Supply Chain and Operations Decision Making

www.scodm.reapress.com

P\

i Sup. Chain Oper. Decis. Mak. Vol. 3, No. 1 (2026) 1-9.

Paper Type: Original Article

Calculating the Access Probability of Network Arcs to

Determine the Maximum Flow in Path

Mohsen Dolatyari!, Amin Gholami Koldehi!, Seyed Hessameddin Zegordi*

! Department of Management, Faculty of Industrial and Systems Engineering, Tarbiat Modares University, Tehran, Iran;
Mohsen.dolatyati@modares.ir.ac, amin_gholami@modares.ac.it, zegordi@modares.ac.it.

Citation:
Received: 14 March 2025 Dolatyari, M., Gholami Koldehi, A., & Zegordi, S. H. (2026). Calculating the
Revised: 25 May 2025 access probability of network arcs to determine the maximum flow in a path.
Accepted: 03 July 2025 Supply chain and operations decision making, 3(1), 1-9.

Abstract

Today, many companies are trying to reduce operating costs and improve performance to cope with severe demand
fluctuations. For this purpose, optimizing the supply chain process is important and necessary to improve performance in
some parameters, including financial components. Therefore, today, companies have realized that optimizing operations
within the company's four walls is not enough to achieve business excellence, but to improve petformance, they need the
participation of suppliers in improving quality on the one hand and meeting customer demands on the other. This
partnership and alliance often takes the form of a supply chain, which shows the importance of the supply chain.
Considering the sanctions and their consequences on the country's economy, which make it difficult to import raw
materials, an increase in exchange rates, an increase in prices, inflation, economic recession, and an increase in production
costs, it is necessary to identify effective factors in optimizing the financial supply chain. This article aims to improve the
financial efficiency of the supply chain and, in fact, reduce the volume of working capital of buyers and suppliers in the
home appliance industry. For this purpose, the factors were identified using a descriptive method and by studying books
and articles in the field of supply chain. Then, using the opinions of experts, the main and effective factors were selected
using the Delphi Method. The results of this study showed that the factors effective in optimizing the financial performance
of the financial supply chain include: operational risk, the threat of price fluctuations, exchange rate risk, futures contract
risk, planning risk, the need to increase working capital, severe environmental changes, uncertainty about the future,
exchange rate fluctuations, increased production costs, stagflation, reduction in bank facilities, interest rate risk, cost transfer
to other members of the chain, risk of losing customers, cost inflation, risk of non-continuity of the firm's activity, and risk

of losing suppliers.

Keywords: Transportation network, Perishable product supply chain, Probability, Accessibility, Multi-criteria decision-
making.

1| Introduction

To sustain life, humans consume various goods on a daily basis. These goods are often delivered to final
customers through different supply chains after passing through one or more stages [1]. Therefore, supply
chains play a very important role in everyday human life. A large portion of these sensitive and essential goods
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consists of food and pharmaceutical products, which are classified as perishable goods. Perishable goods are
defined as a group of products that lose quality and deteriorate over time or when exposed to certain
conditions [2]. It is evident that, due to time constraints and the risk of deterioration, such goods require more
effective management and planning. In many cases, products may face stoppages and waiting times at
different levels of the supply chain. These stoppages may be part of various processes such as production,
packaging, and so forth. Long waiting times are undesirable, and efforts are generally made to minimize those
[3]. Considering such delays, it is preferable to prevent the occurrence of additional time delays.

A significant portion of the time spent throughout supply chains is devoted to the transportation of goods
between different levels. Shipping raw materials to factories, handling in warehouses, transportation to other
levels, delivery to final customers, and similar activities are all part of the transportation cycle of goods in
product supply chains [4]. For this reason, transportation is of great importance in supply chains and has
received considerable attention. Transportation planning in perishable product supply chains should be
considered from the very initial stages where raw materials are located until the moment the final product is
delivered to consumers [5]. Under such conditions, the time required for transporting goods can be measured
and evaluated in order to support transportation planning. Improving the transportation process throughout

the supply chain can lead to cost reductions and increased revenues [0].

