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ABSTRACT 
Industry 4.0 has created several challenges for the human element in the working environment. 

With the Industry 5.0 emerging, the workforce receives an even more necessary role, of 

integrating the technology to the everyday operations of a production unit and ensure that the 

adoption of novel solutions is successful, while on the same time change their role, from 

performing tasks to innovating and solving complex problems. Taking into consideration that the 

human operator shift their focus to more creative and strategic jobs, the task allocation process 

will face new challenges and technological advancements should provide solutions for them. 

Now, jobs are assigned to people based on the supervisor’s intuition and judgement, wasting 

important time from defining the task till finding the most qualified employee for the specific job, 

and lacking documentation of the decision-making process. Although, competencies have been 

discussed thoroughly over the past few years, there is still room for improvement in measuring 

and comparing different competencies of human operators, engineers, technicians, and using 

the results to manage human capital. To uncover the potential of the task allocation, process the 

competencies will be used as decision-making criteria, aiming to achieve the best possible 

performance, through an automated system to assist the project manager find the optimal 

division of tasks to the available human resources, based on their competencies. The proposed 

framework can be applied both on a project and on a production line because it can be performed 

with real-time data and task allocation methodologies are the same for them, with the only 

difference being the task duration. In order to validate the applicability of the proposed 

framework and the generated algorithm, a case study derived from a maritime company has 

been examined, with the objective to allocate in the optimal way seafarers to vessels and 

maintain a balanced competency level among the fleet.  

Keywords: Competencies, Competence Gap, Task allocation, Scheduling, Process optimization 
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ΠΕΡΙΛΗΨΗ 
Η βιομηχανία 4.0 έχει δημιουργήσει αρκετές προκλήσεις για το ανθρώπινο στοιχείο στο 

εργασιακό περιβάλλον. Με την αναδυόμενη βιομηχανία 5.0, το εργατικό δυναμικό λαμβάνει 

έναν ακόμη πιο απαραίτητο ρόλο, της ενσωμάτωσης της τεχνολογίας στις καθημερινές 

λειτουργίες μιας μονάδας παραγωγής και της διασφάλισης ότι η υιοθέτηση νέων λύσεων είναι 

επιτυχής, ενώ ταυτόχρονα αλλάζει το ρόλο του, από την εκτέλεση εργασιών, στην καινοτομία 

και την επίλυση σύνθετων προβλημάτων. Λαμβάνοντας υπόψη ότι ο ανθρώπινος φορέας 

μετατοπίζει την εστίασή του σε πιο δημιουργικές και στρατηγικές θέσεις εργασίας, η διαδικασία 

κατανομής καθηκόντων θα αντιμετωπίσει νέες προκλήσεις και οι τεχνολογικές εξελίξεις θα 

πρέπει να τους παρέχουν λύσεις. Σήμερα, οι θέσεις εργασίας ανατίθενται σε άτομα με βάση τη 

διαίσθηση και την κρίση του επόπτη, σπαταλώντας σημαντικό χρόνο από τον καθορισμό της 

εργασίας μέχρι την εύρεση του πιο εξειδικευμένου υπαλλήλου για τη συγκεκριμένη θέση 

εργασίας και χωρίς τεκμηρίωση της διαδικασίας λήψης αποφάσεων. Αν και, οι ικανότητες έχουν 

συζητηθεί διεξοδικά τα τελευταία χρόνια, εξακολουθεί να υπάρχει περιθώριο βελτίωσης στη 

μέτρηση και τη σύγκριση των διαφορετικών ικανοτήτων των χειριστών, μηχανικών και τεχνικών,  

και στη χρήση των αποτελεσμάτων για τη διαχείριση του ανθρώπινου κεφαλαίου. Για να 

εξερευνηθούν οι δυνατότητες  της    διαδικασίας κατανομής καθηκόντων, οι ικανότητες θα 

χρησιμοποιηθούν ως κριτήρια λήψης αποφάσεων,  με στόχο την επίτευξη της καλύτερης 

δυνατής απόδοσης,  μέσω  ενός αυτοματοποιημένου συστήματος που θα βοηθήσει τον 

διαχειριστή έργου  να βρει τη βέλτιστη κατανομή των καθηκόντων στο διαθέσιμο ανθρώπινο 

δυναμικό. Το  προτεινόμενο σύστημα μπορεί να εφαρμοστεί τόσο σε ένα έργο όσο και σε μια 

γραμμή παραγωγής, επειδή μπορεί να εκτελεστεί με δεδομένα σε πραγματικό χρόνο και οι 

μεθοδολογίες κατανομής εργασιών είναι παρόμοιες, με μόνη διαφορά το χρονικό ορίζοντα της 

εργασίας. Προκειμένου να επικυρωθεί η δυνατότητα εφαρμογής του προτεινόμενου 

συστήματος και του παραγόμενου αλγορίθμου, εξετάστηκε περιπτωσιολογική μελέτη που 

προέκυψε από ναυτιλιακή εταιρεία, με στόχο την κατανομή με τον βέλτιστο τρόπο των ναυτικών 

στα πλοία και τη διατήρηση ισορροπημένου επιπέδου ικανοτήτων στα πλοία του στόλου. 

Λέξεις-κλειδιά: Ικανότητες, Χάσμα ικανοτήτων, Κατανομή εργασιών, Χρονικός 

Προγραμματισμός, Βελτιστοποίηση διεργασιών 
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1. Introduction 
To develop a human-centered strategy for an organization’s development, it is crucial that the 

management perceives human capital as an asset. To unveil the full potential of the workforce, 

the core competencies must be identified and combined with all the jobs that are performed in 

a business unit. Through this process it will be easier to manage the personnel, recruiting needs 

can become more visible [1] and the inability to cover talent shortages can be managed with 

technology integration. 

The term competency can be defined as: “The capacity of an individual to successfully (according 

to certain formal or informal criteria, set by oneself or by somebody else) handle certain situations 

or complete a certain task or job [2]”. This capacity may be defined in terms of perceptual skills 

(dexterity), cognitive factors (different types of knowledge and intellectual skills), affective 

factors (attitudes, values, motivations), personality traits (self-confidence), and social skills 

(communicative and cooperative skills) [3].  

Another widespread definition of competency is: “An attribute of the employee, that is, as a kind 

of human capital or a human resource that can be translated into a certain level of performance”. 

Another point of view is that: “Competency defines the requirements of the tasks that constitute 

a certain job”[2]. 

The difference between “skills” and “competencies” lies in the fact that skills refer to the specific 

learned abilities that are essential when performing a task [4], while on the other hand 

competency is about the behavior and knowledge that a person possesses and utilizes to achieve 

the desired outcome. The skill is about performing a job and competency is about how a person 

successfully performs a job. For example, two people can be responsible for the similar tasks, 

have identical skills, but utilize different competencies to achieve the desired result. To sum up, 

a competency is a cluster of skills, knowledge and expertise needed to become efficient at 

performing a specific job [5]. 

By 2025, 85 million jobs may be displaced by a shift in the division of labor between humans and 

machines, while the time spent on current tasks by humans and robots will be equally balanced 
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[6]. The number of jobs destroyed will be surpassed by the number of jobs created.  Developing 

and enhancing human skills and capabilities through education, learning and meaningful work 

are key drivers for economic success, individual well-being, and societal cohesion. The coming 

decade will require purposeful leadership to arrive at a future of work that fulfils human potential 

and creates broadly shared prosperity. This is the Industry 5.0 concept [7], providing a vision of 

industry that aims beyond efficiency and productivity as its unique objective, and enhances the 

role and the contribution of industry to society. It places the wellbeing of the workforce at the 

center of the production process and enables new technologies to provide prosperity beyond 

jobs and growth, while respecting the limited resources of the planet. It supplements the existing 

"Industry 4.0" approach by specifically putting research and innovation at the service of the 

transition to a sustainable, human-centric, and resilient industry. 

As the AI adoption advances, the way organizations do their work is evolving and most of the 

adopters report that AI technologies have already changed their company’s job roles and 

necessary skills, and it is expected that AI will lead to more changes to job roles and skills over 

the next 3 years [8]. The benefits of utilizing AI include improved operations and faster decision-

making, while at the same time minimizing the wasted time of workers. Integrating technology 

has several issues to a business model, like problems in adapting or replacing existing roles and 

functions, issues with data and system implementation combined with the cost of solution 

development and added value measurement.  

The capabilities of machines and algorithms will be more broadly employed than in previous 

years and the work hours performed by machines will match the time spent working by human 

beings. It is evident that COVID-19 pandemic impacted severely the global workforce and at the 

same time the problems created by Fourth Industrial Revolution were not yet solved. This affects 

both the skills that are essential for the workforce of the future and the environment that they 

must perform in. It is projected that by 2025, 44% of the skills that employees will need to 

perform their roles effectively will change [8]. 

In the Manufacturing sector the hiring rates were severely impacted due to the pandemic as 

presented in Figure 1 [9]. When it comes to advanced manufacturing, the average share of 



Automated task allocation competency-based model Georgios Gigis 
 

Department of Mechanical Engineering & Aeronautics 3 
Division of Design & Manufacturing 

workers at displacement risk is 14% and the average skill instability among workforce is 43.6%.  

The biggest barrier to the adoption of new technologies is skill gaps in the local labor market and 

skill gaps among the organization’s leadership, with the respective percentages of 67.7% and 

54.8% [6]. The human-machine interaction will lead the personnel to undertake less repetitive 

and time-consuming activities, and be involved more in decision-making, creative and detail-

oriented tasks. The average reskilling needs for the 26.8% of the workforce in the advanced 

manufacturing industry will need less than 1 month of training, and 13.6% will require more than 

1 year. 

The multiplier effect of the manufacturing industry can be explained through the direct job 

creation of 2.5 additional jobs in the US economy [10] and for every dollar generated through 

manufacturing, increases by another 1.89 US dollars the total added value. More than half of the 

open jobs in 2028 (2.4 million) could remain unfilled because of the talent shortages. The 

acceleration pace is expected to grow by 1.96 million workers by 2028 [11]. The skill gap in 

manufacturing is calculated at 4.65 million open positions, 2.69 million because of retirement 

and the rest because of natural growth between 2018-2028 [12]. Because of skill gap in the US 

manufacturing industry 2.4 million jobs are expected to remain vacant, putting at risk 2.5 trillion 

US dollars gap from the economic output of the coming decade. This loss can be translated as 

the inability to respond to market opportunities, failure to promote innovation and develop new 

products, or even problems in maintaining production volumes that the increasing customer 

demand requires. 
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Figure 1: Hiring Trends in Manufacturing, 2020. Source: Linkedin Economic Graph  

Cloud computing, big data and e-commerce are examples of accelerated adoption of technology, 

following a trend established in previous years. There has also been a significant increase in 

interest in non-humanoid robots and artificial intelligence. These novel technologies are set to 

drive future growth across industries, as well as to increase the demand for new job roles and 

skill sets. The level of disruption depends on the skill set and the background of the worker [13]. 

The job creation begins to lag job destruction. For the first time in recent years, job creation has 

lagged job creation and this factor is poised to affect disadvantaged workers with ferocity. The 

pandemic in 2020 caused an increasing urgency to address the disruption underway both by 

supporting displaced workers and by monitoring the emergence of new opportunities in the labor 

market. Some of the expected changes in the workforce are composition modification of value 

chain, personnel replacement because of technology integration, use of contractors for specific 
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that are essential for an organization’s success are summarized in Figure 2, based on the report 

results published by Coursera [14]. 

 

Figure 2: Top 10 skills that are necessary for an organization's success. Source: Coursera 

To manage this situation, a strategy must be formulated to absorb people in the open job 

positions and develop their skills to produce the desired outcomes. As presented in [15] 

companies must take advantage of the emerging labor market ecosystem, use automation and 

new technologies to cover gaps in the workforce, utilize the retiring generations to train and 

develop their replacements, develop in-house training programs, explore cooperation 

opportunities with the government in reskilling and upskilling programs and invest in 

apprenticeship projects to attract and develop talent from early on. 

A new approach to upskilling workers through technology is being examined in [16]. This 

methodology utilizes an AI engine to match workers to jobs that are in decline or emerging. It is 

more efficient than traditional training assessments and the more the skill data on each role, the 

more opportunities and possibilities begin to emerge. Exploring how internal mobility can be 

achieved to fill vacant positions is a great way to manage talent shortages, because the people 

already employed in the company understand the internal processes and culture, and through 

training they can perform a totally different job in another department, just by identifying the 

existence of similar skills. Data- and AI-driven insights empower people to make personal choices 

about their careers. The human resources department must enable individual talent mobility by 

providing career path options and learning opportunities. AI is essential for eliminating 

stereotypes that people can't see due to inherent biases. Upskilling is a business imperative, not 

just a competitive advantage and collaborations between organizations could make talent 
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development and mobility key drivers of strategy and growth. For example, a machine operator, 

which is a declining role with a potential for automation at 71%, has transferrable skills that can 

be applied to an emerging role, like solar installer, or medical technician, or laboratory technician 

[16]. All these roles are in demand, with lower potential for automation. By identifying and 

evaluating the existing skills of the machine operator, the platform can match the person with 

new roles and create a customized training plan to reskill and upskill them [17]. 

It is undeniable that human capital can increase the competitiveness of a company, so in order 

to develop the younger generations to match the requirements of the labor market a Teaching 

Factory paradigm was introduced in [18] as a solution to this problem. By facing real life 

challenges in manufacturing environments and learning about novel technologies, the education 

sector can contribute significantly to tackling the talent shortages. The main areas are identifying 

core competencies of an industry and developing digital and technical skills, through practical 

examples and case studies, which is essential in keeping the workforce up to date with the 

constantly evolving technological landscape [19]. When it comes to the learning processes, 

learning factories must enable individual learning paths, as well as virtually supported and 

remote trainings, which can enhance the scalability of such initiatives [20]. 

