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Traditional Human Resource Management (HRM) systems face
complications in managing various issues related to personnel,
organization, salary, attendance, etc. Cloud Computing (CC) provides help
in these business applications. This research proposes a Cloud-Inspired
Human Resource Management Information System (CIHRMIS) employing
a fuzzy logic system. The proposed CIHRMIS, in view of Fuzzy Logic, may
help companies accomplish their HRM tasks proficiently, which in turn
reduces the cost and increases managerial efficiency. Further, the Fuzzy
Logic System performs adaptive activities, which can be used with
multiterminal platforms operation, which supplements the application
value of the system as well.
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1. Introduction

The NIST defined Cloud Computing (CC) as a "Model for enabling adequate, on-demand
network access to a shared pool of configurable computing sources (e.g., networks, storage,
applications, servers, and services) that can be precipitously provisioned and released with
negligible management exertion or service provider interaction.” "The term' cloud computing'
refers to resources that are shared, rather than controlled by individual servers and devices" (Igbal,
2015). The main purpose of CC is to let distant on request setting for widespread delivery of
services. Cloud services include virtual networks, data storage, application hosting, etc., as
numerous users share these, so they offer economies of scale & assist companies in cutting capital
expenditure & operating costs.

Virtualization brings abundant revolt in Cloud computing through some of its unique
features, including scalability, availability, and elasticity. Despite being a leading platform today,
industries are also questioning clouds' security issues as well. It is serving as a barrier to the
adoption of cloud-inspired systems (Choudhary et al., 2023). The movement from sequential to
parallel computing opens a new epoch. Computing shifts from a centralized to a de-centralized
distribution model. Such progress and modification in the model open new research avenues
(Tabassam, 2017).

Pakistan is a developing country with a populace figure of 156 million. The country's GDP
growth rate is 2.8% (p.a.). Pakistan has invested significantly in the industrial sector to compact
with the digital world. The government of Pakistan announced action plan 2000 for Information
Technology to validate digital breaks. They are also focusing on foreign commitments in this field
now (Moomal & Masrom, 2015). Currently, the number of large-scale companies in Pakistan is
growing daily; hundreds plus multinational companies are also working (See Annexure A). Each
of these comprises a staff of approximately 500 people. Further, these companies have a large
scale of data information (Asghar, 2018). Human Resource Management (HRM) is the essential
work of any organization's management. Cloud Computing (CC) is a prevalent technology; with
its enormous data management and processing superiority attributes, it is extensively used in large-
scale organizations. Processing and storing massive data in the field of HRM is considered a good
solution and enhances efficiency up to the adequate level of management (Vinay , 2018).

Based on a meta-analysis conducted by (Brekis et al., 2014) In the field of Information
Technology (IT), one may say that in Pakistan growth and application of Human Resource
Management Information System is still lagging behind while comparing this to other developed
and even developing countries. Like in China, this has entered the maturity stage (Lv et al., 2018).
The situation is far better in India as well (Singh et al., 2018). Human resource management tactics
are virtually changed and significantly affected by Information Technology ranging from paperless
offices, hand scan attendance, databanks, automated working practices, teleworking, processing
of transactions, reporting applications, e-recruiting, staffing via the internet, and employee
development (Abied et al., 2022). In general, IT intervention in modern organizations has seriously
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influenced human resource management within organizations. Several problems occur in human
resource management, including the absence of performance management, a weak sense of
belonging among employees, and an evaluation of the enterprise's human resource management
system is found to be good (Yao & Azma, 2021). However, the enterprise's management system
still needs to be improved.

IT is considered a major technological breakthrough for developed countries. There is very
little research on IT usage in developing nations due to numerous legitimate, social, and governing
issues. This limits technological aptitude and reduces research and development (R&D) and
excessive use of overseas technology (Lv et al., 2018). Another study (Moomal & Masrom, 2015)
explored the existing state of IT development & its effect on the country's business and human
resource strategies.

