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Introduction/Abstract

The recent trends towards out-sourcing of many business processes, and modularization of supply-chains,
result in a growing need for review and revision of traditional supply chain management (SCM) tools. Such
tools generally model decisions as being made by one centralized decision maker, rather than asa
decentralized negotiation and decision-making process. At the same time, analytical models are limited in
their ability to model complex, multi-firm, multi-dimensional relationships. New simulation tools, including
multi-agent systems, are starting to be investigated. Multi-agent system design meshes well with modeling
supply chain networks, asit inherently assumes that agents have their own goals, which may be anywhere
from pure self-interest to cooperative, thus allowing more freedom of analysis compared to traditional
simulation or analytical tools. The 2003 Trading Agent Competition added a Supply Chain Management
game (TAC/SCM) (Sadeh, Arunachalam, Erisson, Finne & Janson, 2003) to stimulate interest and research in
thisarea. We discuss the design of our agent, PSUTAC, our experiencesin this game, and what lessons we
have taken away with us for the future role of intelligent agents in supply chain management.

Related Work

Our approach draws from two main research areas. management and decision science and multi-agent
systems, including agent-based negotiation and coordination. Management science and decision sciences have
started to propose simple analytic models aimed at improving the information flow necessary in dynamic
coordinated supply chains to both avoid the bullwhip effect (where demand variance increases up the supply
chain) and other destructive feedback effects (Sterman), as well as to decrease inventory costs ([Du, et. al],
[Chen, 1999 & 2000]). Using multi-agent systems as an SCM system development tool has been explored in
recent publications such as (Cohen, et. a.), (Nissan, 2000 & 2001), and (Yuan, et. a). Therecent TAC/SCM
game grew out of substantial previous work in agent-based negotiation and coordination, see (Wellman, et. a)
for more background.

PSUTAC Agent

Our primary goal in entering the TAC/SCM was to create a reusable and extendable agent architecture that
could be used in future research efforts. Our system design is shown in Figure 1 below.



Agent Configuration

Knowledge Base Business Strategy

DB Connector Business Logic Operation Decision
Business Objects P Market Conditions Agent API

t Business Partners J

Figure 1. PSUTAC System Design

The agent’ s decision cycle has three phases. data processing, strategic planning, and operational decisions. In
the data processing phase, the agent creates business objects (request-for-quotes (RFQs), offers, or reports) by
processing in-coming messages from business partners such as customers and suppliers. Business objects also
identify information about related market conditions and put them into the agent’ s knowledge base. For
example, upon receiving RFQs from the customer, the agent assesses whether the demand for each product is
high or low. Our DB Connector module saves these objects out to a database for a permanent record.

In the strategic planning phase, the agent uses its knowledge base to identify both relevant market conditions
and businesslogic. A businesslogic rule for making supply pricing decisions has the following form: If
customers demand is high, then bid with high market price. In the second step of strategic planning, the agent
applies the appropriate rules to current conditions, which results in fuzzy values for the various RFQs, bid
prices, etc., that are needed to make operational decisions such as ‘which RFQ’ and ‘what price’.

Through an agent’ s configuration module, the agent is configurable to different planning, operating, and
competing modes. For the 2003 TAC/SCM game, the PSUTAC agent followed afairly conservative strategy,
and made it to the semi-finals, but not the finals of the competition. In light of our overarching, more
emphasized goal of reusability, we believe the PSUTAC agent faired well.

TAC/SCM Game

In each TAC/SCM game', six participants provide their PC assembly agent, which will interact with customer
and supplier agents created by the game developers. A total of 16 different types of PCs can be assembled,
depending on different configurations for CPU, motherboard, memory, and hard disk. Each game takes place
over asimulated year. The assemblers must respond to daily RFQs from customers with bids, and negotiate
with suppliers for PC components by sending out RFQs. Suppliers respond with offers, which the assembly
agents either accept or rgject. An accepted RFQ becomes an order.

PSUTAC' s 2003 game strategy was asimple “Make to Stock” approach aimed at maximizing its
responsiveness to customers' demand. This approach involves (1) deciding on arequired level of production,
(2) purchasing al components at the beginning of the game, (3) producing with full capacity, and (4) selling
on-hand stock at optimum prices. Each day, PSUTAC agent used the following rules to make its decisions:

1. Pricingfor supplier PC component RFQs: our agent used a Gaussian distribution, with its mean
based on the current component's market price, to set bidding prices semi-randomly. The variance of

! See full game specification at http://www.sics.seftac



the distribution is determined by two weighted decision factors: the current stock level and the overall
demand. Our agent evenly distributed its RFQs across all vendors.

2. Selection of customer RFQsto bid on: our agent selects bids that have a reserved price higher than
the bidding price and the agent offers no more than what is on hand. In addition, the agent delivers an
order immediately after it receives one from the customer. Therefore, by bidding and delivery
conservatively, the agent achieves ahigh fill rate and alow penalty rate.