In the same manner, it is crucial that companies understand what the workforce really needs, to 

close the skills gap. As per the outcome of the publication in [21], employees desire adequate 

compensation, flexible hours, challenging work, career advancement, strong company brand, 

skill development, nice working environment, good relationship with their boss, shorter 

commuting times, flexibility in the location and a good team. In an increasingly data driven world, 

people expect assignments that test their abilities, projects that demand the best from them and 

recommendations regarding their next role [22]. This is where assessment comes in which is 

critical for understanding human potential. Assessment can remove bias and over-reliance on 

Applicant Tracking Systems (ATS) that automatically finds suitable candidates based just on 

keywords. To deliver challenge and opportunities, managers need to understand the skills, 

potential and desires of their personnel. Managers must develop coaching skills to guide people 
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and initiate career conversations that pace their own career mobility, embrace new experiences, 

and welcome the exposure that drives personal and business success. 

For this reason, the scope of this diploma thesis is to develop a framework that assists an 

organization to identify and manage the competencies  that the human capital has available and 

use this knowledge to allocate tasks in a way that suits the skillset of a worker, increasing the 

efficiency of the workforce. A very important benefit that comes with this framework is the ability 

to assess the competence gap and create a proper training plan to minimize possible talent 

shortages in  the future. Furthermore, a methodology and a prototype to implement the 

framework will be developed, to combine the theoretical part with a more practical approach. 

To begin the process, the term competence is defined and then it is presented how it can be 

combined with other resources to achieve optimal task allocation. Afterwards, competency-

based task allocation model is used for the scheduling of a production unit, or a workplace in 

general. The model provides the user with various functions, such as identification and 

management of competencies, better matching of workers and tasks, as well as competency gap 

assessment and training plan formulation. The enablers of the process are Analytic Hierarchy 

Process for the weight factor generation, Hungarian Algorithm for the optimal task allocation, 

data visualization for the derived information and Python Programming for the coding of the 

proposed solution. The result after the implementation of the framework is faster task allocation, 

automated scheduling, better human capital overview and an easier reporting process for 

managers. 
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2. State-of-the-art 
Multi Criteria Decision Making (MCDM) is a technique for dealing with real world multi-criteria 

decision-making problems [23]. It is used for selecting the best alternative from a range of 

possible solutions. Unlike single criteria optimization, comparing an algorithm in Multi Criteria 

Optimization (MCO) environment is quite difficult, since the problem formulation requires a lot 

of intelligence and the description of all the potential conditions, to produce an accurate output. 

Scheduling activities begin with the division of the planning period to many discrete timeframes, 

with the criteria being the total cost or profit, produced goods that cover the demand and 

resource availability. The factor of risk in the planning process is added when the arrival time is 

within a range, or when the task completion time is not specific and varies according to the 

competency level of the worker. To manage the probabilistic distribution of processing and 

arrival times simulation methods are used to manage the uncertainty and forecast how the 

efficiency of the system will be affected for various inputs [24]. Simulation methods use the 

modeled system and alter the potential input, to evaluate if the output is within the acceptable 

constraints. In an optimization problem the output of the simulation is the optimal output for the 

specific inputs, which is very important for risk analysis and scheduling of the production unit 

activities, as well as the communication with the vendors and the customers. For example, a 

simulation model that can be used is the Monte Carlo Analysis [25], which can be used in 

heterogenous models, and this method is a stochastic technique based on the use of random 

inputs as numbers and probability statistics to investigate what forms the problem can take and 

present the probabilities of the output as a histogram. 

The concept of Assembly Lines (ALs) has been introduced for mass production as well as cost 

efficiency [26]. ALs are flow oriented mass production systems where various operations are 

performed on the products as they move through the system. There are three types of ALs - 

Single Model Assembly, Multi Model Assembly and Mixed Model Assembly (MMALs). The 

investment required for MMALs is less than that for separate SMALs but at the cost of increased 

complexity. It is considered with three performance measures: flow time, makespan and idle 

time. In first stage, minimum time needed to find an optimal solution is seconds. The second 
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stage, maximum time needed is seconds. The third stage, makespan time is seconds fourth stage, 

idle time is seconds.  

Efforts were put into recognizing and stating the stochastic operation time by several 

researchers, such as  [27]. Most of them considered that operation time follows a normal 

distribution, which is not realistic since operator’s performance is directly correlated with the 

competency level and experience of performing similar jobs previously. Single Model Stochastic 

(SMS) problems were identified in the literature, mainly from three categories.  The first one 

involved the modified versions of the processes developed for the Single Model Deterministic 

(SMD) problem. For instance,  in [28] a procedure was created to minimize the expected total 

cost that occurred from the labor and unfinished task. The second category involved the 

forecasting of desired process output, by altering the problem variables through simulation  [29]. 

The third category consisted of procedures specifically formulated for the stochastic problem, 

such as an enumeration-based methodology that uses an ant colony algorithm to solve the 

assembly line-balancing problem by  [30], a bidirectional heuristic for stochastic assembly line-

balancing type II problem by  [31] and a beam search method for stochastic assembly line-

balancing by  [32]. 

Most of the previous line-balancing approaches attempted to solve the same problem, which can 

be defined as: “how to assign the tasks to an ordered sequence of stations so that the precedence 

relations are satisfied, and some measure of effectiveness is optimized ” [33]. The solution aims 

to minimize the total idle time given a desired cycle time or that of minimization of the cycle time 

for a given number of workstations  [34]. Nevertheless, the operator factors were rarely 

considered during the solution of the ALB problem.  

It is widely overlooked that in real-world situations involving labor-intensive industries, such as 

apparel manufacturing, even with the best task sequence in place and the shortest idle time, or 

cycle time, the production line cannot be balanced in the majority of cases due to operator 

efficiency variance and the uncertain efficiency of the same operator in different situations. 

Operator efficiency is shown to be highly impacted by elements such as the operator's emotion, 

motivation, health, skill level, and past experience with a comparable task  [35]. 
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Because operator efficiency variance causes production line imbalance in businesses that still rely 

largely on labor skills, the challenge of balancing assembly production lines ideally while taking 

operator efficiency variance into account has arisen. In  [36], the study presents an optimization 

approach to tackle the aforementioned problem by getting an optimal operator allocation before 

production based on projected operator efficiency. 

When it comes to reacting to late requests for adjustments from customers, manufacturers are 

lacking in agility. In practice, this means waiting a substantial amount of time for a response from 

engineers or from a supplier's site. This highlights the need for a more adaptive and flexible 

operational scheduling strategy. Support for scalability, integrated factory asset control, factory 

and workshop level production automation and control, resource, and cost-effective aggregation 

of information across legacy systems, flexible and fast decision-making, support for the service-

oriented factory model, and integration with sensor networks are just a few of the other 

requirements of modern manufacturing. 

Resource scheduling is one of the NP-hard complex problems in modern manufacturing  [37]. 

Despite significant progress in the development of large-scale Enterprise Resource Planning (ERP) 

systems and batch scheduling systems, real-time scheduling systems' commercial possibilities 

remain limited. ERP systems and schedulers have traditionally used different forms of linear or 

dynamic programming, constraint programming, and other techniques based on combinatory 

search of detailed options, such as the branch and border method. 

To reduce the number of options in combinatorial search, novel methods use heuristics and 

meta-heuristics, which enable better decision-making in less time and with fewer iterations (e.g., 

“greedy” local search methods, simulated annealing, tabu search ant optimization, adaptive 

memory programming, and so on). 

As a result, traditional resource optimization approaches have a number of significant drawbacks: 

• Do not consider the complexities of a modern business with thousands of orders and 

resources, which requires dynamic event-driven conflict resolution in an already available 

schedule.  
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• Do not provide opportunities for adaptive planning in real time, which necessitates 

dynamic event-driven conflict resolution in an already available schedule. 

• It is assumed that all orders and resources are “identical” and given in advance, but in 

practice, they all have their own unique criteria, preferences, and restrictions, which can 

change during system operation (service level, delivery time, costs and profits, delivery 

risks, driver inconvenience, and so on).  

• Do not provide tools for acquiring knowledge that are specific to each e-commerce site. 

All of these restrictions not only diminish the productivity and efficiency of existing techniques 

and instruments, but they also prevent their usage in many cases. 

The project manager is responsible for work allocation, management, and decision-making. 

Software teams are supposed to be self-organizing with high degrees of autonomy, team 

empowerment, and mutual decision making in their everyday work [38, 39], including project 

management tasks like task allocation [40]. Agile teams, on the other hand, are shown to exhibit 

various amounts of autonomy as they acquire experience working in a self-organizing manner. 

It's unclear how different amounts of autonomy impact work allocation. In particular, it is 

unknown how processes to and within the team are organized, how jobs are assigned on an 

individual basis, and what sorts of task allocation and autonomy levels exist in agile teams. 

Distributed settings in global software development have dominated research on job allocation 

in software teams. In a recent survey-based research, Imtiaz et al. identified “functional area of 

expertise and phase-based” job allocation as the most frequent method of work allocation in 

worldwide software development [41]. Other studies, such as [42, 43], looked at work allocation 

in remote agile software development environments through a literature analysis and presented 

models, indicating that further study is needed in this field. 

The research in [44] showed the processes of job allocation in self-organized volunteer teams 

developing community-based Free/Libre Open-Source Software (FLOSS). Self-assignment is one 

of the most popular ways for FLOSS teams to allocate work, according to their results. However, 

work allocation techniques outside of the FLOSS environment, and especially for commercial 
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software development, have received little attention in the literature. Overall, there is still a lot 

to learn about how agile teams operate together and how they distribute tasks. 

In Manager-driven Task Allocation, the manager/client/technical-lead allocates tasks to the team 

members with names against the tasks as stated by a participant. In Team-driven Task Allocation, 

the team discusses and mutually decides who will perform which task. In Individual-driven Task 

Allocation, tasks are self-assigned, selected and managed individually without any assistance 

from others. In Manager-assisted Task Allocation, tasks are allocated with some assistance from 

the manager/client/technical lead to the team members. In Team-assisted Task Allocation, every 

team member self-assign task with some assistance from fellow team members. In the task 

allocation process, the team as a whole or the manager/client, it is clear that task allocation is 

mainly done through help or discussion. To put it another way, task allocation techniques rely on 

group decision-making. Agile teams, according to a previous study [45], make more effective 

judgments collectively than individually, benefiting from collective knowledge and experiences. 

Another feature is that all systems agree on a similar allocation approach for high-priority 

activities, jobs are assigned to a qualified and experienced individual directly. 

Additionally, in  [46]  a common mechanism found in the majority of the teams that participated 

in the study, is that if the priority of the task is high, then the task is allocated to the most suitable 

person directly, while the most typical practice is for team members to collaborate with one 

another and with their manager/client when help is required. 

Several research papers have emphasized the significance of human resource management in 

regulating company performance [47], but few studies in industrial engineering have attempted 

to formalize the relationship between competence and performance. Despite the fact that 

several writers have clearly mentioned this link [48], the formalism is absent, despite the fact 

that the various models attempt to capture this relationship. Some scholars acknowledged the 

existence of a ‘‘human entity" in businesses, but only in terms of availability or capacity. Others 

have attempted to model this factor's effect by acknowledging the significance of its training and 

learning capacities [49]. The idea of competence was developed as a result of the complicated 

nature of humans. Researchers have added a communal component to the human relational 
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faculties, in addition to individual personality characteristics. Only a few studies, however, have 

presented such sophisticated models. The selected methodologies lack of transdisciplinary 

elements [50] as well as their empiricism should be emphasized. The established techniques 

usually miss the competence dynamics and the collaborative component [51] of work. 

Organizations devote a significant amount of effort and money to workforce management, which 

includes correct technical training, ongoing evaluation of workforce abilities, and assignment to 

appropriate workplace roles. Various staff allocation (workers or staff) strategies dealing with 

various production settings and challenges may be discovered in the existing literature [52,53]. 

A combination of novel technologies and task allocation is presented in [54], through a 

framework that aims to adapt the level of details in an Augmented Reality (AR) application based 

on the experience level of the operator. Through the proposed application, machinery operation 

AR instructions will be visualized with the appropriate information in the form of a user manual, 

defined by the individual skill score.  

Although the nature of manufacturing and its processes remain unchanged at their core, the use 

of digital complementary technologies focuses on these specific phases in order to improve 

performance and lower costs [55]. The present skills gap may be traced back to the Advanced 

Manufacturing industry's mismatch with knowledge and training providers, which is being 

exacerbated by the introduction or progress of new complementary technologies and materials 

[56]. The process described above calls for a close contact between the training and educational 

institutions with the Advanced Manufacturing industry [57]. This is due to the fact that the 

constant shift of needs and operations withing Industry 4.0 calls for the equivalent adaptation of 

the training and educational context via periodic redefinition: every two years for rapidly 

changing industries and every 5-10 years for conservative industries. Furthermore, the validation 

and publication of the skills mapping is to be established by standardization organizations to be 

aligned with the European Qualifications Framework (EQF).  

The long-term sustainable mechanism to meet the everchanging skills requirements is Education 

4.0 where the AM competences are fully developed. This aims to create technical learning 

outcome for the future engineers in order for them to fully exploit the freeform advantageous 
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nature of Additive Manufacturing [58]. The approach outlined in [59] necessitates strong 

collaboration between educational and training institutions and the Advanced Manufacturing 

industry. This is because the continual shift in demands and operations in Industry 4.0 

necessitates frequent redefining of the training and educational context: every two years for 

quickly changing sectors and every five to ten years for conservative businesses. Furthermore, 

standardization bodies must validate and publish the skills mapping in order for it to be linked 

with the European Qualifications Framework (EQF). Education 4.0, in which the AM 

competencies are completely developed, is the long-term sustainable method to satisfy the ever-

changing skills requirements. This seeks to produce technical learning outcomes for future 

engineers so that they may fully leverage Additive Manufacturing's freeform advantages [60]. 
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3. Competencies 

3.1 Competency correlation with Performance 
Performance is affected by the level of competency, since it is expected from a person that is 

expert in a field to achieve better results, compared to an amateur. Another important aspect is 

that the Industry 4.0 technologies offer to the human element a vast amount of data and various 

alternatives for problem solving, increasing though the complexity of decision-making [61]. 

