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MNpBa MefyHapozHa koHdepeHumja ETVIMA
First International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts and professionals from the field of
technical sciences in one place as a forum for exchange of ideas, to strengthen the multidisciplinary
research and cooperation and to promote the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference where contributed more than sixty colleagues, from
six different countries with forty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’21 by presenting the results of their current research activities and by launching the new ideas
through many fruitful discussions.

We invite you and your colleagues also to attend ETIMA Conference in the future. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information in direct contact, as well as to enjoy the social events together.

The Organizing Committee of the Conference
IIPE/ITOBOP

Merynapoanata konpeperuuja Enexmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
opraHu3MpaHa oJi cTpaHa Ha ENeKTpOoTeXHUUKHUOT paKkynTeT npu YHuBep3uteToT [ome Jemues.
ETUMA wuma 3a men ma ru cobepe Ha €IHO MECTO HAYYHHUIUTE, Mpodecopute, eKCHEepTUTE H
npodeCHOHAIIINTE O] MTOJIETO Ha TEXHUYKUTE HAYKH U Ja IIpeJicTaByBa (OopyM 3a pa3MeHa Ha UJCH, a
IO 3ajKaHyBa MyJITHIUCIUIUTHHAPHOTO HCTPAXKYBamkhe U cOpadOTKa U J1a TH POMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamba M HUBHOTO BJIMjaHHE BpP3 CEKOj aclekT of kuBeewmeTo. Ce HazeBaMe JeKa OBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
UCTpaXyBamaTa U pa3BojoT Ha IIOJIETO HAa TEXHOJIOTHjaTa.

Kondepennujata ETUMA ce onpika online u Ha Hea Jjajioa CBOj JOIMPHUHOC MOBEKE OJ1 IIEECET aBTOPH
O]l IIECT PA3IIMYHK 3eMjU CO YETUPHECET TPYIA.

Cakame 512 ja nckakeMe Hamiata OJaroJapHOCT O CHUTE KOJIETM KOHM JOIpHHEcOoa 3a YCIEXOT Ha
ETHMA’21 co npe3eHTHpame Ha pe3yaTaTH O] HUBHUTE TEKOBHU HCTPaXKyBama U CO JAHCHPAme Ha
HOBH HJIEU NPEKY MHOTY IJIOJHHU TUCKYCHH.

Be nokanyBame Bue u Bammte xonern na 3emere ydectBo Ha ETVIMA u Bo mnanna. BepyBame nmexa
CIEIHHOT MaT K& UMaMe MOXHOCT Ja C€ CpeTHeMe, Ja pa3MEHUME HUJEH, 3HACHE U KOPHUCHU

I/IH(l)OpMaIH/II/I BO IUPEKTCH KOHTAKT, HO UCTO TaKa Ja Y)KMBaM€ 3a€IHO U BO APYIITBCHUTC HACTaHU.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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Abstract

Risk management is critical issue for successful competition of any project. In order to complete a project within
predefined schedule it is crucial to estimate the probability of project completion precisely. The aim of project
management when dealing with large and complex projects is to identify the critical path and one or several
subcritical paths. In this paper a comparison between two most widely used project planning and scheduling
techniques PERT (Program Evaluation and Review Technique) and Monte Carlo simulation is made. PERT
considers the uncertainties in activity duration by considering three estimates of time, while in Monte Carlo
simulations the distribution for activity duration can be uniformed, triangle, normal etc. The analysis made in this
paper is based on same project using classical PERT and Monte Carlo simulation with uniform distribution of
time activity. The model used in this paper is developed in C++ programming language.

Key words
PERT, Monte Carlo simulation, project scheduling, activity duration.

Introduction

A typical modern- day project requires coordination of numerous complex activities, so the
project risk and uncertainty have to be considered. Project management consists of planning,
designing and implementation a set of activities that needed to be completed in order project
to end successfully. The main aim in project management is identification of the critical path
of the project. The critical path is defined as longest path through the project network so that
the project is completed in shortest possible duration. If any activity on the critical path is
delayed, the completion of the project will be delayed. The most popular technique for
identification of the critical path used in project management is Project Evaluation and Review
Technique (PERT). PERT is a network based technique developed by US Navy for the
POLARIS Missile Program, [1]. PERT overcomes the disadvantages of Critical Path Method
(CPM) so that, activity duration is a random variable calculated by three points estimation as
an average heavily weighted toward the most like time.

