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1 Scheduling, Multi-mode Problem

2 Genetic algorithm . L . . . ..
3 Capital-Constrained Project scheduling is to determine the start time of each project activity, due to the

4 Discounted Cash Flows constraints contained in it then determine a timing sequence to perform a series of
related activities according to their precedence.
So that there is a balance between time completion and total cost of the project and
it is to achieve one or more objectives. To achieve these objectives, the options
examined and finally, the best option is selected. Despite numerous research on
schedule projects, there is lacking in the area of project scheduling with considering
financial goals that these problems can be relieved with a good estimation of the
costs and expected income. Therefore, in this study, we intend to develop a model
for scheduling project performance purposes, including time, cost and financial
(income, payment, etc.) with the aim of maximizing profits by right setting of the
resources and activities and creating of the optimum cash flow program to prevent
financial failure of the project. Where the resources used to implement activities and
project incomes represent negative and positive cash flow respectively. As well as
various financial factors such as interest rates, payment terms and credit limits not
only effect on the cash flow of the project, but the amount and timing of resources
affects too.
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Introduction

Project scheduling is to determine the start time of each project activity, due to the
constraints contained in it and determining a timing sequence to perform a series of related
activities according to their precedence [12]. So that there is a balance between time completion
and total cost of the project and it is to achieve one or more objectives. To achieve these
objectives, the options examined and finally, the best option is selected [2, 3]. To schedule all
projects, there are precedence constraints between activities, but in addition there are other
constraints, including resource constraints. Resources are created based on the needs of the
activities and execution time and the cash flows involved in the construction. This means the
resources used to carry out activities represent the costs of contractors in the construction and
cash flow of the project. In general, financial aspects of project are remarkable than project
scheduling. Different financial factors, such as interest rates, payment terms and credit limits,
affect not only the cash flow of a project, but also the amount and timing of the use of resources,
therefore, with regard to the scheduling problem with the resources and cash flow profits, the
goal of the project is to maximize profits by properly regulating resources and activities and
establishing a reliable cash flow forecasting program to prevent project financial failure [12].

One of the common problems in project management is the disruption of scheduling due to
inefficient factors during project implementation, so project manager often run into difficulties
in adhere their obligations. Therefore, the project scheduling, in addition to the short
completion time, should be minimized during the operation [12]. Time management in the
project requires a standard rule due to the temporary and non-repetitive nature of the projects
and the essence of project management that is risk management and uncertainty [10].

Categorization of project scheduling problems in terms of objective functions

In project scheduling problems, different objective functions are considered, the most
common of which in most researches is to minimize project implementation time. The start
time of the project is usually considered at t = 0; however, according to the zero equation, the
objective function is to minimize the maximum time that the project activity ends [12].

min C max = min(max(s; + p;)) )

s; And p;are the start time and operation time of the J activity.

The preparation of classic project planning usually specifies an optimality criterion, such as
minimum length or minimum delay. Such criteria tend to implicitly maximize the use of
equipment during the planned horizons. While management usually seeks to minimize costs
and maximize the use of equipment and resources [10].

Other goals in project scheduling problems include maximizing the net present value of the
project, cash flow of budget constraints and resource leveling, along with the function of the
traditional goals, reducing the completion time of the project.

In fact, the project faces a negative cash flow during the project and payment at the end of
it, Cash flow management and objective functions based on time value of money are important
and the critical path of the project is identified in terms of cash flow [6].

In problems with an executive mode, there is a unique way to carry out each project activity
that determines the operating time and the amount of resource consumption that is assumed to
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be constant. In problems with multi executive modes, each activity can be done in one of the
mods, and each mode has the cost, time, and amount of its own resources [12].

Project scheduling problem with resource constraints and monetary criteria

In general, we can classify the criteria in the scope of project scheduling into non-monetary
and monetary criteria. Minimizing the duration of a project implementation is the most
common non-monetary criterion used by researcher project scheduling. At the time of
completion of the whole project, the project is scheduled according to the critical path.

When specific cash flows are paid during the project to carry out activities and ongoing
payments are made to complete project components, the current net present value criterion is a
very important and practical criterion for project scheduling. Based on this criterion, the
scheduling of the project is based on the critical cost path.

The scheduling of the project with resources constraints is rich in literature. . This category
of problems has been considered for two reasons. First, considering the different functional and
industrial conditions in terms of the objective function, the characteristics of activities,
resources, and types of precedence relationships are very diverse, and secondly, with regard to
their NP-hardness, researchers have always sought to provide more effective solutions to these
problems.

