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1.1

Executive Summary

The Simple Supply Chain Model (SSCM) provides a way to fully specify a supply chain by way of its
participants starting knowledge and the way in which they may communicate. This work attempts to
model certain supply chain scenarios, develop strategies to tackle them and optimise these strategies
using evolutionary computation (EC) within a market simulator. This work is important because, with
the expansion of the internet and computing power, the drive to move business online is every
increasing and the benefits from automating business interaction are potentially considerable.
Customers and businesses wishing to lower the costs or improve their profits and having access to
many potential partners online could reap great rewards by reaching agreement with those partners
through automated negotiation. Success would not only be a matter of making good deals but
communicating with many people.
The model the work is based upon is closely related to the original Trading Agent Competition (TAC)
game and is in some ways conceptually similar to Distributed Constraint Satisfaction (DCS),
Distributed Artificial Intelligence (DAI). The model is less related to complex market architectures
like MAGET or more complex planning and scheduling systems. The strategies employed
communicate through a form of alternating offers protocol and don’t make use of more complex agent
communication languages. Negotiation is used for participants to come to agreements with one another
so that the work has some relation to much of bargaining and negotiation research. The SSCM tends
however to concern a situation in which there is a great deal of uncertainty and no rigid rules of
conduct beyond the communications protocol. The strategy optimisation part of the work is conducted
within a simple market simulation and makes use of Population Based Incremental Learning (a
statistical approach to EC that marries reinforcement learning and Genetic Algorithms).
The future direction of this work is in modelling more interesting problems under SSCM, developing
further strategies and developing more effective analysis tools for interpretation of results.
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1.2

Introduction

This document is intended to provide a statement of position of the PhD work currently being
undertaken. The document consists of two elements. The first element is to provide a discussion of the
work and its relationship with various areas of interest and work being undertaken by others. The
second element of this document provides a summary of the work carried out so far and the future
direction. It is anticipated that this document will contribute both towards the final thesis and
upcoming supervisory boards.
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1.3

Position Statement

1.3.1 Motivation and objectives
At present various electronic market places, auctions and negotiation systems exist, in the near future
full electronic supply chains will be possible and indeed desirable to improve efficiency [1].
This situation, however, presents a problem. While humans are good at negotiations and situation
analysis they are less able to handle large volumes of information and numbers of transactions. What is
need is a computer-based system or strategy for handling these situations. The strategy does not need
to be the perfect negotiator, although it must be competent, but it must be able to deal with more
negotiations more rapidly than a human operator could.
The first step in the process of creating this computer-based strategy is to develop a system for
modelling the supply chains. Once the model has been developed it will be possible to describe
specific supply chain situations or scenarios and begin the process of strategy development and
analysis. A primary objective of the work is thus to create this modelling tool and to model various
situations with it.
Once this objective has been met (at least in part) a further objective is to develop strategies that are
capable of handling the modelled situations. These situations would require a middleman to be able to
make a profit in a situation where customers are continually requesting bundles of products and may
need to be negotiated with, suppliers must be negotiated with and there is a limit to both the
communication capacity available and the amount of information about the market place. The
strategies must be developed in light of the challenges initially stated and in light of the further
objectives listed below.
A final objective in the work is to attempt to optimise these strategies through the use of evolutionary
computation within a simulation system. This will necessitate both the consideration of which
evolutionary computation systems are appropriate and the development of an effective simulation
system within which these systems maybe used.

