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Abstract
Fulfilling needs and organisational resources with the least cost and highest quality is the main 
reason to achieve the optimal value chain. Application of most of the current techniques has 
merely been intended to choose the best scenario. However, industrial units need to build an 
ideal scenario as a value chain which focuses on intangible interstitial and hidden factors: 
good (good nature), bad (bad nature), fixed (obligatory nature) and free (not identifying 
their nature) and creates value. Therefore the model presented in this article answers this 
issue. First of all, we present a model based on the network approach of data envelopment 
analysis, then assess and rank the stages based on the scenarios for the stages forming the 
value chain, and finally the ideal decision unit is presented. For this reason, the general 
efficiency is designed with two natures; 1. input-centered (concentration on the costs) and 
2. output-centered (concentration on the incomes).
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Therefore the relationship with the sup-
plier should be flexible enough to meet 
the changing market needs [4]. In many 
techniques used for evaluating the value 
chain, organisations are evaluated sepa-
rately. Then, based on this approach, the 
value chain is ranked. There are differ-
ent techniques available to identify and 
select the best unit and value chain. In 
this matter, different articles explain suit-
able techniques, of which the ANP fuzzy 
technique can be highlighted to select the 
best value chain through pair compari-
son [28]. Also by means of ANP we may 
evaluate decision making concerning the 
selection of the best value from different 
aspects. TOPSIS (technique of packaging 
selection in multi-criterion decision mak-
ing issues) is one of the super-efficient 
evaluation techniques for selecting the 
best supplier (the optimal value chain) 
[9]. Data envelopment analysis (DEA) is 
one of the techniques which is used for 
selecting the optimal value chain, com-
paring the units in order to compute their 
proportional efficiency. In comparison to 
other techniques, DEA has different ad-
vantages, one of which is the ability to 
compare the input weights and outputs in 
the pair comparison processes based on 
their importance for each decision unit 
[10]. Nevertheless there are different crit-
icisms of DEA Classic models. General-
ly in DEA Classic models the units are 
considered as Black Boxes and the inter-
nal processes of units are not taken into 
account in computing their proportional 
efficiency. To compensate for this weak 

 Introduction
Meeting needs and organisational re-
courses optimally is the main reason 
for forming a value chain in which the 
manager is able to guarantee the surviv-
al of the organisation, obtain profit and 
improve it gradually. In organisations, 
one of the most important issues of de-
cision makers is to select the optimal 
value chain. Even organisations which 
are separated legally are considered con-
nected from the viewpoint of material, 
information and financial flow, form-
ing the value chain. However, a flexible 
supplier-manufacturer relationship is the 
key enabler in supply chain management 
as without flexibility from the vendor’s 
side the supply chain cannot respond fast. 

point, different approaches are suggested 
which are able to cover the weak points 
of the classic model and to develop them. 
Liang (2005)[18], in their thesis, pre-
sented a two-stage level via a non-linear 
method based on an exploratory search to 
compute the efficiency of unit networks. 
In the present article, by means of the 
network approach, the goal programming 
– data envelopment analysis model is im-
proved and developed. Any value chain 
includes separated units forming a chain. 
In the network approach, each of the 
units is considered as one stage. There-
fore in the efficiency approach, any value 
chain will form the total efficiency of the 
forming units of the chain. This network 
and careful viewpoint will give the abil-
ity to compute the efficiency of the val-
ue chain for decision makers in the best 
way. Consequently decision makers are 
able to compare different value chains 
and select the best. The techniques pre-
sented in this article have a special notion 
among the different stages. It should be 
mentioned that the final decision maker 
will be able to make more decisions with 
a broader view and more information 
by means of this technique, since, while 
they are making a decision concerning 
the factors, they are evaluating the effi-
ciency of the value chain in total based 
on the effects of each stage on each other. 
Therefore in the model presented in this 
article, all important and efficient dimen-
sions in the decision making stages are 
noted. The changes in the global eco-
nomic scenario have posed considerable 
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threats to many companies, especially 
SMEs as they strive to stay competitive 
in world markets. This change in para-
digms demands more flexibility in prod-
uct designs. These challenges combined 
with increased variety and very short 
lead times have a great impact on the 
business of small to medium companies 
in securing a significant proportion of the 
markets in which they operate [5].

In the present article, firstly data envelop-
ment analysis is described. The greatest 
attention is paid to the communication 
between stages. In the case study part, 
the efficiency of different scenarios is 
computed. Then, based on the output of 
the models presented, a new ranking is 
proposed for chain values. Finally, based 
on the evaluation of the value chain, the 
best one (best scenario) is analysed. This 
value chain is formed by the combination 
of different value chains. 

 Literature review
The first model of DEA was proposed in 
[10], which works under constant returns 
to scale (CRS). Then the CCR model was 
adjusted in [6] by adding a convexity 
constraint to calculate variable returns 
to scale (VRS). The DEA has been ap-
plied in many different settings such as 
agricultural economics [3], supply chain 
management [13], sports [22], univer-
sities [1], healthcare [8], banking [21], 
[23], etc.

Network DEA (NDEA) was developed to 
fill the void of Total Data Envelopment 
Analysis (TDEA) models when consid-

ering the internal structure of DMUs. In 
other words, TDEA models consider the 
whole production process as a black box. 
TDEA takes into account only initial in-
puts and final outputs. NDEA has been 
employed in many settings such as bank-
ing [7, 12, 26, 2], sport [19], and trans-
portation [27, 29]. [27] employed NDEA 
to measure passenger and freight tech-
nical efficiency, service effectiveness, 
and the technical effectiveness of 20 
railways. [19] used the NDEA approach 
to measure the efficiency scores of base-
ball teams. [17] created a NDEA model 
which distributes the system inefficien-
cy into its components. [11] studied the 
open multistage process to estimate the 
overall performance of the network. [20] 
(in press) proposed a novel NDEA model 
to evaluate green supply chain manage-
ment in the presence of flexible factors, 
bad outputs, and fuzzy data.

[25] created an interval DEA model in 
which efficiency was calculated within 
the range of an interval. The upper lim-
it of the interval was set to one and the 
lower established by introducing a vir-
tual ideal DMU whose performance was 
superior to any. [15] developed two rank-
ing methods using positive ideal DMU. 
They ranked 20 Iranian bank branches 
by two ranking methods. [14] provid-
ed a four-phase fuzzy DEA framework 
based upon the theory of the displaced 
ideal, In which they made two hypothet-
ical DMUs, namely the ideal and nadir 
DMUs as reference points to rank the 
DMUs. [16] proposed an interval DEA 
model to attain an efficiency interval 
including evaluations from both the op-

timistic and pessimistic perspectives. 
In their method, the lower limits of the 
DMUs are increased to obtain the maxi-
mum value one. The points derived from 
this method are called ideal points. Then 
the ideal points are employed to rank 
DMUs. [24] developed new DEA mod-
els for cross-efficiency evaluation by in-
troducing a virtual ideal DMU (IDMU) 
and virtual anti-ideal DMU (ADMU), 
the purpose of which was to measure the 
cross-efficiencies in a neutral and more 
logical way.

