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Abstract: Evalnation of efficicney of the DMUs (Decision Mak-
ing Units) in a company is a very important problem. Thus. the
studies of evalnation of efficicucy are heing actively carvied ont on
the basis of the production fimetions, for example Cobb-Donglas
production function and fuzzy loglinear prodnetion function (fuzzy
Cobb-Douglas wodel). Recently, DEA (Data Euvelopement Aual-
vsis) was applicd to evaluation of efficiency, in the sense of bencehi-
marking evalnation. After haviug evalnated DMUs by DEA, we ob-
tain the improvement plan for every input in the inefficient DMUSs.
Though we may not be able to decrease iupits at one time according
to the DEA plau, if is natural to construet some phased inprove-
ment plans for decreasing the inputs. First, we propose to support
the construction of some phased improvement plans by the sensi-
tivity analysis for the evaluated efficiency by application of defiuite
limits to the decrease of inputs. Sccoud, we evaluate this method by
applying it to the case of bauk data.

Keywords: cvaluation of cfficicney, seusitivity analysis, partial
improvement plan

1. Introduction

The evaluation of efficiency of the DMUs (Decision Making Units) in a com-
pany is a very important problem. Because of this, studies of evaluation of
cfficiency are being carried out very actively on the basis of the fornmlations
involving production functions. Recently, DEA (Data Envelopement Anaysis),
Charnes, Cooper, Rhodes (1978), Toue (1993), has been applied to evalnation
of efficiency. After DMUs are evaluated with DEA, we obtain the decrease
plan for every input in the inefficient DMUs. Thongh we may not he able to
decrease inputs at one time according to the DEA plan, it is natural to con-
struct some phased improvement plans for decreasing the iuputs. We propose
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analysis, Sakawa (1985), of the evalnated efficicncy with respeet to the limit of
the decrease of inputs. Furthermore, we try to apply this method to evalnate
a banking problem and explain the consequences for the DMUs with bad DEA
efficiency.

2. DEA based on the possibility production set

The first formulation of DEA has been the fractional mathematical program-
ming meant for the direct estimation of efficiency of the DMUs.  However,
similarly as the direct approach, DEA has beew also formmlated on the basis of
construction of the possibility production set (Tone, 1993). In this section, we
explain the approach of DEA modeling based on the possibility production set.

Assume the input set X; = (25, ....25,) in DMU; (j = 1,...,n) and
the output set Yy = (y51,. .., 45).  We set the iupnt vector uotation to be
X =[X),...,X,] and the ontput vector to he Y = [Y1....,Ya]. The inpnt and

output veetors are supposed to take positive values. Using the data set of DMU,
(X,Y), we define the possibility production set (2,y) as the set satisfying the
following constraints:

A b
y < YA
A 20 (1)
L £ ASUY
wherez € R™, y€ R*, A€ R*, and T =(1,...,1).

By virtue of (1), we constrain the possibility production set in DEA. The
different DEA models have been proposed by varying the L and U. Specifically,
when L = 0, U = oo, we obtaiu the CCR (Charnes-Cooper-Rhodes) model, and
when L = U = 1, the BCC (Banker-Charnes-Cooper) model. Let ns denote
efficiency by ©. The CCR and BCC models are as follows:

2.1. CCR model 1

min ©

st.Ory > XA
y < YA (2)
A >0

When ©F =1 1 (2). we mav have surplus or shortage of inputs or ontputs.
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2.2. CCR model 2

mn® - e(elst+eTs7)
st.Brg — 5T = XX
y+s~ = VA (3)

Mst s >0

2.3. BCC model 1

min ©

st Oxg
Y
efA = 1
A >0

ANRAYS
—
“y
2
=

Again, when ©* = 1 in (4), we way have surplus or shortage of inputs
or outputs. Henee, we formulate the BCC model nsing the slack variables as
follows:

2.4. BCC model 2

min® -  e(e’st +els7)
st. Oz —sT = X\
y+s~ = YA (5)
A = 1

Ngt T 3

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

After having cevaluated DMU; by the DEA method, we obtain the efficiency
rating ©F aud the weight coefficie ut A% In order to avoid the calenlation dif-
ficulties, l(‘t us assuine that the s7 = 0. DEA suggests suchi an iimprovement
plan for inputs that we change inputs from #; to #5A7. After we carry ont this
DEA plan, DMU; becomes cfficient. However, if th(‘ 111:!1(1] efficieney rating for
DMU; is very bad, it is generally iimpossible I.lmt we change inputs according
to the DEA improvement plan at one time. Therefore. we need to construet
some partial improvement plan so as to satisfy a certain level of iinprovement
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improvement plan from the viewpoint of the iinprovement level in this plan in
ters of the efficiency rating for DMU.

Now, let us assume that the decision maker sets subjectively the lower limit
Li( = 1,...,n) for every input 2;(7 = 1,....n). In this case, we can carry
ont the sensitivity analysis for the efficiency rating of DA U; with respect to L;
with min;(#; — L;). When setting up the lower linit L;, we express the added
weight for the weight cocfficient ax AX;. We obtain L; as follows:

Li = (A + Az, (6)
Along with L; we obtain the elficiency rating 9y, as follows:

Al

OL = 3

(7)
Given Oy, as in (7), all the Lj except for L; are calenlated antowmatically as
follows:

Lj = Op,m; (8)

where the calenlated limit in (8) is bigger than the initial setting,

The DEA model is formulated for the cqual significance of every inpnt.
Therefore, after the decision maker sets the lower lhnit L; for sucl inpnt that
is the most difficnlt to decrease, Le/she obtains the other lower limits L; anto-
matically. Thus, the setting rule is as follows:

1. We obtain Af (7 = 1,...,n) by the DEA method.

. The decision maker sclects the input 2, that is most diffienlt 1o decrease.
. He/she sets the satisfving efficiency rating for DMU; at Oy,

. By (6) and (7), he/she obtains L;.

