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Abstract — This paper focuses on the review of the importance
of Artificial Intelligence (AI) solutions adoptions from scientific
and professional points of view, as well as of the key challenges
associated with the adoption of Al solutions in logistics and supply
chain industry. Namely, Al is not only one of the biggest and most
promising commercial opportunities for todays business, but it is
becoming also an important field of study for academic
researchers. It seems that at the moment, the interest and
awareness of the relevance of Al for logistics and supply chains
are higher among professionals than among scholars.
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[.INTRODUCTION

As in any other industry, logistics and supply chains strive to
perform their activities and business processes intelligently as
much as possible. And intelligently means digital. Nowadays
we are increasingly confronted with concepts such as
Intelligent logistics or Supply Chain, Industry 4.0 (or even 5.0),
Digital Logistics or Supply Chain, Smart Logistics or Supply
Chain and similar, both in professional and scientific
environments. To achieve such a level of intelligence, the major
and the most important role plays the technology.

Technology has always been and will always be very
important for the optimization of the operational performance
and efficiency of each company. It offers many key
opportunities, but it offers also some key challenges. Among
the latter are high costs and requirements for the technology
implementation, ethical and legal concerns, the resistance of
workforces, safety issues, integration issues, and other.
Therefore, it is extremely important to approach the selection
and implementation of technology thoughtfully and in a mature
way.

Logistics and supply chains more than ever strive to be
smarter, cost-effective, more flexible, accurate, efficient,
precise, faster, sustainable, transparent, customer-centric, and
to be available ‘as a Service’. With current advancements in
technology, this is more accessible than ever before.

II. TECHNOLOGIES IN LOGISTICS AND SC
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To help logistics and supply chain players select or invest in
the ‘right’, ‘promising enough’ technology, various predictions
and classifications of promising technologies were prepared. In
Table 1 three of them are presented. While Gartner [1] made a
list of Top 10 strategically important technologies independent
of the type of the industry, McKinsey [2] and DHL [3] offer
classifications of technology trends dedicated for supply chains

and logistics, respectively.

TABLE I

THE MOST IMPORTANT TECHNOLOGY TRENDS IN LOGISTICS.

smart vehicles

Gartner” McKinsey™ DHL™™
Autonomous Things | Big Data and Cloud logistics (H,
Advanced <5)
Analytics
Augmented Automation Big Data Analytics
Analytics (H, <5)
Al-driven Artificial Internet of Things
Development Intelligence (H, <5)
Digital Twins Autonomous and Robotics &

Automation (H, <5)

workplace or
connected factory)

Empowered Edge™! | Supply Chain Atrtificial

Cloud Intelligence (H, >5)
Immersive 3D printing 3D printing (H, >5)
Technologies™
Blockchain Self-driving

Vehicles (H, >5)

Smart Spaces (i.e. Augmented Reality
advanced digital M, <5)

Digital Ethics and Low-cost Sensor
Privacy Solutions (M, <5)
Quantum Blockchain (M, >5)
Computing

Next-generation
Wireless (M, >5)

Unmanned Aerial
Vehicles (M, >5)

Virtual Reality &
Digital Twins (L,
>5)

Bionic
Enhancement (L,
>5)

*: Top 10 Strategic Technology Trends for 2019 [1]

*1: Cloud, devices (Al chips, greater compute capabilities, more storage), 5G
(1]

*2: Conversational Platforms, Augmented Reality, Mixed Reality, and Virtual
Reality [1]

**: the classification was made according to their Digital Supply Chain
Compass [2]
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**%*: the classification was made according to their Logistics Trend Radar [3]
— first the impact (H-high, M-medium, L-low) was taken into account, then the
relevance in years (< 5, >5)

Inspecting these technologies it is clear that Al solutions are
embedded in, or are enabling many of them. On the other hand,
the rise of the power of Al will be possible just because of
advances of other technologies, like radio frequency
identification (RFID), big data and advanced analytics, sensor
solutions, new generation communication networks, and other
as well.

A. Artificial Intelligence

Artificial Intelligence (AI) is one of the ‘hottest’
technologies (already) today, and according to Costello [4], “Al
adoption in organizations has tripled in the past year and is a
top priority for CIOs”. Following DHL [5], Al is a “trend
having much greater impact on logistics than expected in the
past”. The fact is that many tools, products, and applications
used for logistics and supply chain support today already rely
on Al

The goal of Al is to create such a technology that gives the
‘human’ intelligence to the machines, - i.e., computers,
computer-controlled robots, or software -, so that they can
imitate humans and behave in an intelligent manner. Because
the machines demonstrate intelligence, they are sometimes
called also the machine intelligence.

Al solutions most often used or implemented for logistics
and supply chain are machine learning approaches (through
machine translation, speech recognition, image classification,
and information retrieval), robotics, computer vision, natural
language processing, and expert systems as the synonym of
decision support system.

One of the greatest benefits of the Al solutions is the ability
to learn and extract insights and knowledge from unstructured
data (unstructured text, documents of various types, videos,
online browsing data, conversations and posts on social media,
emails, letters, photos, and other sources).

B. Key applications of Al in logistics and supply chain

As the supply chains and logistics itself are complex
networks of product or service, information and financial flows
between suppliers and customers, - i.e., physical and digital
networks, which must function optimally and harmoniously, Al
solutions, which are mostly network-based too, are very
suitable for the problem solving in logistics and supply chain
management (LSCM).

According to [2], [3], and [5], the key applications of Al in
LSCM are:

Intelligent decision making support

Knowledge-based decision support systems are the result of
Al used for decision-making. Such systems behave like an
expert, consultant that is capable to gather and analyze data,
identify problems from these data, and finally find and evaluate
the solutions. Decision-making with the support of knowledge-
based decision support systems is much more efficient and fast.