According to Avram (2014), Cloud Computing is a rapidly adopted phenomenon for many
organizations. There are two types of organizations; one wants to adopt cloud technology because
itis a new trend; others do not want their sensitive information to go outside the company premises.
So many factors influence the company's decision to adopt the cloud-based technology; initially,
many companies thought to opt for this technology by assuming that it would be cheap, but after
or at the time of actual adoption, it is seen that the cost is far more than estimated by companies.
This is also one of the critical reasons for non-compliance with this technology. Due to these
adoption decisions, cloud technology must be based upon a well-informed analysis.

An exploratory study suggested that competitive pressure does not always compel a
company to adopt cloud technology. Nevertheless, the main factors influencing this decision were:
relative benefit, geographic limitations, compatibility, size, managerial support, industry, and
market scope. Fuzzy Logic is an essential soft tool for efficient decision support systems (Samuel,
Omisore, & Ojokoh, 2013). The main objective of this study was to give a logic-obsessed Cloud-
Inspired Human Resource Management for companies. The task of HRM may be completed
through the internet, including employee portfolio management, reporting, organizational
structure, payroll management, attendance Management and count for payroll preparation
purposes, performance goal setting, and tracking. The application may be connected via desk
computers, laptops, tablets, or android phones, as this is very trendy and user-friendly.

2. Literature Review

According to Moomal and Masrom (2015), the Government of Pakistan must work on lines
to reduce the unemployment rate and allocate excessive budget to enhance awareness about
information and communication technology (ICT). More IT Universities must be formed. Further,
organizations to compete must hire employees with a great acquaintance of ICT and ensure
employees' utilization of new and advanced technologies like HRMIS. Another study by Wang et
al. (2016) shows that SMEs face technical challenges in managing human resources due to
insufficient information, technologies, and managerial expertise. A possible solution to this

problem is to benefit from emerging cloud computing technology.
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However, Zhao et al. (2021b), suggest that cloud computing managers must ensure that
new technologies are incorporated with organizational strategies to support business outcomes.
Organizations need managers who have technical skills as well as business insight. Another study
(Sandu & Gide, 2018) found that environmental factors affect more than the organizational or
technological factors in adopting Cloud services. The study suggested a fuzzy-based method for
optimizing HR vulnerabilities in cloud environments while reducing security expenses. According
to the study results, this method can simulate dynamic and complex security issues in cloud
computing (Li & Pahlevanzadeh, 2021).

Integrating cloud computing, FIS, and HRM has resulted in numerous benefits for
organizations. Firstly, the cloud-inspired HRM system provides real-time access to HR data, which
helps HR managers in making informed decisions (Lima-Junior & Carpinetti, 2020). Secondly,
FIS provides intelligent decision-making capabilities, which helps HR managers in solving
complex HR problems (Azadeh et al., 2016). Thirdly, the cloud-inspired HRM system reduces the
cost of hardware and software maintenance and helps organizations to focus on their core activities
(Zhang et al., 2019). The cloud model transforms government information technology and IT in
the corporate sector. Though it will take a bit of time, CC is the best option to implement and
improve the services in education and health. It also uplifts developing countries socially (Min &
Rabiei, 2022)

SMEs can easily acquire cloud computing to increase productivity and increase work
efficiency. Due to cloud computing, SMEs do not require huge capital expenditure (Domun &
Bheemul, 2019). The extensive accessibility and implementation of cloud services craft new dares
for enterprise and IT and stimuli the need for new practices and skill sets for handling a hybrid of
these services (Erbes et al., 2012). In addition, organizations are progressively looking for possible
benefits from their IT investments (Abied et al., 2022).

A meta-analysis by Hoberg et al. (2012) bent the current research on cloud computing from
a business viewpoint. It considered 60 sources and integrated the results to propose an outline of
the existing body of knowledge. It further tried to reveal the research gap. Research is moving
from a technical perspective to business aspects of cloud computing. Customer-perspective of CC
is not yet uncovered by research. Pragmatic research upon driven factors adoption of services of
cloud is also limited. This might be so as cloud computing is an emerging topic for current
research.

