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Abstract

This research aims to investigate the impact of environmental accounting on compliance with
environmental legislation and laws in the Libyan Iron and Steel Company (LISCO). For data
collection, a questionnaire was used to collect data from (84) respondents who are employed in
this Company (LISCO). The results of the study indicate that there is a significant impact of
environmental accounting on the compliance with the environmental legislation and regulations
in the LISCO, as well as there is a positive relationship between environmental accounting and
compliance with environmental legislation and regulations.
Keywords: Environmental accounting, Environmental Legislation and regulations, Libya.
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1. Introduction

In recent years, public concern about the environment has become one of the most important
developments in the world (Firoz & Ansari, 2010). More specifically, societies and regulators
have become increasingly interested in environmental problems such as pollution and resource
consumption (Dunlap, 1997; Athma & Rajyalaxmi 2017; Lu & Taylor, 2018). This interest was
because of the concerns about the impact of pollution (air, water and soil) on individuals in
society (Hildebrand, 1997). Climate change and ozone depletion are an example of
environmental problems that were caused by emissions and air pollution (Hall & Taplin, 2007,
Soh, Roddick, & van Leeuwen, 2008). The emissions of greenhouse gases and their impacts on
climate change and ozone depletion could be giving rise to harmful consequences on human
health and ecosystems (Edino, Nsofor, & Bombom, 2010). Therefore, it is becoming necessary
to develop effective environmental laws and legal systems to ensure that economic growth is
consistent with environmental sustainability (Firoz & Ansari, 2010; Chinedu & Ogochukwu,
2020).

The relation between the environment and the economy received attention in many
conferences, for instance, the United Nations Special Summit on the Environment, held on 22
September 2009, and the London and Pittsburg Summits of the G20 Leaders 2009 (Firoz &
Ansari, 2010). These conferences enhanced the importance of the relation between the
environment and finance. In response, companies have been seriously trying to take into
account the environmental impacts include impacts on air, water and soil caused by their
activities (Beer & Friend, 2006; Unerman, Bebbington, & O'Dwyer, 2007). Environmental
accounting could play a role in notifying the community about the use of its resources, the
burdens and benefits which companies have been obliged to bear in development decisions
(Gray, 1992; Maunders & Burritt, 1991; Adebimpe, Ekubiat, & Bokime, 2015; Shuaibu,
Muhammad, & Isah, 2019; Oraka, 2021). In addition, through the information provided by the
environmental accounting, the government can identify and then make the decisions to reduce
and control (Rahahleh, 2011; Steadman, Green, & Zimmerer, 1995) the levels of environmental
pollution (air, water and soil), which today have become the worldwide hot topic (Lu & Taylor,
2018).

2. The literature review

Environmental accounting is the “identification, measurement, and allocation of
environmental costs, the integration of these environmental costs into business decisions, and
the subsequent communication of the information to a company's stakeholders™ (Stankoet al,
2006, p. 21), it is a tool of measuring the performance of a company concerning maintain
international and environmental standards which are at stake. Therefore, this makes the role of
environmental accounting is an important issue in any company (Barman & Saikia, 2016). This
has led environmental accounting to become an interesting topic for many academic researchers
and has been reflected on the significant increase in environmental accounting studies (Eltaib,
2012). A study was done by Tilt (1997) aimed to investigate the main influences of Australian
companies on the Corporate Environmental Policy (CEP). The researcher found out that the
environmental law influenced the company’s policy development and environmental activities.
the results showed the Australian mining and chemical industries were interested in the
environment compared with other industries. In addition, Frost (2007) conducted a study on
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seventy-one Australian companies listed under utilities, resources (mining, oil and gas),
infrastructure, or paper and packaging industries on the Australian Stock Exchange (ASX). The
study aimed to explore the influence of the introduction of mandatory reporting guidelines on
the environmental disclosures. The findings showed that a substantial increase in the level of
environmental disclosure was mainly in the companies that reported breaches of regulations.
The study results support that such research is needed as it can study environmental accounting
and environmental regulations in one of the environmentally sensitive businesses.

Tsang (1998, p. 625) stated that ‘‘legislation on pollution controls, industrial safety, and
employee welfare has brought home to companies the importance of CSR”’. Similarly, Konar
and Cohen (2001) argued that major companies voluntarily over-comply with environmental
regulations, and externally portray a positive image. In particular, companies listed under
environmentally sensitive industries disclose much environmental information compare with
companies listed under non-environmentally-sensitive industries (Deegan and Gordon, 1996;
Hackston and Milne, 1996; Moneva and Llena, 1996; Campbell, 2003; Gao, Heravi, & Xiao,
2005; Cho and Patten, 2007; Brammer and Pavelin, 2008; Haddock-Fraser and Fraser, 2008).
This is because of the high pollution they cause, which make the environmentally sensitive
companies subjected to an extensive range of environmental regulations and they must comply
with additional rigorous requirements (Monteiro & Aibar-Guzman, 2010).

In the Asian context, Bagur-Femenias, Perramon, & Amat (2015) stated that in Japan,
companies are regularly following the environmental regulation and the results of studies
enhanced that environmental sustainability influences income and reduce the risk of Japanese
companies. A study was conducted by Dasgupta et al (2006) explored the investors' reaction to
the companies that failed to comply with Korean environmental legislation and regulations,
published by the Ministry of Environment of the Republic of Korea. The study revealed that
there was a significant reaction the investors on the Korean Stock Exchange had toward such
news with a high decline in market value. The reason behind that might be the increasing
awareness and concern about the environment.

According to Singh, Panackal and Shankar, (2017) in India, environmental awareness has
become an essential part of the Indian industry and leading to high environmental quality and
growth. Moreover, Athma and Rajyalaxmi (2017) stated that since the early 1970s Public
consciousness towards environmental issues such as, environmental preservation,
environmental pollution and environmental development, have developed tremendously
leading to various policies of legislation for the protection of the environment have been
legislated since the mid -1970s. An example of actions toward the environment protection was
that the Ministry of Environment and Forest in India has proposed that “Every company shall,
in the report of its Board of Directors, disclose briefly the particulars of compliance with
environmental laws, steps taken or proposed to be taken towards adoption of clean technologies
for prevention of pollution, waste minimization, waste recycling and utilization pollution
control measures, investment on environmental protection and impact of these measures on
waste reduction, water and other resource conservation” (Athma & Rajyalaxmi, 2017, p. 11).

Furthermore, the environment ministry in India issued guidelines for the companies
regarding environmental statements. It includes mainly the following type of information: *(a)-
a type of devices installed for controlling pollution; (B)- steps taken for energy conservation;
(c)- steps taken for conservation raw material; (d)- a step taken for wastewater and production
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process waste; (e)- step taken for improvement of quality of product and services, the process
of production™ (Moid, 2017, p. 165). However, Moid (2017) concluded that a very small
number of Indian companies are willingly disclosing information about the environmental
issues in the annual Reports. The reason for this as Moid (2017) stated is the shortage of
environmental legislation which compelling the companies to disclose information. In this
regard, there is a recommendation by Makori (2013) that tax credit should be given by the
Indian government to companies that comply with environmental laws.

In Africa, a study was conducted by Khlif, Guidara, & Souissi, (2015) to examine the
relationship between social and environmental disclosure and corporate performance for two
African leading countries which are South Africa (common law country) and Morocco (civil
law country). They found that social and environmental disclosure has a significant positive
impact on corporate performance just in the South African setting. In Libya, according to the
literature that the researcher has reviewed, although, environmental laws first existed early in
the 1970s, few studies have just been conducted in the area of environmental accounting. For
instance, Ahmed's study (2004) explored the corporate environmental disclosure in Libya in the
period between1998 — 2001. Ahmed (2004) concluded that there were no signs of the existence
of corporate environmental disclosure. Afterward, Ahmed and Mousa (2010) conducted a study
to investigate the corporate environmental disclosure practices in the 18 biggest industrial
companies. They found an improvement in the corporate environmental disclosure. More
recently, Elgobbi & Elghannai, (2018) explored the impact of quality information on the
environmental accounting disclosure in the Arabian Gulf Oil Company. They concluded that
the quality of information has a substantial impact on environmental accounting disclosure.

Moreover, Abdalmajeed (2021) studied the reality of the application of environmental
accounting in the Libyan Iron and Steel Company. The results included that, despite some
obstacles, the (LISC) applies environmental accounting and it is highly aware of the importance
of applying environmental accounting for the company. Regarding environmental laws, the
First environmental law introduced in Libya was law No.8 in 1973, which has prevented oil
from pouring into the sea. Shortly, in 1982 environmental laws witness more consideration
leading to the introduction of law No. 2 of 1982, which has included air Pollution, seawater
pollution, water source's pollution, soil pollution, imbalance of ecosystem and noise pollution.
Law No. 7 of 1982 regarding environmental protection which contained several chapters aimed
to protecting (a) airspace from pollution and obligate installations and factories to prevent
pollution; (b) seas and marine wealth; (c) surface or groundwater sources; (d) soil and plants;
and (e) wildlife.

3. Research problem

The application of environmental accounting can be a hard issue, Ross and Kovachev (2009)
stated that the reason behind the application of environmental management accounting as one
of the environmental accounting tools is to comply with the environmental legislation and
regulations such as carbon footprint, emission trading. However, according to the Chartered
Institute of Management Accountants (CIMA) in 2009, only large companies use
environmental management accounting because they are required to conform to strict
environmental legislation and regulations such as, emission trading schemes and carbon
footprint. This supports the view of Noodezh & Moghimi (2015) about the penalty for the
violating of environmental regulations and pollution. The researchers argued that there are some
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issues such as compilation of regulations about environment protection, severe punishments for
environmental pollution and the determination of efficient standards in reporting environmental
costs should be considered more than before and companies must protect the environment in a
long term.

Even though there is no country without environmental legislation, some industries related
to the Iron sector still irregularly comply with the environmental legislation. In Libya, in order
to find the reason behind the incompliance with the environmental legislation face by the
LISCO, the researcher conducted an exploratory study targeted this company. The
questionnaire of the exploratory study was randomly distributed to a sample of population,
asking them about the main issues that they may face in the LISCO regarding environmental
accounting and the regulations. This exploratory study revealed that several issues can help in
improving compliance with environmental legislation and laws in the Iron and Steel industry
in Libya. These issues include: (a) there is a shortage of information related to the company's
complying with the environmental legislation, and the company's efforts in environmental
conservation and environmental performance. (b) absence of awareness linked to the
environmental accounting among the employees of the company.

Therefore, this research investigates environmental accounting and its impact on compliance
with the environmental legislation and regulations in the LISCO. The research problem is
specifically formed to answer the following question:

Is there an impact of the environmental accounting on the compliance with the environmental
legislation and regulations in The Libyan Iron and Steel Company (LISCO)?

4. Research aims and objectives

By studying the environmental accounting and its impact on compliance with the
environmental legislation and regulations in Libya in the iron and steel industry, the researcher
can explore to what extent the company comply with environmental legislation and regulations.

5. Research hypothesis
Based on the research question above, it can be hypothesized that:
there is a significant impact of the environmental accounting on the compliance with
the environmental legislation and regulations in the Libyan Iron and Steel Company
(LISCO).

6. Research significance

The significance of this research is related to the increasing significance of the environment
and environmental accounting. In addition, the research significance can be enhanced by the
raw area of research in the Libyan context. Moreover, as far as the researcher's knowledge,
similar research has not been carried out on this sector. Therefore, such a sort of research can
contribute to the literature and will provide the LISCO with recommendations on the current
situation and the need to comply with the environmental legislation and regulations.
7. Research methodology

In this research, the interpretative (descriptive) and positivist approaches were adapted.
According to Becket al. (2010, p. 208), the positivist approach is “capture and describe a
surrogate assumed to convey meaning and reporting intent”. Therefore, the researcher focused
on volume and frequency. The questionnaire, which was designed according to the nature of
the elements of the research problem, was used as a method for collecting the data of this
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research. A survey questionnaire is considered a suitable method for descriptive and exploratory
research. The researcher designed the questionnaire based on the knowledge that the researcher
received from the conceptual framework and the Libyan environmental laws including: law
No.8 of 1973, law No. 2 of 1982 and law No. 7 of 1982. After collecting the research data, it
was reviewed to be analysed. The Statistical Package for Social Sciences (SPSS) is used to
analyze and gain specific figures, and transfer the data from verbal to numerical. Therefore,
correlation and regression were conducted by using the following statistical tests:
I.  The Mean: is a measure of the central tendency of a probability distribution along
median and mode.
ii.  The Standard Deviation: which provides insight into how much variation there is within
a group of values, measures the deviation (difference) from the group's mean (average).
iii.  The T-test: which is used to compare the means of two groups. It is used in this research
to test hypothesis to determine whether a process or treatment affects the population of
interest.
iv.  Cronbach's alpha: which is a measure of internal consistency (reliability).
In this research, five levels of practice score are used to determine the answers of the

participants as highlighted in table (1).
maximum score — minimum score

Category Length = number of levels
= 5-1 = 0.80
5

Table (1): Levels of practice scale

Practice Very low Low Medium High Very high
Scale
Levels Less than 1.80 less than 2.60 less than  3.40 less than 4.20 less
1.80 2.60 3.40 4.20 than 5

7.1. Reliability of the questionnaire:

The concept of reliability of the questionnaire refers to the stability in the questionnaire's
results if the questionnaire is redistributed several times within the same circumstances. In this
research, the statistical measurement was used to determine the reliability of the questionnaire.
Therefore, a Cronbach's Alpha Coefficient was applied and it was revealed that the value of
Cronbach's Alpha Coefficient was very high (88.7 %) as table (2) shows. Consequently, it can
be concluded that the questionnaire has a high percentage of reliability for this research and it
is considered a high-quality measurement tool.

Table (2): Cronbach's Alpha Coefficient
Cronbach's Alpha Number of Items
0.887 14

7.2. Research population and sample:
The study was conducted on theLISCO, specifically on four related administrations, which
are: (financial affairs, legal affairs, environmental affairs and administrative affairs
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departments). These administrations have a total number of employees approximately (169).
Thus, the researcher distributed (118) copies of the questionnaire for collecting the data, after
reviewing (89) returned, (84) copies were valid for the analysis using the Statistical Package
for Social Sciences (SPSS).

