
   

 

A University of Sussex PhD thesis 

Available online via Sussex Research Online: 

http://sro.sussex.ac.uk/   

This thesis is protected by copyright which belongs to the author.   

This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author   

The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author   

When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given 

Please visit Sussex Research Online for more information and further details   



 

 

 

AIRM: A New AI Recruiting Model for the  

Saudi Arabian Labour Market 

 

                                                      By 

 

  Monirah Ali Aleisa 

 

 

A thesis submitted in fulfilment of the requirements for the degree of  

Doctor of Philosophy at the University of Sussex 

 

School of Engineering and Informatics  

Department of Informatics  

University of Sussex  

Brighton  

BN1 9QT 

 

March 2022 

 

 



II 

 

 

Declaration 

The work described in this thesis, carried out in the school of Engineering and 

Informatics, I hereby declare that this thesis has not been and will not be submitted in 

whole or in part to another University for the award of any other degree. 

    

    

Signed:  

                Monirah Ali ALiesa 

 

 

Copyright © 2022 University of Sussex 

 

 

 

 

 

 

 

 

 

 



III 

 

 

Acknowledgements 

All gratitude and praise go to Allah, who gave me the inspiration and determination to start 

and the drive and strength to complete my research.  

This thesis has been accomplished by the supervision of Dr. Natalia Beloff and Professor 

Martin White. I want to take the opportunity to honestly give my deepest thanks and 

appreciation to my first supervisor, Dr. Natalia Beloff, who has extraordinary human skills and 

without whom I could not have accomplished so much. She offered me infinitely important 

direction in the form of meaningful remarks and continuous support and encouragement to 

help me achieve my goal. I would also like to thank my second supervisor, Professor Martin 

White, for his insightful, constructive feedback throughout this journey. I am grateful that I 

worked with these supervisors.  

Moreover,  I had a great upbringing, and I was blessed to have such parents (Ali Aleisa and 

Haya Al-Husain). I really appreciate their encouragement, love and understanding. I can not 

thank them enough. I always pray for them. Moreover, I would also like to take the opportunity 

to express my gratitude to my incredible family: my husband (Khaild Alhazzani), who gave 

me support and care. Also, I would like to express heartfelt gratitude to my beautiful children 

(Shoug, Mishari, Shatha, Ali), especially for their constant moral support throughout this 

journey. Additionally, I want to thank all my brothers and sisters (Majed, Manal, Mazen, Nouf, 

Njood, Hadeel) for their encouragement and unlimited support. 

Finally, I acknowledge the kind help and collaboration from the three HR specialists, Mr. 

Yaser Arafath, Mrs. Rana Alwetaid and Miss Hessah Alfozan, who have provided valuable 

support and devoted their time to validate this work. 

 

 

 

 



IV 

 

 

UNIVERSITY OF SUSSEX 

Monirah Ali Aleisa 

Submitted for the degree of Doctor of Philosophy 

AIRM: A New AI Recruiting Model for the Saudi Arabian Labour market 

Abstract 

One of the goals of Saudi Vision 2030 is to keep the unemployment rate at the lowest level 

to empower the economy. Prior research has shown that an increase in unemployment has a 

negative effect on a country’s Gross Domestic Product. This research aims to utilise cutting-

edge technology such as Data Lake (DL), Machine Learning (ML) and Artificial Intelligence 

(AI) to assist the Saudi labour market bymatching  job seekers with vacant positions. Currently, 

human experts carry out this process; however, this is time consuming and labour intensive. 

Moreover, in the Saudi labour market,  this process does not use a cohesive data centre to 

monitor, integrate, or analyse labour market data, resulting in inefficiencies, such as bias and 

latency. These inefficiencies arise from a lack of technologies and, more importantly, from 

having an open labour market without a national labour market data centre. This research 

proposes a new AI Recruiting Model (AIRM) architecture that exploits DLs, ML and AI to 

rapidly and efficiently match job seekers to vacant positions in the Saudi labour market. A 

Minimum Viable Product (MVP) is employed to test the proposed AIRM architecture using a 

labour market dataset simulation corpus for training purposes; the architecture is further 

evaluated against three research-collaborative Human Resources (HR) professionals. As this 

research is data-driven in nature, it requires collaboration from domain experts. The first layer 

of the AIRM architecture uses balanced iterative reducing and clustering using hierarchies 

(BIRCH) as a clustering algorithm for the initial screening layer. The mapping layer uses 

sentence transformers with a robustly optimised BERTt pre-training approach (RoBERTa) as 

the base model, and ranking is carried out using the Facebook AI Similarity Search (FAISS). 

Finally, the preferences layer takes the user’s preferences as a list and sorts the results using 

the pre-trained cross-encoders model, considering the weight of the more important words. 

This new AIRM has yielded favourable outcomes: This research considered accepting an 

AIRM selection ratified by at least one HR expert to account for the subjective character of the 

selection process when exclusively handled by human HR experts. The research evaluated the 

AIRM using two metrics: accuracy and time. The AIRM had an overall matching accuracy of 

84%, with at least one expert agreeing with the system’s output. Furthermore, it completed the 

task in 2.4 minutes, whereas human experts took more than six days on average. Overall, the 

AIRM outperforms humans in task execution, making it useful in pre-selecting a group of 

applicants and positions. The AIRM is not limited to government services. It can also help any 

commercial business that uses Big Data.  
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Chapter 1  

1  Introduction   

  As of now, the Saudi labour market has always been free and unstructured. It has three 

major sectors – the government sector, private sector, and semi-government sector – with no 

centralised data centre to integrate them. However, governments require comprehensive and 

integrated data as well as precise labour market analysis to make economic and strategic 

decisions. This is to ensure that citizens effectively contribute to supporting and adopting the 

government’s development and economic plans. For example, making a clear career path for 

citizens guarantees a good job that satisfies their preferences, skills, and financial requirements, 

which further helps them effectively contribute to the economy. 

Saudi Vision 2030 is a strategic plan that was announced on April 25, 2016, and it coincides 

with the date set for announcing the completion of the handover of 80 diverse government 

projects serving different government sectors. The plan was developed by the Council of 

Economic and Development Affairs and is to be jointly achieved by the private and non-private 

sectors (Affairs_of_V2030, 2016). However, the Saudi labour market faces several obstacles, 

each possessing different dimensions. Discussing all of them is not within the scope of this 

research. However, reviewing a few of them will help in formulating an overview of these 

obstacles; some of these obstacles are market regulations, the wage gap between national and 

expatriate workers, most nationals being employed in the public sector, and the inadequate 

number of well-paying and productive jobs for the young and growing population (Alsabeeh 

et al., 2015). 

According to Saudi Arabia’s General Authority for Statistics (GSTAT), the Saudi 

unemployment rate in the third quarter of 2021 was 11.3% (General_Authority_for_Statistics, 

2021). Furthermore, Okun’s Law, states that a 1% increase in unemployment results in a 2% 

decrease in the Gross Domestic Product (GDP) (Kenton, 2020). Okun’s Law, indicates that 

increased unemployment impacts the GDP of any country. Consequently, Saudi Arabia’s 

unemployment rate 11.3%  is quite high for a rich and developing country with approximately 
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35 million people, 70% of whom are youths (aged 20–55); youth here means the ages eligible 

for work. Hence, Saudi Arabia’s GDP may increase by approximately 22.6% if it has nearly 

zero unemployment. Considering a more realistic goal of reaching a 5% unemployment rate, 

which would increase the GDP by 12.6%, the significance of assisting in the reduction of 

unemployment is evident here. 

Recruitment is critical to the success of any organisation. Typically, each Curriculum Vitae 

(CV) is unique. Prior to approaching individuals suited to a job, recruiters must read several 

CVs in text format and comprehend their content. Screening CVs for hiring purposes is a time-

consuming, labour-intensive process. Recruiters may now use a practical HR system to select 

the most qualified candidates from a pool of applicants and emphasise their retention; however, 

as of now, these systems are rule-based and fail to process big data (Nikolaou & Oostrom, 

2015). During decision-making, recruiters should consider several features, which will build 

matrices that can give an indicator value. These features include the number of vacant 

positions, the number of applications required, the level of education, knowledge, skills, years 

of experience, abilities, preferences, and values (Breaugh, 2009). 

On the other hand, Job seekers are continually joining the labour market,  from new 

graduates to those looking for better or different opportunities. As the market is frequently 

changing, job seekers are often looking for better positions. Job seekers’ activities, being self-

regulated missions, include building a CV, finding a career path, finding the most suitable place 

to apply to, preparing for an interview, and comparing job offers. All these activities possess 

features that will build matrices that can give an indicator value. Most research in this field 

focuses on recruiters’ attempts to find the best candidates, with little attention paid to the job 

seekers’ side.  

The AIRM model will utilise text-mining models, Natural Language Processing (NLP), 

and clustering algorithms to extract and analyse relevant information that is integrated, from 

different sources, into the central national repository. This approach will facilitate mapping 

between job supply and demand in the labour market,  which is too complex to be carried out 

manually. Previous research in this domain, in which AI is utilised in the recruiting field, has 

concentrated solely on linear and non-linear models that, once trained, lack preference 
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personalisation at the user level. Additionally, it is more suited to commercial applications than 

to government services. 

The AIRM can be used to effectively apply AI techniques to assist the matching of job 

seekers to vacant positions, taking into consideration user preferences. As all CV data have 

large amounts of natural language as text data, this architecture employs the most recent and 

advanced technologies for understanding text semantics – for example, contextual embedding, 

which has been used to capture complex query–document relations. 

The AIRM retrieves similar candidates for a given job description and vice versa. As 

millions of jobs are posted on different platforms, generating tremendous amounts of data, this 

study also addresses latency issues while retrieving similar job candidates in ample data spaces. 

To decrease the gap between recruiters and job seekers, this research outlines a multi-task 

approach that involves the following: 1) an analysis of the current Saudi labour market,  2) a 

robust ML and AI model that can best match job descriptions to job seekers, 3) a new data 

storage technology approach, and 4) a new ML and AI architecture with three layers to extract 

the relevant information from the data of both recruiters and job seekers by exploiting 

clustering algorithms, NLP techniques, and text ranking. The AIRM aims to empower the 

Saudi government’s immediate and strategic decisions by providing comprehensive insights 

into the labour market.  

1.1 Background 

Inventions and innovations arise from a pressing need for them. The qualified workforce 

in the labour market is a focal point in Saudi Vision 2030; Crown Prince Mohammed Bin 

Salman has included the unemployment concern in his vision and emphasised that this 

challenge is one of the world’s most serious economic issues (Almaoasi, 2017). One aspect of 

unemployment is the incompatibility of employees’ skills and qualifications with the jobs 

available; this leads to an inconsistency between scholarly output and labour market 

requirements. This mismatch has caused political, economic, and social upheaval in several 

countries, and Saudi Vision 2030 aims to achieve an unemployment rate of 5% by 2030. Saudi 

Arabia has not reached this rate in the past ten years (Almaoasi, 2017). The Saudi government 

spends a more significant proportion of its GDP on education as compared to the rest of the 

world (Harvard Kennedy School, 2021). Since the 1980s, Saudi Arabia has experienced rapid 
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population growth, which has impacted its population structure; a large number of youths are 

present in the community, increasing the demand for jobs. Ideally, employment is supported 

by talent, and talent changes the economy and affects the entire nation. Therefore, talent must 

be supported and developed if jobs are to be carried out by well-qualified citizens. 

Achieving a satisfying level of unemployment could be accomplished by developing a 

data-driven matching engine. It would analyse data from various sources to map the 

relationship between job supply and demand in the labour market,  which is too complex to 

accomplish manually. ML and AI techniques that can retrieve information about the current 

labour market situation and predict the required jobs will help all those involved with the 

educational system (parents, students, and decision-makers will know which skills are required 

in the market). 

To build an optimal model that supports the labour market and to achieve the effective 

mapping of job descriptions to job seekers, the following steps are necessary: 

1. Define the business problem  

2. Build a marketing database  

3. Explore the data  

4. Prepare the data for modelling  

5. Build the model  

6. Evaluate the model  

7. Deploy the model and analyse the results 

These points will be detailed in Chapter 3. This research fits into the Data Mining (DM), 

ML, and AI fields, as it handles information via collection, cleaning, classification, pattern 

finding, embedding, and analysis, followed by prediction. The data will be explored and 

identified, and questions about what specific information is needed and which government 

agencies hold the data required will be answered from the data; afterwards, the most effective 

algorithm will be chosen. This process will build the next phase of this research, which 

involves implementing the model by finding the needed algorithms and coding them. An 

essential aspect of this process is mapping job descriptions to job seekers, followed by 

choosing the best way to graphically display the required statistical information about the 

labour market, facilitating its clear and easy visualisation. 
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This research will help the government, the private sector, students, parents, the Ministry 

of Education, the Ministry of Economy and Planning, and others. The model can be 

implemented with a desktop and a mobile application interface accessible to any authorised 

sector. This authentication control ensures that no single authority has control over it and that 

there are no personal interests or biases in candidate selection, thereby improving fairness and 

transparency, particularly in government jobs. 

Currently, Saudi Arabia has no DL or integrated system that links the two essential datasets, 

the education dataset and full labour market dataset, and other valuable data related to matching 

candidates with jobs. The integration of these datasets will play a significant role in bridging 

the massive gap in the Saudi labour market; moreover, using ML and AI techniques, vital 

knowledge can be extracted from the data. This process involves analysing data to find patterns 

and then extracting the information needed to support decisions. Unfortunately, these two 

crucial datasets are entirely separate. Consequently, a database that integrates labour market 

development would be ideal. The data required for development can come from education and 

labour market data and other essential databases that should not be overlooked when 

integrating data, such as data from the GSTAT, the Ministry of Labour and Social Development 

(MLSD), and the National Information Centre (NIC). 

The Saudi government is working on the National Transformation Program to encourage 

agencies, especially government agencies, to develop electronic services for their audiences. 

This presents an excellent opportunity to encourage these agencies to integrate their databases, 

which will help with the search task. As a result, sufficient information about unemployed 

people will be available. For example, the MLSD, the Ministry of Civil Service (MCS), and 

the Human Resources Development Fund (HADAF) databases can be used. These data sources 

can be fed into the proposed AIRM, which will create as many records as possible in the 

database; all of these records will be analysed. Notably, the National Digital Transformation 

unit developed a ‘New Road Map’ for 2017 to 2019, emphasising the significance of national 

digital transformation (National Digital Transformation, 2020). This road map was recognised 

by developing an integrated innovative digital platforms and services system for the Ministry 

of Interior beneficiaries, the government sector, the private sector, and individuals. 
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The NIC has a new digital strategy that enhances the centre’s role in providing unique 

digital solutions and services to set up and operate intelligent digital platforms, thereby 

allowing its customers and partners to build and operate digital solutions and services using 

the latest technologies at lower costs and with greater efficiency and security. The NIC provides 

services to 13 cities, over 40 different agencies at the Ministry of Interior, and over 35 

government entities with which the centre has data-exchange agreements (WAS_SPA, 2017). 

The cornerstone of this strategy aligns with the role that data centres play in achieving the 

desired national transformation in general and digital transformation in particular. 

Furthermore, the centre aims to strengthen the centralisation of and provide maximum 

protection to these data to extract the highest degree of benefit from the data at all levels. 

1.2 Problem Definition 

As mentioned in the introduction, with approximately 35 million people in Saudi Arabia, 

the unemployment rate of 11.3% is quite high for a rich and developing country. An open 

labour market without a coherent data centre makes it hard to monitor, integrate, analyse its 

data and build an evaluation matrix that helps job seekers find job descriptions that are most 

suited to them. Graduate students and their parents have trouble finding jobs that match their 

scientific qualifications and skills, especially considering the country’s large number of foreign 

employees; this costs the government a considerable amount of money. This multidimensional 

problem affecting the Saudi labour market must be addressed. Notably, ML, AI, and DL were 

not used in most of the existing studies to solve this problem. 

1.3 Research Scope 

This study is centred on the labour market in Saudi Arabia. In particular, it focuses on 

investigating how cutting-edge technology, such as AI and ML, can be exploited to process 

large national labour market datasets and store them more efficiently in repositories, such as 

DL, to match job seekers with job vacancies in the Saudi labour market. 

1.4 Research Aim 

As a Saudi citizen and data science practitioner, I understand how important it is to use 

labour market data to reduce the unemployment rate; this is the driving factor behind this study. 
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This research aims to build an AIRM architecture for the required labour market data, identify 

all the attributes or columns needed to fulfill the system requirements, and efficiently apply 

ML and AI techniques with DL to facilitate the matching of job seekers with vacant positions. 

This process must be regularly altered to reflect the changes and new data in the labour market. 

By integrating the data from government agents’ databases, it will be possible to analyse all of 

the data to predict the needs of the Saudi labour market and assist decision-makers. This 

research assumes that a platform system will be built and set up to be used by all sectors as a 

unified platform (front end) and that the proposed model that matches jobs with the candidates 

will function as a matching engine (back end). See  Figure 1.1. 

 

 Figure 1.1 Labour market platform connected to the AIRM 

The final results will include recommendations for both recruiters and job seekers. 

Recruiters will be able to see the top ten recommended candidates, and job seekers will see the 

top ten recommended jobs based on several characteristics. AIRM will provide the government 

with a clear vision of outputs, inputs, labour market requirements, and labour market 

behaviour; consequently, decision-makers may open new areas or fields of study in 

universities, thus making the local labour market simulate the international labour market. In 
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addition, AIRM will provide a comprehensive vision with the full cooperation of government 

agencies and the private sector, which is not currently available. 

As previously stated, this research first examines the Saudi labour market in-depth, 

attempting to comprehend the labour market, current national initiatives supporting the labour 

market,  growth, the present recruiting system, and the new Saudi Data and Artificial 

Intelligence Authority (SDAIA).  

1.5 Research Questions 

This study raises several relevant research questions:  

1. What are the specific challenges and gaps in data organisation for the labour market 

and recruitment services in Saudi Arabia? 

The literature reveals that the Saudi labour market has no data centre to monitor, integrate, 

or analyse labour market data, resulting in several inefficiencies, such as bias and latency. 

These inefficiencies arise from a lack of technologies and, more importantly, from having an 

open labour marketwithout a national data centre, leading to the formulation of the following 

research questions: 

2. What is the best technological approach for the repository for storing country-

wide/national data? 

3. Could an AI and Deep Learning approach provide an efficient skill-to-need match-

making recommendation using advanced natural language processing and big data 

techniques, specifically for the Saudi labour market? 

4. What are the most suitable architectural framework and new recruitment model as a 

new approach to improve the recruitment services (validated on the Saudi labour 

market case study)?    

To answer these questions, the following aspects are discussed in depth: the Saudi labour 

market, Saudi national projects for the labour market, the growth of the Saudi labour market, 

the current recruiting system in Saudi, and the SDAIA. Following this discussion, a new data 

repository architecture and AI model for matching job descriptions with job seekers in the 

Saudi labour market will be proposed. 
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1.6 Proposed Solution 

This research examines how AI technology can help enhance the Saudi labour market by 

decreasing the gap between recruiters and job seekers; this is intended to empower the Saudi 

government’s immediate and strategic decisions by providing comprehensive insights into the 

labour market and expediting the recruiting process. 

An AIRM architecture is proposed to assist the labour market by analysing the current 

Saudi labour market. Accordingly, an approach with the following aspects is outlined: 1) a new 

data storage technology approach and 2) new ML and AI models, with three layers to extract 

the relevant information from the data of both recruiters and job seekers by exploiting ML and 

NLP for matching job candidates; for this, a suitable data repository technique with three 

processing layers, each with a different appropriate model, will be used. 

First, the initial screening layer will use the balanced iterative reducing and clustering using 

hierarchies (BIRCH) (Zhang et al., 1997) clustering algorithm to group data points. 

Afterwards, the mapping layer will use sentence transformers with RoBERTa as the base model 

(Reimers & Gurevych, 2019), and ranking will be carried out using Facebook AI Similarity 

Search (FAISS) (Johnson et al., 2019). Finally, the preferences layer will add the user’s 

preferences using the pre-trained cross-encoders model. To rerank the resulting list, the weight 

of the more important words for users from both sides will be considered. Pre-trained cross-

encoders use a text pair as the input and provide a score ranging from 0 to 1; they do not 

compute embeddings for particular texts or work for individual sentences (SBERTdocuments, 

2021). 

The following attributes will be required: input from both sides, the recruiter’s data, and 

job seekers’ data. The recruiter’s data consider the industry name, job level, job title, job 

location, whether the job is full-time or part-time, and job seeker’s gender. Data can also be 

scraped from the web, and more data can be added to the database as the study progresses, as 

this project is iterative. Job portals or applications that promote advertisements and are used 

by job seekers are excellent resources for job descriptions. 

Nearly all DM projects start with data collection; in this case, the data are highly diverse, 

as they have multiple sources. Therefore, it is essential to unify the data attributes and build an 
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entirely new dataset for the new data. All the essential attributes needed will be illustrated in a 

table to facilitate easy comprehension. The cleaning and transformation processes will occur 

as a data exploration phase; classification analysis and clustering algorithms will be used to 

segment job titles, student majors, and job descriptions. Prioritisation of the segments will 

depend on frequency, and different approaches will be tested until the optimal, and most 

accurate one is obtained. The correlation of variables will be tested using association measures. 

Subsequently, data preparation will begin by labelling records and changing null values to 

zeros. More details regarding the full processes will be provided in the methodology chapter. 

Due to the project’s complexity and to ensure its success, the key is to begin simply and 

keep the entire process as simple as possible, using only relevant data. It may become more 

difficult as the investigation proceeds and more data and limitations are considered; 

nevertheless, the work should remain straightforward. Recruiters will be able to locate the best 

applicants by combining ML and AI (Guo et al., 2019). Following this, AI can be relied upon 

to handle the basic processes. 

1.7 Research Contributions 

This research makes an essential contribution to knowledge by implementing the MVP of 

the AIRM and evaluating the results: 

Contributions from the literature review 

1. The literature review facilitates an improved understanding of the Saudi labour market. 

It demonstrates that the lack of a national cohesive labour market data centre is a gap 

that explains why the unemployment rate has not decreased notably despite the 

government’s funding, efforts, and initiatives. Following this, a novel data storage 

technology approach, the DL, is proposed to close this gap.  

• This research focuses on government services. It has investigated the Saudi labour 

market and found that having an open labour market without a coherent labour 

market data centre makes it hard to monitor, integrate, analyse and build an 

evaluation matrix. Therefore, combining all citizens’ data with market available 

jobs in a single data repository and analysing them with absolute transparency and 

clarity will ensure impartiality and a deeper understanding of the Saudi labour 
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market. The objective is to help facilitate the matching of a job candidate with the 

job vacancy best suited to them. 

 AIRM architecture 

2. This research combines cutting-edge ML and AI techniques to achieve an optimal 

matching rate.  

• In particular, this involves implementing these techniques in the form of three 

layers to extract the relevant information from the data of both recruiters and job 

seekers, specifically using the BIRCH clustering algorithm to group data points and 

using sentence transformers with RoBERTa as the base model to convert text to 

numerical representations; ranking is carried out using FAISS. Finally, the pre-

trained cross-encoders model accepts the user’s choices as a list and arranges the 

results by weighting the essential terms. 

An MVP implementation of the AIRM 

3. This research will empower the Saudi government’s economic and strategic decisions 

by providing comprehensive insights into and acquiring in-depth knowledge of the 

labour market. Practical applications in the Saudi labour market have not been 

previously addressed in this way. 

• By implementing the MVP of the AIRM architecture, this research investigates how 

AI and ML techniques with a specific repository, the DL, are efficiently utilised to 

empower the government’s decisions, thus enabling decision-makers to make 

decisions based on accurate information. By exploiting ML and AI techniques, the 

AIRM can be used to keep the unemployment rate as low as possible by bridging 

the gap between recruiters and job seekers; this will also help economic growth and 

improve the current situation. The AIRM has yielded encouraging outcomes. 

4. The researcher has created a corpus dataset to simulate the database for training 

purposes. 

• The corpora dataset will help emulate labour market AI choices and train the 

models. Other researchers can also use the training corpus, which is available on 

GitHub. 
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5. The AIRM functions as an automatic pre-selection of applicants who match a given job 

description. 

• As a result, the AIRM will allow human specialists to focus on a more extensive 

and nuanced assessment of a selected subset of job seekers. On the other hand, it 

will assist Saudi citizens in finding the best available job match as per their 

qualifications and preferences. 

Contributions beyond the Saudi labour market  

6. This research contributes to the field of mapping human-written texts. 

• This research will form the basis for future academic studies. It incorporates several 

AI techniques to operate as a mapping of texts that are relevant to each other. Hence, 

the AIRM may be used in any industry that requires a link between written texts, 

with the AI acting as the basis for comprehending written texts as a human 

interprets them – for instance, student qualifications and university majors, disease 

definition and treatment, and other disciplines. 

7. This study paves the way for academics; it forms the basis for future academic work to 

use the AIRM and blockchain technologies to improve trust in AI using Blockchain 

Smart Contracts.  

• The trust can be improved by utilising Blockchain technology to create CVs and 

save them in the DL to match job openings via the AIRM. 

8. The AIRM paves the way for other researchers to potentially use any language other 

than English. 

• The sentence transformer model of the AIRM can be pre-trained in other languages, 

while the rest of the AIRM architecture can remain the same. 

9. The AIRM can be used to support commercial services. 

• This research focuses on government services, but the AIRM architecture can be 

used in any enterprise that utilises big data. 

1.8 Thesis Structure 

This study is organised into nine chapters as follows: 
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Chapter 1:  This chapter begins with a brief introduction and history of the Saudi labour 

market. Afterwards, it lays out the research problem and scope, research aim, research 

questions, and proposed solution, employing DL, ML, and AI technologies to help improve 

the Saudi labour market by narrowing the gap between recruiters and job seekers. Finally, it 

provides a summary of how the research is designed and structured. 

Chapter 2: This chapter is a study of the literature that defines the labour market and 

positions the present work in the Saudi labour market. It focuses on national labour market 

initiatives, education, skills, qualifications, and global labour market projects. The labour 

markethas become too complicated, and new talents are required for new job opportunities, as 

the existing jobs are dramatically different from past ones. This chapter analyses the Saudi 

labour marketin general, answering the first research question: what are the specific challenges 

and gaps in data organisation for the labour marketand recruitment services in Saudi Arabia?  

The literature reveals that the Saudi labour markethas no data centre to monitor, integrate, or 

analyse the labour marketdata, leading to several inefficiencies, such as bias and latency. These 

inefficiencies arise from a lack of technologies and, more importantly, having an open labour 

marketwithout a national data centre; this leads to the formulation of the remaining three 

questions: What is the best technological approach for the repository for storing country-

wide/national data? Could an AI and Deep Learning approach provide an efficient skill-to-

need match-making recommendation using advanced natural language processing and big data 

techniques, specifically for the Saudi labour market? What are the most suitable architectural 

framework and new recruitment model as a new approach to improve the recruitment services 

(validated on the Saudi labour market case study)? These three questions will be answered in 

Chapters 4, 5, and 6. 

Chapter 3: Given the gap in the knowledge on efficiently bringing job vacancies and job 

seekers together in the Saudi labour market,  this chapter focuses on the definition of the 

research methodology and the specific requirements of AI project research methodologies and 

lifecycles. Following this, the research methodologies and techniques are compared and 

contrasted, and a table summarises the differences. This involves defining business problems, 

understanding data, preparing data, building a model, evaluating the model, and, finally, 

deploying the model. Notably, the AIRM research framework suits the specific challenge to 
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which the research contributes. The research begins with a thorough understanding of the 

business. After analysing the business challenge and the type of data involved, the framework 

will be iterative until an appropriate data repository, and AI models are selected. This is 

followed by data collection, exploration, modelling, assessment or interpretation, and 

exploration of the results (knowledge development).  

Chapter 4: This chapter elaborates on the new technology base for the AIRM, focusing on 

the DL that will be used in the AIRM. An introduction to DL and its applications is given, as 

well as a brief history of big data and why it is known as 4 V. Then the definitions of DL and 

data warehouse (DW), along with DL core concepts, are provided; this is followed by a 

discussion of the main differences between DW and DL. A few critical DL topics, such as data 

curation, data provisioning, data consumption or exploration, DL governance, data swamps, 

data cataloguing, metadata, data privacy and security, data classification, data protection, data 

masking, data encryption, best practices for DL implementation, and the future evolution of 

DL, are addressed. This chapter also answers the second research question: what is the best 

technological approach for the repository for storing country-wide/national data? 

 Chapter 5: This chapter begins with a brief history of ML and AI. Then it presents one of 

the ML algorithms, clustering, as unsupervised learning. It also provides a brief history of 

clustering techniques and several types of clustering. An AI technique, NLP, is then discussed. 

Furthermore, an in-depth exploration of the advantages and disadvantages of each NLP 

embedding technique is conducted, including bag-of-words, term frequency — inverse 

document frequency (TF-IDF), and Word2Vec. The NLP field revolution is discussed after 

this. The transformer models for semantic text similarity and the quick retrieval of similar 

documents in BERT are pointed out. 

Moreover, the transformer-based nearest neighbour search is introduced using the pre-

trained sentence-transformer RoBERTa model, which outperforms BERT in many NLP tasks. 

In addition, for the re-ranking process, MS MARCO cross-encoders are highlighted; they are 

used for semantic search, which enables the model to find passages relevant to the search query. 

This chapter also answers the third research question: Could an AI and Deep Learning 

approach provide an efficient skill-to-need match-making recommendation using advanced 

natural language processing and big data techniques, specifically for the Saudi labour market?  
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Chapter 6: This chapter is divided into four sections, each of which addresses a different 

aspect of the AIRM architecture: DL, initial screening, mapping, and preferences. The AIRM 

is meant to be a proof of concept or a strong MVP. Using data from both sides (i.e. recruiters 

and job seekers), the AIRM pulls essential information from the current DL. The initial 

screening layer uses TF-IDF, followed by BIRCH, while the mapping layer uses sentence 

transformers with RoBERTa as the base model, followed by FAISS. Finally, the preferences 

layer of the AIRM architecture incorporates the user’s preferences into the reranking of the 

result list using the pre-trained cross-encoders model while considering the weight of the more 

essential terms for the users on both sides. This chapter also answers the fourth research 

question: What are the most suitable architectural framework and new recruitment model as a 

new approach to improve the recruitment services (validated on the Saudi labour market case 

study)?    

Chapter 7: By implementing the code, this chapter shows how RoBERTa and FAISS 

would effectively improve job mapping in the Saudi labour market. First, this chapter provides 

information about the proposed data store. Second, it addresses the configuration of the 

environment installations and the importing of all required packages. Third, it describes how 

the data were acquired and then gives the data process code for loading, cleaning, and pre-

processing. Finally, it explains the code used in the three ML and AI layers. 

Chapter 8: This chapter evaluates the AIRM as an MVP in this study. The discussion and 

suggestions corroborate the responses to the research questions addressed in this study. 

Furthermore, this chapter summarises the questionnaire responses and aids in the interpretation 

of the study findings. It also addresses how the AIRM was tested via an experiment on ten jobs 

drawn from a job database. In addition, the justification for the adopted approach is emphasised 

in this chapter.  

Chapter 9: This chapter concludes the thesis, addressing the issue of applying AI 

techniques to assist the matching of job seekers with vacant positions in the Saudi labour 

market and presenting the AIRM architecture. Furthermore, the model’s strength, the 

research’s overall orientation, and the projected direction are addressed. The importance of a 

future collaborative effort and its relevance to this thesis are also emphasised in the section on 

future work. 
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1.9 Summary 

This chapter provides a brief introduction and background regarding the Saudi labour 

market. Following this, it addresses the research problem and scope, research aim, research 

questions, and the proposed solution, which uses AI technology to help enhance the Saudi 

labour market by decreasing the gap between recruiters and job seekers. Finally, the research 

design and structure are summarised. 

The next chapter will explore the existing literature on the Saudi labour market as well as 

the use of AI in the recruiting field and global labour market projects. 
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Chapter 2  

2  Literature Review 

This chapter performs a comprehensive examination of the Saudi labour market in 

numerous dimensions in order to immerse the reader in the subject matter. It begins with a 

description of the Saudi labour market and then offers statistics, projects, and literature before 

pointing to recent global labour market efforts. Next, the chapter looks at studies on data 

mining (DM) and ML in the labour market before summarising the whole chapter. 

The Kingdom of Saudi Arabia is currently witnessing an unprecedented economic 

transformation, which has affected all government activities, aiming to create jobs and involve 

more Saudi women in the labour market. Another economic objective within the Saudi 2030 

vision is to reduce foreign financial remittances (Albaker & Alabdani, 2018). The rapid 

revolution in the labour market might take an unexpected road, where changes in the skills 

needed for current jobs coincide with the emergence of new jobs, and that requires an effective 

method of monitoring skills, which has not been available until now (Wowczko, 2015). The 

Saudi labour market relies heavily on foreign workers, especially in the private sector, due to 

two reasons. The first reason is the massive demand for workers in the oil sector and other 

industrial jobs. The second reason is the size of the Kingdom of Saudi Arabia, which needs 

large infrastructure projects which require temporary workers that work only for the duration 

of the project and therefore do not provide secure employment opportunities for Saudis 

(Albaker & Alabdani, 2018). 

The labour market in Saudi Arabia is divided into a government sector that follows 

Ministry of Civil Service (MCS), simi-government sector and private sector whose pension 

system is subject to the General Organization for Social Insurance (GOSI). These three distinct 

labour markets have different characteristics. According to Vision 2030, the private sector will 

create most new jobs, with 4.5 million new work opportunities for Saudi women and men in 

the private sector by 2025. It also aims to boost Saudis’ inclusion in the private sector by 50% 
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by 2025. Given the current state of circumstances, this is a high lofty ambition 

(Privatization_Program, 2018). 

The vast majority of Saudis work in the government sector. Some citizens prefer to remain 

jobless for some time because they are hoping for public-sector jobs with shorter working 

hours and a good salary or aiming for a high position. As long as they are eligible for the 

monthly unemployment benefits that will be pointed out later in this research. There is a solid 

and continuous over-representation in the government sector. One of the government’s goals 

is to encourage citizens to work in the private sector in order to balance out and alleviate 

surplus demand. Between 2005 and 2017, the number of private-sector jobs increased at an 

annual pace of 11% on average, while public-sector job growth was only 3% which is excellent 

(Harvard Kennedy School, 2021). 

The literature concentrates on the private sector since it is an essential primary driver in the 

labour market,  and the economy is undergoing enormous transition, demonstrating how 

challenging the integration of the Saudi labour market is. With the lack of a transparent 

monitoring system, the aim is to keep the unemployment rate at its lowest level and 

employment at its highest level, which means a stable economic situation. Any practical 

examination of the labour market must be based on data that makes problem identification and 

analysis easier. 

The International Labor Organization has produced 20 labour market indicators with 

standardised worldwide definitions, so that each country can measure these indicators for 

analysis and comparisons with other nations. As the Riyadh Economic Forum reported, there 

were some essential indicators that were used in accordance with International Labor 

Organisation standards to conduct a deep analysis of the Saudi labour market. The following 

indicators from the Chamber of Commerce, (2017) were: 

1. The participation rate 

2. Percentage of employed persons of working age 

3. Labour productivity 

4. The unemployment rate 

5. Education and illiteracy 

6. Percentage of the population not participating in the labour market 
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The International Labour Organization (ILO) has defined underemployed individuals as 

those searching for work and available to work more hours, but working fewer hours than their 

capacity and/or willingness to work (Greenwood, 1999). Employment for Saudis is at the 

forefront of the discussion of the Kingdom’s economic policies.  However, there is still much 

research needed to identify solutions that ensure adequate and sustainable jobs for Saudi 

citizens. Labour market developers aim to find jobs in the private sector for citizens, where the 

significant difference in both labour rights and the cost of employment between nationals and 

foreign workers means that employers always favour foreign workers. Hertog, (2018) points 

out that the employer’s perspective is often missing in the discussion of Saudization1, and it 

should be seriously analysed to identify policies that work on the ground, rather than simply 

focusing on employers’ techniques for evading labour market regulations. 

Abdul Hamid Al Omari is an economic specialist working for a Saudi financial agency and 

one of the well-known economic writers in Saudi Arabia; he reviewed an analytical study of 

the Saudi labour market and explained there was no officially documented information of the 

government’s approval of data sources. The conflicting information about Saudi Arabia’s 

labour market is only due to the multiplicity of semi-official and other authorities dealing with 

the employment situation. Additionally, he summarised the most essential characteristics of the 

labour market in Saudi Arabia, which were developed by the Labor Force Council, as follows:  

• The lack of adequate data on the Saudi labour market,  employment and 

unemployment.  

• The largest age group in the Saudi population is children and adolescents. This will 

be reflected in the increase in the working-age population in the coming years; the 

government need to plan for that group wisely.  

• Saudi women’s contribution to the labour market is low, just 35%. Although a large 

proportion of Saudi women applicants have university qualifications, there are 

 

1  Saudization is the newest policy of the Kingdom of Saudi Arabia implemented by its Ministry of Labour 

and Social Development, whereby Saudi companies and enterprises are required to fill up their workforce with 

Saudi nationals up to certain levels. 
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limited opportunities available to Saudi women (General Authority for Statistics, 

2020) . 

• The lack of relevance of the current education system to modern developments in 

Saudi society; and the imbalance in the structure and curricula have been revealed 

by monitoring its scientific level. 

From the above points, the first and most important reason for unemployment among the 

population is the inadequate education level. In addition, there is a lack of training or low levels 

of it, both before and during employment, which may cause staff to lose their jobs, thus 

contributing to the rise in unemployment. There are massive differences between foreign 

workers in terms of qualifications and skills and their professions, as a large proportion of 

foreign labour is unskilled, and workers hold low-paid occupations and do not require any 

scientific or technical skills. To illustrate, 79.6% of foreign workers fall into this category; only 

20.4% are professionals (al Omari, 2003). In contrast, the rates of economic participation were 

the highest among Saudis who obtained a Ph.D. Where the rate reached (86.2%), followed by 

holders of a higher diploma/master’s degree with a rate of (83.1%) (Labour Force GSTAT, 

2020). 

If job seekers are assigned to a job which they are too qualified or not qualified enough to 

perform effectually, this is called a qualitative mismatch. This and over-qualification, 

underemployment and unfilled job vacancies, each causes undesired economic consequences. 

Skill mismatch is the gap between available workers with the requisite skills for the job they 

hold, and the mismatch can be quantitative and qualitative. When there is a discrepancy 

between labour supply and demand, this is called a quantitative mismatch, where labour supply 

means the number of available skilled HR resources in the labour force, and the demand relates 

to the number of available job vacancies requiring skills in the job market. The National Labour 

Observatory (NLO) creates and defines the indicators for the Saudi labour market and 

formulates equations for the Saudi labour market,  which are concerned with indicators for 

people receiving benefits or paying national insurance and qualitative mismatch (Chala, 2018). 

2.1 Research Context 

This section establishes the context for the research, beginning with a definition of the 

labour market,  then moving on to list the national project for the labour market,  then the 
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marketgrowth in numbers, the data structure in the labour market,  the current Saudi recruiting 

system, the main problems in the labour market,  and finally, the consequences for the Saudi 

economy. 

2.1.1 Definition of Labour market 

A labour market can be defined as a mapping process that forms a mechanism to match 

demand with supply for employers and employees (Gill et al., 2015). The term ‘labour market’ 

is criticised by the U.S. Secretary of Labour who thinks that this term regards employees as 

being bought and sold like any other product, whereas they are unique in several ways 

(Ehrenberg & Smith, 2017). Firstly, recruiting services such as want ads and employment 

agencies have been developed to facilitate contact between buyers and sellers of labour 

services, and it is important here to note that only the services are rented and not the employees. 

Secondly, information and details are exchanged in employment applications. Thirdly, 

contracts are executed for jobs; these contracts refer to the employees’ time and skills. Having 

a contract requires that employers give careful attention to worker motivation and 

dependability in the selection and employment process (Ehrenberg & Smith, 2017). 

Historical transformations in the labour market have generally been due to changes in labour 

conditions, and some factors have dramatically changed the characteristics and nature of the 

Saudi labour market in the past few decades, just as in other developed and developing 

countries. Several jobs have disappeared while new jobs have become available; some are 

genuinely novel jobs that did not exist until a few years ago. Also, the quantity and quality of 

skills and qualifications required as a result of this new labour market have changed 

dramatically. The labour market is divided into two major sections: 

1. The micro-economic approach is that in the supply of labour, the decisions come from 

the households, and the demand decisions come from companies or firms, and wages 

are equal to their marginal productivity. The search and matching theory has focused 

on matching positions to their beneficial economic characteristics like productivity, 

employers’ needs and others.  

2. The macro-economic approach emphasises the connection between unemployment and 

the level of economic activity, using strategies like intimately connecting labour market 

developments with recessions and economic growth.  
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Those two main approaches are crucial to understanding employment, labour market 

processes, and macroeconomic, structural needs. It is also essential to understand the 

psychological characteristics, values and perceptions of job-seekers in the labour market 

(Gerunov, 2014).  

2.1.2 The Saudi National Projects for the Labour market 

The problem of unemployment and employment with inappropriate qualifications is not 

new. Solutions have consistently been temporary; although the government has implemented 

many programs to solve this problem, the situation has not improved significantly. National 

programs are shown below in Table 2.1. These programs include the HADAF program, one of 

the mechanisms that contribute to the provision of qualified Saudi cadres, whereby trained, 

educated young people of both genders achieve strategic goals, which has social and economic 

benefits and provides security. Capacity services are focused on the functional linkage between 

job seekers and private sector employees. The needs of the labour market can be addressed 

through several channels, such as the site for e-recruitment and re-training and employment 

centres; as well as applying a system to protect wages, achieve Saudization, the incentive 

program, the HR program and NLO Portal (Albaker & Alabdani, 2018).  

The NLO portal is part of the initiative to stimulate the private sector to expand 

Saudization. It is also one of the critical national initiatives contributing to improving and 

developing the marketand supporting decision-makers as part of the National Transformation 

Program, one of the Saudi Vision 2030 initiatives developed to serve its people (Al-Sudairy, 

2019). The most prominent current products of the NLO are the Saudi labour market indicators. 

NLO form the indicators definition and participants’ characteristics. Characteristics include the 

private sector’s social insurance, mobility and job stability, graduates’ employment, and 

establishments that recruit subjects to Netagat.  

Netagat and Taqat are two initiatives of the Saudi Ministry of Labour. Netagat evaluates 

establishments operating in the Saudi market. It divides establishments into four categories: 

platinum, green, yellow, and red according to their compliance with the Saudization roles. If 

any establishments do not follow the Saudization roles, they will be classified as red, being 

subject to financial penalties and losing many of the perks of government assistance. Moreover, 

establishments are divided into two main categories: establishments with less than ten 
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employees and establishments with more than ten employees. On the other hand, the Taqat 

program offers a range of specialised services provided by the HADAF to support job seekers 

by providing employers with a database of job seekers from which to choose suitable 

candidates. One of these programs is Hafez. It aims to support citizens looking for work to 

obtain jobs and provide them with the skills and resources necessary to join the labour market. 

Moreover, citizen job seekers are eligible for a monthly payment until they find a job and 

participate in the labour market (Al-Sudairy, 2019).  

The Saudi Ministry of Labour also provides many other programs and initiatives that 

ensure smooth structural transformation in the Saudi labour market’s composition, including 

developing marketcontrol mechanisms, combating the concealment of illegal foreign workers 

and deporting offenders, developing remittance systems and protecting wages (Al-Zughaibi, 

2014). There are pressing government movements to overcome labour market problems by 

launching all these programs and integrating them. However, complete data integration of all 

of these programs is an obvious problem that could be solved by developing a national DL to 

serve as a national repository. Table 2.1 illustrates some of the existing programs’ overlapping 

characteristics and highlights the need for a national repository.  

Table 2.1 Saudi national projects for the labour market 

The Program Training Funding Job search Evaluate the workplace 

HADAF √ √   

Taqat   √  

Netagat    √ 

Hafez √ √   

   

2.1.3 Labour market Growth Statistics  

In this research, statistics are obtained from the GSTAT, and show a significant gap between 

Saudis and non-Saudis. Out of 9,093,773 employees in the General Organization for Social 

Insurance (GOSI), 7,157,265 are not Saudis, and only 21.29% are Saudis. These figures are 

not for employees with low qualifications or insufficient education levels, as they relate to the 
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professions, see Table 2.2. Out of 923,504 Saudi job seekers, there are 549,851 that hold 

bachelor’s degrees, see Table 2.3. 

Table 2.2 Occupational categories  

Occupational categories 

Lawyers 

Directors and business managers  

Specialist professionals  

Technical and humanitarian staff 

Professional technicians  

Clerical occupations  

Retail staff 

Service occupations  

Skilled agricultural occupations  

Animal husbandry & fishing 

Industrial occupations  

Chemical operations 

Occupations that support basic engineering.  

A total of 2,371,390 employees who are non-Saudis and hold domestic household 

occupations are not considered in this research due to their low pay and poor educational level 

(General Authority for Statistics, 2018). 
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Table 2.3 Education status and Saudi job seekers 

Education Status Saudi Job Seekers 

Illiterate  20,592  

Can Read & Write  7,637 

Primary  42,860 

Intermediate  44,719 

Secondary or 

Equivalent 

240,981 

Diploma 9,423 

Bachelor's degree 549,851 

Higher / Diploma 5,082 

Doctorate 228 

Not Specified 2,131 

Total 923,504 

From my analysis of the Saudi labour market,  I conclude there are significant problems 

and imbalances. Non-Saudis are dominating this labour market. In this research, the reasons or 

historical background to the problem will not be tackled as the focus will be to build a model 

to match candidates with jobs and produce a more Saudi-oriented labour market trend, thus 

supporting the Saudi government’s Saudization policies.            

2.1.4 The Current Recruiting System in Saudi Arabia 

In this research, to understand the Saudi labour market,  I used the recruiting data that 

comes from the GSTAT, which collect their data from GOSI, MLSD, Taqat, MCS, NIC, the 

Ministry of Education, Saudi Universities and public organisations for technical and vocational 

training. The data does not include employees in the military sectors and those not registered 

in the records of GOSI or MCS. What is worth mentioning is that there is no fully 

comprehensive link between these entities currently as the data is collected from officially 

presented entities in paper format. 
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There is a mismatch in official data on employment in the private sector, which comes from 

two primary sources: The Department of Statistics and Information and the Ministry of Labour. 

The inconsistency can be observed by measuring the ratio of Saudization in the private sector. 

According to the Ministry of Labour, the percentage of Saudization in 2014, according to data 

from the Department of Statistics, was 22.1 %, but only 15.5 % according to the Ministry of 

Labour. For ongoing correction about the employment situation in the Kingdom, a statement 

shared by the Department of Statistics and the Ministry of Labour was issued in February to 

confirm that Saudi General Statistics is the primary source of employment statistics (Labour 

Force GSTAT, 2020). This mismatch is one of the main reasons for the lack of economic 

indicators of employment and unemployment in the market, which help to monitor the labour 

market’s performance and inform economic policies that aim to correct the current situation.  

Due to the Covid-19 pandemic, the unemployment rate among Saudis rose to 15.4% in the 

second quarter of 2020. This represents an increase of 3.1% over the same period in the 

previous year. From the previous year, the overall unemployment rate (for Saudis and non-

Saudis) increased to 9.0%, up by 3.4 % from the second quarter. The year 2019 and the results 

of the labour force survey were significantly affected by the effects of the Covid-19 pandemic 

on the Saudi economy. The total labour force participation rate (for Saudis and non-Saudis) 

was 59.4% during the second quarter of 2020 (Labour Force GSTAT, 2020). 

Currently, the job search methods are as follows: prospective employees apply directly to 

an employer, fill in and send an employment application form by post or electronically, or ask 

friends and relatives about job opportunities. Answering published advertisements for official 

jobs necessitates registration with the MCS. People can also register with private employment 

offices or start a private business. To do the latter, they should apply for a permit or license to 

start their own business (Labour Force GSTAT, 2020). The job-seeking process for university 

graduates seems to depend on their social networks (Harvard Kennedy School, 2021). The 

private sector depends on the employee’s last evaluation for promotions, while in the public 

sector, promotions depend on the length of service and age (Altorki & AlEshakh, 2015). This 

suggests that the Saudi labour market is an open marketto the extent that there are highly 

diverse ways to apply for jobs in both government and private sectors.    
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There are several benefits of HADAF's initiative programme, such as lowering 

corporations' ability to manipulate the system; prior to this programme, there was a lack of full 

commitment by the institution to its employees in two ways: 

1. Employing Saudis temporarily is one-way companies circumvent the system and avoid 

recruitment restrictions on expatriate workers. They improve their image by hiring 

many Saudis when they need to hire foreign employees or update their work visas. The 

program attempts to prevent this circumvention by requesting the workers’ records at 

an average of 12 working weeks for Saudi employees. However, there are still reports 

of companies employing many Saudis with low salaries over a short period. 

2. Reducing size to avoid the required Saudization ratios. One way to avoid the penalty is 

to reduce the number of workers in the company to less than ten to be listed outside the 

program ranges (Alsharif, 2018). 

Al Omari discusses how companies in Saudi Arabia need to find ways to continue to attract 

experienced and expatriate Saudi talent to maintain their success. He also suggests that 

companies need to design a work environment desired by employees and offer a more extended 

period of employment. He further reflects that the Saudi government needs to develop a 

broader conception of marketcharacteristics, and to focus on them when analysing and 

studying the labour market in Saudi Arabia. Finally, his work focuses attention on analysing 

and delving deeply into the various aspects of these critical characteristics of the Saudi labour 

market that will help those interested in the marketovercome the obstacles of Saudization (al 

Omari, 2003). 

2.1.5 Problems Facing the Saudi Labour market 

Labour market analysts see that problems in Saudi Arabia are concentrated on the 

dependence on foreigners in the private sector, where the unemployment rate was 12% in 2017 

(Albaker & Alabdani, 2018). This is a high rate indeed, and according to the Baka training and 

recruitment team; the most critical challenges encountered during the recruitment process 

were: 

1. Ineffective communication: There is a chasm between the expectations of managers 

who require staff and the employees who do not know one another’s requirements.  
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2. The institution’s organisational structure: Companies in Saudi Arabia have a 

hierarchical system of corporate leadership. Many organisations have executive 

managers whose responsibilities overlap. 

3. Weak functional analysis: Internal functional analysis is used by most firms to impact 

the thinking process. Managers must have a clear understanding of what they expect 

from their employees. 

4. Saudi shares in Saudi government jobs:  A 2015 study by Informa Middle East 

highlighted human resources management functions and their response to the 

challenges faced by organisations as they seek to meet the Saudi government’s quota 

of Saudis, as well as how they continue to compete against these challenges. There was 

a mismatch between national human resource needs and supply, and there was no 

uniform job platform (Baka Team for Training, 2016). 

Furthermore, there are some other reasons responsible for the low level of Saudization. The 

failure of the educational system and training system to leverage graduates’ skills to meet the 

economy’s needs is one. Many of the Kingdom’s universities focus on theoretical studies, and 

the number of Saudi graduates in the field of Humanities and theoretical studies is 91%. 

Graduates in Engineering are only 9%. Therefore, expatriates can earn three times the salary 

of Saudi workers since technical and engineers’ jobs are highly paid. There is severe 

competition between native workers and expatriates for highly-paid positions and high salaries. 

