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Abstract

Data envelopment analysis as an effective approach to evaluate the relative efficiency of decision-
making units, recently applied for developing production plans in terms of resource allocation and
target setting in many production and operation systems. Most of these systems are of network struc-
tures where the outputs from a given stage are intermediate measures which form the inputs for the
next stage. This paper proposes a new k-stage DEA based multi objective linear programming model
for target setting in the serial network structures, considering undesirable outputs. Since the proposed
model takes the size of under evaluation units into account when developing the inputs/outputs ar-
rangements, the new idea ensures the possibility of the results. An empirical example of a production
system is used to illustrate the applicability of the proposed model. The results show that based on
the new plan, all of the efficiency scores are improved.

Keywords : K-Stage Network; Data Envelopment Analysis (DEA); Production Planning; Undesirable
Outputs; Efficiency Evaluation.

—————————————————————————————————–

1 Introduction

D
ata envelopment analysis first introduced by
Charnes et al. [7] is a nonparametric ap-

proach used extensively to evaluate the efficien-
cies of a set of homogenous units with multiple
inputs and multiple outputs. Because of its de-
velopment and widespread applications, DEA has
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attracted essential attention among academics
and practitioners. In the past few years, DEA has
become increasingly popular in efficiency analy-
sis with more than 5000 articles published (Em-
rouznejad et al. [11]). The application of DEA
as a non parametric quantitative tool is not re-
stricted to assess the relative efficiency of peer
units. Many extensions of the original work of
Charnes et al. [7] have been proposed and used
successfully in a wide variety of applications es-
pecially in production planning.

Production planning has been considered as
one of the most important parts of production
and operation systems due to its role in arrange-
ment of inputs and outputs and set the produc-
tion mission. During recent years, more and more
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attentions have been paid to applying different
approach to production planning problem, which
brings a different viewpoint on finding the pre-
ferred production plans. Recently, data envelop-
ment analysis (DEA) as an effective approach ap-
plied for developing production plans in terms of
resource allocation and target setting, from the
efficiency point of view.

Researches on resource allocation and target
setting have been published by many authors.
Golany and Tamir [13] presented a DEA based re-
source allocation model which simultaneously de-
termines input and output targets based on max-
imizing total output. Fare et al. [12] used DEA
for modeling the possibility of reallocation of a
fixed input. Their paper considers the problem of
input target setting when there is an equality re-
lationship between the levels of input devoted to
various uses. Based on the invariance and pareto-
minimality principals, Cook and Kress [8] devel-
oped an approach to equitable allocation of fixed
/common cost which is imposed on all decision
making units. Beasley [6] based on the idea that
DEA can be used to maximize the average ef-
ficiency of DMUs, developed some DEA based
models for allocating fixed costs and allocating
inputs resources and output targets to DMUs, si-
multaneously. Based on the Cook and Kress [8]
Jahanshahloo et al. [15] suggested an alterna-
tive approach for equitable allocation of shared
costs using invariance principle and without solv-
ing any LP problem. Korhonen and Syrjanen
[16] formulated a combined MOLP-DEA model
to find the most preferred resource allocation plan
in a central decision making environment. Lozano
and Villa [19] considered a centralized DMU who
owns or supervises all the operating units. In
such intra-organizational scenario the DM has an
interest in maximizing the efficiency of individual
units at the same time that total input consump-
tion is minimized or total output production is
maximized. Lozano et al. [18] used DEA based
centralized target setting for regional recycling
operations. They applied DEA for analyzing the
performance of a number of Spanish municipali-
ties. Cook and Zhu [9] extended the Cook and
Kress [8] approach, and provided a practical eq-
uitable approach to the cost allocation problem
under the condition of variable returns to scale.

