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vector in the AHP, e.g., we can mentioned to data envelopment analysis method of

region of wang and et al. (DEA/AR method). In this paper, we propose a new method,
which is called E-DEAHP method for short, based on DEA and Shannon entropy, a
concept used in information theory, to produce a weight vector in the AHP that does
not have the problems of DEAHP method and is different from the mentioned

methods.
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Material and methods

In this approach, each row of the pairwise comparison matrix is considered as a decision
making unit (DMU), so that in the normalized pairwise comparison matrix the arithmetic
mean of the ith row and the entropy of ith column is considered as, respectively, output
and input of the ith DMU and then with employed data envelopment analysis, we find
the local weight vector of the elements (decision criteria or alternatives). Also, to
aggregate the obtained local weights, we use the simple additive weighting (SAW)

method in multiple criteria decision making.

Results and discussion

It is proved that if a pairwise comparison matrix is perfectly consistent, the entropy of
all its columns are the same, so in this case all decision making units will have the same
input and the method will produce true weight vector.

The results of the examined numerical examples show that the proposed method of this
paper produces perfectly rational weights in comparison with the results of the methods
known in the subject literature and can estimate a robust priority (weight) vector for a
pairwise comparison matrix. Also, the results of the hierarchical problem survey show
that the weights obtained from the method and their aggregation to obtain the global

weight vector confirm the potential validity of the method.

Conclusion
In this paper, in relation to E-DEAHP method, we have achieved the following

conclusions.

e  Generating true weight vector for perfectly consistent pairwise comparison
matrices.

e  The method for ranking and selecting alternatives has a high resolution.

e  The weight vector obtained from this method is robust, In other words, it is
not affected by possible errors, unusual and false observations (UFO) that
appear because of inaccurate data entry random errors, in the pairwise
comparison matrix.

e In practice, the E-DEAHP method can be applied without the need to solve

linear programming by using a simple relative relation.

How to cite: Azad, H., Foroughi, A.A; (2022) Determination of weight vector by using a pairwise comparison
matrix based on DEA and Shannon entropy. Mathematical Researches, 8 (2), 1-19

I © The Author(s). Publisher: Kharazmi University

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

YOM-T0ET : ala LiLY

YOM-T00¢ @ K9 O b

ol by

Homepage: https:/mmr.khu.ac.ir/

. a8
Jjﬂh?":

9 DEA wlul p (29 dmolio g yilo 3l coliswl b (439 510 oy
OPbd (o9 50!
"t d ol he T jluings

h.azad86@yah00.com : Sig xSl Caw -yl o 08 ¢ o2l 8SCENS ¢ Jgtumme By g .
aa_foroughi@yahoo.com : Sig mSUl Gy 0yl e e olKiils c by 09,5 .Y

IRV alio wleMb|

gy allie :allio 45

argi 090 o Cuwl (£990 Wodls (il bl 5 (olpe aludes Jolod anl)d o LS WA/ V) el 0 g b
iyl Joe S allie ol jo el €35 15 0 )lins Wiz (6 S sy 5l a5Ls ) i VR0V 16 5k G b

VWRALVIY e by gyl

ol 50 0SS e o |y (Coodgl) 39 0 o g dwslio o pilo 5l AT e Slecies | S
ol gy (asdsh) s o oz s o ile 5l a8 S e Slpiioy 1) (Jas VR XY e g6

2 S oo B 50 0k S el axly SO plgie ]y (295 dmalie e le Jaw e g,

. . . c. . . . . 1gouds ool
OFs 2 (5955 5 (Zoy plaie 4 sl o Sl :S0ke oad Sy (o) duslie e yile Gom ST
Slp el 0B eolprinn Juw sl a8 T 13 baine 00 S el A1y (605,9 Gleie A 0 ors 2 (6 S s
S5l oo 3l ool (sl izmed S g5 o8l (59 L5l SLalST g5 aglin slo s yile aodls oty Jelos

. O e . cslye abadis Jolos 0yl 3

5 _\.;IBSGA Joe ol ‘6_9)]4 3asl asly Jed BB 6,8 5L “=9) VW I PPN | PIPL S ol 6;5)51
2Ulg g calls als las sl i e o3 g) Al L yile SO sl | lgial Caglsl o (5795 dmalie L yilo
lgtwl paess

2 e abile dlie o uizmen Sl odd gy g0e Jle g csoleting s,

alodls JI8 o g a5 0590 (s0loidn Jow b1 0)lne siz (6 S el

AT A oL,
©

ulf'.\...»uy © 6“))‘5’ oKl ).u.yL



https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

doddio .)
ol 5l and G Ol gl aS cnl o)lre dix (6 S puenal 0 By, SO 5l alidas ol anl)8
o9y S ooy pidgy ol ()b 5logd o a8 )5 54 a5 5l glasgamme (gunad, b a5 5l slacgee
J.._'> 9 605)5 J.._‘> 45 &‘Oub)jw 6L®~.\.‘>|3 b)ﬂo.c lel.‘))‘ dl).) G‘a} d)a)c\.ola).) 6L¢...4).v 45 w‘ L_S)...a‘)l.ul.v
o)lxe iz (6 S el g Wosly _iligy oo o U wles S 3N goly lade w09y 0 S W)l 29>
Siaeliy g Wools side Sl oy bls )l s plosl aiey ol jo as byl Odl 5l o S lhE bl

