Journal of Southeast University ( English Edition)

Vol. 23, No. 2, pp. 302 - 308

June 2007 ISSN 1003—7985

Emergence as a process of resources flowing in supply chain system

Bai Shizhen'?

Zheng Xiaojing’

('School of Economics and Management, Southeast University, Nanjing 210096, China)

(*College of Logistics, Harbin University of Commerce, Harbin 150076, China)

Abstract: To accurately describe the resource values that agents possess in the complex supply chain system

which is a result of the interaction among the agents and to make correct decisions regarding quantity, time and

place of the resources, the characteristics of the resource values in the supply chain are analyzed. “Chromosome”

is used to express a resource value in the supply chain, and eight random numbers are used to integrate the

resources. The if-then rules and correlation chance constrained programming in the resource supply-distribution

model are set up and they are used in a three-tiered-echo model which can describe the kinds of interactive

behavior of the agents in the supply chain system. Simulation is done in the platform of Swarm with a genetic

algorithm. The results show that the resources in the supply chain complex adaptive system are an organic whole

that cannot be separated. The three-tiered-echo model can accurately describe the interaction of resource flows

of agents in the supply chain system. The system can attain optimization by utilizing the resources in the supply

chain if the agents in the system cooperate, compete and distribute resources according to this model.
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The relationship among the agents in the supply
chain mostly depends on the resources that are pos-
sessed by the chain. Furthermore, the management, the
technology, the information, the ideologies of the cor-
poration, and/or their inseparable combination, is the
core band. The more effective the operating system, the
stronger the core competitive capabilities''’. In theory,
a general equilibrium statement, every resource of any
agents flowing in harmony with each other that makes
the agents feel satisfied must be found. However, a
quasi-equilibrium statement can be found because the
complex environment concerning the supply chain sys-
tem, in practice, can hardly be forecasted correctly.

In recent years, the complex system of supply
chains has been studied to some degree'””'. The results
of such studies point out that the major reasons for the
complexity of supply chains are as follows: (I) The
mass of the supply chain; 2) The complexity comes
from the interaction among every flow of every node in
the system; (3) The relationship among every agent and
the form of the web are very complex; 4) The supply
chain system is a dissipative system; (5) Emergency
must be considered as part of the interaction among the
agents in the supply chain system; (6 The supply chain
system is a dynamic system. Most researchers think the
complexity of a supply chain system comes from the
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uncertain changes in the following factors: politics, the
economy, the culture, the society, competition and co-
operation between/among the companies, the market
demand, the intricate structure of the supply chain, par-
allel engineering in the supply chain system, and so
on.

Overseas, it has been studied more deeply. The
echo model'” created by Holland gives us a good idea
that describes deeply the rules guiding resource flows
in the supply chain. However, it does not describe
strictly the quantities of resources flowing in the net,
which creates difficulties regarding the distribution of
resources to every agent'”’. The faults must be im-
proved in our study. These improvements are impor-
tant. To modify these faults, the three-tiered-echo
model, which regards all kinds of resources possessed
by the agent as integrated, is created. In the next sec-
tion, we will explain it in detail. In this paper, the au-
thor will research deeply the resources that flow in the
supply chain system.

1 Resources and Their Environment in Sup-
ply Chain

1.1 Resources

In the complex adaptive system of the supply
chain, equipment, commodities, funds and people are
the material resources; however, the technology, infor-
mation, culture, management, business philosophy and
marketing are the intangible resources'® . The resources
in the supply chain system not only consist generally of
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all the material resources and the intangible resources,
but also are the whole that integrates the two kinds of
resources into a sum total.

Every member competes and cooperates with each
other according to the basic mechanisms of heredity,
selection and variance based on the principles of natu-
ral selection, and each member is constantly modifying
the rules of interaction in order to make the rules opti-
mize according to a new evolution theory whose major
concepts are competition and cooperation with each
other. In the end, all agents will become a complex
adaptive system. The key to the exchanging of the re-
sources is not the resources themselves; i. e. , commodi-
ties, information, assets and technology, but the
thoughts of management, business ideas, marketing and
the business culture. Only when all resources have been
considered systemically, described correctly by quanti-
tative methods and introduced into the supply chain
model, can we obtain the most effective resource
flows.