A regular objective function is called a function whose value does not deteriorate by
reducing the time it takes to perform an activity without increasing the time of doing other
things, and the irregular objective function violates this property. These functions include
minimizing early-delayed activities in relation to deliverables, maximizing net present value
and resource leveling, which can be divided into the following sub-models:

1. Capital Constrained Project Scheduling Problem (CCPSP)

2. Resource constrained cost-time trade-off problem

3. Resource constrained net present value maximizing problem

4. Resource constrained and discounted cash flows project scheduling problem
5. Project Payment Scheduling Problem (PSP)

Various methods for solving project scheduling problems

In the late 1950s, the development of critical paths and project appraisal and review led
projects to be able to be described by network diagrams, so that activities are defined by the
network structure. However, in these techniques, only the time of the project was considered
and the limited use of resources was not considered and resource constraints are one of the
main problems in project planning in the real world. In this section, we discuss the algorithms
proposed to solve the project scheduling problem. As this is a matter of NP-hard, so many
algorithms have been proposed by the researchers to solve it. The algorithms are divided into
two parts: precise algorithms and approximate algorithms (Heuristic and Metaheuristic
algorithms).

Development of a timeline for functional goals
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Given the importance of the completion time of projects and completion of the project in a
timely manner, without delay, the goal most often used in most studies is to minimize the
completion time of the project. . This goal is achieved when the duration of all project activities
is well estimated and scheduled optimally. Also, in project scheduling problems, one can
consider different objective functions, one of these problems, considering the cash flow of the
project, which tries to maximize the net present value of the project. Obviously, the use of such
problems occurs when the cash flow of the project is clear from the beginning. The important
point in these problems is that by finding the optimal answer, the actual project path is
identified as a cash flow (and not a time). Effective Cash Flow Management is a strategy for
dealing with project risks and adjusting payments based on progress. Since payments are
usually the same as completing work, it determines the timing of activities, the frequency of
payments, and their amount and time. Even in high-risk projects, with reasonable timing of
payments based on advancement, there are opportunities to increase profitability. This will give
rise to payment scheduling problems, as this will determine the amount, time, and place of
payments on the progress of the project.

Scheduling Model

Different models of the payment scheduling problem to the contractor allow the analysis of
marginal profit balances and other parameters (such as the number of progress payments, their
amount and time) under different scenarios. Then, these models can be presented as decision
support tools for contractor suggestions and capital budget decisions.

The contractor negotiates with the employer the total amount received for the project, the
number of payments and the proportion of the costs repaid in each payment. Then all project
activities can be selected as a search box to specify the location of payments. The time and
amount of each payment is determined by specifying the location of the payments and the
timing of the activities.

Sato and Hirao (2013) checked the balance between project budgets and critical risks [8].
The mathematical modeling approach is used with metrics called RPV. The researcher
considers the process of responding to project risks in two broad categories:

1. Preventive: this approach is used in cost-dependent risk and is the source of the
balancing problem.

2. Adoptive: this approach is used in cost-independent risk, which is considered as a
precautionary budget for this kind of risk.

In the following, a general relationship between cost-risk is presented, then the optimization
methods are used using operational research methods, and then the conditions where the
addition of additional funds will increase the value of the project, explain and ultimately
produce a tool for decision making practical help in project management. The basic hypothesis
of this research is that the inputs and outputs of the project can be evaluated in the form of cash
flow. According to , RPV is the total cash flow from operations and expected cash
flows from future activities that is reduced by their probable completion.

D— )
C 7 £
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Fig.1. RPV for a project with an activity

In most researches conducted by researchers, maximizing the current net worth of a project
or reducing the completion time of a project is considered solely and quantitative research on
the balance between time-cost and the consideration of income and payments, in order to
maximize the value of the project is done purely. Therefore, this research aims to maximize
the current net present value of the project to the employer, following the objective function,
according to the various constraints and conditions. In the subject literature, this problem has
not been checked so far, and it is part of the suggestions for future research that is referred to
in Zhengwen article [12].

In the problem of project scheduling based on income patterns, payment, and consideration
of resource constraints, a new problem called MCCPPSP-DCF' with critical resource
constraints is designed to integrate CCPSP? and PPSP? problems, which includes the
scheduling problem of incomes and payments to maximize the employer's NPV And activities
can be implemented in several separate forms.

