 194 198 

Cost 20218 17270 17910 17080 19780 19860 
SC2 

Sat 204 192 196 185 182 193 

Cost - 17440 18780 19780 17280 20850 
SC3 

Sat - 195 184 198 190 194 

Cost - - 20020 16370 15830 16820 
SC4 

Sat - - 203 201 192 186 

Cost - - - 18290 22710 17050 
SC5 

Sat - - - 187 191 206 

Cost - - - - 18100 16540 
SC6 

Sat - - - - 183 179 

Cost - - - - - 19590 
SC7 

Sat - - - - - 203 

 

C

C 

Job% 100 100 100 100 100 100 

 

Compared with Cost-driven principle allocation, the 

lower visualization shows that the percentage of job gaining 

under Pareto-optimal principle is as high as 100. Five 

sub-supply chains are formed consequently. Although the 

cost of each sub-supply chain is slightly higher than that of 

the Cost-driven result, total utility is greatly improved to 

945. 

In addition, two bar charts (both cost and satisfaction 

comparisons) are displayed on the right.  To further compare 

these two kinds of allocations, we also consider the 

long-term running when the number of entities in each 

stream increases (from 2 to 7) in Tab. 2. Pareto-optimal 

principle brings an absolute fair outcome where everyone is 

able to gain a job all the time. However, the Cost-driven 

principle only selects the lowest cost for allocation. Hence, 

as the number of entities increases, the percentage of jobs 

gained decreases in DC-ASCE (Fig. 5). 

Fig. 6 shows the utility comparison. When the number of 

entities grows from 2 to 7, the utility of Cost-driven principle 

is at a stable but very low level (approx. 200). Obviously, the 

utility of the Pareto-optimal principle keeps a stable growing 

trend along the polynomial trend-line. This situation exists 

even if the number of entities increases continually. 

 

 
Fig 5. Jobs-Gaining Percentage comparison in a long-run 
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Fig 6. Total Utility comparison in long-term 

VII. DISCUSSION 

“Survival of the Fittest” is a natural rule in terms of 

Darwinian evolution, which has also been applied to busi-

ness. Nevertheless, individuals have proven an ability to 

convert the potential for aggressive competition into mutu-

ally beneficial exchange. The observation that many things 

are desired in common by many individuals who generally 

desire mutual survival encourages cooperation rather than 

conflict. This mutual survival is of importance and win-win 

consequence in supply chain business. 

Two market phenomena result in agent-mediated supply 

chain ecosystems in the long run: destructive competition 

and cooperative competition. Generally speaking, the former 

type is potentially aggressive and selfish while the latter type 

is expressed by a win-win situation. 

Cost-driven allocating principle fuels destructive com-

petition. On one hand, its cost can be the lowest at the cost of 

outbidding other competitors. Only a minority of partici-

pants can gain the majority of utilities. The majority par-

ticipants who cannot win sufficient jobs will die. Thus a 

cost-driven solution eliminates high-cost participants. To 

this end, the allocation is not preferred by those individuals 

who cannot obtain jobs. It opposes the desire for mutual 

survival but represents “winner takes it all”, these rationale 

being that the challenge is a zero-sum game: the success of 



 

 
 

one group is dependent on the failure of the other competing 

groups. The consequence is a winner-loser game. For those 

who fail to obtain jobs, this allocation is undesired. As a 

result, some entities will be defeated and become extinct in 

the long run when only the one entity providing the lowest 

cost in each stream can survive while all others perish. The 

cost-driven principle may be suitable for short-term or 

one-time supply chain resource allocation without coopera-

tion fundamental in an e-Marketplace. But seeking 

long-term profit, this competition may imply that most enti-

ties’ survival is threatened. 

In contrast to destructive competition, Pareto-optimal 

principle results in everyone gaining from resource alloca-

tion. In this case, the cooperative competition exists in the 

e-Marketplace supply chain. Everyone benefits to survive in 

a competitive environment. The expense to obtain this up-

standing condition may be a relatively higher total cost on an 

acceptable basis. Thus, in the long run supply chains in 

e-Marketplace may benefit from a cooperative competition 

environment so as to achieve a win-win solution. 

Establishing a market ecosystem for an e-business tech-
nology involves creating successful working partnerships 
with other entities. Successful long-term partnerships re-
quire the right resources, commitment and time. In fact, our 
visualization simulator shows that, in the long run coopera-
tive competition obtains higher utility than destructive 
competition in agent-mediated supply chain ecosystems. 
Although the Pareto-optimal principle may incur a higher 
cost on average than the Cost-driven principle, its allocation 
improves the overall utility of the supply chain ecosystem so 
that entities’ positiveness rises to a favourable level. 
Therefore, the supply chain ecosystem is able to result in an 
acceptable solution for everyone in the long run. 

VIII. CONCLUSIONS 

This paper aims to point out the different consequences 
of two different competition schemes of agent- mediated 
supply chain ecosystems. We study agent-based job com-
petition schemes within a supply chain. In terms of different 
allocating principles, the ecosystem develops in distinct di-
rections. Cost-driven principle leads to destructive compe-
tition while Pareto-optimal leads to cooperative competition.  

For our experiment a simulation tool was developed 
which generates a comparative visualization. Comparing 
Cost-driven with Pareto-optimal results for the long-run we 
find that the Cost-driven principle may cause most entities to 
become extinct under destructive competition; in contrast, 
the Pareto-optimal principle brings about a win-win situa-
tion where everyone is able to gain a job. Meanwhile, an-
other consequence is: the total cost of the Pareto-optimal 
principle is somewhat higher (about 16% in our simulation) 
than that of the Cost-driven principle. 

This paper contributes to a study of agent-mediated 
supply chain ecosystems whose job competition scheme is 
coordinated by automated negotiation. We simulate two 
disparate allocating principles, either of which reflects a 
different competitive environment. As the experiment result 
shows, cooperative competition lends a better result than 
destructive competition within a supply chain ecosystem. 
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