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Abstract

Software Project Management (SPM) is one of the primary factors to software success
or failure. SPM has been the bottleneck in software engineering area. We apply an
improved Max-Min Ant System algorithm to Software Project Planning to make the
appropriate worker-task assignment in a software project so the cost and duration of the
project are minimized. Experimental results shows that using this Improved Ant Colony
Optimization algorithm can obtain a feasible solution which can help us to get the
appropriate PERT Graph and Gantt Chart of the software project, then we can obtain the
minimized project duration and cost. So Software project management can been
improved.

Keywords: Ant Colony Optimization, Software project management, Software Project
Planning, Max—Min Ant System Algorithm

1. Introduction

Software project management is a complex and difficulty job, especially in planning
and controlling. Software project planning can be one of the most critical activities in the
SPM process. Without a realistic and objective software project plan, the software
development process cannot be managed in an effective way. So, we need to optimize
project planning. The Software Project Scheduling Problem (SPSP) is an specific Project
Scheduling Problem [1-2], which makes the appropriate employee-job assignment that
minimizes cost and duration for the whole project, and the task-precedence and resource
constraints are satisfied [3-5]. While in Planning Software Project, we should assign
appropriate employees to project tasks according to their skills. The optimal solution can
minimize the duration and cost of the project.

There are three general software project planning approaches: past experience, standard
guidelines, and support tools. Experienced managers rely upon their past experiences and
experience of successful managers to create plans. Often past finished project documents
and guidelines are available to use as models for project plans.

The ant colony optimization (ACO) heuristic presented by Colorni et al. [6], and later
extended by several studies [7], uses as warm intelligence approach to solve the traveling
salesman problem. In this well-known NP-Hard problem, a set of n cities must be visited
by one single traveling salesman. The goal is to minimize the total distance length.[6,7],
and Gambardella and Dorigo [8] and other shave created computational agents that mimic
the behavior of real ants going from their nests to a food source. To do this, the “artificial
ants’’ are placed on a graph and forced to move. Each single movement of the ant on the
graph generates another piece of the solution. The set of moves generates the full problem
solution [9-10] .
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Project scheduling problem, which has been widely studied since early 1960’s, is to
determine the schedule of allocating resources so as to balance the total cost and the
completion time. The general resource-constrained project scheduling problem (RCPSP)
arises when a set of interrelated activities (precedence relations) is given and when each
activity can be performed in one of the several ways [11].

Alba firstly presented the model of the SPSP and Genetic Algorithms (GA) [12].
Chang proposed a Time-line based model for SPSP using Genetic Algorithms [13]. Xiao
proposed the Ant Colony System (ACS) to solve SPSP [14], and later Crawford gave a
new solution by using Max— Min Ant Systems (MMAS) in Crawford, Soto, Johnson, and
Monfroy [15]. Luna makes a scalability analysis of multi-objective metaheuristics solving
SPSP [16].

Ant Colony Optimization algorithm (ACO) algorithms make use of simple agents
called ants which iteratively construct candidate solutions to a combinatorial optimization
problem. The ants’ solution construction is guided by pheromone trails and problem-
dependent heuristic information [17].

The Max—Min Ant System (MMAS) is an ACO algorithm that builds directly upon
Ant System, incorporating a much more aggressive pheromone update procedure and
mechanisms to avoid search stagnation.

MMAS establishes a minimum and maximum value for the pheromone, and provides
that only the best ant can update the pheromone trail. MMAS can achieve better search
performance than ACO algorithm by increasing the exploitation of the best solution found
during the search process [17].

This paper deals with software project planning, especially scheduling problem. Based
on the work of Broderick Crawford [18], R.F. Tavares Neto [19], we presents an
optimized resolution which consists in improving Max— Min Ant System algorithm.
Using this algorithm to solve the Software Project Scheduling Problem, conducting
experiments to show how to build project Critical Path Method (CPM) graph, Gantt Chart
and Cost baseline.

2. The Model of Software Project Planning

The RCPSP is to solve NP- hard problem. It is used to schedule the tasks of a
project subject to precedence and resource constraints. To generate a schedule, it
needs to determine order of tasks which satisfy task precedence constraint and make
task list [20].

Software project planning includes developing a worker-task schedule for a
software project. We should consider employee skills and remunerations and assign
them to project tasks according to task requirements [3-4, 14, 18].

