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RECOMMENDING INVESTMENT OPPORTUNITIES GIVEN CONGESTION BY
ADAPTIVE NETWORK DATA ENVELOPMENT ANALYSIS MODEL:
ASSESSING SUSTAINABILITY OF SUPPLY CHAINS

HossEIN HajaJr!, SARA YOUSEFI?, REZA FARZIPOOR SAEN®* AND AMIR HASSANZADEH?

Abstract. Nowadays, forward-thinking companies move beyond conventional structures of organiza-
tions and consider all parties of the supply chain. The objective of this paper is to present an adaptive
network data envelopment analysis (DEA) model to evaluate overall and divisional efficiency of sus-
tainable supply chains in the presence of desirable and undesirable outputs. Our adaptive network
DEA model can assess overall and divisional efficiency of supply chains given managerial and natu-
ral disposability. Also, it suggests new investment opportunity given congestion type. A case study is
presented.
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1. INTRODUCTION

Nowadays, due to increasing competition among companies, the importance of supply chain management
(SCM) has raised [35]. Therefore, specialists and researchers have focused on SCM [3]. As discussed by Tavas-
soli et al. [69], SCM was defined in 1980 to consolidate main business processes from the end user to main
suppliers. A network of connected organizational units via the flow of materials, information, and money is
called a supply chain. The success of corporations depends on their capability to manage the flow of the supply
chain [67]. To achieve long term goals of SCM, sustainability principles play an essential role [57]. Sustainable
supply chain management (SSCM) is a combination of sustainable development and supply chain management
[7]. Sustainable development is defined as “to meet the needs of the present without compromising the ability
of future generations to meet their own needs” [29,31]. SSCM is a combination of social and environmental
factors into economic factors [23]. Previous researches show that the success of SCM depends on strong consid-
eration of sustainability principles (e.g., [32,46]). On the other hand, governments force corporations to pursue
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sustainability factors more seriously [52]. Given these situations, assessing the sustainability of supply chains is
critical [33].

Data envelopment analysis (DEA) is one of the methods for evaluating the relative efficiency of decision
making units (DMUs) [12,26]. Banker et al. [5] developed a DEA model for measuring relative efficiency in
variable return to scale (VRS) context. However, in traditional DEA models, the basic concept is to consider
DMUs as black box [15]. In recent years, internal structures of DMUs have been considered, and DEA models
have been extended. Such models are named as network DEA models [16]. A couple of scholars have used
network DEA to evaluate SSCM practices (e.g., [65]).

In assessing the sustainability of supply chains, there might be undesirable (bad) outputs such as COq
emission, noise, air pollutions, and dangerous garbage [25,72]. When the production process generates an
undesirable output, recognizing undesirable congestion is crucial. In contrast, desirable congestion should also
be considered for sustainable economic growth [63]. Congestion is defined as a reduction in one or more inputs
which increases one or more outputs. In other words, congestion happens whenever an increase in one or more
inputs leads to a decrease in one or more outputs [19]. In this paper, we propose an adaptive network DEA
model entitled range adjusted measure (RAM) to evaluate the sustainability of supply chains. An appropriate
performance assessment system can assess the efficiency of supply chains for further betterment and making
trade-offs between profit and investment [58]. Practitioners try to find a proper method to evaluate the efficiency
of supply chains [70]. Efficient supply chains play vital role for companies as a competitive advantage over their
rivals. Therefore, sustainability measurement of supply chains is essential [51]. Sustainability of supply chains is a
topic that has attracted scholars and managers [68]. Using a pragmatic model to assess sustainable supply chains
is a challenging issue for decision makers [28]. In the past decades, sustainable development and sustainability
assessment have been the main issues for managers and academia [71]. Despite growing interest in developing
tools for sustainability assessment [66], there is scarce of studies on sustainability assessment methods [36]. In
this paper, we propose an adaptive network RAM DEA model to measure overall and divisional efficiencies
given natural and managerial disposability in the presence of undesirable outputs.

To the best of our knowledge, there is no research to address congestion in supply chains by DEA. The
objectives of this paper are as follows: First, an adaptive network RAM model is proposed; Second, overall
and divisional efficiencies of supply chains given managerial and natural disposability are assessed; Finally, new
investment opportunities given congestion are recommended. Given that natural and managerial disposability
are essential topics for the whole supply chain, our proposed model can take into account natural disposability
to decrease inputs in order to decrease undesirable outputs. Simultaneously, by promoting an appropriate and
targeted investment with managerial disposability perspective, without a reduction in inputs, we can decrease
undesirable outputs and increase desirable outputs.

In summary, contributions of this paper are as follows:

— For the first time, an adaptive network RAM model is proposed to measure overall and divisional efficiencies
in the presence of both desirable and undesirable outputs.

— For the first time, an adaptive network RAM model is used to recommend new investment opportunities
given congestion.

— A case study is given.

Subsequent sections of this paper are as follows: Section 2 illustrates literature review. Section 3 outlines
proposed model. Section 4 demonstrates a case study. Managerial implications are given in Section 5. Conclusions
are presented in Section 6.

2. LITERATURE REVIEW

2.1. Network DEA

For the first time, Charnes et al. [11] introduced the two-phase DEA model. Seiford and Zhu [54] pre-
sented a CCR (Charnes-Cooper-Rhodes) output-oriented two-stage DEA model to measure the efficiency of US



RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS S23

commercial banks. In their proposed method, areas for improving banking efficiencies are determined. Fare and
Grosskopf [24] developed a network DEA model to assess the efficiency of the Swedish Institute for Health
Economics. Kao and Hwang [38] demonstrated a two-stage CCR model to calculate efficiencies of the whole
process with two related sub-processes for non-life insurance companies in Taiwan. Chen et al. [14] improved the
work of Kao and Hwang [38] and proposed an additive method to measure the efficiency of two-stage processes
and the efficiency decomposition for both constant returns to scale (CRS) and variable returns to scale (VRS).
Chen [13] proposed a network DEA model to deal with dynamic effect within a network. Chen et al. [17] demon-
strated a double stage DEA model to evaluate SSCM design efficiency. Agrell and Hatami-Marbini [1] proposed
a two-stage DEA model to solve four identified related problems regarding DEA and supply chain performance
measurement. Chen et al. [15] demonstrated a two-stage DEA model based on VRS to measure divisional and
overall efficiencies, simultaneously. Mirhedayatian et al. [42] extended a new multiple stage DEA model to eval-
uate green SCM in the presence of dual-role factors, undesirable outputs, and fuzzy data. Badiezadeh et al.
[4] developed a network DEA model for calculating pessimistic and optimistic efficiency in SSCM. Koronakos
et al. [40] reformulated some of the main network DEA methods in a common modelling framework. They illus-
trated that the leader-follower method, multiplicative and additive decomposition methods, min-max method,
and “weak-link” approach could be modeled in a multi-objective programming framework. Despotis et al. [22]
presented a network DEA method to estimate unique efficiency scores for each stage and overall network. For
a short overview of network DEA, see Kao [37].

2.2. RAM Network DEA

Maruyama [43] developed a RAM network model to evaluate overall and divisional efficiencies. However, he
did not differentiate the types of links and outputs in networks. Avkiran and McCrystal [2] compared the RAM
network model with network slacks-based measure (SBM) model. Izadikhah and Farzipoor Saen [33] developed
a two-stage RAM model to assess the sustainability of the supply chain in the presence of negative data. In
their proposed model, each DMU is divided into two sub-DMUs assuming that all intermediate products are
inputs of sub-DMUs in the second stage.

2.3. Desirable and undesirable outputs in DEA

Primary DEA models such as CCR, BCC (Banker-Charners-Cooper), SBM, additive, and RAM models
deal with inputs and desirable (good) outputs [42]. Scheel [53] investigated different methods for dealing with
outputs in DEA and proposed new radial measure. Seiford and Zhu [55] proposed a DEA model to deal with
undesirable outputs based on BCC model. They used classification invariance property to improve performance
with increasing the desirable outputs and decreasing the undesirable outputs. Fare and Grosskopf [25] modified
a model which has been introduced by Seiford and Zhu [55] by reversing’ the bad outputs. Farzipoor Saen [27]
extended a new DEA model for supplier selection in the presence of imprecise data and undesirable outputs.
Sueyoshi and Goto [60] assessed operational, environmental, and unified efficiency scores of US coal-fired power
plants in the presence of undesirable outputs. Sueyoshi and Goto [61] proposed a DEA model for environmental
evaluation in the presence of undesirable outputs. Sueyoshi and Goto [62] developed a non-radial DEA model to
measure unified efficiency, unified efficiency under natural disposability, and unified efficiency under managerial
disposability for environmental evaluation in the presence of undesirable outputs. A neutral SBM model given
undesirable outputs was developed by Zoroufchi et al. [72] to select the best suppliers. Izadikhah and Farzipoor
Saen [34] developed a stochastic two-stage DEA model to deal with undesirable outputs. In their proposed
model, the first stage creates additional final output and the second stage utilizes additional input, and parts of
intermediate products are considered as the final output. Their model was applied to assess the sustainability
of pasta supply chains.

However, none of the above-mentioned references have dealt with network RAM model in the presence of
desirable and undesirable outputs given managerial and natural disposability. Furthermore, none of the above-
mentioned references have assessed congestion in DMUs with network structures.
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TABLE 1. Notations.

Notations Descriptions

DMU, DMU under evaluation

Xij ith input of DMUj

Y rth input of DMU;

Xio ith input of DMU,

Yo rth input of DMU,

Aj jth intensity variable

Uy Output weight

Vi Input weight

Vo Weight of input for DMU,

R} Data range related to rth Output

R Data range related to ith input

m Number of inputs

s Number of outputs

RY Range related to ith input

drt Slack of ith desirable input

;= Slack of ith undesirable input

RY Data range related to rth desirable output
d? Slack of rth desirable output

Rl} Data range related to fth undesirable output
dl} Slack of fth undesirable output

Tio ith input of DMU,

Jro rth desirable output of DMU,

bso fth undesirable output of DMU,

d;y Slack of ith input

Ry Range related to gth input

dg Slack of gth input

d;y Slack of ith input

Ry Range related to gth input

x;, ith input of DMU,

dy Slack of gth input

:U;Q, Slack of gqth input of DMU,

Zq Dual variable

wy Dual variable

o Dual variable

Wh, Weight of division h

Rh® Range related to ith input of division h
dre Slack of ith input of division &

RZLI Range related to gth input of division h
d;"” Slack of gth input for division h

3. PROPOSED ADAPTIVE NETWORK RAM-UNIFIED EFFICIENCY NATURAL AND
MANAGERIAL (NRAM-UENM) MODEL

3.1. Review of RAM DEA model

One of the DEA models is RAM model. RAM model was developed by Cooper et al. [20]. Table 1 illustrates
used notations in this paper.
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TABLE 1. Continued.

