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Abstract: This paper presents amodel for ranking efficient units by a new approach. In the
proposed method, the idea of excluding the unit being scored from the production
possibility set is changed to the idea of weakening the unit being scored. We propose a
model for ranking efficient DMUs that is more efficient and less problematic than the
models based on excluding the under evaluation unit.

A.‘>|3 w-FEW-1) da).b }‘ Lbo.:‘éd..m% J.Jau 39 |)l5 ‘SLQJ.}‘g (SIS
gl el ds gozo jO (owyp S

Gloazly S5 ol b cal dalllas cog slaazly BllS L)l eols idgy Judo sla Joe IS ulul tovuSs

i aib (gl Jb Gl b digdge QU (0L 5pe 4 Cund 85 )18 Cundge Ll 5l aalllas cog
099y oobwlp LS slaasly ganad; o S eolainl san a5, sl Jos 5l il wigd oo asliss )15 a5 Slaaslg

e S J.>‘5 AT 6[} L aJlas kf‘ B du!:é‘so.: 4jl)| ‘SMA’LAA k_)‘5.> lJ 9 W) @M JM uol> Ja;‘).» ‘fa.u
29 6 S 5l 55T he (B9, St j5 51U oS o hend |y ez ye Olyie @ O] (285 )8 Coase

JPUNPURCIC JUCH PR A CA PR IR ST NI ST O W ES S W LR VY51 I

Jlo 5o TUB oS s st Tallas cou slaasly Cundy
03,5 ke |y 2L 2Ll s rwlbl sladowe psede [V] VOV
Sz (oS paae (pl CCR Jow Byae 5l J3 B Ll oo
Syl 4395 3550 Jow ol wm sl Loy o1 51 e 0,56 o
Al plol dse ol 5o (o)l Sldllas g 285 )13 ladxas )
) " elie 42 053k pggde [Y] VAAY Jlu 53 555 5 55)lx 5
ol BCC Jaw ol)l5 550 250, )5 40 BCC Jow b jo
J iz by ol o 0gd o dloul e wbde 4y 003l

[¥F] o picie bools sidgy Jodo o)l (goasio &Ylas

© Decision Making Units (DMU)
"Farrell

8 Banker

® Returnsto scale

doddo .Y

i)l @lp 1, CCR Jaw [V VAVA JLo o f)‘°5) 9 r;’ﬁs ‘YP)L?
Jae Sy COR Jaa aishs )l adllas cons sloasly oIS

anlio b T PSS 5 a8 ol LIS b3yl sl s el bl

ASIRIVe : Jquog f )b
AVIVIY g guas f )6

5 ple oBisls (ol eaStils cale lp gae (S ke Lo joozxo w57
mralirez@iust.ac.ir ..l coio

oyl Caio 5 oo olRails ool eaSail wgypdS il
abkeshvari @iust.ac.ir

2 Charnes

% Cooper

4 Rhodes

® Efficiency frontier



G Jadllgl g (Lo e Lo oo

&S0 095 sasle Y
b en,aely S o b ool Lidigy Judow sloJow o

BCC Juw ,) ' bgyre oSy calllas cos axly o sy
@yl Cawd 4 adlas cov glaasly )l (Ay..\m S5

Ll pl] adlas codaxly 09die (Bpme o) gz lyse

3 yj=(y1j’y2j!"'!ysj) S epoe Gli uj:(yj’_xi)
9 a .-

5 PPS® L 1, DEA alles o sl X = (X, X0y X,y )

wdls ppss olis U=(Y,=X) L1, PPS degoms (sliel
-u;e PPS (Vj=1..,n) « <l
WS <85 CCR Jow

min z:e—s(isi+zssr*}

i=1 r=1
st.

Ox,— > A% —s =0 Vi
P ; 170 (CCR)

Zﬂ’erp _SrJr = yrp vr
=1

A,8,s">0

jroioeor =

Gy aline joky g wiloads oLy CCR Jow sl nj ok 5

it Gl BB 55 BCC wile s sls Je

&y i

ol a5 pemse olis @ L1 ol P adlas cosiasly S

(CCR) Jow ;5 O Ly Jaio b ool

U bl degerme 5l s )lie P Adllas cov dxly e (glas

U2U, a5 PPS

oS e o G UL |l P dddlas cos aly | ax e i
n

ol U(P)= D AU s el o e sl 1 slalais
j=1

-u(p)zu,

S w2 o0 olid E(P) 1) ol P addllas cod axly a0 degozs

.E(p):{j A >0}

9 (5999 9° lJ ‘5>led.>|9 6‘)‘" J)b 3 )l oolaziw! L) w)la.: u;‘

losds Cras V JSE ,0 (g5

boadlge 51 sl (oS5
el ) i el e oS el | s o 5 °
9 Productivity Possibility Set
10 Reference