Our goal is to obtain the result of minimized cost and duration for the whole
project

In the model of software project planning, there are three important resources:
tasks, employees, and skills. The tasks are the job needed to complete the project.
The employees are the workers who have some skills and work in the task which
requires a set of skills. This model can make an appropriate allocation by the skills
required for the tasks and the skills of employees.

Assume P is a project, which has a set of tasks, represented by 7" = {tl, ... ,tn},
where n is the total number of tasks. This project needs a set of employees to work
on the project tasks. The set of employees is defined as 2 = {e, ¢,, ..., e,}, where
m is the total number of Employee, Each task requires a set of skills and an effort.
We present a set of skills as .S = {s,, s,,...,s,} where k is the total number of

skills.
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sk off sk
Each task has two attributes: L and & . % isaset of skills for the task B
eff

t; “represents the workload of the task j.

Now we define M as solution matrix, which is employee allocation model, shown
as Eq. (1).

m, M, ... m,
Moy Mgy oo My, @
mml mmZ c e mmn
m,, € [0,1] . .. ;
Where ™7/ , Which represents the degree of dedication of employee to

task j. If m,, = 0. 25, the employee it takes 25 percent of his time on the project.

It is a » x m matrix of Task and Employee where employees are assigned to
each Task, which size is the dimension of matrix corresponded to the employee
number and the task number.

The solutions generated in this matrix for the project will map all employees to
the project task and then generates an optimal permutation of software tasks, in the
end we can get the best optimal solution with minimum cost and duration for the
whole project and we can plan the software project better.

To generate an optimized solution, corresponding constraints should be
considered. Firstly, the Matrix described above is feasible, secondly, the cost and
duration for the whole project is minimal. Thirdly, project risk is the lowest.

In order to obtain a feasible matrix M, we define some constraints. For it, one
employee or more are assigned to all project tasks, presented in Eq. (2).

/7111 []]12 . .. mln
]]]21 lﬂ22 .. mzn
2
>0 (2)
mllll m1112 st m/]]n

Other constraint is that the employee assigned to the task has all the necessary
skills to complete the task. This is presented in Eq. (3)

t* e ©

Where 7 € {1, ..., n}, nisthe task number.

So, Eq. (4) describes a feasible matrix M, which shows dedication of employees
to very task. It can give us a feasible solution to plan a project.
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3. The Fitness Function

To generate an optimized solution, we will present a fitness function to appraise the
quality of the solution. We will take the following steps [18].

Step 1: Building task-precedence-graph

Figure.1 shows the task precedence graph (TPG) of a project and Table 1 describes
their necessary skills and effort.

Figure 1. TGP with 7 = {¢,¢,,¢,, t,, ¢}

Table 1. Necessary Skills and Effort for Tasks

t, t, t, t, ts
Skills ( fSk) {s), s,} {52} {s), s,) {s), 5, 5,1 {Sl}
Effort (te/‘f) 8 18 23 15 9

Step 2: Employee allocation

For this project, we have a set of emponeesE = le,, 92}, and each one has a set of

- - - - . rem . -
skills, maximum degree of dedication ™ and remuneration® ", illustrated in Table 2.

Table 2. Skills, Dedication, and Remuneration for Employees

6’1 6’2
skills (e ™) {s), 55, S5} {s,, 5,}
maximum degree of dedication(e"™* ) 0.5 1.0
Remuneration(e”™") $5000 $6000

Step 3: The duration of all tasks
Assume the duration of task is, where, n is the task number, which can be calculated

according to the Eq. (5).

en t
P (5)

here m is the employee number.
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For task j, the initialization time is presented as e and the termination time is
presented as fj”"’" . we can use the precedence relationships described as TPG to
calculate ™ and ; *~, as in Eq. (6) and Eq. (7).

