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Abstract: Since efficiency prediction can help managers tmitor future performance and
detect potential failures, it is important for puotion and operation management. Data
envelopment analysis is comprehensively appliecvaluate the relative performance in
various areas. However, only few studies try t@dasst the relative performance estimated by
data envelopment analysis. We propose a performimmeeasting model that integrates the
multi-activity dynamic network data envelopment Iges and fuzzy piecewise
auto-regression. The proposed approach construbtaamic performance measurement with
the network structure to calculate the catchingffigiency index. The catching-up efficiency
index is further decomposed into the technicalcifficy change and dynamic efficiency
change to capture the effect of carry-over itemise Tuzzy piecewise auto-regression is
applied to regress the possibility and necessitynasion models by catching-up efficiency
index for forecasting efficiency. In this papedaa from banks in Taiwan from 2006 to 2012
are applied. The results indicate that the propaggdoach has highly accuracy rate.
Keyword: Multi-activity dynamic network Data envelopmentadysis, fuzzy piecewise
auto-regression, catching-up efficiency index, aglperformance

1. INTRODUCTION and operation management, because it can monitmefu
To maintain or promote the competitive advantagés i performance and detect potential failures. It uses
important for firms to utilize resources efficigntto forecasting model to anticipate the possible pébhsa
generate outcomes. Performance analysis provides 8pecific time horizon. The forecast information daip
method for managers to diagnose and analyze tie¢ lev managers to avoid potential poor performance in the
of resource utilization. By comparing the relative future.

performance of each firm in adjacent periods, the Although various financial indicators are used to
managers can identify potential performance losaed, assess the performance (Caves, 1980; Megginsoh, et a
then identify the direction of resource adjustmeéitie 1994), they only consider single or parts of openat
performance prediction is also important for pratrc  factors. Even if a performance is evaluated by
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aggregating various financial indicators, the appeaie conventional fuzzy regression model is sensitive to
weights are difficult to determine. However, data outliers in possibility analysis (Redden and Wogdal
envelopment analysis (DEA) allow for the evaluat@in ~ 1994), and the necessity area cannot be obtainsibe
multiple inputs and multiple outputs without preidefg of the large variation in data in necessity analysi
any weights (Charnes et al., 1978). Thus, DEA feenb (Tanaka et al., 1982; Tanaka and Ishibuchi, 1992ptY
comprehensively applied to assess the relativeal., 1999, 2001). Yu et al. (1999, 2001) proposeel t
performance in various areas, such as the babken( fuzzy piecewise regression models to avoid these tw
and Yeh, 2000; Rezvanian and Mehdian, 200sus problems. Hence, it has the applicability to sothe
transit firms (Nolan et al., 2001; Odeck, 2006) forecasting problems in the real world.

government (Hsu and Hsueh, 2008), and schools {Tyag In addition, the efficiency values evaluated by DEA
et al., 2009) However, conventional DEA methods treat models are censored at zero and one. The censatad d
a decision making unit (DMU) as a “black box”. They will increase the complexity of the performance
not only ignore the internal structure of the operal forecasting model. In order to avoid this probletme
process, but also exclude the effect of carry-atems catching-up index (CIE) can be appliéithe CIE is the
between two consecutive terms. Since the struciieen measure of efficiency change (EC) between any two
firm may include multiple activities and multiple adjacent periods. Hence, the values of CIE are not
processes and the operation of a firm is not indepet limited. However, the conventional CIE ignores the
among periods, the effects of inter-connected #ietss  internal structure and carry-over itenhi et al. (2013)
and processes as well as carry-over items should béuilt a dynamic Malmquist model with network struet
considered when evaluating the performance. Inoresp  to explore the black box performance. They decomgos
to these operational characteristics of firms, Yuak the dynamic Malmquist productivity index into th&€E
(2015) proposed a multi-activity dynamic network E and dynamic technical changes (DTC), in which OEC
(MDNDEA) model to incorporate multiple activitiesch can be decomposed into technical efficiency change
multiple processes into a unified framework with (TEC) and network efficiency change (NEC). Sincis th
considering the carry-over items. In order to abtai  paper focuses on the effect of carry-over itemswilie
more accurate performance measures, the MDNDEAmodify the decomposition process of EC to obtairCTE
model should be adopted. and dynamic efficiency change (DEC).

