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Abstract: The group decision-making problems with several experts and shrititfsrent opinions are unable to be solved by current
existing DS/AHP methods. In order to solve above problems, a derieelgiis constructed to recognize the optimal Basic Probability
Assignment (BPA) functions from TIN knowledge matrices by introdgaieviation variables. After that, a modified model and its
corresponding modified theorems for improving TIN knowledge matréze proposed to overcome matrix inconsistencies and provide
expert group for defining discussed problem as well as guiding ingpnewnt direction. The intelligent decision making procedure is
presented in terms of intelligent human-machine interaction and decisid eomparative analysis with numerical values shows the
proposed method is scientific, reasonable, and well applicable finally.
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1 Introduction multiple criterion decision making method 1,p].
Developments of DS/AHP were undertaken and the
formal DS/AHP was put forward in 2002, of which
Beynon acknowledged a lack of mathematical stringency
in original DS/AHP. What's more, explicit mathematical
analysis was constructed for the Basic Probability
Assignments (BPA) function representing levels of
preference to alternative groups given in a knowledge
matrix for a specific criterion4]. Eversince, DS/AHP
method had been established officially, in this paper, it's
called nascent DS/AHP. For making group decision, an
aggregation method of DS/AHP developed by Beynon in
2005, in which described a group decision-making
method by using definition of importance weight of
experts for their non-equivalent importan&g [Proved by

a numerical problem, DS/AHP could solve ordinary
group decision-making issue as well.

The DS/AHP is a hybrid multiple criteria decision
making method by combining Analytic Hierarchy Process
(AHP) and Dempster-Shafer Theory(DST), which is
introduced by Beynon in 2000 to comprehensively
integrate judgment deduced by expertq. [It used the
hierarchical structure of AHP to making the whole
decision process more approximate to human intuition
thinking mode for evaluating priority values. While from
DST, it imported group scheme method to extract
subjective decision information that can use less
information to pick up high quality results. The
combination of DST in DS/AHP acknowledged the
concomitant ignorance in the decision-making process
This ignorance here might be from lacking of knowledge
on certain alternative, the inability of distinguishing
preference levels among alternatives or alternative As an efficient decision-making method, DS/AHP has
groups, even the bounded rationality probleg [n fact,  already been used in power system planning, strategic
ignorance above suggests that the decision result by usingpportunities  optimization, —organization personnel
traditional decision method might be unspecific when theselection, human capital optimization, and e&¢7[8,9].
number of alternatives is large. For solving this problem, Except Beynon, since the existence of ignorance above,
Beynon had put forward several literatures latter. improving researches based on fuzzy information were
The original DS/AHP introduced by Beynon in 2000 proceeded. In distance, by constructing incomplete
was brief for that paper mainly exposited the DST as adecision matrix to distinguish possible focal elements,
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and combining DST, Hua put forward a method named2 Relevant Theories

‘DS-AHP’ [10Q]. By using interval comparison matrix and

interval reliability structure, Yue has studied an imprayi  The fundamental of nascent DS/AHP is as follows. First
DS/AHP method 11]. Aimed at multilayer decision of all, dividing all the alternatives into alternative gpsi
problem with incomplete and imprecise decision within different importance levels and constructing
information, Utkin has expanded DS/AHP method basedknowledge matrices in specific attributes by making a
on linear programing modellP]. Particular attention is, relatively importance judgment through comparing every
researches above are expanded applications bglternative group with the Frame of Discernment (consist
acknowledging rationality of DS/AHP, or method of all of alternatives). After that, solving the eigenvecto
improving under condition of slack information accuracy. of the largest eigenvalue of knowledge matrices to obtain
Two kinds of researches belong to field of individual the BPA functions, and using Dempster rule to fuse all of
decision since their implication of there being one expert,BPA functions by treating each attribute as an
or viewpoint of all the experts is completely consistent. independent evidence source. Finally, utilizing Belief
Thus, for more general group decision-making within function or Plausibility function to rank alternatived [

reality existing a number of experts or seriously different Definition 1 Suppose a possible hypothesis of variable is
experts’ opinions, they are always lose efficiency. (i =1,---,1), each of possible hypotheses is exclusive,

Although the group DS/AHP method introduced by then a finite nonempty exhaustiye set of all possible
Beynon can integrate a number of experts’ opinidgjsif  NYPotheses© = {@|i = 1,---,1} is called Frame of
just considered the non-equivalent importance of groupPiScernment. In this paper, the Frame of Discernment
members, what hasn't been described the possibility off€@ns & gather made of all the alternatives.
decision result disabled due to huge conflicts caused bypefinition 2 Let 2° as gather of all the subsets of Frame
different knowledge background and subjective diversitie of Discernmen®, the nonvoid subset and reliability 6f
of opinions. Let alone the dynamic revise to decisionare A andm(A), if the mapping functiom: 2° — [0, 1]
information for deepening experts’ understanding by could fulfill
using interactive discussion. Fortunately, Three-point
Interval Number (TIN) is presented as a novel approach m(@) =0, 3 mA) =1, 1)
to measure experts’ judgment information on the premise ACO
of complexity of decision problem and fuzziness of \henm(.) s called BPA function o®. If m(A) > 0, named
human _ thought 13]. Comparing W|th_ traditional A a5 focal element.
uncertain methods as fuzzy number and interval number,. . .. . . .
using the TIN method to describe decision information on P€finition 3 Supposen; is the BPA function of evidence
one hand could overcome the defect of information losingsourceE;, focal element is\}”’, n=21---Nj,j=1--,
during the assembly process, on the other hand coul