1.3.2 Current state and future work
At present the primary objective of developing a model for supply chains has been fulfilled with the
creation of the Simple Supply Chain Model (SSCM) [2][3]. This model was partially inspired by the
Trading Agent Competition (TAC) [10] and incorporates three types of supply chain participants
(customers, suppliers and middlemen) each with various parameters including limited communication
capacity. The model allows for the description of a wide range of scenarios including variations to the
communication system being used by the participants. No constraints are placed upon the strategies
each participant may use and indeed the model is intended to provide only a description of a system
and the knowledge each participant starts with, nothing more.
The second related objective of modelling various problems has been partially fulfilled [2][4]. An
initial model of a simply travel agent type system has been made. From this specific scenarios have
been developed in which the use of this model has been further constrained and some restrictions
placed on agent behaviour. No further models have been developed and thus work has focussed on this
initial realisation – further modelling should be done, possibly in relation to bandwidth trading (a
known area of interest for the sponsors). A formal method for the description of the scenarios arising
from the initial model has not been developed although these scenarios have been described clearly.
The development of a strategy to tackle the scenarios has been undertaken and some initial
experiments made within a simulation system [2][5][6]. This system was developed with the objective
of allowing strategy optimisation via evolutionary computation and some results have been obtained
about how the strategy adapts to different starting conditions within the scenario. Further work has
been undertaken in regards to another scenario including the adaptation of the initial strategy to handle
the increased complexity of the situations being faced.
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One further challenge in the work has been that of data analysis. The experimental system produces a
considerable amount of information of various sorts and some work has been done on the development
of analysis tools. This work is discussed in a separate report [39].

1.3.3 Relationship to other work
There are a considerable number of areas of research that could be considered and are relevant to the
work being undertaken. Since the concerns supply chain management research in this area would seem
to be of interest, likewise the distributed computation nature of the problem would suggest work with
multi agent systems, distributed problems solving, distributed optimisation/constrain satisfaction and so
on would be relevant. Since we are dealing with trading systems work into bargaining, auctions and
various market simulations would seem important. Finally the intended use of evolutionary
computation further opens up this area as related and important. This is a huge amount of potentially
relevant work. To provide a picture of how this work fits in to the big picture the following discussion
is organised by project objective rather than topic area, the aim of this approach is to try and make clear
the link between different parts of the project and related fields and lessen the potential confusion when
a single area affects many elements of the work.