\44

Cos azly e gl Jaosls wide Jlow o Jus seled o
ol » g e ews 4 T QLIS e Glsie 4 goae aslllas
s LS TS S Eis 90 4 anllae Cow slaasly o]
g g0

Ghls LS claasls 5 Ky 5l a8 hlS s LG claasl
YL OIS Glp oloylF S5 sae) wiie S pln IS
Sade o ole o gy 4 el bosls idgy Judow o oS
2 b opl oS Eoms w0 )5 @ o gl ) (6,500 cute
(Sl 0uls L [V]

3 45, ydse 4 [0] 12Y Jlo 5o Togm i 5 “ogm )l
axly a5 Wi ,S ol el cpl 5l Ll asloy LIS slaasly
e Sl g wingS Bl oo aJg oSl acgaze 51 1, LIS
spax bV g dls asly jede e o) Sl g 0 ] 2L
ols LB LT solyigunds) 5 saze b))l sbow LS 0l
oo men bigon a5, o,b,0 6,50 Sldlas 15 o1 5l e
Gt il e By, wgline slaolEays eluly 5 b alvl
b Lk L sleaxly gan 4,

5 ewyn S8 axly Blo by, dllie Gl o Skl 4 axg L
Jae of Dol caz jo adS JIE pwyp 0j5e o OIS
09y ookl &5 Sledas acgasms 5l anlol jo 0ad co &l (guya
5 o3yl Jos wilbad eols Gty wyy o doly i
5 Slwbre ;o Bws onl luly Joae Glee 4 g
b amlgs oslil alis ol sl ;)|

el bl St 93 (SIS (g =gyl S0 S, e
sloaxly o a8, Glr Og gyl g, dlie ol o
e ol sl (S5 5 0 o o] 51 (85 Ot 5 S
9 on Al g o g ]

porie (Bre b gl du il n) Sy 4 dlis LSl
WS o g Al |y asllas cod slaasly (a6 055 (slaasg
p90 Liou 5o leads &l isy cpl jo oles 5 ol slacay o5
=0yl Joe londs ey T S 5 g =yl Joo
S oo et |y il 4y e 093 slaasly Bl b gyt
093 lauxly hndi b gm0yl Joo pom (250 50
G Seb e el (a2 0 995 slaasly Sl gl @) @ e
Dgdeo Ol Al )3 00l 7 lae llae donis 6l

! Data Envelopment Analysis (DEA)
2 Efficiency

% Efficient

4 Inefficient

5 Andersen

® Petersen



vy Adgi 5ol ds gosmo jO (ow )y ¢ Sl dlg Lmdd G,k Hl Loold Lidigy Judo jo HIS bvasly guvas

s E(p)={p} -
E(p)#{p} -

bgypo o553 ,a0b 5 pgs > jo .u(p):up Je= o 50 Ll
6,54..‘5 3.»...@{: g:;|5:? 9 o mlf..\..} L.Q) s..)‘e.‘? 6l)|o P ¢>|3 4

'E(p)z{p}‘gdﬁb@o}lo 329
Ailoas ools HLis ¥ S o laaxly son ailb

X
2 1L gasly

e m———————— = — =

1 ooty

s oIy gleaslg X1

&2 0 395 9>15®

v

Ao coi gbrasly gus b YISOl

sty Bis &1,k 5L glaasTygaiyas, ¥

&2 0 99>
slaaxly ol byl Gl edls iy Jlod sla o
baxlg 5l golass o5 byl jo aiS o w2l 8 1) asdllas Co
gl g0 aixll IS slaasly e o
oolaiwl 8,50 Jao g dlie gloslsnlizln a4 15 slaasly olass
Syl Sy
BCC Jow Lawgi oals obL3)l L5 slaasly slass Jls lgie 4
CCR Jawo g ouls bl 5 sleasly slaws 5l oy
4ol g5 S Sile 4l g 2l 5 g8 &Bly 0l
Bgd oo L sloasly slows ;s el oolaiul 0y50 Joo ulide
LI LS loasly o ad, @lp 1y Joao Gamyin 5 Gy
axly g 4, lp Wil ogd oo Sl AP Jow 4 a5 aisls
Ly Joe g 08,5 Bi> anlllas cos sloasly degame 5l 151 ol p
(CCR Jaw L ,BLue) AP Jow 4 50,8 o bl abe sl y
VLRGN