Back-office automation or automation of knowledge work

A large amount of data-repetitive tasks could be faster,
cheaper, and more accurately executed using the cognitive
automation, - i.e., a combination of Al and software robots
(bots) that are integrated into existing IT applications. Bots are
programmed for the execution of tasks according to predefined
rules and (only) structured inputs. They can provide Al tools
with a waste amount of business data while using Al
technology like natural language processing, the extracted data
from unstructured document or source of information (invoices
or contract) can be classified and given to bots as input data.

Automated planning and scheduling

Ad hoc and real-time planning (demand forecasting), that
dynamically changes over time as a result of changed
requirements or constraints, is giving to the SC much more
flexibility and creates a new business models such as Supply
Chain-as-a-Service. It is possible when big data and advanced
analytics together with Al techniques (Bayesian networks and
machine learning) are used.

Predictive logistics

Machine learning-based tools can be used for predictions of
delays, transit times, interest for a specific product/service
(which and when the interest will be maximal), prospects for
the global trade, (supplier) risks.

Al-powered customer experience with logistics provider -
Customer personalization

Voice agent (a speaker or a software tool able to
communicate via Facebook Messenger or SMS) offers a voice-
based service in tracking ordered parcels and providing with
the information about delivery times, locations, and other
information.

Anticipatory logistics uses Al for delivering goods to
customers before their effective order and maybe before they
realize to need them. Anticipations are designed based on
predictions made from browsing behavior, purchase history
and other data.

Automation of customer interactions by voice with chatbots,
playing the role of virtual assistants, allows complex dialogs
with customers and therefore real-time customer assistance.

Collaborative human-machine environments (i.e. use of
collaborative robots)

Collaborative robots are assisting workers while carrying out
repetitive tasks, working with workers, who perform more
intelligent, technically demanding tasks (so-called ‘digital
work’). Virtual Reality tools support workers in training and
remote collaboration.

“Uberization” of transport and new transport concepts

The cooperative intelligent transport systems, intelligent
route optimization offering dynamic routing facilities, last-mile
delivery using autonomous unmanned aerial vehicles or
autonomous ground vehicles, use of autonomous trucks/fleets,
truck platooning or caravanning of groups of semi-trucks, etc.
are some of the most important results of Al implementation in
transport.

199



Ohrid, North Macedonia, 27-29 June 2019

Logistics network orchestration
Harmonization of physical and digital networks on which
logistics companies depend, using Al technologies.

Smart logistics assets or “Seeing, speaking and thinking
logistics assets” [5]

Smart logistics is created by use of robotics (sorting robots,
collaborative robots), computer vision systems (visual
inspection, inventory management and execution, vision-based
sorting), conversational interfaces (voice-based picking,
conversation of logistics operators with IT system —i.e., system
can interpret the meaning of speech/voice information and after
“understanding” which product was mentioned, connects the
data in ERP, WMS, or TMS about this product and allow the
input, store or retrieval of data), autonomous vehicles (self-
learning and self-navigating AGVs — Autonomous Guided
Vehicles) as added value to the human workforce.

[1I. THE SCIENTIFIC LITERATURE REVIEW OF Al
APPLICATIONS IN LOGISTICS AND SC

A. The methodology of the literature review

The review of open-access scientific original or review
papers published until now was conducted in May 2019 by
browsing the two of the most important and largest scientific
databases, ScienceDirect and Scopus. As the purpose of the
review was to found out how frequently the researchers have
studied the application of Artificial Intelligence tools and
approaches in the field of logistics and/or supply chain and
which Al tools or approaches were studied, the search of
databases was performed using keywords such as Logistics
AND ("Artificial Intelligence” OR “Intelligence” OR “Al”)
and ”Supply Chain” AND (Artificial Intelligence” OR
“intelligence” OR “AI”). The search was focused on titles,
abstracts, and keywords for English-written full-text free-
available scientific journal papers resulting in 95 papers found.
After the initial reading of titles, abstracts, and keywords, 23
papers were excluded because the techniques used were not
from the Al field, and 5 because they were duplicates.
Remaining 67 papers were considered relevant after full-text
reading and they entered the classification process. The overall
search process is shown in Fig. 1.

B. Results of the literature review and classification

The data about the authors, title, aspect(s) studied, Al
approaches used, the scope and the results of the article, as well
as the publication year and journal title, were collected during
the full-text reading.

Initial search string definition
(Logistics AND (Artificial Intelligence OR AI) OR
(Supply Chain AND Artificial Intelligence OR Al)

Inclusion criteria:

Online database
(Science Direct, Scopus)
search
(on titles, abstract and keywords)
with limitations

- papers address one or more of
the following issues: application
of Artificial Intelligence (Al) in
Supply Chain (SC) or Logistics

- the paper is published in open-
access scientific journal

- paper is written in English
language

n=95

Full text reading Exclusion Criteria:

- doesn’t meet one or more
inclusion criteria

Final set of 67 papers

Classification

Logistics and/or SC(M) aspect studied (Table 2)
Year of publication (Figure 2

Al tools and techniques (Figure 4)

Fig. 1. The overall search process

As expected, the most often Al approaches were used for the
optimization purposes (11), planning and scheduling problem
solving (11), and forecasting and predicting (8). The review of
other aspects of logistics and supply chain, as well as some
short details about the reviewed articles are given in Table II.
The empty cell in the column AI approach means that the
literature review of was performed.

TABLE II.
LOGISTICS AND/OR SC(M) ASPECT STUDIED.

