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Abstract: Evaluation of e!ficicnc~' of t lw Dl'vl Us (Dc1:ision :Od ak­
ing Units) in a comp<u rv is a vny in1por tant. prohk111 . T lilts. tlw 
studies of evaluation of dficicucy arc IH ~ ill ).!; actively c;trri<·d o1tt. on 
the ba..'iis of the product.iou fuuctioiis, for cxa n1 pk C:o hl>-Dolt).!; las 
production fun ction awl fuzzy lo).!;liucar production fuw :tio11 (fuzzy 
Cobb-Douglas l!lodel). Ilcccut ly, DEA (Data Envclop<'li1Cn1. Awd­
ysis) was applied to cvaluat io11 of dficicuc v, iu tlw seuse of I H'!l(:h­
l!l a rking evaluation. After lmviug < ~valuated D IVIUs by D EA, \Yc oh­
taiu the improvcmeut piau for < ~very inpu t iu t he iudfici<•nt D J'viUs. 
Tlwugh we tuay uot he able to dccn•ase inpu ts at one ti1 1H ' <t< Tord iu).!; 
to the DEA piau , it is natm aJ to coustrnct so111< ~ phased iuqwovc­
Inent plans for decreasing the inpu ts. First , w<~ propose t:o support 
the constr11<:t iou of son1e pha::;<'d iu1prowiucut plaus by tlw seusi­
tivity aualysis for the evalua ted dficieucy by applicat ion of ddiui t<· 
lillli ts to the decrease of iupu ts . Secoud , we <'valua.t<· t his nwt hud hv 
apply iug it to t lH ~ case of hank data. 

Keywords: evaluation of dfici<'ncy, s<•nsitivity anetl~rsis , partial 
improvement plan 

1. Introduction 

The evaluation of dficic!l(:y of the DMUs (Decision lVIR.kiug Un its) iu a coll1-
pany is a very important prohkiii. l3<!e<luse of t his , studies of <'VH]uation of 
d ficicucy are being carried out very actively 011 tho h;t...; is of Lh<' fonuul atioiis 
iuvolving production fuw:tious. Ilccently, DEA (Data Euvclop<' IJ JCllt Auet.vsis) , 
Charll(;s , Cooper, Illwdcs (1978), Toue (1 990 ), lws l>e< ~ ll applied to <! valua tiou 
of cfficieucy. After DMUs arc evaluated with DEA, we ohta.i11 t!J<' d< ~crcasc 

pla n for every inpu t i11 the i11efficicut D l'viUs. ThoH).!;h we Iuay 11ot h< ~ a hlc to 
decrease inputs at one tim<~ accordin).!; to tl1e DEA piau , it is W1t m al to coll­
stmct some pha.'ied improvement plans for dl'creasi11g the iupn ts. Vvc propose 
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aualysis, Sa kawa ( 1980), of the cva lna t<'d <!~Fici<'w : .. ' wi t h r<'spcd to ill(' I illli t of 
the decrease of inpnt:,;. Fmtlwnuorc, we try to apply thi:,; nidlwd ro ('\'<1.1natc 

a banking prohklll awl cxplaiu the <:ollHCCJll<!llC!!S for tlw D l'viUs with had DEA 
efficiency. 

2. DEA based on the possibility production set 

The first formulatio11 of DEA has hc<~ ll the fractiou!l! ItJ a.tlwiiJatiutl progTain­

ming wea.11t for the direct c::;timatimt of cHi('i<!Ucv of the DMUs. How<'v<'r , 
silllila.rly a::; the direct approach , DEA has lH!Cil a.lso fomntlat(!cl 011 t!J(' ],;,sis of 

coustrnction of tltc possibility prodnctiou set (Touc, 1903 ). Iu Litis sc!'l;iou, we 

explain the approa.dt of DEA llJockliug l>ascd 011 tltc pussihilit~r proditcl'.ioll s<!t. 

A::>Slli!tC the iupnt set xi= (.Til:· ··, :l:j,n) iu DMUi (.j = l, . .. , n) awl 
the output set Yi = (Y.il, ... , Yis )· vVc sd. tlw iupnt vector uutatiou to he 

X= [X1, ... , Xn.] and the outp nt vector to he 17 = [Y1, . .. , Y11 ] . Tlw iupnt aud 
output vectors arc snpposccl to take positive va lnc:,;. Using t ltc data sd of D!viU , 

(X, 17 ), we dcfiuc th<! possibility prodnctiou sd. (:1:, y) as i]J( ~ set satisfy iug the 

following constraints: 

.1: > X).., 
y < };).., 

).., ~ () (1) 

L < eT)..,:::; U 

where :r E Rm , y E R 5
, ).., E R'", alJ(] P-T = (1, ... , 1). 