In Eq. (6), if a task is without precedence, the initialization time is & = ¢ . If tasks with
precedence, the termination time for all previous tasks must be calculated firstly.

p i 0 if — No — precedence (6)
; nax {tlwm‘(t/’ tj) e £} else

t term init len

j =t;"" +t, (7

Using the initialization time, the termination time and the duration for task j, we can
generate a Critical Path Method (CPM) graph and Gantt chart. To calculate the total
length of the project p”, we only need termination time of last task, this is described in

Eqg. (8).

pIen _ max{tkterm’vk - j’{tj ’tk}} (8)

Step 4: The cost of the project
To calculate the cost of the whole project, we need firstly to calculate the cost of each

task as ¢ “ using Eq. (9), then calculate the total cost p** according to the Eq. (10).

rem

cos 2 len
LLJ. = Z ée; [1]1,J. tj (9)

i=1

Where m is the total number of Employee.
pcos — z tjcos (10)
J=1

Where n is the total number of tasks.
Step 5: The fitness function
Our goal is to minimize the total duration and the total cost, so a fitness function is

proposed, as in Eq. (11), where w“° and w’* are the importance of p“* and p’™ ,
which meet the different magnitudes. For this, (Average cost)’1 can be the initialization
of w*” ,and (Average length)_l can be the initialization of p’*". Then multiplying the

len

parameters by the corresponding p°** and p
in the same magnitude.

, the units are canceled and the values are

f (X) — \Ncos pcos + VvIen pIen (11)

Step 6: Risk element
An element not considered is project risk that may increase the cost and duration of the

project. We can define project risk as¢,”. To calculate it, we use a function risk
exposure, as is presented in Eq. (12).
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: isk isk

tl risk - pi ris =< I : ris (12)
i risk

Where p.”"™ is probability of risk occurrence 13 s risk impact on the task.

Now we can calculate the project risk in the whole project using the Eq. (13).
Prjsk — Z tjl'z'sk (13)
7=0

We can determine if the solution is feasible. In this case, is feasible when the solution
can complete all tasks, and the fitness function is minimized, and no risk or least risk, that
means the is minimized.

4. An Improved MMSA Algorithm for Software Project Plan

In principle, ACO algorithms can be applied to any combinatorial optimization
problem by defining solution components which the ants use to iteratively construct
candidate solutions and on which they may deposit pheromone[18-19].

The MMAS strategy has a well-defined pheromone range imposed by two constants
that delimit the upper and lower bounds. Together with an elitist strategy, which allows
only the ants with best solutions to deposit pheromones, this algorithm is, according to
Dorigo and Blum, becoming a highly successful ACO variation[9][10].

This section describe how to adapt this improved Max-Min Ant System (IM-MMSA)
Algorithm to software project plan. Firstly, establish an appropriate construction graph,
then define the use of pheromone. This algorithm makes the association of employees to
project tasks.

4.1. Construction Graph for Software Project

The construction graph is the graph that the ants travel through. Then a solution can be
constructed. The ants start from an initial node and then select the nodes according to a
probability function. This function is given by the pheromone and heuristic information of
our problem, their relative influence is given by a and [3 , respectively [20-23].

We construct a directed graph by using the heuristic information and pheromone to.
The employees should be assigned to a project task, and their dedication to a task is
represented in the graph TGP. With this representation, we can define the construction
graph. The proposed construction graph represents the association of employee and their
dedication to a task. This representation is constructed for each task in the TGP and is
divided into a graph with node and edge. Therefore, the construction graph includes all
employees and their ratio of dedication contributions for the project task. So we define a
variable “density” which is density of nodes, presented as following.

density = +1

least

Where” least” is the lowest degree of dedication to a task. This structure is presented in
Figure. 2. The employees dedication to a task can be O or integer multiple of” least”.
Firstly, generate a start node and insert into first column. Secondly, generate the 7
columns, withZ = (L. Each column consists in @757ty nodes. Third, construct an
end node and put into the last column. Fourth, constructs edges, add edges between
columns. The ants will travel from the start node to the end node choosing edges from the
column 1 to column m with no returning. The ants choose only one node each column.
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When a tour is finished, we can obtain the dedication of employee 7 to taskj, presented
in Eq. (13) which is the element m(1, 7) of solution Matrix.

m(i, j) = k xleast (13)

Where X is the node J in column Z

Figure 2. Construction Graph is a Matrix CG for a Task

The ants travel through the construction graph, based on a probabilistic decision to
select ways. This probabilistic choice is biased by the pheromone trail “:sand by a locally

available heuristic information”: . So, ant ¢ choose employee 7 in column J with a
probability, presented in Eq. (14).

a g
T.. .
¢ iy i iftjedl,...,d}
pjj = Zden - a s
1=0 Fij Mij otherwise
0

(14)

where %7/ is the pheromone and 7:/ is the heuristic information of the problem on the

path between node I to J in the graph CG for task ¢ . & and B are two fixed
parameters, which are used to determine the pheromone and heurlstlcs influences.

