Journal of Economics and Administrative Sciences P-1SSN 2518-5764
2024; 30(142), pp. 550-577 E-ISSN 2227-703X

Journal of Economics and Administrative
Sciences (JEAS)

Available online at http://jeasig.uobaghdad.edu.ig
DOI: https://doi.org/10.33095/knc31b61

A Linear Programming Method for Finding the Critical Path and the
Desired Time to Complete the Project

Muna Shaker Salman*
Department of computer systems,
AL-Suwaira Technical Institute,
Middle Technical University, Iraqg.
muna.shaker@mtu.edu.iq
*Corresponding author

Received:2/2/2024 Accepted: 4/3/2024 Published Online First: 30 /8/ 2024

@@@@ This work is licensed under a Creative Commons Attribution-NonCommercial 4.0

e |nternational (CC BY-NC 4.0)

Abstract:

The Nineveh Grain Store project is considered one of the important projects in the
Ministry of Commerce/General Company for Grain Trade in general and Nineveh Governorate
in particular. The research problem focused on the fact that many projects are slow and not
completed on time, and the reason is the lack of keeping pace with the technological
development of developed countries at the present time, which leads to delaying the duration of
project completion, and this in turn leads to high costs and thus failure to complete the project on
time.The main objective of this research is to use the Linear Programming (LP) method to
formulate two mathematical models: the first is to obtain the project completion time (critical
Path (CP)) for the Nineveh in normal time. The second is to build a mathematical model to find
the desired time to complete the project in the crash time. The results of solving the
mathematical model using the program (Win Q.S.b V2) demonstrated the efficiency and
accuracy of this mathematical method and the program used and their importance in scheduling
projects in general and the Nineveh Grain store project in particular in light of achieving the
project goal and making the optimal decision.

Paper type: Research paper
Keywords: Linear Programming (LP), critical Path Method (CPM), Desired Time to complete
the Project (DTCP), Win Q.S.B V2
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1.Introduction:

The project scheduling stage is concerned with studying time, which is one of the main
objectives of the project, as well as developing an estimate of the activities’ need for basic
resources such as manpower, materials, equipment, etc., and making a proper budget in
distributing them among the activities according to the need of each activity. There has been
great development, especially in recent years, in using project management to achieve the
organization’s goals. Project management helps provide an effective force to develop the
organization’s capabilities and its ability to plan, organize, implement, and monitor various
activities, including making the most of the organization’s capabilities and resources. In general,
the term management refers to all activities and activities working together, including control,
direction, organization and planning, to effectively use the institution’s resources and
capabilities, to reach the institution’s objectives effectively and efficiently and within the context
surrounding the institution. Thus, project management includes all the methods and means used
to complete projects on time, with quality and cost desired to achieve the goals of the institution
that it seeks from these projects.

The Linear Programming (LP) method is considered one of man's most important
scientific developments in the second half of the twentieth century. From the moment it was
discovered and its methods were developed, administrative analysts could use it in various and
diverse fields. It also enabled the decision-maker to look at administrative issues scientifically.
With a perspective different from the way things were handled before; as a result, economic
institutions achieved large profits and avoided losses, which enabled them to continue and
expand and thus improve the services provided to customers.

One of the most important challenges facing the management of any project at present is
ensuring the completion of the project despite it being subject to specific restrictions, including
restrictions related to time and others related to the financial resources allocated to the project.
Therefore, this matter requires an accurate calculation of time and cost, and on this basis, the
project must be studied according to Modern scientific and mathematical methods, including the
LP method, which was used in scheduling projects of all kinds and which has proven its
efficiency in finding the optimal scheduling of projects and reducing the total costs of
completing them.

1.1 Literature review:
There are many studies that discussed the use of LP in project scheduling, including:

Khalaf and Leong (2009) used LP method to construct two templates. The first is to
obtain the time of project completion. The second template is construct as occasionally it is
needed for finishing a project in the prearranged finishing time to keep cost at smallest probable
level. Failure to do so eventually indications to rise in total cost. Thus, the second template is
reducing the cost of crashing the project’s tasks to meet the required project completion time.

Khalaf et al. (2010) provided a structure for the method of stretching noncritical activities
to finish the project in smallest feasible time at smallest cost within available greatest budgeting.
This is attained by crashing all activities instantaneously in the project network then by LP)
method to develop a model to maximize the savings that will harvest from stretching noncritical
activities.

bakhit and al-Farhoud (2012) used LP in network diagrams to determine the optimal time
and cost for completing some Ministry of youth projects. The aim of the research is to monitor
the performance of projects and network diagrams to schedule project activities, determine
critical and non-critical activities, while proposing a linear mathematical model to calculate the
optimal cost of the project after calculating the surplus times for non-critical activities, reducing
the duration of project implementation, and controlling the overall performance of the project
after conducting a sensitivity analysis of event times.
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Geda (2014) introduced LP method to solve project crashing problems subject to linear
overhead expenditure rate and lateness penalty. LP method of the objective for the project which
is reducing the total cost of project subject to various project constraints is patterned. Theoretical
example of time- cost trade-off problem of a project is calculated using the developed model and
solved using Microsoft Excel’s Solver add-in. Solution of the modeled LP method designates by
how much duration each of the project activities should be crashed, the resulting completion
duration and overall cost of the project. The suggested approach appeared in this research allows
project managers to perform computer assisted analysis of project crashing problems easily to
find the time-cost tradeoff in project scheduling.

Kaur and Kumar (2014) proposed a new approach to determine the fuzzy optimum
solution of fully fuzzy critical path (FFCP) problems. Also, it is displayed that it is better to
utilize JMD illustration of LR flat fuzzy numbers in the suggested method as contrasted to the
other illustration of LR flat fuzzy numbers.

Khader and Khalaf (2015) improved project scheduling by the goal programming
technique for the Modern Village project in Wasit Governorate, where the Modern Village
project was applied without the use of modern scientific techniques by the executing company in
the implementation of the project and reached the most important results by obtaining a solution
to the mathematical model of this research, which gives the ability to provide multiple decisions
to manage the project in proportion to its available budget.

Jukic and barkovic (2017) used two related operations research methods cPM and LP.
Some of their conceptions are showed in their paper in order to analysis some recent patterning
buildings that have been mainly valuable in the evaluation of project tradeoff time-cost crashes
problems. The tasks underwent crashing of together the time and cost by LP. a simplified
interpretation of a small project and a LP model were formulated to denote this system. as well
as being simple, the benefit of this technique is that it is appropriate to large networks. It allows
for a shorter computational time at a lest cost, whereas robustness is enlarged.

Amiri et al. (2023) modeled into an integer LP model regarding the entire cost of
material transport as the objective function and place conditions as constraints. The effectiveness
of the method is showed by obtaining the optimum site layout for a numerical model. The
suggested model is validated and proved by two approaches. Results show that the suggested
model effectively identifies the kind and location of the tower crane and the location of material
supply point, leading to about 20% reducing cost compared with when such features of a site
layout are determined solely based on knowledge and educated guesses of the construction
manager.

Scott et al. (2023) utilized two different algorithms to resolve the path planning problem.
It is seen that the linear pattern performs well in battery state estimation while remaining
implementable in a Linear Program or MILP, with minimal effect on the time-to-solve. This
gives what we consider to be a worthwhile trade-off in improved accuracy relative to enlarged
time-to-solve

Dollar (2024) proposes LP formulation for energy- reducing vehicle speed optimization
in hilly terrain and displays comparable performing to its conventional formulation as a DP. To
explain its efficiency, the LP velocity chart is integrated with a receding horizon motion
organizer and simulated in a Class 8 tractor—trailer application over an actual road slope profile,
with and without traffic.