Notations  Descriptions

Rh9 Range related to rth desirable output for division h
dhs Slack of rth desirable output for division A

R?b Range related to fth undesirable output for division h
d?b Slack of fth undesirable output for division h

)\? Intensity vector corresponding to division h

ah Input of DMU, in division h

Xf;j Input of DMUj in division A

zh, gth input of DMU, in division h

dhe Slack of rth desirable output in division h

9r rth desirable output of DMU, in division h

d;fb Slack of fth undesirable output in division h

b, fth undesirable output of DMU, in division h
Z(kh)in Intermediate measures from division k to division h
So(kh)in Slack of DMU, in division h

Zo(kh)in

Z(kh)out

So(kh)out

Zo(kh)out Intermediate measures from

Z(kh)free division k to division h

So(kh)free

Zo(kh)free

Z(kh)fix

Zo(kh)fix

RAM model developed by Cooper et al. [20] is as follows:

S
Maximize Zr:l UrYro + Vo
subject to
s m )
Zr:l UrYrj — Zi:l VT + 0, <05 j=1,...,n
Z’L:l ,U'I,IIO -
—u, < =1/Rf(m+s)
—v; < =1/R; (m +s)
v, free in sign. (3.1)

Thereafter, model (3.1) was extended by Sueyoshi and Goto [62] to measure unified efficiency (UE), unified
efficiency under natural (UEN) disposability, and unified efficiency under managerial (UEM) disposability. As
discussed by Sueyoshi and Goto [62], UE deals with increase and decrease of inputs to decrease undesirable
output directional vector. To calculate UE, Sueyoshi and Goto [62] proposed following model:

m s h
o . T+ T— b b
Maximize E i Ry (dit +di7) + E - RIdI + E = R}dy (3.2)
subject to

Z;;l XijAj —dZt +df =4 (i=1,...,m)

Zwlllgrj)\j—dﬁ:gm (r=1,...,9)
=
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ijlbfjAjerl}:bfo (f=1,...,h)

> A =120 (G=1....n)
J:

>0 (i=1,...,m) di” >0 (i=1,...,m)

d2>0 (r=1,....s) d}>0 (f=1,...,h).

After running model (3.2), UE measure is as follows:

UE measure = 1 — (Z’_nl R? (dS* 4+ d7) + Zsil RIAY + Z;fl R?d’}).

(3.3)

UEN disposability considers a decrease in input vector to decrease undesirable output directional vector. The

model proposed by Sueyoshi and Goto [62] for calculating UEN is as follows:

m S h
Maximize E - RYd? + E X RIdY + E :f lRl}d’}
1= r= =

subject to

Z;L:1 XijAj +di = xio (i=1,...,m)
Z;;l griAi = &7 = gro (r=1,...,s)
Z;;lbfj)‘j"_dl}:bfo (f=1,...,h)
Z;L_lAjzl A >0 G=1,...,n)
i >0 (i=1,...,m)

>0 (r=1,...,s) dy>0 (f=1,...,h).

After running model (3.4), UEN disposability is as follows:

UEN=1-— (Z:’il R¥d” + ijl R9dI + Z;ZI R’}d’}) .

(3.5)

UEM disposability considers an increase in input vector to decrease undesirable output directional vector.

Sueyoshi and Goto [62] proposed following model to calculate UEM:

h
Maximize le RYdy + Zj:1 Rld} + Zle Rl}d?

subject to

ZélXijkrdf:xio (i=1,...,m)
=

ijlgrﬂ)\jfdg:gro (7”:1,...,8)

ijlbfj)‘jerl}:bfo (f=1,...,h)

Zg—1>\j:1 Aj >0 (G=1,...,n)
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After running model (3.6), UEM disposability is calculated as follows:

_ m T JT s h b 1b
UEM =1 — (Zi_l Ridi +) Ridl+ ZH RYdY ). (3.7)

Later on, Sueyoshi and Wang [64] developed an integrated RAM model to calculate UENM disposability in
presence of desirable congestion. Model of UENM measure is as follows:

m- s h
Maximize Zi:l Ryd; + Zr:l Rydy + Zle Ryd

subject to

Z:Zl TA A =, (i=1,...,m")
Z;;l TN — dy =, (g=1,...,m")
Z:Zl GriNj = Gro (r=1,...,s)
> bahy = dy = by (f=1,....h)

Z:Zl A =1,

Ai>0 (j=1,...,n), df>0 (i=1,...,m"7)

dX>0 (¢g=1,....m"), d}>0 (f=1,...,h). (3.8)
After running model (3.8), UENM disposability is calculated as follows:
_ m- T JT S T JT h b b
UENM =1 — (Zi—l Rydi +3 _ Ridy+> 7 Rpdj). (3.9)

Dual of model (3.8) is as follows:

Minimi m- _ mt + s h b
inimize E VT, — g Zqx .+ E Uy Grk — E w +o
i ViTik g=1 4% ak g Ur9rk F=1 fOfk

subject to
m- mT s h
T — + - ; P —
Zizl Vi Zq:l Zqlq; + Zr:l UrGrj Zf:l wibgj+o 20 (G=1....n)
v; > RX (i=1,...,m"7)
zq > RY (qzl,.. 7m"’)
u, freeinsign (r=1,...,s)
wy > RY (f=1,...,h).
o freeinsign (3.10)
R? is equal with inputs range which is obtained by following expression:
RY =1/ (max{x;;|j=1,...,n} —min{x;;[j=1,...,n}) (m+s+h). (3.11)
RY is equal with desirable outputs range which is used in following expression:
Ry =1/ (max{g,;|j=1,...,n} —min{g,[j=1,...,n}) (m+s+h). (3.12)

R’} is range of undesirable output which is calculated by following expression:

R} =1/ (max{bs;lj =1,...,n} —min{bs;lj =1,....n}) (m+s+h). (3.13)
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3.2. Adaptive RAM network model with desirable and undesirable outputs

Here, we propose a RAM network model in the presence of desirable and undesirable outputs. Now, we extend
model (3.8).

3.2.1. Objective function

Due to network structure of our model, objective function has been modified as below:

k h h h
Maximize Zh:l Wi, (Zil Rheghe 4 Zizl Rhaghs 4 Zizl R;bd?b> , (3.14)

Wi, is weight of each division. Furthermore, range of inputs, desirable outputs, and undesirable outputs are
given as below:

R =1/ (max{xfﬂj =1,...,n} —min{x?ﬂj =1,...,n}) (m+s+h) (3.15)
R} =1/ (max{g/|j =1,...,n} —min{g"|j =1,...,n}) (m +s+h) (3.16)
R =1/ (max {b};|lj =1,....,n} —min {b};|j =1,...,n}) (m+s+h). (3.17)

3.2.2. Input, output, and fized link definition

DMU;j is jth supply chain (network) which has K,, (K =1,2,...,n) divisions. mj, is number of inputs. ;i
is ¢th input of DMUj in division K which is as follows:

Tk €ERy(i=1,... . my;i=1,...,mk=1,...,n), (3.18)
where 7y, is number of outputs. ¥, is rth output of DMUj in division K which is as follows:

yrjk € Ry (r=1,...,r;5=1,...,nsk=1,...,n), (3.19)
where z,j;, is as link; i.e., output of DMU; from kth division to Ath division:

zrik € Ry (r=1,...;risi=1,...,mk=1,...,n). (3.20)

3.2.8. DMU under evaluation

DMU under evaluation (DMU,) and input and output constraints of
DMU, are as follows:

KXok = XA + S;, (Vk) (3.21)
Yor = Yid, + S5, (Vk) (3.22)
Z;;l Ak =1 (V4, Vk) (3.23)
M >0,8>0,SF >0 (Vk), (3.24)
where Xj = (1%, ..., Znk) € R™ ™ is an input matrix and Y; = (y1x, ..., Ynk) € R™*™ is an output matrix.

S}, is input slack variable and S,jo is output slack variable. ()5 is vector of intensity related to Kth division.
Also,

freelink  Zo(untree = Z(kh)tree Ak + So(kh)tree;  So(kh)tree € B* (3.25)

fixedlink  Z,(kn)fixed = Z(kn)fixed s (V (K, h) fixed) (3.26)

bad link (inputlink)  Z,(xn)in = Z(kh)in Ak + So(kh)ini  So(kh)in € RL#nGn) (3.27)
good link (output link)  Z,(xhyout = Z(khyout M + So(khyouts  So(khyout € RZEE). (3.28)
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3.2.4. Our proposed NRAM-UENM model
At this juncture, our new NRAM-UENM model is presented as follows:

- k mhT ohe sha ha jha hg 7h hb Jhb
Maximize thl Wi, (Zi_l R¥*dy™ + Z R d," + Z RMdM + Z Rf dy
subject to

" h y\h ha _ _
Zi: XZJ)\] d w7 (Z =1,....,m )

h \h _ ghz _ +

q= 1X‘IJ)\] d qo’ (Z = ]., ,m )
Z: grj)\h d?q :g:‘lo; (7": ].,...,S)
ZFl biAT + i = blos (f=1....0) (3.29)
Zj:l Z(kh)inA? + So(kh)in = Zo(kh)ins ((kh) in=1,...,link 1nk)

Zj Z(k’h)out)\? - So(kh)out = Zo(kh)out; ((kh) out =1,..., link OUtk)
Zj Z(kh)free)\ + S (kh)free = Zo(kh)frees

n
ZFI Z(kh)fixed = Zo(kh)fixed;

A=

J=1
di*, dlo, d¥, Soenyin, So(khyous = 0

So(kh)frees free in sign.

Model (3.29) is used to calculate overall unified inefficiency. Overall UE under natural and managerial dis-
posability is determined by:

k mh l
UENM=1-%" W, (Zi_l R} + Z " R ghe g S RN+ > Rf;bdf;b) . (3.30)

A divisional UE is measured by:
k h
UENM =1 — Zh:1 Wh, (Z:il Rhwd*hm + Z thd*hx + Z Rhgd*hg + Z R}Lbd;hb> , (331)

where d;*, d;h‘” , dhg, d}hb are surplus slacks which is obtained by model (3.29).

3.2.5. Dual NRAM-UENM model
Dual of model (3.29) is as follows:

k mh™ l p
ERNET hx yh hx h hg h hb _jhb hb _jhb
Minimize E bt W (E i Vi X + E Z X E T grj—l- E 1 Nf df + E 1 Up dp +a)
subject to

k mh™ ! p
ha x-h. hx y-h hg h hb jhb hb jhb -
> o W (E vl +§ Z X! +§ T g+ o NEd] +> U +0>20 G=1,...,n)

(3.32)
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Th9 > Rh9 (r=1,...,s)
NP> RY (F=1,...,1)
U;}b: free

o: free,

where V;h"”, Zé”“’, Th, NP, UI’,“’, and o are dual variables. Al, o helps to recognize type of congestion in each
division of supply chain [64].

