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EDITORIAL

Dear Readers,

Th is issue of JITA contains four regular research papers. Th e fi rst of the presented 
papers, entitled “Using 3D models for improving face recognition”, by Zoran Bi-
kicki, Ivan Milenković, and Dušan Starčević is dealing with PCA face recognition 
algorithm. PCA (Principal Component Analysis) has a signifi cant performance drop 
when comparing photographs taken from the diff erent angle. In this paper a 3D 
model was used for improving PCA performance in this case. Using captured face 
image as the texture, 3D model enables transformation of the two-dimensional face 
to the three-dimensional face model. Th ree-dimensional face model is then rotated 
in order to transform face images from profi le to en face position. Model has been 
tested against collected biometric database. Study results show that PCA algorithm 
precision on biometric verifi cation and identifi cation has been seriously improved. 

In the paper “E-textbook development capacities within the current context in 
the Republic of Serbia”, by Željko Stanković and Ljiljana Tešmanović the problem 
of e-books and e-textbooks has been presented. In digital age and with the adoption 
of new technologies, new educational digital platform has become an integral part 
of our everyday life and education which requires adjustments and changes in the 
educational system structure. In order to make the students be equal and functional 
members of the society and to prepare them for contemporary digital era, it is the 
entire society's most important responsibility to enable educational system to pro-
vide, in most optimal and profi cient way, equal opportunities for each and every 
student to gain knowledge. Expensive process of a book digitalization will, in time, 
become economically acceptable for all in the broader community. 

In the paper “Hybrid methodology of nonlinear goal programming”, Lazo Roljić 
presents a nonlinear goal-programming (NGP) algorithm based on hybrid connec-
tion of the modifi ed simplex method of goal programming, gradient method of fea-
sible directions and method of optimal displacement size fi nding-called HNGPM. 
Proposed methodology is given in fi ve steps: (1) linearization of the set of nonlin-
ear constraints at particular point, (2) solving the problem of normalized linear 
goal programming, (3) feasible direction computation, (4) calculating optimal step 
length displacement, and (5) testing out convergence problem. Basic idea was to ap-
ply Euler’s theorem for the “total” linearization of the nonlinear constraints (in the 
space) around particular point. According to Euler’s theorem, it is possible to apply 
this methodology to solve the problems of NGP whether the nonlinear constraint 
functions are linearly or positively homogeneous.

Finally, the last article "Aquaculture cloud management system" presents a spe-
cifi c approach to the management system for aqua-farms. Th e proposed manage-
ment system is based on expert system paradigm implemented in cloud environ-
ment and makes use of the Internet of Th ings. Th e system employs RFID sensors 
to monitor the aqua-farms, allowing personnel to keep tabs on the facilities at any 
time. Such design facilitates 24 hour monitoring of facilities while reducing con-
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sumption of resources. In the fi rst design phase, the experts on aqua-farming are 
interviewed. Collected data were compiled and stored in the database. Th e inference 
engine was then used to store the data in the knowledge base, achieving the aim of 
knowledge management. Apart from helping aqua-farms conserve resources and 
improve quality, presented aquaculture cloud management system allows consum-
ers to understand the production process and make informed purchasing decisions.

With this 8th issue, the Journal of Information Technology and Application 
(JITA) successfully completes the 4th year of publishing. A brief analysis indicates 
that in these eight issues, a total of 46 scientifi c papers have been published, that 
is around 6 papers per issue. By the type of published scientifi c contribution, 20 
papers relate to the improvement of scientifi c methods in the area in question, 14 
papers illustrate the results of research based on the case study, 8 papers contain a 
breakdown of condition in the part of scientifi c area, and 4 papers represent a criti-
cal review of well-known scientifi c procedures.

If we look at the analysis of published papers from the perspective of geographi-
cal distribution of institutions were the original authors of papers are employed, 
then we have data as follows: most of the published papers, 40 out of 46 belong to 
the region, which amounts to around 87% of the total number of papers. From the 
territory of Serbia, we had around 43% out of the total number of papers, where 
around 30% of papers come from the Republic of Srpska,  and from the Federation 
of Bosnia and Herzegovina around 9% of the total number of papers. Th e participa-
tion of authors from Montenegro and Macedonia in the previous period was mod-
est 2% of the total number of papers. Out of the remaining six published papers, 
according to geographical setting, three papers come from the North America (two 
from Canada and one from the USA), two from Europe (one from Italy and one 
from Portugal), and one paper from Asia (Taiwan). Based on the stated analysis, it 
can be concluded that, in this moment, the JITA holds a status of regional journal. 

Ministry of Science and Technology of the Republic of Srpska, the Commis-
sion for categorization of scientifi c journals, at the meeting held on 11/06/2013, 
categorized the Journal of Information Technology and Application, published by 
the PanEuropean University Apeiron, Banja Luka, in the fi rst category of scientifi c 
journals.

We invite all interested parties to send to the journal Editorial Board the results 
of their scientifi c and research work, about which, as they believe, the scientifi c 
community should be informed. 
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Abstract: Face recognition algorithm Principal Component Analysis (PCA) has a signifi cant performance drop when 
comparing photographs taken from different angle. In this paper a 3D model was used for improving that performance. 
Model enables us to transform the face image which is taken from certain angle to en face. Model has been tested against 
biometric database formed at the Faculty of Organizational Sciences. Image rotation based on the model was performed before 
matching with the en face images from the database. Study results show that algorithm precision on biometric verifi cation and 
identifi cation has been seriously improved.

Keywords: biometrics, face recognition, 3D graphics, PCA

INTRODUCTION

Human face represents a specifi c characteristic 
of each human being. When interacting with other 
people, humans direct attention toward their face. 
Facial characteristics are used to recognize friends 
and family members from other, unknown people. 
Human brain is relatively successful in facial recog-
nition, even under diffi  cult conditions, such as bad 
lightning, face aging, use of spectacles or haircut 
change. Although this recognition may seem simple, 
it is not. It is performed by neural networks locat-
ed in human brain, which process images collected 
with eyes, compare them with stored face images and 
make recognition decision.

Applying computers to this task does not make 
facial recognition less complex. For example, if we 
have a collection of photos of certain person, prob-
ably the fi rst idea would be to compare pixels or pho-
to histograms. Th ese algorithms are successful when 
dealing with image search on the internet, or protect-
ing copyrighted material. However, in access control 
or surveillance system, computer does not work 

with copies, but with photographs of live humans. 
Th ey move around, change haircut, wear glasses, and 
change facial expressions, making recognition more 
diffi  cult. A signifi cant recognition problem is the 
fact that actual persons exist in tridimensional space, 
but they are usually represented by two-dimensional 
photos.

Automatic facial recognition with use of comput-
ers is still in development, with numerous challenges 
remaining to be solved. In laboratory conditions, 
without outside interferences, modern face recog-
nition systems have good performances. However, 
problems such as change in lighting, camera angle 
and occlusion have a signifi cant impact on biomet-
rics system performance.

Because cameras became even cheaper and widely 
available, biometric systems for face detection and 
recognition have numerous applications in diff erent 
areas. Th ey are used for facial recognition in photo-
graphs on social networks, election fraud detection, 
access control systems and also surveillance systems. 
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Th is paper will examine the change of head posi-
tion on a face image. Th is problem is especially im-
portant for face recognition algorithms which use 
2D face images. For evaluation purposes, eigenface 
algorithm will be used. In order to improve the per-
formance of the algorithm, it is necessary to “draw” 
the image in three dimensions. With such image we 
could change its position – turn it until the proper 
frontal position is reached. Use of frontal images 
should positively impact precision of eigenface algo-
rithm.

To return face to the frontal position we will use a 
three-dimensional model of the face that we plotted 
by using the graphics card. Necessary requirement 
for successful mapping is to manually install the 
model in such a position in which certain character-
istic points of the face and models coincide. Th ese 
points will be the central point of the eyes, and the 
tip of the nose. In this way, we will be able to pre-
cisely determine the position of the face.

FACE RECOGNITION

Face recognition includes several diff erent tasks:
• Identifi cation – for a given photo, system tries 

to fi nd matching person in the database, or to 
conclude that person on the photo does not 
have any biometric data in the database

• Verifi cation – for each pair <image, person>, 
system has to verify if biometric data belongs 
to identifi ed person identity, or not

• Segmentation – An array of images is grouped 
in accordance with persons’ identities.

First recognition algorithms were based on fa-
cial features. As a general principle, all of these al-
gorithms try to detect key face elements, like eyes, 
eyebrows, cheeks, nose and other. Th ese data is used 
to calculate dimension of key face elements, view an-
gle and distances between diff erent parts of the face. 
Most algorithms use around 40 key elements, and 
performance of algorithms somewhat varied. Paper 
[4] describes such algorithm. However, landmark ap-
proach has not shown satisfying precision. Th e main 
reasons for poor performances are diffi  culties con-
nected with correct identifi cation of face elements, 
and neglect of information found in face textures.