The problem of this research is the lack of reliance on scientific methods in planning the
project and scheduling its activities, as well as monitoring when it is implemented, and not using
the mathematical approaches and sober programs to find the total and desired time for the
completion of the project, which led to delaying the completion period from its scheduled date.
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The objective of the research is to find the time and cost to complete the project in the
normal and crush conditions of the Nineveh Grain S tore of the General company for Grain
Trading at the Ministry of commerce. The main objective of this research is to use the LP
method to formulate two mathematical models. The first is to obtain the completion time of the
project (CP) for the Nineveh Grain Store under natural conditions. The second is to build a
mathematical model to find the desired time to complete the project in urgent circumstances.

2.Material and Methods:
2.1 The concept of project scheduling:

In general, various methods and methods are used in implementing projects, and this
results in the diversity of work plans and their differences from one project to another, as these
plans need methods to deal with the technical information of the final beneficiary, and with the
means of submitting costs, tight deadlines, different complexities, and a lot of data (Kerzner,
2017). Scheduling represents the last stage before starting the transformation procedures,
meaning before the actual project outcomes occur. It is used to determine the timing of the use
of resources related to each project process. It seeks to achieve a differentiation between
multiple and diverse goals, and this is through optimal exploitation of facilities, equipment, and
workers, and reducing both customer waiting time and operations and inventory times
(Stevenson, 2015). Scheduling carries out the detailed part of the planning function. The
scheduling task includes collecting the necessary data about the various elements of the project.
among the most important data needed for the scheduling function: the relationship of
succession or precedence among activities, and the time period spent by these activities, as well
as preparing estimates of the need for major resources such as equipment and materials. , human
resources, etc., and also implementing the budget in distributing it among the activities (al-ali,
2019). The scheduling process determines the timing of the work activities referred to previously
in the project plan. The word scheduling refers to a variety of things according to the intended
use. In this research, scheduling means the sequence of activities necessary to carry out the work
and their stages. In other words, scheduling is the method used by management to predict the
duration of project implementation and thus Ensuring its timely completion by changing or
adapting the necessary work-based resources.

The importance of scheduling can be clarified in the following points (Khalaf and al-baldawi,
2016):

1. Scheduling is the framework that ensures coordination between work teams, functions and
different departments within the project to ensure planning, monitoring and directing the various
phases of the project.

2. Scheduling specifies the project completion date, the activities whose delay results in a delay
in completion time, and the time surplus during which some activities can be delayed without
causing a delay in the project completion date.

3. The timetable provided by scheduling helps to determine the periods of need for resources and
avoid differences regarding them, especially if the resources are small, and also helps to identify
the estimated costs of project activities (Zahira, 2021).

Project scheduling is concerned with the time element, which is one of the important resources
in the project, and since time is one of the basic project objectives, time management is
considered one of the pivotal elements in the project achieving its objectives and achieving
many gains, such as (Wysocki ,2009; Khair al-Din, 2012: 139):

1.Project scheduling represents an organized framework for planning, monitoring, and directing
the project. Project scheduling shows the state of overlap and interdependency of all tasks, work
packages, work units, and activities in the project. Scheduling also enables shorter and clearer
communication channels between work teams, functions, and departments.
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2. Scheduling enables to set the likely timing for project completion. It also enables you to set
critical activities that, if delayed, will delay the project completion time. Scheduling also
contributes to setting non-critical activities, which if delayed for a known period will not cause
any negative impact. Project completion date (Khader, 2015: 10).

3. Scheduling enables setting the start and end times of activities and the relationship of these
activities to each other, which contributes to achieving the coordination required to implement
activities on the necessary dates in a smooth manner without creating pressures at work.
Scheduling also enables the reduction of conflicts over resources and personal conflicts due to
the prior setting of dates and Then the date of need for these resources becomes known, and the
various parties can coordinate and arrange with each other with the least conflict or
disagreement to ensure these resources (al-baldawi, 2016).

2.2 Project scheduling objectives:

Scheduling mainly aims to organize processes and activities sequentially in order to
implement the project with the least risks, the lowest cost, and the best time (Kerzner, 2013:60).
The goal of project scheduling depends on setting a timetable, which includes the start and end
date of each activity within the framework of the priority tasks identified above in planning and
setting obstacles to the various previously scheduled activities. The scheduling process is based
on a number of methods, and project scheduling aims to set a timetable with a minimum for the
time period of the project (Vanhoucke, 2016). Work progress schedules should be monitored to
ensure that work activities are progressing according to schedule during the implementation
process, and this involves evaluating motor progress and measuring it against the schedule
(Jabar et al., 2015). It is noted when the work is behind the project schedule and accordingly
appropriate corrective action is taken and solutions are developed in order to return to the
scheduled date, meaning within the path specified in the implementation plan (Fan, 2012).
During the process of progress on the ground, evaluating the actual work and measuring it by
planning for completion at the appropriate time and adopting the required corrective measures
immediately is the basis for efficient control of the project. In addition to other adjustments that
may occur, it is possible to update the project schedule and recalculate it periodically and predict
whether the project will finish after or before the required completion date (abu al-Hasani,
2019). While Heizer et al. (2017) satisfied with one goal for scheduling, which is to determine
and allocate priorities during project planning according to available capabilities, and in order to
differentiate between scheduling and planning as two separate activities. baldwin and bordoli
(2014) explained the goal of scheduling and planning in a simplified manner as follows: The
main goal of planning is to ensure that the divided tasks occur successfully, and this requires
setting goals, defining tasks, and monitoring progress. The project schedule provides the basis
for measuring progress, and the basis for regular review and updating of the plan.

2.3. LP method to find the CP in the project network:

The LP method is one of the efficient methods and is considered one of the important
mathematical methods that can be used to find the natural time to complete the project (CP).
This requires knowledge of the project network data, which is the flow of activities in the
network nodes (events), starting from the starting node of the network and ending at the ending
node. It requires specifying the following (Kalaf and Leong, 2009):

The problem variables are as follows:

Ty ;: The normal period for activity i, which is time required to accomplished the activity with

the least resources (natural cost)
Y; : The decision variable for the start time of activity i
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n

Maximize Z = T, ;- Y; @
i=1

Constraints of the mathematical model

The above objective function is subject to the following restrictions:
For activities that entered in the event i

i1 Y =1 2)
For activities that leaves from event i

r-Y= -1 3)
For all activities entering and exiting event i
Event i: For each event, there is one restraint that denotes the conservation of flow:
Whole input flow = Whole output flow.
In this formulation, y;= 0 or 1 represents the nonappearance or presence of unit flow from a node
to another. So the equation is:

L+ =Y =0 (4)
Non-negative constraints for all the decision variable are:

yi=0 (5)

Table 1: Represents activity data, predecessor activities, time and normal costs for the grain
collection warehouse project in Mosul Governorate, according to the work progress schedule for
the project:

Activit Normal Normal cost
No. | Activity Name Y| Previous | time (Million
code - /
activity (day) Dinars)
civil Works a
Preparing the site and the land of the
project, which includes planning and i
1 settlement with scraping the land, burying al 12 100,000,000
it, fixing dimensions and removing rubble
5 Examinations, evaluation and treatment of a2 81 120,000,000
test pillars al
3 E::;;/tatlon and casting of piles under the a3 a2 34 1.957.500,000
4 Grain Storeschemes and approval a4 - 44 150,000,000
Earthworks with burial under the
5 fo_und_atlons of benzan and pouring tr_\e a5 a3,4 8 143,875,000
blinding layer benzat group with moisture
blocker coating (a)
6 concrete racking casting for benzat(a) a6 a5 33 163,500,000
7 Pouring concrete columns(a) a7 ab 28 105,000,000
8 concrete Hopper casting (a) a8 a7’ 118 216,000,000
Earthworks with burial under the
9 fo_undatlons of the benzan and_pourlr)g the 29 a3.4 8 143,875,000
blinding layer benzat group with moisture
blocker coating (b)
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10 | concrete racking molding for benzat (b) al0 a9 33 | 163,500,000