4. CASE STUDY

Paper recycling has four divisions. The first division includes the companies that convert natural raw materials
to paper which are known as paper manufacturing companies. The second division includes consumers that use
paper and try to reduce wastes from their pcesses. The third division includes companies that collect waste
papers. The fourth division includes paper recycling firms that purchase waste paper from the third division.
They process wapers a convert them into other paper products.

Here, we assess the overall unified and unified divisional efficiency (sustainability) of paper recycling supply
chain under natural and managerial disposability. Figure 1 depicts the Iranian paper’s recycling supply chain
which consists of 4 divisions. Divisions include paper mills and import companies, waste paper producer, waste
paper collecting companies, and paper recycling firms. In this study, the sustainability of 50 DMUs (supply
chains) is assessed. Sustainability criteria are taken from previous researches such as Neto et al. [47], Sueyoshi
and Wang [64], Carlsson et al. [14], and Philpott and Everett [49]. Criteria are as follows:

Requested
tonnage of each

Requested
tonnage of each
0

Revenue
Waste paper producer

import companies

Raw cellulose

Requested
tonnage of each

Different paper products

Waste paper collecting
companies

Requested
tonnage of each =
division

FIGURE 1. Structure of the paper’s recycling supply chain.
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Inputs:
Raw cellulose, capital, research and development (R&D) cost, requested tonnage of each division. Raw cellulose
belongs to the first division.

Outputs:

Number of employment of each division, payments to environmental organization, and revenues are outputs.
Payments to the Iranian Department of Environmental are the penalty of emitted pollution which is an unde-
sirable output.

Fixed link:
Inventory flow is considered as a fixed link.
Datasets of inputs, outputs, and fixed link are reported in Tables A.1-A.4 (see Appendix).

4.1. Overall unified and divisional UE

Overall unified inefficiency scores are calculated by model (3.29). Overall UE scores are obtained by Expression
(3.30). Divisional UE scores are calculated by model (3.31) and surplus slacks which are calculated by model (3.29).
Table 2 shows obtained results for overall unified and divisional UE scores. Table 2 represents the overall efficiency
of each supply chain which is introduced as a unique DMU. Also, it depicts the efficiency scores of each division in
the supply chain. Efficiency scores are reported based on sustainability factors. Figure 2 shows the overall unified
efficiency score of each DMU. It is seen that DMUs 19 and 34 have the highest efficiency scores.

Results of overall UE scores of supply chains are depicted in Figure 2.

Average of overall UE (sustainability) scores is 58.8%. As addressed in Table 2, efficiency scores of DMUs
19 and 34 in each division are unity. Therefore, overall UE scores of DMUs 19 and 34 are unity. Analyzing
divisional UE is crucial for decision-makers as supply chain weaknesses can be identified. Average of divisional
UE scores of 50 supply chains are shown in Figure 3.
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As mentioned in Figure 3, the divisional UE score of waste paper collecting companies is lower than other
divisions. Therefore, this division has a weakness in the supply chain.

4.2. Congestion in a supply chain

Given returns to scale and existence of equal constraint which causes creating supporting hyperplane in
production possibility set (PPS), the border between desirable outputs and inputs can be recognized [64]. o in
model ((3.32)) represents the type of congestion in each division of the supply chain. Recognizing congestion
type helps decision makers to decide on areas of sustainable investment [64]. Table 3 depicts the congestion
type of divisions of supply chains. Given arrow signs, type of congestion, positive (desirable) and negative
(undesirable), is determined. In positive congestion, the arrow is upward. In negative congestion, the arrow is
downward.

4.3. Determining investment strategy

Type of congestion is determined based on the position of the hyperplane that leans to feasible space. The
constraint can identify this position with an equal sign on each division. The overall and divisional efficiency
is determined by identifying the free link sign. This sign defines the position of the hyperplane. The slope of
the hyperplane specifies the type of congestion. Specifically, after running the model, the type of congestion is
determined.

In the definition of strategy, we do not direct an investor only based on the overall and divisional efficiencies.
We also consider congestion. The purpose of focusing on congestion in investment is to reach similar congestion
with the same direction throughout the supply chain. If the chain has congestions with different signs, investing
in congestion with positive sign increases negative congestion in other divisions. If each division of supply chain
looks for its profit, its investment on its own strengthens negative congestion in other divisions. This issue
negatively affects the sustainability of the whole chain. Therefore, in the proposed strategy, this issue should be
prevented. To determine the investment strategy, the following steps are suggested:

Step 1. Select the most sustainable supply chains given maximum overall UE: In this step, sustainable supply
chains with maximum overall UE are selected. Given Table 2, supply chains 19 and 34 have maximum efficiency
scores.

Step 2. Select supply chains with positive congestion in all divisions: In this step, supply chains with positive
congestion in all divisions are selected. In Table 4, congestion of two selected sustainable supply chains in step
1 is analyzed. Supply chain 34 has positive congestion in all divisions. Supply chain 19 has negative congestion
in division 4. Therefore, supply chain 34 is selected as an appropriate supply chain for investment.

Step 3. Select inefficient divisions given the average of divisional UE scores: As is shown in Figure 3, division
3 has a minimum average divisional efficiency score compared with other divisions. Therefore, division 3 is
selected for investment.

Step 4. After selecting DMU 34 and division 3 for investment, the amount of investment should be deter-
mined. Given model ((3.32)), the amount of investment can be proposed. Congestion is determined by model
((3.32)). If congestion is positive, the decision maker can increase the amount of investment. Investment is
increased as far as congestion is not changed.

Figure 4 depicts the amount of investment in division 3 given congestion. We can see the effect of increas-
ing investment on congestion. As is seen, investing more than 250 billion Rials causes negative congestion in
division 3.

Figure 5 depicts the range of investment and its impact on congestion of divisions 3 and 4. Region A is a
positive congestion region in division 3. Amount of investment in this region ranges from 275667 billion to
300000 billion Rials. Region B is a negative congestion region in division 3. In this region, the amount of
investment is over 300000 billion Rials. As is seen, investing more than 300000 billion Rials leads to negative
congestion. The amount of investment should be such that type of congestion does not change in any division.
Accordingly, region A is an appropriate investment area in division 3.
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TABLE 3. Congestion type in divisions of supply chains.

C oefficients indicating congestion
Papermills and Waste paper .
Waste paper Paperrecycling
paperimport collecting .
producer companies
companies companies
Og Om Op O¢
DMU 1 Government Printing Centers 1.284 0.195 0.285 0.302
DMU 2 Government Publishing Center A 10.589 B 0.797 A 0.305 N 0.361
DMU 3 Printing factories of Qom province W -1.099 0.250 0.031 A 0.291
DMU 4 Printing factories in Tehran province AN 0.641 AN 0.122 A 0.671 ¥ -0.617
DMU 5 Printers and offices of Tehran Province AN 5.652 4 0.139 N 0400 AN 0.083
DMU 6 Printers in Hamedan province 1.220 0.278 0.285 0.337
DMU 7 Printers in Kurdistan Province N 0.027 h 1.916 A 0400 ¥ -0.007
DMU 8 Amol city printing houses A 1.823 N 0.047 A 0.285 4 0.204
DMU 9 Printers of Rasht city A 0.834 0.332 ¥ -0.050 ¥ -0.354
DMU 10 Printers in Lorestan Province W -0.518 A 0.430 A 0.370 A 0.280
DMU 11 Tehran Office (District 6 lity) W -4.018 0.348 0.285 0.265
DMU 12 Tehran Office (District 3 Municipality) 0.626 0.278 0.504 0.303
DMU 13 Kerman Municipality ) 1.488 A 0.502 4 0.176 W -0.648
DMU 14 Tehran Office (District 7 Municipality) A 13.657 A 0.167 A 0.285 A 105.020
DMU 15 Tehran Office (District 5 icipality) 0.641 0.332 0.408 0.171
DMU 16 Tehran Office (District 2 Municipality) A 0.490 A 0.014 A 0.247 N 0.303
DMU 17 Karaj Office (District 2 Municipality) 0.173 0.047 0.473 W -0.567
DMU 18 Karaj Office (District 3 Municipality) A 0.626 h 0.294 A 0.792 W -0.007
DMU 19 Collection of waste paper in Sanandaj 5.470 0.339 10.105 W -0.428
DMU 20 Social Security departments of Tehran and Karaj 1 0.371 0.861 0.285 \y -1.642
DMU 21 Social Security departments of Tehran and Karaj 2 5.038 0.167 0.317 L 0.181
DMU 22 Financial offices of Tehran and Karaj and cities A 0.626 AR 0.268 A 0.504 ¥  -0.170
DMU 23 Social Security departments of Kerman W -1.132 A 0.280 A 0.285 A 0.293
DMU 24 Social Security departments of Qom A 1.316 A 0.165 A 0.180 ¥ -0.727
DMU 25 | Center for the expropriation of government documents 0.626 0.332 AN 0.305 0.303
DMU 26 Collection of waste paper in Tehran 1 0.486 0.391 0.278 3.912
DMU 27 Collection of waste paper in Tehran 2 ¥ -0.518 AN 0.250 N 0.180 1 1.992
DMU 28 Collection of waste paper in Tehran 3 A 2.074 B 0.227 A 0.511 N 0.347
DMU 29 Collection of waste paper in Shahriar1 5.795 0.047 0.305 0.343
DMU 30 Collection of waste paper in Azerbaijan A 0.406 A 0.307 A 0.370 L\ 0.315
DMU 31 Collection of waste paper in Northern cities of Iran A 0.945 0.634 0.285 0.396
DMU 32 Collection of waste paper in Hashtgerd W -0.115 AN 1.251 A 0.455 L\ 0.303
DMU 33 Collection of waste paper in Kerman A 0.295 A 0.348 N 0.285 ] -0.437
DMU 34 Social Security departments of Tehran and Karaj 3 1.045 0.165 0.313 [ 6.624
DMU 35 Social Security departments of Tehran and Karaj 4 [ -0.757 0.433 0.285 W  -1526
DMU 36 Collection of waste paper in Qorveh ) 0.396 N 0.268 A 1.391 W -1.445
DMU 37 Hamedan City Banks 0.641 0.398 0.305 W -4.096
DMU 38 Collection of waste paper in Shahriar2 A 0.626 A 0.294 A 1.197 A 0.343
DMU 39 Collection of waste paper in Marivan 4.535 W -1.535 0.285 0.278
DMU 40 Social Security departments of Tehran and Karaj 5 W -0.510 0.014 0.434 0.181
DMU 41 .Aria Cellulose Trading Co A 0.626 AN 0.121 A 0.305 L\ 0.395
DMU 42 .Razavi Cellulose Trading Co ) 0.626 ) 0.296 A 0313 ¥ -3.878
DMU 43 Iranian Justice Offices 0.626 0.268 0.305 0.204
DMU 44 Waste Paper Bank of SADERAT A 0.499 ) 0.861 A 0.285 A 0.278
DMU 45 Waste Paper National Bank 0.558 W -0.066 12.486 AN 1.668
DMU 46 Waste Paper Bank Refah Kargaran A 1.341 W -0.041 A 0.285 ¥ -0.575
DMU 47 Margin cut printing Hamshahri news papar 0.289 2.510 0.370 ¥ -0.707
DMU 48 Margin cut printing Keyhan news papar 0.996 A 5.704 0.876 0.303
DMU 49 Margin cut printing Astan Qods Razavi W -5.540 N 0.278 0.285 ¥ -0.654
DMU 50 Iran Textbooks Print A 0.626 ¥ -0.090 h 0.278 A 0.347
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TABLE 4. Comparison of two supply chains.