In terms of performance prediction, some studiegha In order to account for the appropriate forecasting
tried to predict the efficiency by combining DEAtlvi  method,this paper proposes a performance forecasting
other predicting techniques. Sueyoshi (2000) pregas  model, which integrates MDNDEA and fuzzy piecewise
stochastic DEA and used the stochastic and cororaiti  auto-regression analyses. Our model includes three
efficiencies to decide the future efficiency. Kawdal.iu phases. First, the MDNDEA model proposed by Yul.et a
(2004) introduced fuzzy concepts into DEA to fodca (2015) is used to estimate the operational effyenver
bank efficiency. Wu et al. (2006) integrated DEAdan various periods. Next, the CIE, that is the prodoftt
neural networks (NN) to forecast the efficiencybadinch ~ TEC and DEC, is applied to calculate the change of
offices of Canadian banks. Hsiao et al. (2010)gratd operational efficiency in adjacent periods. Finalilye
DEA and fuzzy piecewise auto-regression analyses tduzzy piecewise auto-regression is used to foretteest
forecast relative efficiency. Hsu (2014) forecastbd future performance.
inter-fab performance by integrating DEA and The contributions of this paper are twofold. Finse
back-propagation neural network (BPNN). The abovepropose a novel performance forecasting model, lwhic
methods have their specialty and uniqueness, ithwhi integrates the MDNDEA model and the fuzzy piecewise
the fuzzy regression technique can resolve thelinear auto-regression. Second, we decompose the CIE into
problems and is a good forecast method even if theTEC and DEC.
available information is vague. However, the The rest of this paper is organized as follows.tiSec

Ming-Miin Yu, Bo Hsiao, Li-Hsueh Chen <2>

108



2 presents the proposed performance forecastinglmod
Section 3 provides the application of 27 Taiwarteseks
and describes the results. Finally, Section 4 ptestne

conclusions.

2. PERFORMANCE FORECASTING
METHODOLOGY

This paper

proposes a

three-phagerformance

forecasting modeto predict efficiency and to help in

strategic decision-making.

In the first phase, the

MDNDEA model is used to evaluate the operationa
efficiency of each DMU in each period. In the seton
phase, the CIE of each DMU in two adjacent perisds
calculated by dividing the efficiency of each DMUthe
calculation period to its efficiency at the baseiquk In
the third phase, the CIE values of each DMU in the
training sample are applied to forecast its future
efficiency by the fuzzy piecewise auto-regressibhe
notations used in the proposed model are showmlieT

1.

Table 1: Description of notations

Variable /Notation

Definition/Item

T«

>

t t t
Yg.01 0 Y001 Y00

bl

i, 0L

t
Ya.p

(t,t+1)
uij ,OL

Number of DMUs.
Number of periods.
Number of change points.

Number of common input variables.

Number of desirable intermediate output
variables in the investment, loans and
others activities, respectively.

Number of undesirable intermediate
output variables in the loans activity.
Number of desirable output variables in
the profitability process.

Number of undesirable carry-over items
in the loans activity.

Number of discretionary carry-over
items in the profitability process.

The ath common input variable of

DMU; intth period.

The cth desirable intermediate output
variable of DMU, in tth period in the
investment, loans and others activities,

respectively.
The fth undesirable intermediate output

variable of DMU; in tth period in the

loans activity.
The qth desirable output variable of

DMU; in tth period in the
profitability process..

s
jk(j,k=1,...N)
t(t=1,.T)
a(a=1.,n)
c(c=1..m )
e(e=1,.,m),
g(g=1..m),
f(f=1..m)
q(q=1..5,)
i(i=1..r)
[(I=1..r)
p(p=1..P)
ﬁli,OI ! ﬂli,OL'
ﬁ;,oo*ﬂlﬁ,P

j*jt,O| ) A},ou
j*jt,oo'ﬂ*},P

5&,14&

t,t+1 tt+1
71 tec » Tk, pEC

L L L
Yk1ec, Yx.pec, Yk ciE,
U U U
Yk1ec, Yx.pEC, Yk CIE,
L L L
7k tec, "k pec, 7k CIE

u u u
7 tec, k.pec, Tk cig,

DMU,

t+1th period in the loans activity.
The Ith discretionary carry-over item of

DMU; carries from tth period to

t+1th period in the profitability process.
Indexes for DMUs.

Indexes for periods.
Indexes for common input variables.

carries from tth period to

Indexes for desirable intermediate
output variables in the investment, loans
and others activities, respectively.

Indexes for undesirable intermediate
output variables in the loans activity.
Indexes for desirable output variables in
the profitability process.

Indexes for undesirable carry-over items
in the loans activity.

Indexes for discretionary carry-over
items in the profitability process.
Indexes for change points.

Inefficiency scores of the investment,
loans and others activities and the
profitability process okth DMU in tth
period, respectively.

Intensity variables of the investment,
loans and others activities and the
profitability process for projecting

DMU; intth period, respectively.

Indexes for technical efficiency change
and dynamic efficiency change &th
DMU in tth and t+1th period,
respectively.

Catching-up index okth DMU in tth
andt+ 1th period.

The lower bounds of possibility
regression predicting TEC, DEC and
CIE values okth DMU, respectively.

The upper bounds of possibility
regression predicting TEC, DEC and
CIE values okth DMU, respectively.

The lower bounds of necessity
regression predicting TEC, DEC and
CIE values okth DMU, respectively.

The upper bounds of necessity
regression predicting TEC, DEC and
CIE values okth DMU, respectively.

The lower bound of possibility
regression predicting tth  period’s
efficiency values okth DMU.