Competency level is connected to the performance of a worker, since the more competent a 

person is, the expectation is that they can perform better on certain jobs that require 

competencies that match the ones that they possess [62]. The relationship between a human 

resource, which is a worker, and a task begins with describing the job content, which is part of 

one or more business domains. Every business domain needs a qualified operator to perform the 

necessary activities for a job to be completed successfully, with the condition that the person has 

the required core competency. At this point the human resource that possesses the core 

competency becomes part of the process and the task allocation function is initiated. The 

workers influence the business domain performance, with the output of their job, which in turn 

influences the performance estimation that is used for the job content description, for example 

the level of difficulty can be determined, the expected time for completion, etc. The relationship 

between a competency and a worker’s performance is presented in the diagram in Figure 3:  

 

Figure 3: Relationship between competency and worker's performance 
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3.2 Performance Modeling 
The Language of Work (LOW) model [63] offers a comprehensive model of performance as it 

takes the key concepts from past performance models and adds a practical, client-based 

orientation. All interrelationships between the sub-tasks that compose into the task are included 

in it, and the model provides the organization with a clear cause-and-effect behavioral model of 

performance. This model focuses on the interaction of human performers with systems, 

standards, internal processes and provides a clear path for aligning them and identifying 

problems in the hierarchy. The purpose of this model in this research work is to present a method 

to investigate how the workforce interacts with the various layers and explore the dynamics 

between competencies performance. 

The LOW model consists of six elements that operationally define work performance: 

1. Inputs: work orders, client needs, equipment, materials, funds, information 

2. Conditions: work environment, rules, regulations, policies, societal trends 

3. Process steps: sequence of steps in hiring a new employee 

4. Outputs: products, service, knowledge 

5. Consequences: satisfied customers, profit, cost savings, engaged employees 

6. Feedback: recognition, coaching, advice, response from customers 

 

Figure 4: LOW Model elements 
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These six elements are systematically related, and they illustrate the actual work performance 

and its potential for improvement. The six elements operate at four levels of performance in the 

organization: business unit, core processes, jobs, and work groups or teams and management. In 

addition, there are four layers of performance: 

• Work execution: completing a task, asking questions, following guidelines 

• Work standards for work: goals, safety regulations, quality, and quantity 

• Work support: administrative assistance, equipment, information, training 

• Human relations: collaboration, encouragement, positive attitudes 

 

 

Figure 5: LOW Model Performance levels and layers  
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3.3 Competency Life Cycle 
The competency life cycle consists of 4 phases which aim to develop and enhance individual and 

organizational competencies. The different phases are [64]:  

1. Competency Modeling – this phase is there to provide the company with a summary of all the 

crucial competencies needed to fulfil its targets (outlined in the business plan), outline the job 

requirements and the group needs. This phase also defines the required skill level for each job 

profile. 

2. Competency Analysis – this is based on the current employees in the company. This outlines 

the present proficiency level each employee possesses. The company will perform a ‘skill gap 

analysis’, which defines the gap between the skills the employee currently has compared to the 

competencies needed for their job. 

3. Competency Development – this phase deals with development of training/activities the 

company provides to employees to fill the skill gaps found in the previous phase. 

4. Monitoring of Competencies – an analysis of the results of the competency development 

phase. 

 

Figure 6: Competency Life Cycle 
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3.3.1 Competency Modeling 

Competency Modeling [65] provides the organization with useful information regarding the 

necessary skills and traits the workforce must possess and through this process it is feasible to 

create a framework for the human resources management. The process starts with the 

organization’s mission and vision statements, as well as the values definition and strategy 

formulation. Then the core competency framework can be developed to integrate, organize, and 

align strategy and the required resources. Then competency models for job families are 

developed, to collect the competencies that are necessary for each functional area. Afterwards, 

the behaviors that indicate skills or performance level necessary for a job are described and 

finally the key performance indicators for the organization’s objectives are created, to measure 

performance and assess the achievement of goals. Each consecutive step requires increasingly 

more specific details, as presented in Figure 7: 

 

Figure 7: Core Competency Framework 

In organizational level, the vision and mission define the Core Competencies, as well as the 

Departmental goals, according to the core competency framework [66]. The functional 

competencies refer to the job families that match the departments’ requirements, based on job 

content. Afterwards, the departmental goals are divided into workforce individual goals, showing 

how the work product of a person can contribute to the organizational strategy, along with the 
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essential competencies the people must possess to successfully accomplish their individual 

objectives, and by extension the departmental and organizational goals. Finally, the whole 

process of goal setting can be monitored through performance evaluation and it can be 

systematized by providing the workforce with a work completion roadmap along with the 

essential guidelines. 

 

Figure 8: Core Competency Framework within an Organization 

3.3.2 Competency Analysis 

Competency Analysis can be performed through self-assessments, supervisor assessment, expert 

assessment, 360-degree feedback and assessment centers [67].  Self-assessment is a form of 

reflection that helps a person identify their competency level and explore opportunities for 

development.  Manager and supervisor assessment is widely used by companies to assess the 

workforce from their direct supervisor’s perspective, and due to their regular interaction with 

the team members this type of feedback is crucial for performance evaluation, but there is a 

problem in case personal bias exists. Experts or Experienced Operatives are experts or highly 

experienced in some area of competency and in various cases they are called upon to assess 

individuals in a specific competency area. This is extremely useful for technical competencies 

where the assessor must possess the capabilities themselves. Multi-rater and 360-degree 

feedback is another competency analysis method, where multiple assessors provide different 

perspectives regarding a person’s performance, minimizing the effect of bias. 360-Degree 

Feedback is an approach designed to provide a holistic perspective regarding a worker’s 

competency level. It brings in the perspectives of not just the individual and their supervisor, but 

also colleagues and direct subordinates and it is frequently used when someone is being assessed 

for leadership competencies. Assessment Centers and Registered Training Organizations (RTOs) 

provide assessment services, particularly in the case of certifications. Utilizing additional 

assessment techniques like simulation exercises, business games, case studies, etc. 
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3.3.3 Competency Development 

The competency analysis leads to the competency gap identification. To manage the lack of core 

competencies in the workforce a training plan must be formulated for the development of the 

human capital. The correlation between consciousness and competency is crucial when the 

training plan is created since the competency gap will define both the training needs and the 

training methodology for each employee. The process that a person must follow to develop a 

new competence can be described with the four stages of conscious competence ladder model 

[68], which guides the person through the states of not knowing they need a competency, to the 

state of performing tasks without needing assistance and even being able to train others on the 

job. The model has 4 stages: 

Level 1. Unconscious incompetence (Ignorance) 

The individual does not understand or know how to perform a job and does not necessarily 

recognize the deficit. They may even deny the usefulness of the skill. The individual must 

recognize their own incompetence, and the value of the new skill, before moving on to the next 

stage. The length of time an individual spends in this stage depends on the learning capability 

and the motivation to acquire a new competence. 

Level 2. Conscious incompetence (Awareness) 

Though the individual does not understand or know how to perform a certain job, they do 

recognize the deficit, as well as the value of a new competence to eradicate the gap.  

Level 3. Conscious competence (Learning) 

The individual understands or knows how to perform a certain job. However, demonstrating the 

skill or knowledge requires concentration and much effort. It may be simplified into step-by-step 

instructions, and a lot of practice is required to learn the new competence. 
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Level 4. Unconscious competence (Mastery) 

The individual has had so much practice that the application of the competence has become 

"second nature" and can be performed almost automatically. As a result, the competence can be 

demonstrated while executing another similar task that requires the same competencies. The 

individual may be able to transfer their knowledge to others.  

 

 

Figure 9: Conscious Competence Ladder Model 

3.3.4 Competency Monitoring 

Competency monitoring is a continuous process, since the competency matrix must be updated 

whenever a worker learns a new competence, skill or receives additional training. After 

formulating the competency framework, a list of competencies can be defined [69], that are 

essential for an organization’s successful operation. This process requires adequate assessment 

methods, in the form of self-evaluation, competency tests for the worker, performance 
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evaluation by supervisors and feedback session for discussion of the results [70]. Afterwards, a 

needs assessment can be performed to identify the missing or underperforming skills and 

behaviors and then select the training sessions that will benefit the person’s upskilling and 

reskilling. Finally, if the person is ready to perform the undertake tasks and projects, otherwise 

they receive additional training. All these actions must be depicted in the competency matrix 

[71], and every training or experience gained from performed tasks increases the score of a 

worker. The process is illustrated in the Figure 10: 

 

Figure 10: Competency monitoring methodology 

3.4 Work Design 
Job characteristics theory is a theory of work design. It provides “a set of implementing principles 

for enriching jobs in organizational settings” [72]. The original version of job characteristics 

theory proposed a model of five “core” job characteristics, which were skill variety, task identity, 

task significance, autonomy, and feedback, that affect five work-related outcomes, which are 
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motivation, satisfaction, performance, absenteeism, and turnover, through the three 

psychological states of experienced meaningfulness, experienced responsibility, and knowledge 

of results [73].  

According to the final version of the theory, five core job characteristics should prompt three 

critical psychological states, which lead to many positive personal and work-related outcomes. 

The moderators Growth Need Strength, Knowledge and Skill, and Context Satisfaction should 

moderate the links between the job characteristics and the psychological states, and the 

psychological states, as well as the outcomes [74]. The core job characteristics according to [72] 

are: 

• Skill Variety: The degree to which a task requires several activities, meaning that the worker 

must develop a variety of skills and traits. Jobholders can experience more meaningfulness 

in jobs that require several different skills and abilities than when the jobs are elementary 

and routine.  

• Task Identity: The degree to which the job requires the jobholders to identify and complete 

a work piece with a visible outcome. Workers experience more meaningfulness in a job when 

they are involved in the entire process rather than just being responsible for a part of the 

work.  

• Task Significance: The degree to which the job affects other people's lives. The influence can 

be either in the immediate organization or in the external environment. Employees feel more 

meaningfulness in a job that substantially improves either psychological or physical well-

being of others than a job that has limited effect on anyone else, adding the dimension of 

social responsibility in the work product.  

• Autonomy: The degree to which the job provides the employee with significant freedom, 

independence, and discretion to plan out the work and determine the procedures for the 

task completion. For jobs with a high level of autonomy, the outcomes of the work depend 

on the personal effort and initiative, rather than on the instructions from a supervisor or a 

manual. In such cases, the jobholders experience greater personal responsibility for their own 

successes and failures at work.  
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• Feedback: The degree to which the worker has knowledge of results. This is clear, specific, 

detailed, actionable information about the effectiveness of their performance. When 

workers receive proper feedback regarding their work performance, they have better overall 

knowledge of the effect of their work activities, and they can understand what actions are 

required to improve their productivity.  

The critical psychological states, as referenced in [72], are: (i) experienced meaningfulness of the 

work, which is the degree to which the jobholder experiences the work as intrinsically meaningful 

and can present their value to other people and/or the external environment, (ii) experienced 

responsibility for the outcome of the job is the degree to which the workers feel that they are 

accountable and responsible for the work product, and (iii) performance awareness, which is the 

degree to which the worker is aware of the accomplished level of performance in a task.  

Another important factor that the manager responsible for human resources should be aware of 

is the workers’ motivation. Growth Need Strength (GNS) [75] is the strength of an individual’s 

need for personal achievements, learning, and development. Knowledge and Skill [76] is about 

the level of knowledge and skill the worker possesses that can moderate the relationship 

between the mediators, the job characteristics, and the outcomes. For motivating jobs, adequate 

knowledge, and skill lead to experiencing the critical psychological states and better outcomes, 

while insufficient knowledge and skill discourage the psychological states and result in more 

negative outcomes. Lastly, Context Satisfaction [76] which is about the workforce experience 

inside the workplace and during their task completion. If the people are satisfied with their 

managers, compensation, co-workers, and job security they respond more positively to highly 

motivating jobs and less positively when they are not satisfied. The reason being that they must 

use attentional resources to handle the undesirable work context, which distracts from the 

richness otherwise inherent in the job.  
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4. Task Allocation 

4.1 Definitions 
As defined in [77], human resource planning is “the process for ensuring that the human resource 

requirements of an organization are identified, and plans are made for satisfying those 

requirements”. Workforce planning is defined as: “A process in which an organization attempts 

to estimate the demand for labor and evaluate the size, nature and sources of supply which will 

be required to meet the demand”[78]. Human resource planning includes creating an employer 

brand, retention strategy, absence management strategy, flexibility strategy, talent management 

strategy, recruitment, and selection strategy. 

4.2 Task Lifecycle 
The practice of managing a task throughout its life cycle is known as task management. Planning, 

testing, tracking, and reporting are all part of this process. An organization can use task 

management to accomplish their goals and it is a means of collaboration and information sharing 

for the involved teams. Tasks are also classified according to their difficulty, which ranges from 

low to high and the expected duration, from short to long term. Effective task management 

includes keeping track of a task's status, priority, time, human and financial resources, 

recurrence, dependencies, and notifications, among other things. The core activities of task 

management may be grouped together in this way. Specialized software, such as workflow or 

project management software, can aid in managing numerous workers or team activities. Task 

management is a critical element of project management and process management, as it helps 

an organization operate smoothly. Task-oriented project managers have a thorough and up-to-

date project schedule and are typically effective at leading team members and driving the project 

ahead, while managing inefficiencies and issues that may occur. The possible statuses of a task 

are present in Figure 11: 
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Figure 11: Task lifecycle 

4.3 Resource Allocation Problem 
Strategic management [79] is only successful when employees have the right tools to perform 

effectively. To accomplish this, a company needs staff allocation solutions that enable employees 

to balance different tasks within their daily routine. Coupled with efficient scheduling, workflow 

runs smoothly from one task to the next. Establishing a comprehensive strategic plan helps 

managers and supervisors to allocate employees properly.  

