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Abstract- Utilizing artificial intelligence (AI), great performance improvements have been recently accomplished. As a 
result, different AI techniques have been proposed for the objective of model order reduction (MOR) which yields a 
reduction of complexity in system modelling. In this paper, we propose an AI technique, named Ant Colony Optimization 
(ACO), for the purpose of reduced order system modelling with substructure preservation. The ACO technique has been 
applied to dynamical system modelling with reduction performance that is superior to recently published work. 
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I. INTRODUCTION 
 
Artificial intelligence (AI), which deals with 
computational models that can think and act 
rationally, has become an important area in the 
research of different fields; medicine, engineering, 
science, education, economics, and others [1]. 
 
In system modelling, as the mathematical models get 
more detailed, the development of efficient 
simulation and optimization tools becomes a 
challenging task. 
 
To overcome this problem, model order reduction is 
used and becomes very important [2,3]. The idea of 
model order reduction (MOR) with substructure 
preservation is to approximate the original system by 
a lower state space dimension which retains the exact 
dominant dynamics, as it has a closer physical 
representation of the real system [4-5].  
 
As a nature-inspired AI technique, the ACO was 
introduced by M. Dorigo and his colleagues [6] for 
the solution of hard combinatorial optimization 
problems. 
 
The ACO takes inspiration from the foraging 
behaviour of real ants as they initially explore the 
area surrounding their nest by performing a 
randomized walk when searching for their food. 
Along their path between food source and nest, ants 
deposit a chemical pheromone trail on the ground in 
order to mark some favourable path that should guide 
other ants to the food source. 
 
After some time, the shortest path between the nest 
and the food source presents a higher concentration of 
pheromone which attracts more ants. ACO utilizes 
this characteristic to build solutions to optimization 
problems [7] as illustrated in Fig. 1 [8]. 

 
Fig. 1. An ACO path construction for one ant. 

For MOR, the ACO technique has been recently 
proposed, however, it was proposed for partial model 
order reduction and reduction without substructure 
preservation [8]. 
 
II. METHODOLOGY 
 
Consider the following state-space model 

)()()(
)()()(
tDutCxty
tButAxtx




            
             (1) 

To perform MOR, the following ACO method is 
used: 
Initialization: 
At the beginning of the algorithm, all parameters are 
set and all pheromone variables are initialized to a 
value τ0, which is a parameter of the algorithm. 
Construct Ant Solutions: 
A set of m artificial ants incrementally and 
stochastically builds solutions to the considered 
problem starting from an initially empty partial 
solution sp = 0. At each construction step, the current 
partial solution sp is extended by adding a feasible 
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solution component j
ic from the set  )( ps .   

denotes the set of all possible solution components 
and )( ps  is defined as the set of components that 
can be added to the current partial solution sp while 
maintaining feasibility. In order to choose, which of 
the available solution components j

ic should be 
added to the current partial solution sp, a probabilistic 
choice is made. This decision is usually influenced by 
the amount of pheromone ij  associated with each of 

the elements of )( ps , and by heuristic information 
about the problem. The most widely used rule for the 
stochastic choice is that originally proposed for Ant 
System (AS) [6] given in Eq. (2) and illustrated in 
Fig.1. 
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The heuristic information, denoted by the 
function (.) , assigns to each feasible solution 

component )( p
j

i sc  a heuristic value. The 
parameters   and   determine the relative 
respective influence of the pheromone values and the 
heuristic values on the decisions of the ant [9]. 
Daemon Actions: 
Daemon actions refer to any centralized operation 
which cannot be performed by a single ant. The most 
used daemon action consists in the application of 
local search to the constructed solutions.  
Update Pheromones:  
Many different schemes for pheromone update have 
been proposed within the ACO framework. The 
pheromone update is commonly implemented as [9]: 


 scSs

ijij
j

iupd

sg
|

)()1(                 (3) 

where Supd is the set of good solutions that are used to 
deposit pheromone, sg :(.) is a function such 
that )()()()( sgsgsfsf  is commonly called 
the quality function, 10  is the pheromone 
evaporation rate. This in return produces the reduced 
order model. 
I. RESULTS/DISCUSSION 
In this section, we consider a 10th order state-space 
model investigated by Abu-Al-Nadi et al [10]: 
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with eigenvalues given as:
 

 {-18.9311 ± 2.0250i, -
12.1968, -9.6484, -2.1313, -0.8972 ± 1.3560i, -0.2394 
± 3.2350i, -0.1001}, which can be constellated as 
seen in Fig. 2.  
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Fig. 2. Eigenvalues system constellation. 