4 K= n -m; (A)], then Dempster combinin
prevent disabled decision results caused in disperse’ EﬂjAﬁ )=@“_|J i ] )l P g

experts’ opinions14,15]. rule for all of BPA functions could be expressed as

On that account, this paper will fuse TIN method and 1 ()
nascent DS/AHP. In the rest part, definitions as ‘TIN m(@) = 0.m(A) = 1K z “_hmj (A )] &)
knowledge matrix’, BPA function and its determining A=A

model will be described. By using these definitions, the

dedu_ging information of experts could be described, t,heDefinition 4 SupposeA(-”)(n =1,---,Nj) is a possible
modified model and theorem of TIN knowledge matrix proposition or propositi(J)n set concluded by experts on the
could be built, and then an intelligent method named", . n) L n)
TIN-DS/AHP will be proposed to solve multiple attribute 1-th attribute,v;™ is a relative importance value thAi
group decision making problems. The structure of the resto © deduced by experts with 2-6 SCQA%’]) nAM = o

of the paper is as follow: Section 2 briefly describes the ) () , )

relevant theories of DS/AHP and TIN by using a series ofYj 7V} »N# M, n=1.--,N;j, then

definitions, including the basic principles of both. Sewtio _
3 develops BPA function determining model by 1 o --- 0 v
introducing TIN knowledge matrix. Section 4 modifies

the TIN knowledge matrix to strengthen the 0 1 0 v
scientificalness of knowledge matrix deduced by experts. Vi — . CL . . 3)
Section 5 discusses intelligent decision making process of = ' ' ' ' '
TIN-DS/AHP, including exposition in details. Section 6 0 o --- 1 v
gives a numerical comparative analysis to prove the 1 5 ) :
scientific  validity and practical feasibility of 1/v§ ) 1/v§ ) ... 1/vj Vol
TIN-DS/AHP. Section 7 is a conclusion of this whole -
paper. is the experts’ knowledge matrix in theth attribute.

(Nj)
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Note that, the “2—6 scale” means if experts thought  TIN was a array with minimum, most likely value
A s ‘extremely preferred’ and ‘general preferred’ than (also known as gravity center) and maximum, to represent
0, then the relative importance value should be assigne§XPerts’ reasoning judgments for special decision issues
by 6 and 2, else if it is between ‘extremely preferred’ and 4€Pending on subjective knowledge experiences. During
‘general preferred’, then the relative importance valuetn€ Process of judgment, experts deliberate surrounding
should be assigned by a integer value between 6 and ghe de_C|S|on issue, if dlstrlbl_mon probability of some
The normalized eigenvector corresponding to the largesfi€ducing value reaches a particular thresti(d usually
eigenvalue of knowledge matri is the BPA function of equal to 60%), then we define this value as the most likely

. " (n) value, else it reflects experts’ opinions are too dispersive
proposition or proposition sef;"(n = 1,---,Nj) and  anq needs to be reviewed and deliberated again. After

ignoranced [16]. o ~ discussion, the most optimistic value and the most
The Belief function and the Plausibility function pessimistic value given by experts are treated as the
respectively denote the minimum and the maximummaximum and the minimum of TIN to reflect fluctuation
belief level of proposition or proposition setq, thus it range of all the experts’ opinions. We will use TIN to
is unilateral to select one of them to make decision,describe experts’ group judgment information of
whereas more reasonable method is comprehensivelynowledge matrix and solve BPA function depending on

considering decision contributions of both of them to thijs information in the later. Thus following definition is
making decision. For example, when the Belief funcuonsfgiven specially.

of alternatives are all the same, the magnitudes o

Plausibility functions could decide the merits. On Definition 6 SupposeAgn) is a proposition or proposition
contrast, when they have same Plausibility functions, theset with specific importance level in thgth attribute,
determinant should be the Belief function. To guaranteevgnn') _ W(nn’) gy, ()

- ) . . . . vi '] is the relative importance
the criterion rationality designed for ranking alternasy

IR A
we introduce the Pignistic probability to be the evaluation level thatA}”) to Agn)(n #n') or © , which is given by
criterion which could effectively integrate Belief funati experts’ group after interactive discussion within TIN and
and Plausibility function. “1-9 scale”, and the distribution probability of" could

Definition 5 Suppose the Belief function and the fulfill the demanding of particular threshof then
Plausibility function of proposition6 are respectively

Bel(6) = Yscg M(B) and PI(6) = 5 g0 M(B), let [ 12 gAND AND) ]
€=[1-3gcoBe(8)]/3acoPl(&), then the Pignistic i i j
probability of 8 is 2y 1 .. g RNHD)
j j j
P(B)=Bel(8)+&-PI(8), i=1--0. 4 V=| - SRR | e
During the process extracting decision information, it \7§le> \7§sz) 1 \7(]-Nj(Nj+1))
not only needs to consider the differences of knowledge L((NDD) ((N1D)2) ((NHDN))
structure of experts’ group, but also needs to reasonably Vi Vi eV 1

balance the dispersing degrees. The reasons lies in: first of

all, the differences of research areas, professionals TIN knowledge matrix in thej-th attribute given by
backgrounds and other aspects could induce opinion oéxperts’ group.

each expert to be independent, and these opinions might Need to be noted are: firstly, 1-9 scale means if an
be expressed by different forms. For instance, someexpert thought comparing with another element, one
would express their opinions by a ratio of alternatives toelement is equally important, slightly important,
Frame of Discernment, but others would express them b)bbviously important, quietly important or extremely
a ratio between two alternatives. Secondly, it isimportant, the values are 1, 3, 5, 7, 9. On contrast, the
impractical to require all of the experts to give completely values are 1, 1/3, 1/5, 1/7, 1/9. Of course, these values
consistent information and it is unallowed that their could also assign between these given values above
deduced information to be too dispersed. Because thgepend on their importance level. Using 1-9 scale is for
former means there might be existing group thinking giving larger scale range to experts, by which can raise
phenomenon 18], and the latter means experts’ accuracy of information. Secondly, TIN knowledge
acquaintances of decision issue are not profound enoughatrix permits the existing of incomplete element,
as well as the information need to be discussed deeplyhamely when experts’ group considers needn't or

For above purpose, knowledge matrix in (3) could not , - - ) ;
rationally and roundly describe the information deducedcomg,r;t make deduction to a proposition Sgé? relative

by expert group. Therefore, based on expandingto A ’'(n+# ') or preference degree question®f they

construction manner of traditional matrix, this paper can assign empty value to corresponding element in
imports TIN into knowledge matrix as information carrier matrix. Nevertheless, except diagonal elements, TIN
of extracting deduce values of experts’ group. knowledge matrixV; has to have more than one
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non-empty element each row and column, to guarantee &tig. 1. As shown in Fig. 1, there might be varying levels
least once reasoning judgment to every alternative group.qeviation between‘n(-”)/m(-”,) and TIN deducing value
i i