 There is a disparity between the aspirations of Saudis seeking work and the requirements 

of employers; for example, some sectors depend on seasonal and temporary employment, such 

as contract projects, tourism and agriculture, which may lead to low productivity and poor 

performance of enterprises due to the small degree of job stability in the national workforce in 

general. Most private sector businesses are established after an economic feasibility study 

based on cheap labour costs, which makes it unprofitable for them to pay high wages (Chamber 

of Commerce, 2017). 

Therefore, incompetent communication, the organisational structure of the institution, 

weak functional analysis, lack of matching demand and supply of national human resources 

and no unified platform for jobs are the main Saudi labour market problems. Here again, it is 
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beyond the scope of this study to try to find the reasons for these problems. The research focus 

will be on building a model to help overcome these problems. 

2.1.6 Labour market Problems are Hindering Economic Growth 

The labour market imbalance in the private sector is characterised by its heavy reliance on 

low-paid expatriate workers. This kind of employment cannot significantly contribute to 

knowledge transfer or empower the economies (Al-Zughaibi, 2014). Unemployment is one of 

the economic indicators of labour market performance, and it affects families by reducing their 

purchasing power, and the nation generally loses its contribution to the economy. 

Unemployment is also a driver of migration patterns. The problem of poverty and 

unemployment have always been critical obstacles to economic development (Sundsøy et al., 

2017). The main conclusion drawn about the impact of the labour market problems on the 

economy is that the high unemployment rate in countries that are weak in economic growth is 

not surprising, but it is not expected to occur in a rich country with profitable economic growth 

like the Kingdom. Therefore, solutions urgently need to be found; this research proposes a 

model to solve these problems. 

Restructuring the Saudi economy is a long-term strategic development objective, but it 

cannot be done in isolation by simply reforming the labour market,  especially in the private 

sector, which relies heavily on low-wage and low-skilled expatriate labour. This excessive 

dependence on this type of employment reduces opportunities for the development of the Saudi 

economy structure. It also reduces the provision of job opportunities for Saudi citizens.   

The Saudi economy is heavily dependent on the oil sector or other sectors directly related 

to the petrochemical industry, which does not provide sufficient employment opportunities. 

Also, as the government sector cannot absorb a large number of job seekers, the private sector 

is the only sector whose growth level can be affected by creating more jobs. Private sector 

growth in the last ten years has been around 9.7%. Naturally, this growth has been accompanied 

by an increase in the number of jobs. Indeed, job opportunities in this sector increased by 

approximately 83%, but Saudi citizens filled only 17% of the private sector posts, and 

expatriate workers acquired the rest (Labour Force GSTAT, 2020).  
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The radical solution is to obtain accurate data that can be integrated from all sources and 

analysed. In this respect, the Kingdom of Saudi Arabia government has made tremendous 

efforts towards digitalisation, as it has established an authority called the Saudi Data and 

Artificial Intelligence Authority (SDAIA). 

2.1.7 The Saudi Data and AI Authority 

The SDAIA was a new establishment in Saudi Arabia in 2019. It supports the Kingdom’s 

Vision 2030 achievement, promoting the Kingdom’s capabilities and intending to build a data-

based economy. The SDAIA works to regulate the data sector and enable innovation and 

creativity through its three arms: The National Data Management Office, the National 

Information Center, and the National Center for AI. It is unlocking the latent value of data as 

a national wealth to achieve the aspirations of Vision 2030 by defining the strategic direction 

for data and AI and supervising its achievement through data governance, providing data-

related and forward-looking capabilities, and enhancing them with continuous innovation in 

the field of AI (SDAIA, 2021).  The National Data Management Office in SDAIA is building 

a national data bank, which will regulate the data stream flowing from all government agents. 

The aim is to control the power of data that opens many opportunities and gives a clear national 

agenda to solve many problems. Using data will pave the way for innovation and 

achievements, and by managing it well, it will become a valuable source of wealth not only for 

the Kingdom but also for the world (SDAIA, 2021). 

DLs are emerging as an increasingly popular solution for Big Data at the enterprise level 

(Miloslavskaya & Tolstoy, 2016). DLs have significant advantages over traditional data 

warehouses (DWs). Data scientists, data analysts and data engineers can access data much 

easier and faster than would be possible in a traditional DW. DLs increase agility and provide 

more opportunities to explore activities related to the labour market.  

In this section, the researcher has provided a clear definition of the labour market; 

mentioned the relevant national projects in Saudi Arabia; showed the growth of the labour 

market in figures; highlighted the data sources and structures, described the current recruiting 

system and the establishment of the Saudi Data and AI Authority; and finally investigated the 

main problem in the Saudi labour market and its consequences for the Saudi economy. 
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2.2 Labour market Projects Around the World 

Below, I give two dimensions for the labour market projects around the world. Firstly, by 

looking at other countries’ best practices in Citizen Relationship Management CzRM in the 

labour market field; secondly, by listing the main challenges most countries face in this field. 

2.2.1 Other Countries’ Best Practices in CzRM in the Labour market 

One of the most well-known job portals is Europe’s great online job portal (EURES), which 

is used in the Czech Republic, Denmark and Ireland. The use of the EURES portal for jobs is 

a novelty, and no other research has been found that is based on using publicly collected data 

from this source. Around twenty-six thousand employers have accounts that allow them to 

search for employees. EURES creates, updates, and stores search profiles and can receive alerts 

by email. Because of the excellent portal structure, it ensures a high degree of comparability 

across the countries. This comparability comes from the secured vacancies and the accuracy 

of the uploaded data about vacancies uploaded by EURES employers. This comparability is an 

added value and a primary advantage of the EURES portal. Indeed, the overall number of 

requests reflects the level of intensity and character of the labour demand (Scarpetta & Sonnet, 

2012).  

2.2.2 The Main Challenge Most Countries Face in this Field 

Matching the skills that young people acquire at school and higher education and the skills 

needed in the labour market,  is often a problem for the labour market; and it has become the 

biggest challenge to public and private sectors around the world as well for employers and job 

seekers. Economic and social policies must complement their efforts to solve the problem, and 

it is essential to focus on training efforts in growth strategies (Scarpetta & Sonnet, 2012). Three 

challenges will almost always affect the quality of the training data when building ML or AI 

algorithms. Firstly, if different employers use the same job title for the performance of different 

tasks, the same job title can be linked to two occupations, and this means that a complete 

classification must be at the individual level, not at the level of job titles. Secondly, this 

measurement challenge differs conceptually from the first in that a single individual performs 

functions that cross categories rather than two separate people with the same job title. 

Employees who perform different functions may work two tasks but are only registered for 
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one occupation; as a result, they fall at the margin of the occupation, which means that some 

job titles are marginal categories. Consider employees with the job title "laboratory 

supervisors." In many cases, these employees appeared to perform some tasks that would 

indicate they were assigned the occupation "Research Facilitation Staff" and other tasks that 

would indicate they were assigned the occupation "Research Staff." Some laboratory 

supervisors, for example, serve as administrators for a university research lab while also 

conducting research within the lab. Thirdly, ambiguity is a measurement challenge, so an 

obscure title limits the ability to assign occupations to particular job titles. Uncertainty about 

these ambiguous titles would be a major cause of noise when dealing with ambiguous claims 

if manually classified occupations were subsequently used for training that could influence the 

learning process of ML algorithms. Ambiguous job titles are those such as ‘administrative 

aide’, ‘coordinator’ and ‘professional helper’. Some of these employees work in human 

resources, undergraduate admissions, or a number of offices that support basic university 

functions. Others may be actively interested in scientific research, either as a supporter or as a 

participant. To address title ambiguity, cooperation from data-submitting organizations is 

needed. These transitions potentially provide more leverage to specific job titles and also 

provide rich data about their career paths (Ikudo et al., 2018).  

2.3 Education, Skills and Qualifications 

This part will examine the challenges facing candidates. It concerns their qualifications and 

the job titles of positions for which they plan to apply for. The top 10 job titles in the Saudi 

labour market and the credentials and abilities required for these occupations will be 

emphasised. School performance and the increase in the number of Saudi graduates will also 

be discussed in this section. 

2.3.1 Formal Qualifications Needed for Particular Occupations 

GSTAT categorises education levels into 12 categories and occupations into 13 categories 

(plus one for 'others'). Section 2.3.2 has further information. Educational specialisms are 

divided in the Saudi education system as follows: Education, Arts and Humanities, Science, 

Business and Law, Programs in the Natural Sciences, Mathematics and Computer Science, 

Construction and Engineering, Agriculture and Veterinary Studies, Social Services, Health 
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Studies and Religion (Labour Force GSTAT, 2020) The Saudi HR portal and MCS portal have 

a clear and authorised directory for job descriptions, and the Ministry of Education has an 

authorised directory of disciplines.  

According to the MCS portal, the current classification of occupations would strike a 

balance between two essential aspects: job duties and responsibilities, as well as the 

requirements of those duties, abilities, skills, scientific and practical qualifications, and 

training, needed to meet those requirements. This balance will fulfil the concept of merit 

specified in Part One of the Civil Service System by considering the employee's aspirations 

during recruiting without prejudice to the rules of job categorisation. The Saudi Vocational 

Classification Guide is available as a list of job titles on the GSTAT webpage (GSTAT Report, 

2019).  From the above, I notice that only MCS and the Ministry of Education have a clear and 

authorised directory for job descriptions, but this does not include the military or the private 

sector.     

2.3.2 Top 20 Job Titles Demanded by the Saudi Labour market  

There is no official, authorised report about the top 20 jobs demanded in the Saudi labour 

market. What is available and can be used to estimate the jobs are some business articles. As 

the Argaam economic website reported, the list of professional demands includes eight majors, 

most of which are in the scientific disciplines. The list included: Engineering of all types, 

Education, Nursing, Computer Science and Information Technology, Medicine, Pharmacy, 

Medical Technology, Accounting and Finance (Alzaim, 2016). According to the Grabjobs 

website, the COVID-19 epidemic impacted Saudi Arabia's work sector in 2020, as it did in 

most other countries worldwide. In July 2020, the unemployment rate reached 9%. It has, 

however, slowly begun to fall, hitting 6.5% in the first quarter of 2021, and the trend appears 

to be continuing. With so many people out of work around the country, job seekers have 

increased. New opportunities emerge daily, particularly in the technology business (Grabjobs, 

2021). Table 2.4 depicts the most in-demand jobs in Saudi Arabia in 2021. 
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                           Table 2.4 Most in-demand jobs in Saudi Arabia 

Saudi Job 

Social Media Marketing Specialist 

Digital Marketing Specialist 

Data Analyst 

Web/Software Developer 

Construction Project Manager 

Information Technology Manager 

Real Estate Agent 

Human Resource Manager 

E-Commerce Manager 

Sales Associate 

CyberSecurity Specialist 

Food Service Crew Member 

Driver 

Massage Therapist 

Nurse 

Auto Mechanic 

Cleaner/Custodian 

Customer Service Representative 

Administrative Assistant 

Logistics Support 

According to new figures released by the Ministry of Labour and Social Development, 

Saudi citizens are racing to apply for five essential categories of employment and the five most 

sought-after occupations in the labour market. The following are shown in Table 2.5. 

https://grabjobs.co/saudi-arabia/jobs
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  Table 2.5 Five most sought-after categories of employment 

Job categories 

Data input 

Salesperson 

Administrative Assistant 

Administrative clerk 

Marketing Specialist 

Considering that demand for a specific job changes rapidly under the marketvariables, I 

cannot rely on these jobs remaining so popular.  

2.3.3 Qualifications and Skills Needed for these Top 20 Jobs 

The Arab Standard Classification (ASC), the professional classification system used in 

Saudi Arabia, can map the qualifications and competencies for the top 20 positions. The 

categorisation encompasses all vocations and positions in the local labour market,  including 

public and private sector professionals. The ASC is accessible in Arabic and English and is 

similar to the International Standard Classification of Occupations (ISCO), a global 

classification for the International Labour Organization (ILO). As a result, it is feasible to select 

a job title and map it to the right match in ASC to identify the skills and credentials required 

for these positions. 

2.3.4 Education Outcome Growth Statistics 

The specialisation of university graduates demonstrates a misalignment between the 

private sector's demand and the level of talents accessible in the labour market. According to 

Ministry of Higher Education figures from 2014, the Social and Human Sciences faculties 

graduated 65.3% of all graduates (129,000). While 16.8% graduated from engineering and 

science faculties, both of which are associated with highly skilled professions. Many graduates 

in Humanities and Literature may explain Saudis' preference for government post-graduate 
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positions. This tendency may alter in the future due to the government sector's attempts to 

restrict job growth.  

Even though university graduates are specialised in several fields, the demands of the 

private sector are different (Altorki & AlEshakh, 2015). The labour market scene is set to 

change dramatically and will herald a much more enthusiastic approach to technical 

disciplines. The MiSK Academy, a non-profit foundation dedicated to cultivating and 

encouraging learning, and the Saudi Digital Academy are inspiring and motivating young 

people to pursue multiple technical fields such as programming, data science, analysis, e-

marketing and AI, which will supply the labour market with more technically skilled workers. 

2.3.5 CRM that Encourages Citizens to participate in the Labour market 

Customer Relationship Management (CRM) is a term used in the information industry to 

describe methodologies, software, and, in most cases, Internet capabilities that assist an 

enterprise in managing customer relationships in an organised manner (Buttle, 2005). Digital 

technology is an appropriate tool for also improving service quality for citizens. By using 

CRM, governments can understand citizens better by encouraging them to participate in the 

public services they consume, CzRM Strategies used for this are described below (King, 2007). 

CRM is a holistic management approach that has a broad customer focus. It requires a 

customer-centric business philosophy. The primary goal is to optimise customer value within 

the customer lifecycle to give customers a better service (Schellong, 2005). Governments 

recognised the need to improve their relationship with their citizens by providing citizen-

centric systems as one-to-one services, which means providing the service across departmental 

hierarchies to enable citizens to access it 24 /7 through a single point of contact called CzRM 

(Marc & Moez, 2011). There are three types of relationships between citizens and the 

government system. First, the citizen-as-service-recipient: access to information on the 

government services and the program is provided, and the service fulfilment is coordinated. 

Second, the citizen-as-partner-in-service-delivery: a record of citizen-government interaction 

that is available throughout the agency is maintained, keeping the constituent's interest rather 

than those of the bureaucracy to the fore. Third, citizen-as-owner: whereby there is an ability 

to track data and the transactions of citizens who receive services and make that data available 

to the public and management (Pires, 2016). 
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Searching for CzRM systems in Saudi Arabia revealed a paucity of research on the subject, 

except for one paper focusing on tourism in Saudi Arabia. The authors, Alqahtani and Saba, 

discovered that little research had been done to investigate the strained relationship between 

tourism and citizens and that inadequate awareness, insufficient transparency, alienation, poor 

campaign, exorbitant pricing system, over-centralisation of authority, misunderstanding of 

roles and responsibilities, and ineffective communication flow were the high-risk challenges 

to growth (Alqahtani & Saba, 2014). It is clear that the concept of CzRM is not mature enough 

in Saudi Arabia in various sectors, and no specific research on CzRM and the labour market 

has been found. The National Observatory for Labour, on the other hand, will publish labour 

market reports and indicators, according to the Human Resources Development Fund. As a 

result, a lack of CzRM for the labour market; however, if it were available, it would aid in 

gathering citizens' responses to the labour market (HADF, 2019). There are formal job titles 

and job descriptions in Saudi systems, which can be matched with education outcomes in 

various disciplines, and this will be the beginning of the AIRM, the architecture of which I am 

aiming to build in this research. It is important to note that all of the systems introduced in this 

study are current. 

2.4 DM and ML in the Labour market 

This section examines recent literature on Data Mining (DM) and ML, as well as 

definitions and the most commonly used and effective ML model in the labour market. Projects 

and papers that attempt to solve the labour market problem using AI are presented, followed 

by a search for cutting-edge models suitable for clustering and mapping Saudi labour market 

data. Finally, the best data architecture for model development is described. 

2.4.1 DM, ML and Labour market Intelligence 

Traditionally, it has been argued that data is critical and plays a significant role in 

connecting important government sectors - in this research case, education and the labour 

market. DM is simply a method for extracting knowledge from large databases based on data 

patterns to gain a competitive advantage. This method can also be used in HR to analyze, 

visualize, predict labour market trends. Organizations and governments can learn from current 

and potential employees’ and citizens' behaviour to provide better services (Alsultanny, 2013). 
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Figure 2.1 Data mining phases and steps  

Adapted by the author from (Dontha, 2018) 

For example, if a model or machine improves its speech recognition performance after 

hearing several samples, that means that the machine has learned; and the changes made might 

count as learning. Figure 2.1 shows the data mining process, phases and steps. 

The term labour market intelligence (LMI) refers to frameworks containing algorithms to 

analyse the massive data in the labour market to support decision-making; for example, 

matching intelligently a job advertisement that includes two text fields and the title 

corresponding to the full description of a job vacancy (Boselli et al., 2017). Data extracted 

from unstructured texts focus on the E-recruitment process, which will support the decision-

makers by matching candidate profiles with job descriptions by applying ML approaches. 

Occupations, trends and skills are labour market dynamics that need to be deeply understood 
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by both public and private labour market operators, and this is the added value of job vacancies 

on the web.  

The importance of LMI comes from its ability to provide information about vocational and 

educational activities, employees available and the skills they have according to the needs of 

different sectors and regions in a much-reduced time. For example, survey-based analyses 

require around a year to become available. Another example is that LMI can overcome 

linguistic boundaries, as instead of proprietary ones, the standard classification systems can be 

used (Boselli et al., 2017). Little research exists about firm-level HR data on job titles with job 

classifications, although there are some intellectual foundations for occupational coding (Ikudo 

et al., 2018).  

ML can be misused and confused with AI; as ML is a subset of AI, and according to the 

Oxford dictionary, it is "the capacity of a computer to learn from experience, i.e., to modify its 

processing based on newly acquired information"  (Copeland, 2017;  van der Zande et al., 

2020; Larsson & Teigland, 2020). An ML definition from its primary field, the computational 

field, is: “ML is an evolving branch of computational algorithms that are designed to emulate 

human intelligence by learning from the surrounding environment. They are considered the 

workhorse in the new era of the so-called big data. Techniques based on ML have been applied 

successfully in diverse fields ranging from pattern recognition, computer vision, spacecraft 

engineering, finance, entertainment, and computational biology to biomedical and medical 

applications” (El Naqa, Issam, Ruijiang & Martin, 2015).  All the above definitions suggest 

that the machine can make decisions for humans by using an effective mathematical algorithm. 

See Figure . 
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Figure 2.2 ML  process 

Adapted by the author from (Folter, 2018) 

 

2.4.2 ML Model used in the Labour market Field 

Many existing studies in the broader literature have shown that the most used ML model is 

Text Classification (TC) (Boselli et al., 2017). TC is the activity of labelling natural language 

texts from a predefined set, where the text classifier can learn by using an inductive process 

from a set of classified documents. It gives good results in categorising many real-life, web-

based data such as social, news, media and sentiment analysis. TC can be used in the 

categorising of job openings. In most cases, CVs submitted via email or physical copy are more 

accurate than web-based ads. It is a quality concern that has an impact on the results. 
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Figure 2.3  Industry and occupations 

  (Boselli et al., 2017) 

Therefore, another approach emerged to classify job vacancies according to a target 

classification system. It can be used to build a language-independent knowledge base for 

analysis purposes instead of only matching CVs with job vacancies. That might use a new 

approach for natural language texts (Boselli et al., 2017). This will help in deep data analysis 

and able data science to aggregate and group data to get meaningful information and build a 

dashboard for the decision-makers. See Figure 2.3 

One study by Colombo et al. proposed developing a new set of tools for LMI by applying 

ML techniques to web vacancies and focused on the Italian labour market in particular. The 

tools designed for analysing skill needs in this study shed light on some key issues. Firstly, 

calculating different types of skills were required for each occupation; then, those skills were 

classified according to standard classification, and then codes and measures of the relevance of 

digital skills were developed. Secondly, the correlation between soft and digital skills was 

shown, and the probability of automation of a given occupation. Thirdly, measures of the 

variation over time in the terminology used in describing occupations trades were developed 

(Colombo et al., 2018). 
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The dimension reduction technique is used to reduce the dimensionality problem and to 

obtain interpretable empirical results. It is done as a pre-processing of the data by a principal 

component analysis (PCA) model and related factor modelling strategies mainly to build an 

index.  Another dimension reduction is implicitly applied by focusing on personality factors or 

concepts, while conventional statistical approaches are primarily concerned with the within-

sample explanatory power of non-cognitive skills (i.e., communication, interpersonal and social 

skills and motivation). Thus far, the practical experience with ML techniques in the context of 

psychometric or econometric studies is somewhat limited. An important issue is to investigate 

to what extent and how ML techniques can contribute to understanding the impact of non-

cognitive skills on the individual labour market performance in a better way. The Lasso 

approach is a penalisation strategy that can select relevant regressors out of a large set of 

covariates. Another method is grouping, which leads to a further dimension reduction by 

selecting complete sets of variables for the model speciation while suppressing the impact of 

less relevant groups. Lassoing and clustering can be used to construct context related to indices 

of non-cognitive skills (Mareckova & Pohlmeier, 2017). The dimensionality of the data must 

first be reduced to determine an individual's employment status. A Tree or Random Forest 

algorithm investigates variable importance to gain insight into what determines employment 

status. Other factors influence employment, indicating that a new approach to conducting 

significant data-driven research into the labour market is desperately needed.      

2.4.3 Projects to Solve the Problems in the Labour market Field 

This section will highlight some of the worldwide job platforms, such as the services and 

software solutions provided by JANZZ technology (Janzz, 2021). JANZZ is an employment 

service that enables recruiters to make significant progress in transparency, efficiency and 

accountability in skill and job matching and the increasingly essential deployment of AI-based 

semantic technologies. This platform offers the most dependable, cutting-edge solutions for 

employment services to accurately match job searchers to relevant opportunities and generate 

the intelligent data needed to design and implement active labour market policies based on 

sound labour market intelligence. BurningGlass, Workday, TextKernel, and EmployInsight are 

examples of growing projects that leverage international standard taxonomies for skill 

matching created in recent years. Additionally, Google Job Search API has announced the 
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classification of job vacancies using the Google ML service over the Occupational Information 

Network (ONET), and Google aims to make searching for qualified job candidates easier by 

using AI techniques; a private beta is available today for profile search (Boselli et al., 2017).      

 Arya is an online job search engine that works as an ML tool that finds sourcing patterns 

and draws potential candidates out of millions of online profiles. It gets smarter over time by 

using strategic feedback to learn from successes and failures (Arya Leoforce, 2021).  

At the ‘Google’s Cloud Next 2018’ conference, they announced the ‘Contact Center AI’, 

with Google’s Dialogflow package, aimed to leverage NLP to onboard customers efficiently. 

The Contact Center AI is available to more than ten enterprise vendors in all, with a popular 

platform like Twilio, Up-wire, and more than eight hundred customers signed up for alpha 

access (Wiggers, 2018). 

A clustering method can be used for job vacancies, and similar job vacancies are clustered 

into one group to reduce the computational overhead involved in working with the actual data. 

New job vacancies will need this process to be done again, making it inefficient and requiring 

an online ML algorithm. The Stochastic Gradient Ascent (SGA) algorithm can be used for this 

reason. It is implemented to fulfil the requirements considering the new data point and 

automatically adjust the current analysis's statistics, setting weights to the features, adjusting 

the weights, and generating a new set of suggestions with a new ranking. The closeness of the 

newly created vacancies is computed against the old centroids once, and the clusters of job 

vacancies are built, then the new vacancy will be added to the closest group, from which it has 

the shortest distance from the centroid.  

This approach will help avoid high computation arising by re-computing the new clusters 

when a new job vacancy appears. However, the downside of this approach is that a newly-

created vacancy that is too far from every cluster might be assigned to a cluster that might not 

be the optimal cluster for it due to its distance.  Determining a threshold can be used to address 

this issue, to determine if the distances computed between the new job vacancy and the 

centroids of every cluster are sufficient to assign the new vacancy into the existing clusters or 

to build another new cluster. For example, if the shortest distance between the centroids of 

clusters and the new vacancy is greater than the threshold, the new vacancy is considered an 

outlier and a new cluster are created, and the new vacancy is assigned to it. The structure of 
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the Ejobz vacancy document reduces the computation every time a new job vacancy becomes 

available and creates new clusters to handle the new jobs, considering the value of the threshold 

(Chala, 2018). 

There is a wide choice of platforms for e-recruiting. This research will focus on the data 

architecture and algorithm model and not extend to building a platform. What is important 

from the above review of best practices is to focus on their way of processing data. 

2.4.4 Job Mapping 

The idea behind job mapping is document similarity analysis and clustering. Starting with 

the intellectual foundations for occupations: 

1. Define all the occupations. 

2. Translate concepts to standardized protocols. 

3. Infer occupations from the information at hand (statistical). 

4. Implement the classifications for a large amount of data, given limited resources (Ikudo 

et al., 2018).  

      Firstly, set the document-to-document vector by a statistical approach after stop words are 

removed. The document vector is built from the essential words, and the words’ importance is 

weighted. The weight is built up according to the word popularity found. The outcome 

prioritizes the relatively rare terms in the data set, and it is essential to take account of any 

synonyms. Vocabularies such as occupations’ names are used to guide the formation of the 

document vector to build and maintain a suitable vocabulary for a specific subject and improve 

the system's ability to distinguish between various job descriptions. Secondly, similarity 

analysis compares the vectors of documents using a range of statistical approaches, such as 

Term Frequency — Inverse Document Frequency (TF/IDF), Jaccard similarity, Cosine 

similarity, or/and Latent Semantic Analysis (LSA) techniques, also called Latent Semantic 

Indexing (LSI), and using the approach of vector space model and Singular Value 

Decomposition (SVD). Then a matrix of terms-by-documents is built to be used in the later 

stages to perform SVD on the matrix and find singular values that represent job descriptions 

as concepts in the document.  
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Furthermore, the Bidirectional Matching method can be used to do various operations and 

text analysis linked to the extraction and matching of multiple files utilizing indexes based on 

document similarities and filter documents that do not contain a specific text. After matching, 

the model generates a matched data result and stores it in a database for further use (Chala et 

al., 2016). One of the approaches used is to cluster then compare. Firstly, clustering techniques 

are used to collect many groups representing particular noncognitive skills to create a non-

cognitive skill index. Secondly, the Lasso model decides which of these indices are essential 

for predicting labour market outcomes, and the results are compared with alternative index 

constructions (Mareckova & Pohlmeier, 2017). 

With Python as a simple and freely accessible open-source programming language, key 

terms identified within the job description attribute finds the skills needed for the occupational 

categories within the given dataset. A primary objective of using Python is to make the vacancy 

and skills analysis reproducible, reliable and cost-free (Wowczko, 2015). A study by Chala 

(2018) conducted on online data focused on analyzing the text data to build a model against a 

newly produced vacancy. A new job seeker was compared for similarity to address the issues 

in qualitative mismatches compared to quantitative mismatches. Obtaining job seekers and 

vacancies through web mining, improving user experience in data collection from the job 

seeker, supplementing job seeker accounts in social network data and enhancing the content of 

vacancies through occupational standards data helped achieve the best matching. The study 

applies Natural Language Processing (NLP), web mining and ML, focusing on matching skills 

and job titles to vacancies and vice versa (Chala, 2018). 

 All the above clustering and mapping techniques have made seminal contributions helpful 

in conducting this research. Neural networks and K-mean also can be used. As mentioned 

above, all the discussions on this topic will be addressed in Chapter 5. 

2.4.5 Labour market Data  

Prior research suggests two occupational standards codes: the International Standard 

Classification of Occupations (ISCO) and European Skills, Competences, Qualifications and 

Occupations (ESCO). ESCO is an extension of ISCO and specifies the ISCO occupation 

groups into three segments: 
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1. Occupations.  

2. Skills and competencies. 

3. Qualifications. 

Data from variable sources have different challenges, such as inconsistent structure and 

private information. Ann extensive text analysis and an elimination technique are needed to 

integrate diverse data.  Missing data occurs due to structure mapping, and dealing with missing 

data can be done by using special treatment in the analysis phase. There is a de-duplication 

issue for job vacancies. The data scraping process from multiple sources from the Internet 

might produce a job vacancy that appears in two or more of these portals. This duplication 

happens before any data pre-processing step. Collected vacancies are compared against one 

another to determine the level of their similarity. There are several challenges to integration 

involved in this process, such as dates, the difficulties in pre-processing and integrating the 

vacancy data collected from online sources, the names of the occupations and other subject 

names and the format (Chala, 2018).  

DLs are a hot area in data modernization. The DL is a new concept that is becoming a part 

of the core data architecture in modern data architecture; and will have a profound impact on 

data architecture used by governments and companies. As O’Brien pointed out, the DL is 

simultaneously an architectural strategy and an architectural destination and can be defined as 

a centralized repository for various data workloads. One of the DL benefits is the ability to 

service multiple data application types based on a centralized data repository, such as data 

discovery, data science and enterprise Business Intelligence (BI) architecture (O’Brien, 2017). 

2.5 Summary 

The studies in the initial literature review revealed that the Saudi labour market 

unemployment rate had not decreased significantly despite all of the government's funds, 

efforts, and new projects, which forms the first research question:  

  What are the specific challenges and gaps in data organisation for the labour market and 

recruitment services in Saudi Arabia? 

A significant challenge in the Saudi labour market is a lack of labour market data centres 

to monitor, integrate and analyse, leading to inefficiencies such as bias, latency and more. 
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These inefficiencies arise through having a lack of technologies and, importantly, having an 

open labour market without a national labour market data centre. 

 One of the most important recommendations is creating a labour market data centre and 

advanced information systems and the promotion of employment policies, training and 

adequate replacement of foreign workers. According to labour market studies, data is not in 

one place, and some data, such as military data and financial data, cannot be found in GSTAT 

or any other available website due to confidentiality. This leads to the second research question: 

What is the best technological approach for the repository for storing country-

wide/national data? 

Moreover, there has been no authorised system or portal for connecting educational 

outcomes to job opportunities. As a result, it is critical to begin collecting labour market and 

educational data in a single data repository and develop an advanced and intelligent system. 

The labour market is overly complex, new skills are required for new jobs, and existing jobs 

have changed significantly. Specific data must be collected and integrated using new 

techniques and tools for measuring and analysing labour market trends and movements. 

Existing tools must be replaced with Big Data-related tools in order to manipulate the 

complexities of new labour market trends, which forms the third research question: 

 Could an AI and Deep Learning approach provide an efficient skill-to-need match-making 

recommendation using advanced natural language processing and big data techniques, 

specifically for the Saudi labour market?  

Furthermore, the cost of HR process latency, bias and mismatching qualifications poses 

problems for employers and the economy overall and makes it vital to identify the extent and 

causes of these issues.  A helpful technology architecture that undertakes a matching process 

focuses on finding the best allocation for job seekers to an available job, the same as 

independent employment agencies’ working processes. There are complex problems of 

accurate and mutually satisfactory mediation in recruiting offers and suitable applicant 

profiles. A combined algorithm for auto-matching, a learning process, and queries for job offers 

and candidate profiles will provide a golden solution for the labour market problems identified 

above, forming the fourth research question about an Artificial Intelligence Recruiting Model 

(AIRM) 



61 

 

 

What are the most suitable architectural framework and new recruitment model as a new 

approach to improve the recruitment services (validated on the Saudi labour market case 

study)?    

The next chapter provides an overview of the research methodologies used in this study. 

The researcher describes the research design that was chosen for the purpose of this study and 

the reasons for this choice. 
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Chapter 3  

3  Methodology 

Research methodology is a comprehensive approach that addresses questions like: How 

was the data collected or generated? How was it analysed? How are the tests interpreted? 

(Reich, 1994; Wilkinson, 2002). Hall and Kibler (1985) argue that prescriptive methodological 

analysis is unsuitable for AI research; however, researchers should make their methodological 

perspectives explicit when publishing research results to be better understood.  

Despite recent advancements, there are signs that the field of AI still lacks the direction 

that a clear explanation of an appropriate methodology could provide. As can be seen, there is 

considerable disagreement about what constitutes significant research problems. For instance, 

Hall and Kibler considered the divergence of opinions gathered in a research survey on 

knowledge representation. There was no clear consensus in the survey on what knowledge 

should be represented or what representation entailed. This type of ambiguity can also be seen 

in selecting appropriate research methodologies (Hall & Kibler, 1985). This study is rather old, 

and subsequent research will be more precise about how to create AI research in a way that is 

more compelling in its outcomes. 

Researchers in the field of AI use a variety of methodological approaches. These various 

methodologies stem from the unique requirements of AI projects and the project's lifecycle, 

where AI projects are more data-centric than programmatic coding and are implemented in 

iterative steps (Walch, 2020). From the above literature, it is clear that there is no standard 

methodology for AI research, both academic and industrial, and it depends on the type of 

problem and the solution required. Building a robust data-driven prediction model, clustering 

data, constructing good decision rules, and helpfully visualising high-dimensional data are all 

things that AI researchers have in common with data scientists. Therefore, those steps are all 

iterative tasks that require knowledge and experience to complete. Furthermore, there have 

been few attempts to develop general methodological guidelines describing the overall process 

(François, 2008). There are four different data mining guidelines proposals known these days, 
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and each has its characteristics. These methodologies are Fayyad's methodology or knowledge 

discovery in databases (KDD) (Fayyad, 1996), Cios methodology, Sample Explore Modify 

Model Assess (SEMMA) methodology, and the cross-industry standard process for data 

mining methodology (CRISP-DM). A summary comparison of them can be found in Table 3.1. 

Table 3.1 Difference between methodologies  

  (François, 2008) 

Description KDD Cios SEMMA CRISP-DM 

Objective determination √ √  √ 

Data collection √ √ √ √ 

Data cleansing √ √ √ √ 

Data reduction √  √ √ 

Problem reformulation  √    

Data exploration √  √  

Tools selection √  √  

Model construction √ √ √ √ 

Model validation √ √ √ √ 

Result interpretation √ √ √ √ 

Deployment √ √  √ 
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Choosing a research methodology or framework depends on the investigated problem, as 

different design tasks have very different characteristics. This study focuses on using AI in the 

recruiting field. The suitable research type is Design Science Methodology (DSM), with an 

MVP as a proof of the new proposed architecture that consists of a set of AI, ML and a data 

repository to fulfil the research objective. In this research, I used the NLP technique. NLP 

offers significant mining opportunities in free-form text, particularly for automated annotation 

and indexing prior to text corpora classification. Limited parsing capabilities can significantly 

aid in determining what an article refers to. As a result, the spectrum from simple NLP to 

language understanding can be highly beneficial. NLP can also contribute significantly as an 

effective interface for stating hints to mining algorithms and visualising and explaining 

knowledge derived by a KDD system (Fayyad, 1996). When these methodologies are 

compared to the research objective, it is clear that Fayyad's KDD is the best framework to use. 

The KDD process is iterative and interactive, with many steps and many decisions made by 

the user. See Figure 3.1. 

Figure 3.1 Steps involved in a typical KDD process  

  (Fayyad, 1996) 

     The following are the necessary steps of this methodology: 

Business problems definition: (Business Objectives) to understand business objectives, then 

convert them into sub-problems to develop the research plan. 

Data understanding: in other words, exploring data starts with an initial data collection 

(Exploratory Statistics, Data Visualization), understanding data after collection and verifying 
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data quality. Further trends and relationships between attributes will be observed via data 

visualisations. 

Data preparation: generally called data cleaning and pre-processing. This step involves 

selecting the necessary data, cleaning it (imputation, duplicate, fuzzy matching, etc.), 

reformatting it to fit, and integrating it once the model is complete; then creating the model 

and choosing between model techniques or mixed models. 

Model evaluation: using different evaluation methods to guarantee high accuracy. 

Deployment: make others use it to give feedback to enhance the model.  
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3.1 The Artificial Intelligence Recruiting Model (AIRM) Research 

Framework 

The AIRM architecture was proposed in the AIRM framework in Aleisa et al. (2021) based 

on KDD. It is tailored to the specific problem the research addresses, as shown in Figure 3.2. 

Figure 3.2 The AIRM research framework 

It includes orderly business understanding, data gathering, exploring, modelling, evaluation 

or interpretation, and knowledge discovery. The framework adopts an iterative approach. 
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3.1.1 Business Understanding 

The first step focuses on an in-depth analysis of the Saudi labour market. It aims to 

understand the Saudi labour market,  national projects that currently support the labour market,  

labour market growth, the current recruiting system, and the new Saudi data and AI authority. 

This analysis is carried out by reading and analysing all topics related to the development of 

Saudi labour market projects. Furthermore, a thorough examination of the available data will 

better understand the Saudi labour market requirements, allowing the examination to grow and 

develop productively. The overarching goal of this phase is to answer some intriguing research 

questions: 

1. What are the specific challenges and gaps in data organisation for the labour market 

and recruitment services in Saudi Arabia? 

2. What is the best technological approach for the repository for storing country-

wide/national data?  

3. Could an AI and Deep Learning approach provide an efficient skill-to-need match-

making recommendation using advanced natural language processing and big data 

techniques, specifically for the Saudi labour market?  

4. What are the most suitable architectural framework and new recruitment model as a 

new approach to improve the recruitment services (validated on the Saudi labour 

market case study)?    

The proposed AIRM introduce a set of ML and AI models and a state-of-the-art data 

repository technique that will work with national data in response to the first three questions. 

The aim of AIRM is to connect Saudi job seekers with the Saudi labour markets. To address 

the fourth question, AIRM proposes a framework with a data repository and three layers: an 

Initial Screening layer, a Mapping layer, and a Preferences layer. The three layers collaborate 

to determine the best job ID for the job seeker. 

3.1.2 Choosing a Suitable Data Repository 

It is essential to propose a suitable data repository to use after understanding the business 

problem and the type of data dealing with it. This research proposes a state-of-the-art data repository 

for reasons discussed in more detail in Chapter 4. 
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3.1.3 Choosing Suitable ML and AI Models  

This study implements a cutting-edge data repository as well as ML and AI models. It is 

critical to choose the suitable architecture comprised of appropriate data repositories, ML and 

AI models after understanding the business problem and the type of data at hand. More details 

are provided in Chapter 8 about the reasons for choosing data repository, ML and AI models. 

3.1.4 Data Collection 

At the start of the work on this research, the researcher did not find any actual Saudi labour 

market datasets that would be openly available for research purposes (e.g., for helping to train 

the AIRM). To mitigate this issue, I have created a simulation corpus for training purposes, 

which emulates a real labour market and assists in training the AI models. Attributes for this 

data set are shown in  

Table 3.2. In order to create the dataset, the data cloning process first collects data from 

available job advertising websites on the Internet. Some records were added manually to the 

dataset.  

Table 3.2  Job table attributes 

Jobs data Candidate data 

Job title Candidate personal information 

Job responsibility Candidate qualification 

Job qualification required Candidate achievements 

Job skills required Candidate skills 

Job location Candidate preferred job location 

Job industry group Candidate preferred job industry  

Job level Candidate preferred job level 

Job type (e.g., full-time, part-time) Candidate preferred job type 
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Once the dataset has been developed, job and candidate data then subsequently are cleaned 

before being fed into the AI model for training. This training corpus, which is openly available 

on Github, may be useful for other researchers to assist in similar simulation / AI model training 

tasks. Being an Open Source, it can also be improved/extended by future research. 

3.1.5 Pre-processing Data  

This step involves searching for missing data and removing noisy, redundant and low-

quality data from the data set to improve the data's quality and effectiveness. Specific 

algorithms are used for searching and eliminating unwanted data based on attributes related to 

the application.  As part of data pre-processing, relevant features were selected from both job 

descriptions and candidate profiles. The pre-processing was carried out to ensure that the most 

relevant attributes were used. The job dataset's responsibility, description and qualification 

were chosen for further study. Similarly, experience, education, skills and certifications were 

chosen as relevant features from candidate profiles.  

In order to ensure that data is free from noise, data cleaning was done as a second step. 

After exploratory data analysis, undesirable special characters were removed from the text. 

Numbers and stop words were not removed, considering that transformer models need raw 

input. Removing stop words can change the semantics of English sentences, and hence they 

were not excluded during data cleaning. The text was also lower cased as part of pre-processing 

step and to prepare the data to be fed to the algorithms. Hence, the data needed to be in 

consolidated and aggregated forms. The data was consolidated based on functions, attributes, 

features, etc. 

3.1.6 Mapping Jobs with Candidates 

This step of the AIRM research framework concerns the DL and three layers exploiting 

ML and AI to extract relevant information from the DL of both recruiters and job seekers to 

map them. See Figure 3.3. The architecture uses ML and AI models, in particular: 

1. For coarse clusters, BIRCH (Balanced Iterative Reducing and Clustering Using 

Hierarchies) clustering is used (Zhang et al., 1997). This ensures that search latency is 

kept as low as possible. Jobs and Candidates are categorised. There are, for example, a 

total of 20 clusters. If a candidate belongs to the fifth cluster, he will be able to find a 
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job in that cluster as well. When looking for similar jobs, this eliminates latency (Janrao 

& Palivela, 2015). 

2. Sentence transformers with RoBERTa as a base model are used (Reimers & Gurevych, 

2020). This model has been trained on Natural Language Inference (NLI) and semantic 

textual similarity (STS) data. This transformer-based model is used to create 

embeddings for the job description and the candidate profile. The model is optimised 

to find similar documents because it is trained on a regression objective in a siamese 

network fashion. 

3. Once created, the embeddings are indexed in the Facebook AI Similarity Search 

(FAISS) (Johnson et al., 2019). FAISS is used to perform an approximate nearest 

neighbour search due to its extremely low latency. FAISS is compatible with both GPUs 

and CPUs. It can also be easily scaled. The goal is to use FAISS to find ten similar jobs 

for a candidate and vice versa. FAISS eliminates the computational overhead associated 

with traditional cosine similarity. 

4. Then add the user's preferences using the pre-trained Cross-Encoders model 

(SBERTdocuments, 2021). To re-rank the result list, consider the weight of the more 

important words for users from both sides.  
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Figure 3.3 The three layers in AIRM research framework 

Hence, AIRM is a more non-linear method. It deals with text, language processing, and 

deep learning.  It is a tool that helps discover trends from a data set using AI models.   

3.1.7 Testing 

Since AIRM uses a combination of unsupervised ML and AI algorithms, in order to test the 

performance, a group of external HR domain experts will check output samples and label the 

result as “Good match” or “Bad match”. Such feedback will help improve AIRM performance. 

Three HR and recruitment specialists will work manually to review the AIRM findings for ten 
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picked jobs, with the top ten comparable documents returned as candidates for each job. 

Specialists human interaction is essential to evaluate the algorithm's performance for two 

reasons: first, I am utilising unsupervised algorithms, and second, selecting a candidate or a 

position is a subjective decision. 

For the assessment assignment, the predictions will be labelled as category three if all three 

evaluators agreed on them, category two if two evaluators agreed on them, and category one if 

just one evaluator feels it matches; otherwise, they will be labelled as category zero. 

3.1.8 Visualising and Discussing the Results 

Data visualisation is a critical step in ML and AI. Visualization is essential when attempting 

to examine a dataset and extract some information in order to learn about it, as well as to detect 

patterns, corrupt data and outliers, analyze massive amounts of information and make data-

driven decisions. Data visualisation may be used to express and emphasise meaningful 

relationships in helpful plots and charts. These patterns can be deducted and presented in 

different plot forms, such as distribution plots, box plots, violin plots, line plots, bar plots and 

scatter plots, in which the preceding step's information is applied to the specific application or 

area in a visual manner. Dashboards structures that can be built to visualize recruiting data that 

are endless. It can show inferential and descriptive statistics, for instance, present discrete 

statistic data analysis, as shown in Figure 2.3. This research will visualise some descriptive 

statistics about recruiting data in Chapter 7. 

3.2 Summary 

To sum up, Chapter 3 focused on research methodology and the unique requirements of 

ML and AI projects and the project lifecycle. AI initiatives are data-driven rather than 

programmatically coded, and they are implemented in interactive and iterative steps. The 

primary literature shows that there is no standard technique for AI research, either academic or 

industrial and that it varies depending on the problem, deliverables and solution. Next, a 

comparison of DM approaches and a synopsis of the differences was outlined, followed by 

getting into the d bingeing etails of the standard KDD technique, starting with defining the 

business problems, understanding and preparing the data, evaluating the model and deploying 

it. 
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Furthermore, the chapter presented an AIRM research framework tailored to the specific 

problem that the research addresses. The AIRM research framework starts with understanding 

business problems, data gathering, exploring, modelling, evaluation or interpretation and 

knowledge discovery. The framework will adopt an iterative approach, choosing a suitable data 

repository and AI models after understanding the business problem and the type of data dealing 

with, ending this chapter with a detailed description of each step, starting from data cleaning 

and pre-processing to testing, visualising and discussing the results. 

The data repository will be covered in-depth in the following chapter of this thesis: as will 

the data repository type and the reason for selecting a specific data repository for the proposed 

AIRM architecture. 
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Chapter 4  

4  Data Lake  

This chapter will discuss the new technology DL as part of the AIRM proposed data 

repository. It will look into DL from a variety of perspectives and begins with a brief history 

of big data and why it is referred to as 4V? Then, it moves on to the definitions of DW and DL 

and their major elements, emphasizing the basic distinction between them. Furthermore, the 

DL architecture and its benefits are discussed in greater depth. 

4.1 History of Big Data 

When discussing big data, the avalanche of information that accompanies it cannot avoid, 

as though it were disconnected from the past. Because of its promise, the world is obsessed 

with big data.This section briefly defines and highlights an overview of the history of big data 

and why this chapter is essential to this study. ‘Big’ is a scaling word that accompanies a 

measuring unit. Data is measured in bytes, starting from byte to yottabyte (280) or maybe above, 

quantifying the growth rate in the volume of data per day (Desjardins, 2019, 2020), see Figure 

4.1. Big data also can be defined as “a field of study that treats ways to process and analyze 

and systematically extract information from large datasets that is complex to deal with by 

traditional data-processing methods” (Hilbert & López, 2011). Precisely defining big data is 

difficult since volume varies from one place to another, and hybrid technologies and techniques 

are involved. 
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Figure 4.1 Storage capacities 

Adapted by the author from (Mills, 2016)  

‘Big data’ can also be used to denote massive data coming from different platforms, such 

as Social Media Sentiment, Web Browsing Analytics, Internet of Things (IoT) Analysis, 

Machine log data, Customer log analysis, CRM systems and Enterprise Resource 

Planning (ERP) system, among others. Big data is referred to as ‘4Vs’. 4Vs mean volume (a 

high volume that has been growing exponentially, e.g., terabytes per day), velocity (rapid pace, 

e.g., per sub-second), variety (data from multiple formats, e.g., business support systems (BSS) 

data, operations support systems (OSS) data, auto-generated data) and veracity, which refers 

to the data quality, as without quality, data is just garbage in garbage out (Bradshaw, 2021; 

Burbank, 2016). The phase of transition began in 1980. Books and scientific articles have 

doubled in number and occupied much more space as a result of the increased number of 

scientists and publishers. As a result, such information was stored electronically as soft copies, 

which was a prudent decision, as when knowledge grows, so does the amount of data stored 

(Press, 2013). 

In the early 1980s, the term ‘information overload’ appeared. Information professionals 

began to consider the cost of storing old information and the risk of deleting helpful 

information, which encouraged several studies to build a guide to classify data and calculate 

its size (Hilbert, 2012). IBM generates about 2.5 quintillion bytes of data each day (Yakabuski, 

2013), that is, ten to the power of eighteen (1018) (Barnes, 2013).  
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Furthermore, Big data advanced to the period of Google’s MapReduce following the 

creation of Web 2.0 in 2005, at the same time Yahoo introduced Hadoop (Sangeetha & Sreeja, 

2015). In an accelerating and fantastic development, the data volume is expected to scale with 

the ability of supercomputers to generate more data, alongside TVs, radios, social networks 

and government projects that collect all kinds of citizens’ data. Thus, a massive amount of data 

has been placed in storage, and a lot more is coming.  Moreover, the data will increase in 

complexity as more data is created daily. 

The term ‘big data’ was added to the Oxford English Dictionary in 2013. Five years later, 

2.5 quintillion bytes were being generated daily (Brunet, 2018). In the big data era, its practical 

usage will offer a real competitive advantage to any firm. Practical usage refers to the amount 

of insight obtained from the data, not its volume. In the big data era, the traditional way of 

storing data is no longer suitable. A new repository called DL was introduced as a suitable 

place to store big data, allowing professionals to analyse and mine large amounts of data. The 

next section of this chapter handles the DL concept in more detail. 

Later in this chapter, a deep understanding of the optimal way of building a DL will be 

provided to support the construction of the AIRM for this study. In addition, an insight into the 

DL advantages will also be provided. How big data is received from different platforms and 

how different formats can be handled are also explained. Furthermore, the advantages for 

companies that invest considerable funds in implementing data mining (DM) models will be 

explored.   

4.2 Introduction to the DW and DL  

This section will give more insight into DW and DL definitions and will focus on DL as it 

will be used in the AIRM proposed architecture. 

4.2.1 DW Definition 

The term ‘DW’ was first mentioned in the 1970s by Inmon (Naeem, 2020), who was known 

as the father of data warehousing. He discussed the DW principles and was one of 10 IT people 
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who were most influential in the last 40 years in his field (Kempe, 2012). The DW is a subject-

oriented, integrated, time-variant and non-volatile collection of data in support of a manager’s 

decision-making process. By using the extract, transform and load (ETL) process, the data is 

transformed as copies from existing systems, as an operational environment to the warehouse, 

to be available for analysis and reporting (Shi et al., 2001). A DW is transactional data from 

various databases or repositories that provide an analytical view of historical information 

supporting organisational decisions (Kumar Madria, 2001). From the above definitions, it is 

clear that a DW is an electronic storage or an organised repository in a business environment 

that is designed for query and report instead of transaction processing. Additionally, it saves 

copies from the transactional data as a staging phase to enable data analytics to build their 

statistical analysis reports and dashboards on it.  

A DW comprises five components: production data sources, data extraction and 

conversion, DW database management system, DW administration and business intelligence 

(BI) tools. The data in the DW are arranged into abstracted subject areas to make them 

applicable across two or more different analyses. Furthermore, a DW implies the dimensional 

use of data. Facts are separated from dimensional data to make them more appropriate for a 

single category of analyses (Gartner, 2021). The Inmon and Kimball techniques in Naeem 

(2020) are two of the most extensively studied and described DW approaches regarding the 

DW design. For years, people have debated which DW method is superior and more productive 

for enterprises. However, because both systems have advantages and limitations, there is no 

conclusive answer. 

4.2.2 DL Definition 

James Dixon first mentioned the concept of a DL as a data repository in 2010. He stated 

that a DL manages raw data as it is ingested from multiple data sources and does not require 

cleansed or structured data (Quix & Hai, 2018). DL is a hybrid data management solution that 

can handle big data issues while also enabling new levels of real-time analytics (Khine & 

Wang, 2018). They are highly scalable systems that can handle huge data volumes and receive 

data in its native format from various data sources (Fang, 2015). The DL is a daring new 

approach that harnesses the power of big data technology. It is “A methodology enabled by a 

massive data repository based on low-cost technologies that improve the capture, refinement, 



78 

 

 

archival, and exploration of raw data within an enterprise” (Fang, 2015). Data are stored in the 

DL in their original format, whether structured, unstructured or multi-structured. Once data are 

placed in the lake, they are available for analysis (Khine & Wang, 2018). The DL provides 

knowledge and insight for users by building a suitable ecosystem to understand, manage and 

integrate the data (Riahi, 2018). Thus, a DL can be defined from two dimensions: technology 

and business. In other words, a DL is a low-cost solution enabled by a large data repository 

that facilitates the capture, refining, archival and investigation of raw data within a business. 