Th e second group of algorithms which arose later, 
and which still hold primacy in this area are based 
on the observation of the face as a whole (appearance 
based). Algorithms from this category store face tem-
plates in biometric templates, and match templates 
as whole with acquired face data. Th ere are numer-
ous algorithms from this category, from which some 
are frequently used and very popular.

Th e fi rst algorithm in this group is the so-called 
Eigenface algorithm [7]. Th is algorithm is based on 
the principal component analysis. Principal compo-
nent analysis is a statistical method for the reduction 
of a number of variables that are observed in a small 
number of new variables called principal compo-
nents. Th e idea is to fi nd the characteristic vectors 
(eigenfaces) on the covariance matrix of a face im-
age set, where we treat each image as a vector in a 
multidimensional space. Graphical representation of 
eigenfaces is shown in Fig.1. Template of each person 
in the database is stored as a vector, more precisely a 
linear combination of these characteristic vectors of 
the face. For comparing vectors obtained from dif-
ferent persons, we can use diff erent methods, such as 
Euclidean or Mahalanobis distance.

FIGURE 1. Graphical representation of eigenfaces

Implementation of the eigenface algorithm is avai-
labe within the OpenCV computer vision library. 
OpenCV is an open source library that contains func-
tions for implementation of computer vision. It is 
written in the programming languages C and C++, 
and has support for Windows, Linux and Mac OS X 
operating systems. OpenCV was used for testing eff ect 
of proposed solution on system precision. 
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3D MODELLING

Th ree-dimensional modeling is a set of techniques 
that are used for creating, modifying and fi nishing 
three-dimensional models. Most famous professional 
tools are “3D studio max” or “Maya”. Th ese tools are 
very expensive, both costing nearly $ 6,000 for the 
basic version [10]. Th ere is also some free software 
in this domain, such as “Blender”. For the purposes 
of this paper, we have taken an open source model 
of the head and developed software for modeling, by 
removing all polygons that do not belong to the face. 
Th e result of the modelling is a three-dimensional 
model, and this work is mainly concerned with art-
ists, architects or designers. In addition, models can 
be generated by using computers, which require 
some description and a set of functions.

Th ere are many possible ways to memorize a 
three-dimensional model. File formats also vary, as 
models can be textual - that people can easily read, or 
binary - that is a collection of bytes that computers 
can easily load to memory.

An example of textual fi le format is the “obj” [9], 
in the positions of points are recorded as text. Lines 
beginning with # character are comment lines, which 
is common in text fi les. Symbol “g” marks the group, 
and “usemtl” describes what texture is to be used. 
Th is is followed by points in space (“v” from “ver-
tex”), texture coordinates (“t” from “vertex texture”), 
normal (“n” from “vertex normal”) and the surface 
(“f ” from “face”). Surfaces are actually triangles that 
make up the three points in space and it is the most 
common way of marking the model. Normals are 
used for lighting, but they can also be omitted and 
after subsequently calculated. An example of this fi le 
can be seen in Table 1. Th e model can have one or 
more of these groups, which are called meshes. Th is 
fi le format is simple and readable, but the models 
remembered in this format take up more disk space 
and are slower to load into memory, because words 
need to be converted to numbers.

TABLE 1. An example of “obj” file

A signifi cant part of each three-dimensional mod-
el is the texture. Texture represents the image that is 
“glued” on certain parts of the model. It is possible 
to use multiple modes for setting up the textures. In 
one case, where the coordinates can take values from 
zero to one, the texture is used as the fi nal image 
and it is not possible to get out of the frame of the 
textures. In the second case the texture is repeated, 
wherein the texture is an infi nite plane. One model 
can use several textures.

USING 3D MODELS FOR FACE RECOGNITION

As for using 3D models for face recognition there 
is the paper of Blanz and Vetter - they used a 3D 
laser scanner for acquiring a database of 200 persons 
[1]. Afterwards they manually defi ned points for 
eyes mouth and nose, and then recognition was be-
ing performed by interpolating 3D models from the 
database. Th eir research has shown good results.

Other papers are mostly based on face recognition 
using 3D camera. In this way good results are being 
given, but this approach calls for expensive equip-
ment. Besides, this cannot be applied to 2D images, 
so it is not possible to work with existent databases. 
Some papers using this approach are [3] and [5].

PROGRAM DESCRIPTION

A program was developed for transforming 2D 
images so that the face will be en face. It uses an in-
put image as a texture for a head model, rotates the 
model and exports the rendering.

Th e program was written in programming lan-
guage C++. Th e main reason for selecting that pro-
gramming language is performance and ability for 
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direct memory access. Th e 3D graphics library used 
was OpenGL, which enables graphics hardware ac-
celeration. OpenGL is a low-level API, so program-
ming the code for loading models and camera setup 
was necessary.

A head model was downloaded from the internet 
[8]. Th e model is represented as an array of vertices, 
array of triangles and array of texture coordinates. 
Every point in space is an ordered triple (x, y, z), 
where x, y and z are coordinates of vertex along the 
suitable axes. Triangles are made up of three vertices 
and they are usually defi ned as integers which defi ne 
the vertex array position because one vertex can be 
used in many triangles and this way there is no re-
dundant data. Texture coordinate array is the same 
size as the vertex array, and each vertex has its texture 
coordinate. Texture coordinate is an ordered pair (u, 
v), where u and v determine positions on texture 
along x i y axis.

At the beginning program loads a face image. Th e 
image is being rendered on screen and the model is 
being rendered in front of the image. Th e bottom-
left corner of the image is the origin and the top-
right is the point that has x and y axis values equal 
1, while z axis (depth) has value zero, as shown in 
Figure 2. Th is will enable easier coordinate mapping 
afterwards. Th e viewport is being set up as if the 
camera is positioned in front of the model, looking 
at the center of the image.

FIGURE 2. Image coordinates in 3D space

Fitting the model and the image
Th e head model has its scale, while face image has 

its own. In order to make the model fi t the image 
scale transformation must be applied to the model. 
Determining the scale will be done by manually se-
lecting three points:

• Center of the left eye
• Center of the right eye
• Peak of the nose

Th e model will be scaled using the formula:

Th e next step is rotating the model so that it is in 
the same pose as the person on the image. Th e fi rst 
step is determining in what direction the head is be-
ing rotated in. For that we can use the fact that when 
a head is being rotated, the tip of the nose moves 
more than the two eyes, as shown in Figure 3.

FIGURE 3. Determining the face rotation direction

Approximate rotation along Y axis is determined 
using the formula:

Variable R otD represents rotation direction in 
equation.

OpenGL uses degrees for rotation, so rotation 
angle in the formula is being represented in degrees. 
After rotation, the model is being translated so that 
all the points have equal coordinates. Afterwards the 
head model is being manually fi ne tuned in order to 
fi t the image as best as possible.

Determining texture coordinates
In order to map the texture to the model it is 

necessary to determine the texture coordinates for 
each vertex. Because the model is fi tted on the image 
and the image has been placed so that all its pixels 
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fall within the range 0-1, texture coordinates will be 
determined by projecting the model on XY plane. 
Th is is done by multiplying the positional vector of a 
vertex with a projection matrix. Multiplying is done 
in homogenous coordinates, which means adding a 
scale factor as a fourth dimension of a vector. After 
multiplying, vector has to be normalized so that the 
fourth parameter has a value of one. A demonstra-
tion of a simple translation transformation is being 
shown in Figure 4. Projection matrix will be deter-
mined using OpenGL function which returns model 
view matrix: glGetFloatv with parameter GL_MOD-
ELVIEW_MATRIX.

FIGURE 4. Projection matrix

Hidden surfaces
When one looks at an image of a 3D object, one 

cannot see all its parts. If the object is a box, only its 
three sides out of six are visible at a given moment. 
Th e sides that are not visible are called hidden surfac-
es. Checking if surface is hidden is done by checking 
vertex order when projected on a 2D plane - surface 
is hidden if vertices are ordered counter-clockwise. 
Hidden surfaces cannot be mapped on a model, so 
we will use a mirror function to fi ll in those gaps. Th e 
model is symmetrical so we will determine a mirror 
vertex for each vertex in the model. While render-
ing the model, hidden surfaces will be rendered using 
mirror vertices. 

Saving transformed image
After determining texture coordinates and hidden 

surfaces, all that is left is to return the model to its 
original position - facing camera, rendering it and 
saving the pixel data to a fi le for later use. While fi t-
ting the model we used only OpenGL transforma-
tions for projection, so returning the model to its 
original position consists only of resetting OpenGL 
model view matrix to identity matrix. Pixel data will 
be fetched using OpenGL function glReadPixels, 
and data will be saved in bmp fi le format which uses 
the same data format as graphics cards.