Project scheduling problems involve allocating scarce resources to activities over time that
are processed at any time on any activity that requires resources. However, due to different
project requirements, multiple constraints and parameter settings (such as resource constraints
and payment terms) are considered in scheduling models.

The MCCPPSP-DCF problem for an employer is defined as follows: a project is considered
with N Activities as AOA, and each activity consists of two inputs and outputs that occur at
the time of its completion. The employer receives f incomes and provides k installments for
the contractor during the implementation of the project. Activity n can be done in z_, modes,

that the cost and execution time of the Z runtime are equal to d _,andc,, . The expenditures of
n activity is equal to e, and the profit margin of the employer and the contractor is equal to
and ¢, with the share of contractor payment called 6 . When earnings and payments occur, they
should not be less than A, and A,. The interest rate of each period and the project completion

time is equal to aand D respectively. According to the above conditions, the purpose of this
study is to determine the time and amount of incomes and payments, the method of
implementation and the completion of the activities in order to maximize the employer's NPV.

Model Assumptions

The following assumptions are considered in problem modeling:

* The activities of the problem are non-interruptible. That is, if an activity started, stopping
is not allowed until the end of the activity, but the procedure can be changed.

 The maximum number of predecessor and successor activities is three.

* The duration of the activities is definite.

 Resource constraints in this project are only critical sources, which are definite and their
amount is specific.

! Multi-mode capital-constrained project payment scheduling problem with Discounted Cash Flows
2 Capital-constraint project scheduling problem
3 Project payment scheduling problem
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* The activity network is a graph without cycles, and the duration and cost of activities are

known in three ways.

* In the payment method, the number of continuous payments in the negotiation process is

determined by both sides of the contract before the start of the project.

« The contractor receives a fixed amount for the project.
* The start time of the receipt of the earnings and their number is determined before starting

the project.

Variables and Parameters

w

fn=

The variables and parameters used in the model are as follows:
n: Number of activities

s, : Amount of f income

P, : Amount of k payment

f : Number of project incomes (for employer)

k : Number of Contractor Payments

d, : The implementation method of n Activity

A, : Minimum earnings

A, Minimum payments

d,, : The time of doing the n activity in the g execution mode
C,, - The cost of doing the n activity in the g execution mode
e, : The costs of n activity

¢,: The margin of profit of the employer

€, : The margin of profit of the contractor

0: The share of contractor payment
ST, : The start time of n activity

n

FT, : The completion time of n activity

n

EF : The earliest completion time of the n activity

n

LF, : The latest completion time of the n activity

n

OF, : The optimal completion time of the n activity

n

R : Number of critical resources
R, : The number of available units of the k source

'« - The number of units needed for the k source for the n activity during the time of t

o : Discount rate
D: Project completion time
NPV : Net present value of the project

{ 1 Iff income is paid for n activity
0 ow
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X 1 If Kpaymentis paid for n activity

kn={o ow

Z 1 Ifthe n activity is performed with the execution method of q

"qz{o ow

Also, for the convenience of expressing the values of decision variables, the following
symbols are defined:
W : The occurrence vector of incomes (W= (w,,;f =\,...,F))

X: The occurrence vector of payments (X = (X,,;k=},...,K))

Y : The occurrence vector of activity completion time (Y =(OF,;n=9,...,N))
Z: The vector of the operational method of activity (Z=(q:z,;n=),...,N))
I : Vector of incomes (I =(s;;f =»,...,F))

U : Vector of payments (U =(p,;k =),...,K))

V : The scheduling of activity (V ={Z,Y})

A : The scheduling of project cash flow (A ={W,X,V,1, U})

Proposed mathematical model

f=) n=) EF, (1)
K N LF,
Z{ka{meexp(—a OF, )}}
k=) n=\ EF,
s.t. 2
EF <OF <LF, 2)
N-)
> w, =), f=\v..,F (3)
-
D Xw=)  k=\Y..,F 4)
Wey =) (5)
Xin =) (6)
F
> [we]<) n=y\y,. N (7
f=
K
D [Xal<) n=yy, N (8)

> z,g=) n=\Y,..,N 9)
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iST +§:(dnqznq) iFTn, n=\v,...,N (10)
(\+C\)Z(en'zwfnjg - {sz_[wfn]} (ll)

9(\+Cv)nZN;£en-kZK;anJ5kZK;{panN;[an]} (12)
S =A, f=\v,...,F (13)

p.=A, k=),v,..,K (14)

i:FTn <D (15)

2.5 =(+6) e, (16)
2Pe=(+E) e, (17)

rnkt < Rk’ Vk,t (18)

n=\

2P 2 Wy, Xy €400 VSZ, Y,
25 Wiy, X €41} 19)
OF ,z as integer

The equation (1) of the objective function indicates the NPV of the employer from the
implementation of the project, and includes all the receipts (incomes) and payments (expenses),
which should be maximized, according to one of the payment methods.