ROWPUEIR ST RY I X S I SrCN PERVRCPRp A

ol ye Al Jdoss 0l 3 58 59 ades sl Wosls oiiigy o elol o S5 Yo+ 8 Lo o [Y] UL,
sy Bl (2o amslie o ilo lp @Sl Jol cily culul JSGT an g9 by, 0,5 Sliny
39688 ] pgs S cod ool 5Ll g5 dnslie e yilo Sledbl dnd 3l aS ol pgs S o Wo3 ilaie pué
[¥] Sl Ko Sly ol 6 (6 s ol yoli 1 ) Sl o295 Anmlin slap il 51 (oams
i Se g Kily Yoo Jluo jo cpizmen 55,8 &3l |, (DEAJAR) sliobsl b U baosls ciidigy Jlos Joe
slgris Wosls cidigy Judoo sls 6,503 Jowe o ol o aleds s asl 3 0 Caglgl 9,5 Lasin sl [f]
DEA gy 1) 955 Uy gy iols (55 (ol e alides Julow a2 )0 (29,8 (s S e 40 1) o] 5 20,8
dolys ol

I3 sosn 8590 ) (o295 damlie G ple o 50 (UFO) VLale 5 Jgame i slaosls [B] (alSsS 5 (S

w38 ozl 3l sl 17 Jons 31l Jor S Glyisas 25 dslio (o il 55,5 5 o b Lol iy
S s sl Zasll 1o Ky Cedlyi e 45 sl #) s, olxe ol ek S o 1, UFO slaosls s
polie gls o Sae slallas b cow a5 il glsl 1o sl Caslyl oy 5l yskite 4 auil aiils azg
sblbhs 5 moxol slagog,g cle 4 a5 wwn slrosls UFO slaosls pizmen il (g dslie L sl

ol e 351 oy

ALlE 58 (39 50y adg 6l eld (g5,0T 5 Wesls iy Sl slie p g0z by, Lo i cnl o

s de slahy, bog oyl |y ULy (goloiiun g, CMSde b9y (pl oS o0 Sty (o510 abidis Jdos

polie Sl &S o adly ()39 )5 5le Sl 5 nalive sl e (T el o8 g, il el gl

Oizme WS o g ilate (59 )Ll (295 e (sla s Sle (5l g 009 el (g5 Anmlin sla s Lo
ales oy (a5 L Lo jlas) olie (6l lgwl (sanas, o wlgs oo bg) o

.\.u‘JS daools ws.w J...L?u » (.';ILO‘ &9 Y w.?u 5o RO PR GQ..\JLA)LMJ ) u)j..ad.s dJlas w‘ )LA}LMJ

Cawddy 3,90 5,0 F sy 0 wlesls s 1) auox Jaw oV idu 50 00l eils 09,50 5 (ol alade o

Unusual and False Observations (UFO)


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1F+) 090 6 lods cpiiicts 6590 ;‘fab)dlﬁb‘_,&.bj)‘{ )

Sl qale> B 23u )0 1) s S50 s30e Lo Jlie 0l oo S (s W39 5 A S Sl Gie o]

bl paales |y alae cpl s ;o oolaiul 8,50 mlie Culyd o .Mloo)ﬂ 7 o owmo ol dlie g uSaxs

o aladn fdos aso 48 9 (g5l ‘54:3):37 osly gy Judos Y
4 03 S vreal slaaxly sla g5 g laeog,g 5l ool b a8 el (62l LU bgy G lmosls iy Juloe
Gloaxly S0 b awglie )0 0nipS el axly o 0 Sles b5yl 4 pldl Tl ey 3l g0 (35 9
19700 5995 'DEA Juo o a8 )5 150 [F] 535, 5 558 5 )lar Loyt )b s 3,505, 0l S (o0 003 505 oo
el ) )8 4 093 opae Oygo ;0 TCCR lgie coms coll ulidie 4y 055b b
CCR: max u'y,,
st vix, =1,
u'y, -v'x; <0, j=12,...,n,
u>0, v=>0,

0=, Y, €R® ol ] 0w pFpunad axly (59955 1o, 0, X; € R™ o S penal sloamly slawi N ]y a8
o e e . . S . m 11 . oZ - .
ool.e,.l).: cdle t ‘@5)’())3)‘%:’ VER “5o5)5Q)9)‘$)g UER ‘IQ‘J o\.\.:).:fp.:.o.@ \.\>‘9°_~>5).>)‘o).3

Syl o lal Sl cow axly 4 0 5 ol

Coabadese (553l (sl ke Glaied (B 055 00 T4 Dbl (5,555 50 a5l sagpie (5l 9,5
el ) 518 4 CMCDM) 6 s wiz (6505 poonas dllae 5 58 ig) 0l 665,54 09 0 4235 ,Say 35
di o o a5 sl D= (d)) e ©s0n o)lis iz (655 praad llas S )3 graai o pile 055 5,3 (V]

Gy cwl byl b yloe slaws N g oL, cow glvan 38 slass M ‘ﬁfj Shre Cow fTi saus by

D9 oo Jof g5 O yg0ds b )las Caeal 3 ,9] Cawsas
oS oo (Jloy) obiie s () et 1, D G plo lazyl ) o8