According to Ahmad (2015), cloud computing has drastically changed HRM in the past
few years. No matter the organization's size, companies are flourishing and succeeding due to the
emergence of cloud computing. To further improve the performance of an organization, the
researcher proposed Evolving HRM System via cloud computing, enabling users to access HR
effectively.
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In a recent study, Wang et al., (2016) proposed using cloud computing to support advanced features
such as on-demand payments as a sub-system of HRM. They also focused on its application in
small & medium enterprises (SMEs). There were four parts of the research. The first part was
about cloud computing and its characteristics and applications. The second part discussed game
analysis on the CC of HRM in small & medium enterprises. Thirdly, researchers proposed a new
cloud computing set-up for implementing human Resource Management in small & medium
enterprises. Lastly, its applications were discussed.

Choudhary et al. (2023) identified opportunities, threats, strengths, and weaknesses of
cloud computing. They further pinpoint various issues affecting the variety of shareholders of
Cloud Computing. Finally, along with some recommendations to the experts providing and using
cloud computing, the author also discusses some crucial issues government agencies face in
regulating cloud computing. Another study found empirically that the manufacturing & service
sectors both have different factors that influence the decision to use cloud computing adoption
(Oliveira et al., 2014).

Yao & Azma, (2021) also focused on business facets of cloud computing rather than
technological only. Mainly researchers contributed by giving a conceptual understanding of cloud
players and their roles in new cloud computing value. Cloud Computing is not just an idea but has
become an important segment of every industry. With the significant reliance on cloud computing
regarding data storage, an emerging threat of data security arises, and companies are getting
concerned about the safety of their sensitive data. Security is required at the multilevel of the
service provision, and hence a sequential multilevel security design is required (Subashini &
Kavitha, 2011).

Many enterprises, like Amazon, Google, IBM, and Microsoft, offer varying Cloud services
to clients. Due to this diversity, it becomes difficult for clients to choose whose services must be
used. This is because of the absence of any base available to them for selection. Presently, no
framework is available that can allow customers to evaluate and rank Cloud offerings. A
framework that measures the quality of Cloud services and ranks them out further may create
healthy competition among service providers so that they can meet Service Level Agreement
(SLA) and improve their service quality (Garg et al., 2013).

In today's competitive environment, a company must adopt the latest technology. The
technological advancement might require minor changes in some of the business processes, or it
might be significant enough to change the entire business. The managers of such an organization
then have to be dynamic enough to make rational decisions in this regard. Such decision-making
is quite difficult when one cannot monetize these benefits, as in the case of CC Technology. The
researcher provides a tool to managers to help them monetize even such intangible benefits. In the
long run, it will improve the managers' decision-making ability to make such decisions and assist
them (Misra & Mondal, 2011).
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Berman et al. (2012) also argued that CC technology is strong enough to surely add value
to businesses and help them take a competitive edge over their rivals by bringing some procedural
changes in their organizations. Furthermore, Heiser & Nicolett (2008) argued that the companies
opting for CC technology must also have an eye on the risks associated. They further found that
an independent third party must calculate this risk. They also recommended that the company
understand the legislative policies and rules before adopting this technology to protect them against
any risks associated with data security, recovery, the privacy of data, etc.

In this study, the researcher proposed a method that will enhance efficiency by controlling
management jam issues and hence a contributor to Green IT, which addresses less energy
depletion, reduces low productivity, and hence increases system operational efficiency in computer
usage (Park & Jeong, 2013). Nufiez et al. (2018) developed the Mobile Cloud Computing-based
Knowledge Management (MCC-based KM) platform to manage SME construction projects. This
repetitive and user-friendly methodology is quite a viable and intelligent option to address these
issues in SMEs. Currently, diverse investigation questions are associated with officially existing
evolutionary algorithms, namely Swarm Intelligence (Khan et al., 2015; Choudhry et al., 2014; Chaudhry
et al., 2019). Neural Networks and fuzzy frameworks (Zubair et al., 2013) have just been decided to
embrace, yet still some new methods (Asif et al., 2019). This gave the researchers a key at another time.