Challenges in managing human resources are magnified for the organization that does not follow 

the technology trends and use obsolete systems and processes. There are numerous approaches 

for resource allocation problems, for example it can be performed both manually and through a 

software, or even in a combined manner. When it comes to human-machine interaction the 

variables in task allocation increase, meaning that if robots are deployed in a production unit, the 

automatic simulation of robot and human paths will enable the integration of additional criteria, 

regarding the completion time of tasks, the robot speed, the involvement of robots in a task and 

the cooperation between the operator and the autonomous robot [80].  

Human-robot interaction, as a part of Industry 4.0 strategy, requires a completely new type of 

robots able to collaborate with human operators, described as collaborative robots or “cobots”. 

This kind of collaboration can be beneficial in assembly systems, which are known for having a 

low level of automation. For various assembly tasks human workers are irreplaceable. On the 

about:blank
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other hand, some assembly tasks can be repetitive and tiring, even dangerous for humans. 

Therefore, the different approaches to cope with the challenge of identification and selection of 

proper task allocation between human worker and cobots are a field of increased interest. 

In project management the available resources can be budget, time, equipment, physical space, 

technology, tools, and human capital [81]. All these resources must be allocated in a manner that 

optimizes the operations of an organization and at the same time ensures that all tasks are 

performed within timeframe and cost. Resource allocation [82] is the scheduling of activities and 

the resources required by those activities while taking into consideration both the resource 

availability and the project time. Over-allocation of a resource is when a resource has been 

assigned more work than it can successfully complete during normal working hours. Poor 

resource allocation can lead to overtime on human resources and overspending of financial 

resources. Due to a limitation of resources, the problem of resource allocation occurs, and it 

refers to the dilemma of which tasks should be prioritized. For this reason, project management 

triangle can be used to determine how the workflow will proceed. This triangle included product 

scope, available resources, and workflow schedule, and it is commonly accepted that an activity 

can fulfill only 2 out of 3 dimensions, meaning that if a good must possess certain standards it 

can either be quickly produced and be expensive, or be cheaper and completed in more time. 

The triangle is presented in the Figure 12 [83]: 

 

Figure 12: Project management triangle 
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4.4 Task Allocation Methodology 
Task allocation (TA) problem is of critical importance in manufacturing industry and determines 

the key performance indicators of advanced manufacturing systems, like production efficiency, 

cycle time and idle time of workforce and machines [84]. To be adaptable and resilient towards 

future challenges, like rapid alterations of demand and supply, the cost of the production process 

must be minimized and the utilization of resources to be increased. This process begins with 

optimizing the sequence of tasks and resource allocation methodologies through the 

implementation of systems and processes, as well as with technological advancements 

integration and computerized optimization algorithms [85]. The data that must be inserted to 

the algorithm consist of task-related data, scope of the task allocation (minimize cost, idle time, 

etc.) and simulate the results to examine if the solution provides the user with the desired output. 

Finally, decision-making process defines the task allocation, and the work schedule can be 

created. This process is presented in the Figure 13: 

 

Figure 13: Task allocation process methodology 
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4.5.1 Task Allocation - Task Description and modeling 

Assembly line balancing (ALB) problem has been extensively researched [86] since the first 

analytical approach of the ALB problem was formulated [87] by and published in mathematical 

form [88]. The task description is about the variables that are inserted in the algorithm and the 

modeling can be performed through assembly line balancing optimization (ALBO) problem. 

Depending on the modeling of the problem the appropriate algorithm must be chosen to 

calculate the output of the system, and this dimension will be explained in detail in the next sub-

chapter. 

Most prior line-balancing techniques sought to tackle the same challenge, which is defined as: 

“how to assign the tasks to an ordered sequence of stations so that the precedence relations are 

satisfied, and some measure of effectiveness is optimized” [89]. They began with either the goal 

of reducing total idle time given a specified cycle time or the goal of reducing cycle time for a 

specific number of stations [90]. Nevertheless, the operator factor was rarely considered when 

an ALB problem solution was formulated. Even when the optimal task allocation based on an 

algorithm is employed, and minimized cycle time is obtained, the production unit might not be 

balanced because of the efficiency variance among workers and ranging efficiency levels of the 

same person in different situations. The operator’s efficiency is revealed to be greatly impacted 

by factors like emotion, motivation, health, competence level and experience of performing 

similar operations before [91]. When an algorithm is deployed some of the variables that must 

be optimized are workload balance, maximize line efficiency, minimize waste (process, material, 

man-hour, energy, etc.) [92]. The various results that are generated from the algorithm must be 

compared and the outcome of the simulations can provide the user with the desired output [93], 

considering the variables that they are interested. Afterwards, by optimizing the solution the 

ALBO problem can be solved. 
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4.5.2 Task Allocation – Process Modeling 

For every task allocation system there is a model that the procedure is based on. The system 

model is about understanding which criteria match the specific task’s requirements and how to 

manage the constraints by optimizing the utilization of the available resources, while modeling 

the whole process of task allocation [94]. Through the historical data regarding a previously 

performed task, or the requirements of a business domain, the system can identify the pattern 

of competencies that were used by the workforce and create a profile that is optimal for the next 

task allocation. In case no past data are available, then the responsible for the task allocation 

must formulate the set of criteria and competency tags needed for a successful task completion. 

After the criteria are set, the model should be able to generate the most suiting algorithm to 

address the allocation problem and by performing simulations of the proposed solution 

continuously optimize the worker-task matching, until there can be no more optimizations 

through the specific model. Finally, the process must generate the solution in a format that suits 

the person that is responsible for the decision-making, either in the form of a Gantt chart or a 

bipartite graph. The above-mentioned process is presented in the Figure 14: 

 

Figure 14: System modeling process 
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The process of optimizing the task allocation model is based on the simulations that the system 

performs, to find the optimal solution for the specific criteria and constraints that the user wants. 

Each code execution has different variables, depending on the task-worker relationship and for 

each possible task all the possible candidates are compared, while at the same time a total score 

for all the available tasks must be used, to balance the competency levels among projects. This 

process is presented in the Figure 15: 

 

Figure 15: Optimization software modeling for Task allocation 
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4.5.3 Task Allocation Algorithms  

A task allocation problem is dynamic, but for the modeling phase of a task allocation system it 

can be approached as a static model for every timeframe that the user wants to examine. If the 

solution is planned for a one-time period it is a static model, while on the other hand if it is 

deploying the algorithm continuously for every new input then it can be structured as multiple 

static models. The real-time data management and centralized information gathering is crucial 

for such systems since the solution depends on the variables and any change can significantly 

alter the result. A task allocation problem algorithm depends on the goal of the user and for this 

reason multiple algorithms must be available for a more holistic and practical approach. In the 

Figure 16 the algorithm selection process is presented [95]: 

 

Figure 16: Task allocation algorithm selection process 

Classic (Linear) Assignment Problem (LAP): The static classic linear assignment problem involves 

two sets of the same size and consists of finding, in a weighted complete bipartite graph, a perfect 

matching in which the sum of weights of the matched edges is as low as possible, i.e., a minimum-

weight perfect matching. Perfect weighted matching implies that each node must be matched to 

some other node by minimizing the total cost of the arcs in the (perfect) matching. 

Classic Assignment Problem Recognizing Agent Qualification (APRAQ): Not every agent is 

qualified to do every task, and the objective is utility maximization [96]. 
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Bottleneck Assignment Problem (BAP): To resolve the issues with fairness and workload 

distribution, we may minimize maximum cost among the individual agent-task assignments and 

thus maximize the system’s egalitarian social welfare [97]. Note that here the integrality 

requirements cannot be relaxed. Contrary to the classic AP model, the BAP model pursues the 

objective of fairness among agents. It is based on the optimization of the worst-off performance 

and provides a good solution when the minimum requirements of all agents should be satisfied. 

However, only the costliest agent-task assignment influences the objective function, while the 

contribution of the rest of the agents is ignored. For this reason, this approach deteriorates the 

system efficiency and thus the system’s utilitarian social welfare. 

Fair Matching Problem (FMP): The fair matching problem minimizes the difference between the 

maximum and minimum assignment values [98]. This formulation of fairness is not unique. The 

concept of fair and optimal allocations was defined as an allocation if it is envy free and the sum 

of compensations is maximized, subject to the compensation assigned to each object is less than 

or equal to the maximum compensation limit [99]. They prove that fair and optimal allocations 

exist and demonstrate that the fair and optimal allocation mechanism achieves efficiency, 

fairness, and strategy proof simultaneously.  

Minimum Deviation Assignment Problem (MDAP):  The objective here is to minimize the 

difference between the maximum and average assignment costs or to minimize the difference 

between the average and minimum assignment profit. 

Semi-assignment Problem (SAP): This is the version of the assignment problem where every 

agent or task may not be unique. This results in a constraint matrix containing several rows or 

columns with equal coefficients [100].  

Assignment Problem with Side Constraints (APSC): Classic assignment problem can be solved by 

multiple centralized and efficient polynomial algorithms. However, by introducing side 

constraints, generally, this problem becomes NP-hard. Side constraints may include budgetary 

limitations, degree of technical training of personnel, the rank of personnel, or time restrictions 

that limit the assignment of agents to tasks. 
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Dynamic Task Allocation: This is an extension of the static assignment problem models presented 

previously to the dynamic versions in which new agents and tasks may enter the system in each 

timeframe and the costs or profits of agent-task assignment are updated in (close to) real time. 

This problem is similar to the online bipartite matching problem, in which tasks that appear in 

sequence should be assigned to the agents immediately as they appear. At all times, the set of 

matched edges must form a (feasible) matching, each agent should be matched with at most one 

task and vice versa. In case of different cardinalities of the two sets, to balance the two, dummy 

elements are added to the set with lower cardinality. We assume random arrivals of customer 

demands (tasks) over time. In open fleets, we also assume that agents (drivers and couriers) 

either become available randomly after assisting previous tasks (customers) or by entering and 

leaving the fleet based on personal interest, available time, and/or other individual constraints 

and preferences. Given are attribute parameters both for agents and tasks that define their main 

characteristics in terms of the assignment. We consider deterministic on-demand task allocation 

where the (re-)assignment of vehicles (agents) to tasks is performed as soon as a new vehicle or 

task enters the system. Close to real-time reassignment is beneficial here since the parameters 

and variables of the assignment problem are perfectly known. 
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Table 1: Task allocation algorithm selection depending on the problem criteria 

 

Algorithm 

Linear Assignment Problem (LAP) 

Assignment Problem Recognizing 

Agent Qualification (APRAQ) 

Bottleneck Assignment Problem 

(BAP) 

Fair Matching Problem (FMP) 

Semi-assignment Problem (SAP) 

Assignment Problem with Side 

Constraints (APSC) 

Minimum Deviation Assignment 

Problem (MDAP) 

Perfect Matching, Cost Minimization 

Not every agent qualified for every task, Utility 

Maximization 

Fairness among agents, Optimization of worst-

off performance 

Minimize difference between max and min 

assignment values, agent compensation 

balanced 

minimize the difference between the maximum 

and average assignment costs or to minimize the 

difference between the average and minimum 

Agent task not unique 

Side constraints introduction 

Criteria 
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4.5.4 Task Allocation – Decision-making 

As technology progresses and modern systems can manage more complex problems, centralized 

systems are replaced by decentralized ones. The configuration of a system should be performed 

depending on the cost, the response time, quality indicators, available data sources and 

computational power [101].  During the decision-making process for the task allocation of the 

workforce, it is essential to define who is the responsible for the outcome. If all the information 

is gathered in one place and the responsible for the process decides who will take the task, 

without asking the worker for an approval, then a centralized system is better since it will provide 

the overview of the projects and the workforce only to the manager and personnel will not 

receive abundant information regarding the other allocations. In case the worker must approve 

the task, the manager allocated to them and the workers must coordinate independently, then 

a decentralized system is more suitable for the communication and the coordination of the 

workforce, and the manager’s role is to support personnel and monitor their performance.  

 

Figure 17: Centralized and Decentralized system illustration 

One deterministic optimization algorithm that is frequently used as the base for developing new 

task allocation algorithms, and it will be the focus of this research work, is the Hungarian 

algorithm [102]. The Hungarian algorithm, treats the problem of task allocation as a 

combinatorial optimization problem, using graph theory and solves the problem in polynomial 

time. The algorithm computes an estimate of each agent’s utility, thus maximizing the overall 

utility. But this is computationally expensive and sometimes of lower value when high 

uncertainties are present to the system, therefore a lot of improvements to the algorithm have 
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been proposed [103][104]. Nevertheless, it is a simple and easy to develop solution for less 

demanding problems and it provides the user with a clear output. Something that the system 

must offer to the user are task allocation alternatives, to present quantitative data for possible 

trade-offs in the criteria [105]. The key factors of a task allocation procedure include several 

criteria for the evaluation of the task allocation procedure in multi-agent systems, which are the 

computational complexity of the algorithms used, the optimality of the solutions and the 

scalability of the approach used. Moreover, the capability of the algorithms to handle 

uncertainties, as well as the effectiveness of the communication procedure between agents to 

increase performance and enhance coordination, possess a significant role to the overall system 

performance [106]. Some of the key factors that a manager should consider before allocating 

work are [107] the task priority and available time for completion, the skillset of the workforce, 

the workers’ availability, the development opportunities that a task offers to an individual and 

the interest of the worker towards a specific job content. 

Considering all the above mentioned, the project management triangle is transformed to a more 

complex shape that includes two triangles with the first one being scope, schedule, and budget, 

and the second one has quality, risk, and resources [108]. This approach illustrates that the 

procedure of managing workload depends on various interconnected constraints. Nevertheless, 

all these variables can be utilized when modeling a process or a system and the optimal outcome, 

based on specific rules, can be obtained.   

