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Abstract

Purpose: The Analytic Hierarchy Process (AHP) is a multiple criteria decision-making method extensively used in
various fields. Prioritization of decision criteria or alternatives from pairwise comparison matrices in AHP has been
studied extensively. This article proposed the “Double-Frontier DEA” approach for prioritization in AHP. This new
approach uses two optimistic and pessimistic DEA models to obtain the best local priorities from a pairwise comparison
matrix, regardless of whether it is fully consistent or not.

Methodology: One of these methods is Data Envelopment Analysis (DEA). The combination of DEA and AHP
(DEAHP) is used to obtain and aggregate weights in AHP. Studies show that DEAHP fails in obtaining and aggregating
weights in AHP and sometimes produces priority vectors contrary to evidence for inconsistent pairwise comparison
matrices that limits its application.

Findings: This new approach uses two optimistic and pessimistic DEA models to obtain the best local priorities from
a pairwise comparison matrix, regardless of whether it is fully consistent or not. Some numerical examples, including a
real application of AHP for selecting an innovation team for a university, are provided to specify the advantages of the
proposed approach and its potential applications.

Originality/Value: The double-frontier DEA approach generates true weights for fully consistent pairwise compatison

matrices and best local priorities for inconsistent pairwise comparison matrices, that are logical and fit subjective
judgments of decision-makers.
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Figure 2- Hierarchical structure for innovation team selection.
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Table 2- Pairwise comparison matrices for six selection criteria and four
alternative teams and their priorities determined by EM and DEA/AR modesl.

(5 725 (o BB 4 Ctnd oo s il (295 dunaililo — |
A- Pairwise comparisons of six selection criteria with respect to decision goal.

DEA/AR slaJaw EMglnis C, C C, C C C b=
W Jaw M) Jw

3.6195 0.4365 0.1640 4 12 13 3 2 1 ¢ vay
2.3720 0.2862 0.1075 2 12 13 2 1 12 G,
1.4456 0.1740 0.0654 2 14 15 1 12 13 G
8.3762 1.0000 0.3791 7 2 1 5 3 3 C,
5.2759 0.6332 0.2389 5 1 12 4 2 2 C,
1.0000 0.1194 0.0450 1 15 17 12 12 14 C,

C1 5lxo &) Com 4355 ez dumillio -0 X

B- Pairwise comparisons of four alternative teams with ;9

respect to criterion C1.
DEA/AR sloJas EM glagyzy Ac As A Al lae
®) Joo  (¥) Joo

10.1111 1.0000 0.5650 5 3 7 1 A,
1.0000 0.0989 0.0553 13 15 1 17 A,
4.6605 0.4699 0.2622 3 1 5 13 A,
2.0976 0.2118 0.1175 1 13 3 15 A

Iy

B=4.900 50.0433= (CR) (&, 5Lo cuui®

C2 jlemo & S a5yl dunlio -
C- Pairwise comparisons of four alternative teams with respect to criterion Co.
DEA/AR s Jue EM glayiy As Az A Al jlaw
O Joo  (¥) Jue

2.1366 0.3120 0.1624 12 3 13 1 A,
6.9825 1.0000 0.5390 3 7 1 3 A,
1.0000 0.1432 0.0678 1.3 1 17 13 A,
2.7304 0.3995 0.2307 1 3 13 2 A

=

VAO-VAR taomio ¥+ Y 50l o )lad A oy53 cobdhas 55 a5 (5 S e

B=4.429 50,0254~ (CR) (¢ Sl capui®

C jlero &) Conundd 4035 5l dunnlito -5
D- Pairwise comparisons of four alternative teams with respect to criterion Cs.

DEA/AR saJue EM slagie A Az Ar Ar Lo
G Jw M Jw

1.0000 0.1224 0.0587 1.7 13 15 1 A,
5.3274 0.6592 0.3156 1.2 3 1 5 A,
2.4461 0.3022 0.1442 1.3 1 13 3 A,
8.1690 1.0000 0.4814 1 3 2 7 A

4

B =14.441,0.0237 = (CR) s Sl cormi®
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E- Pairwise comparisons of four alternative teams with respect to criterion Ca.

DEA/AR gloJus EM lagyzg Ar Az Ay Ar Lo
B Joo () Jowo

41839  0.4505 02480 5 13 2 1 A

2.3508  0.2535 01394 2 13 1 12 A,

9.2988  1.0000 05535 9 1 3 3 A

1.0000  0.1075 00591 1 1/9 12 15 A

4

B=4423 40.0223 - (CR) (5,5}l o

Cs ylaro & S a5 )2 dnilio -9
F- Pairwise comparisons of four alternative teams with respect to criterion Cs.

DEA/AR glaJue EM slagyyy Ar Az Az Al
) Joo (M) Jo
10.1111  1.0000 08565 5 3 7 1 A
1.0000  0.0989 00542 13 15 1 17 A
5.0069  0.5169 02808 4 1 5 13 A
1.9567  0.2017 01085 1 14 3 15 A

Iy

B =5.06150.0633 = (CR) (5,5}l i

6 ylnn &y G 4ig35 oz dngliio =5
G- Pairwise comparisons of four alternative teams with respect to criterion Ce.