7.3. Empirical analysis

7.3.1. Demographic variables of the study sample:

The results of the descriptive analysis of the participants' data were presented in table (3),
which include: age, gender, educational qualification, occupation and work experience.
According to table (3), it is observed that about (60 %) of the participants are categorized under
two categories of age, which are " from 40 to 50 years" with (31 %) and " more than 50 years"
with (29.8 %). Regarding gender, the vast majority of the participants is males as they present
nearly (81 %) of participants. In addition, the respondents with Bachelor Degree are dominated
with the percentage of (35.7 %), in contrast, just one respondent is a PhD Degree holder.
Moreover, Regarding the occupation, (65.5 %) of participants are categorized under categories
of administrative with (38.1 %) and accountant (27.4 %), they seem to present the occupation
of most respondents. Finally, it is clearly evident that more than (80 %) of participants have
work experience of more than 10 years and (33.3 %) of participants have work experience from
20 to 30 years.

Table (3): Description of Demographic variables

No Variable Category Frequency Percent
1 The Age less than 30 years 15 17.9 %
From 30 to 40 years 18 21.4%
From 40 to 50 years 26 31%
More than 50 years 25 29.8 %
Total 84 100 %
2 The gender Male 68 81 %
Female 16 19 %
Total 84 100 %
3 The Educational PhD Degree 1 1.2%
qualification Master Degree 10 11.9%
Postgraduate Diploma 12 14.3 %
Bachelor Degree 30 35.7%
Higher Diploma 13 15.5%
Intermediate Diploma 18 21.4 %
Total 84 100 %
4 The Occupation Director of 4 4.8 %
Administration
Head of Department 10 11.9%
Administrative 32 38.1 %
Accountant 23 27.4%
Supervisor 6 7.1%
Technician 9 10.7 %
Total 84 100 %
5 The work experience Less than 5 years 8 9.5%
From 5 to 10 years 8 9.5%
From 10 to 20 years 24 28.6 %
From 20 to 30 years 28 33.3%
More than 30 years 16 19 %
Total 84 100 %
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7.3.2. The actual application of environmental accounting
This part deals with elements of the independent variable " the application of environmental
accounting". Table (4) highlights the statistical distribution of the responses of the participants.
The statement ™ significant environmental accounting policies and objectives are clearly
defined to ensure that they are consistent with the company's objectives" is important, as it has
a weighted mean of about (4.00) and a standard deviation of almost (0.792). Additionally, the
statement "environmental costs arising from environmental protection measures are shown in
the financial statements” is considered to be the least important statement as it has a standard
deviation of almost (0.800), and a weighted mean of approximately (3.71). This indicates that
the financial statements of the company do not cover the environmental cost. Therefore, action
should proceed to avoid the ambiguity and absence of environmental cost and to produce
information of high quality. Moreover, the entire independent variable (the application of
environmental accounting) has a weighted mean of about (3.7857) with a standard deviation of
almost (0.56992). Furthermore, it is evident that the T-test of the entire independent variable is
statistically significant, as the T value is (60.880) with a significance level of (0.000). This value
is smaller than the level of significance of (5%). Therefore, this is an indication of the existence
of application of the environmental accounting in the LISCO.
Table (4): The application of environmental accounting
No. Statements Mean Std. T- Sig.
Deviation  Value
1 Significant environmental accounting policies and  4.00 0.792 46.317 0.000
objectives are clearly defined to ensure that they
are consistent with the Company's objectives.
2  Environmental accounts are clearly classifiedinthe  3.81 0.702 49.706  0.000
annual reports.
3 The period and target range of environmental 3.74 0.746 45.902 0.000
accounts are determined in the annual reports.
4  Information about assets, liabilities and 3.76 0.887 38.890 0.000
environmental costs is disclosed.
5 Information about procedures to reduce pollution  3.74 0.971 35.287 0.000
caused by the company's activities is disclosed.
6 The environment and the concept of social 3.74 0.808 42.382 0.000
responsibility are taken into account when making
expansions in the company's activities.

7  Environmental costs arising from environmental  3.71 0.800 42.543 0.000
protection measures are shown in the financial
statements
Sum 3.7857 0.56992 60.880 0.000

7.3.3. The compliance with the environmental legislation and regulations

In this section, the researcher transacts with the elements of the dependent variable "the
compliance with the environmental legislation and regulations ", and highlights the statistical
distribution of the responses of the participants in table (5). As it is showed in the table (5), the
statement " the company takes into account in its activities the mechanisms used to measure
and reduce emissions to protect the air from pollution” is the most important statement
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comparing with other statements because it has a weighted mean of approximately (3.86) and
a standard deviation of about (0.809). On the other hand, the least important statement is the
statement " the company is rehabilitating and repairing contaminated lands as a result of using
it in its activities”, as it comes up with the smallest mean of nearly (3.54) with a standard
deviation of almost (0.950). This affirms that the company is neglecting and ignoring the
rehabilitating of the work sites. Consequently, more focus on rehabilitating and repairing land
should be taken place in the company's priorities.

In conclusion, it is highlighted that the entire dependent variable “the compliance with the
environmental legislation and regulations” has a weighted mean of almost (3.7602) with a
standard deviation of about (0.70272). The T-test of the entire dependent variable is statistically
significant because the T value is (49.042) with a significance level of (0.000) which is smaller
than the level of significance of (5%). Consequently, this supports that the LISCO compliances
with the environmental legislation and regulations.

Table (5): The compliance with the environmental legislation and regulations
No. Statements Mean Std. T- Sig.
Deviation  Value

1 The company takes into account in its activities  3.86 0.809 43.712 0.000
the mechanisms used to measure and reduce
emissions to protect the air from pollution.

2  Thecompany reports in the event of any accidents ~ 3.82 0.894 39.181 0.000
causing gas leakage in the air.

3 The company does not use seawater for washing,  3.68 1.055 31.967 0.000
cooling, burying waste, or for any activity that
affects marine life.

4 The company takes into account the protection of  3.76 0.977 35.287 0.000
water sources from pollution, whether surface or
groundwater.

5  The company avoids the use of agricultural lands  3.85 0.951 37.077 0.000
and forests in its expansions.

6 The company is rehabilitating and repairing 3.54 0.950 34.114 0.000
contaminated lands as a result of using them in its
activities.

7  The company discloses the location and size of the ~ 3.82 0.894 39.181 0.000
land it owns or leases and the protected areas and
areas of high biodiversity that border it.

Sum 3.7602 0.70272 49.042 0.000

7.3.4. Testing the Hypothesis:

For the research purpose, the researcher tested the hypothesis: "there is a significant impact of
the environmental accounting on the compliance with the environmental legislation and
regulations in Libya in the iron and steel industry”. Simple linear regression was applied to
explore the impact of environmental accounting (independent variable) on compliance with
environmental legislation and regulations (dependent variable).
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Table (7): Test regression coefficients and correlation results

Variable T- Value R R? F Durbin- Sig.
Watson
the compliance with the environmental 5.809 0540 0.292 33.748 1.683 0.000

legislation and regulations

Table (7) clearly shows that the T value is (5.809) with a significance level of (0.000), which is
smaller than the level of significance of (5 %). This means that environmental accounting
impacts compliance with the environmental legislation and regulations in (LISC). In addition,
the R-value is (0.540), which means that the relation between environmental accounting and
compliance with the environmental legislation and regulations is a positive relationship.
According to the R?, any change in the environmental accounting will be offset by a change in
compliance with the environmental legislation and regulations of (29.2%). Additional support,
the Durbin Watson test value is (1.683), which is smaller than 2, and this indicates the
environmental accounting impacts the compliance with the environmental legislation and
regulations in LISCO. In conclusion, based on the above analysis, the researcher accepts and
confirms the hypothesis: “there is a significant impact of the environmental accounting on the
compliance with the environmental legislation and regulations in the LISCO. This is consistent
with the study conducted by Ross and Kovachev (2009) who stated that environmental
accounting is a tool to compliance with the environmental legislation and regulations such as,
emission trading, carbon footprint.

8. Finding discussing:

Based on the empirical analysis, several important findings have been revealed. The LISCO
complies to a certain extent with the environmental regulation and legislation. This finding
conforms with Konar and Cohen (2001) who argued that major companies voluntarily comply
with environmental regulations. It is also consistent with Bagur-Femenias, Perramon, & Amat
(2015) who stated that some companies are regularly following the environmental regulation.
However, this finding is in contrast with Noodezh & Moghimi (2015) who argued that there
are some issues regarding the compilation of regulations about environment. In addition, it has
been found that there is a significant impact and a positive relationship between environmental
accounting and compliance with the environmental legislation and regulations. This is finding
aligns with Ross and Kovachev (2009) who stated that the application of environmental
accounting enhances compliance with the environmental legislation and regulations.

9. Results
Several significant results have been discovered from the analysis of the data of research. These
results include:

I.  There is a significant impact of the environmental accounting on compliance with the
environmental legislation and regulations in the LISCO.

ii.  Thereis a positive relationship between environmental accounting and compliance with
environmental legislation and regulations.
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10. Recommendations
Based on the revealed results, several recommendations are suggested as follows:

I.  More focus should be given to the environmental cost to ensure the correct
accounting treatment and disclose it in the financial reports.
ii.  Additional efforts are required to follow up the environmental legislation and
regulations to have complied.
11. Limitations of the research
In this research, the LISCO was selected, so the research findings are limited to the
environmental accounting and compliance with environmental legislation and laws of
LISCO. Moreover, as stated earlier in the research methodology, the data was collected
from participants in 2021, so the research findings are limited to a particular period.

12. Future Research
Despite previous limitations, this study highlights and suggests further areas of research that
could be conducted in the future, such as

i. Comprehensive research on the environmental accounting of extractive industries in
Libya.

ii. The quality of environmental disclosure of environmentally sensitive businesses.
iii. The impact of environmental accounting on the quality of information.
iv. Environmental cost is also an attractive area of research.
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Testing the hypothesis of Environmental Kuznets Curve between
economic growth and environmental pollution - a case study of the
Maghreb countries during the period (1975-2014)

Salem .B dahap Salma .M Abugarain
Faculty of Economics and Political Science  Faculty of Economics and Political Science
Misurata University Misurata University

Abstract
This study aims to measure the impact of economic growth on environmental pollution,

the case of Maghreb countries during the period (1975-2014), where per capita GDP in dollar
was used as an indicator of economic growth, and carbon dioxide emissions as an indicator of
environmental pollution within the framework of the Environmental Kuznets curve
hypotheses. To achieve this, the study model was estimated using standard methods that
depend on the time-series stationery test, the Counteraction test, and then the modified least
square method. The results of the study showed that the correlation between the real per
capita GDP (linear and squared) and carbon dioxide emissions is direct and inverse,
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respectively. This result is consistent with the environmental Kuznets curve hypothesis.

Accordingly, the study concluded with several recommendations, the most important of

which is the need to take into account the environmental aspects when setting macroeconomic

policies. In addition, it suggested focusing on the use of environmentally clean technology in

the different productive sectors, especially the sectors of agriculture and industry.

Keywords: Economic growth, Environmental Kuznets curve, Carbon dioxide emissions,
Maghreb countries.
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Trade openness and environmental degradation
Empirical evidence from Libya

Hussen Faraj Alhwij
Faculty of Economics and Commerce - EImergib University
Abstract

The aim of this study is to examine the relationship between trade openness and environmental
degradation in the Libyan economy during the period 1962-2017. In order to achieve the study
objective, correlation analysis, Bayer-Hanck Test for Cointegration, and TY Long-run causality test
were used. The basic findings of the study indicated that there is a positive correlation between the
three trade openness indicators and the environmental degradation index, which was stronger for
the import penetration index. Moreover, the cointegration test results supported the existence of a
long-run equilibrium relationship between the trade openness indicators and the environmental
deterioration index. In addition, a long run unidirectional causal relationship runs from the three
trade openness variables "separately and jointly" to the environmental degradation variable was
detected. Furthermore, a long run unidirectional causal relationship runs from both the export share
index and the trade share index to the import penetration index was captured.

Keywords: trade openness, environmental degradation, Libyan economy, export share, import
penetration, trade share.
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“haball et dewliall JEY) e Jyanll 2 ccilostaall dalall sLgll e 5alall dalal)
o3y <International Monetary Fund IMF  Jsall asill Bgaia culily s2c B (e cilaylslly
Lkl 385 e 2006-1962 8y5all Jlea¥) sl m3lill Laldl) cliball e Jyaaall
e dsanl) 235 ()l BalaiB) aslel) Eipns 350 (e Byaleall e Laa¥ls Ayaloaay)
dalad) 32U Ailiaa¥) il 5ac B e yuxiall 12gd 2017-2007 sl Lalaldl calslull
Feanlly (ool (3als ealall Aean ipdial ) 385 anladill §lss Laesill Sl
Aapall Ganll clyuaia Jagad o3 L lgill Ao RTSH 5 (RMPN 5 (RXSH 901l 85laall (4

e Joanlly cabilall 8 cllall sas e Jolall ellyg dogarithmic  form 4w le ol
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Al ke 0l o
ebdl) b .3