: d; . .
d=——=—, i=12..m;j=12,...n

ij m
Zk:ldkj

Sl ekl 1) 0ad el G ile G5 o 5T Y S
1 &, :
e =———> d.In(d;), j=L12,...,n,
j Inm; ij ( u) J

0<eJ SldSO}wGA uﬁbaoéy LS'B)"”—‘ wl.t ]/Inm Lﬂ)oa\f

' Data Envelopment Analysis (DEA)
2 Charnes-Cooper-Rhodes (CCR)
3 Multiple Criteria Decision Making (MCDM)


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

sl cessay =1,2,...,n) d; =1-8; akal, 5l (siw) Jlos o Slymil az o ¥ o8

SS Ol g abaly 5 e e (039 b Gog,) caenl :F o8
d, i
T 1=12,...,n.
Z|:1 !
Jols 0,559, ol ol i,al sele ulegy Jawgs YAV e gans S lol (o CAHP) 5o alads Jdos a8

Jelos (F) 5 o295 annlin sl il 51 (59 lom awloee (V) ((oilie alids S5 )0 oy (V) ol a8 as

WJ-=

.‘_g)lf)‘l.w

5 & =1 <& > 0 ol o &5 sk A= (aij)nxn Sygods 79y Awslie Lyl 0SS 58
0)45 [/\] G».CLMJ <0339 )L)J.g Qo);‘ Cewddy ‘_g‘).\ el YJ.:LD.».A 9 C,u.,.,o w).ch aS.v A (v:‘a‘j ) (l * J) a" :]/a”

2,5 o0 Jolo pjy saluly I W 059 o @Bly 5008 (oo sleriag 1) Jlake ohag (5550 welai Jlo
YEM: Aw=4_w, e'w=1 w>0,

Ko J sl snhlaslye ans 5L S 1, A (g anlio e ool € =(L1..01) o s a5
abul) Sl gl o0 AT nl (295 amslie Gule Ko e sy n Glp A = el Azl
wale |y 6,85k 25 TCR =CI/RI a5l s w8 Sl | (65 5k G Cl = (A — n)/(n -1)
15bas a5 g5 dnglie (sla e ylo (6,85l Gl uSles 51 Gl ol ol pb Bolas Ll R T s as
G5 E 5 ST o olpainy selo (aiziud (o s [0 il (] p0lie) 08 )5 oo Jol> ciloads 0 dgi  Bolas

23,5 Sl sass laglas jo b ©jgocnl e 50 el Jod BB 6,500 il <) 2Slae

=95 4 lio yw yilo 3l eolawl b (39 510 3 (rtd gl 2 (S (532 y40b p Joo Y
lie g predi e ple S 0 milo o0 il (2955] 950 50 SIS gy 4 ol (Jae Loy 5l L3
ol el s g o1 95T LBl (S (SIS SSss wb & st S bl 4z e et (Jle)
5l 4155 5 S Soenl a5l ol gy Jloxs 5 035 a8 g (] Bl 4z 0 45 355 oo sl 590

ionlpls 098 C ool sae alK Jlae ay consan ¥ M L5 oS (658 (Jle olgicas

=t ¢ _C_1 iy 1o .m
Zmd'k 1:1C me.m
:>ek:—L lIniz—i(—lnm)zlzdk:1—ek:1—1:0:wk:0.

Inm45'm m Inm

! Analytic Hierarchy Process (AHP)

2Reciprocal

3 Eigenvector Method (EM)

4+ Consistency Ratio (CR), Consistency Index (Cl), Random Index (RI)


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1F+) 090 6 lods cpiciicts 6590 ;‘fab)dlﬁb‘_,&.bj)‘{ \'

2 S bl oS k50 (DMU) oS preas axly o plyieas |y s 12 ¢ 295 aumlio Gupile o
Ol w0als ulidie o (795 dmslie Gu ile o sl Jlaide e (6999 9 yidun (29,5 Wools Libgy ol
9y ol e S oo Y )3 0 pS erenal a2y (63959 Glyiedr |y gt y2 (29551 5 (29 Olpiea |) Sl o
o ) Qe b au38) paie G Slu 5 o SG olael (295 dnslie (u le jo a5 Sl el J13 pu
GVl ool 5l Sl (T 4 bgye a3l ity s o] (iSile 4z jo I S e ol jolie 4k @
ot paie 4 Cowd |y polie ady Slbva 5 Glaise Jlaw b ,Blie (s ;0 95250 slasl (rizmen .l 55
955l b ol Gise ST el b sl iy st nl 3 (a1 4z 2 alale S e Ol 23
el il 2o gl Az e A (ol o935 (6 VL Gl 3l gt (] 4 bgye al3S) el S
o Lo pSpeai w2y N4 e jload (ulidie o (295 mlie o le o Bl (BLog 00 (I b cnlple
ieils gualys CCR ypas Jow 0 W aols (1=1,2,...,n) DMU,(8,8;) 500 >5,5 <SG 5 59955
E-DEAHP: maxw, =ua,,