In addition to economic aspects, the transportation of goods is also important from other perspectives.
Demand responsiveness (on-time delivery of goods) and environmental impacts are among the most
significant of these aspects. Customers at every level prefer to receive the required goods within a specified
time frame and in perfect condition. Any event in the transportation process that leads to delays, quality
degradation, or loss of goods can severely affect customers’ perceptions [7]. On the other hand, the loss of
any type of product and its release into the environment can cause serious damage. Some products introduce
chemical pollution into nature, while others, such as agticultural products, result in the waste of resources
that were consumed during their production when they are lost [8].

Considering the issues discussed regarding perishable product supply chains, the importance of the goods
involved, and the role of transportation in improving this type of supply chain, the need to enhance
transportation processes is strongly felt. Numerous studies have been conducted in this field, which can be
divided into two groups. In the first group, researchers have mainly focused on transportation planning from
a time-value perspective. In fact, these studies attempt to reduce goods transfer time by improving
transportation networks. Manouchehri et al. [3] designed transportation models to manage the transfer time
of poultry to demand points. Since poultry is a highly sensitive product, they sought to reduce waiting times
and consequently prevent product deterioration by proposing a scheduling model. However, their model did

not consider the possibility of the inaccessibility of some routes.

Meidute-Kavaliauskiene et al. [9] designed an appropriate network to reduce transportation time. They argued
that reducing transportation time through proper routing can decrease product deterioration due to spoilage,
reduce environmental damage, and increase customer satisfaction and profit. They developed a mixed-integer
nonlinear multi-objective model for a four-level supply chain consisting of suppliers, manufacturers,
distributors, and retailers. The model pursued four objectives: minimizing costs, minimizing environmental
costs, reducing delivery time, and increasing customer satisfaction. The results showed that these objectives
could be conflicting; in some cases, despite reduced operational costs, environmental costs increased
significantly. Overall, the proposed model was flexible and capable of addressing complex issues. Wu et al.
[10] examined this issue in a specific case study, focusing on reducing food delivery time to passenger trains,
since prepared food spoils rapidly within a few hours. They redesigned the supply chain network and reduced
delivery times to minimize deterioration. They developed a nonlinear model that maximized final profit by
reducing waste and transportation costs. Their results indicated that the model was highly sensitive to delivery
deadlines and that increasing delivery time windows significantly improved supply chain profitability. Agrawal
et al. [2] designed a supply chain aimed at reducing transportation time through appropriate route selection.
They emphasized that vehicle capacities are not uniform, which complicates supply chain design, allocation,

and routing. Nevertheless, routing remains an effective solution for reducing delivery times in supply chains.
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As the review of the first group of studies shows, most research in this area pays little attention to the
probability of disruptions occurring along routes. In a limited number of studies, this issue has been
considered; however, solving the models is often difficult due to their reliance on precise data. Clavijo-Buritica
et al. [11] investigated route disruptions by designing a supply chain in which alternative short routes were
preselected in the event of accidents or disruptions. This approach reduces the risk of spoilage and
deterioration caused by disruptions and increased delivery times. However, their model depends on various

data sources, including meteorological data, making it relatively difficult to solve.

Another group of studies has focused on transportation planning and management during natural disasters
such as floods and earthquakes. Based on historical records, the probability of some routes becoming
inaccessible can be estimated and incorporated into decision-making. In such cases, routes with minimal
accessibility are removed from transportation planning. This increases the reliability of goods transfer under
emergency conditions. However, since this type of planning is probability-based, alternative routes may also
be damaged during actual events. Therefore, removing certain routes can reduce the robustness and accuracy
of the model [12]. Many studies in this area focus on identifying critical routes and locations. Bono and
Gutiérrez [13] evaluated network damage and post-earthquake accessibility using geographical data. analyzed
networks based on reliability by examining travel time reliability, capacity reliability, and network connectivity
reliability, and proposed a method for identifying critical links and their impact on network disruptions. Jiang
Dong et al. [14] developed a bi-level optimization model to determine the minimum and maximum
vulnerability of a transportation network using various evaluation criteria, showing that such models can be
used to identify critical routes and strengthen transportation networks. Gu et al. [15] examined the
performance of transportation networks and concluded that a network’s ability to transfer goods and maintain
capacity is a key criterion for evaluating network reliability. A network must be able to satisfy demand through
arc capacities under various conditions. They evaluated network flows and reliability by considering incidents
such as traffic and treated capacity as a variable, which in turn affected travel times and goods handling.
Through this evaluation approach, Gu et al. [15] took a step toward ensuring demand satisfaction under
crisis conditions.