11 | casting concrete columns(b) all alo 28 | 105,000,000

12 | concrete Hopper casting(b) al2 all 118 | 216,000,000
Excavation and burial works under the

13 operating room, tunnels,_hobars, basgs of al3 all 78 50,000,000
benz and groundwater withdrawal with
treatments for the operating building

14 concrete pouring works for the operating ald 213 28 | 140,400,000
room and tunnels
casting works of the upper transverse

15 conveyor tunnel depth of 12 m ald al3 8 48,600,000

16 conc_re_te works fo_r tra_ln and_ truck 216 al5 18 | 26,000,000
receiving holes with tightening of grates
Pouring concrete foundations Grain

17 Storeloading al7 al5 8 8,000,000

18 concrete _vvorks for_pourlng yards 218 216,17 8 86,400,000
surrounding operating rooms
Implementation of the electricity building
with the installation of the transformer

19 with the shed and the bases of the cable al® all 28 120,000,000
channels
Mechanical Works b

20 Erec_tlon and tightening of metal benzat bl a8 63 | 40,000,000
for line a

21 Installation ar_ld tightening of metal b2 al2 63 | 40,000,000
benzat for b line

99 Manufacture and msta_llatlon of the steel b3 al4 178 | 50,000,000
structure of the operating room

93 Processing and installation of grain ba b3 58 | 62,000,000
cranes

24 Instal_latlon and inspection of screening b5 b1.2 28 | 10,000,000
machines

o5 Tightening, erecting and checking the b6 b5 28 | 20,000,000
dust system

26 Tightening and erecting the upper b7 b1.2 88 | 40,000,000
conveyor assembly

97 ;]I'rlglr};enmg and erecting the lower vector b8 ba 89 | 29,000,000

28 Processing and_tlghtenlng the metal shed b9 218 18 | 20,000,000
over the receiving holes

29 !—Iydrau_llc tipper installation and bl 0 al8 23 | 95,000,000
inspection

30 E(r)ggtmg loading silos with telescope bl 1 als 28 | 24,000,000
Packaging of the operating building with

31 the bond and the Wig Panel b12 b9,10,11 | 18 | 30,720,000

Electrical Works c

30 Laying of high ar_1d low voltage power cl 219 3 30,000,000
line and control lines
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33 P_rocgssmg, installation and inspection of 2 al9 18 | 12,000,000
lighting poles

34 Equipping, installing and inspecting 3 c1.c2 13 | 280,000,000
generators
Installation and inspection of the control

35 | room and connection of equipment and c4 b12 118 | 30,000,000
control cables

36 Equplr_lg, installing and inspecting o5 al4.15 3 6,000,000
submersibles

37 Tlgh_tenl-ng and testing the temperature c6 b1.2 13 | 10,000,000
monitoring system for benzos

38 | @ system tightening and installation 7 6 13 | 18,000,000
works

39 quks gnd installation of electronic scale c8 3 18 | 30,000,000
calibration

40 Works of lightning and ground arrester c9 213 8 5.250,000
system

a1 Installatl_on, tightening and inspection of 10 b7.8 13 | 90,000,000
an electric elevator for people

42 Installatl_on qf switchboard 11 04.7.8.06 3 6,000,000
communications and cameras

43 \I,\rlléer[(r;al and external lighting installation 12 ¢7.8.06 8 6,191,028

44 | Installing a grain sterilizer c13 10,11,12 3 1,000,000

45 | Initial Total Examinations D1 c4,c5,c9,c13 | 43 | 64,000,000

Total 5,012,811,028

2.3.1 Formulate a mathematical model to find the critical path in the project network
After applying equation (1), the objective function can be obtained as follows:

Max (Z) =12al1+81a2 +34a3+44a4+8a5+33a6+28a7 +118a8+ 8a9
+33al0+28all+118al2+ 78al3+28al4+8al5+18al6
+8al7+8al8+28al9+63b1+63b2+178b3 + 58 b4+ 28b5
+28b6+88b7+89b8+18b9+ 2310+ 28b11+18h12+ 3¢l
+18c¢2+13¢3+118¢c4+3c5+13c6+13c7+18c8+8c9+13¢10
+3c11+8c12+3c13+43D1

S.to

by applying equation (2,3,4 and 5), the constraints for the mathematical model are obtained as

follows:

1) For activities that leave the event (i)

Eventl —al=-1

—a4=-1

2) For activities entering and leaving the event (i)

Event2 al—a2=0

Event3 a2—-—a3 =0

Event4 a3+a4—a5-a9=0

Event5 a5—a6=>0

Event6 a6—a7=>0

Event7 a7—a8=0

Event8 a8—-bl =0
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Event9 a9 —-al0=20

Event10 al0—al1=0

Event11l all—al2—al3—al9=0
Event12 al2—b2=0

Event13 al3—al4—al5—-c9=0
Event14 al4—b3—-d2=0

Event15 al5—al6—al7—dl1 =0
Event16 al6—d3 =0

Event17 al7+4+d3—al8=0
Event18 al8—-b9—-b10—-bl11=0
Event19 al9—-cl—c2=0

Event20 bl +b2—-b5—b7—-c6=0
Event21 b3 —-b4 =0

Event22 b4 —-b8=0

Event23 b5 —b6 =0

Event24 b7+b8—-c10=0
Event25 b9—-d4 =0

Event26 b10—-d5=0

Event27 d4+d5+b11-Db12=0
Event28 bl2—-c4=0

Event29 ¢1—-d6=0

Event30 d6+4+c2—c3=0

Event31 ¢3—-c8=0

Event32 D1+d2—-c¢5=0

Event33 ¢6—-c7=0

Event34 b6+c7+c8—-cll1—-cl2=0
Event35 ¢11—-d7=0

Event36 ¢10+4+c12+d7—c13 =0
Event37 c¢4+c5+c9+c13—-D1=0
3) For activities that enter the event (i)
Event 38 Dl1=1

All variables al, a2, a3,..., D1 = 0 and Integers

2.4 LP method to complete the project in the desired time:

The LP method can also be used to find the desired time to complete the project, as a
mathematical model was built. The desired time to complete the project was (600) days,
meaning a reduction in the total completion time (86) days. as the last event in the project
network is subject to desired project completion time.

before formulating the mathematical model, we must define some important terms.
Since the project is a combination of specific activities that require time and resources to finish,
they are interconnected in a logical sequence, meaning that the start of some activities depends
on the completion of other activities, where the relationship between activities is determined
using nodes (events). Since an event represents a point in time that includes the completion of
some activities and the beginning of new ones, the start and end points of an activity are
expressed by two events, start and end.
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2.4.1 ldentify the variables of the problem as follows:

yi:  Time when the event i will happen, measured since the beginning of the project, where i=
(1,2, 3,..., n).

Xq: Quantity of times (measured in terms of days, weeks, months or some other units) that each
activity g will be crashed, where q=(1, 2, 3,..., L).

Ug: Slope of cost or cost of crash per unit of time for activity q.

The goal is to reach the desired time to complete the project by reducing the total cost of
completing the project by reducing the compression periods of activities multiplied by the slope
of the associated costs, then adding the resulting cost to the normal total cost of completing the
project. The mathematical formula for slope can be defined as the relationship between cost and
time, and it is represented by linear or non-linear relationships, as in equation (6) (Khalaf and
Leong, 2009):

Cc—Cn
Tn-Tc

(Slop) = (6)
Whereas:

T,: Normal completion time

¢,: Normal time

T.: crash time

C.. crash cost

2.4.2 Define the objective function as follows:
The objective function of the mathematical model will be as follows:

L
Minimize Z = Zq=1uq'xq (7)

2.4.3 Determine the constraints as follows:
a. constraints of crash time

We can decrease the time needed to accomplish an activity simply by increasing human
or material resources or by improving productivity. But it is not possible to reduce the time
required to complete the activity after a certain threshold limit. Equation (8) explains this as
follows:

Xq < allowable time of crashing activity ¢ calculated in periods of days, weeks, months
or some other units (8)

b. Formulate network constraints:

This set of constraints describes the construction of the network. The start of some activities
depends on the completion of others, so we must create a working sequence of activities through
constraints. Therefore, there is one or more constraint for each event depending on the activities
preceding this event.