Y gy e Al Culll] 2D e ddan gaiat b ) aaie)
Giadl) Ciysia c Bl Y Julad 1.3

5<8 Ao Joanll Jo¥) laiy coppal 8 Canall Shaxia G Bl dilas e Cargd) iy
2o Bl V) ol (1989) daod ey LS8 cdanl) ilyoatia (u ABall olatly 858 (e Ao
peend b S Y] Jadig calaial) piage chusiall G AL "JEa Ciay Baga (S
g Al z3kaill 8 cindependent variables i) clyaiall o (668 baliyl agay (s2e
AUCha T dgalse N Ballall oda dpag Alla 8 (250 28 (3 ) cuall laa 6 Ly
Llay) oSy z3lall sda ok Allaiul lgie gy 8 Al amulticollinearity daal) sseal
dain T selias) dad uliail o cperfect correlation Wb alid) cyusidl g ol
s Aogine e LAl a5 38 A ,RY) cstandard error syl Uadll 4o (mliasy
¢(2002¢ gglianll) B 2all dpcilidl) = 3laill dn il A ygnag Aage (9S50 8 ) )y uaial
Oniia G bl Jales o lael Suw Dormann et al. (2013) sash Lo ) sl
Ssine Jaladll 138 (LS 13 multicollingarity  asl) susill A 5e 35a o Sy ¢l
Jal) e canll gyl 2 dgaill alaie Tplais 0.7 gsless ol (ra ST diad il Lilias)
iDle & Gind) Shaaie G A o Laolie dpala] Lo e bty Canl) (8 el sl
linear correlation aall LalsYy) sl alasin) S 13gls clinear relationship 4udas
Pearson simple Jarwd) cadll Lo DU (guym dalae DA e cdanll s lyuaia o
linear correlation coefficient
didall Jalal) jLaa) 2.3

iy DLl 2 (o3l )l Jalsall Bayer-Hanck (2009) lod) Gl 1 aadi
«(Bayer & Hanck,2013) a2y cihlodl sae (pe clagleall puans o asis cmeta test
Ladle 203 Al F selian] addiing caaly anygs & hLad¥) sdgl Lllan) clasill aeans
e LAY s aaias ((Bayer & Hanck,2013) joint test aesse jlas) Ao Jgaall
lals Johansen ladls <Engle-granger slial o @i i) JalSll cladl a)f
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Lgbe lad ) oD ey j5baty af slifie aal (o5 <BoSWijK Laals <Banerjee
pan e oo Raslil) ol 3l Lo cOISEA 038 (e clgia (98 A Bl i laa)
Jis (3 hewad A oA Gaaldl Cuiny 43 L sLhie e <SMall sample distortion sl
Al DA (o dajlaio @il e Jgaanlly (s3,d (Ko sl JabSall cljlaal sae Hlasic
.(Bayer & Hanck,2013) «)laayl
dushall (saall B Al ABa) LA 3.3

oeldl] Al il yaaiall (<5 of Granger causality test ducadl jaiha L) bl
138 & He & Maekawa (2001) i (0) i Ayl (e AlalSia (355 o (6 iSLy
Al sda il ay Lais @lldy Al 25 ) ot Lo Wle Granger duse ol ) sl
Toda & sk a3g«Non stationary Sl ye laaal (s of LS (58 il ypurtia o
asiiy Sl yue Chaia Cp s2all Abigh Lol Al LAY diiyk Yamamoto (1995)
Augmented VAR model sl SIM) jlasi¥) dsie zisa juadi Ao ddkll 228
ez Cady cat level gl vie dnasll Judld) dadlsy ot S 3 ¢(Dritsaki,2017)
S o (k +d, )th Order VAR zagai padh s A ey (el digian Ao 2l
Uy 2aa3 3 Optimum Number of Lags z3sell fid) elaty) <y sae e ke
(sl iy ajl) bl JalSil 45, 581 e d, s Ay peall dilaay) juleall
(Toda & Yamamoto,1995) : YIS Zuagiall o3¢l alall = 3saill Couay (Sarg

k+d, K +d oy

a0+zallyt —i + Z aZJyt j +Zﬁll t—i + z ﬂZJ t—j +glt (4)
i=k+1 i=k+1
k+d, K +d oy

IBO+ZW1I t—i + Z l//Z]th j+zgllyt —i + Z 02Jyt j +‘92t (5)
i=k+1 i=k+1

Lidlially gilial) .4
) @il jae 1.4
Gl el Aia)l) Judad) Gatbad .1.1.4
) @ piial Lial Jedboadl (Abad) acl <Yl

dtime series plots dusd)l il 4l dudlall SLall sl (1) o8, Jull JKEN G
leilodail @I (pag cdodledl 038 Loy a1 ailad) (mes Alaadle JSEN DA e (S
Gsial) 8 AL e Judlal) s3a GsS5 of Tan Jainall (he 43ld 13gl ctrend ple olas) e
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(case dhdladl o3l alall slad¥) o JSE P (e Laadly noN stationary at level
adaiilly Jedladl 238 (e JS lgie T ) Alaiill Jlill DA (e monas <l (e 3aail) oS
structural 4K st (e Sl Jedld) oda o Load aadld) (pay cled] gm0

e e Jsai e Ju g3l location shift (<& INENVD lulull & 3ak (breaks

ol s e structural breaks 4dSw e ) ALYl cintercept culill aall

Jedladl 038 JalSs dayy and 8 13gly AY) Judludl Bl dlulall o2 & variance

G sasgll s cllas) alasia) DA e V) Gaiis iy 55 Y time series integration

.unit root tests with structural breaks i< iyt 3say Hlacy) & 3l

5
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Gaad) ailpiial dial Judiald! dsdagll duilaay) ailadll :Lals

(Gl harial Liadl el Bppal) Ailasy) Gailadl) (1) &) Ju) Joaall cpn
10.174 4iad Lo 3l 28 Jodlad) 03¢ losal) Janssll of ey (63 250 Jsand) DS (e Jaadlg
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Lt (oo gy el ) 5590l (gylamidl 7 Lias |
gl Al —1.1275 5 ¢=2.6950 5 —1.4297 aiad L alis INENVD yuiall Loy
Qlef lgln 35 Al dadl e Hasal 1w Juy (sl Ao BDEN glaill by
Y el LSl Ldladl 23] Min Liall sl (Max adaall sl ae al) oda & leasy «caliludl
fitting data LeSstu dacdlay CUlall sda Gdg Al<a) e Ju W 5aY) s tuis Jls
s ASY) cadll ebie dad ) il DA (e didal) 838 maliy A8y (pae g isal e
e Lo INENVD i aied cialy (o3 stand deviation (sjhad) CalaiN) sas Y
1.0846 5 <0.53670 » 3 L I glaall ~La¥) chigad died cily 1.0661
wvariation kall (e Lmidie dapy Lo spiall HEY) o2 Jxy (sl e 0.62435
Glhpie Jid A Lol GLL dedle ST s 3 CV il Jalae Ldise PAS (gag
0.55375 ) e¥la oaail 3 clliay il ales dagd o JaaDly 2D (g)laall & L]
sslas) DA (g loal) Dasll Jon aS IS8 bl S5 e Jy @ Yl
Splall das (gHdse L bl aiell glaiy b cppsie o) Ll Jarque-Bera
dpald COISEe (gl ae dalaill By i iy (521 a1 INRMPN <yl (3)5als (INRXSH

bl ddee ehia) die b e mAT

Mean Std. Dev. Max Min CVv Jarque-Bera Obs

LnENVD 10.174 1.0661  11.034 6.4979  0.10479 89.0182 54

INRXSH  -1.4297 053670  40.000 53664~ 0.37539  1.64758* 54

INRMPN  -2.6950 1.0846  20533- 4.3424- 0.40244 2.76217* 54

INRTSH  -1.1275  0.62435 043577 0gg3— 055375  4.60542 54

* Normally distributed

Gaaal) cpial Al Jedadl Baagh ia clad) (LG
unit root tests sasgl jas chladl & cpw @V (2) A& Ju Jeall DA e
o Jalaill 5 35 cAilia @il o Jyemnl) o5 38 4l Jaadly Canl) cburial A3l Judlull
CHLERY) Al gl aay 3 LS lod) dais culss o s cBaane duniliul (335 il el
PAa e Laadly estructural breaks 4iSm clpus Ao doall Judld) elgal Js
il 8 ADF,PP,KPSS wijlas) b dbici) L) sasgll jaa chlidl mits of Jsanl)

Slaill e demally INRXSH chalall s (geie b bha oilla 3 LS lasl i e
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Giladadl 5l (e pans (ol paall (i Jod e chlaa¥) IS @Sl ¢us (INRTSH
dangll o e palulad) o) GV Gl slsinly oualdll aaall g mbyg gl b
Lgd s ¢Jg¥) Gl e oSl giludadl ol o (e S5 sy sda olé 13l
J(1) Y1 Al e lilalig

Al of e oS3 LS laaly (KPSS [laal o NS of Laadl oAl dal (e
@kasl Wd(1) Y dapdl e AlelSie gb Jalls (J5Y) Gyl xe 4l INENVD
oS 5 U LS lad) Aoy Ua Y] g c(gsindl 2ie dSla L@l oS58 ADF,PP
ALl Gl Lo Wl o dg¥1 da)all e dlalSie dlodid) sda ()8 13glg (KPSS jladl daay
el e ADF,PP,KPSS cijlial x5 INRMPN cilaylgll 3l5a) jdsa dalal) dua)
el e S5 LS lad) dai oSly ¢ shaa Al (e ALalSia g8 L (gginall i AL
bl day Ua 3891 2 (L) (JsY) Ayl e dlalSia g8 Ml (JsY) 33l vie dxSla
Ol 13gly cstructural breaks in ciypes e INRMPN ALl ofgia¥ Tylas olldg (LS
3gds (I(1) sV Aol (e AlalSia b by ¢Jg¥) Guall die AiSLa dag)¥) Cand) i puiia
Gl b )5 ADle 3sms 2 e Gal) i) JalSl HLas) elnl site dlad) 8
Nein el Al Lonad) A HLaaY Tagan @iy cculpnall oda (p (ashll

Unit root tests caull cpaial Sasgll jaa c)Lis) :(2) a8y Jgaadl

Variables ADF PP KPSS LS Decision
LnENVD -4.552492*  -3.810048*  0.053438** -10.87573** I(1)
INRXSH -7.764777**  -8.191339**  0.079831**  -7.784413** I(1)
INRMPN -3.956539*  -3.948932*  0.118439*  -7.798014** I(1)
INRTSH -8.315633**  -8.355685**  0.070895**  -8.235319** I(1)

* Significant at level (5%), ** Significant at first difference at (5%o)

Gl Efpiie Gu by ddghas .2.1.4

O s ey ol Clpaie G Bl disias G 53 (3) Ay Ja) Jsaall DS e
X %1 4.1).\;.03\ (SPuua i Luba;\ M)AMJ dnga A8ay .L-a.x.l).a Lﬁ)\a.\]\ C\_m\}[\ a_z_).uu}n
d‘)—‘;\ arla 4\3)\:4 Lalill LL\{)‘}“ dalaa M.xs g_ula Lu.u 042 i L L;\.:.:3\ J}AA.J\
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Lt (oo oy el el 5 sl 6y lonll 7 Lais!
(e danll paatial Lali)V) dales dad Cialig <0.62 4ied Lo Anll jsadill jiaie ze iyl
0.51 el Lo Sl sl ke a3yl

23 JNg ¢ Aull Hoaxilly (glaill ~LaY) Chdse Gn Linge e A of @y e iy
Mgy clad & Al joanll clVame 5 B Luw @ladll ZUaY) S of Jlaal o dagl
@A 5aY) cculyaniall oda oy causal relationship i e cllia cul€ 1)) L e Y
W) o IV e (oAl cpind ml s3a (pe aadlg (ARaY By 6 die @EaT) i
D5e Op Aadll ABLY @b e ol Sl jeasll sdges lylsl) G sdge Gu Al
bad 3 Al jeaxd) cNVaee o o @y Ju layyg ¢ ull joaxil) Jdigay clplial) das
o ps b L leg due daaill ol 0585 Ay bl bl e LS Gyl it
o3 (Kly «COz o8 wasl S Sle bl € (<8 Jasin (o3 Ll iy )
Ll Slylell e SV andll <o Clanally YT Glyly 2y of b e Lialaie Aail
Y o3 iy cdid) 138 e 1€ Lawd Jadl) Jal) Colara s cayboad) (S0 cdad)all 358 DA
ol g Ul lalysind 4y Y claeally @YY of ) &Ll ¢ Gl ey cliles Lage s
LU dalad) shgll ¢ (2005) cYLaly cilasleall dalad) sLgl] il 13 e as
(2017 <2014 2012 2010 2008 2006 ¢ 2005) <lsskeallg

correlation matrix cusal cilysia ¢y Jbla ) dsian 3(3) A8y Jsaal)

LNENVD LNRXSH LNRMPN LNRTSH
LNENVD 1

LNRXSH 0.42 (0.0014) 1

LNRMPN 0.62 (0.0000) 0.67 (0.0000) 1

LNRTSH 0.51 (0.0001) 0.96 (0.0000) 0.84 (0.0000) 1

( ) P-Value

el o Bloy¥) 8 8 ala ) Jalas (DA e aiaadle i ) AV o8 ey

On LY dalee Ao Caly G (@laall ZLaY) Chdge S Al Gad) s 8 Al
e O BLHY) dalee dad Cirlig <0.67 4ieid Lo lylsll 3lpaly chalall das (gpxie
e 0.845 0,96 olse Lo clajlgll @laly clplall das Guxiey Hladll e Ll

il o3 o Multicollinearity (Jaall ssil) dCae soag o J (3 yeY) ¢ JIgill
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sshall b auw ACEA 03¢y BN JElly anly z3sai b il sl G meall il
o USy gl urie il el e G Jasi et AU el JalSall Laal dasdU)
sl e Aliine e 5l e deanlly «lylgll 31als clalall (o duaall i
Gaanl) Cfpurtia G il Jalsall lad) (3.1.4
Bayer-Hanck (2009) Test for <l Jalsall jlodl dais (4) o3, Jull Jeaal) oo
eanial) bl & IV B pdingly (e OLEAY) 138 A Gaedls (Kass (Cointegration
Engle-Granger (EG), Johansen (J), Banerjee (Ba), Boswijk ~&fjlaal o lgale

aaisall Bayer—Hanck (2009) Test sseaill jLad¥) i (gAY Jiatis (2% J<i (Bo)

.F E;bml ‘A:;
Ganall Chria G sl Jelall sl 1(4) &8y Jgaall
Bayer-Hanck (2009) Test for Cointegration
Model (1)
Underlying Tests:  Engle-Granger Johansen Banerjee Boswijk
P-Value 0.0000 0.0000 0.0000 0.0000
Test statistic -5.9447 37.3942 -6.9635 50.4176
Fisher Type Test statistics, Bayer Hanck Test
EG-J: 110.52408 5% critical value: 11.229
EG-J-Ba-Bo- 221.04817 5% critical value: 21.931
Model (2)
Underlying Tests:  Engle-Granger Johansen Banerjee Boswijk
P-Value 0.0000 0.0000 0.0000 0.0000
Test statistic -6.3607 43.7754 -7.7197 62.0133
Fisher Type Test statistics, Bayer Hanck Test
EG-J: 110.52408 5% critical value: 11.229
EG-J-Ba-Bo- 221.04817 5% critical value: 21.931
Model (3)
Underlying Tests:  Engle-Granger Johansen Banerjee Boswijk
P-Value 0.0000 0.0000 0.0000 0.0000
Test statistic -6.1771 41.9766 -7.4347 58.5505
Fisher Type Test statistics, Bayer Hanck Test
EG-J: 110.52408 5% critical value: 11.229
EG-J-Ba-Bo- 221.04817 5% critical value: 21.931