 

Figure 18: Project management double triangle 
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5. Proposed Methodology  

5.1 Problem Definition 
Whenever task allocation is performed many variables must be taken into consideration, as 

presented in the project management triangle, while the uncertainties cannot be modelled with 

100% accuracy, despite performing risk analysis during the design phase of the project. The main 

methods of allocating workload are budget and workforce cost, deadlines, and worker 

availability, as well as performance indicators and experience towards the specific task [109]. The 

uncertainties occur while the tasks are in progress, which makes real-time data sharing crucial 

for the successful completion of complex and simultaneous tasks. Enabling real-time, software-

based solutions for the task allocation can minimize the task delays and by extension the whole 

project’s overtime. From the workers’ perspective, the allocated tasks might not be adequate to 

their competencies, interests or even deprive them of development opportunities through the 

work product. Combining these two dimensions of the task allocation problem, of project 

management and worker satisfaction, a framework is designed in this research work to use the 

suitability of a task as the main factor of work allocation, with the goal of increasing performance, 

satisfaction and at the same time minimize project overtime.   

The goal of this framework is to assign automatically and in the optimal way one task to one 

worker and scale this function to all the activities of an organization. The basic criteria of selection 

will be competence, along with experience, knowledge, development potential and attitude 

towards the task. Furthermore, a methodology for solving the problem of task allocation is 

proposed and a prototype is developed for a more holistic approach regarding the research work. 

The innovation of this methodology is based on the constant calibration of weight factors of each 

competence regarding one task. The ultimate aim is to evaluate a combination of competencies 

and how they can ensure that a task will be completed within specifications. In general, task 

allocation process is based on the availability of the workforce and the intuition of the manager 

who is responsible for the procedure. The real goal of this project is to create a tool for the 

manager, that will provide them with the full range of competencies that a worker has and then 

create suggestions based on the competencies mix each one possesses, to perform the optimal 
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allocation of human resources. This methodology enhances data-driven decision-making, and it 

is essentially an asset for project management, that ensures the human element is in the center 

of every process, while helping the managers utilize even better their human capital. 

The problem that this methodology solves is the lack of human capital overview when task 

allocation process is being performed. The managers that are responsible for allocating roles to 

the workforce use their experience and subjective criteria, which can occasionally create 

problems if personal bias exists. Through the automated task allocation competency-based 

model the optimal allocation of roles is ensured, while objective criteria are used to make the 

process faster and fairer for everyone. Finally, in case manager has been overloaded with 

responsibilities, this tool assists them in delegating tasks in a much faster and efficient manner. 

5.2 Task Allocation Competency-based model Methodology 
The Task Allocation Competency-based model begins with the competencies definition, and the 

available workforce as inputs to the algorithm. Projects are added in real-time, as well as their 

work breakdown structure, to define the necessary tasks and sub-tasks. The model utilizes the 

above-mentioned data to generate the weight factors of each competence for each task, which 

alters whenever new data are added, since the model operates in real-time. Afterwards, the 

optimal task allocation is calculated, and the user is responsible for the decision-making process. 

If an approvable task allocation suggestion is proposed, then the workers are notified, and they 

can initiate their job. All the updates regarding the task’s status are constantly communicated 

from the workers to the managers, through an easy one-click application, giving essential 

information about the completion of work. Whenever a person successfully completes a task and 

receives the evaluation of the performed jobs, experience points are added to the competency 

matrix, to create more accurate suggestions for future allocations. The Figure 19 depicts the 

flowchart with the task allocation process described in this research work: 
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Figure 19: Flowchart Diagram of proposed System 

The process begins with the weight factor calibration, which is based on the Analytic Hierarchy 

Process (AHP) [110]. The first action to be taken is the matching of task with competencies. What 

is proposed through this research work is to use the raw data produced by workforce evaluation 
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forms and calculate the skill gap, by subtracting the range of values from the workforce 

evaluation for every single competence needed for one task.  

For example, if the evaluation range is from 0 to 10, this means that a worker with a competence 

value of 8 has a skill gap 2, meaning that he has potential to improve but they already have a very 

good score. This can be used to benchmark the competence levels of the workforce and compare 

each worker with other workers or find out their skill levels compared to the company average. 

Afterwards, the matrix goes through the AHP and then the weight factors of each competence 

are allocated. The AHP initial data is a vector, containing the values of every single competence 

required by a person to perform a job and by pairwise comparison the weight factors are 

produced. The algorithm for the AHP has the following steps, for 3 variables: 

Step 1 is to create all the possible pairs and divide the values of each competence needed for a 

task. Step 2 is to calculate the sum of each column and then divide the sum from every cell in the 

specific column. Finally, step 3 the average of the final matrix is calculated to create the weight 

factor vector, as presented in Figure 20: 

 

Figure 20: Analytical Hierarchy Process steps 
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Through the weight factors of each competence needed for the specific task, the worker is 

evaluated for the possible assignment. The score of each worker is calculated as the product of 

competence value and weight factor of the competence. 

One very important restriction is that if the primary competence does not exist, then the worker 

is not evaluated for this task. The evaluation is inserted in a new matrix and all the workers that 

qualified for the evaluation procedure obtain their task score. All the scores in the new matrix 

are possible task allocations for the specific task. The same steps are followed for all the tasks 

that will be performed. The final matrix consists of workers and tasks, and it contains the 

evaluation of each person for every task. 

The next step is through the Hungarian Algorithm (HA) to find the optimal task allocation [111]. 

It is very important to allocate the tasks in a way that the whole project is performed in the 

optimal way, not only one task. The HA is used to allocate maximum or minimum combinations 

of two elements in bipartite graphs and it is very useful for assignment problems. The bipartite 

graph depicts all the values that each combination of row and column can have, as presented in 

Figure 21, and for the HA the number of rows has to be equal to the number of columns, 

otherwise data must be added to perform the algorithm, for example in a minimization problem 

very large values are added so that the missing data will be an impossible allocation. The result 

is all the calculation of all the sums of the possible allocations, under the constraint that one 

value is added in the total sum from every column and row. The possible sums are equal to the 

factorial of the number of people available, for example, if there are 3 elements in each row and 

in each column, the possible sums are n! = 3! = 1*2*3 = 6 

 

Figure 21: Evaluation Matrix for the proposed system 
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This whole process can be illustrated as a neural network, which begins from the input of worker 

skills, the weights are the result of the AHP and multiplied with the competence values, the result 

is the evaluation matrix of each worker for every task. Then, the algorithm calculates all the 

possible allocations and identifies the optimal allocation to ensure the highest competency score 

on the overall matrix. The activation function is used to find the max total score and the output 

is the suggestion of the system for the project manager, as presented in Figure 22. 
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Figure 22: The algorithm of the system as a neural network
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The equations that describe this neural network are: 

• Weight Factors: Analytical Hierarchy Process, as presented in Figure 21 

• Evaluation matrix elements calculation: 

𝐸 = ∑ (𝐶𝑛∗𝑤𝑚)𝑛
𝑘=0  [1] 

 

𝐸: 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒 

𝐶𝑛∗: 𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑦 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑒 𝑛 

𝑤𝑚: 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑡𝑎𝑠𝑘 𝑚 

𝑛: 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑖𝑒𝑠 𝑎 𝑤𝑜𝑟𝑘𝑒𝑟 𝑝𝑜𝑠𝑠𝑒𝑠𝑠𝑒𝑠 

𝑚: 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑟 𝑜𝑓 𝑡𝑎𝑠𝑘 𝑚 

 

• Possible allocations are combinations of all the feasible outcomes, with the limitation of 

one worker per task 

• Max path: Hungarian Algorithm with x describing the score of each possible allocation 

and if a combination is not equal to the max score it is assigned the value of x=0. 

• Activation function (Heaviside): if allocation is max, only then x>0 

H(x) = {
1 ,  𝑥 > 0
0 ,  𝑥 ≤ 0

 [2] 
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5.3 System Architecture  

Proper utilization of staffing resources requires good management of company projects. The 

company planning to manage staff allocation solutions by hand are not as effective as solutions 

provided by a software. Management software enables managers to confidently plan for current 

and future staffing needs. Among other solutions, managers can assess the impact of schedule 

changes from time off requests, eliminate over and under-allocation of employees, view and 

compare allocation costs for deficient areas, visualize connections between schedules and 

completed projects and justify staffing requests whether to add or subtract the number of 

employees. Accomplishing any of this by hand will not improve data-driven decisions. 

Spreadsheets and redundant entries will not give a company the competitive edge it needs, to 

increase the efficiency of their processes. The system architecture is presented in Figure 23 and 

the proposed framework is presented in Figure 24: 

 

Figure 23: System Architecture
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Figure 24: Proposed System for Task Allocation Competency-based Model
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5.3.1 Essential Features for a Strategic Software Solution 

When a company is researching for a new staff allocation solution, they should perform a needs 

assessment and examine if the chosen system offers the desired tools and functions. For 

example, fast scheduling to manage altering schedules easily by updating changes in real-time. 

Schedule visibility with one calendar available for multi-users to view and see each employee’s 

role on different projects. Updates must be easy to share and forwarded to individual employees 

or an entire team. Customized fields and filters for reports, so that managers can focus on 

different projects based on skill level or department. Flexible reporting features is a great tool for 

seeing who is available for a new assignment. Plan and manage leave requests with project 

deadlines, assisting managers to approve or deny time off requests within the context of the 

department’s workload. Whether the request is sick leave, vacation or another type of absence, 

managers never work with missing data when planning work schedules. Over-allocation can be 

easily prevented with a system that alerts managers regarding staff allocation problems. Track 

overtime to monitor labor costs and ensure employees are not working excessive overtime hours 

to meet deadlines. This view helps to determine labor needs to keep staff levels balanced with 

work. Planning beforehand the staff allocations is essential to ensure that projects are on 

schedule and in budget. Companies have a better chance of meeting outcomes with tools that 

work alongside management decisions and provide clear overview of human capital. 

5.3.2 Requirements and Specifications of the Proposed System 

• Who is the supervisor of this task? 

• What is the task? 

• What are the sub-tasks? 

• What are the metrics of performance? 

• How much is the expected time for completion of the task? 

• What skills are required? 

• What level of experience is required? 

• Who is going to keep track of the task? 

• How to optimize the procedure / what are the most time-consuming actions? 

• How a change in task allocation is going to affect production? 
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Human hour should be considered as an important resource. For this reason, managers must 

keep track of available human hours per day per worker, how much time is approximately going 

to be needed for a task completion according to the level of experience and the range of skills a 

worker possesses. 

The variables that the software requires to create a workflow for visualizing the Task Allocation 

are: Task-related skills and Task timeframe, Worker’s Competencies and Experience, Cost of 

Resources (Labor, Machines, Materials, Cost of Delays, Cost of Malfunctions, cost of unutilized 

workers), Calculating Factors (cost/time importance – priority in production). 

To measure the competency of a worker their background must be assessed (ex. Studies, projects 

participated, previous task assignments, performance evaluation, self-assessment results) and 

give to the worker his specific list of tasks with deadlines for completion and an instruction 

manual for the job. Moreover, experience is a very important factor, because if it is a task related 

to the services of a company the experienced worker will be able to perform better, but if it is a 

task that requires the understanding of a new topic the most required skills are agility and 

learning-curve. 

It is essential to have a list of all the tasks and sub-tasks that the workers must perform and 

formulate performance indicators. The solution must be easy-to-use and enable real-time 

reporting of the progress. Workers should not have to waste time on reporting, but also the 

manager must have all the important data and be aware of the progress in a project. The way to 

counter this issue is through having a template of the task-list per worker and through one click 

they must be able to record the progress done, the approximate working time consumed for a 

task and the quality of the outcome. Another very important feature that would have great 

impact in the production, is to make the tool compatible with voice instructions. This way 

reporting can be done on the spot and important data can be collected in real-time. The whole 

process can be gamified, and workers can be a part of the brainstorming phase of the system. 

5.3.3 System Implementation 

The tools that were utilized to develop the system were python programming for the coding of 

the solution, excel files used as inputs and data visualizations for the outcomes presentation to 
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the user. The prototype used only excel as input to the program, nevertheless, a more advanced 

version of the system will be able to integrate cloud technologies for the database storage, 

Internet of Things to have real-time intelligence regarding the availability of machinery and smart 

devices for the workers to update their status easily, whenever they finish a task, or they need 

extra resources. Such tools for the workers can also create functions to monitor personnel health, 

fatigue, mood, and other important factors for the task allocation. 

5.3.4 User Interface of the proposed System 

In Figure 25  the log in user interface is displayed. You can create a new account, if you are a new 

hire, or you can log in with your credentials. User interface will be changing according to the 

hierarchy, with the management personnel having access to all the files, while the rest of the 

employees will have access to general files and their department’s data. The same applies to 

statistics of workforce and workload monitoring.  

Setting up an account should be fast and easy to do, both for a worker’s profile or a new 

project. All the information must be connected to the central database of the system, as 

presented in Figure 26. 

Figure 25: Application Interface and menu 
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Figure 26: Application Interface – Databases tab, to insert the initial data of the workforce and 

the projects 

The Home Page has a few charts, as presented in Figure 27, like: task completed vs estimated 

completed tasks, daily schedule, idle time of workforce / machines, task overallocation or under 

allocation. The data of the charts are received from the central database, sensors, and the 

reports.  

Estimated tasks to be completed uses an algorithm that forecasts how many more tasks can be 

completed in a day, depending on the data of previous days and workers’ efficiency today. Daily 

schedule can be a Gantt Chart or a bar chart displaying allocated time for each project. Task 

allocation depends on the tasks each person has on their daily schedule and if the estimated time 

exceeds the available hours there should be a notification. If there is unutilized time, then there 

should also be a notification. Idle time depends on the resource allocation times and it is very 

important for data-driven decision making, in undertaking new projects or recruiting more 

workers. The Task Allocation Software is automatically performed whenever a new task is 

uploaded, and it is assigned immediately to a worker. If the manager wishes to change a task or 

replace a worker, all the data are automatically refreshed, and the changes are easy to track. 