According to the analysis of Zhao et al. (2021), the management of human resources has
some problems, including a lack of performance management, a lack of sense of belonging among
employees, and a fuzzy comprehensive evaluation of the enterprise situation reveals that the
enterprise's human resource management system is effective. However, the management system
still needs to be improved further. Fuzzy logic provides a way to show and act on uncertainties by
combining them with empirical knowledge and acuity. Besides handling uncertainties, Fuzzy
Logic provides efficient and effective solutions to problems containing numerous decision
variables (Oliveira, Thomas, & Espadanal, 2014). Various names are known as fuzzy Logicue to
its multidisciplinary character, including fuzzy rule-based system, fuzzy expert system, fuzzy
model fuzzy associative memory, fuzzy logic controller, and simply fuzzy system (Takagi &
Sugen, 1985). Today's Information Technology, Production, and medical diagnostic decision-
making and data analysis are fascinated by Fuzzy Logic (Samuel et al., 2013).

3. Proposed Methodology
3.1 Fuzzy Inference System Procedure

Fuzzy logic is beneficial for human resource management decision-making, such as
selection and optimal staff design. This study introduces two fuzzy linear programming techniques
for decision-making (Canos & Liern, 2004).
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Figure No 1: DFD of the Proposed methodology of CIHRMIS

£

CRISP

Based on the above literature, this research proposed the Cloud-Inspired Human
Resource Management Information System (CIHRIMS) Framework.
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Figure No 2: Proposed CIHRMIS methodology of Multilayer Fuzzy Interface System
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While implementing the Fuzzy, widely adopted procedure is Mamdani inference for
depicting researchers' knowledge. It enables the description of knowledge in a more natural and
human-friendly manner. Nonetheless, this fuzzy inference imposes a significant computing burden
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(Ajith, 2009). Due to the nature of the subject under investigation, this research also utilized the
Mamdani inference technique.

New processing strategies given fluffy rationale can be utilized to improve insightful
frameworks for essential Organizational management, HR management, salary management, time
management, and performance management. Fuzzy surmising guidelines will be an aid for giving
the check to all components in large-scale companies. The plan is required to encourage well-
being, economic framework, and other parental figures to choose wisely for a business
organization. Prime HR management is a way to have a competitive edge over their rivals. In this
manner, the cloud-based framework can be utilized more proficiently.

3.2 Inputs Variables

The membership function of this system provides a mathematical function offering
statistical values for input and output variables, and the output values of the curve fall between 0
and 100. The first layer (Organizational management, HR management, salary management, time
management, and performance management) is considered level 1; the rest is correspondence.

3.3 Rule-Based

I/0 Rules are an integral component of FIS. These principles govern the development of a
Fuzzy Inference System (FIS). In this article, I/O rules are generated using the lookup table shown
in Table Il. The proposed I/O regulation reliant on FIS has been listed below.

3.4 Inference Engine
Inference Engine is an essential part of a Fuzzy Inference System (FIS).

3.4.1 If (Organizational-Management is No) and (HR-Management is No) and
(Salary-Management is No) and (Time-Management is No) and
(Performance-Management is No), then (Cloud-Inspired-HRM-Info-
System is No) (1)

3.4.2 If (Organizational-Management is No) and (HR-Management is No) and
(Salary-Management is No) and (Time-Management is No) and
(Performance-Management is Yes), then (Cloud-Inspired-HRM-Info-
System is No) (1)

3.4.3 If (Organizational-Management is No) and (HR-Management is No) and
(Salary-Management is No) and (Time-Management is Yes) and
(Performance-Management is No), then (Cloud-Inspired-HRM-Info-
System is No) (1)

3.4.4 If (Organizational-Management is Yes) and (HR-Management is Yes) and
(Salary-Management is Yes) and (Time-Management is Yes) and
(Performance-Management is Yes), then (Cloud-Inspired-HRM-Info-
System is Yes) (1)
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Table No 1. Layer 2 Input/output Variables Membership Functions Proposed CIHRMIS
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The values on the curve, which range from 0 to 100, are represented by the membership
function. Input-output notation is a mathematical notation for describing the relationship between
two variables. Table 1 shows the proposed CIHRMIS system's input/output variables from the FIS,
both graphically and mathematically. Table 1 displays the proposed CIHRMIS system's
input/output variables as defined by the FIS, together with graphical and numerical representations
of the system. The functions of input members are shown in the first five rows of table 1, whereas
the functions of output members are shown in row 6.