The upper bound of possibility
regression predicting tth  period’s

efficiency values okth DMU.

The lower bound of necessity regression
predictingtth period’s efficiency values
of kth DMU.

The upper bound of necessity regression
predictingtth period’s efficiency values
of kth DMU.

The ith undesirable carry-over item of
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2.1 Phasel: Efficiency Evaluations includes two processes: operating process and
In this phase, the operational efficiency of each profitability process. The operating process can be
DMU in different periods is generated by using the fyrther divided into three activities: investmertivity,
MDNDEA model proposed by Yu et al. (2015). However, jpans activity and others activity. The originalnumon
Yu et al’s (2015) model is constructed based a® th jnnuts are shared among activities in the operating
operational characteristics of bus transit firms.c8 the process. The intermediate outputs produced by ichaa/
operational characteristics among different indestare  gtivities flow into the profitability process, iuding the
different, the MDNDEA model should be modified to yndesirable outputs produced in the loans actilritghe
suit the bank industry that is applied to illustrétte issue profitability process, the final outputs are gemeda In
of performance prediction in this paper. Before yqgition, the carry-over items exist in the loantivity
modifying the MDNDEA model, the operational ang profitability process. However, in the loansivity,

Chao et al. (2015), the operation of a bank mainly fragmework is shown in Figure 1.
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Figure 1: The operational framework of bank

Based on the notations in Section 2.1, the < ,i .. I
) AoYioa =2 AeYsar C=L....m t=1.T
Z j,01 7,0l JZ:; iPYg ol

operational inefficiency for DMWk can be estimated by =
solving the following MDNDEA model based on the (1.3)
J
directional distance function: Zﬂ} oVio = Vio —site c=1..mt=1.T
T VVO(VVOI t +VVOL' t +VVOO t ) j=1
max 3, = Z\Nt ﬁk,OI ﬁk,OL ﬂk,OO (1.4)
o [ Be Vi
' 1 (Loans activity)
( ) 2 t t t < t t t
Subject to Z/ua,OLj’j o %s S A= Beou Moo X s (15)
j=1 .
(Investment activity) a=1...n,t=1.T
J t t t _ —
Zﬂ;,a /1},0| X;j,s < (1_13;0 ),u;,ol X;k,s: (1.1) Lo <tao <Uag, a=L...nt=1..T (1.6)
j=1 . J J
a=1,... n, t=1..T Zlﬂ}VOLy;',OL = Zlﬂ}ypy;-p“ e=1,... M, =17
]= 1=
Lo <tao <Usq, a=l..,nt=1.T 1.2) (1.7)
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J
zﬂ’},OLy;',OL = y;k,OL _Sél,frc?f' e=1l.mt=1..T
=

(1.8)

J J
D Aabio =2 Ao, f=L..m t=1.T
j=1 j=1

(1.9)
J
D Aobio <byo, f=L..m t=1.T (1.10)
j=1
J
DA UeP <ule?, =1k t=1,..T-1(1.11)
j=1

J J
S Al = S AAUEY, il £= 1 T
j=1 j=1
(1.12)
(Others activity)
J
z (- ﬂ;,m - :uta,OL )ﬂ*} ,ooxtaj s
j=1
<(1- ﬂé,oo )(1- ,U;,0| - /u;,OL )leak s (1.13)

a=1..,n,t=1.T

J J
D AooYso0 =2 A pYs00r 9=1..m =1, T
= =1

(1.14)

J
il yl. — yl _ Sl, free ,
JZ:; j,00 Y gj,00 gk 00 ok , 00 (1.15)
g=1...mt=1.7T

(Profitability production process)
J
DA Yap 2 @4 BepWapr =15 t=1..T
j=1

(1.16)

J
t q(tt+l) _ g tt+D) t 1+1) free
;iJ,PdIJ,P d||<,F’ k,P ’ (117)
l=1..nt=1.T-1
J J
Z ’1},P du{l,gﬂ) = Z ’%le du(l,éf K
= j=1

=1

l=1..5t=1.T-1 (1.18)
(Initial conditions)
J
ZE}OLUI?C:)LI)_ = uili?glz' i= 1! rri (119)
j=1
J
D ARAS =dS =1, (1.20)
j=1
.
2 W=1 (1.21)
t=1
W +w” =1 (1.22)
W +wt +w® =1 (1.23)
Ao Ao Aoordez0, j=1.3 (1.24)
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WHWe W we o w o w® >0, t=1,.. T (1.25)
Sior Sklors Syloo < free, c=1....m,, (1.26)
e=l..m,g=1..m t=1.T