Definition 7 Supposam” (n=1,---, Nj+1) is the BPA  ¢(m) _ (y(m) gn) (W) | ot the deviation generated
> | ’

j
function of proposition or proposition sAﬁ”) and Frame \7J§nn’) as dJ(nn’) or e%nn’), the deviations generated by
of Discernmen® in j-th attribute with respect to decision ) ()
issueQ. If non-empty element of TIN knowledge matkf ~ Vj and v;

and BPA function vector quantit(ynﬁm In=1,---,Nj+1) mﬁn)/mgn/) is separately located in the area 1 to 4, the total

could fulfill nn’)_l_dJ(nn’)’ d](nn’)’

as fj(””l> and gE””'). Obviously, when

deviations generated by%nd) are fj(
v

/ / / /
vgnn) < mgn)/mgn) < j(nn)jv%nn) #g,vj(nn) £
» (6
then TIN knowledge matri¥/; has complete consistency.  m® Jm m [m o m" [m" " m!" [m"
J J (nn) i J nn' nn’ J J nn' J J
fv d(nn d1 67‘ g(‘nn/) 1 |
1 1

3 Determining BPA function model © ® ® @

) ~(nn') —(nn' = (nn')
Suppose that experts’ group wants to rdnélternatives Y v Y
by wusing J attributes, where alternative set is o _ _ _
{ali =1,---,1}, and attribute set i§cj|j = 1,---,J}, so, Fig. 1: Relationship between BPA Function and TIN
TIN knowledge matrix given by experts’ group in
attributec; isVj, j = 1,---,J. For traditional knowledge For TIN knowledge matrix, optimal BPA function can

matrix, normalized eigenvector corresponding to largesiyefinitely fulfill all the constraint conditions with
eigenvalue is treated as BPA function of every alternativeminimum total deviation. Especially, when total deviation
group according to DS/AHP method. The essence of thiss o BpA function could fulfill (6) completely, and then
thought is trying to recognize one BPA function which is ngmed TIN knowledge matrix is complete consistent in
satisfying all pairwise comparison constraints furthestpere. Combining with definition 7, we propose objective
from knowledge matrix. What's more, for TIN knowledge fynction can be represented by the total deviation between

matrix, the elements not only include gravity center . (N, _
which can reflect most experts’ deducing opinions, butBPA fun~ct|onmj (n=1,---,Nj+1) and TIN knowledge

also include maximum and minimum values which canmatrix V; as objective function. The optimal BPA
reflect most optimistic and most pessimistic opinions. function determining model in attributg is as follows.
Thus the BPA functions corresponding to TIN knowledge (') (o) () (o)

matrix not only fulfill pairwise comparison constrain m'“aizzvﬁnn@%g“(dj o ), BTG ()

75
(expressed as gravity center) mentioned in traditional :

knowledge matrix, but also restricted in the fluctuation m™dm) i —d™) ™) o W) £ g
range of experts’ deducing opinions (expressed as m® 4 £™) ngﬂ’lvg"”’{n#ngvg”"’) £
maximum and minimum values). The complexity of gt m® < mf v 4 g™ s ™) 2 g
decision context and the finiteness of subjective cognition S 1 > 0= 1o N4 1

ability bring about a problem that TIN knowledge matrix
given by subjective inference could not reach complete
consistency in general condition. That is, instead of ideal Wherea and(a + 3 = 1) that separately represent
BPA function (see (6)), the optimal BPA function which relative importance level of deviation of TIN gravity
could fulfill all the constraint conditions with minimum center and deviation of two endpoints, and these two
deviation definitely exists. Following above ideas,by constants should be determined by experts’ group. Since
introducing deviation variable, this paper will constract the gravity center reflects opinions of most experts, as
determining model that could recognize optimal BPA usual we havea > (B in general situation. First three

functions from TIN knowledge matrix by introducing constrains aim at makmﬁ”) /mﬁn/) return to consistency

deviation variable. _ , _ area as shown in (6) by using deviation variables. The
Let BPA function variables in attributec;  forih constraint is definition demand of BPA function in
corresponding to alternative grou@ﬁ") and Frame of (1). The dj(””)egm) = 0 of last restrain is for keeping
(n) (Nj+1) )

Discernment® is m;"(n = 1,---,Nj) and m, ,

respectively. Then the relationship betwemﬁjln) /m%n/) when itin area 1 and 21}””') > 0 ande

d™e™) —o,d™) ™) ™) g™ >on=1.. N+1

mﬁ")/mgn/) at only one side oflgml at same time, namely
(nn')
/ / / / / / J

andvj””> = [ng), \fj”m, Vj(nn>] could be represented by itin area 3 and 4e§m) >0 anddfnn) =0.

=0, but when
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Theorem 1.Determining BPA function model has optimal more reasonable method is permitting the existence of
solution, and the consistency of TIN matrix will get worse inconformity, but this inconformity should be controlled
as the value of optimal objective function is getting bigger in a certain scale. For the permitting degree problem of
Proof.Letm ... m (™ be a random BPA function that inconformity, we imitate the consistency threshold

, N,-erl (n) ! (n) ) definition of Zhu Jianjun in ‘Three-point Interval Number
satisfysy, 2, m;" =1 andm;” > 0(vn). Obviously, set  jyqgment matrix’ 5] or we can set the value of threshold
m D o g reference, there must be a group ofA; proper motion by combining decision accuracy

J ) ) ] .
N (') (') e/ (nn') (') / requirement. .
deviation constants & L gy (v ) Because of TIN knowledge matrixV; is a

that satisfy (8a) or (8b). That is, there must be a feaSiblecomprehensive deduction given by experts through

solution of determining BPA function model. As seen by di . : : A
e o =0 . iscussion, we can infer that most information\gfis
the principle of optimality, when constrain (7) has .- e 04 inconformity is caused by individual

feasible solution, the optimal solution will be at a vertex d ble iud tinf i Theref i
in a convex set originated from the linear constrains, so?Nd unreasonable judgment information. 1heretore, 1o

the BPA function determining model must have an guarantee _dec_:ision qu_ality _and enhancing deci_sion
optimal solution. We can utilize an arithmetic put forward €fficiency, it is especially important to recognize