3.5  De-Fuzzifier

One of the most severe procedures of a fuzzy inference system is the de-fuzzifier. Multiple

De-Fuzzifier variants exist. In this work, a De-Fuzzifier of the centroid variety was utilized. The

fuzzy inference system's De-Fuzzifier is depicted graphically in Fig. 3.
Fig No 3: Rule Surface of Proposed CIHRMIS based on HR Management and Organizational Management
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Fig. No 3 represents the 3D view of the ruled surface of the proposed CIHRMIS based on
HR Management and Organizational Management. It observed that CIHRMIS weightage is Good
(Yellow shade) and CIHRMIS weightage is Satisfied (Greenish Shade). Otherwise, CIHRMIS
weightage is Weak or Poor (Bluish Shade).
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Figure No 4: Rule Surface of Proposed CIHRMIS based on Organizational Management and Time
management
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Fig. 4 represents the 3D view of the ruled surface of the proposed CIHRMIS based on
Organizational Management and Time management. It observed that CIHRMIS weightage is
Good (Yellow shade) and CIHRMIS weightage is Satisfied (Greenish Shade). Otherwise,
CIHRMIS weightage is Weak or Poor (Bluish Shade).

Figure No 5: Rule Surface of Proposed CIHRMIS based on HR Management and Organizational
Management
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Fig. 5 represents the 3D view of the ruled surface of the proposed CIHRMIS based on HR

Management and Organizational Management. It observed that CIHRMIS weightage is Good
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(Yellow shade) and CIHRMIS weightage is Satisfied (Greenish Shade). Otherwise, CIHRMIS
weightage is Weak or Poor (Bluish Shade).

4. Simulation and Results

MATLAB R2017a is used for producing simulation output. Many other disciplines use MATLAB
for modeling, simulation, algorithm extension, and prototyping. Software developers, data analysts, and
mathematicians all benefit from using MATLAB. Three input data sources and a single output factor are
used to reproduce the results. Cloud-based HRIS that is inspired by human resource management can
produce several forms of output once the findings are visible. In this article, we suggest a fuzzy-based
CIHRMIS that does more than identify output; it also showcases the many kinds of output that may be
generated from a system like Cloud Inspired Human Resource Management Information System. The
lookup rules diagram is built using Fuzzy Logic designer based on the rules stated in the lookup table.

The five-member function for layer-2 simulation results contains 32 inputs and outputs that
correspond to layer-2s, and the outputs reveal the importance of CIHRMIS. Using a layer two
analysis, fin al; reveals the true power and potential global variables for businesses.

Figure No 6: Layer 2 Lookup diagram for proposed CIHRMIS (No)
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Fig 6 shows that if the values of Organizational-Management are No, HR-Management is
No, Salary-Management is No, Time-Management is Yes, and Performance-Management is Yes,
then Cloud-Inspired-HRM-Info-System is No.
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Figure No 7: Layer 2 Lookup diagram for proposed CIHRMIS (No)
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Fig 7 shows that if the values of Organizational-Management are Yes, HR-Management is
No, Salary-Management is No, Time-Management is Yes, and Performance-Management is Yes,
then Cloud-Inspired-HRM-Info-System is Yes.

1. Conclusion and Future Work

Cloud-inspired HRM models make an organization's HR function more effective and
efficient. It adds value to the organization. The proposed system model optimizes organizational,
HR, Salary, Time, and Performance Management operations. As for a business organization, prime
HR management is a way to have a competitive edge over their rivals. This paper attempts to fill
this gap in the literature by applying fuzzy to examine HR issues related to workers within
organizations via Cloud computing tactics. The paper proposed a fuzzy logic driven Cloud inspired
HR System aimed at providing human resource managers in organizations with a tool that would
help them in various crucial organizational decision-making for its personnel. In the future, work
on more business applications like production, costing, etc., based on Cloud can be done.
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Annexure A
List of Multinational Companies Businesses in Pakistan

Aass Foundation - Islamabad

Creative Packers And Movers Company In Pakistan — Faisalabad

Hascomb Business Solutions (Pvt) - Faisalabad

Shell Development & Offshore - Islamabad

The Attock Oil Company Limite - Islamabad

Crown Agents For Overseas Govt - Islamabad

Hinopak Motors Ltd — Islamabad

Mol Pakistan Oil & Gas Co. B.v - Islamabad

P Nog MW NP

The General Tyre & Rubber Comp — Islamabad
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10.