4.2.3 Key DL Concepts 

DL is a relatively new concept. Its definitions, characteristics and usage are more prevalent 

in web articles than academic papers. The DL is built on the concept of early ingestion and late 

processing and should be integrated with the rest of the enterprise’s IT infrastructure. DLs are 

often described in the literature, with the characteristics illustrated in 4.1. 

Table 4.1 Key characteristics of a DL from a technical and business perspective 

DL Characteristics 

Business Technology  

• A DL is essential for businesses. It 

gives them a competitive advantage in 

the data storage domain. Its distinct 

characteristic is that it attracts more 

attention from business fields than 

academic research fields (Khine & 

Wang, 2018). 

• The ability of a business to get raw data 

(i.e. unchanged data, from different 

source systems in an enterprise) readily 

available for analysis (Llave, 2018; 

Patel et al., 2017). 

• DLs are a collection of technologies that 

serve the data’s needs as a central 

repository 

• DLs serve as a cost-effective place to 

conduct a preliminary analysis of data 

(Morrison & Stein, 2014).  

• DLs are created to handle large and fast 

arriving volumes of structured (CSV, 

RDBMS, etc.) unstructured (transaction 

logs, sensor data, social media, document 

collections, geo-location, images, video 

and audio) or semi-structured data for 

further dynamic analytical insights. 

However, they cannot be managed and 
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processed effectively in a traditional way 

(Miloslavskaya et al., 2014).  

• Data can be accessible once created in 

the DL. 

• DLs require maintaining the order of the 

data arrival  

• DLs will be flexible and task-oriented. 

Data structuring should be implemented 

only where the DL outflow is the 

analysed data for what is necessary. 

• DLs should handle SQL, NoSQL, OLAP 

and online transaction processing 

(OLTP). 

• DLs have a flat architecture, where each 

data element has a unique identifier and a 

set of extended metadata tags. 

• A DL forms a vital component of an 

extended analytical ecosystem.  

• There should be different possibilities to 

split data in the DL, i.e. DLs can be 

partitioned by their lifetime or data type.  

• DLs partitioned by their type include raw 

data, augmented daily data sets and third-

party data.  

• DLs partitioned by lifetime include data 

less than six months old, older but still 

active data and archived data 

(Miloslavskaya & Tolstoy, 2016). 
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To ensure the effectiveness of a DL architecture, the team that will build DL must keep the 

following in mind while building and storing data. See Table 4.2. 

Table 4.2 DL architecture characteristics and data type 

Architecture build Characteristics Data Types 

• Capability to expand extensively. 

• Flexible policies and governance should be 

developed according to the need for 

identification, retention and data 

disposition. 

• DL governance should include an 

application framework for the 

following: 

▪ Contextualising data 

▪ Advanced metadata management  

▪ Centralised indexing 

▪ Considering the relationship between 

stored data 

▪ Keeping track of data usage  

▪ Fully shareable and accessible data,  

▪ Simultaneous shared access 

▪ Access from any device to support the 

mobile workforce.  

▪ Agile analytics. 

• Transaction logs  

• Sensor data  

• Social media  

• Document collections  

• Geo-location  

• Images 

• Video 

• Audio 

The administration of a DL involves an application architecture for capturing and 

contextualising data through cataloguing, indexing and enhanced metadata management. It is 

beneficial to construct model ‘views’ of this data collectively to gain additional visibility and 

manage incremental improvements to the information. Furthermore, modern metadata 

management includes working with fast-changing data structures and querying answers on 

highly structured data in sub-seconds. Moreover, because the DL is a single raw data storage, 
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assuring its operational availability, integrity, access control, permission, monitoring and audit, 

business continuity, and disaster recovery are critical. 

4.2.4 DW vs DL 

DW and DL are not interchangeable terms. The DW is a storage repository that holds 

historical data and streams data to create analytical reports. Therefore, the data must be 

predefined and structured to fit the reporting needs. In contrast, a DL does not require data to 

be structured or defined. Rather, it holds a vast amount of data in its native format (Burbank, 

2016). Campbell stated five differences between DLs and DWs (Campbell, 2015). 

• DLs retain all data 

• DLs support all data types 

• DLs support all users 

• DLs adapt easily to changes 

• DLs provide fast insights  

The data stored in the DL can be without a clearly defined purpose. The philosophy of a 

DL revolves around being ready for an unknown use case (Kumar & Villamariona, 2021). 

However, as mentioned above, the purpose and structure of the data stored in a DW must be 

pre-defined. DLs deal with fast and high volumes of unstructured data, while DWs deal with 

highly structured data.  Table 4.36 4.3 illustrates some of the distinctions between a DL and a 

DW.  

Table 4.36 DW and DL Comparison 

Adapted by the author from  (AWS, 2021b; Nee, 2020; TALEND, 2021) 

DW Versus DL 

- Structured 

- Processed 

- Transactional systems, 

operational databases and line-

of-business applications are all 

examples of relational 

databases. 

- Data - Structured 

- Semi-structured 

- Unstructured 

- Raw 

- IoT devices, online sites, 

mobile apps, social media, 

and enterprise applications 
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provide non-relational and 

relational data. 

- Schema on writing - Processing 

- Schema 

- Schema on reading 

- Expensive for large data 

volumes 

- Faster query results using 

higher-cost storage 

- Storage 

- Price 

- Performance 

- Designed for low-cost 

storage 

- Faster query results using 

low-cost storage 

- Less agile 

- Fixed configuration 

- Agility - Highly agile 

- Configure & reconfigure as 

needed 

- Mature - Security - Maturing 

- Business professional 

- Business analysts 

- Users - Data scientists, data 

developers and business 

analysts (using curated data). 

The data in the lake becomes accessible following their creation, while in a DW, a prebuilt 

static of data is required for analytical applications. A DL is designed for data that changes 

quickly, while DWs are designed for slowly changing data. A semantic database—a conceptual 

model that employs the same standards and technologies used to build internet hyperlinks—is 

typically included in a DL to provide a layer of context over the data, specifying its meaning 

and interrelationships with other data. DL approaches can combine SQL and NoSQL database 

systems and online analytics processing (OLAP) and OLTP capabilities (Miloslavskaya & 

Tolstoy, 2016). 

4.2.5 DL Architecture 

A typical DL architecture usually comprises three parts: a data source, a processing and 

storage, and a visualisation (target), see Figure 4.2. 
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Figure 4.2 High-level DL architecture 

Adapted by the author from (EDUCBA, 2019) 

The source can comprise homogenous (i.e. similar data types or structures, easy to join and 

consolidate data) and/or heterogeneous (i.e. different data formats and structures) sources. The 

DL architecture source can extract data from one or more of the following: 

• Business applications, such as ERP, CRM, among others 

• Enterprise data warehouse (EDW) or a standard relational database 

• Management system (RDBMS)-based EDW or cloud-based DW 

• Multiple types of documents (CSV, Text, XML, JSON, Jason, Avro) 

• Device Logs 

• IoT Sensors 

An ETL method is needed to aggregate the raw data from the sources. The data processing 

layer is efficiently designed to store data and metadata, replicate data for high availability, and 

support the data’s security, scalability, and resilience. Proper business rules and configurations 
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are maintained through the administration. The DL’s target layer ‘visualisation’ receives data 

from the processing layer through an Application Programming Interface (API) layer or 

connectors (EDUCBA, 2019).  

 Another conceptual DL architecture can comprise three primary components: data 

ingestion, data storage and data analytics. Data ingestion is the process of managing the input 

data from various data sources that will be stored in the DL. Data storage is the storage of data 

across three data parts: raw, intermediate and final data. Data are first transferred into the raw 

data section using the data ingest adaptor. The raw data are then subjected to the filtering and 

wrangling operations, with the results saved in the processed data section. The final section is 

the refined data section. The refined data section stores the reported data generated after 

analysing the processed data. The data analytics component provides data search, visualisation 

and modelling (Raju et al., 2018). 

Figure 4.33 DL architectural levels 

Adapted by the author from (Eichler, 2018) 

Eichler described an interesting architectural framework for developing a DL, as shown in 

Figure 4.334.3. The architecture categorises all DL-related processes, tasks and components 

into levels based on their focus and abstraction. This categorisation includes the data 

governance and metadata management tasks and processes described in the previous sections. 

There are six levels in the architecture: data process, data services/access, data organisation, 
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data model, data storage and metadata. These levels serve as the foundation for the use cases. 

Jointly, analytics and big data can change the way businesses operate, generating the kind of 

results that are becoming an increasingly essential point of competitive differentiation. First, 

businesses must be able to detect, combine and manage diverse data sources. Second, they 

must be able to create advanced analytics models that can forecast and optimise results. Finally, 

and most importantly, management must have the ability to alter the organisation so that the 

data and models result in better decisions  (Barton & Court, 2021). 

Businesses realised the difficulty of maintaining a massively parallel cluster and became 

frustrated by their inability to find and hire experienced administrators for Hadoop and other 

big data platforms. Therefore, they started turning to cloud-based DL, where experts from 

Amazon, Microsoft, Google and other companies manage most hardware and platform 

components. Next, I will highlight the two well-known types of DLs: a logical DL and a public 

DL.  

4.2.5.1 Logical DLs 

Logical DLs address issues of completeness and redundancy. DLs solved the issue of 

completeness by creating a data index for the users to find and request any data set available 

in the enterprise and not ingested in the DL. Redundancy is solved by storing data not stored 

anywhere else in the DL and bringing data stored in other systems into the DL if and when 

needed. Thus, each data set is brought in only once for all users and kept in sync while needed 

(Gorelik, 2021).  

4.2.5.2  DL in the Public Cloud 

Cloud computing has the benefits of short deployment times and the availability to big data 

technological expertise. Cloud computing’s inexpensive storage costs and elastic nature make 

it a particularly enticing option for constructing a DL. Because data will be needed in the future, 

it makes sense to store a large amount of data as cheaply as possible. This is in addition to 

Amazon’s and others’ many storage levels, which range from high-speed to glacial access, with 

slower-access media being far less expensive. DLs on the public cloud benefit from cost-

cutting features such as the ability to store data for future use as cheaply as possible. Finally, 
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the elasticity of cloud computing allows a massive cluster to be spun upon demand (Gorelik, 

2021). 

4.2.6 DL Importance 

Data-driven decision-making is reshaping everything from data science, ML and advanced 

analytics to real-time dashboards. Data needs a location to be stored in, and the DL is optimal 

for that. The importance of the DL is that it makes raw data available for reports and analysts. 

In addition, it can perform self-service analytics, allowing analysts and data scientists to 

analyse data without needing help from IT. The DL has two essential features that allow 

everyone to use data governance and data (Gorelik, 2021). Bhushan claimed in Satpute (2018) 

that the significance of the DL comes into play as follows:  

• Increasing data volumes: the DL provides business users with reliable, highly 

governed data generated from diverse sources at high volumes with little support 

from IT. 

• Workload complexity of data. 

• Productivity and agile development: the DL discovers and provides new data sets 

for analytics faster, possibly due to rapid ingestion, powerful processing, metadata 

discovery and management. 

• Time to value, scale ETL and data management, cost savings by utilising the right 

technology for the most appropriate purpose. 

• Data collaboration, the DL model publishes governed data sets for immediate 

visualisation data access. 

Enterprises face a massive amount of rapidly growing data, and due to the complexity of 

data coming from different sources, they face the difficulty of joining and correlating these 

data for that the DL will serve them the best 

Problems with DW 

As with any technology, DWs have disadvantages, and it is essential to highlight some of 

these issues in this section. 

• The DW must be planned and executed according to the predefined method. 
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• The administration and quality control are not elastic enough to handle the 

evolutions, acquisition component and frequently updated warehouse schema. 

• A DW needs to be flexible to accept and integrate analytics to streamline the 

business intelligence process. 

• Data cleansing is an expensive and time-consuming task, where each source can 

create new and possibly conflicting data. 

• DWs have a semantic complexity, which refers to different users having different 

conceptions of what the data represent. 

• Heterogeneity is described as data from each source containing specific attributes 

that may be represented differently and which can overlap or contradict. 

• One merging problem is the effort made to identify the overlapping data. Data is 

merged from different sources and may be entered more than once, creating 

duplicate entries and contradicting records. 

• DWs require data purging, which means permanently erasing and removing data 

from a storage space (Singh & Kumar, 2016). 

According to the findings of a study by Lederer and Mendelow (1986), the seven critical 

factors for the successful implementation of DWs are classified into two categories: 

organisational and technological factors. Scope, management, infrastructure and specialist 

availability were identified as organisational factors. Data quality, methodology and technical 

tools were the technological factors. Although the material is ancient, it may still be valuable 

because it provides an overview of the current categories.  

4.2.7 What DL is Not! 

A data swamp is not a DL. An enterprise must carefully consider these points to make sure 

not to turn a DL into a useless data swamp (Matthews, 2019): 

• A DL without metadata is a data swamp, as the metadata creates a tiered storage 

structure for the data. 

• DLs without parameters regarding the kinds of data they want to gather and why 

they need them is a data swamp. 

• A swamp means getting everyone on the same page about when, why and how to 

acquire data. 
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• Lack of data governance is a massive failure for DLs. 

• Lack of automated processes in the DL: ‘Automation process can do things such as 

standardised data usage practices across platforms and process all raw data in the 

same ways’  (Matthews, 2019). 

• Lack of making a data cleaning strategy means turning DL into a useless data 

swamp. 

An enterprise needs to do an iterative review on the DL to maintain the quality and benefit 

from the significant advantages over the old storage systems. 

4.2.8 Polyglot Persistence 

Polyglot persistence is a recent development that is still evolving (Foote, 2017). It refers to 

using multiple storage technologies and choosing individual applications or components are 

using the way data, which means a data store works for that part of the application and then 

glues it together (Nathans-Kelly, 2018). ‘Polyglot persistence came about as an extension of 

NoSQL. The realisation of NoSQL led to software capable of interacting with multiple 

databases, and, in turn, supported the idea of Polyglot Persistence’ 

4.2.9 Maturity Stages of DL 

       As a new concept, a DL has maturity stages (Gorelik, 2021). It is helpful to define these 

stages as follows:  

• A data puddle is a single project data mart. Data is loaded for a single project or 

team. It is used to lower costs and provide better performance than the DW.  

• A data pond is a collection of data puddles with less expensive and more scalable 

technology. Data ponds limit data to only those needed by the project. It does not 

help democratise data usage or drive self-service and data-driven decision-making 

for business users.  

• A DL has an advantage over a data pond. It aims to contain data that business users 

might want, even if there is no project requiring it at the time. DLs enable business 

users to leverage data to make their own decisions by conducting ad hoc analyses 

and experimentation with various new types of data and tools.  
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• A data ocean extends self-service data and data-driven decision-making to all 

enterprise data, regardless of location or whether it was loaded into the DL.  

  Figure 4.44 The value proposition of the DL 

          Adapted by the author from (Gorelik, 2021) 

 

         Figure 4.55 The four stages of maturity 

Adapted by the author from (Gorelik, 2021) 

As illustrated in   Figure 4.444.4 and Figure 4.554.5, the distinctions between the amount 

of data and the number of users sometimes grow dramatically as maturity progresses from a 
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puddle to a pond to a lake to an ocean. The pattern of usage shifts from high-touch IT 

involvement to self-service, and the amount of data expands beyond what is required for 

immediate projects. 

4.3 Data Processing 

This section discusses data processing as starting from an immutable raw datastore used 

for data loading to enable any new exploratory analysis to be performed without returning to 

the source system and extracting data (Matillion Academy, 2020). A typical data pipeline is as 

follows: extracting data, a raw data zone, re-identifying data, curating zone and then the DL. 

Data loading allows for the reconstruction of the state of the business at a specific period, 

which can help in testing predictive models. It is advisable to use a quarantine zone to remove 

sensitive data before entering the raw data zone. Data masking techniques can be used to de-

identify data; however, this can cause issues in specific use cases. This can still be done by 

hashing some data and then removing any identifiable attributes such as first name, last name, 

date of birth, etc. Data masking is not without danger. Data exposed by a company can be 

cross-referenced with other data that the company may not even have and used to de-

anonymise and identify individuals. Considering this, it is best to hash and then completely 

exclude specific attributes. 

Decoupling storage and compute resources is one of the key design goals of a cloud-based 

DL and enables the organisation to optimise costs, innovate quickly and experiment with 

different processing technologies and vendors. This decoupling allows the best tool for the job 

to be picked. The ability to pay only for the computing resource needed allows start-up 

businesses to compete with the most prominent enterprises without substantial capital 

expenditures. Licensing costs can also be reduced in this manner, removing a barrier to 

competition by utilising serverless and managed service computers. 

Kylo (a Greek word meaning flow) is one of the famous data processing frameworks. It is 

a feature-rich DL platform built on Apache Hadoop and Spark. Kylo provides a DL solution 

enabling the ingestion, preparation and discovery of self-service data. It was developed 

by ‘Think Big’ (a Teradata company) (Think Big, 2018) and provides a flexible data 

processing framework. More details on Kylo will be provided in section 4.10. 
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4.3.1 Types of Data Processing 

Processing data in a DL requires analysing several terabytes of data relying on two 

categories: batch processing and stream processing (Bock, 2018). Kumar and Villamariona 

(2021) mentioned another distinction type of data processing. The three types are as follows: 

real-time i.e., “continuous input, constant processing and steady output of data”, near-real-

time, i.e., “when processing time in minutes are acceptable instead of seconds” and batch 

processing i.e., “less time-sensitive than near real-time hourly, daily or monthly update” 

(Kumar & Villamariona, 2021). 

4.3.1.1 Data Processing Architecture 

The development of an appropriate big data architecture will be critical in meeting the 

demands of big data processing. Based on Microsoft technology, see Figure 4.664.6; the 

primary goal is to process large amounts of data, enable interactive big data exploration, 

predictive analytics, ML and create intelligent data-driven applications. 

Figure 4.66 Data processing operations Microsoft technology-based 

(Azure, 2020) 

 

https://secureservercdn.net/160.153.137.18/067.df1.myftpupload.com/wp-content/uploads/2019/08/big-data-architecture-mn.jpg


92 

 

 

Data processing architecture is designed to support specific processes such as data 

acquisition, integration, storage, security, management, monitoring, analysis, consumption and 

operationalisation. Design principles, data usage patterns and service and tool rationalisations 

are critical success factors. All this is to enable interactive data exploration, predictive 

analytics, ML, and intelligent data-driven applications in the business environment. The data 

process begins with data orchestration technology in which workflows comprise many 

repeated data processing operations that transform source data, move data between multiple 

sources and then load the processed data into an analytical data store. Data processing 

operations are saved in a distributed storage system that can hold considerable volumes of large 

files in various formats. Data processing necessitates data preparation, such as data filtering, 

aggregation and joins, among other things. Programming languages such as Java, Scala, R, and 

Python are used. Analytical data stores for data prepared in a structured format that can be 

queried using analytical tools as part of the data processing architecture (Azure, 2020). The 

architecture also includes an ML library as well as analysis and reporting tools. 

4.3.1.2 Batch vs Streaming 

When planning enterprise data architecture, it is essential to know if the enterprise needs 

data to be processed on arrival, in real-time or near-real-time, or if the data should be left to 

accumulate before running the ETL job. Batch processing is processing data over a period as 

blocks of data. Depending on the duration of the period, it will take a significant amount of 

time to process the resulting file. Hadoop MapReduce is the best framework for processing 

data in batches. It works well if real-time analytics results are not needed and large volumes of 

data with detailed insights are needed (Vaseekaran, 2017). In batch processing, the whole data 

group is processed at a future time see Figure 4.774.7. It can be scheduled, or the trigger can 

be fired with a condition. Data warehouses and Hadoop are examples of batch processing 

approaches (Bock, 2018). 
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Figure 4.77 Processing data using MapReduce 

Adapted by the author from (Vaseekaran, 2017)    

 Some software like Informatica and Alteryx can be used for small to medium data sets 

(Levy, 2021). In batch processing, the ETL job will run for a certain amount of raw data, and 

data will be between an hour to a few days old before being made available for analysis. Thus, 

batching is recommended when working with large data sets or running a complex algorithm 

and joining tables in relational databases. See Figure 4.884.8.                                                     

Figure 4.88 Batch processing 

Adapted by the author from (Levy, 2021). 
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 On the other hand, stream processing is the process of analysing data before they are 

stored. Data should be fed into the analytics tool immediately generated from the source, and 

the user should be able to access instant analytics results. Apache Kafka, Apache Flink, Apache 

Storm, Apache Samza and other open-source stream processing platforms can be used for this 

task. See Figure 4.994.9. 

Figure 4.99 Spark process data in real-time 

Adapted by the author from (Vaseekaran, 2017) 

Stream processing is known as event-driven architecture, where the internal workflow is 

designed to monitor for new data continuously and dispatch processing immediately that data 

are received Figure 4.10104.10 (Bock, 2018; HAZELCAST, 2020). If sub-second latency is 

crucial, and data are generated in a continuous stream which arrives at high velocity, stream 

processing will be the right approach. 

Figure 4.1010 Stream processing frameworks 

Adapted by the author from (Levy, 2021) 
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As stated in the initial introduction, batch and stream processing are two types of 

processing whereby: 

• In batch processing, data are processed over all or most of the data as blocks, but 

in stream processing, data are processed as a rolling window or most recent record 

see Figure 4.11114.11. 

• Batch processing handles a large batch of data, while stream processing handles 

individual records or micro-batches of a few records. 

• At the performance point, the latency of batch processing will be in minutes or 

hours, while the latency of stream processing will be in seconds or milliseconds 

(Vaseekaran, 2017).  

• Stream processing and micro-batch processing are often used synonymously (Levy, 

2021). 

Figure 4.1111 Batch vs Real-time 

 The term ‘micro-batch processing’ means data are available in near real-time. In practice, 

there is little difference between micro-batching and stream processing. It is helpful to use this 

approach when enterprises need very fresh but not necessarily real-time data (Levy, 2021).  

Overall, for batch ETL in traditional data environments, ETL software extracts batches of 

data from a source system on a schedule, converts the data and then loads them into a 

repository, such as a DW or database. In contrast, streaming ETL is required for real-time 

applications. This is because they must be able to respond to new data in real-time as they are 

generated. The following section will discuss this technique in more detail. 
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4.3.2 Data Ingestion and Processing Techniques 

Enterprises rely on various data sources, including financial, sales, application APIs, and/or 

scraped web data. Before data can be digested,  they must first be ingested into local storage. 

Data ingestion is the process of transferring data from various sources to a DL. The data 

ingestion layer serves as the foundation of the analytics architecture. Enterprises must 

understand data ingestion and the technologies that support it. The strategic and modern 

approach to designing the storage data pipeline will provide the enterprise with a competitive 

advantage. The enterprise will first develop its data strategy before deciding whether to use 

batch or streaming data ingestion (AWS, 2021; STITCH, 2020). 

4.3.2.1 ETL 

Figure 4.1212 ETL process 

Adapted by the author from (Smallcombe, 2021) 

Data ingestion is generally referred to as ETL. An analytics system for demanding 

applications such as IoT is predicated on the existence of a time-sensitive data store that 

captures the most accurate picture possible. If the correctness criteria are not met, the analytics 

system's contents can deviate arbitrarily from the actual state. The extraction process reads, 

collects and copies data from the source systems, which can be transactional or OLTP systems. 

Subsequently, the destination storage system’s requirements and characteristics will determine 
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what data transformations are necessary for the transformation process (validating, cleansing 

and preparing data for analysis). Finally, the loading process writes data into an enterprise 

destination storage see Figure 4.12124.12 (Sasmal & Kleider, 2019; Smallcombe, 2021). 

 

Figure 4.1313 Staging area / OLAP summaries 

Adapted by the author from (Meehan & Zdonik, 2017) 

According to Meehan and  Zdonik (Meehan & Zdonik, 2017), ETL must be able to scale 

with the number of incoming data sources online analytical processing (OLAP ) see Figure 

4.13134.13. ETL requirements can be divided into three categories ETL requirements, 

streaming requirements and  Infrastructure requirements. 

4.3.2.2 ELT 

Figure 14 ELT process 

Adapted by the author from (Sasmal & Kleider, 2019) 
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 ELT is a relatively new technology made possible by modern, cloud-based server 

technologies. ELT is appropriate with DLs. It leverages the DW to do basic transformations, 

and no data staging is needed. Moreover, DLs do not require data transformation 

before loading. Data cleansing, enrichment and transformation occur after loading the data into 

the DL (Sasmal & Kleider, 2019; Smallcombe, 2021). ELT is known for its flexibility and ease 

of storing new, unstructured data. See Figure 144.14. It is vital to have an excellent physical 

data model for ETL and ELT to enhance performance for all tables, including staging tables 

with appropriate data types and distribution techniques. 

4.3.2.3 Streaming 

 Stream processing is used to describe data processing before storing it in a system. It is 

composed of defined data processing components. Twitter’s Storm, Yahoo’s S4, Cloudera’s 

Impala, Apache Spark and Apache Tez use NoSQL systems to identify instream processing as 

the immediate need in many practical business application areas (HTC, 2018; Teymourian & 

Paschke, 2010). Stream processing refers to data processed as frequently as necessary for a 

particular use case. It can be measured in microseconds rather than in hours or days. Streaming 

handles never-ending data easily and data from multiple streams simultaneously. It fits with 

time-series data and detects patterns over time. The most continuous data series are time-series 

data, such as traffic sensors, health sensors, transaction logs and all IoTs (Kanagwa & 

Kimbugwe, 2014; Perera, 2018). It processes data as they arrive, hence spreading the 

processing over time. It works with a lot less hardware than batch processing.  

4.4 Data Curation 

Data curation essentially translates to managing data throughout its existence. It is the 

process of obtaining, keeping and managing data in repositories in such a way that is beneficial 

to the end-users. It is also essential to make data freely accessible for future research. 

Regarding data discovery, as well as managing and facilitating the complete data harnessing 

process. With ever-increasing stockpiles of unstructured data all around us, the work of data 

curators has never been more critical. This is why I have seen the emergence of data curators 

alongside data analysts and data scientists (Freitas & Curry, 2005). 
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Figure 4.1515 Data Curation 

Source identification, transformation, normalisation, rule administration, error detection 

and repair, data consolidation, storage, classification, taxonomy services, schema mapping and 

semantic enrichment are all examples of data curation processes. Lightweight classification 

and normalisation activities are examples of curation activities. It can also be combined with 

other curation activities to provide more instant access to curated data while simultaneously 

providing the quality control that only an expert curation team can provide (Freitas & Curry, 

2005). Data curation is the process of organising data to be discovered and analysed by the 

enterprise. Authentication, archiving, administration, preservation retrieval and representation 

are all aspects of data curation (Knight, 2017). See Figure 4.15154.15, one way of data curation 

processes in descending order. 

4.5 Data Provisioning 

 Data provisioning is the process of creating, preparing and enabling a network to provide 

data to its user. Data needs to be loaded to storage before reaching the user via a front-end tool 

(Cundiff et al., 2018). Data collection, extraction and integration are often the most complex 
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and expensive tasks in a DL project. It is often an underestimated effort, including the 

identification and selection of relevant data sources. An essential task of the data collection 

phase is describing the data sources (Grossmann & Rinderle-Ma, 2015). 

4.6 Data Consumption/Exploration 

Data consumption enables consumers to discover the data without needing IT to build data 

models that help them discover the data quickly and efficiently. Thus, data consumption 

comprises data discovery and data provisioning. The actors in data consumption are the data 

owner, data stewardess and consumer, and the security, governance and metadata layers 

(Pasupuleti & Purra, 2015). Data exploration analysis (EDA) provides a simple set of 

exploration tools that bring out the basic understanding of real-time data into data analytics. 

Understanding business data is essential for making a well-planned decision, which usually 

involves summarising the main features of a data set, such as its size, pattern, characteristics, 

accuracy and more (Sharma, 2020). 

4.7 DL Governance 

 Managing a DL is a daunting task because every DL is dynamic and never the same, 

provided users are creating and consuming data. It needs to be governed optimally to deliver 

value to the enterprise. Building DLs and building governed DLs are different. DL governance 

is like any kind of governance. It involves authority, control, planning, monitoring and 

enforcement of the management of data assets. In other words, it is the control over the 

organisation or geopolitical area, or the process of administering conformance with policy 

(Ladley, 2020), where it specifies guidelines for handling and maintaining data following the 

enterprise objectives. Ladley (2020) stated that DL governance is the organisation and 

implementation of policies and responsibilities of engagement, decision rights and 

accountabilities to manage information assets effectively. DL governance ensures that data 

management is happening as designed. In addition, it is not a function performed by those who 

manage information (Eichler, 2018; Ladley, 2020). 

The main topics handled in DL governance are data quality, data lifecycle and data security. 

Data quality is essential, as it determines whether the data can be used for their intended 

purpose by checking accuracy, reliability, timeliness, completeness and accessibility. Accuracy 
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specifies how precisely the data represent the actual object or event. Reliability refers to the 

probability of correctness. Similarly, completeness features the extent to which the data contain 

the expected number of values. The timeliness feature indicates whether the data describe the 

current state of reality or are outdated. Last, the degree to which data are retrievable and 

available is signified through accessibility (Eichler, 2018). In conclusion, using authority and 

policies to ensure the effective administration of information assets is known as DL 

governance. 

4.7.1 Data Swamps 

A data swamp is a data pond that has grown to the size of a DL but failed to attract a broad 

analyst community, usually due to a lack of self-service and governance facilities. At best, the 

data swamp is used as a data pond, and at worst, it is not used (Gorelik, 2021). Furthermore, it 

lacks documentation, resulting in the loss of knowledge of what data are stored and what they 

represent and the inability to ascertain and ensure data quality, data lineage and security 

aspects. Not knowing what data are stored or how to find them renders the data useless, and 

the inability to implement security aspects or data lineage features can have legal implications. 

It is lawfully required to provide transparency on data ownership and retention and guarantee 

the ability to delete and correct any form of personal data.  

A DL that does not satisfy transparency, that is, the knowledge required to know exactly 

what data lie where, what they represent, what they are used for and by whom, is called a data 

swamp or data graveyard. Essentially, a data swamp is a DL in which data have become useless, 

as they cannot be found or used in an intended manner due to quality or legal reasons. 

Cultivating a data swamp can be prevented by proactively planning the data collection, 

management and protection through data governance and metadata management (Eichler, 

2018). There are four basic steps to preventing a DL from becoming a swamp. First, the use of 

data should be well specified for specific projects in the enterprise. Second, data should be 

loaded only once. Third, data should be catalogued upon ingestion, so they are searchable and 

findable. Fourth, data lineage should be documented and good governance processes 

implemented (Menon, 2019). 

Summarily, a data swamp is deficient in the information used to characterise other data. In 

essence, it contains meaningless information. Only relevant data should be stored in the DL to 
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avoid a data swamp. Parameters should be set for the type of data that will be collected. Data 

governance should be included in DLs, describing how data should be managed, who should 

manage them, where the data travel, how long the information should be kept and other 

considerations. Automated processes should be implemented when there is a data swamp. 

Inability to create a data cleaning strategy. 

4.7.2 Data Cataloguing  

A data catalogue is a catalogue of all data in a DL using metadata to make data discovery 

and governance easier. Data sets receive the necessary context and trackable lineage to be used 

efficiently in workflows (Chen, 2020). Building a data catalogue will ensure that the enterprise 

investment in a DL succeeds. The benefits of cataloguing are that it raises confidence in the 

enterprise data through data quality and governance, empowers data users and data curation 

and metadata management reduces the time it takes to discover metadata and optimise storage 

costs. A data catalogue would take the data without changing their native format and apply a 

logical catalogue to them using metadata such as date received, sender, general topic and other 

such items that could accelerate data discovery (Chen, 2020). A search within the data 

catalogue brings up relevant results associated with the feature and other targeted keywords, 

allowing for much quicker preparation and processing. 

4.7.3 Metadata 

Metadata is information or data about data. It provides users and applications with a good 

exploration and better understanding of the data and their properties. Depending on the 

category, the metadata is relevant for different stakeholders and serves different purposes. 

According to Eichler (2018), there are several approaches for categorising metadata into 

descriptive, structural and administrative metadata. See Table 4.474.4. 
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Table 4.47 Descriptive, structural, and administrative metadata 

Adapted by the author from (Eichler, 2018). 

Descriptive Structural Administrative 

Descriptive metadata 

identifies and discovers a 

data set through 

properties such as author, 

title or other keywords.  

 

Structural metadata 

describes the 

relationships between 

data subsets and how they 

belong together.  

 

Administrative 

metadata comprises rights 

management, technical 

and preservation 

metadata.  

 

Metadata can be categorised as schematic, semantic or conversational metadata from the 

data wrangling dimensions. See Table 4.58. 

Table 4.58 Schematic, semantic or conversational 

Adapted by the author from (Eichler, 2018) 

Schematic Semantic Conversational 

Schematic metadata 

covers information on the 

schema and formatting. 

 

Semantic metadata is 

equivalent to descriptive 

metadata with other 

associations, thus 

covering part of the 

structural metadata.  

 

Conversational metadata 

covers all the information 

on people who previously 

accessed the data as well 

as their insights and 

experiences with the data.  

Another classification scheme distinguishes between business, technical and operational 

metadata. See Table 4.694.6. 
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Table 4.69 Business, technical and operational metadata 

 (Eichler, 2018) 

Business Technical Operational 

Business metadata puts 

the data in a context, 

indicating what they 

represents. Information of 

this sort provides 

visibility, thereby 

enabling self-service data 

access and discovery use 

cases.  

 Technical metadata 

describes the form and 

structure of the data. It is 

used for storage, 

maintenance and re-use 

purposes.  

 

Operational metadata 

captures the data’s 

provenance, quality, 

lineage and legal 

requirements. It is used to 

implement capacity, 

lifecycle and security and 

privacy requirements. 

 

The following section will discuss the definition of DL privacy and security, where data 

are categorized for the purpose of DL privacy and security. 

4.8 Data Privacy and Security 

The DL privacy is described as how the data collected about individuals can be used and 

the time of collection. Identifying some data as sensitive is a process to protect private data. 

DL security protects information from malicious and unauthorised disclosure and ensures 

integrity, modification, destruction, confidentiality and availability of the data. By ensuring 

that only users have access to the data, data needs to be defined by the enterprise security and 

access policies.  

The security plan should be prebuilt at the inception of the DL project based on department, 

function and organisational structure (Coenye, 2019). The DL security plan should address 

data access control, data protection, DL usage audit, data leak prevention and data governance 

and compliance (OKERA TEAM, 2020). The access control comprises two levels. The first 

level controls the security of objects within the DL, and the second level is the predefined 

settings that a child object can inherit upon creation. The categories of permissions are the 

owners, permissions and everyone else. Each category can be assigned as read, write and 
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execute permissions (Coenye, 2019). Data security is the process of analysing data risks, which 

includes discovering, identifying and classifying data and analysing the risk based on value, 

location, protection and proliferation. Additionally, it includes data masking, data 

encryption and authentication (Kara, 2016). Privacy and security are two mandatory 

components for an optimal DL project: role-based access control, authentication, authorisation, 

and data at rest and in motion.  

4.8.1 Data Classification 

Data classification refers to categorising data by sensitivity and business impact or 

organising data into tiers of information. The purpose is to support governance by identifying 

the data risks and managing them to protect sensitive or important data from theft or loss. Data 

classification, in other words, is the process of associating a metadata characteristic with every 

asset in a digital estate, which identifies the type of data associated with that asset. All data 

candidates for migration or deployment to the DL should have documented metadata to record 

the data classification, business criticality and billing responsibility to mitigate DL risks. The 

following is a list of some data classifications in the DL (Blanchard, 2019):  

Public: Data approved for public consumption. 

General: Internal data not intended for the public. 

Confidential: Sensitive data that could cause harm if wrongly shared. 

Highly confidential: Highly data that could cause extensive harm if wrongly shared. 

Security and classification standards should be established and assigned to the data to 

address data lifecycle requirements. The enterprise must create criteria for classification and 

outline the roles and responsibilities of employees to maintain the protocols and implement 

proper security standards (KOMPRISE, 2021). 

4.8.2 Data Protection 

 Data protection refers to protecting data from loss, user errors, malware and viruses, 

machine failure and/or disruptions using backups and disaster recovery procedures. All 

enterprise data should follow protection policies in an automated process, allowing for faster, 

accurate data recovery, protection of the data’s integrity from corruption or errors and data 
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privacy (KOMPRISE, 2021). There are two approaches to protection: encrypt/decrypt and 

tokens. Encryption is only as secure as the key used to encrypt and decrypt the data, causing a 

single point of failure. Conversely, tokens maintain the format so that even if a hacker gets the 

key, they still do not have access to the data (OKERA TEAM, 2020).  

Under data protection, there are also two other techniques to ensure data protection: data 

masking and data encryption. These are two technically distinct processes. There are some 

similarities between them, but the differences are substantial (Nair, 2014). 

4.8.2.1 Data Masking 

Data masking is the process of changing or hiding some data characters but not encrypting 

the data, thereby ensuring vital parts are obscured. Data masking is a dynamic process that 

speeds up data privacy based on user privileges. Users can see the data in their native form 

without masking if they are assigned to that data and allowed to see them (GARG, 2015). Data 

masking is a useful technique for obfuscating highly sensitive data in the DL. One of the 

drawbacks of masking is that there is no guarantee that the masking transformation chosen for 

a data field fully obfuscates it from identification when correlated with other data in the DL 

(Nair, 2014). Masking supports enterprise policies and limits access and viewing of private 

data to authorised users with a valid business purpose. With data masking, the data provided 

will be enough for the user to accomplish their business needs. 

4.8.2.2 Data Encryption 

Encryption is a security method where data are encoded and can only be accessed or 

decrypted by the authorised user with the correct encryption key. Encryption is one of the most 

popular data security techniques that enterprises use in the DL. Encrypted data 

are commonly referred to as ciphertext, while unencrypted data are called plaintext. There are 

two types of data encryption, namely asymmetric and symmetric encryption. Encryption can 

be used as a layer of access control. Data appear scrambled or unreadable to a user accessing 

them without authorised permission (Wagh, 2020). Encryption provides a means of proving 

that information is authentic and comes from the point of origin in the DL. Decryption is 

applied automatically when the operating system reads the data, and vulnerable data are fully 

exposed to any user or process accessing the system (Nair, 2014).   
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4.9 Best Practices for DL Implementation 

Although DL is a new storing technique, it has methods, rules and best practices, and 

ignoring them will cause the DL to fail. The following are some best practices in building DLs 

(Maroto, 2019; Russom, 2017): 

1. Adopt the practice of early ingestion and late processing. 

2. Control and govern the data (who loads them, when and how). 

3. Persist data in a raw state to preserve their original details and schema. 

4. Improve data at a reading time as lake data are accessed and processed. 

5. Capture big data and other new data sources in the DL. 

6. Integrate data from diverse sources, structures and vintages. 

7. Extend and improve enterprise data architectures, both old and new. 

8. Make each DL serve multiple technical and architectural purposes. 

9. Enable new self-service data-driven business best practices. 

10. Select data management platforms that satisfy DL requirements. 

11. Implement multi-threading. 

12. Increase machine resources or any infrastructure limitations. 

13. Move interface components to a faster scalable platform, such as a cloud-based service. 

14. Change APIs are used in passing content to compressed data during transfer. 

Alternatively, increase the data interface for more than one or parallel interface. 

This new storing technique includes rules and processes for best practices. Because DL is 

a unique storage technique, failing to follow these processes will result in DL failure. The 

following section will present one good choice of open-source DL. 

4.10  Kylo 

This is a new open-source DL. This section explores how powerful it is and how well it fits 

with AIRM. Kylo is a high-performance DL platform built on Apache Hadoop and Spark. It 

provides a turnkey, business-friendly DL solution, complete with self-service data ingestion, 

preparation, and discovery. Kylo is a web application layer with features tailored to business 

users such as data analysts, stewards, scientists and IT operations personnel. Furthermore, Kylo 

incorporates the best industry practices for metadata capturing, security and data quality. 
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Moreover, it offers a flexible data processing framework (based on Apache NiFi) to create 

batch or streaming pipeline templates and enable self-service features without jeopardising 

governance requirements. It was created by Think Big, a Teradata company, and is used by a 

dozen major corporations worldwide (Think Big, 2018). In addition, the Apache Software 

Foundation’s Apache NiFi project automates data flow between software systems using the 

ETL paradigm (Apache NiFi Team, 2021). Think Big has derived significant benefits from the 

open-source Hadoop ecosystem and has chosen to open-source Kylo to give back to the 

community and improve value. See Figure 4.1616. 

 

Figure 4.1616 Kylo architecture 

Adapted by the author from   (Think Big, 2018) 

In most cases, the workload is allocated to the cluster with the most processing power. Kylo 

orchestrates pipelines using Apache NiFi. With over 180 built-in processors, NiFi can connect 

to various sources and conduct lightweight conversions on edge. Kylo’s NiFi processor 

extensions can call Spark, Sqoop, Hive and even traditional ETL tools. SQL transformations 

are the focus of ETL solutions, which use their unique technology. The majority of DW 

transformations are focused on importing normalised relational schemas like a star or 

snowflake. Extract, load, transform (ELT) follow Hadoop’s data patterns (Think Big, 2018). 

Kylo’s added values are as follows: 
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• Kylo is a modern web application that runs on a Spark and Hadoop cluster’s Linux 

‘edge node’. It includes various routines for DL activities that use Spark and Apache 

Hive. 

• Its scheduling and orchestration engine is Apache NiFi, which provides an 

integrated foundation for developing new 200-processor pipelines (data connectors 

and transforms). Additionally, Kylo includes a built-in metadata server that is 

currently compatible with MySQL and Postgres databases. Finally, for cluster 

monitoring, Kylo can connect to Apache Ranger or Sentry as well as CDH 

Navigator or Ambari. 

• Write-once, which has been frequently used, is one of Kylo’s additional values. 

Although NiFi is a robust IT tool for constructing pipelines, most DL feeds only 

use a few distinct flows or patterns. IT can develop and register a NiFi template as 

a data processing model for feeds using Kylo. 

• Web modules provide important DL functionalities such as metadata search, data 

discovery, data wrangling, data browsing and event-based feed execution to 

connect flows. 

• Data feeds can be monitored using the Operations Dashboard UI. It delivers feed 

health monitoring and related infrastructure services from a central location.  

To implement AIRM, I do not need expensive or complicated ETL technologies for 

Hadoop. Instead, I will use Kylo, which is more than enough for AIRM.   Kylo uses Spark to 

wrangle and prepare visual data transformations with all the aforementioned  added values 

over Apache NiFi. 

4.11  The Future Evolution of DL 

The future evolution of DL is closely related to the orientation of the large companies that 

lead this field, such as  Amazon, Microsoft and Google, as cloud providers give reasons for 

enterprises to move DLs to the cloud. They offer lower cost and more straightforward 

development and agile environments that can scale elastically on demand. In addition, they can 

capture, store, process and analyse current data faster, more efficiently and at a lower price. 

The following are four reasons for moving DLs to the cloud.  
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1. Complexity and cost 

Enterprises need to overcome the long and steep learning curve, lack of security, 

inefficiency with small data sets and slow performance for analytics. DLs built on cloud 

platforms are much more intuitive, requiring less technical knowledge and cost for 

highly skilled, difficult-to-find resources. In addition, enterprises pay for only what 

they use, which decreases maintenance costs and other costs. 

2. Technology maturity  

Cloud tools are designed for the variety, volume and velocity of modern data. Cloud 

DLs are more suited for the complex deep learning required for AI and ML 

applications. Traditional data integration could not deliver the volumes of data fast 

enough. Any workaround to solve this will be costly due to the lack of highly skilled 

resources not available to all enterprises, which is what makes the cloud DL an optimal 

choice. 

3. Scalability  

Cloud providers now offer auto-scaling features that allow organisations to optimise 

resource utilisation based on rules they create automatically. They ensure applications 

stay running without breaking the budget. Cloud infrastructure is more scalable, as are 

many of the technologies that support cloud DLs. 

4. Security and Governance 

Most security and governance requirements are now part of the cloud providers’ 

infrastructures as a service. However, on-premises DL management and processing are 

revealing themselves to be a costly and cumbersome process. 

 By moving these processes to the cloud, organisations will quickly realise significant time 

and cost savings and establish a more efficient and reliable data management system (Punuru, 

2019). 

Every technology has its advantages and disadvantages. As Banafa, stated here are some 

of the data lake disadvantages (Banafa, 2021). 

• Data Processing is a previously unexplored field. 
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• Data management 

• Managing Unpredictability 

• Concerns about privacy 

• Legacy Data's Complexity 

• Metadata Management of the Lifecycle 

• Data Islands that are desolate 

• The Integration Problem 

• Unstructured data can result in ungoverned and unusable information and disparate 

and complex tools. 

• The most significant threat posed by data lakes is security and access control. 

Because specific data may have privacy and regulatory requirements, some data 

can be placed in a lake without any control. 

4.12  Summary 

This chapter provided a brief history of big data and why it is known as 4Vs. Subsequently, 

DL and DW, with key DL concepts, were defined, moving to the fundamental difference 

between DW and DL. The DL architecture was highlighted, identifying the two well-known 

types of DLs: logical and public DLs. Furthermore, the DW problems, DL importance, polyglot 

persistence, advantages of DL and what DL is not were highlighted. Afterwards, data 

processing was discussed, mentioning the types of data processing, data processing 

architecture, Kylo as a new open-source DL and how powerful it is and batch vs streaming. 

Thereafter, data ingestion and processing techniques – the ETL, ELT and streaming – were 

discussed in-depth. Consequently, some critical DL topics such as data curation, data 

provisioning, data consumption/exploration, DL governance, data swamps, data cataloguing, 

metadata, data privacy and security, data classification, data protection, data masking, data 

encryption, best practices for DL implementation and the future evolution of DL were 

emphasised. 

ML and AI models will be discussed in the following chapter; which moves from history to 

the cutting-edge of these technics. Then the focus will be on the specific model to be used in 

the proposed AIRM architecture. 
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Chapter 5  

5  ML and AI  

Machines or computer programs do not have the natural language abilities that humans 

have. They have to be designed so that they can be of relevance in communicating with 

humans. One of the relevant technologies in NLP is word embeddings or word vectors, which 

are numeric structured representations of vocabulary. This section emphasises the fundamental 

understanding of ML and AI models required to construct the AIRM, such as clustering and 

NLP algorithms. 

5.1 History of ML and AI 

ML is an umbrella term for computer systems that use the experience to enhance 

performance or generate accurate predictions. In this context, experience refers to past 

knowledge to which the learner has access. Like in other areas of computer science, time and 

space complexity are significant indicators of algorithm quality. In general, learning techniques 

are data-driven methods that combine core computer science concepts with notions from 

statistics, probability, and optimization (Mehryar et al., 2012). The linear regression method is 

one of the most often used ML algorithms. Learning interpretable from data has a far older 

history, dating back to the early nineteenth century (Molnar et al., 2020). The concept 

underlying these statistical models is often to make specific distributional assumptions or limit 

the model complexity ahead of time, therefore enforcing the inherent interpretability of the 

model. The timeline of ML development  is shown in Figure 5.117. 
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Figure 5.117 Timeline of ML development 

Adapted by the author from (Molnar et al., 2020) 

 Using cluster algorithms is part of ML and is categorized as unsupervised learning. Cluster 

analysis was known worldwide as early as the beginning of the 19th century. Research on 

clustering methods initiated the publication of books such as ‘Les bases de la classification 

Automatique’ by Israel César Lerman. As a result, the fundamental issues and clustering 

methods became well-known in a broad scientific community, including statistics, data 

analysis, and, most importantly, applications. One of the primary clustering techniques is based 

on the sum-of-squares criteria and the algorithm known today as 'k-means'. When I trace the 

roots of this method, I discovered that it has been suggested in many versions and under various 

assumptions by many scientists; and has broadened its scope to include additional data sources 

and probabilistic models (Fichet et al., 2011). 

   AI has been studied for decades but remains one of the most perplexing fields in computer 

science. In 1956 John McCarthy coined the term ‘artificial intelligence’ and hosted the first 

scholarly symposium on this topic. The effort to establish if robots can actually think began far 

earlier. In 1945, Vannevar Bush offered a way to improve people's knowledge and 

comprehension in his piece 'As We May Think'. Five years later, Alan Turing published a paper 

on the idea of robots being able to imitate humans and do intellectual tasks. Nobody can 

https://www.google.co.uk/search?tbo=p&tbm=bks&q=inauthor:%22Israel+C%C3%A9sar+Lerman%22
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disagree that a computer is capable of processing logic. Themes in AI search algorithms, ML 

algorithms and the inclusion of statistical analysis into understanding the world at large have 

been among the most significant advancements in the previous sixty years (Ekmekci & Arda, 

2020). 

NLP is a subfield of AI that allows robots to interpret human language. Its objective is to 

create systems that can understand language and conduct activities automatically. Although 

there is no universally accepted definition of NLP, Liddy defines it as a theoretically justified 

set of computer approaches for evaluating and modelling naturally occurring texts at one or 

more levels of linguistic analysis in order to achieve human-like language processing for a 

variety of tasks or applications (Liddy, 2001). 

Figure 5.218 NLP Timeline development 

Adapted by the author from (Louis, 2020) 
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In 1949, Weaver's memorandum proposed the first computer-based application linked to 

natural language: machine translation (MT). It subsequently inspired several initiatives, 

including the Georgetown experiment in 1955, which successfully showed machine translation 

of more than 60 Russian phrases into English.  

Figure 5.2185.2 lists NLP historical occurrences. Generative grammar was introduced 

around 1957 by Chomsky. It was conceived as a rule-based system of syntactic structures that 

shed light on how conventional linguistics may aid machine translation. In 1965, 

Transformational Generative Grammars, released by Chomsky, sought to focus on how to 

convey meaning in the text. This search continued until 1968, when Fillmore presented case 

grammar and semantic networks. Around the 1970s, academics eagerly arrived at conceptual 

ontologies, which organized real-world knowledge into computer-understandable data. Many 

vital difficulties in NLP were tackled using symbolic methods in the 1980s. That statistical 

model emerged as a revolution in NLP in the early 1990s, displacing most NLP systems built 

on complicated sets of hand-written rules. This advancement was made possible by the 

continuous rise in computer capacity and the transition to ML techniques. Statistical models 

broke over the complexity barrier of hand-coded rules by developing them through automated 

learning, causing research to focus on these models increasingly. These statistical models were 

capable of making soft, probabilistic judgments at the time.   

Neural networks were first used for language modelling in the 2000s. In 2003, Bengio 

introduced the first neural language model, a one-hidden-layer feed-forward neural network 

that held sway until 2013, when Mikolov released Word2Vec, the most used word embedding 

model. Since then, three well-defined types of neural networks have been adopted in NLP: 

recurrent neural networks (RNN), convolutional neural networks (CNN) and recursive neural 

networks. RNNs were rapidly supplanted by traditional long-short term memory networks 

(LSTM), which were more resistant to the disappearing and ballooning gradient problems. 