Sepvre:free, I=1...5,t=1..T-1 (1.27)

where s, and s, are the proportions of
common inputa shared to the investment and loans
activities in period t, respectively.
WS w? o w® w® w® and w” are the weights on
period t, the investment activity, loans activity, others
activity, operating process and profitability prese
respectively, and indicate the relative importaotthese
periods, activities and processe§; 6, Sk'or: Si'co
and S{'V"™ are slack variablesL and U are the
lower bound and upper bound on the shared proportio
of the various common inputs. Constraints (1.3)4)1
(1.7), (1.8), (1.14) and (1.15) indicate free lifdetween
the operating process and the profitability process
Constraints (1.9) and (1.10) show bad links betwiben
loans activity and the profitability process. Caastts
(1.11) and (1.12) represent undesirable links betwe
periodt andt+1 in the loan activity. Constraints (1.17)
and (1.18) indicate free links between peti@hdt+1 in
the profitability process. Constraints (1.12) arid18)
impose the continuity condition between two consigeu
periods. Constraints (1.19) and (1.20) accountirihil
conditions which are given and fixed. Based on the
above the measures of various inefficiencies, the
operational efficiency score in peridadcan be shown as
follows:

‘911 =1-[w° (W 'ﬁli,OI + W 'ﬁli,OL +w ﬁ;oo)
+wW Bl k=1...,J

If DMU k is operationally efficient in theh period, 6,
is equal to one.

@)

2.2Phasell: CIE

By Model (1), the operational efficiency scores can
be calculated from period 1 to peridd Hence, we can
further compute the CIE between any two adjacent
periods. Following Lei et al. (2013), the CIE caa b
formed as
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t+1 t+1 t+1 t+1

t+ 1

t+1 t+1 €1+ 1) {1+ 1) 1+ I+ 2) 4 t¢ 15 2
D™ (Xasr Yeon + Yekon Prcon » Yok oo Yicor Oicp Yaer Yor  Gicp

5&,14& —
t t t t t t t-1t t-1t t tt+1 tt+1
D' (Xass Yoo + Yek o 1Pricor » Yok 0o ’ui(k ,OL) 'dl(k,P : 'qu,P’ui(k,(;L)’dI(k,P+ ) 3)
91+1
_ 7k
O
is greater than one as efficiency increasd®raiise, ecomposed as
CIE ter th ffi dweroti d d
it represents efficiency decreases. CIE can behdurt
t+1 7 t+1 t+1 t+1 t+1 t+1 t+ 1
s D (e Yoo » Yexow :Bicon Yo oo Yok p )
k - t ot t t t t t
D" (X5 Yoo » Yeor 1Picor + Y00 + Yok )
4l t+l (Sl t+1 t+1 t+1 €1+ 1) 4 (t+ 1 (gl (t+1t+2) ~ t+1t+2) 1 t+ 1 (pt+ 1 t+ 1 t+ 1 t+ 1 t+ 1
D™ (Xa;,s’ yC§,0| ’yel:,OL ’bfa,OL ’Ygi,oo ’uik,gL ’dlk,P+ 7qu,P’uik,+OL+ ’dlka ’ )/D ’ (Xa;,s'yc;,ol lyelt,OL ’bf;,OL ’ygE 00 rquP
t oyt t t t t (t-1t) A t=1t) |t tt+1) ~(tt+1) tr t t t t t t
D (Xak,s’yck,OI 'yek,OL’bfk.OL ’ygk,OO ’uik,OL ’dlk,P ’qu P 'uik O+L ’dlk F:r )/D (Xak,s'yck,OI ’yek,OL 'bfk,OL ’ygk,OO ’qu,P) (4)
t+1 t+1 t+1
_ P O, /Pk
t t t
Pk Hk/pk
t,t+1 ti+1
= M1ec "7l peC
wi u ixi ici , W
here p, and p* are the measures of By mixing these TEC and DEC coefficients, we can

operational efficiencies for DMWk in periodt and
periodt+1 respectively, without considering the effects
of carry-over items. This two operational efficieex
can be obtained by applying the objective function:
max p, =W’ @ 'ﬁ;,u +wW> 'ﬂli,OL +Wooﬂli,oo +w 'ﬁli,P

, and the constraints identified in Equations
(1.1)-(1-10), (1.13)-(1.16) and (1.22)-(1.28):*/p}

is used to measure the TEC with network structure;
6/ pi™M/(6:/pL) is used to measure the DEC in
order to capture the effects of carry-over items.

2.3 Phaselll: Fuzzy Piecewise Auto-Regression

After Phase II, number off -1 TEC and DEC
data can be obtained respectively. The TEC and DEC
of each DMU will be forecasted by applying fuzzy
piecewise auto-regression, in which numberTof 2
TEC and DEC data are treat as independent variables
of fuzzy piecewise auto-regression respectivelyd an
the Tth data are dependent variables respectively.
Fuzzy piecewise auto-regression will find two rasmge
The first range is estimated by the possibility
estimation model, indicating that the predictedueal
should be included in the regression range. Therskc
range is calculated by the necessity estimationatod
indicating that the predicted values should be et
in the regression range. Hence, we can respectively
obtain four TEC and DEC coefficients for each DMU.

112

further calculate the CIE coefficients for each DMU
and then forecast the future operational efficiefay
each DMU.