Lag selection method (AIC)
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=@l null hypotheses aall (mjd (i) e danpll dpdall Jalsill colylial =50 Ju
%l ge i Al P-Value dad Pla (e cllyy DA zilaill & djide JalSS 2gag aon
a9 @l dadl el Jed e @l Jug XD #ilall Ay cahloay) dlb IS
e 3say Jalby s o O Aid) lhpridly ol i) Gn dide dalSs 3Dl
o2 (A clypaiall 238 o long run equilibrium relationship Jdighll ol & 45
.z il

joint Bayer Hanck test F el Hlaadl Fisher selaas) dad Ju (il 4l (e
JalSi agang pden (aldll panll mjh (il cllyg cdagll Gui e OGN #3lall 3 statistic
o c Ade iS5 2gags ol diadl il Jsd MLy cctiad) Clite G o ke
e LA dsjal) adll xe Fooslian) dad 45)lae P e @) o @aal) o3 Mg o) paial)
On Al peaiy (EGJ il n (A1 pand callal Luailly clldg %5 Digina) (g5l
EG-J-Ba-Bo & ¥ c)laay)

e pand (el dligh 4351 ABle dgag (Ao gale deaniall il Pla e pSall (S
i 2DLal) (ge 43ld clldly ¢ Joshal (saall b san e S (glaal) £ i) Clpsiien Jal) sl
clpaiall oda (g daghll (saall A ABle 3sag (520 LA
Jushal) (gaall & Gl i G Ao A3a)) L) 4.1.4

Gy ) chria C sl Abish Al AL laal 3 (5) a8y SO Jeaad) oy
gy Augmented VAR zigar e aaas 2l (Toda & Yamamoto (1995) TY dagid
SC, (bl Y h igaill Optimum number of lags il eUaty) culpé jladl
AUCha dgng el zigall i desy ¢ Ball o Baaly elay 5 o Lo Las el HQ
By (AlShall oda B gogd ) eUay) <l 5ol 28 cAutocorrelation S Lals )
Augmented VAR  Laubh ¢35 ¥ Augmented VAR zise il of Laad moal
LISe @yt dsagd Qllal & clly agag cresiduals are not normally distributed
sty Gl sda e adSH 5 Mg (sl il paial Al Judlad) & structural breaks
ACiall o2 dallas iy <Recursive residuals jlis) Pla (e lgdde (geian Al i)

sl b i ) gl sda ey & impulse dummies ducas L il yine dilaaly
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S dalle Cuay dlgie 2l le Jswanll @iy 5 2011 <1981 <1971 <1967
Lo LR el 25 288 13g)y (Augmented VAR #3sai e Jle Al danbiall cOISA)
.z 3salll 131 Gy TY

unidirectional long run asls slaal 3 saal) gk dw BDle 3529 Joaall o geaal
S e SISy chasing BN laill ~liY) Cilpiie e sy causal relationship
sk G BDle 205 @A) Lol ey Yl Lgindl) (gise i clldy ¢ Jnl) Hpall e
(» JS e o uUnidirectional long run causal relationship asly olsil & (sl
(sise i llyg (sl B 5dse ) Hladll e sl Hd5es bl das e
%5 dgixall

a2y Jughll (s2al) (A Gl cpstia G dppd) dBad) IR 1(5) ad) Jgaad)

Toda & Yamamoto (1995)
VAR Granger Causality/Block Exogeneity Wald Tests

Dependent variable: LNENVD

Excluded Chi-sq df Prob.
LNRXSH 13.94328 2 0.0009
LNRMPN 19.64413 2 0.0001
LNRTSH 15.84274 2 0.0004
All 20.80194 6 0.0020
Dependent variable: LNRXSH
Excluded Chi-sq df Prob.
LNENVD 1.520182 2 0.4676
LNRMPN 0.773813 2 0.6792
LNRTSH 2.458615 2 0.2925
All 4.877801 6 0.5596
Dependent variable: LNRMPN
Excluded Chi-sq df Prob.
LNENVD 0.309334 2 0.8567
LNRXSH 6.276405 2 0.0434
LNRTSH 6.759731 2 0.0341
All 6.901268 6 0.3301
Dependent variable: LNRTSH
Excluded Chi-sq df Prob.
LNENVD 1.858699 2 0.3948
LNRXSH 3.819088 2 0.1481
LNRMPN 1.694622 2 0.4286
All 5.379794 6 0.4961
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Sy Sl ol dsey Glaill ZEEY) Ghdge Gu Aabll Bl G G les maa
dpbd dalsall sl P e maily Jhla) didst Pla e el 8 Caal
T o () @lldy yudug cdiia dana Ale L ¢saall dlgh 40)s dBle Ll cointegration
e @il Y] cYare 4 clpaill agn Anl) jsaxll jdge 4 Gaad Al Gl e
e 4 Hlill sale] o A cdlll Glylslly chalall i dapls ) @) sy o)Al
(e i) e L paball (K sty calinY) Sllee b Al aled) Gadd s
& sustainability dexnu¥) lae @it Gladay (ISl 12 o el g Uadll gyl sas
el 8 A uled) slelyey oaeailly Z LY cililee

Oktavilia & e JS 4l Jasi Lo go Snll 138 3l Jeagll &8 all pilul) g
Firmansyah (2016); Shahbaz et al. (2017); Gasimli et al. (2019); Ajayi &
a3 Al Gluhall Gans 4l cliag e ae Jaid milull 232 caliasg .Ogunrinola (2020)
Saall e 8 13gly  UaY) 1aa & Essandoh et al. (2020) o JS 2y lgiag « Uy
Bl Ay Gl ) i A Aaldl Sl B e L) deasill 8 ) bl 858 aey
Joall daniall Joall Aalald) Alsd) e Eghil)

diagnostic tests diaddall whloaV) mil cpn @A (6) A8y Jul) Jeasll DA e
dpuld COSa gl e Sl Y z3sadll 138 o iy Augmented VAR z3sa s dluled
Jarque—Bera laal il Gy Jganll DA e ot Gus cresiduals SAloall Aladey (3la
Bas e OS5 dedine VAR z35ai cValea sy of normal distribution xadall ajsil
S5iuee B8 ll P-Value dad Pla e ellyg cnormally distributed bl ajgill o
L £555 Aol Aldes h @) a2al) (3 J58 L0lSe) ey @2 5aY) %10 Ligindl
.null hypotheses of normality

VAR Residual Serial Correlation LM Test jlial A (pas (il dali (e —
Ll dae o b3 Y VAR zisa Gl of debudal) Lls)¥) Lald jlasly palal
Lginall (ggina die @lldg (1 10 N) ooyl i vieg N clady) 558 die Judodall 313
VAR Residual Heteroskedasticity Tests (Levels and laal PlA (e g %5

ol oalad s AEe e e Y VAR ziss of Squares) Joint test
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JkaaY) g Aalall P-Value dad PDla (e elld meay (Heteroskedasticity sUasY)
Y zisall il b ol prell G s e @ 5] (%5 Digindl (g5ise s
et daalid OIS (6 Sl ¥ VAR zsai ol 13gly coulill Guilas axe S5 (e (il

235l Clprie cp Agpad) 3D LaAY 4 Gelia) (S aily ¢ sl Alaley

Sl 3gall Bl Aladus c)LAAS gl 1(6) ad) sl

Jarque-Bera normality Test

Component Jarque-Bera Df Prob.
1
2 7.706832 2 0.0212
3 1.364180 2 0.5056
4 0.009766 2 0.9951
Joint 13.02979 8 0.1108
VAR Residual Serial Correlation LM Test
Null hypothesis: No serial correlation at lag h
Lag LRE™* stat df Prob. Rao F-stat df Prob.
1 26.08943 16 0.0528 1.736781 (16, 89.2) | 0.0538
2 21.95918 16 0.1445 1.429517 (16, 89.2) | 0.1463
3 10.71423 16 0.8268 0.656815 (16, 89.2) | 0.8279
Null hypothesis: No serial correlation at lags 1 to h
Lag LRE* stat df Prob. Rao F-stat df Prob.
1 26.08943 16 0.0528 1.736781 (16,89.2) | 0.0538
2 45.60532 32 0.0563 1.526292 (32,93.8) | 0.0607
3 58.43920 48 0.1437 1.271874 (48,82.9) | 0.1671
VAR Residual Heteroskedasticity Tests (Levels and Squares) Joint test:
Chi-sq Df Prob.
317.5377 280 0.0608

Inverse Roots of Sl jlasiy) dlalea Heda LusSan HLEd) das (2) o8, Jal) JSE con

LAY apai 3 (M) Augmented VAR zigai 4alall AR Characteristic Polynomial
Dbt dpals e Gl aadieg (53l cdsshall (saall b sl @lpiie Cpy Aaedl 2D
Afiad)l daall gaall Gaun LIS a Alalaadl eda ol cpi IS (DA (ay oz salll (<o
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Pearson simple Jawll boall baliy¥) dales e lalael correlation analysis Jals )
Bayer-Hanck test  ssesill dpadl Jalsall lasls <linear correlation coefficient
dond) 3D lasly Bayer-Hanck (2009) (e IS dlauls 7 siall (for Cointegration
.Toda & Yamamoto (1995) ¢ IS ddauls # izall long run causality (saall dlish

on hnh Dle sy ) LY st DA e L) deagill 5 A ikl el
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o long run equilibrium relationship sl dbsh dujls 4Dle dsas A 28 (S
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Organizational Silence and its Relation with Whistle Blowing

(A Case Study on Members of the Nursing Staff at Misurata Medical Center)
Mahdi M.Algotait Taha A. Eljahimi
Faculty of economic and political science - Misurata University

Abstract
The study aimed to clarify the relationship between organizational silence and whistle

blowing behaviors in the health care sector at Misurata Medical Center. In order to achieve this
goal, the relevant literature was reviewed, and then the field study was conducted, starting with
the inventory of the study population, which amounted to 117 members of nursing staff at the
medical center, based on the use of the descriptive analytical method to document the data
collected by the questionnaire and conduct statistical analysis on it. The study concluded that
there is no statistically significant relationship between the levels of organizational silence and
whistle blowing behaviors, despite their presence at an above average degree.

Keywords: Organizational Silence, Whistle Blowing, Nursing Staff, Misurata medical center
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The Scientific Basis for the Pricing of the Murabaha Product

in the Libyan Banks
Mohamed Ali Elshaafi
Faculty of Economics and Political Science - Misurata University
Abstract

The study aims to identify the scientific bases adopted by Libyan banks that offer
Islamic products when determining the price of the Murabaha product. The study
depends on the descriptive analytical approach to clarify the issues related to the
research problem, based on the references included in the related literature. As well as
obtaining the data and information collected through the questionnaires distributed to
the study sample, which are represented in (Jumhouria Bank, Bank of Commerce and
Development, and Sahara Bank). The study concluded that, there are scientific bases
that are taken into consideration when setting the price of the Murabaha product in
banks that offer Islamic products. The results indicate that commercial banks take the
cost price policy as well as the risks when applying Islamic products’ prices. Also,
determining the price of the Murabaha product does not consider the market price
policy and competition.

Keywords: Pricing, Murabaha, Islamic products, Scientific foundations, Libyan banks.
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Administrative Processes Reengineering and its Relationship to Service

Quiality of the Ministry of Transport and Communications in the Southern
Palestinian Governorates

Hatem M. Asfah Mohammed A.Abu Aziz Yasser A. Abu Mustafa
University College of Business and Finance College College of Business and Finance
Science and Technology Al-Agsa University University of Palestine

Abstract

The study aimed to identify the relationship between administrative processes reengineering
and improvement of services quality in Ministry of Transport and Communications in the
southern Palestinian governorates, the study relied on the descriptive analytical method, and used
the questionnaire as a fundamental tool for collecting data, the questionnaire consisted of six axes
aiming to measure the trends of employees in the Ministry of Transport and Communications,
using comprehensive survey method in selecting of the study items. The findings of the study
indicate that the correlated relationship between administrative processes reengineering in its
dimensions (information technology, employee empowerment, organizational culture,
commitment of senior management, organizational structure) and improving the services quality
in the Ministry of Transport and Communications. The study recommends the need for the
Ministry of Transport and Communications to possess innovative technology, which provides it
with the speed and accuracy of the completion of its operations and activities in order to ensure
the improvement of the quality of its services.

Keywords: administrative processes reengineering, Services, Quality.
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The Impact of the Application of Blockchain Technology on the Financial
Performance of the Libyan Islamic Bank

Nasser M. Ben Younes Faraj M. Al-Askari Abu Bakr A. Al-Sada’i
Asmarya University Asmarya University Asmarya University
Abstract

The study aimed to identify the impact of the application of blockchain technology on
improving the financial performance of the Libyan Islamic Bank, The study relied on the
descriptive method and the analytical method, The researchers used the questionnaire tool to
explore the views of the study community represented by workers in the branches of the
Libyan Islamic Bank operating in the cities of (Zliten and Misurata), And their number is (55)
people, Due to the small size of the study population, the researchers adopted the
comprehensive survey method, They distributed (55) forms and retrieved (51) valid forms for
analysis, After statistical analysis, several results were reached, the most important of which
are: The application of blockchain technology improves the financial performance of the
Libyan Islamic Bank, The application of block chain technology in the bank under study
works on (achieving security and transparency in completing financial transactions, reducing
financial transaction costs, speed and accuracy of completing financial transactions, reducing
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the occurrence of fraud and electronic crimes), Based on the results of the study, the
researchers made several recommendations, the most important of which are: Holding
training courses for employees in the banking sector to introduce the block chain technology

and the advantages that are achieved from its application, Do more research on blockchain
technology and the benefits it brings in all sectors.

Keywords: Block chain technology, Financial performance, Libyan Islamic Bank.
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The Effect of the Application of International Accounting Education Standards on the
Quiality of the Accounting and Auditing Profession in Light of the Requirements of the Labour
Market in Libya - a Theoretical Study

Abubaker Muftah Shaboun Aisha Mohamed Alarabi
Faculty of Economics and Political Science Faculty of Economics and Political Science
Misurata University Misurata University
Abstract

The study aims to investigate the determinants of the quality of the accounting and auditing
profession, to explore the compatibility of accounting education in Libya with the labour market
requirements, and then to determine the extent to which the application of international
accounting education standards contributes to improving the quality of the accounting and
auditing profession. As such, an exploratory study was conducted on the faculty members in the
Accounting Department at the Faculty of Economics and Political Science, Misurata University,
and an analysis of previous literature was undertaken. The findings of the study indicate that
there is a gap between the educational and academic aspect of accountancy practitioners in Libya,
the low quality of accounting and auditing standards applied in Libya, and the low awareness of
the importance of accounting education standards. The findings also show from the analysis of
previous literature that there is an effect of applying accounting education standards in improving
the quality of the accounting and auditing profession if their application in the Libyan
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environment is taken into account. The study recommends the need to update the Libyan

legislation governing the accounting and auditing profession, and to reconsider the accounting

education curricula according to the requirements of the labour market in Libya.