Lozano and Villa [20] proposed two different
multi-objective DEA target-setting approaches
for a port logistics problem. The first one is an
interactive approach and the second, uses a lexi-
cographic multi-objective approach. The weights
of inputs and outputs in both approaches are
derived using AHP. Lin [17] showed that under
a certain conditions, Cook and Zhus approach
doesnt provide feasible solution. Based on this
concept he improved the work of Cook and Zhu
[9] and developed a new fixed costs / resources
allocation approach to set fixed targets according
to the amount of fixed resources shared by indi-
vidual DMUs. Asmild et al. [5] based on the con-
cept of centralized DEA models, reconsidered the
resource allocation models proposed by Lozano
and villa [19] and Lozano et al. [18] in a cen-
tralized decision making environment and suggest
to only consider adjustments of previously ineffi-
cient units. Amirteimoori and Kordrostami [1]
developed an efficiency based model to equitably
allocate imposed fixed costs/ inputs and setting
fixed targets to DMUs. Du et al. [10] developed
two DEA-based production planning approaches
to (a) maximizing the average or overall produc-
tion performance of the entire organization and
(b) simultaneously maximizing total outputs pro-
duced and minimizing total inputs consumed by
all units.

Amirteimoori and Mohaghegh Tabar [3] pre-
sented a DEA-based approach for allocating ex-
perts among gas companies and setting targets
for them and showed that how output targets can
be decided at the same time as decisions is made
about resource allocation. Amirteimoori and Ko-
rdrostami [2] introduced a DEA approach based
on the Du et al. [10] to making future produc-
tion plans in a centralized decision making envi-
ronment when demand changes can be forecasted
in the next production season. Zhang et al. [23]
in their study takes into account the factors that
influence units production abilities to avoid new
plans beyond units abilities or not fully exploring
their potentials. Assuming demand changes in
the next production season can be predicted they
developed two DEA-based approaches for pro-
duction planning to optimize the total resource
utilization. Hatami-Marbini et al. [14] used a
common set of weights method based on the goal
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programming concept, proposed a DEA model to
determine the amount of input and output re-
duction needed for each DMU to increase the
efficiency score across the reference set. Wu et
al. [22] developed a DEA based centralized re-
source allocation and target setting model based
on the concepts of satisfaction degree of DMUs for
reallocating the DMUs discretionary inputs and
setting their output targets in order to improve
the environmental performance of the 30 regional
highway transportation systems in China.

While conventional DEA considers a single pro-
cess that consumes all the inputs and produces all
the outputs, network DEA considers several pro-
cesses each of them consumes its own set of inputs
and produce its own set of outputs, in addition
to consuming and producing intermediate prod-
ucts. These intermediate products are considered
as inputs for some stages and outputs for others
(Lozano et al. [18]). To achieve a proper produc-
tion plan for such interrelated systems, this paper
aims to develop a network DEA based multi ob-
jective linear programming model in presence of
bad (undesirable) factors, in such a way that the
overall and corresponding sub-component perfor-
mance of the all DMUs be improved after imple-
mentation of the new plan.

The present paper is organized into four major
sections. Section 1 briefly reviews the existing
literature on target setting for outputs and inputs
in several researches. Section 2, extends the work
of Amirteimoori and Kordrostami [2] into a k-
stage serial structure. Section 3, illustrates the
proposed modal by a data set from a chain of
poultry farms in Guilan province, Iran. Finally,
section 4 develops discussion and conclusion.

2 The proposed model

Production in large organizations with a central-
ized decision-making environment involves the
participation of more than one unit, each con-
tributing a part of the total production. Several
DEA-based studies conducted in such an envi-
ronment, and a few of them dealt with produc-
tion planning problem. On the other hand, there
are many multi stage network processes in which
some outputs from a given stage do not become
inputs to the next stage, and the intermediate

Figure 1: A k-stage serial production system

stage has its own inputs and outputs. In ad-
dition, each stage may produce undesirable out-
puts. This study aims to propose a DEA based
model for production planning in the network
structures with centralized decision-making envi-
ronment.