Program usage
Th e program shows the fi rst image in database 

and the head model. User selects the three points: 
center of the left eye, center of the right eye and 
tip of the nose and the program fi ts the model ap-
proximately. If the result is not appropriate user can 
select the three points again. After that, the model 
is fi tted additionally using keyboard. If the model is 
too wide or narrow it is possible to scale the model 
along X axis. Th e user can change model transpar-
ency at any time in order to see its position bet-
ter. When fi tted, pressing return button the texture 
is being mapped to the model. Once mapped, the 
user can turn the wire overlay on or off  and rotate 
the model. After that the model is being brought 
back to en face position and newly made image is 
being saved to the hard disk. Th is process is shown 
in Figure 5. Th e loss of quality can be observed on 
the result image, on parts where mirror mapping 
is applied. Th is can be attributed to non-uniform 
lighting of the original image.

FIGURE 5. Model fitting, rotating and rendering

PERFORMANCE EVALUATION

All tests were performed on face database collect-
ed at the Faculty of organizational sciences [6]. Da-
tabase consists of biometric data collected from 34 
diff erent persons. First collection of match scores was 
obtained by matching a base set of en face oriented 
photos with a set collected from same persons, in a 
similar way, six months later. Second collection of 
match scores is result from comparing base set with 
a set of images normalized by our program. Overall, 
we have done three types of comparisons:
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• matching base set with en face images from 
later period

• matching base set with half profi le images 
from later period

• matching base set with images normalized by 
our program (transformed from profi le angle 
to en face)

Calculated match scores were used to draw ROC 
(„Receiver Operating Characteristics“) curves, which 
allows us to visualize results. Figure 6 shows part of 
the curve on which the FMR (False Match Rate) 
value is lesser than 5 percent. Identifi cation rate was 
also calculated.

Calculating identifi cation rates leads us to follow-
ing conclusions:

As expected, en face images have shown best 
performance. Twenty two persons were successfully 
identifi ed (65%).

Because of changed angle of view, half profi le im-
ages have shown signifi cant performance drop. Only 
13 persons were successfully identifi ed (38%).

Normalized images have performed better than 
half profi le images, but worse than en face. Twenty 
one person has been successfully identifi ed, just one 
person less than enface images. 

FIGURE 6. Face recognition results

Th ese results are encouraging since the improve-
ment of face recognition algorithm is signifi cant. On 
the other hand, it can be observed that the transfor-
mation is not perfect, since the results are not the 

same as original en face images comparison. Th is 
may be happening because head model is not fl ex-
ible, or a consequence of loss of data from the side of 
the face that is turned away from the camera.

CONCLUSIONS

In this paper computer graphics techniques were 
used to improve face recognition performance. To 
evaluate proposed techniques, an application was de-
veloped. It allows us to transform two-dimensional 
photos to three-dimensional models. Th ree-dimen-
sional model is then rotated in order to transform 
face images from profi le to en face position. In this 
way, problems with camera angle are at least partially 
solved. Evaluation was performed on facial database 
collected at the Faculty of organizational sciences, 
and results have shown better precision after normal-
ization of the photos.

For now, the process of model fi tting is done 
manually, which means that human presence is nec-
essary in order for system to function. Subsequent 
versions of the program should independently de-
termine the position and angle of the head, which 
would automate the system. Th is automation would 
enable more intensive testing on larger databases.

Face model used for texture mapping is somewhat 
rigid and it is not fl exible. It would be appropriate if 
all people had the same face shape, which is not the 
case. Face model should be fi tted in accordance with 
facial features of an individual. Face specifi c param-
eters could be used for recognition, independently 
or together with other algorithms. Also, application 
should be extended to allow illumination normaliza-
tion.
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INTRODUCTION

Th e invention of Guttenberg’s movable letters 
enabled book publishing to create a new era in the 
development of humanity and propagating the writ-
ten word. Th e fi rst book in print was the Bible. 
Contemporary printing development followed. In 
the state of Serbia, the fi rst publishing house was 
in the Monastery of Rujan. Th e only book that was 
printed there was Rujan’s gospel by monk Teodosije. 
Since founding of Guttenberg’s print house in 1440 
up to nowadays more than 100 million books were 
printed. One part of this huge production was digi-
talized, i.e. converted into electronic form. Th e tech-
nical part of the digitalization process is based on the 
scanning of the pages and generating the text search 
engine. Given that the book scanning is a convenient 
way of introducing advances into the work of public 
libraries – institutions which stimulate knowledge 
development, Guttenberg project launched in the 
year 1971, the avangarde of digital literal heritage 
development, stands out as the oldest [6].

In 1970s Michael Hart who had access to the net-
work of the University of Illinois computer center 
(which had data processing for its primary purpose) 
invented data distribution through network. He had 
the Declaration of Independence in his hands and 
off ered it for the users to download and this became 
the fi rst e-book in the world. However, such a noble 
idea was not original: fi rst eff orts of recording text in 
a digital way had already occurred during the 1940s. 
Based on the project Guttenberg, the oldest digital 
library in the world, other projects sprung out.

Million Book Project was launched in 2002. It 
is an exemplary model of the international coopera-
tion of the University of Carnegie Mellon and Inter-
net Archive along with the institutions from India, 
China and Egypt [2]. Th e biggest and certainly most 
famous project is the Google Books Project. Not 
only did it allow digitalization of all kinds of litera-
ture (bibliography entries) but it also raised funds for 
digitalization.
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ELECTRONIC/DIGITAL VS. TRADITIONAL BOOK/
PUBLICATION

Allocating funds is the key problem in book digi-
talization. Moving it to the massive level would be a 
capital project that employs contemporary technolo-
gies and requires huge economic investments. Th e 
goal of the mass digitalization project is to enhance 
the accessibility to literature as well as to informa-
tion for greater number of users. Digital materials 
allow easy access and user-friendly fi le management: 
lower quality recordings can be enhanced, graphics 
can be scaled, document can be merged, rearranged, 
etc. Th rough generating such a database the search 
in diff erent languages has been made possible and it 
also contributes to spreading of education, learning, 
scientifi c work and research; it prompts update to ex-
isting technology and developing of tech innovation. 
According to Borgman [1], we can discern between 
two ways of generating digital document: digital - 
made in digital form, and digitized - retyped or con-
verted from some other medium such as paper, cellu-
loid, etc. Th e fi nal product of the digitalization pro-
cess is a book in digital or electronic form (e-book). 
Th e e-book can be defi ned as a digital equivalent of 
the printed publication (contents of which can be 
reached through the network) or as „a fi le stored in 
solid medium (CD/DVD)“ [3]. When compared to 
a publication in print, an e-book is more adaptable 
and accessible to the reader. It also enables editors 
during its production to employ a variety of format-
ting options whereby each has good and back sides. 
Some of the advantages which an e-book has include: 
the text is searchable except when pictorial, it does 
not occupy much of the memory space (one CD can 
compile 500 average e-books), it can be read with no 
additional source of light, easy to reproduce, the dis-
tribution price is low, it is aff ordable and ecologically 
acceptable (reduces the use of paper). Advantages of 
traditional publication compile: it can be read any-
where, even if damaged, it requires no power supply, 
has a vintage value (fi rst editions). It is important to 
stress out that there are some downsides of both for-
mats. Th e biggest fallacy of the e-book is its incom-
patibility with newer hardware and software, applica-
tion can block the reading, careful management and 
storing of documents is needed in order to avoid data 
loss, battery can run out of power. Printing publica-
tion need a light source for reading, they are heavy 

to transport and harm environment by using paper 
and a copy production is more time consuming. Tra-
ditional publication can be owned by purchase, lent, 
borrowed, sold or given away while e-book cannot 
be sold or borrowed but we have to pay a lease for it 
as it belongs to the publishing house. Kindle allows 
readers to move it to another reading device for 14 
days but we can no longer read it on our own gadget. 
E-book’s quality, as well as traditional book’s quality 
has to respond to specifi c norms. Th ose norms refer 
to individuals who are a part of the team in the pro-
duction of a piece of work. Just like the traditional 
publication, a team of cooperatives except for the 
author includes an editor, proof-reader (whose task 
is to eliminate any spelling or grammar errors), art 
and graphic editor. It is important to stress that even 
the very format is an important reference: diff erent 
e-book formats can impact the price depending on a 
device (e-reader) that is used. 

