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Abstract. For ill-posed linear bilevel programming problem, this paper studies how the leader motivate
the follower to maximize its own profit. Firstly, we present a coordination model. Then, under some
conditions, we establish two examples. Finally, numerical results show that the proposed method is
feasible.

Introduction
Bilevel programming plays an important role in different application fields, such as transportation,

economics, ecology, engineering and otherg1], it has been developed and studied by many
authorg 2-8]. However, Even alinear bilevel programming problem is generally difficult to be solved
and it has been proved to be strongly NP-hard [9].

In this paper, we consider the following linear bilevel programming problem:
"max'c) X+ d'y
st. AXEb,, yTy (x) (D

wherey (x)isthe set of solutions of the lower level problem,

max d;] y
y0

st. AX+B,y£D,. (2
Here’X’ClT Rn’y’dl’dZT Rm!AiT Rp,n!bl,l\ RP,AZT Rq'ﬂ’BZT Rq,m,bz,l\ Rqa
wedefineX ={x1 R"|Ax£b;,x3 OtandY(x) ={yl R"|B,y£b,- Axy3 C}.

Introducing a profit alocation proportionb , we present a coordination model of problem
(1).Here, b isavariable, rather than a parameter. Numerical results show that our method is feasible.

We aso compare our method with partial cooperation in [4], the results indicate that, although the
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follower in both methods has the same income, the profit of the leader obtained by our method is better
than that of Cao and Leung [10].

Coordination problem
In order to establish theoretical results, we state the main assumptions throughout the paper.
Assumptions:
(AD)For anyxT X,Y(x) ! f , there exists a compact subsetW | R™suchthatY(x) 1 W
foral xT X.
(A2)The set X is abounded polyhedron.
Since the leader can observe hig’her best profit only under the optimistic formulation, he/she can

design anincentive based strategy. That is, apart fromindividual income, he/she can pay the follower a

fraction(1- b) of the observable profit. This strategy will not only motivate the follower to cooperate
with the leader, but also, the leader can choose the profit allocation proportionb in such away hisher

part of the profit is maximized. In this paper,we consider the following coordination problem of
problem (1)-(2):

mex b (¢ x+d;'y) (3)
XY,

st. xI X,yly (),
Ofa £b £1, 4
dyy+(1- b)(c/x+d/y)? d;, )

Where a isaparameter and d, = max{d; yjxI X,yl Y(x)}.

Without loss of generality, leta = 0.7 and constraint (4) meansthe leader may pay the follower 30
percent of the observable profit at most. The proportion is reasonable because the leader is dominant in

the decision-making. Of course, we may adjust it according to practical requirements. Constraint (5)

guarantees that the follower can get a maximum income d, regardless of what the leader’s choice is,
and then, will cooperate with the leader. Moreover, if (X,y,b)is a solution of problem (3), the
follower will receive afraction(L- b ) of the leader’ s profit apart fromindividual income d] y. And the

leader’s profit isb (¢ X +d. y).
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Numerical Results

In this section, we consider the following examples which are from [10].
Example 1: "max"8x, +10x, + 2y, - Y,
st. X, +X, £10,%,X, 2 0,

where y = (y,,y,)" solves: maxy, +,

st.y, +y, £20+X, - X,,
y3 0.
Example 2: " nlax 8x, +6Xx, + 25y, + 30y, - 2y, - 16y,
st. X, +X, £10, Xx,,X,3 0,

where y = (Y,,¥,, Y5, Y,)" solves: myaxlOy1 +10y, +10y, +10y,

sty +y,+y,+y,£10- X, - X,,

-y, +ty,£08x +0.8x,,y,+y, £4X,,y3 0.

For solving problem (3),we choose k;, =k, =10,g =10and a =0.7 . The numerical results are

reported in Table 1, where L and F denote the profit of the leader and the follower
respectively.Moreover,the proposed method in this paper is denoted by Method 1, and the method of
Cao and Leung [10] by Method 2.

Method 1 Method 2

T

(x,y)' L F b (proportion) x L F | (cooperation degree)
Ex1 (10,0,30,0)" 140 30 1 (100)T 140 30 1

Ex2 (0,2,0800)T 232 100 0.9206  (0,0)" 185.7 100 0.762
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For example 1, the optimistic solution is (10,0)" .The optimistic value is 140. The result of our

method is equal to that of [4]. And they are also equal to that of the optimistic formulation.

For example 2, (0,2)" is an optimistic solution with optimistic value 252. Method 1 and method 2

have the same revenues for the follower. However, the leader’ s return of the former is more than that
of thelatter. These mean that, our method is superior to the method of Cao and Leung [10]. Thereason
isthat, except for guaranteeing the maximization of the follower’ sinterest, in [10], the leader’ sreturn
depends on the partial cooperation degree | of the follower. This dependency is aso reflected in their
partial cooperation model , whichis solved for arange of | values, That is, only after given avalue of
parameter | can the model be solved. It will undoubtedly improve and enhance the status of the

follower in the decision making, and even turns the previous leader-follower relation upside down.

Note that, in our method, the leader’ s return also depends on the profit allocation proportion b .

However it isavariable, and plays amajor role in maximizing the leader’ s profit potential althoughit is
affected by the follower. At this point, the leader still plays a primary role in the decision making which
is different from that of [10].

Conclusion

In this paper, we present acoordination model for ill-posed linear bilevel programming problem. It can
motivate thefollower to cooperate with the leader, and then maximize the leader’ sinterests. Numerical
results show that the proposed method is feasible, and the leader can maximize his/her interests by
motivating the follower. For the future research, it is interesting and useful to consider a general

coordination model of ill-posed nonlinear bilevel programming problem.
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