Suppose, there are a set of n DMUs denoted
by DMUj (j = 1, 2, ..., n), each of them consists
of k sub-DMUs (k = 1, 2, ...,K). Suppose,
DMUj consumes m1 inputs in the first stage
x1i1j (i1 = 1, 2, ...,m1) , m2 inputs in the second

stage x2i2j (i2 = 1, 2, ...,m2) and mk inputs in

the k-th stage xkikj (ik = 1, 2, ...,mk). Sup-
pose also, DMUj produces D1 outputs in the
first stage which uses as inputs of the sec-
ond stage z1d1j (d1 = 1, 2, ..., D1) and referred
to as intermediate measures. The interme-
diate measures of the second and (k-1)-th
stages denoted by z2d2j (d2 = 1, 2, ..., D2) and

zk−1
dk−1j

(dk−1 = 1, 2, ..., Dk−1), respectively. Note

that zkdkj (dk = 1, 2, ..., Dk) known as the outputs
of the k-th stage which leave the system to
satisfy customers demands. In addition to
the above measures, each stage may produce
undesirable outputs as by-products of the pro-
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Figure 2: A two stage serial production system

duction process. We define the undesirable
outputs of the first, second and k-th stage as
w1
t1j

(t1 = 1, 2, ..., T1), w
2
t2j

(t2 = 1, 2, ..., T2) and

wk
tkj

(tk = 1, 2, ..., Tk), respectively. Figure 1
shows a conventional multi stage network process.

The relative efficiencies of a set of n DMUs
in their first stage and k-th stage (k ̸= 1), can be
calculated using the following linear fractional
models:

max

D1∑
d1=1

µd1
z1d1o

I1∑
i1=1

νi1x
1
i1o

+
T1∑

t1=1
βt1w

1
t1o

= e1o

s.t.

D1∑
d1=1

µd1
z1d1j

I1∑
i1=1

νi1x
1
i1j

+
T1∑

t1=1
βt1w

1
t1j

≤ 1 , ∀ i1, t1

νi1 , µd1 , βt1 ≥ ε , ∀ j

(2.1)

and,

max

Dk∑
dk=1

µdk
zk
dko

Dk−1∑
dk−1=1

µdk−1
zk−1
dk−1o+

Ik∑
ik=1

νik
xk
iko+

Tk∑
tk=1

βtk
wk

tko

= eko

s.t.

Dk∑
dk=1

µdk
zk
dkj

Dk−1∑
dk−1=1

µdk−1
zk−1
dk−1j+

Ik∑
ik=1

νik
xk
ikj+

Tk∑
tk=1

βtk
wk

tkj

≤ 1 , (k ̸= 1)

νik , µdk
, βtk ≥ ε , ∀ j,

(2.2)

where νik , µdk and βtk are the factor weights
assigned to the i-th input, d-th desirable output
and the t-th undesirableoutput, in k-th stage.
νik , µdk and βtk are a set of the most favorable
weights for the DMUo in the sense of maximizing
the ratio scale.

Based on the concept of target setting for
inputs and outputs, central DMU should plan
the new arrangement of the inputs/outputs for
next production season. Suppose, the change
of output d in stage k for the next production
season, denoted by Fdk(dk = 1, 2, , Dk) is pre-
dictable, all can be either positive or negative,
corresponding to an increase or a decrease in the
demand for output d in stage k. The amount of
change in input i and undesirable output t for
the stage k referred to as Cik(ik = 1, 2, , Ik) and
Gtk(tk = 1, 2, , Tk), respectively. We introduce
variable cikj to represent the change in input i of
DMUj in the k-th stage for the next production
season, gtkj to represent the change in undesir-
able output t of DMUj in the k-th stage for the
next production season and fdkj to represent
the change in desirable output d of DMUj in
the k-th stage for the next production season.
Therefore, xkikj = xkikj + ckikj , z

k
dkj

= zkdkj + fk
dkj

and wk
tkj

= wk
tkj

+ gktkj represent the amount
of i-th input, d-th desirable output and t-th
undesirable output of DMUj in the k-th stage
for the next production season, respectively.
Clearly,

∑n
j=1 c

k
ikj

= Ck
ik

,
∑n

j=1 f
k
dkj

= F k
dk

and∑n
j=1 g

k
tkj

= Gk
tk
.