 Proposed methodology
To evaluate scenarios based on the com-
munication between stages. In this part, 
firstly a model based on data the envel-
opment analysis approach network is an-
alysed, and then the ideal decision unit 
is presented. In this model, it has been 
attempted to present a combination of 
a network model and ranking model (net-
work-ranking model); what action is then 
required, and then a solution analysis 
and discussion of a real problem related 
to the textile industry based on the origi-
nal model designed using Lingo software 
are conducted. The model is described 
via the following diagram Figure 1: 
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 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  = un-controllable fixed input and (i= 1 , 2 , 3 , ….. , p)

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = controllable output (i= 1 , 2 , 3 , …… , s)

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = un-controllable output (i= 1 , 2 , 3 , ….. , r)

 j= 1 , 2 , 3 , ….. , n = (or the ability to produce a scenario) 

 n = number of scenarios 

 t= production stage and (t= 1 , 2 , ……. , T)

Stage n

Fig (1): Network Model
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diate factors of good, bad, free and fixed, 
which are described as follows, the mod-
el evaluates n stages of the value chain. 
n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 
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communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
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𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn
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 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 = intermediate factors of good 
nature, trying to maximise the factors 
such as high-quality thread which is 
produced at the t stage and entered at 
the weaving stage (t + 1 stage), which 
is a good and valuable factor 

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 = intermediate factors of bad 
nature which are going to minimise 
themselves, such as low-quality 
thread in the sample above

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 = intermediate factors of fixed na-
ture and fixed input and outputs which 
are necessary for different stages. For 
example, it is necessary to send 1000 kg  
of thread as an output of the weaving 
unit to the weaving stage. 

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 =  intermediate factors of no na-
ture which are not recognizable, such 
as the types of abrasions which are 
made on fabric at the weaving stage, 
and shall be studied whether or not 
the investment in them is suitable for 
improving them at the completion and 
dying stages, and or they shall be sold 
at lower prices on the market as grade 
2 materials.

Therefore the production ability collec-
tion is described (a set of constraints) as 
follows, and a complete model including 
sub-collections is registered and repeated 
according to the number of scenarios we 
have had: 

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (1)

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 = Benchmark of jth scenario at tth 
stage 

n	

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

	

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

  (2)

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (3)

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (4)

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (5)

n	

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

	

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

  (6)

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (7)

n 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (8)

n	

4 
 

 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

 (9)

n	Relation (9): Benchmark of jth sce-
nario related to t th stage

n	
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 i= number of inputs or outputs (ith input and or ith output) 

Referring to image (1), we describe the production ability collection n as the decision unit n (or n scenarios) in 

which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  

 𝑓𝑓𝑖𝑖𝑖𝑖 ≥  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… ,𝑚𝑚 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (1)

 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 

 𝑓𝑓𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   

	 (10)
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which (n=1,…, N), and we  evaluate them in t stages (t=1,…,T), in each of which (scenario) the decision units hold 

a controllable input m (i=1,2,…,m), uncontrollable fixed input p (i=1,…,p),controllable output s (i=1,…,s) and 

uncontrollable fixed output r (i=1,…,r). Also we describe four types of communications with Zgood, Zfix,Zfree, Zbad.

On this basis, for example, signs such as (t=1,…,T), (j=1,…,n) (i=1,…,ngood) z good
ijt are used to show good 

communication. In other words, based on the communication of intermediate factors of good, bad, free and fixed, 

which are described as follows, the model  evaluates n stages of the value chain.  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  = intermediate factors of good nature, trying to maximise the factors such as  high-quality thread 

which is produced  at the t stage and  entered at the weaving stage (t+1 stage), which is a good and 

valuable factor  

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 =  intermediate factors of bad nature which are going to minimise themselves, such as low-quality 

thread in the sample above 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 = intermediate factors of fixed nature and fixed input and outputs which are necessary for different 

stages. For example, it is necessary to send 1000 kg of thread as an output of the weaving unit to the 

weaving stage. 

 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = intermediate factors of no nature which are not recognizable, such as the types of abrasions which 

are made on fabric at the weaving stage, and shall be studied whether or not the investment in them is 

suitable for improving them at the completion and dying stages, and or they shall be sold at lower prices 

on the market as  grade 2 materials. 

Therefore the production ability collection is described(a set of constraints) as follows, and a complete model 

including  sub-collections is registered and repeated according to the number of scenarios we have had:  
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 𝜆𝜆𝑖𝑖𝑖𝑖  = Benchmark of jth scenario at tth stage 
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𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                     (𝑖𝑖 = 1,… , 𝑝𝑝 ; 𝑖𝑖 = 1,… ,𝑇𝑇)                (2)

 𝑦𝑦𝑖𝑖𝑖𝑖 ≤  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇                     (3)

 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                      𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                 (4)

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ≤  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇        (5)

 zit
bad ≥  zijt

bad λj
tn

j=1        i = 1,… , n bad ; t = 1,… , T                      (6) 

 zit
free : free  i = 1 ,… , n free ∶ t = 1,… , T                                         (7) 

 𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑓𝑓 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑓𝑓 𝜆𝜆𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1                   𝑖𝑖 = 1,… ,𝑛𝑛 𝑓𝑓𝑖𝑖𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (8) 

 λj
t ≥ 0  j = 1 ,… , n ∶ t = 1,… , T                                                           (9) 

 Relation 9: Benchmark of jth scenario related to t th stage 

  λj
t = 1     (t = 1 ,… , T)n

j=1                                                                   (10) 

The final equation is the weighted average, which is equal to 1. This limitation shows the output which is 

changeable based on the scale. If the limitation is omitted, a model with an outcome in proportion to the fixed scale 

is obtained.  

 λ = shows inefficient unit benchmarks; benchmarks (scenarios) are repeated in line with the number of 

stages in which 𝜆𝜆𝑖𝑖 ∈ (𝑖𝑖 = 1,… ,𝑇𝑇)   
n Rn = intensity vector at the tth stage 
n Rn = weight vector at the tth stage (in-

tensity vector at the tth stage)
n n fix = number of fixed connections
n n bad = number of bad connections
n C n free = number of free connections

If the limitation is omitted, a model of  
fixed scale proportion is obtained. Note 
that the right sides of the formulas listed  
above 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 are positive. The left sides of the 
formula 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)
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n

j=1
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bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
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free         i = 1,… , n free ; t = 1,… , T     (18)       
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                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n
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Relation (20) is limitation (10), which is repeated. 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    
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𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)
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bad           i = 1,… , n bad ; t = 1,… , T            (17)   
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free         i = 1,… , n free ; t = 1,… , T     (18)       
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j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n
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Relation (20) is limitation (10), which is repeated. 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
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bad λjt
n
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 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt
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free         i = 1,… , n free ; t = 1,… , T     (18)       
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Relation (20) is limitation (10), which is repeated. 
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 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (11)

This formula uses good, free, bad and fix 
instead of α and repeats them at each time 
stage. The presence of these limitations 
is important to the network model, since 
they relate the tth stage to the t + 1 stage 
and there is no guarantee of the creation 
of a national network. Considering these 
variants, the decision unit (scenario) is 
described as follows:

n	

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (12)

Relation (12) is as the same as relation 
(1), to which a slack has been added 
for standardisation(and hence relations  
(13-19) represent relations (2-8). The left 
side of the relation shows the number of 
controllable inputs for the scenarios un-
der study at the tth stage. 
0 = scenarios under study

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (13)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (14)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (15)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (16)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (17)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (18)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
free = zijt

free λjt
n

j=1
+ sit

free         i = 1,… , n free ; t = 1,… , T     (18)       

zit
fix = zijt

fixλjt
n

j=1
                i = 1,… , n fix ; t = 1,… , T         (19) 

 λjt = 1      t = 1 ,… , T 
n

j=1
                                                   20  

 
Relation (20) is limitation (10), which is repeated. 

