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Models and Method of Interval-valued Cooperative Games

Based on the Least Square Distance

LI Deng-feng ', LIU Jia-cai '*
(1. School of Economics and Management, Fuzhou University, Fuzhou 350108, China;

2. School of Traffic and Civil Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Most of the existing studies on interval-valued cooperative games in which the values of coalitions
S are expressed with intervals v(S) = [v; (S),vx(S) ] are based on the interval arithmetic (e. g. , interval
subtraction) and ranking functions of intervals and hereby are some extensions of the classic Shapley val-
ue. The main purpose of this paper is to develop an effective method for solving n -person interval-valued
cooperative games based on the least square method. Firstly, according to the concept of the distance be-
tween intervals and the least square method, an optimization mathematical model is constructed through
considering that players in coalitions try to guarantee their payoffs’ sums being as close to the coalitions’
values as possible. Through solving the constructed optimization mathematical model, all players’ inter-

val-valued payoffs ;=[x y2x ] (i=1,2,+*,n) can be obtained, which can be determined by the analytical

formula [X; . Xx] = [A" BL.A ™ By, where B, = > 0,(S)s D) 0i(S)aey D) 0,(S) By =

SCN:1€S SCN:2€S SCN:neS
C DY) (S D) (S ey D) 0r(S) L AT = (1/272) (&) s anday =—/(n+1) i i # j or n/ (n
SEN:1€S SEN:2€S SEN:ne S

+ 1) ifi = j. Then, the auxiliary optimization mathematical model is extended so that it satisfies some con-
ditions such as the efficiency x(N) = v(N) and hereby all players’ interval-valued payoffs x; = [ 21 »ax ] (i
= 1,2,+,n) are solved, which can be determined by the analytical formula [ X |, X x]1=[X. + (v . (N) —

n

qu Ye/n, Xg + (g (N) — ZIR,‘ Ye/n]. Finally, a numerical example of the dispatch coalition problem is

i=1 i=1
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used to conduct the validation and comparison analysis, which has shown that the proposed models and
method are of the validity, the applicability, and the superiority. The models and method proposed in this
paper can effectively avoid the magnification of uncertainty resulted from the subtraction of intervals and
provide a new theoretical angle and suitable tool for solving interval-valued cooperative games.

Key words: interval-valued cooperative game; least square method; loss function; dispatch coalition; math-

ematical programming