When the manager decides the course of action there is an apply button to make the changes 

visible to everybody using the application. 
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Figure 27: Application Interface - Home Page 
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6. Case Study – Task Allocation in a Shipping Company 
The case that is examined in this research is the seafarers’ allocation to a company’s vessels. This 

specific type of allocation has a quite long timeframe, since it can vary from 3 months to almost 

1 year and the seafarer must remain inside the vessel for all this time and work constantly to 

ensure that the shipping operations are successful daily. In case the allocation of seafarers to 

existing vessels is not done properly the cost of removing the personnel from the ocean is 

thousands of dollars and in case the company cannot find a suiting replacement within a few 

days, the seafarers will probably have to work longer hours to cover all the shifts and causing 

fatigue to the workforce or even pay fines for sailing without the minimum number of people. 

Having an up-to-date database with all the crew members and setting a timeline for changing 

seafarers are good policies that the company implements.  

The tools and systems that the company used for this procedure at the moment was excel and 

the manager’s intuition. All the task allocations were performed manually. 

The managers have specific requirements from a task allocation software, and these are: Easy 

and fast reporting, Ability to insert custom variables for data visualizations, automate processes 

and repetitive tasks, minimize wasted time of key personnel in allocating crew members to 

vessels, ensure the competence score of the fleet is balanced among vessels, identify training 

needs and competence gaps. The Figure 28 illustrates the requirements set by the company 

managers: 
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Figure 28: Requirements that the users of the system formulated 

For this case study, the data that were necessary to perform the analysis were: seafarer data, 

competence list, competence evaluation per seafarer (skill matrix) and the requirements for task 

allocation were formulated. To make easier the process for the prototype creation and the 

testing of the algorithm, each vessel was considered the same in terms of needs and knowledge 

requirements, the variable of time was not taken into consideration meaning that the hypothesis 

was that seafarers were available now to sail and that the vessels needed people. Moreover, the 

allocation is examined for specific officer ranks, not the whole crew, which are Chief Engineer 

(CE), Chief Officer (CO), Second Engineer (E2) and Third Engineer (E3). Finally, personal data were 

not taken into consideration, like experience or age, the only data utilized were the competence 

evaluation of the company. The competence areas the company set are presented in table 1: 
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Table 2: Data table for required by the company competencies 

CODE COMPETENCE AREA 

C01 OPERATIONS MANAGEMENT 

C02 BUNKERING 

C03 CARGO 

C04 EMERGENCY RESPONSE 

C05 ENERGY EFFICIENCY 

C06 ENVIRONMENT 

C07 NAVIGATION 

C08 ENGINE ROOM 

C09 INSPECTIONS 

C10 TECHNOLOGY 

C11 LIFTING GEAR 

C12 DECK MACHINERY 

C13 TROUBLESHOOTING 

C14 GENERAL 

C15 OVERALL PERFORMANCE 

C16 PERSONAL TRAITS 

C17 PHYSICAL CONDITION 

C18 PLANNED MAINTENANCE 

C19 PROMOTION CRITERIA 

C20 INVENTORY 

C21 SAFETY  

C22 SECURITY 
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The competence areas that the company examines are technical competencies, aligning 

performance for success, planning and organizing, work standards, risk taking and decision-

making. The specific skill that every competence area includes are presented in Figure 29: 

 

Figure 29: Competence areas and they evaluated skills for each of them 

Each competence area includes various skills that are evaluated, to calculate the total evaluation 

of a seafarer. For example, operations, bunkering, navigation, maintenance, are technical, while 

general skills and personal traits are interpersonal skills. Another important aspect of the 

required skills is environment, for example energy efficiency and environmental protection. 

Finally, safety skills, emergency preparedness and security are crucial to ensure that everyone 

that travels in the sea can protect themselves, their co-workers, and the cargo. The specific skill 

that every competence area includes are presented in the diagram below, as well as the list of 

core skills is presented below: 

The data for the vessels were based on random variables, close to the average vessel competence 

evaluation and the values were between 1 and 5. To calculate the competence gap per vessel, a 

simple subtraction was performed, between the competence value and the number 6, to have 

the same scale with competence evaluation (1-5). The vessels that are examined are 3. 
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Table 3: Data table for Vessel evaluation per competence area and the skill gap 

VESSEL 

EVALUATION 
VES1 VES2 VES3  

VESSEL COMPETENCY 

GAP 
VES1 VES2 VES3 

C01 3 3 3  C01 3 3 3 

C02 5 2 5  C02 1 4 1 

C03 1 4 2  C03 5 2 4 

C04 4 1 2  C04 2 5 4 

C05 1 2 1  C05 5 4 5 

C06 4 3 1  C06 2 3 5 

C07 1 4 4  C07 5 2 2 

C08 2 1 1  C08 4 5 5 

C09 3 5 5  C09 3 1 1 

C10 4 5 2  C10 2 1 4 

C11 5 5 1  C11 1 1 5 

C12 3 2 5  C12 3 4 1 

C13 2 4 2  C13 4 2 4 

C14 2 2 1  C14 4 4 5 

C15 3 3 1  C15 3 3 5 

C16 5 2 1  C16 1 4 5 

C17 1 4 3  C17 5 2 3 

C18 1 4 2  C18 5 2 4 

C19 2 3 1  C19 4 3 5 

C20 5 5 2  C20 1 1 4 

C21 3 4 2  C21 3 2 4 

C22 3 2 5  C22 3 4 1 
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The skill matrix is a table with 22 skills and 12 officers, that presents the evaluation score that 

every person has for every core skill. 

Table 4: Data table for Skill Matrix of the seafarers 

SKILL 

MATRIX 

CE-

11 

CE-

22 

CE-

33 

CO-

11 

CO-

22 

CO-

33 

E2-

11 

E2-

22 

E2-

33 

E3-

11 

E3-

22 

E3-

33 

C01 0 0 0 0 0 0 0 0 0 0 0 0 

C02 4.5 3 4.5 3.75 0 0 4.5 4.1 5 3.83 4.75 3.9 

C03 4.5 4 4.53 3.73 3.95 3.53 4.42 4.25 5 4.17 4.85 3.9 

C04 5 4 4.54 3.89 4.36 3.2 4.42 4.05 5 4 0 3.9 

C05 4.5 4 4.17 3.37 4 3 4.17 4 4.5 4 4.25 3.8 

C06 4.5 4 4.33 3.71 4.08 3.07 4.5 3.93 5 3.67 4.17 3.93 

C07 0 0 0 3.78 4.44 3.2 0 0 0 0 0 0 

C08 4.5 4 4.47 0 0 0 4.37 4.16 5 4.07 4.65 3.96 

C09 4.5 3 4.42 3.67 4.6 3.5 4.4 3.72 4.5 4 4.37 4.3 

C10 4.5 3 4.33 3.86 4.1 3.75 4.39 4.07 4.67 3.78 4 3.73 

C11 0 0 0 0 0 0 0 0 0 0 0 0 

C12 4.5 4 4.61 3.78 4.2 4 4.17 4.03 5 3.87 4.25 3.42 

C13 4.5 4 4.33 0 0 0 4.18 3.98 4.5 3.7 4.2 3.48 

C14 4.5 3 4.5 3.47 4.64 2.8 4.5 4.2 5 3.67 5 3.8 

C15 4.33 3 4.5 3.67 4.2 2.67 4.33 4.4 4.5 4 4.5 3.8 

C16 4.49 2.86 4.46 3.67 4.57 2.63 4.39 4.01 4.69 3.62 4.34 3.76 

C17 4.5 3 4.72 4.03 4.87 3.55 4.5 4.33 4.5 4.22 4.91 3.93 

C18 4.5 3.5 4.41 3.7 4.11 3.53 4.37 4.06 4.5 3.56 3.83 3.53 

C19 0 0 5 3.53 0 1.6 5 5 4.43 0 5 4.2 

C20 4.5 4 4.39 3.85 3.82 3.11 4.07 4 4.67 3.5 4 3.7 

C21 4 4 4 3.86 4.8 3.17 4.56 4 5 4 4.58 4.07 

C22 4.5 4 4.17 3.78 4.4 3.33 4.5 3.8 4.5 3.67 4 3.6 
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The average score per seafarer, as calculated from the skill matrix is presented in Figure 35: 

 

Figure 30: Competency Matrix Seafarer average score 

The skill matrix data are used to calculate the competency average, as presented in the below 

graph, with blue bars representing the above average competency levels of the crew and with 

orange the below average competency levels, making it easier to identify training needs in 

specific competency areas. For this case study, the crew lacks C07 – Navigation, C08 Engine Room 

operations, C13 Troubleshooting, and C19 Promotion Criteria. Considering this information, the 

training needs of the crew can be managed, and the proper seminars and workshops can be 

scheduled for the seafarers.  
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Figure 31: Average Competency Level of Fleet 

The competence gap per vessel was used as input in the algorithm, to calculate the weight factors 

through the AHP. The data of the algorithm were manually imported, but it can be modified to 

use as input excel files, through a command for windows explorer integration. With this feature 

an excel file can be uploaded and used as input, increasing the scalability of the algorithm, and 

enabling the code to process more data, without decreasing the performance of the system. The 

only constraint is that the excel file must be the one that the user interface demands from the 

user. 
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Table 5: Data table for each vessel's weight factors 

CODE WF1 WF2 WF3 

C01 0.035087719 0.03257329 0.039138943 

C02 0.105263158 0.024429967 0.11741683 

C03 0.021052632 0.048859935 0.029354207 

C04 0.052631579 0.019543974 0.029354207 

C05 0.021052632 0.024429967 0.023483366 

C06 0.052631579 0.03257329 0.023483366 

C07 0.021052632 0.048859935 0.058708415 

C08 0.026315789 0.019543974 0.023483366 

C09 0.035087719 0.09771987 0.11741683 

C10 0.052631579 0.09771987 0.029354207 

C11 0.105263158 0.09771987 0.023483366 

C12 0.035087719 0.024429967 0.11741683 

C13 0.026315789 0.048859935 0.029354207 

C14 0.026315789 0.024429967 0.023483366 

C15 0.035087719 0.03257329 0.023483366 

C16 0.105263158 0.024429967 0.023483366 

C17 0.021052632 0.048859935 0.039138943 

C18 0.021052632 0.048859935 0.029354207 

C19 0.026315789 0.03257329 0.023483366 

C20 0.105263158 0.09771987 0.029354207 

C21 0.035087719 0.048859935 0.029354207 

C22 0.035087719 0.024429967 0.11741683 
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The function that calculates the evaluation per vessel of each worker is the product of every 

competence and its weight factor per vessel, and then the calculated sum per worker per vessel 

is the Evaluation Matrix element. 

𝐸𝑘 =  ∑(𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒)[𝑛] × (𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑎𝑐𝑡𝑜𝑟)[𝑛]

𝑚

𝑛=1

 

 

[3] 

𝑚: 𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑖𝑒𝑠 𝑛𝑢𝑚𝑏𝑒𝑟, 𝑚 = 22, 𝑘: 𝑣𝑒𝑠𝑠𝑒𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 , 𝑘 = [1,2,3] 

𝐸𝑘: 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 𝑚𝑎𝑡𝑟𝑖𝑥 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑓𝑜𝑟 𝑣𝑒𝑠𝑠𝑒𝑙 𝑘 , 𝑘 = [1,2,3] 

 

The next step was to use the abovementioned data as inputs to the HA, in the form of a bipartite 

graph, and then calculate the optimal allocation. All the results are presented in the prototype 

created with python for this case study. The result of the algorithm presents the optimal 

competency-based allocation of seafarers to vessels, to have the best total competence score on 

the fleet, not per vessel.  

The result of the algorithm and the graphical user interface are produced in less than 3 seconds 

and the project manager can use it as a guide to decide how they will allocate the crew. In case 

they want to allocate a specific seafarer to a vessel they can easily exclude them from the 

algorithm and make the allocation manually, and then re-calculate the outcome for the rest 

people. This solution provides a fast and effective outcome, that works both as a project 

management tool and as a human capital overview system. The databases and the workflow of 

the system are presented in the UML diagram, Figure 32, and the sequence diagram, Figure 33, 

below: 
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Figure 32: UML diagram of system's databases 
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Figure 33: Sequence diagram for the system 
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The prototype start menu has 3 columns, as presented in Figure 34, the first one and the third 

one are for data presentation, and the color code is green for those 2 categories. The Databases 

buttons present the data in each utilized database and the weight factors for each vessel. The 

Evaluation Matrix is used to print the bipartite graphs for all the available officer ranks, presenting 

the evaluation of each seafarer for all the vessels. After pressing one button the data are either 

printed as graphs, for the left column, or printed as tables, for the right column. The middle 

column is the result of the algorithm, and it illustrates the optimal task allocation for each officer 

rank. 

 

Figure 34: Screenshot of the system's prototype home page 
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The Fleet Average refers to the fleet average competence gap per competence, so that the 

manager can quickly access the data of the competencies they should train the crew. The data 

used for this graph is the competence gap for every vessel and the average is calculated for every 

competence. The graph is presented in Figure 35. 

