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Abstract  
Project management in the business field is defined as managing and directing time, material, personnel, 
and costs to complete a particular project. One important phase in the project planning is Project 
Resource Scheduling. This process identifies resources amount and type according to the activity that 
scheduled. Planning the efficient use of resources is a complex task. The purpose is to create a smoother 
distribution of resource usage i.e. to minimize the fluctuation of the resource usage. The resource leveling 
is used to produce a solution to the problem.  
 
So far, researchers test several heuristic in order to produce the optimal solutions of the problem. In this 
paper, we discuss an implementation of the Ant Colony Optimization (ACO) to the Project Resource 
Scheduling Problem (PRSP). To implement the ACO algorithm with a problem, requires defining; an 
appropriate graph, the autocatalytic feedback process, the heuristic and the constraint satisfaction 
method. 
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1. Introduction  
 

Resource leveling is a procedure that can be 
used for Resource Project Scheduling Problem 
(PRSP), whether or not resources are constrained. If 
the network is not too large and there are only a few 
resources, the leveling process can be done 
manually. For larger networks and multiple 
resources, resource leveling becomes extremely 
complex, far beyond the power of manual solutions. 
That is why resource leveling requires to be done by 
AI method to find best schedule with minimum 
fluctuation. Genetic Algorithm had solved PRSP 
before this research [4]. 

The ACO approach has been introduced by 
Marco Dorigo and colleagues. Algorithmic 
implementations of this methodologies have shown 
very promising result for the well known Traveling 
Salesman Problem [2] and has recently been applied 
to scheduling problems, as Job-Shop, Flow-Shop, 
Resource Constrained Project [3] and Single 
Machine Total Weighted Tardiness problems [1]. In 
ACO several generations of artificial ants search for 
good solutions. Every ant of a generation builds up a 
solution step by step going through several 
probabilistic decisions. In general, ants that found a 
good solution mark their paths through the decision 
space by putting some amount of pheromone on the 
edges of the path. The following ants of the next 
generation are attracted by the pheromone so that 
they will search in the solution space near good 
solutions. In addition to the pheromone values the 
ants will usually be guided by some problem 

specific heuristic for evaluating the possible 
decisions. 

There are several goals of this research. First is 
to apply the ACO algorithm on the PRSP and 
minimize the fluctuation. Second is to analyze best 
parameters of the ACO algorithm, such as ant’s 
amount, alpha, beta, rho and number of cycle. Figure 
1 shows the flow chart of ACO-PRSP system. 

 

 
 

Figure 1. Flow Chart of the ACO-PRSP System 
 

The paper is organized as follows. The project 
resource scheduling defined in Section 2. The search 
space of PRSP is described in section 3. In Section 4 
we describe the graph representation. The ant 



algorithm is described in Section 5. The heuristic 
information is defined in Section 6. In section 7 we 
describe the fluctuation function of PRSP. 
Experimental results are reported in Section 8. A 
conclusion is given in Section 9. 
 
2. Project Resource Scheduling Problem 

 
A complete planning process must include time 

and cost factors, which have to relate satisfactorily 
to the project schedule. An additional factor must be 
considered: the resources available to do the jobs, 
such as labor, equipment, space and funds. A 
resource-leveling program, whether done manually 
or by using a computer program, allocates the 
resources available for a project in such a manner 
that period-to-period the resources levels will be 
minimized and resource demand will approach 
resource supply [6]. 

Formally, J={1,2…n} denotes the set of 
activities of a project. K is a set of resource types. 
Every activity j in the set of activities J has a 
completion time dj and resource requirement 
rj,1,rj,2,…rj,k. where rj,i is the requirement for a 
resource type i per time unit when activity j is 
scheduled. 

Let Pj be the set of immediate predecessor of 
activity j. A schedule for the project is represented 
by the vector (s1, s2,… sn) where sj is the Start Time 
of activity j. If si is the Start Time of activity i then fi 
= si + di is its finishing time. 

A schedule is feasible if it satisfies the 
following constraints: i) activity j must not be started 
before all its predecessors are finished, that is sj ≥ si 
+ di for every si in the set of predecessor Pj, and ii) 
the time constraint have to be satisfied. Let T be the 
maximum time that the project is finished, that is fj 
< T for every j in the set of activities J. 