1.2 Environment

The resources environment of the supply chain is
defined as follows: (1) The outside resources of the sup-
ply chain system; (2) The inside resources of the supply
chain system; (3) The resources that other agents pos-
sess; (@ The resources that the agent itself possesses'” .
The first and the second resources have been studied in
many papers, so, we will study the others here.

The resources that other agents possess in the sup-
ply chain: Every agent can be regarded as a sub-system
of the complex adaptive system of the supply chain, a
dissipative system. Because different profits are pro-
duced by different kinds of resources, and different po-
tential energies are produced by different profits, the
resources can flow freely in the system. Every agent
can study the advantages of the others’ in the process
of resource exchange. As a result of this, the system
will become a more creative system that can stand on
the edge between chaos and order, which will make the
supply chain system become more competitive.

The resources the agent itself possesses: Because
of its sociality, intelligence and autonomy, the experi-
ence and ability can be varied (increasing and/or de-
creasing) with the development of the system, these
will be the greatest and most important resources
among them all''”’.

1.3 Evaluating and data filtrating the resources

Because of the complex adaptive system, more or
less, the resources have some complicated characteris-
tics, which barely quantify their true values, so it is
necessary to analyze the characteristics of the system

and set up an appropriate filtrating system that adjusts
the values of the resources.

The agents in the supply chain system as a whole
consists of social, intelligent and autonomic agents.
Because of the behavior of the human beings that exist
in the system, the resources that all agents possess ulti-
mately satisfy the rule about the labor force value.
However, they have some different characteristics be-
cause there exist complex attractors in the system,
which makes all kinds of resources adaptable.

1) Structure asymmetry

As with other systems, the resources in the supply
chain system satisfy the marginal utility regression
rule, and its actual values cannot be described in cardi-
nal number utility. In the same way, the same quantity
of resources have different values in different dynamic
environments in the progress of their flowing.

2) Nonlinearity

Because of its own characters, the resources that
flow in the complex adaptive system of the supply
chain represent nonlinearity to a heavy degree ( the
most outstanding example is the Ellsberg paradox: the
sum of all parts’ value is unequal to the whole value).

3) Dynamics

As time passes, the resources take on a dynamic
character that can be changed depending on the re-
sources continuously flowing. Each resource and every
flow progress make the building blocks changeable,
which produces the diversity of the true utility value.

4) Changeability with time and place changing

The values of same quantities of resources change
with the development of the environment of the sys-
tem, especially with time and place changing. This ac-
counts for the fact that the system is a dissipative sys-
tem that stands on the edge of the chaos system and the
order system, which makes the initial values of all criti-
cal parameters sensitive and creative. If we change
some parameters to a little degree, especially for time
and/or place, the system will surpass its original struc-
ture, which can improve its capability drastically.

Provided that f{x), is the value decided by the av-
erage production time in society, g(x), is the adaptive
function of the initial value of the resources in the sys-

d’[g(x0),]

tem, here, & <0; h(x), is the adaptive probabil-

ity density function of the initial value of the resources
in the system based on loss because of nonlinearity
from the moment ¢ — 1 to the moment ¢, here,
& h(x),]
de
h(x),<0, can be described by a complex function''" of

< 0; furthermore, - 1 < h(x),<1, when
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complex entropy; the payoff that occurs in formal time
can be described by a random function. The effect that
is affected by the phase + — 1 can be described by the

d’[j(x),_,]

function j(x),_,. Here, & <0; k(x), is the a-

daptive function of the operating environment of the
_ d[k(x),]
system, that is, Tl < 0. The true value can be

adjusted in the supply chain to a new one:

fﬂf(X) 8(X) h(x) j(x),  k(x) dx

In the function, all parameters can be attained by statis-
tical methods.
1.4 Evaluating values of resources
1.4.1 Create the multiagent organelles