E-readers are portable devices for reading books 
and other publications in digital form. Unlike stan-
dard screen which has a display based on backlight, 
the screen of the reader refl ects the light in the same 
manner as it is refl ected on the standard paper. Th at 
facilitates lengthy readings. Th ere are some features 
that are in common for diff erent readers: they are all 
easy to use, they are small in size (approximately 6 
inches), they provide basic functioning options dur-
ing reading (contrast, zoom, font alteration), and 
they do not display multimedia contents. Most fa-
mous are Kindle, Nook, Kobo; Most often used gra-
tis applications are Adoble Digital Edition, Calibre, 
Readium as well as applications for specifi c mobile 
device platforms (Android and iOS) where the dis-
play is adjusted through font size alteration, screen 
orientation/rotation, diff erent animated indicators 
of browsing, possibility of choice among 14 diff er-
ent languages. Th ere is a huge variety of reading ap-
plications on the market. Among themselves they 
diff er by functionality, fi le formats they support and 
sources of e-book retrieval. Free iBooks Apple ap-
plication is opened for possibility of purchase form 
Apple Book Store as well as sharing marked excerpts 
by email, Facebook [7]. 

Th e outreach and development of digital publish-
ing is closely related to the count of the e-gadgets sold 
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on a single market. In Serbia, we are facing the prob-
lem of lacking distributors of e-reader devices which 
are sold in the world for $69 and more. American 
Corner in Dom Omladine, Belgrade off ers the pos-
sibility of renting e-readers but the off er is restricted 
to English titles exclusively. In Serbia, e-books can be 
purchased per single piece or consumed on year basis 
membership principle. E-book stores allow for local 
authors to publish their e-books and achieve global 
accessibility and success through presence in great-
est global book stores. Digital markets of huge com-
panies such as Apple, Google, Amazon, Samsung,... 
facilitate e-book distribution. Around 70% of tradi-
tional publication publishers cooperate with e-book 
stores which is very indicative when it comes to huge 
potential of sale and gain for the publishers and au-
thors; simpler and cheaper production; distribution 
and accessibility for broad literary audience. 

DIGITAL TEXTBOOKS

E-book market development is infi nite so a digital 
book breakthrough in the fi eld of elementary educa-
tion came as expected. E-book market has found its 
separate branch in classrooms. Textbook revolution/
digital text books off er one click solutions to complex 
problems in specifi c teaching modules. Multime-
dia contents, enriched with animations, quizzes and 
games, add value to traditional textbooks. Embedded 
multimedia presentation can last 30 seconds to 3 min-
utes. Th rough visual and audio illustration which tra-
ditional textbook is unfortunately lacking, it enables 
children’s active participation in the class; it does not 
distract but rather enriches and enhances the process 
of adopting knowledge, research and apprehension. 
Everything is possible in digital world. New school-
ing possibilities: one click on shortcut on PC, tablet 
or smart phone reveals exclusive, safe and informa-
tive multimedia content. A digital textbook is always 
with a pupil. Wherever they are they can easily access 
it thanks to development of new technology. It also 
allows constant accessibility of all the contents, notes, 
bookmarks, interventions introduced for more pro-
ductive learning, to be updated and adjusted to all the 
devices on which the e-textbook is installed. Digital 
textbooks are based on methodic rule which is famil-
iarly organized and makes easy browsing and navigat-
ing through contents and it allows a student to use it 

along with material in hard copy. Pages can be browsed 
linearly same way as with traditional textbook but also 
chapters can be skipped through browsing, contents 
can be searched through key words that are found on 
each page where occurring. Every digital textbook can 
comprise audio and video fi les, quizzes and interactive 
objects, images and photo galleries, as well as docu-
ments like ppt presentation, URL, links to referential 
contents elsewhere in the text. Student is also free 
to highlight the text in diff erent colors, to draw and 
paint, to store it all in one particular place, to erase 
or to export into a separate document saved on his/
her personal computer. One can also take notes, add 
contents retrieved from Internet, save together in one 
folder or export into a separate one. With digital text-
book everything is accessible to everyone. Conditions 
of learning are equal for all. Equipped lab or classroom 
can add value to the integration of good digital text-
book. It is important to discern digital textbooks that 
solely compile PDF pages identical to ones found in 
hard copy textbook (traditional textbook scanned) 
from digital textbooks which, except for that text, are 
also enriched with visual and multimedia illustrations. 

Digital textbook has additional contents in the 
form of video recordings, animations, pictures, inter-
active quizzes. Th erefore an interactive digital text-
book that is yet to be introduced into the curricu-
lum can open new possibilities for its users. By using 
multimedia, the digital age allows for the curriculum 
to be presented to learners in a well-organized, com-
prehensive and inspiring way. It also enables them to 
gain higher degree of intellectual development and 
autonomy; it boosts their self-esteem due to the fact 
that in a short period of time the required informa-
tion is found. It also inspires curiosity and explor-
ative spirit which are essential nature of the learning 
process. 3D technology allows elevated apprehension 
in presenting chemistry, physics, geography related 
learning units. Successful educational platforms and 
process management system that are employed in the 
contemporary school system are, for example, De-
sire2Learn, Learning Hub, and Blackboard. We need 
to keep in mind the fact that the world around us as 
well as the future of our children are in their nature 
digital. Th us new learning environment and peda-
gogic paradigm shift are imposed. Th e new concept 
requires cooperation within multidisciplinary teams 
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that are to adopt components of technologic innova-
tion relevant for the educational system. Such a pro-
cess also alters the role of the teacher from primary 
information provider towards someone who facili-
tates students’ understanding of complex processes 
and discerning information by priority within huge 
amount of data brought by digital era. 

DIGITAL SCHOOLING IN THE WORLD AND IN THE 
NEIGHBORING COUNTRIES

Th e educational system of one country is based 
on the knowledge which is the basis for technologi-
cal development enabling us to fi nd necessary infor-
mation. Th erefore, in the new tech age the educa-
tional system requires a new model of passing the 
knowledge from a teacher to a student. E-textbooks, 
e-schooling and e-education are exemplary models of 
education and technology interaction. Digital tech-
nology enables new and relevant social dimension in 
the process of education. It strives towards accentu-
ating the individual approach and technical literacy 
necessary for independent use of available sources 
of knowledge and information. Higher fl exibility 
degree and students’ interactive approach to digital 
contents are only one among numerous features of 
digital technology that can be appropriately incorpo-
rated in the process of education. Th e importance of 
digital age in education was fi rst recognized by South 
Korea. In 3006 the Smart Education Programme 
was launched with the mission to fully replace tradi-
tional elementary, high school and college textbooks 
with the digital ones by year 2015. Based on prior 
experience, they have found an optimal model which 
combines traditional and digital textbooks for lower 
grades of elementary school. In 2012 Th e Playbook 
manual was published in USA. It compiles sugges-
tions for the steps toward digital textbooks imple-
mentation. Backed up by those guidelines, some of 
the states, 40 of them, have enacted regulations and 
issued recommendations for ways to organize digi-
tal schooling (Florida set 2015 as its goal to have all 
the textbooks produced in digital form; for every pu-
pil in higher grades of elementary school and high 
school the state of Alabama provides tablets with dig-
ital textbooks...). Digital educational revolution is an 
Australian project launched in 2011. In 2010 Japan 
launched the project School of the Future which has 

the aim to provide a free tablet for each pupil and 
Smart Boards in Classrooms for every school. It is 
also worth mentioning that China, India and Israel 
have launched similar projects. Such a trend is also 
followed by the majority of the EU countries. In the 
neighboring countries the situation is as follows: in 
Croatia, Školska knjiga and Profi l stand out in the 
fi eld of digital textbook production; [5]. 

Macedonia has launched a portal with e-textbooks 
in 2010. [8]. In Serbia, supplementing material for 
textbooks for elementary and high school education 
is released in the interactive form on CDs by Serbian 
state publisher of textbooks. 

E-textbook as an equivalent of traditional book 
and comprising multimedia contents, adds to the 
quality of education and marks the trend of over-
all social development. On the other side, a complex 
process of layout design and production in printing 
traditional textbooks slows down the process of cur-
riculum modernization. Th e modernization is also in 
need of investments from the part of state and soci-
ety. Laptop for every child was a developing project 
launched in 2002 as a part of aid that USA and west-
ern counties provide for developing countries. Th e 
project, initiated by professors from famous MIT, 
has for its mission easier access to learning and to in-
formation for all the children. By producing a simple 
and cheap laptop that could be given away, all stu-
dents in developing countries would have had better 
access to education. Th e statistics shows that around 
two billion kids in the world cannot aff ord access to 
appropriate education and that there are countries 
with education budgets which do not allocate more 
than $20 per pupil. So, such an initiative would not 
only be humane, but would also produce a positive 
long lasting impact on social and economic develop-
ment of those countries. In United States, the edu-
cational system in one part operates online only and 
also off ers free educational material. Th e fact which 
cannot be ignored is that $7500 is allocated per child 
from the budget for education. 