Aspect studied | Ref. AI approach Year

Summary

[6] 2012

tabu search, path relinking
allocation

a hybrid metaheuristic for dynamic berth allocation problem (port
logistics) with the goal to minimize the total time the vessels stay at
the port

[7] 2018

a rule-based system, machine

automation learning

approach for proactive management of raw milk quality with a high
level of accuracy

and control machine learning 2014

new detection and avoidance mechanisms of all counterfeit parts and
forged documentation for electronic component SC
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Aspect studied | Ref. Al approach Year Summary
[9] | distributed Al, multi-agent system, 2009 | forecast of the use of radio frequency identification (RFID)
real-time decision making technologies integrated into ICT framework in a cooperative
intelligent logistics systems
[10] | fuzzy logic, genetic algorithms 2016 | a proposal for a combined application to control the procurement
process in the enterprise (inventory control under uncertain
conditions)
[11] | deep learning 2018 | 3D object recognition and autonomization of logistics
[12] 2018 | review of Big Data Applications (BDA) in supply chain
[13] | support vector machine and 2018 | proposes a big-data analytics-based approach that considers social
hierarchical clustering with media (Twitter) data for the identification of supply chain
big data multiscale bootstrap resampling management issues in food industries
[14] 2018 | review of big data analytics and applications for logistics and SCM by
examining novel methods, practices, and opportunities
. [15] | machine learning, deep learning 2017 | the concept of a research center for issues of human interaction in
cooperation logistics. i . . .
ogistics, intralogistics, and human and machine cooperation
[16] | bees algorithm, swarm intelligence 2010 | a container loading support system (CLSS)
[17] | sequential decision making, binary 2011 | formulation of a port of entry inspection sequencing task as a problem
decision tree, heuristic algorithms of finding an optimal binary decision tree for an appropriate Boolean
.. decision function
dec1§10n [18] 2014 | review and analysis of past Simulation and Modeling efforts to
making support decision making in healthcare SCM
[19] | decision-making 2018 | design and implementation of decision support
[20] | approximate dynamic programming, | 2009 | a real-time method for solving multistage capacity decision problems
real-time dynamic programming in a manufacturing environment
[21] | Bayesian network 2019 | airline network delay propagation model development
[22] | machine learning, supervised 2018 | forecast of taxi-timeout
models, predictive analytics,
penalized regression
[23] | LSSVR model - vector regression 2017 | selection for container throughput forecasting
[24] | Croston's method, SBA and TSB, 2016 | forecast of sporadic demand (SCM) in the automotive industry
forecast exponential smoothing, nearest
neighbor
[25] | machine learning 2014 | a framework to solve the dynamic bike sharing repositioning problem
[26] | machine learning, neural networks, 2009
support vector machine
[27] 2017 | review of insight into Big Data applications and Smart Farming
[28] | logistic regression, support vector 2013 | proposed novel ensemble learning approach for corporate financial
machine and back-propagation distress forecasting in fashion and textile SC
neural networks
[29] | multi-agent learning, deep 2019 | optimization of the distributed packet routing system
reinforcement learning networks
combined with link-state protocol
and preliminary supervised learning,
deep neural networks
[30] | least square-support vector machine, | 2017 | a novel model for solving non-linear regression problems (a case
continuous general variable study of a supplier selection and evaluation problem in the cosmetics
neighborhood search industry)
L [31] | intelligent agents, virtual reality 2017 | a conceptual framework for the development of real-time intelligent
optimization observational platform supported by advanced intelligent agents
[32] | self-optimization 2016 | an introduction to the concept of self-optimizing production systems
[33] | bees algorithm, swarm-based 2013 | optimization method for optimum configuration of a given supply
optimization chain problem which minimizes the total cost and the total lead-time
[34] | decision support systems, heuristics | 2013 | metaheuristics for solving a complex optimization problem from
logistics
[35] | stochastic programming, heuristic 2012 | modeling and optimization of SCM systems

