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ACADEMICIAN PROFESSOR DIMITRIE D. STANCU AT
HIS 85-TH ANNIVERSARY
GHEORGHE COMAN AND MILITON FRENŢIU

Professor Dimitrie D. Stancu was born on February 11, 1927, in a very
poor farmer family from the village Călacea, situated not far from Timişoara,
the capital of Banat, in the south-west part of Romania. Soon he remained
orphan, and he was forced to work as a shepherd engaged by a rich family.
Consequently he was able to go to primary school only when he was nine
years old. His oldest brother, who worked in a painter workshop in Arad city,
brought him in Arad at the “Regina Maria” orphanage in 1937, where he was
included also in the elementary school. Then he entered at the Gymnasium
from the district “New Arad”. In the period 1943–1947 he studied at the
prestigious Lyceum “Moise Nicoară” from Arad, the same place where other
two academicians, Tiberiu Popoviciu and Caius Iacob, studied some years
earlier.
In 1947 he began a four-year study at the “Victor Babeş” University from
Cluj, the capital of the Romanian province “Transylvania”. He was a very
good student, remarked by his teachers, consequently in his third year was
named teaching assistant. In 1951, after his graduation, he was appointed
assistant at the Department of Mathematical Analysis, University of Cluj.
During his studies he was under the inﬂuence of professor Tiberiu Popoviciu,
a great master of Numerical Analysis and Approximation Theory, who has
stimulated him to do research work in mathematics, and was his PhD supervisor. He obtained the Ph.D. in mathematics in 1956. In a normal succession
he advanced up to the rank of full professor in 1969.
In the academic year 1961–1962 Professor D. D. Stancu had an excellent
opportunity to be a fellowship at the Numerical Analysis Department, University of Wisconsin, Madison, conducted by late professor Preston C. Hammer.
Returning from America, he was named deputy dean at the Faculty of Mathematics of “Babeş-Bolyai” University from Cluj. And in this period he became
closed to the future Computer Science section of our University. He taught
for the ﬁrst time in Romania, the programming language Fortran. Also, he
created a new chair, Numerical and Statistical Calculus, and was its chief.
5
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Here he gathered a group of teachers interested in this domain who were implied later in teaching the students of computer science section. The group of
theachers interested in Computer Science has aroused in this department.
Professor Stancu has taught several courses at his University: MathematicalAnalysis, Numerical Analysis, Approximation Theory, Informatics, Probability Theory and Mathematical Statistics, as well as Constructive Theory of
Functions.
Professor D.D. Stancu has important mathematical contributions in various areas of numerical analysis, approximation theory, numerical diﬀerentiation, orthogonal polynomials, numerical quadratures and cubature, Taylortype expansions, approximation by linear positive operators, representations
of remainders in linear approximation formulas, probabilistic methods for construction and investigation of linear operators of approximation, use of interpolation and calculus of ﬁnite diﬀerences in probability theory and mathematical
statistics. After 1959, he became interested in approximation theory by means
of sequences of linear positive operators. His results are well appreciated in
the scientiﬁc community. There are more than 50 papers published in diﬀerent
mathematical journals, containing in their titles the name of D. D. Stancu.
Professor Stancu has participated at many international scientiﬁc meetings of mathematics, organized in Romania (Cluj, Bucharest, Iaşi, Timişoara),
Germany (Stuttgart, Hannover, Hamburg, Goettingen, Dortmund, Munster,
Siegen, Berlin,Wurzburg and Oberwolfach), Italy (Roma, Napoli and Potenza),
England (Lancaster and Durham), Hungary (Budapest), France (Paris), Bulgaria (Soﬁa and Varna), Poland (Warsaw), Czech Republic (Brno) and USA
(Nashville, S.C.-Columbus, OH, Columbia, S.C.). Professor D. D. Stancu has
participated at diﬀerent events in USA, organized by the American Mathematical Society. He has presented contributed papers at several regional meetings
of this Society, from Milwaukee, Chicago and New York. Also, on the base of
an oﬃcial invitation from the Society for Industrial and Applied Mathematics
(SIAM), at a “SIAM Symposium on Approximation” organized in Gatlinburg,
Tennessee (October 21–26, 1963). In May 2000 he was invited to participate
at the International Symposium “Trends in Approximation Theory” dedicated
the 60th birthday of Professor L. L. Schumaker, held in Nashville, Texas,
where he presented a paper in collaboration with professor Wanzer Drane,
from Columbia, S.C.
Since 1961 he is a member of the American Mathematical Society and a
reviewer of the international journal “Mathematical Reviews”. Also, he is a
member of the German society: “Gesellschaft für Angewandte Mathematick
und Mechanik” as well as a reviewer of the international journal “Zentralblatt
für Mathematik”. For many years he was a member of the Editorial Board
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of the Italian mathematical journal “Calcolo”, published now by “SpringerVerlag”, in Berlin.
In Romania he is the Editor in Chief of the journal published by the Romanian Academy: “Revue d’Analyse Numerique et de Theorie de l’Approximation”.
In 1996 Professor D. D. Stancu has organized at the University “BabeşBolyai”, Cluj-Napoca, an “International Conference on Approximation and
Optimization”, in conjunction with the Second European Congress of Mathematics, held in Budapest, where participated around 150 mathematicians
from 20 countries around the world. The Proceedings of this ICAOR conference were published in two volumes, having the title: “Approximation and
Optimization”, by Transilvania Press, Cluj-Napoca, Romania, in 1997.
In May 9–11, 2002, there was organized by “Babeş-Bolyai” University,
Cluj-Napoca, the “International Symposium on Numerical Analysis and Approximation Theory”, dedicated to the 75th anniversary of Professor D. D.
Stancu. In the period 5–8 July, 2006 there was organized in Cluj-Napoca
an “International Conference on Numerical Analysis and Approximation Theory”. Professor D. D. Stancu was an honorary chair of this Conference.
He had a large numbers of doctoral students from Romania, Germany and
Vietnam. Here are the persons that own their PhD to professor D.D.Stancu:
Grigor Moldovan (1971), Stefan Maruster (1974), Ioan Gansca (1975),
Trung Du Hoang (1976), Ioan Mihoc (1976), Ştefan Cobzaş (1978), Maria
Micula (1978), Octavian Dogaru (1979), Dumitru Acu (1980), Aurel Gaidici
(1980), Horst Kramer (1980), Maria Mihoc (1981), Ioan Gavrea (1982), Petru
Blaga (1983), Adrian Diaconu (1983), Crăciun Iancu (1983), Ioan Şerb (1983),
Elvira Kramer (1984), Constantin Manole (1984), Traian Mureşan (1984),
Zoltan Kasa (1985), Leon Ţâmbulea (1985), Cristina Cismaşiu (1986),
Tiberiu Vladislav (1986), Maria Dumitrescu (1989), Teodor Toadere (1989),
Dumitru Dumitrescu (1990), Ioana Chiorean (1994), Octavian Agratini
(1995), Alexandra Ciupa (1995), Reiner Dünnbeil (1996), Alexandru Bărbosu
(1997), Vasile Miheşan (1997), Emil Popa (1998), Gabriela Vlaic (1998), Emil
Cătinaş (1999), Daria Dumitraş (1999), Silvia Toader (1999), Andrei Vernescu
(2000), Maria Crăciun (2005). Those marked are computer science teachers
and this aspect constitutes the third connection of Professor D.D.Stancu to
Computer Science.
In 1995, for his scientiﬁc achievements, the “Lucian Blaga” University from
Sibiu has awarded him the scientiﬁc title of Doctor Honoris Causa. Few years
ago the “North University” of Baia Mare, from which he had several doctoral
students, has distinguished him with the same title.
In 1999 professor D. D. Stancu was elected as Honorary Member of
the Romanian Academy.
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Editing this article we can state that the intensive work and his important
results obtained in Numerical Analysis, Approximation Theory and Probability Theory has brought him recognition and appreciation in our country and
abroad. The important academic activity of professor D. D. Stancu culminated
in three fundamentals books on Numerical Analysis [108, 109, 113] “Analiză
Numerică şi Teoria Aproximării” (1438 pages), written under his supervision.
Now, on celebrating his 85-th birthday, we wish to D.D. Stancu and his
family “Many Happy Returns of the Day”, and a long life in health and happiness.
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1958, no.1, 5-21.
[12] Stancu, D.D., A method for constructing quadrature formulas of high
degree of exactness (Romanian), Com. Acad. R. P. Române, 8, 1958, 349-358.
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773-777.
[17] Stancu, D.D., On some general quadrature formulas of type GaussChristoﬀel (French), Mathematica (Cluj), 1 (24), 1959, no. 1, 167-182.
[18] Stancu, D.D., On a proof of the Weierstrass theorem (Romanian),
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[25] Stancu, D.D., Some Bernstein polynomials in two variables and their
applications, Dokl. Akad. Nauk SSSR, 134, 48-51 (Russian); translated as
Soviet. Math. Dokl., 1, 1961, 1025-1028.
[26] Stancu, D.D., On the integral representation of the remanider in Taylor’s formula in two variables (Romanian), Stud. Cerc. Mat., Acad. R. P.
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1979.
[68] Stancu, D.D., Representation of the remainder in an approximation
formula of Favard-type, Itinerant seminar on functional equations, approximation and convexity, Univ. Babeş-Bolyai, Cluj-Napoca, 1979, 185-190 (Romanian).
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25, 1980, no. 4, 70-76.
[72] Stancu, D.D., Representation of the remainder in some linear approximation formulas, Itinerant seminar on functional equations, approximation
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A GOOD DRAWING OF COMPLETE BIPARTITE GRAPH
K9,9 , WHOSE CROSSING NUMBER HOLDS
ZARANKIEWICZ CONJECTURES
MOHAMMAD REZA FARAHANI
Abstract. There exist some Drawing for any graph G = (V, E) on plan.
An important aim in Graph Theory and Computer science is obtained a
best drawing of an arbitrary graph. Also, a draw of a non-planar graph
G on plan generate several edge-cross. A good drawing (or strongly best
drawing) of G is consist of minimum edge-cross.
The crossing number of a graph G, is the minimum number of crossings
in a drawing of G in the plane, denoted by cr(G). A crossing is a point
of intersection between two edges. The crossing number of the complete
bipartite graph is one of the oldest crossing number open problems.
In this paper, we present a good drawing of complete bipartite graph
K9,9 . This drawing is able to developed on Kn,n , ∀n ≤ 9 and implies
that the crossing number of these graphs hold Zarankiewicz conjecture.
∀n, m ∈ N Zarankiewicz conjecture is equal to
m m−1 n n−1
cr(Kn,m )?= Z(m, n) = [ ][
][ ][
].
2
2
2
2

1. Introduction
Let G = (V, E) be a simple ﬁnite connected graph with the vertex set
V (G) and the edge set E(G). |V (G)| = n, |E(G)| = e are the number of
vertices and edges.
For each vertex v of a graph G, let NG (v) := {u ∈ V (G)|uv ∈ E(G)} be
the neighborhood of v in G. The degree of v, denoted by deg(v), is |NG (v)|.
Let ∆(G) be the maximum degree of a vertex of G.
The crossing number of a graph G, denoted by cr(G), is the minimum
number of crossings in a drawing of G in the plane.
A drawing of a graph represents each vertex by a distinct point in the plane,
and represents each edge by a simple closed curve between its endpoints, such
Received by the editors: November 20, 2012.
2010 Mathematics Subject Classification. 05C10, 05C35.
Key words and phrases. Complete graph, Complete bipartite graph, Crossing number,
Best drawing.
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that the only vertices an edge intersects are its own endpoints, and no three
edges intersect at a common point (except at a common endpoint). A drawing
is convex if in addition the vertices are in convex position. A crossing is a point
of intersection between two edges (other than a common endpoint). A drawing
with no crossings is crossing-free. A graph is planar if it has a crossing-free
drawing, see [4, 12, 22] for surveys. For example look at Figure 1, (planar
graph K4 and non-planar graphs K5 , K3,3 ).

Figure 1. Figures of K4 , K5 and K3,3 on the plan
The crossing number is an important measure of the non-planarity of a
graph [18]. Computing the crossing number is NP-hard [5], and remains so for
simple cubic graphs [9, 13]. Moreover, the exact or even asymptotic crossing
number is not known for speciﬁc graph families, such as complete graphs [14],
complete bipartite graphs [11,14,16] and Cartesian products [1, 2, 6-8, 10, 15,
16, 19-21, 23, 24].
Determining the crossing number of the complete bipartite graph is one
of the oldest crossing number open problems. It was ﬁrst posed by Turan and
known as Turan’s brick factory problem. In 1954, Zarankiewicz conjectured
[24] that it is equal to
m m−1 n n−1
cr(Kn,m )?= Z(m, n) = [ ][
][ ][
].
2
2
2
2
He even gave a proof and a drawing that matches the lower bound, but the
proof was shown to be ﬂawed by Richard Guy [7]. Then in 1970 D.J. Kleitman
proved that Zarankiewicz conjecture holds for M in(m; n) ≤ 6 [10]. In 1993
D.R. Woodall proved it for m ≤ 8; n≤ 10 [23]. Previously the best known
lower bound in the general case for all m, n ∈ N was the one proved by D.J.
Kleitman [10]:
n n−1
1
].
cr(Kn,m ) ≥ (m(m − 1)) [ ][
5
2
2
Now, we have the better lower bound [11]
n n−1
1
cr(Kn,m ) ≥ (m(m − 1)) [ ][
] + 9.9 × 10−6 m2 n2 .
5
2
2
for suﬃciently large m and n.
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Upper bounds on the crossing number of general families of graphs have
|E(G)|
been less studied. Obviously cr(Kn,m ) ≤ ( 2
) for every graph G.
2. Drawing of complete Bipartite graph K9,9
D.R. Woodall [10] used an elaborate computer search to show that Zarankiewicz
conjecture holds for K7,7 and K7,9 . Thus, one of the smallest unsettled instance
of Zarankiewicz conjecture is K9,9 . For further research see paper series [8,
10, 11, 17-21].
So, we focus on the best drawing of complete bipartite graph K9,9 and
compute its crossing number for this drawing. In continue, we claim that this
drawing is a best drawing for K9,9 and crD (K9,9 ) hold Zarankiewicz conjecture.
By according the Figure 5. Also we show that by similar drawing for K7,7
which is a best drawing of it and hold Zarankiewicz conjecture, it is maybe
another proof of crD (K7,7 ).
Before beginning present of this drawing, we give some deﬁnitions that
will be used throughout the paper.
Definition 1. The crossing number cr(G) of a graph G is the smallest crossing number of any drawing of G in the plane, where the crossing number cr
of a drawing D is the number of non-adjacent edges that have a crossing in
the drawing.
Definition 2. A good drawing a graph G is a drawing where the edges are
non-self-intersecting where each two edges have at most one point in common,
which is either a common end vertex or a crossing.
Clearly a drawing with minimum crossing number must be a good drawing
(or for strongly a best drawing) and obviously a good drawing of planar graph
G is the crossing-free drawing.
Definition 3. Suppose V = {v1 , v2 , ..., vn } is the vertex set of an arbitrary
graph G. Then E(G) (the edge set of G) is consist of ei,j , such that vi is
adjacent with vj (∀i, j ∈ Zn = {1, 2, ..., n}). Now, Pair-Cross Matrix of G
(CR(G) = [cri,j ]i,j∈Zn = ) presents the number of all cross on the edge ei,j .
It’s obvious that, if vi , vj be the non-adjacent vertices, then cri,j = 0.
Since, there exist many diﬀerent drawing for a graph G, therefore we have a
Pair-Cross Matrix CRD (G) for any drawing D of G. Also, it’s obvious that all
Pair-Cross Matrix CRD (G) are symmetric and the members on the original
diameter are equal to zero.
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Example 1. By according to Figure 1, we see that the drawing D1 is the
crossing-free drawing of K4 . So Pair-Cross Matrix of K4 will be equal to
CRD1 (K4 ) = 0
and also
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Example 2. Similar Above (see Figure
the best drawing D will be equal to
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0
0
0

0
0
0
1
0

0
0
0
0
1

0
1
0
0
0

0
0
1
0
0







5×5

v1 v2 v3 v4 v5

(3)
and
v1 →
v2 →
v →
CRD4 (K3,3 ) = 3
u1 →
u2 →
u3 →
(4)

0
0
1
0










0
0
0
0
0
1

0
0
0
0
0
0

0
0
0
1|
0|
0|

|0
|0
|1
0
0
0

0
0
0
0
0
0

1
0
0
0
0
0

v1 v2 v3 u1 u2 u3
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Corollary 1. The summation of all members of CRD (G) implies that is equal
to the crossing number CRD (G) of a graph G on the drawing D. In other
words
∑n
n
n
crv
1 ∑∑
(5)
CRD (G) =
cri,j = i=1 i
4
4
i=1 j=1

Definition 4. Let V1 = {v1 , v2 , ..., vn } and V2 = {u1 , u2 , ..., um } be two partitions of V (Km,n ), where V (Km,n ) is the vertex set of the complete bipartite
∗ (K
graph Km,n . Now, the Pair-Cross Matrix CRD
m,n ) presents the number of
all cross on the edge ei,j = vi uj as follow:
V2

(6)

[z }| {]
∗
CRD
(Km,n ) = V1 { crvi uj n×m

We redeﬁne this matrix for Km,n , because by rewrite Deﬁnition 3 for G = Km,n
then
V →
CRD (Km,n ) = 1
V2 →

[

∗ (K
0
CRD
m,n )
∗
t
CRD (Km,n )
0

(7)

V1

]
(m+n)×(m+n)

V2

∗ (K
∗
t
and CRD
m,n ) = CRD (Km,n ) .