st. ve, =1,
ua, —ve <0, 1=12,...,n,
u,v=>0,

e b a3 Ll 43) o)) covasly e O €L 2, MY 5 609, b (35 V eiszs s o35 U T o o8
i bedles A 6435 o 0339 1, E-DEAHP Joe oo 0,57 jlaie 8,18 0,La1 (b5, ©oti (6 S oo
L1y ool Cawdds o ()9 400 pmbice ) aud N s 39 E-DEAHP Jow L N J> 5 Boa &b
Jae 0 a8 mls axg o)l o)lal S 4 ¥ cadle ] o a5 (ees o pialed W = (W}, W5,...,w")'
N2>3(MHS) oz Jol S conl onl ol ol e maylo 3,190 51 S 50 1, i 35 S & ,08 dind UL,
.\}‘5 s.,\.:L: )‘.\.G.c l.> Lg)L?oe &99,9 & 9 ‘_9>5).> n lnl..\f,ao as p.:)b 4.9; n JM u.)‘ ) ‘).’) RGO PR WLC)
Blas ad e 3l 295 dwslio o s sle gl Jol ] EEDEAHP Juw ;o auS oo alax>dlo a5 jshailen Lol .05 )lo
S BB S8 O,08 Jow (il 5l eS g e b 2 dslie sla o ple gl adl el onls cule, il

S oo Sl g Ol |y 2 anaB 5 o E-DEAHP Jus b Jblie wlos S (g g0 lalie 1o 1, e 0l 000
Dy adlg Hlass gy gin (09,50 B 5l MlS gy sl o le SO 0 1) o
bl penlgs o S0 Sl o | A= (aij)nxn 795 dlie o 5le 1L

, a; -
a=——— ij=12...n,

ij n
Zs:l asj

1 & C
e =——>a.lna, j=12,...n
j Inn 2—1: ij i)

1 Decision Making Unit (DMU)


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

s ol by sl 85l Sl A w58 >

Qa; =a;, Vi jk

aii B - akJ _ By - akJ _ A

Zs =1 "si Zs =1 sk* akJ aka =1 Sk Zs =1 sk

sl melys oy %Sl 0 1) K g ] elsds slaggin Sl g salss LSy

=a,, VijKk.

13 1 -
ej:—F a; Ina; ———Zaik Ina, =e,.

O S e JolS 1, Sl ol s

23,8 dnlxe o ygiw

039 0p Dygecnl 5o ail 5L LS hlite (25 ammlie i sle o A= (aij)nxn AS )8 ) A i
g s . — to.,
il 2dly G35 o 1y (3s o iz AW =W a5 g5k o)1 052 W= (Wi, W, W) s

S oo adgs xly 039 85l SLlS g e (sl e il (1 E-DEAHP Juw 1) &ad

LIS (255 amalio o ile slappgin 5| (Ko 53,5 Loy 31 48 aal alaysy Worey Wo, Wi 08 (58 !
WS 5 eizmen S o gae MAX{WF=1 cosls )3 5 wisdie Jol> poraSle o b A IS5
ol 5 a5 W =W, oS ool wxil E-DEAHP Juo 5l Jobs oy Whyeeny Wo, W)
Sl el bl goads Jbo g G sle gt o g9,81 ) o @b ol S5l S A s> .0e{L,2,..., N}
tael 5l So b plpoad Jlog (25 amalie o ile v j2 2 S0lo (rizmen (€ = O (pgadu) conl X il
05 (8 = 8y ogass) ab aalys au ]

D SN

.= = = .I a = I’\V/'k
q n n & =& =g, Vvl



https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1F+) 090 6 Lok cppiits 5,90 ‘@ééj Jhw“‘bﬁl"z’ q

oo E-DEAHP Jas 553 3.l

v:lzlzua—laso, Vi:us% Vi
g o o

o

1 .1

=u< m_in{é}:—_: u'=——-—-.
g max_{ai} max_{ai}

el aedlys Gan i sl 13

. a, atlnj 8y / Zk 2%
max @} max{a} maxda, > e mex{a}
WO/Wj _ W,

" max{w/w}  max{w}

W, =a.u’ =

0

0"

O S e JolS 1, L1 ol

@ Gl Crlnle )l (29,5 Su 5 53555 e LS E-DEAHP Jus )5 0055 peeal slavly plod (52 1,505
@S 0,8 ol lgi o EF-DEAHP Juw 51 sl 4y s (as (g5 ,40b 5 Jow >

W, :—mln{—} oe{l?2,...,n}.

e I<i<n

W sy f

B0 Gy 3l skie (al sl isd JuS 2l 09 4 e Sl sjs oS Cenl s (5l alaes alls 5o
e 059 b predd Jlere M08 (08 08 oo 03litil o )lime wiz (g S praai ;o (SAW) ool xor
J e casan SN s slagy e Wipyeo oy Wo i, Wy oS (058 uiomed ol aslls Weyyeen, Wy, Wy
S50 wlos5] Cavsay E-DEAHP i, 511, agyse ool (sdad a5 ol opl 5 23 aisb (J=12,...,m) 4
e bl (=12,0,0) 6l ays Ll lagss & WS azg ol ssal ) Jsaz 50 bayis oal (s lo
9dien Jolo 5 Sygots A 4T Sl 0js S50 Sl a4 ples S Jlo i pernSTe

W W, .
w, = = , i=12,...,n
max {Z L Ww}

ke{l,2...