Coefficients indicating congestion
Paper mills and Waste paper Paper
p:per import Waste paper collec':inpg recygling
companies producer companies companies
, Os n M n 9p Ic
[ DMU 19 | Collection of waste paper in Sanandaj i 5.470 i 0.339 i 10.105 | W -0.428
[ DMU 34 | Social Security departments of Tehran and Karaj 3 1.045 0.165 0.313 A 6.624
Paper
A mills and Waste Waste Paper o 0350
mount of paper : £
investment Jpaper paper collecting recycllr-\g § 0.300 - -
import producer companies companies H .
companies S 0250 - -
Q
- . 2
Billion Rials o oy op ac g 0200 . O
81 1.045 0.165 0.313 6.624 % ] ~
100 1.048 0.166 0.281 6.345 g 'E 0.150 o
119 1.051 0.166 0.263 6.066 2 g' ™
138 1.055 0.166 0.214 5.788 ¥ g 0100- hd
157 1.058 0.167 0.165 5.509 % 0,050 4 e
176 1.062 0.167 0.163 5.230 = ’ @
195 1.065 0.168 0.125 4.952 “g’, 0.000 . . . i ' - - :
214 1.069 0.168 0.113 4.673 3 50 100 150 200 250 800 350
233 1.072 0.168 0.071 4.394 -0.050 - -
252 1.076 0.169 0.032 4.116
270 1.079 0.169 0.012 3.837 -0.100 -
290 1.083 -0.010 -0.012 1.526 Amount of investment in billion Rials
300 1.086 -0.080 -0.043 -0.034

FIGURE 4. Impact of investment changes on congestion type.

Figure 6 shows the impact of investment on the congestion of DMU 34 in 4 divisions. As is shown, by the
increasing amount of investment, congestion is determined. If congestion is positive, then the decision maker can
increase investment. However, the direction of congestion should not be negative. Investment from 275 billion
to 300 billion Rials does not lead to negative congestion of the division being invested.

As mentioned before, in step 1, supply chains with maximum overall UE are selected (supply chains
19 and 34). In step 2, the supply chain with positive congestion in all divisions is selected (supply chain
34). In step 3, the inefficient division given the average of divisional UE score is selected (division 3). Finally, in
step 4, after selecting DMU 34 and division 3 for investment, amount of investment and congestion type given
model ((3.32)) should be determined. Given the results, the best choice is to establish a waste paper collecting
company with a capital of 275—300 billion Rials while congestion type is not changed.

In the efficiency evaluation, paying attention to economic factors is simple for analysts. However, without
an integrated approach, it is complicated to take into account social and environmental factors. An integrated
approach assists supply chain analysts to get a full view of sustainability. The proposed model deals with
environmental, social, and economic factors, simultaneously.

5. MANAGERIAL IMPLICATIONS

Nowadays, due to government regulations and increasing public awareness about sustainability, companies
attempt to improve their sustainability. A company can survive if it is capable of creating and retaining a sus-
tainable relationship with all of its stakeholders [48,50]. Furthermore, corporate decision makers comprehend
that sustainability can create a competitive advantage for them [42]. A company that takes into account envi-
ronmental, economic, and social factors in its processes is called a sustainable company [10,41, 48]. Currently,
competition is among supply chains [39, 59]. Companies should invest in the sustainability of supply chains
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op(Congestion 0.30

changes in investment
[ | < 81.0
waste paper .25 B 81.000 - 105.3
collecting I 105.333 — 129.6
companies I 129.667 — 154.0
given 0.20 154.000 — 178.3
178.333 — 202.6
investment) I 202.667 — 227.0
0.15 I 227.000 — 251.3
W 251.333 - 275.6
W 275.667 — 300.0
0.10 [ ] > 300.0
0 1 2 3 4 5 6
o (Congestion changes in paper recycling companies given investment)
FIGURE 5. Investment ranges and its impact on congestion of divisions 3 and 4.
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FIGURE 6. Impact of investment on congestion in 4 divisions of DMU 34.
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[6,30,59]. In this paper, we proposed an adaptive RAM network model to assess the sustainability of supply
chains. We identified opportunities for investment in supply chains. Our proposed model introduced investment
opportunities given managerial disposability, natural disposability, and undesirable outputs. We determined the
type of congestion. In other words, our adaptive network DEA model can determine the amount of investment
concerning sustainability factors and type of congestion.

6. CONCLUSIONS

Globalization has forced managers to change their traditional approaches to supply chain level and con-
sider interactions among different parts of supply chains [8]. Also, by increasing globalization of supply chains,
decision-makers have focused on the sustainability of supply chains [8]. Sustainable SCM is a growing topic [56].
A decision maker should consider an appropriate amount of investment in sustainability aspects. In this paper,
we proposed an adaptive network DEA model to assess the sustainability of supply chains. For the first time,
we proposed an adaptive RAM network model. Our model can evaluate the relative efficiency of DMUs and
determine the amount of investment in sustainable supply chains. Moreover, our proposed model introduced
investment opportunities given the type of congestion.

We suggest the following topics for future researchers:

— Developing a network dynamic RAM model to take into account managerial and natural disposability.
— Developing an inverse network dynamic RAM model.

APPENDIX

See Tables A.1, A.2, A.3 and A.4 in below.



539

RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS

SJULWINDOP JUSWUIIA0S

L8 T¢6T 99 € STt 8C1 8¢ ¥I€ Jo uorperrdordxs oyy 103 13U 6T NINA
wod)
€6 €e 68€ T LTT 86 ce 18¢ jo sjueuwpredsp ALjumdeg [eOS  FZ NINA
TeuID3]
9L 091 (48 T 19 €01 € Ly Jo syudurpredep ALjumodg [erog gz NINA
so110 pue [erey]
8 09 (434 6 1T 101 1€ 86€ PU® URIYSJ, jo seOQjo [eOURUL] gg NINA
g (erey] pue ueiyag,
g8 8%¢T 8L9 ot 921 0ge 9T 8¢ Jo syudurpredep Ajumoag [erwog 1z NINA
1 (exey] pue ueiysy,
€6 Gqge €1g € Vi V61 62 Lyg 3o sjuewgredep ALjunoeg [ewog 0z NINA
(epueueg
88 cee 709 (028 671 8T 62 €9z ur 1oded ojsem jo uwOMOR(OD 6T NINA
(&yredpIuny
L8 9Ive vov € et 861 ve 8L¢ € MIsIA) 22WO ferey 81 NINA
(&9rreddiuny
76 66¢C 9L€ 8 ¢ 60T 9C 88¢ T 1213sIA) 20O feaeyy LT NINA
(Ayredoruny
8 191 £EV S LL €81 ve qev T OMISIA) OWO URIYdL 9T NINA
(Anredpruny
68 [4%4 769 L get L1C o€ e G OMISIA) WO UeIyel ST NINA
(Lyredruny
68 0T €99 8 6 T1¢C [49 €LT L 191381) 99O ueIysl, FI NINA
66 0ce £€9 L 8¢T £0¢ Gc LL Lyredpruny vewadyy g1 NN
(Anredpruniy
€6 0¢¢ vov 8 Vit 9C1 8¢ vee € PMISIA) WO ueIyel, gl NN
(Ayredruniy
TL c6 [4 g 66 1148 o€ T6T 9 1PLISIA) 9OWO UeIYRL,  TT NINA
9¢ Y91 LS 8 L21 £€2¢ 92 0Lg SOUIAOL] Ue}salor ul sjuild 0T NINA
16 €L €69 T et LET o€ 81¢ A310 jysey jo sivjulid 6 NINA
08 €c1 929 6 [4:3¢ <4 6T 60€ sesnoy Surjurad £410 owy 8 NINA
g8 (14 gev T 6L (454 ve VLT SOUIAOI] URISIPINY] UL SISULL] L NNAa
08 TLT 19474 [4 60T (491 6¢ 16€ oourA0Id URPIWRH Ul SISJULL] 9 NINA
20UIAOIJ
76 00t 91¢ S EVI LET €C 0Cy uRIYS, JO SOOLO PpuR sIjuLlg g NINA
aoursoxd
€8 €eT 199 g €T L¥C 92 PGT  URIYSL, Ul solI0jdRy  Sunung ¥ NNA
aouraoxd
LL 8¢T 681 ot 76 8C¢ LT L6 WOl  jo  sonI030®y  SUnULI] € NINd
L8 g6 (4514 6 €T 8¢1T (45 we I93ue) BuIYSHqnd FUSWUISAOD ¢ NINa
€8 08 807 9 €eT 0zge €€ 692 §194U9) BUIULL] JUSWUIDAOD) T NNd
UoJ, sTety UOIIN S[rery uoriN (o0t1) UoL,  STety UOIHIIN  SI®MY UoHItd uog, jusuwIaINseawW Jo Jruy
A1ddns
10j paonp
-oad uorjezruedio
soded jo [T WUOIIATUD jrun aYy jo aso[nyred
junouwry awoouy 03} sjuowieg ookojduryg oSeuuo) pajysenboy 1500 g7y Teyide) mer I0] pPoaaN s1030%,
Aurg
poxIg nding ndinQ ndinQ nduy nduy gnduy nduy