Since event 1 will start at the beginning of the project, we start by setting the incidence time of
event 1 equal to zero and as in equation (9):

y1=0 ©)
The additional events will be stated as in equation (11) as follows:

Start time of activity (yi) > (time of start + normal time—crash time) for this current

predecessor (120)

¢. Constraint of desired time to complete the project:
This constraint states that the last event (completion of the last activity) represents the desired

time to complete the project, which is as in equation (11).
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Ym < Desired time to complete the project

Where m refers to the last event of the project

d.Non-negativity constraints
It explains that all decision variables must be greater than or equal to zero, as shown in equation

(12):

yil XQ1 uq 2 0

(11)

(12)

4. Describe the model data to find the critical path under normal conditions and the desired time
to complete the project

2.4.4 Describe the mathematical model data to reach the desired time to complete the

project

In the presence of normal and crash times and costs for the project network activities, and by
applying equation (6), the slope of the project activities is found, as in Table (3):

Table 3: Normal and crash times, costs, and slope of project network activities

Activitie | Normal Crash Pressur | Normal  cost | Crash cost | Pressure | Slop(1QD)
s time (day) | Time e (Iragi  Dinar) | (Iragi Dinar) | cost ( - CC—NC)
(NT) (in day) | duratio | (Nc) (cc) (1QD) NT-CT
(cT) n (in
day)
(AT)
al 12 days 8 days 4 days | 100,000,000 102,000,000 2,000,000 | 500,000
a2 81 days 73days | 8days | 120,000,000 122,000,000 2,000,000 | 250,000
a3 34 days 34days |0 1,975,500,000 1,975,500,000 | 0 0
a4 44 days 34 days | 10 days | 150,000,000 153,000,000 3,000,000 | 300,000
ab 8 days 5 days 3days | 143,875,000 144,875,000 1,000,000 | 333,333
a6 33 days 18 days | 15days | 163,500,000 165,500,000 2,000,000 | 133,333
a7 28 days 23 days | 5days | 105,000,000 106,000,000 1,000,000 | 200,000
a8 118 days 98 days | 20 days | 216,000,000 220,000,000 4,000,000 | 200,000
a9 8 days 5 days 3days | 143,875,000 144,875,000 1,000,000 | 333,333
al0 33 days 18 days | 15days | 163,500,000 165,500,000 2,000,000 | 133,333
all 28 days 23 days | 5days | 105,000,000 106,000,000 1,000,000 | 200,000
al2 118 days 98 days | 20 days | 216,000,000 220,000,000 4,000,000 | 200,000
al3 78 days 58 days | 20 days | 50,000,000 54,000,000 4,000,000 | 200,000
al4 28 days 18 days | 10 days | 140,400,000 143,400,000 3,000,000 | 300,000
als 8 days 5 days 3days | 48,600,000 50,600,000 2,000,000 | 666,666
alé 18 days 13days | 5days | 26,000,000 28,000,000 2,000,000 | 400,000
al7 8 days 8 days 0 8,000,000 8,000,000 0 0
al8 8 days 8 days 0 86,400,000 86,400,000 0 0
al9 28 days 23 days | 5days | 20,000,000 22,000,000 2,000,000 | 400,000
bl 63 days 53 days | 10 days | 40,000,000 43,000,000 3,000,000 | 300,000
b2 63 days 53 days | 10days | 40,000,000 43,000,000 3,000,000 | 300,000
b3 178 days 138days | 40 days | 50,000,000 55,000,000 5,000,000 | 125,000
b4 58 days 48 days | 10 days | 62,000,000 65,000,000 3,000,000 | 300,000
b5 28 days 23 days | 5days | 10,000,000 12,000,000 2,000,000 | 400,000
b6 28 days 23 days | 5days | 20,000,000 22,000,000 2,000,000 | 400,000
b7 88 days 68 days | 20 days | 40,000,000 44,000,000 4,000,000 | 200,000
b8 89 days 63 days | 26 days | 29,000,000 32,000,000 3,000,000 | 115,384
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b9 18 days 13 days | 5days 20,000,000 22,000,000 2,000,000 | 400,000
b10 23 days 18 days | 5 days 95,000,000 97,000,000 2,000,000 | 400,000
bl1l 28 days 18 days | 10 days | 24,000,000 26,000,000 2,000.000 | 200,000
b12 18 days 13 days | 5days 30,720,000 32,720,000 2,000,000 | 400,000
cl 3 days 3 days 0 30,000,000 30,000,000 0 0

c2 18 days 8 days 10 days | 12,000,000 14,000,000 2,000,000 | 200,000
c3 13 days 13days | O 280,000,000 280,000,000 0 0

cd 118 days 88 days | 30 days | 30,000,000 34,000,000 4,000,000 | 133,333
c5 3 days 3 days 0 6,000,000 6,000,000 0 0

c6 13 days 6 days 7 days 10,000,000 12,000,000 2,000,000 | 285,714
c7 13 days 6 days 7 days 18,000,000 20,000,000 2,000,000 | 285,714
c8 18 days 13 days | 5days 30,000,000 32,000,000 2,000,000 | 400,000
c9 8 days 8 days 0 5,250,000 5,250,000 0 0

cl0 13 days 8 days 5 days 90,000,000 92,000,000 2,000,000 | 400,000
cl1l 3 days 1 days 2 days 6,000,000 7,000,000 1,000,000 | 500,000
cl2 8 days 3 days 5 days 6,191,028 7,441,028 1,250,000 | 250,000
c13 3 days 1 days 2 days 1,000,000 1,500,000 500,000 250,000
D1 43 days 28 days | 15days | 64,000,000 64,000,000 0 0

Total 4,930,811,028

For the purpose of modeling the problem, it is necessary to define activities in terms of the
beginning and end of the event. The total number of events in this project is 38 events, and as is
clear from Table (4), we can define the variables as follows:

Table 4: Start and end events for each activity in the project network

activit | Start | End activiti | Starting | Ending | activiti | Start | End
ies Event | Event | es Event Event es event | event
al 1 2 b2 12 20 cl0 24 36
a2 2 3 b3 14 21 cll 34 35
a3 3 4 b4 21 22 cl2 34 36
a4 1 4 b5 20 23 cl3 36 37
ab 4 5 b6 23 34 D1 37 38
a6 5 6 b7 20 24