. By (8), he/she obtains L;’s except for L;.

By the above described settiug rule, he/she obtains the partial inprovement
plan that changes 2;(i = 1,...,n) to L;(i = 1,..., n), with his/her satisfving
efficiency rating ©p,.

[uhy B SRR

4. Application of the proposed method to the banking
problem

We tried to apply this method to a banking problem. Along with the application
of the standard DEA to this problem, Sheran, Ladino (1995), di Giokas (1991),
we tried to evaluate onr proposed method. When the DAMU;'s are banks, it is
usual that we set three inputs such as: the total assets, the nmmbers of branches,
and the number of employees, and two ontpnts, namely running carniugs and
net profits, Sherman, Ladino (1995). Otherwise, DMU; can be some branch in
one bank, and then we usually replace only oue iuput; instead of the wmunber
of hranches - the Aoor space of every braucli, di Giokas (1991). When tryviug to
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assets a1 |[branch number 22 employvment rzjrevenue yy|prolit yolefliciency
BANK1 5223 418 19061 241 22| 0.7761
BANK?2 1059 211 6128 45 31 1.0000
BANK3 2326 94 8284 148 17 1.0000
BANK4 5246 565 21600 201 16| 0.8406
BANKS5 4877 368 15701 287 240 1.0000
BANKG6 5073 365 16252 287 28| 1.0000
BANK7 5225 387 17247 281 241 0.9193
BANKS 1829 243 9604 109 9)  1.0000
BANK9 5184 396 14909 274 30 1.0000
BANK10 3086 302 11971 146 14 0.7451
BANK11 2800 437 14436 128 14 0.7479

Table 1. Japanesce National Bauk data

bauk, national bank, cte.). By cvaluating the efficiency for DA}, we obtain
the improvement plau for inputs leading from non-cflicicney to efficiency. In
this context we may consider that it is diffienlt, c.g., to discharee workers at
one time along this DEA fimprovement plan for the brauch with the bad DEA
cfficiency, relative to the decrcase of the othier two inputs. Frour this point of
view, it is natural that DM sets a satisficing cfliciency Tt and construets a
lower partial improvement plan.

We attempted to apply this method to the Japanese national hank data.
There are 11 National Bauks i Japan. We assiume three following inputs: total
assets (in billion yen), branch munber and cinplovinent. On the ontpnt side we
assuine two outputs: reveune (in billion ven) and profit (in billion ven). The
iput and output data and DEA-cfficicucies are shown in Table 1.

In order to show the construction of the satisficiug improveient plan, we
focus on Bank7. Becanse Bauk7 has efficiency of 0.9193, the decision maker
has to set the inputs to oy = 4803, 20 = 350, aud x3 = 15855, in order for the
Bank7 to achicve DEA-cflicicucy. Therefore, the decision maker needs to reduce
2y, mo, w3 by 422, 31, and 1392, respectively, As the decision maker considers
that it is most difficult to reduce the munber of hranclies (2). we try to design
satisficing improvement plan by foensing on .

First, we illustrate the procedure for constrneting the satislicing improve-
ment plan through the dialogue witl the DM by the example from Table 2. At
the beginning, the DM may hope for attaimmnent of the efficieney of 0.98 (Step 1
in Table 2), which would require the rednetion of the muuber of hranches hy 27,
Since this reduction turns out to be too sharp, the efficicney level is decreased
in Step 2 to 0.93. The respective requiremnent of reduction of the munber of
branches (4) scenis to be casily obtainable. and so the DM incrcases i Step 3
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Step 1 | Step 2 | Step 3
S) (.98 0.93 (0.94
a 314 50 109
o 27 q 10
ag | 1047 184 357

Table 2. Constructing the satisficing improvement plan through a dialogne with
the DM about ©; the numnbers denote respective reduction wmagnitudes

Step 1 | Step 2 | Step 3
i 109 82 o0
a9 10 G 1

T3 357 271 184
G] 0.94 0.935 .93

Table 3. Constructing the satisficing improvement plan through a dialogne with
the DM about 2:; the munbers denote respective rednetion magnitudes

of the munber of branches hy 10, acceptable for the DM,

The basis for the dialogue illustrated in Table 2 was the value of efficiency.
Now, in Table 3 a similar dialogne is shown, starting from the cnd point of the
previously illustrated procedure. Here, however, the dialogne refers direetly to
the value of 2; (here, again, x2). As can be scen fronn the table, reduction of
efficiency by 0.01 (1%) correspouds to preservation of G out of 10 branuches to
be liquidated, and so the satisficing solution is reached.

5. Conclusions

After having evaluated DMUs by the DEA, we obtaiu the decercase plau for every
input in the inefficient DMUs. Thongh we cannot decrease respective inpnts
at oue time according to the DEA-produced plan, it is natural to construct
some partial improvement plaus for decreasing the inputs. Thus we propose to
support the coustruction of some partial improvement plans by the sensitivity
analysis for the evaluated efficiency with respect to the limit of the decrease of
inputs. Application of the method for a banking problem is cited as illustration.
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