Although all the methods reviewed in the aforementioned studies appear scientific and effective, most of
them focus on finding the shortest paths for time management or identifying alternative routes in
emergencies. In contrast, estimating the amount of goods that can be transported through different routes
over different time periods, while considering the probability of other routes becoming inaccessible, can
greatly assist in more effective planning and management of transportation networks under varying
conditions.

2| Problem Statement

Based on the reviewed studies and an examination of the existing literature in this field, determining the
maximum flow in a network as a function of the probability of accessibility of links and routes has rarely been
addressed. In particular, in the design of supply chains for perishable products, greater emphasis has been
placed on time-related criteria. However, due to demand-related challenges, ensuring the availability of
sufficient quantities of products at any given time is of critical importance, an issue that has been more
thoroughly considered in the second group of studies. Accordingly, the main objective of this research is to
propose an approach for estimating the probability of route accessibility and calculating the maximum flow
that can pass through a route. Typically, calculating such probabilities requires an analysis of data related to
the occurrence of incidents affecting routes and links, which leads to increased complexity in conventional
models. In this study, however, a hybrid multi-criteria decision-making model is proposed to measure
accessibility probabilities, thereby simplifying the probability estimation process. Three hypothetical routes
are considered, and their accessibility is calculated and evaluated based on criteria identified by experts. By
incorporating these probabilities, it becomes possible to estimate an overall average of the amount of goods
that can be transported through a specific route over a given time period.
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3| Proposed Approach and Mathematical Model

Nowadays, many models developed by researchers rely heavily on related historical and recorded data.
Although such models are usually more accurate, their strong dependence on diverse data sources leads to
increased computational and analytical complexity. Therefore, in some cases, it is preferable to use models
that have less dependence on such data. Decision-making methods, due to their greater reliance on expert
judgments, generally involve lower solution complexity. The selection of an appropriate decision-making
method largely depends on the nature of the problem.

In this study, a hybrid decision-making approach with probabilistic outputs is employed. A combination of
Grey Analytic Hierarchy Process (Grey-AHP) and Grey TOPSIS is used to estimate the accessibility of
transportation routes. This decision-making approach has an inherently probabilistic nature; therefore, its
outputs can be interpreted as the probability of route accessibility. By calculating this probability, it becomes
possible to estimate the amount of goods that can be transported through each route. The symbols and
parameters used in this method are presented in Tuble 1.

Table 1. Parameters and explanation of symbols in the integrated grey TOPSIS and grey

AHP method.
The element in the i-th row and j-th column aj Number of criteria or number of experts n
of the pairwise comparison matrix
The normalized pairwise comparison matrix rj Number of comparable alternatives m
Weight of the option (or criterion) W;  Consistency ratio CI
Positive ideal value ViJr Random index RI
Negative ideal value V- Consistency index CR
Average distance of each option from the dif  Maximum consistency value of the pairwise | A
positive ideal options comparison matrix
Average distance of each option from the di  Numerical value of the expert’s judgment Qe
negative ideal options in comparing i with j
Similarity index CC;  Geometric mean value of the t-th expert’s Qtij

judgment

Gray probability level P(A; < AM¥)

The AHP method is fundamentally based on the opinions of experts and specialists and assigns weights to
evaluation criteria and alternatives through pairwise comparisons among decision elements. Since this method
relies on expert judgments, experts may not always be able to express their opinions precisely. Grey-AHP is
a method similar to AHP in which, to account for the uncertainty inherent in qualitative parameters, the
scores of decision elements are expressed as intervals using grey numbers [106], [17]. In this study, there are
three alternatives, namely three hypothetical routes with different capacities. Expert opinions are collected
using qualitative scales and are converted according to Table 2.