by Takahito to acquire global optimal solutiotd. unreasonable elements frofn and revise them,
meanwhile guaranteeing that the ensemble information of
d™) =t MY ™ ™ 0, n=1,...N;; TIN knowledge matrix is scientific. Specially, the optimal
fj(nn’) > m{j(n’)vgn) _ n{j(n)7 n=1-,N; (8a) solutior) r.ﬁgn> (Vn) obFained frgm introducing/j' tg BPA
, , determining model, is an optimal result describing overall
(nn)>n,{(n) (n) n{(“) -1 N; . . . . .
9 i Vi i n=4--,Nj inference information given by experts , comprehensively
considering the containing information of all elements in

n=1,--,Nj; TIN knowledge matrix. If mjn)(Vn) is used as

n=1,- Nj; (8b) intermediation to reyise TIN knqwlgcjge matrix, on one
hand we can affirm the scientificalness of entire

n=1--,Nj. information in primary TIN knowledge matrix, on the

other hand we can promote TIN knowledge matrix
perfection based on original scientific information (see
N () ) ) gl () / details in theorem 4)./ , , ,

as Xj = {m;",d;" &7 {77 .G;7 " [vn,n'}. Due to Let element vﬁm) = [Vﬁ"m,\?ﬁ””),vj(””)] in TIN
the rule d}””,),egml),fj(””/),ggml) > 0(Vn,n') in restrain  knowledge matrix be revised as
conditions, there must b& > 0. Whend; = 0, known by

In addition, let optimal objective function value of
BPA function determining model &8, optimal solution

the expression of objective function, there must be \7}’(“”/) — \fj”“/) T rj(n”/)7 %jnn’> + &
g™, &™ f"M g™ = o(vn, ). We can see from first v — ‘\72””,)/ +s§””l?,\fj"n/f # 2, 9)
three constrains that optimal solutionm%”*(Vn) must v () = VJ.(“”) +tj<”” ),\fj”“) £0.

could fulfill relation in (6), which state TIN knowledge
matrix has complete cons_is_“,tency. V\_/hérp > 0, t_here ,t(nn/) represent the revised range
must have non-zero positive solution. By this time ; IR

for \7(_nn) «(nn') (nn).

optimal solutiormjn> (¥n) could not fulfill (6) completely, i Vi Y

Thereinto, r}"n/) &)

i We always wish that the

which state TIN knowledge matrix do not have complete consistency of revised matrixj" would be better than
consistency. For the monotonically increasing of objectiv original matrixV;j, the total deviation would be as small
function, asg; gets higher, the non-zero positive solutions as possible. However, the decrease of total deviation
d Might increase individual deviation; namely local

larger, the compj)lete consistency of TIN knowledge matrixindividual deviation might increase, but the(n\;\//)ho(lr(]an/)total

is getting worse deviation however decreases. Thu#"”l>,sj 4
above could be positive or negative.
In view of the process of experts’ interactive
4 TIN knowledge matrix modified model discussion for realizing the cognition of one issue is not
accomplished at once but a progressive procedure. The
TIN knowledge matrix is constructed by experts through consistency of revised matrixj’ would be better than
discussion such that it contains judgment of subjectiveoriginal Vj, which could guarantee the consistency
and experiential knowledge for the decision issue.requirement of TIN knowledge matrix by limited times’
However, the complexity of decision context and the discussion. Here introduce parametgrto reflect the
finiteness of subjective cognition determine that it is notrevised efficiency in consistency of TIN knowledge
practical to get TIN matrix complete consisten@@], so  matrix. Let 6” < y&, since y; is used for reducing

of d?””,),égn”/),fmnl),ggml)(Vn, n') are getting more an
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deviation, theny; < 1, and because the matrix could matrix elementwﬁﬂm, iV

satisfy the requirement of consistency threshold through

several times revision, thenaj > 4. The SpECIf.IC value rjgnn) _ rj(nn ) _ ann )7rj<nn> > Oﬂnn) >0r (nn’>?§nn> —0
of parametery; in interval [A;j/Gj,1) is determined by () () () _(nn) () (nnf) o (nY )
. . ’ S: =S —s. s >0,s: >0,s S: =0;
experts group by comprehensively balancing revised| ™ - o ! |
! . . . L tl(nn):tl(nn)_T(lnn)t(nn)>0T(nn) Ot(nn)ﬂnn)zo
quality and velocity. In addition, the inconformity in TIN j j j i =Wt =200 j

knowledge matrix is caused by unreasonable individual ) (11)
deduction information, and the irrational point must be Then, we can construct a calculation model could solve

TIN knowledge matrix theoretical revision model
(simplified calculation model). The specific expression as
{ollow:

inconsistent with most experts’ opinions. If se&n)"(Vn)

as whole information scientific standard of original TIN
knowledge matrix, then the parameter that represen
reasonable degree of elements \fh could be set as

optimal solutions in BPA function determining model

min ¢ =3 g, (7 +& )™ )
J

J/ / o~ / J/ .
d~j(nn)7é§nn)7 f(nn)’ggnn)(vn, n’). For instance, the greater +z - [f(”n’>(3§nn’) +§(_nn/))]
~(nn) N (nn j i i
the value offj(”“) is, the greater the irrational degree of Ve
o . . ~(nn) /, (nr) | (')
ng) is, vice versa. Apparently, in TIN knowledge -irzvl(nnq7é® [gﬁ )(tj( )+tj )] (12)
matrix, the higher the irrational degree of element ) ‘, ) ) ) )
proposed to adjust is, the more scientific of revision is, ™) (@) 4 J-(””)—?Em))7m§“)—d§”")+e§m):O,n¢n’,
meanwhile, the more efficient of regression consistent of ¢jnn’>¢g;
TIN knowledge matrix is. On that account, for revising / / / / /
; T i =) (') () () (') (nnY) ('), .
TIN knowledge matrix scientifically and efficiently, we Ay = (VT s s ) VT
construct theoretical revision model of TIN knowledge nﬁg”)gm}”/)(v}"”/utf"”lk?](””’))+g§"”/),n¢n’,v}”"’)¢g;
matrix (simplified as theory model) as follow: st. / / / N
Z~<.nn’)¢@ a(d}n“ )+e§nn ))Jrzv(_nn')#@ B(fi(nn )+g5nn ))SVUJ';
] ]
/ / / ~ / / / /
min @ =3 () [(d'}””)+é§”” ))rg”" )]2+zv(nn’) (fj(”n )Sgnn ))2 dJ(nn’)egnn )_Orj(nn’)?inn )_O.Sj(nn’)§1(nn )=07tj(nn )?Enn )=O,
hre ;e () () () (o) () oy () o) () o)
nn nn nn nn nn' ')y (nn') (') (nn") & (n’
3 o) (g(_nn’)t(nn’)>2 (10) dim e L g g 7?]' S 5 S) 20,
viMzg 51 n=1, Nj+1
J 50 Nj .
mn')(V(jnn’)+r](nn’))_mgn)_d](nn’)%gnn’):O’n#n/’vﬁnn’)7&@;