sotueduwoo jrodur teded pue s[jiu reded

‘(setreduroo q1odurt 1eded pue s[iun 1oded) T UOISIAID 10] joseie "1'Y dAT1dV],



8 ot L9¢ 9 8¢T 61T 6T 98T LI sqooqIxa, ued] 09 NINA
aezey]
a8 0¢T asv 8 8L gee o€ Gg8T spod ueysy Supurd no ulSeN - 6% NINA
1adedsmoau
76 9 94 g €Tt ver e yge ueydeyy Sunuud  qnd  uiSrelN 8% NINA
todedsmeu
98 144 vov L 70T S0T 1€ 80¢ wmyeyswrely Supuud gno uSiely Ly AN
uerediey]
16 161 867 9 80T 0LT g€ 142 yeyoy yueq rtoded 9sep  9F NINA
68 gcrt [4*)4 € L9 8¥1 LT €81 sueq [euorjeN toded 9isep\  GF NINA
(08 <9 a8 8 89 T1T 1€ ¢TIz LVYHEAVS jo jueg 1ded o3sep  ¥¥ NINA
88 LET (4 4 ort 68T 0¢ e SOOO edmsnr uetuwd] gy NINA
8 vece 86€ 9 VI Vit 1€ 692 ‘0D Surpeay, eso[n{) aezey gF NINA
el vee 677 9 9L gct 1€ G8¢ ‘0D Surpedy, eso[n{e) ©LY  I¥ NINA
g [erey] pue uelya],
8 [4 LEE 9 7ot 961 o€ 17 jo sjpuewjiedop Ljunosg [ewos  0F NINA
UeATIRIN
88 vee 949 8 971 86 [49 (449 ur soded aysem jo UOIOO[OD  6€ NINA
cretyeys
(4 G61 8¢€€ 8 1€1 61T LT €Iz ur Ieded ojsem jo uOnOS[O) 8¢ NINA
a8 8 699 i4 (498 99T 9¢ 892 sjqueq £31D uepowreH  Le NINA
yoalol)
68 0ce 89¢€ 6 89 ovt 1€ 66z ur Ioded ojsem jo uonOR[E)  9g NINA
3 ¥ [erey] pue ueiysg,
< 26 60T 0sy 6 gL 92 62 28¢ jo sjyuwowpredop Ljumdeg [eog  gg NINA
=~ ¢ [erey] pue ueiys],
= 16 Ve 8¢V ot 96 SvI ve g0g jo sjudwgredsp Lunoeg [eOS  FE NINA
= TRULID M
M. 8L 8¢IT Lgs g 99 ozt 8¢ (444 ur zoded ajsem jo uOOL[O) €€ NINA
M piadiyseHq
. 1L 08 79 ot I 80T 8T 61¢ ut reded ojsem jo uwomdR(OD  gE NINA
T ueI] JO SOIFID UISYIION
a8 G0¢ (454 T 06 L91 GC 96¢ ur 1ded o3sem jo wWOROR(OD T€ NINA
uelreqiozy
<6 g€ €vS g €01 LTT o€ LvT ur roded a3sem Jo WOID[OD  0g NINA
TIeLygeys
68 69 689 T LET Il (43 gog ur Ieded ojsem  jo UOROR[OD 6T NINA
€ ueIya],
06 L0€ (454 T 01 Gce €€ 8Tg ur 1oded ojsem jo UWOMR(OD 87 NINA
g ueIyaq,
€L €C1 Ve v 1€1 €VC 4 6gg ur aeded ojsem  jo uOROS[O) LT NINA
T weIyag,
LL 8L T€6 L SIt L6 (45 geg  ur 1oded ojsem  jo  wWORR(OD 9z NINA
UOL,  STery UoIiA STeTY UOITIAL (o01) UoJ, STery UOIIUANL  STery uold uog, jusuIaINSeawW JO U
Arddns
10J paonp
-oxd uoryeziuegio
1eded jo [RJUSWUOIIAUD jun oYy jo oso[neo
junowry awoouj 03 sjuowikeJ oakojdwuyg oSeuuo) pajsenbayy 1500 g7y reyrde) meI I0j] PodN s1030®,
R
pox1g mndinQ ndinQ nding jnduy ynduy nduy ynduy

setuedwoo jroduwr teded pue s[jiu teded

540

‘panunuoy) 1y @1dv],



S41

RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS

SIUBWNOOP JUOWUISAOS

€32 61 c0t 8 TST LG¢T 08 jo uorjeridordxs oYy 10§ WD) G NINA
wo)
61T 8GT 25 € 061 902 6¢ Jo spuewnyredop Ajumdeg [e0OS g NINA
URUILID Y]
69T 861 00T ¥ (84 (¥4 L9 jo syuewrpredsp £3umosg (eog €7 NINA
so1910 pue [erey]
€8T 8¥1 LLE L €eT LST 76 PpU® URIUSL, JO S9OJo [evoUrUL{  ¢gg NINA
7 [erey] pue ueiysy,
¥qT LLT 1485 g 80T 202 7L Jo spueuryredop Ajumoeg [e0og 1z NINA
T [erey] pue ueiyag,
<c0¢ L6¢T vic 9 €LT c6 L6 Jo syuaungredop £11anosg [e100S 07 NINA
(epueueg
66 66 00T 8 €8 0sT 6¢ ur reded ojsem jo uwoOROR[OD 61 NINA
(Lyrredorungy
€8T L0gT e L ITT L6T gL € 11sI) 20O feresy 8T NINA
(Lyrpedoruny
01T 01 (44 g 961 [47! 1¢ g WMIsI) 90O ferey) LT NINA
(£yredoruniy
LET 10¢ (484 g 0ce 9€ e g WPSI) OWO Uweysl, 9T NINA
(Lyrredorungy
v€e e TLT 8 Gq9¢€ €81 14 G 1OLSI(T) 22O UeIydL, ST NINA
(Lyrredorungy
8¢ 91 1484 8 61 1Zq8 90T L WISIQ) 90O weRl, T NINA
84¢ 29 91 € 8¢ 61T €9 Lyedpruny uewdy g1 AN
(Lyrediotuniy
84¢T L2T 66T g 66 G6T 14 € 1PLSIA) 22O werydL, g1 NINA
(Lyrredoruny
Tee 89 8¢¢C 4 9CT Ve 62 9 1OLISIT) OO UeIydL,  TT NINA
T1€ g1 88 6 [44 09¢ €q1 9OUTAOI UBJSDIOT Ul s1julld 0T NINA
6¢ 0¢t 96¢ 4 991 681 cel £ qysey jo swiutg 6 NINA
68T 0LT 0€2 i 00€ A 68 sesnoy Sunurid L4 [owy 8 NINA
Lce evt ave 9 01c 99¢ €9 9OUIAOI UeISIPIN} Ul siojulld L NINA
0T 8¢1 88T € Gg 44 €g  9ouraoxd uepewey Ul sIMUL 9 NINA
20UTAOIJ
0ST €cl 042 8 (44" €€T C¢§ URIYSJ, JO seoljo pur sIojulld ¢ NINA
souraoxd
QLT oI T0C 6 1€ GLT 06 weays], ur s90jRy Sunud  § NINA
souraoxd
6LT 00T 9.2 14 L9 LLT 88 wod Jo sewory  Sunuug ¢ NINA
662 8.1 LG¢T 14 v (42! 68 I9jud) SUIYSIqN jueWUIdA0Y g NINA
91¢ 091 ST 9 v eVl LL SI9JUD)) SUNULL] JUSWUIIAOY) T NNd
UOL,  s[ery UoM[iN S[ery UOIIN (0o01) UuoL, S[elYy UOIIN  S[®IY uoIid FUSWDINSEIUL JO 3TUM)
Arddns
10]
poonp
-oxd uorjeziuesIo Jrun oty
1oded jo [T UOIIAUS jo 93euuo)
junowry swoou] 09 syuowAeJ daKordwy pojsonboyy 1500 QY reyde) s1090%
AUl
pox1q mdinQ mdinQ mdinQ ndug ndug ndug

1eonpoad ieded o)sepn

‘(100npoid 1oded a9)seM) g UOISIAID 10] josete( g’V A14V],



LET Vit Ve € £6¢ SvT 29 LI siooqixa, ued] 09 NINA
1aezZRY
0ce ver €ve 9 29 €9¢ 08 spod ueisy Sunuud yno wisieN 6% NINA
Tededsmau
STE 08¢ (4514 T L8T L8T 8g1 ueydey Sunuud nd wdrelN 8% NINA
Todedsmau
Lve LST 0¥ € 0€T €91 18 Myeysuwrey Sunurid 9no uisiey Ly NINA
ueredieyy
20T 8T 80T € 06 g9 6€ qejoy Nueq toded 91sem 9% NINA
76T LGT 861 9 091 et €8 jueq [euonjeN oded 9isem  gF NINA
LvVyddvs
L1€ 002 el L 8C¢ 991 LL 3O Aued 1odeq 21seM TP NINA
LST 9C age 4 LE LST 06 SO0 Ldmsnr urtued] ¢y NINA
€1e 08T TLE 8 LG 291 6 ‘oD Surpedy, eso[n{e) 1aezey gy NINA
ovT 8C¢ 91T L 6 6¢ (43 ‘0D Surpedy, eso[n[eD BUY  I¥ NINA
G [erey] pue ueryay,
S61 gee 62T 9 gzt 68T 26 jo spuewredep Ljumoeg [eDOS OV NINA
URATIRIAI
8L 8TT L9T S oct gzt oy ut 1oded e3sem jo uonOR[OD  6¢ NINA
creryeys
88¢C 0LT 0ze g 60T 68¢ Lg ur aeded ogsem jo wondd[op 8¢ NINA
LS LTT 10T € €8¢ 191 et ssqueq A3 uepsweH  Le NINA
yoAlol)
. 81T L9T 44 4 ¥0T L6T 16 ur toded ejsem jo uwondd[O)  9g¢ NINA
~ ¥ [exey] pue ueiyag,
M 61V 16 19 0t 612 S1g 17 jo sjuounpredsp Ljumodg [e0og  ge NINA
&) ¢ [erey] pue ueiyaJ,
— 6L 89 €1V [4 c0¢ 10T 08 Jjo sjpuewredop Ljumoeg [eOS & NINA
.AJn uew a9y
M 09¢ St 5154 9 81¢ €81 €1 ut toded e3sem jo uondR[O)  £¢ NINA
T p1e3jyse
H. 6V€ (448 092 9 eVl 06¢ gg ur 1ded ojsem jo uwonL[OD g€ NINA
ueI] JO SOI}IO UISYIION
9LT €9 66€ L 6€€ vee gg ur 1ded ojsem jo uwondL[OD  T€ NINA
uelreqiozy
16T 991 PARS 6 91T Gee ITT up 1oded o3sem Jo UOMR[OD  0€ NINA
Trenyeys
O¢T TLT 18 € oTT 94T 9¢ ur roded ojsem jo UWOMRIOD 6% NINA
€ urIya],
1448 LVT 90T 8 Tee 262 06 ur toded ojsem jo UWOMLIOD 8% NINA
7 ueIya],
191 1448 09 [4 €8 0ce €9 ur 1oded ojsem jo wWOMOOOD  LZ NINA
T weiyaJ,
81¢ 62 L9T L € 8¢€€ g9 ur ioded ojsem jo wWONMOL[OD 9z NINA
Uog,  sTery UOIA S[eTY UOITIN (oot) uoT, SIBTY UOIIIN  S[ery uotd JUDUWDINSLIW JO TU )
Arddns
JI0J paonp
-oad uoryeziuedio
roded Jo [ejusmIuOITATUD jmun oyl jo
junowy swoou] 03 sjuowiAe J oofojdwy e3euuo) pejsenbayy 1800 79y 1eyide) s1030%,]
AUt
poxtq ndinQ mndinQ ndinQ jnduy ynduy jnduy