Table 2. Gray numbers corresponding to definite numbers.

Corresponding Definite Amount The Corresponding Value of Descriptive Value

Gray Value Each Description

[1-1.5] 1 1 Very low importance
[1.5-3.5] 2and 3 3 Low importance
[3.5-5.5] 4and 5 5 Moderate importance
[5.5-7.5] 6and 7 7 High importance
[7.5-9] 8and 9 9 Very high importance
2,4,6,8 An intermediate state

between two descriptions

In order to ensure the validity of the experts’ judgments, the consistency ratio is used to evaluate the collected

opinions. Egs. (1) and (2) are applied for this purpose [18].
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The RI value is obtained using the values presented in Table 3.
Table 3. numerical value of the random index RI according to
the number of criteria.

10 9 8 7 6 5 4 3 2 1 n
149 145 141 132 124 112 09 058 0 0 RI

If the value of CR is less than 0.1, the expert’s judgment in the pairwise comparison matrix is considered
acceptable; otherwise, it is rejected and requires revision and correction. After the experts’ opinions are
expressed in the form of grey numbers, it is necessary to aggregate these opinions. This is because the
judgments now involve uncertainty, while their consistency has already been evaluated and confirmed. One
of the approaches for aggregating expert opinions is the geometric mean method. The advantage of this
method over other approaches is that the geometric mean is sensitive to different numerical values; that is,
values with low frequency but large deviations can have an effect comparable to that of values with high
frequency. Using the geometric mean method, the experts’ opinions are aggregated according to Eq. (3).

Qr, = (T a7 3)

After replacing the crisp numbers with grey numbers, the weight of each criterion or alternative is calculated.
Before computing the weights, it is necessary to convert the pairwise comparison matrices into dimensionless
(normalized) form. For this purpose, Eg. (4) is used.

ai]-

T Sy @)

Then, using Eg. (5), the weight of each alternative and criterion is calculated.

W, = 2=, ®)

n
The TOPSIS method is a technique for evaluating an m X n matrix consisting of m alternatives and n criteria.
To apply the TOPSIS method, qualitative indicators must first be converted into quantitative values, and
these quantitative data must then be normalized to become dimensionless. After calculating the weights of
the criteria and alternatives, these weights are multiplied to obtain the weighted decision matrix, which is
subsequently analyzed and evaluated.

In the present model, since the weights are calculated using the Analytic Hierarchy Process (AHP), they are
already dimensionless and therefore do not require further normalization. The positive ideal solution (Vi)
and the negative ideal solution (V;") for each beneficial criterion corresponds to the maximum and minimum
scores of the evaluated alternatives under that criterion, respectively. After determining these values, the
alternatives are ranked based on minimizing their distance from the positive ideal solution and maximizing
their distance from the negative ideal solution. The mean distances of each alternative from the positive ideal

solution (d;) and the negative ideal solution (dj’) across different criteria are calculated using Egs. (6) and (7)
[19].

i = Sl = %21 ©)
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di = \/zizl[wi- — V)2, )

Then, the parameters of the similarity index are determined and calculated for each criterion using Eg. (§).
The value of this index ranges between 0 and 1, and the closer it is to 1, the higher the desirability of the
corresponding alternative. Accordingly, by calculating the similarity index for all available alternatives, they
are prioritized in descending order from larger to smaller values [19].

dj
CCi = di_+di'" (8)

The important point is that since grey numbers are used in this study, the rules of grey numbers must therefore
be followed when calculating the weighted matrix, which is obtained by multiplying the criteria weights by
the alternative weights. Accordingly, to multiply two grey numbers, the bound-to-bound formulation in Eg.
(9) is used [20].