Example 3. By according to Figure 1, it
Matrix of K3,3 is

0
∗
(8)
CRD
(K3,3 ) =  0
1

is obvious that modiﬁed Pair-Cross

0 1
0 0 
0 0

∗ (K
Corollary 2. The summation of all members of CRD
m,n ) is equal to the
crossing number CRD (Km,n ) of a complete bipartite graph on the drawing D.
Thus
n m
1 ∑∑ ∗
CRD (G) =
(9)
cri,j .
2
i=1 j=1

2.1. Method. In this subsection, we achieve a good drawing D of complete
bipartite graph K9,9 and conclude the crossing number CRD (K9,9 ) of it. We
start this process with an arbitrary drawing D of complete bipartite graph
∗ (K ) by according to the drawing
K9,9 and we make Pair-Cross Matrix CRD
9,9
∗ (K ) (∆cr = M ax{cr ∗ |i, j ∈ Z )
D. So, we ﬁnd a large member of CRD
9,9
9
i,j
and we redraw the correlate edge with it, such that decrease the number of
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cross on the correlate edge. Notice that this change must n’t many increase
∗ (K ). By repeat this process several times, upshot we
other members of CRD
9,9
will have a good drawing of complete bipartite graph K9,9 . See Figure 3 (For
∗ (K )
look Figure 3, attention to Appendix 1.) and Pair-Cross Matrix CRD
9,9
is equal to

By refer to Figure 3 of complete bipartite graph K9,9 , it is obvious to see
that this ﬁgure is symmetric (near to symmetric) and the vertices are in the
two opponent cycles (eight vertices as a common set in one of cycles and one
remaining vertex is a center of another cycle). As well as, these two cycles
and their covered vertices have stated in a mirror (See close up view of K9,9
in Figure 2).

Figure 2. The close up view of K9,9 with two cycles that
covered vertices (black and red cycles).
∗ (K ) and Figure 3, if we redraw an
Now, by according to the matrix CRD
9,9
∗ ) obviously. But, an imedge euv , then we increase the crossing number cruv
∗ (K ). Number
portant point is number 4 and its multiples in the matrix CRD
9,9

A GOOD DRAWING OF COMPLETE BIPARTITE GRAPH K9,9
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[ ]
4 is important, since 4 = 92 . On[ the
] other hand, number 3 is important in
7
∗
the matrix CRD (K7,7 ), since 3 = 2 similarly. See complete bipartite graph
∗ (K ) as follow:
K7,7 in Figure 4 (on Appendix 2) and Pair-Cross Matrix CRD
7,7

3. Conclusions
In this report, we drawing K9,9 in the plan with 256 crossing number. We
obtained this drawing by draw K9,9 step to step, such that we choose a large
Cr on the Pair-Cross Matrix and redraw it for decrease crossing number. In
fact, this work is quite tentative and experience, in other words, is handwork.
In other way, we can drawing K9,9 by add two vertices to a best drawing
K8,8 (Readers know that this graph have 144 crossing points in best drawing
or Cr(K8,8 ) = 144), and also we can obtain a best drawing K8,8 by add two
vertices to best drawing K7,7 (Cr(K7,7 ) = 81). In other words, For h = 3, ..., 9;
we can draw all complete graphs Kh,h , that the crossing number of them hold
Zarankiewicz conjecture.
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ON THE USE OF ELO RATING FOR ADAPTIVE
ASSESSMENT
MARGIT ANTAL
Abstract. In this paper, we present a new item response model for computerized adaptive testing: Item Response Theory combined with Elo rating. Adaptive test systems require a calibrated item bank and item calibration methods are usually based on Item Response Theory (IRT). However,
these methods require item pretesting on large sample sizes, which is very
expensive. Hence, this paper presents alternative methods for item difficulty calibration.
Results show that combining IRT with Elo rating is an alternative model
for adaptive item sequencing, which offers not only estimations for abilities,
but for item difficulties too. The new adaptive item sequencing model was
compared with IRT on artificial data. Results show that the new method
is able to estimate the ability of the examinee, although more items are
required compared to IRT. Hence, this method is recommended for test
systems where adaptation to the user knowledge level is a requirement, but
the duration of the measurement is less important, i.e. practice systems.

1. Introduction
There are more and more adaptive e-learning systems trying to fulfill specific needs of learners. These systems can be adapted to user knowledge, user
interests or user individual traits [2], to name a few specific elements of a user
model. In this paper we study adaptive test systems where item sequencing is
adapted to user knowledge. These systems are known as Computerized adaptive testing (CAT) systems. Many organizations test their examinees using
CAT tools (e.g. TOEFL, GMAT, GRE). The CAT tools used in these examinations are not free software, therefore they cannot be deeply evaluated
nor compared. However, Economides and Roupas [4] succeed in performing a
rough comparison of these CAT systems based on demo versions of these applications. These CAT tools select items from a calibrated item pool. The item
Received by the editors: December 10, 2012.
2010 Mathematics Subject Classification. 97Q70.
1998 CR Categories and Descriptors. K.3 [Computers and Education]: Computer
and Information Science Education – Computer science education .
Key words and phrases. Item Difficulty, Item Response Theory, Performance Assessment.
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pool calibration is usually performed by the means of Item response theory
(IRT, [12]).
There are a lot of free and commercial software designed for item calibration (BILOG-MG, MULTILOG, PARAM-3PL etc.) by means of IRT and
based on item pre-test data. Unfortunately, quality item pre-testing is very
costly, thus educational institutions cannot afford it. This includes both the
cost of item prestest and maintenance of such a system as well. Moreover,
the item parameter estimates obtained through item pretest are very sensitive
to examinees. Stocking in paper [11] conducted a study in order to analyze
optimal examinee quality for accurate item parameter estimation. She found
that item calibration is very sensitive to examinee quality; hence inappropriate
examinees can easily lead to incorrect item parameters. She also concluded
that a broad distribution of abilities may provide more information than a
bell-shaped distribution.
The first objective of this paper is to search for alternative item parameter estimation methods, which are comparable with IRT item calibration
estimates. In this paper we restrict ourselves to the 1PL IRT model, which
uses only one item parameter, namely item difficulty. Very few studies are to
be found in this field. Wauters et. al. in paper [15] conducted a study in
this direction and ranked six alternative item difficulty estimation methods by
their correlates to the IRT based estimates. [14] is a previous version of this
study. [9] applied the Elo rating for on the fly item difficulty estimation. There
are a few studies about teachers or experts ability to estimate item difficulty,
concluding that teachers are not very accurate in this task [6], [7], [15].
The second objective of this paper is to introduce a new adaptive item
sequencing method based on Elo Rating System (ERS), which is able to estimate both the examinees’ ability and item difficulties. In our ERS method
we combined Elo rating based ability estimation with IRT based next item selection method. Even though the Elo rating for adaptive item sequencing was
studied by other researchers too [1], [9], [15], a detailed comparison with IRT
is missing. We compared our new item sequencing method to IRT in order to
find out the proper test length (number of test items used) for accurate ability
estimations.
This paper is structured in five major sections. The next section describes
the ERS and the IRT briefly. Section 3 is devoted to the presentation of
our item difficulty estimation methods and their comparison. Section 4 compares IRT and ERS based adaptive item sequencing. Section 5 outlines our
conclusions.
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2. Theoretical background
2.1. Elo Rating System. The ERS was introduced for rating chess players
by Arpad Elo in 1978 [5]. In this rating system each player has a rating, which
represents their relative ability, thus a higher rating indicates a better player.
Players are given an initial ability, which is continuously updated based on
match results. The ERS system uses simple computations for updating players
ratings.
If A, B are the two players with abilities (performances) ΘA and ΘB ,
formulas (1) and (2) are for ability estimations based on the match result. SA
is the match result for player A (0 loss, 0.5 - draw and 1 win) and E(SA ) is
the expected match result for player A in formula 3. SB is the match result for
player B, therefore 1 − SA and E(SB ) is the expected match result for player
B (4). The K factor in formulas (1) and (2) weighs the performance change
of a player during the matches and usually it is a constant.
(1)

Θ̂A = ΘA + K(SA − E(SA )),

(2)

Θ̂B = ΘB + K(SB − E(SB )),

(3)

E(SA ) =

1
1 + 10

ΘB −ΘA
400

,

1

(4)

E(SB ) =

ΘA −ΘB ,
1 + 10 400
In adaptive test systems one of the players is the examinee and the other
one is the test item. Before answering the test item, the examinee has ability
Θ and the test item has difficulty b, both being on the same scale, usually
[-3, 3]. In this case a match is an answer given to the item, which can be
correct or incorrect. We derive the new formulas for ability (5) and difficulty
(6) estimates as follows

(5)

Θ̂ = Θ + K(S − E(S))

(6)

b̂ = b − K(S − E(S))

If the examinee gives a correct answer, then S is 1 and 0 otherwise. Thus for
every correct answer the proficiency of the examinee increases and the difficulty
of the answered item decreases and vice versa. In this study a constant value
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0.4 [15] was used for K, although K could be chosen to reflect the uncertainty
in ability estimates by making it a function of the number of answered items.
For the expected match result E(S) we used the logistic function given in
formula (7).

(7)

E(S) =

1
1 + e−(Θ−b)

2.2. Item Response Teory. IRT has its roots in Psychometrics and it defines a method for adaptive item selection. In this model each item is characterized by an Item Characteristic Curve (ICC, [10]), which shows the correct
answer probability as a function of ability. ICC is usually modeled by a 3 parameter logistic function (8) also known as 3PL, where Θ represents student
ability; a, b and c are item parameters representing discrimination, difficulty
and guessing probability, and D is a scaling factor.

(8)

P (Θ) = c +

1−c
1 + e−Da(Θ−b)

Replacing c = 0, a = 1 and D = 1 in formula (8) we obtain the 1PL model
also known as the Rasch model, whose logistic function (9) is identical with
(7).

(9)

P (Θ) =

1
1+

e−(Θ−b)

Items are administered based on their usefulness in ability estimation.
For this purpose items are ranked on their item information values and the
maximum one is chosen [10]. Item information for the 3PL model is given in
formula (10).
0

(10)

Pi (Θ)2
Ii (Θ) =
Pi (Θ)(1 − Pi (Θ))

The item information function for the 1PL model is
(11)

Ii (Θ) = Pi (Θ)(1 − Pi (Θ)).

For new ability estimates we used the formulas (12) and (13) [10],
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n
X

(12)

Θn+1 = Θn +
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Si (Θn )

i=1
n
X

Ii (Θn )

i=1

where Si (Θ) is computed using the following formula:
0

(13)

Si (Θ) = (ui − Pi (Θ))

Pi (Θ)
Pi (Θ)(1 − Pi (Θ))

In formula (13) ui is 1 if the answer for the ith item is correct and 0
otherwise. The standard error shows the accuracy of ability estimation, and
after N administered items it can be computed by the following formula
(14)

1
SE(Θ) = qP
N

.

i=1 Ii (Θ)

3. Item difficulty estimation
Item parameters estimation is usually carried out prior to computerized
adaptive testing and requires additional costs.
Not only the cost is an impediment but also the continuous addition of
new test items, requiring continuous calibration. Stocking [11] observed that
item calibration is very sensitive to examinee abilities, therefore non-compliant
subjects can lead to incorrect item parameters. A few studies [8], [9], [15]
tried to offer alternative and more lightweight solutions to item parameters
estimation; moreover, [15] compared 6 alternative estimation methods with
IRT-based calibration and found that Proportion Correct method has the
strongest correlation with IRT-based difficulty estimates. Proportion Correct
method is a simple approach, which estimates the difficulty level of items by
dividing the number of incorrect answers by the number of total answers for
the given item. In order to grasp the differences between various item difficulty
estimation methods we conducted an experiment, which is partially similar to
the one conducted by Wauters et al, 2011. We compared three item difficulty
estimation methods: IRT, ERS and Proportion Correct using real test data.
3.1. Participants. Students from Computer Science, Automation and Applied Informatics and Informatics participated in this study. Data were collected during real examination sessions at Object-oriented programming. There
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Table 1. Pearson correlation matrix of the item difficulty estimates for the OOP1 dataset
IRT ERS Prop. Correct
IRT
1
0.942 0.994
ERS
1
0.937
Prop. Correct
1
Table 2. Pearson correlation matrix of the item difficulty estimates for the OOP2 dataset
IRT ERS Prop. Correct
IRT
1
0.930 0.991
ERS
1
0.931
Prop. Correct
1
are two datasets: OOP1, collected in 2011 from 74 students and and OOP2,
collected in 2012 from 63 students.
3.2. Material and procedure. The tests were administered using Moodle
[16] and both tests consisted of 30 items (single choice, multiple choice, fill
in). Students were familiarized with the Moodle test environment as they had
already completed a pretest session. A test is considered reliable if repeated
administration of the test give the same result. Test reliability was measured
using Cronbachs alpha coefficient and we obtained 0.857 and 0.873 for datasets
OOP1 and OOP2, respectively.
IRT model parameter calibration was conducted in R [17] using the ltm
package. For Proportion Correct we used formula (15),
ni
bˆi = 1 −
Ni
where Ni and ni are the total number of answers, the number of correct
answers to the ith item respectively. Finally, for the ERS formulas (5), (6)
and (7) were used.
(15)

3.3. Results. Figure 1 shows item difficulty estimations obtained by IRT,
Proportion Correct and ERS methods for items in the OOP1 dataset. IRT
estimation was conducted using the rasch function of the ltm package [17].
Using formula (15), the values obtained by the Proportion Correct method
were scaled to the [-3,3] interval in order to be comparable to IRT estimations.
For ERS estimation each item difficulty was initialised by 0 and we used
formulas (5), (6) and (7) in the estimation process.
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Item Difficulties estimated by IRT, Proportion Correct and ERS
2.5
2

IRT
Proportion Correct
ERS

1.5
1

Difficulty

0.5
0
−0.5
−1
−1.5
−2
−2.5

0

5

10

15
Item number

20

25

30

Figure 1. Item difficulty estimations by IRT, Proportion Correct and ERS methods (OOP1 dataset)
Tables 1 and 2 show Pearson correlations between the estimated item
difficulty parameters using different estimation methods.
Proportion Correct has the strongest correlation with IRT calibration.
However, all estimation methods produced difficulty estimates, which highly
correlated with the other estimation methods.
4. Ability estimation using adaptive item sequencing
A computerized adaptive test is usually administered using the following
steps:
(1) Administer a few items of average difficulty. Score the responses and
estimate the person’s initial ability level.
(2) Select the item that provides the most information using the person’s
current ability estimate and score the response.
(3) Re-estimate the person’s ability level
(4) If stopping criterion is met, then stop the test, otherwise go to step 2.
The ability estimates obtained by IRT-based adaptive item sequencing are
compared with ERS-based one using simulated data.
The only difference between the two methods is the re-estimation formula
used for the person’s ability, namely (12) for IRT and (5) for ERS. However,
the ERS-based sequencing offers a formula for item difficulty estimation (6),
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Θ (ERS)
4

3

3

2

2

1

1
Θ

Θ

Θ (IRT)
4

0

0

−1

−1

−2

−2

−3

−3

−4

10

20
Items

30

−4

10

20

30

Items

Figure 2. Ability estimations by IRT and ERS methods for
the first 10 artificial examinees using a 30 item length test
which was not used in this experiment. The next item in both methods is the
one having the maximum item information (10) for the person’s ability.
There were 1000 artificial examinees simulated using an ideal item bank
with 200 items having difficulties uniformly distributed in the [-3, 3] interval.
In order to get comparable results, we generated the answer patterns for the
examinees using a random number generator with uniform distribution. The
first five items were randomly chosen and the estimation process was started
after the 5th administered item. For each simulated examinee the same number of items were administered and the same predefined response pattern was
used for both methods.
Figure 2 presents the results for the first 10 examinees, whereas the first
two subfigures of figure 3 show ability values estimated during adaptive sequencing of 30 items using IRT and ERS methods for the 6th examinee. The
third subfigure 3 of figure shows the answers given by the examinee. In this
experiment we did not use stopping criteria, consequently all the 30 items were
administered.
In the second experiment we compared IRT- and ERS-based adaptive sequencing methods from the viewpoint of ability estimates convergence. In
order to achieve it we used various fixed length tests and compared the ability
estimates obtained by the two methods at the end of tests. For test lengths
we set the following values one by one: 10, 15, 20, 25 and 30. For each test
length we repeated the experiment described above and obtained the final
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Examinee 6 − Ability (Θ) − IRT
Θ

2
0
−2
5

10

15
Item

20

25

30

20

25

30

25

30

Ability (Θ) − Elo
Θ

2
0
−2
5

10

15
Item

u ∈ {0,1}, 0 − incorrect, 1 − correct
2
1
0

5

10

15
Item

20

Figure 3. Ability estimations by IRT and ERS methods for
a given examinee
Table 3. Influence of test length on ability estimations with
IRT and ERS methods
Test length µ(ΘIRT − ΘERS ) σ(ΘIRT − ΘERS ) µ(SE) σ(SE)
10
0.68
0.52
0.46 0.034
15
0.49
0.41
0.35 0.033
20
0.31
0.27
0.30 0.011
25
0.23
0.20
0.26 0.009
30
0.18
0.14
0.23 0.007

ability estimates for IRT and ERS methods after the end of the test. Table 3
summarizes the results of the experiment: the first column contains the test
length, the second and the third columns contain the mean and the standard
deviation of ΘIRT − ΘERS for the 1000 examinees. Columns 4 and 5 show
the mean standard error and its standard deviation computed in the case of
IRT estimate. It can be seen that IRT estimates the examinees ability faster
than ERS. For the IRT method the standard error is considered a measure of
the accuracy of the ability estimate and this value falls below 0.4 for a test
containing approximately 15 items. For a 30 item length test the estimated
abilities by the two methods are very close, the average difference is 0.18 with
a standard deviation of 0.14.
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Θ (ERS)
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0
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Final Θ(IRT) distribution
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0
Ability

2
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6
8
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Final Θ(ERS) distribution
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2
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Ability

2

Figure 4. Ability estimations by IRT and ERS methods for
1000 artificial examinees using a 10 item length test
Θ (ERS)
4

2

2
Θ

Θ

Θ (IRT)
4

0
−2
−4

0
−2

5

10
Item

15

−4

20

200
150
100
50
0

−2

0
Ability

2

10
Item

15

20

Final Θ(ERS) distribution
Number of examinees

Number of examinees

Final Θ(IRT) distribution
250

5

250
200
150
100
50
0

−2

0
Ability

2

Figure 5. Ability estimations by IRT and ERS methods for
1000 artificial examinees using a 20 item length test
Figures 4, 5, 6 show the results of adaptive item sequencing simulations for
10, 20 and 30 items. On the top left figure Θ is estimated by IRT using formula
(12), while on the top right figure by ERS using formula (5). Bottom figures
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2
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0
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Figure 6. Ability estimations by IRT and ERS methods for
1000 artificial examinees using a 30 item length test

show the histograms of ability estimates. These figures show the influence of
the test length on ability estimations.