Large pre-trained language models are, without a doubt, the most recent significant 

advance in the area of NLP (Louis, 2020). In 2017, in the paper 'Attention is all you need', 

Vaswani and his colleagues offered a revolutionary fundamental network architecture: the 

Transformer, based simply on attention processes. It was a state-of-the-art approach across a 

wide variety of tasks. Pre-trained language model embodiments can be utilized as features in 
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a target model, allowing for efficient learning with considerably fewer data. The primary 

benefit of these pre-trained language models is their capacity to learn word representations 

from massive unannotated text corpora, especially for low-resource languages where labelled 

data is limited. 

After this brief history and definitions of ML, AI, clustering, and NLP, the next section will 

dig deep into clustering and NLP that will be used in AIRM. 

5.2 Clustering 

Clustering is an essential task for finding classes and identifying trends. One can identify 

sparse and crowded regions through data clustering and discover the overall distribution 

patterns or the correlations among data attributes. An actual cluster patterns are more similar 

to one another than the other clusters patterns, which means that the individuals in one cluster 

must be as identical as possible. Entities in one cluster should also be as dissimilar to entities 

in another cluster as possible. This unsupervised approach can spot erroneous class names, 

outliers, and mistakes (Frades & Matthiesen, 2010).  For the reader's convenience, this section 

will highlight some clustering algorithms to show the purpose of selecting a particular 

clustering algorithm. There are several methods for measuring the distance between clusters to 

determine clustering rules, commonly referred to as Linkage Methods (Rani & Rohil, 2013).  

5.2.1 Clustering Types 

As mentioned above, clustering is the process of discovering a series of trends in a set of 

data. It has produced positive results, especially in classifiers and predictors (Homenda & 

Pedrycz, 2018). Clustering can be divided into two categories: hard clustering and soft 

clustering. In hard clustering, each data point may only belong to one cluster. The output 

provided is a probability likelihood of a data point belonging to each of the pre-defined 

numbers of clusters (Sharma, 2020). The most well-known clustering algorithms are K-means 

or partition-based algorithms, hierarchy-based algorithms, fuzzy theory-based algorithms, grid-

based algorithms, and density-based algorithms (Aggarwal & Reddy, 2014). as shown in Table 

5.1105.1.          
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Table 5.110 Clustering algorithms comparison   

Adapted by the author from (Janrao & Palivela, 2015) 

 # Of classes 

before 

computations 

Advantages Disadvantages 

K-means or 

partition-

based 

Mandatory 
When the number of variables is large, K-

Means is usually faster than hierarchical 

clustering when k is small. It results in 

tighter clusters. 

Predicting K-values is difficult. This algorithm is 

ineffective for globular clusters as k-means works 

best for images with spherical clusters with the 

same variance. 

Hierarchical Optional 
Using well-scattered representative points 

and centroid shrinking can identify clusters 

with non-spherical shapes and wide size 

variations. 

It is capable of handling large databases by 

combining random sampling and 

partitioning. Outliers do not pose a problem 

Inability to make changes once the decision to 

split/merge has been made. There is a lack of 

interpretability in cluster descriptors. It is 

prohibitively expensive for high-dimensional and 

massive datasets. The curse of the dimensionality 

phenomenon severely reduces effectiveness in 

high-dimensional spaces. 

Fuzzy or soft 

k-means 

Mandatory Unsupervised Converges Extended computational time and sensitivity to the 

initial guess (speed, local minima). Sensitivity to 

noise and one expects low (or even no) 

membership degree for outliers (noisy points) and 

post clustering records will have to be smoothed 

Density-

based 

Mandatory DBSCAN does not require information 

about the number of clusters in the data. 

Noise resistance requires only two 

parameters and is unaffected by order of the 

points in the database. It can accommodate 

a wide range of cluster shapes and sizes. 

Outliers do not pose a problem. 

-DBSCAN is not entirely deterministic. 

DBSCAN's cluster descriptors are inadequate. 

When dealing with clusters of varying densities or 

high dimensional data, DBSCAN does not perform 

well. These algorithms typically rely on a 

nonuniform distribution of data records (density 

differences) to find clusters. 

Grid-based Mandatory It is identifying subspaces of high-

dimensional data space that allow for better 

clustering than the original space 

automatically. It is possible to think of it as 

both density-based and grid-based. It is 

unaffected by order of records in the input 

and does not assume a canonical data 

distribution. It scales linearly with input 

size and has good scalability as the number 

of data dimensions increase 

The accuracy of the clustering result in CLIQUE 

may be compromised at the expense of the 

method's simplicity. These algorithms typically 

rely on a nonuniform distribution of data records 

(density differences) to find clusters. 

BIRCH 

(Balanced 

Iterative 

Reducing and 

Optional 
Extremely effective. Flexibility in terms of 

granularity is built in. 

Changes cannot be made once the decision to 

split/merge has been made. Cluster descriptors 

have a lack of interpretability. The ambiguity of 

the termination criterion. For high-dimensional and 
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Clustering 

using 

Hierarchies) 

Ideal for point-to-point linkage problems. It 

is local in the sense that each clustering 

decision is made without first scanning all 

data points or all existing clusters. It 

employs measurements that reflect the 

natural closeness of points and can be 

incrementally maintained throughout the 

clustering process. In sparse regions, 

outliers are treated as such and are 

optionally removed. IT makes full use of 

available memory to generate the best 

possible sub-clusters. The clustering and 

reducing process is organised and 

distinguished by the use of an in-memory, 

height-balanced and densely populated tree 

structure. As a result of these 

characteristics, its running time is linearly 

scalable. 

massive datasets, it is prohibitively expensive. The 

curse of dimensionality phenomenon causes severe 

effectiveness degradation in high dimensional 

spaces. 

Let's look at each kind of clustering algorithm in more detail: 

K-means clustering or partition-based clustering algorithm. As the name itself 

suggests, it groups a set of data points into clusters around a centre point called a centroid, 

based on the distance between the data points. The number of clusters must be determined 

before running the algorithm. Each data point of the data set must only belong to one cluster 

in the round. K-means clustering is simple, flexible, and efficient. First, the number of final 

clusters should be determined. Two methods can be used to determine the best number of 

clusters, the Elbow method or industry-related knowledge method. Then when the cluster runs, 

it starts to calculate the distance between points to allocate each data point with the closest 

centroid to it, which means it should allocate the point to the centroid point with the minimum 

distance between them, comparing it with the distance between the point and all other centroids 

points. The algorithm iterates until an average (mean) is achieved, and the data points are 

assigned to their final clusters. It is very sensitive to outliers; therefore, data needs to be 

carefully prepared; and is suitable for the categorical type of data (Aggarwal & Reddy, 2014).  

Hierarchical clustering or dendrogram. Choosing the numbers of clusters at the 

beginning is an option in hierarchical clustering. Although when the number of k increases, the 

accuracy of the hierarchical clustering gets better. It is the best choice for a random dataset; 

and is suitable for categorical data such as department, category, subcategory, segment, etc. It 
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is easy to use because there is no need to select the number of clusters you require. The 

algorithm also produces an exact graphical representation of the clusters, making it easy to 

understand and interpret. There are two types of hierarchical clustering:  

• An agglomerative approach is a bottom-up algorithm that starts at the bottom of the 

hierarchy and begins with each data point. The algorithm groups data points are 

close to each other until all the data points are classified within the hierarchy. 

• A divisive approach is a bottom-down algorithm that starts at the top of the 

hierarchy and begins with all the data points. The algorithm further separates data 

points into smaller clusters until each point falls within a single cluster (Aggarwal 

& Reddy, 2014). 

     Fuzzy clustering, or soft k-means clustering. Unlike k-means clustering or hierarchical 

clustering, fuzzy clustering involves a data point belonging to more than one cluster. A 

weighting of 0-1 will determine which group the data point belongs to. The number of clusters 

must be determined before running the algorithm, just like the k-means algorithm, as it is 

sensitive to the original placement of the centroids. This algorithm also reiterates until a final 

grouping is achieved, just like k-means. It gives a more realistic representation of the data 

because it allows data points to fall within more than one cluster (Aggarwal & Reddy, 2014).  

The density-based clustering algorithm is based on creating clusters by measuring data 

points' density within an axis or region. It runs as an unsupervised approach where each cluster 

gets an area of a specified radius that must contain a minimum number of data points in order 

to form groups. It is able to handle noise and outliers efficiently. However, it is susceptible to 

the input parameters selection and may produce low cluster descriptors (Aggarwal & Reddy, 

2014). 

Grid-based clustering algorithm first groups the data points into a grid-like structure 

within which the clustering will take place. The algorithm allocates data points and measures 

the density of each cell. This algorithm uses a multiresolution grid data structure; this means 

that the algorithm quantifies the grid space into a finite number of cells within which the 

clustering exercise can occur. The two most commonly used grid-based clustering algorithms 

are:  
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• The STING algorithm is also called the statistical information grid approach. When 

using this algorithm, the grid is divided into rectangular cells. This grid forms a 

hierarchical structure where different cells correspond to a different resolution. 

Each cell at a high level is grouped to create the number of cells at the lower levels. 

The statistical analytics of each cell is calculated, analysed, and stored. This 

algorithm is beneficial because it does not require setting up and rerunning the 

entire algorithm. Only an incremental update is needed.  

• The CLIQUE algorithm is density and grid-based, which allows for the processing 

of high-dimensional data. This algorithm is beneficial because it has a fast run time. 

It is also independent of the number of data points, which allows it to be used on 

large data sets. With this algorithm, the scientist can identify clusters of arbitrary 

shapes and identify clusters with any number of dimensions/variables (Aggarwal 

& Reddy, 2014). 

5.2.2 Hierarchical Clustering or Dendrogram 

Compared with other clustering algorithms, the AIRM will focus on hierarchical clustering 

as a common form of unsupervised learning which is suitable for this new proposed 

architecture. The similarity between the clusters is calculated from the dissimilarity measures 

like the Euclidean distance between two clusters. So, the more significant the distance between 

two clusters, the better it is (Pathak, 2018). From the hierarchy-based algorithms family, the 

balanced iterative reducing and clustering using hierarchies algorithm (BIRCH) a clustering 

algorithm that excels at extensive clustering datasets. BIRCH handles large datasets by 

producing a more compact summary that retains as much distribution information as possible 

before clustering the data summary rather than the original dataset. The cost of BIRCH I/O is 

proportional to the size of the dataset: a single scan yields good clustering, and one or more 

additional passes can optionally be used to improve the quality even more. By evaluating its 

running time, memory usage, clustering quality, stability, and scalability and comparing it to 

other existing algorithms, I argue that BIRCH is the best available clustering method for 

handling enormous datasets. Its architecture also supports parallel and concurrent clustering, 

and performance can be tuned interactively and dynamically based on data knowledge gained 

(Lorbeer et al., 2018). 
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 AIRM will focus on BIRCH. The similarity between the clusters is calculated. The more 

significant the distance between two clusters, the better the result is (Pathak, 2018). The data 

set needs to be prepared first when starting the data clustering process. Some steps are required, 

such as scaling the data or normalizing it and missing value imputation. For normalizing the 

data, each observations' feature values are represented as coordinates in n-dimensional space 

(n is the number of features), and then the distances between these coordinates are calculated. 

If these coordinates are not normalized, it may lead to false results. Missing value imputation 

It is also essential to deal with missing or null INFs. There are many ways to deal with such 

values: either remove them or impute them with mean, median, mode, or advanced regression 

techniques. 

The critical operation in hierarchical agglomerative clustering is repeatedly combining the 

two nearest clusters into a larger cluster. It starts by calculating the distance between every pair 

of observation points and storing it in a distance matrix. It then puts every point in its cluster. 

Then it starts merging the closest pairs of points based on the distances from the distance 

matrix, and as a result, the number of clusters goes down by 1. Then it recomputes the distance 

between the new cluster and the old ones and stores them in a new distance matrix. Lastly, it 

repeats steps 2 and 3 until all the clusters are merged into one single cluster (Pathak, 2018).  

5.3 NLP  

In this research, AIRM will use the sentence transformers with a robustly optimised Bert 

pre-training approach (RoBERTa) as a base model, then text-similarity for the similar 

candidates for job matching and vice versa, and fast retrieval of similar documents. Text 

similarity refers to the comparison of vectors in hyperdimensional space. The vectors are of 

two types: sparse and dense vectors. Sparse vectors like Bag of Words (BoW) and Term 

Frequency — Inverse Document Frequency (TF-IDF) (Qaiser & Ali, 2018). These two 

technics have a few drawbacks, such as their long length, requiring a lot of memory and 

computing, significant memory loss due to the fact that the order of words in the document 

does not matter, and that they are difficult to model since the number of model parameters to 

train will be on the order of the input vector length, which will be enormous. 

Moreover, the TF-IDF technic is a statistical method, and it fails to account for the order 

of words; therefore, it does not consider the semantics of a text. These problems of statistical 
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methods can be overcome by other algorithms and dense or short vectors such as Word2Vec 

(Mikolov et al., 2013). Word2vec and GloVe outperform statistical methods; and will extract 

powerful word representations called embeddings. Word2vec works with a feed-forward neural 

network with a language modelling task and optimisation techniques such as stochastic gradient 

descent. Word2vec has some drawbacks as it is not able to handle words with a different 

context. It has the exact representation for words with a different context. For instance, these 

two sentences, I want to open a bank account, and I want to sit near a river bank. Here, the 

word bank has a different meaning in both sentences, and the Word2vec model is not able to 

capture this contextual information. Also, Word2vec does not provide sentence embeddings; 

and for sentence embeddings, word vectors need to be averaged. Transformer-based models 

can handle all these drawbacks well. 

Transformer models were introduced in 2017 (Vaswani et al., 2017). The NLP field was 

revolutionised when Google introduced bidirectional encoder representations from 

Transformers (BERT) (Devlin et al., 2019). Transformer models like BERT achieve State Of 

The Art (SoA) results on the majority of NLP tasks. The transformer is a model architecture 

that completely avoids recurrence, favouring drawing global dependencies between input and 

output. It can be trained significantly faster than architectures based on recurrent or 

convolutional layers (Vaswani et al., 2017). Transformer models even outperform sequence to 

sequence models like RNN (Recurrent Neural Networks). RNN-based models such as a 

bidirectional long-short term memory network (BiLSTM) and Gated Recurrent Unit (GRU) 

read input data sequentially. Another problem associated with RNN-based models is that their 

performance degrades as the input sequence length increases. Transformer based models use a 

mechanism where each datum is read once as a sequence of words.  BERT is pre-trained on a 

massive corpus. Pre-training of such models require extensive data as well as substantial 

computation resources. Pre-training of BERT consist of Masked Language Modelling and Next 

Sentence Prediction (Devlin et al., 2019). Other algorithms like RoBERTa can overcome BERT 

problems. 

The transformer-based RoBERTa model was introduced in 2019 and outperformed BERT 

in many NLP tasks (Liu et al., 2019). RoBERTa has the same architecture as that of the BERT 

model. However, there are some differences in training the RoBERTa model. RoBERTa is pre-
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trained with larger batches and on a more extensive corpus. Compared to BERT, the RoBERTa 

model does not use Next Sentence Prediction (NSP) for the pre-training step (Liu et al., 2019). 

If NSP is not there, I do not need additional pre-training steps, and the model converges faster 

with better results. Due to its better performance over BERT, RoBERTa was chosen over BERT 

for generating embeddings. The RoBERTa base has 12 encoders stacked over each other 

compared to RoBERTa large, which has 24 encoders.               Figure 5.3195.3 shows the 

architecture of an encoder in a RoBERTa model. 

               Figure 5.319 RoBERTa encoder architecture 

              Adapted by the author from (Vaswani et al., 2017) 

For the reranking process, Microsoft MAchine Reading Comprehension (MS MARCO) a 

cross-encoder is used. MS MARCO is a Machine Reading Comprehension dataset on a vast 

scale built by Microsoft AI & Research (Bajaj et al., 2018). MS MARCO works as a large-

scale information retrieval corpus created with the help of the Bing search engine and real-

world user search queries. The cross-encoder model trained on MS MACRO can be used for 

semantic search; the model will find passages relevant to the search query. The training set 

contains about 500k samples, while the corpus has over 8.8 million paragraphs 

(SBERTdocuments, 2021). This reranking technique is used in the third layer of the AIRM 

architecture. 

5.4 Summary 

This chapter began with a brief history of ML and AI; then presented one of the ML 

algorithms, clustering, as unsupervised learning. It provided a brief history of clustering 

techniques as well as several types of clustering. The researcher then discussed one of the AI 

technics, the NLP. I took a deep look at the advantages and disadvantages of each NLP 
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embedding technic. It starts from Bag of Words moving to TF-IDF, then Word2Vec. Following 

that, the NLP field revolution. The transformer models for text similarity and fast retrieval of 

similar documents BERT were outlined. Moreover, the sentence transformer with RoBERTa 

as a base model was introduced as it outperformed BERT in many NLP tasks. In addition, for 

the reranking process, the MS MARCO cross-encoder was highlighted. This model is used for 

semantic search; and will find passages relevant to the search query.  

A detailed context and motivation for picking a specific algorithm for the reader’s 

convenience was offered. In the case of this research, working with the Saudi data labour 

market,  it would be helpful to use a clustering algorithm first to plan and arrange the industrial 

jobs group data and prepare them for further analysis, because this is a quick and 

straightforward way to do an initial analysis of the data and obtain valuable insights into the 

essence of the data. Then I applied the embedding technique which will help find semantic 

textual similarity. 

DL was introduced in Chapter 4, and all of the approaches above were introduced in this 

chapter to provide a firm foundation for introducing the suggested solution AIRM architecture 

in the next chapter, where everything is put together. 
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Chapter 6  

6  The Proposed Solution: AIRM 

Architecture 
In this chapter, the proposed architecture of the artificial intelligence recruiting model 

(AIRM) will be depicted. It is constructed to create a proof of concept or a minimal viable 

product (MVP). The system extracts valuable information from the existing data lake (DL) 

using data from both sides, recruiters and job seekers. The initial screening layer, the mapping 

layer, and the preferences layer make up the AIRM architecture. The three layers work in 

sequence to match the job seeker with the best job ID. It retrieves and sends data from/to the 

DL. See Figure 6.1206.1. 

Figure 6.120 The proposed AI recruiting model (AIRM) 

    The components of the AIRM architecture will be explained in more detail in the coming 

sections. 
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6.1 DL 

Getting all the data in one place will support integrating it to allow data engineering to 

clean it. Then, data scientists can analyse it and apply artificial intelligence (AI) and machine 

learning (ML) algorithms to the data. The DL manages raw data as it is ingested from multiple 

data sources. It does not require cleansed or structured data, as mentioned in Chapter 4. A DL 

is a novel approach that makes use of big data technology. It is a methodology that is enabled 

by a massive data repository based on low-cost technologies that improve raw data capture, 

refinement, archiving and exploration within an enterprise. The DL saves data in their original 

format, whether structured, unstructured or multi-structured. Once data are placed in the lake, 

they can be analysed. A comprehensive discussion about DL, with its architecture, build 

characteristics, data types, use, and how suitable it is for AIRM, was presented in my previous 

work in (Aleisa et al., 2021).  

6.2 Initial Screening Layer 

This layer works as a preparation phase. It will use the balanced iterative reducing and 

clustering using hierarchies algorithm (BIRCH) cluster algorithm to build cluster groups job 

specialisations, which will enable the second layer to treat each cluster speciality separately. 

This layer's input includes two sides: the recruiter’s data and job seekers’ data.  

• The recruiter’s data includes: the industry name, job level, job location, and whether 

the employment is full-time or part-time.  

• The job seekers' data includes industry, location, employment period, and whether 

it is full-time or part-time.  

  The AIRM will set these groups and their ID. The result will be stored in the DL. It will 

be an iterative stream process that considers the immediate changes from the user profile.  This 

layer will reduce the AIRM model's computational requirements for the next layer to enable 

the mapping layer to work only with the needed group ID. Hierarchical clustering is a common 

form of unsupervised learning. It is suitable for the proposed model compared to other 

clustering algorithms. The similarity between the clusters is calculated from the dissimilarity 

measures like the Euclidean distance between two clusters. The feature values of each 

observation are represented as coordinates in n-dimensional space (n is the number of features), 
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and the distances between these coordinates are calculated to normalise the data. Figure 6.221 

6.2 shows the workflow in this layer. 

Figure 6.221 Tasks in the initial screening layer 

 The first task in this layer is to merge the two data frames. The second task is to convert 

the text to numeric representation using TF-IDF vectorisation. Here, TF-IDF has been chosen 

as the case count vectorise approach will perform better due to the nature of the required filters. 

Then the third task is to feed these vectors to the BIRCH cluster algorithm, the clustering task, 

then send the clustered groups to the DL. The code I used is available at: 

https://github.com/AleisaMonirah/Initial_Screening_Layer/blob/main/Initial_Screening_Layer.ipynb   

6.3 Mapping Layer 

This layer deals with the job groups produced from the layer above. Both the recruiter and 

the job seeker sides are given a cluster ID. I made some improvements in this layer after I start 

https://github.com/AleisaMonirah/Initial_Screening_Layer/blob/main/Initial_Screening_Layer.ipynb
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implementing it. This layer, mentioned in my last paper (Aleisa et al., 2021), was supposed to 

implement Word2Vec to convert the words in the job description and the job seekers' 

qualification to numeric values, which are vectors; then store them in the DL and retrieve them 

when needed. The similarity of the words in the job seekers’ qualifications is then checked in 

the dictionary of words built for each job ID. This calculation is for both sides. It is not a 

redundancy task, and any outliers are detected and removed. Then, the vectors of each job ID 

and job seeker ID are stored in a DL. The improvement is that I used sentence transformers 

with RoBERTa as a base model due to its robustness (Reimers & Gurevych, 2020) instead of 

Word2Vec. For sentence transformers with RoBERTa as a base model, a high-level design 

embeddings generation was used see Figure 6.3226.3. And FAISS to index. The Facebook AI 

similarity search (FAISS) algorithm, which uses a data structure called index, was also used 

(Johnson et al., 2019). This algorithm can scale up to billions of vectors that possibly do not 

even fit in random-access memory (RAM). 

 

 

Figure 6.322 High-level design – embeddings generation 
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Figure 6.4 shows how the input is fed to sentence transformers with RoBERTa as a base 

model. The input text is tokenised using Roberta specific tokeniser. RoBERTa uses a byte-level 

Byte-Pair Encoding (BPE) tokeniser. The tokenised text is concatenated with unique tokens 

such as [CLS] (unique classification token) and [SEP] (start of a sentence token) at the 

beginning and end of sentences. It is done to ensure that the model understands the beginning 

and the end of the text. Positional embedding is also appended to input tokens to keep track of 

the distance between different tokens. The output of the RoBERTa model consists of vectors 

corresponding to each input token, including [CLS] and [SEP]. Each output vector has a 

dimension of 768. These vectors can be used for downstream tasks such as text classification, 

similarity, question-answering, and clustering. 

Figure 6.4 RoBERTa input schema 

Adapted by the author from (Narayanaswamy, 2021) 

Since the length of input tokens varies in each document, the number of output vectors also 

varies consequently. In order to overcome this, RoBERTa embeddings for whole input can be 

averaged, or an output vector corresponding to the [CLS] token can also be chosen for further 

analysis. However, one study shows that sentence embeddings obtained from averaging 

embeddings or a [CLS] token are unfeasible to use with cosine similarity measures due to poor 

performance (Reimers & Gurevych, 2019). This research aims to find similar job-candidate 

pairs, embeddings needed to be optimised specifically for textual similarity tasks. In an attempt 

to achieve that, sentence transformers were used in this research. A sentence transformer 

consists of transformers based on the Siamese network. Siamese networks are neural networks 

with several sub-networks that have the same architecture and weights. In this research, this 

sub-network refers to a RoBERTa model. See Figure 6.5236.5. 
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Figure 6.523 Siamese network structure 

Adapted by the author from (Reimers & Gurevych, 2019) 

Input sentences are fed to the RoBERTa model, sharing the same weights. The number of 

output vectors from models is different, depending on the length of input text. Therefore, a 

pooling strategy is used to obtain sentence embeddings. These embeddings are used to optimise 

regression function, which is cosine similarity. Research shows that sentence transformers have 

SoA performance on semantic textual similarity (STS) with an STS-benchmark dataset 

(Reimers & Gurevych, 2019). Jobs and candidates data are fed into these sentence transformers 

with RoBERTa as a base model. The output consists of 768 dimensions embedding 

corresponding to each job and each candidate.  

Figure 6.624 High-level design – similar job and candidate retrieval 

 Similar job-candidate retrieval architecture is shown in Figure 6.6246.6. The traditional 

cosine similarity can be very slow as the order of time complexity is O (m*n), where m and n 

are the number of documents to be compared for cosine similarity. In order to tackle this 

problem, FAISS is used for similarity search. It also provides support for GPU supported 
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document retrieval. It solves the scalability and latency issues as explained above. FIASS uses 

Euclidean distance to perform each operation on given embeddings. The output from FAISS is 

top N similar documents (job or candidate). Apart from similar documents, it also provides 

distance scores that are inversely proportional to similarity: the higher the Euclidean distance, 

the less the similarity and vice versa.  

In the AIRM study, a FAISS index is created as a second task in the mapping layer, and all 

the embeddings as generated vector space models are added to this index. Once the index is 

fixed, similar N jobs can be found for a given candidate along with a similarity measure score. 

Similarly, top N candidates can be found for a given job posting. The code I used is available 

at: 

https://github.com/AleisaMonirah/Mapping_layer/blob/main/Mapping_Layer_Code.ipynb 

6.4 Preferences Layer 

 This layer adds the user's preferences using the pre-trained Cross-Encoders model to re-

rank the result list while considering the weight of the more important words for users from 

both sides. Pre-trained Cross-encoders take a text pair as input and provide a score ranging 

from 0 to 1. They do not compute embeddings for particular texts or work for individual 

sentences (SBERTdocuments, 2021). Cross encoders are different from bi-encoders in the way 

that both sentences are passed through the model simultaneously, whereas, in bi-encoder 

architecture, sentences are passed separately from models sharing the same weights, as shown 

in Figure 6.523. Cross encoders are suitable for tasks when similarity needs to be computed 

between pre-defined datasets. However, cross encoders do not provide embeddings and hence 

are not suitable for tasks like clustering. Bi-encoders are more suitable for tasks such as 

information retrieval semantic search as embeddings can be computed with the help of 

encoders which are optimised for regression loss. 

The user (recruiter or job seeker) will enter keywords as preferences for the degree, the 

experience, and general preferences. The model will give scores for the reranking, and these 

scores are combined and normalised to give the final output. For example, if a recruiter is 

looking for someone who has worked in an academic field and has published papers or 

research, the recruiter will prioritize the candidate who has published papers or research. If the 

https://github.com/AleisaMonirah/Mapping_layer/blob/main/Mapping_Layer_Code.ipynb
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recruiter wants this candidate with a specific number of years of experience, the recruiter will 

enter the year’s segment to give more weight to a candidate with such experiences. The Cross-

Encoders will be applied, and the result will be stored back in the DL. The code I used is 

available at:  

https://github.com/AleisaMonirah/Preference-Layer/blob/main/Preference%20Layer.ipynb 

6.5 Summary 

To summarize, AIRM is intended to serve as a proof of concept or an MVP. AIRM extracts 

vital information from the existing DL by using data from both sides, recruiters and job seekers. 

The AIRM architecture consists of DL and three layers: initial screening, mapping, and 

preferences. The three tiers collaborate to discover the best job description for the job seeker. 

The AIRM reads data from and writes data to the DL. This chapter was divided into four 

sections tackling AIRM architecture:  

First, there was the DL section, which demonstrated how important DL is to AIRM. 

Second, there was the initial screening section. This phase of the screening process focused 

on the hierarchical clustering model BIRCH. This layer's initial duty is to stack the two data 

frames on top of each other. The second step is to transform the text to numeric representation 

using TF-IDF vectorisation. The final task is to input these vectors to the BIRCH method for 

clustering, after which the clustered groups are sent to the DL. 

Third, the mapping section discussed implementing an NLP embedding technic and the 

sentence transformers with RoBERTa as a base model, as this model outperforms BERT in 

many NLP tasks. Then FAISS, which uses a data structure called ‘index’,was introduced as a 

similarity search algorithm.  

Finally, in the preferences section, I added the user's preferences using the pre-trained 

Cross-Encoders model to re-rank the result list while considering the more important words 

for users from both sides. Pre-trained Cross-encoders take a text pair as input and provide a 

score ranging from 0 to 1. They do not compute embeddings for particular texts or work for 

individual sentences.  

https://github.com/AleisaMonirah/Preference-Layer/blob/main/Preference%20Layer.ipynb
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Following a conceptual discussion of the AIRM design, the next chapter will review the 

AIRM's implementation code. It will focus on environmental preparation and execution 

processes. 
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Chapter 7  

7  AIRM Implementation  

This chapter discusses the implementation of the AIRM. It first provides the steps of 

choosing a suitable data repository. Then the information about the code's environment. 

Furthermore, it outlines the data collection process and structure, showing the organisation of 

the files. Then provides an overview of the cleaning and pre-processing data process. Moving 

to the technical details on the three AIRM layers. Finally, summarize this chapter. 

7.1 Data Repository  

A comprehensive literature review was conducted, which is detailed in the fourth chapter 

of this research on the features and characteristics of the data repository. This review revealed 

that Kylo DL is an appropriate repository for AIRM. Further justifications are mentioned in 

chapter eight in section 8.1. Think Big has created Kylo from the ground up to provide the data 

management capabilities required for the development of a data lake:  

1. Ingestion of data: Data intake features that are self-service, as well as data cleaning, 

validation, and automated profiling. 

2. Preparation of data: Data handling capabilities are provided through a visible SQL 

and interactive data transformation user interface. 

3. Data Exploration: Data searching and exploration and metadata, view lineage, and 

profile statistics are all available. 

4. Monitoring of data: Data monitoring features for feed and service health throughout 

the data lake and tracking service level agreements (SLAs) and troubleshooting 

performance. 

5. Design of Data Pipeline: Capabilities in Apache NiFi for developing batch and/or 

streaming pipeline templates to be registered with Kylo, enabling user self-service. 

Although the implementation of Kylo is not necessarily the main scope of this research, by 

the time of completing this thesis, Kylo had been converted to a SAAS product, which meant 
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it was now cloud-based and could no longer be used for on-premise deployment. As a result of 

the cloud implementation, data privacy issues will have to faced. As the data that has been used 

is quite confidential, safety is given the highest priority. Furthermore, there will be a fee, as 

this will not be a free deployment. The entire implementation of DL is not included in this 

analysis. Full implementation necessitates the involvement of the entire team and the transfer 

of stream data to the data lake, which is not doable during this study. It was only concerned 

with gathering and analysing as much information about the DL and its properties as possible. 

AI models only were implemented in this study, as explained in detail in the next session. 

One alternative solution for DL data management and governance can be constructed using 

three applications together Airflow (Airflow, 2021), Apache Atlas (Atlas, 2021), and Cloudera 

(Cloudera, 2021), as follows:  

1. Airflow is a platform for programmatically authoring, scheduling, and monitoring 

workflows and pipelines and visualizing the lineage of pipelines. Airflow  has the 

following characteristics: 

• Scalable: Airflow has a modular architecture and uses a message queue to 

orchestrate an arbitrary number of workers. It is ready to scale to infinity. 

• Dynamic: Airflow pipelines are defined in Python, allowing for dynamic pipeline 

generation. It allows for writing code that instantiates pipelines dynamically. 

• Extensible: Easily define needed operators and extend libraries to fit the level of 

abstraction that suits a specific environment. 

• Elegant: Airflow pipelines are lean and explicit. Parametrization is built into its core 

using the powerful Jinja templating engine. 

2. Apache Atlas is used by Organizations to create a catalogue of their data assets. It 

provides metadata management and governance features and support for the following. 

Making use of metadata to illustrate lineage Adding entities to metadata facilitates 

searching. Developing a common data vocabulary. Atlas reads the content of metadata 

to build relationships among data assets. When it receives query information, it notes 

the input and output of the query and generates a lineage map that traces all usage and 

transformations over time. This visualization of lineage allows data teams to identify 

the data source quickly and understand the impact of data and schema changes. 
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3. Cloudera CDH is a 100% open-source platform distribution that includes Apache 

Hadoop and is designed primarily for corporate needs. Cloudera has developed a 

technologically advanced framework that enables to do end-to-end Big Data activities. 

By using apache parquet to store data on parquet files on Cloudera CDH, will give 

excellent performance & Storage optimization with parquet columnar format 

(Databricks, 2021). 

    Following the selection of platforms for the DL repository, the next part will show how to 

build up the big data environment and load the docker image for three applications: Airflow, 

Apache Atlas, and Cloudera. Moreover, how to set the environment for AI. 

7.2 Setting the Environment 

 This section will show the steps of setting the environment for the DL first, then moving 

to the AI environment. First, to set a simple big data environment, the following was done: 

Step-1: 

Install Docker 

https://hub.docker.com/editions/community/docker-ce-desktop-windows 

Step-2: 

Pull the Docker Images: 

Apache Airflow: https://github.com/puckel/docker-airflow 

Apache Atlas: https://hub.docker.com/r/sburn/apache-atlas 

Clouder CDH: https://hub.docker.com/r/cloudera/quickstart 

cmd>  

docker pull puckel/docker-airflow 

docker pull sburn/apache-atlas 

docker pull cloudera/quickstart 

Step-3: 

Start the container: 

* Run Atlas Container 

docker run -d -p 21000:21000 --name atlas sburn/apache-atlas /opt/apache-

atlas-2.1.0/bin/atlas_start.py 

* Run Cloudera CDH 
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docker run --hostname=quickstart.cloudera --privileged=true -t -i -p 

8888:8888 -p 7180:7180 -p 80:80 4239cd2958c6 /usr/bin/docker-quickstart -d  

/home/cloudera/cloudera-manager --express 

* Run Airflow 

docker run -d -p 8089:8089 puckel/docker-airflow webserver 

https://airflow.apache.org/docs/apache-

airflow/2.0.1/start/docker.html#initializing-environment 

https://airflow.apache.org/docs/apache-airflow/2.0.1/docker-compose.yaml 

docker-compose up airflow-init 

docker-compose up 

Step-4: 

Services started: 

Airflow Webserver: http://localhost:8089/ 

Atlas UI:  http://localhost:21000/ 

Cloudera Hue:  http://localhost:8888/ 

Cloudera Manager: http://localhost:7180/ 

The second environment to set is preparing and installing all dependencies for the AI models. 

Google COLAB was used. Sentence Transformers (Reimers & Gurevych, 2019) installed with 

the following command: 

!pip install -U sentence-transformers 

Sentence transformers is a Python framework that enables advanced sentence, text, and image 

embeddings. This technology generates sentence and text embeddings for over 100 languages. 

These embeddings may then be compared using cosine-similarity to find sentences with similar 

meanings. This can aid in semantic textual similarity, semantic search, and data mining. The 

framework is based on PyTorch and Transformers, and it offers a large number of pre-trained 

models that have been modified for a range of uses. To install FAISS, the following command 

was used: 

!pip install faiss-gpu 

 Faiss is a fast, dense vector similarity search and grouping library. It contains techniques 

for searching in sets of vectors of any size, which I will use for mapping jobs with candidates, 

even ones that may be too large to store in RAM. It also comes with code for assessing and 

fine-tuning settings. Faiss is written in C++ and comes with Python wrappers (versions 2 and 

http://localhost:7180/
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3). Some of the most practical algorithms are implemented on the GPU. Facebook AI Research 

oversees its development. 

Faiss constructs a data structure in RAM from a set of dimension vectors. It efficiently does 

the following procedure when given a new vector in dimension after the structure has been 

built: 

import faiss,numpy 

from sentence_transformers import SentenceTransformer 

import spacy 

import nltk 

import re 

import pandas as pd 

Now loading the pre-trained re-ranking model from sentence transformers (SBERTdocuments, 

2021) 

from sentence_transformers import CrossEncoder 

The environment phase is now complete, and the notebook is ready to receive data and take 

action. The following section will go through how the data was gathered. 

7.3 Data Collection 

The data cloning procedure gathers data from the internet to test AIRM. Data for available 

positions and required abilities was checked against duplication and cleaned before being fed 

into the model from job advertising websites or apps. On the other hand, data on job seekers 

were gathered from people looking for work on the same platforms. Data was saved in two 

different files than used to be mapped. See Table 7.111 and Error! Reference source not 

found.  in the next section for an example from the job and candidate files. 

I made some data visualization to have a good overview of descriptive data analysis. For 

example, but not limited to, Figure 7.1257.1 and Figure 7.2267.2, respectively, show candidate 

and job distribution across Saudi Arabia. 
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Figure 7.125 Candidate locations 

Figure 7.226 Jobs locations 

From the above visualisation that Abha has fewer work opportunities than Tabuk. Plotting 

of the data makes it simple to comprehend labour market. When dealing with AI and ML, 

visualisation is a must. 

Moving to data loading. 
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job_file_path='/content/Jobs.csv' 

candidate_file_path='/content/Candidate.csv' 

jobs_df=pd.read_csv(job_file_path,encoding = "ISO-8859-1") 

cand_df=pd.read_csv(candidate_file_path,encoding = "ISO-8859-1") 

Concatenating text from the desired column, i.e. responsibility, description and qualification 

job_text=[] 

job_ids=[] 

for i in range(len(jobs_df)): 

  concatenated_text=(jobs_df.iloc[i,job_responsibility_column]+ '. '+ 

\jobs_df.iloc[i,job_description_column]+'. '+ 

\jobs_df.iloc[i,job_qualification_column]).replace('\n','. ') 

  text=concatenated_text.replace('\n\n','') 

  job_text.append(text) 

  job_ids.append(i) 

Concatenating text from desired column i.e. experience, education, skills and certificates 

candidate_text=[] 

cand_ids=[] 

for i in range(len(cand_df)): 

  concatenated_text=str(cand_df.iloc[i,candidate_experience_column])+ '.   

   '+str(cand_df.iloc[i,candidate_education_column])+ \ 

  '. '+str(cand_df.iloc[i,candidate_skills_column])+'.    

  '+str(cand_df.iloc[i,candidate_certificates_column]).replace('\n','. ') 

  text=concatenated_text.replace('\n\n','') 

  text=text.replace('\n','') 

  candidate_text.append(text) 

  cand_ids.append(i) 

jobs_df['job_text']=job_text 

         cand_df['candidate_text']=candidate_text 

Stacking the two data frames over each other to make it one data frame, to start the pre-

processing data operations on it. 

complete_text = job_text + candidate_text 

 Create a mapping to map back to the original data frame to save indexes 

indexes=[i for i in range(len(complete_text))] 

mapping=dict(zip(indexes,(job_ids+cand_ids)))  
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This is the end of the data collection phase, which is now prepared in the notebook and 

ready to take action. The following section will elaborate on how to clean the data.  

7.4 Cleaning and Pre-processing Data  

Before considering any AI algorithms, it is vital to prepare the data. The data set must first 

be prepared. Some steps are required, such as scaling or normalising the data and imputation 

of missing values. The feature values of each observation are represented as coordinates in n-

dimensional space to calculate the distances between these coordinates. If these coordinates 

are not normalised, the results may be incorrect.  

Depending on the types of data that each firm utilises, different levels of data cleansing 

may be required. 

Step 1: Remove any redundant or irrelevant observations. 

Remove any unwanted observations from the dataset, such as duplicates or irrelevant 

observations. During the data collection process, duplicate observations are most likely to 

occur. There is a risk of duplicate data when combining data sets from several sources, scraping 

data, or obtaining data from consumers or departments. De-duplication is one of the most 

significant factors to consider in this approach while witnessing irrelevant observations 

unrelated to the problem being solved. 

Step 2: Correct structural flaws 

When measuring or transferring data, structural mistakes occur when discovered by peculiar 

naming practices, typos, or erroneous capitalization. Mislabeled categories or classes might 

result from these discrepancies. 

Step 3: Remove any undesirable outliers. 

There will frequently be one-off observations that do not appear to fit inside the data being 

analysed at first sight. Having an excellent cause to delete an outlier, such as incorrect data 

input, will improve the performance of the data working with. The advent of an outlier, on the 

other hand, can occasionally validate a hypothesis I am working on. It is important to remember 

that just because an outlier exists does not mean it is wrong. This step is required to determine 

the number's legitimacy.  
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Step 4: Deal with any data that is missing. 

Imputation of missing values It is also necessary to deal with missing, null, or inf. There 

are several methods for dealing with such values, such as removing them or imputing them 

using mean, median, mode, or advanced regression techniques. Observations with missing 

values as a first choice can be dropped, but this can cause a loss of information. As a second 

alternative, filling in missing numbers based on other observations will risk losing data 

integrity because of working with assumptions rather than actual observations. 

After pre-preparing the data for AIRM to ensure optimal results. Below is the pre-processing 

code: 

def preprocess(sentence): 

  sentence = "".join(filter(lambda x: not x.isdigit(), sentence)) 

  sentence = ' '.join([i for i in sentence.split() if '@' not in i]) 

  sentence=re.sub(' +', ' ', sentence) 

  sentence=' '.join([item for item in sentence.split() if '@' not in item]) 

  sentence = ' '.join([item for item in sentence.split() if len(item)>2]) 

  sentence=re.sub("[\(\[]*?[\)\]]", "", sentence) 

  sentence = re.sub(r"[^a-zA-Z0-9.,]+", ' ', sentence) 

  sentence=sentence.rstrip("\n") 

  sentence=sentence.strip() 

  strText=sentence.split() 

  sentence=" ".join(strText) 

  sentence=sentence.lower() 

  return sentence 

Creating list of cleaned text, using above preprocessing function 

cleaned_complete=[] 

for i in range(len(complete_text)): 

  cleaned_complete.append(preprocess(complete_text[i])) 

After the data is cleaned and ready to be used, the next section will explain the code used 

in the three ML and AI layers. 
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7.5 ML and AI Models  

This section will dig deep into The process steps in each of AIRM’s layers, as shown in 

Figure 7.3277.3. 

Figure 7.327 The process steps in each of AIRM’s layer 

The following three sections will focus on elaborating on code in each layer. 
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7.5.1 Initial Screening Layer 

Creating corpus for generating TF-IDF vectors to a stack of jobs and candidates together 

and by first, creating three lists, corpus, J_ids, and C_ids. By conducting a for loop to extract 

the job level, job type, and job location from jobs data using the range as the length of the data 

set. 

corpus=[], J_ids=[], C_ids=[] 

for i in range(len(jf)): 

  corpus.append(str(jf.iloc[i,4])+' '+str(jf.iloc[i,6])+' '+str(jf.iloc[i,

7]) +' '+str(jf.iloc[i,9]))    

# taking collumns of location, level, and type 

  J_ids.append('J'+' '+str(i)) 

for i in range(len(cf)): 

  corpus.append(str(cf.iloc[i,7])+' '+str(cf.iloc[i,6])+' '+str(cf.iloc[i,

9])+' '+str(cf.iloc[i,5]))       # taking collumns of location, level, and

 type   

C_ids.append('C'+' '+str(i)) 
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For an example from the candidate record, see Table 7.1117.1. 

Table 7.111 Candidate record example 

ID About 
Accomplishmen

ts 
Education Experience Industry Level Location Skills Type Certification 

14 

A highly 

disciplined 

and hard-

working 

Civil 

Engineering 

graduate, 

actively 

looking for 

a 

responsible 

position in 

Saudi 

Arabia. 

Currently 

residing in 

the 

Kingdom of 

Saudi 

Arabia with 

a 

transferable 

Iqama. 

Advanced RCC 

Design 

Sharda 

University 

Degree 

Name 

Bachelor of 

Technology 

- BTech 

Field Of 

Study 

Civil 

Engineering 

Dates 

attended or 

expected 

graduation 

2014     

2019 

Project 

Intern 

Company 

Name 

Noida 

Metro Rail 

Corporation 

Internship 

Dates 

Employed 

Dec 2017     

Jan 2018 

Employmen

t Duration 

2 mos 

Information 

Technology 

& Services 

Entry-level Riyadh 

 

 

 

 

 

 

          

Logistics 

Managemen

t 

         

  

 

 

 

Full-time 

Critical 

Thinking 

Issuing 

authority 

Issued date 

and, if 

applicable, 

the 

expiration 

date of the 

certification 

or license 

Issued Apr 

2021No 

Expiration 

Date 
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For an example from the job record, see table 7.2 

Error! Reference source not found.7.2. Job record example 

ID Date Company 

Name 

Post Location Description Level Type Function Industry Responsibilities Qualifications 

25 1-1-

2019 

Kafaat 

Business 

Solutions 

Storage 

systems 

Administrator 

Riyadh Working hand in 

hand with your 

business corporation 

to provide you with 

full-service HR 

solutions tailored by 

industry, consulting, 

investing & training 

your present team 

and employees, and 

providing your 

business with 

different HR 

solutions. 

Working hand in 

hand with your 

business corporation 

to provide you with 

full-service HR 

solutions tailored by 

industry, consulting, 

investing & training 

your present team 

and employees, and 

providing your 

business with 

different HR 

solutions. 

Associate Full-

time 

Information 

Technology 

Human 

Resources 

General administration of ISCSI, 

NFS, CIFS, Fibre Channel   

creating, modifying, migrating, 

destroying volumes/luns and 

working with other teams to 

ensure storage is seen 

Incident troubleshooting   ideally 

able to identify root cause 

quickly and resolve outages when 

they occur 

Hands-on experience zoning with 

SAN FC switches 

Troubleshoot connectivity issues   

Resource needs to be able to 

identify and correct issues 

quickly when they occur 

Demonstrated working 

proficiency in SAN fabric 

management (ISLs, utilization, 

zoning, masking, etc.) 

B.S. degree. 

Bachelor of 

Engineering \ 

Science (BS) 

experience in 

Storage area ( 

depned in stoarge 

vendore ) 

3+ years' 

experience plan, 

design, 

configuration and 

support of large 

enterprise SAN's 

environments 

3+ years with 

NetApp, IBM, 

EMC and Hitachi 

SAN Storage 

3+ years  
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An example from the output 

['Riyadh, Mid-Senior level, Full-time, Information Technology & Services '] 

TF-IDF vectorization, these vectors will be fed in the BIRCH algorithm. 

# Code for TFIDF vectorization, these vectors will be fed in birch algorit

hm 

from sklearn.feature_extraction.text import TfidfVectorizer 

vectorizer = TfidfVectorizer() 

X = vectorizer.fit_transform(corpus) 

print(vectorizer.get_feature_names()) 

print(X.shape) 

For an example of one vector see Table 7.3127.3.  

                                                        Table 7.312 Vector 

Doc_Term_Matrix.jubail 

0        0.000000 

1        0.000000 

2        0.000000 

3        0.000000 

4        0.000000 

... 

18167    0.594777 

18168    0.829809 

18169    0.594777 

18170    0.829809 

18171    0.829809 
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BIRCH clustering, n_cluster is a hyperparameter, which needs to be decided based on the size 

of the corpus, set n_clusters, none to return subclusters as it is, changes n_clusters to some 

number to  

#Code for birch clustering 

from sklearn.cluster import Birch 

brc = Birch(n_clusters=None) # n_cluster is a hyperparameter, which needs 

to be decded on basis of size of corpus 

brc.fit(X)      # set n_clusters=None to return subclusters as it is, chan

ge n_clusters to some number to perform final clustering step 

i_cluster=brc.predict(X) 

# output dataset, contating job/candidate id and their cluster number. 

cluster_dataframe=pd.DataFrame(list(zip(ids,i_cluster)),columns=['ID','Clu

ster number']) 

cluster_dataframe 

An example from the output in Table 7.4137.4. 

                                         Table 7.413 BIRCH clustering output 

ID Cluster number 

J 38 4 

J 39 0 

J 40 4 

J 41 5 

J 42 0 

J 43 1 

J 44 4 

J 45 4 

C 11520 24 

C 16167 29 

J 1849 31 

J 2001 32 

J 7 0 

C 12986 26 
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7.5.2 Mapping Layer 

This layer will manage clustered workgroups, with each side assigned a cluster-ID. 

Sentence transformers is a Python framework that allows for complex sentence, text, and 

picture embeddings are sentence transformers. This technique can create sentence/text 

embeddings in different languages. Then, using cosine-similarity, these embeddings may be 

compared to discover phrases with similar meanings. This is useful for semantic textual 

similarity, semantic search, and data mining. The framework is built on PyTorch and 

Transformers, and it includes a massive number of pre-trained models. This code is for loading 

the library and respective model for embeddings 

from sentence_transformers import SentenceTransformer 

embed_model = SentenceTransformer('stsb-roberta-base-v2') 

The following code is for selecting only the relevant columns for job and candidate from 

the data frame. 

job_responsibility_column=8 

job_description_column=3 

job_qualification_column=9 

candidate_experience_column=4 

candidate_education_column=3 

candidate_skills_column=8 

candidate_certificates_column=10 

Then concatenating text from the desired column, i.e. responsibility, description and 

qualification 

job_text=[] 

job_ids=[] 

for i in range(len(jobs_df)): 

  concatenated_text=(jobs_df.iloc[i,job_responsibility_column]+ '. '+ jobs

_df.iloc[i,job_description_column]+'. '+ jobs_df.iloc[i,job_qualification_

column]).replace('\n','. ') 

  text=concatenated_text.replace('\n\n','') 

  job_text.append(text) 

  job_ids.append(i) 

Concatenating text from the desired column, i.e. experience, education, skills and certificates 

candidate_text=[] 
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cand_ids=[] 

for i in range(len(cand_df)): 

  concatenated_text=str(cand_df.iloc[i,candidate_experience_column])+ '. '

+str(cand_df.iloc[i,candidate_education_column])+ \ 

  '. '+str(cand_df.iloc[i,candidate_skills_column])+'. '+str(cand_df.iloc[

i,candidate_certificates_column]).replace('\n','. ') 

  text=concatenated_text.replace('\n\n','') 

  text=text.replace('\n','') 

  candidate_text.append(text) 

  cand_ids.append(i) 

jobs_df['job_text']=job_text 

#jobs_df['job_text']=job_text 

cand_df['candidate_text']=candidate_text 

#cand_df['job_text']=job_text 

Here I am using a sentence transformer to Create embeddings  

Cleaned_embed=embed_model.encode(cleaned_complete,show_progress_bar=True) 

Generating embeddings and FAISS indexing first setting Faiss variables. 

d = 768                    

# Dimension of vectors report results on two model sizes: bertbase (l=12, 

h=768, a=12, total parameters=110m) and bertlarge (l=24, h=1024, a=16, total 

parameters=340m)(Devlin et al., 2019). 

nb = 1585              # database size (jobs+candidates) 

nq = 1                    # nb of queries 

k = 1585                # To see 1585 nearest neighbors 

Then preparing FAISS parameter 

import numpy as np 

np.random.seed(1234)             # make reproducible 

res = faiss.StandardGpuResources()  # use a single GPU 

index_flat = faiss.IndexFlatL2(d)  # build a flat (CPU) index 

gpu_index_flat = faiss.index_cpu_to_gpu(res, 0, index_flat) 

gpu_index_flat.add(cleaned_embed)         # add vectors to the index 

Creating distance and index array, here k refers to number of nearest neighbors to be searched 

D, I = gpu_index_flat.search(cleaned_embed, k) 

act=[] 

for ele in I[1]: 

        if ele > len(set(job_text)): 
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    act.append(ele) 

act[:10] 

Candidate index [211, 214, 213, 212, 210, 1732, 921, 207, 209, 564] 

Distance score [63.20749, 67.35776, 93.85739, 104.94826, 107.429306, 162.13669, 

164.15881, 167.5039, 173.88095, 194.99072] 

For example, the below code checks the dataset element five 

cleaned_complete[1] 

The out put is as follows  

'the ideal candidate should available for local transfer kingdom saudi 

arabia. bachelor s degree equivalent experience. strong english verbal, 

written, and organizational skills. years experience document controller, 

having exposure mechanical, electrical, civil any construction discipline. 

flexible any location within k.s.a. transferable iqama' 

To visualize the above result, it will be like Figure 7.4287.4. 