(Yij'vij) = (ﬂij X m'aij X W]) ©)

After constructing the weighted evaluation matrix in the Grey TOPSIS method, the grey reference ideal value
is determined. Based on this value, the grey possibility degree of each alternative with respect to the reference
ideal value for each criterion can be calculated using Egq. (70).

Max (o L — Max (0, V;; — y,-maX)) (10)

P(Vl] < ijax) =

L* ’
where
L =L(Vy) + L(v,.maX), (11)
L(Vy) = Vi — V. 12)

By calculating the average grey possibility degree of each alternative across different criteria, the probability
of that alternative being inferior to the other superior alternatives is obtained. An alternative with a lower
probability of being smaller than the others has a shorter distance from the ideal alternative and therefore
attains a higher rank. The numerical value of the average possibility degree is calculated using Eg. (73) [21].

P(A; < AM3¥) = ~F1 | p(Vy < V), (13)

However, in this study, the probability of being smaller is of greater importance. The higher the probability
of being smaller, the greater the vulnerability of the route (link). Consequently, such a route has a lower chance
of being selected. Nevertheless, it is necessary to consider whether the selected route is capable of supporting
the required demand over a specified time period. In order to calculate the average capacity of a route over a
given time horizon, Fq. (74) is used.

(Fmax)i = (1 — P)(A; < AM3X) X f;. (14)

where (Fpay)idenotes the maximum flow that can pass through route i, considering the probability of
disruptions (incidents), and f; represents the maximum flow of route i under disruption-free conditions.
Obviously, the route that is capable of satisfying a higher level of demand over the specified time period is
selected.
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4| Results

To perform the calculations and evaluate the decision-making model in this study, a hypothetical network, as
shown in Fig. 7, was used.

Path 1
50
1 » 4
50 50
Path 2
50 @ 50 @ 50
Path 3
50 50
50
3 o 6

Fig. 1. Hypothetical problem network.

This network consists of three mutually independent routes that start from the source node S and end at the
destination node T. All three routes can be selected based on their probability of accessibility, provided that
they are able to satisfy the required demand of the destination node. For simplicity of calculations, the capacity
of all links is assumed to be 50 units per day. Five experts with sufficient knowledge and experience in
transportation systems, routing, and product demand were selected, and their opinions were collected. Four
criteria were chosen to calculate the probability of route accessibility. These criteria were derived from expert
judgments and the exchange of opinions during two sessions and include accident-proneness potential, road
(link) quality, traffic load, and route length. The obtained results are presented below. The order of the criteria

The matrices are road quality, accident-proneness, traffic load, and route length.

[1,1] [4.19,6.23] [4.19,6.23] [5.85,7.78]
[0.16,0.24] [1,1] [2.49,4.59] [3.87,6.05]
Criteria average matrix = [0165 024] [022, 040] [1,1] [138, 295] ,

[0.13,0.17] [0.17,0.26] [0.34,0.72] [1,1]

Criteria weight = [ [0.52,0.67] [0.19,0.29] [0.08,0.13] [0.05,0.07] ],
Vulnerability of routes = [ 0.894 0.60 0.713].

The results indicate that Route 2 is the most accessible route throughout the year, as it has the lowest
probability of damage. Clearly, this route must be capable of meeting the demand of the destination node on
a daily, weekly, monthly, or annual basis. Otherwise, other routes should be utilized to increase the volume
of goods transported. It should also be noted that these values are probabilistic in nature and may fluctuate
over the course of the year for various reasons.

5| Conclusions

The present study was conducted with the aim of calculating the accessibility level of freight transportation
routes in supply chains. Although the proposed model applies to various supply chains, due to the high
importance of perishable products and the difficulty of managing them during the occurrence of different
disruptions, this research focused on improving this type of supply chain. Perishable products may experience
quality deterioration and spoilage under the influence of various factors, among which time is one of the most
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critical. Therefore, waiting and holding times for these products throughout the supply chain should be
minimized. To reduce transportation times along the supply chain, identifying routes and being aware of the
probability of their unavailability is of great importance.