5. Conclusions
In this paper we presented alternative methods for item difficulty estimation. Using real test data we compared two alternative item difficulty
estimation methods to IRT-based estimation. The high correlations between
difficulty estimates obtained by IRT, ERS and Proportion Correct methods
indicate that any of these can be used in real adaptive test systems. We also
presented a new model for computerized adaptive testing: an IRT-based adaptive item sequencing with ERS-based ability estimate. We found that the new
model is able to obtain a reliable examinee ability estimate using a test of
at least 30 items. This result is in concordance with the finding obtained by
van der Maas and Wagenmarkers regarding Elo rating used for ranking chess
players, as they concluded that 25 games are needed to obtain a reliable Elo
rating for a chess player [13]. Moreover, using this model we can obtain both
the ability estimates of the examinees and item difficulty estimates of the test
items. One limitation of this study is the size of population used for item
difficulty estimation. Therefore we are planning to repeat these estimations
as we gather more data.
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A STUDY ON ASSOCIATION RULE MINING BASED
SOFTWARE DESIGN DEFECT DETECTION
ZSUZSANNA MARIAN
Abstract. In this paper we are investigating the eﬀect of parameter variations for a method we have previously introduced for detecting software
design defects. This method uses software metrics and relational association rules to ﬁnd badly designed classes. We perform ﬁve diﬀerent studies,
to see the eﬀect of using normalized or original software metric values,
the eﬀect of mining only binary or any-length rules, the eﬀect of mining
only maximal or all rules and the eﬀect of changing the value of the minimum support for the rules. We are also investigating the changes caused
by modifying the value of the parameter that determines which classes to
report as having bad design.

1. Introduction
Software systems developed and used in our days are more and more complex, because the tasks they have to solve are getting more and more complex
as well. In these systems both maintenance and the addition of new features
is a complicated task, which is even more complicated if the system has a
bad design. This is why diﬀerent techniques exist that try to identify design
defects in a system, in order to correct them, thus making maintenance easier.
In [3] we have presented a novel method for design defect detection, called
Software Design Defect detection using Relational Association Rules or SDDRAR. This approach uses software metrics, which are often used for software
design defect detection, but it also uses Relational Association Rules, a particular type of association rules, which were not used so far for this task.
We have provided six diﬀerent open source case studies in [3], to show the
eﬀectiveness of our method. We have also presented some similar approaches
form literature and compared the SDDRAR method to them. In this paper,
2010 Mathematics Subject Classification. 68P15, 68N99.
1998 CR Categories and Descriptors. H.2.8 [Database Management]: Database Applications - Data Mining; D.2.10 [Software Engineering]: Design;
Key words and phrases. Relational association rules, Software metrics, Design defect
detection.
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we intend to present a study performed with diﬀerent parameter settings for
our method. We want to investigate the following aspects:
• Using the original or normalized values for software metrics.
• Using binary relational association rules or using relational association
rules of any length.
• Using only maximal relational association rules, or using all mined
rules.
• The eﬀect of modiﬁcations for the τ parameter and the minimum conﬁdence on the prediction accuracy.
The rest of the paper is structured as follows: Section 2 presents the theoretical background for the SDDRAR approach, presenting Relational Association Rules (Section 2.1), the used software metrics (Section 2.2), the SDDRAR
method (Section 2.3) and the open source projects used for testing (Section
2.4). Section 3 presents the studies performed with diﬀerent variations of the
parameters. Section 4 brieﬂy presents some similar approaches and compares
our method to them, while Section 5 concludes the paper.
2. Background
In this section we will present the main theoretical background of the
SDDRAR method. A more detailed description was given in [3].
2.1. Relational Association Rules. Relational association rules are an extension of regular association rules and are able to capture diﬀerent types of
relationships between record attributes. They were introduced in [16], and
can be formally deﬁned in the following way: let R = {r1 , r2 , ..., rn } be a set
of instances, where each instance is characterized by a vector of m attributes:
ri = {a1 , a2 , ..., am }. Each attribute ai takes value from the domain Di , and
the value of an attribute ai in an instance rj is denoted by Φ(rj , ai ). Between
two domains Di and Dj diﬀerent relations can be deﬁned, for example equal,
less than, greater than, etc. We denote by M the set of all possible relations
that can be deﬁned on Di xDj .
Using the notations presented above, a relational association rule is of the
form (ai1 , ai2 , . . . , ail ) ⇒ (ai1 µ1 ai2 µ2 ai3 . . . µl−1 ail ) where {ai1 , . . . , ail } ⊆
A = {a1 , a2 , ..., am }, aij ̸= aik , j, k = 1..l, j ̸= k and µi ∈ M is a relation over
Dij × Dij+1 , Dij being the domain of attribute aij .
Like regular association rules, relational association rules are also characterized by two values, support and confidence, deﬁned in the following way:
• If ai1 , ai2 , . . . , ail occur together (are non-empty) in s% of the instances,
we call s the support of the rule.
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• If R′ ⊆ R is the set of instances where ai1 , ai2 , . . . , ail occur together
and Φ(r′, ai1 ) µ1 Φ(r′, ai2 ) µ2 Φ(r′, ai3 ) . . . µl−1 Φ(r′, ail ) is true for
′|
each instance r′ ∈ R′ , we call c = |R
|R| the confidence of the rule.
Another value that characterizes a relational association rule is its length,
which is the number of attributes in the rule. The minimum possible length
for a rule is 2, while the maximum possible length is the number of attributes.
In a dataset many association rules can be found, so usually only those
are mined which have support and conﬁdence higher than some user speciﬁed
threshold, smin and cmin . These rules are also called interesting. In [3] we
have introduced an A-Priori [1] like algorithm, called DRAR, which can ﬁnd
all the interesting relational association rules in a dataset. Also, the algorithm
can be conﬁgured to ﬁnd only the maximal interesting relational association
rules (rules which cannot be further extended with an attribute, because they
will no longer be interesting) in the dataset.
2.2. Software Metrics. In order to mine relational association rules from
a dataset, one needs a set of instances, where each instance is actually a
vector of attributes. In our model, the instances were classes of the software
system, while the attributes that characterize these instances are the values
of diﬀerent software metrics. The set of software metrics is denoted by SM =
{sm1 , sm2 , . . . , smk }. So, we consider a software system S as being a set of
instances (classes) S = {s1 , s2 , . . . , sn }, where each instance si is represented
as a k-dimensional vector si = {si1 , si2 , . . . , sik }, where sij is the value of the
software metric smj for the instance si .
We have identiﬁed in [10] a set of 16 software metrics that measure the
size, cohesion and coupling in a software system. After performing some statistical analysis on this set in [3], after which we eliminated 4 of them, the set
of software metrics became SM = {CBO, DAC, ICH, IN S, LCC, LCOM 1,
LCOM 2, LCOM 4, LCOM 5, LD, M P C, N OA}. A description of these metrics and the statistical analysis approach performed are presented in [3].
2.3. The SDDRAR method. The aim of the SDDRAR method is to identify classes with design defect in a software system, using relational association
rules. It has three diﬀerent steps, which will be presented brieﬂy in this section.
• Data collection and pre-processing.
• Building the SDDRAR model
• Testing
In the ﬁrst step, Data collection and pre-processing, a set Sgood of well-designed
software systems is collected. Next, the k-dimensional representation of the
classes (entities) from these software systems is built, denoted by DS, using the
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set of software metrics presented in Section 2.2. Then, the already mentioned
statistical analysis on the set of initial software metrics is performed.
During the second step, Building the SDDRAR model, all interesting relational association rules of any length are discovered in the DS dataset. The
relations used between the attributes are ≤ and ≥ and are not deﬁned for
metrics with the value 0. These rules, kept in a set called RAR, will be used
to identify classes (entities) with bad design in other software systems.
The last step, Testing, is the most complex. In this step, a new software
system, Snew has to be analyzed to detect those entities that have a bad design.
First, the k-dimensional representation of the classes from Snew is built (using
the same software metrics as above). Then, for each entity ei ∈ Snew the
number of errors, err(ei ), is computed, as the number of relational association
rules from RAR that are not veriﬁed by the k-dimensional representation of the
i)
entity. Next, the percentage of error, pe(ei ), is computed, as: pe(ei ) = err(e
|RAR| .
After this, the set of potential errors, Pτ , is determined, containing those
entities, for which pe(ei ) is greater than a user speciﬁed threshold, τ . We have
two possible cases:
(1) If this set is empty, a threshold ϵ is computed as the sum between
the mean and the standard deviation of the non-zero number of errors
for all entities. The SDDRAR method will report as ill structured
software entities in Snew the ones which have err(e) > ϵ.
(2) If Pτ is not empty, than the average number of errors of the entities
from Pτ , avg, is computed and the algorithm will report as ill structured software entities the ones, for which err(e) > avg.

2.4. Open source projects used. In this section we will shortly present
those open source projects that were used in [3] and will be used in this paper, too. First, as presented above, the SDDRAR method needs a set of well
designed software systems, Sgood , in order to build the set of relational association rules. In our current implementation this set contains one single element,
the JHotDraw [5] software system, built by Erich Gamma and Thomas Eggenschwiler. It is considered an example of good design and use of design patterns.
It consists of 173 classes, out of which only 132 are used, because the rest are
interfaces, for which the value of some metrics cannot be computed.
We have also used 6 diﬀerent systems for testing our method: two simple
artiﬁcial examples and 4 open source systems, taken from the SourceForge
repository. For these 4, we have also considered consecutive versions, to see
how reported classes and the number of errors change as the project evolves.
These 4 systems are the following:
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• FTP4J, [4], a Java implementation of a full-featured FTP client. 4
consecutive versions were considered, 1.5, 1.5.1, 1.6, 1.6.1, each having
27 classes (and 8 interfaces which were not included in the analysis).
• ISO8583, [6], an implementation of the ISO 8583 protocol in Java.
Three versions were used, 1.5.2, 1.5.3, 1.5.4, each containing 21 classes
(and 2 interfaces).
• Proﬁler4J, [15], a CPU proﬁler for Java, which supports remote proﬁling and on-the-ﬂy conﬁguration. From the two jar ﬁles of the project,
we used four versions of the agent.jar ﬁle: 1.0-alpha5, 1.0-alpha6, 1.0alpha7 and 1.0-beta1. The ﬁrst two versions have 18 classes, while the
last two have only 15.
• WinRun4J, [17], a Windows native launcher for Java applications. Five
consecutive versions were analyzed, 0.4.0, 0.4.1, 0.4.2, 0.4.3 and 0.4.4.
The ﬁrst three versions have 21 classes, while the last two have 24.
All projects (including JHotDraw) were analyzed using the ASM 3.0 bytecode
manipulation framework [2]. We use this framework to extract a representation of a software system containing classes, methods and attributes and the
relations between them. This representation is then used to compute the value
of the software metrics for the classes.
3. Study on the parameter variations
The SDDRAR method presented in Section 2.3 has many diﬀerent parameters, whose value can inﬂuence the results. For example, the parameters of
the relational association rule mining algorithm are the smin and cmin values,
but also whether the algorithm should ﬁnd only binary rules or rules of any
length, or whether all mined rules should be kept, or only the maximal ones.
Related to the software metrics, one parameter is, whether the original or the
normalized value of the metrics should be used for the relational association
rule mining. And for the SDDRAR algorithm, the value of τ is very important,
because this is the one that determines the reported classes. In this section
we will present some experiments and analysis of the results, when changing
the values of these parameters. The ﬁrst three experiments were performed
with cmin = 0.85 and smin = 0.9.
3.1. Normalized vs. Original software metrics values. The ﬁrst test we
are going to execute is to see how using normalized or non-normalized (called
original) software metrics values inﬂuences the results of the algorithm.
After computing the values of the software metrics for the JHotDraw system (both normalized and original values), we ran our algorithm to extract
the set of maximal relational association rules of any length. The number of
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rules for each length and the total number of rules for both cases can be seen
in the ﬁrst two columns of Table 1.
Table 1. Number of rules for diﬀerent rule mining settings for
the jHotDraw system.
Length Normalized, Any-length, Original Binary All-mined
Maximal
2
0
0
14
14
3
21
5
0
39
4
4
6
0
22
5
16
160
0
18
6
1
0
0
1
Total
42
171
14
94
We have also divided the relational association rules into simple binary
rules, to see which pairs make up the longer rules. The exact pairs are omitted
because of lack of space, but analyzing them, we observed that there is only
one rule which is common (LCOM 5 ≤ LD), but there are six rules which
appear with one relation when using the original values, and appear with
the inverse relation, when normalized values are used. Also, the presence of
some of the rules for the original metric values is easy to understand. The
12 software metrics used can be divided into two categories: metrics whose
value is between 0 and 1 (ICH, INS, LCC, LCOM5 and LD), and metrics
whose value can be greater than 1 (CBO, DAC, LCOM1, LCOM2, LCOM4,
MPC and NOA). When the metric values are not normalized, it is logical to
have many cases when the value of a metric from the ﬁrst category is less
than the value of a metric from the second category. Indeed, if we check the
rules for the original values, we can see that for 12 out of the 19 rules this is
the case, while for normalized values there is no such rule. This shows that
the relational association rules found for the original values uncover a lot less
hidden patterns in data than the normalized values.
The mined rules were used to ﬁnd badly designed classes in the FTP4J
software system, version 1.5, with τ = 0.8. The reported classes are presented
in the ﬁrst two columns of Table 2. We can see, that the two variants report
very diﬀerent results. As presented in [3], the FTPClient class should be
reported, because it is a God Class, having above 3500 lines of code (with
comments), 34 attributes (second highest value in the system being 7) and
84 methods (second highest is 15). If we verify the classes reported when
using the original metric values, we can see that classes Base64OutputStream,
SOCKS4Connector and SOCKS5Connector should not be reported, because
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they are not badly designed. The reason why they are reported is that they use
no other class from the system, so their CBO and MPC values are 0, causing a
lot of errors. The class FTPFile can be considered a Data Class (5 attributes,
and 11 methods - getters, setters and toString), but most of its errors are
because of the CBO and MPC metrics, just like in case of the previous classes,
suggesting that there is no pattern in errors for ﬁnding Data Classes (and nor
for God Classes, because FTPClient was not identiﬁed either).
Table 2. Classes reported by the SDDRAR method for the
FTP4J system for diﬀerent parameter settings.
Normalized
Any-length
Maximal
FTPClient

Original

Binary

All-mined

FTPFile
FTPClient
FTPClient
Base64OutputStream
DirectConnector
SOCKS4Connector
FTPDataTransferSOCKS5Connection
Exception