 

 (19)

5 
 

 Rn = intensity vector at the tth stage  

 Rn = weight vector at the tth stage (intensity vector at the tth stage) 

 n fix = number of fixed connections

 n bad = number of bad connections

 n free = number of free connections

If the limitation is omitted, a model of fixed scale proportion is obtained. Note that the right sides of the formulas 

listed above (𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 , 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 ) are positive. The left sides of the formula (𝑥𝑥𝑖𝑖𝑖𝑖  , 𝑥𝑥𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,   𝑦𝑦𝑖𝑖𝑖𝑖 ,,  

𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥  ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔   ,  𝑧𝑧𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔  ,   𝑧𝑧𝑖𝑖𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 ,  𝑧𝑧𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ) are connected to each other by  𝜆𝜆𝑖𝑖𝑖𝑖 . The continuity of the connection flow 

between the tth and t+1 stages is guaranteed under the following conditions:  

  xijt
∝ λjt =   zijt

∝ λjt+1                            (∀i; t = 1,… , T − 1)n
j=1

n
j=1                (11) 

This formula uses good, free, bad and fix instead of α and repeats them at each time stage. The presence of these 

limitations is important to the network model, since they relate the tth stage to the t+1 stage and there is no 

guarantee of the creation of a national network. Considering these variants, the decision unit (scenario) is described 

as follows: 

 xiot =  xijt λjtn
j=1 + sit

−                    i = 1,… , m ; t = 1,… , T                 (12) 

Relation 12 is as the same as relation (1), to which a slack has been added for standardisation(and hence 

relations 13-19  represent relations 2- 8). The left side of the relation shows the number of controllable inputs 

for the scenarios under study at the tth stage.  

0 = scenarios under study

xiot
fix =  xijt

fixλjtn
j=1                      i = 1,… , p ; t = 1,… , T                    (13) 

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
− 𝑠𝑠𝑖𝑖𝑖𝑖+                     𝑖𝑖 = 1,… , 𝑠𝑠 ; 𝑖𝑖 = 1,… ,𝑇𝑇              (14)    

𝑦𝑦𝑖𝑖𝑔𝑔𝑖𝑖
𝑓𝑓𝑖𝑖𝑥𝑥 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖

𝑓𝑓𝑖𝑖𝑥𝑥 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
                     𝑖𝑖 = 1,… , 𝑓𝑓 ; 𝑖𝑖 = 1,… ,𝑇𝑇                   15      

𝑧𝑧𝑖𝑖𝑔𝑔𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜆𝜆𝑖𝑖𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 −  𝑠𝑠𝑖𝑖𝑖𝑖

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔              𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ; 𝑖𝑖 = 1,… ,𝑇𝑇   (16)

ziot
bad = zijt

bad λjt
n

j=1
 +  sit

bad           i = 1,… , n bad ; t = 1,… , T            (17)   

ziot
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Relation (20) is limitation (10), which is repeated. 
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free : free  ∀i, t  و  sit

bad ≥ 0 , sit
good  ≥ 0 , sit

+  ≥ 0 , sit
−  ≥ 0 , λj

t  ≥ 0   (21) 
Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 
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nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 is related to relation (18), 
which describes the variant. If relation 
(16) is negative, the factor is changed to 
good. If positive, extra factor 
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sit
free : free  ∀i, t  و  sit

bad ≥ 0 , sit
good  ≥ 0 , sit

+  ≥ 0 , sit
−  ≥ 0 , λj

t  ≥ 0   (21) 
Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 is the 
bad factor of relation (17); if it is (0), it is 
the fixed factor located in relation (19) (It 
is the undesirable connection in relation 
(17) and its selection as a negative larger 
or equal item will neutralize the (+) sign.)
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free : free  ∀i, t  و  sit

bad ≥ 0 , sit
good  ≥ 0 , sit

+  ≥ 0 , sit
−  ≥ 0 , λj

t  ≥ 0   (21) 
Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = desirable connection shortage 
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sit
free : free  ∀i, t  و  sit

bad ≥ 0 , sit
good  ≥ 0 , sit

+  ≥ 0 , sit
−  ≥ 0 , λj

t  ≥ 0   (21) 
Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

  = output shortage (income shortage) 
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free : free  ∀i, t  و  sit

bad ≥ 0 , sit
good  ≥ 0 , sit

+  ≥ 0 , sit
−  ≥ 0 , λj

t  ≥ 0   (21) 
Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

  = output extra (cost excessiveness) 
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Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = connection deviation 
All five items mentioned above are un-
desirable and should be minimised in the 
global function: 
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Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad
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n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = repetition of relation (9)

Goal and efficiency function 
Total efficiency has two forms: efficien-
cy of an input-based nature (stress cost), 
and efficiency of an output-based nature 
(stress income). Models of input-based 
natures maintain the current output 
while decreasing inputs. Dynamic SBM 
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(DSBM) is a side variant for the inputs; 
side variants for the bad connections are 
maximised. Models with output-based 
natures maintain the current input while 
maximising outputs. In the DSBM mod-
el, the variants for output increase si-
multaneously. The difference in the two 
models is their effective goal function. 

Model with input-based nature
Total efficiency in a model of an in-
put-based nature of is represented by re-
lation (22):
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bad ≥ 0 , sit
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−  ≥ 0 , λj

t  ≥ 0   (21) 
Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1

m+n bad   
wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1   T

t=1                     (22) 

in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 

  wi
−sit
−

xiot
m
i=1 +  sit

bad

ziot
bad

n bad
i=1  = bad cost-making factor 

The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

·

·
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relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1
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in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 
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n bad
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The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

(22)
in which:
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Here, s is the variant that results in standardisation of the limitations. In addition, 
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relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 
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∗ = min   wt  1 − 1
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in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 
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The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = determines efficiency of the jth sce-
nario (scenario under study)
m = number of inputs in the scenario un-
der study
n bad = number of bad connections of the 
stage under study
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Here, s is the variant that results in standardisation of the limitations. In addition, 
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𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 

θ0
∗ = min   wt  1 − 1
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in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study

wi
− = weight of ith input 

wt = weight of tth stage 
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The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = weight of ith input
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Here, s is the variant that results in standardisation of the limitations. In addition, 
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𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 
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in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study
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− = weight of ith input 
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The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = weight of tth stage 
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Here, s is the variant that results in standardisation of the limitations. In addition, 

𝑠𝑠𝑖𝑖𝑖𝑖− ,  𝑠𝑠𝑖𝑖𝑖𝑖+ ,  𝑠𝑠𝑖𝑖𝑖𝑖
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  ,  𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑔𝑔 𝑏𝑏𝑎𝑎𝑔𝑔 𝑠𝑠𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   are the side variants that show extra input, output shortage, ideal connection 

shortage, undesirable extra connections and connection deviation. More concisely, sit
free : free  ∀i, t  is related to 

relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 

extra factor =sit
bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 

undesirable connection in relation (17) and its selection as a negative larger or equal item  will neutralize the (+) 

sign. )

sit
good = desirable connection shortage 

sit
+ = output shortage (income shortage) 

sit
− = output extra (cost excessiveness)  

sit
free  = connection deviation  

All five items mentioned above are undesirable and should be minimised in the global function:  

λj
t = repetition of relation (9)

Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 

nature (stress income). Models of input-based natures maintain the current output while decreasing inputs. 

Dynamic SBM (DSBM) is a side variant for the inputs; side variants for the bad connections are maximised. 

Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 

variants for output increase simultaneously. The difference in the two models is their effective  goal function.  

Model with input-based nature 

Total efficiency in a model of an input-based nature of 𝜃𝜃0 
∗  is represented by relation (22): 
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in which:

θ0
∗= determines efficiency of the jth scenario (scenario under study) 

m = number of inputs in the scenario under study

𝑎𝑎 bad = number of bad connections of the stage under study
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The goal function is based on a non-radius model of an input-based nature that contains undesirable connections in 

addition to extra inputs. The limitations of (1-10) and (12-21) in this goal function are  𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖 , variants that 

indicate the ith input weight and tth stage. If all weights are equal, 𝑤𝑤𝑖𝑖− and 𝑤𝑤𝑖𝑖   can be considered equal to 1. In 

model 22, the amount of efficiency is 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). For example, if the efficiency of the production stages 

of four textile industries equal 0.5, 0.4, 0.9 and 1, the total efficiency of the network will be the sum of the weights 

by the efficiency of each stage: 