Keywords: Accounting education, Accounting and auditing profession, Labour market, Misurata
University, Libya.
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Awareness of the Libyan Cement Industry Companies of the
Importance of Social Responsibility: A Field Study

Abulgasim Mahmoud abusatala
Faculty of Economics/ Elmerqib University.

Abstract

The study aims to determine the level of perception of the Libyan cement sector companies
of the importance of social responsibility. For implementing the study goal« the study used
the descriptive analytical approach through a questionnaire survey conducted and
distributed on a random sample of (90) financial employees and internal auditors that
working in all cement companies< and at the end (83) questionnaires were returned:« the
findings of this study suggest that there is a: There is sufficient awareness among Libyan
cement companies of the importance of social responsibility. The study recommended the
necessity of holding workshops and discussion sessions on the importance of social
responsibility« it is also necessary to establish a special department concerned with social
responsibility< and work to issue a guide explaining the company’s vision< mission« and
objectives towards social responsibility.

Keywords: Social Responsibility <« Cement industry companies, Libya.
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Recent Trends of Employing Electronic Payment Methods in Libyan Banks in Light of the
COVID-19 Pandemic: (Applied Study on a Sample of Commercial Banks in Misurata)

Ahmed Faraj Elzatayef Mohamed Almahdi Nasif
Faculty of Economics and Political Science Faculty of Economics and Political Science
Misurata University Misurata University
Abstract

This study aimed to identify the recent trends of employing electronic payment methods in the Libyan
banks in light of Covid-19. To achieve this aim, the descriptive-analytical method was used, and a
questionnaire was developed, where 51 questionnaires were distributed to a sample of the branches of
banks operating in Misurata, as well as personal interviews were conducted with a number of officials
working in these banks. The findings of the study indicate that the weakness of recent trends to employ
electronic payment methods through the failure of the Libyan banks in embodying the sales culture and
the weakness of diversification of electronic payment methods in order to reduce risks and raise the level
of security. The study recommends the need to raise awareness and spread the culture of buying and selling
through electronic payment methods, and the need for direct contact with electronic payment methods
companies to solve the problems that occur to the beneficiaries of these services.

Keywords: Electronic payment methods, Covid 19, Libyan banks.
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organizational values of leaders and their relationship to the quality
of applying the leadership and governance standard

Khadija Ibrahim Shetwan Ahmed Mohamed Alnaaji
Faculty of Economics and Political Science Al Elham company
Misurata University for contributive investment
Abstract

The study aims to identify the relationship between the organizational values of leaders and the
quality of applying the leadership and governance standard at the Faculty of Arts - Misurata
University. The study relied on the descriptive approach, targeting all faculty members of the
college. To achieve the objectives of the study, the questionnaire was designed based on the
indicators of the National Center for Quality Assurance index to measure the leadership and
governance standard. This questionnaire was distributed to a sample of (108) faculty members.
The results of the study showed that the degree of leaders’ adoption of values (administration
management, relationship management, environment management) in the college was low, while
the degree of leaders’ adoption of task management values was medium, in addition to the
existence of a positive direct relationship with statistical significance between the leaders’
organizational values and the quality of application of the leadership standard and Governance,
Faculty of Arts, Misurata University.

Keywords: Organizational values, Management values, Mission management values, Relationship
management values, Environmental management values, Leadership and governance
standards.
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The Effect of Using Dummy Activities on Business networks
Analytical Theory Study on Critical Path Method (CPM)

Abdalla Mohamed Elshaikh Mukhtar Abraheem Bilnur
The Libyan Iron and Steel Company Faculty of Economics - Misurata University
Abstract

In business networks (CPM or PERT), it is difficult and sometimes impossible to draw the
project network without using dummy activities, that is because the network cannot be drawn
according to the conditions used in the drawing process, in the way which achieve the technical
conditions, in terms of the sequence of the project activities in reality and as determined by the
specialists. Therefore, an activity or group of dummy activities is used to draw the network
according to the drawing rules, in the way which achieve the technical conditions of the activities
sequence process. Here, the difference between those responsible for the drawing process appears
in terms of the number of dummy activities used in the drawing process and their location on the
drawing (network), this means that it is possible to draw the network for the same project in more
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than one way, due to the difference in the dummy activities and their locations on the drawing.
This paper aims to study the effects of the difference in the network drawing process on the
information that is extracted from drawing the network, according to the critical path method
(CPM), how does this affect the number of network paths, how much the critical path has changed
on the network, and the impact of the change in these network paths on special times for early
and late starting and finishing (ES, LS, EF, LF) of the project activities. At the end of this study,
the effect of the difference in drawing networks was determined on the critical path and the other
paths of the network, and all the information that the CPM method aims to conclude from the
project network.

Keywords: CPM, activities, dummy, network, event.

dadial) . 1

O gl aady A JSall Leink 4 Clilaall gy ilad aal aal A8, 50 s
Project) aobiall 3,0 8 Bl aal e oo ) Jleel) ClSad A dgalaain
OSars g biall oda 2w Al o Allad A Gaiad Ciagr el il Ciliies (Management
Program (0r a—_biall daal e s ani o b Laa (a5 G shol ) Jlas W) IS8 Cagias
(CPM) z_~l sl 48,k 5 Project) Evaluation and Review Technique (PERT)
e 3l O sl e sl Gaska aaiay 5 A8 ) 51l 238 Al )2 & s se 4 5 Critical Path Method
sl a2 Cigll O Laxie (CPM) 44k Gudad 4l g 5 piall (o daliall Cila glaall dapla
ool oda o 5l g 3lhaall dpasall As ol Juad Y Ld] V) B33ma 5 A5 jma g g pliall Anil 2 e
dasally Adaii¥) B 5l Ca i Y (CPM) Ay dal dglaadl oVl e el 8 6y lall o2 il () 55
sl sk a5 (Sireesha et al., 2012) o) ade @y Jiny ¥V g Wilias) 4 g jra ) 5S5 La)
s 5Ky danally sane e g g pdall Aaiil panil o O 85V (S5 Laxie (PERT)AY)
Ol (8 JaLzall 28 o O 5l ey 5 (OpLimistic) (L skal) sl a5 elalias (S A 5f 6
gl g phall ¢ gl 8 oLl a4 53U B ) g8 5 (PeSSIMISEIC) (s sbill < gl 5 ca s dall
Gl gl i oy g cdgaliie VI o el 8 Lalaal) il o 53U < ll a3 5 (Most Likely) ¢gakieY)
corahall a3l el e diae Alalee e 2Ly DA 4390 03¢d (Expected Time) a8 siall
.(Arsham, 1993) Lliill 15 300 (ady Lad il slaall e lalide IS 38yl < Callai 13ga

goodall Ahiil s o by g o pdall A8 au) o ((CPM, PERT) creshed) S (A5
2 jlie 11asY) 038 dapa s gy i) Aniil 408N 038 uSai] ALaiY) o3g) Al Aidl) L5 8l
L jie e (ol Jalis adnl b ead) dolend (Al sie s A] diaY il dil dadil) Loy
o B (e eleiiW) aay V) a2t Aglee 8 el Sy Db Gl Bl Ll Al Lalis (e elgiaV)
2l Ol 5 ¢zl Lpudary A83le Lgd Gl Al Adail) gd 43l giall Adadi¥) Ll 5 cad dalid) AdaiiaY)
) Bl dasa e oL 4030 e Aadal) i iy QAL (e et laaal Bt dlee b

www.eps.misuratau.edu.ly 257



(2021 yawins) 2 suat) 8 ulselll Jlos¥lg sLaid¥ ! obualys dlsma

IS5 e g g ) Jiid (S s Sl e Adaa¥) o2 2udwi) 4o 33N A V) on 5 (53150 ¢ Y
(Activity-on-Arc ossill e LUl sy ¢ by (Network Diagrams) 4. labis
A4 Hhall alasiul a3l 48 )6l 028 8 5 «(Activity-on-Node (AoN)) 32l e Llisll s (A0A))
Dhlas e g 5 bl dndal il of g Ua JSAL sl (Duan, Liao, 2010) (A0A) s
zalidilee o ddlide ) il Lo Adliaall g g piial) Al o) imay ¢ QAT ) Dol (e ilidg 0 )
By i) Hhlae o 2l Aipme i yeds 48 5k ) B Al cad i) a5 b algil g g g il
6 AY) il yisall sady 8 s da yiall 48 hall g pdsall o A5 a2l da i) (k) @ ekl
A ezl Jleall dilail Unsy a5 ok Lal o3 85 (Madadi, Iranmanesh, 2012)
Y i jis (LP) Abadl) e ol deliay clldg o(d38s ) dagae oLl cld ) Lgad () 65 )
drpa dysadl Yager caiual 4y )k slaie) 55 «(LP) z3seiS g oall jluall 41Se 42 Lua 5 dagal)
il (S (Simplex) deaaill Jall 3k alaaiuly Lela (Say daial s dana ) deged) LP
Fuzzy ) 4k oleseSs S sty (Chen, Hsueh, 2007) deal 5 58Y1 Sl 30 a3
5_be alill il 5l Lead 55 Al A0l 8 el lesal) Jidail (LP) dudadll 4l 5 (Algebra
g Lagaall S8 Y 02 iy & (LP) delia o 5 Sl adiad o(didy je) 48 e 4pd ald )l ce
(Atli, Kahraman, 2011) dsal Y jludl e ) siall
duyal) ACéa .2

il g oLl (S Ll sl (e g dale iy 3eliSy a jliial) 310y Al oS aadied Jlae ) cilSad )
@ s ohall A8l LguaSad Aot S5 8 Chagll B )by oy Japhadill Adph g (33 sk (pad (A ,l) 5 Talaalil
A8l Jaladially i Jlae y ol Sl (sl (e g el Al Anlie 48 5k (e A6 511 Aaiks 5 oLl Sy
Lyl oSy (s al A (s clganii o Jandl Ul 5 s g () Ol i) aaas &5 (e g 6§ 5 _sial
bl denil aasall e 3 e 2l cClama g Jlae 5 2 e (e Jaldn JS 2w illlate ayaad

A i) didll Ja 5 8l g g piall dadil 2ae o YN Aa Al adiad g 5 8l A8 any ddlee
pemn i l) o Jalii JS il o Lgad s o(Uamll Lpammal dpuailly Aaial) o dipa) Adail) odg]
oJaliall ALl Chas Jiad Al 3 yilall g alaall 4l chas ujj‘)(\ 3 Al Jid g eop 1 G ) geana
Jalis JS a3 il sleall o i) ¢Say el G (e AdafisDU dadl) g il a8 g olld e eliyg
3 )Saall dleall) Lalisll e (e s (Boakiall Aol 5 5 Saall dglaull) Jaliall culylay (pe ) st 4
JSS g gl elgdY a0 gl st il g (aliall Al

Aol Ja gl T8 5 o il (pimmy A4S0 sy Lilial iy o oy il 8 Lia AL sl
Lo ddla) oy Alianall o3 Jals cadlsll )l o Lexa 380 Ly (Normal Activities) 4
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Jlee¥l ol e dangll ala 2i¥ aliseiul il (2021) 5Ly <!

AN (giad Al Jag i) 188 g ASLE ausy Cargs ((DumMMy Activity) dses il daisYU oy

Al e Le Al yra 8 Al ol 13 AlGe (eSS 5 (199645 saiall) g 5 pdiall Adadil Ayl

a3y e gaadal ie S (e lgdde Jhaniall e sleall 5 galiall 5 400 S5 e o2 dgan gl AdaisY|

Al Y sladll e sl (A Al )all AlSha (asli (S 4dde 5 ((CPM)

Lgalasiinl (SLal g dpan o)) Adadsl) dac & CaDEA Aaii AS0A)) aw )y & QDAY i da >
fasulll B4 @l jlaall 2e e

Nz oal) aSaiall jlsall e A0l any 8 GDEAY) S da >

LAY 13 i Ja e $AS0aN 8 2 el jlual) Jsda e A0l auy A DAY S da >
T s piall Sy 3 K e 3 e

3 Saall cilileall s cbladl) alaa ¥l dalall daa 3V o A0l an ) 8 GDEAY) I i da >

oAkl

Al cpa iagd) .3
Aot 1l AaiV) g gaim ga L5 S ) el (8550 53 5 (il s gall bl () g g my
dallee 8 dpen ol Adai¥) aladind 48 i gy dal g e e 2a g Y Aaliall aa el S 8 Canilly
e sleall dale Adiay s dgalic V) Aaiil) Aladiuly & 5 piall 405 au )y Hded Al 3 IS o
Lonic adding et sl Ll of o iy GdlS je (et ol AdiV1) & suia sall iyl 830, 4
Lol A8l 5 3,85 B g) 3l se Vg Taga Vo Uy llginsd ¥V a5 A0l auy & A Sllia (5SS
Gl slaall (po (Saa 3 5T aaan A 5 A all o2 Calaal &) 0 lia ey (Likall L sluse a0 5l
pany Slad ) ALYl op g gall ldl (B ) seail) et 8 dablisaS g gall 3¢y Ailaial)
A dalall oY slaal) e Y Caags dpad ol Aaiil) ey o Lgan ) (8 adiad ) Sl
alene 3138 5 ((CPM) 42k il o 4pan gl ddais¥) aladial (8 CadEayl 3l s 5l Hall

& e gall 13¢) Laga Lan o ()5S0 5 cicti) g B3 (ha g saiagall (5 i

Auhall dsaal .4
ey e (ald JS8 5 ((CPM) zoall sl 43y 5k e ¢ gaall a8 Al 5ol dpaal (e
LSJALA:\ﬁ)M «ﬂh‘;c 3\.»..45 6:\:\4&%‘5 :\.kﬁui ?\ | u}m 3(3;’.’,\\ e.A.MJ L@_)B ‘)Ja_"u" ‘S;\M :\.».AIAA\ &_1\2155\