Considering the above presented case study, we can conclude, that it is
better to use normalized software metric values, both because they predict
bad designs better, and because they can ﬁnd hidden patterns in the metric
values better.
3.2. Binary vs. Any-length relational association rules. In this section
we will investigate the eﬀect of using only binary, or any-length rules. First,
for the JHotDraw system, we have generated all maximal rules, once only the
binary ones, and after that rules of any length.The number of rules for each
length and the total number of rules for both cases can be seen on the ﬁrst
and third column of Table 1.
Dividing the any-length rules in binary pairs, we get the exact same pairs
as for the normalized values in the previous Section (which is normal, because
they were mined from the same data). They are also the same rules mined
when only binary rules are considered. When using these rules to identify
badly designed classes in the FTP4J software system, version 1.5 and τ = 0.8,
in both cases a single class is identiﬁed: FTPClient (as it is presented in the
ﬁrst and third column of Table 2). The diﬀerence is that when the binary
rules are used, case 1 from 2.3 has to be used (P0.8 = ∅). Although the results
are the same, both for binary and any-length relational association rules, we
think that using longer association rules is better, because the fact that a
binary relation can appear more than once in the set of rules, provides kind of
a weighting mechanism, making binary relations that appear more than once,
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more important. For example, out of those classes from FTP4J which have
one error when using the binary rules, some have 2 errors when using longer
rules, while others have 9, meaning that they broke relations, which appear in
more rules, so they can be considered more important. So, we conclude that
it is better to use longer relational association rules.
3.3. Maximal vs. All-mined relational association rules. In this section
we will investigate the eﬀect of using only the maximal relational association
rules, or using all the mined rules, even if later they were extended with other
metrics. The number of such rules in the jHotDraw system is presented in the
last column of Table 1.
The results of using these rules for ﬁnding badly designed classes in the
FTP4J software system, version 1.5, with τ = 0.8 is presented in the last
column of Table 2. In case of the all-mined rules, P0.8 = ∅ , so case 1 from 2.3
is used.
As already presented above, the identiﬁcation of the FTPClient class is
justiﬁed, because it is a God Class. The other two classes identiﬁed using all
the mined rules have the exact same errors, for the CBO, INS, LCOM1 and
LCOM4 metrics. Verifying the source code, we can see that these classes are
simple classes with 3 or 4 very short (one line) methods, but no design defect
can be found in them. So we can conclude that using only maximal rules is
better.
3.4. Changing the value of τ . In the previous three Sections, we have conducted three diﬀerent studies, and concluded that it is better to use normalized
software metric values for mining relational association rules, and that mining
any-length but only maximal rules gives better results. In this Section we will
investigate the eﬀect of changing the value of τ , the parameter which determines which classes to report as badly designed. Also, instead of using only
one system, we are going to use all four software systems presented in 2.4 with
all their versions.
It is expected that lowering the value of τ will result in more classes being
reported as having errors, while increasing it will lead to less reported classes.
Although, if τ is too high, it might happen that Pτ = ∅ (case 1 from 2.3), which
can lead to a situation, when an increased τ leads to more reported classes.
After this point, increasing the value of τ will not give diﬀerent results.
During the experiments we varied the value of τ from 0.2 to 0.8 − 0.95
(depending when we got to the point when there was no use increasing it
anymore) with increments of 0.05. The results (identiﬁed classes) are presented
on Tables 3, 4, 5 and 6. A star after the name of an identiﬁed class means that
it was identiﬁed using case 1 from 2.3. Cases when the result did not change
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for more consecutive values of τ are presented with the interval for which the
values are true.
Table 3. Identiﬁed classes for the FTP4J project for diﬀerent
values of τ .
τ
0.9
0.85 - 0.25
0.2

1.5, 1.5.1, 1.6, 1.6.1
FTPClient*
FTPClient
FTPClient
DirectConnector
FTPDataTransferException

From Table 3 we can see that the results are quite stable, the value of τ
has to be decreased until 0.2 in order to report classes DirectConnector and
FTPDataTransferException, which, as presented in Section 3.3, are not badly
designed.
Table 4. Identiﬁed classes for the ISO8583 project for diﬀerent values of τ .
τ
1.5.2, 1.5.3, 1.5.4
0.95
MessageFactory*
0.9 - 0.65 MessageFactory
0.6 - 02
MessageFactory
ISOValue
From Table 4 we can see that when decreasing the value of τ to 0.6 (and
lower) a new class is reported, ISOValue. Although this class has some minor
design defects (for example calling the getters in the equals method, instead
of using the ﬁelds directly) there are no big problems with it.
Table 5 presents the classes reported for the Profiler4J project. In [3] we
have presented that the classes reported for τ = 0.8 (Server for version 1.0alpha5, MemoryInfo for version 1.0-alpha6 and Config for versions 1.0-alpha7
and 1.0-beta1) are justiﬁed. Server has too high coupling, MemoryInfo is a
Data Class (which actually disappears after version 1.0-alpha6) and Config can
be considered a Data Class, too. Besides these three classes, only ThreadInfo
is reported, but only for low values of τ . Checking the source code, we can see
that the class has many static methods, but does not really have errors.
Table 6 presents the classes reported for the WinRun4J system. In [3] we
considered the NativeBinder class as having smaller design defects (a too long
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Table 5. Identiﬁed classes for the Profiler4J project for different values of τ
.
1.0-alpha5
1.0-alpha6
1.0-alpha7, 1.0-beta1
Server *
Config*
Config*
MemoryInfo* MemoryInfo*
0.85
Server
Config*
Config*
MemoryInfo*
0.8 - 0.75
Server
MemoryInfo
Config
0.7 - 0.6
Server
MemoryInfo
Config
MemoryInfo
0.55 - 0.5
Server
Config
Config
MemoryInfo MemoryInfo
0.45
Config
Config
Config
Server
MemoryInfo
MemoryInfo
0.4 - 0.3
Config
Config
Config
Server
MemoryInfo
ThreadInfo
ThreadInfo
MemoryInfo
0.25 - 0.2
Config
Config
Config
Server
Server
ThreadInfo
ThreadInfo
ThreadInfo
MemoryInfo MemoryInfo
τ
0.9

method, high coupling, etc.), instead of having just one main problem. For
τ = 0.6 and less, the class Launcher is also reported. It is a class with many
methods, and many overloaded methods, which call each other, as suggested
by the errors for the ICH metric. High value of LCOM1 metric (and many
errors related to this metric) suggest that the class is not really cohesive.
Another reported class is Closure, but besides having a really long method,
this class is ﬁne. Finally, the FileVerb class reported for τ = 0.45 and lower,
is a Data Class.
Considering the results for the above presented four systems, we can say
that small diﬀerences in the value of the τ parameter will not result in big
changes in the classes. As we expected, lowering the value of τ will result
in more classes reported, but not a lot more. In [3] we have shown that the
results given for τ = 0.8 are correct (those classes indeed have problems), and
now we presented that most of the other classes reported (for lower values of
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Table 6. Identiﬁed classes for the WinRun4J project for different values of τ .
τ
0.4.0 - 0.4.4
0.8 - 0.75 NativeBinder *
0.7 - 0.65 NativeBinder
0.6 - 0.55 NativeBinder
Launcher
0.5
Closure
NativeBinder
Launcher
0.45 - 0.2
Closure
NativeBinder
FileVerb
Launcher

τ ) also have design problems to a given extent. This suggests that if there is
suﬃcient time for an analysis, it might be worth lowering the value of τ to
get not only the class with the biggest problems, but also other classes with
smaller ones.
3.5. Changing the value of cmin . .
In this section we are going to investigate the eﬀect of changing the value
of the minimum conﬁdence (so far we have performed every test with the value
of 0.85). While changes in the value of τ inﬂuence which classes are reported
as having a bad design, but each class had the same number of errors (as
shown in the previous section), changes in the value of cmin inﬂuence which
rules are mined, and consequently the number of errors for each class. For
these experiments we will use the value of τ = 0.8.
First we wanted to analyze how the number and length of rules changes
when the value of cmin is increased or decreased. For values between 0.9 and
0.6 with decrements of 0.05 the number of rules is presented in Table 7. We
can see that as the minimum conﬁdence decreases, the number of mined rules
increases drastically. The maximum length of the rules increases, too.
The results of using the relational association rules mined for the diﬀerent
values of cmin for ﬁnding badly designed classes in the open source projects
are presented on Tables 8, 9, 10, 11. Looking at the tables, we can see that as
the number of rules increases, so does the number of reported classes.
In case of the FTP4J project (presented on Table 8), besides the welljustiﬁed FTPClient class, four other classes are reported. Out of these, as
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Table 7. The number and length of rules for diﬀerent values of cmin .
Conﬁdence
0.9
0.85
0.8
0.75
0.7
0.65
0.6

3 4
5
21 0
0
21 4 16
7 3 132
4 7 113
0 4 132
20 16 111
25 22 127

6
7
8 Total
0
0
0
21
1
0
0
42
110 0
0
252
208 60
0
392
303 207 30
676
308 443 146 1044
506 696 286 1662

Table 8. Identiﬁed classes for the FTP4J system for diﬀerent
values of cmin .
cmin
0.9 - 0.8
0.75

1.5 - 1.5.1
FTPClient
FTPClient
SOCKS4Connector
SOCKS5Connector
0.7
FTPClient
DirectConnector
SOCKS4Connector
SOCKS5Connector
0.65-0.6
FTPClient
DirectConnector
FTPFile
SOCKS4Connector
SOCKS5Connector

1.6 - 1.6.1
FTPClient
FTPClient
SOCKS4Connector
SOCKS5Connector
FTPClient
DirectConnector
SOCKS4Connector
SOCKS5Connector
FTPClient
FTPFile
SOCKS4Connector
SOCKS5Connector

described in previous Sections, only the class FTPFile is reported correctly,
because it is a Data Class.
The results given for the ISO8583 project are really interesting. For the
other projects, a class which is reported for a higher value of cmin will be reported for the lower values, too (there is one exception for the FTP4J project,
and one for Profiler4J ), but here classes keep appearing and disappearing.
There are three classes which are reported: MessageFactory, ISOValue and
ISOType. We have already presented that MessageFactory is correctly identiﬁed, but ISOValue is not. ISOType is actually an enum, with many methods,
many of them overloaded, but there are no outstanding problems with it.
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Table 9. Identiﬁed classes for the ISO8583 system for diﬀerent values of cmin .
cmin
1.5.2
0.9 - 0.85 MessageFactory
0.8 - 0.75
ISOValue
MessageFactory
0.7
ISOValue
ISOType
0.65
ISOValue
ISOType
MessageFactory
0.6
ISOValue
MessageFactory

1.5.3 - 1.5.4
MessageFactory
ISOValue
MessageFactory
ISOValue
ISOType
ISOValue
ISOType
MessageFactory
ISOValue
ISOType
MessageFactory

Table 10. Identiﬁed classes for the Profiler4J system for different values of cmin .
cmin
0.9
0.85
0.8

1.0-alpha5

1.0-alpha6

1.0-alpha7
1.0-beta1
Config*
Config
Config

Server
MemoryInfo*
Server
MemoryInfo
Config
Config
Server
MemoryInfo
MemoryInfo
0.75
Config
Config
Config
Server
CFlow
CFlow
MemoryInfo MemoryInfo
Response
Response
0.7-0.6
Config
Config
Config
Server
ThreadInfo
ThreadInfo
ThreadInfo
MemoryInfo
CFlow
MemoryInfo
Response
Response

The reason for the fact that some reported classes disappear when the
value of cmin decreases (and sometimes they appear again) is caused by the
fact, that for diﬀerent values of cmin the percentage of binary rules in which
a metric appears can change a lot. For example, when cmin = 0.85, the LD
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Table 11. Identiﬁed classes for the WinRun4J system for different values of cmin .
cmin
0.9
0.85
0.8

0.4.0 - 0.4.4
NativeBinder
NativeBinder *
NativeBinder
Launcher
0.75 - 0.6 NativeBinder
FileVerb
Launcher
metric appears in 29.26% of the binary rules, while for cmin = 0.6 this value
is only 17.56%. Because of these changes the order of classes based on their
number of errors changes too. For example, for version 1.5.2 , for cmin = 0.9,
MessageFactory has more errors than ISOValue and ISOType together. When
cmin = 0.8, ISOValue has more errors than MessageFactory, and ISOType has
the least (out of these three). When cmin = 0.65, MessageFactory is the one
with the least errors and ISOValue has the most. Finally, when cmin = 0.6,
ISOValue has again the most, but now ISOType has the least errors.
The results for the Profiler4J software system are presented on Table 10.
Here we also have some classes that were not reported during the previous
studies: Response and CFlow. Response is a simple Data Class, with two
ﬁelds and two getters, while CFlow is a class with only one short method and
an inner class (which is not included in our analysis).
For the WinRun4J project, the reported classes are almost the same as in
the previous Section, when the value of τ was changed. As already mentioned
there, FileVerb is a Data Class andd Launcher is not really cohesive.
Verifying the results for all software systems, we can observe that for the
lower values of cmin (between 0.7-0.6) three out of the four projects report
new Data Classes: FileVerb in case of WinRun4J, FTPFile in case of FTP4J
and Response in case of ISO8583. This suggests that further analysis might
be useful, to see, if it is possible to identify a value or an interval for cmin ,
where it can identify Data Classes in the system.
4. Comparison to Related Work
There are many diﬀerent approaches that try to identify design defects
in software systems, presented in the literature. Most of them use software
metrics and predeﬁned thresholds for their values, like Marinescu’s detection
strategies [9], or Munro’s method, presented in [14]. In a series of papers,
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Moha et. al presents the idea of rule cards, which contains both metric values,
but also semantic and structural information [12], [11], [13]. Rule cards were
extended by Khomh et. al, in order to handle uncertainty [8]. They use
Bayesian Belief Networks and assign to each class a probability that it contains
a given design defect. In [7] three diﬀerent search techniques (Harmony Search,
Particle Swarm Optimization and Simulated Annealing) are used for ﬁnding
rules that describe design defects, and can later be applied to classes. These
rules are made of software metrics and threshold values for them.
Just like the above presented methods, our approach uses software metrics, but it also uses Relational Association Rules, which, according to our
knowledge, have never been used for design defect detection yet. Another
important diﬀerence between them, is that our method uses the relation between the values of diﬀerent metrics, while the above presented ones use ﬁxed
thresholds, which can be hard to determine, because “good” and “bad” values for a metric usually depend on the size of the software system. On the
other hand, the above presented methods are capable of identifying diﬀerent,
well-deﬁned software smells, like Data Class or God Class, while our method
can only identify the class with the design problem.
5. Conclusions
In this paper we have presented a study on the eﬀect of changes for diﬀerent
parameters for the SDDRAR method, an approach for detecting design defects
in software systems, using software metrics and relational association rules.
We have considered ﬁve diﬀerent possible changes, and reported and analysed
the results on open source software systems. We showed that it is better to
use normalized software metric values for mining relational association rules,
that it is better to use any-length association rules (not just binary) and that
using maximal rules is better. We have also shown that the parameter values
used in [3] for cmin and τ (0.85 and 0.8, respectively) are good values, but
interesting results could be achieved with diﬀerent values, too.
The last study performed (when consequences of changes in the value of
cmin were tested) could be further analyzed. It would also be worth investigating how the binary rules and their number change for diﬀerent values of
cmin . We have already identiﬁed a possible pattern, that for lower values Data
classes are found, but this should be tested.
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STUDIA UNIV. BABEŞ–BOLYAI, INFORMATICA, Volume LVIII, Number 1, 2013

BUILDING AN AUTOMATED TASK DELEGATION
ALGORITHM FOR PROJECT MANAGEMENT AND
DEPLOYING IT AS SAAS
BOGDAN POP
Abstract. A large number of project management applications currently
exist, some focusing on certain features or domains, while others are designed to work in multiple scenarios and domains. Task delegation and
resource allocation is one of the crucial parts of project management. Errors in this aspect can result in significant loss of time, resources and deficient project results. No applications currently available on the market
automate task delegation; therefore the entire management of the project
relies on human experience and is subject to errors. This paper presents
the characteristics of a modern, web based, software as a service project
management application that focuses on a revolutionary approach to task
delegation with the automation of the process. The goal is to reduce, if
not eliminate, the necessity of the project manager and to minimize costs
and maximize resource usage.