1 Simple Additive Weighting (SAW)


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

E-DEAHP i sloyig @il ) Jgu>

bauiy byl ELIST
W, W, W, ouid Jlo

m

A Wi Wi, o Wi i W
m

A, Way Wa, o Wom 12 Wo W
m

A, Wi Wh2 o Wom Z i1 Vo W

oo b Lo b

oyline wix (6 S e 50 ol e Al Allie S pimred 10l oo oy |y g30e Jlio wiz o iSu ol 4o
sladas Koo b anlio o Jao Jeuidly (o dolio al 051 5 Ban oo oo 18 Jelo 5 1325 950
ol (2Bly slis Plaw ;o ol (6,5 54 5 alie
I¥] sen 5 Soly bwgs F g C B LA (sla 5o s 1K a5 53 1) 505 (529 dmaliio slom 5le ) Jlko

i 2530 [ nly 5 Sy ooy B G le 5 [V o] )0 5 e 5 5 [3] Sledl 5 Sily o D o e

wlas § 18
1 2 5 1 5 5 1 9 5
A=/1/2 1 3|, B=(1/5 1 3|, C=|1/9 1 3],
1/5 1/3 1 1/5 1/3 1 1/5 1/3 1
1 1 2 4 8 1 1/3 1/3 1 1/2
1 1 2 4 8 3 1 1/2 1/2 1
D=(1/2 1/2 1 2 4|, E=3 2 1 1/2 2 |,
1/4 1/4 1/2 1 2 1 2 2 1 1
1/8 1/8 1/4 1/2 1 2 1 1/2 1 1
1 4 1 1 3 4
1/4 1 7 1/5 1
Eo 1 1/7 1 1/5 1/5 1/6
1 1/3 5 1 1 1/3
1/3 5 5 1 1 3
/4 1 6 3 1/3 1



https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1Fe) 050 6 lads ypicicd 5590 o 5Ly (slo 09 3 A\

FLY Gladgaz ;o mls mlos,gl Cavods [ (295 dunlive (sl yilo ol (oo (339,10 caliSs slo 3, b

05 £ WRYELLX WYL A VARYAR FL RTINS o SRV JPUR PSR DY P [ S IPCSEIPX SRVEL gPPSC SO PV
o rle el <Nl a8 o] 6,85 £ 5 ez taddesd b 6,5k Gl B g A la s ple ool pl ol
Solie a5, &P J3Is slael Jgaz 12 58 eizmen 555G F g C 0B sla sl 5,550 S0 D

e o las |
Y Jlo sl 5o (13 EM o9, b ovel comody (o slogy39 ¥ Jgur
ol (e 039
W, W, W, w, A W,

A VO) DY VE(Y) SVAAY(Y) - - -

B V(1) <IYAAE(Y) YAV (Y) - - -

C V() </VAFA(Y) SNVE () - - -

D V() V() “1B(Y) IYO(Y) SNYB(F) -

E JEYEY (D) IEEYE(Y) YO) 1330\ (Y) “IFYDA(F) -

F V() S [0+ AA(Y) “NAYAE) FEVFQ) <IANOF(Y) +FaVA(F)

)39 cpl 45 S az g5 sl 0 00,51 (EM) el 1o s 0355 (g, Jawgs odel cuwods slacyje ¥ Jgaz o
sanlie a5 jshailen .alos,sl |, DEAHP Jos 5l Jol> lagy;s ¥ Jgaz j0 mles,S Jloy powSle o5 b 1,
argie o35 oS LS o adsi |, W=(1,0.6,0.2)" 36 1o C 5 B UA L sle ans sl os, ol oS oo
O s ple a1 50 @Bly )3 el 03,55 o3litul () dumlie  Sle DMLl plad 51 (g (nl 45 mgd (o0
B slogmyle ciiats0 a8, =2 jare il (b slowlosS Jlos wyjs lop Jya> sln ) poms
ol sl A G sle sl Jae (2,5 aiilen Guile 50 ol sl Joe nl (2955 Js anlige sty C
25530 B9y Lot oz (795 i e pile polis Dlyis 4y Cond DEAHP 5, a5 w5 o ()L g5050
5 B bl 4 by o sla o osalie bl 03,5 adss osdly 59 ccanl L5500 SLls a5 D ey 5k sl
05,8 oy LW=LLLLLL) s W= LLLL)" _aleie i sloyys sy ol &5 e F Jsiz o F
@l & sz ;5 s DEA (g, a4 brje @l & Jsoz 0 DEAJAR (3g) 4 by o gl F Jozr )0 oo
C 5B A Glagmle slp hyy 4 yo 0 0 osaline |, (E-DEAHP) allis (ol (53l o9 42 bgoye