When the project is large and complex, the project manager has to identify one critical path
and several subcritical paths. The subcritical path is a set of activities that are almost critical or
are at risk of becoming critical if delayed past their expected competition time. This rises the
project sensitivity and the risk of delaying the project. In order to overcome the disadvantages
of PERT [2-3], Monte Carlo simulations are used. Monte Carlo simulation identifies not only
the critical path, but subcritical paths that may become critical.
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This paper is organized as follow. In section 3 overview of PERT approach is given, while in
section 4 Monte Carlo simulations are represented. The used methodology is given in Sector
5. In Sector 6 numerical illustration of a given project is represented. Sector 7 concludes this

paper.
1. Project Evaluation and Review Technique (PERT)

In practice, it is not always possible to determine the exact duration of the activities, so the
projects include variability in time required to complete the activity due to various factors such
as lack of experience, equipment breakdown, late delivery, unpredictable weather conditions
and etc. Therefore, PERT uses three point estimates to determine the average weighted duration
of the activities: optimistic time (a), most likely time (m) and pessimistic time (b) as
represented on Figure 1. All the activity times are random independent variables having beta
distribution with probability density function:

_ T(a+B) (x—a)* 1(b—x)F1
e e O @)

Where o and B are shape parameters, a < x < b and a, f > 0. I'(+) is gamma function.

The expected time (mean) to complete each activity is calculated as:

_ 0+4;n+b (2)

te

With variance 02 = (b%a)z.

Most likely (m)

higher ‘

ili f —~
Probability o \\ PERT expected (X)
occurence : = X
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/ 2 b sl

x|

6

Beta distribution

, . I 1
lower / optimistic (a) \‘\\peSsmlstlc (b)

{ ——

shorter Iongelr
Possible activity durations
Fig. 1. Density function of PERT- beta distribution

According to central limit theorem if the network is large enough than the project duration
follows a normal distribution with mean p and variance of the distribution of the project
duration defined as:

0% = Xx 0-9? 3)

Where x represents the activities on the critical path. Knowing the expected project duration
and standard deviation of the critical path, the probability of completing the project earlier or
later than p can be calculated using normal distribution as:

z="+F 4)
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Where T is desired completion time of the project.

2. Project Evaluation and Review Technique (PERT)

The term Monte Carlo was first introduced by Von Neumann and Ulam during World War I,
[4], as a code for the secret development of Los Alamos atomic bomb that included behavior
simulation of accidental neutron diffusion. Today, Monte Carlo method is one of the most
commonly used powerful tool for analysis of complex projects. This method initially used
random or pseudo random numbers with uniform distribution in the interval [0;1].

The PERT method discovers one critical path and other possible subcritical paths are ignored.
If the duration of the critical path is around its most likely time completion time and if the
subcritical path ends around its optimistic time, the project will be delayed. That’s the main
reason why techniques like Monte Carlo are used. Monte Carlo simulations are used to
calculate the entire network diagram and obtain one critical path and possible subcritical paths.

In this paper, the simulations are performed with a uniform distribution (figure 2) where the
most likely time to complete the activity is a random number in range between the optimistic
and pessimistic time. The probability density function of a uniform distribution is defined as:

1

—— xelab

f(x)={b_a (a.b) 5)
0,x ¢ (a,b)

With cumulative distribution function defined as:

X728 ye(ab)

F(X)=41Lx>b (6)
0,x<0

o

|

Q
———— 9
- — = — -8

A 4

a b X a b

x

Fig 2. Probability density function and cumulative distribution function of uniform distribution

3. Methodology

A network diagram is formed for the given project. First, the PERT is applied to the project to
evaluate the probability of project completion for a given time unit (day, mouths). The results
obtained identifies only one critical path. After that, Monte Carlo simulations are performed
on the same project in order to obtain probability of project competition. Results from these

el



simulations identifies same critical path and one or more subcritical path with percentage of
occurrence. At the end, a comparison of PERT and Monte Carlo simulations is made.