1. Introduction
Project management is the practice of organizing, planning and managing resources in order to achieve specific goals [9]. 27% of a manager’s time
and more than USD 100 billion is spent each year correcting or working with
employees that are not suited for their tasks [11]. Currently, there are more
than a few hundred project management software applications, each tackling
different aspects of project management. This paper presents a concept application that automatically assigns without human intervention newly created
tasks within a project, thus minimizing costs and maximizing resource usage
to its fullest. The paper presents the database model, the base algorithm and
a deployment scenario as software as a service of the aforementioned concept
application. The model tries to provide an algorithm that would reduce, if not
Received by the editors: October 30, 2012.
2010 Mathematics Subject Classification. 68M14.
1998 CR Categories and Descriptors. C.2.4 Computer Systems Organization [ComputerCommunication Networks]: Distributed Systems – Distributed applications.
Key words and phrases. nosql, project management, web, application, saas.
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eliminate the role of a project manager as known today, allowing the usage of
the project manager’s knowledge for actual development.
This paper is structured as follows. Section 2 presents some of the most
used and known project management applications and some of their main
features. Section 3 describes the application concept, its base features and
the information flow within those features. Section 4 presents some pros and
cons for relational and non-relational databases with regard to current use
case and presents why a NoSQL approach is suited for the proposed concept.
The 5th section of the paper presents the non-relational database model of
the most important data structures used by the application and the algorithm
used to automatically assign newly created tasks to users. The 6th section of
the paper presents the model that can be used to extend the base application
and deploy it as Saas (Software as a Service). The 7th and last section of the
paper presents conclusions found as well as future extending possibilities.
2. Project Management Applications Classification
There are a number of factors that can be taken into account while making
any classifications for project management applications. Applications can be
classified based on the problem they are trying to solve: CRM (client relationship management), collaboration, SCM (supply chain management), bug
tracking, issue management or time management. Others can be classified
based on the platform or platforms they can run on, such as web, mobile,
desktop, or hybrid applications. Some project management applications contain features for dealing with a bundle of the aforementioned problems. Some
applications are designed for specific tasks and niches: managing personnel
contacts, chatting or sharing scheduling tools. Project management applications can also be classified based on their licensing system, as follows: proprietary, either hosted on premises or not, open source, or SaaS.
2.1. Project management applications by their licensing system. Some
established open source project management applications include Trac, Launchpad, Redmine or MantisBT. Trac uses a minimalistic approach to web-based
software project management and it is an issue tracking system tailored towards software development projects. Launchpad is a collaboration platform
that focuses on bug tracking and offers code hosting and reviews, mailing lists,
answer tracking or frequently asked questions. It offers a timeline that shows
all current and past project events in order, complemented by a roadmap feature that displays future milestones, therefore allowing project managers to
easily grasp an overview of the project’s progress. Redmine combines features
from Launchpad and Trac but it also provides a time tracking feature that
supports manual input at project and ticket level.
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The most known proprietary project management applications are probably JIRA, Kayako or Microsoft Project. Kayako’s main focus is on customer
support. It is widely used by web hosting companies of all sizes: resellers to
end-point users up to multinational datacenter operating companies. JIRA
is a project management application mainly used for bug and issue tracking
while Microsoft Project is designed to assist a project manager in analyzing
workloads, tracking progress, managing budgets, assigning tasks and resources.
The most popular applications are probably, due to their distribution channel, the ones offered as services. Some of these software as a service applications are Basecamp, Mavenlink or Assembla.
There are also applications that combine proprietary free and paid solutions. Some have multiple components and only a couple of the central ones
require a subscription or a one time fee, leaving the rest of the components
free of charge. Two applications that fall within this category are TeuxDeux
and getFlow. Other applications have a reduced lite free version that does
not contain all the features of the full paid version. This licensing system
is most common in smaller applications that have borrowed their licensing
system from the modern application stores designed for mobile devices.
2.2. Project management applications by their availability platform.
Some project management applications are designed for desktop usage and
therefore must be installed on client premises. Some of these applications are
Microsoft Project, ConceptDraw Project or OmniPlan. Kayako is available as
a service on demand or as a downloadable, installable software.
The applications that have seen the largest growth [2] in the past years are
the web based ones, due to their high availability, ease of use and lower costs.
As they are easier to use, these applications allow for faster and more rapid
reactions, which is a key aspect of a successful project management process as
described by [5].
JIRA can be used either hosted or installed on the premises. Furthermore,
it can be extended through a number of different proprietary applications
and services, such as Confluence, FishEye, Crucible, GreenHopper, Bonfire,
Bonfire. These extend JIRA’s purpose with online wikis, Subversion, Git,
Mercurial and CVS integration, code reviewing, sprint planning and task
tracking for agile teams. They also allow browser screen captures and sharing
that facilitates easier tracking, annotating and testing activities.
Basecamp is a project management hybrid system tracking project discussions, files, and events from beginning to end in one place. Basecamp has
the capability of displaying information about hundreds of projects in a single
page including teams, clients, contractors, and vendors. The system can be
used to follow along projects development in real-time or by later reviewing
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what has happened. Basecamp design is simple and easy to use and is bundled with visual timelines, complex access permissions with an ultimate goal
to bring responsibility and accountability to the projects managed through it
and individuals working on them.
3. Application Concept
As presented in section 2, most of the project management applications
require human intervention as they only assist in analyzing workloads, tracking progress, managing budgets, assigning tasks or resources. They do not
offer any kind of automation with regards to task management and time management. However, the concept application presented in this paper focuses
on an entirely different approach to project management. That is automating
project management and eliminating the role of an actual project manager as
much as possible.
In order to achieve the highest automation possible, with respect to task
and time management, the proposed model has to store information regarding
tasks, their types, the people that have completed them, the time required to
complete them, personnel availability for future tasks and more. By storing
this information one can programmatically determine the best match for a
newly added task. By automating this process, the project manager is no
longer required and can be part of the actual development team as opposed to
only leading it. Moreover, programmatically assigning tasks results in fewer
errors compared to those made by a human project manager. Therefore,
the development costs and time required to complete projects is reduced to
minimum.
The proposed application will show a maximum level of transparency towards clients, allowing access to all information in real time. In order to
achieve high transparency and high availability of the entire system and data
it withholds, a web application, a hybrid web and mobile system or an internet
distributed system is proposed.
Out of the three options, the hybrid web and mobile system is likely the
best option. First, it can be developed in two phases, initially with a full
web application and secondly with a corresponding mobile application, as it
has been the case with numerous successful project management solutions.
Secondly, the internet distributed model is prone to bigger costs due to development of multiple applications and systems on different platforms which
require different technologies, teams and are harder to maintain.
Apart from the development issues that would arise by the development
of a distributed, multi-platform system, another issue could put costs even
higher: keeping data consistent while converting it from one format to another.
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This would be required given each of the composing platform’s characteristics,
communication protocols, storage devices and other constraints.
Developing automation of the aforementioned problems can be achieved
using a number of evolutionary algorithms, neural networks or swarm intelligence algorithms. However, since the application is likely to store vast amount
of information, such algorithms are likely to require a lot of computational
time. Given the fact that time management is critical in project management,
they may not be best suited for large project management applications.
A different approach, based on Gale-Shapely Courtship Algorithm [1], has
been described. A task that has not been attached to a worker selects the
worker with the highest preference. If the chosen worker prefers the task to
their current task and can finish on time, he or she accepts the task. If the
current task is replaced, then it becomes unattached and a callback is placed
to attach it again to another worker. The process repeats itself until all tasks
have been attached or rejected by the workers [7].
However, although the proposed algorithm has been theoretically proven,
no case studies were performed on business groups and it has not been tested
in practice. Proper feedback avenues are to be established with testing groups
to utilize the mechanisms described in the paper [7].
The proposed model uses basic iterative algorithms to achieve automation
by properly storying, sorting and indexing all data available on the project and
having it easily accessible from distributed databases. The proposed concept
application uses a non-relational database system (NoSQL) for storying the
data and automating the process.
4. NoSQL vs SQL
This section presents the database model of the concept application presented in the paper and why a NoSQL approach is better in this scenario.
A number of properties, such as atomicity, consistency, isolation, durability
(A.C.I.D.) and at a number of guarantees, such as consistency, availability and
partition tolerance will be taken into consideration. The three guarantees are
known as the CAP or Brewer’s theorem [3].
Key properties and guarantees that must be met by the database storage system that the application will use are atomicity, durability, delayed-T
consistency, availability and partition tolerance.
In a highly available, partition tolerant system, results are always returned
to clients. However, the information returned may be the latest value written
in a node A1 , the latest value written in a node A1 and read from a secondary
node Ai (i 6= 1), or a cached value that hasn’t expired yet, read from any node
Ai (i = 2, ..., n) of the system [10].
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Isolation is not a priority requirement since strong consistency cannot be
met. No isolation allows two distinct processes to alter the same value in
different nodes, which is a potential cause for incorrect information. However,
after the set delay time has passed and no new updates are made to the
data, the information it withholds becomes consistent based on timestamp
ordering. This holds if transactions that started earlier but finished late have
a higher priority than those transactions that started later but altered same
data sectors sooner. As far as durability is considered, data are not lost, even
in the eventuality of a hardware crash since most NoSQL systems are fault
tolerant and decentralized.
Before choosing one database system or the other, the application requirements must be presented. First of all, the proposed application will run as
software a service and may have a mobile component too. A software as a
service application has a huge growth potential and may be required to store
vast amount of information from multiple clients: tasks, projects, users, roles,
permissions. Hypothetically 20.000.000 tasks, 250.000 users, 30.000 roles,
15.000.000 permissions would be stored if a project’s median characteristics
were 200 tasks, 10 users, 3 roles, and 150 permissions, with the service hosting
100.000 projects from 25.000 organizations.
Storing so much information on a single SQL server would be difficult, and
with high hardware costs. Data could be partitioned across multiple databases
and multiple datacenters: users in one server, tasks in other server etc. This
would result in increased complexity of the algorithms that access the data.
On the other hand, in a NoSQL system, data partitioning can be achieved
automatically with little effort, and data accessing does not change as it is
abstracted by the NoSQL database system.
SQL systems guarantee information consistency, not high availability as
required by the proposed application. Obtaining high availability in SQL database systems is difficult and subject to many failures: communication between
nodes or node failures, replication errors etc. With Apache Cassandra however, data is automatically replicated to multiple nodes for fault-tolerance.
Replication across multiple data centers is also supported and crashed nodes
can be replaced with no downtime. Furthermore, it is decentralized and has
no single points of failure and no network bottlenecks. Having these features,
Cassandra meets partition tolerance property, which guarantees high availability [8].
5. Database Model and Automation Algorithm
The base model of the application described in section 3 consists of 8 data
structures, modeled as columns, column families and super columns. Being a
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Figure 1. JSON representation of the Tasks super column

web service the application requires a usernames structure. The users super
column contains key value pairs for storying emails, passwords, encryption
salts, usernames, contact information, a column family for permissions etc.
The tasks super column contains string key value pairs for usernames, project
names, time required to complete the tasks, whether the tasks are completed
or not, date/time values for deadlines, assignation times or when the tasks
were finished, as well as a column family that contains descriptive keywords
for each of the tasks. Figure 1 displays the most basic representation of the
tasks super column in JSON format.
A user availability column family is also required. It has key value pairs as
follows: keys consisted of a string containing the calendar date and a username
while the adjacent value holds a column with key name as start time and value
as end time. Figure 2 displays the JSON representation of the user availability
column family. Project information can be modeled as either a column family
or a super column, depending on the information stored. Timelogs are used
to store tasks IDs or names, the users working on those tasks and the hours
worked on that specific task [10].
The keywordTimeToComplete column family stores a median value of the
time required to complete a task by each user. The key name is composed of
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Figure 2. JSON representation of the userAvailability column family

Figure 3. JSON representation of the keywordTimeToComplete column family
the keyword and the username while the value is composed of the work hours
required in minutes and the number of similar tasks the user has worked
on. Figure 3 displays this column family in JSON format. This column family
together with the following two column families, which are presented in figures
4 and 5, are the basis of the task assignment automation algorithm.
The taskAssign column family stores the following information in the column key name: they keyword, its score and the number of tasks this keyword
has been assigned to. The value of the column holds the username that has
the certain score for the given keyword. The userScores column family is similar to the previously presented one but it is used to store, track and modify
individual user’s scores. The key names are composed of a combination of a
keyword and a username, while the value holds the score and the number of
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Figure 4. JSON representation of the taskAssign column family

Figure 5. JSON representation of the userScores column family
tasks containing the given keyword the user has completed in the past. Whenever one user completes a task, these two columns are updated so that they
show the average score per keyword for each user. If two users have the same
score, the one that has a lower number of tasks is considered better at the
task, as the score was achieved with fewer steps, thus faster [10].
As key names are alphabetically ordered and stored in Cassandra, by using the above model, especially for the keywordTimeToComplete, taskAssign,
userScores column families, fast and sorted access is guaranteed towards the
information in the database. This means no A.I algorithms are required to
pull and assign the best user suited for newly added tasks. Moreover, having
the information sorted within the database, the time required to perform the
assign operation is low, as searching is fast. This in turn makes the application
highly responsive.
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Figure 6. Task Assign Algorithm

When a new task is added, in order to assign it to the best suited user, the
algorithm will loop through the taskAssign column family for each keyword,
starting from top to bottom, from the best score to the lowest possible. It
will compute the overall score for each user and if the user score for a given
keyword is null it will count as 0. The user with the best score is assigned the
task if and only if the cross checking of the userAvailability column results in
a valid response, that is the given user has enough available time to complete
the task before the deadline. If the user is not able to complete the task on
time, the next user with the best score lower than the previous user’s score
is selected. If no user can complete the task on time, a message is displayed
to the client that is trying to add the new task and two options are provided.
The first option is to extend the deadline, which triggers a resume of the above
algorithm. The second one is to notify the project manager of the issue and
solely in this case human task assignment and decision is required [10].
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Figure 7. JSON representation of the keywordTimeToComplete column family optimized for SaaS

6. Deploying the Application as a SaaS
The model described in section 5 has a few limitations that block the possibility of deploying the application as software as a service. This is due to the
fact that all data structures are global and contain no information regarding
the projects they are part of, except the task description data structure. For
example, information in the keywordTimeToComplete column family (Figure
3) is stored and indexed based on the keyword name and username tuple.
As hypothetically issued in section 4, with 100.000 projects one could
have more than 100.000 duplicate keyword names and plenty duplicate usernames. Therefore, searching the keywordTimeToComplete column family for
one project would require going through other projects as well. This increases
computation time and has a detrimental effect on the entire user experience.
To compensate and to further optimize data indexing, storage and accessing, limiting the amount of time required to retrieve needed information and
therefore improving efficiency and user experience, one could easily prefix the
database access keys with a project identifier as shown in Figure 7. This way
searching would be kept through one project alone, separate from the rest of
the projects.
Similar prefix would also be added to taskAssign, userScores and any data
structure that does not have a global scope. Furthermore, given the automatic
partitioning and distribution model of Apache Cassandra, this model would
also allow local, close to client storage for each project. For example, the entire
SaaS application would be distributed across 3 continents. Clients from US
would access data from US servers; clients from EU would access servers from
EU and clients from Australia would access data from servers located there.
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7. CONCLUSIONS
The proposed concept is viable as it reduces the role of the project menager.
The few cases when a project manager’s input would be required within the
application are few. One case would hold when deadlines for newly created
tasks are really short and the client is unwilling to extend them. A solution
for this issue would be to introduce a new user (developer) to the project and
have the task assigned to the new person. This however requires human interaction within and outside of the application. Another case when the project
manager would be required would be when the algorithm cannot find a single
user that can complete the task (noted by taskx ), as nobody in the system
has completed a similar task before.
Future developments may include solving the above issues and enhancements of the current model, as follows: assign tasks based on user’s skill set as
defined in their profile, not just by their performance, mobile apps integration,
automatic time tracking based on proximity sensors or based on straightforward interfaces within the mobile applications, taking user preference into
consideration when automatically assigning the tasks, or even employee satisfaction / happiness while doing a specific task based on reports collected from
coworkers. This is important because studies have shown that misinterpreted
user preference and lack of employee satisfaction inhibits productivity [6].
The presented model limits the accessibility of the software to projects
that don’t require hardware tools, or that require hardware tools that are by
their own definition always available. A huge improvement for the algorithm
would be a component that tracks availability, cost and logistics for hardware
equipments required by individuals working on the project.
Lastly, the model proposed is eventually consistent and highly available,
which means that some information may not be available to all users at a
given point in time due to external factors. The algorithm is therefore prone
to errors with regards to task assignation when such events occur. This is due
to the fact that not all the information would be available to make the proper,
exact estimations. Future work should include comprehensive tests that would
yield the severity of the algorithm’s deviation from its best result when such
events do happen.
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A CONTENT ONTOLOGY DESIGN PATTERN FOR
SOFTWARE METRICS
IONEL VIRGIL POP
Abstract. This paper presents a content ontology design pattern for
the representation of software metrics, in software engineering ontologies,
called OOPMetrics. This content ontology design pattern is designed to
ease the detection of software design flaws based on the metrics that are
defined in the ontology that uses it. We also present a case study that
shows how an ontology that uses this pattern may be queried in order to
detect these design flaws. In particular, we will focus on the God Class
design flaw.

1. Introduction
In the field of ontology engineering, content ontology design patterns were
introduced in [12]. They are a class of ontology design patterns and are useful
in reusing concepts over many ontologies. In the field of software engineering,
it was shown by Marinescu in [17, 18], that software metrics gathered through
code analysis can help in detecting design flaws in software systems.
Sometimes we need to represent software metrics in a software engineering
ontology, because software engineering ontologies often make use of software
metrics in their content. For this purpose, we present in this paper a content
ontology design pattern for software metrics, called OOPMetrics. The content
ontology design pattern that is proposed in this paper is not extracted from
a particular ontology, but is based on the best practices of using software
metrics in the semantic web, mostly from the approach taken in [16] to query
knowledge about software metrics. By not having such a content ontology
design pattern it is clearly seen from the first stages of ontology development
that the naming and relationships among different components that interact
Received by the editors: November 29, 2012.
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in a software metrics ontology is very difficult to decide. This is especially the
case if one wants a unified system of components with that of other ontologies
or wants to query the software metrics ontology to extract software design
flaws based on the metrics.
Although OOPMetrics is described here for the first time in a scientific article, we also made available a short description of OOPMetrics online in the
pattern collection from the ODP Portal at [23] with a link to it’s implementation [22]. However the short description available there was mainly extracted
automatically from the pattern’s implementation based on it’s annotations.
And the ontological elements listed there were also extracted automatically
from it’s implementation.
This paper is structured as follows: after this introductory section, the
next one deals with the definitions of the terms used throughout the paper
and presents the related work that was done so far in this area. Section 3
describes our proposed content ontology design pattern. Section 4 presents a
case study on behavioral god classes. In section 5 we draw some conclusions
and present the work that we intend to do in the future.