 
It is important to mention that there exist different 
methods for determining the dominant dynamics of a 
given system [11], which will be investigated in a 
future work. In this paper, however, we will use the 
traditional method which is by inspecting the closer 
poles to the origin. As can be clearly seen in Fig. 2, 
the system can be categorized as slow and fast-
subsystem. The fast-subsystem is given with 
eigenvalues f {-18.9311 ± 2.0250i, -12.1968, -
9.6484}, while the slow-subsystem eigenvalues may 
be given as: s {-2.1313, -0.8972 ± 1.3560i, -
0.2394 ± 3.2350i,-0.1001}. Hence, for a relatively 
suitable reduced order model, a sixth order should be 
possible.    
 
Investigating the sixth order reduced model, the 
ACO-MOR provided a reduced model that is 
identical to the original model. Therefore, a rigorous 
investigation of the proposed method was performed, 
which was by going as far as for a fourth order 
model. This means that we will eliminate two of the 
dominant systemdynamics. 
 
As can be seen from Fig. 2, they would have to be {-
0.8972 ± 1.3560i}, which makes the slow category 
then be given by s {-2.1313, -0.2394 ± 3.2350i,-
0.1001}. However, due to the relatively high natural 
frequency seen in the dominant poles {-0.8972 ± 
1.3560i}, we will instead eliminate the dynamics {-
2.1313,-0.1001}. Thus, the reduced model will have 
the slow category given by s {-0.2394 ± 3.2350i}. 
As a result, using the proposed ACO-MOR, the 10th 
order model was reduced to a 4th order with system 
given by  
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Notice that the substructure preservation has been 
achieved as seen in the Ar matrix, as it contains the 
exact dominant eigenvalues of the full order model. 
That is, the dominant dynamics of the reduced order 
model are given as {-0.2394 ± 3.2350i}, which are 
basically a subset of the full 10th order model.  
 
To investigate the performance of the ACO-MOR 
method, the full and reduced order models were both 
simulated with step inputs with responses presented 
as shown in Fig. 3. 
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Fig. 3. Step responses for the full and reduced order models, 

____ Original 10th order model, -.-.-. reduced 4th order model. 
 
As seen in Fig. 3, the reduced 4th order model 
produces responses that are very close to the full 10th 
order models', and that is for both, the transient and 
steady state responses. When comparing the 
performance of the ACO-MOR with the Firefly 
technique proposed in [2], the responses of the two 
methods along with the original system responses are 
presented as shown in Fig. 4.  
 
As can be clearly seen, the proposed method provides 
much better responses than the Firefly optimization 
technique presented in [2]. Hence, it can be 
concluded that the ACO-MOR proposed method is 
superior to such investigated newly presented 
methods for model order reduction techniques. In 
addition to that, as an artificial intelligent method, the 
proposed ACO-MOR provides results that are as 
accurate as the PSO and GA methods presented in 
[3]. 
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Fig. 4. Step responses for the ____full 10th order, -----Firefly 
reduced 4th order, and proposed -.-.-.-ACO reduced 4th order 

models. 
 
CONCLUSION 
 
In this work, we investigated the ACO as an AI 
approach for MOR, knowing that the performance of 
most available traditional optimization algorithms 
deteriorate when the dimensionality of the given 
system increases. Results of simulation show that the 
new approach produces reduced order models with 
orders less than expected. The new approach is also 
shown to provide responses with less error than a 
newly presented AI method named Firefly 
optimization technique.  
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