methods, simulation-based methods
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Aspect studied | Ref. Al approach Year Summary
[36] | deterministic and stochastic 2010 | presents, analyzes, and compares three random search methods for
shrinking ball (DSB and SSB) solving stochastic optimization problems with uncountable feasible
approaches regions
[37] | case-based reasoning, multi-agent, 2009 | a multi-artificial intelligence system aimed to provide quality
fuzzy logic, neural networks logistics solutions to achieve high levels of service performance in the
logistics industry proposed
T [38] | machine learning, data mining, 2006 | evolutionary/genetic algorithm (GA)-based neural approach that
optimization . . . h .
genetic algorithms, neural networks, incorporates asymmetric Type I and Type II error costs on financial
knowledge discovery, classification, and medical data
prediction, goal programming, rule
induction
[39] | proactive uncertainty management 2004 | techniques for proactive uncertainty management determine the
techniques, simulated annealing release dates of different jobs based (just-in-time job shop
environment)
personalized | [40] | multi-agent, negotiating 2018 | model for personalized product SC
product SC mechanisms, models, and tactics
[41] | machine learning 2016 | an approach for predictive inbound logistics
[42] | review of classical and probabilistic | 2013 | planning
planning and planning algorithms
scheduling | [43] | agent-based system, decision support | 2008 | 2 scenarios for solving Production-Distribution Planning Problem in a
systems, genetic algorithm, tabu DSS framework
search, simulated annealing
[44] | machine learning, decision theory, 2016 | a novel real-time path planning system for SC of road construction
and distributed Al
[45] | deep reinforcement learning, neural | 2019 | a learning-based logistics planning and scheduling (LLPS) algorithm
networks, a continuous-variable that controls the admission of order requests and schedules the routes
feedback control algorithm of multiple vehicles altogether
[46] | multiobjective swarm 2013 | model for strategic planning and optimizing cost and CO2 emissions
intelligence algorithm, in an environmentally friendly automotive supply chain
multiobjective gravitational search
algorithm
[47] | stroke graphs 2013 | an algorithm that solves the supply network configuration and
operations scheduling problem in a mass automization company that
faces alternative operations for one specific tool machine order in a
multiplant context
[48] | genetic algorithm, neighborhood 2011 | algorithm for the resource-constrained project scheduling problem
search
[49] | constraint logic programming 2000 | an algorithm which will allow the creation of partial schedules for
reducing the search space and their combining to obtain the global
schedule
[50] | genetic algorithm (random keys, 1999 | an algorithm that considers the scheduling problem to minimize total
Bernoulli crossover, immigration tardiness given multiple machines, ready times, sequence dependent
type mutation) setups, machine downtime, and scarce tools
[51] | genetic algorithms 1998 | an algorithm for the resource-constrained project scheduling problem
[52] | ant colony optimization 2001 | an application of ant colony optimization to address a production-
sequencing problem when two objectives are present
multi-objective optimization, 2017 | an efficient multi-objective archived simulated annealing approach
production | [53] | decision support systems and a visualization technique for the multi-objective inter-terminal
truck routing problem by specifically considering truck emissions
[54] | genetic algorithm, beam search 2002 | a method of routing yard-side equipment during loading
. algorithm operations in container terminals
routing
[55] | genetic algorithm 2014 | the integrated design and planning of bioenergy supply chains
problem
[56] | neural networks, backpropagation 2011 | a combination of advanced technologies to form an integrated system
algorithm that helps achieve lean and agile logistics workflow
[57] | expert systems - knowledge 2017 | system for measuring the necessities of professional contracts
SCM engineering regarding insurance coverage and improve the supply chain
improvement management using IT
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Aspect studied | Ref. Al approach Year Summary
[58] | data-driven modeling, constraint 2017 | anovel approach that would allow the flexible modeling
logic, and mathematical and solving of food supply chain management (FSCM) problems
programming
[59] | case-based and rule-based reasoning, | 2014 | third-party (3PL) selection problem - review on criteria and methods
inference method, neural networks,
Delphi method, data mining
[60] | neural network, locally linear neuro- | 2011 | an effective Al approach to improve the supplier selection (cosmetics
fuzzy model, locally linear model industry)
. tree learning algorithm. multi-layer
selection - . .
perceptron, radial basis function
neural network, least square-support
vector machine
[61] 2017 | a general overview of the present and future trends in sustainable SC
technology | [62] 2019 | review of freight transport modeling techniques
[63] | deep belief, vector regression 2019 | method for flight delay prediction
transportation network method
[64] | machine learning, Bayesian 2019 | approach for shipment size choice in strategic interregional freight
classification transport models
[65] | fuzzy logic, genetic algorithms 2018 | a new model for in-plant transportation control with the AGV
[66] | naive Bayesian, Bayesian network, 2016 | comparison of the relative performance of different algorithms for the
logistic regression, multilayer detection of transportation modes and activity episodes
perceptron, support vector machine,
decision table, and C4.5
algorithms
[67] | multi-agent 2013 | a structure model for military container transportation in campaigns
logistics
[68] | combination of operational research | 2013 | a new hybrid approach for intermodal transportation problem solving
techniques with Al search methods
[69] 2019 |review of Artificial Intelligence (Al) adoption within warehouses
[70] | tabu search 2014 | algorithm for resource-constrained project scheduling problem
optimization of truck-dock assignment in the cross-dock management
system
warehouse 71717 [ Jeast squares temporal difference 2012 | algorithm for a vehicle-dispatching problem-solving in warehouse
learning method management
[72] | object recognition methods, 2016 | anovel system to support order pickers in warehouses (using
convolutional neural network smartwatch and low-cost camera)
ARTIFICIAL INTELLIGENCE ALGORITHMS
MACHINE OPTIMIZATION DECISION MAKING,
LEARNING METHODS Planning
Supervised learning Unsupervised learning Genetic Alghoritm Expert SVS::::{"“"'M“QG
Classification Regression Clustering Partide Swarm Optimizatien Case:Based Reasoning
s tes | (et (s ety | i ™[ s
simulated Annealing Look-Ahead Reasoning
Naive Bayes Ensemble Methods Gaussian Mixture
8 7 o 7 Nearest Neighbor Adap“‘::;r‘:il:‘?»'uﬂv Hidden Markov Model DiferentialEvolution Dm”bME:VS:QUIMEEM
6 Swarm-based Optimization
Decision Trees Decision Trees Self-organizing Maps
4 4
5 3 Logistic Regression Stepwise Regression Substractive Clustering SEARCH ALGORITHMS
11111111 | I I Neural Networks Local Search Algorithms
MR EN I Beesflporitm )| Srdrzmas e
PP F DD 0 D PO —

Fig. 2. Publication years

Brute-Force Search (sreaain Heuristic Search (seurstc
n

First Search, Depth-Fist Searc Function, Pure Heuristc Search,

terative Deepening Depth-First Search)

Fig. 3. Most ‘popular’ Al algorithms [73], [74] and [75]
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Fig. 2 represents the number of publications by year. It could
be seen that the rise of a number of papers is significant in the
period of last ten years, while more than half of these papers
were published in last 5 years, and that the number of
publications is rising.

In theory and in scientific research as well there are really
many Al algorithms, techniques, and approaches in use. Fig. 3
presents an attempt to summarize and classify some of them
from the most often used within studies, - i.e. machine learning,
optimization, decision making, planning, and searching.

Many of them were used also in the reviewed studies. The
most frequently used are shown in Fig. 4.

bees algorithm

data mining

case-based reasoning
distributed artificial intelligence

rule-based system/reasoning

NNNNNNN

vector regression network

swarm-based optimization

tabu search

nereast neighbor algorithm

wwww

Bayesian networks/classifications

(93}

support vector machine
multi-agent techniques

w

decision-making/decision-support

(o]

genetic algorithms

(e}

artifical neural networks

Juny
o

machine learning techniques 15

Fig. 4. Al algorithms used in the reviewed
studies

Exploring the last three years’ studies, - i.e. from 2017 to
2019, we can conclude, that the most often studied/used Al
techniques were the machine learning techniques. Machine
learning indeed is becoming one of the most important Al
approaches. Combined with other Al approaches, like natural
language processing, object recognition, robots, and others, it’s
a very promising tool for many applications in logistics and
supply management industry.