Fuzzy regression analysis can be interpreted as an
interval estimation of dependent variables (Yu let a
1999; Tanaka and Ishibuchi, 1992; Tanaka and Lee,
1998). First, an interval, that covers all trainohata, is
computed. Then, and a membership function
constructed based on this interval. We adopt the
quadratic form in Phase Il for illustrating the
forecasting process. Based on the observed pdriod
there are one dependent variabhg,,*, and t—2
independent variablesh=TEC DEC . The linear
interval regression model for DMK with independent
variables using interval paramete® (i=0,...,t—2)
is shown as follows

is

Men' = Ao+ Al ot A1 (5)

where 7," is the predicted interval for DM
corresponding to the input vector
(m™ m2t%,.meh), which is a one-dimensional

input vector for DMUk, and t is the index for time
(t=1,...T). An interval defined by the ordered pair in
brackets is written as follows:

A=[a,a;]=[a:a <a<ay] (6)

where a, and a, denote the left and right
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limits of A, respectively. Interval A can be alserted
by its center and radius as
A=(a.a,)={aia,-a,<a<a +a} @)
where a, and a, denote the center and the

radius, respectively. Hence, Equation (5) can be
represented in detail as follows:

= A+ AR T ALY
= @ocsn Qowkn 7 @rin Awin Men

t-2,t-1

(8)
+oot @ sokn B awgn )’7th
= Uxh ’ka,h )
where
Yoo = aOckh+aickh771t<h2t 1+"'+at—2kh77lj’t? ()]
Yorn = ankh+a']wkh|’7t o 1|+---+at72/vkh|77|<1'§| (10)

where Y, , and Y, , represent the center and the
radius of predicted mtervai],t( ﬁt of DMU k. Then,
the possibility and necessity estimation models are
explored. First, the possibility estimation modahde

expressed as follows:

t-1t

M) = A+ AMETY) +o+ AL
= eﬂc,k,h aONkh * éxkh é i

wkh Ykh

11)
et @ gokn 8 awgn Vi
= Yaon Yoan )
which satisfies the following conditions:
niﬁtc(nt M t=1.T (12)

the width of the
is minimized and includes

In the possibility analysis,
predicted interval (77, ,")”
all observed data. Second,
model can be written as follows:

Ten' ) = A+ A ot Ay
= et)c*kh Aow k. ¥ elc*kh Aoy )7
+ot @ sericn & owein Wk
= Yar Yoicrr )

t-2t-1

(13)

the necessary estimate

which satisfies the following conditions:
, t=1,..T

n')e S e (14)

the width of the
is maximized and is

In the necessity analysis,
predicted interval (7 ).
included by all observed data. The relations of
possibility model and necessity model

expressed as follows:

can be

t-1t

(77 ) SThn S (77k hlt) (15)

Furthermore, the fuzzy regression can be extended
to the fuzzy piecewise regression. We use the aiadr
programming formulation to determine the necessity
area by the piecewise linear interval regressionlgho
as shown in Equation (16).

(’71 2,t— l) — h(nt 21— 1)

{ p,h* (|t2ptlp ph|+77t2pt Ep _ p,h)}
(16)

2ty - is the

where h(z, A +au7 . By,
interval of the necessity estimation model & .
B, =(BynsBun) represents the center and radius of
B, Similarly, the possibility area can be obtained a
Equation (16) by substitutingd,, to B .,
B;,h is the interval of the possibility estimation mbde
of B,.

Let B,, be a change-point. Then, the operation
of piecewise term can be written as follows:

where

(2 ™ P =Py +m P =R,
2
’7|t<h2 pi-tp _ ph, If?]tzm Lp>P a7
0 i ZP P < Pp,h
where P, ={R,.. R, are the values of

variables 7, 2" and are subject to an ordering
constraint B <P, <...<B,, P<N-1.

Hence, the fuzzy piecewise auto-regression
qguadratic programming formulation
follows:-

is shown as

(18)

min ZN:{aOWVh
k=1

Subject to

a1 S (e ™ P -
e Mn T Bpw.

p=1

2
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2
Pon |"'77t ZPitP h)}}
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(Possibility constrai nts)

B
tZtl pc,h t-2-pt-1-p _ t-2-pt--p _
aOch+aich’7kh { (| ph|+77 P)