Total network efficiency = W∗ 0.5+w∗0.4+w∗0.9+w∗1 

 = bad cost-
-making factor

The goal function is based on a non-ra-
dius model of an input-based nature that 
contains undesirable connections in ad-
dition to extra inputs. The limitations of 
(1-10) and (12-21) in this goal function 
are 
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relation (18), which describes the variant. If relation (16) is negative, the factor is changed to good. If positive, 
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bad is the bad factor of relation (17); if it is (0), it is the fixed factor located in relation (19) (It is the 
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sign. )
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All five items mentioned above are undesirable and should be minimised in the global function:  
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Goal and efficiency function  

Total efficiency has two forms: efficiency of an input-based nature (stress cost), and efficiency of an output-based 
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Models with output-based natures maintain the current input while maximising outputs. In the DSBM model, the 
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stages of four textile industries equal 0.5, 
0.4, 0.9 and 1, the total efficiency of the 
network will be the sum of the weights 
by the efficiency of each stage:

Total network efficiency =
W * 0.5 + w * 0.4 + w * 0.9 + w * 1

It is clear that the only scenario that can 
obtain a total network efficiency of 1 is 
that which has an efficiency of 1 at all 
forming stages. The result of bad n in the 
denominator of relation (22) is that the 
model will possess an input-based na-
ture. The goal is for the inside to present 
items inclined toward zero (
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It is clear that the only scenario that can obtain a total network efficiency of 1 is that which has an efficiency of 1 at 

all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-

based nature. The goal is for the inside to present items inclined toward zero (sit
−  and sit

bad  incline to 0). Here the 

efficiency of the stage will incline toward 1 and the same goal will be obtained. The only scenario to obtain an 

efficiency of 1 for the total network is that which obtains an efficiency of 1 at all forming stages.  

Note that the simultaneous presence of variants 𝑠𝑠𝑖𝑖𝑖𝑖− and 𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏  in the goal function results from the common specifics 

of these two items, i.e., the lower the value of these two variants, the better. Undesirable connections are mediators 

between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 

(*) is the efficiency of the tth stage of an output-based nature as follows:  

𝜃𝜃𝑜𝑜𝑖𝑖∗ = 1− 1
𝑚𝑚+𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏   

𝑤𝑤𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖−

𝑥𝑥𝑖𝑖𝑜𝑜𝑖𝑖
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑖𝑖

𝑏𝑏𝑏𝑏𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏
𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏
𝑖𝑖=1        ,        𝑖𝑖 = 1 ,… ,𝑇𝑇                 (23) 

Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 

jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 

the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 

(scenarios) at the stage under study. The weights of other stages for each decision unit (scenario) are denoted as 𝑊𝑊𝑝𝑝
in the input-based approach:  

𝑊𝑊𝑝𝑝 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                          (24) 

The first stage of the W1 formula for computing the weights in special cases is: 

W1 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖  n

j=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗

𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                            (25)  

 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1                    (26) 

Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  

 and 
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all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-

based nature. The goal is for the inside to present items inclined toward zero (sit
−  and sit

bad  incline to 0). Here the 

efficiency of the stage will incline toward 1 and the same goal will be obtained. The only scenario to obtain an 

efficiency of 1 for the total network is that which obtains an efficiency of 1 at all forming stages.  

Note that the simultaneous presence of variants 𝑠𝑠𝑖𝑖𝑖𝑖− and 𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏  in the goal function results from the common specifics 

of these two items, i.e., the lower the value of these two variants, the better. Undesirable connections are mediators 

between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 

(*) is the efficiency of the tth stage of an output-based nature as follows:  

𝜃𝜃𝑜𝑜𝑖𝑖∗ = 1− 1
𝑚𝑚+𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏   

𝑤𝑤𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖−
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𝑖𝑖=1        ,        𝑖𝑖 = 1 ,… ,𝑇𝑇                 (23) 

Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 

jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 

the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
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𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 

(scenarios) at the stage under study. The weights of other stages for each decision unit (scenario) are denoted as 𝑊𝑊𝑝𝑝
in the input-based approach:  
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The first stage of the W1 formula for computing the weights in special cases is: 

W1 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
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Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  
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model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 

the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 

(scenarios) at the stage under study. The weights of other stages for each decision unit (scenario) are denoted as 𝑊𝑊𝑝𝑝
in the input-based approach:  

𝑊𝑊𝑝𝑝 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                          (24) 

The first stage of the W1 formula for computing the weights in special cases is: 

W1 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖  n

j=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗
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                                            (25)  

 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1                    (26) 

Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  
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Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 
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A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 
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the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 
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in the input-based approach:  
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 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1                    (26) 

Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 
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model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  
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It is clear that the only scenario that can obtain a total network efficiency of 1 is that which has an efficiency of 1 at 

all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-

based nature. The goal is for the inside to present items inclined toward zero (sit
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bad  incline to 0). Here the 

efficiency of the stage will incline toward 1 and the same goal will be obtained. The only scenario to obtain an 
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Note that the simultaneous presence of variants 𝑠𝑠𝑖𝑖𝑖𝑖− and 𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏  in the goal function results from the common specifics 

of these two items, i.e., the lower the value of these two variants, the better. Undesirable connections are mediators 

between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 
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Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 

jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 
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 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  
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Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 
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A model is presented based on the importance of each scenario to achieve a suitable weight based on its 
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The first stage of the W1 formula for computing the weights in special cases is: 

W1 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
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 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1                    (26) 

Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  
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It is clear that the only scenario that can obtain a total network efficiency of 1 is that which has an efficiency of 1 at 

all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-

based nature. The goal is for the inside to present items inclined toward zero (sit
−  and sit

bad  incline to 0). Here the 

efficiency of the stage will incline toward 1 and the same goal will be obtained. The only scenario to obtain an 

efficiency of 1 for the total network is that which obtains an efficiency of 1 at all forming stages.  

Note that the simultaneous presence of variants 𝑠𝑠𝑖𝑖𝑖𝑖− and 𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏  in the goal function results from the common specifics 

of these two items, i.e., the lower the value of these two variants, the better. Undesirable connections are mediators 

between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 

(*) is the efficiency of the tth stage of an output-based nature as follows:  

𝜃𝜃𝑜𝑜𝑖𝑖∗ = 1− 1
𝑚𝑚+𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏   
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𝑖𝑖=1        ,        𝑖𝑖 = 1 ,… ,𝑇𝑇                 (23) 

Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 

jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 

the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 

(scenarios) at the stage under study. The weights of other stages for each decision unit (scenario) are denoted as 𝑊𝑊𝑝𝑝
in the input-based approach:  
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 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
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Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  
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all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-
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jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 
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 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  
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Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 
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model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 
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It is clear that the only scenario that can obtain a total network efficiency of 1 is that which has an efficiency of 1 at 
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between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 
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Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 
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A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 
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importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 
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 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  
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Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  
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It is clear that the only scenario that can obtain a total network efficiency of 1 is that which has an efficiency of 1 at 

all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-

based nature. The goal is for the inside to present items inclined toward zero (sit
−  and sit

bad  incline to 0). Here the 

efficiency of the stage will incline toward 1 and the same goal will be obtained. The only scenario to obtain an 

efficiency of 1 for the total network is that which obtains an efficiency of 1 at all forming stages.  

