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This dissertation focuses on multi-agent based negotiation between manufacturer
agent (MA) and material supplier agent (MSA) of supply chain networks when orders
of MAs are out of abilities of MSAs. Four different types of negotiations are discussed
in this dissertation: single-attribute single-item (SASI) negotiation, single-attribute
multi-item (SAMI) negotiation, multi-attribute single-item (MASI) negotiation, and
multi-attribute multi-item (MAMI) negotiation. '

A coalition formation based negotiation protocol is proposed in this dissertation
to solve above mentioned negotiations. MSA are allowed to find partners to establish
coalitions when orders of MAs are out of their abilities. A coalition can be established
if and only if all members in coalition reach an agreement. The coalition, which
maximizes profit of the out ability MSA, is determined as final coalition. A combined
coalition formation protocol, which combines coalition _fdrmation for complementary
and coalition formation for substitution, is proposed when multi-item are involved in
negotiation. Lead time changes in multi-attribute negotiation which lead to the
change of abilities of MSAs. In that case, coalitions which are in ability at initial step
may become out of ability during negotiation. A modified coalition formation protocol,
in which coalitions of MSAs change at each negotiation step, is proposed for
negotiation when multi-attribute involved. After coalition is determined, profits are

allocated according to contributions of members in order to keep stability of coalition.

Then, negotiation between MAs and MSAs (coalitions) starts to determine
equilibriums. MAs in this dissertation are assumed have initiatives and more
negotiation power. MAs choose strategies firstly and then MSAs observes MAs
decisions and make their own strategies. Thus, iteration of negotiation between MA
and MSA (coalition) to determine equilibrium can be seen as MA-Stackelberg game
to find the Stackelberg equilibrium. In Stackelberg game, the leader must know ex

. ante that the follower observes his action. The follower must have no means of

committing to a future non-Stackélberg follower action and the leader must know
this. Indeed, if the "follower" could commit to a Stackelberg leader action and the
"leader" knew this, the leader's best response would be to play a Stackelberg follower
action. MAs and MSAs (coalitions) in MA-Stackelberg game determine their
strategies according to their own preferences, and concessions among attributes and

(or) items are considered to trade off one attribute and (or) item for another attribute
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and (or) item when multi-attribute and (or) multi-item are involved in negotiation.
" Weights for attributes are provided for MAs and MSAs (coalitions) to determine their
own preferences. Strategy of MA which maximizes MA's profit and accepted by MSA
will be determined as the final equilibrium.

Finally, MAs negotiate with MSAs (coalitions) to determine final allocation
scheme which maximizes overall profit of supply chain networks. A two-person like
game is introduced to determine final allocation scheme, where all MAs are
combined together as player 1 and all MSAs are considered as player 2. Strategy of
player 1 is allocation scheme of assigning MAs to MSAs, and strategy of player 2 is
allocation scheme of assigning obtained orders from MAs to coalitions of MSAs.
Objective of the game is to decide strategies of players which can maximize total
profit of supply chain networks. Therefore, allocation scheme can be called as an
equilibrium of the game if none of members of the players can beneﬁt by changing its
strategy while the other player keep its strategy unchanging. The proposed method,
which decomposes /X J game into J-person cooperative game to find coalition if
necessary, two-person Stackelberg game to find equilibrium, and two-person game to
determine final allseation scheme, is a goody way to solve /X game and greatly
reduce complexity to solve /X JJgame.

It's verified that proposed protocols are feasible and effective in solving all four
kinds of negotiations and are reciprocal protocols for both MAs and MSAs. For MAs,
they can reduce costs to divide orders into pieces and allocate to different MSAs by
selecting coalitions to keep integrities of orders, and reduce costs to buy materials by
selecting suppliers which have lower price but once have been abandoned due to
_ their limited abilities. For MSAs, the small-and-medium-sized MSAs have more
opportunities to win orders which were once out of their abilities by establishing
coalition. In addition, the proposed protocols can increase competitiveness of market.
Furthermore, the proposed protocols are very flexible, because all MAs and MSAs
can define weights of attributes and concession rates among different attributes and
(or) items according to their own preferences. They not only can tradeoff one
attribute to another, but also can tradeoff one item to another in order to maximize
their total profits of whole order according to their own preferences rather than

maximize each attribute or item.
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