IV. CONCLUSION AND DISCUSSION

There are many possibilities for the application of Al
solutions across the supply chain and logistics operations. In all
cases, there are some strong prerequisites that should (or better
must) be fulfilled. Firstly, the ‘basic’ IT systems and
technologies used for information (and partially) decision
support must provide a large amount of data, that represent an
adequate input for Al systems and tools. Secondly, the Al
implementation should not be made only because it is popular
and it promises ‘a lot’, but because there is a strong belief and
awareness, that it will represent added value and substantial
benefit for the business. Therefore, the business problem
should be clearly defined and Al technologies appropriately
selected. [76, 77] Finally, because of complexity and
sometimes also the immaturity of Al technologies, for
successful introduction all possible options should be carefully
considered. Namely, an Al solution can be built in-house, can
be bought, or outsourced. Sometimes the hybrid approach is
most appropriate. [76]
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Regarding the maturity of field of Logistics and Supply
Chain Management (LSCM) on one side and the technology
and Al maturity on the other, in next years it is therefore normal
to expect higher level and stronger presence of Al in everyday
logistics and supply chain operations, with the role of
“accelerating the path towards a proactive, predictive,
automated, and personalized future” [5] for logistics.
Considering the increasing interest for Al solution from the
business, the number of scientific papers offering various
solutions and an insights in Al science is expecting to be much
higher in the next years.

REFERENCES

[1] G. Inc., "Top 10 Strategic Technology Trends for 2019," ed,
2019.

[2] McKinsey&Company, "Supply Chain 4.0 - the next generation
digital supply chain," ed, 2016.

[3] D.T. Research, "Logistics Trend Radar," ed, 2019.

[4] K. Costello, "Gartner Predicts the Future of Al Technologies,"
ed, 2019.

[S] D.T. Research, "Artificial Intelligence in Logistics," ed, 2018.

[6] E. Lalla-Ruiz, B. Melian-Batista, and J. Marcos Moreno-Vega,
"Artificial intelligence hybrid heuristic based on tabu search for
the dynamic berth allocation problem," Engineering Applications
of Artificial Intelligence, vol. 25, no. 6, pp. 1132-1141, 2012, doi:
https://doi.org/10.1016/j.engappai.2012.06.001.

[71 A. Zakeri, M. Saberi, O. K. Hussain, and E. Chang, "An early
detection system for proactive management of raw milk quality:
an australian case study," IEEE Access, vol. 6, pp. 64333-64349,
2018, doi: 10.1109/ACCESS.2018.2877970.

[8] U. Guin, K. Huang, D. Dimase, J. M. Carulli, M. Tehranipoor,
and Y. Makris, "Counterfeit integrated circuits: A rising threat in
the global semiconductor supply chain," Proceedings of the
IEEE, vol. 102, no. 8, pp. 1207-1228, 2014, doi:
10.1109/JPROC.2014.2332291.

[9]1 J.C. Q. Dias, J. M. F. Calado, A. L. Osorio, and L. F. Morgado,
"RFID together with multi-agent systems to control global value
chains," Annual Reviews in Control, vol. 33, no. 2, pp. 185-195,
2009, doi: https://doi.org/10.1016/j.arcontrol.2009.03.005.

[10] P. Wigcek, "Intelligent Approach to Inventory Control in
Logistics under Uncertainty Conditions," Transportation
Research Procedia, vol. 18, pp. 164-171, 2016, doi:
https://doi.org/10.1016/j.trpro.2016.12.023.

[11] M. Thiel, J. Hinckeldeyn, and J. Kreutzfeldt, "Deep learning for
3D object recognition in logistics," Logistics Journal, vol. 2018,
no. 1, 2018, doi: 10.2195/1j Proc_thiel de 201811 O1.

[12] D. Arunachalam, N. Kumar, and J. P. Kawalek, "Understanding
big data analytics capabilities in supply chain management:
Unravelling the issues, challenges and implications for practice,"
Transportation Research Part E: Logistics and Transportation
Review, vol. 114, pp- 416-436, 2018, doi:
https://doi.org/10.1016/.tre.2017.04.001.

[13] A. Singh, N. Shukla, and N. Mishra, "Social media data analytics
to improve supply chain management in food industries,"
Transportation Research Part E: Logistics and Transportation
Review, vol. 114, Pp- 398-415, 2018, doi:
https://doi.org/10.1016/.tre.2017.05.008.

[14] K. Govindan, T. C. E. Cheng, N. Mishra, and N. Shukla, "Big
data analytics and application for logistics and supply chain
management," Transportation Research Part E: Logistics and
Transportation Review, vol. 114, pp. 343-349, 2018, doi:
https://doi.org/10.1016/.tre.2018.03.011.



Ohrid, North Macedonia, 27-29 June 2019

[15] F. Zeidler, H. Bayhan, A. K. R. Venkatapathy, and M. T. Hompel,
"Reference field for research and development of novel hybrid
forms of human machine interaction in logistics," Logistics
Journal, vol. 2017, 2017, doi:
10.2195/1j Proc_zeidler de 201710 O1.

[16] T. Dereli and G. S. Das, "Development of a decision support
system for solving container loading problems," Transport, vol.
25, no. 2, pp- 138-147+Ib+Ib, 2010, doi:
10.3846/transport.2010.17.

[17] D. Madigan, S. Mittal, and F. Roberts, "Efficient sequential
decision-making algorithms for container inspection operations,"
Naval Research Logistics, vol. 58, no. 7, pp. 637-654, 2011, doi:
10.1002/nav.20472.