Equation 1: Fleet average competence gap 

𝐹𝐿𝐸𝐸𝑇 𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝐶𝑂𝑀𝑃𝐸𝑇𝐸𝑁𝐶𝐸 𝐺𝐴𝑃 =  ∑
𝑉𝐸𝑆1[𝑖] + 𝑉𝐸𝑆2[𝑖] + 𝑉𝐸𝑆3[𝑖]

3

22

𝑖=1

 

 

[4] 

𝑉𝐸𝑆𝐽: 𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑒 𝑔𝑎𝑝 𝑜𝑓 𝑣𝑒𝑠𝑠𝑒𝑙 𝑗, 𝑗 = 1,2,3 

𝑖: 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑖𝑒𝑠, 𝑖 = 22 

 

 

Figure 35: Prototype generated graph for the fleet average competence gap 
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The Competence Gap refers to the competence gap of the vessels, and the printed graph 

presents a bar chart of the competence gap values per ship. The term vessel and ship can be used 

interchangeably. The manager can use this graph to easily access the fleet’s data and identify if 

there is lack of certain competencies within the vessels. This graph is very useful when allocating 

officers, since it presents the areas that need immediate action. The vessel average evaluation 

can be enhanced significantly if a competent officer attends the ship, as they can educate the 

rest of the crew and teach them on the job. The graph is presented in Figure 36. 

 

Figure 36: Prototype generated graph for the competence gap of each ship per competence 
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The last graph of the left column is the Weight Factors, which refers to the results of the AHP in 

the algorithm. The sum of the weights for each vessel equals to 1 and a scatter plot is used to 

illustrate the data. The significance of each competence can be identified by examining how far 

from the y axis the data point is. If a weight factor for a competence has larger value than another, 

it means that the larger value is more important for the specific vessel since it lacks that skill area. 

The graph is presented in Figure 37. 

 

Figure 37: Prototype generated pie chart presenting the weight factors per ship per competence 

 

The right column is used to print as tables the bipartite graphs used as inputs to the HA for the 

task allocation. Every officer rank has a different button since the final allocation is performed 

for the ranks of the seafarers, as presented in Figure 38.   
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Figure 38: Screenshot of the Prototype presenting the Evaluation Matrix function and the 

bipartite graph data 

Finally, the optimal task allocation is presented in Figure 39 and it is calculated after pressing the 

buttons in the middle column. By choosing the rank the python algorithm calculates the 

allocation with the highest score and prints the combination of officers to the vessels. For 

example, if the manager wants to allocate Chief Engineers to 3 ships that have open positions 

now. 

 

Figure 39: Screenshot of the Prototype presenting the optimal task allocation for the Chief 

Engineers in the fleet  
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Similarly, the results for the seafarer allocation to the fleet is presented in the table below: 

Table 6: Seafarer score per vessel 

Officer Code Ship1 Ship2 Ship3 

CE-11 3.66 3.53 3.84 

CE-22 2.84 2.78 3.03 

CE-33 3.72 3.63 3.90 

CO-11 3.02 3.01 3.31 

CO-22 2.89 3.19 3.24 

CO-33 2.19 2.53 2.56 

E2-11 3.68 3.60 3.87 

E2-22 3.42 3.34 3.54 

E2-33 4.00 3.85 4.16 

E3-11 3.08 3.02 3.29 

E3-22 3.44 3.49 3.73 

E3-33 3.20 3.16 3.35 

 

The result of Hungarian Algorithm for the seafarers’ allocation in the fleet is presented in the 

following graph:  
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Figure 40: Allocation of Seafarers to Vessels 

The average competency of the fleet rose on Vessels 1,3 and the competency level of Vessel 2 

remained almost unchanged. The proposed allocation is the optimal solution for keeping the fleet 

competency level balanced. The below figure illustrates the competency level alterations from 

before the allocation and after the allocation. 

 

Figure 41: Competency Fleet Balance before and after the allocation of seafarers 
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The available seafarers have different work schedules, depending on the deal they have agreed 

upon with the crew manager. The schedule is presented in the Gantt chart below: 

 

Figure 42: Gantt chart with seafarer work schedules 

The necessary crew changes are depicted with the orange cells in the Gantt chart and at these 

time slots the developed algorithm can be utilized to allocate personnel in the optimal manner 

from the available pool of officers. Through the Gantt chart the necessity for additional crew 

members can be identified, and the crew manager can assess whether they can manage with the 

existing staff the allocation to the vessels, or if more people must be employed. From the 

presented work schedule, July and August are the timeframes with the most risk of not having 

enough crew members to manage the fleet requirements.   

 

 

Officer Code Months In Months Out September October November December January February March April May June July August September October November December January

CE-11 4 4 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 1

CE-22 6 2 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 1

CE-33 4 2 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 0

CO-11 4 2 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 0

CO-22 8 4 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1

CO-33 4 2 1 1 1 1 0 0 1 1 0 0 1 1 1 1 0

E2-11 12 4 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1

E2-22 8 4 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1

E2-33 2 2 1 1 0 0 1 1 0 0 0 0 1 1 0 0 1

E3-11 8 4 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1

E3-22 8 4 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1

E3-33 12 4 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1

12 12 11 11 8 8 9 9 6 6 4 4 9 9 7 7 9Available Seafarers:
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7. Expected Outcomes from the System’s Implementation 
The expected outcomes on the specified fields that the framework is applied  to are easy and fast 

reporting, ability to insert custom variables for data visualizations, process automation, 

minimization of wasted time of key personnel, balanced competency score among the fleet, 

identification of training needs and scheduling of activities. 

For the reporting, it is expected that the time needed for report writing and generation will be at 

least 50% less than the current time rates, the training hours for the new system will be less than 

5 hours and the employee approval rate of the novel system must be above 85% of the frequent 

users, while the generation rate of reports should be doubled within the first 6 months of usage. 

The available visualizations will include pie charts, histograms, bar charts, bullet graphs, calendar 

view and Gantt chart, donut charts, radar charts, scatter plots, tree diagrams and heatmaps, 

depending on the user’s needs. The available variables for the reports will be all the data that are 

recorder and used as inputs in the system. As a result, the managers will be able to produce all 

kinds of data visualizations with all the possible variable combinations. 

Repetitive processes, like report writing and report generation will be simplified and automated 

to a sufficient level, for the daily operations optimization of the user. The data entry after the 

initial setup will be minimal, since the project data will be entered whenever a new project is 

initiated and the workforce databases will be dynamic, so every recorded task will alter the 

competency evaluation, based on the performance score of each person. The task allocation 

process will be optimized and simplified, to a point of yes or no command for the manager, who 

will have the available visualizations for human capital overview, and the proposed algorithm for 

the task allocation suggestion. The number of successful allocations will be visible after many 

iterations of the code, and by comparing the project performance before and after the 

implementation of the solution the rate of efficiency can be determined, which is expected to be 

above 95% for the successful allocations. Finally, the competency score will be balanced among 

the overall operations of the organization and in case training needs occur, the identification will 

be in real-time, as well as the scheduling of suitable training for the workforce.  
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8. Future Research 
For future research, other algorithms can be used, to further improve the methodology and 

additional data can be utilized to calculate weight factors. The process can be more dynamic if 

experience points are added whenever a worker performs a task or receives training sessions, 

making the skill matrix up to date with the workforce status. Integrating the software with cloud 

technologies and creating a mobile application could further improve the results of the algorithm, 

since the system will be more accessible, and the information will be decentralized. Finally, the 

system can be combined with other systems to share the task allocation updates with every 

interested party and create a real-time information flow, assisting the better management of 

projects and human capital.  

Furthermore, the solution is based on a software approach and a future version of the system 

could implement a hardware solution, for example sensors to manage the information from the 

equipment, smart devices for the human operators to update on real-time their progress with 

one-click applications and cloud storage services to manage data security, scalability of the 

system and better information flow across the organization. 
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9. Conclusions 
The Industry 4.0 has impacted a lot the human element in the workplace, with novel technologies 

like robotics and artificial intelligence, and with the Industry 5.0 emerging the workforce is being 

put back in the center of all activities that an organization performs. As technology advances the 

human capital becomes more and more crucial for the successful integration and adoption of 

innovative solutions and what makes the people as an increasingly valuable asset is the ability to 

reskill and upskill people, the creativity, the innovation, and the flexibility they offer to the daily 

operations. The combination of automation and human element in the workplace can lead an 

organization to achieve strategic objectives much more efficiently, under the constraint of 

properly understanding what each asset has to offer and how to enhance the cooperation 

between them. The term competency is key to achieving such goals since it represents the least 

utilized resource in the workforce planning. Despite being a widespread term and an emerging 

research field, competency is far from being utilized to its full potential. Each worker has a set of 

skills, attributes and experiences that combined with their behavior towards various situations 

can lead to successful performance of a task. This research work aimed in uncovering the 

potential of the competencies when allocating task to human operators and how it can affect the 

produced outcome of a job. What the study indicated is that competencies in the workplace can 

assist managers to allocate tasks more efficiently, balance the competency levels among the 

active tasks and forecast talent shortages. The proposed framework consisted of a competency 

development framework, a task allocation competency-based model and an algorithm to 

combine task needs with people competencies into a unified approach for project management. 

Furthermore, a prototype was developed for the solution through python programming, as well 

as a Graphical User Interface for the visualizations of the algorithm’s output. Finally, the solution 

was implemented in a maritime industry case, in which seafarers should be allocated to existing 

vessels. Data for the workforce and the vessels were used as inputs in the program and the result 

was a proposed allocation of all the seafarers to vessels, while maintaining a balanced 

competency level among the fleet and ensuring that the operational needs per vessel were fully 

satisfied. Human capital overview is essential in efficient management of workforce and through 

the proposed framework and system managers can optimize the utilization of human element. 
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Appendix – Python Code 
"Libraries used for the Algorithm" 

import os 

from hungarian_algorithm import algorithm 

import matplotlib.pyplot as plt 

import pandas as pd 

import numpy as np 

import tkinter as tk 

from pandas import DataFrame 

from matplotlib.backends.backend_tkagg import FigureCanvasTkAgg 

from matplotlib.backends.backend_pdf import PdfPages 

import warnings 

warnings.filterwarnings("ignore") 

"Calculate the speed execution of the code" 

import profile 

import re 

profile.run('re.compile("foo|bar")') 

 

"Skill Matrix Function" 

def required_skills(rnk,logical_control,sm): 

    while(logical_control == "False"): 
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        if (rnk=="CO"): 

            sm = [[sm_CO33], [sm_CO22], [sm_CO11]] 

            logical_control = "True" 

        elif(rnk=="CE"): 

            sm = [[sm_CE11], [sm_CE22], [sm_CE33]] 

            logical_control = "True" 

        elif(rnk=="E2"): 

            sm = [[sm_2E33], [sm_2E22], [sm_2E11]] 

            logical_control = "True" 

        elif(rnk=="E3"): 

            sm = [[sm_3E11],[sm_3E22],[sm_3E33]] 

            logical_control = "True" 

        else: 

            print("No officer rank found for this ID code.") 

    return(sm) 

 

"Qualified Officers Function" 

def qualify(rnk,logical_control,qual_code): 

    while(logical_control == "False"): 

        if (rnk=="CO"): 

            qual_code = id_CO.copy() 

            logical_control = "True" 
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        elif(rnk=="CE"): 

            qual_code = id_CE.copy() 

            logical_control = "True" 

        elif(rnk=="E2"): 

            qual_code = id_2E.copy() 

            logical_control = "True" 

        elif(rnk=="E3"): 

            qual_code = id_3E.copy() 

            logical_control = "True" 

        else: 

            print("No officer rank found for this ID code.") 

    return(qual_code) 

 

"Weight Factor Generator Function - with AHP" 

def wf(VES): 

    k = len(VES) 

    A = VES.copy() 

    sum1 = 0 

    sum2 = list() 

    tot = 0 

    matrix = {} 

    matrix[0,0] = 0 
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    weight_factor = list() 

 

    for i in range (0,k): 

        for j in range (0,k): 

            matrix[i,j]=A[j]/A[i] 

 

    for i in range(0,k): 

        sum1 = 0 

        for j in range(0,k): 

            sum1 = sum1 + matrix[j,i] 

        sum2.insert(i,sum1) 

 

    for j in range(0,k): 

        for i in range(0,k): 

            matrix[i,j] = matrix[i,j]/sum2[j] 

 

    for i in range(0,k): 

        sum1 = 0 

        for j in range(0,k): 

            sum1 = sum1 + matrix[i,j] 

            sum2.insert(i,sum1) 
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    for i in range (0,k): 

        tot = sum2[i]/k 

        if i==0: 

            weight_factor.insert(i,tot) 

        else: 

            weight_factor.append(tot) 

    return(weight_factor) 

 

"Seafarer Score as input to Hungarian Algorithm" 

def matrix(V1,V2,V3,sm1,sm2,sm3): 

    l = len(V1) 

    m = len(sm1) 

         

    a1=a2=prod=sum11=sum12=sum13=sum21=sum22=sum23=sum31=sum32=sum33=0 

    s1 = np.array(sm1) 

    s2 = np.array(sm2) 

    s3 = np.array(sm3) 

    w1 = np.array(V1) 

    w2 = np.array(V2) 

    w3 = np.array(V3) 

 

    sum11 = round(np.sum(s1 * w1),2) 
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    sum12 = round(np.sum(s1 * w2),2) 

    sum13 = round(np.sum(s1 * w3),2) 

    sum21 = round(np.sum(s2 * w1),2) 

    sum22 = round(np.sum(s2 * w2),2) 

    sum23 = round(np.sum(s2 * w3),2) 

    sum31 = round(np.sum(s3 * w1),2) 

    sum32 = round(np.sum(s3 * w2),2) 

    sum33 = round(np.sum(s3 * w3),2) 

 

    table = { 

        'Ship1':{b:sum11,c:sum21,d:sum31}, 

        'Ship2':{b:sum12,c:sum22,d:sum32}, 

        'Ship3':{b:sum13,c:sum23,d:sum33} 

        } 

    return(table) 

 

"Task Allocation Function - with Hungarian Algorithm" 

def ha(table):         

    ha = algorithm.find_matching(table,matching_type = 'max',return_type = 'list') 

    return(ha) 

 

def solution (task_allocation): 
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    label3 = tk.Label(root, text= 'The optimal task allocation is: ',font=('helvetica', 10)) 

    canvas1.create_window(400, 180, window=label3) 