@ ypolie glp g, dw Ganoglsl uzan aila |y DEAHP g, oMSiw 5 wloo,S ol ilie slagyss


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

ol S o alimde a5 jshuilen el Cuslyl sline 4 €0 codle ] 40 AT sl W= W, =W &g
5y a5 DL SlS s ile (sl oS 0 oo alam Mo sl EM 35, (sunugly) ille (sauaglyl
Wlod ST g 385 (59 Sus ) 99 wile
Sl Caglgl o3l sl Wy 2 Wy = Wy = W, = W & g0 EM g, cuglyl a5 B e (61
el s Cudlyl gline 4 €= 5T )0 a5 wdg Wy ~ W, = W = W, =W, &,s0a DEA/AR s,
35 (o oamlive Joazr jlas johailon cenl Wy 2= Wy 2= Wy 2= W, = Wy o500 DEA (g (sonas) (eizres
o&;wﬁ 5 ;.am wsjj‘ dJLL:.a as ‘.\.DQLSA ‘)Wg b W4 - W2 - W5 - Wl ‘-"-,’,5J5‘ g.,u.:).b E-DEAHP k)’“j)
ol g ile j3 Sl 0,8 i | by ] b gl hans g5 oo oo 3 A pate Cuslsl il Lasie L) ooy
Ak & Cad 90 yaie [ 0GlSG bawglis i g 85 =25 8y =3 )l 1 5 90 paie awslie o adl
E- (o) caled po el 1500 (o9, L,z 4 o Cuje S 095 onl g (Gl Jloyem 5 (650 Coal )
aw o Shee il a5 wa o |, W= We =W, = W, =W, =W, cugsl sy F sl 51, DEAHP

.2/ DEA ; DEAJAR EM s,

) Jlio slo o 5ilo 51 DEAHP b b sl Cuamoey oom slosi  Jgaz

ow il o (3

W, W, W, w, W, W,
A V() (V) D) - . _
B V() < 5(Y) D) - . _
C VO) <I$(Y) YY) - . _
D V() YO) - 10(Y) IO SNYO(H) -
E V(1) V() V() V() V() -
F V() V() V() V() V() V()



https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1F+) yo90 S ylos it 5,0 1@54{) dlﬁb‘)&.éj)‘{ A\

) Jle sl p yile sl DEAAR (g b oval sy (oo by g :F Jgur

ol (o (9

W, W, W, w, W, W,
A YO) JOVVEY)  GNVAAY) - _ _
B YO) JYAAY(Y)  GNEYAYY) - _ )
C ) SIYYA(Y) YY) - _ .
D V() V(O) “1B(Y) - I¥) YY) -
E JEFEVQR)  FATEC) V() V() JSAFE(Y) -
F VO) SVEYACY)  YEee®)  IBASY®)  (ARIAY)  IV-FA(H)

Y Jlo Lo 5o (512 DEA (bg, b ool Comwdds o o390 Joar
sk = (039
W W, W, w, W, W

A () OBVY(Y)  cNasety - ) i
B V() JYVOF(Y) DAY - _ )
C T SYAYEY)  NYA-(Y) - . _
D V() V() - 1B(Y) IYO(Y) SNYO(F) -
E AIEYOFD) JEBAFCF)  RAYAY) V(D) IFFFNCY) -
F Y SOFYY() - MYNNE) - [FOYFO) “IA-FO(Y) - [OYYA(F)



https://mmr.khu.ac.ir/article-1-3070-fa.html

) Jlo Lo s yilo 51y E-DEAHP (igy b ouel Cawddy o sL(y39 % Jgu>

sk CR e ()9
W, W, W, w, A A

A ey ) SOFYY(Y) s NABAY) - - -

B SART SR YA SYAVE(Y)  eNYEO(Y) - - -

C Jdyvas V) AT NRTARA A L4 0 N - -

D . V() V() (V) IYO(Y) YO -

E 4289 YABF@)  EYOR(Y) V() JAYED(Y)  -IEYYe(F) -

F Jyeea () CEAYN(Y)  IYYLOF)  IBeeY(@)  AAYYA(Y) /8- YV(E)

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

250 518 el g 4525 0590 E-DEAHP g, Jawsgs gl Coglgl Jlo s adgs (g jolaie a1 505 Jlie

Lsgi e lo ol s S5 50 qelaid 5 (0] G IS0S 5 (Siwged 511 0145 a5 (295 dalie ke Y Jlko

FOWPLER SNSRIV TS RRY I <)

1 5 3 7 6 6 1/3 1/4
1/5 1 1/3 5 3 3 1/5 1/7
1/3 3 1 6 3 4 6 1/5
A 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

ML 4.......:‘\) 4.‘>9.s ‘1,4‘0\))5] (V) JB"\’ )O ‘) GLU m‘oé; uLw.> ‘) u....J)JLA UJ‘ G..w) L))5 )‘Qﬁ ;‘LL..?LA (_Q‘Lbuoa) l.:

ity il B pelie a5, () o sl aS


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1Fe) 050 6 lads ypiciids 5590 o 5Ly (slo 09 3 A

alizo s ogy b A s yile (gl oukel Camwday s slogy39 Y Jsu

i 339 E-DEAHP EM DEAHP DEA\AR DEA Hlgwl Joo gras,
oyl

ool o=y

W, VYY) </BVAY(Y) V() SOYYS(Y)  00-Y(E) MO ()

W, XYY - (0) SNEY @) IEYO-(Y)  NFEVD)  GNYESD) NV ()

W, V() -OSES(Y) V() IOSYAY)  -IPYAB(Y) < /¥OAS(E) )

w, I Ae - (A) SeOYOA)  NYD(E)  +[-OYAA)  [-OFY(A) /- 08V(A) W\

W, 1Y - YAY) SLATYEY)  VO-@)  /-AYAQY)  +[-AVAQY)  -[-AFY(Y) (V)