4.2. The Pheromone Update Strategy

The pheromone update strategy is shown in Eq. (15) and (16), in which the updated
value of the pheromone on the trail. This update strategy will take into account all
solutions generated by the ants. And it enables the pheromone deposit only on trails used
by ants that found the best solution [20][24].

= pr; +(A— p)A™ (15)
AT upd _ (\Ncos cos Vvlen p +Wr|sk prlsk )7 (]_6)
where " is the total cost of software project, #' is the total duration P s

len risk - cos len

project risk ,WCOS , W and »"" are the importance of 7 , »° and p™ P is a rate
of evaporation ~ € 01 f £ s high, the new pheromone value is less influenced

byA7** but much influenced by the previous pheromone value, vice versa. And AT
is associated with quality of the current solution of upd ant. upd ant is iteration-best ant.
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We can use an updating pheromone strategy considering duration and cost of the project
as (16).

4.3. Improved MMAS Algorithm

T

To improve MMAS Algorithm, a minimum pheromone threshold “hold value is used

to monitor the search performance of ants [25-29]. The Ty.14 value should not be

higher than the maximum pheromone trail limit ( T ., ) and lower than the T ..~ value,

in

as shown in Eq. (17). The T, ;4 value is set at a particular value during the start of the

algorithm, and changed according to the search performance. Whenever 7; ; is lower

than T,.;4 , the value of that particular partial solution will be changed to 7, as

shown in Eq.(18). Thereafter, This improved Max-Min Ant System Algorithm allows that
particular partial solution to be involved in the successive solution construction steps.

Thin < Thold < Cinax (17)

T T

i/ = *max when Tij < hold (18)

The benefit of this improvement is that, whenever the 7 ; jVvalue drops to a low level,

the particular partial solution will not be excluded from the successive solution constructs.
This helps to increase the exploration or diversification of the search.

4.4. Algorithm Description

This Improved MMSA Algorithm for Software Project Plan is Described as Follows.

Input: The information of Software project
Initialize the pheromone values , t_ T ., T .

While termination conditions not met do
Forg=1to Gdo
initialize process of ant
For j=1tom do
For task =1 to t do

ant Ant travel on the matrix CG choosing employee and their dedication to a task
task

task
storing partial route for Ant

End for
ensure feasible Matrix t, using Eq. (2).
calculate the fitness of the solution, using Eq. (11).
End for select the best solution
update pheromone values as Eqg. (15), (16),(17),(18).
End for
select the best global solution (optional)
apply pheromone update for global-best
End while (iterations is complete)
Output: An optimized solution
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Firstly, the algorithm reads the project information, which provides the necessary data
of software project, such as tasks, required skills, employees, task precedence
information, the set of skills of each employee, and their remunerations, also risk
information. Then, we have to split operation to the task and then using above algorithm
to generate solutions. To obtain the optimal solutions, we use Eq. (11) that is the fitness
function, which minimizes the cost and duration for the whole project.

From the optimal solution, we can get the dedication matrix, then we can plan
software project.

5. Experimental Results

In this section, we will show an experiment and its results. This experiment is to
plan a software project where a set of employees must be assigned to a set of tasks,
so all tasks are completed by employees who have the necessary skills to
accomplish tasks. This assignment should minimize the cost and duration of the
whole project. The employees have remuneration and several skills and they can
work on multiple tasks during the workday.

First, we describe software project instance. The set of all skills associated with this
software project is ls1, 5, 5} , the set of tasks necessary for this project is
{t, 1, ¢, 1, ¢, ¢, ¢} Figure. 3 shows the task- precedence-graph TPG. The set of
employees is{e, e, e,, ¢,} , Which means 4 employees working on this project, their

necessary skills and remuneration are illustrated in Figure.4. That means a subset of
the union of the skills the employees assigned to the task and their cost. The most
relevant resource in project Scheduling is the project employees.