45k gadat vie AL Aalal) A Y1 e s dale daay 45030 e ddainl) o aladi) s
M\EJM\JL@MQMAMJMLJL\&J ‘vﬂb).\usﬁj);ﬂm\ K7 J\u\z\sﬂj c(CPM)
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) pgia .5

o Gl ialiy Jlae W) s 8 dpan sl AV aladial 8 CadlEay) il 48 ) ) o8 sy
aiad Y A (A1) kil o gadl e Al pall 038 it g ¢l 5l )l Sle (CPM) 48y ke il
Jeall e Gy Gapuall Joall Jaall e 5 (o kil Jalill e aaiad s eagl] i Y5 @l 5l e
ainall B3l8 3 ()65 (Aaladl A8 prall) Afind) adaliall 5 Cojlrall oot 1) Chaga oo paill
Agimall 3_jalall ) dadaiall il <l () 5K 5 @8 gl (2 ) e gkt oty Adpdail) & gl 8 Laiy «JSS
"Ad prall 32 3" ellaan s Ankail) Gl e 15 pdle J sl mllacas Lo Gl 5 cda Al Al
Aokl Gl e

i G Jseasl) dal e e a5 1ol eiall gL s 28 ) 51l o34 ASia dayulal 18855 A
O L Lagh alias 43 jlay g ) (Uil 5 cla g 5 il Sl de sane ol 335k e <l 5 dada
sl yall o328 853 ) gl Y sll) Jla 8 DAY 13 <l il Jida  cdan ol Adaia¥) aladin) Cus
& sl aLaiy A 50U 5 il g A jall 5 dualiie W) ASAN G e e ilals

dupall glail) LY .6
Critical Path Method (CPM) z,all jluall 4ii)k 1.6

*s (Jie, Xun, 2010) DUPoNt 48 i (33 b 121956 ple & (CPM) 42 skl s2a (L) o
zoal bl &k s callall 8 cldlaS A58 ST B Wil iai s Bpuiall 3K 5l 380
Adaiil 481 ya 5 Al gl Allad A s A 5 cdpnaiel) o Liall 3 1) 8 dexdindl) 3kl aal e (CPM)
dleall sleall 8 Aassl 5 laplaty (PERT) 5l (CPM) il ) s Jlae W1 S0 oty g sl
il haaill (CPM & PERT) alasiusl &5 Jiall Jyss lnd cadl gll (m )i e s il JJaas
Lo 08 il g g g el ddniily Aail8) £ 5 pially alall cilibll 33 5k (e (FUTA) Lladl il 5l
28 gl SLiaY (CPM) alasind 215 ((SAMKAY) sliall 8 5 (ga lgman 3 Al (i JS sl
Ay g g pdall e Jldial 5 &5 (PERT) aladiulis disy 207 o8 & 5 il elgsY) o530
.(Kikelomo, Olalekan, 2020) 7.68.8

Activity ) g sl Adaii¥ Jabada an ) (33 sk (o (B sl 4805 an ) £ s pdall Jandadill 2y
G AY) Gl slrall (ary ) AiLcaYl cdladiV) s3gd el o g il uSxy (Network Diagram
A<l 5 jalial g 5 Saall il s 5 abiall g 3 Sl cilglad) cld gl 5 sl ddal o 53U @8 s
Sl il odgd Slady) duw 4 i A (e ale 3kl 5 g g pdiall 51 (S 13ga s Adaiy)
J8E e A8l 8 Akl ol e wadl) g o ll) AS0EN e sa ey 4 liay @l 5l (= )]
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Jlee¥l ol e dca sl ala di¥! ol i 4l (2021) 5Ly < il

bhadll J<6 56 el g ((Algdll Gaa g ol Saa) o B n ) geana g IS 05S elllyg

pendl Al 8 ISV m 5 (o) O (o ) seane g ISy o g_pdiall el o) (s
a5 eJalial) ity 4d (3_alie o5 jS0a dulay) Tayy (52 gl s 5 caldall gy Gy e (oLl
Al Tl A0 (et LS o(3alie 5l 5 S Ailed) Ailed Canny cany 5 ageall Algs 3 Al
o)) o Al Ja g 5l (335 Led A8 AtV 5 Juduii s g 5 pdall oy an L el Sy Al
el 3y aB an )l Aglexd can yll Aalend saaaall o) ill 68 (A0l any) lld &5 o e cadl Sl
1Al (385 Lempia 5i 5 5_pa Ll Al 5l g gaim gl Apsailly o) il 038 Apaad T plai g cipna
Lyl s aa) 5 g oaay g 5 Jallh sl 5 20y Canay o (AS05) US o
(aii¥1) agas) Cp adalis llia 0 Vi oy @
Ol O Sy Lagdl W) edileall as (i 8 (g s aa) 5 Al Caoa (e (o of (bl (Say Y o
Ol (. (e las Legl (5F dayl mma el g cinall ity Gl ¥ 5 aa 5 3l Chos (g0
Al s s G Gl
Al ) Al e s I8 A8 yo a8 na @
Al a5 Yy ALeY) ) bl Ll ey ety JSE e Al 85 o o Y e
.(Tikoo, 2012)
ddaal) 4l Za il Ja s pal) 3Ray (o3 U5 £ g el ASeE aa ) (S 038 sl 2l A a5
ae oo bl g alall LIS e 5 i) A0S Helai g s ((AaaY (5 a5 Al dadil 5 4, ) i
Aglay Caany Tass Ll W o (Alead) caland s Aol laal) il sall (e damy ) eane (AadsV)) agasd) (g
Beas cg sl 44lgd G cany 2al 5 Al Gy @05 cp gl dylay daasy cany 5 a8
I shal Calias 5 Algall aan & i 5 Aol s (e fasi ) e ac Eilaa Y ae aga) 028 JS
Lt sanaal) Ada sl DAl ¢l jluall o2a
A0 an ) YA (any (8 Caraay o3le | 35 S0l an )l 2ol 8 Jla 8 43l g8 Lia SAIL yaal)
Gitadl A 5 ddaidi] (A8lzl) alodiul 2% A (g o pall AadiDU dpaglill Ja gyl gEay o3 JSAN,
e slaall oamy Ao 58 ad () S5 O (Saall (e 138 5 cana bl 2o 5l 188 g 5 AdaisY) o2 aobiill Ja g i)
Azl il o Sy Al clallaiadll sy o il dalall el Ui g A0 e Lealitial 23
A 5 a8 g 53 i Al 5 cAen sl AdadiY) o2a
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Terminology used in CPM gz all jluall 4k cilalbias 2.6
il J5Y) caall e cclalbiadl (e ptia ) clallaadl) oda Cayieat (Say Lag
(<531 33005 laal e SEH Caiall Wl ddada¥) ods L o5l il jlsall 5 Lgingada g
rleS Clallaadl o3 i 55 (S 13 clgs Lualal)
AL Laldl) cilathaal) Y
& o)) bl 45l deadieall AadiVU Aalal) cilalhiadl suca 55 st 3 3l 228
12001 ¢ nbe 5 (5 uall) S
A sy JOA o2 & palill (Ko g3 LLidll s :(Non-critical activity) g sl e Lalasll
Aoliall eailal) i gll 5 58 s

@ Jaaiy Vg cad aaaall Bl & s2adi camy 3 Ll s :(Critical Activity) z sl bl

o Jici da pall Ahial) o3 () 5 «JSS g g el 5uali ) a5t ot e (B ali (ol 0 5 il

G pall O bl o lsal) Lelane

O30 aihail (ol IS i dlee Jaali (S 3 el &l s 5 2(Slack Path) z sl ye )

coailall gl dgan b Al 0 oG g caaaall 4By B g 5 el Sl o DU cd gl e i)

JSS g5 phall als Y (sam olld 2ay il ol

2,01 Ao 3Y die ) 358 Jil 4l gha Jiay 4030 e jlue JshI 585 :(Critical Path) g sl b

& sl 2i55 5als 1) @lld ol W) 5 cannall g g 8 4) 45 Sl ddads1 2w () Gany @l g g g piall

oty ¢ sl Jluall e ZaBl 5l AaSiV) antis z a Jlae o SSTASN 05K o (K g caleSy

& soiall adala ) sie ol ety

la iy dpen gl ez e 35S 5148 )5l 038 ¢ ginse Y 1k3 :(DUMMY activity) (es s Blaal

o sl Ll Jiiad YA e cJpadill (e o iy oot sl Lol prania o8 s UL 5 A0 o) e

Ay a0 Alls (8 A s Alee (A Aaladin) Qg cadale Jady g JSE e A0 e

ddaiy (At Ja g all) Akl Jal il g Judodll (3iiad Coags @lld g (Rgiiall) Zpalie V) adsYl

i (5 sl o2 anadidll gl ¢ o5 185 Y 5 Taga lleton ¥ Nagr ¢ s yiall

g s all ) gl il e Basasa e L sS B i Al dlladl) olli sl e 4 ey (g Sllia

& 5ol Galdl) Sl bladall o g 3laii iy g el ol A 2V e Leie Cangll o 5S
Aigial) Ada s Ayl Lo g 5l (38a3 A8De oLl et 1) Tl aadiin 5 (2004 «Jaadll 5 sanall)
(2004 <5 ) sll) £ 5 pdall AS0d e (Apakie YY)
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Jlee¥l ol e dangll ala 2i¥ aliseiul il (2021) 5Ly <!

sl Laldl) cilathaal Ll
dalal) cililel) s cladl Gl gl a5 calaall Lalal) Clalhiad) x5 Qi 3 3l 028
A3yl adat die daa Y1 o2 i A deddiuall CV el a5 s 431 LS cg 5 il ddaily
:SUlS oo GJQ\ bl
Ll oxie fa of Sy 531 5l g 23Sl &l (Earliest Start Time (ES)) soSaall dulad) |
S Y s daliiall i 4 Ty o) (Say s Sl md 8 5 (2008 i) el sall) 3 )80a 5 ) gy e
Al Asbeall 515k (e Walag) (S5 dlsa¥) e Jla sl i sl 1aa (8 i) ads d e o)
ES; = MAX(ES; + Djj) .. ... .. (1)
i=1,2,..n

j=12,..n
Aiglay S (Al LaLiill A 3005 ) D ey s e 5 pdialls Aalad) Bilasl 2xe o () o dua o

Al Gaaa e il 5 ,Saall i) s wy s () aaall sa 4iled Caa g (7) aaal) a
g bl Bl Gl 5 Q0 Gadl of plal) e e s piall Bled Canl Y guas (i = 1) g s pial
(ES; = 0) Jaall sl
O 05 le Bl sxie gy of Sy s HaT s (Latest Finish Time (LF)) soalidl 4l #
il Of (Rae 25 AT 5 5 (2008l el sall) g 5 pall o) s (3 als ) S g
Al el Gk e oalag) (Sary «JSS 5 pdiall 25 8 all sy G 0 50 Tl Adii 4
LF; = Min(LF; — Dyj) ... ... .. (2)
iy Gaal Yeay (= n) goodal Gled Gaa go il 3aliadl el Clua a5y |
(LE, = ES,) z ) Jluall Jshb (s sl & 5 pdiall 3 jaliall 4Leall () aldell aa cg 5 iiall
4l iy oLl 4 fam of (Say <y ol s 5 (Latest Start Time (LS)) sabial gl
20 gall) JSS g g il sledy a0 gl e @lld Sy o) ¢ Balaall 4 lay of caag <y A
AN Aalaall aladiialy lld slagl Sy o(f 5 pball aalusil gl
LS; = LF; — Djj . .. ... (3)
aliill Lewd gty o)) Sy dasd S 5 S a5 (Earliest Finish Time (EF)) soSwll gl
A Aaleall (33 ke e Lt (S5 e gl 138 J8 Talaal) sl Jsa¥) e Jla sl S Y
EF; = ES; 4 Djj .. .. ... (4)
) <l s (Free Time) ool <d gy L e s (Slack Time (ST)) o=ildl) <l |
Al o oSy Al ) il iy el ) AEY) e il o g Ll el 4 oSy

L

o

(3

C.
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Aslaall (33 s g edlagl (S g o g el el gl de gall e Iy i of ¢ 52 Jaliall s 48
Adul)
STi == LSl - ESl ......... (5)

puy ol Alla 3 ((CPM) zoadl Jlsall 48 )l (Gradad g Clallacaall s3¢] a5l 138 2ey
vy phana s AS0) ane )l Aped g Adadil aladiuly o gfin g Apaliie V) ALY Aladiuly g 5 bl 480
ClE Y] 8 DAY 1 il A8 e Chagy o(JSG (e iST) ddliae A3 Hha e iSH g g il A0S
Al al) Y slas e ey G 5 45 jlue s 5 pdially dialal)
CPM 4 puyy (6 dratgl) daii¥) aladin) 4,45 3.6

L5 & 5 el Adazal il Ao 33U A HY) paad oagr g 5 el 4805 sy 25 (CPM) G
Lia SAL paadlg g s pdiall Cilaal & 8 g0 dualall daa 3V ppaai s (S ¢ piall il o 53U il
S e X (Al Al g 5 ,Sue Aala) 4 s o (Sey g (e ST L AtV any o s
& 5l A0 sy e Ala 3 4dld HSA (Gaus LaS 5 ¢(3_alie Al 5 Sae Ailgd) Jaliall Al Ayl
OF S 138 5 AraalY) Aads¥) aladinly o 5 el A0S G ST aasy Sy Agaliie V) AdadsY) alasiuly
Al G jlse 220 5 8 5 pial) Aadsl iy Aaladl i V) e pilial 55

it 5 cdad dpan sl AW aladinly den )y (Sar ¥ Jlie i dlld (e GEall (e (S s g
sty 5 ) 138 A8 o s 4l g A8y 5l L g g ) A8 s )] e 1) AaiY) padi
Jsaally cp 5 pdall duayiil) Apial) Ja g 2l ass I ) gy JIAY) G 90 ¢(A0al JIKAT §) dalida 5k
(Previous) du il 4yl Ja 5 i) 5 (bl 11) g sl dalall (Activities) Aaia¥) s s (1)
L 5 jaie bl JS a4 530 (Time) <8 sl 5