W AN AL RN RV TRRY| S WY ARE R (5 WRVAR A 0 WRVA RS a7 ¢ NN (9

W, A FE(Y) B V() IAYBS(Y)  clBe e (F)  IOOYN(Y)  -[FASE(Y) )

W, V() V() YO) V() V() V() M)

995 esls cle 4y a5 (UFO) Llé 5 Jyans né laalive (59, 55,05 LYV Jlo o S80S 5 (Sged

5yl LSS oo gl Coglel o aed 4y aS wisls &l Lhg) gl e Jlled] olai salas § 5.850
Ay 5 By yolis 500, ool 0,5 ca o3Il 1y (555 5 0175 Slaoold s (o Sl o5 17 3510 305]
ol )85k i UFO (5 g paseis jlam o5 apsl axsls azgs aixd 5 L 0 UFO jolie olgiea |,
ol aels oS fass 2 5 Y2 wcsgal, By g By ol Sl al spe ST 4 i oslad
0dds Jpass g5 danlie e Sle jo bl (pl 5 e wles (Glade op yieS) <NV LH/YYA 5H(CD 5,850
oS s ol & gb b et S Sa 059 o p adsi sl 1, E-DEAHP ; DEA DEA/AR EM sla s,
Cuow 5D 31 gt 50 e (nl i o GLSs gabas; by Ll 2 el od Jol> (6,85l on e
Wgdos b 2 312 & Lol Ll s UFO julic a5 olfin 03 ol oo slol a4 iloaal ¥ Jga (Cunl
Coglsl 51952 5 ilogn (B i g E-DEAHP (o9, 5 (8] (dSiS 5 (Stmged sl gy sias; Lo
dwlio L ple 3l sadg Coglgl w5 ol W > Wy > W = W5 > W, > Wy > Wy > W, & jaod gl
odlive ol Wy ~ Wy > Wo = Wy > W, > Wy > Wy =W, & je0a DEAHP iy lawgs ools bass >0
o p a8 sl by, olginl (g, 5l Hgkaie a5 alll alils axgi o jlo BT gl Coglgl jlo b oS 4 0 s

5L 25 dslie sl yolie gl jo (Sew slallas 351 Cou a5 W e uglsl


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

oy Jle cnl 58,51 5l Bas oS o o Alie ol (solpiian g, LTy (5,0 alid Al S Jtw o
[F] e 511y Jle ool ool (ples (35 0080 ooty sl e 51 ol s (sloszs 3l 55 bs,y by
PO e ¢
RO PRVAPCEIR SN ETESUWIVICION S SIS SN PPON PRSI | 0] I JURTCIA P - Y IV SRR LS IRV il | S
(Cy) g2 Sluogas 5 (Cy) )5 s (Cy) )5 425 «(Cp)as 5 gole (ails 1] a5 )lie Lo lona
1l s gz gianr (Vs 0550 S jlan il Jloye5 5 358 Dleogas Il (See > b Jlows! sluails
IS8 o Allase nl (oo s Lo i85 5118 ] )3 ¢y S sz laao sl Ay 5 Ay A ogll,
o AeS 0S5 3 Jg el (89,5 (6 1S prenas Allae ST 095 g5 50 Allis ol 45T S g5l ol )
A D g Dygods (Z9) dmlie Gl le el oo ) B85 4 (g dslie Lo le Ghed 390 )
9 dmlio b e s a BE 5D (C B 5 us g bb)los o) dnslio puyile A (] o

wies Gy 5 Gy Gy G slo L 51 S0 4y o aay 55

1 5 3 2
1 3 2
1/5 1 1/5 1/5
A= , B={1/3 1 1/3|,
1/3 5 1 1/3
1/2 3 1
1/2 5 3 1
1 1/2 1/2 1 1/4 1 1 2 2
C=|2 1 1/2|, b=(4 1 4|, E=|1/2 1 2|
2 2 1 1 1/4 1 1/2 1/2 1

Lozl o[oX8Y g o oo XPY [T VAV Ll A g dmslin s il pl )85l F
oz O, bl s S b G Gz wled S Clus | a5 5 bajlee (o slas Alie o,
5o e S Sl (5 S S ax gl oS woaalin VY U A sl Jgum jo ) bagyse ol .Mlcoﬁ] Cawdds ool

aliasls ) bzl

52 Sleogaas S5 g e hee 5 oale Ails


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1Fe) 050 6 lads ypiciid 5590 o 5Ly (slo 09 3

\\%

EM (i slo(y39 @il A Jgu

bayis bl L ST
“IF0 - - |- OAF < NY-4 APV 0 oas Jlo s
A « IOYYA WALV C NEEY - /farf \ \
A, - hYag CIFVEA 2280 CIFVEA CIPVEY Y
A, - IFYYO - IFAYS NPV - 1YA0A AL S
DEAHP (oo slagyjg G2l A Jgur
bayis  blw EX RTINS
\ - IY ) \ o Jbo
A \ - 10 AL \ AN AT ¢
A, - TYYY ) ) \ \ \
A ) ) AL - 10 < IYPAA Y
DEA/AR (oo slo(y39 Gudli Ve Jgur
bays )b LRSI
\ < AYE- - Yafy - IVYAA oo Jbo
A \ - /¥ AL \ \ \
A, < IYEEY - IPYYY ) - IPYYY CFRNA Y
A - SYYY ) AL - If A



https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

A gt 529 delio oy yilo jlooliiol b g Jos rni

DEA (o (339 Goili W) Jgar

baiusT  laybno ok e
AN dd o [eFeY ANAR! < /YYYA W) JLe):

