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Introduction

to use Data Envelopment Analysis in a problematic environment

@ missing data
@ dual-role variable

O risk variable
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Overview of the Literature

@ Charnes, Cooper and Rhodes (1978)

@ Measuring the efficiency of decision making units

@ Banker, Charnes and Cooper (1984)
o Extension of basic models
@ Production process (variables)
@ production approach - Sherman and Gold (1985)
@ intermediation approach - Sealey and Lindley (1997)
@ Missing variables - Smirlis et al. (2006)
@ Dual-role variable - Cook et al. (2006)
@ Risk component

@ exogenous treatment - Ataullah et al. (2004), Chang and Chiu (2006)
@ endogenous treatment - Chiu and Chen (2008), Girardone et al. (2004)
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Data Envelopment Analysis

@ Non-parametric technique based on linear programming for
measuring the relative efficiency of a set of DMUs

@ DEA models differs according to orientation or assumptions on
return to scale

@ An essential topic is how to choose the appropriate inputs and
outputs

@ The analysis of non-efficient units, projection of non-efficient units
on the frontier etc.

@ There exist many improvements of the classical DEA models - quasi
fixed variables, fuzzy variables etc.
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DEA

@ the non-parametric approach for measuring the relative efficiency of
the number of DMUs,

o let DMUy for k =1,2,..., T and let input and output data for
DMUy be X = {xik,i =1,2,...R; k=1,2,...T} and
Y ={yj,j=1,2,..5;k=1,2,.. T}, ui for i =1,2,...R and v; for
j=1,2,...S be the weights of i*" input and j" output, respectively,

@ the relative efficiency score of DMUy can be define as:

S
5 )
o= 2 k10 T (1)

SR uixik
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The multiplier input-oriented model - CCR

@ Charmes et al. (1978),
0 to measure the efficiency score of the under evaluation unit, DMUg
where Q € {1,..., T}

S
max eqQ = Zj:l ViYiQ»
R
s.t. Zi:l uiXiQ = 1,

S vivik — SR uixa <0, k=12, T, (2)
u >0, i=1,2,...,R,
v; >0, j=12,..5.

o DMUgq is CCR-efficient if and only if e* =1 and if there exists at
least one optimal solution (u*, v*) with v* > 0 and v* > 0,

o inefficient units have a degree of relative efficiency less than one.

Lucie Chytilovad Data Envelopment Analysis



Introduction
Methodology Classic DEA
Example of Application Special DEA
Conclusion

The multiplier input-oriented model - BCC

@ Banker et al. (1984) extended the CCR model
@ Convex envelope of data which leads to more efficient DMUs
@ BCC model in dual multiplier form is mathematically as it follows:

S
max eq = ;1 Vj¥jQ — Vo,
R
st Do uixig =1,

stzl Vi¥ik — Z:R;I UiXik — Vo < 0, k= 1, ceey T, (3)
ui >0, i=1,..,R,
VJZOv j:17'“357

vo € (—o0, ),

where vy is the dual variable assigned to the convexity condition
eT)\ =1 of envelopment form of BCC model
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Data Envelopment Analysis with Missing Data

@ Smirlis et al. (2006)

o xj € [xf,x7] and y,; € [yf, yd]

0 xj=xi+ 5507 —x;), i=1,..,m j=1,.,nwith0<s; <1

y,j:erL.—Ft,j(yé-J—yé) r=1,.,s;j=1,..,nwith0<t; <1

@ model is mathematically as it follows:

s.t.

max fo (i, o) = Yoy tir (Vs + thio(¥ s = Vo)) — Hos

> vi (o + Sio(Xjo — i) = 1,

P :“r(yrﬁ + trj(yry - )’rﬁ)) — v (Xb + Sij(Xij'j - XUL))

~Ho < 07 J = 17 ey Iy
vi>0,0<s; <1 i=1,..,m,
1 >0,0<t; <1 r=1,..s,

Lo free in sign.
(4)
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Data Envelopment Analysis with Missing Data

@ gjj = v;sjj and Pri = Hrts

o transformed model is mathematically as it follows:

max fo (i, fio) = Yor—y (r¥fy + Pro(VSo = ¥ho)) = Mo
st 2 (vixge + Gio(Xjo — X)) = 1,

S vy b+ 2 Py = vE)—

iy vixg = 2y qi(xi — xf) — 1o <0,

qij — Vi < 07

prj — Wr S Oa

Uiy fbr > 07

4ijs Prj, > 07

Lo free in sign.

Jj=1,..n,
i=1,..,m,
r=1,..s,
Vi, r,

Vi, r,J,

(5)
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Data Envelopment Analysis with Dual-Role Variable

@ Cook et al. (2006)
o Linear programming form of CCR I-DEA dual-role variable problem:
S
max eq = > Vi¥jQ +Ywq — Bwa,

R
s.t. Zi;l uixio = 1, .
ijl ViYik +’7Wk - ﬂWk - Zi:l UjXik < 07 k = 172a (XXX} T7

up >0, i=1,2,...R,
v; >0, j=12..5,
v=0,
/82 O?

(6)

where wg can serve as input, output or it can be in equilibrium and
~v and (3 are weights for the dual-role variable
o if v* — B* < 0 then the dual-role variable is "input variable"
o if v* — B* > 0 then the dual-role variable is "output variable”
o if v* — B* = 0, then the dual-role variable is at an equilibrium
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New model I.

@ where the dual-role variable is not precisely known

s.t.

max fo(p) =
’VW + CJO( O)U
ZI 1 (V’XUO + qUO( uo - Xuo

e ey + iy =) -
—i—'yw + CJ(W - WJL) ﬂw
qij — Vi S O
Prj — Hr < 07

-7 <0,
bj — 5 <0,

ui’ﬂr77a/8 > Oa
qij)prjvcjvdj Z 07

Lucie Chytilovad

Zr 1 (/“l/ryrjo + pUO(ero
L N dJO( - Wé),
) =1L

Yho))+

EI 1 (V’XU + q’J( _XI:I[T )

= di(w; —W)<O j=1,..,n,
i=1,..,m,
r=1,...,s,
vj
]
Vi, r,
Viyr,j

(7)
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New model II.

@ where the dual-role variable is precisely known

max fo (4, f10) = 27—y (e¥iio + Prio(Vio = ¥io))
+ywo — Bwo,
s.t. ZI 1 (V’X jo + qUO( Uo Uo)) - 1
Zr=1 ey, + Zr=1 Prj (yrl]/ yrj)
-3 vixiJL-—Z;ll q,'j(xu U)—i—’ywo—ﬁwo <0, j=1,..,n,

q,-j—v,-§0, i = ey M,
P — tr <0, r=1,...s,
ui’ﬂr77a/820a Vi, r,
qU,PrjaZ()a Vivrvj
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Input and Output Variables

@ Visegrad Group (Czech Republic, Hungary, Poland, Slovakia)

@ 35 banks (11, 7, 11, 6)
@ Year 2015
@ Intermediation approach

© Bankscope and Eurostat

Table 1: Description of Variables

Variables Description in the balance sheet ~ Unit of measurement
Input Variables
Physical Capital (x; - FA) Fixed Assets Euro
Labour (x2 - LAB) Number of Employees Number
Loanable Funds (x3 - LF) Deposits + Short Term Funding  Euro
Output Variables
Advances (y; - ADL) Loans + Advances to Banks Euro
Investments (y2 - INV) Other Securities Euro
Non-Interest Income (y3 - NII)  Non-Earning Assets Euro
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Conclusion

0 the results give different results, but all are close to each other

@ so far it looks that the model improves the results, but does not
distort them
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Thank you for your attention!
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