Constraint (2) sets the completion time of the n activity in the [EF ,LF,] time window.

Constraint (3) connects f (f =),v,...,f —1) income to a specific activity.
Constraint (4) connects k (k =),v,...,k—) payment to a specific activity.

Constraint (5) assigns the last income F to the final activity of N.

Constraint (6) assigns the last payment K to the final activity of N.

Constraint (7) ensures that income can earn in the one of the specific activities.

Constraint (8) ensures that payment can do in the one of the specific activities.

Constraint (9) selects an implementation state for each activity.

Constraint (10) relates to the precedence and Successor between project activities. So that
no activity can begin before the completion of all of its precedence activities.

Constraint (11) restricts the minimum total amount of income during the project to the
cumulative amount of project costs plus the profit margin of the employer.

Constraint (12) restricts the minimum total amount of payments during the project to the
amount of the contractor's cumulative expense plus its margin, which is multiplied by the
payment rate.
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Constraint (13) ensures that the amount of each income is at least equal to 2, .
Constraint (14) ensures that the amount of each payment is at least equal to A, .

Constraint (15) ensures that the project is completed before the project planning horizon.

Constraint (16) indicates that the total income is equal to the total project expenditure and
the marginal interest of the employer.

Constraint (17) indicates that the sum of the total payments is equal to the total contractor's
expense and its marginal interest.

Constraint (18) is critical for restricting critical resources, and in each period, all activities
that are still in progress are to be considered for each source.

Constraint (19) is used to define decision variables.

Method of solving the model

As discussed in the literature review section, the problem of project scheduling with
desirable cost patterns with constrained resources considerations is due to computational
complexities in the family of NP-hard problems, and their solving in large dimensions is
impossible through linear programming and available software and require a long time. For
this reason, meta-heuristic methods are used to solve such problems.

In general, the use of an meta-heuristic method for solving problems is taken by evaluating
two conditions, that is, the solving time constraint (due to the breadth of the optimal search
solution space) and the acceptance of the near-optimal (and not necessarily optimal) solution
of the risk.

Also, the meta-heuristic methods have high efficiency with respect to precise algorithms
and many heuristic methods for solving the combination of the optimization problems.

In MCCPPSP-DCF for Employer, s, and p, are independent decision variables, that is, if

the execution method and the end time of activities, occurrence of incomes and payments are
determined, then they can be calculated using the constraints (11) to (14).

Therefore, for solving model, similar to the MPPSP solving method, the MCCPPSP-DCF
problem for the employer is also divided into two sub-problems:

1. Sub problem 1: How to determine the incidence of incomes (W) and payments (X), as
well as the vector of the executive procedure (Z), using the vector of the occurrence of the end
time of fixed () activities.

2. Sub problem 2: How to determine the occurrence of the end time of activities () by
using the incidence vector (W) and payments (X) as well as the vector of the executive method

(2).

An elaborate algorithm and genetic algorithm is developed for solving sub-problem 1 and
sub-problem 2 respectively, which will solve with the main processes as follows:

=  Step 1- Enter the initial answer, A° ={W°,X°,V°,1°,U°} and calculate NPV°.
= Step 2- Fixing Y°and searching for Z°, X*and W" with genetic algorithm.
= Step 3- Fixing Z*, X* W"and searching for Y* with the proposed heuristic algorithm.

= Step 4- Calculate the value of the objective function NPV® with values
A ={W,X V', I, U}
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=  Step 5- Gaining Output of A" and NPV*

An initial response to start the algorithm and a display method for the solution of the
problem is required to solve problems using meta-heuristic algorithms. The problem of project
scheduling is not excluded from this rule. Below is an example of how to display the answer
and how to generate the initial answer for the proposed solution.