     

    label4 = tk.Label(root, text= task_allocation,font=('helvetica', 10, 'bold')) 

    canvas1.create_window(400, 210, window=label4) 

 

def func (task_allocation): 

    label5 = tk.Label(root, text= 'Function completed: ',font=('helvetica', 10)) 

    canvas1.create_window(700, 300, window=label5) 

     

    label6 = tk.Label(root, text= task_allocation,font=('helvetica', 10, 'bold')) 

    canvas1.create_window(700, 310, window=label6) 

 

def bar_chart(data1,data2,data3,name,title): 

    x = name 

    fig, (ax1,ax2,ax3) = plt.subplots(3,sharex=True) 

    fig.suptitle(title) 

    ax1.bar(x,data1,color='c') 

    ax2.bar(x,data2,color='tab:blue') 

    ax3.bar(x,data3,color='royalblue') 

    ax1.legend(labels=['Ship1']) 

    ax2.legend(labels=['Ship2']) 
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    ax3.legend(labels=['Ship3']) 

    plt.show() 

 

     

def single_bar_chart(df,name,title): 

    plt.bar(name,df,width=0.8,bottom=None,align='center') 

    plt.suptitle(title) 

    plt.show() 

 

def scatter_chart(data1,data2,data3,name,title): 

    x = name 

    data1 = np.round(data1,3) 

    data2 = np.round(data2,3) 

    data3 = np.round(data3,3) 

    fig, (ax1,ax2,ax3) = plt.subplots(1,3) 

    fig.suptitle(title) 

    ax1.scatter(data1,x, marker='o'); 

    ax1.set_title("Ship1") 

    for i, txt in enumerate(data1): 

        ax1.annotate(txt, (data1[i], x[i])) 

 

    ax2.scatter(data2,x, marker='+'); 
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    ax2.set_title("Ship2") 

    for i, txt in enumerate(data2): 

        ax2.annotate(txt, (data2[i], x[i])) 

 

    ax3.scatter(data3,x, marker='s'); 

    ax3.set_title("Ship3") 

    for i, txt in enumerate(data3): 

        ax3.annotate(txt, (data3[i], x[i])) 

    plt.show() 

 

def pie_chart(data1,data2,data3,name,title): 

    x = name 

    fig, (ax1,ax2,ax3) = plt.subplots(1,3) 

    fig.suptitle(title) 

    ax1.pie(data1,labels=name,colors = 

None,autopct='%0.1f%%',pctdistance=1.05,labeldistance=1.15,startangle=0,radius=1) 

    ax1.set_title("Ship1") 

    ax2.pie(data2,labels=name,colors = 

None,autopct='%0.1f%%',pctdistance=1.05,labeldistance=1.15,startangle=0,radius=1) 

    ax2.set_title("Ship2") 

    ax3.pie(data3,labels=name,colors = 

None,autopct='%0.1f%%',pctdistance=1.05,labeldistance=1.15,startangle=0,radius=1) 
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    ax3.set_title("Ship3") 

    plt.show()     

"Manual Data Import" 

competence = ["C01","C02","C03","C04","C05","C06","C07","C08","C09","C10","C11", 

              "C12","C13","C14","C15","C16","C17","C18","C19","C20","C21","C22"] 

 

"Seafarer ID" 

 

id_code = ["CO","CE","E2","E3"] 

l = len(id_code) 

id_CO = ["CO-33","CO-22","CO-11"] 

id_CE = ["CE-11","CE-22","CE-33"] 

id_2E = ["E2-33","E2-22","E2-11"] 

id_3E = ["E3-11","E3-22","E3-33"] 

 

"Vessel Competency Gap" 

 

VES1 = [3,1,5,2,5,2,5,4,3,2,1,3,4,4,3,1,5,5,4,1,3,3] 

df_VES1 = pd.DataFrame(VES1,columns = ["Competence Gap"]) 

df_VES1.index = competence 

 

VES2 = [3,4,2,5,4,3,2,5,1,1,1,4,2,4,3,4,2,2,3,1,2,4] 
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df_VES2 = pd.DataFrame(VES2,columns = ["Competence Gap"]) 

df_VES2.index = competence 

 

VES3 = [3,1,4,4,5,5,2,5,1,4,5,1,4,5,5,5,3,4,5,4,4,1] 

df_VES3 = pd.DataFrame(VES3,columns = ["Competence Gap"]) 

df_VES3.index = competence 

 

VES_comp_gap = {'Ship1': VES1,'Ship2':VES2,'Ship3':VES3} 

df_VES_comp_gap = pd.DataFrame(VES_comp_gap,columns = ["Ship1","Ship2","Ship3"]) 

df_VES_comp_gap.index = competence 

 

avg_VES1 = sum(VES1)/len(VES1) 

avg_VES2 = sum(VES2)/len(VES2) 

avg_VES3 = sum(VES3)/len(VES3) 

avg_CO = [] 

 

for i in range (0,len(VES1)): 

    if(i==0): 

        avg_CO.insert(i,(VES1[i]+VES2[i]+VES3[i])/3) 

    else: 

        avg_CO.append((VES1[i]+VES2[i]+VES3[i])/3) 

for i in range(0,len(VES1)): 
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    avg_CO[i] = round(avg_CO[i],2) 

            

"Skill Matrix Values per Seafarer" 

sm_CO11 = 

[0,3.75,3.73,3.89,3.37,3.71,3.78,0,3.67,3.86,0,3.78,0,3.47,3.67,3.67,4.03,3.7,3.53,3.85,3.86,3.78

] 

sm_CO22 = [0,0,3.95,4.36,4,4.08,4.44,0,4.6,4.1,0,4.2,0,4.64,4.2,4.57,4.87,4.11,0,3.82,4.8,4.4] 

sm_CO33 = [0,0,3.53,3.2,3,3.07,3.2,0,3.5,3.75,0,4,0,2.8,2.67,2.63,3.55,3.53,1.6,3.11,3.17,3.33] 

 

sm_CE11 = [0,4.5,4.5,5,4.5,4.5,0,4.5,4.5,4.5,0,4.5,4.5,4.5,4.33,4.49,4.5,4.5,0,4.5,4,4.5] 

sm_CE22 = [0,3,4,4,4,4,0,4,3,3,0,4,4,3,3,2.86,3,3.5,0,4,4,4] 

sm_CE33 = 

[0,4.5,4.53,4.54,4.17,4.33,0,4.47,4.42,4.33,0,4.61,4.33,4.5,4.5,4.46,4.72,4.41,5,4.39,4,4.17] 

 

sm_2E33 = [0,5,5,5,4.5,5,0,5,4.5,4.67,0,5,4.5,5,4.5,4.69,4.5,4.5,4.43,4.67,5,4.5] 

sm_2E22 = [0,4.1,4.25,4.05,4,3.93,0,4.16,3.72,4.07,0,4.03,3.98,4.2,4.4,4.01,4.33,4.06,5,4,4,3.8] 

sm_2E11 = 

[0,4.5,4.42,4.42,4.17,4.5,0,4.37,4.4,4.39,0,4.17,4.18,4.5,4.33,4.39,4.5,4.37,5,4.07,4.56,4.5] 

 

sm_3E11 = [0,3.83,4.17,4,4,3.67,0,4.07,4,3.78,0,3.87,3.7,3.67,4,3.62,4.22,3.56,0,3.5,4,3.67] 

sm_3E22 = [0,4.75,4.85,0,4.25,4.17,0,4.65,4.37,4,0,4.25,4.2,5,4.5,4.34,4.91,3.83,5,4,4.58,4] 

sm_3E33 = 

[0,3.9,3.9,3.9,3.8,3.93,0,3.96,4.3,3.73,0,3.42,3.48,3.8,3.8,3.76,3.93,3.53,4.2,3.7,4.07,3.6] 
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sm = 

{'sm_CO11':sm_CO11,'sm_CO22':sm_CO22,'sm_CO33':sm_CO33,'sm_CE11':sm_CE11,'sm_CE22

':sm_CE22,'sm_CE33':sm_CE33,'sm_2E33':sm_2E33,'sm_2E22':sm_2E22,'sm_2E11':sm_2E11,'s

m_3E11':sm_3E11,'sm_3E22':sm_3E22,'sm_3E33':sm_3E33} 

df_sm = pd.DataFrame(sm,columns = 

["sm_CO11","sm_CO22","sm_CO33","sm_CE11","sm_CE22","sm_CE33","sm_2E33","sm_2E22",

"sm_2E11","sm_3E11","sm_3E22","sm_3E33"]) 

df_sm.index = competence 

"Competence List" 

 

df_avg_CO = pd.DataFrame(avg_CO,columns=['Fleet Average Competence Gap']) 

df_avg_CO.index = competence 

 

"Analytical Hierachy Process - Weight Factor Calculator" 

 

V1 = wf(VES1) 

V2 = wf(VES2) 

V3 = wf(VES3) 

V = {'Ship1':V1,'Ship2':V2,'Ship3':V3} 

 

df_V = pd.DataFrame(V,columns = ["Ship1","Ship2","Ship3"]) 

df_V.index = competence 
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"Task Allocation with Hungarian Algorithm, using competencies as variables" 

ta1=ta2=ta3=ta4=0 

df1_table = df2_table = df3_table = df4_table = 0 

 

for i in range(0,4): 

    if(i==0): 

        rnk = "CE" 

    elif(i==1): 

        rnk = "CO" 

    elif(i==2): 

        rnk = "E2" 

    else: 

        rnk = "E3" 

         

    sm = [] 

    qual_code = [] 

    logical_control = "False" 

    qual_code = qualify(rnk,logical_control,qual_code) 

    sm = required_skills(rnk,logical_control,sm) 

    b = qual_code[0] 

    c = qual_code[1] 
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    d = qual_code[2] 

    sm1 = sm[0] 

    sm2 = sm[1] 

    sm3 = sm[2] 

    V1 = wf(VES1) 

    V2 = wf(VES2) 

    V3 = wf(VES3) 

    table = matrix(V1,V2,V3,sm1,sm2,sm3) 

    df_table = pd.DataFrame(table,columns = ['Ship1','Ship2','Ship3']) 

 

    if(i==0): 

        ta1 = ha(table) 

        df1_table = df_table 

    elif(i==1): 

         ta2 = ha(table) 

         df2_table = df_table 

    elif(i==2): 

         ta3 = ha(table) 

         df3_table = df_table 

    else: 

         ta4 = ha(table) 

         df4_table = df_table 



Automated task allocation competency-based model Georgios Gigis 
 

Department of Mechanical Engineering & Aeronautics 110 
Division of Design & Manufacturing 

 

"Graphical User Interface - GUI" 

root= tk.Tk() 

 

canvas1 = tk.Canvas(root, width = 800, height = 350,  relief = 'raised') 

canvas1.pack() 

 

label1 = tk.Label(root, text='Allocate Seafarers to Vessels') 

label1.config(font=('helvetica', 14)) 

canvas1.create_window(400, 25, window=label1) 

 

label2 = tk.Label(root, text='Please select the officer rank you want to allocate:') 

label2.config(font=('helvetica', 10)) 

canvas1.create_window(400, 100, window=label2) 

 

"Buttons that print the utilized data" 

 

canvas1.create_line(160, 50, 160, 250) 

 

label_data = tk.Label(root, text='Databases',bg='green',fg='white') 

label_data.config(font=('helvetica', 10)) 

canvas1.create_window(100, 50, window=label_data) 
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column_name = ["Ship1","Ship2","Ship3"] 

button_fg = tk.Button(text='Fleet Average', 

command=lambda:single_bar_chart(avg_CO,competence,"Fleet Average Competence Gap"), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(100, 100, window=button_fg) 

 

button_cg = tk.Button(text='Competence Gap', 

command=lambda:bar_chart(VES1,VES2,VES3,competence,"Vessel Competence Gap"), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(100, 150, window=button_cg) 

 

button_wf = tk.Button(text='Weight Factors', 

command=lambda:scatter_chart(V1,V2,V3,competence,"Weight Factors"), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(100, 200, window=button_wf) 

 

canvas1.create_line(630, 50, 630, 250) 

 

label_sm = tk.Label(root, text='Evaluation Matrix',bg='green',fg='white') 

label_sm.config(font=('helvetica', 10)) 

canvas1.create_window(700, 50, window=label_sm) 
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button_rc1 = tk.Button(text='Evaluation CE', command=lambda:func(df1_table), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(700, 100, window=button_rc1) 

 

button_rc2 = tk.Button(text='Evaluation CO', command=lambda:func(df2_table), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(700, 150, window=button_rc2) 

 

button_rc3 = tk.Button(text='Evaluation 2E', command=lambda:func(df3_table), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(700, 200, window=button_rc3) 

 

button_rc4 = tk.Button(text='Evaluation 3E', command=lambda:func(df4_table), 

                    bg='blue', fg='white', font=('helvetica', 9, 'bold')) 

canvas1.create_window(700, 250, window=button_rc4) 

 

"Buttons that calculate the desired output --> Task allocation" 

 

button1 = tk.Button(text='Chief Engineer', command=lambda:solution(ta1), 

                    bg='brown', fg='white', font=('helvetica', 9, 'bold')) 

button2 = tk.Button(text='Chief Officer', command=lambda:solution(ta2), 
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                    bg='brown', fg='white', font=('helvetica', 9, 'bold')) 

button3 = tk.Button(text='2nd Engineer', command=lambda:solution(ta3), 

                    bg='brown', fg='white', font=('helvetica', 9, 'bold')) 

button4 = tk.Button(text='3rd Engineer', command=lambda:solution(ta4), 

                    bg='brown', fg='white', font=('helvetica', 9, 'bold')) 

 

canvas1.create_window(250, 150, window=button1) 

canvas1.create_window(350, 150, window=button2) 

canvas1.create_window(450, 150, window=button3) 

canvas1.create_window(550, 150, window=button4) 

root.mainloop()  
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