By virtne of (1) , we constra in thf! p ossibility prodnctiou sd. iu DEA. Tltc 

different DEA models have bccu propos<!d l>y varyiug tlw L awl U. Specifically, 

whcu L = 0 , U = oo, we obta iu t he CCJ1 (Cha.nws-Coopcr-Wwdcs) 1t1udd , aud 
when L = U = 1, the BCC (Daukcr-Chanws-Coopcr) liJodcl. Ld Its rktwtc 

cfficicucy by (0. The CCJ1 and BCC utOdds a.rc as follow:-;: 

2.1. CCR modell 

rniu (-) 

."if. tho > X).., 
y < ); ).., (2) 
).., ~() 

When (.:..) • = 1 in (2). we ma.v !taw :-; tunlns or sl!Orta.l.!T uf i111m t :-; ur Olll'.pnt:-;. 
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2.2. CCR model 2 

miu (.:.) 

st. (-1.?: 0 - s + 

y + .~ 

A, s+ , .,- 2: () 

2.3. BCC model 1 

miu E:-) 

st. C-h:o > iA 

y < )7A 

eT A 1 

A 2:0 

( T + T - ) er- s + e s 

}{A 

)7 A (0) 

(1) 

Agaiu, wheu (-) * = 1 iu ( 4), we I nay have snrplns or sl10rtng<~ of inputs 
or outputs. Heucc, we fon111 date t he BCC lllodd nsiug tl1c slack vari<1 hl c~ as 
follows: 

2.4. BCC model 2 

min (-1 

.~t. c.:.ho - :;+ 

y+ s-

eTA 

A, s+,.,- 2: () 

( T + T - ) e e.~ +e s 

(5) 

3. Sensitivity analysis for evaluated DMUs with respect 
to the limit of input decrease 

After having cvalnated DMUi by the DEA 11 wtlJOd, w<: ol>t<t.iu tl1c cfficieuc:y 
ratiug (-)j allCl the weight codficieut Aj. Iu order to avoid the cak 1datiou dif­
ficulties , let. us asstll!JC that. t he s+ = 0. DEA sngp;csts sud1 a.u il!lprovcii!Cllt. 
piau for inputs tlmt we change inpnts frow :l:i to .ii Aj. After we carry ont tl1is 
DEA plan , DN!Ui hecon ws efficient. Howeve r , if tlw iui t ia l dficicw :v ra.t. i11g for 
DMUi is very bad, it. is gf~Iwrally iwpossil>lc tl!itt we dJaHgc il!pnLs nu:ordill).!; 
to t he DEA irnproVClllcUt. plan a t ouc t.i JIJC . Tlwrdore, we ll<'<'d to coustmct. 
some partial improvclllent plan so as to snt isfy a certain lcvd of iJJlj)n>V<'IIJ Cilt 
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impruvcmeut piau frorn the viewpoint of tlw inq)l'ovc~ nt<'nt lcvl-1 in tltis plan in 
tenns of tlw efficiency ratiug for D 111 Ui. 

Now, let ns assmnc that t lH' decision tnakcr sets suhjectivdy tlw lower lilllit 
L;(i = 1, .. . ,n) for every iuput .?:;(i = 1, ... ,n) . Iu this case , we cau carrv 
out the sensitivity aua.lysis for tlw cffic icw:y ratiug of Dl\JUi witl1 rcspcd , to L; 
with min;(x;. - L;) . 'Wltcn setting up tlw lower limit L; , w;~ < ~xpn~ss the addl'd 
weight for the weight cocfficicut a,:-; !:::,.)... .; . 'vVc ohtaiu L; as follows: 

(G) 

Along with L; we ohtaiu the dficicw:y rat.iu,e; (-) L, as follows: 

e = ),; 
L; ),* + !:::,.), 

1. 

(7) 

Given eL; fl.'i in (7), a ll the Li except for L; arc caknla.tcd H.IILOIII<I tically as 
follows : 

(8) 

where t he calculated liuJi t iu (8) is bigger thau tlw iu itial sdtiug;. 
The DEA rnodd is fommlat<xl for tlw equal si,e;nifintucc of ~~V<T~· input. 

Therefore , after the decisiou 1W1kcr sets tlw lower li11 1i t. L;. for 'nwl1 inpnt that 
is the most difficult to decrea.<; < ~, ]J(' / slw obtains the other lowl'r lin1it.s Li anto­
rnatica lly. Tlu1s, the setting nde is as follows: 

1. We obtaiu A7(i = 1,.,., n) hy tlw DEA utetlwd. 
2. The decisiou maker sdects the iupnt :t:; that is Jttost di tficnlt t.o decrease. 
3. He/she sets tlw sa.tisfvin,e; efficiency rat ing for DJ\.JU; at (-) L;. 