Solution Representation Method

The purpose of this section is to link the main problem with the structure of the genetic
algorithm, that is, to build a communication bridge between the main problem and the problem-
solving space in which the interaction occurs. In all meta-heuristic algorithms, due to the need
to feasible solving at the start of the task, we need to store it according to a specific structure,
which is called the method of displaying the answer. A feasible solution for given problem is

shown in as a single-dimensional matrix with 4n dimensions.
) n n+ Yo ynH ... m, .. fn
AN \ \ EF, | EF, | EF,
' Y |
L=q: zygin=\,...,N) | W(wg,if<\....F) X=(xypik=\,...,K) Y=(0OF,;n=\,...,.N)

Fig.2. Solution Representation Method
Solution Initialization Method

To produce the initial answer, a method is used that called the production method of
scheduling. This method plays a very important role in most of the heuristic and meta-heuristic
methods and scheduling problem solving. This method takes a display list, such as activity list,
random key or priority rule display, and converts it into a scheduler. There are two different
types of this method, parallel method and serial method. Most of the evolutionary meta-
heuristic methods use a random approach to generate initial answers. However, the quality of
the final solutions obtained from these methods depends directly on the quality of the initial
generated responses [12].

= Step 1- Z° is selected for each activity randomly

= Step 2- Y?° is calculated by considering the precedence constraints and calculating
ve={z°, vy°|

=  Step 3- Random selection of F—\ and K —\ activity (without n) for W° and X°

= Step 4- Calculation of 1" and U with 11 and 12 constraints and by using W°, X° and
VO

= Step 5- If the constraints 13 and 14 are met, the initial response is equal to
A° ={W°, X° V° 1° U°}, otherwise, repeat steps 3 to 5.

Structure of Optimization Method for Genetic Algorithm
e Step 1- Inclusion of input parameters
e Step 2- Creating a Primary Population



International Journal of Industrial Engineering & Management Science, Vol. 6, Issue 2, (2019) 17-36

e Step 3- Functional fitness assessment

e  Step 4- Parent selection for reproduction

e Step 5- Performing intersection operations for the production of children

e Step 6- Perform mutation operations to produce mutated people

e Step 7- Integration of population (primary population, intersection population, mutated
population)

e Step 8- If the number of iterations has reached the specified limit, finish and otherwise
go back to step 3

e Step 9- Stop and exit results

The structure of proposed heuristic algorithm
An overview of the proposed algorithm for solving the sub problem 2 is shown in figure 3.

Fix OF decision variable
Y =(EE ;n=\...,N)
!
Solving decision variables £ <X «W by GA

!

Enter the values of the decision variables
that are calculated from the previous step
such as: Z*, X* W* & NPV*

*
n="1
!
s For activity n
¥
Calculate: Calculate:
- * . LF, -EF,
Y - I:DF" + Rand s: LF, EF, Vi ‘t'_ = iDE - Rﬂﬂd*{%”
¥ L]
OF=v OF:=v,
[] ¥
Fitness assessment of the objective Fitness assessment of the objective
function_amount of Npy™ finction_ammmt of NPy

Fig.3. Outline of the proposed heuristic algorithm for solving the sub problem 2
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The general features of project

The failure structure is the only pivot point that can be considered as an important channel
in integrating a comprehensive project management system with other sub-systems such as risk
management. At high levels of the WBS, you can undo the effects of delays without properly
executing running activities; otherwise, it can create many potential problems, and researchers
believe this is the only way. The typical example of this research is the project of building a
commercial and office complex (given that all data such as revenues and payments, etc. are
real, mention of the name of the project and the partner company is forbidden) which has a
large number of activities (more than 500 Activity). The information of this study is analyzed
to the third level of the WBS and is avoided to enter the lower levels. The project sample item
included 58 activities. Project information includes the time of activities, precedence
relationships, the number of resources required to carry out the activities and positive and
negative cash flows (according to the resources used) is obtained from the project managers
and planners. In the project, only critical resources constraints are considered, which include
two types of renewable and non-renewable sources.

The optimal scheduling of operational objectives

The mathematical model presented in this study is coded with the use of genetic algorithm
and proposed algorithm in Excel and VBA. In this section, the model is first validated and then
the input parameters of the problem and the solution results are discussed. To validate the
model, the Solver tool in Excel and the sample project presented in the Hegazy article [7] have
been used. The supplementary information is given in

A days

4 days Curatlon
Task Mame Crntical Path
TF =10 Total Float

Fig.4. Project activities network

After entering the project information in Solver and solving the model, the project's profit
margin is 40,189 $ and the end time is 27 days. The results obtained for decision variables and
the results of solving the model with solver are shown in and respectively.
Also, the project information and the solution results with the proposed genetic algorithm, with
a project profit value of 42,275$% and a 27-day end time, are shown in Table 4 and
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respectively. By comparing the Solver solution with the results, it can be concluded that the
method of solving and coding made for it yields better results and its logic is correct.