At this moment, the development of digital text-
book platform in Serbia demands high investments in 
education as well as enacting legislation which would 
defi ne the status of digital electronic textbooks. Th e 
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platform development would imply logging in by us-
ing personal username (password) which would be 
unique for each student and teacher and also valid 
for e-textbooks and e-worksheets purchase in e-book 
stores. A textbook in electronic form identical to the 
hard copy would be a transition towards next digital 
textbook development phase and it would be fol-
lowed by adding multimedia contents. Expanded re-
ality, as virtual and our surrounding realities brought 
together, is a novelty. It is technology which on e-
book or smart phone screen displays real world in-
formation and computer generated images and con-
tents combined together. Th is technology operates 
through software which uses camera to identify an 
object (tracker) which is replaced with some virtual 
object or set of information [9]. By means of special 
application installed on a mobile phone and scroll-
ing over tacker additional information is opened as 
well as video records in a traditional textbook. Digi-
tal textbook has to respond to the needs of the edu-
cational process (text highlighting, inserting/adding 
notes, writing homework, etc.) everything that would 
otherwise be done on the paper in the school and at 
the same time it has to be enriched with multime-
dia and hyperlinks. Development of such a platform 
(for tablets for example) not only that complies with 
the current technological trends but it also decreases 
textbook purchase expenses by 50% and it also re-
duces the weight of a schoolbag. Th at way, the pub-
lishers would decrease production expenses for text-
books because layout design, printing, storage and 
distribution costs drain the budget. By introducing 
e-textbooks into educational system the earnings of 
authors and publishers would not decrease in value. 
As World Health Organization recommends school-
bag should not exceed 10% of the weight of the child 
who carries it. By using tablets instead of traditional 
textbooks the weight of the schoolbag would reduce 
to couple of hundreds of grams. To the contrast, 
nowadays schoolbags carry few kilograms of load. 
Th e practice shows that change is slowed down since 
compulsory and not so important textbooks (which 
children carry in their schoolbags on daily basis) are 
still being published. Besides becoming an integral 
part of our everyday lives and heading toward digi-
tal textbook fi eld expansion, the development of 
digital technology is on its good way to change basic 
educational system concept, too. Th e development 

of digital textbooks is one of the steps in the educa-
tional system modernization which depends on the 
state legislative. Th e assistance of the state is neces-
sary through the modernization of regulative, fi nan-
cial support for parents when purchasing tablets, 
modernization of classrooms so that students would 
take part in contemporary tech progress and become 
members of a quick and simple learning community.

LEGAL REGULATIVE/REGULATIONS

One of the issues arising when it comes to e-book 
is protecting copyright from unauthorized download 
of electronic content as well as charging the fee for 
using it. In the beginning, the nonprofi t publishers 
were thrilled with the Google Books projects’ pos-
sibility to allow access to numerous rare and desired 
books. But from the fear of copyright infringement 
as well as losses in publishers’ profi t, many questions 
which were not regulated have arisen. Th e length of 
snippet, a number of copies which Google can make, 
ways of the distribution, infl uence on the work of 
libraries and bookstores, monopolization of access 
to information were all the issues needed to be re-
solved. As the majority of criticism referred to a case 
of copyright infringement (which ended up in the 
judicial procedure), in 2008 Google paid 125 mil-
lion of dollars as a compensation for the digitalized 
books protected by the copyright laws [10]. 

In its base of digitalized books with expired copy-
rights (which are, in the case of USA, all titles pub-
lished before 1923) Google has provided free access 
to entire contents, while books protected by the copy-
right laws can be accessed for a limited period of time. 
Over time, the European countries like Austria, Bel-
gium, France, Germany and Italy have also joined the 
Google project. Th e fi rst Serbian author whose books 
were published in the electronic form was Milorad 
Pavić. He was also among pioneers advocating the on-
line and electronic models of book publishing. 

In Serbia, the number of titles that are available in 
electronic form is rather modest. Th e crucial problem 
is the copyright but also lack of professional e-book 
publishers and the fact that only some scientifi c liter-
ature and magazines are accessible in their full form. 
KOBSON – the system with more than 38.000 
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foreign magazines and over 50.000 titles allows ac-
cess to e-documents for scientists, researchers and all 
that are interested. Th e National Public Library, in 
an e-format, mostly has the titles with the expired 
copyright which means that the modern titles are 
outnumbered by far. According to the Compulsory 
Provision of Publication Copy Act [4] each publica-
tion meant for release is delivered to the Library in 
its digital form. Th e primary motive is to have all the 
titles that are printed accessible in electronic form too. 
E-book is revolutionary achievement in publishing 
business/trade. Its development is almost incalculable. 
By summing all the expenses of hard copy book pro-
duction in Serbia, we may come to conclusion that 
the scene is beyond profi table: the high expenses of 
printing and distribution have made traditional books 
inaccessible for numerous readers. Alternative to that 
is development of e-book because expenses of its pro-
ductions are around €1. In this manner, the produc-
tion expenses problem is resolved, a book becomes 
more accessible to a reader, titles and authors are more 
easily promoted, the knowledge basis expanded and 
the intellectual capital of a society is enlarged as well as 
the profi t. What statistics shows is that Amazon, the 
world largest bookstore, annually sells more books in 
the electronic format than paper ones. 

CONCLUSION

Th e arrival of an e-book in Serbia is belated. Nev-
ertheless, it is the reality which will soon, just as any 

other world trend, become a part of our culture. Th e 
climate in Serbia suggests that e-books will soon as-
sume position dominant to traditional publications. 
Research analyses indicate that excellent, bestselling 
e-book titles also have found their audience among 
traditional book readers. At this moment, the cultural 
mission of e-books mostly depends on the speed and 
quality of fi nding solutions to problems which com-
prise copyright, distribution and others. Th e Tribunal 
for High-Tech Crime of Serbia is disbanded; the digi-
tal piracy issues are resolved through execution of the 
contracts with huge systems, distributers and publish-
ers which take care of the piracy problem. Over the 
past years Serbia has been facing the problem of illegal 
copying of certain titles through Xeroxing. Th rough 
e-publishing development a book becomes more ac-
cessible and cheaper so the need for Xeroxing declines.

Over the past years e-books dominate in developed 
countries while in Serbia, due to economic limita-
tions and lacking popular literacy in informatics, the 
progress is staggering. Even though we live in the age 
of high tech development the impression that we are 
still at the beginning persists. It is backed up by the 
fact that we have numerous unresolved issues when 
it comes to the legal and economic aspects of the new 
technologies’ employment. In order to gain status of 
an equal member within the technology age commu-
nity which we live in, we have to be ready to conform 
to benefi ts off ered by the future of informatics. 

REFERENCES
[1] Borgman, C. L. (2000). From Gutenberg to the global information infrastructure, Cambridge: MIT Press, p. 64-65.
[2] Carnegie Mellon University, Online Library, Press release 2007. Retrieved from: http://www.cmu.edu/news/archive/2007/

November/nov27_ulib.shtml.
[3] Živković, D. (2001). Elektronička knjiga, Zagreb, Multigraf, p. 49.
[4] Zakon o obaveznom primerku publikacija, Službeni glasnik RS, No. 52/11. 
[5] www.digitalniudžbenici.hr 
[6] www.gutenberg.org
[7] www.loomen.carnet.hr/mod/book/view.
[8] www.e-ucebnici.mk/.
[9] www.dizajnsvakidan.com/prosirena-stvarnost-nove-mogucnosti-za-dizajnere/.
[10] www.bif.rs/2013/10/da-li-google-postaje-monopolista-na-trzistu-digitalnih-knjiga.

Submitted: November 11, 2014.
Accepted: December 5, 2014.

December 2014        Journal of Information Technology and Applications        67



JITA 4(2014) 2:68-74 Lazo Roljić: 

HYBRID METHODOLOGY OF NONLINEAR GOAL 
PROGRAMMING 

Lazo Roljić
Pan-European University Apeiron, lazo.m.roljic@apeiron-edu.eu

Contribution to the state of the art

DOI: 10.7251/JIT1402068R UDC: 519.857:004.021

Abstract: What we demonstrate here is a nonlinear goal-programming (NGP) algorithm based on hybrid connection of the 
modifi ed simplex method of goal programming, gradient method of feasible directions and method of optimal displacement 
size fi nding-called HNGPM. Iterative methodology is given in fi ve steps: (1) linearization the set of nonlinear constraints 
at particular point, (2) solving the problem of normalized linear goal programming, (3) feasible direction computation, (4) 
calculating optimal step length displacement, and (5) testing out convergence problem. Our idea was to apply Euler’s theorem 
for the “total” linearization of the nonlinear constraints (in the space) around particular point. According to Euler’s theorem, 
it is possible to apply this methodology to solve the problems of NGP whether the nonlinear constraint functions are linearly 
or positively homogeneous.