4. I3y (G) awl (7), lw/shc obtaius L; . 
5. I3y (8), be/ slw obtains L-;'s except for L;. 
I3y the above described scttiug mk, lw/ slw ol>taius tlw pa rt ial iltJ]>I'OVCIIICll t 

piau that changct-~ :~:; ( i = 1, ... , n) to L; (i = L .. , , n), with his/ll('r satisfyiu,e; 
efficiency rating (-) L;. 

4. Application of the proposed method to the banking 
problem 

We tried to apply thit-~ !llcthod t o a bankiug prohl<'Itl. A lou,e; with t.IH' application 
of the standard DEA to this prohlc1n, S!JCnnau, Lacliuo (1000) , di Giokas (1001) , 
we tried to evalnate om proposed mctlwd . vVlwu the Dl\.JUi's arc i><lllks , it is 
nsua l that we set three iuputs snch as: t lw total a.-;sets , the ll1lllllwrs of braw :het-~ , 

and the mtrnbcr of employees, ami two ontp11ts, ua11idy muuing <'amiu,e;s awl 
net profits, Sherman, Ladino ( 1005)' Otlwrwisc, D .AJ ui CCI! I he SOlllC hra lJl :!J ill 
one ba.11k , a mi theu we usually replace oulv OllC i11pnt; iustcad of t he llllllli><:r 
nf hr::mr:hes- t.hc~ Aoor snacc of cvcrv lnam:l1. di Ciokas (1001) . \tVItr'It tryi11,e; to 
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assets :~: 1 branch number :1:2 entployttl<~llt. .r~ rcVClllll~ )/1 profit u~ dlicif'tlCy 

BANKl 5223 ;118 J906i 241 :22 0.7761 
BANK2 1059 211 Gl28 4.) :) 1.0000 
BANK:3 2326 g,1 8:284 148 17 1.0000 
BANK4 5246 565 21GOO 2Gl lh O.SIOG 
BANK5 4877 368 1f> 701 :287 2-1 1.0000 
BANK6 507:1 :)65 L6252 287 :2S 1.0000 
BANK7 522-5 :387 17:2·17 281 2,1 0.919:1 
BANKS 1829 243 960,1 109 9 J .0000 
BA~K9 5184 :J96 WJ09 27<1 :)() 1.0000 
BANKlO 3086 302 1 LSJ71 [ tj() 1-J 0.7ti5J 
BANKll 2800 tl37 144:36 128 L'l o.rn9 

Tahk 1. Japane.;c Nn.l.iomd Bm!l;: d<tl.a 

1 >ank , national hank , ct. c.). By cy;t] natiug t:lw dflci('llt·v for 1J J\1 li1 , \\"1~ ol >Laiu 
t lw improvCJllcnt pi au for inpnts lcadiug froJtt llOJt-c lflc ieucv I o l'!ficil 'l!IT. lu 
this coutext we lll ay consider tltal. it is dif·ficnlt , e.g., to disd~<n·,!.';t' workt'rs a t. 
OIH' tilllc aloug tltis DEA illtprovcntcJt!. piau for Llw hraJtt·lt ,.villt 1111' J,ad DEA 
cfficicucy, rclativ(' to t.IH' dcncas<' of tlH ~ otlwr l.wo iuptll.s. FwiJJ i.ltis puiul of 
view , it is natural Llmt DJ'vl sds a satisfi('illg dficicw·y lit JJ it. iiiHI t·u!tsLrnct.s a 
lower parti ;:d illtprovCJIICHt piau. 

\Ale attempted to a.pply t.!tis tnC'tl!Od tu Llw J a p;tJtcsc uat.iuwr.l lmuk data. 
Tltere a rc 11 Natioual Bauks iu Japa!J. \V<' <tssttllll' titre'<' followiug iuptt Ls: tot.a l 
assets (in l>illion yeu), hraw:IJ J!llltli>er <tud t'lltplovJJJCIJI.. Ou t.lw t>JJt·pllL side we 
assllti\C two Olltpllts: rcvcullc (iu !Jilliuu \UJ) aud profit (iu l>illiuu ,.<'11 ) . Tltr. 
iupllt aud Olll.pllt data aJHI DEA-dficieucics rtr(' sltuwu iu ' l ~t i>k l. 