1eonpoad reded agsepn

S42

ponunuoy) 'y 414dv],



543

RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS

SIUSWNDOP JUSWUIIA0S

765°9¢¥ 00% [427% i4 6€T T8¢ 98 jo uonpenrdordxe oyy 10 1jUL) ¢z NINA
wo)
9¥8°8C1 €41 €¢T 9 L91 €01 L. jo spuewnpredop Ljumoeg [eOS  FZ NINA
URULIDY
v8°Cc1e 9L LST g 1ce [4°14 18 Jo sjueurjpredsp Ljumoeg [erog ¢z NINA
so1310 pue [ereyf
799°LS€E LT 981 € 8TT 96 VIT PUe URIYSJ, JO seolo [eluruly gg NINA
7 [erey] pue ueiyay,
6CL°G89 GG1 €9¢ 8 6¢ 67¢ 89 Jo sjueunjredop Ljumoeg [eOS  1g NINA
1 (erey] pue ueiysJ,
9L9'9¢ 4 Eias 8 9T 16 121 jo sjuowyredop Ajumoog [er0og 0z NINA
(epueueg
69€°10€ 06 60€ 01 8¢¢ 1€c 9¢ ur 1ded ojsem jo uwonRL[OD 6T NINA
(Lyredipruniy
¢61°70S pread 0vc g 0L 08T €0T € 901sIq) 2oyO ferey] 81 NINA
(Lyrredprunpy
Yyy o1 81¢C 88¢ 9 1448 €91 ov T sI) 2oWO fereyy LT NINA
(Lyrredprunpy
€3C°60¢ €0¢ [4°14 € (4] 0T¢ 86 T PISIA) 9oWO ueIydl, 9T NINA
(Lyrrediprunpy
969°LVT LL 69¢€ 01 1€ €92 L9 S IOLISIA) 9OWO UBIYSL 9T NINA
(Lyrredprunpy
¢6°899 Ge1 e 8 Z81 I6T 0g L 191981() 99O UeIydl, HI NINA
667°98¢ 661 a8y g €L €cl €v Ayredpruny vewady] g1 NINA
(Lyrredprunpy
CTT'89S T0€ €07 14 61T c9 L8 € PISIA) 9oWO ueIydl,  gT NINA
(Lyrredprunpy
91°97 L8T et s € €91 L8T 184 9 ILISIA) POWO UBIYSL  TT NINA
86°89¢ vce 692 id 691 T63 a8 9OUIAOI U'YSOIOTT Ul sIdjUlld 0T NINA
609°01¢9 29¢ ¢61 G 12 8€T (028 £310 Jysey jo sivjurig 6 NINA
LTL 969 Gc Ly 6 <0¢e et 9¥ sosnoy Furjurad £410 oy 8 NINA
QL1708 89¢ LLT [4 S61 Gq1 a1 9OUIAOL UBYSIPIND] UL SISGULLJ L NINA
T98°1LV €8T 8¢¢€ € L2 €¥C L 9ourA01d URpIWRY Ul SISJULI] 9 NINA
QouIA0Ig
veSCot 661 91¢€ € €11 €81 C9 URIUSI, JO SI0YOo pur SIjUullg ¢ NINa
souraoxd
vecovel 8€1T 0se ot LLT €9¢ G6 UeIYS], Ul S9LI00®)  FUULIG v NINA
soutaoxd
996°61¥ €9 I¢T € <9 9€1 6¢ wWOdH jo  souojory  JuULg € NINA
8TLGLE cLT €9¢€ € 0T¢g L0T 18 199Uy SUIYSINJ JUSWUIIAOY) ¢ NINA
900°6LC G991 €ve [4 6LC vic 1L SI19JUB) FUNULL] JUSUUIDAOD) T NNa
uog, srery uoliN s[ery uoriN (001) uoL S[ery UOoIIA  s[ery uollitg jusIaImseauW Jo ru)
Arddns
10J paonp
-oad uoryezrues jrun
1oded jo -I0 [RIUDWUOIIAUD a1} jo oSeuuol
junowy awoou] oyl 03 sjuswheJ saforduy pojsanbayg 1500 g7y rerde) 10300,
uly
poxiyg mdinQ mdinQ mndinQ nduy ynduy nduy

sotueduwoo 3urjoeqjoo 1oded aj3sepn

*(sotueduwion 3uryoo[[oo 1oded ojsem) ¢ UOISIAID 10] joseie(] "¢’y ATdV],



TLY8'8CS 8¢ T1€ v 68 Gqge 144 JULL sqooqixal, url]  0¢ NINA
1aRZRY SPOd)
G96°'8¢ 9L €6 € a8 vee 96 uejsy Sunuud no  uiSelN 6% NINA
todedsmou
L9T'¥Ce 1% LSY 9 S6T 79T 8g ueykey Sunjuud Jnd uiSrelN 8% NINA
Tededsmoeu
8V 61V 961 vee v 61¢ S1¢ 90T wyeyswey Sunund 4nd wiSeN Ly NINA
ueredrey]
299°20¢T 67T 6€T 8 Vit 6LT L9 qejoy yueq toded 91sep  9¥ NINA
€67°86C <s0C 09¢€ ot 291 e v jueg [euoneN woded 93sepy  ¢F NINA
Lvyaddvs
viceve vee 9 v G61 (4549 v8 Jo Aqued 1odedq 2IseM T NINA
98L°Ces 9LT 144 v cL g8T 6 SOOYO LPusN urtuRIl ¢y NINA
[aa°R4°] 86C G6¢ 6 S0T [4%14 9¢€T ‘oD Surpei, eso[n[e) 1aezey gy NINA
9ITVEY <0C 81V g 1¢¢€ 0S¢t 9 ‘0D Sutpeiy, eson{PD eHyY  IF NN
g [erey] pue uelya,
68€°941 9¢¢ aev v 9€ 091 L 3o syuowgredep Ajnmdeg [eIDOS 0% NINA
TWeATIRIN
906°S7¢C €8¢ 8CI1 T 9LT 9¢1 0 ur 1oded e3sem jo UOIS[OD  6€ NINA
greryeys
TT6°LT 8T¢ €T ot et 791 G6 ur toded ojsem jo uomldd[O) 8¢ NINA
6LC°GLT 0zce G8¢ L Ve 762 08 squeq Ay1D uepoweH  Le NINA
Yyoa1od)
. TLL LYY 88T QLT 0t g6 902 g8 ur toded ogsem jo uwondR[O)  9g NINA
= ¥ [erey] pue uelyaq,
” 69€°72E L92 L T GLeT 0ce 1L 3o syuswiredep A31Nd9g [0S G NINA
& ¢ [erey] pue uelyaq,
— 1€70C 118 €LE T LET 88 18 jJo syuswgaedop Ajunoeg [e10S  FE NINA
.AJn eI 3]
M L60°LEE S 8¢ T 122 el €9 ur 1oded e3sem jo uolOL[OD €€ NINA
T piedjyseyq
H. G1€°2ee 61€ 1444 9 8 vve 1g ur toded ojsem jo WOROS[OD g€ NINA
UeI] JO SOI}IO UISYIION
€TV 9reT 8¢C 1449 g €ve vve 8 ur teded ojsem jo uwondd[OD 1€ NINA
ue(reqiozy
LET LTV 64T T 8 86 14¢ STT ut roded ajsem Jo UOOL[OD  0€ NINA
Trenyeys
L6T STV TLT qev g 84¢ (484 9, ur zaded ojsem jo womrdR[OD 6z NINA
€ uelyaq,
868°929 €LT L9T T 8€¢ Le 0T ur Ioded ojsem jo uOOL[OD 8% NINA
7 ueIys],
T8L°L8C 10T 68¢ v (48 LET gL ur zaded ogsem jo uwordR[O) Lz NINA
T weryaJ,
¥€€°L6T ST 8TT € L8 LTe g8 ur raded ogsem jo uwordR[O) 9z NINA
UOT,  S[ery UOIIAN  S[BIY UOIHIIN (oot) uog, S[erY UOIIIN  S[ery uorig JUSWIDINSEOU JO JTU)
Arddns
10J paonp uorjezZIU
-oad -e810 [ejuowt
1oded jo -uolrAus 9Y9 jIun oy jo
junowy awodou] 03 sjuswheJ sokojduryy e3euuo) pajysenbey 1800 79y Tegide) s1030%4q
Aurg
paxIg mndinQ ndinQ ndinQ gnduy nduy gnduy