[18] E. Abukhousa, J. Al-Jaroodi, S. Lazarova-Molnar, and N.
Mohamed, "Simulation and modeling efforts to support decision
making in healthcare supply chain management," The Scientific
World Journal, vol. 2014, 2014, doi: 10.1155/2014/354246.

[19] M. Zhao and X. Liu, "Development of decision support tool for
optimizing urban emergency rescue facility locations to improve
humanitarian logistics management," Safety Science, vol. 102,
pp- 110-117, 2018, doi:
https://doi.org/10.1016/j.ss¢i.2017.10.007.

[20] N. E. Pratikakis, M. J. Realff, and J. H. Lee, "Strategic capacity
decision-making in a stochastic manufacturing environment
using real time approximate dynamic programming," Naval
Research Logistics, vol. 57, no. 3, pp. 211-224, 2010, doi:
10.1002/nav.20384.

[21] C.-L. Wu and K. Law, "Modelling the delay propagation effects
of multiple resource connections in an airline network using a
Bayesian network model," Transportation Research Part E:
Logistics and Transportation Review, vol. 122, pp. 62-77, 2019,
doi: https://doi.org/10.1016/j.tre.2018.11.004.

[22] T. Diana, "Can machines learn how to forecast taxi-out time? A
comparison of predictive models applied to the case of
Seattle/Tacoma International Airport," Transportation Research
Part E: Logistics and Transportation Review, vol. 119, pp. 149-
164, 2018, doi: https://doi.org/10.1016/j.tre.2018.10.003.

[23] G. Xie, N. Zhang, and S. Wang, "Data characteristic analysis and
model selection for container throughput forecasting within a
decomposition-ensemble methodology," Transportation
Research Part E: Logistics and Transportation Review, vol. 108,
pp- 160-178, 2017, doi:
https://doi.org/10.1016/j.tre.2017.08.015.

[24] K. 1. Nikolopoulos, M. Z. Babai, and K. Bozos, "Forecasting
supply chain sporadic demand with nearest neighbor
approaches," International Journal of Production Economics, vol.
177, pp- 139-148, 2016, doi:
https://doi.org/10.1016/.ijpe.2016.04.013.

[25] R. Regue and W. Recker, "Proactive vehicle routing with inferred
demand to solve the bikesharing rebalancing problem,"
Transportation Research Part E: Logistics and Transportation
Review, vol. 72, pp- 192-209, 2014, doi:
https://doi.org/10.1016/j.tre.2014.10.005.

[26] J. Shahrabi, S. S. Mousavi, and M. Heydar, "Supply chain
demand forecasting: A comparison of machine learning
techniques and traditional methods," Journal of Applied
Sciences, vol. 9, mno. 3, pp. 521-527, 2009, doi:
10.3923/jas.2009.521.527.

[27] S. Wolfert, L. Ge, C. Verdouw, and M. J. Bogaardt, "Big Data in
Smart Farming — A review," Agricultural Systems, vol. 153, pp.
69-80, 2017, doi: 10.1016/j.agsy.2017.01.023.

[28] G. Xie, Y. Zhao, M. Jiang, and N. Zhang, "A novel ensemble
learning approach for corporate financial distress forecasting in
fashion and textiles supply chains," Mathematical Problems in
Engineering, vol. 2013, 2013, doi: 10.1155/2013/493931.

205

[29] D. Mukhutdinov, A. Filchenkov, A. Shalyto, and V. Vyatkin,
"Multi-agent deep learning for simultaneous optimization for
time and energy in distributed routing system," Future Generation
Computer Systems, vol. 94, pp. 587-600, 2019, doi:
https://doi.org/10.1016/j.future.2018.12.037.

[30] B. Vahdani, S. M. Mousavi, R. Tavakkoli-Moghaddam, and H.
Hashemi, "A new enhanced support vector model based on
general variable neighborhood search algorithm for supplier
performance evaluation: A case study," International Journal of
Computational Intelligence Systems, vol. 10, no. 1, pp. 293-311,
2017, doi: 10.2991/ijcis.2017.10.1.20.

[31] Z. Asgari and F. P. Rahimian, "Advanced Virtual Reality
Applications and Intelligent Agents for Construction Process
Optimisation and Defect Prevention," Procedia Engineering, vol.
196, pp- 1130-1137, 2017, doi:
https://doi.org/10.1016/j.proeng.2017.08.070.

[32] E. Permin et al., "Self-optimizing Production Systems," Procedia
CIRP, vol. 41, pp- 417-422, 2016, doi:
https://doi.org/10.1016/j.procir.2015.12.114.

[33] E. Mastrocinque, B. Yuce, A. Lambiase, and M. S. Packianather,
"A multi-objective optimization for supply chain network using
the bees algorithm," International Journal of Engineering
Business Management, vol. 5, no. 1, pp. 1-11, 2013, doi:
10.5772/56754.

[34] J. Schonberger and H. Kopfer, "A Procedural Framework for
Hybrid Decentralized Decision Problem Solving," IFAC
Proceedings Volumes, vol. 46, no. 9, pp. 724-729, 2013, doi:
https://doi.org/10.3182/20130619-3-RU-3018.00517.

[35] S. Chen, Y. Zheng, C. Cattani, and W. Wang, "Modeling of
biological intelligence for SCM system optimization,"
Computational and Mathematical Methods in Medicine, vol.
2012, 2012, doi: 10.1155/2012/769702.

[36] S. Andradoéttir and A. A. Prudius, "Adaptive random search for
continuous simulation optimization," Naval Research Logistics,
vol. 57, no. 6, pp. 583-604, 2010, doi: 10.1002/nav.20422.

[37] Y. K. Tse, T. M. Chan, and R. H. Lie, "Solving complex logistics
problems with multi-artificial intelligent system," International
Journal of Engineering Business Management, vol. 1, no. 1, pp.
37-48, 2009, doi: 10.5772/6781.