1.3.3.1 The Model
The SSCM provides a way to describe basic supply chain situation in their entirety. The SSCM does
not attempt to dictate participant behaviour but it does restrict the way in which participant
communicate. There isn’t a restriction on the way the communications system is used; this is again left
to the individual participants.
The SSCM is related to a number of different things. Firstly it is associated quite closely to the TAC
game [10] by which it was partially inspired. The original TAC game provides a travel agent with a
number of customers that require their orders to be satisfied within a certain time and a starting
allocation of goods. Travel agents are able to satisfy customer order using their pre-supplied goods and
by obtaining goods through a number of auctions. The game is purely a simulation system and no
formal model exists for analysis, the simulation system was opened up to competing teams in an
attempt to find effective strategies. The starting position described by the SSCM and the simulation
system certainly share common elements however the SSCM doesn’t specify agent behaviour with
regards to customers and suppliers, something TAC did. The freedom available to the travel agents in
TAC and middlemen in SSCM in somewhat similar, neither specifies the precise behaviour but both
define the communications system. SSCM can effectively model the TAC situation by replacing the
communications protocol with that used by TAC. Specifying the customer and supplier behaviour to
be used in conjunction with the described SSCM situation and you have a good approximation of the
TAC game. Further discussion of the similarities between TAC and the model can be found below.
During the development of the SSCM it has been intended that customer-middleman interactions
essentially form part of a satisfaction problem while middleman-supplier interactions effectively relate
to an optimisation problem. Thus work in distributed constrain satisfaction (DSC) [12] and by
association constraint satisfaction (CS) [11] may also be relevant to the model. Constraint satisfaction
models problems in which a number of variables require their values to be specified without violating
certain constraints. CS problems (CSPs) are tackled using a central solving system based on many
possible techniques. Distributed constraint satisfaction moves the traditional CSP into a distributed
domain where different variables are maintained by computationally independent entities. DCS defines
problems in a similar way to the SSCM, without restriction on the action of individual participants but
some control over what messages are sent and how they are propagated. DCS deals specifically with
constraint satisfaction in a cooperative environment where information is shared. SSCM deals with a
considerably less formal environment in which cooperation is through mutual advantage and globally
good solutions may not be found if it is not to the advantage of individual participants. The
communication schemes within SSCM are tailored to bargaining and limited negotiation rather than
relating of constraint information. While there are certainly surface similarities between SSCM and
DCS there is considerable divergence in terms of intention and application.
There is a considerable body of work dedicated to various bargaining, negotiation and auction models
[26][13][23][14]. These models in general deal with one to one interactions or one to many interactions
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and in the context of SSCM primarily relate to how participants may communicate. The models range
from quite simple bargaining situations such as Rubenstein’s complete information game [15] to more
complex negotiation schemes where multiple issues are under consideration and maybe added or
removed [16]. These model while important from a communication point of view do not capture the
larger scope dealt with by the SSCM. While the Rubenstein’s bargaining game (and related work
[25][26]) or more relevantly Jennings auction and negotiation [17][18][19] work effectively deal with
one to one interactions over a single or multiple issue they do not capture the larger context within
which that interaction is placed. The SSCM is intended to capture that context. Thus while many of
these model deal with the individual interactions in more detail their conceptual level is different. A
further point of relevance and importance is that the SSCM is far removed from complete information
games such as Rubenstein’s. Participants have very little starting information at all and only the
communication protocol to fall back on to make any headway. Rubesnstein’s and other bargaining and
negotiation models often assume far more information from price distributions to probable participant
behaviour, this is something the SSCM does not do. In this sense SSCM has far more in common with
other incomplete information games [25][26].
Complex market architectures also exist; one example of these is MAGMA [20] another is MAGNET
[21]. MAGMA attempts to provide a complete framework for agent based electronic commerce; it
deals with issues from individual agent behaviour to banking and goods handling. The MAGMA
architecture while broad in scope and capable of implementing SSCM agents and scenarios impose
more rigid constraints on agent behaviour than does SSCM; in effect the implementation issues within
SSCM and MAGMA overlap but the underlying approach and intention is different. MAGMA could
form the basis of an SSCM communication solution. MAGNET is a system focussed on the
development of (possibly interlinked) contracts for the fulfilment of agent plans. It encompasses and
extends the scope of the MAGMA system, providing a set of agent APIs for use within a regulated
market place. Other agent market places exist such as AuctionBot [37] and Kasbah [36], these are
effectively focused on how to alleviate users of having to deal with the negotiation process themselves.
Supply Chain Management deals with complex real-world supply chains and the problems faced by
organisations trying to optimise them [29][35]. The SSCM is considerably less complex than the
situations dealt with in traditional supply chain management although its results maybe applicable in
some cases. Further the SSCM is directed towards a future with greater integration and automation of
processes while SCM focuses on providing tools for decision-making and planning.
Distributed Artificial Intelligence (DAI) research has a considerable interest in negotiation between
agents and the application of game theory to problem solving. The use of negotiation within DAI tends
to follow two general approaches each with their own view of the world; the first is that of task
assignment with high-level objectives in mind and that second is that of local negotiation between
agents where a global view may not be feasible [33]. In DAI system however negotiation is used
between essentially cooperative agents in a manner not too dissimilar to DCS [38]. The cooperative
nature of these problems and their primary use with planning systems makes them incompatible with
and distinct from the SSCM [34].
The communication protocol used with SSCM is intended to be generally adaptable and certainly not
entirely fixed – in general however some variation on the alternating offers protocol [23]. has been
considered most likely. This is discussed further below.

1.3.3.2 Modelled Situation and Scenarios
The modelled situation currently being investigated is a travel agent scenario similar to that in TAC
[10]. There are however a number of important differences. Firstly customers are independent entities
rather than game server controlled – they can (potentially) negotiate to some limited degree with the
middlemen and indeed talk to multiple middlemen if initially told about more than one. TACs
insistence that all customer preferences are revealed to middlemen at the beginning of the game does
not hold true for SSCM – customers may communicate at any given time with the middlemen they
know about and initial communications do not translate into complete information about their
preferences. Suppliers in TAC are dealt with via auctions with certain rules applied about how those
auctions and the related suppliers behave, SSCM suppliers deal with middlemen in a series of one to
one negotiations that can include multiple goods as well as price. Success in TAC is centrally
measured based upon each travel agents ability to fulfil the supplied customers requirements, SSCMs
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measure of success is with regard to the individual middlemen’s profitability with the hope that this
may prove globally optimal. As with TAC transport times for products are not considered, customers
have negotiation cut-off times but delivery details and exceptions are considered outside the model.
Communication between participants is an extremely important issue when modelling a particular
problem; the mechanisms and language used has a direct effect on the nature of the agents and their
ability to deal with one another. The approach taken to communication thus far has been to make use
of a variation on the alternating offers protocol [23]. Any participant’s agent may make an offer for
goods at a price, the receiving agent may either make a counter offer, accept or reject the proposal.
This scheme while simple allows the research to focus on other areas and allows the agent strategies to
be somewhat simpler and computationally less expensive. Other mechanisms could be used, possibly
making use of more complex agent communication languages (ACLs) [24]. Argumentation as a
mechanism for improving negotiation outcomes by persuading or threatening is currently an active area
of research [7][8][9] and falls into this ‘more complex’ category. While argumentation and other
systems may be a useful direction to take the work in the future this is not something that is currently
intended.