ar’ 6 7 b8 22 24

a8 7 8 b9 18 25

a9 4 9 b10 18 26

al0 9 10 bl1 18 27

all 10 11 b12 27 28

al2 11 12 cl 19 29

al3 11 13 c2 19 30

al4 13 14 c3 30 31

al5 13 15 cd 28 37

alé 15 16 c5 32 37

al7 15 17 c6 20 33

al8 17 18 c7 33 34

al9 11 19 c8 31 34

bl 8 20 c9 13 37

561




Journal of Economics and Administrative Sciences

2024; 30(142), pp. 550-577

P-ISSN 2518-5764
E-ISSN 2227-703X

2.4.5 Definition of the variables of the mathematical model

y1: Time of incidence of the
event 1

y17: Time of incidence of the event
17

y33: Time of incidence

of the event 33

y2 : Time of incidence of the

event 2

y18: Time of incidence of the event

18

y34: Time of incidence

of the event 34

y3: Time of incidence of the

event 3

y19: Time of incidence of the event

19

y35 Time of incidence

of the event 35

y4: Time of incidence of the

event 4

y20: Time of incidence of the event

20

y36: Time of incidence

of the event 36

y5: Time of incidence of the

event 5

y21: Time of incidence of the event

21

y37: Time of incidence

of the event 37

y6: Time of incidence of the

event 6

y22 Time of incidence of the event

22

y38: Time of incidence

of the event 38

y7: Time of incidence of the

event 7

y23: Time of incidence of the event

23

y8: Time of incidence of the

event 8

y24: Time of incidence of the event

24

y9: Time of incidence of the

event 9

y25: Time of incidence of the event

25

yl 0: Time of incidence of

the event 10

y26: Time of incidence of the event

26

yl 1: Time of incidence of

the event 11

y27 Time of incidence of the event

27

y1l2 Time of incidence of

the event 12

y28: Time of incidence of the event

28

y13: Time of incidence of

the event 13

y29: Time of incidence of the event

29

y14: Time of incidence of

the event 14

y30: Time of incidence of the event

30

y15: Time of incidence of

the event 15

y31: Time of incidence of the event

31

y16: Time of incidence of

the event 16

y32 Time of incidence of the event

32

We also assume that:

for number for

for

Xa 1. Days number
crashing the activity al

Xp3: Days
crashing the activity b3

Xa 1. Days number
crashing the activity c1 1

Xa2 Days number
crashing the activity a2

for

Xps: Days number for

crashing the activity b4

Xc12: Days  number
crashing the activity c12

for

Xas:  Days  number
crashing the activity a3

for

Xps: Days number for

crashing the activity b5

Xq3:  Days  number
crashing the activity c13

for

Xa: Days  number
crashing the activity a4

for

Xps: Days number for

crashing the activity b6

Xp 1. Days number
crashing the activity D1

for

Xss:  Days  number
crashing the activity a5

for

Xp7: Days number for

crashing the activity b7

Xs: Days number
crashing the activity a6

for

Xpg: Days number for

crashing the activity b8

Xy7:  Days  number
crashing the activity a7

for

Xpo: Days number for

crashing the activity b9

Xss: Days  number
crashing the activity a8

for

Xp1 o Days number for

crashing the activity b1 0

Xao: Days number
crashing the activity a9

for

Xp1 1. Days number for
crashing the activity b1 1
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Xa1 o: Days number for
crashing the activity al 0

Xp12: Days number for
crashing the activity b12

Xa1 1. Days number for
crashing the activity al 1

Xp7: Days number for
crashing the activity b7

Xa1p: Days number for
crashing the activity al2

X, 1. Days number for
crashing the activity cl

Xa13: Days number for
crashing the activity al3

Xc2: Days number for
crashing the activity c2

Xa1a: Days number for
crashing the activity al4

Xes: Days number for
crashing the activity c3

Xas:  Days number for
crashing the activity al5

Xe4: Days number for
crashing the activity c4

Xaie: Days number for | Xi: Days number for
crashing the activity al6 crashing the activity c5
Xa7: Days number for | Xe: Days number for

crashing the activity al7

crashing the activity c6

Xaig: Days number for
crashing the activity al8

Xc:  Days number for
crashing the activity c7

Xao: Days number for | X,: Days number for
crashing the activity al9 crashing the activity c8
Xp1: Days number for | Xeo: Days number for

crashing the activity bl

crashing the activity c9

Xpo: Days number for
crashing the activity b2

Xa o Days number for
crashing the activity c1 0

2.4.6 Formulate the mathematical model to reach the desired time to complete the project
By applying equation (7) we obtain the objective function of the mathematical model as follows:

Min Z= 500000X,;+250000X,,+0X,3+300000X,4+333333X,5+133333Xa6

+200000x,7+200000x,5+333333X391+133333X,10+200000X 511 +200000X41,+200000%,13+300000x 5,
41+666666X,15+400000X516+0X517+0X,41817400000X,19+300000x,; +300000x;,,+125000%p3+300000x4
4+400000X,5+400000X,5+200000%;,7+115384X,,5+400000Xp+400000xXp9+200000X 14 1+

400000xp1, +0 X, 1 +200000x%,
+0X3+133333X¢4+0Xc5+2857 14X 6+285714X7+400000X g +0X9+400000X10+500000x,1,+250000
XC12+125000XC13+0 Xp1

1. Maximum reduction constraints
Applying equation (8) we get the following constraints:

Xa1 < 4 szf 40 Xclzf 5
Xe13< 2

Xa2 < 8 Xpa < 10 Xp1<0

Xa3< 0 Xps< 5

Xaa < 10 Xps < 5

X< 3 Xp7 < 20

Xas< 15 Xpg < 26

Xar<5 Xpo < 35

Xag < 20 Xp1o< 35

Xag< 3 Xp11< 10

Xa10 = 15 Xp12 <5
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Xa11=5 Xc1=<0
Xa12 < 20 X< 10
Xa13< 20 X3<0
Xa14< 10 X< 30
Xa15 < 3 X5 < 0
Xa16< 5 Xes <7
Xa17<0 X7 <7
Xa18 < 0 Xg<5
Xa19< 5 X < 0
Xp1=< 10 X105 5
Xp2< 10 X152

2. Constraints of project network construction

By applying equation (9,10), we obtain the following constraints:

y1=0

Yi+12 - X1 <y

Y20 +88 — Xp7 < y2u
Or, Y, +89 — Xps<y2

y2+ 81_Xa2§ Y3

Y18 +18 — Xpo < y25

Y3+ 34 —Xa3< ys
Or,y1+ 44 —Xa4<ys

Y18 +23 — Xb10= y26

Yat 8 —Xas<ys

Yat+ 8 — X<y

Y18 +28 — Xp11 < yor
Or, Yo+ 0—Xu <y
Or, Yo+ 0—Xg <y

Y5+33 — Xas< ¥6

Yo7 +18 — Xp12< y28

y6+28_xa7 < y7

Y19+3 — Xc1=< Y29

y7+118Xs<ys

Y9133 —Xa10< y10

Y19+18 — X2 < y30
Or, Y29 +0 — Xgs< y30

Y10+28 —Xa11<y11

Y30+13 — X3< ya1

Y11+118 — Xa2< y1

Y11+ 78 — Xa13< y13

Y1a+0 —Xq1<y3
Or, Vyis+t0—Xp<ys

Y11t 28 — Xa10=< Y19

Y13 +28 — Xa14< Y1a

Yi3+ 8 —Xa15< yi15

Y15+18 — Xa16 < y16

Y28 +118 — X4 <ys7

Or, y3+3—Xs<ysy
Or, yiz+8 —Xeo<yw
Or,  yx+3—Xa3<ysy

Yis+ 8 — Xa17< y17
Or, Y16 +0 — Xg3 < y17

Y20 +13 — X6 < y33

Yi7+ 8 — Xa1s< y18

Ys+63 — Xp 1< Y20
Or, y1,+63 — Xp2 < y20

Yoa+13 — Xc10= Y36
Or, Ys+8—Xc12<yss
Or, Yy35+0—Xg7<ys3s

Y37 +43 —Xp1< ys8

Y14 +178 = Xps< yn

Y21 +58 — Xpa < y2
Y20t28 — Xp5 < y23

y23+28 — Xps = Yaa
Or, ys3+13 — X7 < ya
Or, y31+18 —Xg<yas

3. Constraint of the desired time to complete the project in (600) days
applying equation (11), we get the following entry:

Yag < 600
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4. Non-negativity constraint
applying equation (12), we obtain the following non-negativity constraints:
Xa 1y Xa2, Xa3,~ cy Y3820

3.Discussion of Results:
3.1 Discuss the results of the mathematical model to find the CP in the project network:
by reviewing the solution results table for the mathematical model shown in Table (2),
column (3) Solution value, which indicates the critical activities that appeared to have a value
greater than zero and formed the critical path in the project network, as follows:
ay,ay,a3,d9,a10,31 1,413, d14, b3, by, bg, €19, €13, D1 = 686 Days

As for the other activities that have a Solution value of zero, they are non-critical
activities. Column (7) which is the status column, shows the status of the variable whether it is
essential or non-essential. Accordingly, the normal time to complete the project (686 days)
which represents CP for the project will be found by summing the times of the critical activities
shown in the Total contribution column.