Note that the simultaneous presence of variants 𝑠𝑠𝑖𝑖𝑖𝑖− and 𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏  in the goal function results from the common specifics 

of these two items, i.e., the lower the value of these two variants, the better. Undesirable connections are mediators 

between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 

(*) is the efficiency of the tth stage of an output-based nature as follows:  

𝜃𝜃𝑜𝑜𝑖𝑖∗ = 1− 1
𝑚𝑚+𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏   

𝑤𝑤𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖−

𝑥𝑥𝑖𝑖𝑜𝑜𝑖𝑖
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑖𝑖

𝑏𝑏𝑏𝑏𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏
𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏
𝑖𝑖=1        ,        𝑖𝑖 = 1 ,… ,𝑇𝑇                 (23) 

Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 

jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 

the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 

(scenarios) at the stage under study. The weights of other stages for each decision unit (scenario) are denoted as 𝑊𝑊𝑝𝑝
in the input-based approach:  

𝑊𝑊𝑝𝑝 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                          (24) 

The first stage of the W1 formula for computing the weights in special cases is: 

W1 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖  n

j=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗

𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                            (25)  

 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1                    (26) 

Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  

   (26)
Formula (26) is the denominator of frac-
tion (25), which includes all inputs stud-
ied in the different scenarios. But the 
numerator of fraction (25) will include 
only the inputs of stage (1) which are in 
proportion. In this case, α denotes the bad, 
fixed or free relations. Based on the nature 
of the connection of inputs, α may denote 
controllable and uncontrollable inputs. If 
the expression 
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It is clear that the only scenario that can obtain a total network efficiency of 1 is that which has an efficiency of 1 at 

all forming stages. The result of bad n in the denominator of relation (22) is that the model will possess an input-

based nature. The goal is for the inside to present items inclined toward zero (sit
−  and sit

bad  incline to 0). Here the 

efficiency of the stage will incline toward 1 and the same goal will be obtained. The only scenario to obtain an 

efficiency of 1 for the total network is that which obtains an efficiency of 1 at all forming stages.  

Note that the simultaneous presence of variants 𝑠𝑠𝑖𝑖𝑖𝑖− and 𝑠𝑠𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏  in the goal function results from the common specifics 

of these two items, i.e., the lower the value of these two variants, the better. Undesirable connections are mediators 

between courses and are not inputs. Each course inside the bracket of model 22 indicates the efficiency of the tth

stage; if all side variants incline toward 0, the inside bracket will equal 1. Therefore model 22 is the average 

symmetric efficiency of the time period for all courses and varies from 0 to 1 (0 ≤ 𝜃𝜃∗ ≤ 1). The optimum amount 

(*) is the efficiency of the tth stage of an output-based nature as follows:  

𝜃𝜃𝑜𝑜𝑖𝑖∗ = 1− 1
𝑚𝑚+𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏   

𝑤𝑤𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖−

𝑥𝑥𝑖𝑖𝑜𝑜𝑖𝑖
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑖𝑖

𝑏𝑏𝑏𝑏𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏
𝑛𝑛  𝑏𝑏𝑏𝑏𝑏𝑏
𝑖𝑖=1        ,        𝑖𝑖 = 1 ,… ,𝑇𝑇                 (23) 

Relation (23) is the amount of the inside bracket of relation (22) and identifies the efficiency of the tth stage of the 

jth scenario.  

A model is presented based on the importance of each scenario to achieve a suitable weight based on its 

importance. The weights are selected for managers, but to eliminate the effect of the human factor of the results, 

model (24) uses the input-based approach to select weights. Note that the Wp  weights show proportional 

importance at each stage in comparison to all stages. The method of determining Wp  is to calculate the total mass 

of the resources allocated to the pth stage of all stages. This shows the proportional importance of that stage, i.e., the 

tth stage input/total inputs that enter the stages of the scenario.

At other stages, different connections are available besides the inputs for each stage; this means that the inputs of 

the stage may include bad, fixed or free connections. Relation (24) is used to compute the weights for each stage of 

the 𝑊𝑊𝑝𝑝  model. If formula  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1 𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 is a fraction, it will represent the symmetric total unit inputs 

(scenarios) at the stage under study. The weights of other stages for each decision unit (scenario) are denoted as 𝑊𝑊𝑝𝑝
in the input-based approach:  

𝑊𝑊𝑝𝑝 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖

∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                          (24) 

The first stage of the W1 formula for computing the weights in special cases is: 

W1 =  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗
𝑖𝑖  n

j=1
 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗

𝑖𝑖+  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗
𝑖𝑖+1    𝑛𝑛

𝑗𝑗=1
𝑛𝑛
𝑗𝑗=1

                                            (25)  

 Note that the difference between stage (1) and the other stages is that no intermediate factor enters the first 

stage. At other stages, at least one of the following factors is available:  

 𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +  𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1                            (∀𝑖𝑖; 𝑖𝑖 = 1,… ,𝑇𝑇 − 1)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1                    (26) 

Formula (26) is the denominator of fraction (25), which includes all inputs studied in the different scenarios. But 

the numerator of fraction (25) will include only the inputs of stage 1 which are in proportion. In this case, α denotes 

the bad, fixed or free relations. Based on the nature of the connection of inputs, α may denote controllable and 

uncontrollable inputs. If the expression  𝑥𝑥𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑗𝑗𝑖𝑖  n
j=1  is a fraction, it will show the total input weights used for the 

decision unit (scenario) at the related stage. Note that no connection will enter the model in the first course and the 

model will only have controllable and uncontrollable inputs. In the first course, α denotes the total symmetric input 

for the uncontrollable and controllable inputs.  

 is a fraction, 
it will show the total input weights used 
for the decision unit (scenario) at the re-
lated stage. Note that no connection will 
enter the model in the first course and the 
model will only have controllable and 
uncontrollable inputs. In the first course,  
α denotes the total symmetric input for the 
uncontrollable and controllable inputs. 

The total efficiency of each scenario is 
computed based on the total symmet-
ric efficiency at different stages using 
the weights exploited. In this sample, 
the total efficiency denotes that for the 
input-based nature at the tth stage. Total 
efficiency denotes the total symmetric 
efficiency of courses, as mentioned in 
formula (27):
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

    (27)

in which: 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 = total efficiency
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 = weight at the pth stage

8 
 

The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 = efficiency of the tth stage of the jth 
scenario 

Right side of relation (27) = relation (24) 
× relation (23)

If the optimal answers for model (22) are 
applied as 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

, the related (decision 
unit) scenario for the input-based nature 
at the tth stage is an efficient scenario. It 
means that side variants of 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜
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𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 and 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 
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𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
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𝑖𝑖=1
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 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
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𝑖𝑖=1
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                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 at 
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zero. If 

8 
 

The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
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+
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𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

, the input-based (decision 
unit) scenario is efficient and 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 and 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 variants equal zero at all stages.
 
Model with ouput-based nature
The total efficiency for the output-based 
nature is as follows:
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

·

·
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 (28)
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The portion inside the bracket shows the 
income shortage (bad). Based on the lim-
itations of relations (1-10) and (12-21), 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 is the ith output, as in condition (29): 

8 
 

The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

      (29)

In the fraction denominator, the goal 
function of (28) is to deal with output 
shortage and desirable connections as 
the variants. Please note that in this goal 
function there is a variant for shortage of 
good connections and one for shortage of 
output. Since these are naturally similar 
to the output and have common specifics, 
as they increase, they become ideal. This 
is shown in relation (5).

The good connections are not outputs, 
but they play the role of connectors of 
two stages. Any expression inside the 
brackets corresponds to the goal func-
tion of (28) with the efficiency of the 
tth stage. If the side variants inside the 
expression equal zero, the amount in-
side the bracket will equal 1. The goal 
function is steady in relation to the 
measuring unit and is ≥ 1. Therefore the 
average symmetry efficiency of the tth 
stage of an output-based nature for 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

 is 
shown as (30) 
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

,
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The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

     (30)

A model is next presented based on the 
importance of each stage to obtain suita-
ble weights for each stage: 

8 
 

The total efficiency of each scenario is computed based on the total symmetric efficiency at different stages using 

the weights exploited. In this sample, the total efficiency denotes that for the input-based nature at the tth stage. 