Figure 7.428 Job N with the ten candidates' index and distance score 
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Now when everything is ready, I will start extracting the ten most similar candidates for a given 

position along with distance scores. 

ids=[] 

retrieved_candidates=[] 

distance=[] 

cand_index=[] 

job=[] 

for i in range(len(set(job_text))): 

  act=[] 

  dist=[] 

  ids=[] 

  for ele,el in (zip(I[i],D[i])): 

    if ele> len(set(job_text)): 

      act.append(complete_text[ele]) 

      dist.append(el) 

      ids.append(mapping[ele]) 

  job.append(complete_text[i]) 

  retrieved_candidates.append(act[:10]) 

  distance.append(dist[:10]) 

  cand_index.append(ids[:10]) 

jobs_dataframe=pd.DataFrame(list(zip(job,cand_index,retrieved_candidates,d

istance)),columns=['Job Description','Candidate ID','Retrieved 

Candidates','Distance Score']) 

Then from the other side, I will start extracting the ten most similar jobs for a given candidate 

along with distance scores. 

retrieved_jobs=[] 

distance=[] 

candidates=[] 

for i in range(len(set(job_text)),len(complete_text)): 

  act=[] 

  dist=[] 

  for ele,el in (zip(I[i],D[i])): 

    if ele< len(set(job_text)): 

      act.append(complete_text[ele]) 

      dist.append(el) 

  candidates.append(complete_text[i]) 
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  retrieved_jobs.append(act[:10]) 

  distance.append(dist[:10]) 

candidate_dataframe=pd.DataFrame(list(zip(candidates,retrieved_jobs,distan

ce)),columns=['Candidate Description','Retrieved Jobs','Distance Score']) 

This layer will produce two data frames, the candidate_dataframe and jobs_dataframe. An 

example of the files is shown in appendix G. 

7.5.3 Preferences Layer 

 After adding the user preference, this is the last part of the ranking process. As a job seeker 

or recruiter, the user will enter some words that will re-rank for them the mapping layer's 

shortlist. In this layer, pre-trained Cross-encoders was used. It takes a text pair as input and 

provides a score ranging from 0 to 1. This layer adds the user's preferences using the pre-

trained Cross-Encoders model to re-rank the result list while considering the weight of the 

more important words for users from both sides. They do not compute embeddings for 

particular texts or work for individual sentences (SBERTdocuments, 2021). Cross-encoders 

are suitable for tasks when similarity needs to be computed between pre-defined datasets. 

Semantic search as embeddings can be computed with the help of encoders which are 

optimised for regression loss. The user (recruiter or job seeker) will enter keywords as 

preferences for the degree. For example, the experience or general preferences. The model will 

give scores for the reranking, and these scores are combined and normalised to give the final 

output. Pretrained Cross-Encoders require the input of a text pair and output a score of 0…1.   

The following illustrates the code used to extract reranking scores for user preference.For 

example, the user will enter a sentence or word for degree preference in this code 'MBA' to test 

the results was used. 

degree_preference='MBA' 

input=[] 

text=[] 

Here a pair of preference words and the text to check against is created. 

for i in range(10): 

a=(degree_preference,cand_df.iloc[jobs_dataframe.iloc[job_num,1][i],4]) 

  input.append(a)  

text.append(cand_df.iloc[jobs_dataframe.iloc[job_num,1][i],4]) 

degree_scores = model.predict(input) 
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degree_scores  

jobs_dataframe.iloc[job_num,1] 

this array is before reranking 

[1039, 89, 1304, 1320, 827, 979, 406, 593, 1413, 130] 

The after reranking will look like this, the lower the number the better 

array([-10.796777, -10.187735, -10.028387,  -8.164839,  -8.513174, 

       -10.793419, -10.151803,  -9.892515,  -8.65749 , -10.843453], 

      dtype=float32) 

the element with score -8.164839 number three, for example 

text[3] 

This will be the output 

“Osmania University  Degree Name B.com  Field Of Study Bachelor of Business 

Administration     Dates attended or expected graduation  2001 “ 

Now moving to the years of experience preference 

The user will enter the number of years of preference 

years_preference= 3 

Now the code that will maps extracted number of years  

year_score=[] 

for i in range(10): 

  if cand_df.iloc[jobs_dataframe.iloc[job_num,1][i],13]=='NA': 

    year_score.append(0) 

  else: 

    sc=re.findall(r'\d+', 

cand_df.iloc[jobs_dataframe.iloc[job_num,1][i],13]) 

    year_score.append(int(sc[0])) 

# Number of years of experience can diectly be taken as a score 

year_score 

The output looks like this for this example 

[3, 6, 5, 5, 0, 1, 3, 3, 2, 1] 

This is now for any other general Preference. For example, the user will enter any other general 

preference that he wants to see. 
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general_preference= 'manage and deal with marketstrategies' 

 Code to rerank using general preference 

input=[] 

text=[] 

for i in range(10): 

  a=(general_preference,jobs_dataframe.iloc[job_num,2][i]) 

  input.append(a) 

  text.append(jobs_dataframe.iloc[job_num,2][i]) 

preference_scores = model.predict(input) 

The preference_scores 

 array([-2.2951825, -8.382943 , -4.305162 , -6.028353 , -7.989318 , 

       -0.7867531, -3.987726 , -8.852867 , -1.6907806, -2.8502226], 

      dtype=float32) 

The final step now is to normalise the score. 

score_1=[] 

for ele in degree_scores: 

  score_1.append((ele+30.0)/100.0) 

score_1 

The output looks like this for this example 

[0.1920322322845459, 

 0.19812265396118164, 

 0.19971612930297852, 

 0.21835161209106446, 

 0.21486825942993165, 

 0.19206581115722657, 

 0.19848196983337402, 

 0.20107484817504884, 

 0.21342510223388672, 

 0.19156546592712403] 

score_2=[] 

for ele in year_score: 

  score_2.append(ele/10.0) 

score_2 

The output looks like this for this example 
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[0.3, 0.6, 0.5, 0.5, 0.0, 0.1, 0.3, 0.3, 0.2, 0.1] 

score_3=[] 

for ele in preference_scores: 

  score_3.append((ele+30.0)/100.0) 

score_3 

The output looks like this for this example 

[0.2770481753349304, 

 0.2161705684661865, 

 0.2569483804702759, 

 0.23971646785736084, 

 0.22010682106018067, 

 0.29213246881961824, 

 0.2601227402687073, 

 0.21147132873535157, 

 0.2830921936035156, 

 0.2714977741241455] 

Now to combine all normalized scores of 3 preferences to give the final output 

final_score=[] 

for i in range(10): 

  final_score.append(score_1[i]+score_2[i]+score_3[i]) 

final_dic=dict(zip(jobs_dataframe.iloc[0,1],final_score)) 

fin=sorted(final_dic, key=final_dic.get) 

The final sorted list of candidates based on each score combined 

fin.reverse() 

Output without reranking 

jobs_dataframe.iloc[0,1] 

[1039, 89, 1304, 1320, 827, 979, 406, 593, 1413, 130] 

The output looks like this for this example 

[89, 1320, 1304, 1039, 406, 593, 1413, 979, 130, 827] 

 This layer plays the final tuning for the shortlist produced in the mapping layer. To show 

the user the best suitable match for them, after adding to it their preference. The more 

preference words, the more complicated it gets. 
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7.6 Summary 

 By implementing the code, this chapter showed how the sentence transformer-based 

model, FAISS and pre-trained Cross-Encoders model effectively mapped the job description 

with job seeker CVs. First, this chapter informs the reader about the proposed data store. 

Second, configuring the environment installs and imports all required packages. Third, it 

described how the data was acquired and then gave the data process code for loading, cleaning, 

and pre-processing. Finally, it explains the code used in the three ML and AI layers. 

 The next chapter will elaborate in detail on the AIRM output and the researcher 

observation, providing some snaps from the AIRM results. 
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Chapter 8  

8  Results and Discussion 

In this chapter, the findings for the artificial intelligence recruiting model (AIRM) are 

provided in detail, along with a thorough explanation and researcher observations. 

Furthermore, a variety of AIRM output samples are provided before expanding on the AIRM 

findings and conclusions and moving on to the AIRM architectural solution's logic. A summary 

will conclude this chapter. 

8.1 AIRM Output 

Snaps from the AIRM output given to the three collaborating HR experts will be provided 

here for the reader's convenience. The full document of ten job outputs provided to the HR 

experts are presented in Appendix A. 

Job 1: 

About the role our senior program manager have a passion to manage data warehouse systems, 

sw development; breaking down, estimating and prioritising work. As a senior program manager, 

you work with our team to facilitate decision making, judgment, resolving constraints and enable 

high quality on program execution and delivery. 

 

Responsibilities 

• Manage technology programs, defining milestones and success criteria, resource allocation 

and successful on-time delivery. 

• Exercise technical judgment in working with large, cross-functional teams. 

• Develop tools and processes to improve software engineering productivity. 

• Communicate schedules, priorities, and status to all levels. 

Qualifications 

• Proven work experience program managing data warehouse systems 

• Strong knowledge of software development life cycle methodologies, tools and processes 

• Demonstrated ability or preference to work across multiple teams. 

• Experience in writing clear, concise and comprehensive program plans and schedules 

• Hands-on experience with prioritisation and issue management 
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• Proven record on facilitating decision making and judgment 

• Experience working in an agile/scrum development process 

Required skills 

• Bachelor’s degree in computer science, or equivalent practical experience. 

• Banking experience is preferable. 

• Experience in program management on technical cross-functional projects. 

• Experience managing execution and high quality product delivery. 

• Ability to exercise technical judgment in solving software engineering challenges. 

• Ability to be an influential member of a highly integrated team composed of both technical 

and non-technical members. 

 

Candidate 1: 

Program manager leading team to facilitate decision making, resolving constraints and enable 

high quality on program execution and delivery, and judgment. I managed technology programs, 

defining milestones and success criteria, resource allocation and successful on-time delivery. Test 

technical judgment in working with large develop tools and processes to improve software 

engineering productivity, communicate schedules, priorities, and status to all levels, proven work 

experience program managing Data warehouse systems. 

I do have strong knowledge of software development life cycle methodologies, tools and 

processes and demonstrated ability or preference to work across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans and 

schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Master’s degree in computer science. Bachelor’s degree in information system. 

Experience in program management on technical cross-functional projects and experience 

managing execution and high quality product delivery. 

I provide technical judgment in solving software engineering challenges and influential member 

of a highly integrated technical team. 

 

 

Candidate 2: 

I worked as senior program manager leading team for 10 years to facilitate decision making, 

resolving constraints and enable high quality on program execution and delivery, and judgment. 

I managed technology programs, defining milestones and success criteria, resource allocation 

and successful on-time delivery. My responsibilities where to exercise technical judgment in 

working with large, cross-functional teams, develop tools and processes to improve software 

engineering productivity, communicate schedules, priorities, and status to all levels. 

I do have strong knowledge of software development life cycle methodologies, tools and 

processes and demonstrated ability or preference to work across multiple teams. 
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I have 8 years of experience in writing clear, concise and comprehensive program plans and 

schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Bachelor’s degree in computer science 

I have banking experience. And experience in program management on technical cross-

functional projects and experience managing execution and high quality product delivery. 

I provide technical judgment in solving software engineering challenges and influential member 

of a highly integrated team composed of both technical and non-technical members. 

 

Candidate 3: 

Manager program leading team for 5 years to facilitate decision making, resolving constraints 

and enable high quality on program execution and delivery. 

Managed technology programs, defining milestones and success criteria, resource allocation my 

responsibilities where to exercise technical judgment in working with large, cross-functional 

teams, develop tools and processes to improve software engineering productivity, communicate 

schedules, priorities, and status to all levels, proven work experience program managing data 

warehouse systems. 

Strong knowledge of software development life cycle methodologies, tools and processes and 

demonstrated ability or preference to work across multiple teams. 

I have 4 years of experience in writing clear and comprehensive program plans and schedules. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Master’s degree in computer science 

Good banking experience. And experience in program management on technical cross-

functional projects and experience managing execution and high-quality product delivery. 

I provide technical judgment in solving software engineering challenges and influential member 

of a highly integrated team composed of both technical and non-technical members. 

 

Candidate 4: 

I managed technology programs, defining milestones and success criteria, resource allocation 

and successful on-time delivery. My responsibilities where to exercise technical judgment in 

working with large, cross-functional teams, develop tools and processes to improve software 

engineering productivity, communicate schedules, priorities, and status to all levels, proven work 

experience program managing data warehouse systems. 

I do have strong knowledge of software development life cycle methodologies, tools and 

processes and demonstrated ability or preference to work across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans and 

schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Bachelor’s degree in computer science 

Experience in program management on technical cross-functional projects and experience 

managing execution and high quality product delivery. 
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I provide technical judgment in solving software engineering challenges and influential member 

of a highly integrated team composed of technical. 

 

 

Candidate 5: 

Work with stakeholders throughout the organisation to identify the opportunities, including the 

executive. Technology programs, defining milestones and success criteria, resource allocation 

and successful on-time delivery. My responsibilities where to exercise technical judgment in 

working with large, cross-functional teams, develop tools and processes to improve software 

engineering productivity, communicate schedules, priorities, and status to all levels, proven work 

experience program managing data warehouse systems. I do have strong problem-solving skills 

with an emphasis on product development and processes and demonstrated ability or preference 

to work across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans and 

schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Bachelor’s degree in computer science 

Banking experience.  

Experience in program management on technical cross-functional projects and experience 

managing execution and high-quality product delivery. 

 

Candidate 6: 

I have experience in Managing technology programs, defining milestones and success criteria, 

resource allocation and successful on-time delivery. 

 PMP Certified Architectural Engineer, with over 5 years of experience in managing construction 

projects and architectural engineering. I am well spoken and highly ambitious person.   

Bachelor s degree in computer science 

Bachelor’s degree in Architectural Engineering 

It equipped me with essential skills and knowledge to understand and deal with modern 

Architectural Engineering basics & trends. 

 

Candidate 7: 

In my experience i managed technology programs, starting from defining milestones and success 

criteria, resource allocation until successful on-time delivery. I worked on developing tools 

needed to improve software engineering productivity. I have experience in writing clear, concise 

and comprehensive program plans and schedules. I do have experience working in an 

agile/scrum development process 

Bachelor’s degree in computer science. Banking certificated experience is preferable. 

Yes I have the ability to exercise technical judgment in solving software engineering challenges. 

And the ability to be an influential member of a highly integrated team composed of both 

technical and non-technical members. One of my skills is that i have strong knowledge of 

software development life cycle methodologies, tools, and processes. And the ability or 

preference to work across multiple teams. 
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Candidate 8: 

Working with large, cross-functional teams. 

Develop tools and processes to improve software engineering productivity. 

Maintain communicate schedules, priorities. 

Experience in program managing data warehouse systems and strong knowledge of software 

development life cycle methodologies. I have ability to work across multiple teams. 

Experience in writing clear, concise, and comprehensive program plans and schedules 

Hands-on experience with prioritisation and issue management 

Proven record on facilitating decision making and judgment 

Bachelor’s degree in computer science 

Excellent banking experience. Program management skills. Experience in managing execution 

and high-quality product delivery. 

Solving software engineering challenges and influential member of a highly integrated team 

composed of both technical and non-technical members. 

 

Candidate 9: 

I am currently employed as a Data Scientist where I am applying what I learned in my MS ,which 

was focused on Machine learning (ML) and Natural Language Processing (NLP). I wish to learn 

more about my field and focus on the latest state-of-art methods and predictive models that 

help solve real-world problems. I received my Masters’ degree from the University of Colorado 

at Boulder with a focus on Machine Learning and NLP. Before my MS, I was employed at General 

Motors at their Austin Innovation Center in Texas as part of a transformation to retire data marts 

across the globe, load these data marts into our unified data warehouse, and develop reports to 

bring valuable information that will benefit the business. In my free time, I enjoy rock climbing, 

hiking, and anything that will keep me active. 

Master of Science (M.S.) 

Computer Science 

Focus on Machine learning and NL 

Communicate with the customer and collect requirements. Design solutions with the customer’s 

needs and user experience in mind.ïPlan projects with clear milestones that are delivered in their 

expected time.Develop, integrate and maintain many NLP products that are of high importance. 

Research the latest in ML and NLP and incorporate or optimise it for the business. Developing 

predictive models on real-world supervised and unsupervised problems using machine learning 

techniques in areas such as NLP, Computer Vision, and Audio processing. Experience with the 

full piption from data collection to data curation and initial analysis to iteratively developing 

predictive models and deploying and maintaining them as a service. 

 

Candidate 10: 

Team Leader - Administrator Systems 

10 years of experience in ERP for business management and information technology industry - 

Specialist in project management and system implementation. 

 I Define project scope, goals and deliverables that support project goals in collaboration with 

business users and stakeholders.- Define business and process strategy- Establish documentation 
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protocols.- Assure that the team addresses all relevant issues within the specifications and 

various standards.- Ensure deliverables are prepared to satisfy the project requirements, cost and 

schedule.- Working with team members to ensure the projects will be delivered on time.- 

Catalogue and analyse potential changes.- Facilitate problem solving and collaboration- 

Motivate team members- Catalogue and analyse potential changes 

Bachelor’s in Enterprise Resources Planning 

. 

. 

. 

Job 10: 

 

Relationship Manager NBFI - Western Region 

Job Purpose: 

"To build, manage and maintain profitable relationships with Non Banking Financial 

Institutions and Correspondent Banks, to effectively drive and achieve overall Riyad Bank’s 

objectives and contribute to the Bank's profitability." 

Responsibilities: 

• Assumes prime responsibility in developing and maintaining effective relationships with 

Non-Banking Financial Institutions across the globe in order to generate leads, cross-sell 

the bank’s products and services and achieve maximization of revenue. 

• Identifies revenue opportunities in order to increase the Non Banking Financial Institutions 

promote, marketand cross-sell the Bank’s products in coordination with other business 

divisions (Retail, Corporate Banking and Treasury/Investment). 

• Maximizes product penetration and cross selling and actively seeks opportunities in-order 

to ensure the services required by the organization are delivered in the most effective 

manner. 

• Develops account plans in a consistent and timely manner in order to swiftly follow-up on 

identified action items. 

• Develops Non-Banking Financial Institutions products to maximize the profitability of all 

financial institutions relationships. 

• Executes Non-Banking Financial Institutions’ deals, through collaboration with concerned 

departments. 

• Reviews credit line needs periodically with local and International Non-Banking Financial 

Institutions / Correspondent Banks 

Qualifications: 

Minimum Qualifications: 

Bachelor’s degree in Business with preferably a specialization in Finance or Accounting 

Minimum Experience: 

3-5 years relevant experience in the banking sector, preferably in FID or Corporate Banking or 

Trade Finance or Treasury 

Language: 
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English: Advanced 

 

Candidate 1: 

 

Experience in Relationship Manager NBFI. All while elevating and delivering exceptional for 

Non-Banking Financial Institutions and Correspondent Banks by managing and maintaining 

profitable relationships to effectively drive and achieve overall objectives and contribute to the 

Bank's profitability. I am accountable for developing and maintaining effective relationships 

with Non-Banking Financial Institutions across the globe to generate leads, cross-sell the 

bank’s products and services, and achieve the maximization of revenue. 

I Identify the revenue opportunities in order to increase the Non Banking Financial Institutions 

promote, marketand cross-sell the Bank’s products in coordination with other business 

divisions and Maximize the product penetration and cross selling and actively seeks 

opportunities in-order to make sure the services required by the organization are delivered in 

the most effective manner. 

I work on Developing account plans in a consistent and timely manner in order to swiftly 

follow-up on identified action items and develop Non-Banking Financial Institutions products 

to maximize the profitability of all financial institutions relationships. 

Moreover, I execute Non-Banking Financial Institutions’ deals, through collaboration with 

concerned departments and review credit line needs periodically with local and International 

Non-Banking Financial Institutions and Correspondent Banks 

Bachelor’s degree in Business in Finance  

ten years relevant experience in the banking sector and Treasury 

The English language is excellent 

 

Candidate 2: 

 

Experience 15 years in relationship manager nbfi. Corporate banker and an entrepreneur with 

a dedicated experience working with well reputed local and multinational organizations and as 

a self-employed professional. To build, manage and maintain profitable relationships with non 

banking financial institutions and correspondent banks, to effectively drive and achieve overall 

my job objectives and contribute to the bank's profitability by reviewing credit line needs 

periodically with local and International Non-Banking Financial Institutions or the 

Correspondent Banks 

I have a high level of accountability in developing and maintaining effective relationships with 

Non-Banking Financial Institutions across the globe in order to generate leads, cross-sell the 

bank’s products and services and achieve the maximization of revenue. And to Identifie 

revenue opportunities in order to increase the Non-Banking Financial Institutions promote, 

marketand cross-sell the Bank’s products in coordination with other business divisions and 
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Develop Non-Banking Financial Institutions products to maximize the profitability of all 

financial institutions relationships and develop account plans in a consistent and timely 

manner in order to swiftly follow-up on identified action items. 

One of my tasks is to maximise product penetration and cross selling and actively seek 

opportunities to ensure the services required by the organization are delivered in the most 

effective manner. I execute Non-Banking Financial Institutions’ deals through collaboration 

with concerned departments. 

Bachelor’s degree in Business in Finance  

Five years relevant experience in the banking sector. 

Excellent English language 

 

Candidate 3: 

 

I have ten years of experience as Relationship Manager NBFI and Sales and Relationship 

Management. I work to manage and maintain profitable relationships with Non Banking 

Financial Institutions and Correspondent Banks, to effectively drive and achieve overall 

objectives and contribute to the Bank's profitability. 

I aim to maximize product penetration and cross selling and actively seeks opportunities in-

order to ensure the services required by the organization are delivered in the most effective 

manner. And develop account plans in a consistent and timely manner in order to swiftly 

follow-up on identified action items. As well as develop Non-Banking Financial Institutions 

products to maximize the profitability of all financial institutions relationships. Furthermore, I 

execute Non-Banking Financial Institutions’ deals, through collaboration with concerned 

departments and review credit line needs periodically with local and International Non-

Banking Financial Institutions and Correspondent Banks. 

Good communication skills to develop and maintain effective relationships with Non-Banking 

Financial Institutions across the globe in order to generate leads, cross-sell the bank’s products 

and services and achieve the maximization of revenue. 

I can Identifie revenue opportunities in order to increase the Non Banking Financial Institutions 

promote, marketand cross-sell the Bank’s products in coordination with other business 

divisions. 

Bachelor’s degree in Business in Finance  

5 years experience in the banking Finance and Treasury 

English language 

 

 

Candidate 4: 
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I am an Experience in Relationship Manager NBFI and an analytical and customer-focused 

professional with extensive experience in establishing and managing high-level engagements with 

clients to identify business needs and deliver strategic recommendations, while facilitating sales 

and revenue growth by capturing business development opportunities. I have continually 

demonstrated success in prospecting and acquiring key accounts from non-engaged customers, 

while delivering world-class services to elevate customer satisfaction, promote loyalty/retention, 

and secure repeat/referral business. I have proven ability to lead, train, and mentor cross-functional 

teams for identifying and resolving customer complaints and consistently meeting/exceeding Key 

Performance Indicators. As my professional career continues to evolve, I remain steadfast in my 

belief that collaboration is the key to success therefore, on a daily basis I am committed to building 

positive working relationships with my clients, interdepartmental teams, executive management 

peers, and key stakeholders to facilitate achievement of both short- and long-term strategic 

business goals. 

I aim to maximize product penetration and cross selling and actively seeks opportunities in-

order to ensure the services required by the organization are delivered in the most effective 

manner. And develop account plans in a consistent and timely manner in order to swiftly 

follow-up on identified action items. As well as develop Non-Banking Financial Institutions 

products to maximize the profitability of all financial institutions relationships. Furthermore, I 

execute Non-Banking Financial Institutions’ deals, through collaboration with concerned 

departments and review credit line needs periodically with local and International Non-

Banking Financial Institutions and Correspondent Banks. 

Good communication skills to develop and maintain effective relationships with Non-Banking 

Financial Institutions across the globe in order to generate leads, cross-sell the bank’s products 

and services and achieve the maximization of revenue. 

I can Identifie revenue opportunities in order to increase the Non Banking Financial Institutions 

promote, marketand cross-sell the Bank’s products in coordination with other business 

divisions. 

Bachelor’s degree in Business in Finance  

5 years experience in the banking Treasury 

English language 

 

Candidate 5: 

 

I work as Relationship Manager NBFI and provide strategic brokerage consultancy to clients for 

realizing the organizational objective of empowering nationwide customers in becoming life-long 

investors. I was responsible for cultivating and nurturing positive relationships with key accounts 

and provided superior services to elevate customer satisfaction and promote loyalty/retention. One 

of my key assignments in this role was to lead, train, and guide the team of seven bankers and 

tellers for consistently meeting KPI goals and driving business growth. I identified client 

needs/demands to deliver strategic solutions through a suite of organizational products/services, 

including small business, investment, and home lending products. I was also responsible for 
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expanding my portfolio by prospecting and soliciting new clients through telephone calls and 

emails and managing and maintaining profitable relationships with Non-Banking Financial 

Institutions and Correspondent Banks to effectively drive and achieve overall objectives and 

contribute to the Bank's profitability. 

I have a high level of accountability in developing and maintaining effective relationships with 

Non-Banking Financial Institutions across the globe in order to generate leads, cross-sell the 

bank’s products and services and achieve the maximization of revenue. And to Identify revenue 

opportunities in order to increase the Non-Banking Financial Institutions promote, marketand 

cross-sell the Bank’s products in coordination with other business divisions and Develop Non-

Banking Financial Institutions products to maximize the profitability of all financial institutions 

relationships and develop account plans in a consistent and timely manner in order to swiftly 

follow-up on identified action items. 

One of my tasks is to maximise product penetration and cross selling and actively seek 

opportunities to ensure the services required by the organization are delivered most effectively. 

I execute Non-Banking Financial Institutions’ deals through collaboration with concerned 

departments. 

Bachelor’s degree in Business in Finance  

four years relevant experience in the banking sector. 

Excellent English language 

 

Candidate 6: 

 

Business Development  

Company Name      Events Oasis        Full-time Dates Employed  

Achieve revenue goals. Maintain good working relationships with existing clients previously to 

enhance client retention and new sales through referrals and references. Identify and develop new 

and existing referral sources to develop successful referring relationships. Actively identify and 

generate prospects through strategic sales strategies focusing on customers in target markets.  .  

King Faisal University Degree Name Bachelor's degree Field Of Study Business Administration and 

Management 

Candidate 7: 

   Priority Banking Relationship Manager 

Company Name      B a n q u e Saudi F r a n s i        Full-time 

Worked as a Relationship Manager for Priority Banking customers in the Saudi Fransi Bank Branch, 

major tasks was doing the client's visit to maintain the relationship for existing clients and potential 

clients, develop branch balances, product marketing to achieve the bank goal.  King Abdul Aziz 

University Degree Name Bachelor's degree Field of Study Administrative science Dates attended or 

expected graduation  
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Candidate 8: 

Team Leader, Business Development 

 Company Name      SAED.        Full-time 

Main Role: Responsible for planning and accomplishing business development activities by 

researching and developing marketing opportunities , and managing Sales team to achieve the 

sales target in monthly basis and quarterly , and their daily activities . Duties: Contacting potential 

clients to establish rapport and arrange meetings. 

Planning and overseeing new marketing initiatives. 

Researching organizations and individuals to find new opportunities. 

Increasing the value of current customers while attracting new ones. 

Finding and developing new markets and improving sales. 

Attending conferences, meetings, and events.  

Developing quotes and proposals for clients.  

Developing goals for the development team and businesses and helping team members develop 

their skills 

Participate in pricing the solution/service         

Al-Quds Open University Degree Name Bachelor's degree Field Of Study Marketing  

 

Candidate 9: 

Sales Account Manager 

Company Name      Confidential        Full-time 

Selling Customer experience solutions and digital transformation solutions haunting new lead. 

Manage a portfolio of accounts to achieve long-   term success. 

Develop positive relationships with clients. 

Act as the point of contact and handle customers  

individual needs  

Generate new business using existing and potential customer networks. 

Resolve conflicts and provide solutions to customers in a timely manner. 

Supervise account representatives to ensure sales increase. 

Report on the status of accounts and transactions 

Set and track sales account targets, aligned with company objectives. 

Monitor sales metrics  

ARAB OPEN UNIVERSITY Degree Name Bachelor's degree Field Of Study Bachelor in Information 

Technology & Computing Dates attended or expected graduation  

 

 

Candidate 10: 

 

Sr.Account Manger 
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Company Name      Ctelecoms (Consolidated Telecoms)  

Responsible for developing and maintaining commercially productive relationships with both new 

and old clients. Also in charge of identifying every sales lead and of making the most out of every 

opportunity to increase revenue and profitability 

Promote the company brand to key buyers, ensuring their knowledge is current and appropriate 

Generating new business both in face to face meetings and over the phone. 

Writing up concise, value-based sales proposals. 

Replying to all customer enquiries in a timely and accurate manner. 

Writing up sales reports, activity reports and revenue forecasts. 

  Completing all documentation and administrative records, fully and accurately. 

  Developing and maintaining a database of all contacts. 

 Possessing the financial acumen at and identify potential opportunities and new clients. 

Ensuring that projects are financially viable. 

Ability to react quickly to emergency situation or new customer requirements. 

Identifying the specific needs of customers, then creating bespoke solutions for them. 

Writing accurate reports through the detailed analysis of data. 

Sharing knowledge and expertise in a highly professional manner. 

Can quickly collate and priorities data from different sources.     

Damascus University Degree Name Foundation degree Field Of Study Business Administration and 

Management. 

 

 

The document was sent to all three HR experts, and from each expert, I received a list 

with an opinion on whether each of the 100 candidates was qualified to be on a shortlist for 

further investigation or not. The list contained two judgments ‘Good match’ or ‘Bad match’. 

None of the HR personnel were acquainted with any other. Their decisions were received and 

assembled in a single table. See Table 8.114.  

8.2 Results and Observations 

This section will focus on the results first, then the observations, to ensure a better 

understanding of the results. 
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8.2.1 Results 

AIRM was evaluated as an experiment on ten jobs sampled from the job database. Tasks 

show a superior quality while being more parallelisable and requiring significantly less time. 

The top ten similar candidates for each job posting were retrieved using the algorithms 

proposed in Chapter 6. In order to ensure the quality of similar candidate retrieval, the top 10 

similar documents were retrieved. I evaluated the AIRM by using two metrics: first, the 

accuracy and then the time. Accuracy for each category was calculated with the help of the 

equation below: 

Accuracy =
Number of correct candidates retrieved by the algorithm

Total number of candidates retrieved by the algorithm 
 

HR experts worked manually as a research collaboration to evaluate the results of the 

AIRM for the ten sampled jobs by assessing the top ten documents retrieved for the ten similar 

candidates chosen for each job. Human intervention was required to assess the algorithm's 

performance for two reasons: firstly, I am using unsupervised algorithms; secondly, choosing 

a candidate or a job is a subjective judgement.  

For the evaluation task, the predictions were labelled as ‘category three’ if all of the three 

evaluators agreed on them; ‘category two’ if two evaluators agreed on them; and ‘category one’ 

if only one evaluator thought it was a good match; otherwise, they are labelled them as 

‘category zero’, as shown in Table 8.1148.1. 

Table 8.114 HR judgment on  AIRM results job-to-candidate. 

Job Candidate HR1 HR2 HR3 Final 

Job1      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 
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 Similar Candidate7 Good match Good match Good match 3 

 Similar Candidate8 Good match Good match Good match 3 

 Similar Candidate9 Good match bad match Good match 2 

 Similar Candidate10 bad match Good match bad match 1 

. 

. 

. 

. 

Job10      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Bad match Bad match 1 

 Similar Candidate7 Bad match Good match Bad match 1 

 Similar Candidate8 Bad match Bad match Good match 1 

 Similar Candidate9 Bad match Bad match Bad match 0 

 Similar Candidate10 Bad match Bad match Bad match 0 

The complete results are available at: 

https://github.com/monirahaleisa/AIRM-Results-Job-to-Candidate/blob/main/Mapping_results.pdf 

From the AIRM results, 61% of the matches fells into category three, 5% of the matches 

fells into category two, 18% of the matches fell into category one, and 16%  fells into category 

zero.  

 

 

about:blank
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                                    Table 8.2 AIRM results job-to-candidate 

 Categories Per cent 

Three agreed 3 61 

Two agreed 2 5 

One agreed 1 18 

No one agreed 0 16 

Total  100 

As demonstrated in Table 8.2, the AIRM system gives an overall 84% accuracy of 

matching, with at least one expert agreeing with the system's selection. See the formula above 

for calculating accuracy. Therefore, I consider the AIRM system to be suitable for the 

automatic pre-selection of candidates matching the job description, ready for further 

refinement by human experts. 

As shown in Table 8.3, the average time it took HR experts to analyse the matching of 100 

candidates to 10 jobs was six days, or roughly 5 hours each day; each HR expert calculates 

how long they worked on each candidate's CV by the minute. Appendix F contains examples 

of HR considerations when matching a CV to employment. 

Table 8.315. HR experts take the time to finish the task 

 Time in days 

HR1 6 

HR2 5 

HR3 7 

Total 18 

Average 6 

In a test that contained 2,012 records of jobs and 16,255 candidate records, the AIRM 

exceeded human performance in terms of time. It finished the work in 2.4 minutes, whereas 

humans spent approximately 6 days on average for only 10 jobs. This means that the AIRM is 



173 

 

 

beneficial for pre-selecting a block of potential candidates for a particular job. I am optimistic 

about the future of AIRM and intend to use it for a variety of purposes. I intend to expand 

AIRM to solve challenges, including combining two sides of the text and dealing with massive 

inputs and outputs. One of our future objectives in this research project is to implement it to 

work with the Arabic language and compare the results with the English language version. 

Other interesting future goals include building the curriculum vita (CV) with blockchain 

technology to increase trust in the CV. The conclusion of this thesis (see Chapter 9), which 

proposes future work, will expand on the idea of integrating AIRM with blockchain technology 

as a promising approach to increasing trust in AI results. 

8.2.2 Observations 

      The model is supposed to apply ML and AI techniques to assist in matching job seekers to 

vacant positions. Several things became clear to me as I tried to understand the model's results 

and behaviour.  

• The model does not credit the candidate for having a double major. In contrast, the 

recruiters consider having different majors as an advantage. They believe that such 

candidates have expanded their prospects and have more knowledge. 

• The model does not give candidates with master's degrees more credit than 

candidates with bachelor's degrees. Hence the importance of having a preference 

layer, as a preference layer is critical in such cases. 

• In cases where the candidate had worked in different jobs, the model fails to 

recognise that this individual skills has evolved, and should be categorised as 

experienced rather than as a beginner, and can therefore be a candidate for 

intermediate or senior jobs. 

• The model can not catch the abbreviation easily, such as the appropriation of  

Master of Business Administration (MBA). 

• In cases where the job has no matches at all in the DL, the model will still bring 

forward the top ten candidates with the least cosine similarity distance. I cannot 

specify a specific distance as a benchmark to stop fetching data at some point. In 

this case, the model will seem to be bringing in illogical candidates. This point can 
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be addressed by future research that could explore when the model could stop 

requesting data by attempting to locate or compute a stop benchmark distance. 

• Some notions, such as transferable skills, are not recognised by the model. If a 

candidate has managerial expertise in one sector; then it can be assumed that these 

talents may be utilised in another sector. The model fails to recognise that a specific 

talent may be generalised and utilised in many sectors.         

In addition to the aforementioned points, these results suggest more scope for future research. 

The researcher can see a promising future in implementing AIRM to work with Arabic and 

comparing the results with the English version. Moreover, building the CV with blockchain 

technology to increase trust in the CV as future work is mentioned in Chapter 9.  

8.3 Justification of the Implemented Solution 

The following components were chosen over others due to the given reasons: 

DL has many advantages over old storage systems. Looking at them from business and 

technological perspectives. Businesses benefit from DLs due to their all-around data 

availability or democratisation and because they effortlessly fetch good quality data. 

Technological benefits from DLs are real-time decision analysis, SQL and other languages 

support, scalable and versatility. The following are the most commonly considered advantages 

of DLs (Chinnakali, 2016; DATABRICKS, 2020; Warren, 2019): 

• The scalability, which can handle a growing amount of data. 

• A DL can store all types of data: logs, extensible markup language (XML), 

multimedia, sensor data, binary, social data, chats and people data. 

• A DL can leverage data to high-speed data, integrating with the historical data to 

have its most exclusive insights. 

• DLs implant the schema to leverage both structured and unstructured data. 

• In DLs, modelling is required only during data consumption and not during 

ingestion. 

• DLs leverage Hadoop’s simplicity to store data based on schema-less write and 

schema-based read modes, which are highly applicable during data consumption.  
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• DL excels at utilising the availability of large quantities of coherent data along with 

deep learning algorithms to recognise items of interest that will power real-time 

decision analytics. 

BIRCH (balanced iterative reducing and clustering using hierarchies) is suitable for AIRM for 

four reasons: 

• BIRCH clustering does not try to make clusters of the same size like in k-mean 

clustering. The group size will vary in the Saudi jobs data set, and I do not aim to 

have the same group size. Instead, I need to explore the actual group size in each 

job group (Zhang et al., 1997). 

• BIRCH clustering does not require the number of clusters as an input parameter. In 

the Saudi jobs data set, the data is significant, and it will change all the time. I 

cannot decide the number of clusters at the beginning of the algorithm. So 

hierarchical clustering helps to take away the problem of having to pre-define the 

number of clusters (Lorbeer et al., 2018; Pathak, 2018). 

• BIRCH clustering can virtually handle any distance metric (SHARMA, 2019). 

• BIRCH has been proposed for minimising the running time of clustering. BIRCH 

incrementally clusters enormous datasets whose sizes are much greater than the 

amount of available memory. The clustering process is performed by constructing 

a height-balanced tree (Zhang et al., 1997). 

The sentence transformer method captures semantic similarity better than other methods 

because it is trained in the Siamese network fashion. The output loss is cosine similarity which 

is optimised. In this way, the model learns to capture similarity better than other models and 

perform SoA on the semantic  textual  similarity (STS) benchmark dataset. The Robustly 

Optimised Bert Pretraining Approach (RoBERTa) is part of Facebook's continued effort to 

pushing the boundaries of self-supervised systems that can be built with less reliance on time- 

and resource-intensive data labelling.  

FAISS (Facebook AI Similarity Search) In order to compute the cosine similarity between 

embeddings, traditional cosine similarity leads to enormous computation resources and has a 

time complexity of O(n*m). This complexity is reduced by using index-based data structures, 



176 

 

 

which FAISS inherently supports. In this way, similar documents can be retrieved very fast. 

FAISS is also scalable to up to billions of vectors and can search similarity even for 

embeddings that do not fit in random access memory (RAM). 

Pre-trained Cross-encoders are suitable for a pre-defined set of sentence pairs, as in this 

research, and they only need to be scored; for example,  when 100 sentence pairs need to get 

similarity scores for these 100 pairs. Cross-Encoders are slower than Bi-Encoders; however, 

they are suitable for computing the sentence embeddings needed in this research, which is not 

a huge number. 

8.4 Summary 

The AIRM was evaluated as an experiment on ten jobs that were sampled from the job 

database. Its top 10 similar candidates were retrieved for each job posting using the algorithm 

proposed in Chapter 6. Three HR experts manually evaluated the results for the ten selected 

jobs, along with the top ten candidates for each job. The AIRM system gave an overall 84% 

for accuracy of matching, with at least one expert agreeing with the system's selection. In a test 

that contained 2,012 records of jobs and 16,255 candidate records, the AIRM exceeded human 

performance in terms of time. It finished the work in 2.4 minutes, whereas humans spent 

approximately  6 days on average for only 10 jobs. I am optimistic about the future of AIRM 

and intend to use it for a variety of purposes. The justification for the adopted approach has 

also been emphasised in this chapter. The next chapter will present the research conclusion as 

well as making recommendations for potential future work. 
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Chapter 9  

9  Conclusion and Future Work 

This chapter concludes the thesis that addresses the issue of applying cutting-edge 

technology to assist the matching of job seekers to vacant positions in the Saudi labour market 

by implementing the minimum viable product (MVP) of the proposed artificial intelligence 

recruiting model (AIRM) architecture. Furthermore, it shows the model's strength, the 

research's overall orientation, and the projected direction. The importance of a future 

collaborative effort and its relevance to this thesis is emphasised in the section on future work 

9.1 Conclusion 

 This thesis addresses the issue of mapping job descriptions to job seekers to assist the 

Saudi labour market by implementing the MVP of the proposed AIRM architecture, where it 

utilises cutting-edge technology such as a data lake (DL), machine learning (ML) and artificial 

intelligence (AI)  to assist the Saudi labour market. The thesis started by providing a brief 

introduction and background regarding the Saudi labour market. Following this, it addressed 

the research scope, aim and questions and described the research gap. Given the gap in the 

knowledge on efficiently bringing job vacancies and job seekers together in the Saudi labour 

market, this thesis has focused on specific requirements of the relevant AI project research 

methodologies. The research began with a thorough understanding of the business. After 

analysing the business challenge and the type of data involved, the framework was iterative 

until an appropriate data repository, ML and AI models were selected. This was followed by 

data collection, exploration, modelling, assessment or interpretation, and an exploration of the 

results (knowledge development). Notably, the AIRM research framework suits the specific 

challenge to which the research contributes. The following are the research questions, how 

they were solved, and how they contribute to knowledge. 
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9.1.1 Research Question 1  

This thesis conducted a literature review to analyse the Saudi labour market in general, 

reviewing the literature that defines the labour market and the current work regarding the Saudi 

labour market. It focused on the government funding and effort, the national labour market 

initiatives, education, skills, qualifications, and global labour market projects to answer the 

first research question:  

• What are the specific challenges and gaps in data organisation for the labour 

market and recruitment services in Saudi Arabia?  

The researcher found that government entities' databases are isolated from each other. The 

lack of a national labour market data centre to link all entities is one of the most critical issues. 

Labour market data can not be monitored, integrated, or analysed efficiently, resulting in 

several inefficiencies, such as bias and latency. These inefficiencies arise from a lack of 

technologies and, more importantly, from having an open labour market without a national 

cohesive labour market data centre.  

The researcher proposes a national labour market data bank to close this gap. The objective 

is to help facilitate matching a job candidate with the job vacancy best suited to them, leading 

to the formulation of the second research question: 

9.1.2 Research Question 2  

The researcher proposes a suitable cutting-edge data repository technology to assist the 

Saudi labour market and work as a national cohesive labour market data centre to answer the 

second research question. 

• What is the best technological approach for the repository for storing country-

wide/national data?  

The researcher proposed a novel data storage technology approach to be used, the DL. A 

DL has open-source data-storage qualities that are versatile and which allow for data to be 

rapidly extracted and analysed. All citizens’ data could be integrated into a single data 

repository and analysed with absolute transparency and clarity to provide a deeper 

understanding of the current state of the Saudi labour market. Chapter 4 in this thesis discussed 
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this approach in greater detail. DL is a relatively new concept, and its definitions, 

characteristics and usage are more prevalent in web articles than academic papers. This 

research gives an insight into the DL advantages, and how big data is received from different 

platforms and how different formats can be handled to serve the Saudi labour market. 

As a result of having the DL, labor-marketdata could be held in a single repository. 

However, in order to assist in matching job seekers to vacant positions in the Saudi labour 

market using cutting-edge technology, some ML and AI techniques are required. These 

requirements lead to the formulation of the third research question: 

9.1.3 Research Question 3  

The researcher proposes suitable cutting-edge ML and AI techniques to work with DL 

effectively to assist in matching job seekers to vacant positions in the Saudi labour market and 

to answer the third research question. 

• Could an AI and Deep Learning approach provide an efficient skill-to-need match-

making recommendation using advanced natural language processing and big data 

techniques, specifically for the Saudi labour market? 

This research proposed a combination of cutting-edge ML and AI techniques to achieve an 

optimal rate of matching job seekers to vacant positions in the Saudi labour market. In 

particular, this involves implementing these techniques in the form of three layers to extract 

the relevant information from the data of both recruiters and job seekers, specifically using the 

BIRCH clustering algorithm to group data points and using sentence transformers with 

RoBERTa as the base model to convert text to numerical representations; ranking is carried out 

using FAISS. Finally, the pre-trained cross-encoders model accepts the user’s choices as a list 

and arranges the results by weighting the essential terms. Chapter 5 in this thesis discussed this 

approach in greater detail. 

9.1.4 Research Question 4  

The researcher proposes an Artificial Intelligence Recruiting Model (AIRM)  architecture 

that consists of cutting-edge technologies such as DL, ML and AI techniques to work 

effectively together to assist in matching job seekers to vacant positions in the Saudi labour 
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market. This is in order to solve issues of inefficiency, bias and latency and to answer the fourth 

research question: 

• What are the most suitable architectural framework and new recruitment model as 

a new approach to improve the recruitment services (validated on the Saudi labour 

marketcase study)?    

The researcher proposed the AIRM architecture, which consists of a data repository DL 

that lies in the heart of the AIRM architecture and three processing layers. The three layers are 

stacked on top of each other and consist of ML and AI models. These three layers feed data 

into and out of the data repository DL.  

The first layer is called an initial screening layer, which builds groups of jobs from the 

same industry and allocates them a group ID by clustering them.  For this, BIRCH clustering 

is utilized, which ensures search latency is reduced. Jobs and candidates clustered together; for 

example, if there are 20 clusters in total, and the candidate belongs to the fifth cluster, then a 

job will also be searched for that candidate in the fifth cluster. This ensures latency while 

searching for similar jobs. 

The second layer is called a mapping layer, where the sentence transformers with RoBERTa 

as a base model are used to transfer learning. This transformer-based model is used to generate 

embeddings for job descriptions as well as for candidate profiles, and is optimised to find 

similar documents. Once embeddings are generated, then these embeddings are indexed in 

FAISS. FAISS is used to perform an approximate nearest neighbour search and has very low 

latency, and is also easily scalable. Using FAISS, FAISS can find an ‘n’ number of similar jobs 

for a candidate and vice versa.  

The third layer is the preferences layer, which will add the preferences as a weight of the 

word that is more important for both sides. Here I used the pre-trained Cross-Encoders model 

to re-rank the result list while considering the more important words for users from both sides. 

Pre-trained Cross-encoders take a text pair as input and provide a score ranging from 0 to 1, 

then stores the result back into the DL. Chapter 6 in this thesis discussed the AIRM architecture 

in greater detail. 
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9.1.5 MVP implementation of the AIRM 

Additionally, this research implemented an MVP of the AIRM architecture and has yielded 

encouraging outcomes. Practical applications in the Saudi labour market has not been 

previously addressed in this way. The researcher created a corpora dataset to simulate the 

database for training purposes. The corpora dataset helped to emulate labour market AI choices 

and train the models. The AIRM functions as an automatic pre-selection of applicants who 

match a given job description. The AIRM also allows human specialists to focus on a more 

extensive and nuanced assessment of a selected subset of job seekers. The researcher envisages 

that the AIRM will assist Saudi citizens in finding the best available job match as per their 

qualifications and preferences. Chapter 7 covered all aspects of the AIRM architecture 

implementation in greater detail. 

9.1.6 Evaluating the AIRM 

Due to the nature of the research and, as with any data-driven project, the researcher needed 

domain experts to collaborate in analysing the model’s results. To do this analysis, the 

researcher could not stand alone, as it was necessary to use expert human analysis in order to 

evaluate the AIRM’s performance. As part of the evaluation task, three HR and recruiting 

experts evaluated the results for ten selected jobs, with ten matching candidates for each job. I 

considered that an AIRM selection agreed by at least one expert accommodated the subjective 

nature of the selection process when performed entirely by human HR and recruitment experts. 

In other words, agreement by one expert was considered to be sufficient to indicate an 

appropriate match between the job specification and the candidate. I found that the AIRM 

system gave an overall accuracy of 84%, whereby at least one expert agreed with the system’s 

selection.   

The AIRM finished the work in 2.4 minutes, whereas humans spent an average of 6 days, 

which demonstrated the time-saving benefits of using AIRM in pre-selecting a block of 

candidates suitable for a specific job. Therefore, the researcher considers the AIRM system to 

be suitable for the automatic pre-selection of candidates matching the job description to allow 

human experts to concentrate on more detailed and nuanced consideration of an already pre-

selected subset of job seekers thus improving the efficiency of human involvement. It is the 

first time a single model has reached a new state of the art in overall performance.   
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From the AIRM output, the researcher observed some limitations of the AIRM mentioned 

in section 8.2.2. 

This research contributes to the field of mapping human-written texts. Furthermore, it 

paves the way for academics to use AIRM and blockchain technologies to improve trust in AI 

by the use of Blockchain Smart Contracts. This can be achieved by utilising blockchain 

technology to create CVs and saving them in DL to match job openings via the AIRM. The 

AIRM can be expanded to support languages other than English. The sentence transformer 

model of the AIRM could be pre-trained on other languages, while the rest of the AIRM 

architecture would remain the same. The AIRM can be used to support commercial services. 

This research focuses on government services, but the AIRM architecture can be used in any 

enterprise that utilises big data. 

9.2 Future Work 

The researcher suggests the following future extensions to the work of this thesis: 

• To generalise the AIRM by running the model on different types of data sets. One 

such could be the confidential government data that I had no authority to use in this 

research. 

• Implement the AIRM using the Arabic language and compare it with the 

performance of this English version. 

• By adding a fourth layer to AIRM, I could embed AI into blockchain-enabled smart 

contracts; AIRM would significantly increase efficiency. This project would 

integrate AI and blockchain capabilities, enabling a more in-depth examination of 

the efficacy of the contract's terms and the procedures it governs. Consequently, 

human analysis, intervention and verification would be considerably minimised. 

The cutting-edge, dynamic combination of AI and blockchain would significantly 

simplify the negotiation, the execution process and build more trust in AIRM, see 

Figure 9.1299.1. 
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Figure 9.129  Smart contract added to AIRM 

Because AI performs better when data is collected through a reliable, secure, trustworthy, 

and credible data repository or platform, trust in AIRM would develop. Blockchain is a 
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distributed ledger in which data may be cryptographically signed, authenticated and agreed 

upon by all mining nodes. The combination of AI and blockchain-enabled smart contracts 

would create business solutions that could build on existing enterprise systems while also 

adjusting them in favour of next-generation alternatives. 