The main assumption of the modeling process
is that the produced outputs can be increased
in the next production period when input usages
are increased. In other words, it’s assumed that
the decision making units have the authority to
increase their outputs when their inputs usages
are increased. In the proposed approach, we be-
lieve that the change of inputs and undesirable
outputs in the next season should be planned in
such a way that each DMUj have an efficiency
score (ej−ns) greater than or equal to its origi-
nal efficiency in the current period. Hence, we
must have the following model. As it can be
seen, first inequality ensures the new efficiency
of stage 1 in DMUj be greater than or equal to
its old efficiency. Similarly, second inequality en-
sures the new efficiency of stage 1 in DMUj be
greater than or equal to its old efficiency of stage
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k (k ̸= 1) in DMUj . These inequalities are sub-
jected to the constraints which limit share of all
DMUs from the inputs/ outputs changes to the
predicted (outputs) or planned (inputs) changes.

e1j−ns =

D1∑
d1=1

µd1
(z1

d1j+f1
d1j)

I1∑
i1=1

νi1 (x
1
i1j+c1i1j)+

T1∑
t1=1

βt1 (w
1
t1j+g1

t1j)

≥ e1j

ekj−ns =

Dk∑
dk=1

µdk
(zk

dkj+fk
dkj)

Dk−1∑
dk−1=1

µdk−1
(zk−1

dk−1j+fk−1
dk−1j)+

Ik∑
ik=1

νik
(xk

ikj

· · ·
+ckikj)+

Tk∑
tk=1

βtk
(wk

tkj+gk
tkj)

≥ ekj , (k ̸= 1)

s.t.
n∑

j=1

ckikj = Ck
ik

, ∀ ik

n∑
j=1

fk
dkj

= F k
dk

, ∀ dk

n∑
j=1

gktkj = Gk
tk

, ∀ tk

νik , µdk
, βtk ≥ ε , ∀ j

ckikj ≥ 0 if Ck
ik

≥ 0 , ckikj ≤ 0 if Ck
ik

≤ 0,
fk
dkj

≥ 0 if F k
dk

≥ 0 , fk
dkj

≤ 0 if F k
dk

≤ 0,

gktkj ≥ 0 if Gk
tk

≥ 0 , gktkj ≤ 0 if Gk
tk

≤ 0.
(2.3)

Obviously, the above system of equations is non-
linear. If we make the change of variable ckikj =

νikc
k
ikj

, f
k
dkj

= µdkf
k
dkj

and gktkj = βtkg
k
tkj

, the

following linear model will derive:

e1j−ns =

D1∑
d1=1

µd1
z1
d1j+

D1∑
d1=1

f
1
d1j

I1∑
i1=1

νi1
x1
i1j+

I1∑
i1=1

c1i1j+
T1∑

t1=1
βt1

w1
t1j+

T1∑
t1=1

g1
t1j

≥ e1j

ekj−ns =

Dk∑
dk=1

µdk
zk
dkj+

Dk∑
dk=1

f
k
dkj

Dk−1∑
dk−1=1

µdk−1
zk−1
dk−1j+

Dk−1∑
dk−1=1

f
k−1
dk−1j+

Ik∑
ik=1

νik
xk
ikj

· · ·
+

Ik∑
ik=1

ckikj+
Tk∑

tk=1
βtk

wk
tkj+

Tk∑
tk=1

gk
tkj

≥ ekj , (k ̸= 1)

ekj−ns =

Dk∑
dk=1

µdk
(zk

dkj+fk
dkj)

Dk−1∑
dk−1=1

µdk−1
(zk−1

dk−1j+fk−1
dk−1j)+

Ik∑
ik=1

νik
(xk

ikj

· · ·
+ckikj)+

Tk∑
tk=1

βtk
(wk

tkj+gk
tkj)

≥ ekj , (k ̸= 1)

(2.4)

s.t.
n∑

j=1

ckikj = νikC
k
ik

, ∀ ik, k

n∑
j=1

f
k

dkj
= µdk

F k
dk

, ∀ dk, k

n∑
j=1

gktkj = βtkG
k
tk

, ∀ tk, k

νik , µdk
, βtk ≥ ε , ∀ j

ckikj ≥ 0 if Ck
ik

≥ 0 , ckikj ≤ 0 if Ck
ik

≤ 0,

f
k

dkj
≥ 0 if F k

dk
≥ 0 , f

k

dkj
≤ 0 if F k

dk
≤ 0,

gktkj ≥ 0 if Gk
tk

≥ 0 , gktkj ≤ 0 if Gk
tk

≤ 0.