Llai pde gaa) (a (98l £ g e Aaldl) cliball (1) Joss

Activities A B C D E F G H I J K
Previous - A A B cC DE JE FGK A I E,J
Time 2 4 5 4 3 3 2 6 3 4 5

e V) o dpan o) A0 adl g 3 ) 530 g Al all Calaal 1) J e sl e oSt i
Il Bary 405 I3 e (1) Jsaad) Jiiad sl g Elaa¥) s <l jlual) axe 4805 JS) Lalall
O lsall aae slag) A ey daas sl Al (Slal 5 dae CODAL Leiy Lagd Calias (CISud uad)
DAY (520 La 48 yeal Lgin Lagh 43 jliall 5 o(5_aliall 5 3 Suall) clilgal) 5 culgland) 4 3i 5 calaa¥)
rel LaS ellh s Lgi Lad
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:M‘WJQALAJ%&JH"%j
Al o 5 5l g syl ac ) 8l 18 5 405 JSE e (1) Jsaad) S35l ol il Jias jaeal T ki

3 I3 e o(1) IS (& el LS (Ly , Lg, g, Ly) Boet 5 Adadiil Ay )l aladian o5 ddatid]
e e IS (8 Lead gy o35 (ES) 35l Bl dlag) 5 (1) o) Alalaal) pladialyy JS20
AL o bt JS5 G Lead s o5 (LF) 8300 el slag) o3 (2) Asbeall pladinly S,
Gl (L) Js¥1 et sl Tl aladiad o3 28 ¢(]) b JSEN 8 ¢ 5 il 4S5 e (a8 LS
Oed i (D) Laliall (e lgii¥) 2ny V) (F) Bl 8 e o) 401S4) axe s g (F) baliill bl L i
plasinl &5 5 ¢(D,E) Cblial) IS (e eleii¥) a3 ¥) (F) liall & ead) S Y 4l ity (1) Jsaad)
O el aay 48 3 3l o4 Y Al s 5 (G) Bliall il b i sl (L) S et ol ol
Vsl g s (K) Dabiall sl Ja i gaia) (Lg) Callil) s sl Laliiil) alasiind &5 43l LS o(E) ol
Lo i Gaiad) (Lg) gl W (oot sl) Talsil) alaiinad 5 ¢(E) coubaliall (e eLgBV1 ey W) 4 el (S

(E,J) (bl by of g 5315 (G) Llall 4oy

sl () A pdall e g il A< (1) IS

(2) dsaalls ALS (o8 5 leia IS Jshas (Dl jlae 7) Ll jlise paaiali e o pdall 4505 (4

A al) diphat by Auilly Lalid) @ jlual) (2) Jgan

Sl b WO A e

(Path Length) (Path Activities)
19 A ,B,D,FH 1
19 A CE, Ly, FH 2
18 A CE L,G,H 3
18 A CELsL,GH 4
21 A C,E L3 K H 5
17 A lJ L4, G H 6
20 AlJ K H 7
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(2021 yrawns) 2 suatl 8 el JleeH1g sLaid ¥l &iluolys Aloza

Dbl 58 388l ez oall ladl s (@l e 7) 48080 @l e 230 (1 (2) Jsaall A gday
sled) (Sar Aty B3 JB) ytiag (25 (g sl 21) lpda aly s 408l o jlia Jshl 568 (ualil
L 5als ol s da pnddatil o (A, C, E, L, K, H) 4ule Za8) 1l 3aiilll yiad s DA g 5 piiall
da ) il aal g (Ly) S cea sl Ll o Jaadlyy (JSS g g il 5ali ) gase
Lty ouaial o DU i gl il g e 5 alis Y 2 all Slsad) Jsa e i Y il V) cp 5 il
a5 s

Gask Ge (LS, EF, ST) g sodalb dalall 4331 30 alag) o A8l &l jlae 208 2ay
e sn LS el g Joaa (A g 5 pdally Aalal) dia HYI AES i g5 ¢ JIsill e (3, 4, 5) <¥aled)
(3) Jsaall 4

(9 ana ) Ay phal T g £ g pially Aualdl) Ada Y1 (3) Jga>
Activity Dj; ES LF LS EF ST

A 2 0 2 0 2 0
B 4 2 8 4 6 2
C 5 2 7 2 7 0
D 4 6 12 8 10 2
E 3 7 10 / 10 0
F 3 10 15 12 13 2
G 2 10 15 13 12 3
H 6 15 21 15 21 0
[ 3 2 6 3 5 1
J 4 5 10 6 9 1
K 5 10 15 10 15 0
L1 0 10 12 12 10 2
L2 0 10 10 10 10 0
Ls 0 10 10 10 10 0
L4 0 10 13 13 10 3

GA ¢ als o Jeati ¥ (A jall AiiV) 7 el Sl e da8) gl dads) 8 SA Gaw LS
ALl Ge eSall o 13 ¢ hiall (6 gy AadsVl o3¢d Gaildll gl o (3) dsaall 8 e
e bl (B) bl JUall dass lad cladiss ddae & palil) Sy Al g (B adl ) s AY)
an Sl AaziB (ES) 3%l bl Gl JaaSl WS e ol o2udii dulee & palill (Sang z )a
a5 S el Al Sliad o(Led Aaad) Ll ) il LalLsill (ES) 5_Saall 4ol (e o ) 5S
F,G,) e e A (aa ) o) &) Aii¥ls (10) o (L1, Lo, L, Ly) Feet sl
Lai (10) s skt (ES) i) edel s Suall il 05 (K, G
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PG ey A A A8y pal) Ll

aladiul i i o 35V AR Hhll 8 LSS e (alias A6 sl ¢ pdall AS0d ) o Alal) o2
oo oIl Lalill axaiin) o5 088 ¢(2) JSal) A ek LS @lldg s (L, Ly, Lg) 4es s ddail 4320
& (B) Bl of Ja i il o(F) Bliall s BLis Ll 58 (E) bl o b i gl (Ly)
Gl (Lg) oot sl Bl aladiul 5 LS (L) (oot sl Blill aladiul &5 (G) bbiall il Lol
(K) Blaall i ulalis La (B, J) gebalial) of Ja il sl

el A1) Ll g gyl Aea (2) J<s

Aglshaly cblaa) 038 (s (5) Jsaally ccihlas (6) A0l angy 4l ey (2) JSEN (e

Ll apl) Ayt B Al daldd) cjluaal) (4) Js2a

S—all J o Ut wall 4 L) &

(Path Length) (Path Activities)
19 A B D,FH 1
19 A CELLFH 2
18 A CEL2GH 3
21 A CE, L,Ls, K, H 4
17 AlLJGH 5
20 AlJ L3 KH 6

Ga (2) 232 Ol ¢(21) Ash @l (215 (4) Sbasal) 585z oall Jlaall O cty siball Jsaall
A, C,E, Ly, ) il drss 8 5 ez pall Jlusall 138 ddadil asa (e & (L, L) 4aet sl ddaisy)
lgtann (o5 datd Adadil A A jall el aae ) an )l 46y yhal L5 il n 8 o(Lg, K, H
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Al JSE & ueilly s Y dalie ) da sl Al o o ((Lp) a5 1 aals et s Ll
Al asy lall (a8 5 A0l Aalald) A V) L3l eda (6) Jsasd)

el (B AU ARy phall W g £ g pdially Aaldl) dia Y1 (5) Jgi>
Activity Dij ES LF LS EF ST

A 2 0 2 0 2 0
B 4 2 8 4 6 2
C 5 2 7 2 7 0
D 4 6 12 8 10 2
E 3 7 10 7 10 0
F 3 10 15 12 13 2
G 2 10 15 13 12 3
H 6 15 21 15 21 0

[ 3 2 6 3 5 1
J 4 5 10 6 9 1
K 5 10 15 10 15 0
L1 0 10 12 12 10 2
L 0 10 10 10 10 0
Ls 0 10 10 10 10 0

ot Lee aling a5 jall (g sl Lo dpan sl in A jall Aadd (aildl) gl o Lis Jaad,
adadiB 5 )Seall clglanl g sbas Lol g8 dan ol 3daiD 5 Suall il Apailly el ¢ 51 43y ylal)
tnall (5 gl Apan ol Jaliall A 305 ) Y Slld aa yy g clgd AaaDU)
S Ay (b LY Ay ) G

dlee 8 dgaiil) Tag 58l @il (Ly , Ly, L) dped s il 4500 aladia o3 43 Hhall 028 8
(3) Jsall 8 el jedy LS ALl 3kl e aliad 48 jhay g s )l

wﬂam\z@umj@mwﬁ)dﬁ
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Jlesd! Bl e Aan gl Anti¥l alaiil il

(2021) 94l el

Lo iy ol b 2 ) Jlsall Jsda 05 ¢(6) (A 3808l 8 ) jlsall aae (o (3) S (e eaay
f SIS e JS Jsha s il jlsall 038 zeia 53 (6) Jsaadl s (5 sl 21) 525 J8

LAY ) At Ui g ASuidly Lualild) ijlsal) (6) Jsin

Sl J g B wal) 4 b s <&

(Path Length) (Path Activities)
19 A BD,FH 1
19 A CE L,FH 2
18 A CE, LyLs3 G H 3
21 ACE L,KH 4
17 ALl LG H 5
20 AlJ K H 6

21 4shs (A, C, E, Ly, K, H) @l Jbaall 58 4%l 2 jal) jlaall o a3l (6) dsaall o

Al of V) AR el Vs (8 9 lee i ol el lall diad) eV ) 5 cp s

Agan sl Adadsl) aladiin) COEAL e o Sy Ll ey caliad o (S 4ple 2280 ) dpan 4l
sl o3a (8 s ) 38y ylal T g 2daia¥) dasty Aalad) 3 390 Gan (7) Jsaall

i 1) (B MY A8 jall (8 g g g puially Aualid) Aia ) (7) Jsa

Activity Dj ES LF LS EF ST
A 2 0 2 0 2 0
B 4 2 8 4 6 2
C 5 2 7 2 7 0
D 4 6 12 8 10 2
E 3 7 10 7 10 0
F 3 10 15 12 13 2
G 2 10 15 13 12 3
H 6 15 21 15 21 0
I 3 2 6 3 5 1
J 4 5 10 6 9 1
K 5 10 15 10 15 0
L1 0 10 12 12 10 2
L 0 10 10 10 10 0
Ls 0 10 13 13 10 3

Aald) eyl sl S Al clabna) e aSE S (7) Jsandl (s
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(2021 yrawns) 2 suatl 8 el JleeH1g sLaid ¥l &iluolys Aloza

AR iy b Ay 1) Ay ) o

Al Jo gyl sl W5 (Ly, Ly, L, La, L) Ased s Aniil 5 plasiind) o543 sl oda ds
dadd ) e (6) caniil Ll W) A sl ol jlsall dae 83303 (e a2 s ((F, G, K, H) dais™d
(7) il L&l ) cdan 5 ddadsl (4) alasiad &3 (1Y) 38 phall T 5 S0l o) 2ie 4df (pa 3
il lasa 3o 833l 3l iny A sl AW aae 8530 5N ()1 B ) 5 eally e 43T iy 138 5 el e
A 1 AR bl a5 5 i) AS0d im0 (4) JS 5 S0

pesll Al A ylall Tk g el At (4) JSa

A,) &l Jlaall ey g cdanl ) A4 Hlally ans N a5 JS J sk 5 2800 ) jluse a9 (8) Jsaal)
g s dall il LI (S dxia 3 5558 il g5 ¢p 5 pdall 7 all Jludll 8 (C, E, Ly ,Ls K, H
&l 21 s

Aal) ansl) A phal (a8 AS0al dualill) clusal) (8) Jsan

Sl J gt B sal) 4 | &

(Path Length) (Path Activities)
19 A B,D,FH 1
19 A CE L, FH 2
18 A, C, E, Ly Lg, G, H 3
21 A CE L LsKH 4
17 ALl LsLs G H 5
20 AlLJLsLs K,H 6
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Jlee¥l ol e dangll ala 2i¥ aliseiul il (2021) 55 el
anll Aalee 8 dagl 1) 38 Hlall T8 5 & 5 il Adadiil 2ty Aalad) A 5V o (9) Jsasd)

Aag)) el Al shat (g g9 piall ddlidal) Lias¥) o (9) Js2a

Activity Dj; ES LF LS EF ST
A 2 0 2 0 2 0
B 4 2 8 4 6 2
C 5 2 7 2 7 0
D 4 6 12 8 10 2
E 3 7 10 7 10 0
F 3 10 15 12 13 2
G 2 10 15 13 12 3
H 6 15 21 15 21 0
| 3 2 6 3 5 1
J 4 5 10 6 9 1
K 5 10 15 10 15 0
L1 0 10 12 12 10 2
Lz 0 10 10 10 10 0
L3 0 9 10 10 9 1
L4 0 10 13 13 10 3
Ls 0 10 10 10 10 0

Al 8 iy (Gaw lee (ARiall) A jall Aads) s axe a3l (9) Jsaall b Gdaill
Al VA 8 ) Jsea gl &5 ) i) e ane ALY dgen )
ALY any (0 Aaalid) A3y ) Luals

(F) Blaall alii o 3 sl (Ly) JsY) aladiad o(Ly, Lo, L) ded 5 ddadal 2320 aladinl & Lia
(E) bliall Lually (G, K) bbbl alii dayd gaiadl (Ly) AU alasind (E) bbaall
(5) JSa LS (K) Bl 5 (H) Dbl oy i oy aiacd (Lg) Callil) aladiia

annpll Lesalal) G ylall g o g piall 40 (5) IS
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(10) dsaalls czyad) Slsadl s aahl) Hlesall iiess o(6) Cblasal) 230 of (5) JSE (e ey
e S by Lgale dadlgll il cihylusal) 838 gy

Lesalal) eyl i ylat Tad g A0, Lalal) ylsall (10) Jsoa

el Js K ) 3 L

(Path Length) (Path Activities)
19 A B, D FH 1
19 A CE L,FH 2
18 A CE L,GH 3
21 A CE L2, K L3 H 4
17 A lLJGH 5
20 AlJ K Ls;H 6

Ay Aadiiusall Aaint) sy dualad) die V) apendy o s Al 5kl 3 aiall Juadusil) iy g
o sp LS @lldg (L Al 35 s Llis [1) bl jde day )l Laxe il Al
(11) sl

Lalid) aayl) &t (g g9 piuall Aabiaall A0l c (11) Jsin
Activity Dj; ES LF LS EF ST

A 2 0 2 0 2 0
B 4 2 8 4 6 2
C 5 2 7 2 7 0
D 4 6 12 8 10 2
E 3 7 10 7 10 0
F 3 10 15 12 13 2
G 2 10 15 13 12 3
H 6 15 21 15 21 0
| 3 2 6 3 5 1
J 4 5 10 6 9 1
K 5 10 15 10 15 0
L1 0 10 12 12 10 2
L2 0 10 10 10 10 0
L3 0 15 15 15 15 0