A1 . [OYAa¥ ARV < \PPY NAGAY \ \

A2 AR < IYVYY . [FEFY NARRAY < [FYAY Y

A3 < IYYYY « [FA¥A < \PPY ARYA' cPY 0 Y

E-DEAHP i sloyig sili Y Jgam

by b,leo EL IS TS
\ S ATYY - JEYNY - A BF ouis Jlo

A \ - /¥avy Yo \ \ \

A, - IYSVE - SNA \ - ISNA - ISADY Y

A, - IV-fq \ AN - YAV - SFYE \z

o ile Dbl pla I (o slagyzy Gammlre ;> DEAHP g, a8 05 coaline 4 Jsaz 5l auilsioe
33 5 p98 Oz (A Bus 4 Cos by ylne 295 Al e le 45 &dly 40 el 05,55 solitul (g5 dnylic
5 sl sl spso sogie i 4 B 5 DG B i lajlae ) o a5 g5 el (sl e
i @l o el 08,8 Ol i san S Slsrear LAY san S iy cnl Geizmed Cesl 00,8 Jlayi 1) poms
E- 5 DEA DEAJAR EM (slagtg, oS gijpe o ol A= A=Ay 0500 (35) ol 2l Zaglyl
oS axgi ol A=A A S gonla iy, ool 2l Colyl e ailes S bl |, A san ;5 DEAHP
DEAJAR EM (35, aws 5| Jol> s o35 Cuglsl L E-DEAHP g, 5l Jol> o slagyse Zugll a8
sl LS, DEA

S 35 Az
Joe ;00§ olpsin els (5,;5):.37 g ools cidigy Judow sl o s (g5 a0l Joo SO allde (ol o
1 el 00,5 Cale, it JBlas 4 e 5l (295 danlino slo s Slo sl NZ3(MHS) oyow ol ooloin
Sly sl ol ol Jow fpizmen .l Hloye5 1 oYL SIS 0,08 5 LLL solpainn Joe 4 Cas

639 ¢ 595 dmlin L yile 6,55l b (6,55l @ az g5 i iy =S Tas A e 3l (> g) dunlie glo o ile


https://mmr.khu.ac.ir/article-1-3070-fa.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-18 ]

1F+) 090 6 lods cpiciicts 6590 ;‘féér) dlﬁb‘)&.bj)‘zr AR

Gllas g wiS oo oolainl 2o auglio s yile Dledbl slas 3l dllie ol jo ool &l Jow .auS o dei dlaie s
O b SalS” (255 deslin gl ilo (sl Joo (! S oo (sCa gl | polic 0 S el gad Cuglyl L
5275 Swodls ;3 Sae (slallas ;b o cllio ol gy Jawss 0ad algi Cuglyl Jlop S oo 055 (HBly 3
S Joo inl (ol ) Slasloes bl 1zl gl czaglsl jlo onl (50 &)l 4 .und (295 dmnlie o ilo

0gd 485 e Jor p0 il g (S (g5 paaliyy Jae S a5l (s 5 0092 0l

References
1. Golany B., "An interactive MOLP procedure for the extension of DEA to effectiveness analy-
sis", Journal of the Operational Research Society, 39 (1988) 725-734.

2. Ramanathan R., "Data envelopment analysis for weight derivation and aggregation in the ana-
lytic hierarchy process", Computers and Operations Research, 33 (2006) 1289-1307.

3. Wang Y.M., Chin K.S., Poon G.K.K., "A data envelopment analysis method with assurance
region for weight generation in the analytic hierarchy process", Decision Support Systems, 45
(2008) 913-921.

4. Wang Y.M., Chin K.S., "A new data envelopment analysis method for priority determination
and group decision making in the analytic hierarchy process", European Journal of Operational
Research, 195 (2009) 239-250.

5. Lipovetsky S., Conklin W.M., "Robust estimation of priorities in the AHP", European Journal
of Operational Research, 137 (2002) 110-122.

6. Charnes A, Cooper W.W., Rhodes E., "Measuring the efficiency of decision making units",
European Journal of Operational Research, 2 (1978) 429-444.

7. Shannon C.E., "A mathematical theory of communication", Bell System Technical Journal, 27
(1948) 379-423, 623-656.

8. Saaty T.L., "The Analytic Hierarchy Process", McGraw-Hill Company, New York, 1980.

9. Wang Y.M,, Elhag T.M.S., "A goal programming method for obtaining interval weights from
an interval comparison matrix", European Journal of Operational Research, 177 (2007)
458-471.

10. Sugihara K., Ishii H., Tanaka H., "Interval priorities in AHP by interval regression analysis",
European Journal of Operational Research, 158 (2004) 745-754.

11. Zhang H., "A goal programming model of obtaining the priority weights from an interval
preference relation", Information Sciences, 354 (2016) 197-210.


https://mmr.khu.ac.ir/article-1-3070-fa.html
http://www.tcpdf.org