sotuedwoo 3uryoaqjoo toded aj3sepn

S44

‘ponunuoy) "¢y 414dv],



545

RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS

SIUSWNDOP JUSWUIIA0S

i) 187 8c8 6 0ST 18¢ 688 jo uonerrdordxe oyj 10y 13u) gz NINA
wo)
LET () 618 14 9¢ e 167 jo syudwigredop £juanoeg [ewos gz NINA
TeULID Y]
8C¢ 1¢€ 799 14 €61 €02 88g Jo sjuounjredop Ljumoeg [eOS  gg NINA
so1310 pue [ereyf
SvT 68¢ 0TO0T T gacert TLE 19€ pue urvIYSI, Jo sedoyjo [edURUl] gg NINA
g (erey] pue ueiysg,
v6¢ 8¢V 8ETT 6 (0531 16T 69¢ jo sjudwredsp Ljumoag [eoog 1z NINA
1 [erey] pue ueryay,
TLT €0¢g €L 8 €T 68T 0% jo sjusurjredop Ajumoeg [eog 0z NINA
(epueueg
8¢€¢C 1844 ¥vo1 € vt 84T vee ur toded ejsem jo uomnde[0) 61 NINA
(&yrredTUniy
6€¢C 98 cL9 g 60T VLT Vel € PHISIA) 20O feaes) 81T NINA
(Ayredpruny
98 €8¢ 8¢ 8 0¢t 91€ (454 T sI) 2oWO fereyy LT NINA
(Ayrpedoruniy
01e (484 018 v et 84¢ 019 T PISIA) 9oWO ueIydl, 9T NINA
(&nredpruny
LET LEY (Unas 8 68T 10T GL9 S IOLISIA) 9OWO UBIYSL 9T NINA
(Aypedodruniy
ave Lve GcotT L STT 9T¢€ 8L L 191981() 99O UeIydl, HI NINA
[4%4 gt L29 14 66 L92 0¢L Ayredpruny vewady] g1 NINA
(Lyrpedodruniy
€ve 8L9 GL6 v 761 vee 91€ € PISIA) 9oWO ueIydl,  gT NINA
(&nredpruny
08¢ 049 80€ L <9 Syt €SV 9 ILISIA) POWO UBIYSL  TT NINA
8LT LT9 L68 9 g0t 98¢ 15874 9OUIAOIJ URYSOIOT Ul sIjulld 0T NINA
61 88 L08 6 291 8V¢€ e £310 Jysey jo sivjurig 6 NINA
8C¢C €8¢ (443 g 1£q <0¢ €Ve sosnoy Surjurid £310 [owy 8 NINA
1< 9.L€ ViL 8 80T get 9CG  9OUIAOI URJSIPIND] UL SIJULIJ L NNA
<02 (44 67CT ) 90T 992 899 9ourA01d URpIWRY Ul SISJULI] 9 NINA
20UIAOIJ
60€ 91€ €IvL [4 LyT 9¢¢ 698 URIYSJ, JO SOOLJO pue SISjULI] g NINA
souraoxd
8¢CT £€¢C v.iC L TGT €0¢ 867 UBIUYS], Ul S9LI010®)  FUNULI] v NINd
souraoad
L6€E v6¢€ LTy T 78 80¢ ¥gg wWod  jo  seuojory  SUULI] € NINA
062 0cL 1444 T 99 cve 9LG  I93Ud) SUIYSINJ JUIWUIIA0D ¢ NINAa
9Ve vie 8¢V 6 cot Gee T9L SI19JUB) FUNULL] JUSUUIDAOD) T NNa
UoL  srery uoHrin s[RIy UOHIHN (001) uoL S[eIY UOHIIN  s[erY uolrtdg jusIaImseauW Jo ru)
Arddns
10J paonp
-oxd uotjez Jrun
1oded jo -TueS810 [ejULOUWIUOIL a1} jo oSeuuol
junowy QWIOdU]  -IAUD 09 sjuswheJ saforduy pojsanbayg 1500 g7y rerde) 10300,
Aurg
poxiyg mdinQ mdinQ mndinQ nduy ynduy nduy
soruedwod Sui[oLoer teded
‘(setreduoo 3uroAoa1 1eded) § UOISIAID 10§ joseje( “§'y ATAV],



Gqge <ov 092 L 1€t €LE GL9 JULLIg SOOqIXal, urli] 0¢ NINA
aeZRY
1Tt 86€ 8121 8 431 LT 6£8  spod ueysy Sunund gno uSiely 67 NN
1odedsmou
991 129 €14 4 161 188 gg. ueydeyy Supund gno  wiSre 8% NINA
1odedsmoau
09¢ 444 SLS 8 88 662 Lg¢  uyeyswrey Supuud gno uwiSiely Ly AN
ueIeSIeyy
80¢C ave 8LS g €eT 161 €TL yejoy ueg teded 9ysem  9v NINA
9ze gge v9¢ g 44" 9€€ i sueq [euonjeN roded 9isep\ G NINA
9632 G Vel 9 96 LTE 829  LVHYHEAVS jo Jueg 12ded oisepm ¥ NINA
€4C 1€l 0.8 g LVT jeeat €LC SO eomsnr ueturd] €y NINA
69C L1T ovv € a8 gge e ‘0D Burpesy, eso[n[ep aezey gy NINA
ote Ve PSS 4 6€T 81¢ €99 ‘0D Surpeiy, ason[ED ®LYy  I¥ NINA
¢ [erey] pue uelya,
Gat 6EV G8TT ot 80T 08¢ 6101 Jo sjuewredop ALumdeg (ewwog  0F NINA
URALIRIA
092 8.LC LL9 g 61T L8¢ c0g ur roded ajsem Jo UOOL[OD  6€ NINA
cretyeyys
9€¢ 19725 8CTL g jant 6€C 81, ur Ioded ojsem jo UOROR[[O) 8¢ NINA
1T 8¥L €6¢ € 61T 8¢ 6€L sjueq £31) uepewrey g NINA
yoal1od)
902 vag 8LL v 08 68T g€gg ur Ieded 9jsem  jo  uOnOR[O) 9 NINA
3 ¥ [eiey] pue ueiyaj,
< 8T vl L9V T OTT 9veT Gg9 jJo sjuourpredsp A3nnodg [BIOS  GE NINA
=~ ¢ [erey] pue uelyaq,
9 [444 V6V L9V T i €49¢ 116 Jo syuewredop Ajumoeg [e00g ¢ NINA
= TWeULID 3]
M. 16T €LT 087 ot 06T €LT Vet ur roded aysem Jo UOOL[OD €€ NINA
M pr1a3iyseHq
. 6GT 67V G011 € (4228 L9¢€ 11€ ur Joded ejsem jo  uwoOmMdO[OD g€ NINA
T UeI] JO SOIIIO UIDYIION
90€ iad cv9 14 L91 61¢ pT  ur 1ded ojsem  jo woROR(0D T NINA
uelreqrozy
¥8¢ 484 S¥L € G9T L€ €02 ut 1oded o3sem jo uodR[OD 08 NINA
TIeLyeRys
0ce €va TLL g 021 cLT 6.5 ut Ieded ojsem  jo UOROR[[OD 6T NINA
€ uelyaq,
89¢ wy L8L 9 LET vee L9 ur 1oded ojsem jo UWOROA0D 87 NINA
g ueIyaq,
vie 08% 0CIT L 091 age 8g9 ur Ieded ojsem  jo UOROR[[OD LT NINA
T ueIya,
09¢ €96 069 6 geT €LE 6gg ur 1oded ojsem jo wWOROROD 9z NINA
UOL,  STery UoIiA S[ery UoIIN (001) uoL S[ery UoT[IJN  S[ery uorig JUDWDINSLIUW JO TU[)
A1ddns
I10J paonp
-oad uorjeziue3io
1oded jo [RJUSUOIIAUD jrun ayy jo
junowry awoou] 03 sjuawAe J ookojdury o3euuo) pajysanboy 1500 g7y Teyide) s1030%,]
Aurg
PoxIg mndinQ nding nding gnduy nduy gnduy

soruedwod SuroALoer rodeq

546

‘panuIuoy) § Yy @1dv,],



[1]
[2]

3

4

(10]

(11]

12)
[13]
[14]
[15]
[16]
17)

(18]
(19]

[20]
[21]
[22]
23]
[24]
[25]
[26]
[27)
28]
[20]
[30]

(31]

RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS S47

REFERENCES

P.J. Agrell and A. Hatami-Marbini, Frontier-based performance analysis models for supply chain management: State of the
art and research directions. Comput. Ind. Eng. 66 (2013) 567—-583.

N.K. Avkiran and A. McCrystal, Sensitivity analysis of network DEA: NSBM versus NRAM. Appl. Math. Comput. 218
(2012) 11226-11239.

M. Azadi, M. Jafarian, R. Farzipoor Saen and S.M. Mirhedayatian, A new fuzzy DEA model for evaluation of efficiency and
effectiveness of suppliers in sustainable supply chain management context. Comput. Oper. Res. 54 (2015) 274-285.

T. Badiezadeh, R. Farzipoor Saen and T. Samavati, Assessing sustainability of supply chains by double frontier network DEA:
A big data approach. Comput. Oper. Res. 98 (2018) 284-290.

R.D. Banker, A. Charnes and W.W. Cooper, Some models for estimating technical and scale inefficiencies in data envelopment
analysis. Manag. Sci. 30 (1984) 1078-1092.

A.P. Barbosa-Pévoa, Sustainable supply chains: Key challenges. Comput. Aided Chem. Eng. 27 (2009) 127-132.

E. Boudaghi and R.F. Saen, Developing a novel model of data envelopment analysis—discriminant analysis for predicting
group membership of suppliers in sustainable supply chain. Comput. Oper. Res. 89 (2018) 348-359.

R. Burritt and S. Schaltegger, Accounting towards sustainability in production and supply chains. Br. Acc. Rev. 46 (2014)
327-343.

D. Carlsson, S. D’Amours, A. Martel and M. Roénnqvist, Supply chain planning models in the pulp and paper industry.
INFOR: Inf. Syst. Oper. Res. 47 (2009) 167-183.

C.R. Carter and D.S. Rogers, A framework of sustainable supply chain management: Moving toward new theory. Int. J. Phys.
Distrib. Logist. Manag. 38 (2008) 360-387.

A. Charnes, W. Cooper, B. Golany, R. Halek, G. Klopp, E. Schmitz and D. Thomas, Two Phase Data Envelopment Analysis
Approaches to Policy Evaluation and Management of Army Recruiting Activities: Tradeoffs Between Joint Services and Army
Advertising: Center for Cybernetic Studies. University of Texas-Austin, Austin, Texas, USA (1986).

A. Charnes, W.W. Cooper and E. Rhodes, Measuring the efficiency of decision making units. Fur. J. Oper. Res. 2 (1978)
429-444.

C.M. Chen, A network-DEA model with new efficiency measures to incorporate the dynamic effect in production networks.
Eur. J. Oper. Res. 194 (2009) 687—699.

Y. Chen, W.D. Cook, N. Li and J. Zhu, Additive efficiency decomposition in two-stage DEA. Eur. J. Oper. Res. 196 (2009)
1170-1176.

Y. Chen, W.D. Cook, C. Kao and J. Zhu, Network DEA pitfalls: Divisional efficiency and frontier projection. In: Data
Envelopment Analysis. Springer, Boston, MA (2014) 31-54.

K. Chen and J. Zhu, Second order cone programming approach to two-stage network data envelopment analysis. Eur. J.
Oper. Res. 262 (2017) 231-238.

C. Chen, J. Zhu, J.Y. Yu and H. Noori, A new methodology for evaluating sustainable product design performance with
two-stage network data envelopment analysis. Fur. J. Oper. Res. 221 (2012) 348-359.

W.D. Cook, K. Tone and J. Zhu, Data envelopment analysis: Prior to choosing a model. Omega 44 (2014) 1-4.

W.W. Cooper, H. Deng, B. Gu, S. Li and R.M. Thrall, Using DEA to improve the management of congestion in Chinese
industries (1981-1997), Socio-Econ. Plan. Sci. 35 (2001) 227-242.

W.W. Cooper, K.S. Park and J.T. Pastor, RAM: A range adjusted measure of inefficiency for use with additive models, and
relations to other models and measures in DEA. J. Prod. Anal. 11 (1999) 5-42.

W.W. Cooper, L.M. Seiford, K. Tone, Data Envelopment Analysis: A Comprehensive Text with Models, Application, Refer-
ences and DEA-Solver Software. Kluwer Academic publishers (2002).