9.3 Summary 

In summary, this chapter recaps the research conclusion and the recommendations for 

future work. It provides an overview of the thesis for the reader's convenience to view the 

bigger picture while reminding the reader of its contents and importance. The chapter also 

revisits the research questions, how they were addressed and how the answers contribute to 

knowledge in the field. This chapter pointed out the implementation of an MVP of the AIRM 

architecture, demonstrated how it has yielded encouraging outcomes and highlighted the 

performance evaluation of the AIRM. Furthermore, the contributions made by the AIRM, 

including those that go beyond the Saudi labour market are outlined. 
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A. Letters sent to HR experts 

 

 

 

 

 

 

 

 

 

 

 

 

 

May the peace, blessings, and mercy of God be upon you 

Thank you for accepting to help and collaborate as HR specialists expressing your opinion 

on this research. This study is for the Saudi labour market; an artificial intelligence model has 

been developed, and I want to know if the outcomes are satisfactory. The purpose is to analyse 

the suggested model's outcomes. It is necessary to read the job description and CVs and note 

whether or not each CV is fit for the position in front of each CV. At the end of the task, please 

write down the time it took to answer. 

 

Many thanks 
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The name: 

Email: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Job 1: 

About the role our senior program manager have a passion to manage data warehouse 

systems, sw development; breaking down, estimating and prioritising work. As a senior 

program manager, you work with our team to facilitate decision making, judgment, 

resolving constraints and enable high quality on program execution and delivery. 

 

Responsibilities 

• Manage technology programs, defining milestones and success criteria, resource 

allocation and successful on-time delivery. 

• Exercise technical judgment in working with large, cross-functional teams. 

• Develop tools and processes to improve software engineering productivity. 

• Communicate schedules, priorities, and status to all levels. 

Qualifications 

• Proven work experience program managing data warehouse systems 
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• Strong knowledge of software development life cycle methodologies, tools and 

processes 

• Demonstrated ability or preference to work across multiple teams. 

• Experience in writing clear, concise and comprehensive program plans and 

schedules 

• Hands-on experience with prioritisation and issue management 

• Proven record on facilitating decision making and judgment 

• Experience working in an agile/scrum development process 

Required skills 

• Bachelor’s degree in computer science, or equivalent practical experience. 

• Banking experience is preferable. 

• Experience in program management on technical cross-functional projects. 

• Experience managing execution and high quality product delivery. 

• Ability to exercise technical judgment in solving software engineering 

challenges. 

• Ability to be an influential member of a highly integrated team composed of 

both technical and non-technical members. 

 

 

Candidate 1: 

Program manager leading team to facilitate decision making, resolving constraints and 

enable high quality on program execution and delivery, and judgment. I managed 

technology programs, defining milestones and success criteria, resource allocation and 

successful on-time delivery. Test technical judgment in working with large develop tools 

and processes to improve software engineering productivity, communicate schedules, 

priorities, and status to all levels, proven work experience program managing Data 

warehouse systems. 

I do have strong knowledge of software development life cycle methodologies, tools 

and processes and demonstrated ability or preference to work across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans 

and schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Master’s degree in computer science. Bachelor’s degree in information system. 

Experience in program management on technical cross-functional projects and 

experience managing execution and high quality product delivery. 

I provide technical judgment in solving software engineering challenges and influential 

member of a highly integrated technical team. 

 

 

Candidate 2: 
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I worked as senior program manager leading team for 10 years to facilitate decision 

making, resolving constraints and enable high quality on program execution and 

delivery, and judgment. I managed technology programs, defining milestones and 

success criteria, resource allocation and successful on-time delivery. My responsibilities 

where to exercise technical judgment in working with large, cross-functional teams, 

develop tools and processes to improve software engineering productivity, 

communicate schedules, priorities, and status to all levels. 

I do have strong knowledge of software development life cycle methodologies, tools 

and processes and demonstrated ability or preference to work across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans 

and schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Bachelor’s degree in computer science 

I have banking experience. And experience in program management on technical cross-

functional projects and experience managing execution and high quality product 

delivery. 

I provide technical judgment in solving software engineering challenges and influential 

member of a highly integrated team composed of both technical and non-technical 

members. 

 

Candidate 3: 

Manager program leading team for 5 years to facilitate decision making, resolving 

constraints and enable high quality on program execution and delivery. 

Managed technology programs, defining milestones and success criteria, resource 

allocation my responsibilities where to exercise technical judgment in working with 

large, cross-functional teams, develop tools and processes to improve software 

engineering productivity, communicate schedules, priorities, and status to all levels, 

proven work experience program managing data warehouse systems. 

Strong knowledge of software development life cycle methodologies, tools and 

processes and demonstrated ability or preference to work across multiple teams. 

I have 4 years of experience in writing clear and comprehensive program plans and 

schedules. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Master’s degree in computer science 

Good banking experience. And experience in program management on technical cross-

functional projects and experience managing execution and high-quality product 

delivery. 

I provide technical judgment in solving software engineering challenges and influential 

member of a highly integrated team composed of both technical and non-technical 

members. 

 

Candidate 4: 
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I managed technology programs, defining milestones and success criteria, resource 

allocation and successful on-time delivery. My responsibilities where to exercise 

technical judgment in working with large, cross-functional teams, develop tools and 

processes to improve software engineering productivity, communicate schedules, 

priorities, and status to all levels, proven work experience program managing data 

warehouse systems. 

I do have strong knowledge of software development life cycle methodologies, tools 

and processes and demonstrated ability or preference to work across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans 

and schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Bachelor’s degree in computer science 

Experience in program management on technical cross-functional projects and 

experience managing execution and high quality product delivery. 

I provide technical judgment in solving software engineering challenges and influential 

member of a highly integrated team composed of technical. 

 

 

Candidate 5: 

Work with stakeholders throughout the organisation to identify the opportunities, 

including the executive. Technology programs, defining milestones and success criteria, 

resource allocation and successful on-time delivery. My responsibilities where to 

exercise technical judgment in working with large, cross-functional teams, develop tools 

and processes to improve software engineering productivity, communicate schedules, 

priorities, and status to all levels, proven work experience program managing data 

warehouse systems. I do have strong problem-solving skills with an emphasis on 

product development and processes and demonstrated ability or preference to work 

across multiple teams. 

I have 8 years of experience in writing clear, concise and comprehensive program plans 

and schedules, hands-on experience with prioritisation and issue management. 

Proven record on facilitating decision making and judgment 

Experience working in an agile/scrum development process 

Bachelor’s degree in computer science 

Banking experience.  

Experience in program management on technical cross-functional projects and 

experience managing execution and high-quality product delivery. 

 

Candidate 6: 

I have experience in Managing technology programs, defining milestones and success 

criteria, resource allocation and successful on-time delivery. 

 PMP Certified Architectural Engineer, with over 5 years of experience in managing 

construction projects and architectural engineering. I am well spoken and highly 

ambitious person.   
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Bachelor s degree in computer science 

Bachelor’s degree in Architectural Engineering 

It equipped me with essential skills and knowledge to understand and deal with modern 

Architectural Engineering basics & trends. 

 

Candidate 7: 

In my experience i managed technology programs, starting from defining milestones 

and success criteria, resource allocation until successful on-time delivery. I worked on 

developing tools needed to improve software engineering productivity. I have 

experience in writing clear, concise and comprehensive program plans and schedules. I 

do have experience working in an agile/scrum development process 

Bachelor’s degree in computer science. Banking certificated experience is preferable. 

Yes I have the ability to exercise technical judgment in solving software engineering 

challenges. 

And the ability to be an influential member of a highly integrated team composed of 

both technical and non-technical members. One of my skills is that i have strong 

knowledge of software development life cycle methodologies, tools, and processes. And 

the ability or preference to work across multiple teams. 

 

Candidate 8: 

Working with large, cross-functional teams. 

Develop tools and processes to improve software engineering productivity. 

Maintain communicate schedules, priorities. 

Experience in program managing data warehouse systems and strong knowledge of 

software development life cycle methodologies. I have ability to work across multiple 

teams. 

Experience in writing clear, concise, and comprehensive program plans and schedules 

Hands-on experience with prioritisation and issue management 

Proven record on facilitating decision making and judgment 

Bachelor’s degree in computer science 

Excellent banking experience. Program management skills. Experience in managing 

execution and high-quality product delivery. 

Solving software engineering challenges and influential member of a highly integrated 

team composed of both technical and non-technical members. 

 

Candidate 9: 

I am currently employed as a Data Scientist where I am applying what I learned in my 

MS ,which was focused on Machine learning (ML) and Natural Language Processing 

(NLP). I wish to learn more about my field and focus on the latest state-of-art methods 

and predictive models that help solve real-world problems. I received my Masters’ 

degree from the University of Colorado at Boulder with a focus on Machine Learning 

and NLP. Before my MS, I was employed at General Motors at their Austin Innovation 

Center in Texas as part of a transformation to retire data marts across the globe, load 

these data marts into our unified data warehouse, and develop reports to bring valuable 
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information that will benefit the business. In my free time, I enjoy rock climbing, hiking, 

and anything that will keep me active. 

Master of Science (M.S.) 

Computer Science 

Focus on Machine learning and NL 

Communicate with the customer and collect requirements. Design solutions with the 

customer’s needs and user experience in mind.ïPlan projects with clear milestones that 

are delivered in their expected time.Develop, integrate and maintain many NLP products 

that are of high importance. Research the latest in ML and NLP and incorporate or 

optimise it for the business. Developing predictive models on real-world supervised and 

unsupervised problems using machine learning techniques in areas such as NLP, 

Computer Vision, and Audio processing. Experience with the full piption from data 

collection to data curation and initial analysis to iteratively developing predictive models 

and deploying and maintaining them as a service. 

 

Candidate 10: 

Team Leader - Administrator Systems 

10 years of experience in ERP for business management and information technology 

industry - Specialist in project management and system implementation. 

 I Define project scope, goals and deliverables that support project goals in collaboration 

with business users and stakeholders.- Define business and process strategy- Establish 

documentation protocols.- Assure that the team addresses all relevant issues within the 

specifications and various standards.- Ensure deliverables are prepared to satisfy the 

project requirements, cost and schedule.- Working with team members to ensure the 

projects will be delivered on time.- Catalogue and analyse potential changes.- Facilitate 

problem solving and collaboration- Motivate team members- Catalogue and analyse 

potential changes 

Bachelor’s in Enterprise Resources Planning 

 

 

Job 2: 

 

Responsibilities / Duties: Clinical Practice: 

 

• Provides direct patient care utilising the nursing process within established hospital, 

divisional and unit specific policies and procedures, standards, protocols, etc. 

• Demonstrates knowledge and clinical assessment skills appropriate to clinical area 

• Takes direct and appropriate action in urgent and emergency situations 

• Documents all assessments, interventions and other pertinent information in the 

patient’s healthcare record in a timely and ongoing manner 

• Promotes continuity of patient care through oral and written communications 

• Demonstrates effective communication and collaboration skills when interacting with 

patients/families, other health care team members and members of other 

departments 
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• Complies with hospital infection control and safety protocols 

Administration: 

 

• Provides a leadership and resource role in the provision of patient care 

• Acts as a unit management resources e.g. care coordinator, charge nurse, team 

leader, as assigned 

• Addresses issues using a problem-solving framework. Initiates the nursing or 

medical/administrative chain of command if unable to resolve issues satisfactorily 

• Liaisons with other healthcare team members and departments to provide continuity 

of patient care and unit activities 

Education & Research: 

 

• Works with all healthcare team members in activities designed for the improvement 

of patient care outcomes 

• Acts as a preceptor and/or resource for new employees, trainees and other staff 

• Assumes responsibility for own professional growth identifying those areas of clinical 

knowledge and skills that need further development 

• Uses research/current references in the provision of evidence-based care 

• Participates in teaching and mentoring of Nursing, Medical and Paramedical 

students, Interns and Residents 

Quality: 

 

• Anticipates and acts to maintain a safe environment 

• Assesses own care, that provided by others, patient care systems, and continuously 

seeks ways to improve 

• Compiles with and participates in Quality Management Processes and activities 

Professionalism: 

 

• Serves as a professional role model, teacher and resources person 

• Develops and utilises professional collegial networking 

• Demonstrates respect, compassion and cultural sensitivity to patients/families, other 

hospital employees, students and faculty 

• Advocates for excellence in patient care 

• Assumes responsibility for own actions, decisions and behaviours 

• Demonstrates initiative in the performance of duties 

• Performs other related duties as assigned 

Qualifications Required: 

 

• Registered Nurse with current Nursing license 

• Diploma in Nursing 

• Bachelor’s Degree in Nursing (preferred) 

• Specific certificate as required in area of assignment 

Experience Required: 
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• Two (2) years current clinical experience in Specific Area of Practice 

Special Skills Required: 

 

• English Language Skills 

• Arabic Language Skills (preferred) 

• Computer Skills 

 

Candidate 1: 

I have two years’ experience in Emergency Room Nurse with a demonstrated history of 

working in the medical practice industry. I Provide and direct patient care utilising the 

nursing process within established hospital, divisional and unit specific policies and 

procedures. Skilled in Healthcare, Clinical Research, Strategic Planning, Microsoft 

Office, and Nursing. 

 I have an experience in clinical assessment skills appropriate to clinical area Takes direct 

and appropriate action in urgent and emergency situations. I can assets pertinent 

information in the patient’s healthcare record in a timely and ongoing manner.  

High oral and written communication and collaboration skills when interacting with 

patients/families and healthcare team members and departments to provide continuity 

of patient care and unit activities. 

Good administration, care coordinator, charge nurse and leadership skills.  

Learning skills maintaining professional growth identifying those areas of clinical 

knowledge and skills that need further development. Training, teaching, and mentoring 

of Nursing, Medical and Paramedical students, Interns and Residents. I Compile with 

and participates in Quality Management Processes and activities. 

Strong healthcare services professional with a Master of Arts - MA focused in Registered 

Nursing/Registered Nurse and Bachelor of Science in Nursing. 

current Nursing license  

English and Arabic Language Skills with Computer Skills 

 

 

Candidate 2: 

Dedicated registered nurse certified and willing to obtain a position in a reputed health care 

facility which will give me an opportunity to expand my practical experience at the same 

time as providing quality health care to residents. A very enthusiastic nurse who is eager to 

learn and grow constantly. I am aiming to be a change agent of nursing as a profession. I 

am working on establishing a solid knowledge base and experience to empower other 

nurses. I can provide care utilising the nursing process within established hospital, 

divisional and unit specific policies and procedures, standards, protocols. And can take 

direct and appropriate action in urgent and emergency situations. I Complies with 

hospital infection control and safety protocols. 

I have leadership and resource skill to role in the provision of patient care and can acts 

as a unit management resources care coordinator, charge nurse, team leader, as 

assigned to addresses issues using a problem-solving framework. Initiates the nursing 

or medical/administrative chain of command if unable to resolve issues satisfactorily. I 
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can work with all healthcare team members in activities designed for the improvement 

of patient care outcomes. 

High oral and written communication and collaboration skills when interacting with 

patients/families and healthcare team members and departments to provide continuity 

of patient care and unit activities. 

Good administration, care coordinator, charge nurse and leadership skills.  

Learning skills maintaining professional growth identifying those areas of clinical 

knowledge and skills that need further development. Training, teaching, and mentoring 

of Nursing, Medical and Paramedical students, Interns and Residents. I Compile with 

and participates in Quality Management Processes and activities. 

Master of Arts - MA focused on Registered Nursing/Registered Nurse 

Bachelor of Science in Nursing. 

current Nursing license  

English and Arabic Language Skills with Computer Skills 

 

 

Candidate 3: 

I am a Nurse specialist with EMT training and AHA Basic Life Support Instructor. I have 

worked in Emergency Medical Services for more than nine years in the same field. I’m about 

to finish my master’s degree in a nursing major in nursing administration at the University 

of the Philippines Open University. I receive various awards and recognition due to my 

passion, tenacity, diligence, and hard-working. I won several competitions or projects related 

to innovations where I can showcase my skills in developing new ideas that can e I Provide 

direct patient care utilising the nursing process divisional and unit specific policies and 

procedures, standards, protocols. 

with knowledge and clinical assessment skills appropriate to the clinical area. I can Take 

direct and appropriate action in urgent and emergency situations. I worked with Documents 

assessments, interventions, and other pertinent information in the patient’s healthcare 

record in a timely and ongoing manner. I have high 

 patient care through oral and written communications and collaboration skills when 

interacting with patients/families. I always Complies with hospital infection control and 

safety protocols. 

Good leadership and resource skills and can act as a unit management resources care 

coordinator, charge nurse, team leader, as assigned to address issues using a problem-

solving framework. Initiates the nursing or medical/administrative chain of command if 

unable to resolve issues satisfactorily enhance patient safety and promote comfort. 

Bachelor of Science in Nursing. 

current Nursing license  

English and Arabic Language Skills with Computer Skills 

 

Candidate 4: 

I have 7.5 years of icu experience (cardiovascular and thoracic surgery icu, & MICU 

experience). Completed dataflow and prometric. I can handle ventilator patients,post cardiac 

surgery patients. currently am in KSA With transferable visa. 
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I am a multi-faceted professional with an extensive focus on Hospital / General 

Administration, Medical Surgical Ward Management, Emergency Room Care, Delivering 

Quality Care to Patients, Drug Dispensation& Medical Record Management. Adept at 

supervising and directing a wide spectrum of administrative / non-administrative activities 

including staff management, documentation of patient records,medical inventory, patient’s 

admission, transfers and discharge arrangements in accordance with the hospital discharge 

policy. Well-versed in preparing and operating necessary equipment’s &instruments for 

examination, treatments & procedures. I have hands-on experience in providing 

compassionate nursing careto patients in pre and post-operative care. Expertise in 

performing numerous task on a daily basis such as Administration of Medicines,Injections, 

IV Cannulation, Wound Dressing, Suture Removal and so on. Ability to effectively lead and 

supervise a multidisciplinary team in a pressurised healthcare environment. Strong 

organisation and people management skills, with an ability to monitor hospital hygiene, 

formulate and administer policies for smooth functioning of hospital operations. 

Excelant oral and written communication and collaboration skills when interacting with 

patients/families and healthcare team members and departments to provide continuity 

of patient care and unit activities. 

Bachelor of Science in Nursing. 

current Nursing license  

English Language Skills with Computer Skills 

 

Candidate 5: 

Highly motivated, self-starter, hard-working, fast learner. I have the ability to work well under 

pressure and I am a team player. I have an excellent organisational and good inter-personal 

skills/relations and above average communication skills. Proactive, flexible and able to 

manage competing priorities. Ability to work with minimum supervision and maintain 

composure under pressure. Very good typing skills. Good computer skills with sound 

knowledge of MS Word, MS Excel and MS PowerPoint. Can operate any and all types of 

office machines. 

I have good oral and written communication and collaboration skills when interacting 

with patients and their families and healthcare team members and departments to 

provide continuity of patient care and unit activities. With high administration, care 

coordinator, charge nurse and leadership skills. Learning skills maintaining professional 

growth identifying those areas of clinical knowledge and skills that need further 

development. Training, teaching, and mentoring of Nursing, Medical and Paramedical 

students, Interns and Residents. I Compile with and participates in Quality Management 

Processes and activities. 

Serves as a professional role model, teacher, and resources person 

Develops and utilises professional collegial networking 

I show respect, compassion and cultural sensitivity with patients/families, other hospital 

employees, students, faculty, and I utilises professional collegial networking with 

excellence in patient care. I am accountable and responsible for my actions, decisions, 

and behaviours. I Perform all my duties as assigned. 

Bachelor of Science in Nursing. 

current Nursing license  
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English and Arabic Language Skills with Computer Skills 

 

Candidate 6: 

More than 5 years experienced as a staff nurse in Obstetric-gynaecology ward with Solid 

understanding of obstetric and gynaecological care. Effective in the delivery and 

documentation of patient care through the nursing process. High skills in assessment, 

diagnosing, planning, implementation, and evaluation. Understand patient care process, 

pathophysiology, familiar with emergency procedures, pharmacology, safety issues, 

skills in reading, writing, able to communicate effectively. Have strong organisational 

skills and ability to problem solve and ability to work collaboratively with physician, 

nursing team and patient 

with knowledge and clinical assessment skills appropriate to the clinical area. I can Take 

direct and appropriate action in urgent and emergency situations. I worked with Documents 

assessments, interventions, and other pertinent information in the patient’s healthcare 

record in a timely and ongoing manner. I have high 

 patient care through oral and written communications and collaboration skills when 

interacting with patients/families. I always Complies with hospital infection control and 

safety protocols. 

Good leadership and resource skills and can act as a unit management resources care 

coordinator, charge nurse, team leader, as assigned to address issues using a problem-

solving framework. Initiates the nursing or medical/administrative chain of command if 

unable to resolve issues satisfactorily enhance patient safety and promote comfort. 

Registered Nurse, with PRC licensed  

Professional Licensure in Saudi Council for Health Specialties License  

Graduate of Bachelor of Science in Nursing 

English and Arabic Language Skills with Computer Skills 

 

Candidate 7: 

Pursuing a highly rewarding career, seeking a job in a challenging and healthy work 

environment where I can utilise my skills and knowledge efficiently for organisational growth 

and development.   My main job is administering dialysis treatments to patients with kidney 

disease; patients who have experienced renal failure require fluid injections that replicate 

the function of the kidney. I also operate on a haemodialysis machine that extracts blood 

from the patient, cleans it and return into the body. 

My responsibilities include monitoring patient vital signs, communicating procedure details 

with patients and assessing the effectiveness of procedures, as well as being responsible for 

work area cleanliness. It is also my responsibility to be sympathetic, caring, patient, positive 

and responsible when caring for patients 

Successful treatment of Hemodialysis both Acute and chronic care 

Culturally sensitive  

Enthusiastic caregiver 

Wound cleaning/care expertise 

Flow sheet charting 

IV drug therapy management 

Mobility assistance 
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Blood Specimen collection/processing proficiency 

Sterilisation techniques mastery 

Acute and rehabilitative care 

Trained in- and out-patient care 

Vascular care understanding 

Bachelor of Science in Nursing 

English Language Skills 

 

Candidate 8: 

Customer Services Professional with over 7 years of extensive experience. An aggressive 

go-getter and a proven track record of achieving aggressive results and targets. Versatile 

and seasoned professional who adapts well to rapidly changing environments, with the 

firm belief that change is the norm to succeed in dynamic and competitive markets. Firm 

believer of seeking / learning Best Practices and management training methodologies, 

their implementation and follow up in the work place. Expertise in Team Management, 

Employee engagement and Customer Services. 

Customer Services Coordinator 

Managing incoming calls and customer service inquiries. generating sales leads that 

develop into new customers. Identifying and assessing customers.  needs to achieve 

satisfaction. Answers client and customer questions. Addresses and resolves any issues 

and complaints. Reports problems and unresolved issues to manager or director. 

Presents reports to company director or manager. Devises ways to improve customer 

service and client relationships. 

Schedules meetings with prospective and existing clients. Meets with clients in person 

when working for a larger company such as marketing firm. Travels locally for client visits 

or marketing pitches.  

Master of Business Administration - MBA 

Human resource management 

 

Candidate 9: 

PR expert looking performance towards creativity, 15 years of comprehensive 

Bachelor degree Media / Public Relations 

Participation in advertising campaigns for the university 

Playing sports 

Scientific debate in the new field in the media 

It was a deep and careful study filled with everything new in the field of public relation 

Company Name PRO ADD AGENCY 

A media and PR professional performing and results-oriented with 15+ years of 

comprehensive experience in public relations leadership. Visual Thought Expert is 

committed to providing exceptional service, while ensuring profitability, growth and 

long-term success of the organisation. A proactive team player, effective in managing 

events, dealing with complex situations, and providing appropriate solutions. Highly 

effective in fast-paced work environments and return on investment 
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Candidate 10: 

A Data Scientist responsible for expanding and optimising Labour Force data and data 

pipeline architecture, I work to optimiz data flow and data integration tasks. I am self-

directed and comfortable supporting the data needs of multiple requests, analysing data 

and generating reports. 

DevOps or programming languages (C++, C#, Java, Tensor Flow, Python)  

and Project Management Professional (PMP) or MATLAB  

and any other equivalent certification is preferable 

English language 

Master of Science in Information Systems 

Field Of Study 

Information Systems & Data Science 

Data Scientist and  Data Analysis 

Data Scientist Nanodegree  

 

 

Job 3: 

 

The candidate must be from the banking domain, especially Temenos. He should have 

at least 4-5 yrs of experience. 

The Application Support Senior Officer is responsible for the IT Infrastructure. He 

provides all of the day-to-day IT support within the Bank in addition to delivering new 

projects and changes within their areas. 

Accountable for the development and maintenance of applications systems for 

assigned functional areas or locations of the organisation. Reporting to team leader 

with responsibility for systems analysis, applications software, and programming. Has 

thorough knowledge of hardware, software, and user applications areas 

 

Qualifications 

• Bachelor Degree in Computer Science or any related field. In-depth knowledge of 

technologies and systems and how they work together. 

 

Experience 

• Experience in managing a team of professionals of varying skill levels and experience. 

• Good knowledge of other associated technologies used within the bank. Experience 

in managing projects and own workload. 

 

 

Candidate 1: 

An IT professional with 5+ years of experience in information technology management, 

systems integration and administration and customer service initiatives, seeking a 

challenging position with a dynamic organisation to utilise my skills and make tangible 

contributions to the financial bottom line. I worked as Application Support Senior Officer 

for 2 years in managing a team of professionals of varying skill levels and experience. 
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With Good knowledge of other associated technologies used within the bank. 

Experience in managing projects and own workload. And I have In-depth knowledge of 

technologies and systems and how they work together. 

I work with Temenos software for banks and financial services for 2 years. 

As well as bank IT Infrastructure system. I provide all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within these areas. 

I am accountable for the development and maintenance of applications systems for 

assigned functional areas or locations of the organisation. And one of my tasks is to 

report to team leader with responsibility for systems analysis, applications software, and 

programming. I have thorough knowledge of hardware, software, and user applications 

areas 

Bachelor’s degree in computer science 

 

Candidate 2: 

I worked as Application Support Senior Officer for more than 2 years in managing a team 

of professionals of varying skill levels and experience. With Good knowledge of other 

associated technologies used within the bank. Experience in managing projects and own 

workload. And I have In-depth knowledge of technologies and systems and how they 

work together. 

I work with Temenos software for banks and financial services for more than 2 years. 

As well as bank IT Infrastructure system. I provide all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within these areas. 

I am accountable for the development and maintenance of applications systems for 

assigned functional areas or locations of the organisation. And one of my tasks is to 

report to team leader with responsibility for systems analysis, applications software, and 

programming. I have thorough knowledge of hardware, software, and user applications 

areas. Usually one of my taskes is to specify and undertake technical testing of 

configurations delivered by the other Systems Configuration Analyst and solutions 

developed by suppliers, documenting results and following up on defects as required. 

Prepare user acceptance tests with appropriate input from the designated business 

change owner and business analyst; coordinate and guide the assigned user acceptance 

testers 

Bachelor’s degree in computer science  

 

Candidate 3: 

I worked as Application Support Senior Officer for 7 years in managing a team of 

professionals of varying skill levels and experience. With Good knowledge of other 

associated technologies used within the bank. Experience in managing projects and own 

workload. And I have In-depth knowledge of technologies and systems and how they 

work together. 

I work with Temenos software for banks and financial services for 5 years. 

As well as bank IT Infrastructure system. I provide all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within these areas. 
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I am accountable for the development and maintenance of applications systems for 

assigned functional areas or locations of the organisation. And one of my tasks is to 

report to team leader with responsibility for systems analysis, applications software, and 

programming. I have thorough knowledge of hardware, software, and user applications 

areas 

Bachelor’s degree in computer science  

 

Candidate 4: 

I worked as Application Support Senior Officer for 3 years in managing a team of 

professionals of varying skill levels and experience. With Good knowledge of other 

associated technologies used within the bank. Experience in managing projects and own 

workload. And I have In-depth knowledge of technologies and systems and how they 

work together. 

I work to support the Strategic Systems Service Manager in operating and maintaining 

agreed change management processes, and provide input as required to Ofqual’s IT 

governance bodies (IS/IT Steering Group, Information Assurance Management Group, 

and Technical Change Control Panel). Provide specialist skills (including Microsoft 

SharePoint and Dynamics CRM) in support of any incidents and problems arising with 

the production system. Act as an escalation point for business 1st line support staff on 

technical issues. Take ownership, progress, escalate, and follow through to satisfactory 

resolution for all assigned incidents. 

I work with Temenos software for banks and financial services for 3 years. 

As well as bank IT Infrastructure system. I provide all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within these areas. 

I am accountable for the development and maintenance of applications systems for 

assigned functional areas or locations of the organisation. And one of my tasks is to 

report to team leader with responsibility for systems analysis, applications software, and 

programming. I have thorough knowledge of hardware, software, and user applications 

areas 

Bachelor’s degree in computer science  

 

Candidate 5: 

Working with large, cross-functional teams. 

Develop tools and processes to improve software engineering productivity. 

Maintain Communicate schedules, priorities. 

experience in program managing datawatehouse systems and strong knowledge of 

software development life cycle methodologies. I have ability to work across multiple 

teams. 

Experience in writing clear, concise and comprehensive program plans and schedules 

Hands-on experience with Prioritization and issue management 

Proven record on facilitating decision making and judgment 

Bachelor's degree in Computer Science 

Excellent banking Experience. program management skills . experience in managing 

execution and high quality product delivery. 
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solving software engineering challenges and influential member of a highly integrated 

team composed of both technical and non-technical members. 

 

 

Candidate 6: 

 

Assistant Manager 

Company Name      Riyad Bank Dates Employed 

PresentEmployment Duration3 yrs 5 mos 

Customer relations and handling all requests, issues regarding customers or bank 

related work. In addition to branch vault custodian with operations officer.  

I work with Temenos software for banks and financial services. 

As well as bank IT Infrastructure system. I provide all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within these areas. 

I am accountable for the development and maintenance of applications systems for 

assigned functional areas or locations of the organisation. And one of my tasks is to 

report to team leader with responsibility for systems analysis, applications software, and 

programming. I have thorough knowledge of hardware, software, and user applications 

areas 

Arab Open UniversityDegree NameBachelor's degree field Of StudyInformation 

Technology Dates attended or expected graduation Leadership            endorsements 

for Leadership18      Endorsed by 3 of Turkiï s colleagues at King Faisal Specialist 

Hospital and Research Centre  

 

 

Candidate 7: 

 

Administrative Assistance 

Company Name      The National Commercial Bank - AlahliNCB PresentEmployment 

Duration10 yrs 6 mosLocationAl-Khobar Governorate, Saudi Arabia    Perform 

administrative and office support activities for private banking team.  

My duties include preparing reports and financial data to support relationship managers, 

fielding telephone calls, receiving and directing visitors, word processing, creating 

spreadsheets and presentations, in addition to training and supervising other support 

staff.   

I worked as Application Support Senior Officer for 2 years in managing a team of 

professionals of varying skill levels and experience. With Good knowledge of other 

associated technologies used within the bank. Experience in managing projects and own 

workload. And I have In-depth knowledge of technologies and systems and how they 

work together. 

I work with Temenos software for banks and financial services. 
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As well as bank IT Infrastructure system. I provide all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within these areas. 

Bachelor’s degree in computer science  

 

 

Candidate 8: 

In my experience I Manageed technology programs, starting from defining milestones 

and success criteria, resource allocation until successful on-time delivery. I worked on 

developing tools needed to improve software engineering productivity. I 

haveExperience in writing clear, concise and comprehensive program plans and 

schedules. I do have Experience working in an Agile/Scrum development process. Yes I 

have the Ability to exercise technical judgment in solving software engineering 

challenges.And the Ability to be an influential member of a highly integrated team 

composed of both technical and non-technical members. One of my skills I having 

Strong knowledge of software development life cycle methodologies, tools and 

processes. And the ability or preference to work across multiple teams. 

I have experience in the IT Infrastructure. I provides all of the day-to-day IT support within 

the Bank in addition to delivering new projects and changes within their areas. 

I am accountable for the development and maintenance of applications systems for 

assigned functional areas and locations of the organisation. Reporting to team leader 

with responsibility for systems analysis, applications software, and programming 

Bachelor's degree in Computer Science. 

 

Candidate 9: 

IT Team LeaderCompany Name      Atheeb Intergraph Saudi Company (AISC)         

Full-timeDates EmployedFeb PresentEmployment Duration7 yrs 6 mosLocationRiyadh    

Enhance operational efficiency by streamlining process of designing solutions to 

resolve complex issues using both new and existing technologies. 

Guide team members in setting up infrastructure for new applications and services, 

procuring network equipment and infrastructure all over the Kingdom.  

Work as BD  senior management  , IT solution consultant  to assist  all  customers ( 

privet and public )  presenting  the  value of Hexagon and Intergraph GIS  solutions ( 

cloud and  on premise) Set up strategies to align new technology and capacity 

requirements to organizational growth objectives. Participate in vendor negotiations 

for evaluation and implementation of service level agreements based on availed 

services. Prepare & present various status restakeholders to enable effective decision-

making. Assess & reengineer design of corporate and customer data networks, 

integrate networks & applications to align with latest technological trends.        Prince 

Mohammad Bin Salman College of Business & Entrepreneurship - MBSCDegree 

NameMaster of Business Administration - MBA Dates attended or expected 

graduation IT Project Leadership          

 



220 

 

 

Candidate 10: 

 Business Operations SpecialistCompany Name      Samba Bank Limited Dates Employed 

Employment Duration5 yrs 2 mosLocationRiyadh , Saudi Arabia    Progressed from 

Mortgage Sales Executive to Team Leader and was part of the team that worked on 

Managing Mortgage applications and providing ongoing customer contact and 

supporting through the entire loan application process.Duties and responsibilities 

include: Managing mortgage files and client queries via phone/email/face-to-face. 

Checking of documents for accuracy at all timesPreparation of documents for stamping 

and registration. Management of team workflow through allocation of appropriate 

resources. Conduct individual discussions to evaluate, monitor and manage 

performance. Management of day-to-day clients concerns.  

Ensuring high levels of customer service and results are always achieved. 

Target setting, performance management. 

Endorsed by 5 of Yousefïs colleagues at specialized  

 

Job 4: 

 

Markting Manager  

          Responsibilities 

          Strategy Development & Business Planning : 

          Contribute to business planning to develop an overall marketing strategy that is    

          consistent with the company’s overall mission, vision, and long-term objectives. 

Develop and implement marketing plans for Company Brands in order to meet 

established marketshare targets. 

Adjust marketing strategy and plans to meet changing marketand competitive 

conditions. 

Marketing Operational Management 

Marketing Operational Management 

Liaise with other functional/ brand managers and brand marketing teams to ensure 

that marketing strategies and activities are integrated with other parts of the business 

and align with the overall corporate objectives 

Develop and monitors the application of operating systems including policies and 

procedures, operating structure, and information flow in the department in order to 

achieve departmental objectives and to ensure compliance to quality and service 

standards. 

Marketing Initiatives 

Define advertising objectives, recommend choice of media, and allocate internal and 

external resources so that advertising and promotion campaigns are effective, 

economical, and appropriate for their intended audience 

Select and manage ongoing relationship with, external vendors and agencies (for 

example printers, graphic designers, advertising agencies, media outlets) 

https://www.linkedin.com/jobs/view/2754304139/?alternateChannel=search&refId=b8SgZvJ766yz2xCucTMlvg%3D%3D&trackingId=SISGEUN6%2FGj2G75dQibcfw%3D%3D&trk=d_flagship3_search_srp_jobs
https://www.linkedin.com/jobs/view/2754304139/?alternateChannel=search&refId=b8SgZvJ766yz2xCucTMlvg%3D%3D&trackingId=SISGEUN6%2FGj2G75dQibcfw%3D%3D&trk=d_flagship3_search_srp_jobs
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Ensuring the implementation of best practices in brand launching, brand awareness, 

marketpositioning, and marketing operations. 

People Management 

Participate in the identification and recruitment of key talent. 

Supervise , guide and assist direct reports to perform their functional operations in 

accordance with the policies and procedures. 

Set performance objectives, provide necessary support, evaluate / appraise the team 

and regular feedback on performance. 

Promote a high-performance working environment and the Company’s values. 

Other Requirements 

Organisational and planning Skills . 

Result driven & customer focused. 

Problem solving & analytical skills 

Communication & Presentation Skills & People Management Skills. 

Numerically literate, comfortable working with numbers, making sense of metrics and 

processing figures with spreadsheets. 

Up-to-date with the latest trends and best practices in online marketing and 

measurement. 

Qualification: Bachelor’s degree in Marketing, Business Administration, or a related 

field . 

Experience: 5 to 10 Years or more 

Language: Arabic & English fluency 

 

 

Candidate 1: 

Ten years of experience  in marketing manager working on strategy development and 

business Planning to develop an overall marketing strategy that is consistent with the 

company’s overall mission, vision, and long-term objectives. I work on developing and 

implementing marketing plans for company brands in order to meet established 

marketshare targets. And to adjust marketing strategy and plans to meet changing 

marketand competitive conditions. I liaise with other functional/ brand managers and 

brand marketing teams to ensure that marketing strategies and activities are integrated 

with other parts of the business and align with the overall corporate objectives and 

develop and monitors the application of operating systems including policies and 

procedures, operating structure, and information flow in the department in order to 

achieve departmental objectives and to ensure compliance to quality and service 

standards. Some of the taskes are to defie advertising objectives, recommend choice of 

media, and allocate internal and external resources so that advertising and promotion 

campaigns are effective, economical, and appropriate for their intended audience. And 

to select and manage the ongoing relationship with, external vendors and agencies. 

Furthermore, ensuring the implementation of best practices in brand launching, brand 

awareness, marketpositioning, and marketing operations. 

My responsibilities are to Participate in the identification and recruitment of key 

talent. 

https://www.linkedin.com/jobs/view/2754304139/?alternateChannel=search&refId=b8SgZvJ766yz2xCucTMlvg%3D%3D&trackingId=SISGEUN6%2FGj2G75dQibcfw%3D%3D&trk=d_flagship3_search_srp_jobs
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To guide and assist direct reports to perform their functional operations in accordance 

with the policies and procedures. Set performance objectives, provide necessary 

support, evaluate / appraise the team and regular feedback on performance. Promote 

a high-performance working environment and the Company’s values. 

My Skills 

Good organisational and planning Skills . 

Good  Result driven & customer focused. 

Good Problem solving & analytical skills 

Good Communication & Presentation Skills & People Management Skills. 

Good  Numerically literate, comfortable working with numbers, making sense of 

metrics and processing figures with spreadsheets. 

Good in Up-to-date with the latest trends and best practices in online marketing and 

measurement.  

Bachelor’s degree in Marketing and Business Administration. 

10 Years  

Arabic & English fluency 

 

 

Candidate 2: 

 

Markting manager  for 6 years working as a strategy development and business Planning 

to develop an overall marketing strategy that is consistent with the company’s overall 

mission, vision, and long-term objectives. I work on developing and implementing 

marketing plans for company brands in order to meet established marketshare targets. 

And to adjust marketing strategy and plans to meet changing marketand competitive 

conditions.  

I defie advertising objectives, recommend choice of media, and allocate internal and 

external resources so that advertising and promotion campaigns are effective, 

economical, and appropriate for their intended audience.  

I work to select and manage the ongoing relationship with, external vendors and 

agencies. Furthermore, ensuring the implementation of best practices in brand 

launching, brand awareness, marketpositioning, and marketing operations. 

My responsibilities are to Participate in the identification and recruitment of key 

talent. 

To guide and assist direct reports to perform their functional operations in accordance 

with the policies and procedures. Set performance objectives, provide necessary 

support, evaluate / appraise the team and regular feedback on performance. Promote 

a high-performance working environment and the Company’s values. 

high Skills in organisational and planning. Good Problem solving & analytical skills. 

Good Communication & Presentation Skills & People Management Skills. 

Good knowldge in the latest trends and best practices in online marketing and 

measurement.  
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Bachelor’s degree in Marketing and Business Administration. 

fluent arabic and english  

 

Candidate 3: 

 

Company Name Wafa Insurance Company Total Duration  9 yrs 5 mos  

Title Marketing & Customer Care Manager Dates Employed  Present Employment 

Duration5 yrs 8 mos Location Riyadh      

Main Functions: 

1. Focusing on the evolution of new business prospects through marketing strategies 

2. Managing and driving marketing teams to achieve and exceed targets. 

3. Working closely with higher management to promote and increase value of products 

4. Gathering and presenting key marketing data to account executives and suggesting 

necessary reactions to forecasts and sales targets. 

5. Helping to develop and implement a customer service policy for an entire organization. 

6. Finding ways to measure customer satisfaction and improve services. 

7. Managing a team of customer service staff. 

8. Handling face-to-face enquiries from customers. 

9. Investigating and solving customers' problems, which may be complex or long-standing 

problems. 

10. Keeping accurate records of discussions or condence with customers. 

11. Analysing statistics or other data to determine the level of customer service. 

12. Meeting with other managers to discuss possible improvements to customer service. 

13. Training staff to deliver a high standard of customer service. 

14. Leading a team of customer service staff Human Resource Supervisor & Acting 

Compliance Officer,  

the main roles are in the delivery of human resource services and providing information to 

HR staff and the other Company employees regarding policies and regulations, 

addressing a variety of issues and providing general support, evaluations, ensuring that 

personnel functions conform to all applicable regulatory requirements.  

Training & Development Executive  

the main roles are following up the compulsory certifications and trainings that being 

imposed by the regulator, reviewing and developing the company's policies and 

procedures. In addition to my role, I participate to design some leaflets and sharing ideas 

for social media. -Customer Services Executive,  

Title Training & Development Executive Dates Employed Present Employment Duration 8 

yrs 5 mos Location Riyadh     
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As a Training & Development Executive in the HR Department, the main roles are 

communicating with training providers to arrange the necessary and required training 

courses for the company staff, following up the compulsory certifications and trainings 

that being imposed by the regulator, reviewing and developing the company's policies 

and procedures. In addition to my role, I participate with Marketing Department to design 

some leaflets and sharing ideas for social media.         

Title Customer Services Executive Dates Employed 2013 Employment Duration 1 yr 1 mo 

Location Riyadh  I was worcutive in the Medical Underwriting Department, the main roles 

were issuing medical/health care insurance quotations for corporate customers, following 

up the renewal of existing customers medical policies, developing medical underwriting 

system, reviewing rates and loss ratio for Medical policies, reviewing marketconditions and 

building & maintaining a strategic relationship with the customers and reporting 

customer experience to my managers. gained an excellent work experience from this job 

where I was adding a new knowledge of customer service beside the information and 

experience gained through my study  

Bachelor’s degree in Marketing and Business Administration. 

 

Candidate 4: 

General Manager 

Company Name      Plaza INN Business Hotel Dates Employed Present Employment  

planning and organizing accommodation, catering and other hotel services. 

pomoting and marketing the business. 

managing budgets and financial plans as well as controlling expenditure; 

maintaining statistical and financial records 

setting and achieving sales and profit targets. 

analysing sales figures and devising marketing and revenue management strategies. 

recruiting, training and monitoring staff. 

planning work schedules for individuals and teams. 

meeting and greeting customers. 

dealing with customer complaints and comments. 

addressing problems and troubleshooting 

ensuring events and conferences run smoothly. 

supervising maintenance, supplies, renovations and furnishings. 

dealing with contractors and suppliers 

ensuring security is effective. 

carrying out inspections of property and services. 
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Ensuring compliance with ing laws, health and safety and other statutory regulations.        

Dates attended or expected graduation 

Hospitality Management             

endorsements for Hospitality Management 

Arab Open University  

Degree Name Bachelor of Business Administration (BBA)Field Of Study Accounting and 

Business/Management Grade good 

 

Candidate 5: 

Maintained and carried out quality control for Business to Business Marketing Department. 

Organised and updated customer records for quality control purposes. 

Acted as a liaison between company manager and company dealers and vendors. 

Procured projects for the purpose of company expansion. Designed company hierarchical 

tree. Organised meetings and informed meeting participants accordingly 

Created domain names for mass email addresses of company dealers 

Organised educational workshops for dealers and vendors 

Participated in the creation of a sim card tracking device for vending machines and 

vehicles. experience  in marketing manager working on strategy development and 

business Planning to develop an overall marketing strategy that is consistent with the 

company’s overall mission, vision, and long-term objectives. select and manage the 

ongoing relationship with, external vendors and agencies. Furthermore, ensuring the 

implementation of best practices in brand launching, brand awareness, 

marketpositioning, and marketing operations. 

My responsibilities are to Participate in the identification and recruitment of key 

talent. 

To guide and assist direct reports to perform their functional operations in accordance 

with the policies and procedures. Set performance objectives, provide necessary 

support, evaluate / appraise the team and regular feedback on performance. Promote 

a high-performance working environment and the Company’s values. 

Skills  

organisational and planning. Result driven & customer focused. 

Problem solving & analytical. Communication & Presentation Skills & People 

Management. comfortable working with numbers, making sense of metrics and 

processing figures with spreadsheets. 

Bachelor’s degree in Marketing and Business Administration. 

fluent arabic and english 

 

Candidate 6: 

Digital Marketing Manager 

Company Name      Nahdi Medical Co.        Full-time 

Present Employment  

https://www.linkedin.com/jobs/view/2754304139/?alternateChannel=search&refId=b8SgZvJ766yz2xCucTMlvg%3D%3D&trackingId=SISGEUN6%2FGj2G75dQibcfw%3D%3D&trk=d_flagship3_search_srp_jobs
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Develop and build digital marketing strategy by studying economic indicators, tracking 

changes in supply & demand, identifying customers & their current & future needs & 

monitoring the competition.  

Strategize the marketing communications effectiveness by identifying short-term & long-

term objectives and issues that must be addressed o Directing & managing digital 

advertising campaign to increase brand awareness, website traffic & sales Reviewing 

& proofreading all digital communications to ensure matching the overall strategy

 Ensuring the efficiency & optimization of the digital ecosystem through SEP, SEM & SMO

 Monitoring & interpreting digital analytics Generating & presenting digital marketing 

report & analyses for feedback Keeping abreast of the latest consumer & marketing 

trends & advancements in ology Collaborate with cross functions and internal stakeholders 

(Marketing, Operation, Omni-cannel, IT, Store design team, Finance, Dubai team to create 

right communications to optimize user experience that matches overall marketing strategy

 Managing & improving content considering SEO & Google Analytics   Extending the 

digital strategies and capabilities to cope with Nahdi outside KSA expansion started in UAE 

o Evaluating end-to-end customer experience across multiple channels & customer touch 

points         

University for Business and Technology Degree Name Master Field  Of Study Business 

Administration Grade GPA 4.13 

Marketing     endorsements for Marketing  

 

Candidate 7: 

Sales Manager 

Company Name   MJ Information Technology Solutions-Salman Group Dates Employed 

Role Manage the commercial profitability of the company products and strategic planning 

to ensure budgets are met. - Develop sales and marketing plans for submission and 

approval from management team, to develop and expand the existing business. - Work in 

co-ordination with team of salespeople of our Local Partners as well as our existing team in 

the region and ensure goals and objectives are in line with the Company. - Achieve Sales 

and Product Mix target - Maintain, establish and build key relationships with decision 

makers. - Leading a team of Field sales Engineers and Specification Consultants. - 

Achieving Financial and Marketing targets through exclusive partners. - Develop existing 

product and introduce new products with the support of the Company Team. - Increase 

Company product penetration in scale construction projects. - Leading to increase of 

Company share of wallet in the Key accounts projects.- Create Annual Budget plan, product 

marketing plan based on product roadmap strategy, marketstudies and key marketing 

objectives- Meeting with channels/customers to understand their current technical 

environment, key business issues/drivers, and future technology requirements.- Identify, 

innovate and present IT opportunities that improve operations, reduce costs and increase 

efficiency leading to major potential positive impact on operations- New business 

development: lead generation to closure of new customers- Ability to actively support the 

presales team on proposals and review the proposals independently- Proven ability to 

deliver on aggressive individual sales quota and increase marketshare by acquiring new 

customers. 



227 

 

 

Works closely with the project team in order to maintain a continuous knowledge of 

project status in order to identify potential issues and/or opportunities within or related to 

the project. 

Negotiate and closing business        

Osmania University Degree Name Field Of Study Bachelor of Commerce 

 

Candidate 8: 

Executive General Manager: Direct & Retail Sales Company Name Zain KSA Dates 

Employed Present Employment Duration7 yrs 6 mos Location KSA  Oversee direct and 

retail sales divisions, including aligning work processes to attain prescribed standards and 

financial targets. Set strategic objectives, define departmental business plan, transform 

retail channel by reworking concept and layout and implement new schemas, incentives, 

and programs. Direct large team of more than 1,500 employees across the whole country.  

Degree Name Bachelor Field Of Study Business Administration  

Telecommunications     164 endorsements for Telecommunications99+     

Endorsed by Hani EL Hassan and 27 others who are highly skilled at Issuing authority 

The Ken Blanchard Companies 

 

Candidate 9: 

 

Title IT Application Director Full-time Dates Employed 

BSS (CRM, BILLING)  2. Business Apps & Integration      3. BI & Data Management Duties 

and responsibilities include but not limited to 

Participates in the development and implementation of the IT plans, in line with the 

corporate objectives. 

Directs and manages the Department mandates, providing leadership and facilitating work 

processes in order to achieve high performance standards. 

Ensures compliance with organizational policies, procedures and quality standards in the 

Department. Leads, directs and manages designing, development (coding and 

configuration), testing and deployment of all organization related IT applications (e.g., BSS 

transformation (CRM, BILLING), Lead management (Salesforce), Technical Services 

Management Portal (ITSM Remedy),Internal Point Solution, Digitization, Business Process 

Automation, BI & Data Management etc). 

Reviews all cycles of projects assuring budget control, vendor performance and staff 

accomplishment. 

Leads the contracts evaluation, recommendation, selection for IT applications and systems 

and ensures continuous monitoring, analysis and reporting on contract progress 

Defines goals and key performance indicators for each member of the team and ensures 

effective application of the organization performance management process. 
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Directs planning and selection of manpower in the Department, in line with the business 

and operational plans 

 

Candidate 10: 

 

Human Resources Generalist  

Company Name      Atmata        Full-time  

Ensuring commitment to HR regulations, best practices and organization goals.- Enhancing 

internal communication tools to increase the automation of department activities and 

interaction with employees' requests.- Managing employees personal needs and official 

letters through providing simple work flow and as per organization policy and procedures.- 

Committing to talent acquisition strategy and keeping up with recruitment tasks to fill job 

vacancies according to the organization requirements and employment needs.- 

Establishing HR Manual for new joiners and explaining various policies and procedures.- 

Administrating payroll activities to ensure high efficiency and immediate reports.- 

Enhancing employees training process by studying training needs, organization training 

regulations and recording different KPIs to provide the strategy of L&Dcking attendance 

and vacations towards reporting the commitment of employees to regulations, approved 

schedules and organization needs.-  Worked on full transfer of large group of employees 

from another entity which subsequently helped me to be well informed on employment 

contracts, regulations and labour law 

King Fahd University of Petroleum & Minerals Degree Name Bachelor of Science (B.Sc.)  

 

Job 5: 

 

Senior Account Manager:  

The jobs in this level are subject matter experts in the area of Key Account 

Management. Jobs are responsible for negotiating and developing contracts with 

large corporations, government, strategic corporations, SOHOs and SMEs. Jobs are 

also responsible for reviewing roaming and international tariff agreements and 

providing input for the development of new network products and services. 

Function and Team Management: 

• Provide subject matter expert in the Key Account Management area. 

• Review progress and sales performance reports for assigned accounts on regular 

basis in order to update management on the progress. 