3. Production scheduling: the agent schedules its productions by prioritizing according to the inverse of
the various products’ stock level.

4. Offer acceptance and delivery scheduling: PSUTAC accepts all offers and schedules delivery in
order of product completion.

Our aggressive buying strategy and relative conservative selling strategy worked well given that an initial
demand surge made it all but impossible to buy supplies later in the game. However, the strategy was found to
be inadequate to address the problems caused by highly dynamic consumer demand changes.

Reflections on the TAC/SCM game

We see the purpose of supply chain games such as TAC/SCM being two-fold. Thefirst isto raise interest and
discussion in the area by providing arelatively simple game that still captures some compelling aspects of the
overall problem. To make the game too complicated would shut out many participants, who are often
graduate and undergraduate students. The second is to raise research issues that can best be explored outside
of the game constraints. Therefore we divide our comments into those focused on the game structure and
those focused on future research directions that are suggested by our experiencesin the TAC/SCM game.

The main chalenge in the TAC/SCM game design is to find the right incentives that can make the whole
supply chain optimum, given the self-interested behavior of the PC assembler agents. For thisfirst game, the
main problemsinvolved theinitial conditions (e.g., assembler agents start with no on-hand stock, prices never
go lower than the first day, etc.). These problems caused some anomal ous behavior, including strong
incentives for participantsto buy all their stock at the beginning of the game rather than spaced throughout.
The TAC development team has aready solicited, and received, comments and suggestions on how to best
avoid these unintentional problemsin the next game, which are also addressed in (Estelle, et. a). Other
potential ways to align the game more closely with real-world issues include having customer agents keep
track of which assembler agents delivered PCs on time, rather than evaluating them solely on the basis of
price. Finally, one critical SCM factor, transportation, is currently not considered, but presumably can be
incorporated as the game design stabilizes.

Gameslike TAC/SCM allow usto do “wind tunnel” experiments, singling out the contribution of individual
components, and suggest directions for new theories/practices. We believe that TAC/SCM provides a natural
framework for investigating the following research questions:

e What are the effects of reputation and multi-criteria negotiation on supply chain performance?

e What are the effects of different market properties and information flow? In particular, what are the
effects of game assumptions, such as what information is observed and known, determination of
capacity (no exogenous capacity constraint), lack of budget constraints, lack of discounting, etc. Also,
the game alows only spot-market interactions. However, firms often engage in a combination of long-
term contracts and spot-market purchases (Levi, Kleindorfer, and Wu), which could affect results
significantly.

e How effectiveisagent learning in this environment? Can agents learn good price setting strategies or
good stock management strategies, as did the agents playing the beer game (Kimbrough, Wu, Zhong),
in previous TAC games (Stone, et. a), and in (Wu, et. a)?



However, agent games do not capture many aspects of the real world, including real-world data and
interacting with human decision-makers, expert and novice alike. We see the need for simulations involving
real-world data and company decision-maker. We also see arole for team-based agents to provide training for
human decision-makers given rapidly changing business conditions.

Finally, the legal implications of incorporating semi-autonomous agents into a supply chain have not
been sufficiently examined (Bagby). Adapting traditional law to new technologiesis challenging, often with
serious impact on related fields. Such difficulties are well documented in intellectual property and commercial
transactions. This pattern is repeated with the achievement of legal status for electronic agents under statutes
such as UETA, Federal E-SIGN and UCITA. A hodge-podge, patchwork of recent and controversial case law
from contract, tort and property law threatens the coherence and predictability of the nascent law of electronic
agency. Information technol ogists are making considerable investment to advance the intelligence and utility
of electronic agents. The development of electronic agency law is approaching atipping point recognizing the
increasing autonomy of electronic agents - many of which exhibit artificial intelligence, operate autonomously
and conduct independent negotiation - such asin the digita rights management and privacy preference
contexts. Agency law can enhance both traditional and el ectronic transactions through the major phases of
transaction processing - from theinitial information exchange, through contract negotiation and formation, to
performance, modification and payment. For example, electronic agents can play amajor rolein the
investigation of counter-parties, maintenance of detailed records, reduction of communication costs and risks,
and performance monitoring. In exploring the implications of eAgency law to SCM, we hope to be able to
derive design guidelines for building legally-awar e agents.

Conclusions

We see several main contributions of such agent games to both SCM research and teaching. Currently,
systems such as TAC/SCM are not common in SCM research but given the complex, decentralized nature of
the problem, these systems offer many potentia contributions to knowledge as well as teaching. In teaching,
business students tend to have difficulties with complex analytical models but can understand simulations such
as TAC/SCM. In research, these systems would add a fifth methodology to the current SCM arsenal of
analytical modeling, experiments, empirical analysis based on market/firm collected data, and traditional
simulation or numerical analysis. One of the key research strengths of multi-agent systems, as compared to
the above methodologies, istheir ability to explore markets and contractual mechanisms in a dynamic
environment.
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