Table 2: Finding the critical path in the project network using the WinQSb2 program.

combined Report for LP for CPM

10:33:02 Friday February 2 2024

Decision | Solution Unit cost or | Total Reduced | basis allowable | allowable

Variable | Value Profit c(j) | contribution | cost Status Min. c(j) | Max. c(j)
1 |al 1 12 12 0 basic -M M
2 | a2 1 81 81 0 basic -M M
3 |a3 1 34 34 0 basic -M M
4 | a4 0 44 0 0 Non-essential | -M M
5 | a5 0 8 0 -162 Non-essential | -M 170
6 | ab 0 33 0 0 Non-essential | -M 195
7 | a7 0 28 0 0 Non-essential | -M 190
8 |a8 0 118 0 0 Non-essential | -M 280
9 |a9 1 8 8 0 basic -154 M
10 | al0 1 33 33 0 Non-essential | -129 M
11 |all 1 28 28 0 basic -134 M
12 | al2 0 118 0 0 Non-essential | -M 280
13 | al3 1 78 78 0 basic -84 M
14 | al4d 1 28 28 0 basic -134 M
15 | al5 0 8 0 0 Non-essential | -M 179
16 | al6 0 18 0 0 Non-essential | 8 189
17 | al7 0 8 0 -10 Non-essential | -M 18
18 | al18 0 8 0 0 Non-essential | -M 179
19 | al19 0 28 0 0 Non-essential | -M 350
20 | b1 0 63 0 0 Non-essential | -M 225
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21 | b2 0 63 0 -162 Non-essential | -M 225
22 | b3 1 178 178 0 basic 16 M
23 | b4 1 58 58 0 basic -104 M
24 | b5 0 28 0 0 Non-essential | -2 65
25 | b6 0 28 0 0 Non-essential | -2 65
26 | b7 0 88 0 0 Non-essential | 51 250
27 | b8 1 89 89 0 basic -73 M
28 | b9 0 18 0 0 Non-essential | -M 28
29 | b10 0 23 0 0 Non-essential | -M 28
30 | b11 0 28 0 0 Non-essential | 23 199
31 | b12 0 18 0 0 Non-essential | -M 189
32 |cl 0 3 0 0 Non-essential | -M 18
33| c2 0 18 0 0 Non-essential | 3 340
34 | c3 0 13 0 0 Non-essential | -M 335
35 | c4 0 118 0 -171 Non-essential | -M 289
36 | c5 0 3 0 0 Non-essential | -M 361
37 | c6 0 13 0 0 Non-essential | -M 43
38 | c7 0 13 0 -30 Non-essential | -M 43
39 | c8 0 18 0 -322 Non-essential | -M 340
40 | c9 0 8 0 -361 Non-essential | -M 369
41 |cl10 1 13 13 0 basic -24 M
42 | c11 0 3 0 0 basic -M 45
43 | cl12 0 8 0 -37 Non-essential | -M 45
44 | c13 1 3 3 0 basic -168 M
45 | D1 1 43 43 0 basic -M M
46 | d1 0 0 0 0 Non-essential | -M M
47 | d2 0 0 0 -358 Non-essential | -M 358
48 | d3 0 0 0 0 Non-essential | -10 171
49 | d4 0 0 0 -10 Non-essential | -M 10
50 | d5 0 0 0 -5 Non-essential | -M 5
51 | d6 0 0 0 -15 Non-essential | -M 15
52 | d7 0 0 0 -42 Non-essential | -M 42
Objective | Function | (Max.) = 686
Left Hand Right Hand | Slack Shadow allowable | allowable
constraint | Side Direction Side or Surplus | Price Min. RHS | Max. RHS

1 | Nodel -1 = -1 0 -302 -M 0

2 | Nodel -1 -1 0 -219 -M 0

3 | Node2 0 0 0 -290 -M 1

4 | Node3 0 0 0 -209 -M 1

5 | Node4 0 0 0 -175 -M 2

6 | Node5 0 = 0 0 -5 0 0
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7 | Nodes |0 = 0 0 28 0 0
8 | Node7 |0 0 0 56 0 0
9 | Node8 |0 0 0 174 0 0
10 | Node9 |0 0 0 -167 -M 2
11 | Node10 |0 0 0 134 -M 2
12 | Node1l |0 0 0 -106 -M 2
13 | Node12 |0 0 0 12 0 2
14 | Node13 |0 0 0 -28 -M 2
15 | Node14 |0 0 0 0 -M 2
16 | Node15 |0 0 0 -20 0 2
17 | Node16 |0 0 0 ) 0 2
18 | Node17 |0 0 0 -2 0 2
19 | Node18 |0 0 0 6 0 2
20 | Node19 |0 0 0 78 0 2
21 | Node20 |0 0 0 237 0 0
22 | Node21 |0 0 0 178 0 2
23 | Node22 |0 0 0 236 0 2
24 | Node23 |0 0 0 265 0 0
25 | Node24 | 0 0 0 325 0 2
26 | Node25 | 0 0 0 24 0 2
27 | Node26 | 0 0 0 29 0 2
28 | Node27 |0 0 0 34 0 2
29 | Node28 | 0 0 0 52 0 2
30 | Node29 |0 0 0 75 0 2
31| Node3o |0 0 0 -60 0 2
32 | Node31 |0 0 0 47 0 2
33 | Node32 |0 0 0 338 0 1
34 | Node33 |0 0 0 250 0 0
35 | Node34 |0 0 0 293 0 0
36 | Node35 | 0 0 0 296 0 0
37 | Node3s |0 0 0 338 0 2
38 | Node37 |0 0 0 341 0 2
39 | Node3s |1 = 1 0 46 0 M

3.2 Discuss the results of the mathematical model to complete the project at the desired
time (600 days):

After solving the mathematical model, the solution results in Table (5) show the
following:

The solution value for the decision variable is through column 3 (Solution value), the
total contribution amount for each variable is through column 5 (Total contribution), the reduced
cost for all decision variables is through column 6, the status of the variables is essential or non-
essential through column 7 and the limits of the sensitivity analysis for the slope cost of these
variables through (columns 8 and 9). In addition to the value of the objective function; note that
this table exists when the optimal solution for the problem is available.
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Table (5) shows the critical activities that must be crashed and the number of days that
must be crash in to reach the desired time to complete the project in (600) days, meaning that the
normal time to complete the project is reduced to 86 days. The cost of crashing the activities’
time, which is the value of the objective function of 10,999,979 million dinars, will be added to
the natural cost of completion. The project is 4,930,811,028 billion dinars, so that the total cost
of the project, after compressing some critical activities, is 4,941,811,007 billion dinars.

Table (5) shows the critical activities that must be crashed and the number of days that
must be crash to reach the desired time to complete the project in (600) days, meaning, reducing
the normal time to complete the project to 86 days. The cost of crashing the time of activities,
which is represented by the value of the objective function (10,999,979 million dinars), will be
added to the normal cost of completing the project (4,930,811,028 billion dinars), so that the
total cost of the project, after crashing some critical activities will be 4,941,811,007 billion
dinars.