DEA/AR slaJus EM slaniy A, A, A, A, b=
@) Joo (V) Jow
2.3101 0.2299 0.1310 15 3 12 1 A,
4.2152 0.4184 0.2388 13 5 1 2 A,
1.0000 0.0989 0.0563 1.7 1 15 13 A,
10.1111 1.0000 0.5738 1 7 3 5 A

4

B=4765 50.0288 - (CR) 5,5}l it

¥ Jgu2 5l @b b asS ke ln sl slaceglsl Y Joua
Table 3- Global priorities of the four alternative teams aggregated from Table 2.

EM ig, b -l
A- By Eigenvector Method (EM).
Sl grcaglyl )lxo
C, C, C, C G C
0.0450 0.2389 03791 0.0654 0.1075 0.1640 (o)lrs slagysg
0.3469 0.1310 0.5565 0.2480 0.0587 0.1624 0.5650 VS
0.1642 0.2388 0.0542 0.1394 0.3156 0.5390 0.0553 Y oauS
0.3392 0.0563 0.2808 0.5535 0.1442 0.0678 0.2622 Y oanS
0.1497 0.5738 0.1085 0.0591 0.4814 0.2307 0.1175

Fagss
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B- By DEA model (3).
Sl slacaglyl Lo
C C, C, C (o C
0.1194 0.6332 1.0000 0.1740 0.2862 0.4365 lo,lae sloyss

16582 0.2299 1.0000 0.4505 0.1224 0.3120 1.0000 Vaus
0.8102 0.4184 0.0989 0.2535 0.6592 1.0000 0.0989 Y aus
16378 0.0989 0.5169 1.0000 0.3022 0.1432 0.4699 Yoans
0.7354 1.0000 0.2017 0.1075 1.0000 0.3995 0.2118 ¥ oS
va¢
.DEA () J b -2z
C- By DEA model (5).
Sl grcaglyl b Leo
c6 c5 c4 c3 cZ c1
1.0000 5.2759 8.3762 1.4456 2.3720 3.6195 lo,lro slagy3g
133.8112 2.3101 10.1111 4.1839 1.0000 2.1366 10.1111 V ans
57.0652 4.2152 1.0000 2.3508 5.3274 6.9825 1.0000 YoausS ?\;
128.0813 1.0000 5.0069 9.2988 2.4461 1.0000 4.6605 Yoas ;0
54.6885 10.1111 1.9567 1.0000 8.1690 2.7304 2.0976 fauss |
\
3
)
4590 3 UDEAL - '
D- By double-frontier DEA. 4
(M) Aol (bl p 435 oz 4, >
133.8113 (1) \ ans .
57.0652 (3) Y ays
128.0814 (2) Y s
54.6886 (4) f oS
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1/7 1/5 1/6 1 1/3 1/4 1/7 1/8
1/6 1/3 1/3 3 1 1/2 1/5 1/6]
1/6 1/3 1/4 4 2 1 1/5 1/6

3 5 1/6 7 5 5 1 1/2

4 7 5 8 6 6 2 1

1y calsee o Il (slaha, 5l ol o ll slals € Jgdom ol ol s 0 f=14.4561 (5 amlio o 5le (2l (51
ol Cle gl oo i sline (slaganad; 4 o sl Cilius gla sy el prlols € Jaiom 5l 4S5k e das oo LS
4 035 s [29] (S5 sS 5 (Sdinped 58 s b 0T ol 5 352 et Sl A asl aglis oo 5o oS o of s ol
5 dobes Lids (A) abasly (gunasy ol Wy > W, > W, > W, > W, > W, > W, > W, O soh oy fodad (gdwas, 5 5

g;wv\ EM Ja..US O.L::bbv.i‘ LS‘J"“’M“)

ol okl s 43 cilizin Curglal (sla g, 31 45 ) Sl (gl gy iy g Coglgl layloy - F Jgua
Table 4- Priority vectors and ranking orders for example 1 obtained by different priority methods.

% N % W 3 3
Y e 0z
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0.1815(3) 0.1797 (2) 0.1748(2) 02202(2) 0.1427(2) 0.1730(3) 9.2017 (3) Wi
0.0825(5) 0.0593(5) 0.0626(5) 0.0468 (5) 0.0543(5) 0.0540(5) 2.5415(5) Wa
0.1508 (4) 0.1785(3) 0.1487 (4) 0.1494(4) 0.1213(3) 0.1881(2) 11.6188(2) W
0.0214(8) 0.0217(8) 0.0193(8) 0.0290 (8) 0.0301(8) 0.0175(8)  1.0002(8) Wi
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Tabale 1- The mean consistency index of randomly generated matrices.

12 11 10 9 8 7 6 5 4 3 2 1 N
154 152 149 146 141 136 126 112 089 052 0 0 RI