(
J , , ’ , Theorem 2.Calculation model has optimal solution.
m§”>+f}“">zm§"><v§””)+s§””>>7n¢n’ﬁ§””)¢®: Proof.Similar to proving principle in theorem 1, provided
( we can prove that the constraints in calculation model
J have feasible solutions, we can infer that this model must
ﬁ(f;nn/>+g§nn’>)§w~,j; have optimal solution, and then can use Takahito’s
arithmetic to acquire the global optimal solution.

a™)e) _o,gfm) ) () ()01 Nj41 Obviously, whenrj(””/) = ?E””” =0, sj("”l) = §§””/) =0,
t]-("”l) = Tg”"/) = 0, calculation model and theoretical

Thereinto, the effect of objective function is, during model are completely equivalent. Thus the optimal

adjusting elements which have highest unreasonabl@ojution X; = {f", d”J(““W, éﬁ””'>7 f”J(““’), g%””’wn, '} in

degrees, by using minimum adjustment range and fasteg{pa getermining model could satisgy all constrains of

revise velocity to make regressmn_of matrix consistent..aicylation model, so they are a feasible solution of

First three constrains make revised mat¥' has  .5iculation modell

complete consistency by introducing deviation variables. ) . ) )

Forth constrain make revised matrix fulfill the adjusting Theorem 3.Optimal solution of calculation model is the

require of consistency. The meaning of fifth constrain andoPtimal solution of theoretical model.

each symbolic are as same as BPA function determining’roof.Lét the optimal solution of calculation model is
model Yj/ _ {rj/(nn)’ ?rj(nn)7 S]-,(nm, §/j(nn)’ t]-/(nn), T/j(nn)’ dE(nn)
Theoretical model is a quadratic programming ¢ (") fJ{(nn’)’g/j(nn/)|Vn7n/}, optimal value of objective

problem that constrain conditions contain multiplication fdnction is¢!. The optimal solution is theoretical model
constrains. For solving and proving conveniently, we I

transform the model into a programming model with is Y/ = {r/™) /(") (0 - q(om) - en(om) - gulon)
linear objective function as model (7). Specifically, fiystl g/j/(nn’)wn '}, optimal value of objective function ig!'.
n(]%m?nn')a nonnegative variables transformation togyppose the optimal solution of calculation model is not

s ,tf””/) that represent the revision range in the the optimal solution of theoretical model, then one of

/ , , , )
st. { V<D ™) g™ v e
/

(') | _(nn')
C{(dj Jre] )+Z\75nn/)#®
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/
< rj/(nn )

/
< 1

.r_/(nn’)
)]

r(nn')
t]

following situations must have existeh

~/(nn)

+SJ ’

1(nn’) (nn') (nn')
+Yl 1
<r(nn')
+t i -
< n(nn

S'j/(ml) <'s

i
. Known from definition below,r’j’(””/) — rJ{/(nn’)
(') _ o) () p(onl) n(nn')
! S/J - Sj _SJ y tJ i

_fj/(nn)_ Sincer}'(nn ),F}'(n") >0 andr}’(”")?'j'(m)

Sj{’(nn/)vgjff(nn) >0 and S}/(nn')gfj/(n”) —0 tJ{/(nn’)’ t]

> 0 andt’™ /™) — 0, thenr /™ +?/j/<nn/> < /()

- J J ! j j
n(nn') </(nn') ,[//(nn’) cn(nn)

+™, &M 1 +5]m ) 4y
() This time, takingr}’(””/), ‘F}“nn/),

s s t}'(””/)f’j’(””l) into objective function of

calculation model to gep;’, the value must less thaf

0;

<n(nn')

<5/
i
<t J-’ +T’j(”” ),

n(nn') i(nn')

/ / / / /
corresponding torj’(””), ?’f””), sj’m"), §'j(nn), tj’<”"),
T'j(””'). In the other words, another value of objective

function smaller thanpjf is existing, so this contradicts
with the fact that¢’! is the optimal objective function

\7j” into BPA function determining model have to be
superior to feasible solution and corresponding objective
function value. The feasible solution could fulfdf < &j,

so the optimal solution must fulfiﬂij’ <gj.0

5 Intelligent Decision-making Process

The cognition level of experts’ group is getting more and
more increasing during the interactive discussion prqcess
so the TIN knowledge matrix is gaining on consistency
threshold through continuing revision. During the process
of discussion and revision, the BPA function determining
model and TIN knowledge matrix modified model could
not only define the discussion issues ,but also could guide
the revising direction for experts group. Model above
could be solved expediently by using computer with
object-oriented programming techniques, and the
solutions could help experts’ group develop interactive
discussion, information extraction, decision-makinghwit
high quality and high efficiency, by which could realize

value of calculation model, then the assuming above idntelligent interaction and intelligent decision in

false.rd
Theorem 4. Consistency of Revised TIN knowledge
matriij” is superior to original matriX/;.

Proof.Using optimal solutiOn{rj/(nn/), ?/j(nn’)’ sj’m”’),
r(nn') (!

E'j(m/), IR ) [¥n,n'} €Y/ to revise original
knowledge matrix/; as shown in (9) and (11) to g&Y’,
then the optimal solutior{dj(””l>, e(j("”/), f]-’(”“/)7 o} (nrf)
[Vn,n'} € Y’ of elements and calculation model have to
fulfill

-n/>\f/(nn,)fﬁ1§n)fdﬁ (nn’)+e,j(nn’):o’n#n/’\fj/(nn’)#@:

n(nn!