Key Account Management: 

• Perform upselling for existing SOHOs and SMEs to increase sales volume 

• Implement sales targets for large corporations, government, strategic corporations, 

SOHOs and SMEs in order to achieve the overall sales plan 

• Review sales performance and provide input to B2B Segment Management for 

analysis and decision-making purposes 

https://www.linkedin.com/jobs/view/2815398852/?alternateChannel=search&refId=vImaWrowOTngU9Am4D%2F5BQ%3D%3D&trackingId=znpfpQSop2J3EvaJgFhcxw%3D%3D&trk=d_flagship3_search_srp_jobs
https://www.linkedin.com/jobs/view/2815398852/?alternateChannel=search&refId=vImaWrowOTngU9Am4D%2F5BQ%3D%3D&trackingId=znpfpQSop2J3EvaJgFhcxw%3D%3D&trk=d_flagship3_search_srp_jobs
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• Develop sales strategies, plans and site sharing deals for all national mobile network 

operators, virtual operators, data services providers and internet services providers, 

etc. in order to sell network services and increase profit margin 

• Understand customer needs and research competitive landscape and competitor 

moves in order to identify opportunities or improvements for business growth 

purposes 

• Supervise the implementation of client orders and follow-up on unavailable 

requests to satisfy national and international client needs 

• Follow-up on the evolution of tariffs, settlement rates and transit charges in order to 

understand impact on traffic, wholesale charges and capacity and develop price lists 

• Analyse traffic volume by destinations or routes in order to propose appropriate 

recommendations 

• Coordinate constantly with Regulatory and Legal Affairs to resolve contractual or 

regulatory disputes that arise with national and international wholesale clients 

• Negotiate and continuously review roaming and international tariff agreements with 

hubs for accounting rates, foreign operators and administrations to reduce the 

accounting rates weighted average 

• Coordinate with concerned departments and vendors when required to resolve 

client technical issues (e.g. local connectivity) and ensure satisfaction 

• Develop and evaluate tenders for international submarine cable systems projects 

based on technical requirements 

• Facilitate the delivery of network solutions tailored to national client needs for 

satisfaction and retention purposes 

• Provide input for the development of new network products and services and 

international links capacity dimensioning for voice links, deals and data based on 

national and international demand 

• Translate international network designs into network elements and circuits needs for 

international network provision 

• Enhance the services sales strategy and influence new product/service development 

and ensure delivery of tailored solutions 

• Assist in providing approval on the rerouting of traffic as and when required 

• Perform visits to the assigned accounts 

• Plan and implement initiatives to expand Zain portfolio in the designated account 

• Expand and open new accounts to increase Zain share in the market. 

Qualifications: 

• Bachelor’s Degree in Business Administration, Marketing or equivalent. 

• A minimum of 6 years of relevant experience with at least 2 years in a similar role 

 

 

Candidate 1: 
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I have 10 years of experience as an account manager where I was responsible for 

negotiating and developing contracts with large corporations, government, strategic 

corporations, SOHOs and SMEs. Moreover, I was responsible for reviewing roaming and 

international tariff agreements and providing input for the development of new network 

products and services. Providing subject matter experts in the Key Account Management 

area. Reviewing progress and sales performance reports for assigned accounts on a 

regular basis to update management on the progress. 

Perform upselling for existing SOHOs and SMEs to increase sales volume 

And I Implement sales targets for large corporations, government, strategic 

corporations, SOHOs and SMEs in order to achieve the overall sales plan 

Review sales performance and provide input to B2B Segment Management for analysis 

and decision-making purposes 

I Develop sales strategies, plans and site sharing deals for all national mobile network 

operators, virtual operators, data services providers and internet services providers, etc. 

in order to sell network services and increase profit margin 

I have Suitable Understanding customer needs, and research competitive landscape and 

competitor moves in order to identify opportunities or improvements for business 

growth purposes 

Supervise the implementation of client orders and follow-up on unavailable requests to 

satisfy national and international client needs 

Follow-up on the evolution of tariffs, settlement rates and transit charges in order to 

understand impact on traffic, wholesale charges and capacity and develop price lists 

Analyse traffic volume by destinations or routes in order to propose appropriate 

recommendations 

High Coordinating skills constantly with Regulatory and Legal Affairs to resolve 

contractual or regulatory disputes that arise with national and international wholesale 

clients. Excellent Negotiator to continuously review roaming and international tariff 

agreements with hubs for accounting rates, foreign operators and administrations to 

reduce the accounting rates weighted average. I work as a Coordinate with concerned 

departments and vendors when required to resolve client technical issues and ensure 

satisfaction. And Develop and evaluate tenders for international submarine cable 

systems projects based on technical requirements 

Facilitate the delivery of network solutions tailored to national client needs for 

satisfaction and retention purposes. Provide input for the development of new network 

products and services and international links capacity dimensioning for voice links, deals 

and data based on national and international demand. Translate international network 

designs into network elements and circuits needs for international network provision. 

Moreover, I work to Enhance the services sales strategy and influence new 

product/service development and ensure delivery of tailored solutions 

Assist in providing approval on the rerouting of traffic as and when required 

Perform visits to the assigned accounts and Plan and implement initiatives to expand 

the portfolio in the designated account.  

Bachelor’s Degree in Business Administration and Marketing 

 



231 

 

 

Candidate 2: 

Experience as an account manager where I was responsible for negotiating and 

developing contracts with large corporations, strategic corporations. Moreover, I was 

responsible for reviewing roaming and international tariff agreements and providing 

input for the development of new network products and services. Providing subject 

matter experts in the Key Account Management area. Reviewing progress and sales 

performance reports for assigned accounts on a regular basis to update management 

on the progress. 

Experienced Customer centric Professional with a demonstrated history of working in the 

banking industry, information technology, Skilled in Product Management, International 

Sales, Business Developement, Product Marketing, and MarketAnalysis. 

Experienced team handling and Vendor management skills with a demonstrated skills in 

data analysis, root cause analysis supporting tier 1 vendors. 

history of working in the internet industry. Process improvements, identifying gaps and 

suggesting upstream fix are my key responsibilities. 

Supervise the implementation of client orders and follow-up on unavailable requests to 

satisfy national and international client needs 

Follow-up on the evolution of tariffs, settlement rates and transit charges in order to 

understand impact on traffic, wholesale charges and capacity and develop price lists 

Analyse traffic volume by destinations or routes in order to propose appropriate 

recommendations 

High Coordinating skills constantly with Regulatory and Legal Affairs to resolve 

contractual or regulatory disputes that arise with national and international wholesale 

clients. Excellent Negotiator to continuously review roaming and international tariff 

agreements with hubs for accounting rates, foreign operators and administrations to 

reduce the accounting rates weighted average. I work as a Coordinate with concerned 

departments and vendors when required to resolve client technical issues and ensure 

satisfaction. And Develop and evaluate tenders for international submarine cable 

systems projects based on technical requirements 

Facilitate the delivery of network solutions tailored to national client needs for 

satisfaction and retention purposes. Provide input for the development of new network 

products and services and international links capacity dimensioning for voice links, deals 

and data based on national and international demand. Translate international network 

designs into network elements and circuits needs for international network provision. 

Moreover, I work to Enhance the services sales strategy and influence new 

product/service development and ensure delivery of tailored solutions 

Assist in providing approval on the rerouting of traffic as and when required 

Perform visits to the assigned accounts and Plan and implement initiatives to expand 

the portfolio in the designated account.  

Bachelor’s Degree in Business Administration and Marketing 

 

Candidate 3: 

account manager responsible for negotiating and developing contracts with large 

corporations, government, strategic corporations. 



232 

 

 

responsible for reviewing roaming and international tariff agreements and providing 

input for the development of new network products and services. Providing subject 

matter experts in the Key Account Management area. Reviewing progress and sales 

performance reports for assigned accounts on a regular basis to update management 

on the progress. And I Implement sales targets for large corporations, government, 

strategic corporations in order to achieve the overall sales plan 

Review sales performance and provide input to B2B Segment Management for analysis 

and decision-making purposes 

I Develop sales strategies, plans and site sharing deals for all national mobile network 

operators, virtual operators, data services providers and internet services providers, etc. 

in order to sell network services and increase profit margin 

I have Suitable Understanding customer needs, and research competitive landscape and 

competitor moves in order to identify opportunities or improvements for business 

growth purposes 

Bachelor’s Degree in Business Administration and Marketing 

 

Candidate 4: 

Experience as an account manager where I was responsible for negotiating and 

developing contracts with large corporations, strategic corporations. Moreover, I was 

responsible for reviewing roaming and international tariff agreements and providing 

input for the development of new network products and services. Providing subject 

matter experts in the Key Account Management area. Reviewing progress and sales 

performance reports for assigned accounts on a regular basis to update management 

on the progress. 

Experienced Customer centric Professional with a demonstrated history of working in the 

banking industry, information technology, Skilled in Product Management, International 

Sales, Business Developement, Product Marketing, and MarketAnalysis. 

Experienced team handling and Vendor management skills with a demonstrated skills in 

data analysis, root cause analysis supporting tier 1 vendors. 

history of working in the internet industry. Process improvements, identifying gaps and 

suggesting upstream fix are my key responsibilities. 

Supervise the implementation of client orders and follow-up on unavailable requests to 

satisfy national and international client needs 

Follow-up on the evolution of tariffs, settlement rates and transit charges in order to 

understand impact on traffic, wholesale charges and capacity and develop price lists 

Analyse traffic volume by destinations or routes in order to propose appropriate 

recommendations 

High Coordinating skills constantly with Regulatory and Legal Affairs to resolve 

contractual or regulatory disputes that arise with national and international wholesale 

clients. Excellent Negotiator to continuously review roaming and international tariff 

agreements with hubs for accounting rates, foreign operators and administrations to 

reduce the accounting rates weighted average. I work as a Coordinate with concerned 

departments and vendors when required to resolve client technical issues and ensure 



233 

 

 

satisfaction. And Develop and evaluate tenders for international submarine cable 

systems projects based on technical requirements 

Facilitate the delivery of network solutions tailored to national client needs for 

satisfaction and retention purposes. Provide input for the development of new network 

products and services and international links capacity dimensioning for voice links, deals 

and data based on national and international demand. Translate international network 

designs into network elements and circuits needs for international network provision. 

Moreover, I work to Enhance the services sales strategy and influence new 

product/service development and ensure delivery of tailored solutions 

Assist in providing approval on the rerouting of traffic as and when required 

Perform visits to the assigned accounts and Plan and implement initiatives to expand 

the portfolio in the designated account.  

Bachelor’s Degree in Business Administration and Marketing 

 

Candidate 5: 

Account manager, where I was responsible for negotiating and developing contracts 

with large corporations, government, strategic corporations and I was responsible for 

reviewing roaming and international tariff agreements and providing input for the 

development of new network products and services. Providing subject matter experts 

in the Key Account Management area. 

Proactive in sales and marketing experience. 

Adding to it an extensive background in Mass communication and Media creative skills. 

I have proven record of completing Media experience in Middle East broadcasting center 

MBC -UAE as writer reporter by creating real life scrips show. 

Script writing, editing, time program management and planing. 

Working closely with program director, producer, and production team. 

Another record of yearly sales achievements in the marketing industry in Faden Media 

Media plans, Instore & outdoor advertising, Media budgets, creative, operation and 

detailed follow up on execution. 

And Develop and evaluate tenders for international submarine cable systems projects 

based on technical requirements 

Facilitate the delivery of network solutions tailored to national client needs for 

satisfaction and retention purposes. Provide input for the development of new network 

products and services and international links capacity dimensioning for voice links, deals 

and data based on national and international demand. Translate international network 

designs into network elements and circuits needs for international network provision. 

Moreover, I work to Enhance the services sales strategy and influence new 

product/service development and ensure delivery of tailored solutions 

Assist in providing approval on the rerouting of traffic as and when required 

Perform visits to the assigned accounts and Plan and implement initiatives to expand 

the portfolio in the designated account.  

Reviewing progress and sales performance reports for assigned accounts on a regular 

basis to update management on the progress. 
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And I Implement sales targets for large corporations, government, strategic 

corporations in order to achieve the overall sales plan 

Review sales performance and provide input to B2B Segment Management for analysis 

and decision-making purposes 

High Coordinating skills constantly with Regulatory and Legal Affairs to resolve 

contractual or regulatory disputes that arise with national and international wholesale 

clients. Excellent Negotiator to continuously review roaming and international tariff 

agreements with hubs for accounting rates, foreign operators and administrations to 

reduce the accounting rates weighted average. I work as a Coordinate with concerned 

departments and vendors when required to resolve client technical issues and ensure 

satisfaction.  

Bachelor’s Degree in Business Administration and Marketing 

 

Candidate 6: 

Senior Account Manager  

Company Name      Abdulla Fouad Group        Full-time  

Tasks and Responsibilities:- Open new markets for Networks & Infrastructure & Security & 

Data Center & Communication.- Generate Leads and Open New Accounts.- Follow up on 

opportunities till closing the deal.- Work on RFPï, proposals and costing sheet with Vendors 

and Presales team.- Sending Monthly pipeline report to management.  - Maintain 

relationship with existing customers.  

Key Accounts: Civil Defense. Ministtry of Education (MOE). Miniatry of Justice (MOJ). 

Ministry of Transportation (MOT). 

I was responsible for negotiating and developing contracts with large corporations, 

government, strategic corporations. Moreover, I was responsible for reviewing roaming 

and international tariff agreements and providing input for the development of new 

network products and services. Providing subject matter experts in the Key Account 

Management area. Reviewing progress and sales performance reports for assigned 

accounts on a regular basis to update management on the progress. 

Experienced Project Coordinator working in Events & social media services industry. 

Skilled in Microsoft Office, Event Planning, Customer Service, Strategic Planning, Customer 

Satisfaction, and Event Management. Strong support professional with a Bachelor’s degree 

focused in Business Administration, Management and Operations. 

I Implement sales targets for large corporations, government, strategic corporations in 

order to achieve the overall sales plan 

Review sales performance and provide input to B2B Segment Management for analysis 

and decision-making purposes 

I Develop sales strategies, plans and site sharing deals for all national mobile network 

operators, virtual operators, data services providers and internet services providers, etc. 

in order to sell network services and increase profit margin 

Saudi Post (SP). Ministry of Economy and planing (MEP 

King Soud Midecal .   
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University Degree Name Bachelor's degree Field Of Study Computer Engineering Grad very 

good  

 

 

Candidate 7: 

Company Name STC Solutions  

Work directly with top-tier customers, my primary job duty is to sell cloud services and 

related products in a defined territory. 

Identifies, qualifies and closes new opportunities. Manages accounts including the entire 

sales process from business development prospecting and specifications through contract 

negotiations, signing, and post-sales support. 

Help shape and execute a strategy to build mind share and broad use of cloud services 

within organizations ranging from new start-ups to large enterprise customers. 

Leverages the cloud sales model to maximize revenue growth and increase local 

marketshare. 

Demonstrate ability to think strategically about business, product, and technical challenges 

as I help savings and quick innovation available only in the cloud.  

Document best practices with white papers and presentations. 

Engage with Director and C-Level executives to understand business needs. 

Assist in Design/Architecture of cloud solutions. Make recommendations on how new 

Cloud offerings fit in the company architecture. 

Primary technical point of contact for one or more customers helping to plan, debugs, and 

oversees ongoing operations of business-critical applications.  

Participate in deep architectural discussions to ensure solutions are designed for successful 

deployment in the cloud.        

University Field of Study Business Administration and Management,  

 

 

Candidate 8: 

Business Process Outsourcing Manager 

Identify business opportunities, negotiate, close business deals and maintain extensive 

knowledge of current marketconditions. 

Works with business development and customer service project team members to identify 

and respond to complex, medium to large potential and current client needs. Develops 

operational strategies, propositions and metrics for complex, medium to large clients. 

Forecasts future requirements for delivery resources for contracts.  

Develops and manages implementation plans, budgets and work schedules; manages 

scope and staffing needs Evaluates existing business process outsourcing strategies and 

proposes quality and reduce costs in all facets of the outsourcing process.  
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Prepares and recommends operating and personnel budgets for approval. Monitors 

spending for adherence to budget, recommends variances as necessary.  

Support the High-Volume recruitment process from initial candidate contact to on-

boarding 

University Degree Name Bachelor Field Of Study Science  

Candidate 9: 

Responsible for developing and maintaining commercially productive relationships with 

both new and old clients. Also in charge of identifying every sales lead and of making the 

most out of every opportunity to increase revenue and profitability 

Promote the company brand to key buyers, ensuring their knowledge is current and 

appropriate 

Generating new business both in face to face meetings and over the phone. 

Writing up concise, value-based sales proposals. 

 Replying to all customer enquiries in a timely and accurate manner. 

Writing up sales reports, activity reports and revenue forecasts. 

Completing all documentation and administrative records, fully and accurately. 

Developing and maintaining a database of all contacts.  

Possessing the financial acumen at and identify potential opportunities and new clients. 

Ensuring that projects are financially viable. 

Ability to react quickly to emergency situation or new customer requirements. Identifying 

the specific needs of customers, then creating bespoke solutions for them. 

Writing accurate reports through the detailed analysis of data. 

 Sharing knowledge and expertise in a highly professional manner. 

Can quickly collate and priorities data from different sources.  

 

 

Candidate 10: 

Senior Sales Account Manager 

Helping organizations accelerate their digital transformation and re-imagine their business 

through data-powered innovation.- Moving SMB and Enterprise companies from on prime 

environment into Google Cloud. - Executes sales plans for all services, working together 

with the respective Brand Managers and Sales & Marketing Managers.- Partner with the 

Brand Manager/Sales & Marketing Manager with counter negotiations, new locations, 

marketvisits and business reviews.- Achieve goals, budgets, and plans in line with brand 

strategies.- Achieves budgeted sales and productivity goals for assigned markets.- Identify 

the information and resource requirements for the key stages of initial inquiry, meeting 

customer specification, preparing proposals, customer evaluation, and solution.  

Staffordshire  



237 

 

 

University Degree Name Bachelor of Engineering (B.E.)Field Of Study Computer Software 

Engineering Dates attended or expected graduation2010  

 

 

Job 6: 

 

Integration Lead 

Job Purpose 

• Responsible for providing advisory support to the Board and Executive 

Management on legal affairs and discharging necessary legal affairs activities. 

Responsibilities 

• Deliver pathway design and implementation training and facilitate pathway 

design and implementation sessions for Clusters. 

• Support Clusters in developing the tools required to implement the pathways 

(e.g. clinical processes 

• Provide training and facilitate knowledge sharing sessions on topics pertaining 

to integration, implementation, and improvement 

Qualifications 

• Advanced university degree (Master’s level or above) in Medical Sciences or 

related field Preferred: Specialised training health-related programs 

• 6+ years of work experience in a health-related entity 

 

 

Candidate 1: 

Good experience as an Integration Lead in a health care  

My responsibilities were to provide advisory support to the Board and Executive 

Management on legal affairs and discharging necessary legal affairs activities. 

Moreover, I deliver pathway design and implementation training and facilitate Clusters’ 

pathway design and implementation sessions. 

Support the Clusters in developing the tools required to implement the pathways 

Provide training and facilitate knowledge sharing sessions on topics pertaining to 

integration, implementation, and improvement 

Bachelor degree In Medical Sciences 

 

Candidate 2: 

6 years experience as an Integration Lead in a health entity. Responsible for providing 

advisory support to the Board and Executive Management on legal affairs and 

discharging necessary legal affairs activities. 
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One of my tasks is to Deliver pathway design and implementation training and facilitate 

pathway design and implementation sessions for Clusters. 

Support the Clusters in developing the tools required to implement the pathways 

Provide training and facilitate knowledge sharing sessions on topics pertaining to 

integration, implementation, and improvement 

Master’s degree In Medical Sciences with Specialised training health programs 

 

Candidate 3: 

An experienced integration Lead with more than 6 years of experience in Project 

Management, Team leadership, System analyst, excellent problem-solving skills, HL7, Web 

services and API management. Responsible for providing advisory support to the Board 

and Executive Management on legal affairs and discharging necessary legal affairs 

activities. 

I work to Deliver pathway design and implementation training and facilitate pathway 

design and implementation sessions for Clusters. 

Support the Clusters in developing the tools required to implement the pathways 

Provide training and facilitate knowledge sharing sessions on topics pertaining to 

integration, implementation, and improvement 

Master’s degree In Medical Sciences with Specialised training health programs 

 

Candidate 4: 

Responsible for planning and developing project scope and project management guidelines 

and ensuring successful team completion of each deliverable. I am an energetic, detail-

oriented, and strategic solutions provider with extensive experience in the Information 

technology field and management skills, with 5 years of experience as an Integration Lead 

in a health entity. Responsible for providing advisory support to the Board and Executive 

Management on legal affairs and discharging necessary legal affairs activities. One of 

my tasks is to Deliver pathway design and implementation training and facilitate 

pathway design and implementation sessions for Clusters. 

Support the Clusters in developing the tools required to implement the pathways 

Provide training and facilitate knowledge sharing sessions on topics pertaining to 

integration, implementation, and improvement 

Bachelor degree In Medical Sciences with Specialised training health programs 

 

Candidate 5: 

7 years experience as an Integration Lead in a health entity. Responsible for providing 

advisory support to the Board and Executive Management on legal affairs and 

discharging necessary legal affairs activities. 

Support Business Development and Project Management of projects and programs for 

the HealthCare. Leveraging proprietary platforms, TP solutions as well as devising new 

applications consistent with the mission of improving cost of care, quality and speed of 

clinical innovation and better patients outcomes.  

One of my tasks is to Deliver pathway design and implementation training and facilitate 

pathway design and implementation sessions for Clusters. 
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Support the Clusters in developing the tools required to implement the pathways 

Provide training and facilitate knowledge sharing sessions on topics pertaining to 

integration, implementation, and improvement 

Bachelor degree In Medical Sciences 

 

Candidate 6: 

Technical Support Trainer 

Company Name      Horizon Group  

Conducting direct training sessions, Remotely/Face-to-Face. 

Writing user manuals for training purposes. 

Diagnosing and repairing systems faults. 

Guiding customers by solving their problems with the system. 

Dealing with SQL Server Management: taking backup, restoring database, extracting 

repor.  Saudi Electronic  

University Degree Name Bachelor's degree Field Of Study Information  

 

Candidate 7: 

 Senior Business System Analyst| Product Owner  

Analysing clients' existing systems and business models.  

Translating client requirements into highly specified project briefs. 

Planning and working flexibly to deadlines. 

Working closely with colleagues, developers, testers. 

Assist in conducting research and analysis to quantify business.  

Keeping up to date with tech.   

Minufiya UniversityDegree NameDoctor of Philosophy - PhDField Of StudyComputer 

Science  

 

Candidate 8: 

Trainer and Consultant 

Company Name      Consultancy&        Part-time  

Employment Contract HRIS/HRMS, HRTech and Digitization Labour Law, Ethical and Legal 

Practices Labour Disputes Employment Contract HR Technical Coach and MentorClients:- 

JisrHR Technology Solutions - Harvard Business Solution - Jorden- Madinah Development 

Authority- Bakkah Training and Consultation- UBT Executive Education - Shaza Hotel and 

Residency Group- Marketing Secret Company- Pioneer Skill Training Center- Learning 

Passion Center - Shiakah Men Ready Clothes.- Nahdi Medical Co - UAE        ï¿½ï¿½ï¿½          

see more    .  University of Business and Technology Degree Name Master of Business 

Administration (MBA)Field Of Study Human Resource ManagementGrade4.94 out of 5Dates 

attended or expected graduation2010 ï¿½ï¿½ï¿½ 2012Activities and Societies:Group Work 

for studying tugh course  GPA 4.94 out of 5 (Excellent with 1st Class Honor) Again, studying 

& working simultaneously  

Candidate 9: 
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Human Resources Specialist 

Direct daily Human Resources activities throughout the facility.Investigate labour relations 

issues, documenting results and implementing actions.Support processes and activities 

related to performance review, merit increases, open enrollment and benefits 

administration. Develop and manage associated apprenticeship programs to ensure 

availability of skilled workers. 

 

Candidate 10: 

 HR Manager 

Company Name      SHAS CO FOR SERVICES  

Maintains awareness and knowledge of HR practices, laws and regulations and provide 

suitable interpretation and training to managers and staff within the organization 

Develops processes and practices for performance management and HR training. 

Works closely with the Finance Department to monitor, document and schedule individual 

payroll, benefits and vacation entitlements 

Coaches HR staff and managers in effective performance management strategies and 

reviews 

Manages staff who oversee the day-to-day HR operational activities including employee 

benefits program, employ data and reports 

Ensures KSA legal compliance by monitoring and implementing applicable human resource 

government requirements; conducting investigations; maintaining records; representing 

the organization at hearings 

Ensures that management guidelines are met by preparing, updating, and recommending 

human resource policies and procedures 

Organizes and archives historical human resource records by designing a filing and 

retrieval system for current and previous records 

Employee services and counseling. 

Improving Saudization rate across the company. 

Secure that employee receive performance reviews and evaluations. 

Overseeing the human resources department staff and handling all issues involving 

employee complaints or questions. 

Initiation and follow-up of all Government and SAGIA related activities in the area of work.  

Arab Open University Degree Name Bachelor of Business Administration (BBA)Field Of 

Study System  

 

Job 7: 

 

Assistant Director of Food & Beverage 
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Are you a passionate foodie who is not afraid of thinking outside the box? As an 

Assistant Director of Food & Beverage, you will strategically lead the team to take 

guest satisfaction to the next level. 

 

What Is in It For You 

Employee benefit card offering discounted rates in Accor worldwide 

• Learning programs through our Academies and the opportunity to earn 

qualifications while you work 

• Opportunity to develop your talent and grow within your property and across the 

world! 

• Ability to make a difference in the local community through our Corporate Social 

Responsibility activities, like Planet 21 

What to Do 

 

Reporting to the Director o Food and Beverage, your responsibilities will include 

but not limited to. 

• Lead, mentor and train the Food & Beverage Operations team 

• Ensure Food & Beverage relevant brand standards are maintained 

• Strategise on new products and service offerings 

• Create unforgettable experiences for our guests 

 Experience And Skills Include 

• Service focused personality is essential and previous leadership experience required 

• Proven ability to build and maintain good relationships with all stakeholders 

• Communicate thoughts, actions and opportunities clearly with strong networking 

skills 

• Ability to lead by example, believe in a strong team culture and set the scene for 

high performance 

team and working environment: 

• Banyan Tree will operate and expand the Ashar luxury camp, embracing the region’s 

Arabian heritage to blend in seamlessly with the Ashar Valley’s striking natural 

scenery and stand in the heart of AlUla’s planned “living museum” experience. 

Situated near AlUla’s signature mirrored Maraya Concert Venue, the camp recently 

hosted guests of the annual Winter At Tantora cultural festival, elevating visitors’ 

experiences by connecting them with AlUla’snature, art, and ancestry. 

Degree: 

Bachelor of Science in Food and Beverage Business Management degree 
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Candidate 1: 

10 years’ of experience in assistant director of food and beverage position. I am 

innovative and food passionate. I work to create good experiences for the guests. I 

worked as a strategically team lead to take guest satisfaction to the best. Interest to 

work in local community and across the world. My tasks were to lead, mentor and 

train the food and beverage operations team and to ensure food and beverage 

relevant brand standards are maintained. Moreover, build strategies to new products 

and service offerings. 

High Leadership skills 

High humanity skills which made me able to build and maintain good relationships 

with all stakeholders.  

Good Communicate thoughts, actions and opportunities clearly with strong 

networking skills. 

I am an Influencer in the field of food and beverage and have the ability to lead by 

example, and I believe in a strong team culture and set the scene for high 

performance. 

Bachelor of Science in Food and Beverage Business Management degree 

 

Candidate 2: 

More than 5 years’ of experience as an assistant director of food and beverage. I am 

innovative and food passionate. I work to create good experiences for the guests. I 

worked as a strategically team lead to take guest satisfaction to the best. Interest to 

work in local community and across the world. My tasks were to lead, mentor and 

train the food and beverage operations team and to ensure food and beverage 

relevant brand standards are maintained. Moreover, build strategies to new products 

and service offerings. 

promote efficiency, confidence, courtesy and an extremely high standard of social 

skills. and generally promote and ensure good inter-departmental relations. 

High Leadership skills 

High humanity skills which made me able to build and maintain good relationships 

with all stakeholders.  

Good Communicate thoughts, actions and opportunities clearly with strong 

networking skills. 

I am an Influencer in the field of food and beverage and have the ability to lead by 

example, and I believe in a strong team culture and set the scene for high 

performance.  

Bachelor of Science in Food and Beverage Business Management degree 

 

 

Candidate 3: 

I am a creative thinker who is also a foodie. I strive to provide positive experiences for 

my visitors. I worked as a strategic team lead to provide the highest level of visitor 

satisfaction. Work in the local community and throughout the world piques your 

interest. My responsibilities included leading, mentoring, and training the food and 
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beverage operations team, as well as ensuring that food and beverage relevant brand 

requirements were met. Develop plans for new product and service offerings as well. 

High-level leadership abilities 

High empathy skills enabled me to establish and maintain positive connections with all 

stakeholders. 

Strong networking abilities allow you to clearly communicate your views, activities, and 

possibilities. 

I am a food and beverage influencer with the ability to lead by example, and I believe in 

building a strong team culture and setting the stage for great performance. 

Bachelor of Science in Food and Beverage Business Management degree 

 

 

Candidate 4: 

experience in assist the Assistant Manager / Restaurant Manager in any task 

outlined/detailed by him/her. And To take time and get to know the guests, and to be 

committed to service excellence. I am innovative and food passionate. I work to create 

good experiences for the guests. I worked as a strategically team lead to take guest 

satisfaction to the best. Interest to work in local community and across the world. My 

tasks were to lead, mentor and train the food and beverage operations team and to 

ensure food and beverage relevant brand standards are maintained. Moreover, build 

strategies to new products and service offerings. I display a pleasant manner and 

positive attitude at all times and to promote a good company image to guests and 

colleagues. To demonstrate pride in the workplace and personal appearance at all 

times when representing my firm thus identifying a high level of commitment. 

I provide service that is sincere, warm and enthusiastic, ensuring the guests satisfaction. 

High Leadership skills 

High humanity skills which made me able to build and maintain good relationships 

with all stakeholders.  

Good Communicate thoughts, actions and opportunities clearly with strong 

networking skills. 

I am an Influencer in the field of food and beverage and have the ability to lead by 

example, and I believe in a strong team culture and set the scene for high 

performance. 

Bachelor of Science in Food and Beverage Business Management degree 

 

 

Candidate 5: 

assistance to the Assistant Manager / Restaurant Manager in any work 

outlined/detailed by him/her And to take the time to get to know the visitors and to be 

dedicated to providing exceptional service. I am a creative thinker who is also a foodie. 

I strive to provide positive experiences for my visitors. I worked as a strategic team lead 

to provide the highest level of guest satisfaction. Work in the local community and 

around the world piques my interest. My responsibilities included leading, mentoring, 

and training the food and beverage operations team, as well as ensuring that food and 
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beverage relevant brand requirements were met. Develop strategies for new product 

and service offerings as well. I maintain a nice demeanour and a cheerful attitude at all 

times in order to project a positive picture of the organisation to visitors and co-

workers. When representing my firm, to show pride in the workplace and in my 

personal appearance at all times, demonstrating a high degree of devotion. To provide 

service that is sincere, warm and enthusiastic, ensuring the guests satisfaction. And To 

take time and get to know the guests, and to be committed to service excellence. I 

provide service that is sincere, warm and enthusiastic, ensuring the guests satisfaction.  

I have a Bachelor of Science in Food and Beverage Business Management degree 

 

 

Candidate 6: 

Director of Talent & Culture 

Company Name      Fairmont Hotels & Resorts        Full-time  

Understanding and awareness of the regulations and legislation related to the Saudi labour 

system and the Ministry of Tourism related to the licensing of the tourist accommodation 

facility-Local talent development through identifying & retaining High-Potential 

Empl"HIGHPOs 

Driving corporate social responsibility through hosting events & local community 

partnerships.-Create recruitment critical path / department & hotel full manning.- Oversee  

orientation , induction programs and employee surveys. -Organize employee welfare. 

HRMS , employee manual and ethics charter management and implementation.- Set the 

standards and roll out our brand experience, verbal and visual culture to all of our team 

members. 

Seek, listen and continually learn what makes our team want to be inspirational and adapt 

circumstances with support from the other department heads and an ethics committee to 

make change within the employee lodgings, meals, entertainment and in their workplace.-  

Understand business and recruitment needs and adapt to business conditions and seasonal 

requirements.        

University Degree Name Master Certificate in Hospitality Management Dates attended or 

expected graduation  

 

Candidate 7: 

Assistant Chef  

Company Name      Available for new opportunities  

Menu planning and meal preparation and cooking, including appetizers, salads, desserts, 

and pastries. -Develop and test new recipes. 

Thorough understanding:- 

Methods, materials, and equipment used to prepare and serve food.-Health and Hygiene 

methods and materials used to maintain kitchen.-Kitchen sanitation and safety measures.  
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Extensive background includes: Arabian, Mediterranean, Italian, Indian, and Chinese 

cuisines Highly skilled at : setting tasks quickly and efficiently, flexible, enthusiastic, have 

good communication skills, a great team player, and ability to work Under Pressure         

University Degree Name Bachelor of Science – BS Field Of  Study Family and Consumer 

Sciences/Home Economics Teacher Education  

 

Candidate 8: 

Business Analysis and development 

 Company Name      Freelance Dates 

  Program objectives: Provide students with the knowledge to succeed in their chosen field 

and ensure the development of skills in problem solving, ethical decision making, 

communications, teamwork, and leadership. 

Increase students' abilities and confidence to handle managerial, financial and 

administrative activities. Enable students understand how key forces like the economy, the 

state and the system influence and interact with business. Teach students how to apply the 

most recent and innovative developments in systems thinking to areas such as information 

systems, organizational change and professional practice. Acquire and provide knowledge 

about the different approaches to the analysis and explanation of business problems; how 

to set targets and plan how to achieve them. Attract and develop standing students who 

are dedicated to intellectual excellence 

KAUST (King Abdullah University of Science and Technology  

 

Candidate 9: 

Human Capital Director 

Company Name      Sharqia Development Authority  

Directing the activities of Human Capital, and position Sharqia Development Authority as 

an employer of choice for the top talents through programs and processes, leading to 

professional empowerment, growth, attraction, and  retention of employees 

The Open University Degree Name Bachelor Field Of Study MIS  

Candidate 10: 

Head Of Recruitment Company Name      Premium Food Company Ltd.   

King Abdul Aziz University Degree Name Bachelor 

Degree Field Of Study Human Resource Management Grade 4.32Dates attended or 

expected graduation  

Recruiting             

 

 

Job 8: 

 

Paediatric Cardiology Consultant 

Qualifications: 



246 

 

 

+5 years’ experience after Medical Doctorate or Fellowship or Equivalent. 

Responsibilities: 

-Consulting with patients and their parents to understand symptoms and health 

concerns. 

-Prescribing tests, treatments, and/or surgery, when necessary. 

-Maintaining detailed notes of appointments with patients, including comments, tests 

and/or treatments prescribed, and test results. 

-Performing tests, when needed, to check the health of patients’ hearts and/or 

cardiovascular systems. 

-Interpreting test results to determine how effectively the heart and/or cardiovascular 

system is functioning. 

-Using medical imaging equipment, such as CT and MRI scanners, to diagnose and 

treat heart and/or cardiovascular conditions. 

Assisting and/or performing surgery which may include complex surgical interventions. 

Prescribing medication to treat heart and/or cardiovascular problems. 

-Providing support and advice to patients, and their parents, receiving long-term care. 

Conducting research on heart and cardiovascular diseases, disorders, and 

abnormalities affecting children. 

-Meeting with patients, taking their histories, and examining their files in order to 

provide them with the best surgical options. 

Outlining all the risks and benefits associated with the surgery prior to the procedure. 

-Performing consultations with patients who suffer from birth defects, injuries, burn 

wounds, or those who want to enhance their physical appearance. 

-Preparing patients for surgical and non-surgical procedures. 

Prescribing medication like painkillers, antibiotics, and providing aftercare advice to 

patients. 

-Scheduling follow-ups to remove stitches, inspect incisions, and monitor the patients’ 

healing. 

-Handling various administrative duties like updating patient records and clinic 

policies. 

 

 

Candidate 1: 

 

Experience for six years as a paediatric cardiology consultant some of my tasks were to: 

interpreting test results to determine how effectively the heart or cardiovascular system 

is functioning. Using medical imaging equipment, such as CT and MRI scanners, to 

diagnose and treat heart or cardiovascular conditions. I Assist surgery which may include 

complex surgical interventions. I am knowledgeable in prescribing medication to treat 

heart or cardiovascular problems and to provide support and advice to patients, and 

their parents, receiving long-term care. And Prescribing tests, treatments, or surgery, 
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when necessary. I am maintaining detailed notes of appointments with patients, 

including comments, tests or treatments prescribed, and test results. I have a good 

background in researching heart and cardiovascular diseases, disorders, and 

abnormalities affecting children. 

I have high communication skills when consulting with patients and their parents to 

understand symptoms and health concerns. Meeting with patients, taking their histories, 

and examining their files in order to provide them with the best surgical options and 

outlining all the risks for them and benefits associated with the surgery prior to the 

procedure. Performing consultations with patients who suffer from birth defects, injuries, 

burn wounds, or those who want to enhance their physical appearance. Preparing 

patients for surgical and non-surgical procedures. Prescribe medication like painkillers, 

antibiotics, and providing aftercare advice to patients. Scheduling follow-ups to remove 

stitches, inspect incisions, and monitor the patients’ healing. Handling various 

administrative duties like updating patient records and clinic policies. 

Degree in medicine and have obtained a MBBS 

Two-year foundation programme. 

 

 

Candidate 2: 

I have ten years of experience as a paediatric cardiology consultant some of my tasks 

were to: 

interpreting test results to determine how effectively the heart or cardiovascular system 

is functioning. Using medical imaging equipment, such as CT and MRI scanners, to 

diagnose and treat heart or cardiovascular conditions. I Assist surgery which may 

include complex surgical interventions. I am knowledgeable in prescribing medication 

to treat heart or cardiovascular problems and to provide support and advice to patients, 

and their parents, receiving long-term care. And Prescribing tests, treatments, or 

surgery, when necessary. I am maintaining detailed notes of appointments with 

patients, including comments, tests or treatments prescribed, and test results. I have a 

good background in researching heart and cardiovascular diseases, disorders, and 

abnormalities affecting children. And performing tests, when needed, to check the 

health of patients’ hearts or cardiovascular systems. 

I have high communication skills when consulting with patients and their parents to 

understand symptoms and health concerns. Meeting with patients, taking their 

histories, and examining their files in order to provide them with the best surgical 

options and outlining all the risks for them and benefits associated with the surgery 

prior to the procedure. Performing consultations with patients who suffer from birth 

defects, injuries, burn wounds, or those who want to enhance their physical appearance. 

Preparing patients for surgical and non-surgical procedures. Prescribe medication like 

painkillers, antibiotics, and providing aftercare advice to patients. Scheduling follow-
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ups to remove stitches, inspect incisions, and monitor the patients’ healing. Handling 

various administrative duties like updating patient records and clinic policies. 

Degree in medicine and have obtained a MBBS 

Two-year foundation programme. 

 

 

Candidate 3: 

I have more than five years of experience as a paediatric cardiology consultant I worked 

as interpreting test results to determine how effectively the heart or cardiovascular 

system is functioning. Using medical imaging equipment, such as CT and MRI scanners, 

to diagnose and treat heart or cardiovascular conditions. I Assist surgery which may 

include complex surgical interventions. I am knowledgeable in prescribing medication 

to treat heart or cardiovascular problems and to provide support and advice to patients, 

and their parents, receiving long-term care. And Prescribing tests, treatments, or surgery, 

when necessary. I am maintaining detailed notes of appointments with patients, 

including comments, tests or treatments prescribed, and test results. I have a good 

background in researching heart and cardiovascular diseases, disorders, and 

abnormalities affecting children. 

excellent communication skills and compassion – to relate well to patients and their 

families 

emotional resilience and able to cope under pressure in sometimes difficult and 

demanding situations 

manual dexterity and good hand-eye coordination 

stamina and willingness to work very hard 

great attention to detail in order to care for patients with complex heart problems 

good problem-solving and decision-making skills 

the ability to work effectively as part of a multidisciplinary team with a clear 

understanding of different roles 

leadership ability 

Degree in medicine and have obtained a MBBS 

Two-year foundation programme. 

 

Candidate 4: 

I worked as a paediatric cardiology consultant for ten years, and among of my 

responsibilities included analysing test findings to evaluate how well the heart or 

cardiovascular system is working. Using medical imaging equipment to diagnose and 

treat heart and circulatory diseases, such as CT and MRI scanners. I assist with surgery, 

which may include complicated surgical procedures. I have experience prescribing 

medication to treat cardiac and circulatory diseases, as well as providing assistance and 

guidance to patients and their parents who are getting long-term care. And When 

necessary, prescribing testing, treatments, or surgery. I keep meticulous records of all 
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appointments with patients, including remarks, ordered tests or treatments, and test 

results. I have experience researching children's heart and circulatory ailments, disorders, 

and anomalies. And, if necessary, running tests to assess the health of patients' hearts 

or cardiovascular systems. 

Degree in medicine and have obtained a MBBS 

Two-year foundation programme. 

 

 

Candidate 5: 

 

8 years of experience as a paediatric cardiology consultant  

I have high communication skills when consulting with patients and their parents to 

understand symptoms and health concerns. Meeting with patients, taking their histories, 

and examining their files in order to provide them with the best surgical options and 

outlining all the risks for them and benefits associated with the surgery prior to the 

procedure. Performing consultations with patients who suffer from birth defects, injuries, 

burn wounds, or those who want to enhance their physical appearance. Preparing 

patients for surgical and non-surgical procedures. Prescribe medication like painkillers, 

antibiotics, and provide aftercare advice to patients. Scheduling follow-ups to remove 

stitches, inspect incisions, and monitor the patients’ healing. Handling various 

administrative duties like updating patient records and clinic policies. 

Moreover, I interpret any test results to determine how effectively the heart or 

cardiovascular system is functioning. Using medical imaging equipment, such as CT and 

MRI scanners, to diagnose and treat heart or cardiovascular conditions. I Assist surgery 

which may include complex surgical interventions. I am knowledgeable in prescribing 

medication to treat heart or cardiovascular problems and to provide support and advice 

to patients, and their parents, receiving long-term care. And Prescribing tests, 

treatments, or surgery, when necessary. I am maintaining detailed notes of appointments 

with patients, including comments, tests or treatments prescribed, and test results. I have 

a good background in researching heart and cardiovascular diseases, disorders, and 

abnormalities affecting children. And performing tests, when needed, to check the health 

of patients’ hearts or cardiovascular systems. 

Degree in medicine and have obtained a MBBS 

Two-year foundation programme. 

 

Candidate 6: 

A formally qualified Cardiac Anaesthesiologist and Perioperative and Critical Care 

Echocardiographer presently providing perioperative care to the cardiac patients in the 

cardiac surgical theatres, catheterisation laboratory, cardiac intensive care, and continues 

to strive to improve cardiac critical care and advancements in the field of cardiac 

anaesthesia and echocardiography. 
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Provide Perioperative Care to all the cardiothoracic and vascular surgical cases and 

catheterization laboratory procedures at King Fahad Medical City, Riyadh. 

Help in the Postoperative Cardiac Intensive Care. 

Perform perioperative TEE for cardiac surgical procedures and Interventional Cardiology 

procedures like TAVIs, LAA Closure, ASD Closure in the Cath Lab. 

Provide perioperative care for Neurosurgical procedures including Spine surgery, General 

surgery, Urology, Gynaecology and Obstetrics, Head and Neck, Obesity Surgery, Cancer 

surgical procedures both in adults as well paediatric patients, especially in cardiac patients 

for  cardiac surgery. 

Contribute to the research and auditing in order to take the cardiac care to a next level. 

Teaching of  postgraduates, cardiac nursing and undergraduates. 

Active in committee participation 

Candidate 7: 

 CEO Company  

I am 5 years’ experience after Medical Doctorate or Fellowship or Equivalent and I have 

Cura. Cure is the first app in the middle east that enables you to get medical consultations 

easily from your smart phone by communicating with the best known doctors in all 

specialties. Do you hate far scheduled appointments? waiting & traffic? difficulties accessing 

the best doctors? Or a doctor that you don't know his/her credentials? Cura is the solution. 

How Cura Works? 

1. Select the doctor based on his/her specialty, credentials, other users experiences and peer 

doctors reviews. 

2. Engage with the doctor in a private consultation. Take your time, send picture videos and 

audio notes to explain your case. 

3. Come back anytime, talk to your doctor for a follow up. Some of the special features in 

Cura:- All our doctors are have top certificates and accredited from the Saudi Commission 

For Health Specialties.- Our doctors are company with privacy to deliver a pleasant 

experience.- Cura is relaxing and it doesn't force you to be online with the doctor at the 

same  

 

Candidate 8: 

Company Name National Guard Health Affairs Total Duration 9 yrs 5 mos Title Nurse 

Manager Full- Present Employment Duration7 yrs 3 mos Location MADINAH  

Managing 20 to 30 staffs in 8-bedded unit. Provides care for acute and chronic dialysis 

cases, including 24H coverage for emergency cases.    

Title Dialysis Nurse Full-time Dates Employed  

Dialyzing acute and chronic, adult and paediatric cases, including on-calls and nurse 

coordinators duty. 

Open University Malaysia Degree Name Master's degree Field Of Study Nursing Science 

Dates attended or expected graduation  

 

Candidate 9: 

 PSU&  Administration Manager & Marketing Company Name       
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Medica clinics Dates Employed 

Develop policies and procedures and implement process improvements that ensure 

Efficient work flow processes Supervise clinic staff, including receptionists, and cashiers 

Maintain medical and staff records Liaise with doctors and nurses to identify potential clinic 

dysfunctions Provide informative material for patients Ensure compliance with current 

healthcare regulations, medical laws and high ethical standards Ensuring that all patient 

services are provided as per the clinic standards Ensure that the bill are generated I 

accordance to the billing policy and no bill to be lift open Prepare the duty schedule for 

staff and organize their leave schedule Assure that excellent customer service is provided 

by the Call Center Department. Assure that work assignments and staff schedules are 

distributed in a manner to support theCl care teams. Build a positive work environment for 

the Call Center Department. Develop specific, time-framed and measurable goals and 

objectives. Contributing in the implementation of marketing strategies         

An-Najah National University – Nablus Degree Name Bachelor's degree Field Of Study 

Accounting. 

 

Candidate 10: 

I have 7.5 years of icu experience (cardiovascular and thoracic surgery icu, & MICU 

experience). Completed dataflow and prometric. I can handle ventilator patients, post 

cardiac surgery patients. currently am in KSA With transferable visa. I am a multi-faceted 

professional with an extensive focus on Hospital / General Administration, Medical Surgical 

Ward Management, Emergency Room Care, Delivering Quality Care to Patients, Drug 

Dispensation& Medical Record Management. Adept at supervising and directing a wide 

spectrum of administrative / non-administrative activities including staff management, 

documentation of patient records, medical inventory, patient admission, transfers and 

discharge arrangements in accordance with the hospital discharge policy. Well-versed in 

preparing and operating necessary equipment &instruments for examination, treatments & 

procedures. I have hands-on experience in providing compassionate nursing care to 

patients in pre and post-operative care. Expertise in performing numerous tasks on a daily 

basis such as Administration of Medicines, Injections, IV Cannulation, Wound Dressing, 

Suture Removal and so on. Ability to effectively lead and supervise a multidisciplinary team 

in a pressurized healthcare environment. Strong organization and people management 

skills, with an ability to monitor hospital hygiene, formulate and administer policies for 

smooth functioning of hospital operations. 

Bachelor of Science in Nursing. current Nursing license English Language Skills with 

Computer Skills. Strong organization and people management skills, with an ability to 

monitor hospital hygiene, formulate and administer policies for smooth functioning of 

hospital operations. Excellent oral and written communication and collaboration skills when 

interacting with patients/families and healthcare team members and departments to 

provide continuity of patient care and unit activities. 

 

 

Job 9: 
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Statistician 

Job Purpose: 

The Statistician will work under the direct supervision of the director of the Labour 

Force Statistics (LFS) department to support the LFS team in statistical activities. This 

encompasses, but is not limited to, the following key activity areas: collection, analysis, 

interpretation, and presentation of quantitative information. Also, Manage experiments 

and surveys and deal with the initial collection of data. Process and analyse the data in 

context, looking for patterns to help make decisions. And will be then advised on 

findings and recommend the strategy. The position also requires strong analytical and 

programming language skills, as are interpersonal and communication skills to share 

findings with team members. 

 

Job Description: 

• To collect data on labour market statistics, the statistician needs to implement 

statistically accurate surveys, experiments, and questionnaires. To make surveys 

easy to administer, the position requires writing instructions on how to properly 

manage and organize survey data. 

• Data editing and cleaning is key component of this position's duties. 

• Data management is essential to producing accurate conclusions and results, and 

the statistician is required to maintain and update precise databases. 

• The Statistician will analyse data with specific statistical software. His primary 

responsibility is to spot trends and detect relationships within data sets. He 

commonly conducts tests to determine the reliability and soundness of their data. 

• Performing R&D work to develop new predictive models is a key responsibility of 

the statistician. Employers expect them to create experiments for product and 

process testing and improvement. Their statistical research helps businesses and 

organizations design more effective strategies. To ensure that their models and 

experiments work properly, statisticians must also continually develop and sustain 

their quality control procedures. 

• The Statistician will be responsible to compile findings from multiple sources 

(Surveys and administrative data). Create reports, charts, or graphs that describe 

and interpret the research conclusions. The Statistician may be called upon to 

present written reports to his supervisor other team members. 

 

Job Requirements: 

• Strong analytical skills. 

• Ability to manipulate, process, and extract value from large, disconnected datasets. 

• Experience supporting and working with cross-functional teams in a dynamic 

environment. 
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• Experience working with SAS, or R, or Python as well as working with power BI. 

 

Qualification: 

• Bachelor or master’s degree in Statistics, or Economics, or Mathematics. 

 

 

Candidate 1: 

As a statistician, I have extensive experience in the field of statistics. I work on any 

statistical tool to analyse data, spot trends, and link data sets together to help 

businesses and organisations establish more effective plans. Compile data from a 

number of sources, including surveys and administrative records. 

My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. Process and analyze the data in context, looking for patterns to help make 

decisions. And advise on findings and recommend the strategy. With strong analytical 

and programing language skills, as are interpersonal and communication skills to share 

findings with team members. And good data management to produce accurate 

conclusions and results. 

Moreover, I work to collect data on labour market statistics to implement statistically 

accurate surveys, experiments, and questionnaires. And make surveys easy to 

administer. I am excellent in data editing and cleaning and in writing instructions on 

how to properly manage and organize survey data. 

I have experience supporting and working with cross-functional teams in a dynamic 

environment. 

Bachelor Degree in Statistics 

 

 

 

Candidate 2: 

Statistician experience more than 8 years.  

I work to collect data on labour market statistics to implement statistically accurate 

surveys, experiments, and questionnaires. And make surveys easy to administer. I am 

excellent in data editing and cleaning and in writing instructions on how to properly 

manage and organize survey data. 

Process and analyze the data in context, looking for patterns to help make decisions. 

And advise on findings and recommend the strategy. With strong analytical and 

programing language skills, as are interpersonal and communication skills to share 
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findings with team members. And good data management to produce accurate 

conclusions and results. 