Keywords: Non-linear goal programming, Cobb- Douglas’s production function, Euler’s homogeneous function theorem, 
feasible directions method

INTRODUCTION

Here we use multi-objective optimization (also 
known as multi-objective mathematical program-
ming) where the set of feasible solutions is not ex-
plicitly known in advance but it is restricted by con-
straint functions. Here we concentrate on nonlin-
ear multi-objective optimization where at least one 
function in the problem formulation is nonlinear 
and ignore approaches designed only for multi-ob-
jective linear programming problems where all the 
functions are linear. In multi-objective optimization 
problems, it is characteristic that no unique solution 
exists but a set of mathematically equally good solu-
tions can be identifi ed. Th ese solutions are known 
as non-dominated, effi  cient, non-inferior or Pareto 
optimal solutions.

Typically, in the Multicriteria Decision Making 
literature, the idea of solving a multi-objective opti-
mization problem is understood as helping a human 
decision maker (DM) in considering the multiple 
objectives simultaneously and in fi nding a Pareto op-

timal solution that pleases him/her the most. Th us, 
the solution process needs some involvement of the 
DM in the form of specifying preference informa-
tion and the fi nal solution is determined by his/her 
preferences in one way or the other. In other words, 
a more or less explicit preference model is built from 
preference information and this model is exploited 
in order to fi nd solutions that better fi t the DM’s 
preferences.[1]

Goal programming (GP) has proved to be an ef-
fective approach in facilitating decisions involving 
multiple objectives. Distinct from many other math-
ematical programming techniques, goal program-
ming is able to overcome many limitations present 
in solving both single and multiple criteria problems.

Th e objective function of GP is minimization 
of positive and/or negative deviations from a set of 
goals determined by decision maker. Due to the fact 
that preventive priority and numerical diff erential 
weights are used, the diffi  culty of a priori estimation 
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of a single objective is avoided. Besides, other multi-
ple criteria decisions making requires approximation 
of weights for obtaining an objective function. How-
ever, the task of rank ordering some priority goals in 
goal programming is much easier for decision maker 
than assigning weights, because it approximates the 
actual decision making process.

Instead of determining an optimal solution in the 
manner of linear programming (LP), solutions based 
on GP satisfy ordinal priorities assigned to the goals. 
Th ese solutions clearly point out: which goals can or 
cannot be achieved, the amount of underachieve-
ment connected with every unachieved goal, and the 
tradeoff s among the goals, so called Pareto optimum. 

When comparing with the other management 
science techniques, GP could be characterized as a 
practical oriented application tool. It means direct 
help for decision makers, as well as eff ort for decreas-
ing strict requires in ordering structural priorities in 
one form, which most of known multiple criteria 
methods of deciding are already familiar with.

In managing practice, we consider great number 
of problems as linear, but if we try to get to the base 
of problem, it will be discovered that they are nonlin-
ear, and linearity is just an approximation. In prob-
lems of non-linear programming (NLP) the linearity 
could be subject either in constraints or in function 
criteria, or in both. 

At LP the sphere of possible solutions character-
izes convex set created on cut of the fi nal number of 
linear constraints, so the possible problem solution is 
only the fi nal number of extreme points. However, 
when at least one constraint is nonlinear equation, 
existence of no fi nal number of extreme points is pos-
sible, or the solutions are located in no convex area, 
so there are many possible solutions of one problem. 
In many cases, there is no guarantee that the fi nal 
solution generated by nonlinear goal programming 
(NGP) algorithm is the optimal solution unless cer-
tain conditions for the shape of the objective func-
tion and structural constraints are satisfi ed. 

Nowadays, the great number of diff erent methods 
for NLP solving problems is developed. One of the 

special group methods are numerical solving meth-
ods, in which the most important place takes meth-
ods of so called direct search, and then the gradient 
method.

In order to develop an algorithm for solving NLP 
models where Cobb-Douglas type nonlinear con-
straints exist, we have constructed one new gradi-
ent NLP algorithm with feasible directions methods 
built in, methodology named HNGP (Hybridized 
Non-linear Goal Programming). Th is methodology 
is based on linear GP algorithm and feasible direc-
tions methods. Using Euler’s Homogeneous Func-
tion Th eorem, HNGP makes linear each nonlinear 
homogeneous constraints function in the area of 
some particular point. [2]

METHODOLOGY CONSTITUENTS

Th e problem of nonlinear goal programming 
(NGP) can be expressed in the following way: 
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+  0, for all i=1,…,m,  j=1,…,n. (4)

Where xj are decision making variables, d i
 -   and 

di
+ represent negative and positive deviation variables 

from the goals (underachievement and (overachieve-
ment), respectively. Th e gij are coeffi  cients of linear 
portions of goals (constraints (2), aij are coeffi  cients of 
structural constraints (3), hij are coeffi  cients of non-
linear portions of goals (2), and eij are components. 
Th e ci and bi are constraints of right side in (2) and 
(3) respectively. 

Pl in objective function (1) is preventive priority 
factors, so the following is valid: 

Pj >>> Pj+1 for all j = 1, 2, . . . , k.

December 2014        Journal of Information Technology and Applications        69



JITA 4(2014) 2:68-74 Lazo Roljić: 

Th e highest priority is indicated by P1, the next 
highest by P2, etc. Th e wi  are weights assigned to 
some priority factors. Th e model of priorities means 
that P1 is preferred than P2 regardless of any weights 
wi  associated with P2. 

Euler’s homogeneous function theorem
Homogeneous function is a function which has 

an attribute that for any real constant  satisfi es 
F(x,y) = nf(x,y), for a fi xed n. Th en we say that 
function F is homogenous by degree of homogeneity 
of n. If n>0, the function is positively homogeneous; 
if n=1, the function is linear homogeneous.
Example: Th e function 
z = f(x,y) = 3x4+2x2y2+7y4

is homogeneous of degree 4 since
f(x, y) = 34x4 + 24x2y2 + 74y4 = 4(3x4+2x2y2+7y4) 
= 4 ·f(x,y)

If z=f(x,y) is positively homogeneous of degree 
n, and the fi rst-order partial derivatives exist, then it 
can be shown that:

Th at is:

)(1),(
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Th is relation is known as Euler’s homogeneous 
function theorem.

Example: According to Euler’s theorem, for the 
function 

z=f(x,y)=3x4+2x2y2+7y4

it is valid:
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which can be verifi ed as follows:

In majority of up-to-date developed methods 
used for solving NGP problems, the most signifi cant 
one of this very type is the gradient method com-
bined with the feasible direction method [3].  

Th e feasible directions method

Th e defi nition of a feasible direction reads: given 
a feasible point x, a direction vector d, is feasible if 
there exist s>0, so that x+sd is feasible

Th e feasible directions methods have been pri-
marily intended for NGP and they are the iterative 
ones whose solutions in certain iterations have the 
following recursive form:
xp+1 = xp + lpsp(x)   for all  p=1,2,…,m

where sp(x)= s(x0,x1,x2,…,xp) is direction and lp 0 is 
a step size, which is chosen so that:

F(xp + lpsp) F(xp) for all (xp + lpsp)  X, and 0 lp 
1, sp(x)  0,

And where:
X = x  R n,  and conditions (2), (3) and (4) are 
satisfi ed
If lp is chosen in this way, it follows that all points 
between xp and xp+1 are feasible.

Direct search NGP based methods utilize some 
type of logical search pattern or methods to obtain a 
solution that may or may not be the best satisfying 
solution. Th e logic process is based on repeated at-
tempts to improve a given solution by evaluating its 
objective function and/or goal constraints.[4]

Gradient methods use the gradient direction as a 
direction for improving solution, thus defi ning the 
feasible and usable feasible directions, including re-
duction of the nonlinear problem to an approximate 
linear problem which is close to the initial one or 
some other by iterative set solution proceedings.

Th e method is iterative and each iteration starts 
with an initial feasible vector. In great number of it-
eration of the feasible direction method, feasible direc-
tions of improvement (usable feasible directions) are 
determined and a new “better” point is found out in 
that direction. Optimality is achieved when no further 
improvement can be made in any feasible direction.

To calculate the gradient, this method requires 
functions that are continuous and diff erentiable. In 

70        Journal of Information Technology and Applications        www.jita-au.com



HYBRID METHODOLOGY OF NONLINEAR GOAL PROGRAMMING  JITA 4(2014) 2:68-74 

order to guarantee convergence of the algorithm the 
gradient method requires that the model constraints 
fi nd a convex set at each goal level while the objective 
function is concave.

Many methods for solving linear or non-linear 
programming problems are developed based on fea-
sible directions method. Th e only diff erence exist in 
extra requirements for fi xing the initial point x0, the 
directions sk, or the step lengths lk.

Th e gradient of Cobb-Douglas’s production 
function
In this case we are particularly interested in a non-

linear function of the Cobb-Douglas type, which 
general form is: 





r

i

b
in
ixhxxxf

1
21 ),...,,(  (5)

where: xi  0, for all i = 1,2,..., n, are independent 
variables, h  R is coeffi  cient, and bi  R are expo-
nents of independent variables. Th is is most similar 
and most frequently applied form of production 
function by which the production is rated in a cer-
tain economy, expressed as a function of labor and 
money investment.