2. Background and Related Work
The notion of ontology has many definitions in literature. One of the
earliest definitions that were given, that is also suitable for the context in
which ontologies are described in this paper, is the following:
Definition 2.1. ”An ontology defines the basic terms and relations comprising
the vocabulary of a topic area as well as the rules for combining terms and
relations to define extensions to the vocabulary.”[20]
Knowledge patterns were described in [5], an updated version of [4]. Later,
this notion was extended and ontology design patterns were described, based
on [12, 24] as providing ”a modeling solution to solve a recurring ontology
design problem”[21].
There are six classes of Ontology design Patterns (OP), as they were classified in [13]: Structural OPs, Correspondence OPs, Content OPs (CPs) or
Content (or conceptual) Ontology Design Patterns (CODePs), Reasoning OPs,
Presentation OPs and finally Lexico-Syntactic OPs. We will focus on CPs in
this paper as the other ontology design patterns are beyond the scope of this
paper.
In Gangemi’s article [12] the notion of a Conceptual (or Content) Ontology
Design Pattern (CODeP) is described for the first time. In [13] the following
definition is given:
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Definition 2.2. CODePs ”encode conceptual, rather than logical design patterns. In other words, while Logical OPs solve design problems independently
of a particular conceptualization, CPs propose patterns for solving design problems for the domain classes and properties that populate an ontology, therefore
addressing content problems.”[13]
Software maintenance and the evolution of software systems were first
addressed by Lehman in [14]. Software maintenance accounts for some 70
percent of the total expenditure required in the life cycle of a software system
[15].
Software metrics ontologies, especially those that use an appropriate content ontology design pattern, may be queried to find design flaws in the software system. ”The presence of design flaws in a software system has a negative impact on the quality of the software, as they indicate violations of design
practices and principles, which make a software system harder to understand,
maintain, and evolve”[9].
Possible design flaws in object-oriented software design were presented by
Selvarani et al. in [26]. According to them, they are:
• In the case of improper coupling: Shotgun Surgery (at class level)
and Wide Subsystem Interface (at subsystem level);
• In the case of low cohesion: Feature Envy (at method level) and
Misplaced Class (at subsystem level);
• In the case of improper distribution of complexity: God Class (at
class level), God Method (at method level) and God Package (at
subsystem level);
• In the case of flaws related to data abstraction: Data Class, Refused
Bequest (both at class level).
Marinescu [17, 18] has done notable work in the area of re-engineering
software systems and the current work is based on his papers. Particularly we
use the method presented in [17] to show how design flaws may be detected.
Li et al. [16] have brought their contribution in integrating software metrics data using semantic web techniques.
In [7], Şerban has proposed a quantitative evaluation methodology for
object-oriented design, based on static analysis of the source code, and described by a conceptual framework. Serban’s conceptual framework has four
layers of abstraction [7, 8]: Object-Oriented Design Meta-Model, Formal Definitions of Object-Oriented Design Metrics, Specifications of the Assessment
Objectives and Measurement Results Analysis. In [8], a case study for her
approach was presented, involving God Class design flaw detection.
A number of content ontology design patterns were designed recently. The
ODP Portal [25] has the descriptions for a collection of such content ontology
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design patterns that were designed for many domains. At present we have
however not found any other content ontology design pattern for the software
engineering domain on this portal, besides our OOPMetrics [22, 23] content
ontology design pattern, even though this is a large and perhaps the only
comprehensive collection of content ontology design pattern descriptions on
the web.
3. Description of the Proposed Content Ontology Design
Pattern
The name of the pattern described in this section is Object-Oriented Programming Metrics Pattern (OOPMetrics). This is a content ontology design
pattern for software metrics. Ontologies that use our content ontology design
pattern may be queried to detect flaws in design, based on the value of the
metrics.
In the description of our content ontology design pattern we will follow
some of the steps of describing a pattern that were used in describing software
design patterns in [11], such as: intent, motivation, applicability, structure,
participants, collaboration, consequences and implementation.
3.1. Intent. The goal of this content ontology design pattern is to represent
object-oriented software metrics especially for the purpose of detecting flaws
in the design of software systems based on these metrics. This may be useful
for re-engineering the software system.
3.2. Motivation. We consider a context where we have a properly designed
ontology for object-oriented software metrics that is based on the OOPMetrics
content ontology design pattern. Now let us consider the following scenario:
find which class is a God Class based on it’s metrics. By using a simple
query over the ontology, we can find the God Class if it exists, because we
have used a content ontology design pattern that facilitated this. Of course it
would have been possible to query it without using a content ontology design
pattern to design the ontology. However, in this situation, every software
metrics ontology will have to define the concept of software metric in it’s own
way. Thus, software metrics ontologies would have to be queried in various,
different ways that are not necessarily optimized to detect God Classes. In
order to have a unified content for the software metrics ontologies, we need a
content ontology design pattern like OOPMetrics.
3.3. Applicability. The domain of applicability for the OOPMetrics content
ontology design pattern is software engineering, more particularly software
metrics. This content ontology design pattern has very good applicability in

A CONTENT ONTOLOGY DESIGN PATTERN FOR SOFTWARE METRICS

75

detecting design flaws in software systems based on metrics. Mainly, we have
identified the following competency questions:
• What are the software metrics for a certain project or package or class
or method?
• Knowing the necessary software metrics, is there a design flaw in the
software system?
3.4. Structure, Participants and Collaboration. Figure 1 represents the
diagram of the OOPMetrics content ontology design pattern. Additionally,
table 1. and table 2. provide some of the elements that do not appear on the
diagram.

Figure 1. The OOPMetrics Diagram
The conceptual elements behind the OOPMetrics content ontology design pattern are classes, data properties and object properties. The following
classes are defined:
• OOPProject: This class represents a software project;
• OOPPackage: This class represents the ”package” concept found in
object-oriented programming;
• OOPClass: This class represents the ”class” concept found in objectoriented programming;
• OOPMethod: This class represents the ”method” concept found in
object-oriented programming;
• OOPMetricCategory: A (computed) software metric belongs in an
OOPMetricCategory. Therefore this class represents the category in
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which it belongs to (or what kind of software metric it is). A software metric is therefore represented separately in two distinct classes.
These are: OOPMetricCategory (for defining a software metric) and
OOPMetric (for computing a software metric) for flexibility reasons;
• OOPMetric: This class represents the concept of a (computed) software metric found in object-oriented programming.
In table 1, we show the data properties that are specific to OOPMetrics.
Data Property
Domain
Range
hasFloatValue
OOPMetric
float
hasIntegerValue
OOPMetric
integer
hasLongName
OOPMetricCategory string
hasName
OOPMetricCategory string
hasTag
OOPMetricCategory integer
Table 1. Data Properties of the OOPMetrics pattern

In table 2, we show the object properties that characterize OOPMetrics.
Object Property
hasPackage
hasClass
hasMethod
hasMetricCategory
hasMetric

Domain
Range
OOPProject
OOPPackage
OOPPackage
OOPClass
OOPClass
OOPMethod
OOPMetric
OOPMetricCategory
UnionOf:
OOPMetric
OOPProject,
OOPPackage,
OOPClass,
OOPMethod
Table 2. Object Properties of the OOPMetrics pattern

3.5. Consequences. The OOPMetrics content ontology design pattern allows ontology engineers and software engineers to design software metrics ontologies easier and in a more unified way. Also, this content ontology design
pattern was designed in such a way that software design flaws can be easily
detected based on software metrics by using it.
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3.6. Implementation. It is essential for a content ontology design pattern
to be implemented in a particular ontology language in order for the content to be imported later when an ontology is created. This content ontology
design pattern was implemented in the Web Ontology Language (OWL) [1],
using the ontology editor and knowledge acquisition system Protégé [10]. The
implementation is available at [22]. This implementation of the OOPMetrics content ontology design pattern can be imported in Protégé and used in
designing software metrics ontologies.
4. Case Study
In this section, a case study will be presented regarding how a software
metrics ontology that uses the OOPMetrics pattern may be queried, in order
to detect software design flaws. The focus in this case study will be on the
God Class design flaw.
In [17] three metrics were used to detect God Classes: Weighted Methods Per Class (WMC) that is defined in [3] and may use various complexity
measures such as McCabe’s cyclomatic complexity [19], Tight Class Cohesion
(TCC), defined in [2] and Access to Foreign Data (ATFD), described in [17].
In [17], it was also explained that high values of WMC and ATFD and low
values of TCC may lead to God Classes.
In [26] a formula was presented to detect God Classes. The following
formula is an example of how to detect suspects, that is based on [26], but
with absolute values:
GodClass(C) = (WMC(C) >100) and (ATFD(C) >1) and
(TCC(C) <0.5).
We must emphasize the fact that it is beyond the scope of this paper to
prove that a detection strategy, such as the one based on the metrics used here
to detect God Classes, actually works, because this has already been shown
in [17, 18]. Therefore, this paper does not attempt to restate Marinescu’s
approach by presenting a case study for large software projects with hundreds
or thousands of classes to show how such a detection strategy may work.
Instead, the point of this case study is to show how the concepts and the
relationships defined in the OOPMetrics pattern can be used in practice, in
a SPARQL query. Thus, the query in figure 2 shows how an ontology that
uses the OOPMetrics pattern may be queried by users, if the ontology was
designed using this pattern.
In the query example from figure 2, a hypothetical ontology that uses
the OOPMetrics content ontology design pattern is queried. The reason why
a hypothetical ontology was chosen here and not a real world ontology is
to show that any ontology that uses this content ontology design pattern
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may be queried in a similar manner in order to detect which classes are God
Classes. However, in order to make sure that this query is correct, we have
tested this query in Protégé with an ontology that we have designed using the
OOPMetrics pattern.
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
PREFIX oopmetrics: <http://www.cs.ubbcluj.ro/~ivpop/ontologies/
oopmetrics.owl#>
SELECT DISTINCT ?class
WHERE {
?class rdf:type oopmetrics:OOPClass .
?class oopmetrics:hasMetric ?metric1 .
?metric1 rdf:type oopmetrics:OOPMetric .
?metric1 oopmetrics:hasMetricCategory ?wmc .
?wmc rdf:type oopmetrics:OOPMetricCategory .
?wmc oopmetrics:hasTag 1 .
?metric1 oopmetrics:hasIntegerValue ?v1 . FILTER (?v1 > 100)
?class oopmetrics:hasMetric ?metric2 .
?metric2 rdf:type oopmetrics:OOPMetric .
?metric2 oopmetrics:hasMetricCategory ?atfd .
?atfd rdf:type oopmetrics:OOPMetricCategory .
?atfd oopmetrics:hasTag 2 .
?metric2 oopmetrics:hasIntegerValue ?v2 . FILTER (?v2 > 1)
?class oopmetrics:hasMetric ?metric3 .
?metric3 rdf:type oopmetrics:OOPMetric .
?metric3 oopmetrics:hasMetricCategory ?tcc .
?tcc rdf:type oopmetrics:OOPMetricCategory .
?tcc oopmetrics:hasTag 3 .
?metric3 oopmetrics:hasFloatValue ?v3 . FILTER (?v3 < 0.5)
}
Figure 2. SPARQL Query
In the query from figure 2 it is considered that an individual WMC, exists
in the ontology, of type OOPMetricCategory for which the value of the hasTag
data property is 1, an individual ATFD, exists in the ontology, of type OOPMetricCategory for which the value of the hasTag data property is 2, and an
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individual TCC, exists in the ontology, of type OOPMetricCategory for which
the value of the hasTag data property is 3. They could have been referred to
by using the hasName or hasLongName properties in a similar manner.
5. Conclusions and Future Work
Content ontology design patterns provide a very convenient way of reusing
components in an ontology. This paper has described a content ontology design
pattern for software metrics. Then a case study was presented that showed
how an ontology that uses such a content ontology design pattern may be
queried.
Besides quering the ontology that uses the OOPMetrics content ontology
design pattern to extract knowledge like in the case study presented in this
paper, it is also possible, through rules, to inference knowledge using reasoners
such as Pellet [6]. This allows for further exploitation of the OOPMetrics
content ontology design pattern for even more advanced purposes. In the
future we intend to exploit the advantages of using reasoners to infer knowledge
over ontologies that use this content ontology design pattern by adding rules
to it.
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FUZZY COMPUTING FOR COMPLEXITY LEVEL OF
EVALUATION TESTS
TIBERIU BAN
Abstract. Students tend to make mistakes in evaluation tests that follow
a pattern which can be mined; this allows the level of complexity for a given
set of tasks in a test paper to be computed in advance. The goal of this
paper is to present a mathematical way to compute the level of complexity
for a given set of tasks based on a fuzzy model as an improvement from the
crisp model. This indicator can be effectively used to predict in advance
the degree in which the association rules already mined will trigger chains
of mistakes in a given set of evaluation tasks.

1. Background
This paper focuses on mining existing data association between chains of
mistaken items from a evaluation test. The main rationale is that if a specific
subset of items are mistaken, then there is a computable chance with a specific
threshold of confidence level that this chain will trigger one or several other test
items to be mistaken as well. After the point where enough data association
rules have been already mined, this information can be used in analysing a
new set of test items in order to determine the extent to which chain of items
can trigger other items to be solved incorrectly. This will be presented with
the aid of an indicator called Complexity Level of a set of tasks within a test
paper.
The field of Data Mining and its main concepts are taken into consideration as presented in [10] and [11] and continues the path of Data Association
presented in [3] and [6], as well as the Discovery of Significant Rules techniques
presented in [13]. The APriori algorithm used are presented in [4] and also [12].
Applications of Data Analysis Technique in the field of detecting and mining
mistakes made by students are also covered in [9], as well as adaptation of
Received by the editors: January 15, 2013.
2010 Mathematics Subject Classification. 68P15.
1998 CR Categories and Descriptors. H.2.8. [Database Applications]: DataMining –
Data Association Methods.
Key words and phrases. Data Mining, Data Association, APriori, Complexity of Test
Paper, Mathematical Model of Mistakes.
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fuzzy approach to this domain of study, as well as applications of Data Analysis Technique in assessing other performance criteria from students projects
in [8].
The Complexity Level will present the degree to which existing chains of
item tasks can cascade trigger more items to be also mistaken in turn. The
higher the value of a complexity level, the lower the score for a statistically
average student will be. The Complexity Level is only relevant if its value is
relative, not absolute, ranging between 0 and 1.
Allthough it builds on several widely used techniques of Data Association
and APriori Algorithm, this application is original in its nature of applying
the steps from a supervised learning approach to the known methodology.
Also, the field of study is opened to fuzzy approach that comes as a natural
extension of the crisp model, each element is taken into account not only with
its support and confidence level but also the degree of membership to fuzzy
classes. This approach builds on the fiability of the model, making it more
robust. The algorithm and the data processing techniques are adapted to the
field of study with respect to the robustness of the approach.
Definition 1: An evaluation test is defined as a set of tasks.
Each task can either be solved correctly or solved incorrectly. A correctly
solved task will be graded with the entire score for the particular task. An
incorrectly solved task will be graded with zero score.
Definition 2: A mistake is defined as a task that is solved incorrectly.
The first mathematical model that was presented in [1] had a crisp approach to it, thus making it a simplified model. In the first mathematical
model each task was considered as having the same amount of points as total
score.
The crisp approach consisted in the fact that it was taken into consideration the possibility to divide the tasks from a given evaluation paper in
distinct subsets, with each subset consisting of items that had a support level
above a predefined threshold.
Also, in order to keep the mathematical model crisp, more assumptions
and restrictions have been in place [2] such as each student is present at all
tests and each student had the same number of items presented.
The structure of the paper has two main parts. The first part sets the
theoretical basis of the Fuzzy Mathematical Model in Section 2 and a review
of the current notions in Data Association used in Section 3 and the adaptation
of APriori algorithm to the business domain in Section 4. The second part
presents an experiment made on real data instances that is presented in Section
5 and the results in Section 6.
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2. The Fuzzy Model for Computing the Level of Complexity of
an Evaluation Test
The first mathematical model presented in [1] is not sustainable in real
life situation due to the fact data regarding the itemset each question belongs
to is not crisp. A problem arises in the fact that the same question can be
included in multiple itemsets. A good way of handling this is refering to a
new fuzzy approach to computing the complexity of a test paper.
Definition 3: The complexity level of a test paper is defined as the relative
indicator best estimate of the percent an average student is likely to lose out
of the total amount of points for the given test paper.
Before presenting a formula to compute this indicator, here are a few
theoretical observations:
Let’s consider a test paper that consists of four questions labeled A, B,
C and D. For this test let’s consider a sample of 10 papers with the list of
mistaken questions from Table 1.
Paper No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Table 1. Ten data instances -

Mistaken Items
A, B
A, B
A, B
D
D
A
A
D
n/a
A
Mistakes gathered from test papers

After running the APriori algorithm described in the following sections
the candidate itemsets discovered are given in Table 2.
These candidate itemsets can be visualized in a lattice structure. In this
lattice the void itemset acts as the general infimum and the candidate itemset
with all the items as the general supremum for the given lattice. The lattice
would be constructed as follows, with respect to [5]:
Let C be the set of candidate itemsets. ∀Ci , Cj ∈ C ,
inf (Ci , Cj ) = Ci ∩ Cj and sup(Ci , Cj ) = Ci ∪ Cj .
In order to further clarify this notion, for the previous example we will
show the corresponding lattice. With respect to style and clarity and also
in order to focus only on the important nodes in the lattice, we will only
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Itemset Support Level
{A}
0.6
{B}
0.3
{C}
0.2
{D}
0.3
{A, B}
0.3
{C, D}
0.2
Table 2. Candidate itemsets for Table 1

implement the nodes that correspond to candidatesets with nonzero support.
Figure 1 illustrates the lattice generated with the candidatesets. Figure 2 adds
more information to Figure 1, by also displaying the corresponding support
level for each candidateset.