A new method to modify and adjust the resource-
value is introduced in this paper: Standardizing all vec-
tors of the resource-value, translating the number-val-
ues into the DNA-values, making the one resource in a
series with the others and becoming a multiagent or-
ganelle of this complex adaptive system, i. e., (x,, X,,
..., Xg), where x represents the variables (x, = materiel,
x, = financing, x, = information, x, = technology, x; =
management, x, = operating thought, x, = talent, x, =
marketing) ; x; is the “chromosome” for the DNA-value
of the agentm], which makes the resources that the
agent possesses become an inseparable and interde-
pendent whole one, so we can research the rule of re-
sources flowing in the supply chain from the aspect of
the system and analyze the rule more deeply. The
“chromosome” has all the characteristics of a complex
adaptive system, such as social, intelligent and auto-
nomic characteristics.
1.4.2 Random number of resources that agents
interact with

As an agent of the supply chain system, its re-
sources should be an organic whole that consists of all
the facets mentioned above. Every resource does not
operate solely but interpenetrates and interacts with the
others. To satisfy this, 8 random numbers are intro-
duced into the multiagent organelles, which are distrib-
uted randomly into the “chromosome”!” . This allows
us to describe the inter-acts more precisely and high
light the similarities to the actual actions taking place
in the process of interacting.

Suppose that

X;,, =ax; +c(mod m) i=1,2,...,n-1 (1)
where a is a positive number, which is called a coeffi-
cient; ¢ represents a non-negative integer, which is
called the increment; 0 <x;, <m, x, is a germ; m is a
modulus, which is the length of a sequence of pseudo-

random numbers. So, for every initial number of x,, by
the formula mentioned just now, we can create a new
vector {x, x,, ..., x, }. Through the following formula,
we can obtain the 8 pseudo-random numbers that are a
stochastic distribution in the interval of [a, b], then

xi b
i m—l( -a)

U, =a+ i=1,2,....n (2)

Using the pseudo-random numbers, we can de-
scribe more exactly the true rule of resource flows that
agents interact with in the supply chain system, and we
can describe more exactly that the core of the resource
is a whole that cannot be separated from the resources
of management and information and thoughts that make
a role effective in the system; i. e., the resources that
are adjusted can describe the entity more correctly.

2 Action Rule and Resources Flowing Mode
of Agent

2.1 [If-then rule of resources flowing among agents

The if-then resources flowing rule of the agent in
the complex adaptive system in the supply chain is
shown in Tab. 1.

If a sub-agent receives a sign of Tell-constraint
from another subagent, it will enter working status to
some degree. The sub-agent, in the first step, shall
judge whether its owner’ s resources satisfy the de-
mands of the instructions from the former. If it is not
satisfied, it will refuse the information or make a coun-
terproposal to the other. Furthermore, it should be redi-
recting its attention to others in refused status, counter-
proposal status or working status continuously. If it is
satisfied, it will consider whether the next sign is feasi-
ble or not. So, this sub-agent shall enter a sub-course,
as the sub-agent translates the sign of Tell-constraint to
the sub-agent that will act on it. Finishing a sub-action
in harmony, it will face two choices: returning to the
main process or entering the next sub-action. Further-
more, it classifies and packs away all kinds of re-
sources, and enters working status again. On the other
hand, if it succeeds in reaching harmony, it will consid-
er whether the following instructions are harmonized or
not: if there are some instructions that have not been
harmonized, it shall enter a new sub-course. When all
the transmitting instructions are in the status of suc-
cess, it will transmit the instruction of Accept-con-
straint and enter the instruction of Satisfied on the
main course. Whether the sub-agent is in the status of
Satisfied or in the status of Failed, if the last conclu-
sion is not adjusted, the sub-agent will classify and
pack away all kinds of resources in the process of har-
monization, and finally enter the status of finished.
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Tab.1 Harmonized rule of the agent