(
]
/ /
mgn)+f1{(nn’)2m(jn/)v?(nn ).,n;én’,‘V'j'mn )#g;
; +9’,~<r"‘/>,n;rén’,vj (

m_”)smgn')vj”(nn’) )#@;
/ / / / .
LG A R P U B L
] J
df ("”/)e/j <””'):0.d] (nn') e/J (nn') ) fJ{(ﬂn’)

,g’j(””/>zo,n:1,-.-,Nj+1.
(13)
Additionally, sincemﬁm(Vn) is the optimal solution of

BPA determining model, it has to fulfitn® > 0(vn) and

i
z,’:“:{l rﬁﬁ”) = 1. Contrasting contraints in (13) and (7), we
can find thairnf”),dj(””/),e(j(””/), fJ-’(””/>,g’j () (v, 1) is a
feasible solution by taking/” into BPA determining

model. Learned from the fourth constrain, the feasible

a!
J
/(nn')

(nr') (nn')

Z\yjmn’)ﬁ a(di™ +e ) +Z\7j<nn’>#gﬁ(f1
+g’j(”“’)) < y&j. What's more, due to € [Aj/j, 1), then
Efj/ < &j. According to principle of optimality, the optimal
solution and optimal value of objective function by taking

solution corresponding tomgn) have to fulfill

human-machine context. Combining decision thought of
nascent DS/AHP method and models and theorem
suggested this paper, we can construct intelligent detisio
thought and decision procedures of TIN-DS/AHP as
follow.

‘ Establish system analysis structure of decision issue ‘

‘;\/v\a P
_ T~
Dmii:g?gz; tgor s Revise TIN knowledge
i
—»  importance level ~ ma Di
vV =y
(Ai”)l”:l‘r“WNy) J J
P T b
73 Construct TIN Calculate BPA function
. and comparing
knowledge matrix consistancy
T ~(m) oo~
V,=(g )<NJ+1> {X,6}
7 <A |

Fuse BPA function to
making final decision

{m, |¥n} = P(a,)

according to attributes
weights

Fig. 2: Intelligent decision thought

Step 1: Establish system analysis structure of decision
issue. Experts’ group applies attributelsc,
--+,C3} to evaluate ranking of alternatives; they
determine the weights of attributes g/ |y
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Step 4: Construct  TIN

wj=1w; >0,j=1,---,J} through discussion,
and then set the relatively importance leveland

B (a,B > 0;a + B = 1) of gravity point deviation
comparing with two vertexes in TIN and
consistency threshold of TIN knowledge matrix.
Finally methodize information below can acquire
system analysis structure similar with AHP
hierarchical structure (reference as Fig. 3 follow).

Step 2: Letj = 1. The discussion object of experts’ group

is defined as attribute;.

Step 3: Divide alternative groups according to importance

level. On attributec;, experts’ group divides all

the alternatives into a number of alternative

groupsAﬁ"), n=1,--,N; based on knowledge

and experience. Any two alternative groups won't
/

contain same aIternativesA}(]) N Agn) = o,

n# '), and all the alternatives of every alternative
group have same importance level. This dividing
alternative group method could realize actually. If
two alternative groups have same importance
degree, then they can be merged as one group.

knowledge matrix  with
communication and discussion. On attributg
according to importance level of alternative group

Agn) relative to A J(n # 1) or Frame of
Discernment©, experts group selects one or
several alternative groups to discuss and gives
deduction value independently based on 1-9
scale. When the distribution probability of some

deducing value reaches particular threshdld

regarding this value as most likely vaIuénan
otherwise illustrate that experts’ opinions are too
disperse, need to be re-examined and discussed
again, until they reach the threshold. After
discussion all the experts give the most optimistic
value and the most pessimistic value as maximum

vj(””/) and minimumvgm/) in TIN. Then combine
and arrangev™, vj(n",), Vgnn/) getting from

discussion based on definition 6 to obtain TIN

deduction valuev%““') - [vﬁ >7*J"“)7VJ( ] on

attributec; and TIN knowledge matri¥;.

Step 5: Calculate BPA function and compare consistency.

Taking TIN knowledge matrix\7,- into BPA
determining model as shown in (7), solve the
optimal objective function valué; and optimal
solution

X; = {rﬁﬁ" , J"” 791”" Vn,n'}  of
model. If §j > A, stating thaw/; could not fulfill
consistency, need to be revised, turn to step 6. If
0j < Aj, statingV; could fulfill consistency, then
turn to step 7.

) G )
77 |

Step 6: Revise TIN knowledge matrix. Calculate the ratio

Aj /8 of consistency thresholdd; and total
deviation g; of TIN knowledge matrixV;, and

then determine revision efficient parameter
vy € /o,, through comprehensively
balancing reV|S|ng quality and revising velocity.
TakingyJ, Vj andX; = {mJ ,d~1("”), (””), ﬂ(””),
|Vn7 n'} into calculating model in (12), solve
model to get optimal solutiok/ = {y/ () j’("”

Y/j(nn’)’ Sj/(nn/)7 glj(nn’)7 tj/(nn’) £1( nn) d/ (nn') e(j(nn/)7

fj’m”,), of () v, n'}. For all the elements’jm”)
> 0, treat TIN corresponding toy, () as
discussing object, treat value 9 ") as revision
reference, revis®; to V/" through discussion by
experts’ group, and IelJ V” turn to step 5.

Step 7: Letj = j+ 1. Turn discussmg objects from) to

Cj+1. If j < J, state that there still have attributes
need to be discussed and constructing TIN
knowledge matrix, turn step 3. ff> J, state that
TIN knowledge matrix has been constructed TIN
knowledge matrix on all the attributes, then turn
to step 8.

Step 8: Revise each BPA function according to attribute

weights. Attribute weights represent relative
importance level of specific origin decision
information to decision issue. Imitate solving
method in pertinent literature, let ratio that
between specific attribute weight corresponding to
maximum attribute weight be discount rate that
revising BPA function under this attribute, and
assign information loss in discount as unknown
and uncertain (Frame of Discernment). Then the

revised BPA functiomm’™ on attributec; could be
determined as follows.

W I’T"I(-n)

J
. . n=1, N
& _ ) max{wj[j =13}’ :
] Y Wimgn) N +1
: , n=Nj+
&1 maxw;[j = 1,3 j
(14)

Step 9: Fuse BPA function for making final decision.

Treating every attribute as independent evidence
source, use Dempster rule to fuse BPA function

m§”> of all the attributes, getting comprehensive

BPA function {fMy|n = 1, ---, N}. Based on
comprehensive BPA function and according to
definition 5 to calculate Pignistic probability
P(g), i =1, ---, |, corresponding to every
alternative, then realize the ranking for all the
alternatives.