Figure 1. Lattice of candidatesets

Figure 2. Lattice of candidatesets with support values
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However, the itemset {B} can be pruned down because of the fact that
itemset {B} never appeared isolated and is always as subset of {A, B}. For the
same reason candidate itemset {C} can also be pruned down. The remaining
itemsets are given in Table 3.
Itemset
{A}
{D}
{A, B}
{C, D}
Table 3. Candidate

Support Level
0.6
0.3
0.3
0.2
itemsets after prunning down

Question A belongs also to the itemset {A} as well as to the itemset {A,
B}. Same situation occurs for question D which belongs also to itemset {D}
as well as to itemset {C, D}.
In a fuzzy approach we need to build a membership function that will
estimate the degree of membership for a given question to an itemset. This
process is with respect to the number of occurences of the question to each of
the itemsets.
With respect to [14], let’s consider the following definitions:
Definition 4: A fuzzy set is a ”class” with a continuum of grades of
membership.
Definition 5: Let X be a space of points (objects), with a generic element
of X denoted by x. Thus, X = {x}. A fuzzy set(class) A in X is characterized by
a membership (characteristic) function fA (x) which associates with each point
in X a real number in the interval [0, 1], with the value of fA (x) representing
the ”‘grade of membership” of x in A.
The membership function in the first iteration is represented in Table 4.
Question Itemset Membership value
A
{A}
0.5
A
{A, B}
0.5
B
{A, B}
1
C
{C, D}
1
D
{D}
0.33
D
{C, D}
0.66
Table 4. Values for Membership Function on Candidate Itemsets
In order to clarify, let x be an item (i.e. mistake in a test). Let X be a candidateset that is a fuzzy set. The grade of membership of x in X is computed
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as the normalized ”contribution” of supp(x) towards computing supp(X). This
approach is derived from supervised learning techniques in such manner that
it uses known computable values from already known data instances in order
to gain knowledge to be used in future data instances.
Definition 6: The membership function is defined as µ : Q × I → [0, 1],
where Q is the set of tasks from the evaluation test and I is the total set of
candidate itemsets. The value µ(q, i) represents the membership value of the
question q to the itemset i
The following definitions extend the work from [2] towards the fuzzy sets.
Definition 7: The cost function is defined as C : I → R, where I is the
total set of candidate itemsets. C(i) represents the total amount of score that
can be graded in the event that all the items from the itemset i would be
solved correctly.
Definition 8: The support function is defined as sup : I → [0, 1], where I
is the set of all candidate itemsets.
Definition 9: The indicator TotalScore is defined as the sum of costs of
all tasks in the setP
of tasks Q. TotalScore will be computed as follows:
T otalScore =
q∈Q C({q})
Definition 10: The Complexity Level for a given evaluation test will be
computed with the P
following formula:
µ(q,i)×sup(i)×C(i)
Complexity = i∈I,q∈iT otalScore
3. Association Rules Notions
The aim of this section is to review the main concepts of Association Rules
as well as the working algorithm used to mine valid association rules from a
large set of data instances. We reccomend [12] for further reading.
As presented in [12], Association Rules are similar in nature to Classification Rules. This technique aims to extract valid knowledge from existing
dataset in form of rules like the following:
X1 ∧ X2 ∧ ... ∧ Xn → Y [C, S]
where X1 , X2 , ..., Xn are attributes from the dataset. If in a single item these
attributes have a distinct combination of values, there is a computable probability to predict a distinct value for attribute Y. Naturally, on the right hand
side of the rule there can be more than a single attribute, thus making the discovery process more difficult because of the nature of predicting more variables
in a single rule.
A brute force algorithm might be able to attempt to have every combination of a subset of attributes for both the left hand side and the right hand
side of the association rule and to consider this a hypothesis that needs to
be validated, but such attempt would require an enormous computing power
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gone to waste, considering only very few of these artificial hypothesis would
check out as valid after confronting them to existing items in the dataset.
A better technique would be to prune down rules and their branches that
are constructed from these rules by adding more items on both sides of the
rule. The criteria on which such pruning can be safely done is the coverage
of the rule (the number of insances the rule can correctly predict) and the
accuracy (the proportion of the number of items or instances from the dataset
the rule can be applied to).
As first mentioned [4] and later refined in [10], the coverage of a rule is
expressed by its support level, while the accuracy is computed based on its
confidence level.
In order to define more clearly these two indicators, let’s consider an association rule in the form of {itemi1 , ..., itemik } → {itemj1 , ..., itemjl } and
let’s define the support set of the association rule, as presented in [10] the set
defined by the reunion of the items both in the left hand side and the right
hand side of the rule
{itemi1 , ..., itemik , itemj1 , ..., itemjl }
Let’s formally define the support level as follows [10]:
Definition 10. The support level of a subset {itemi1 , itemi2 , ..., itemik }
is the percentage where all the items from the given subset were present in
the same transaction, out of the total number of transactions.
Also, let’s formally define the confidence level of an association rule as
follows:
Definition 11. The confidence level of an association rule
{itemi1 , ..., itemik } → {itemj1 , ..., itemjl } represents the percentage of
transactions where both set of items were present, out of the total number of
transactions where the first set of items
{itemi1 , ..., itemik } were present.
In order not to generate association rules that are too weak or that apply
extremely infrequent, two more indicators are needed: minimum support level
(called minsup) and minimum confidence level (called minconf).
According to [10], these two indicators should first be set a bit restrictive in
order to avoid generating too many association rules and then slowly relaxing
the value of the minimum confidence level, until an acceptable number of
association rules are determined.
Basically, we only need to focus on association rules with high coverage.
We will refer to the items from the support set of a specific association rules,
regardless of the position of each item, either left hand side or right hand side.
We would only seek combination of attributes that have a minimum coverage,
more precise the support level to be above the preset threshold of minsup.
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In order to discover Association Rules between mistakes belonging to a
specific test paper the APriori algorithm can be used, since all its perquisites
are met [6].
4. The Algorithm Used for Generating Rules Efficiently
There are several algorihms available that carry on the task of generating
association rules with a specified minimum support and meeting the minimum
confidence level. Each of these algorithms follow two general steps. Apriori
algorithm has been chosen for this particular experiment. The basics for the
APriori algorithm has been presented first in [3].
4.1. General Algorithm for Generating Association Rules. The algorithm described in detail in [12] starts by generating all one item sets with
the given minimum coverage. Then it uses these sets as base in order to generate all two items sets, three item sets until either all items available in the
attribute list are included in the itemset. Since this case would imply a hard
partition of all available attributes in the left hand side and the right hand
side of an association rule, this case is less likely to occur in every dataset.
As stated both in [3] and also in [4] another condition to end the first step
of the algorithm after generating a k-item set meeting the minimum support
level, no other (k+1)-item set can be obtained by adding an extra item to any
existing k-item sets. This condition is more likely to be the real marker to stop
this step and consider the existing item sets of up to k items to be candidates
for support set of valid association rules.
In order to generate a (k+1)-item set, an extra item is added to an existing
k-item set generated at the previous iteration. Even more, in order to prune
down unnecessary computing effort in generating all (k+1)-item sets, each
such set
{itemi1 , itemi2 , ...itemik+1 } needs to have all of its k item subsets already
in the list of valid generated k-item sets at the previous iteration. If any k
item subsets does not meet the minimum support level, then the (k+1) item
set can not meet the minimum support level either.
A strategy to avoid unnecesary generations of (k+1) item sets is presented
in [12]. All k-item sets are to be sorted using the same criteria, either alphabetically or ascending if the items are coded using numbers.
If there are two k item sets S1 = {itemi1 , itemi2 , ..., itemi(k−1) , itemik }
S2 = {itemi1 , itemi2 , ..., itemi(k−1) , itemik0 }
that have k-1 common items and exactly one different item,
Card(S1 ∩ S2 ) = k − 1 and
Card(S1 − S2 ) = 1 and
Card(S2 − S1 ) = 1,
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then a new set S’ can be obtained by joining the two sets S1 and S2,
S 0 = S1 ∪ S2 and
Card(S 0 ) = k + 1
Furthermore, in order to avoid generating the same (k+1) item set out of
several distinct pairs of k item sets, we could only take the k item sets that
have the first (k-1) items in their intersection set.
For instance if we have the following 3-item sets that already meet the
minimum support level and their items have been ordered alphabetically
{A, B, C}, {A, B, D}, {A, C, D}, {A, C, E}and{B, C, D}
the union of the two that have the same first two items identical
{A, B, C} ∪ {A, B, D} = {A, B, C, D}
is to be considered, since any other union like
{A, B, D} ∪ {A, C, D} = {A, B, C, D}
would end up returning the same 4-item candidate that we already collected.
Considering this same example, the following union
{A, C, D} ∪ {A, C, E} = {A, C, D, E}
which does not meet the minimum support level and is not a valid 4-item
candidate because a 3 item subset {C, D, E} does not meet the minimum
support level and was not included in the 3-item sets generated at the previous
iteration.
The process of checking a (k+1) item set whether it meets the minimum
support level or not is simplified even more by using hash tables. Each item
is to be removed in turn and the remaining k-item set is checked whether it is
part of the valid k item sets already known.
Finally, any (k+1) item sets needs to have its support level actually being
computed, because the above method only tells for sure if it does not.
5. Presenting the experiment
A test consisting of 36 questions was presented to 75 students, each student
having received the same set of test items, with a random factor for the order
in which the items were presented. Each student received the same amount of
time consisting of 45 minutes to complete the test.
Each test item consisted of one multiple choice question, with 4 distinct
answer choices. The students were instructed that only one of the choices
is correct for any given question. The 36 questions covered general topics
of computer science, such as hardware devices, software concepts, operating
system concepts, measurement units in Computer Science, general networking
concepts, user safety and ergonomy concepts.
The main rationale for this experiment was the hypothesis already stated
in [1] and in more details in [2] that Data Association Methods can be used
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in relevant data gathered from results of test papers, as follows. Association
rules exists between test items such as if a student incorrectly solves a set of
given test items, then there is a computable chance that the same student will
incorrectly solve a different set of given test items.
The algorithm chosen for the experiment was APriori algorithm as described in [12], without the benefits given by the usage of hash tables for easier
access to candidate itemsets. The confidence level used in the experiment was
75 percent and the minimum support level was set at 20 percent.
Each test paper was recorded as a data instance with an identifier alongside
36 relevant attributes. Each attribute had a correspondent question in the
test paper. Considering the focus of interest is in tracking mistakes made,
a question that had been mistakenly answered on the test has been coded
with a value of 1, marking a mistake occured in the current data instance. In
the same manner, a value of 0 marks no mistake occured in the current data
instance for the respective question.
The goal is to use these data instances (records) over the first phase of
APriori algorithm in order to check the main rationale, the grouping of mistakes (belonging in the same candidateset) to actually have a logical reasoning.
This step is adapted from supervised learning techniques, where each candidateset with enough support would have to pass a human validation to see if
the candidateset actually can be justified by the logic of the domain of the
test.
6. Results of the Experiment
After adapting both the database structure to reduce the number of passes
through the dataset and adjusting the minimum support and minimum confidence several candidate itemsets were generated, that had a very good support
level.
Such candidate itemsets contained items that clearly belonged to the same
general topic. Some of the generated candidate sets are presented in Table 5.
Other such candidate itemsets were also present but with lower support
count. Out of each such candidate itemset, several association rules were
formed, but the number of test papers analysed was insufficient to determine
without doubt whether some test items were more important than others. As
future work, an additional number of over a hundred test papers with the
same 36 questions will be added to the existing 75 records.
The way the test items were grouped in the same candidate itemset clearly
supports the main working hypothesis that mistaked test items do follow association rules, in this case based on the knowledge level of a distinct topic
covered by the test.
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Topic
Questions - same candidate set
Hardware Topic Which of the following can improve
a computer’s performance?
What is Hard Disk formatting used for?
Which of the following devices is an input device?
Which of the following devices is both
an input and output device?
Software Topic Which of the following programmes is
a software application per se?
Which of the following is a function of
the operating system?
What type of software controls resource
allocation in a computer?
Network Topic Which of the following is not a feature
of online commerce?
Which of the following is the main advantage
of using a computer network?
What is World Wide Web?
Which of the following statements
on the Internet is true?
Table 5. Sample of Generated Candidate Itemsets

7. Conclusions and Future Work
The experiment itself largely confirmed the working rationale first taken
into consideration in [1]. Several false association had to be removed for not
actually having a sustainability in the logic of the data itself. This confirms
that a supervised learning approach is the correct way to analyse this particular problem.
The next logical step in terms of Future Work is the adaptation to be able
to implement Fuzzy Association Rules and be able to compute the complexity
level for a given set of data instances. This step needs to be adapted to supervised learning approach. A comparison between available data association
rules is also a valid direction for study.
Also, having non crisp, continuous data values for attributes will open to
new APriori adaptations to be taken into consideration, such as the Algorithm
for Discovery of Arbitrary Length Ordinal Association (DOAR) presented
in [7]. Moreover, having supervised learning data association rules already
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known, there is another direction of study in terms of matching new data instances to the already learned association rules and studying the outliers with
a Fraud Detection approach in mind.
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TOWARDS A REGION-BASED CALCULUS FOR
ENERGY-AWARE PROGRAMMING
FLORIN CRĂCIUN, SIMONA MOTOGNA, AND BAZIL PÂRV
Abstract. Energy eﬃciency has become one of the most critical software
metric both for cloud computing servers as well as for mobile phones, ipads
or sensor networks. Much of the research on the reducing energy consumption has been focused on low-power architectures, operating systems and
compiler optimizations. Recent studies have been started to explore how
programming language technologies can help reason about energy management. In this context our paper discusses how our region calculus used
before to manage the heap memory can be adapted to control the energy
consumption.

1. Introduction
In the recent decade, energy-aware computing systems (e.g. mobile devices, wireless sensor nodes, cloud computing servers) had a rapid evolution.
The transformation of mobile devices (especially smartphones and iPads) into
general-purpose computing platforms had an important impact on considering the energy as a ﬁrst class design constraint for many software applications.
Saving energy can extend the battery lifetime and increase the mobility or can
reduce the maintenance costs of data-centers.
Much of the research on energy management has been focused on the
optimizations for the energy-aware execution of the software programs. The
optimization techniques (see [KM08] for a survey) have been developed at different layers of the compute stack (e.g. digital circuits, architecture, operating
systems and compilers). They are mainly dynamic approaches based on online
monitoring or oﬄine proﬁling.
Recent studies have been started to explore how programming language
technologies can help reason about energy management. A new paradigm
energy-aware programming has been proposed in order to aid developers to
Received by the editors: March 16, 2013.
2010 Mathematics Subject Classiﬁcation. 68Q60, 68N30.
1998 CR Categories and Descriptors. D.2.4 [Software]: Software engineering – Software/Program Veriﬁcation.
Key words and phrases. energy-aware programming, region calculus, program analysis.
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write energy-eﬃcient programs in the ﬁrst place. Exposing energy considerations at the programming language level can enable a new set of energy
optimizations and can allow the program to have a direct control of the energy management techniques from the lower layers of the compute stack.
This paper analyses the new paradigm approaches and discusses a possible
uniﬁcation of them under a general region calculus for energy consumption
control. Section 2 introduces the concepts of our previous work on using
region calculus for memory management. Section 3 presents the challenges of
the new paradigm. Section 4 discusses our proposal while Section 5 concludes
the paper.

2. Region Calculus for Memory Management
Region types have been introduced to manage the heap memory at compile time. Region-based memory management systems allocate each new object into a program speciﬁed region, with the entire set of objects in each
region deallocated simultaneously when the region is deleted. The ﬁrst safe
region-based memory system has been developed by Tofte and Talpin [TT94,
TT97] for a functional language. Later, several projects have investigated
the use of region-based memory management for C-like languages (e.g. Cyclone [GMJ+ 02]) and object-oriented languages [BSBR03].
In our previous work [Cra08, CCQR04, CQC08, SCC08], we have developed an automatic region type inference system for object-oriented paradigm.
Our compiler automatically augments unannotated object-oriented programs
with regions type declarations and inserts region allocation/deallocation instructions that achieve a safe memory management. Our work uses lexicallyscoped regions such that the memory is organised as a stack of regions. Regions
are memory blocks that are allocated and deallocated by the construct letreg r
in e, where the region r can only be used to allocate objects in the program e.
All objects allocated into a region have the same lifetime. Dangling references
are a safety issue for region-based memory management. Our work allows
only non-dangling references which originate from objects placed in a younger
region and point to objects placed either in an older region or inside the same
region. Relations between regions and non-dangling references conditions are
expressed as lifetime constraints between objects regions.
Recently, region assertions have also been used to control the possible
aliasing [ABB06] in information ﬂow analyses. A new regional logic [BNR08,
RBN12] has been proposed to reason about mutation and separation, via
variables of type region (ﬁnite sets of object references).
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3. Energy-Aware Programming Paradigm
Energy consumption is a combined eﬀect of many hardware components
(such as CPUs, caches, DRAMs, I/O devices) which interact in complex ways.
Therefore energy consumption control is a challenging task for programmers.
Energy-aware programming paradigm proposes diﬀerent programming models
and logical frameworks that can help developers to reason about energy consumption. However developers are assumed to have minimal knowledge about
energy consumption. In general the new proposed programming models assure an eﬃcient and correct control of the hardware-level energy management
through special programming language constructions (e.g. special annotations for types or special instructions). Analysing the recent approaches proposed for energy-aware programming we have identiﬁed the following main
directions: programming using controlled approximations [SDF+ 11, LPMZ11,
BC10, CKMR12], programming using phased behaviours [CZSL12], and programming according to the battery energy states [CZSL12, SKG+ 07].
3.1. Programming using Controlled Approximations. The key observation of this programming model is that the programs spend a signiﬁcant
amount of energy guaranteeing correctness. However the programs have portions that are more resilient to errors and portions that are critical and must
be protected from errors. Therefore non-critical portions of the programs can
save a signiﬁcant amount of energy by using approximate computations. Approximate computations might consist of approximate storage (e.g. reducing
refresh power in DRAM memories [LPMZ11], unreliable registers and data
caches), approximate operations (e.g. instructions for approximate integer
ALU operations as well as approximate ﬂoating point operations) and algorithmic approximation (e.g. approximation of the expensive functions and
loops [BC10]).
Distinguishing between the critical and non-critical portions of a program
is the main challenging task of this programming model. EnerJ [SDF+ 11]
proposes a type system that isolates the precise portion of the program from
the approximate portion. That means it prevents a direct ﬂow of data from
approximate to precise variables. It also allows programmers to compose programs from approximate and precise components safely. Later a more complete architectural support for approximate programming has been developed
in [ESCB12]. Recently, a relational assertion logic [CKMR12] has been proposed to express and verify the properties of program approximations.
3.2. Programming using Phased Behaviours. The key observation of
this programming model is that diﬀerent program fragments have distinct
patterns of CPU usage, memory accesses, cache misses, and I/O operations