Table 1. Results for decision variables

Project time (day)=27,0
Predecessor suCcessor CPM Calculation
NPV=40,139%

cost
3 Name Runtime =3 PY [ PY | PT | Y | BY [ 8T .g F F¥ F™ T T Tr ES EF LS LF TF
3 a

1000
1 A 3,00 2,20 4 0.0 0.0 00 | 11,0 | 27.0 | 27.0 0,0 3,00 8.00 11,0 8
2 B 3,00 16.6 6 7 o 00 0.0 0,0 3.0 3.0 | 270 0,0 3,00 0.0 3,00 0
3 C 1,00 3,20 10 0.0 0.0 0,0 | 11,0 | 27.0 | 27.0 0,0 1,00 10,0 11,0 10
4 D 8,00 18,0 1 5 0 30 0.0 0,0 | 19,0 | 27,0 | 27.0 | 3,00 11,0 11,0 19,0 8
5 E 4,00 20,0 4 9 0| 110 | 00 0,0 | 23,0 | 27.0 | 27.0 11,0 15,0 19.0 230 8
6 F 10,00 15,0 2 8 0 30 0.0 00 | 150 | 27.0 | 27.0 | 3,00 13,0 3,00 15,0 2
7 G 14.00 12.4 2 11 30 0,0 0,0 | 17,0 | 27.0 | 27.0 | 3,00 17.0 3,00 17,0 0
8 H 8,00 16,0 6 9 13.0 | 0.0 0,0 | 23,0 | 27.0 | 27.0 13,0 21,0 15,0 230 2
9 I 4,00 142 5 8 0| 150|210 00| 270 | 270 | 270 | 210 25,0 230 27.0 2
10 I 6,00 9.30 3 11 1.0 0,0 00 | 17,0 | 27.0 | 27.0 1.00 7.00 11,0 17,0 10
11 K 10,00 730 7 10 0 17.0 7.0 00 | 27,0 | 27.0 | 27.0 17.0 27.0 17.0 27.0 0

Table 2. Results from solving the model with solver
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The cost and time information of three different methods of construction (Method 1 is the cheapest and
Decision variables
method 3 is the most expensive method of construction)
= = = " =7 — o b1 —_ S ~ 3 on
@ o = § JE 2 5o 2|5 E|ElE y | S PR p
E =z |wx|lylzl? 9 8 = g W g €| g o g | S| = g % g = g
B E 3 g 9 %5 | @ 5 £ E|® 38 Blgl X £ 4 =R A £
= ¢ £ =2 g 2 F v & 8 & v & 8 =] ®| = ] = E| - E]
= 5 09 g g5 © 8 g o 0o & | 8 8 o & 4d| B % 2 ~ @ ~
o < B " 2 A& 9 & 5] =] 3]
° E! E!
Yes 1)1 5 3 2 5 3 3 5 5 3 $10,40 4 $2.20 3 $2.20 3
Yes 1)1 3 3 0 3 3 3 3 3 3 $10,00 6 $18.5 4 $16.6 3
Yes 0|0 6 3 5 6 0 0 0 0 3 $4.00 2 $4,00 2 $5,20 1
Yes 110 13 |2 2 10 11 0 13 0 2 | $18,00 8 $18,0 8 $7.30 5
Yes 00| 14 |2 10 14 0 0 0 0 2 | $2000 | 4 20,0 4 26,1 3
Yes o0 | 13 |2 3 13 0 0 0 0 2 | $1500 | 10 | 8150 | 10 | 8150 10
Yes 0|0 17 |2 3 17 0 0 0 0 2| %1200 | 16 | $12.4 | 14 | 8116 10
Yes a0 22 1 13 21 0 0 0 0 1 $16,00 8 $16,2 6 $17.0 2
Yes 01|25 ]2 21 25 0 25 0 25 2 | $1000 | 6 5142 4 5142 4
Yes oo 15 |2 9 15 0 0 0 0 2 $9.30 6 $9.30 6 59,30 6
Yes 1] 1] 27 2 17 27 27 27 27 27 2 $7.30 10 $7.30 10 $9.00 9
Table 3. Project Information
Project time (day)=27,0
Predecessor SUCCESSOr CPM Calculation
NPV=42,275%
cost
Runt x$ -
code name . PV [ PY [ PY | 8\ [ 8Y | 87| E| F? FY Fv iR T Tv ES EF LS LF TF
ime ]
1000
1 A 300 | 2,20 4 0.0 0.0 0,0 | 150 | 27.0 | 27.0 | 0,00 3,00 12.0 15,0 12
2 B 4.00 185 6 7 0 0.0 0.0 0,0 | 11,0 | 40 | 27.0 | 0,00 4.00 | 0,00 4.00 0
3 C 2,00 | 4,00 10 0,0 0,0 0,0 | 12,0 | 27,0 | 27.0 | 0,00 2,00 10,0 12,0 10
4 D 5.00 7.30 1 5 0 3.0 0.0 0,0 | 20,0 | 27.0 | 27.0 | 3.00 8.00 15.0 20,0 12
5 E 300 | 261 4 9 0 8.0 0,0 0,0 | 23,0 | 27.0 | 27.0 | 8,00 110 | 200 230 12
6 F 10,0 150 2 8 0 4,0 0,0 0,0 | 21,0 | 27.0 | 27.0 | 4,00 14.0 110 21,0 7
7 G 14.0 124 2 11 4.0 0,0 0,0 | 18,0 | 27.0 | 27.0 | 4,00 18,0 | 4.00 18,0 0
8 H 2,00 17.0 6 9 140 | 00 0,0 | 230 | 270 | 270 14,0 16,0 21,0 230 7
9 I 4,00 140 5 8 0] 110 | 160 0,0 | 270 | 27.0 | 27.0 | 16,0 200 | 230 270 7
10 J 6,00 930 3 11 2.0 0.0 0,0 | 180 | 27.0 | 27.0 | 2,00 8,00 120 18,0 10
11 K 9.00 9.00 7 10 0 [ 180 8.0 0,0 | 270 | 270 | 270 18,0 270 18.0 270 Q