Ll 2 dper ol AdaiDU 5 _Saall Aol ()1 s 5 bl 8 4idandle a3 e (11) Jsandl (e Jaadh
SoAL clilal) Jte gaday o 55 pally Gl 138 YY) Aaad) LpidadaY 5 Saal) Alad)
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Ay A AaliAal) (3l AiiYL Laldl) AiaSU A3jlie A1 4.6
IS 8 el dae &5)lkay a5t cAadyall oda Cilaal 3ty didy il Jpaagll (e oSan s

(12) Jsaally o LS cllyg dnpall cilsal) 2jlae ) daLaY,

Gkl A 7 al) sl Jshg dasall Aaii¥y Al clua 2o (12) Joa

gl el J gt Al ) ) jlsal) 238 EIPA]
(Critical Path Length) (Critical Path) (Number of Paths)

21 A CE L3 K H 7 @3‘2\

21 A CE Ly L3 K H 6 a3

21 ACE L,KH 6 PR

21 A CE L LsK,H 6 agl )

21 A CE L2, K, L3 H 6 dal i)

ASh any o AdlA dsedl) 3okl pads ) (12) Jsaall 8 sa,) sl bl 46 )lie aic
Of a3l A,a) e Lgraa g5 Wdae i (e et 1) AladsV) aladind & GDEAY dagii g 5 il
el dae S Db 63 5 ually Gud 01 V) el jlse 2ae (A i of oS A0 sy & DAY
LS il s (6) oA Y il 3l el aae of cpa (8 Qe (7) oY) A8y Hhall 4S5 8
Lagh alias Y Lol may (il 4l ) (oadas (DA 58 da el @l ) 8 DAY (o JaaDy
g oall el e dadl gl dran gl ol lusall 3 L Lad (alias a5 cAidal) Adads) Cua (e g
el s ¢ a5 st Ll Ay 5 ALniaD dia 3055380 Y oz sall Jlsall Jsha e Sin Gl laida 138 5
(gl 21) Al ()38 e g sl sl sl calliag ol

s Aa ol AL Aalal) die V) e Sl a8 CaDRY) A0 A8 e (e (S a g
ALl sy 8 Aniall Aadl (3 Ll Tad g g g puiiall 8 Jalis OS5 Al ) A 3Y) paend saas cia yall
gar ol Adaiil) aladiiul 3 DA A g g il A0S JSG Cam e L Lagd alias )
S @b e Jsa—all s da jall Ol jluall jnai a8 385 (13) Jsaad) (SlaSelly ey
(Italic & Bold) 3ele s Jl—elaaydn , alldda  SYLA__alall a8y
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A pasy (A Aaoiienal) Byl 388 g i) ddaiils dalal) d3alY) (13) Joon

‘E Y Akl Agl Ag Hhll AN Ag Lkl Aa Akl Al 44 Ll
E o ES LF LS EF ST ES LF LS EF ST ES LF LS EF ST ES LF LS EF STES LF LS EF ST
A 2 0202002020020200202002020
B 4 28462 284622846228 46228462
C 5 2727027270272702727027270
D 4 6128102 6128102 6128102 6128102 6 128 10 2
E 3 7107100 7107100 7107100 7107 100 7 10 7 10 0
F 3 101512132 10151213 2 10151213 2 10151213 2 10151213 2
G 2 101513123 10151312 3 10151312 3 10151312 3 10151312 3
H 6 15211521 0 15211521 0 15211521 0 15211521 0 15211521 0
|l 3 26351263512635126351262351
J 4 5106 915106 9 15106 9 15106 9 15106 9 1
K 5 101510150 10151015 0 10151015 0 10151015 0 10151015 0
L 0 101212102 10121210 2 10121210 2 10121210 2 10121210 2
L, 0 101010100 10101010 0 10101010 0 10101010 0 10101010 O
Ls O 10 76 71610 ¢ 10101010 3 10131310 3 9 1010 9 1 15151515 0
l, 0 101313103 - - - - - - - - - -101313103 - - - - -
ls 0 - - - - - - - - - - - - - - -101010100 - - - - -

s J<8 A DY) Y el dladdl) aladi) b DY) o e a5l (13) Jsaad) e

(5 blly Bl bilgilly Sluladl) sl ity Lualall Ai)Y) o g o lld G V) cggpiall
ol 2B Bpell Wl a3t ) om B OIS slpus o(uasll ) Anbge¥) Aaidl)
d5a3¥) o kel Jganll (e Laadld (g piial) A0 U 5 o 85 jialls Sl b Baea sl AL
(L3) Loblill dalall dnaiyl gpn 8 A0l IS8yt s ol (L1, L2, L4) Jalaall dalal)
o)) LLaill aige o adiay Luaasl) Ahail) dia)) b DB oly (Gl DS b cibidl 8

A e
claliugy) .7

8 Al Ahiil) e Calide dae aladiul 3 sk oo ddlid (3 duedy g 5 pudiall 4SS ) )
e clalisin) Jpasll o WiSe ddliie a8l o 3 g A OV g sluie 200 5 VLAl any
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Jlee¥l ol e dca sl ala di¥! ol i 4l (2021) 5Ly < il

iy Al UL 5 Jlae V) Sl any 8 dgan ol el aladiind 3 sl 3 dhie
G JSll 5 (s AN G5kl gilin 44y yha JS gl 4 jlia 5 aaand (33 sk (oo g il all o328 Calaa)
b LS i) dn (andlli €y s el jall o3a Y gl e g
e Aaan 5l AaSiY) aladiuly g 5 pdall A0k ansy A8 Hla B GOERY) i b 1 dg¥) Jisledl) >

FAll 8 &l Hjlal) 22

ol 430 VI ASE A bl aae e i of (S dpen ) Al aladial 8 CaDEAY
Gl bl aae gl 388 (12) Jisaad) (e lld Aaadle (e g o jlusall 230 8 gy () 555 pually
CORY) (e pe s (s 6) Lgad <l lsall 220 IS 5 el 5 Fn )1 A3 4080 45y Lal)
A0l Cuiaal 388 (5 AT dga (s VA (ary 8 ASLE] 8 deddiiiall der ) Al 2xe 8
(2 Jlss (6) sle rsial gAY Gl ClSud o e el jlas (7) e oY) A8kl
(5) phasial i dag) N 45l 85 dpan  Anial (4) plaiiad i 151 48 5k 8 4l e e
AV aae B dlie Jadi je e ASWEN 8 G jladd) aae G i 13 5 dai il jluse (6) canil
om0l Alae 8 Aaadiiall dpan Sl

S o J sl (Say (12) dsaall e czoall Jlsall e o 5 il 4805 a8 DY) Sin Y
o LAl Gl SO Y Al A (s oz all sl i caniil a1 8 ddliA) 3 Ll
A,C,E)zoal luall daaall dlaii¥) o) jal s oz sl jladdl o Gadl ol dyan 5l daisY!
(L) oot sl BLal IS 51 Al (& JAal) s (xd s a0 () 48y 5l e alinS Y (K, H
Oabalis o (s ging ol A0l 8 2 ) sl as 8z adl bl e a8l aia ) Ll s
.(Lg,Lg) Uil g
06 5 piall 403 e zoall jluall Jda o A0 an ) 8 CDUAY) g Ja sGlEN Jaladl) >

elesY a0 S el e DAY 13 i Jb na

Agaitl) Al da g pally 2l ae dged gl AEY) aladiuly & 5 bl A0l auy A DAY ()
Jsaall e IS gy 5 (g 5 oiall elgdY da Y dsia )5y JBl) zoall luall Jsha Sise ol g 5 okl
DAY Y g (sl 21) 5 sbuie dusadd) 55kl da ) il sl JI shal () Gy Cua (12)
e sl AdaiiY) e 05 Y Ll g 5 piall A jall il jlusadl e i Y AW any
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5 L e gl Jaliill A 30 5 58l Y sy o el Jsha il s oz sadl Sl e Asd )
3 Saall clileall y cilaall) A W) e A0 sy A DAY 13 i Ja saadpl Jladl) >

il dalall (5 alial

A sl AdasY) aladiil 8 OOV (e il £ g pdiall A0 ausy B COORY) (b S50 () adaia
IS 0 2aad (13) dsanll (e A iial) Aaiily Aalall (ES¢ LFe LS EFe ST) &Y (b S5 Y
e ll AV & 3Eay (5 ) g jually Gl 138 J gl Sy 4l V) ekl JS 8 A gludia A 3Y) 220
Al e Lgie JS o ga s %08 8 dea ol Al 2xe o Ca8sh 1

L) g A () 5S5 Apan ol AaisDU (ES) 5_Saall clglad) of ddaadle 23 a0l g2 La SAL puaall )
oLl 13gd 3 Sal) dladl (8 e g Tl dliy i (of o imay olgd AaaD0) diial) 300 5 Sadll
3 aliall el a8 33y O (g5 pally Gad 138 (1 W) ¢ ot sl alitiall 5 S0l dglad) Leild o ()5S
A ot 1 Jalzall 5 jalial) gl (5 sl O 5y 5 mally Gl Aia) oLl alial) dgill inas o(LF)

-

Lo sl Giad Coagy JISEY) (e I3 (5L duan 5l (ol Adazi¥) alasiad of Js8) (S dale ddaa

e 48l 1 i) e ol g el Sldll Jsh el lgde il al 06 o) Al AaisDl dpa st

o vt sl AN lagiaal g i) o g ) (Gaiatl A0 s & Aad ol AdaiY) alasiind (S g0
Aaa) AniL dalal) dia Y1 e il 4l ()5S0 1 138 eatia Jh palal) Jaal)

Sluagdl) .8
et Gl ) (il (8 Sl il (apdli (S el Jall o2 (e Al ai le e 2Ly

AW (e aae gl aladial Sy dden o)) Al aladiin) (s & 5 el AS0d g Hi Al 3 e
Lpar gl ddaisl oae Qi 0l ) jlaaY e lo Vg didal) Adadidl Al o gyl (3iacl dan )
V) ASEl ol jle 20 (8 i 38 dpar ) AV aladial 8 GDEAY) Of (e a2 il dSua) e
SSars oz al) Hladl Joba o 5l al Gul Ladall AL dalall LY e s Y 1 ¢
izay AdadiVL dalal) 4 V) alagls (alad) J gandl e Laalesiaal g an e ddadsl) o aladiul
A Al Aalal) bl (e aalagind

aaiiV) aladia) 8 sae Gl (PERT) abiiall dxa) ye 5 ansii o sbud e Gl pall udi g ja) o
A3kl oda &l o dras sl
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DAl .9

Juee Y @il Jalal Crandin (3 yla &0 aa gy L Lpaall o glall (e 2 liiall 3 0) ale 5 giny
bl 5 (CPM) sl bl 455 5k 5 (Gantt) <l 48,k g ol & bl ¢ 8 caatiia b
Oaing Lagh ¢ 5 puiall el aliind ST sy (PERT & CPM) A Y cm st )5 «(PERT)
Sl s bl Lalall 2ia 31 Jilad o5 (e g 4l Apa il Ja g il 85 g g el duand A0 sy e
3aiiVh g s el A5 any Wil oS0 Y 4l VI i yly) e s lasall alSa) Caags g g il atlaiiif
1ok g cAliasall oda Jaddan ol Adai¥) axaiid i Al i) Lgda o il 8 4 5 o (aaall) 4palsic )
Slo dan N ALY L8 e )X aal e 85 ade g e sl A £ g se il gl T aad all 3 il
Oz & 5 el JUe (a8 ae Jiada S5 48 511 028 (8 ¢ sumsall 138 Al )2 &5 ((CPM) 43y ke il
DAY 5 (sae (o gl Chagy Gl g (ddling (§ 5l dsady dpan ¢ Adadil Bac aladiuly A3 auy AT
dapal) AV g A0l el el g A1 ddsy dalal) de 3V e dyas gl AV aladia) b
e Al )

Ols Aaad gl Aai) aladiuly 485k (e IS £ 5 el ClSE an ) (S 4 Cand) 13 jelal S g
e iy B lgaladiul 4S5 A5Al au ) didee 13 Aexdiuall Lpen Sl AllY) 2ae 8 DAY
digal) dais) s Lalall A Y e Yz oal) jladl o i Y Ll V) dsuill bl bl
G HaElly A0t any lee 8 dsad o)) Aail) paddi lee Slo 38 il (55 ) el ML
Crexdiial Al Ay Hhall g dgen ol AdaisYl sae O «p 5 pball Lpaiil) Lo g il (gaias dglee o 508 il Cany
Ay (8 Apan ol AV aladii) Cany L 5 (Ren sl e ) Dpalie V) A e Jads il ad Gl Lo
a4 3 Gl (&) Jsaall dlac ] die Wy alagial ¢ sl 3adodl Zagitl) da g 3l guead] A0
Aggdall & 5 plall
&bl
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é)hm‘ cdanaladl J\ﬂ\ 1k ‘Ct\.\:}[\ Z\ASbAjL:\.E;J Lf Glleall S 6(2001) ¢ lada ‘go.'a\.n‘g e cégt\;l\
ceralal) R Gulal) aladiul s Glled) Gy B ealee J338¢(2004) 3y A gl
Ly
Sl ¢ pilly cupnll Ayl deganall 1d " lileadl Gigad ((2009) . asmise assldll sl (gl
Ll daals Cysdie (Gldend) Gisad (1997) Lanldl) o il

oY) el Sl Glle (Ids llal) Gigas b SLalal'(2003) e (gia
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Do elda calaadaiy ¢ 3l "clbleall Gigad’ ((2009) cman Oladd (ising daaa Glye ¢ gy Cpuly s daxks
Olee celaall

(Bl dscsa o1 "Jlae¥I 53 A Lgiliadais lleall G35ad(2004) Cprndl) die 2150 ¢ Junilly 35ana ¢ (g2ual
Oles

Olee il )y o1ds bl Gisad ((2015) . 3ad cagial

Ol cdaalaall 30 ([ da "cliakig o3l cllea) Gigan Glilad' ((1992) caans deaa ¢ S
L@y cdulagll i€l la 14 'Operations Research cibleall Gisad’ ¢(2002) - 2enn Glads ¢jlaye

AaalaiBY) aglall Gisay e ysdie ¢lgilelaiindy cldeall Gigay Cullud L (1986) caens dsana ¢(5)5eaial
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