Construction a network diagram of project
activity

v

Evaluating probability of project competition
using PERT

v

Evaluating probability of project competition
using Monte Carlo simulations

}

Comparing results for PERT and Monte Carlo
simulations

Fig 3. Methodology

4. Numerical illustration

In this paper the project [5] given with data represented in Table | is analyzed. The starting
activity of the project is denoted as activityl and end activity is denoted as activity 7. Project
due date is set to 37 time units. The network diagram of this project is given in Figure 5.

Table 1 Time estimates for project activities

Activity (a,m,b) Activity (a,m,b)
(1-2) (5,6,8) (3-6) (3,4,5)
(1-4) (1,3,4) (4-6) (4,8,10)
(1-5) (2,4,5) (4-7 (5,6,8)
(2-3) (4,5,6) (5-6) (9,10,15)
(2-5) (7,8,10) (5-7) (4,6,8)
(2-6) (8,9,13) (6-7) (3,4,5)
(3-4) (5,9,19)

The code for PERT calculations is developed in Program Language C++. After executing the
program, the differences of the output from the procedures forward and backward pass gives
the floating time for every project activity. If the activity has zero floating time any delays in
completing this activity will delay project completion, so thus this activity is part of the critical
path.

10



Fig. 4. Network diagram

Table 2 Floating times for project activities

Activity (i.j) Floating te o2
times;
A (1-2) 0 6.17 0.25
B (1-4) 18.33 2.83 0.25
C (1-5) 14.34 3.83 0.25
D (2-3) 0 5.00 0.11
E (2-5) 3.83 8.17 0.25
F (2-6) 13.17 9.50 0.69
G (3-4) 0 10.00 544
H (3-6) 13.17 4.00 0.11
| (4-6) 0 7.67 1.00
J (4-7) 22.83 6.17 0.25
K (5-6) 3.83 10.67 1.00
L (5-7) 125 6.00 0.44
M (6-7) 0 4.00 0.11

The results represented in Table 2 shows that the critical path is A-D-G-I-M. This means, that
the completion of activities B, C, E, F, H, J, K and L can be delayed up to their floating time
and not affect the duration of the project. Since all activities through the path must be completed
sequentially without overlapping, the project duration is calculated as the sum of the times
required critical path to be completed. The simulations show that the probability distribution
of project duration has mean p=32.83 time units and standard deviation

02=2.63 time units.

The confident coefficient z is calculated as:

Thus, the probability that project will be completed in 37-time unit is calculated as:

P(T < p) = P(z < 1.58) = 0.94295

37-3283

2.63

1.58
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Project activities duration have uncertainties that have to be considered in order to evaluate
project completion probability The code for Monte Carlo simulations is developed in program
language C++. Random activity durations for the simulations were generated through pseudo
random number generator on the range from optimistic to pessimistic time. The number of
Monte Carlo iteration defined in the program is 10000. After analysis of the obtained data, one
critical path and two subcritical paths are identified. Results from the simulations are
represented in Table 3.

Table 3 Results from Monte Carlo Simulation

Critical Path Subcritical Path

1-2-3-4-6-7 1-2-3-6-7 1-2-5-6-7
Number of occurrence 6941 573 2486
Occurrence (%) 69.40% 5.73% 24.86%
Mean path duration 33.43 28.72 29.43
Standard deviation 4.45 1.31 2.19

The confident coefficient z for the critical path is calculated as:

373343

Z=—ar = 0.802

Thus, the probability that project will be completed in 37-time unit is calculated as:

P(T < ) = P(z < 0.802) = 0.77884

Conclusion

In this paper, a comparison of PERT and Monte Carlo was represented. From the results
represented above can be concluded that Monte Carlo is giving a better identification of the
risk. The output of PERT simulation is only one identified critical path, while Monte Carlo
identifies not only the critical path, but two subcritical paths. The subcritical paths influence
the project completion expected time which lead probability of ending the project on schedule
to be decreased. Moreover, Monte Carlo simulations offers a choice of various probability
distributions like triangle, normal, gamma etc.

The project completion time calculated by PERT was found to be 32.83 time units, while with
Monte Carlo it was found that the completion time is 33.43 time units. The difference between
these two approaches is 1.74%.
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