(18.1)
P-1
{a()wh a:lwh’]liﬁll-'- pWh (| o PP ph|+77t 2_pt1p ph)}} <’7Il<[:1n2+ga
* * 5[—2,[—1 & t-2-pt-1-p _ t-2-pi-1p _p
et ROkt | ph|+ on)
p=1
5t 2,t-1 < B:3w,h t-2-pt-1-p _ t-2-pt-p _ S pt-1t-2 (18 2)
anh+a'lwh K h +z 5 (|77k,h ph|+77 ph) Zn &, :
p=1
P<T-2,vt=1..T-2
(Necessity constraints)
1 BC )
Bocpe + cpellion + Z{ B | on TP - ph|+77l PR p,h)}
i (18.3)
P-1 BW
{aOWh +a1Wh77khzt 1 z{ pw,h* | t-2-pt-tp _ ph|+77t 2pt-tp _ h)}} kh +g
t-2t-1 = BPC t-2-pt-Fp _ t-2pt-%p _
Qo he T Qe llin +z > (|77 ph|+’7 p,h)
p=1
t-2,t-1 & pw,h* t 2 = t—-2- k3 t
anh +a:l.wh 77kh +Z{ PImEP ph|+77 PSR p,h)} Snkjhn_ga (184)
p=1
P<N,vt=1..T-2
where ¢ is defined as a very small number.
. * * P-1
By calculating a,.,,, a.. chh, and wa the = o e + By 2 l+ZBDCh e
lower bound, y,,, and the upper boundy,,, of i (21)
P-1
nkh“ for DMU k can be determined by the following {aOWh Ta,, 77ﬁ hzt 1+z Bowne 77i hz P H’}
p=1
equations. p1
n & > bt 'aOch*—i_a:l.ch*?]Iih21 l+zchh77I1h2 PimP
h:(a00h+atlch77|t<h2tl Zchh’ﬁi}f pra-e p=1 22)
p=1
(19) { t-2,t-1 Sl t-2-pt-%Ep
- A Yy ne Tl +ZB T, n
{%wh"amhﬂiﬁ”““zBpwh i; pt p} p=1 o
All 7. could not lie on[z,, 7,1 -
U _ (3" t-2,t-1 B 2-ptd-p , ,
Vi = (Boc + 8l +Z o ) For any DMUk, we check whether these values

(20) . i
satisfy the conditions that

P-1
t-2,t1 * t2-pt-1l-p
{a()wh-'-aiwh’]kh ZBpwhﬁkh }
p=1

t

u U L L
Yiree 2 Trec 2 Firec 2 Yiree @Nd

Any 7t will lie on [yt 720

) U L L
7k.pec Z Ty pec = Ty pec = Yk pEC -
Similarly, by computinga,,., &.., B,,,and If these two conditions are satisfied simultanegusle

B,wne» the lower bound 7Ty,, and the upper bound, can further calculate the possibility and necesaityas

;zkh, of 77k M for DMU k can be determined by the of CIE as

h

following equations. (23)

(24)

L
Ykcie = Y« 1EC * YK DEC

U
Ykcie = Yx1EC * YK\ DEC
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(25)
(26)

where y.e and .. are the lower and upper bounds

Lo L L
7x.cie = 7k 1eCc Tk DEC

U _ U u
7x.cie = 7k 1eCc Tk DEC

of possibility areas ofs, ™ for DMU k, while 7

and 7., are the lower and upper bounds of necessit, PL

areas of 5, ™ for DMU k. Then, the four operational
efficiency values,v;,, @, @,,, and v;,, in thet
period can be obtained by multiplying the operaio

efficiency value, 6" , in the t-1 period to
Yece T  Teae » @and 7 e , respectively. Moreover,
we check 6 €[v.. @] or 6 elm,, v ] . After
validation, the time horizon is shifted from to t+1
period to forecast the operational efficiency ofclea

DMU.

3. FORECAST RESULTS

3.1 TheData
To demonstrate the validity of the proposed apgrpae

Table 2: Summary statistics of inputs and outputs

Unit: million NTD

Variable Mean Std. Dev. Max Min
oC 22,262 29,876 362,799 2,106
CUE 5,008 390 18,372 248
I 284,115 514,066 3,841,931 2,232
629,715 560,472 2,183,508 69,284
WO 7,371 5,746 26,542 574
NPL 6,472 6,596 37,452 118
BV 3,568,241 9,734,540 78,394,200 56
IN 22,045 18,380 86,859 2,218
NIN 11,054 7,494 37,915 49
EPSNTD) 4.90 2.68 12.89 0.02
NW 69,030 55,307 263,734 15,522

3.2 Efficiency Prediction

First, the operational efficiency scores from 2666
2012 are evaluated by Model (1). All banks don'véna
full efficiency during the sample period. Then, G,
TEC and DEC can be calculated by Equations (3)(4nd
! Finally, the fuzzy piecewise auto-regression isdut
forecast the efficiency of 27 banks in 2012 in Taiw

Since the CIE ranges are obtained from the TEC

conduct an empirical study to analyze the data of 2 @nd DEC ranges, the possibility and necessity aoéas

banks from 2006 to 2012 in Taiwan. The panel data s

TEC and DEC should be calculated. The possibilitgt a

collects from the Taiwan Economic Journal Data Bank pecessity estimation models of TEC obtained from

Following Chao et al. (2015), we select operatingts
(OC) and capital utilization expense (CUE) as commo
inputs, which are shared among the investmentifgtiv
loans activity, others activity and profitabilityrqress

Investments (1), performing loans (PL) and business

volume (BV) are treated as the desirable interniedia
outputs flowing from the investment, loans and othe
activities to the profitability process, respechyve
Write-offs (WO) is the undesirable intermediate puuit
flowing from the loans activity to the profitabifit
process. Interest income (IN), non-interest inckN)
and earnings per share (EPS) are selected asrihle fi
outputs for the profitability process. In addition,
non-performing loans (NPL) is the
carry-over item in the loans activity. Net worth\{iyl is
the discretionary carry-over item in the profitail
process. Table 2 presents the descriptive statisfiall
variables used in this paper.