Total efficiency 𝜃𝜃0
∗ denotes the total symmetric efficiency of 𝜃𝜃𝑜𝑜𝑜𝑜∗  courses, as mentioned in formula (27): 

𝜃𝜃0
∗ =  𝑊𝑊𝑝𝑝𝜃𝜃𝑜𝑜𝑜𝑜∗𝑇𝑇

𝑜𝑜=1                                                                    (27)

in which:  

𝜃𝜃0
∗ =  total efficiency 

𝑊𝑊𝑝𝑝 = weight at the pth stage

𝜃𝜃𝑜𝑜𝑜𝑜  =
∗ efficiency of the tth stage of the jth scenario  

Right side of relation (27) = relation (24) × relation (23) 

If the optimal answers for model 22 are applied as 𝜃𝜃𝑜𝑜𝑜𝑜∗ = 1, the related (decision unit) scenario for the input-based 

nature at the tth stage is an efficient scenario. It means that side variants of 𝑠𝑠𝑖𝑖𝑜𝑜− and 𝑠𝑠𝑖𝑖𝑜𝑜𝑏𝑏𝑏𝑏𝑏𝑏 at the tth stage in model 23 

all equal zero, i.e., their undesirable connections equal zero. If 𝜃𝜃0
∗ = 1, the input-based (decision unit) scenario is 

efficient and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗ − and 𝑠𝑠𝑖𝑖𝑜𝑜𝑜𝑜∗𝑏𝑏𝑏𝑏𝑏𝑏  variants equal zero at all stages.

Model with ouput-based nature

The total efficiency for the output-based nature is as follows:

1
𝜏𝜏𝑜𝑜∗

= max   𝑤𝑤𝑜𝑜  1 − 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+

𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜
𝑚𝑚
𝑖𝑖=1 +  𝑠𝑠𝑖𝑖𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1   𝑇𝑇

𝑜𝑜=1                        (28) 

 The portion inside the bracket shows the income shortage (bad). Based on the limitations of relations (1-

10) and (12-21), 𝑤𝑤𝑖𝑖+ is the ith output, as in condition (29):  

 𝑤𝑤𝑖𝑖+ = 𝑠𝑠𝑠𝑠
𝑖𝑖=1                                                                                                                   (29) 

In the fraction denominator, the goal function of (28) is to deal with output shortage and desirable connections as 

the variants. Please note that in this goal function there is a variant for shortage of good connections and one for 

shortage of output. Since these are naturally similar to the output and have common specifics, as they increase, they 

become ideal. This is shown in relation (5):

𝑧𝑧𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ≤  𝑧𝑧𝑖𝑖𝑖𝑖 𝑜𝑜

𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 𝜆𝜆𝑖𝑖𝑜𝑜𝑛𝑛
𝑖𝑖=1             𝑖𝑖 = 1,… ,𝑛𝑛 𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ; 𝑜𝑜 = 1,… ,𝑇𝑇          (5)

The good connections are not outputs, but they play the role of connectors of two stages. Any expression inside the 

brackets corresponds to the goal function of (28) with the efficiency of the tth stage. If the side variants inside the 

expression equal zero, the amount inside the bracket will equal 1. The goal function is steady in relation to the 

measuring unit and is ≥ 1. Therefore the average symmetry efficiency of the tth stage of an output-based nature for 

𝜏𝜏𝑜𝑜𝑜𝑜∗ is shown as (30):  

𝜏𝜏𝑜𝑜𝑜𝑜∗ =  1

1− 1
𝑠𝑠+𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏   

𝑤𝑤𝑖𝑖
+𝑠𝑠𝑖𝑖𝑜𝑜

+ ∗
𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜

𝑚𝑚
𝑖𝑖=1 + 

𝑠𝑠𝑖𝑖𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏 ∗

𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜
𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏

𝑛𝑛  𝑔𝑔𝑜𝑜𝑜𝑜𝑏𝑏
𝑖𝑖=1  

        ,  𝑜𝑜 = 1 ,… ,𝑇𝑇             (30)

A model is next presented based on the importance of each stage to obtain suitable weights for each stage:  

𝑊𝑊𝑝𝑝 =  𝑦𝑦𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖𝑜𝑜+  𝑧𝑧𝑖𝑖𝑜𝑜𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1
 𝑦𝑦𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖

𝑜𝑜+  𝑧𝑧𝑖𝑖𝑖𝑖𝑜𝑜∝ 𝜆𝜆𝑖𝑖
𝑜𝑜+1    𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1

                                (31) 

in which: 

 Nominator: output of related tth stage of related scenario  

 Denominator: All outputs which quit all related scenario stages  

The Wp  weights denote the proportional importance of each stage in comparison with all stages. Based on the 

output-centered model, the proportional criteria of the stage is to select the Wp  amount of decision units (scenario) 

in the output of each stage to the total outputs at the levels studied. In the Wp  model, the nominator of (31) -

   (31) 

in which:
n Nominator: output of related tth stage 

of related scenario 
n Denominator: All outputs which quit 

all related scenario stages 

The Wp weights denote the proportional 
importance of each stage in comparison 
with all stages. Based on the output-cen-
tered model, the proportional criteria of 
the stage is to select the Wp amount of 
decision units (scenario) in the output of 
each stage to the total outputs at the lev-
els studied. In the Wp model, the nomina-
tor of (31) – 

9 
 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 denotes the total output weight of each stage and includes outputs, good connections, 

and free and fixed connections. The denominator of the fraction of  𝑦𝑦𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1  shows the total 

output weight  and includes the total output as well as the good, fixed and free connections that exit the stages. The 

amount of controllable and non-controllable output used instead of α is based on the nature of the connection. The 

total efficiency of each scenario (decision unit) is based on the symmetric average efficiency at different stages 

from the weights. To compute 𝜏𝜏𝑖𝑖𝑖𝑖∗   in formula (30), it is repeated T times. The total efficiency for the output-based 

nature for the 𝜏𝜏𝑖𝑖𝑖𝑖∗    stage is the symmetric total efficiency, defined as:  

𝜏𝜏𝑖𝑖∗ =  𝑊𝑊𝑝𝑝𝑇𝑇
𝑖𝑖=1 𝜏𝜏𝑖𝑖𝑖𝑖∗                                                                            (32) 

 Relation (32) = relation (31) × relation (30) 

Since there is no intermediate factor sent for the next stage, to compute the weight of the final stage weight (T

stage), the only outputs used are those that can quit the scenario, i.e., formula  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1  is omitted from the 

nominator of formula (31).

Case Study 

In this part, a textile industry value chain is evaluated. This value chain is formed of 4 stages which are located in 

different directions from each other. The forming stages are shown in  diagram (2) and also 10 scenarios (decision 

unit) suggested by Scientific-experimental experts are evaluated.  pth stage connections are entered at  the p+1 stage 

as the input. Also at the input stage there are (intermediate factors) entered the connection separately??? and are 

described as inputs. In table 1, the amount of each factor for 10 scenarios is observed in the value chain.  

 
denotes the total output weight of each 
stage and includes outputs, good con-
nections, and free and fixed connec-
tions. The denominator of the fraction 
of 

9 
 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 denotes the total output weight of each stage and includes outputs, good connections, 

and free and fixed connections. The denominator of the fraction of  𝑦𝑦𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1  shows the total 

output weight  and includes the total output as well as the good, fixed and free connections that exit the stages. The 

amount of controllable and non-controllable output used instead of α is based on the nature of the connection. The 

total efficiency of each scenario (decision unit) is based on the symmetric average efficiency at different stages 

from the weights. To compute 𝜏𝜏𝑖𝑖𝑖𝑖∗   in formula (30), it is repeated T times. The total efficiency for the output-based 

nature for the 𝜏𝜏𝑖𝑖𝑖𝑖∗    stage is the symmetric total efficiency, defined as:  

𝜏𝜏𝑖𝑖∗ =  𝑊𝑊𝑝𝑝𝑇𝑇
𝑖𝑖=1 𝜏𝜏𝑖𝑖𝑖𝑖∗                                                                            (32) 

 Relation (32) = relation (31) × relation (30) 

Since there is no intermediate factor sent for the next stage, to compute the weight of the final stage weight (T

stage), the only outputs used are those that can quit the scenario, i.e., formula  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1  is omitted from the 

nominator of formula (31).