(2.5)

Suppose the change of d-th desirable output, t-
th undesirable output and the change of input
consumption for i-th (external) input of DMUj

in k-th stage are denoted by φkjF
k
dk
, δkjG

k
tk

and

αkjC
k
ik, respectively. To develop a rational plan,

φkj , δkj and αkj should be selected proportion-
ately to the size of DMUj . In order to develop a
feasible production planning model, first we de-
termine the potential of each of the DMUs in term
of the magnitude size of the input and output:

Definition 2.1 The magnitude size of DMUo

on the input side in stage k, denoted by MSIko,
is defined as the optimal objective value of the
following models for stages 1 and k (k ̸= 1), re-
spectively:
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MSI1o =
I1∑

i1=1
νi1x

1
i1o

s.t.
I1∑

i1=1
νi1x

1
i1j

≤ 1 , ∀ i1

νi1 ≥ ε , ∀ j

(2.6)

and,

MSIko =
Ik∑

ik=1

νikx
k
iko

+
Dk∑

dk=1

µdk
zkdko

s.t.
Ik∑

ik=1

νikx
k
ikj

+
Dk∑

dk=1

µdk
zkdkj

≤ 1 , ∀ j

νik , µdk
≥ ε , ∀ ik, dk

(2.7)

MSIo reflects the magnitude of DMUo in size
in stage k and DMUo is said to be greater than
DMUl in the input side if and only if MSIko >
MSIkl.

Definition 2.2 The magnitude size of DMUo

on the output side in stage k, denoted by MSOko,
is defined as the optimal objective value of the
following models for stages 1 and k (k ̸= 1), re-
spectively:

MSO1o =
D1∑

d1=1

µd1z
1
d1o

+
T1∑

t1=1
βt1w

1
t1o

s.t.
D1∑

d1=1

µd1z
1
d1j

+
T1∑

t1=1
βt1w

1
t1j

≤ 1 , ∀j

µd1 , βt1 ≥ ε , ∀ d1, t1

(2.8)

and,

MSOko =
Dk∑

dk=1

µdk
zkdko

+
Tk∑

tk=1
βtkw

k
tko

s.t.
Dk∑

dk=1

µdk
zkdkj

+
Tk∑

tk=1
βtkw

k
tkj

≤ 1 , ∀j

µdk
, βtk ≥ ε , ∀ dk, tk

(2.9)

Similarly, DMUo is said to be greater than
DMUl in the output side of stage k, if
and only if MSOko > MSOkl. For each
DMUo, let αko = MSIko

∑n
j=1MSIkj and

φko = δko = MSOko/
∑n

j=1MSOkj with∑n
j=1 αkj =

∑n
j=1 φkj =

∑n
j=1 δkj = 1.

With these proportions, we take the input
usage and output production of all DMUs into

consideration. Note that the difficulty with

these values with respect to ckikj , f
k
dkj

and gktkj
is that there is no guarantee that they satisfy
model (2.4). In the absence of such a production
plan, a rational objective is to introduce goal
achievement variables for efficiency level and
inputs and outputs levels.

Let, ckikj − αkjνikC
k
ik

= T k+
ikj

− T k−
ikj

,

f
k
dkj

− φkjµdkF
k
dk

= T k+
dkj

− T k−
dkj

and

gktkj − δkjβtkG
k
tk

= T k+
tkj

− T k−
tkj

in which

T k+
ikj

, T k−
ikj

, T k+
dkj

, T k−
dkj

, T k+
tkj

and T k−
tkj

are non
negative deviation variables, above and below
the goals. Variables s+kj and s−kj are also goal
deviation variables for efficiency measure in stage
k. To guarantee the feasibility and to ensure
that each DMUj can preserve its efficiency level,
we consider the following model. The functional
inequalities of the model guarantee that each
sub-DMU preserves its efficiency levels and the
goal constraint insures that the new efficiencies
shift toward one, as well as possible.

Minimizing the sum of T k+
ikj

and T k−
ikj

means

that we minimize the deviation of αkjνikC
k
ik
.