Table 4. Results from solving the model with proposed method
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The cost and time information of three different methods of construction (Method 1 is the cheapest and
Decision variables
method 3 is the most expensive method of construction)
=1 g B [T B [T 2 2 2
u oy g Fa el Bl ig2elEle |38 PRI P
2 E = | WX Y o g 2|2 < 8| 5SS g B E| « g | » 8| =« g
B E TS g < s | @ 5| B 8| @ X E E|E 8 8 g
& = 2 o A g v 3 ¥ & y B B 2 b - g o g b g
S &% g g0 &1 g3S & 888 &4 8 e | 2 o | i
T ¢ g & 3 ©l s @ g B 8 g G
& &
Yes 0|0 3 0 3 0 0 0 0 2 $10.40 4 $2.20 3 $2.20 3
Yes 1|11] 4 1] 4 4 4 4 4 2 510,00 6 $18.52 4 $16.60 3
Yes 111] 2 0 2 0 2 0 2 1 $4.00 2 54,00 2 $5.20 1
Yes 0|0 8 3 g 0 0 0 0 3 518,00 8 $18.00 8 $7.30 5
Yes 110 11 8 1 11 0 11 0 3 320,00 4 $20.00 4 $26.11 3
Yes 0|0 14 4 14 0 0 0 0 1 $15.00 | 10 $1500 | 10 | $1500 | 10
Yes 0| 0| 18 4 18 0 0 0 0 2 1200 | 16 | $1240 | 14 | $1160 | 10
Yes 0|0 16 14 16 0 0 0 0 3 $16.00 8 $16.20 6 $17.00 2
Yes 1|10] 20 16 20 20 0 20 0 2 $10.00 6 $14.20 4 $14.20 4
Yes 0|1 8 2 8 0 8 0 8 2 $9.30 6 $9.30 6 $9.30 6
Yes 1| 1] 27 18 27 27 27 27 27 3 $7.30 10 $7.30 10 $9.,00 9

Results

The input parameters of the problem include general parameters and control parameters of
the algorithm. General parameters related to the characteristics of the activities and resources.
The activity parameters are: the time of each activity, precedence activities, the number of
activities, the resources required for each activity and the project cash flows. The parameters
related to the critical resources shown in