D.K. Despotis, G. Koronakos and D. Sotiros, Composition versus decomposition in two-stage network DEA: A reverse
approach. J. Prod. Anal. 45 (2016) 71-87.

T. Dyllick and K. Hockerts, Beyond the business case for corporate sustainability. Bus. Strat. Environ. 11 (2002) 130-141.
R. Fédre and S. Grosskopf, Network DEA. Socio-Econ. Plan. Sci. 34 (2000) 35-49.

R. Fére and S. Grosskopf, Modeling undesirable factors in efficiency evaluation: Comment. Eur. J. Oper. Res. 157 (2004)
242-245.

R. Farzipoor Saen, A decision model for selecting technology suppliers in the presence of nondiscretionary factors. Appl.
Math. Comput. 181 (2006) 1609-1615.

R. Farzipoor Saen, Developing a new data envelopment analysis methodology for supplier selection in the presence of both
undesirable outputs and imprecise data. Int. J. Adv. Manuf. Technol. 51 (2010) 1243-1250.

A. Fathi and R. Farzipoor Saen, A novel bidirectional network data envelopment analysis model for evaluating sustainability
of distributive supply chains of transport companies. J. Clean. Prod. 184 (2018) 696-708.

G. Gosalbez, A. Martin and L. Stamford, Enhanced data envelopment analysis for sustainability assessment: A novel method-
ology and application to electricity technologies. Comput. Chem. Eng. 90 (2016) 188-200.

I.LE. Grossmann, Challenges in the new millennium: Product discovery and design, enterprise and supply chain optimization,
global life cycle assessment. Comput. Chem. Eng. 29 (2004) 29-39.

A. Hassanzadeh, S. Yousefi, R. Farzipoor Saen and S.S.S. Hosseininia, How to assess sustainability of countries via inverse
data envelopment analysis? Clean Technol. Environ. Policy 20 (2018) 29—-40.



548

(32]
33]
(34]
(35]
(36]

(37)
(38]

(39]
[40]

[41]
[42]

[43]
[44]

[45]
[46]
(47]
(48]

[49]
[50]

[51]
(52]
[53]
[54]
[55]
[56]
[57)
(58]
[59]
[60]
[61]
(62]
[63]
[64]

[65]

H. HAJAJI ET AL.

C.W. Hsu and A.H. Hu, Green supply chain management in the electronic industry. Int. J. Environ. Sci. Technol. 5 (2008)
205-216.

M. Izadikhah and R. Farzipoor Saen, Evaluating sustainability of supply chains by two-stage range directional measure in
the presence of negative data, Transp. Res. Part D: Transp. Environ. 49 (2016) 110-126.

M. Izadikhah and R. Farzipoor Saen, Assessing sustainability of supply chains by chance-constrained two-stage DEA model
in the presence of undesirable factors. Comput. Oper. Res. 100 (2018) 343-367.

J. Jassbi, R. Farzipoor Saen, F. Hosseinzadeh Lotfi and S.S. Hosseininia, A hybrid decision making system using DEA and
fuzzy models for supplier selection in the presence of multiple decision makers. Int. J. Ind. Math. 3 (2011) 193-212.

S. Jradi, T.B. Chameeva, B. Delhomme and A. Jaegler, Tracking carbon footprint in French vineyards: A DEA performance
assessment. J. Clean. Prod. 192 (2018) 43-54.

C. Kao, Network data envelopment analysis: A review. Eur. J. Oper. Res. 239 (2014) 1-16.

C. Kao and S.N. Hwang, Efficiency decomposition in two-stage data envelopment analysis: An application to non-life insurance
companies in Taiwan. Fur. J. Oper. Res. 185 (2008) 418-429.

D.J. Ketchen and G.T.M. Hult, Bridging organization theory and supply chain management: The case of best value supply
chains. J. Oper. Manag. 25 (2007) 573-580.

G. Koronakos, D. Sotiros and D.K. Despotis, Reformulation of network data envelopment analysis models using a common
modelling framework. Fur. J. Oper. Res. 278 (2019) 472-480.

G. Lamberton, Sustainability accounting. A brief history and conceptual framework. Acc. Forum 29 (2005) 7-26.

M. Mahdiloo, M. Tavana, R. Farzipoor Saen and A. Noorizadeh, A game theoretic approach to modeling undesirable outputs
and efficiency decomposition in data envelopment analysis. Appl. Math. Comput. 244 (2014) 479-492.

Y. Maruyama, Range adjusted measure network DEA model. AIP Conf. Proc. 1168 (2009) 949-952.

S.M. Mirhedayatian, M. Azadi and R. Farzipoor Saen, A novel network data envelopment analysis model for evaluating green
supply chain management. Int. J. Prod. Econ. 147 (2014) 544-554.

B. Mota, M.I. Gomes and A.P. Barbosa-Pé6voa, Supply chain design towards sustainability: Accounting for growth and jobs.
Comput. Aided Chem. Eng. 34 (2014) 789-794.

P.R. Murphy and R.F. Poist, Green perspectives and practices: a “comparative logistics” study. Supply Chain Manag.: Int.
J. 8 (2003) 122-131.

J.Q.F. Neto, J.M. Bloemhof-Ruwaard, J.A. van Nunen and E. van Heck, Designing and evaluating sustainable logistics
networks. Int. J. Prod. Econ. 111 (2008) 195-208.

F. Perrini and A. Tencati, Sustainability and stakeholder management: The need for new corporate performance evaluation
and reporting systems. Bus. Strat. Environ. 15 (2006) 296-308.

A. Philpott and G. Everett, Supply chain optimisation in the paper industry. Ann. Oper. Res. 108 (2001) 225-237.

J.E. Post, L.E. Preston and S. Sachs, Managing the extended enterprise: The new stakeholder view. Calif. Manag. Rev. 45
(2002) 6-28.

A. Qorri, Z. Mujki¢ and A. Kraslawski, A conceptual framework for measuring sustainability performance of supply chains.
J. Clean. Prod. 189 (2018) 570-584.

K. Rashidi and R. Farzipoor Saen, Measuring eco-efficiency based on green indicators and potentials in energy saving and
undesirable output abatement. Energy Econ. 50 (2015) 18—-26.

H. Scheel, Undesirable outputs in efficiency valuations. Fur. J. Oper. Res. 132 (2001) 400-410.

L.M. Seiford and J. Zhu, Profitability and marketability of the top 55 US commercial banks. Manag. Sci. 45 (1999) 1270-1288.
L.M. Seiford and J. Zhu, Modeling undesirable factors in efficiency evaluation. Eur. J. Oper. Res. 142 (2002) 16-20.

S. Seuring and M. Miiller, Core issues in sustainable supply chain management—a Delphi study. Bus. Strat. Environ. 17 (2008)
455-466.

V. Shokri Kahi, S. Yousefi, H. Shabanpour and R. Farzipoor Saen, How to evaluate sustainability of supply chains? A dynamic
network DEA approach. Ind. Manag. Data Syst. 117 (2017) 1866-1889.

S. Soheilirad, K. Govindan, A. Mardani, E.K. Zavadskas, M. Nilashi and N. Zakuan, Application of data envelopment analysis
models in supply chain management: A systematic review and meta-analysis. Ann. Oper. Res. 271 (2018) 915-969.

L.J. Spence and L. Rinaldi, Governmentality in accounting and accountability: A case study of embedding sustainability in
a supply chain. Acc. Organ. Soc. 39 (2014) 433-452.

T. Sueyoshi and M. Goto, Should the US clean air act include CO2 emission control?: Examination by data envelopment
analysis. Energy Policy 38 (2010) 5902-5911.

T. Sueyoshi and M. Goto, Methodological comparison between two unified (operational and environmental) efficiency mea-
surements for environmental assessment. Fur. J. Oper. Res. 210 (2011) 684—-693.

T. Sueyoshi and M. Goto, Data envelopment analysis for environmental assessment: Comparison between public and private
ownership in petroleum industry. Fur. J. Oper. Res. 216 (2012) 668-678.

T. Sueyoshi and M. Goto, Undesirable congestion under natural disposability and desirable congestion under managerial
disposability in US electric power industry measured by DEA environmental assessment. Energy Econ. 55 (2016) 173-188.
T. Sueyoshi and D. Wang, Sustainability development for supply chain management in US petroleum industry by DEA
environmental assessment. Energy Econ. 46 (2014) 360-374.

A. Tajbakhsh and E. Hassini, A data envelopment analysis approach to evaluate sustainability in supply chain networks.
J. Clean. Prod. 105 (2015) 74-85.



[66]
[67]
(68]
[69]
[70]
(71]

[72]

RECOMMENDING INVESTMENT OPPORTUNITIES BY NETWORK DATA ENVELOPMENT ANALYSIS S49

A. Tajbakhsh and E. Hassini, Evaluating sustainability performance in fossil-fuel power plants using a two-stage data envel-
opment analysis. Energy Econ. 74 (2018) 154-178.

M. Tavana, H. Shabanpour, S. Yousefi and R. Farzipoor Saen, A hybrid goal programming and dynamic data envelopment
analysis framework for sustainable supplier evaluation. Neural Comput. Appl. 28 (2017) 3683-3696.

M. Tavassoli and R. Farzipoor Saen, Predicting group membership of sustainable suppliers via data envelopment analysis and
discriminant analysis. Sustain. Prod. Consum. 18 (2019) 41-52.

M. Tavassoli, R. Farzipoor Saen and G.R. Faramarzi, Developing network data envelopment analysis model for supply chain
performance measurement in the presence of zero data. Ezpert Syst. 32 (2015) 381-391.

S. Yousefi, R. Farzipoor Saen and S.S. Seyedi Hosseininia, Developing an inverse range directional measure model to deal
with positive and negative values. Manag. Decis. 57 (2019) 2520-2540.

H. Zhou, Y. Yang, Y. Chen and J. Zhu, Data envelopment analysis application in sustainability: The origins, development
and future directions. Eur. J. Oper. Res. 264 (2018) 1-16.

K.H. Zoroufchi, M. Azadi and R. Farzipoor Saen, Developing a new cross-efficiency model with undesirable outputs for
supplier selection. Int. J. Ind. Syst. Eng. 12 (2012) 470-484.



	Introduction
	Literature review
	Network DEA
	RAM Network DEA
	Desirable and undesirable outputs in DEA

	Proposed adaptive network RAM-unified efficiency natural and managerial (NRAM-UENM) model
	Review of RAM DEA model
	Adaptive RAM network model with desirable and undesirable outputs
	Objective function
	Input, output, and fixed link definition
	DMU under evaluation
	Our proposed NRAM-UENM model
	Dual NRAM-UENM model


	Case study
	Overall unified and divisional UE
	Congestion in a supply chain
	Determining investment strategy

	Managerial implications
	Conclusions
	Appendix
	References