Hence, if it is possible for DMUj to have ckikj =

αkjνikC
k
ik
, i.e.to have T k+

ikj
−T k−

ikj
= 0, then, it will

be automatically found when we come to solve
the above program. Similar augmentations can
be put forward for T k+

dkj
− T k−

dkj
, T k+

tkj
− T k−

tkj
and

s+kj , s
−
kj . Now, developing an objective function

for minimizing the mentioned above deviations,
a multi-objective linear programming (MOLP)
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model is developed for an optimal target setting:

Min
K∑

k=1

(
n∑

j=1

[s+kj + s−kj ] +
n∑

j=1

Ik∑
ik=1

[T k+
ikj

+ T k−
ikj

]

+
n∑

j=1

Dk∑
dk=1

[T k+
dkj

+ T k−
dkj

] +
n∑

j=1

Tk∑
tk=1

[T k+
tkj

+ T k−
tkj

])

s.t.
D1∑

d1=1

µd1
z1d1j

+
D1∑

d1=1

f
1

d1j − ([
I1∑

i1=1

νi1x
1
i1j

+
I1∑

i1=1

c1i1j ] + [
T1∑

t1=1
βt1w

1
t1j

+
T1∑

t1=1
g1t1j ])

= s+1j − s−1j , ∀ j

D1∑
d1=1

µd1z
1
d1j

+
n∑

j=1

f
1

d1j − e1j ([
I1∑

i1=1

νi1x
1
i1j

+
n∑

j=1

c1i1j ] + [
T1∑

t1=1
βt1w

1
t1j

+
n∑

j=1

g1t1j ]) ≥ 0, ∀ j

Dk∑
dk=1

µdk
zkdkj

+
Dk∑

dk=1

f
k

dkj
− ([

Dk−1∑
dk−1=1

µdk−1

zk−1
dk−1j

+
Dk−1∑

dk−1=1

f
k−1

dk−1j
] + [

Ik∑
ik=1

νikx
k
ikj

+
ik∑

ik=1

ckikj ] + [
Tk∑

tk=1
βtkw

k
tkj

+
Tk∑

tk=1
gktkj ])

= s+kj − s−kj , (k ̸= 1) , ∀ j

Dk∑
dk=1

µdk
zkdkj

+
Dk∑

dk=1

f
k

dkj
− ekj ([

Dk−1∑
dk−1=1

µdk−1

zk−1
dk−1j

+
Dk−1∑

dk−1=1

f
k−1

dk−1j
] + [

Ik∑
ik=1

νikx
k
ikj

+
ik∑

ik=1

ckikj ] + [
Tk∑

tk=1
βtkw

k
tkj

+
Tk∑

tk=1
gktkj ]) ≥ 0, ∀ j

n∑
j=1

ckikj = νikC
k
ik

, ∀ ik, k

n∑
j=1

f
k

dkj
= µdk

F k
dk

, ∀ dk, k

n∑
j=1
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, T k−
tkj

,
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−
kj ≥ ε
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ik

≥ 0 , ckikj ≤ 0 if Ck
ik
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f
k

dkj
≥ 0 if F k

dk
≥ 0 , f

k

dkj
≤ 0 if F k

dk
≤ 0,

gktkj ≥ 0 if Gk
tk

≥ 0 , gktkj ≤ 0 if Gk
tk

≤ 0.
(2.11)

We should point out that based upon the pro-

posed production plan, the inputs and outputs
changes in the next season should be allocated
to all DMUs, in such a way that any efficiency
score does not reduce. The new PPS describes a
reliable reference for future decisions.

3 Empirical Example

In this section, a real data set (consisted of 13
farms of Green Hen poultry chain which are
located in Guilan Province, Iran) is used to
illustrate the proposed approach. Each farm
employs new born chicks, feed and other inputs
to produce maximum meat while attempts to
minimize consumed inputs and undesirable
outputs. The proposed two-stage model is
illustrated in Figure 2.

As an empirical example, Table 1 illustrated
a data set for 13 poultry farms (DMUs), where
New Born Chicks (x11j), Feed Cost (x12j) and

Operational Expenses (x13j) are three inputs

to the first stage, Feed Conversion Ratio (z11j)

and produced Meat (z12j) are two intermediate
measures, i.e. the outputs of the first stage and
the inputs to the second stage, Mortality and
Condemn (w1

1j) is undesirable output of the
first stage which leaves the system, Feed Cost
(x21j) and Operational Expenses (x22j) are two
external inputs to the second stage and Feed
Conversion Raito (z21j), Produced Meat (z22j) and

Mortality and Condemn (w2
1j) are two desirable

and one undesirable output from the second
stage, respectively.