Step If Then

1 Receive the sign Tell-constraint from other agent Thinking

2 Thinking Transmit the sign Accept-constraint to other Agent

3 Receive the sign Satisfied from other agent Thinking

4 Receive the sign Failed from other agent Thinking

5 Thinking Transmit the sign Loose-constraint to other Agent

6 Thinking Transmit the sign Decline-constraint to other agent decline-constraint
7 Receive the sign Tell-constraint from other agent Thinking

8 Receive the sign Confirm-decline from other agent Thinking

9 Receive the sign Confirm-loose from other agent Thinking

10 Receive the sign Decline-Loose from other agent Thinking

11 Thinking Transmit the sign Tell-constraint to the agent that will act on
12 Receive the sign Accept-constraint from other agent that will act on Thinking

13 Receive the sign Decline-constraint from other agent that will act on Thinking

14 Thinking Transmit the sign Tell-constraint to the agent that will act on
15 Thinking Transmit the sign Confirm-decline to the agent that will act on
16 Receive the sign Decline-loose from other agent that will act on Thinking

17 Thinking Transmit the sign Decline-loose to the agent that will act on
18 Thinking Transmit the sign Failed to the agent that will act on

19 Thinking Transmit the sign Confirm-loose to the agent that will act on
20 Thinking Transmit the sign Tell-constraint to the agent that will act on
21 Thinking Transmit the sign Accepf—?onstrt{int anFl Satisﬁed to the

agent that have finished following action

22 Receive the sign Tell-constraint from other agent Thinking

23 Thinking Transmit the sign Tell-constraint to the agent that will act on
24 Receive the sign Satisfied and Failed from other agent Thinking

25 Receive the sign Tell-constraint from other agent Thinking

Notes: Tell-constraint means the restriction of some action; Accept-constraint means that accept the restriction imposed upon all actions; Satis-

fied means harmonize successful; Failed means harmonize failed; Loose-constraint means the agent need to loose restriction; Decline-constraint

means the agent does not satisfy the restriction; Confirm-decline means the agent assures the action is not feasible; Confirm-loose means the

agent assures the restriction; Decline-loose means the agent refuses the restriction.

2.2 Supplying-distributing rule of resources of
agent
To make the research convenient, we introduce a
special supply chain system, which has the following
structure, as shown in Fig. 1.

Output;
Input; Output
Input, Output;
Input, Outputy
Outputs
Fig.1  Structure of complex adaptive system in supply
chain

2.2.1 Hypothesis of random environment

1) The random variables &, &,, &, &, express the
maximum quantity of something that 4 supplier agents
can provide to the dealer, assuming that the probability
density function of every random variable satisfies ¢,,
by, s, ¢y Here, P.(&,) (i =1,2,3,4) represents the
probability of i attaining &, units of resources from the

suppliers.

2) Decision variable (x,, x,, x5, x,)1is a series of
random variables dependent upon each other which
flow out from the Input,, it will depend on the states of
the other implements, and each of them is a function of
X(, X5, X3, X,. In the same way, the decision variable
(x5, x4, X;, Xg) are dependent upon each other which
flow out from the Input,. The decision variables (x,,
X105 X115 X1,) are dependent upon each other which flow
out from the Input,.

3) The hypothesis of the dealer: c,, the reliability
of the dealer i can obtain is P.(c,).

4) Because of some reasons, either economic and/
or political and/or geographical, we hypothesize that
an object is min(input,).

2.2.2 The flowing rule about resources that every
agent possesses

Considering the forecited hypothesis, the model
that describes the judging rule of resources flowing
among agents in the stochastic process must involve a
multi-object planning of supply and distribution, which
involves a correlation chance restricted planning, as
shown in Eq. (3):
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maxf; (x) =P{[x, +x,] =¢,} chain system, and subsequently, an appropriate model

maxf,(x) =P{[x, +x5 +x,0] =¢,} reflecting the resources flowing among the agents.
maxf;(x) =P{[x; +x, +x,,] =¢5} Here, the resources that every agent possesses can be
maxf,(x) =P{[x, +x;] =¢,} interpreted by the following model, and the interaction

maxfs(x) =P{[x; +x,] =¢5} among the agents shall be followed according to the

minf,(X) =Xy + X, + X, +Xp5 echo model in the process of interaction. The attacking

s.t. g(x) =P{x; +x, +x; +x, <&} sub-model of one agent does not always interact on the