In many previous studies, researchers have mainly focused on redesigning supply chains in order to reduce
waiting times. In some cases, scheduling and routing systems have also been considered. However, the
accessibility of transportation network routes is an issue that has rarely received sufficient attention. This
important topic has been examined by various researchers, particularly in the context of natural disasters.
Hence, simultaneously addressing these two issues is crucial for improving freight supply chains. Solving this
problem requires sufficiently accurate models with limited dependence on diverse data sources. In this study,
a hybrid decision-making approach was proposed as a solution for estimating route accessibility based on
expert opinions. Using this approach, a hypothetical network with three routes was evaluated based on four
criteria: road quality, accident proneness, traffic volume, and route length. The results showed that the second
route, with approximately 60% vulnerability, was the best option for freight transportation during the
considered time period.

As a suggestion for future research, it is recommended that the proposed model be applied to a real
transportation network in order to evaluate its effectiveness. In addition, networks with links having different
capacity levels can be considered, and the results of the model can be further analyzed and assessed. There
are various criteria for evaluating routes, and the type of product can also play a role in determining these
criteria. Therefore, it is recommended that the model be applied and evaluated for other types of goods by
incorporating additional evaluation criteria.

Acknowledgments

The authors appreciate the valuable insights and contributions of the experts who participated in this study.
Funding

This research received no external funding,

Data Availability

The data used in this study are available from the corresponding author upon reasonable request.
References

[1] Jahangiri, S., Abolghasemian, M., Pourghader Chobar, A., Nadaffard, A., & Mottaghi, V. (2021). Ranking
of key resources in the humanitarian supply chain in the emergency department of iranian hospital: a real
case study in COVID-19 conditions. Journal of applied research on industrial engineering, 8(Special Issue), 1-
10. https://doi.org/10.22105/jarie.2021.275255.1263

[2] Schouten, R., Van Kooten, O., van der Vorst, J., Marcelis, W., & Luning, P. (2010). Quality controlled logistics
in vegetable supply chain networks: how can an individual batch reach an individual consumer in the optimal state?
[presentation]. XXVIII international horticultural congress on science and horticulture for people
(ihc2010): international symposium on 936 (pp. 45-52). https://doi.org/10.17660/ActaHortic.2012.936.4

[3] Manouchehri, F., Nookabadi, A. S., & Kadivar, M. (2020). Production routing in perishable and quality
degradable supply chains. Heliyon, 6(2). https://doi.org/10.1016/j.heliyon.2020.e03376

[4] Abolghasemian, M., Pourghader Chobar, A., Vaseei, M., & Nasiri Jan Agha, M. R. (2024). Mathematical
modeling to evaluate knowledge management in the development of industrial clusters. International
journal of applied operational research-an open access journal, 12(4), 1-18. http://dx.doi.org/10.71885/ijorlu-
2024-1-677

[5] Daneshmand-Mehr, M., & Abolghasemian, M. (2024). Multi-Objective Uncertain Mathematical
Programming for Urban Water Supply System. Research annals of industrial and systems engineering, 1(4),
244-261. https://doi.org/10.22105/raise.vi.74



Dolatyari et al. | Sup. Chain Oper. Decis. Mak. 3(1) (2026) 1-9

[6] Agrawal, A. K, Yadav, S., Gupta, A. A., & Pandey, S. (2022). A genetic algorithm model for optimizing
vehicle routing problems with perishable products under time-window and quality requirements.
Decision analytics journal, 5, 100139. https://doi.org/10.1016/j.dajour.2022.100139

[7] Esteso, A., Alemany, M. M. E., & Ortiz, A. (2021). Impact of product perishability on agri-food supply
chains design. Applied mathematical modelling, 96, 20-38. https://doi.org/10.1016/j.apm.2021.02.027

[8] Agnusdei, G. P., Coluccia, B., Pacifico, A. M., & Miglietta, P. P. (2022). Towards circular economy in the
agrifood sector: Water footprint assessment of food loss in the Italian fruit and vegetable supply chains.
Ecological indicators, 137, 108781. https://doi.org/10.1016/j.ecolind.2022.108781