The input/output values of all DMUs (farms),
are presented in columns 1-12. In addition,
Columns 13-15 presented the relative efficiency
scores of all of the 13 DMUs and their sub-
DMUs from a Russell extended two stage model
(Amirteimoori et al. [4]). The results show
that DMUs 4, 11 and 12 are overall efficient
while DMUs 1, 2, 3, 5, 6, 7, 8, 9, 10 and 13 are
inefficient. The inefficiencies of DMUs 2, 3, 5, 8
and 10 root in stage one, while DMUs 1, 6, 7, 9
and 13 are inefficient in both stages.

Suppose, the central decision making unit
forecasts the demand changes for system outputs
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[Produced Meat (PrMe) and Feed Conversion
Ratio (FCR)] as F 2

1 = 28000 and F 2
2 = 0, while

we expect an increase in undesirable output
[Mortality and Condemn (M&C)] equal to 100
(G2

1 = 28000). Note, G2
1 is a non-controllable

variable and its value determines by the system.
To meet these changes the central DMU also
determine the possible change of the total inputs
[New Born Chicks (NBC), Feed Cost (FeCo) and
Operational Expenses (OpEx)] in the first stage
as C1

1 = 10000, C1
2 = 150000 and C1

3 = 55000,
respectively. The undesirable output of the first
stage [Mortality and Condemn (M&C)] and two
intermediate measures [Produced Meat (PrMe)
and Feed Conversion Ratio (FCR)] are G1

1 = 350,
F 1
1 = 6600 and F 1

2 = 0, respectively. In addition,
Two external inputs for the second stage, include
Feed Cost (FeCo) C2

1 = 400000 and Operational
Expenses (OpEx) C2

2 = 110000.

In order to develop the new arrangements of
inputs/ outputs for DMUj , the magnitude size
the all DMUs on the input and output sides are
computed in Table 2. Then, using the proposed
planning idea, the new input/output targets for
all poultries are presented in Table 3 (columns 2
to 12), with the new CCR efficiencies in columns
13 to 15.

The results also show that based on the new
plan, all of the efficiency scores are improved,
while six out of thirteen poultries are DEA ef-
ficient with three of them also efficient before
applying the model. As can be seen in Ta-
ble 3, based on the new planning model the
DMUs 1, 5 and 7 known as three newly DEA
efficient units. For example, the efficiency score
of DMU1 In stage 1, 2 and whole process was
0.9480, 0.9905 and 0.9692, respectively, whereas
the new efficiency scores have increased to 1.0000,
1.0000 and 1.0000. The new input/output ar-
rangement of DMU1 which lies it onto the effi-
cient frontier would land at the point in which its
first stage inputs (New Born Chicks, Feed Cost
and Operational Expenses) and undesirable out-
put are 13395, 158925, 61192.5 and 495, respec-
tively; while its intermediate measures are 1.69
and 7147.5. To lie on the efficient frontier in
the second stage, DMU1 needs to arrange its ex-
ternal inputs to 470270 and 105333, while the

values of its outputs (Feed Conservation Ratio,
produced meat and Mortality and condemn) are
estimated to be as 1.98, 30578.6 and 180. As
can be seen in Table 3, based on the new plan-
ning model the DMUs 1, 5 and 7 known as three
newly DEA efficient units. Note, the new plan
takes into account the potentiality (magnitude
size) of units when developing the inputs/outputs
arrangements, which ensures the results feasibil-
ity.

4 Conclusion

In recent years, many mathematical models have
been developed to make a contribution to the
problem of production planning. The current
paper developed a DEA-based approach for pro-
duction planning in network production systems,
considering undesirable factors. Using a data set
of 13 poultry farms the corresponding efficiency
scores of the new production plan have been com-
puted and compared with those of the original
plan. As shown in results, the proposed model
improved the efficiencies of all units significantly.
The proposed approach, also allows the modeler
to set priorities on objectives. It is widely appli-
cable and fit well with real world examples.
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