8 (x) =P{xs +x5 +x; +x3 <&, }
8 (%) =P{xy + x5 +x,, +x, <&} (3)
3 Interacting Rule of Multi-Agent

We need to reconsider the resources in the supply

other sub-models of another agent, which is a cycle
something like a turntable operating, until all the other
sub-models are satisfied. Otherwise, they do not interact
at all (see Fig.2).

-— Tag room — —w= Operating room -
. Capablility N
Condition of  Selectivity Condi.tion of  of transform Replicate Capablility
Offense Defense Adherence| _exchange of mating replicate resource across of innovation
[ | [ [ Super-tier: mating capable

[ I [ | Mid-tier: mating speed

I I I

| Under-tier: mating time

Fig.2 Three-tiered-echo model of complex adaptive system in supply chain

Here, we introduce the echo model that Holland
created as the prototype of our model, 1) Add the ca-
pability of replicating across and the capability of inno-
vation to the prototype, which can describe the basic
phenomena that tangle with the complex adaptive sys-
tem concerning the management organization represen-
ted; @ Not only consider the mating capability of the
resources of the agent, but also consider the mating
speed, which can simulate more correctly the rule of
the organization coordination action taking place in
practice which has emerged in the process of interac-
tion: quick response, two-win/multi-win/co-win; so we
create the two-tiered sub-model, i.e. mating speed; (3
Considering the change about the structural stability of
the supply chain and the dynamic properties of the
mating capabilities as time flows, add the variable of
time. Thus, we create the three-tiered sub-model. The
above-mentioned model is called the three-tiered-echo
model of the agents in the complex adaptive system in
the supply chain system which is interactive. This is the
basis of the interaction among agents.

By conforming all resources effectively, simulated
in the computer, we can draw conclusions more cor-
rectly concerning the resources in the three-tiered-echo
model of the complex adaptive system in supply chain
management. Furthermore, we can analyze the follow-
ing key rules in the system.

3.1 Reconsidering resources

We analyze the ways of attaining the values of re-
sources; however, it is a simple method without consid-
ering the interaction that is described in the three-

tiered-echo model. First, 9 characteristics should be
considered: offense, defense, adherence, exchange, se-
lection of mating, condition of replication, the capabili-
ty of transforming resources, replication across, the ca-
pability of innovation. Secondly, the mating speed must
be considered. Last but not least, the mating time must
also be considered. So, resources in the supply chain
must be described by

Vi Vs <o Yus HYrs Yizos <+ Yiog do AV 101 Yions -5 Viog }
(Va1 Yarzs s Yois HV 15 Yoo <+ Yaog do oAV 01> Yaons -5 Vog }
(Va1 Vaizs o Yais HYm1s Yaos -+ Vaog do - AV3015 Vaons o5 Vaog }
(4)

where y,, is the j-th character that the k-th resource’ s
value has been coded by the DNA technology of an
agent. And i =1, 2, 3, which is the capability of the
mating, capable of 9 kinds resources, mating speed and
the dynamics and/or stability in the process of mating.
The agents act as the three-tiered-echo model, whose
rule of interaction as shown in Tab. 1. The transforming
of the resources that the agents that are interacting pos-
sess is shown in Eq. (3).
3.2 Arithmetic of the model

In the process of simulation, the data of this paper
come from a tobacco company of Heilongjiang prov-
ince. For reasons of secrecy, the raw data is omitted.
3.2.1 Modeling in Swarm

Add the genetic algorithms in the simulation of
Swarm modeling. In the simulation model(ISA, indus-
trial shift and agglomeration), we set up two agents:
an enterprise agent and supply chain agent, whose pro-
perties and ways are given as shown in Tabs. 2 to 4.
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Tab.2 Properties and ways of enterprise agent