115

undesirable

Model (18) is written as follows:
nfﬂﬁ””z[0.8870,0,0.173]9+[ 0,0,0.00p7 122"

(00,0016
+[0,0,0.005872%%.24 ESP,

(27)

P-1

where ESR =% 2
P "'77lt<,7T2Ei<:thilip - Pp,TEc)
The first value in the square bracket represemsémnter,
the second value represents the necessity radidshe
final value is the possibility radius.
Similarly, the possibility and necessity estimation
models of DEC obtained from Model (18) is show as

ch,TEC ( t-2-pt-1-p _ P
k,TEC p,TEC 2

1 Due to limited space, the values of operationfitiehcy,
CIE, TEC and DEC are not presented. They are available
from the author upon request.

2 The values of ESP, among 27 banks are different. Due to

limited space, the values oESP, are not presented. They
are available from the author upon request.
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follows: After validation, the 2012 operational efficiency
neoee '=[0.3351,0,0.135P+[ 0.1711,0,0.042&7%*"  scores can be forecastedy ,o;,, @y 0100 @y 20120 AN

k,DEC

+[0.2768,0,0.028152:2° Ue012 Can be obtained by multiplying the operational
+[0.1129,0,0.01 692, efficiency value, 67", 10 7 ce » Tooe » Toce » and
, U . . -
7eae » FESpectively. The results of efficiency prediatio
+[0,0,0.01682%%:2+ ESP, e

are shown in Table 4. The final row reports theualct
values of operational efficiency in 2012. The résul
show the accuracy rate is 100%. In addition, our
approach can predict the trend of efficiency chanfje
the actual value of operational efficiency lies on

Furthermore, using Equations (23)-(28), the lower [5Y )Y 1 the trend is up; whereas if the actual value
and upper bounds of possibility and necessity area®f operational efficiency lies ofvy,,, @5,,] , the trend
(Faes o, Thae and 2V ) of 52021 for is down. The results indicate that 11 banks (8,7, 8,
13, 14, 20, 24, 26 and 27) have the upward tremnas] 6
banks (3, 4, 5, 9, 10, 11, 12, 15, 16, 17, 1821922, 23
and 25) have the downward trends.

(28)

p-1 ch,DEC (| t-2-pt-1-p _ p |
where ESP, = z 2 k,DEC poec|| 3

p=1

t-2-pt-1-p _
*+77x pec Pp,DEc)

DMU k can be obtained. The validating ranges of
52! are represented in Table 3. The final row in

Table 3 reports the actual data. The results ijethe Table 4: The comparison of observed efficiency and

validation of the proposed forecasting approach. predicted efficiency
L L V] (V]
Table 3: Validating CIE index Bank  Ux» @ane T Ve 07
L L U u 2010,2011 1 0.4916 0.8092 0.8092 1.0000 0.9999
Bank 7 i i Y ° 2 04902 0.8081 0.8081 1.0000 0.8758

0.5924 0.9425 0.9425 1.3727 0.8659
0.5687 0.9140 0.9140 1.3407 0.9877

1 3 0.6021 0.9464 0.9464 1.0000 0.8612
2 4 0.6300 0.9912 0.9912 1.0000 0.7958
3 0.7203 1.1055 1.1055 1.5723 1.0010 5 0.6191 0.9808 0.9808 1.0000 0.8972
4 0.7221 11034 1.1034 1.5652 1.2200 6 0.5648 0.8912 0.8912 1.0000 0.9173
5 0.7172 1.0982 1.0982 1.5595 1.0401 7 0.4508 0.7370 0.7370 1.0000 0.8977
6 0.7513 1.1363 1.1364 1.6007 1.1431 8 0.3877 0.6529 0.6529 0.9863 0.8458
7