Case Study 

In this part, a textile industry value chain is evaluated. This value chain is formed of 4 stages which are located in 

different directions from each other. The forming stages are shown in  diagram (2) and also 10 scenarios (decision 

unit) suggested by Scientific-experimental experts are evaluated.  pth stage connections are entered at  the p+1 stage 

as the input. Also at the input stage there are (intermediate factors) entered the connection separately??? and are 

described as inputs. In table 1, the amount of each factor for 10 scenarios is observed in the value chain.  

 shows the 
total output weight and includes the to-

tal output as well as the good, fixed and 
free connections that exit the stages. 
The amount of controllable and non-con-
trollable output used instead of α is based 
on the nature of the connection. The to-
tal efficiency of each scenario (decision 
unit) is based on the symmetric average 
efficiency at different stages from the 
weights. To compute 

9 
 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 denotes the total output weight of each stage and includes outputs, good connections, 

and free and fixed connections. The denominator of the fraction of  𝑦𝑦𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1  shows the total 

output weight  and includes the total output as well as the good, fixed and free connections that exit the stages. The 

amount of controllable and non-controllable output used instead of α is based on the nature of the connection. The 

total efficiency of each scenario (decision unit) is based on the symmetric average efficiency at different stages 

from the weights. To compute 𝜏𝜏𝑖𝑖𝑖𝑖∗   in formula (30), it is repeated T times. The total efficiency for the output-based 

nature for the 𝜏𝜏𝑖𝑖𝑖𝑖∗    stage is the symmetric total efficiency, defined as:  

𝜏𝜏𝑖𝑖∗ =  𝑊𝑊𝑝𝑝𝑇𝑇
𝑖𝑖=1 𝜏𝜏𝑖𝑖𝑖𝑖∗                                                                            (32) 

 Relation (32) = relation (31) × relation (30) 

Since there is no intermediate factor sent for the next stage, to compute the weight of the final stage weight (T

stage), the only outputs used are those that can quit the scenario, i.e., formula  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1  is omitted from the 

nominator of formula (31).

Case Study 

In this part, a textile industry value chain is evaluated. This value chain is formed of 4 stages which are located in 

different directions from each other. The forming stages are shown in  diagram (2) and also 10 scenarios (decision 

unit) suggested by Scientific-experimental experts are evaluated.  pth stage connections are entered at  the p+1 stage 

as the input. Also at the input stage there are (intermediate factors) entered the connection separately??? and are 

described as inputs. In table 1, the amount of each factor for 10 scenarios is observed in the value chain.  

 in formula (30), 
it is repeated T times. The total efficien-
cy for the output-based nature for the 

9 
 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 denotes the total output weight of each stage and includes outputs, good connections, 

and free and fixed connections. The denominator of the fraction of  𝑦𝑦𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1  shows the total 

output weight  and includes the total output as well as the good, fixed and free connections that exit the stages. The 

amount of controllable and non-controllable output used instead of α is based on the nature of the connection. The 

total efficiency of each scenario (decision unit) is based on the symmetric average efficiency at different stages 

from the weights. To compute 𝜏𝜏𝑖𝑖𝑖𝑖∗   in formula (30), it is repeated T times. The total efficiency for the output-based 

nature for the 𝜏𝜏𝑖𝑖𝑖𝑖∗    stage is the symmetric total efficiency, defined as:  

𝜏𝜏𝑖𝑖∗ =  𝑊𝑊𝑝𝑝𝑇𝑇
𝑖𝑖=1 𝜏𝜏𝑖𝑖𝑖𝑖∗                                                                            (32) 

 Relation (32) = relation (31) × relation (30) 

Since there is no intermediate factor sent for the next stage, to compute the weight of the final stage weight (T

stage), the only outputs used are those that can quit the scenario, i.e., formula  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1  is omitted from the 

nominator of formula (31).

Case Study 

In this part, a textile industry value chain is evaluated. This value chain is formed of 4 stages which are located in 

different directions from each other. The forming stages are shown in  diagram (2) and also 10 scenarios (decision 

unit) suggested by Scientific-experimental experts are evaluated.  pth stage connections are entered at  the p+1 stage 

as the input. Also at the input stage there are (intermediate factors) entered the connection separately??? and are 

described as inputs. In table 1, the amount of each factor for 10 scenarios is observed in the value chain.  

 
stage is the symmetric total efficiency, 
defined as: 

9 
 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 denotes the total output weight of each stage and includes outputs, good connections, 

and free and fixed connections. The denominator of the fraction of  𝑦𝑦𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1  shows the total 

output weight  and includes the total output as well as the good, fixed and free connections that exit the stages. The 

amount of controllable and non-controllable output used instead of α is based on the nature of the connection. The 

total efficiency of each scenario (decision unit) is based on the symmetric average efficiency at different stages 

from the weights. To compute 𝜏𝜏𝑖𝑖𝑖𝑖∗   in formula (30), it is repeated T times. The total efficiency for the output-based 

nature for the 𝜏𝜏𝑖𝑖𝑖𝑖∗    stage is the symmetric total efficiency, defined as:  

𝜏𝜏𝑖𝑖∗ =  𝑊𝑊𝑝𝑝𝑇𝑇
𝑖𝑖=1 𝜏𝜏𝑖𝑖𝑖𝑖∗                                                                            (32) 

 Relation (32) = relation (31) × relation (30) 

Since there is no intermediate factor sent for the next stage, to compute the weight of the final stage weight (T

stage), the only outputs used are those that can quit the scenario, i.e., formula  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1  is omitted from the 

nominator of formula (31).

Case Study 

In this part, a textile industry value chain is evaluated. This value chain is formed of 4 stages which are located in 

different directions from each other. The forming stages are shown in  diagram (2) and also 10 scenarios (decision 

unit) suggested by Scientific-experimental experts are evaluated.  pth stage connections are entered at  the p+1 stage 

as the input. Also at the input stage there are (intermediate factors) entered the connection separately??? and are 

described as inputs. In table 1, the amount of each factor for 10 scenarios is observed in the value chain.  

    (32)

Relation (32) = relation (31) × relation (30)

Since there is no intermediate factor sent 
for the next stage, to compute the weight 
of the final stage weight (T stage), the 
only outputs used are those that can quit 
the scenario, i.e., formula 

9 
 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1 denotes the total output weight of each stage and includes outputs, good connections, 

and free and fixed connections. The denominator of the fraction of  𝑦𝑦𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖 +   𝑧𝑧𝑖𝑖𝑗𝑗𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1  shows the total 

output weight  and includes the total output as well as the good, fixed and free connections that exit the stages. The 

amount of controllable and non-controllable output used instead of α is based on the nature of the connection. The 

total efficiency of each scenario (decision unit) is based on the symmetric average efficiency at different stages 

from the weights. To compute 𝜏𝜏𝑖𝑖𝑖𝑖∗   in formula (30), it is repeated T times. The total efficiency for the output-based 

nature for the 𝜏𝜏𝑖𝑖𝑖𝑖∗    stage is the symmetric total efficiency, defined as:  

𝜏𝜏𝑖𝑖∗ =  𝑊𝑊𝑝𝑝𝑇𝑇
𝑖𝑖=1 𝜏𝜏𝑖𝑖𝑖𝑖∗                                                                            (32) 

 Relation (32) = relation (31) × relation (30) 

Since there is no intermediate factor sent for the next stage, to compute the weight of the final stage weight (T

stage), the only outputs used are those that can quit the scenario, i.e., formula  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖∝ 𝜆𝜆𝑗𝑗𝑖𝑖+1𝑛𝑛
𝑗𝑗=1  is omitted from the 

nominator of formula (31).

Case Study 

In this part, a textile industry value chain is evaluated. This value chain is formed of 4 stages which are located in 

different directions from each other. The forming stages are shown in  diagram (2) and also 10 scenarios (decision 

unit) suggested by Scientific-experimental experts are evaluated.  pth stage connections are entered at  the p+1 stage 

as the input. Also at the input stage there are (intermediate factors) entered the connection separately??? and are 

described as inputs. In table 1, the amount of each factor for 10 scenarios is observed in the value chain.  

 
is omitted from the nominator of formu-
la (31).