Table (5) divided into the following two tables:
1. Summary of the variables table

The summary of the mathematical model solution in Table (5) indicates that the crashed
time for activity X,; is 500,000 thousand dinars, and in order for this variable (activity) to enter
the optimal solution and be a basic reduced its cost to 300,000 thousand dinars.

The reduced cost of non-critical (at-bound) activities (variables whose value is zero in
the optimal solution) provides us with information about the extent to which we can increase the
objective function coefficients for these variables to obtain a positive value for those variables in
the optimal solution. The limits of the sensitivity analysis for the cost slope of this variable,
which ensure that the current solution remains optimal are 200,000 thousand dinars as a
minimum and infinity (M) as a maximum.

As for the number of days crashed for activity a day is 1,999,995 million dinars, as
shown by the (Total contribution) column. accordingly, the reduced cost for it is 0 as a basic
variable, which is what the reduced cost field for this variable indicates. as for the limits of the
sensitivity analysis for the cost of the slope of this variable, which ensures that the current
solution remains optimal, it is -M as a minimum. and a maximum of 200,000 thousand dinars.

As for the xal 0, which is considered a basic variable the value of the solution for it, or
what will be compressed from the activity time, is 15 days, and as shown by the Solution value
column, the cost of the slope for it is 133,333 thousand dinars, and therefore the cost of crashing
this variable for 15 days will be (1,999,995 million dinars) and as shown by the Total
contribution column, and therefore the cost The reduced cost has 0 as a basic variable, which is
what the reduced cost column for this variable indicates. As for the limits of the sensitivity
analysis for the slope cost of this variable, which ensures that the current solution remains
optimal, they are -M as a minimum and 200,000 thousand dinars as a maximum.

2. Summary of the constraints table

The summary of the solution to the mathematical model in Table (5) indicates the first
constraint (c1) (sequence 1), the value of its left side is 0, the direction of the constraint is less
than or equal to (<) and the value of its right side is 4 days. We can conclude that this constraint
is not fully exploited through the slack or surplus column, whose value is 4, and since the
shadow price is the change in the value of the objective function when the value of the right side
of this constraint increases or decreases by one unit, the objective function will decrease by (0)
when the activity crashed.

As for the tenth entry (c1 0) (sequence 10), the value of its left side is 15 days and the
direction of the entry is less than or equal to (<) and the value of its right side is 15 days. We can
also conclude that this entry is fully exploited, i.e. its right side has been exploited from through
the slack or surplus column and its value is 0. As for the shadow price of the right side of this




Journal of Economics and Administrative Sciences

2024; 30(142), pp. 550-577

P-ISSN 2518-5764
E-ISSN 2227-703X

entry, which is (-66,667) thousand dinars, it indicates that the objective function will decrease by
(66,667) thousand dinars when the activity crash xal 0 decreases for only one day. The
sensitivity analysis limits for the right side of this constraint which ensure that the current
solution remains acceptable, are 0 as a minimum and 15 as a maximum.

Table 5: Results of the mathematical model using the program WinQSh2

combined Report for LP

Les than or equal 600

cPM
09:25:59 Saturday | February 3 2024
Decision | Solution | Unit cost | Total Reduced | Basis allowable | allowable
or
Variable | Value Profit contribution | cost Status Min. c(j) | Max. c(j)
c()
1 xal 0 500000 0 300000 | Non- 200000 M
essential
2 Xa 2 0 250000 0 50000 Non- 200000 M
essential
3 xa3 0 0 0 0 Basic -M 200000
4 xa4 0 300000 0 300000 | Non- 0 M
essential
5 xa5 0 333333 0 333333 | Non- 0 M
essential
6 xab 0 133333 0 133333 | Non- 0 M
essential
7 xa’ 0 200000 0 200000 | Non- 0 M
essential
8 xa8 0 200000 0 200000 | Non- 0 M
essential
9 xa9 0 333333 0 133333 | Non- 200000 M
essential
10 |[xalo0 15 133333 1999995 0 basic -M 200000
11 |xall 5 200000 1000000 0 basic -M 200000
12 | xal2 0 200000 0 200000 | Non- 0 M
essential
13 | xal3 0 200000 0 0 basic 200000 250000
14 | xald 0 300000 0 100000 | Non- 200000 M
essential
15 | xal5 0 666666 0 666666 | Non- 0 M
essential
16 | xal6 0 400000 0 400000 | Non- 0 M
essential
17 | xal7 0 0 0 0 basic -M 0
18 | xal8 0 0 0 0 basic -M 0
19 | xal9 0 400000 0 400000 | Non- 0 M
essential
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20 | xb1l 0 300000 0 300000 | Non- 0 M
essential

21 | xb2 0 300000 0 300000 | Non- 0 M
essential

22 | xb3 40 125000 5000000 0 basic -M 200000

23 | xb4 0 300000 0 100000 | Non- 200000 M
essential

24 | xb5 0 400000 0 400000 | Non- 0 M
essential

25 | xb6 0 400000 0 400000 | Non- 0 M
essential

26 | xb7 0 200000 0 200000 | Non- 0 M
essential

27 | xb8 26 115384 2999984 0 basic -M 200000

28 | xb9 0 400000 0 400000 | Non- 0 M
essential

29 | xblO0 0 400000 0 400000 | Non- 0 M
essential

30 | xbl1l 0 200000 0 200000 | Non- 0 M
essential

31 | xbl2 0 400000 0 400000 | Non- 0 M
essential

32 |xcl 0 0 0 0 basic -M 0

33 | xc2 0 200000 0 200000 | Non- 0 M
essential

34 xc3 0 0 0 0 Non- 0 M
essential

35 | xc4 0 133333 0 133333 | Non- 0 M
essential

36 Xc5 0 0 0 0 Non- 0 M
essential

37 | xc6 0 285714 0 285714 | Non- 0 M
essential

38 | xc7 0 285714 0 285714 | Non- 0 M
essential

39 | xc8 0 400000 0 400000 | Non- 0 M
essential

40 Xc9 0 0 0 0 Non- 0 M
essential

41 | xclO0 0 400000 0 200000 | Non- 200000 M
essential

42 | xcli 0 500000 0 500000 | Non- 0 M
essential

43 | xcl12 0 250000 0 250000 | Non- 0 M
essential

44 | xcl13 0 250000 0 50000 Non- 200000 M
essential

45 | xD1 0 0 0 0 basic -M 200000

46 |yl 0 0 0 0 basic -M M
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47 | y2 12 0 0 0 basic -200000 | 300000