N

2= p0 dc oo slas|

090 L sleasly s auss o UG 1, oIS 5,0 LIS slaaslg
sbyPe (o5 5 Al Cod aoly e gz e NS (0 18 PPS
OlF ey sy p o slasly .cunl L) slaaxly 5l (asee L)
oty el (got pand) 0,5 el 3 ol aiws 4w 4
Oty Sl 2 G el el ool SLIV] o addllae cos

(e 003 gl gl T 5l alis ol Glaal 4y

B @D e 9y & Sl LIS gasly i slaasly e
31BCC 3 oume) by (oS5 gue g WAL axil
e 92y ol I slad o (o> 5l 1a8) SKus slavls
sl
S5 85 Sl pnd SIS guly idans I, slauslg
3 oaoe) by (oS5 waL wdls JIE I e
ol e glad o (Lhogs 3l e) Ko sleasly I (BCC
Aol alisls sg>y
B 2L e 9, &5 sl LU ualy UL glaaslg o
Al ablas
Ay Wb L8 @l e s, LB sleasly YL yes b
S93 slaaaly dasxly (nl 4 WpS e J13 353 @z Glee
o sS 50 &Z0

s oS0 m g8 o0 @20 09 w2 ly ol P asllae Cou saly @
U(p) = Uy el
Wbl S asly AP adlas oo asly S
E(p)={p}pets
sy DYl wils ol G5 asly ol paslas cou axly S

] USM



G Jadllgl g (SLs e Lo oo

5 Up(P)=U(P) 5 6 =1 2l (ol 2t SIS P 2y 51
Upp(P)ZU(P) 5 65,51 sl 25l ool LIS P ooty 51

dloads ools HLas ¥ S jo YU peolas
3l ey LS slaaxly (gan a3, j0 AP Jow oSSl 0929 b
90 Al L JSie 90 ol abloe s ol SIS 50 slls Ll

g on gy p Jbe

X2

Pl axly goi a8, gz e

»

wowly S gasly ooy ad, AIY STl
A .
Xo :
|
! .
1
1
T .
' Pl axly o as, ez
R /
o X1 o

oy E LU gleasly o i, o F S5

Pl sasly Gl AP Jow ogr Fuis V-
WS 8 e w
oy 609y o b aalllae cow axly Vo gun as; N L

) Jlwo groosls ) (oo

T 59,9

Y X

DMU, 1 1
DMU, 2 2
DMU; 3 3

YA
min z:a—s(zm: si’+zsl sjj
s.t. - a
@) ox, - Z AX;—s =0 Vi
A (AP-0)
(2). jzn;/ijy,j -si =y, Vr
1#p

“‘"‘p~\>15 P oo )gp»leP-O Joe jo a5 aaS cds

2 25 Syge a1y Gem - Gam il Jae Gl (b o)l

SEFE
min z=6—g(Zsi‘+ sr*j

i=1 r=1
s.t.
@) Oxg=> A;x;—s =0 Vi

=1 (AP)
(2) z /1er] - Sr+ = yrp vr
j=1

() 2,=0
A,,8,s 20

S jle g e o0 (L uAP(p) Lposly o as, a2

" n
4,y Sl AP o dgs Olo> /11' < UAP(IO)ZZ/T;”; J
j=1

0 Ly ok 5 Cud s 45 aepo e slis Bap b1, p sl
ol ion b e 3 oasly sy e bl AP Jas 5
e Slsie 4 Wlgias 03l ST b i 6,5 p asly S as
LEL L s LS p asly ST xads &ole 45 .08 |18 095
2 S 8T g g lnle - PE E(p) ol sl
ol 55 0,8 B3 AP Jaw 51 Y a8 sl sgzg o 4y s

ld )50

(AP) - (3) = (CCR)

ol plp Sl b5l @S b an as, mls cdb ol o

G =6" 5 Usp(p)=u(p) =
L i LS sloaly gan as; sl | AP Joe ST cnlnbe
s mnsliae s 4 |y Ll LS Jade gy S 4 LiSL
il &5 oS oolicial 1S slauly (son a5, slp | AP Jaw

f"")ﬁ‘«s‘ Cawd |)



Judei 50 U slausly guivan

2des

b il ool

adgi ol ds goso jO (cwy p Cdd Ay

va

»