Case study
In this part, a textile industry value chain 
is evaluated. This value chain is formed 
of 4 stages which are located in different 
directions from each other. The forming 
stages are shown in Figure 2 and also 10 

Table 1. Number of connections, inputs and outputs for 4 stages of the value chain (costs and prices in US $ – weight in grams).

A10A9A8A7A6A5A4A3A2A1Scenarios
20/8020/8020/8020/8020/8045/5545/5545/5545/5545/55w/p percent

Inputs

Sp
in

ni
ng

1.11.10.90.70.7221.81.61.6Worker’s cost
0.60.60.50.40.41.21.21.10.90.9Energy cost
0.30.30.30.20.20.60.60.60.50.5Maintenance cost
18161412102020181614Thread quality

Good Connection
54503530306455403535Quality 
7.47.464.54.514.114.112.611.311.3Thread swingBad Connection
60604840406060484040PointFixed connection

10.610.68.66.46.420.220.21816.216.2PriceFree Connection
0.40.50.40.30.41.11.21.10.91.1Worker’s Cost

Inputs

W
ea

vi
ng

0.20.30.20.20.20.60.80.70.50.8Energy Cost
0.10.20.10.10.10.30.40.30.20.3Maintenance Cost
280330330330400280330330330400One meter weight

Good Connection
70656055508075706560Quality
3.84.443.13.810.512.211.28.610.5One meter priceFree Connection
0.20.30.30.20.20.70.80.80.60.7Worker’s Cost

Inputs

C
om

pl
et

io
n 

 
an

d 
D

yi
ng

0.50.60.60.40.51.51.71.61.21.5Raw material cost
0.40.40.40.30.411.21.10.91Energy cost
0.20.20.20.10.20.40.50.50.30.4Color and side material Cost
70656055508075706560QualityGood Connection
5.46.25.64.45.414.917.41612.315Price of each meterFree Connection

16.218.616.813.216.244.752.24836.945tweedy fabric cost

Inputs

G
ar

m
en

t 22.72623.518.422.762.672.967.251.663Worker’s Cost
3.23.73.42.63.28.910.49.67.49Control Cost
1.51.71.51.21.54.24.84.53.44.2Energy Cost
70656055508075706560Quality

Outputs
75.686.778.361.575.6208.6243224172.2210Suit price



FIBRES & TEXTILES in Eastern Europe  2017, Vol. 25,  2(122)98

Table 3. Results of ideal scenarios for 4 stages of value change in textile industries.

Stages First stage Second stage Third stage Fourth stage
Ideal scenario of value chain (1) Scenario 5 Scenario 6 Scenario 7 Scenario 10
Ideal scenario of value chain (2) Scenario 5 Scenario 6 Scenario 10 Scenario 10

Table 2. Results of solving 10-stage scenario of four-stage garment production stages based 
on model. Note: θ1, θ1, θ3, θ4 – efficiency amount of each of the four stages of production 
for each of the ten scenarios. W1, W2, W3, W4 – represent the relative importance of each 
production the whole process.

DMU θ1 θ2 θ3 θ4 W1 W2 W3 W4 Overall score
DMU1 0.928 0.91 0.856 0.854 0.268 0.238 0.246 0.248 0.8876
DMU2 0.943 0.925 0.878 0.866 0.234 0.217 0.307 0.242 0.9005
DMU3 0.937 0.923 0.836 0.875 0.285 0.315 0.153 0.247 0.9018
DMU4 0.963 0.89 0.812 0.871 0.245 0.354 0.273 0.128 0.8841
DMU5 1 0.821 0.897 0.882 0.224 0.239 0.266 0.271 0.8978
DMU6 0.897 1 0.941 0.899 0.242 0.347 0.201 0.21 0.942
DMU7 0.923 0.991 1 0.992 0.227 0.229 0.313 0.231 0.9786
DMU8 0.921 0.983 0.961 0.957 0.21 0.193 0.321 0.276 0.9557
DMU9 0.963 0.977 0.972 0.918 0.317 0.22 0.263 0.2 0.9554
DMU10 0.975 0.796 1 1 0.264 0.339 0.208 0.189 0.9242

Figure 2. Connection between different production stages.

scenarios (decision unit) suggested by 
scientific-experimental experts are eval-
uated. pth stage connections are entered at 
the p + 1 stage as the input. Also at each 
stage, interstitial factors (good, bad, fixed 
and free) are imported and are defined 
as input. In Table 1, the amount of each 
factor for 10 scenarios is observed in the 
value chain. 

Finding (ideal decision making unit)
As shown in Table 2, the tenth scenar-
io is introduced as an optimal scenario 
at the stages of completion and dying 
(third stage) and garment (forth stage); 
nevertheless, in the symmetric average, 
the proportional efficiency ranks slower 
than for the 7th scenario. In this ranking, 
scenario (7) obtains the rank of the best 
scenario, followed by scenarios (8), (9) 
and (6). The evaluation is presented in 
Table 2, indicating that the ideal scenario 
for the value chain is based on a combi-
nation of the 10 scenarios that it is shown 
in Table 3. If the two ideal chain value 
scenarios are solved with the previous 
10 scenarios using the model by Lingo 
software, they will prove to be strictly 
efficient. 

If these two ideal chain value scenarios 
are solved with 10 previous scenarios 
by means of model (1), these two ideal 
scenarios are highly efficient. In the pres-
ent article, in addition to ranking of the 
available scenarios, and since no scenario 
was able to be introduced as an efficient 
value chain based on the establishment of 
an ideal decision making unit with a net-
work approach, the ideal scenario is es-
tablished. The scenario established that is 
not available between scenarios is intro-
duced as an artificial scenario; but on the 
the other hand, this scenario is formed 
of different stages which are among the 
main scenarios, and therefore it is real. 

 Conclusions
n This model is formulated as a net-

work-ranking through linear program-
ming in a way that net profit manage-
ment strategy is assessed and evalu-
ated through efficiency according to 
the connections between stages and 
interstitial factors.

n In designing this model, n facto-
ry types (in the case study: 4 types: 
spinning, weaving, finishing & dye-
ing and clothing) that usually operate 
separately are considered both in dis-
cretion as well as in combination and 
integration.
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n This model is focused mostly on the 
connections between the stages con-
stituting the intended value chain. In 
this mode, 4 connection types (good, 
bad, fixed and free) are introduced for 
the stages of the value chain and the 
scenarios presented are assessed and 
ranked based on this. At the end of this 
part an ideal scenario is introduced for 
the value chain that is created with a 
general outlook and attention towards 
the constituting stages and connec-
tions between stages. In fact the mod-
el evaluates different scenarios based 
on process-oriented management ac-
cording to the connection between dif-
ferent stages of production (4 stages in 
textile industries).

n In n-stage production industries, the 
formulation of competitive strategies 
are getting more critical for survival, 
profit and growth therein, and major 
decision-makers and planners in pro-
duction units have urged these indus-
tries towards rational management of 
costs and incomes as well as inter-
stitial factors, and finally towards ef-
fective efficiency , this model being a 
tool for achieving this goal.

n Data envelopment analysis (DEA) 
was used to determine the relative ef-
ficiency of the decision making units 
(DMUs). One application of DEA is to 
set benchmarks for inefficient DMUs, 
helping inefficient DMUs to find im-
provement strategies. This paper in-
troduces a new approach for ranking 
efficient DMUs using a network struc-
ture. The ideal decision making unit 
(DMU) constructed offers real and 
practical solutions for improvement in 
efficiency.

With respect to the results of this paper, 
the following research topics are pro-
posed for the future: 
n Using goal programming, the goals of 

managers and experts can be incorpo-
rated into the ideal DMU constructed.

n The same approach can be repeated to 
determine ideal networks in sustaina-
ble supply chain management.
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