In accordance with Euler’s homogeneous func-
tion theorem conditions, it has to be noted if  f (x1, 
x2, ..., xn) is homogenous of degree r and the initial 
derivatives exist, than it can be shown that is:
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for all xi  0   (6)
are the coeffi  cients of linear constraints calculated in 
particular point xp (denoted as).

HNGP methodology
Th e main idea of HNGPM is that no linearity of 

constraints set, using Euler’s homogeneous function 
theorem, linearize in the neighbor of point xp (fl oat 

feasible solution). Th en, using modifi ed simplex 
linear goal programming method, one could fi nd a 
feasible direction Lp. Subsequently, using one direct 
displacement along the feasible direction step length 
searching procedure, we fi nd out optimal step length 
sp in that feasible direction such is the approximation 
valuation made by linearity in this new point and in 
satisfi ed limits of accuracy. Th is procedure is iterative 
and repeating until the shift made in one of the next 
iterations would be less than of convergence criterion

Algorithm of HNGPM
Algorithm of HNGP is based on hybrid connec-

tion of modifi ed simplex method of GP, gradient 
method of feasible directions, and method of opti-
mal displacement size fi nding. Concerning this prob-
lem, the objective function is linear and only a few 
constraints are nonlinear, the procedure is simplifi ed 
when compared with general convex programming 
problems.

Iterative proceedings are given in six steps with an 
initial step (Step 0) used only at the beginning, i.e. in 
the initial iteration (Picture 1).

Th e initial step sets all vector solution values to 
zero and uses this point as origin x0. In this point 
all nonlinear portions gradient values of the goals 
are equal to zero. Th is reduces the problem of NGP 
(problem of (1) to (4)) to linear approximation solv-
able by the modifi ed simplex method of linear goal 
programming.[3]

Th e fi rst step of an HNGPM algorithm is the 
computation of gradients of all constraints together 
with checking the status of nonlinear constraints 
in order to (if need) defl ect, the gradient of active 
(binding) nonlinear constraints.; to avoid zigzagging, 
which is often possible in solving problems algorithm 
of NLP. Without this defl ecting, the algorithm may 
converge upon a sub optimal point.
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In the second algorithm step we solve normalized 
NGP problem of (1) to (4), that is:

Min F(d) = w P d di l i i
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and where sign g(xp) denotes the gradient of non-
linear constraint function in particular point xp 
calculated by (6). Th at is, nonlinear constraints are 
transformed to linear on the basis of Euler’s theorem 
computed gradient value in point xp (in the initial 
step it was x0). 

In this step linear goal-programming specifi ed prob-
lem (7) to (10) is solved by modifi ed simplex method 
of linear goal programming. Th is method of linear goal 
programming derives the feasible solution xp. 

Th e third algorithm step serves for feasible direc-
tion dp(x) computation:

dp(x) = xp
’ - xp

which has to be “searched” according to the con-
straints and structure of priority in order to improve 
the simplex solution.

In the fourth step, the optimal displacement step 
size of the solution vector is determined by linear 
searching along with feasible direction identifi ed in 
the previous step. In this way, fi rst the structural con-
straints Ai(x) must be satisfi ed and, after that, the goal 
ones, starting from the goal constraint Gi(x) from (2) 
which contains the deviation variable with top prior-
ity (P1) in the objective function of the NGP prob-
lem, minimum deviation in the function criterion, 
and then other priorities in lexicography importance 
order (P2, P3, itd.).

To perform the search and to prevent infi nite 
moving in the cases of unlimited problems, it is nec-
essary to determine the lower and upper displace-
ment limits in feasible direction and unit displace-
ment size (increment) within these limits. 

Th e convergence of this very problem, speed of 
convergence, and other algorithm features depend 
on the choice of vector sp(x) and limits for the step 
size sp. In initial step the lower limit of sp in the algo-
rithm was set to 0 and the upper to 1. If it is neces-
sary it is possible to set them diff erently. Th e unit 
displacement size in the algorithm was set on 0.1 at 
fi rst, but it is possible to increase the search density.

Using these procedures, we defi ne whether the 
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fi rst goal constraint (per priority and not per order) 
is satisfi ed within the initial limits. If it is satisfi ed at 
some short interval [spl, spd], for all spl  0 and spd 1, 
the search for the further goal constraint goes on ex-
clusively within this interval as its satisfaction, in ac-
cordance with Pareto optimality, cannot be sought to 
the detriment of satisfaction of a higher priority goal.

If we during the algorithm search come across 
goal constraint that could not be satisfi ed in limits 
of feasible directions set for previous higher priority, 
then within these limits the algorithm identifi es the 
value of displacement size for which the deviation 
from the subject constraint is the least sp (0 < sp 1), 
we complete the searching and compute the new so-
lution (successor) as follows:
xp+1=xp+spLp(xp)

If all constraints are satisfi ed, then the new solu-
tion is at the same time the optimal solution to this 
very problem.

In the fi fth algorithm step we check the problem 
convergence by previously set small value of the de-
sired level of convergence accuracy -- :
|(xp+1 xp |  for all p = 1,2,…etc.

which means that the problem has converged and 
the algorithm fi nalized its work. Otherwise, the opti-
mum search procedure continues beginning with the 
fi rst algorithm step. 

CONCLUSIONS

Th e idea of linearization of nonlinear constraint 
and solution of nonlinear programming problems is 
not new, because Griffi  th and Stewart (in 1961) fi rst 
suggested that nonlinear problem may be linearized 
around the particular point by expansion as a Taylor’s 
series, ignoring elements of a higher order than linear 
and adding two more restrictions for each nonlin-
ear constraints. In that way, nonlinear programming 
problems have been transformed into a form which 
can be solved by the linear programming methods. 
However, there are other optimal methods which 
can solve programming problems in which nonlinear 
constraints are not Cobb-Douglas type. Yet, among 

them are very small number of nonlinear multi-crite-
rial programming methods, especially goal program-
ming. 

Our idea of HNGP methodology was to apply 
Euler’s theorem for the “total” linearization of non-
linear constraints around the particular point. Th is 
methodology was possible using this very theorem, 
as well as its utilization for solving nonlinear goal 
programming problems. In economic theory, the 
production function is frequently assumed to be lin-
early homogenous, because such functions have con-
venient characteristics. Although HNGPM is a nu-
merical methodology for solving only certain types 
of NGP problems, it could be extended to solve 
other nonlinearly constraints forms. 

In general, HNGPM methodology is used for 
solving nonlinear goal programming problems in 
which constraints are given by other homogeneous, 
continuous and diff erentiable functions. Th e only 
request the algorithm should obey is to do special 
subprograms for computing of nonlinear function 
gradient, and computing vector solution. 

Th e advantage of our approach is unnecessarily 
adding two new constraints in every simplex itera-
tion algorithm for every linearization of nonlinear 
constraint. Another advantage is that linearization 
of nonlinear constraints is more precise, with which 
algorithm along with other necessary conditions of 
convergence the problem solution is found more 
rapidly. 

Th is work shows that with using Euler’s theorem 
it is possible to perform hybrid connection of feasi-
ble directions gradient method with linear goal pro-
gramming method, and create brand new method-
ology. Th ese resultants are opening new possibilities 
for further hybridization of nonlinear goal program-
ming method, and creating new and more eff ective 
methodologies options, as well as setting of interac-
tive programming.                
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Abstract: This study proposes an aquaculture system combining wireless sensors with the Internet of Things and expert 
system concepts. Built on the accumulated expertise and experience of professionals and researchers, the knowledge base 
advises aqua-farms on relevant farming practices. We hope that this system will conserve resources and secure product quality. 
The system also provides production data to consumers, thus facilitating information transparency and allowing consumers to 
purchase products with full knowledge and guarantee of food safety. 

Keywords: Expert system, Internet of Things, Cloud services.

INTRODUCTION

As technology and medical sciences advance, the 
public has become increasingly concerned with food 
hygiene, quality of life and prevention of illness (Fig. 
1). With no sign of slowing in global population 
growth, there is a need to forecast consumer demand 
for aqua-farm products. Global marine yield has de-
clined in recent years, as the proportion of overfi shed 
species increases and under fi shed species are neglect-
ed. Th e global fi shing industry is facing an unprec-
edented bottleneck.

F IG. 1. – 2009 yield from wild fishing and aqua-farm 
industries 

A majority of seafood in Taiwan comes from en-
closed aqua-farms. Th e farming process is not only 
labour-intensive but also leads to problems such as 
over-pumping of groundwater, ecological damage 
and subsidence due to poor management. Tradition-
al fi sh farms use electric motors –or, at an even ear-
lier point in time, water wheels - to change ground-
water. As governments worldwide promote energy 
conversation, these practices could be argued to be 
a waste of power and water resources. Using auto-
mated mechanisms in place of traditional methods 
for routine farming activities (with inspections on an 
irregular basis) would save electricity and manpower, 
as well as reduce farming risks.