96
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which lead to a distinct pattern of energy consumption. Therefore a program
usually have phased behaviours of energy consumption. The rate of energy
consumption is steady within a phase but diﬀerent across.
The main challenging task of
this programming model is to determine the number of phases and the
boundary of each of them. Energy
r4
types [CZSL12] allow the programmer to specify phased behaviours by
r3
using phase type annotations. The
non−dangling reference
type system can enforce the phase
r2
possible dangling reference
distinction (each data and operation must commit to only one phase)
r1
and the phase isolation (any crossphase interaction can be done only
r0
with type coercion). Phase type information can control the CPU dynamic voltage and frequency scaling
Figure 1. Lexically(DVFS). DVFS is based on the obScoped Regions
servation that is most advantageous
to scale down the CPU frequency (such that energy can be saved) when the
CPU is least busy (such that the performance is the least aﬀected). The challenging task for applying DVFS is to choose the right scaling point and the
right scaling factor. In this case the solution reduces to ﬁnding the appropriate
boundaries for the phases.
Top (youngest region)

Bottom (oldest region)

3.3. Programming according to the Battery Energy States. The key
observation of this programming model is that the diﬀerent choices to implement an application may consume diﬀerent levels of energy and be best used
in diﬀerent battery energy states.
The main challenging task of this programming model is to adapt the
program to the available energy. Energy types [CZSL12] uses mode type
annotations to indicate the expected energy usage context associated with
speciﬁc data or operations. In [SKG+ 07] a coordination language is proposed
in order to dynamically adapt the system to available energy.
4. A Unified Region Calculus for Energy Management
In this section we propose a general region calculus for both data and
code that can unify all three energy-aware programming models presented in
Section 3. This proposal extends our region calculus used before to manage the
heap memory at compile time [Cra08]. First we illustrate our previous region
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calculus by a simple Java code example and then we analyse the modiﬁcations
of our calculus to support energy-aware programming models.
Our region calculus uses lexically-scoped regions such that the heap memory is organised as a stack of regions, as illustrated in Figure 1. Regions are
memory blocks that are allocated and deallocated by the construct letreg r in e,
where the region r can only be used to allocate objects in the program e. The
older regions (with longer lifetime) are allocated at the bottom of the stack
while the younger regions (with shorter lifetime) are at the top.
Dangling references are a safety
issue for region-based memory
management. Figure 1 shows two
kinds of references: non-dangling letreg r4 in {
Pair p;
references and possible dangling
Object a,b;
references. Non-dangling references
...
originate from objects placed in a
a = new Object<ra>();
younger region and point to objects
b = new Object<rb>();
placed either in an older region or
p = new Pair<r4>(a,b);
inside the same region. Possible
...
dangling references occur when ob}
jects placed in an older region point
to objects placed in a younger reFigure
2. Memory
gion. They turn into dangling refRegions Example
erences when the younger region is
deallocated. Using a dangling reference to access memory is unsafe because
the accessed memory may have been recycled to store other objects. There
are two approaches to eliminating this problem. The ﬁrst approach allows the
program to create dangling references, but uses an eﬀect-based region type
system to ensure that the program never accesses memory through a dangling reference. The second approach uses a region type system to prevent
the program from creating dangling references at all. Our work has adopted
the second approach. Let us consider the example of Figure 2, the Pair object is allocated in region r4 which is the top of the regions stack. The two
ﬁelds of the Pair p are allocated in two regions ra and rb which must be older
than or the same as r4. All the safety requirements are guaranteed by our
type system [Cra08]. In addition we have developed the ﬁrst automatic region
type inference system for object-oriented paradigm [Cra08]. Our compiler
automatically augments unannotated object-oriented programs with regions
type declarations and inserts region allocation/deallocation instructions that
achieve a safe memory management.
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In this proposal we assume that the regions for energy management are
manually introduced by the programmers while our energy type systems guarantees the appropriate safety conditions for using energy regions.
4.1. Programming using Controlled Approximations. In order to distinguish between the critical and non-critical fragments (both code and data)
of the programs we use two kinds of regions: approximate regions and precise regions. By default, when no region is explicitly given, the code and the
data are in a precise region. Therefore the programmers have to introduce the
region programming constructions only for the approximate data and computations. In general an approximate region uniﬁes approximate data storage,
approximate computation and approximate algorithms.
Let us consider the example from Figure 3 where the
region rApprox denotes an approximate program fragment. letreg rApprox in {
int a,c;
Therefore all the variables deObject b;
clared inside this region (e.g.
...
a, c), all the memory allocab = new Object();
tions done inside this region
a = c+a;
(e.g. b), and all the operators
x = f(y);
computations done inside this
...
region must be approximate.
In the case of a function call }
that is executed inside of an
Figure
3. Approximate
approximate region (e.g. f(y),
Regions Example
its computation can be done
according to the regions of the function body. However the function call
result is stored in an approximate variable (x in our example). Our model is
portable, the compiler is entirely responsible for choosing the energy-saving
mechanisms for approximate data and computations from an approximate region. The safety requirement that must be guaranteed by our type system is
that the approximate data cannot aﬀect precise data. However it is important
that data be occasionally allowed to break the strict separation enforced by
the type system. Therefore our region model provides a special construction
that allows the programmers to control explicitly when approximate data can
aﬀect precise state.
4.2. Programming using Phased Behaviours. In this energy programming model our energy regions denote the energy states of the diﬀerent hardware components whose energy consumption contributes to the energy consumption of the programs. In this proposal we restrict our region calculus to
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CPU states such that our energy regions represent the CPU frequencies. For
example we can have the regions rH, rM, and rL to denote three diﬀerent frequencies for a CPU: high, medium and low respectively. The programmers can
choose diﬀerent regions for diﬀerent program fragments execution according
to the characteristics of those program fragments.
Let us consider the example from Figure 4 where the
region rH is used for CPU
intensive operations while rL letreg rH in {
c=1;
is used for I/O operations.
while (c < 10000){
Our letreg construction cor...
responds to two instructions:
//CPU intensive operations
the ﬁrst which set the CPU
...
frequency at the beginning
}
of the block and the second
...
which restore the previous
letreg rL in {
CPU frequency at the end of
...
the block. The safety require//I/O operations
ment for this model refers to
...
the proper usage of the CPU
}
frequencies. A proper usage of
c=1;
CPU frequencies means to rewhile (c < 10000){
duce the energy consumption
...
without signiﬁcantly aﬀecting
//CPU intensive operations
the execution time. It is very
...
diﬃcult to statically guaran}
tee this safety requirement.
...
}
4.3. Programming accordFigure 4. CPU Frequency
ing to the Battery Energy
Regions Example
States. In this model the energy regions correspond to the
battery energy states. Since
the battery state cannot be known at compile time these regions are runtime
regions. However we can use a special construction (implemented in a special
library) that can check the battery state in order to introduce the regions
at the compile time. An illustrative example is given in Figure 5. The programmers can choose the code that will be executed according to the battery
status. The safety requirement here is to not allow a transition from a low
status region to a high status region without an explicit check/change of the
battery status.
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5. Concluding Remarks and Future Work
In this paper we analised
the new energy-aware programming paradigm, we identiﬁed the programming mod- if (batteryState()==High_State){
letreg rH in {
els of the new paradigm and
...
we discussed the challenges of
}
these models. As a solution
we proposed a general uniﬁed }else {
letreg rL in {
region calculus based on our
...
previous work on region-based
}
memory management. Our
intention is to formalize the }
proposed calculus and to deFigure 5. Battery State Revelop an energy type system
gions Example
that can enforce the energy
safety requirements for all the programming models of the new paradigm. We
also like to develop a compile-time energy evaluation model that can guide the
programmers to ﬁnd the appropriate places for energy regions in a program.
Our work is a small step towards designing programming models for energy
eﬃciency.
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DECISION SUPPORT SYSTEM FOR BABES-BOLYAI
UNIVERSITY
VIORICA VARGA, HOREA GREBLĂ, AND ANCA ANDREICA
Abstract. Babes-Bolyai University is considered from an enterprise perspective in order to build a business intelligence solution that would improve decision-making process in order to achieve a better performance, on
both academical and economical level. Our initial proposed design takes
into account an enterprise business model, identifying the main processes
structured according to Zachman’s enterprise architecture framework. A
preliminary approach of the multidimensional design is also presented.
Some of the possible entities to be considered in the decision process improvement are described in the paper. A collaborative business intelligence
approach is inspected as a possible solution for the proposed model.

1. Introduction
Babes-Bolyai University is considered to be the most important employer
and one of the most important economical agents in the Cluj-Napoca city.
We try to view the university from an enterprise perspective and model its
processes accordingly. We focus on some of the core processes and propose a
data warehouse design as basis for a Business Intelligence (BI) solution.
The activities that are performed in a university can be seen and modeled
as a set o individual business processes. There are business processes that
involve a single department with a specific target and there are processes
that span across the university. As the university can be perceived as an
enterprise from business process perspective, the goals and current economical
environment presses the executive board to optimize the activities, improve
cost savings and improve services to their clients, no matter if they are the
students, industry partners or some other entities.
This paper is organized as follows: the second section describes the nine
building blocks of the business model and presents an enterprise architecture
2000 Mathematics Subject Classification. 68P15, 68U35.
1998 CR Categories and Descriptors. H.4.2. [Information Systems Applications]:
Types of Systems – Decision support.
Key words and phrases. Business Intelligence, Data Warehousing, Decision Support, Information Systems.
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framework that we consider suitable for Babes-Bolyai University. The next
section presents the multidimensional data model for the BI solution of the educational and research activity. Last section presents the business intelligence
solution from its users point of view, proposing a collaborative approach.
This paper presents a preliminary approach for the design part of the BI
solution. We intend to implement our data model, load it with data and apply
data analysis and data mining techniques to help decision.
2. Business Model’s Building Blocks
According to [3] ”A business model describes the rationale of how an organization creates, delivers, and captures value”. In their work they formulated
the building blocks for a business model as follows:
1. Customer Segments: An organization serves one or several Customer
Segments. - In our case, Babes-Bolyai University has as main ”customer” the student, but it is not limited to that; there are projects
having the industry or governmental units as beneficiary and some
other cases like projects for professional retraining or life long learning
for non student categories.
2. Value Propositions: It seeks to solve customer problems and satisfy
customer needs with value propositions. As the society evolves, the
knowledge transferred to students needs to be aligned accordingly, the
result being the frequent updates in the University curricula and specializations offered to students.
3. Channels: Value Propositions are delivered to customers through communication, distribution, and sales channels. For the university case
there are direct channels through courses, online channels through
course materials provided, sometimes widely accessible, conferences,
seminars, reviews and magazines.
4. Customer Relationships: Customer relationships are established and
maintained with each Customer Segment through specific entities inside university: secretarial and academic staff for students, public relations department, research department for external projects, and so
on.
5. Revenue Streams: Revenue streams result from Value Propositions
successfully offered to customers. The revenue has many forms, from
direct taxes collected from students, governmental budget received per
student, funds raised, revenues from scientific research projects and
other projects, sold magazines, etc.
6. Key Resources: Key resources are the assets required to offer and deliver the previously described elements and our university has a highly
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respected teaching and research staff, a good infrastructure and various
collaborations with other entities in the country and abroad.
7. Key Activities: The main focus is on teaching and research but also
there is an administrative and maintenance department that facilitates
teaching and researching in good conditions.
8. Key Partnerships: As the industry is the main beneficiary from the
perspective of students as future employees, university developed partnerships with various leading players that share their knowledge early
in this stage so that the students acquire more experience.
9. Cost Structure: The business model elements result in the cost structure.
In order to create a complete picture of the enterprise model for the university, we can use an enterprise architecture framework like Zachman’s were we
can identify and note [7] all the goals, people and technologies that support
achieving the goals (see Figure 1, taken from [6]). When building the business

Figure 1. Zachman Framework [6]
model we have to take into consideration that the organization is not new on
the market, but has long and successful history. Also, the customer is not
a client entering a shop for an everyday goods shopping, but a student that
invests time and money in developing a profession or employees needing to
upgrade the skills in a dynamic economy. In order to compute the profit in a
university, we need to visualize more than monetary figures. The numbers of
students enrolled might be another success factor, along with the number of
graduated students that were employed right after their graduation in a field
related to their studies.
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The number of research studies successfully finished and implemented have
the same importance. Solving problems that increase the standard of living is
also a good measure of the success. With all these processes, it is difficult to
determine what processes to optimize and where to reduce costs.
In order to make it easier for the executive board, we propose a data
warehouse model that would collect all data related to processes inside the
university and serve as basis for a business intelligence application that would
help in taking appropriate decisions in the optimization process. Our proposed
model intends to provide means (at least) to:
•
•
•
•
•
•

Manage corporate performance
Provide analytical insight into data
Allow users to analyze data in a self service manner
Achieve a balanced academic structure and class schedule
Support and manage processes for student life-cycle
Improve admission and grading
3. Modelling the Data Mart

Universities obtain a part of their financial support from student taxes.
Therefore, one of the fact tables will be FactStudPayment, which stores the
taxes collected from students. Universities have a hierarchical structure consisting of faculties, departments and specializations. The academic staff is
organized in departments; students are enrolled to one specialization within
a faculty. Usually students are grouped in some formations (DimStudentGroup). Teaching resources are classified into position groups (e.g., professor,
lecturer, etc.). Curricular activities are referred as courses. For the data mart
these will constitute dimensions. Time dimension cannot be missed from a
data warehouse. Dimensions usually are not in third normal form. Nearly
every dimension has a DateFrom and DateTo attribute, they are not visible,
because of space consideration. A student type (StudentType) will change in
time, he begin as undergradute, them becomes graduate, he can be a PhD
student. This is a Slowly Changing Dimension, which gives us the possibilty
to follow student’s career. The academic processes can be considered in terms
of educational supply with faculties as suppliers of educational services and
students as their consumers.
The FactStudPayment fact table has the following dimensionality: student
(with the next hierarchy: faculty, specialization, student group), time, taxes.
Students’ results at different curricular activities are stored in Catalogs.
This is considered fact table, students’ graduation at different courses in different faculties, specializations, different semesters can be measured. See the
data mart for curricula activities and students payment in Figure 2. The third
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Figure 2. Data Mart for Curricula Activity

fact table in the constellation model is FactCourseInstructor. This table stores
which course by which instructor for what student group is presented.
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Figure 3. Data Mart for Research Activity

The data model for research activity is in Figure 3. Academic staff is
involved in research activity which is measured by publications and participation in research projects. Research projects have a budget, so this can be
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considered fact table. Aggregation functions can be applied for this fact table
in the faculty, department hierarchy.
The quality of publications and the number of them are a very important
measure of research activity. There is no measurable attribute, so we design a
bridge table to store the authors of the publications in BridgeProjectParticipants.
There are other activities, which are important in the scientific prestige
of the university, like reviewer in an international journal, getting an international prize, etc. These are stored too in the data model.
4. Sharing and exchange of information
Information offered by the described BI solution has to get to the right
people in the organization, so that they can analyze data and make valuable
decisions based on that. People that could improve the decision system are not
always at the top level of the organization. There are often people at different
levels that could bring valuable knowledge in the process of data analysis.
The concept of Collaborative Business Intelligence is a quite new trend that
refers to such a collaboration between different users in order to improve the
decision making system. It represents a merge between business intelligence
and social media tools in order to facilitate BI solution users interaction so
that they can choose the most relevant data and share it [5].
The BI solution proposed in this paper will transform raw data into meaningful and useful information, but due to the complexity of the organization,
analyzing this data and deciding which is the most relevant and the most valuable will require cooperation between different users. Collaborative BI brings
the human component next to the organizational information. The process of
irrelevant data rejection will be therefore enabled by rating, commenting and
sharing.
Some of the advantages of enabling users to interact and provide feedback
on reports and dashboards are therefore:
• choice of relevant data
• improved decisions
• taking decisions in a shorter period of time
BI products are being integrated with collaborative platforms like Microsoft SharePoint and IBM Lotus Connections. There is also a development
towards cloud based technologies which represent a good approach for collaboration. Mobile technologies also sustain integration of collaborative BI.
Another meaning of collaborative BI is given by data warehouse integration. This comes from the need of interaction with other organizations in the
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process of decision making. Indeed, cooperation with other Romanian universities could result in better decisions with high level impact. This would
require that each university has its own data warehouse which is to be integrated.
There are three approaches found in the literature for enabling collaborative BI [4] in the sense of data warehouse integration:
• warehousing approaches where the integrated data are physically materialized
• federative approaches where the integration is only virtual
• peer-to-peer approaches when there is no global schema to rely on when
integrating different datawarehouses
The first two approaches require the existence of a general schema under
which data warehouses coming from different sources could be integrated. In
the cited paper [4] there is a new proposed peer-to-peer framework called Business Intelligence Network where peers expose querying functionalities aimed
at sharing business information for the decision-making process. The main
features of this framework are decentralization, scalability, and full autonomy
of peers.
Collaborative business intelligence seems therefore to be a good solution,
from both perspectives, for our university BI model. Different tools will be
investigated in order to find the most suitable approach for our study case.

5. Conclusions and Future Work
A preliminary research has been done for building a BI solution that could
help improve decision-making process for Babes-Bolyai University. This could
lead to a better performance of the university at both academical and economical level. We started by identifying the main processes that take place
in the university from an enterprise perspective. A preliminary model for the
multidimensional design is described. A collaborative approach have also been
proposed for the information sharing and exchange in order to improve the
decision making system.
The authors intend to study the impact of this solution for the university
and to implement the proposed model. The multidimesional model will be
extended to graduate students employment, in order to see which are the
specializations with the highest employment rates and which is the impact
of students’ practice for their employment. Also, we intend to apply data
mining [2] and data analysis techniques like Formal Concept Analysis for the
constructed data warehouse.
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St., 400084 Cluj-Napoca, Romania
E-mail address: ivarga@cs.ubbcluj.ro
E-mail address: horea@cs.ubbcluj.ro
E-mail address: anca@cs.ubbcluj.ro