N Jlo Glp ¥ aslg oo 5l s (2HB 50 .0 SIS0

WS B sy e 4

P Yl 3 AP Jue byl bl 4y 431,LY-Y
T S 9 6999 99 b adllas o axly ¥ gan 4, Y Jle

-
|
|

___r__+
-
1

13
o--

|
|
- -

A S S —

) | R N R
4 3 i i i :mu ENRCR _ _ _ y
8 M | | | - | | <
v 3 Y e [ —— /HM I A 19 [
3 i 1 PR i 1
S “ “ “ 37 ! !
3 | | | 3 32 | |
3 | | | 9 9 3 | ™ |
A e R i T T B 1 1
o0 NG iy |
s N s |
L R St Nt % R A ¢_
| | | | b;m !
3 | | I I 3% ) |
e} | | | | N ] |
9 TN\ u 15 “
O k) : |
- S SR | L) _ 5 2
| | | | A% 7 |
4 I U\ m
o) N S D
- m . nu/lalu/1lw
: A : :
8% b dd o
M H I e e A T B 3 M
N | | | | | | | | | | | )] el
) A —H-——F——t——4—— A=k ——t——A-— - —t——+— - 3
O N O OB | S
g ey R 2
Mnm N | w 4 9
.Q ka) _ _III_ II_ __ _III_III_ __ | __ _III_III_ __ _II| M 3 M
Y mv I g,
N [ 3 S
= —d—— bt A4 —— ==+ ——+ — - g M
bR A T N U R N R N AR |
o RN RN I R NG MR i .w; ) E
I@ | | | | | | | | | | | N =2
S N N O O A O u 1A
9 3 R K=
R ans——— IS
L3 e T L 2D
- P A T T B A B 3 4 %
2 < I ] ] ] ] ] ] ] ] ] - MM u)
¥ . SR

Sl G5 5550 5 slrosls LAP Jao b

Y Jle gl ¥ sty Gis 3l s 2 50 Y B

Y Jlwo srosls ¥ Jous

5999

ST

st))'.g )l..:..w.).la’.io)}a ..\9-‘3 61).3 odwl| Cawdy cb.-) | S u.a‘ BN

X1
1

DMU,

Sl oolazwl JiB e

DMU,

el 003 10 Jgaz o ¥ b suiy a3, gl

0.2

DMU;




G Jadllgl g (SLs e Lo oo

Jow Ll el SaiS AP Jow « ¥ axly (gl a5 040 g0 oanliv
58S a5 e ol C =1 aile ange Ol slls AP,

azly degaze I ¥ asly e so o ¥ axly as 55,46l
G baw dglbgn,aly o Ll oS Bis adla. cov

5,5 i aslllae

L, AP 5 AP el Jae > gl o L3 Jle ale ¥ Jlio dol!

] 00 4§|)‘ ) Lgl.bdjd.} ) G)L.) U"‘ rg....SLsA MLD.A

LCCR Juo wlwl g AP Juw LY Jlo Jo s .8 Jso

OMU_ Juswrss Oy E()) u(j)
1 Ol 20 {3 1xu,
2 e 06694 {1,3} 0.6618u-+03396u,
3 ) 400 {1} Ixu,

.CCR Juw wlwlpAPC Juo LY Jlw Jo s # Jguo

DMU “j:’ A=) u(j) ¢
1 O 2.0 {3} Ixu, 0.0
2 e 06694 {13} 0.6610u,+03390¢W, 0.0
3 e 10 {3 Ixu, 1.0

Vo pls AP Jow 0 ¥ oasly A5 oS $gd 4o alasdle 58 eyl (o
Sl 00 £ J.:‘))AP JJ.A L ..\>‘5 w‘ :L»..:) di:.]l} o Sl 00
WS o S o 1y baosls paides Sl e slas 1S oS

D, 5929 AP Jow ;0 AP (guis a3, Jde 10 39250 Mo
Sg o (il Ll 51 Jow g0 cnliye ooy A A, Oolas
SrSsle b slesp Al ot AP Jas &5
QS o et Sl Hlaie azlg o cape sl AP Jow g
Wil Sb god Jae b

a4, AP Joo slp oad zrhe JSie g0 1 (SO ol #, L
Y ~.\>‘3 Ls.:s‘j &4) U."J.:Lu S prasuo AP J.A.a )| odwe] Cewd
degozme Jlazly (pl Bi> L aS 1> aib cos ¥o plp ¥ Jls (o
eled alold (Jaw og bt o 4 dalllas cow slansg
Sy AP Jow &SIl 10 gl o0 onummiw ollS 50 U aslg
degazmo 51y axly ol wme zalS 1) Goa &b lase wilgsy |
] o.)).ii Bl dxdllas Cou Lgl.‘b»‘s