48 |y3 93 0 0 0 basic -200000 | 50000

49 | vy4 127 0 0 0 basic -200000 | 50000

50 |y5 211 0 0 0 basic -50000 0

51 | y6 244 0 0 0 basic -50000 0

52 | y7 272 0 0 0 basic -50000 0

53 | y8 390 0 0 0 basic -50000 0

54 | y9 135 0 0 0 basic -200000 | 50000

55 |ylo0 153 0 0 0 basic -66667 50000

56 |yl1l 176 0 0 0 basic 0 50000

57 |yl2 390 0 0 0 basic -50000 0

58 |yl13 254 0 0 0 basic -50000 75000

59 |yl4 282 0 0 0 basic -50000 75000

60 |yl5 262 0 0 0 basic 0 75000

61 |yl6 280 0 0 0 basic 0 75000

62 |yl7 270 0 0 0 basic 0 75000

63 |yl8 278 0 0 0 basic 0 75000

64 |yl9 204 0 0 0 basic 0 50000

65 |y20 453 0 0 0 basic -50000 0

66 |y21 420 0 0 0 basic -50000 84616

67 |y22 478 0 0 0 basic -50000 84616

68 | y23 518 0 0 0 basic -50000 0

69 |y24 541 0 0 0 basic -50000 200000

70 | y25 296 0 0 0 basic 0 75000

71 | y26 301 0 0 0 basic 0 75000

72 | y27 421 0 0 0 basic -133333 |0

73 | y28 439 0 0 0 basic -133333 |0

74 | y29 207 0 0 0 basic 0 50000

75 | y30 222 0 0 0 basic 0 50000

76 | y3l 235 0 0 0 basic 0 0

77 | y32 554 0 0 0 basic 0 0

78 | y33 466 0 0 0 basic 0 0

79 | y34 546 0 0 0 basic -50000 0

80 |y35 0 0 0 0 Non- 0 M
essential

81 |y36 554 0 0 0 basic -50000 200000

82 | y37 557 0 0 0 basic -M 200000

83 |y38 600 0 0 0 basic -M 200000

84 |xdl1 0 0 0 0 Non- 0 M
essential

85 | xd2 0 0 0 0 Non- 0 M
essential

86 | xd3 10 0 0 0 basic 0 0

87 | xd4 0 0 0 0 Non- 0 M
essential
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88 | xd5 0 0 0 0 Non- 0 M
essential
89 | xdé 0 0 0 0 Non- 0 M
essential
90 | xd7 0 0 0 0 Non- 0 M
essential
Objective | Function | (Min.) = | 10999979 (Note: alternate | Solution | Exists!!)
Left Right Hand | Slack Shadow | allowable | allowable
Hand
constraint | Side Direction | Side or Price Min. Max.
Surplus RHS RHS
1 cl 0 <= 4 4 0 0 M
2 c2 0 <= 8 8 0 0 M
3 c3 0 <= 0 0 -200000 | O 0
4 cd 0 <= 10 10 0 0 M
5 c5 0 <= 3 3 0 0 M
6 c6 0 <= 15 15 0 0 M
7 c7 0 <= 5 5 0 0 M
8 c8 0 <= 20 20 0 0 M
9 c9 0 <= 3 3 0 0 M
10 |cl0 15 <= 15 0 -66667 | 0 15
11 |cl1 5 <= 5 0 0 0 5
12 | cl12 0 <= 20 20 0 0 M
13 | c13 0 <= 20 20 0 0 M
14 cl4 0 <= 10 10 0 0 M
15 | c15 0 <= 3 3 0 0 M
16 | cl6 0 <= 5 5 0 0 M
17 | c17 0 <= 0 0 0 0 270
18 | c18 0 <= 0 0 0 0 278
19 | cl9 0 <= 5 5 0 0 M
20 | c20 0 <= 10 10 0 0 M
21 |c21 0 <= 10 10 0 0 M
22 | c22 40 <= 40 0 -75000 |20 40
23 | c23 0 <= 10 10 0 0 M
24 | c24 0 <= 5 5 0 0 M
25 | c25 0 <= 5 5 0 0 M
26 | c26 0 <= 20 20 0 0 M
27 | c27 26 <= 26 0 -84616 | 6 26
28 | c28 0 <= 5 5 0 0 M
29 | c29 0 <= 5 5 0 0 M
30 |c30 0 <= 10 10 0 0 M
31 |c3l 0 <= 5 5 0 0 M
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32 |c32 0 <= 0 0 0 0 207
33 | ¢33 0 <= 10 10 0 0 M
34 | c34 0 <= 0 0 0 0 M
35 | ¢35 0 <= 30 30 0 0 M
36 | c36 0 <= 0 0 0 0 M
37 | c37 0 <= 7 7 0 0 M
38 |c38 0 <= 7 7 0 0 M
39 |c39 0 <= 5 5 0 0 M
40 | c40 0 <= 0 0 0 0 M
41 | c41 0 <= 5 5 0 0 M
42 | c42 0 <= 2 2 0 0 M
43 | c43 0 <= 5 5 0 0 M
44 | c44 0 <= 2 2 0 0 M
45 | c45 0 <= 0 0 -200000 | O 0
46 | c46 0 = 0 0 200000 | O 20
47 | c47 12 >= 12 0 200000 |12 32
48 | c48 81 >= 81 0 200000 |81 101
49 | c49 34 >= 34 0 200000 | 34 54
50 | c50 127 >= 44 83 0 -M 127
51 |ch1 84 >= 8 76 0 -M 84
52 | ch2 8 >= 8 0 200000 |8 28
53 | ¢5h3 33 >= 33 0 0 -M 109
54 | c54 28 >= 28 0 0 -M 104
55 | ¢5b5 118 >= 118 0 0 -M 194
56 | c56 33 >= 33 0 200000 | 33 53
57 | c57 28 >= 28 0 200000 | 28 48
58 | c58 214 >= 118 96 0 -M 214
59 | ch9 78 >= 78 0 200000 | 78 98
60 | c60 28 >= 28 0 0 -176 321
61 | c61 28 >= 28 0 200000 | 28 48
62 | c62 8 >= 8 0 0 -254 123
63 | c63 18 >= 18 0 0 8 M
64 | c64 8 >= 8 0 0 -262 18
65 | c65 0 >= 0 0 0 -10 M
66 | c66 8 >= 8 0 0 -270 123
67 | c67 63 >= 63 0 0 -M 139
68 | c68 63 >= 63 0 0 -M 159
69 | c69 178 >= 178 0 200000 | 178 198
70 | c70 58 >= 58 0 200000 |58 78
71 | c71 65 >= 28 37 0 -M 65
72 | c72 28 >= 28 0 0 -M 65
73 | c73 80 >= 13 67 0 -M 80
74 | c74 311 >= 18 293 0 -M 311
75 | c75 88 >= 88 0 0 51 164
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76 | c76 89 >= 89 0 200000 | 89 109
77 | c77 18 >= 18 0 0 278 143
78 | c78 23 >= 23 0 0 278 143
79 | c79 143 >= 28 115 0 M 143
80 | c80 125 >= 0 125 0 ™ 125
81 |csl 120 >= 0 120 0 M 120
82 |c82 18 >= 18 0 0 ™ 133
83 |83 3 >= 3 0 0 204 18
84 | c84 18 >= 18 0 0 3 311
85 |c85 15 >= 0 15 0 M 15
86 | c86 13 >= 13 0 0 222 306
87 | c87 272 >= 0 272 0 M 272
88 |88 292 >= 0 292 0 M 292
89 | c89 118 >= 118 0 0 M 233
90 | c90 3 >= 3 0 0 M 275
91 |col 303 >= 8 295 0 M 303
92 |c92 3 >= 3 0 200000 | 3 23
93 |93 13 >= 13 0 0 -453 80
94 | co4 13 >= 13 0 200000 | 13 33
95 | c95 8 >= 8 0 0 M 45
96 | c96 554 >= 0 554 0 ™ 554
97 | c97 43 >= 43 0 200000 | 43 63
98 | c98 600 <= 600 0 ~200000 | 580 600

4. Conclusions:

Through the results and their discussion, a set of conclusions can be reached:

1. The results achieved from entering data for the LP model in the program (Win Q.S.B2) gave a
good and clear impression to the project management in achieving the decision maker’s goal of
finding the critical path for the project and completing the project in the desired time, as the
program Win Q.S.B2 was used to find the optimal solution for the model LP, where detailed and
comprehensive information about variables and constraints is obtained through a combined
report.

2. Many projects are slow and not completed on time. The reason is not keeping pace with the
technological development that the world is witnessing at present, which leads to delaying the
duration of project completion, which in turn leads to higher costs and thus failure of project
completion.

3. The importance of using efficient scientific and mathematical methods in addition to sober
programs such as the LP method in scheduling projects to find the critical path and the desired
time to complete projects.

4.1t is possible to reduce the normal time to complete the Nineveh Grain Store Project to 86 days
by adding the cost of crashing some critical activities’ time, amounting to 10,999,979 million
dinars, to the total normal cost of completing the project in (600) days, so that the total cost of
the project after crashing some critical activities will amount to 4,941,811,007 billion dinars.
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