lu order to show tlw cuustrnct.iuu uf tlw sat.ishciug itti]XUVI'Illl'lll piau. we 
fuuts Oil l3auk7. Dccal!s(' Dauk7 ltas dftcicw:y of (UJI 03. t.lw dt't:i.~iou It raker 
lms to set Lite iupnt.s to :1: 1 = :JSO::l , :1:2 = :-l~> (i. au d :~: 3 = l!"JKf>:i. iu •>rdc 'r l'or t.lw 
I3 a.JJk7 to achieve DE/\-dflci<:ucv. TlH'rdon~ , t.!J c dct·isiou llt<tkt'JIJI'l'ds to r<'dllt:l' 
:~: 1 , 1:2, :ra hy 1122, ~n . allll l:l02 , rcspcnivclv. /\s ilw decisiou Jttakt'l t·uusidc ~ rs 

tlu-l.t it is lJlost dif·ficlllt Lo J'('dl!cc Llw l!ttl!tlll'r of lmuH:ltes (:r:] ) . we t.rv to dc'sigu 
satisficing ilttprovctncut piau i>v focllsiug ou T 1 . 

First, we illllstratc the pmc:cdllrr. for coJJ.'->trliC:t.iug tltc sat.islil'iilg itllprovc­
lt\Cttl, pla.Jt througlt th(' dialogllc witlt tlw Dfd hy th(' cx<lltrplc fm111 Tr~hlt' 2. AI. 
t he l>cgiuJJiug, the Dl\ lnwv !tope for attilillllH'ttt. of t.hc~ dfici( ~J w\· of O.IJR (SI<'p 1 
iu Ta.hlc 2), whic:l1 wonld rt:f[ltin: Lite r<'dllt:l.iuJI of t.lw Jtlllttl)l'r of lmti tcl !l's 1>\.- '27 . 
Sine<' this n'dlldiou tmJJs ol\1. to he l.uo sharp. liH' t:lficicltn· \('\"t'\ is d<'nt:<IS<'d 
iu St('p 2 t.o 0.9:l. The' rcspccti V<' l'<'(jllilt:IIH'l\1. of rt'dtw t.i uu or till' llltlldll'r of 
hraw:l ws (4) se<'lllS t.o he easily oht.aiual>le . <llld so tire .DM iJIITC'iiS<'s iu S tep:) 
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Step 1 Step 2 Step 3 
(.:.) 0. !)8 0. !)3 0.!)4 

:rl 314 GG 10!) 

:r2 27 4 10 
.?:3 1047 184 3G7 

Table 2. Const m ctinp; t he satisficiup; ilnprov<' lllCllt p la n t h roup;lt a dialogu<' witl1 

the DM a bont 0); the uurnhers denote rcspcct iv<~ rcdnct. iou ltJ R.guit udcs 

Step 1 St<'p 2 Step 3 
.1:1 10!) 82 GG 
~:2 10 (j tl 

~:3 3G7 271 184 
t-) 0.!)4 0. !);)[j 0.!)3 

Ta ble 3. Constmctiug t ltc satisficiug illlprove HJ cut pia u throngh a dia.lug-nc wit h 
the DM about .1: 2 ; tlw lllllrtbcrs cl<mutc n~spcct i vc reductiou lJi agui t udes 

of the llltl!lbcr of braudws by 10, acccpta hk fo r the D!vi. 

The basis for tlw dia logue illm:tmtcd iu Table 2 was t!H' valitc o f dfic:iency. 

Now, iu Table 3 a silllilar dialogue is slwwu , startiug frulll t he cud poin t of t bc 

previously illustrated procedmc. Her(\ lwwevcr , t.lw dia log ue rdns dir<Ttly to 

the value of :r; (here, agaiu , 1:2 ). As cau he seeu fro lll t lw tahk, reduction of 
dficie!l(:y by 0.01 (1%) c:orrcspowls to prcscrvatiou of (j out of 10 l>r<tlld Jcs to 
be liquidated , and so t lw ::;atisfi ciug ::;olnt ion is nw:lwd. 

5. Conclusions 

After having evaluated DMUs by t lte DEA , vvc obtaiu t l1c decrease plan for <'\'cry 

input in the inefficicut DJviUs. T lwngl1 we uwuot decrease respedivc i11puts 

a t one ti me according to t be DEA-produc:cd pl a.11 , it is na.tmnl to c:om:tmct 

some partial improvcl!lcllt pla n::; for dccn~asiug t be iup t1ts. T lms we propose to 

:mpport the constmctio11 of ::;owe partial illl])l'OVeJucut plaus by tlw s<~m:itivity 
a nalysis for the evaluated dficiew:y witl1 respect to tlw li m it of tlw decrease of 

iupnts. Application of t be uwtlwd for a ba.ukiug problcu 1 is cited a:-; illllstratiou . 
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