[9] Meidute-Kavaliauskiene, L., Yildirim, F., Ghorbani, S., & Cindikaite, R. (2022). The design of a multi-period
and multi-echelon perishable goods supply network under uncertainty. Sustainability, 14(4), 2472.
https://doi.org/10.3390/su14042472

[10] Sadeghi, M., Razavi, S. H., & Saberi, N. (2013). Application of grey TOPSIS in preference ordering of
action plans in balanced scorecard and strategy map. Informatica, 24(4), 619-635.
https://doi.org/10.15388/Informatica.2013.07

[11] Wang, W., & Liu, Z. Z. (2007). Contractors selection based on the grey decision model [presentation]. 2007
international conference on wireless communications, networking and mobile computing (pp. 5301-5304).
https://doi.org/10.1109/WICOM.2007.1298

[12] Wu, X,, Nie, L., Xu, M., & Yan, F. (2018). A perishable food supply chain problem considering demand
uncertainty and time deadline constraints: Modeling and application to a high-speed railway catering
service. Transportation research part e: logistics and transportation review, 111, 186-209.
https://doi.org/10.1016/j.tre.2018.01.002

[13] Zhu, G.N., Hu, J,, Qi, J., Gu, C. C,, & Peng, Y. H. (2015). An integrated AHP and VIKOR for design
concept evaluation based on rough number. Advanced engineering informatics, 29(3), 408—418.
https://doi.org/10.1016/j.aei.2015.01.010

[14] Abid, M., Ali, S., Qi, L. K., Zahoor, R., Tian, Z., Jiang, D., ... & Dai, T. (2018). Physiological and biochemical
changes during drought and recovery periods at tillering and jointing stages in wheat (Triticum aestivum
L.). Scientific reports, 8(1), 4615. https://doi.org/10.1038/s41598-018-21441-7

[15] Gu, Y., Fu, X,, Liu, Z,, Xu, X., & Chen, A. (2020). Performance of transportation network under
perturbations: Reliability, vulnerability, and resilience. Transportation research part e: Logistics and
transportation review, 133, 101809. https://doi.org/10.1016/j.tre.2019.11.003

[16] Liu, R., Wang, X., Chen, G. Y., Dalerba, P., Gurney, A., Hoey, T, ... & Clarke, M. F. (2007). The prognostic
role of a gene signature from tumorigenic breast-cancer cells. New England Journal of Medicine, 356(3), 217-
226. https://doi.org/10.1056/NEJMo0a063994

[17] Zhu, Y. I, Tchkonia, T., Fuhrmann-Stroissnigg, H., Dai, H. M., Ling, Y. Y., Stout, M. B,, ... & Kirkland, J. L.
(2016). Identification of a novel senolytic agent, navitoclax, targeting the Bcl-2 family of anti-apoptotic
factors. Aging cell, 15(3), 428-435. https://doi.org/10.1111/acel. 12445

[18] Ince, J., Rojas, F., & Davis, C. A. (2017). The social media response to Black Lives Matter: How Twitter
users interact with Black Lives Matter through hashtag use. Ethnic and racial studies, 40(11), 1814-1830.
https://doi.org/10.1080/01419870.2017.1334931

[19] Amiri, M., & Jensen, R. (2016). Missing data imputation using fuzzy-rough methods. Neurocomputing, 205,
152-164. https://doi.org/10.1016/j.neucom.2016.04.015

[20] Davariashtiyani, A., Kadkhodaie, Z., & Kadkhodaei, S. (2021). Predicting synthesizability of crystalline
materials via deep learning. Communications materials, 2(1), 115. https://doi.org/10.1038/s43246-021-
00219-x

[21] Sadeghi, M., Petrosino, P., Ladenberger, A., Albanese, S., Andersson, M., Morris, G,, ... & GEMAS Project
Team. (2013). Ce, La and Y concentrations in agricultural and grazing-land soils of Europe. Journal of

geochemical exploration, 133, 202-213.