Thomas Cook Travel Pakistan - Islamabad

11.

Coca-cola Beverages Pakistan - Sialkot

12.

Standard Chartered Bank (pakis - Sialkot

13.

U.s. Publishers (Pvt) Ltd. - Sialkot

14.

Bank Of Tokyo-mitsubishi Ltd. - Karachi

15.

Blackwood Hodge Pakistan (Pvt) - Karachi

16.

Bp Pakistan Exploration And Pr - Karachi

17.

Bsn Medical (Pvt) Ltd. - Karachi

18.

Burmah Castrol Company - Karachi

19.

Cadbury Pakistan Ltd. - Karachi

20.

Cdc Capital Partners - Karachi

21.

Crescent Commercial Bank Ltd.

22.

Karachi Crown Agents Ent, - Karachi

23.

Cupola Pakistan Limited — Karachi

24,

Dubai Islamic Bank Pakistan Lt - Karachi

25.

Elixir Securities Pakistan (pvt) - Karachi

26.

Ici Pakistan Powergen Ltd. - Karachi

217.

Industrial Power Drives - Karachi

28.

Industrial Promotion Services - Karachi

29.

Itim Pakistan - Karachi

30.

Jardine Fleming Pakistan (pvt) - Karachi

31.

Lundbeck Pakistan (pvt) Ltd. - Karachi

32.

Mitsubishi Corporation - Karachi

33.

Mott Macdonald International - Karachi

34.

P&o Containers Pakistan (pvt) - Karachi

35.

Pak Arab Refinery Limited - Karachi

36.

Pak-arab Refinery Limited (par - Karachi

37.

Pakindia.net Free Classified Ads — Karachi

38.

Pakistan Pta Limited - Karachi

39.

Ray Shipping Enterprises Ltd. - Karachi Sgs Pakistan (pvt) Ltd. - Karachi

40.

T.c. Ziraat Bankasi A.s. - Karachi

41.

The Bank Of Tokyo-mitsubishi L - Karachi

42.

The Hub Power Co. Ltd. (hubco) - Karachi

43.

Merck (private) Limited - Pak - Quetta
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44,

Siemens Pakistan Engineering - Quetta

45.

Nestle Pakistan Ltd. - Peshawar

46.

Total Atlas Lubricants Pakist - Multan

47.

Sanofi-aventis Pakistan Ltd. — Multan

48.

Areva T&d Pakistan (pvt) Ltd. — Lahore

49.

Atlas Investment Bank Ltd. - Lahore

50.

Avery Scales (pvt) Ltd. - Lahore

51.

Avery Scales (pvt) Ltd. - Lahore

52.

Becton Dickinson Pakistan (pvt - Lahore

53.

Berger Paints Pakistan Limited - Lahore

54,

Citibank N.a. - Lahore

55.

Coca-cola Beverages Pakistan L - Lahore

56.

Euro Multico Import And Export - Lahore

S7.

Faysal Bank Limited (gulberg B - Lahore

58.

Gestetner (pvt) Ltd. - Lahore

59.

Getwptheme - Lahore

60.

Haier Mobile Pakistan - Lahore

61.

Ibm World Trade Corporation - Lahore

62.

J & P Coats Pakistan (pvt) Ltd - Lahore

63.

Meezan Bank Ltd. - Lahore

64.

New Hampshire Insurance Company - Lahore

65.

Oman International Bank SAO — Lahore

66.

Pakistan Tobacco Company Ltd. - Lahore

67.

Unilever Pakistan Foods Ltd. - Lahore
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