[38] P. Pendharkar and S. Nanda, "A misclassification cost-
minimizing evolutionary-neural classification approach," Naval
Research Logistics, vol. 53, no. 5, pp. 432-447, 2006, doi:
10.1002/nav.20154.

[39] R. Bollapragada and N. M. Sadeh, "Proactive release procedures
for just-in-time job shop environments, subject to machine
failures," Naval Research Logistics, vol. 51, no. 7, pp. 1018-
1044, 2004, doi: 10.1002/nav.20036.

[40] C. Yang, T. Xu, R. Yang, and Y. Li, "Multi-agent single-
objective negotiation mechanism of personalized product supply
chain based on personalized index," Advances in Mechanical
Engineering, vol. 10, no. 10, 2018, doi:
10.1177/1687814018795785.

[41] D. Knoll, M. Priiglmeier, and G. Reinhart, "Predicting Future
Inbound Logistics Processes Using Machine Learning," Procedia
CIRP, vol. 52, pp- 145-150, 2016, doi:
https://doi.org/10.1016/j.procir.2016.07.078.

[42] A. R. Sousa and J. J. P. Z. S. Tavares, "Toward Automated
Planning Algorithms Applied to Production and Logistics," IFAC
Proceedings Volumes, vol. 46, no. 24, pp. 165-170, 2013, doi:
https://doi.org/10.3182/20130911-3-BR-3021.00081.

[43] A. Kazemi and M. H. Fazel Zarandi, "An agent-based framework
for building decision support system in supply chain
management," Journal of Applied Sciences, vol. 8, no. 7, pp.
1125-1137, 2008, doi: 10.3923/jas.2008.1125.1137.

[44] [44] R. Kuenzel, J. Teizer, M. Mueller, and A. Blickle,
"SmartSite: Intelligent and autonomous environments,



Ohrid, North Macedonia, 27-29 June 2019

machinery, and processes to realize smart road construction
projects," Automation in Construction, vol. 71, pp. 21-33, 2016,
doi: https://doi.org/10.1016/j.autcon.2016.03.012.

[45] Y. Kang, S. Lee, and B. D. Chung, "Learning-based logistics
planning and scheduling for crowdsourced parcel delivery,"
Computers & Industrial Engineering, vol. 132, pp. 271-279,
2019, doi: https://doi.org/10.1016/j.cie.2019.04.044.

[46] A. Sadrnia, N. Ismail, N. Zulkifli M. K. A. Ariffin, H.
Nezamabadi-Pour, and H. Mirabi, "A multiobjective
optimization model in automotive supply Chain networks,"
Mathematical Problems in Engineering, vol. 2013, 2013, doi:
10.1155/2013/823876.

[47] J. Maheut and J. P. Garcia-Sabater, "Algorithm for complete
enumeration based on a stroke graph to solve the supply network
configuration and operations scheduling problem," Journal of
Industrial Engineering and Management, vol. 6, no. 3 SPL.ISS,
pp- 779-795, 2013, doi: 10.3926/jiem.550.

[48] S. Proon and M. Jin, "A genetic algorithm with neighborhood
search for the resource-constrained project scheduling problem,"
Naval Research Logistics, vol. 58, no. 2, pp. 73-82, 2011, doi:
10.1002/nav.20439.

[49] s. Buthod-Gargon, M. Dumoulin, and L. Trilling, "Experiments
with Constraint Based Long Term Scheduling of Jobs," IFAC
Proceedings Volumes, vol. 33, no. 17, pp. 941-943, 2000, doi:
https://doi.org/10.1016/S1474-6670(17)39530-7.

[50] B. A. Norman and J. C. Bean, "A Genetic Algorithm
Methodology for Complex Scheduling Problems," Naval
Research Logistics, vol. 46, no. 2, pp. 199-211, 1999, doi:
10.1002/(SICT)1520-6750(199903)46:2<199::AID-
NAV5>3.0.CO;2-L.

[S1] S. Hartmann, "A competitive genetic algorithm for resource-
constrained project scheduling," Naval Research Logistics, vol.
45, no. 7, pp. 733-750, 1998, doi: 10.1002/(SICI)1520-
6750(199810)45:7<733::AID-NAV5>3.0.CO;2-C.

[52] P. R. McMullen, "An ant colony optimization approach to
addressing a JIT sequencing problem with multiple objectives,"
Artificial Intelligence in Engineering, vol. 15, no. 3, pp. 309-317,
2001, doi: https://doi.org/10.1016/S0954-1810(01)00004-8.

[53] L. Heilig, E. Lalla-Ruiz, and S. Vof, "Multi-objective inter-
terminal truck routing," Transportation Research Part E:
Logistics and Transportation Review, vol. 106, pp. 178-202,
2017, doi: https://doi.org/10.1016/j.tre.2017.07.008.

[54] K. Y. Kim and K. H. Kim, "Heuristic algorithms for routing yard-
side equipment for minimizing loading times in container
terminals," Naval Research Logistics, vol. 50, no. 5, pp. 498-514,
2003, doi: 10.1002/nav.10076.

[55] K. K. Castillo-Villar, "Metaheuristic algorithms applied to
bioenergy supply chain problems: Theory, review, challenges,
and future," Energies, vol. 7, no. 11, pp. 7640-7672, 2014, doi:
10.3390/en7117640.

[56] C. K. M. Lee, W. Ho, G. T. S. Ho, and H. C. W. Lau, "Design
and development of logistics workflow systems for demand
management with RFID," Expert Systems with Applications, vol.
38, no. 5, pp- 5428-5437, 2011, doi:
https://doi.org/10.1016/j.eswa.2010.10.012.