Table 5. Data on input parameters

Data value or data

matter arameter .
p generation method
Number of
A 58
activities
Time of It is executed in three
activity ways
The set of There can be at most
precedence three precedence
activities relationships
T:: .
Activi UKV LK
v . and According to the
The required . ; . .
information available in the
resources of . .
L section on determining the
activity . .
methods of implementation,
Figure (3,3)
. ,S¢ And in accordance
Project Cash _pk s
Flow with the project timetable
(5.3).
Number of 3
Critical resources
resources Quantity Ly, Es , My isequal to
available from 50, 2 and 50 units
any source respectively
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The control parameters of genetic pattern, including the number of algorithms, the size of
the population, the number of intersections and the parent selection method, are shown in

Table 6. Data on control parameters

Data value or data
matter parameter .
generation method

Number of

repetitions of the 100
algorithm
Population
P 100
size
Progra -
Intersection
m control 2
number
, The number of
The parent's . L
. generations generated in this
choice method of . .
L research is equivalent to 100
the stop principle .
generations

The genetic algorithm is performed 100 times and generates 100 populations. This set is the
primary population, each member of the population has a fitness value, which represents the
amount of matching with the objective function of the problem. Now we use an intersection
operator to make improvements in the fitness of population members and population updates.
According to the previous discussion, the intersection operation approach is a two-point
operator, and then the mutated population is created by mutation. At each step of this approach,
the amount of fitness of the goals is examined and the members of the population are compared
with each other. In the second step, using the proposed algorithm, problem is solved the
decision variable Y that was assumed to be constant in the previous step. In the second step,
using the proposed algorithm, the decision variable Y, which was assumed to be constant in
the previous step, was found. The proposed model has been executed in 10 times, the results
of which are presented in

Table 7. Results from various solutions of the proposed problem

matter title amount
maximum 2200,5
minimum 1992,8
Objective function average 2122,92
Standard deviation 73,54
Average solving time 25

Regarding the implementation of the algorithm, the genetic algorithm is first implemented
after entering the general parameters of the problem, defining and initializing the control
parameters and determining the initial response. To enter parameters and solve the interface
problem, is designed.
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Finally, a set of answers that includes the time and amount of revenues and payments, the
operating method, the start and end time of the activities and the maximum project completion
time, and in proportion to the NPV of the project for the employer (as shown in Figure 6) and
the value before Implementation of the optimization and the values of the initial program (in
accordance with Figure 7) is introduced as the output of the algorithm and the final solution.

P e e ——— i T T )

Plan Optimization

Note: Plan optimization is best appled periodicaly (e.g., biweekley) to
reduce changes and provide corrective actions if actual progress deviates.

~ Add Optimization Object: ————————————— ~ Add
¥ Project Incomes Period & Amount ——
Start Income from Activity: n
¥ Contract Payments Period & Amount
Income Minimum Amout: Nesssosnnnns Rial
¥ Construction Methods -
Payment Minknus Amount: | Voooooeeeee il
¥ Activities Finish Time
Income Number: L4
rAddC : Payment Number: | '* h
\ i —
N ¥ Minimize Resource Moments Opthaization Cyck Vel .
I ¥ Satisfy Resource Constraints iy
i ¥ Meet Deadline Duration on P : "
N
‘ Planing Before C tion: i
" Time Cost Tradeoff !
i
I Indirect Cost Adjustment

Fig.5. User interface for defining the parameters and constraints of the scheduling and solving model
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Fig.7. General Project information after optimization
Discussion and Innovation

One of the most important problems that delayed the implementation of the projects is the lack of
liquidity during the implementation of the project phases, which leads to undue delays. These
problems can be largely addressed by an appropriate estimation of expected costs and expected
incomes. Therefore, in this research, we tried to develop a model for scheduling of the project's goals
in order to maximize profits by properly regulating resources and activities, and creating an optimal
cash flow plan to prevent project financial losses.

The most important aspects of research innovation are:

e  Providing a new mathematical model for scheduling payments, with constrained available
capital and critical resources, and discounted cash flows, to maximize the current net present value of
the project for the employer, in which several operational practices are considered (MCCPPSP-DCF).

o  Development of a new innovative algorithm to solve part of the decision variables.

Also, suggestions that can be made to continue this research are as follows:

=  Considering other goals such as the sustainability and quality of the project in the objective
function of the mathematical model of the scheduling problem.

= Considering the time and cost of operating and consuming resources in a fuzzy mode in the
scheduling model.

= Other algorithms can be used to generate and improve solutions. In other words, a hybrid
meta-heuristic algorithm is considered to solve the scheduling problem.

= Considering the adjustment coefficients and the inflation rate in the objective function of the
scheduling model.

= Considering rewards and fines for each time unit, in the scheduling objective function and the
proposed performance evaluation model.
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