1.3.3.3 Strategies
The agent architecture and strategies developed to tackle the scenarios are relatively simple, instead of
a planning based approach a system somewhat akin to reactive systems is used. The negotiation
mechanism and (to a lesser extent) the communication system are largely independent entities within
the agent strategies and these will be discussed first.
As has been previously mentioned a considerable body of work exists within the context of
bargaining. While complete information games have had perfect strategies devised ([15]) and various
incomplete games have too ([25][26]), this is largely unhelpful in this context. Various reasons for this
exist; part of this is due to the potential (perceived) irrationality of participants (remember the SSCM
does not assume rationality), partial due to the potential multi-issue nature of negotiations but mostly
due to the degree of incomplete information the agents face and the dynamics of the situation. The
agent involved in one negotiation is highly likely to be involved in others, many of which will be
related; the ability of the agent to know even it’s own item valuation is limited and indeed it may be
better to stop negotiations on short notice if conditions change. The middleman’s customers, with
whom it may also be negotiating, primarily determine these conditions.
The negotiation mechanism finally used was based on Matos’s work ([22]) due to its high degree of
flexibility and limited ability to track other player’s negotiation strategies (these mechanisms have also
been used in the auction domain [27]). This is critical in giving the agents a range of approaches to use
in tackling different negotiators. A further reason for using this negotiation mechanism was its prior
use with evolutionary computation, something intended here too.

1.3.3.4 Strategy, simulation and optimisation
The simulation system created for the work is designed to test SSCM scenario strategies and allow for
their optimisation using evolutionary computation. The basic system concept is built around a
feedback loop; SSCM agents exist within a market and are able to communicate with the SSCM
applied restrictions, a central controller provides timing and configuration functions. The middleman
agents within this market are highly parameterised and are essentially what we are interested in. The
customer and supplier agents while parameterisable are so to a lesser extent and essentially make up
the environment within which the middlemen reside. The middlemen maybe specifically defined or
configured from the controller; controller configuration is used in conjunction with evolutionary
learning. The customers may be specifically defined or defined from the central controller within set
limits. The system can be run as a one off or as an ongoing market (the normal mode of operation). In
continuous mode new customers may be added over time to maintain the pressure on middlemen to act
effectively. The central controller is able to obtain middleman evaluations based on their earning,
inventories and market prices (derived from supplier data).
Evolutionary computation is a powerful optimisation tool that has been applied to many domains
including negotiation and auction research [22][27]. The evolutionary component of the simulation
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system is based around Population Based Incremental Learning (PBIL) [28]. PBIL was selected as it
has been successfully applied to various problems ([28][30][31][32]) and allows learning to be
undertaken using a small population of middlemen, large populations are impractical due to limited
computational resources. PBIL combines evolutionary notions with those of reinforcement learning,
the traditional population essentially being replaced by a probability distribution. Within the
simulation system middlemen agents may be configured from the PBIL distribution; evaluation of
middlemen performance over time may then be used to update the distribution and ineffective
middlemen reconfigured. Effectiveness of one middleman is measured relative to the rest of the
population. Other learning approaches may have been possible (including basic GA’s) but PBIL’s
ability to work with small (sample) population sizes over repeated rounds was an important
consideration.
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