I have experience supporting and working with cross-functional teams in a dynamic 

environment. 

My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. 

I can analyze data with any statistical software and to spot trends and detect 

relationships within data sets to help businesses and organizations design more 

effective strategies. And compile findings from multiple sources like surveys and 

administrative data. 

Usually, I conduct tests to determine the reliability and soundness of the data. To 

ensure models and experiments work properly, I continually develop and sustain 

quality control procedures. 

 Moreover, performing R&D work to develop new predictive models and create 

experiments for product and process testing and improvement.  

Create reports, charts, or graphs that describe and interpret the research conclusions. 

I have the ability to manipulate, process, and extract value from large, disconnected 

datasets. And experience working with SAS, or R, or Python and working with power BI. 

 Bachelor Degree in Statistics 

Master Degree in Mathematics 

 

 

Candidate 3: 

 

Good experience as a statistician. I work to collect data on labour market statistics to 

implement statistically accurate surveys, experiments, and questionnaires. And make 

surveys easy to administer. I am excellent in data editing and cleaning and in writing 

instructions on how to properly manage and organize survey data. 

My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. Process and analyze the data in context, looking for patterns to help make 

decisions. And advise on findings and recommend the strategy. With strong analytical 

and programing language skills, as are interpersonal and communication skills to share 

findings with team members. And good data management to produce accurate 

conclusions and results. 

I have experience supporting and working with cross-functional teams in a dynamic 

environment. 
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Bachelor Degree in Statistics 

 

 

Candidate 4: 

 

Experience as a statistician for ten years.  

My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. Process and analyze the data in context, looking for patterns to help make 

decisions. And advise on findings and recommend the strategy. With strong analytical 

and programing language skills, as are interpersonal and communication skills to share 

findings with team members. And good data management to produce accurate 

conclusions and results. 

I have experience supporting and working with cross-functional teams in a dynamic 

environment. 

Moreover, I work to collect data on labour market statistics to implement statistically 

accurate surveys, experiments, and questionnaires. And make surveys easy to 

administer. I am excellent in data editing and cleaning and in writing instructions on 

how to properly manage and organize survey data. 

I can analyze data with any statistical software and to spot trends and detect 

relationships within data sets to help businesses and organizations design more 

effective strategies. And compile findings from multiple sources like surveys and 

administrative data. 

Usually, I conduct tests to determine the reliability and soundness of the data. To 

ensure models and experiments work properly, I continually develop and sustain 

quality control procedures. 

 Moreover, performing R&D work to develop new predictive models and create 

experiments for product and process testing and improvement.  

Create reports, charts, or graphs that describe and interpret the research conclusions. I 

have strong analytical skills I can present written reports to my team members.  

Bachelor Degree in Statistics 

Master Degree in Statistics 

 

Candidate 5: 

 

Fifteen years of experience as a statistician. I have experience supporting and working 

with cross-functional teams in a dynamic environment. 
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My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. Process and analyse the data in context, looking for patterns to help make 

decisions. And advise on findings and recommend the strategy. With strong analytical 

and programming language skills, as are interpersonal and communication skills to 

share findings with team members. And good data management to produce accurate 

conclusions and results. 

Moreover, I work to collect data on labour market statistics to implement statistically 

accurate surveys, experiments, and questionnaires. And make surveys easy to 

administer. I am excellent in data editing and cleaning and in writing instructions on 

how to properly manage and organize survey data. 

I can analyze data with any statistical software and to spot trends and detect 

relationships within data sets to help businesses and organizations design more 

effective strategies. And compile findings from multiple sources like surveys and 

administrative data. 

Usually, I conduct tests to determine the reliability and soundness of the data. To 

ensure models and experiments work properly, I continually develop and sustain 

quality control procedures. 

 Moreover, performing R&D work to develop new predictive models and create 

experiments for product and process testing and improvement.  

Create reports, charts, or graphs that describe and interpret the research conclusions. I 

have strong analytical skills I can present written reports to my team members. I have 

the ability to manipulate, process, and extract value from large, disconnected datasets. 

And experience working with SAS, or R, or Python and working with power BI. 

Bachelor Degree in Statistics 

Master Degree in Economics 

 

Candidate 6: 

I worked as a statistician, and I have an excel at data cleaning and editing, as well as 

writing instructions for correctly managing and organising survey data. 

I can use any statistical programme to analyse data and identify trends and linkages 

within data sets to assist businesses and organisations in developing more effective 

strategies. Also, compile results from a variety of sources, such as surveys and 

administrative data.I have experience supporting and working with cross-functional 

teams in a dynamic environment. 

My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. Process and analyze the data in context, looking for patterns to help make 

decisions. And advise on findings and recommend the strategy. With strong analytical 
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and programing language skills, as are interpersonal and communication skills to share 

findings with team members. And good data management to produce accurate 

conclusions and results. 

Moreover, I work to collect data on labour market statistics to implement statistically 

accurate surveys, experiments, and questionnaires. And make surveys easy to 

administer.  

Usually, I conduct tests to determine the reliability and soundness of the data. To 

ensure models and experiments work properly, I continually develop and sustain 

quality control procedures. 

Create reports, charts, or graphs that describe and interpret the research conclusions. I 

have strong analytical skills I can present written reports to my team members. I have 

the ability to manipulate, process, and extract value from large, disconnected datasets.  

Bachelor Degree in Statistics 

 

Candidate 7: 

As a statistician, I've had a lot of experience. In a fast-paced setting, I've supported and 

worked with cross-functional teams. 

My primary responsibility is to collect, analyse, evaluate, and present quantitative data. 

Manage experiments and surveys, as well as the initial data collecting. Process and 

analyse data in context, seeking patterns that will aid in decision-making. Also, provide 

feedback on the findings and make recommendations for a strategy. Strong analytical 

and programming language abilities, as well as interpersonal and communication skills 

for sharing discoveries with team members, are required. In addition, proper data 

management is required to deliver reliable findings and outcomes.Moreover, I work to 

collect data on labour market statistics to implement statistically accurate surveys, 

experiments, and questionnaires. And make surveys easy to administer. I am excellent 

in data editing and cleaning and in writing instructions on how to properly manage 

and organize survey data. 

I can analyze data with any statistical software and to spot trends and detect 

relationships within data sets to help businesses and organizations design more 

effective strategies. And compile findings from multiple sources like surveys and 

administrative data. 

Usually, I conduct tests to determine the reliability and soundness of the data. To 

ensure models and experiments work properly, I continually develop and sustain 

quality control procedures. 

 Moreover, performing R&D work to develop new predictive models and create 

experiments for product and process testing and improvement.  

Create reports, charts, or graphs that describe and interpret the research conclusions. I 

have strong analytical skills I can present written reports to my team members. I have 
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the ability to manipulate, process, and extract value from large, disconnected datasets. 

And experience working with SAS, or R, or Python and working with power BI. 

Bachelor Degree in Statistics 

Master Degree in Mathematics 

 

 

Candidate 8: 

 

A Statistician with a passion for data and keen to solve real world problems using Data 

Science. Usually, I conduct tests to determine the reliability and soundness of the data. 

To ensure models and experiments work properly, I continually develop and sustain 

quality control procedures. 

Was responsible for giving insights via analysis of economic trade data to suggest focus 

sectors for economy upliftment for different state economy promotion events such as 

Vibrant Goa 2019, Vibrant Haryana and Vibrant Bundelkhand. 

 Moreover, performing R&D work to develop new predictive models and create 

experiments for product and process testing and improvement.  

My main job is the collection, analysis, interpretation, and presentation of quantitative 

information. Also, Manage experiments and surveys and deal with the initial collection 

of data. Process and analyze the data in context, looking for patterns to help make 

decisions. And advise on findings and recommend the strategy. With strong analytical 

and programing language skills, as are interpersonal and communication skills to share 

findings with team members. And good data management to produce accurate 

conclusions and results. 

Moreover, I work to collect data on labour market statistics to implement statistically 

accurate surveys, experiments, and questionnaires. And make surveys easy to 

administer. I am excellent in data editing and cleaning and in writing instructions on 

how to properly manage and organize survey data. 

I can analyze data with any statistical software and to spot trends and detect 

relationships within data sets to help businesses and organizations design more 

effective strategies. And compile findings from multiple sources like surveys and 

administrative data. 

Create reports, charts, or graphs that describe and interpret the research conclusions. I 

have strong analytical skills I can present written reports to my team members. I  

Bachelor Degree in Statistics 

 

Candidate 9: 

Possess excellent verbal and written communication skills and able to relate to a wide 

range of people, as proven by my varied work experiences: in retail, catering, and teaching 
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Leadership and communication skills gained supervising and managing team of 8 

members 

Manage experiments and surveys and deal with the initial collection of data. 

Demonstrated negotiating and organizing skills, a firm sense of 

responsibility and capacity to work hard under pressure 

Bachelor Degree in Statistics 

 

Candidate 10: 

Data Management Strategy & Governance Senior Advisor Company Name      General 

Authority For Statistics - GASTAT         

Provide comprehensive, reliable, up-to-date statistics and value-added services in line with 

international standards and take the lead in developing a modern statistical sector in order 

to support decision making.Key Responsibilities: -  

Gathering and prioritizing Program requirements.-  

Technology Advisor of Data warehouse and business intelligence.-  

Technology Advisor of Metadata Management using Statistical Data and Metadata 

Exchange (SDMX).-  

Technology Advisor of Identity and access management.- 

Maintain a solid and trusted working relationships with GaStat partners, stakeholders and 

senior management.-  

Member of Masdar Program Steering Committee.-  

Quality Assurance on Program Deliverables.-  

Build a Data Management Office.-  

Advisor for National Strategy f Statistical Development.- 

Advisor for Big Data and AI initiatives.-  

Advisory in the digital transformation committee.  Hult International Business School 

Degree Name Master of Business Administration (M.B.A.) Field Of Study Business 

Administration and Management, General Dates attended or expected graduation 

Activities and Societies:- Rotated to Shanghai Campus, to attend Strategic Brand 

Management & Corporate Social Responsibility. - Action Project: Cloud Computing 

Services, Go-to-MarketStrategy for Telecom Saudi Arabia. Focused on Built an effective 

Operating Model to Leverage the existing independent Software Vendor (VAR) as a Partner 

to gain marketshare in Cloud Services World's most international business school.  

 

Job 10: 

 

Relationship Manager NBFI - Western Region 
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Job Purpose: 

"To build, manage and maintain profitable relationships with Non Banking Financial 

Institutions and Correspondent Banks, to effectively drive and achieve overall Riyad 

Bank’s objectives and contribute to the Bank's profitability." 

Responsibilities: 

• Assumes prime responsibility in developing and maintaining effective relationships 

with Non-Banking Financial Institutions across the globe in order to generate leads, 

cross-sell the bank’s products and services and achieve maximization of revenue. 

• Identifies revenue opportunities in order to increase the Non Banking Financial 

Institutions promote, marketand cross-sell the Bank’s products in coordination with 

other business divisions (Retail, Corporate Banking and Treasury/Investment). 

• Maximizes product penetration and cross selling and actively seeks opportunities 

in-order to ensure the services required by the organization are delivered in the 

most effective manner. 

• Develops account plans in a consistent and timely manner in order to swiftly 

follow-up on identified action items. 

• Develops Non-Banking Financial Institutions products to maximize the profitability 

of all financial institutions relationships. 

• Executes Non-Banking Financial Institutions’ deals, through collaboration with 

concerned departments. 

• Reviews credit line needs periodically with local and International Non-Banking 

Financial Institutions / Correspondent Banks 

Qualifications: 

Minimum Qualifications: 

Bachelor’s degree in Business with preferably a specialization in Finance or Accounting 

Minimum Experience: 

3-5 years relevant experience in the banking sector, preferably in FID or Corporate 

Banking or Trade Finance or Treasury 

Language: 

English: Advanced 

 

Candidate 1: 

 

Experience in Relationship Manager NBFI. All while elevating and delivering 

exceptional for Non-Banking Financial Institutions and Correspondent Banks by 

managing and maintaining profitable relationships to effectively drive and achieve 

overall objectives and contribute to the Bank's profitability. I am accountable for 

developing and maintaining effective relationships with Non-Banking Financial 

Institutions across the globe to generate leads, cross-sell the bank’s products and 

services, and achieve the maximization of revenue. 
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I Identify the revenue opportunities in order to increase the Non Banking Financial 

Institutions promote, marketand cross-sell the Bank’s products in coordination with 

other business divisions and Maximize the product penetration and cross selling and 

actively seeks opportunities in-order to make sure the services required by the 

organization are delivered in the most effective manner. 

I work on Developing account plans in a consistent and timely manner in order to 

swiftly follow-up on identified action items and develop Non-Banking Financial 

Institutions products to maximize the profitability of all financial institutions 

relationships. 

Moreover, I execute Non-Banking Financial Institutions’ deals, through collaboration 

with concerned departments and review credit line needs periodically with local and 

International Non-Banking Financial Institutions and Correspondent Banks 

Bachelor’s degree in Business in Finance  

ten years relevant experience in the banking sector and Treasury 

The English language is excellent 

 

Candidate 2: 

 

Experience 15 years in relationship manager nbfi. Corporate banker and an 

entrepreneur with a dedicated experience working with well reputed local and 

multinational organizations and as a self-employed professional. To build, manage 

and maintain profitable relationships with non banking financial institutions and 

correspondent banks, to effectively drive and achieve overall my job objectives and 

contribute to the bank's profitability by reviewing credit line needs periodically with 

local and International Non-Banking Financial Institutions or the Correspondent Banks 

I have a high level of accountability in developing and maintaining effective 

relationships with Non-Banking Financial Institutions across the globe in order to 

generate leads, cross-sell the bank’s products and services and achieve the 

maximization of revenue. And to Identifie revenue opportunities in order to increase 

the Non-Banking Financial Institutions promote, marketand cross-sell the Bank’s 

products in coordination with other business divisions and Develop Non-Banking 

Financial Institutions products to maximize the profitability of all financial institutions 

relationships and develop account plans in a consistent and timely manner in order to 

swiftly follow-up on identified action items. 

One of my tasks is to maximise product penetration and cross selling and actively 

seek opportunities to ensure the services required by the organization are delivered in 

the most effective manner. I execute Non-Banking Financial Institutions’ deals through 

collaboration with concerned departments. 

Bachelor’s degree in Business in Finance  

Five years relevant experience in the banking sector. 
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Excellent English language 

 

 

Candidate 3: 

 

I have ten years of experience as Relationship Manager NBFI and Sales and 

Relationship Management. I work to manage and maintain profitable relationships 

with Non Banking Financial Institutions and Correspondent Banks, to effectively drive 

and achieve overall objectives and contribute to the Bank's profitability. 

I aim to maximize product penetration and cross selling and actively seeks 

opportunities in-order to ensure the services required by the organization are 

delivered in the most effective manner. And develop account plans in a consistent and 

timely manner in order to swiftly follow-up on identified action items. As well as 

develop Non-Banking Financial Institutions products to maximize the profitability of 

all financial institutions relationships. Furthermore, I execute Non-Banking Financial 

Institutions’ deals, through collaboration with concerned departments and review 

credit line needs periodically with local and International Non-Banking Financial 

Institutions and Correspondent Banks. 

Good communication skills to develop and maintain effective relationships with Non-

Banking Financial Institutions across the globe in order to generate leads, cross-sell 

the bank’s products and services and achieve the maximization of revenue. 

I can Identifie revenue opportunities in order to increase the Non Banking Financial 

Institutions promote, marketand cross-sell the Bank’s products in coordination with 

other business divisions. 

Bachelor’s degree in Business in Finance  

5 years experience in the banking Finance and Treasury 

English language 

 

 

Candidate 4: 

 

I am an Experience in Relationship Manager NBFI and an analytical and customer-

focused professional with extensive experience in establishing and managing high-level 

engagements with clients to identify business needs and deliver strategic 

recommendations, while facilitating sales and revenue growth by capturing business 

development opportunities. I have continually demonstrated success in prospecting and 

acquiring key accounts from non-engaged customers, while delivering world-class 

services to elevate customer satisfaction, promote loyalty/retention, and secure 

repeat/referral business. I have proven ability to lead, train, and mentor cross-functional 

teams for identifying and resolving customer complaints and consistently 

meeting/exceeding Key Performance Indicators. As my professional career continues to 
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evolve, I remain steadfast in my belief that collaboration is the key to success therefore, on 

a daily basis I am committed to building positive working relationships with my clients, 

interdepartmental teams, executive management peers, and key stakeholders to facilitate 

achievement of both short- and long-term strategic business goals. 

I aim to maximize product penetration and cross selling and actively seeks 

opportunities in-order to ensure the services required by the organization are 

delivered in the most effective manner. And develop account plans in a consistent and 

timely manner in order to swiftly follow-up on identified action items. As well as 

develop Non-Banking Financial Institutions products to maximize the profitability of 

all financial institutions relationships. Furthermore, I execute Non-Banking Financial 

Institutions’ deals, through collaboration with concerned departments and review 

credit line needs periodically with local and International Non-Banking Financial 

Institutions and Correspondent Banks. 

Good communication skills to develop and maintain effective relationships with Non-

Banking Financial Institutions across the globe in order to generate leads, cross-sell 

the bank’s products and services and achieve the maximization of revenue. 

I can Identifie revenue opportunities in order to increase the Non Banking Financial 

Institutions promote, marketand cross-sell the Bank’s products in coordination with 

other business divisions. 

Bachelor’s degree in Business in Finance  

5 years experience in the banking Treasury 

English language 

 

Candidate 5: 

 

I work as Relationship Manager NBFI and provide strategic brokerage consultancy to 

clients for realizing the organizational objective of empowering nationwide customers in 

becoming life-long investors. I was responsible for cultivating and nurturing positive 

relationships with key accounts and provided superior services to elevate customer 

satisfaction and promote loyalty/retention. One of my key assignments in this role was to 

lead, train, and guide the team of seven bankers and tellers for consistently meeting KPI 

goals and driving business growth. I identified client needs/demands to deliver strategic 

solutions through a suite of organizational products/services, including small business, 

investment, and home lending products. I was also responsible for expanding my portfolio 

by prospecting and soliciting new clients through telephone calls and emails and 

managing and maintaining profitable relationships with Non-Banking Financial 

Institutions and Correspondent Banks to effectively drive and achieve overall 

objectives and contribute to the Bank's profitability. 

I have a high level of accountability in developing and maintaining effective 

relationships with Non-Banking Financial Institutions across the globe in order to 

generate leads, cross-sell the bank’s products and services and achieve the 
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maximization of revenue. And to Identify revenue opportunities in order to increase 

the Non-Banking Financial Institutions promote, marketand cross-sell the Bank’s 

products in coordination with other business divisions and Develop Non-Banking 

Financial Institutions products to maximize the profitability of all financial institutions 

relationships and develop account plans in a consistent and timely manner in order to 

swiftly follow-up on identified action items. 

One of my tasks is to maximise product penetration and cross selling and actively 

seek opportunities to ensure the services required by the organization are delivered 

most effectively. I execute Non-Banking Financial Institutions’ deals through 

collaboration with concerned departments. 

Bachelor’s degree in Business in Finance  

four years relevant experience in the banking sector. 

Excellent English language 

 

Candidate 6: 

 

Business Development  

Company Name      Events Oasis        Full-time Dates Employed  

Achieve revenue goals. Maintain good working relationships with existing clients 

previously to enhance client retention and new sales through referrals and references. 

Identify and develop new and existing referral sources to develop successful referring 

relationships. Actively identify and generate prospects through strategic sales strategies 

focusing on customers in target markets.  .  King Faisal University Degree Name Bachelor's 

degree Field Of Study Business Administration and Management 

Candidate 7: 

   Priority Banking Relationship Manager 

Company Name      B a n q u e Saudi F r a n s i        Full-time 

Worked as a Relationship Manager for Priority Banking customers in the Saudi Fransi Bank 

Branch, major tasks was doing the client's visit to maintain the relationship for existing 

clients and potential clients, develop branch balances, product marketing to achieve the 

bank goal.  King Abdul Aziz University Degree Name Bachelor's degree Field of Study 

Administrative science Dates attended or expected graduation  

 

Candidate 8: 

Team Leader, Business Development 

 Company Name      SAED.        Full-time 

Main Role: Responsible for planning and accomplishing business development activities 

by researching and developing marketing opportunities , and managing Sales team to 
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achieve the sales target in monthly basis and quarterly , and their daily activities . Duties: 

Contacting potential clients to establish rapport and arrange meetings. 

Planning and overseeing new marketing initiatives. 

Researching organizations and individuals to find new opportunities. 

Increasing the value of current customers while attracting new ones. 

Finding and developing new markets and improving sales. 

Attending conferences, meetings, and events.  

Developing quotes and proposals for clients.  

Developing goals for the development team and businesses and helping team members 

develop their skills 

Participate in pricing the solution/service         

Al-Quds Open University Degree Name Bachelor's degree Field Of Study Marketing  

 

Candidate 9: 

Sales Account Manager 

Company Name      Confidential        Full-time 

Selling Customer experience solutions and digital transformation solutions haunting new 

lead. Manage a portfolio of accounts to achieve long-   term success. 

Develop positive relationships with clients. 

Act as the point of contact and handle customers  

individual needs  

Generate new business using existing and potential customer networks. 

Resolve conflicts and provide solutions to customers in a timely manner. 

Supervise account representatives to ensure sales increase. 

Report on the status of accounts and transactions 

Set and track sales account targets, aligned with company objectives. 

Monitor sales metrics  

ARAB OPEN UNIVERSITY Degree Name Bachelor's degree Field Of Study Bachelor in 

Information Technology & Computing Dates attended or expected graduation  

 

 

Candidate 10: 

 

Sr.Account Manger 

Company Name      Ctelecoms (Consolidated Telecoms)  

Responsible for developing and maintaining commercially productive relationships with 

both new and old clients. Also in charge of identifying every sales lead and of making the 

most out of every opportunity to increase revenue and profitability 

Promote the company brand to key buyers, ensuring their knowledge is current and 

appropriate 
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Generating new business both in face to face meetings and over the phone. 

Writing up concise, value-based sales proposals. 

Replying to all customer enquiries in a timely and accurate manner. 

Writing up sales reports, activity reports and revenue forecasts. 

  Completing all documentation and administrative records, fully and accurately. 

  Developing and maintaining a database of all contacts. 

 Possessing the financial acumen at and identify potential opportunities and new clients. 

Ensuring that projects are financially viable. 

Ability to react quickly to emergency situation or new customer requirements. 

Identifying the specific needs of customers, then creating bespoke solutions for them. 

Writing accurate reports through the detailed analysis of data. 

Sharing knowledge and expertise in a highly professional manner. 

Can quickly collate and priorities data from different sources.     

Damascus University Degree Name Foundation degree Field Of Study Business 

Administration and Management. 
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B. HR judgment 
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Job 
Candidate HR1 HR2 HR3 Final 

Job1 
     

 
Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 

 Similar Candidate7 Good match Good match Good match 3 

 Similar Candidate8 Good match Good match Good match 3 

 Similar Candidate9 Good match bad match Good match 2 

 Similar Candidate10 bad match Good match bad match 1 

Job2      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 

 Similar Candidate7 Bad match Bad match Good match 1 

 Similar Candidate8 Bad match Bad match Bad match 0 

 Similar Candidate9 Bad match Bad match Bad match 0 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job3      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 
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 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 

 Similar Candidate7 Good match Good match Good match 3 

 Similar Candidate8 Good match Good match Good match 3 

 Similar Candidate9 Good match Bad match Bad match 1 

 Similar Candidate10 Bad match Good match Bad match 1 

Job4      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 

 Similar Candidate7 Good match Good match Good match 3 

 Similar Candidate8 Good match Good match Good match 3 

 Similar Candidate9 Bad match Bad match Good match 1 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job5      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 

 Similar Candidate7 Good match Bad match Bad match 1 

 Similar Candidate8 Good match Bad match Bad match 1 
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 Similar Candidate9 Bad match Bad match Bad match 0 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job6      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Bad match Bad match Good match 1 

 Similar Candidate7 Good match Bad match Bad match 1 

 Similar Candidate8 Good match Bad match Bad match 1 

 Similar Candidate9 Bad match Bad match Bad match 0 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job7      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Bad match Good match Good match 2 

 Similar Candidate5 Good match Bad match Good match 2 

 Similar Candidate6 Good match Good match Bad match 2 

 Similar Candidate7 Bad match Bad match Good match 1 

 Similar Candidate8 Bad match Good match Bad match 1 

 Similar Candidate9 Bad match Bad match Bad match 0 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job8      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 
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 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Bad match Good match Good match 2 

 Similar Candidate6 Bad match Good match Bad match 1 

 Similar Candidate7 Good match Bad match Bad match 1 

 Similar Candidate8 Bad match Bad match Bad match 0 

 Similar Candidate9 Bad match Bad match Bad match 0 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job9      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Good match Good match 3 

 Similar Candidate7 Good match Good match Good match 3 

 Similar Candidate8 Good match Good match Good match 3 

 Similar Candidate9 Bad match Bad match Good match 1 

 Similar Candidate10 Bad match Bad match Bad match 0 

Job10      

 Similar Candidate1 Good match Good match Good match 3 

 Similar Candidate2 Good match Good match Good match 3 

 Similar Candidate3 Good match Good match Good match 3 

 Similar Candidate4 Good match Good match Good match 3 

 Similar Candidate5 Good match Good match Good match 3 

 Similar Candidate6 Good match Bad match Bad match 1 

 Similar Candidate7 Bad match Good match Bad match 1 

 Similar Candidate8 Bad match Bad match Good match 1 

 Similar Candidate9 Bad match Bad match Bad match 0 
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 Similar Candidate10 Bad match Bad match Bad match 0 

     61 
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C. Initial screening layer code 
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Initial_Screening_Layer.ipynb 

Automatically generated by Colaboratory. 

Original file is located at 

https://colab.research.google.com/drive/162jWb6X7L8Eq592D2_R98MS1ZeCWxHkr 

 

import pandas as pd 

jf=pd.read_csv('/content/Jobs.csv',encoding = "ISO-8859-1") 

cf=pd.read_csv('/content/Candidate.csv',encoding = "ISO-8859-1") 

 

jf.info() 

 

cf.info() 

 

# dropping duplicates 

jf=jf.drop_duplicates(keep='first',subset='Description') 

cf=cf.drop_duplicates(keep='first',subset='Education') 

 

# Creating courpus for generating TFIDF vectors (Stacking of jobs and candidates 

together) 

corpus=[] 

J_ids=[] 

C_ids=[] 

for i in range(len(jf)): 

  corpus.append(str(jf.iloc[i,4])+' '+str(jf.iloc[i,6])+' '+str(jf.iloc[i,7]))      # taking 

collumns of level, type and location 

  J_ids.append('J'+' '+str(i)) 

for i in range(len(cf)): 

  corpus.append(str(cf.iloc[i,7])+' '+str(cf.iloc[i,8])+' '+str(cf.iloc[i,10]))      # taking 

collumns of level, type and location 

  C_ids.append('C'+' '+str(i)) 

 

'''job_ids=[i for i in range(len(jf))] 
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cand_ids=[i for i in range(len(cf))] 

ids=[] 

for i in range(len(job_ids)): 

  ids.append('J'+' '+str(i)) 

for i in range(len(cand_ids)): 

  ids.append('C'+' '+str(i))''' 

 

# Code for TFIDF vectorization, these vectors will be fed in birch algorithm 

from sklearn.feature_extraction.text import TfidfVectorizer 

vectorizer = TfidfVectorizer() 

X = vectorizer.fit_transform(corpus) 

print(vectorizer.get_feature_names()) 

print(X.shape) 

 

#Code for birch clustering 

from sklearn.cluster import Birch 

brc = Birch(n_clusters=None) # n_cluster is a hyperparameter, which needs to be decded 

on basis of size of corpus 

brc.fit(X)                   # set n_clusters=None to return subclusters as it is, change n_clusters 

to some number to perform final clustering step 

i_cluster=brc.predict(X) 

 

ids=J_ids+C_ids 

 

# output dataset, contating job/candidate id and their cluster number. 

cluster_dataframe=pd.DataFrame(list(zip(ids,i_cluster)),columns=['ID','Cluster 

number']) 

cluster_dataframe 

 

cluster_dataframe.to_excel('Clustered_dataframe.xlsx') 
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D. Mapping layer code 

 

 

 

 

 

 

 

 

 

 

 

!pip install -U sentence-transformers 

!pip install faiss-gpu 

import faiss,numpy 

from sentence_transformers import SentenceTransformer 

embed_model = SentenceTransformer('stsb-roberta-base-v2') 
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import spacy 

import nltk 

import re 

import pandas as pd 

"""# Setting Variables""" 

 

job_file_path='/content/Jobs.csv' 

candidate_file_path='/content/Candidate.csv' 

 

"""# Data Loading""" 

 

jobs_df=pd.read_csv(job_file_path,encoding = "ISO-8859-1") 

cand_df=pd.read_csv(candidate_file_path,encoding = "ISO-8859-1") 

 

del jobs_df['Date']                   # Since contained all NAN values 

del jobs_df['Job ID']                 # Since contained all NAN values 

# jobs_df=jobs_df.dropna()              # Dropping further NAN values 

jobs_df.fillna('NON', inplace=True) 

jobs_df.info() 

jobs_df.shape 

# Relevant columns for job dataframe 

job_responsibility_column=8 

job_description_column=3 

job_qualification_column=9 
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cand_df.info() 

cand_df.shape 

# cand_df.iloc[2] 

# cand_df.iloc[1] 

# Relevant columns for candidate dataframe 

candidate_experience_column=4 

candidate_education_column=3 

candidate_skills_column=8 

candidate_certificates_column=10 

jobs_df=jobs_df.drop_duplicates(keep='first',subset=['Description','Responsibilities'])    

# Dropping duplicates 

 

cand_df=cand_df.drop_duplicates(keep='first',subset=['Education','Skills','Experience'])      

# Dropping duplicates 

jobs_df.shape 

cand_df.shape 

cand_df.to_csv('cand_df.csv') 

cand_df.iloc[355] 

# Concatentaing text from desired column i.e description,responsibility,and qualification 

job_text=[] 

job_ids=[] 

for i in range(len(jobs_df)): 

  concatenated_text=(jobs_df.iloc[i,job_description_column]+ '. '+ 

jobs_df.iloc[i,job_responsibility_column]+'. '+ 

jobs_df.iloc[i,job_qualification_column]).replace('\n','. ') 
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  text=concatenated_text.replace('\n\n','') 

  job_text.append(text) 

  job_ids.append(i) 

# Concatentaing text from desired column i.e experience, education,skills and certficates 

candidate_text=[] 

cand_ids=[] 

for i in range(len(cand_df)): 

  concatenated_text=str(cand_df.iloc[i,candidate_experience_column])+ '. 

'+str(cand_df.iloc[i,candidate_education_column])+ \ 

  '. '+str(cand_df.iloc[i,candidate_skills_column])+'. 

'+str(cand_df.iloc[i,candidate_certificates_column]).replace('\n','. ') 

  text=concatenated_text.replace('\n\n','') 

  text=text.replace('\n','') 

  candidate_text.append(text) 

  cand_ids.append(i) 

jobs_df['job_text']=job_text 

#jobs_df['job_text']=job_text 

cand_df['candidate_text']=candidate_text 

#cand_df['job_text']=job_text 

candidate_text[0] 

job_text[0] 

# Creating set to handle duplicates, since data has lot of duplicates 

complete_text=job_text+candidate_text 

 

# Create mapping to map back to original dataframe 
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indexes=[i for i in range(len(complete_text))] 

mapping=dict(zip(indexes,(job_ids+cand_ids))) 

mapping[202] 

complete_text[214] 

cand_df.iloc[i,11] 

 

# code to extract number of professional years from candidate experience 

import re 

pattern=re.compile(r'\d [y]r') 

years=[] 

for i in range(len(cand_df)): 

  try: 

    years.append(pattern.findall(cand_df.iloc[i,11])[0]) 

  except: 

    years.append('NA') 

cand_df['Duration']=years 

cand_df 

"""# Data Cleaning""" 

# Data preprocessing function 

def preprocess(sentence): 

  sentence = "".join(filter(lambda x: not x.isdigit(), sentence)) 

  sentence = ' '.join([i for i in sentence.split() if '@' not in i]) 

  sentence=re.sub(' +', ' ', sentence) 

  sentence=' '.join([item for item in sentence.split() if '@' not in item]) 
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  sentence = ' '.join([item for item in sentence.split() if len(item)>2]) 

  sentence=re.sub("[\(\[]*?[\)\]]", "", sentence) 

  sentence = re.sub(r"[^a-zA-Z0-9.,]+", ' ', sentence) 

  sentence=sentence.rstrip("\n") 

  sentence=sentence.strip() 

  strText=sentence.split() 

  sentence=" ".join(strText) 

  sentence=sentence.lower() 

  return sentence 

 

# Creating list of cleaned text, using above preprocessing function 

cleaned_complete=[] 

for i in range(len(complete_text)): 

  cleaned_complete.append(preprocess(complete_text[i])) 

len(set(complete_text)) 

# Setting Faiss variables 

d = 768                   # dimension of vectors 

nb = len(set(complete_text))              # database size (jobs+candidates) 

nq = 1                    # nb of queries 

k = len(set(complete_text))             # To see 1000 nearest neighbors 

n_jobs=10                 # number of similar jobs to be retrieved 

n_candidates=10           # number of similar candidates to be retrieved 

"""# Generating embeddings and FAISS indexing""" 

# Creating embeddings  
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cleaned_embed=embed_model.encode(cleaned_complete,show_progress_bar=True) 

cleaned_embed 

import numpy as np 

np.random.seed(1234)             # make reproducible 

res = faiss.StandardGpuResources()  # use a single GPU 

index_flat = faiss.IndexFlatL2(d)  # build a flat (CPU) index 

gpu_index_flat = faiss.index_cpu_to_gpu(res, 0, index_flat) 

gpu_index_flat.add(cleaned_embed)         # add vectors to the index 

print(gpu_index_flat.ntotal) 

gpu_index_flat 

len(set(job_text)) 

len(set(candidate_text)) 

len(set(complete_text)) 

# Creating distance and index array, here k refers to number of nearest neighbors to be 

searched 

D, I = gpu_index_flat.search(cleaned_embed, k) 

act=[] 

for ele in I[1]: 

  if ele >= len(set(job_text)): 

    act.append(ele) 

act[:10] 

for F in act[:10]: 

   print(F) 

   print('Mapping') 
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   print(mapping[F]) 

   print('**************') 

   print(complete_text[F]) 

   print('**************') 

mapping[1677] 

"""# Extracting similar candidates for a given job""" 

''' 

Extracts 10 most similar candidates for a given job along with distance scores 

''' 

ids=[] 

retrieved_candidates=[] 

distance=[] 

cand_index=[] 

job=[] 

for i in range(len(set(job_text))): 

  act=[] 

  dist=[] 

  ids=[] 

  for ele,el in (zip(I[i],D[i])): 

    if ele>= len(set(job_text)): 

      act.append(complete_text[ele]) 

      dist.append(el) 

      ids.append(ele) 

  job.append(complete_text[i]) 
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  retrieved_candidates.append(act[:10]) 

  distance.append(dist[:10]) 

  cand_index.append(ids[:10]) 

jobs_dataframe=pd.DataFrame(list(zip(job,cand_index,retrieved_candidates,distance)),c

olumns=['Job Description','Candidate ID','Retrieved Candidates','Distance Score']) 

jobs_dataframe 

jobs_dataframe.iloc[0,0] 

# Writing output dataframe as json file 

jobs_dataframe.to_csv('job_dataframe.csv') 

"""# Extracting similar jobs for a given candidate""" 

retrieved_jobs=[] 

job_index=[] 

distance=[] 

candidates=[] 

for i in range(len(set(job_text)),len(complete_text)): 

  act=[] 

  dist=[] 

  ids=[] 

  for ele,el in (zip(I[i],D[i])): 

    if ele < len(set(job_text)): 

      act.append(complete_text[ele]) 

      dist.append(el) 

      ids.append(ele) 

  candidates.append(complete_text[i]) 
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  retrieved_jobs.append(act[:10]) 

  distance.append(dist[:10]) 

  job_index.append(ids[:10]) 

act=[] 

for ele in I[195]: 

  if ele < len(set(job_text)): 

    act.append(ele) 

candidate_dataframe=pd.DataFrame(list(zip(candidates,job_index,retrieved_jobs,distan

ce)),columns=['Candidate Description','Job Ids','Retrieved Jobs','Distance Score']) 

candidate_dataframe=pd.DataFrame(list(zip(candidates,retrieved_jobs,distance)),colum

ns=['Candidate Description','Retrieved Jobs','Distance Score']) 

# Writing output dataframe as json file 

candidate_dataframe.to_csv('candidate_dataframe.csv') 

candidate_dataframe 

candidate_dataframe.to_excel('candidate_dataframe.xlsx') 

file1 = open("out.txt","w") 

for i in range(len(jobs_dataframe)): 

# \n is placed to indicate EOL (End of Line) 

  file1.write(jobs_dataframe.iloc[i,0]) 

  file1.write('\n') 

  for j in range(10): 

    file1.write('Similar Candidate'+str(j)) 

    file1.write('\n') 

    file1.write(jobs_dataframe.iloc[i,2][j]) 

    file1.write('\n') 
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  file1.write('*'*100)  

file1.close() #to change file access modes 
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E. Preferences layer code 

 

 

 

 

 

 

 

 

 

 

 

 

 

pip install -U sentence-transformers 

# Loading pretrained re-ranking model from sentence transformers    

https://www.sbert.net/docs/pretrained_cross-encoders.html 

from sentence_transformers import CrossEncoder 
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model = CrossEncoder('cross-encoder/ms-marco-MiniLM-L-12-v2', max_length=512) 

# Enter job number for which you want to re-rank candidates 

job_num=4 

# Enter sentence or word for degree preference 

degree_preference='sales' 

jobs_dataframe 

jobs_dataframe.iloc[job_num,1][4] 

len(cand_df) 

cand_df.iloc[mapping[jobs_dataframe.iloc[job_num,1][9]],4] 

range(10) 

jobs_dataframe.iloc[0,1][4] 

complete_text[1457] 

(degree_preference,complete_text[mapping[jobs_dataframe.iloc[job_num,1][5]]]) 

# code to extract reranking score for degree preference 

input=[] 

text=[] 

for i in range(10): 

  a=(degree_preference,complete_text[jobs_dataframe.iloc[job_num,1][i]]) 

  input.append(a) 

  text.append(complete_text[jobs_dataframe.iloc[job_num,1][i]]) 

degree_scores = model.predict(input) 

input 

degree_scores 

jobs_dataframe.iloc[job_num,1] 
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text[0] 

## Experience preference 

# Enter number of years preference 

years_preference= 3 

i 

cand_df.iloc[jobs_dataframe.iloc[job_num,1][i],12] 

mapping[jobs_dataframe.iloc[job_num,1][1]] 

mapping[1498] 

cand_df 

cand_df.iloc[mapping[jobs_dataframe.iloc[job_num,1][1]],12] 

cand_df[cand_df.iloc[:,12]!='NA'] 

# code that maps extracted number of years  

year_score=[] 

for i in range(10): 

  if cand_df.iloc[mapping[jobs_dataframe.iloc[job_num,1][i]],12]=='NA': 

    year_score.append(0) 

  else: 

    sc=re.findall(r'\d+', cand_df.iloc[mapping[jobs_dataframe.iloc[job_num,1][i]],12]) 

    year_score.append(int(sc[0])) 

# Number of years of experience can diectly be taken as a score 

year_score 

## General Preference 

# Enter any other general preference that you want to see 

general_preference= 'manage and deal with marketstrategies' 
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# code to rerank using general preference 

input=[] 

text=[] 

for i in range(10): 

  a=(general_preference,jobs_dataframe.iloc[job_num,2][i]) 

  input.append(a) 

  text.append(jobs_dataframe.iloc[job_num,2][i]) 

preference_scores = model.predict(input) 

preference_scores 

# befor reranking 

text[0] 

# after reranking 

text[5] 

## Score Normalization 

## To normalize each score 

score_1=[] 

for ele in degree_scores: 

  score_1.append((ele+30.0)/100.0) 

score_1 

score_2=[] 

for ele in year_score: 

  score_2.append(ele/10.0) 

score_2 

score_3=[] 
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for ele in preference_scores: 

  score_3.append((ele+30.0)/100.0) 

score_3 

# combining all normalized scores of 3 preferences to gve final output 

final_score=[] 

for i in range(10): 

  final_score.append(score_1[i]+score_2[i]+score_3[i]) 

final_dic=dict(zip(jobs_dataframe.iloc[0,1],final_score)) 

fin=sorted(final_dic, key=final_dic.get) 

# final sorted list of candidates on basis of each score combined 

fin.reverse() 

# final reranked output 

fin 

# final output without reranking 

jobs_dataframe.iloc[0,1] 
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F. Example of HR consideration when 

matching CV to jobs 
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Candidate HR3 CV Review 
Time in 
minutes 

taken 

    Experience Education & Qualifications Skills required for job   

Job1 

Similar 
Candidate1 

Good 
match 

Experienced Highly Qualified - Masters Skilled. 30 

Similar 
Candidate2 

Good 
match 

Experienced Qualified Possess all Skills including Banking Experience 30 

Similar 
Candidate3 

Good 
match 

Experienced Highly Qualified - Masters Possess all Skills including Banking Experience 30 

Similar 
Candidate4 

Good 
match 

Experienced Qualified Skilled. 30 

Similar 
Candidate5 

Good 
match 

Experienced Qualified Possess all Skills including Banking Experience 30 

Similar 
Candidate6 

Good 
match 

Not Experienced Qualified 
Not possessing all Skills required for the job. No expereince in banking 
sector 

30 

Similar 
Candidate7 

Good 
match 

Not Experienced Qualified 
Not possessing all Skills required for the job including data warehouse 
systems.  

30 

Similar 
Candidate8 

Good 
match 

Not Experienced Qualified 
Not possessing all Skills required for the job including Managerial 
Capabilities required for the job 

30 

Similar 
Candidate9 

Good 
match 

Not Experienced Qualified Expereince not related to job requirements  20 

Similar 
Candidate10 

bad 
match 

Not Experienced Not Qualified Expereince not related to job requirements  20 

Job2 

Similar 
Candidate1 

Good 
match 

Meeting Experience Highly Qualified - Masters Possess all Skills including English, Arabic & computer skills 30 

Similar 
Candidate2 

Good 
match 

Experience is not clear Highly Qualified - Masters Eager to learn. Knows English, Arabic & computer skills 30 

Similar 
Candidate3 

Good 
match 

Meeting Experience Qualified  
Skilful; however, needs to know the skills in Quality Management 
practices in healthcare 

30 

Similar 
Candidate4 

Good 
match 

Meeting Experience Qualified  
Skilful; however, needs to know the skills in Quality Management 
practices & Arabic 

30 

Similar 
Candidate5 

Good 
match 

Experience is not clear Qualified  
Good Communications skills. Need to check professional skills. Knows 
English, Arabic & computer skills 

30 

Similar 
Candidate6 

Good 
match 

Meeting Experience Qualified  
Skilful; however, needs to know the skills in Quality Management 
practices in healthcare 

30 

Similar 
Candidate7 

Good 
match 

Meeting Experience Qualified  Skilful in certain area. No Arabic Skills & quality management practices 30 

Similar 
Candidate8 

Bad 
match 

Not Experienced Not Qualified Expereince not related to job requirements  10 
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Similar 
Candidate9 

Bad 
match 

Not Experienced Not Qualified Expereince not related to job requirements  10 

Similar 
Candidate10 

Bad 
match 

Not Experienced Not Qualified Expereince not related to job requirements  10 

Job3 

Similar 
Candidate1 

Good 
match 

Meeting Experience 
Qualified including experience in 
Temenos 

Meeting required skills 30 

Similar 
Candidate2 

Good 
match 

Less Years of Experience 
Qualified including experience in 
Temenos 

Meeting required skills 30 

Similar 
Candidate3 

Good 
match 

Highly Experienced 
Qualified including experience in 
Temenos 

Meeting required skills 30 

Similar 
Candidate4 

Good 
match 

Less Years of Experience 
Qualified including experience in 
Temenos 

Meeting required skills 30 

Similar 
Candidate5 

Good 
match 

Not Experienced Qualified but no experience in Temenos Not meeting required skills 20 

Similar 
Candidate6 

Good 
match 

Not Experienced Qualified Not meeting required skills 20 

Similar 
Candidate7 

Good 
match 

Less Years of Experience 
Qualified including experience in 
Temenos 

Not Meeting all required skills 20 

Similar 
Candidate8 

Good 
match 

Not Experienced Qualified but no experience in Temenos Not Meeting all required skills 20 

Similar 
Candidate9 

Bad 
match 

Not Experienced Not meeting Education Not Meeting all required skills 20 

Similar 
Candidate10 

Bad 
match 

Not Experienced Not meeting Education Not Meeting all required skills 20 

Job4 

Similar 
Candidate1 

Good 
match 

Meeting Experience Highly Qualified - Masters Possess all Skills including fluency in English & Arabic 30 

Similar 
Candidate2 

Good 
match 

Meeting Experience Qualified Possess all Skills including fluency in English & Arabic 30 

Similar 
Candidate3 

Good 
match 

Meeting Experience Qualified 
Possess all Skills but no fluency in Arabic. Multiple roles handled in 
varied capacities 

30 

Similar 
Candidate4 

Good 
match 

Not Experienced Qualified Not Meeting all required skills 20 

Similar 
Candidate5 

Good 
match 

No clear Years of Experience  Qualified Possessing most of the skills including fluency in English & Arabic 20 

Similar 
Candidate6 

Good 
match 

Experience in Digital Marketing Qualified Not posssessing all skills 20 

Similar 
Candidate7 

Good 
match 

Experience in Sales  Qualified Not posssessing all skills 20 

Similar 
Candidate8 

Good 
match 

Experience overqualified  Qualified Not possessing all skills 20 
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Similar 
Candidate9 

Good 
match 

Not Experienced Qualified Not Meeting all required skills 20 

Similar 
Candidate10 

Bad 
match 

Not Experienced Not meeting Education Not Meeting all required skills 20 

Job5 

Similar 
Candidate1 

Good 
match 

Meeting Experience Qualifed Possess all Skills 30 

Similar 
Candidate2 

Good 
match 

Years of Experience is not clear Qualfied Possess all skills 30 

Similar 
Candidate3 

Good 
match 

Years of Experience is not clear Qualfied Possess some skills 30 

Similar 
Candidate4 

Good 
match 

Years of Experience is not clear Qualfied Possess all skills 30 

Similar 
Candidate5 

Good 
match 

Years of Experience is not clear Qualfied Possess some skills 30 

Similar 
Candidate6 

Good 
match 

Years of Experience is not clear Qualfied Possess some skills 30 

Similar 
Candidate7 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 

Similar 
Candidate8 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 

Similar 
Candidate9 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 

Similar 
Candidate10 

Bad 
match 

Years of Experience is not clear Qualification not meet Possess some skills 20 

Job6 

Similar 
Candidate1 

Good 
match 

Years of Experience is not clear Qualified Possess some skills 30 

Similar 
Candidate2 

Good 
match 

Meeting Experience Qualified Possess all Skills 30 

Similar 
Candidate3 

Good 
match 

Meeting Experience Qualified Possess all Skills 30 

Similar 
Candidate4 

Good 
match 

Less Years of Experience Qualified Possess some skills 30 

Similar 
Candidate5 

Good 
match 

Meeting Experience Qualified Possess some skills 30 

Similar 
Candidate6 

Good 
match 

not meeting experience Qualified not possessing required skills 30 

Similar 
Candidate7 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 

Similar 
Candidate8 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 
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Similar 
Candidate9 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 

Similar 
Candidate10 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 20 

Job7 

Similar 
Candidate1 

Good 
match 

Meeting Experience Qualified Possess all Skills 
20 

Similar 
Candidate2 

Good 
match 

Meeting Experience Qualified Possess all Skills 
20 

Similar 
Candidate3 

Good 
match 

Experience is not clear Qualified Possessing some Skills 
20 

Similar 
Candidate4 

Good 
match 

Experience in lower management 
position 

Qualified Possessing most of the skills 
20 

Similar 
Candidate5 

Good 
match 

Experience in lower management 
position 

Qualified Possessing most of the skills 
20 

Similar 
Candidate6 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 
10 

Similar 
Candidate7 

Good 
match 

not meeting experience Qualified not possessing required skills 
10 

Similar 
Candidate8 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 
10 

Similar 
Candidate9 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 
10 

Similar 
Candidate10 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Job8 

Similar 
Candidate1 

Good 
match 

Meeting Experience Qualified Possess all Skills 30 

Similar 
Candidate2 

Good 
match 

Highly Experienced Qualified Possess all Skills 30 

Similar 
Candidate3 

Good 
match 

Meeting Experience Qualified Possess most of the Skills 30 

Similar 
Candidate4 

Good 
match 

Highly Experienced Qualified Possess most of the Skills 30 

Similar 
Candidate5 

Good 
match 

Highly Experienced Qualified Possess all Skills 30 

Similar 
Candidate6 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Similar 
Candidate7 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Similar 
Candidate8 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 
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Similar 
Candidate9 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Similar 
Candidate10 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Job9 

Similar 
Candidate1 

Good 
match 

Meeting Experience Qualified 
Possess some of the Skills. No Experience in SAS, R, Python, power BI 
etc. 

20 

Similar 
Candidate2 

Good 
match 

Meeting Experience Qualified - Masters Possess all Skills.  20 

Similar 
Candidate3 

Good 
match 

Meeting Experience Qualified 
Possess some of the Skills. No Experience in SAS, R, Python, power BI 
etc. 

20 

Similar 
Candidate4 

Good 
match 

Meeting Experience Qualified - Masters 
Possess most of the Skills. Experience in SAS, R, Python, power BI etc. to 
be checked 

20 

Similar 
Candidate5 

Good 
match 

Highly Experienced Qualified - Masters Possess all Skills.  20 

Similar 
Candidate6 

Good 
match 

Meeting Experience Qualified 
Possess some of the Skills. No Experience in SAS, R, Python, power BI 
etc. 

20 

Similar 
Candidate7 

Good 
match 

Meeting Experience Qualified - Masters Possess all Skills.  20 

Similar 
Candidate8 

Good 
match 

Meeting Experience Qualified 
Possess some of the Skills. No Experience in SAS, R, Python, power BI 
etc. 

20 

Similar 
Candidate9 

Good 
match 

not meeting experience Qualified not possessing required skills 10 

Similar 
Candidate10 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Job10 

Similar 
Candidate1 

Good 
match 

Experience is not clear Qualified  Possess all Skills.  30 

Similar 
Candidate2 

Good 
match 

Highly Experienced Qualified Possess all Skills.  30 

Similar 
Candidate3 

Good 
match 

Highly Experienced Qualified Possess all Skills.  30 

Similar 
Candidate4 

Good 
match 

Highly Experienced Qualified Possess all Skills.  30 

Similar 
Candidate5 

Good 
match 

Meeting Experience Qualified Possess all Skills.  30 

Similar 
Candidate6 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Similar 
Candidate7 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Similar 
Candidate8 

Good 
match 

not meeting experience Qualified not possessing required skills 30 
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Similar 
Candidate9 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 

Similar 
Candidate10 

Bad 
match 

not meeting experience Qualification not meet not possessing required skills 10 
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G.Example of mapping layer output 

 



301 

 

 

Extracts most similar candidates for  the job along with distance scores 
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