Figure 3. TGP with 7 = {¢,¢,,¢,,¢,, t,, 5, t,}

For this project, These tasks {tl’ Lys Ly Ly Uy L t7} are “Planning”, “High-level
design”, “Low-level design”, “ Testcase design”,“Coding”, “System Testing ™, “Acceptance
Testing ”, respectively.

sk sk sk sk
e’ = s, s,,s5,) e = {s,5,,s,},es = {s,5,} es = {s,, 5,

e’” = $6000,e," = $6000,e,”" = $5000,e,"" = $5000

rem

Figure 4. Skills and Remuneration of Employees

For these tasks in Figure. 3, we can see their necessary skills and effort in Figure.
5 and in Figure. 6.

Copyright © 2015 SERSC 33



International Journal of Multimedia and Ubiquitous Engineering
Vol.10, No.6 (2015)

sk sk

sk sk
tl = {51)52,53} tz = {Sly 52} tg = {52) Sg}at4 = {52}1

sk

sk sk
t5 = {51, 52, 53}1t6 = {51, 52},t7 = {52}

Figure 5. Necessary Skills for Tasks

eff b

4,t,
:89

_ 8 ’ f4 eff
eff eff _ 1 6

" =10,

=6,t" 6,

Figure 6. Necessary Efforts for Tasks

The algorithm was implemented in Java using a Intel core i8, 1.0 Ghz, 8 GB of
RAM PC running Windows 8 Professional. And ran 5 trials for this instance and we
report the average value. In the end, we will find feasible solutions.

5.1. Model Parameter

In our experiment, model parameters should follow the rule with higher
availability or shorter execution time. To choose appropriate parameters, we
conducted a series of experiments and came cross lots of references and literatures.
We choose the parameters as follows:@ = 1 8 =2 p =0.02 5 = 200 and number
of iterations is 1000.

5.2. Experimental Report

In this section, experimental results are presented. In Figure 7 shows the fitness
with different iteration by 5 trials. We obtain the best solutions from iteration 400.
From the best solutions, we can get the employee dedication to each task, as in (19).

35

30

25

= Trial-1

20
—Trial-2

15 N
10 ‘\\
5

0

Trial-3

—Trial-4

———Trial-5

|

Iterations |
120
150
180
210
240
270
300
330
360 |
390
420
450
480
510
540
570
600
900

Figure 7. The Fitness Function

1 0.5 0.5 0 1 1 1
1 0.5 0.5 0 1 1 1 (19)
0 1 0 0.5 0 0.5 1
0 O 1 1 0 0 1
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From (19) and task effort described above, We can compute the length time for

each task as &/ -/ € 1234567 presented in Figure 8. Then we can compute the cost
of each task, presented in Figure. 9. In this way, we can obtain the initialization
time and the termination time for each task, so we can get the total length of the

project ' =18 and the total cost»"" = $340000

Figure 8. The Duration for Each Task

£, = $24000,,,¢,"" = $33000,z,"" = $44000
t,”" = $45000 ¢, = $48000 ¢, = $58000,¢."" = $88000

Figure 9. The Duration for Each Task

From these results, we can develop the project CPM graph displayed in Figure 10
and Gantt chart showed in Figure 11. In the Figure 10, we can see the critical path

ish— > L= > 6= > 1~ >1; 50 the shortest amount of time needed to complete this
project is?"" =18,

t, =3¢ t, =6
,ﬁ \\
\\\\\ t. = de
t, =2+ \\\
N /f
/
t, =4 t=def o, =0
Figure 10. PERT Graph
q A 5 3 s = =< 3 =iz

s .l e e
L oftrare Poject O — —

Flamng
Higrlewdl desig
Lirlend desigm

[oding

|

?
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¢
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B

keeeptance Testizg

Figure 11. Gantt Chart
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In order to control project better, we should obtain cost baseline. For this, according to
the Gantt chart and the cost of the whole project, we can get the cost baseline as Figure
12.

Cost(S)
400000
300000 4
200000
100000 Cost(S)
o - : : : : .
Q,ng T S, VR S
o
P

Figure 12. Cost Baseline

Now we have finished the project plan.

6. Conclusions

This paper presented an optimized resolution for Software Project Plan, using an
improved Max—Min Ant System algorithm. By it we can obtain a feasible solution.
Through this solution and TPG, we can compute the length time for each task, draw
PERT chart, then get the critical path, get the total length of the project. Then we can
arrange project schedule by tasks, their required skills, and employees. In the last, we can
achieve an optimized solution. The experiments were performed and showed the results.
As future work, we will constantly improve the algorithm and solution means, and will
integrate means and project arrangement, so we can implement project arrangement
autonomously.
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