6 Numerical comparative analyses

Imitating example put forward by Beynon, suppose that a
certain university desires to apply attributgs, cp, c3} to
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comprehensively evaluate textbooksay,---,a10}, integers above in 2—6 scale. Process above could be
experts’ group{es,---,ejo} is built by teachers engaged realized by using random function, integral function and
in this mayor. Let experts’ group infers alternative group |ogic function in EXCEL, namelyvi” = round(v\"”
according to importance level on every attribute as shown () _ ) !
in Fig. 3, the relative importance level of deviation in TIN —2 + 4 rand(),0) and if(v;® > 6,6,if(v;" < 2,
gravity center and two vertexes awe= 0.7 andf3 = 0.3, 2,v§”))). Draging importance level deducing vaIujé” of

consistency threshold of TIN knowledge matrix is . (n) , ,

A; = 0.25. Based on the assumption that standard BpARIternative groupA;™ corresponding td® getting from
function is existing, we will respectively use nascent Process above into definition 4 could get imitate
DS/AHP method (short as nascent method) and proposelinowledge matrix roots from standard BPA function with
method in this paper (short as proposed method) to solvéxed fluctuant, see details in (15). On this basis, we could
decision issue, for proving scientific validity and praatic ~reé@lize transition from knowledge matrix to BPA function
feasibility. in nascent method according to (16). Then we can realize

merits ranking for all the alternatives by using Dempster
rule and Pignistic probability definition, see details in
Table 2 Line 7-12.

Best _ -
a=07,4=03 {eet 0 1 0 0 6
w, = 0.3 w, = 0.2 w, = 0.5 Vl — O O 1 0 4 ,
O 0 o 1 3
A{”={apaﬁ} A ={a, 0.} A = {a,0.} | 1/5 1/6 1/4 1/3 1|
Ax:;‘ i{aﬁaa’%} Ao(:/ i{“w} Afx;)] = {awa&‘ram} ro1 O 0 0 5‘
l(,\», ={a} Ai” ={a,.a} Ai) ={a,} 0 1 0 0 4
AV ={a0} Al ={a0.0.} 47 = a0} V,=| 0 0 1 0 3, (15)
. . - O 0 o0 1 2
Fig. 3: Alternative groups deducing diagram I 1/5 1/4 1/3 1/2 1)
r1 0 0 0 6]
For the comparability of proposed method and 0 1 0 o0 4
nascent method, suppose there is a standard BPA function V3= 0O 0O 1 0 2
(namely the credible degree known in advance to every 0O 0 0 1 3
alternative group and Frame of Discernment, this credible L 1/6 1/4 1/2 1/3 1]
degree could fulfill constrains in (1)) on every attribute,
see details in line 2 of Table 1. Standard BPA function for
one thing is used for generating anolog data of nascent Vﬁn)Wj/<Zl1Vgn)Wj + \/Nj)’ n=1---,Nj;
method and proposed method, for the other thing thegs (M _
combining result is a reference standard for measuring ' /N: Ni My ﬁN.) n=N: +1
merits of two methods. According to (14), by using 1/(Zn:1 PV it (.16)

attribute weightsy; = 0.3, wp, = 0.2, w3 = 0.5) to revise . L
standard BPA function, and then drag revised BPA _FOr the anolog data generation problem in this paper,
function on all the attributes to Dempster rule in (2) to get 't N0t ?r?elg/ need t(a) base on importance level ded-ucmg
comprehensive BPA function. Finally getting the merits valuev; ™" = m;j(A;")/m;(©) of standard BPA function
ranking of every alternatives (standard ranking) by obtaining alternative grouAE") corresponding t®, but

calculating Pignistic probability according to definitidn /)
see details in Table 2 Line 1-6. also need to obtain importance level deduce van(ﬂ% ”

For the data generating problem in nascent method._ Ay m; (A(-"')) between some alternative groups
based on standard BPA function in Table 1, according to J J

(m) () / :
() RN () Ny L (Aj" and A}, n # ). The generating processes of
Vie =M (Al )/m;(®), constructing importance  level imitating deduce value above is basically identical with

. n) . /
deduce value of alternative grouﬁ corresponding 10 | scent method: the difference is the elemﬁéﬂlﬂ)”of
O, n=1---4, j =123. Due to the finiteness of (n’

subjective deduce ability of experts’ group, for imitating TIN knowledge matrix includes minimuri; ', gravity
the obtaining result of deduce information in reality, we caonter vﬁ“”l) and maximumv™)_ so generating a

treat vj”) as center to do random dereferencing and (')

' i
. ; random 1-9 scale value in the inter\{éi””) -1,V

INTPART in fluctuating interval[\“/ﬁ ) _ 2,\7} )+2}. And h fina t dom 1-9

due to the elements in traditional knowledge matrix is » (hen generating two random -~

+1], treat it asv?“"l)
used of 2-6 scale; we control the extremums of randonscale value in interval{yj””/) — 1,\7?”"/)] and [\fjm/), \7?"”/)
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Table 1: BPA function correlation table
1) 2 (3) (4) (1) (2) (3) (4) (1) 2) (3) (4)
Al A<1> AL Ay o A Ay A A o Ay Aé A Ay o
Standard BPA 0.35 0.30 0.20 0.10 005 030 0.25 0.20 0.15 0.1@0 00.25 0.15 0.13 0.07
Nascent BPA 0.21 021 021 014 023 012 0.18 0.06 0.06 05%83 0022 0.06 0.17 0.22
Proposed BPA 0.32 0.31 0.21 0.10 0.05 033 0.26 022 013 00B9 0.26 0.15 0.13 0.07
Table 2: Pignistic probability and offers ranking
Standard Method Nascent Method TIN-DS/AHP Method
alternativeP(a) ranking alternativd®(a;) ranking alternativé®(ay) ranking alternativé®(a;) ranking alternativé®(a;) ranking alternativé®(a;) ranking
a 00746 4 a;  0.2458 10 a  0.0971 5 a 01952 10 a 00708 4 as 02361 10
a 00477 3 a; 0.1396 8 a, 0.0466 2 a;  0.136 9 a, 00485 3 a; 0.1365 8
as 00191 1 ag  0.401 9 az 0.0438 1 ag 01322 8 as 00183 1 ag  0.1507 9
a, 00935 6 ag  0.0216 2 a; 0.1042 6 a 00509 3 a, 0.0963 6 ag  0.0205 2
as 01332 7 ao 00848 5 as 0.1158 7 ao 00781 4 as 01332 7 a 00892 5
+1], treat them asvﬁ-””) and vf””>. Specially, for Standard BPA function and standard ranking could be