Our objective was to design a cloud management 
system for aqua-farms that would facilitate 24 hour 
monitoring of facilities while reducing consump-
tion of resources. We interviewed experts on aqua-
farming and collected data which was compiled and 
stored in the database. Th e inference engine was then 
used to store the data in the knowledge base, achiev-
ing the aim of knowledge management. 

Using the Internet of Th ings concept, we em-
ployed sensors to monitor the aqua-farms, allowing 
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personnel to keep tabs on the facilities at any time. 
Th ey can also search for solutions to problems via 
the cloud management system, and record and re-
port the results, thus maintaining the usability and 
eff ectiveness of the system. We hope that the aqua-
farm cloud management system will achieve the fol-
lowing goals:

1. High quality aqua-farming results: Consistent 
quality that is not aff ected by diff erences in 
time, region or species. 

2. Conservation of resources: We recruited indus-
try experts and academics to regularly maintain 
and update the data in the knowledge base. If 
aqua-farmers operate their businesses based on 
the guidance provided by the knowledge base, 
they will be able to conserve resources and im-
prove their effi  ciency.

3. Transparency: Th e public is increasingly con-
cerned over food safety. Th e system can upload 
data on the aqua-farming process to a public 
cloud, through which consumers can access 
production-relevant information. 

As Fig. 2 shows that we hope to conserve resources 
and reduce costs through the aqua-farm cloud man-
agement system, as well as enhance industry com-
petitiveness and maintain the quality of aqua-farmed 
products, thus maximizing allocation of resources 
and benefi ting local aqua-farmers.

FIG. 2. Global growth in wild fishing and fish farming 
industries

LITERATURE REVIEW

Expert system
An expert system is simulated judgment and be-

havior of a person or an organization of professional 
knowledge and experience in specifi c areas of com-
puter programs. Th is system includes a knowledge 
base comprising knowledge and experience accumu-

lated to be applied to the program described in each 
specifi c case of a set of rules. Expert systems can be 
complex and increase the knowledge base or the set 
of rules is enhanced (Fig. 3).Th e development of ex-
pert systems has changed dramatically in recent years 
and it is based largely on concepts dealing with ar-
tifi cial intelligence. Th ese eff orts are evolving from 
very specifi c, academically oriented eff orts, such as 
medical diagnosis, to more managerially oriented 
corporate issues. Unfortunately, many proponents of 
these systems may be overlooking possible legal ram-
ifi cations related to both the development and use 
of these systems[5]. Th e use of computers to process 
data began in the 1970’s. By the 1980’s, the trend 
had begun moving towards knowledge processing, 
as computer functions were gradually developed 
to mirror the functions of the human brain. Many 
studies have found that the anticipated performance 
benefi ts of using an expert system-such as increases 
in decision quality or speed of decision making-can 
lead to increases in expected usage. At this point, a 
milestone concept – artifi cial intelligence – was born, 
the most commonly known application of which is 
expert systems [1]. Expert systems solve problems 
raised by users through repeated inferences using rel-
evant data in the knowledge base. Building the infer-
ence engine and knowledge base of an expert system 
is a daunting task [2].

Expert systems can have some disadvantages[13]:
1. Cannot easily adapt to the environment.
2. Expert systems are more professional, ordinary 

people cannot be easy to use.
3. Expert systems do not have the basic knowl-

edge.

FIG . 3. Expert system
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• User interface: Communication channel be-
tween system and users

• Inference engine: Extracts the facts from the 
knowledge base and fi nds the most appropri-
ate answer [7]

• Knowledge base: Stores and categorizes the so-
lutions provided by experts

• Knowledge interface: Converts and stores the 
experience and skills of experts as the knowl-
edge base [12]

Internet of Th ings
Th e Internet of Th ings (IoT) provides anywhere, 

anything, anytime connections for which user pri-
vacy is vulnerable and authentication methods that 
favour policy over attributes are essential[14]. How-
ever, the term “Internet-of-Th ings” is used as an um-
brella keyword for covering various aspects related to 
the extension of the Internet and the Web into the 
physical realm, by means of the widespread deploy-
ment of spatially distributed devices with embedded 
identifi cation, sensing and/or actuation capabili-
ties[10]. Underpinning the development of the In-
ternet of Th ings is the ever increasing proliferation 
of networked devices in everyday usage. Such devices 
include laptops, smart phones, fridges, smart meters, 
RFIDs, etc.

Radio Frequency Identifi cation RFID is a non-
contact automatic identifi cation technology, which 
signals through radio frequency automatic identi-
fi cation and access to relevant target data, no need 
for manual intervention to identify job, can work 
in a variety of harsh environment[11]. Th e Inter-
net of Th ings uses RFID technology and sensors to 
join physical objects into an Internet-like structure, 
the aim of which is to support interaction between 
identifi able objects [8]. Mechanisms such as RFID 
technology, wireless detection and embedded smart 
chips are used to exchange information on physical 
objects [9]. Th e Internet of Th ings consists of three 
layers (Fig. 4): sensory, network and application. Th e 
sensory layer monitors the environment through 
sensory devices (for example, through volume per-
ception). 

Th e main function of the network layer is to 
transmit the data collected in the sensory layer to the 

data centre using wired and wireless networks. Lastly, 
the application layer applies technology to provide 
the desired results based on the needs of diff erent in-
dustries. 

FIG. 4. RFID architecture Data source: Institute for 
Information Industry

Traceability
Consumers worldwide have become more con-

cerned with the safety of the food they consume. 
Th e Food Traceability System has been introduced in 
many countries to reduce the uncertainties originat-
ing in the food purchasing process by providing in-
formation about the entire food process, from farm 
to table, in terms of quality and safety[3].

Traceability also known as production resumes, 
which is mainly used to record production, process-
ing and marketing of agricultural, fi shery and live-
stock products; such as stage, so that consumers have 
a record of the products are available for queries re-
lated problems.

Country of origin labelling has implications for 
traceability systems in agri-food supply chains. Th e 
ability to provide consumers with information on 
the country of origin requires a basic level of trace-
ability, although does not necessarily imply full trace-
ability throughout the supply chain to the farm[4]. 
Food traceability systems are an important means to 
provide food safety and quality information to con-
sumers[6].
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Traceability verifi cation framework mainly refers 
to the organization through a third-party verifi cation 
to view agricultural presence in the production pro-
cess; thus, through the establishment of agricultural 
system, hoping to achieve a number of objectives, 
such as agricultural information transparency. Th e 
ultimate goal is to make consumers eat more safely. 
Farmers will learn simple system operation, and the 
information can be uploaded to the traceability of 
agricultural products traceability system, whereby 
the production and marketing of agricultural prod-
ucts is done from the shelves of goods to other pro-
cesses. Consumers can understand the production 
process through a system of agricultural products, 
thereby shorten the distance between farmers and 
consumers.

RESEARCH DESIGN

System architecture 
Our system can be divided into two modules 

(Fig. 5): the monitoring system and the production 
data module. Using wireless sensor, the fi rst module 
monitors the aqua-farm and transmits data whenever 
required to the persons responsible, enabling them 
to stay updated on the current state of the farm. Th e 
production data module records data on the aqua-
culture process, from hatching to sale. Th rough the 
aquaculture cloud management system, consumers 
can check to see whether products are in line with 
food safety regulations. 

If downstream companies discover that products 
are detective, they can track the problem to upstream 
companies to identify the cause. 

Monitoring system
Th rough the control unit, the monitoring sys-

tem monitors the state of the aqua-farm (such as PH 
value and oxygen concentration) and transmits this 
data using a wireless network (Fig. 6). Th e system 
also feeds the organisms through an automated feed-
ing system. In the event of an incident or emergency, 
the control unit automatically activates functions to 
alert personnel, demonstrating advantages of speed 
and convenience.

 

FIG. 6. Monitoring System

3.3 Production data module

Th e production data module tracks the product 
from breeding to transport and sale (Fig. 7). Th e 
source and destination of relevant products at each 
phase can be found through the module, allowing 
consumers to make educated decisions about pur-
chasing products. Should problems, such as outdated 
or poor quality products arise, downstream compa-
nies or consumers can search the system for the prod-
uct source using the identifi cation tag, and identify 
the cause of the problem within a short period of 
time. 

FIG. 7. Tracking product path 

CONCLUSION
Apart from helping aqua-farms conserve resourc-

es and improve quality, our aquaculture cloud man-
agement system allows consumers to understand the 
production process and make informed purchasing 

FIG. 5. Aquaculture cloud management system
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decisions. We hope our system will resolve the cur-
rent lack of information transparency surrounding 
aquatic products and contribute to strong supply 
chain relationships, creating greater commercial op-

portunity and benefi t for the aquaculture industry in 
Taiwan.
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