[57] S. Shokouhyar, S. Seithashemi, H. Siadat, and M. M. Ahmadi,
"Implementing a fuzzy expert system for ensuring information
technology supply chain," Expert Systems, vol. 36, no. 1, 2019,
doi: 10.1111/exsy.12339.

[58] P. Sitek, J. Wikarek, and P. Nielsen, "A constraint-driven
approach to food supply chain management," Industrial
Management and Data Systems, vol. 117, no. 9, pp. 2115-2138,
2017, doi: 10.1108/IMDS-10-2016-0465.

[59] A. Aguezzoul, "Third-party logistics selection problem: A
literature review on criteria and methods," Omega, vol. 49, pp.
69-78, 2014, doi: https://doi.org/10.1016/j.omega.2014.05.009.

206

[60] B. Vahdani, S. H. Iranmanesh, S. M. Mousavi, and M.
Abdollahzade, "A locally linear neuro-fuzzy model for supplier
selection in cosmetics industry," Applied Mathematical
Modelling, vol. 36, no. 10, pp. 4714-4727, 2012, doi:
https://doi.org/10.1016/j.apm.2011.12.006.

[61] M. Merlino and I. Sproge, "The Augmented Supply Chain,"
Procedia Engineering, vol. 178, pp. 308-318, 2017, doi:
https://doi.org/10.1016/j.proeng.2017.01.053.

[62] L. Tavasszy and H. Friedrich, "Supply chain elements in freight
transport modelling," Transportation Research Part E: Logistics
and Transportation Review, vol. 121, pp. 1-3, 2019, doi:
https://doi.org/10.1016/j.tre.2018.11.009.

[63] B. Yu, Z. Guo, S. Asian, H. Wang, and G. Chen, "Flight delay
prediction for commercial air transport: A deep learning
approach," Transportation Research Part E: Logistics and
Transportation Review, vol. 125, pp. 203-221, 2019, doi:
https://doi.org/10.1016/.tre.2019.03.013.

[64] R. Piendl, T. Matteis, and G. Liedtke, "A machine learning
approach for the operationalization of latent classes in a discrete
shipment size choice model," Transportation Research Part E:
Logistics and Transportation Review, vol. 121, pp. 149-161,
2019, doi: https://doi.org/10.1016/j.tre.2018.03.005.

[65] G. Klosowski, A. Gola, and T. Amila, "Computational
Intelligence in Control of AGV Multimodal Systems," IFAC-
PapersOnLine, vol. 51, no. 11, pp. 1421-1427, 2018, doi:
https://doi.org/10.1016/j.ifacol.2018.08.315.

[66] T. Feng and H. J. P. Timmermans, "Comparison of advanced
imputation algorithms for detection of transportation mode and
activity episode using GPS data," Transportation Planning and
Technology, vol. 39, no. 2, pp. 180-194, 2016, doi:
10.1080/03081060.2015.1127540.

[67] L. Qinzhen, L. Rongsheng, L. Yanxia, and L. Shillips, "Study on
campaigns  logistics  military  container  transportation
management information system based on multi-agent," Journal
of Applied Sciences, vol. 13, no. 21, pp. 4495-4500, 2013, doi:
10.3923/jas.2013.4495.4500.

[68] J. Garcia et al., "Combining linear programming and automated
planning to solve intermodal transportation problems," European
Journal of Operational Research, vol. 227, no. 1, pp. 216-226,
2013, doi: https://doi.org/10.1016/j.ejor.2012.12.018.

[69] K. Mahroof, "A human-centric perspective exploring the
readiness towards smart warehousing: The case of a large retail
distribution warehouse," International Journal of Information
Management, vol. 45, pp. 176-190, 2019, doi:
https://doi.org/10.1016/j.ijinfomgt.2018.11.008.

[70] Z. Miao, S. Cai, and D. Xu, "Applying an adaptive tabu search
algorithm to optimize truck-dock assignment in the crossdock
management system," Expert Systems with Applications, vol. 41,
no. 1, pp- 16-22, 2014, doi:
https://doi.org/10.1016/j.eswa.2013.07.007.

[71] R. M. Estanjini, K. Li, and 1. C. Paschalidis, "A least squares
temporal difference actor-critic algorithm with applications to
warehouse management," Naval Research Logistics, vol. 59, no.
3-4, pp. 197-211, 2012, doi: 10.1002/nav.21481.

[72] R. Grzeszick, S. Feldhorst, C. Mosblech, M. ten Hompel, and G.
A. Fink, "Camera-assisted pick-by-feel," Logistics Journal, vol.
2016, 2016, doi: 10.2195/1j Proc_grzeszick en 201610 01.

[73] MathWorks, "What Is machine Learning? 3 things you need to
know," ed, 2019.

[74] A. Badar, U. B.S., and A. S. Junghare, "Study of Artificial
Intelligence Optimization Techniques applied to Active Power
Loss Minimization," ed. International Conference on Advances
in Engineering & Technology — 2014 (ICAET-2014), IOSR
Journal of Electrical and Electronics Engineering (IOSR-JEEE),
2014, pp. 39-45.



L} 7
®

O

2019

Ohrid, North Macedonia, 27-29 June 2019

[75] J.-C. Pomerol, "Artificial intelligence and human decision
making," vol. 99, ed: European Journal of Operational Research,
1997, pp. 3-25.

[76] G. Inc., "Five Questions for a Successful Al Project," ed, 2019.

[77] R. Burkhardt, N. Hohn, and C. Wigley, "Leading your
organization to responsible AL" ed: McKinsey Analytics,
2019.B. Milovanovic, Z. Stankovic, S. Ivkovic and V. Stankovic,
"Loaded Cylindrical Metallic Cavities Modeling using Neural
Networks", TELSIKS'99, Conference Proceedings, pp.214-217,
Nis, Yugoslavia, 1999.

[78] S. Haykin, Neural Networks, New York, IEEE Press, 1994.

207