The PRSP is to find a feasible schedule with 
minimal fluctuation for a given project with resource 
constraints. The fluctuation calculation of a schedule 
will be described in section 7. 
 
3. PRSP Search Space 
 

One possible difficulty encountered by ACO 
algorithms is when they are applied to problems 
with big-sized neighborhood in the solution 
construction. In fact, an ant that visits a state with a 
big-sized neighborhood has a huge number of 
possible moves among which to choose. Possible 
problems are that the solution construction is 
significantly slowed down and that the probability 
that the ants enter the stagnation situation is very 
small. 

In such situations, the above-mentioned 
problem can be considerably reduced by using a 
priori available knowledge on the problem, in this 
case PRSP. The priori knowledge allows ACO 
algorithm to focus on the more interesting 

components, strongly reducing the dimension of the 
search space. 

Let take a case as an example [5]. The project 
has 8 activities j. The activities are named as A-H. 
Each activity has their own completion time dj and 
predecessor Pj as shown in figure 2. The project has 
to be done in 15 days.  Then we have 8 x 15 = 120 
nodes to be examined by the ants. But actually we 
can reduce the search space.  
 
Activity (j) Completion time 

(dj) 
Predecessor 
(Pj) 

A 4 days  
B 5 days  
C 2 days  
D 5 days A 
E 4 days B, C 
F 3 days D 
G 4 days B 
H 3 days F 
 

Figure 2. Activity, Completion Time and 
Predecessors. [5] 

 
As we mentioned in the section 2 that 

activities have their predecessor activities.  
Therefore, we only shift activities within their slack 
allowances. Slack is the difference between the 
Latest allowable Finish Time (LFT) and the Earliest 
possible Starting Time (EST) of a given event. In 
other words, slack is the amount of time an activity 
can be delayed without affecting the duration of the 
project. Figure 3 shows the search space after been 
reduced. We only have 35 nodes to be examined by 
the ants. That is much more efficient than examined 
120 nodes. 
 

Start 
Time (s) 

Activity (j) 
A B C D E F G H 

 Day 1 o o o o o o o o 
Day 2 o o o o o o o o 
Day 3 o o o o o o o o 
Day 4 o o o o o o o o 
Day 5 o o o o o o o o 
Day 6 o o o o o o o o 
Day 7 o o o o o o o o 
Day 8 o o o o o o o o 
Day 9 o o o o o o o o 
Day 10 o o o o o o o o 
Day 11 o o o o o o o o 
Day 12 o o o o o o o o 
Day 13 o o o o o o o o 
Day 14 o o o o o o o o 
Day 15 o o o o o o o o 

 
Figure 3. Search Space Before and After been 

Reduced. 
 
 



4. Graph Representation 
 

Graph representation of the PRSP is shown in 
figure 4. 
 

 
 

Figure 4. Graph Representation of the PRSP 
 

Ant will make a move from Start node to 
End node and visit all nodes to construct a solution 
or a project resource schedule. Every node (except 
start and end node) defines a partial solution of full 
solution. Each edge defines transition from one node 
to others. Pheromone trails define the desirability of 
putting start time s to activity j. As explained in the 
previous section, ants only explore start time that 
feasible for the activities (slack). It means between 
Earliest Start Time (EST) and Latest Start Time 
(LST) of the activity. 

Ants construct a best solution that defines a 
project resource schedule with minimum fluctuation. 
An example of the solution is shown in figure 5. 
 

 
 
Figure 5. Solution of PRSP in Graph Representation 
 
5. Ant Colony Optimization 
 

The general idea of our ACO approach is to 
use an ant algorithm for deciding which start time 
from the set of eligible start time should be 
scheduled for the activity. The general principle of 
our ant algorithm is similar to an ant algorithm 
called AS-TSP for the traveling salesperson problem 
of [2]. In every generation each of m ants constructs 
one solution. For the selection of a start time the ant 

uses heuristic information as well as pheromone 
information. The heuristic information, denoted by 
ηjs, and the pheromone information, denoted by τjs, 
are indicators of how good it seems to put start time 
s as start time of activity j. The heuristic value is 
generated by some problem dependent heuristic 
whereas the pheromone information stems from 
former ants that have found good solutions.  

The start time is chosen according to the 
probability distribution over the set of eligible start 
time S determined by evaluation according to: 

 
τ η

∑ τ ηS
 

 
where α and β are constants that determine the 
relative influence of the pheromone values and the 
heuristic values on the decision of the ant. 