Main properties Main ways

Satisfaction GetSatisfaction( )

IdealExpectation SetldealExpectation( )
Influence SetInfluence( )
. SetRandomMoveProbability( )
RandomMoveProbability

EnterpriseMove( )

Tab.3 Properties and ways of supplychain agent

Main properties Main ways

MaxExpectation AddResource()
TypeofInvestmentLow FindTypeofInvestment( )
TypeofInvestmentHigh FindTypeofInvestment( )

Tab.4 Properties and ways of modelswarm

Main properties Main ways
NumberofEnterprise EnterpriseModelSwarm( )
EvaporationRate AddEnterprise( )
DiffuseRate BuildObjects( )
MinildealExpectation BuildActions()
MaxIdealExpectation ActivateIn()
Minilnfluence Activateln()
MaxInfluence ActivateIn()

The model is edited on the basis of the essential
model of Swarm: Heatbugs, whose correlative variable
can be found in www. swarm. org.

In the process of modeling, we have considered
five ideas: (D) The interaction among the agents has
run in the two tiers( enterprise agent and supply chain
agent) . In other words, their actions have been run be-
tween homogeneous agents and heterogeneous agents;
(2 The action based on inter-transforming resources
that happen in the same tier consists of 4 kinds: be-
tween the agent and the environment, among multi a-
gents, between agent and itself, and between two a-
gents; (3 The interaction of the agents comprises the
following facets: between the agent and the environ-
ment, among multi kinds of agents, two agents exist-
ing in the same tier, and among agents and them-
selves; @ To embody the integrated character of all
the resources in interacting in the supply chain sys-
tem, the resources flow that the agent runs are actually
the multiagent organelles of the resources of the a-
gents that have been coded in DNA and are series-
connected in the 8 kinds of resources according to the
above-stated order, in which the uncertain place of in-
teraction can be decided on by a random number; 5)
The interaction process is a process of natural selec-
tion, which satisfies the rules of the theory of evolu-
tion, so the concept of the genetic algorithms must be
added in the modeling.

3.2.2 The results

By running simulations of the three-tiered-echo
model, we can attain the simulation results of 200,
2 500 and 4 500 steps, as shown in Fig.3 to Fig.5.

0.81
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[\ ]
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0 50 100 150
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Fig.3 State of the 200th simulation step
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Fig.4 State of the 2 500th simulation step
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Fig.5 State of the 4 500th simulation step

We simulate the interaction among the agents
that possess various kinds of resources while consider-
ing the resources flowing in the three-tiered-echo
model, and attain a series of results shown in the sim-
ulation curves from Fig. 3 to Fig. 5. Here, the x-axis
represents the disperse time coordinates, and the y-axis
represents the values confirmed in formula (4). The
value expresses the whole competition capability and
the payoff capability of the supply chain system. Fig.
3 expresses the whole value of the system that the in-
teraction plays at the 200th step. Fig. 4 expresses the
whole value of the system that the interaction plays at
the 2 500th step. Fig.5 expresses the whole value of
the system that the interaction plays at the 4 500th
step. From the figures mentioned, we can know that,
with the inter-model, the system can reach the pre-op-
timization level: pre-idealization level, i. e. carry out
the aim of co-win.
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4 Conclusion

The resources in the supply chain comprise the
nonlinear sum of materiel, financing, information,
technology, management, operating thought, talent
and marketing. We adjust the single resource’ s value

with the formula Lf(x),g(x),h(x), J(x),1k(x),dx, and

transform every value into an integration with the
three-tiered-echo model. Putting the rules to agents
and simulating it, we can argue that: If an agent al-
ways adjusts its owner action under the environment of
the supply chain system, that is interact (1) between
the agent the environment, (2) among multi kinds of a-
gents, (3) two agents existing in the same tier, and
(4) between the agent and itself, the system will be op-
timized and become stabile and mature over time; oth-
erwise, the system will become brittle, leading ulti-
mately to collapse. If and only if these are considered,
the results of emergence of resources can conform more
exactly to the states observed.
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