enhancing the comparability of proposed method andas a consult basis to test scientificalness of nascent

nascent method, Iedg”@ = vﬁ”), n=1,---,4,j=1,2,3.
It's not hard to find, since the anolog data generated b

proposed method exists twice fluctuations at gravity
center and two vertexes, the accumulative fluctuatingS
scale must be greater than anolog data in nascent method

the distortion is higher. The TIN knowledge matrix
generated by above process is as shown in (17) ([

represents experts’ group hasn’t or needn't to judge

relevant elements). Then according to step 5 to step
could realize the solving of BPA function (see details in
Table 1 Line 4) and merits ranking of every alternative
(Table 2 Column 13-18).

Need to be illustrated is, when using TIN-DS/AHP

method to analog approach, because of total deviation o

TIN knowledge matrixV; is &; = 0.2938, which could
not fulfill consistency threshold; = 0.25, so let revising
efficiency parametgy = 0.8, revise knowledge matrig

by using calculation model of this paper, acquiring the.
element greater than 0 in optimal solution of model is

?/1(12) = 0.267, so revise elemewflla corresponding to
V1 by referring (9) and (11), namekﬁﬂ _612) (12)
—#{"” = 1.733. Drag revised TIN knowledge matr‘v!{’
|nto 7) agaln to ge; = 0.235< A4, state thatv)’ is

efficient, (M ( |n =1,---,5) of optimal solution is the
BPA function on this attribute.

method and TIN-DS/AHP method since they have all the
ecision information relative to decision issue. Seen from
obtained BPA function, the imitating deducing result and
tandard BPA function accumulative total deviation (sum
f difference degree between BPA function on every
alternative group and standard BPA function) of proposed
ethod and nascent method are 0.199 and 1.817, which
tate the BPA function got by TIN-DS/AHP method is
loser to standard BPA function than nascent method.
een from Pignistic probability and alternative ranking,
the total deviations of Pignistic probability got from
traditional method and standard BPA function are 0.037
and 0.174. The alternative rankings got from proposed
|fnethod and standard method are identical, moreover the
ranking got from traditional method has numerous
differences with standard method. Result above speaks
volumes for the final evaluating result of this paper is
more accurate than original method. The reasons why
imitating evaluation result this paper is greater than
traditional method obviously are: on one hand, the
decision information sources of this paper are various.
They could root in relative comparative judgment
between alternative groups, or root in relative
comparative judgment between alternative groups and
Frame of Discernment (which the traditional method
roots in). These sources are in favor of mutual
corroboration and conflicts revising between decision
information, which could guarantee the scientific validity
of decision result. On the other hand, there is existing

[ [1/1.1/1.1/1] [1/1,2/1,4/1] | 11 ] [4/1.5/1.7/1] ] . . . . .. . . .
ol | LYY (11372371 | ] [4/1.6/1.7/1 intelligent interaction revising mechanism in this paper
Vy = | [2/7.2/3.1/1] | ] [1/1.1/1.1/1] | ] [2/1,4/1,5/1] . . g
v | syaa | sy s (TIN knowledge matrix modified model and modified
MyLa/a) | ey ) as/Len | theorem), which could gradually get decision information
W= | 2258 l/% i; : i/;ﬁ 3 Pu " 1/% ﬁ: 1:/:; j E;;gégﬁ (17)  fulfil to certain accuracy request. Compare with
Lo 199258 | | %2’13’/1'7,2% %;éﬁj%ﬂ_ tradltlonal methpd Whlch jUSt. precede deC|S|on b.ased on
. :i/é 2;23/;} o P ST | {i/ﬁ:;‘/ﬁfi/jﬂ emma_l deduce. information simply, proposed is fitter for
5= | | PEVRVAL B2 objective cognitive rules, could guarantee the applying
Liv7.1/6.1/8 | I INUERERE] feasibility of decision process.
© 2014 NSP
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existing inTIN knowledge matrix, put forward TIN
knowledge matrix modified theorem which could define
discussing issue, guide revising direction for experts’
group. On this basis we have given intelligent decision
process of TIN-DS/AHP method from human-machine
intelligent interaction and intelligent decision view.
Finally verified the methods of this paper are scientific
validity and applying feasibility by using a numerical
fﬁ?gg;aglrvgrghﬁlrgi'Jgijmegggsgﬁ ?P:etk::?)g;?ﬁ[tiggg 8; in the DS/AHP methoq of mL!It?-criteria depision making.
L : P . . Journal of Multi-Criteria Decision Analysisl1, 327-43
decision issue through interactive method, and by using (2002).
TIN kno,wledge matrix to_des_cribe cognitive inference of [3] M. J. Beynon, B. Curry, P.H. Morgan. The Dempster—Shafer
experts’ group, for one thing, it could overcome the defect ™~ tery of evidence: an alternative approach to multicriteria
which is lost easily in the process of decision information  gecision modelling. OMEGA28, 37-50 (2000).
gathering, for another thing, it could also prevent the [4] M. J. Beynon. DS/AHP method: A mathematical analysis,
decision invalid problems which are caused by dispersive = including an understanding of uncertainty. European Journal
opinion of experts. Secondly, decision information not of Operational Research40, 104-17 (2002).
only could be derived from relatively judgment between [5] M. J. Beynon. A method of aggregation in DS/AHP for
group, but also could be derived from relatively group decision-making with the non-equivalent importance
judgement between group and recognition framework ( of individuals in the group. Computers & Operations
deficiency information is allowed, see equation (17)), Research32, 1881-196 (2005).
which is benefit for experts with their own structure of [6]Y. Li, Y. Jiang, G. Zhao. Personnel Selection Based on
knowledge to choose the most appropriate way to express DS/AHP. Psychological Exploratio80, 72-7 (2010).
deduction information, and also benefit for mutual [7]C.Li, C.Liu, T. Wu. Evaluating strategy opportunities using
corroboration and conflict revising between decision =~ DS/AHP: Conference on Systems Science, Management
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