8
9

0.5961 0.9503 0.9503 1.3865 1.0491 9 0.6056 0.9572 0.9572 1.0000 0.8541

0.5309 0.8624 0.8652 1.2772 0.9107 10 0.5901 0.9380 0.9380 1.0000 0.8895

0.7074 1.0838 1.0838 1.5402 1.3020 11 0.5887 0.9343 0.9343 1.0000 0.8501
10 0.6855 1.0593 1.0593 1.5142 1.0557 12 0.5975 0.9407 0.9407 1.0000 0.8563
11 0.6780 1.0558 1.0558 1.5148 1.0158 13 0.5586 0.8870 0.8870 1.0000 0.8946
12 0.7253 11093 1.1093 1.5745 1.0643 14 0.4805 0.7753 0.7753 1.0000 0.7917
13 0.6814 1.0540 1.0540 1.5075 0.9572 15 0.5990 0.9410 0.9410 1.0000 0.8285
14 0.6429 1.0064 1.0064 1.4505 0.9190 16 0.5679 0.8795 0.8795 1.0000 0.8066
15 0.7228 1.1066 1.1066 1.5716 1.0584 17 0.6189 0.9680 0.9680 1.0000 0.8710
16 0.8081 1.2063 1.2100 1.6884 0.9999 18 0.5682 0.9108 0.9108 1.0000 0.8475
17 0.7378 11226 1.1226 1.5879 1.0186 19 0.5927 0.9446 0.9446 1.0000 0.8641
18 0.6557 1.0238 1.0238 1.4729 1.0017 20 0.5133 0.8313 0.8313 1.0000 0.8604
19 0.6964 1.0770 1.0770 1.5392 1.0274 21 0.5601 0.8825 0.8825 1.0000 0.7934
20 0.6431 1.0101 1.0101 1.4595 1.0019 22 0.6383 1.0000 1.0000 1.0000 0.8558
21 0.7440 1.1301 1.1301 1.5964 1.1209 23 0.6793 1.0000 1.0000 1.0000 0.8492
22 0.7529 1.1455 1.1455 1.6185 1.1580 24 0.4930 0.7961 0.7961 1.0000 0.8749
23 0.8141 1.2163 1.2163 1.6990 1.0318 25 0.5948 0.9482 0.9482 1.0000 0.8788
24 0.6657 1.0415 1.0415 1.5006 0.8846 26 0.5037 0.8072 0.8072 1.0000 0.8471
25 0.7115 1.0879 1.0905 1.5469 1.1382 27 0.3886 0.6557 0.6557 0.9917 0.9054

26 0.6846 1.0595 1.0595 1.5149 0.9071
27 0.5094 0.8377 0.8377 1.2470 0.9008

w

Similarly, the values ofESP, are available from the author
upon request.
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4. CONCLUSIONS [5] Hsiao B, Chern CC, Yu MM, and Tzeng GH,
This paper develops a performance forecasting Efficiency predictions by fuzzy piecewise

model by integrating MDNDEA and fuzzy piecewise  auto-regression, Journal of Information Management,

auto-regression. The advantages of the proposed 17,197-220.

approach are: First, the operational efficiency is[6] Hsu CY, Integrated data envelopment analysis and

evaluated under the consideration with the internal neural network model for forecasting performance of

structure of operational process. Second CIE is wafer fabrication operations, Journal of Intelligen

calculated by the relative operational efficiendieghe Manufacturing, 25(5), 945-960 (2014).

two adjacent periods to avoid the limitation ofi@éncy [7]Hsu FM, and Hsueh CC, Measuring relative

data. Third, CIE is decomposed into TEC and DEC to  efficiency of government sponsored R&D projects: A

excavate the effects of carry-over items. Finatlye three-stage approach, Evaluation and Program
interval estimation can be used to forecast efficyeand Planning, 32, 178-186 (2008).

explore the trend of efficiency changle conducted an  [8] Kao C. and Liu ST, Predicting bank performance
empirical study using real data from 27 banks iiwaa with financial forecasts: A case of Taiwan
from 2006 to 2012 to demonstrate the validatiorthef commercial banks, Journal of Banking & Finance,

proposed approach. The results indicate that the 28(10), 2353-2368 (2004).

proposed approach for performance prediction hgb hi [9] Lei M, Zhao X, and Tone K, Dynamic network

accuracy. Malmquist model based on green input-output table,
However, there are some limitations in this paper.  Workshop on DNDEA 2013, 11-20 (2013).

First, the effect of network structure is ignordiem CIE ~ [10] Megginson W., Nash R, and Matthias van

is decomposed in this paper. Second, the technical Randenborgh, The financial and operating

change could affect the performance movement. performance of newly privatized firms: An

However, our performance prediction does not casid international empirical analysis, Journal of Financ
the effect of technical change. Future research can 49, 403-452 (1994).
further investigate these issues. [11] Nolan JF, Ritchie PC, and Rowcroft JR, Measuring

efficiency in the public sector using nonparametric
frontier estimators: A study of transit agenciesha
USA, Applied Economics, 33, 913-922 (2001).

[12] Odeck J, Congestion, ownership, region of
operation, and scale: Their impact on bus operator
performance in Norway, Socio-Economic Planning
Sciences, 40, 52-69 (2006).

[13] Redden DT, and Woodall WH, Properties of certain
fuzzy linear regression methods, Fuzzy Sets and
Systems, 64, 361-375 (1994).

[14] Rezvanian R, and Mehdian SM, An examination of
cost structure and production performance of
commercial banks in Singapore, Journal of Banking
& Finance, 26, 79-98 (2002).

[15] Sueyoshi T, Stochastic DEA for restructure
strategy: An application to a Japanese petroleum
company, Omega, 28, 385-398 (2000).

[16] Tanaka H and Ishibuchi H, Possibilistic regression
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