Srualy urdd 39 4b 1 LHI slusly guds ady) F

&30 9>
G 4, @l AP Jue jo b ple 8 f5e 0 &5 jshailes
Al a2 e 395 Ay a5 5 50 g ST sl Cov slaaslg
sl 5 S e o ooy ile gl |, ko 5 08,5 CBis il
B3 p Joe 4 0gdoe Ll (Shg; AP Jue O &35 sl

min z=9—g[z si+ZSr]+c
i=1 r=1
S.t.
@) 6x, =D A,x;=s =0 Vi
i=1 (AP

(2) z ﬂ’jyrj h Sr+ 4 yrp vr
=1
(B) 2,=sc

A;ys7,s! 20

Slazly (byyre oS5 50 U cope YL oS Joe ool 5o
i se & Bad Al 0 C gl a8 )5 I3 C il adlas cod
L ailioe ante Slozr LI ateen AR Joo (nlpby w0
SR AP Joo 515 @S (o0 S5 ol Joo g o 5l

oy awlgs i o AP 5 C ke il Sas p asly

sy a5, 6,

A .Mjloﬁ.@ AP; g AP sla Jow dunlie 4y aslol o

Lol AP, JAA BN 'a‘ P

I AP 5 AP sl Jue > i o) s aalsl 3 ) Jlo awlsl

] 00 43‘) ) LSLDJS‘)'} B GJL\J U"‘ MS‘SA A.M.\.JLM

BCC Joo wlul AP Juo b)) Jl Jo gl Y Jouz

MU Juswsy g, E()) u(j)
1 O 2.0 {2} Ixu,
2 Ot 10 {1,3t 0.5xuy +0.5xu,

3 S - - -

BCC Joo (bl APC Joo L) Jlo Jo gulis F Jou

DMU Jwecwss 6. E(j) u(j) c

1 e 20 {2& Ixu, 0.0
2 Ok 10 {13} 05xuy+0.5x%xu, 0.0
3 ket 10 {3} Ixu, 1.0




Adgi 5ol ds gosmo jO (ow )y ¢ Sl dlg Lmdd G,k Hl Loold Lidigy Judo jo HIS bvasly guvas

S5 A 0
Bl pladl S sboasly gam ad; glp a5 oledas 5l oslanl
el olyor Mo b aiiS oo adgi Sl degazes SIS axlg
doasly 5l pan glp &8 cwl ol OMUs ) 5l S
1) s 4y Ol ond g 0 Gt el @ bgsye s (53,40l
a5y Jow g bl Jdo 4 pls oVl san ;o 5 ol plxl
JBe das sloop)l5 50 5 sl Fyp s odel s @
5 &> 955 sloasly pagae a3l L allas ol jo .ol oolasul

oanlel plgie 4 1) Gow i 9 gyl Joe daasly ol anss
St 99 0l b oSl ooges Mol (5590 @ Ldoe (15 g9
GRIFIAP gon a5, Jae 55 Sl (al b g 055 axlge

b <

&=y
[1] Charnes, A., Cooper, W.W., Rhodes, E., "Measuring the
Efficiency of Decision Making Units'. European Journal
of Operational Research, 2, 1978, pp. 429-444.

[2] Farrell MJ., "The Measurement of Productive Eficiency".
Journal of the Royal Statistical Society; 120(Part 111):
1957, 253-78.

[3] Banker, R., Charnes, A., Cooper, W.W., "Some Models
for Estimating Technical and Scale Inefficiencies in
Data Envelopment Analysis'. Management Science 30
(9), 1984, pp. 1078-1092.

[4] seiford, L., M., "Data Envelopment Analysis. The
Evolution of the Sate of Art (1975-1995)". The Journal
of Productivity Analysis, 7, 1996, pp. 99-137.

[5] Andersen, P., Petersen, N., C., "A Procedure for Ranking
Efficient Units in Data Envelopment Analysis'.
Management Science, 39 (10), 1993, pp. 1261-1264.

[6] Mehrabian, S., Alirezaee, M., R., Jahanshahloo, G., R., "A
Complete Efficiency Ranking of Decision Making Units
in Data Envelopment Analysis'. Computational
Optimization and Applications, 14, 1999, pp. 261-266.

[7] Charnes, A., Cooper, W.W., Thrall, R., M., "A Sructure
for Classifying and Characterizing Efficiency and
Inefficiency in Data Envelopment Analysis'. The Journal
of Productivity Analysis, 2, 1991, pp. 197-237.