The best solution found so far and the best 
solution found in the current generation are then 
used to update the pheromone matrix. But before 
that some of the old pheromone is evaporated on all 
the edges where parameter ρ determines the 
evaporation rate. The reason for this is that old 
pheromone should not have a too strong influence 
on the future. Then, allowing each ant to deposit 
pheromone on the elements that belong to its tour. 
This is an elitist strategy that leads ants to search 
near the best found solution.  

 

τ 1 1 ρ . τ ∆τ         j, s  

 
On the elements which are not chosen by 

the ants, the associated pheromone strength will 
decrease exponentially with the number of iterations. 
Δτkjs(t) is the amount of pheromone ant k deposits on 
the elements; it is defined as 

 

 ∆τ / ,  ,     
0,

 

 
where Lk(t) is the fluctuation rate (will be described 
in the following section) of the kth ant’s tour. The 
better solution ant’s tour is, the more pheromone is 
received by elements belonging to the tour. In 
general, elements which are used by many ants and 
which are contained in better solution will receive 
more pheromone and therefore are also more likely 
to be chosen in future iterations of the algorithm. 

The algorithm runs until some stopping 
criterion is met, e.g. a certain number of generations 
nc have been done or the average quality of the 
solutions found by the ants of one generation has not 
changed for several generations (stagnation 
situation). 
 
 
 



6. The Heuristic 
 

The heuristic information that the ants use when 
building their solution is also very important, it 
guides their search with problem specific 
information. However, because the ACO approach 
relies on multiple ants building solution over several 
generations, the heuristic information must be quick 
to establish, and so only simple heuristic value can 
be used. 
 For PRSP we define the heuristic ηjs as the 
number of start time s feasible as the start time of the 
activities. We call it the traffic of the start time. The 
higher the ants choose the traffic of the start time the 
less interestingness the start time. 
 

η 1 , if  between slack of  

 
7. Fluctuation Function 
 

 
 

Figure 6. Project Resource Schedule with High Rate 
of Fluctuation 

 
Figure 6 describe a Project Resource 

Schedule chart that has fluctuation. Resource usage 
per days that expected is constant along the average 
line. For example, if the resource type is worker, the 
costs of hiring and layoff are quite significant. It is 
often less expensive to level worker requirements in 
order to avoid hiring and layoff. If the project 
requires more than one resource, then the fluctuation 
function are the sum of each resource. Therefore, 
fluctuation rate can be formulated as follows 

 

average need
K

 

 
8. Experimental Result 
 

The experimental simulation is implemented 
with a case [5]. We tested our ACO algorithm on a 
variety of ACO parameters to find the best 
parameters. Those parameters are α, β, number of 
ants m, number of cycle nc, evaporation rate ρ, Q 
and first pheromone τ0. 
 The best ACO algorithm parameters values 
shown in the following table in figure 7. 
 
 

α 5 
β 0 
m 10 
nc 5 
ρ 0.01 
Q 1 
τ0 0.1 

 
Figure 7. The Best ACO Algorithm Parameters 

Values 
 
 We found that the heuristic do not give the 
good result for the algorithm. It is because we have 
not find the best heuristic function. Therefore, the 
heuristic values do not make any influence of the 
decision make by the ant. 
 The evaporation rate was decreased and α 
was increased in order to avoid stagnation situation. 
While constant Q depends on the hugeness of the 
case.  
 The ACO algorithm always find the local 
optimal but rarely find the global optimal. Figure 8 
shows the experimental result with certain 
parameters as shown in figure 7. 
 

Fluctuation Times Found 
0 2 
30 7 
60 8 
90 3 
Total iteration 20 

 
Figure 8. Experimental Result after 20 Iterations. 

 
9. Conclusion 
 

In this paper we have introduced an ACO 
approach for PRSP. This paper investigates the 
Project Resource Scheduling as an optimization 
problem. We have made a model of PRSP to apply 
with ACO. The ACO algorithm was proposed to 
find the best schedule with minimum fluctuation. 
Preliminary test shows that this approach can give a 
local optimal solution. 

In the future we will formulate the better 
heuristic definition and try to combine another 
pheromone update rules, like ACS and MMAS do, 
in order to balance the exploitation and exploration. 
Additionally, we will apply the ACO with local 
search.  
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