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Abstract

Component based development in the design phase ne-
cessitates a comprehensive look at both static and dynamic
UML views. If a design is to incorporate third-party com-
ponents, one must define component interfaces. \We propose
a method for defining components in the design phase that
can be used for qualification purposes. Coupling and fre-
guency metrics are used to make component definition deci-
sions. Component interface definitions allow for qualifying
candidate components.

1. Introduction

Software design is increasingly including component
based software development [3]. This happens from two
perspectives: (1) a software designer wants to use compo-
nents and needs to define how components fit with the re-
mainder of the design. Then candidate components must be
evaluated whether they fit into the design. The latter is part
of component qualification. (2) a software designer wants
to design components for reuse. This could be as part of a
product line architecture, or as part of a set of components
developed for reuse.

In either case, one needs to determine what the compo-
nent boundaries and interfaces are. Second, candidate com-
ponents need to be evaluated how well they fit into the over-
all design. i. e. how well they fit the component boundaries.

We propose an analysis method that works for designs
expressed in UML Class Diagrams and Sequence Dia-
grams. It is derived from Pilskalns et al. [11]. In [11], a
model is derived from Class Diagrams and Sequence Dia-
grams that integrates both structural and behavioral charac-
teristics of the design. It is used to generate and execute
tests. This paper uses the same model to evaluate compo-
nent boundaries and define components with high cohesion
and low coupling. Candidate components are then qualified
by how well they fit the interfaces of the component with
the rest of the design.

Section 2 describes existing work on component selec-
tion and qualification. Section 3 explains the approach used

for component definition. Section 4 defines the method for
component qualification. Section 5 illustrates the analysis
method on an example. Section 6 draws conclusions and
suggests further work.

2. Background

In [5, 6] Kontio et al. apply a selection and evaluation
method to multiple case studies. The method investigated
is referred to as OTSO (Off-The-Shelf Option). OTSO de-
scribes a systematic approach to selecting packaged compo-
nents. The method includes six phases: search, screening,
evaluation, analysis, deployment, and assessment. Lester
et al. [8], apply the idea of using stereotypes, class com-
partments, and association rules for qualifying the reuse of
software artifacts. These UML constructs are used to define
search criteria for reuse candidates. The stereotype is used
to limit the search of objects to those objects that contain
the stereotype or are derived from the object with the stereo-
type. Attribute-Value classification can be used to provide a
structured way to integrate association roles into the search
criteria of an object.

The COTE (COmponent TEsting) project [4] is con-
cerned with developing an integrated environment (IE) for
qualifying and testing components. The research is primar-
ily interested in using the IE for components modeled in
UML. Sequence diagrams are used to generate UML test
profiles.

These methods are more concerned with component
evaluation and qualification than definition. Further, they
are fairly high level. We see our method as a more detailed
analysis approach whose results can be used in the context
of an OTSO evaluation. Similarly, our component qualifica-
tion method can be seen as a method for selecting candidate
components that can then be tested using COTE.

3. Defining Components

We define components by (1) creating a model that
merges the static and dynamic information of UML Class



and Sequence diagrams, (2) applying an operation profile
to the model to collect metrics, and (3) analyzing the met-
rics to identify boundaries in the model for defining poten-
tial component interfaces. The first step in defining com-
ponents is to convert the class diagrams and sequence dia-
grams into a directed acyclic graph that can be analyzed for
cohesion [1] and coupling (Constrained Object Method Di-
rect Acyclic Graph or COMDAG). We do this in two steps
based on Pilskalns et al. [11]. First we convert classes
into constrained class tuples (CCTs) that describe attributes,
methods, and inheritance relationships of a class. A CCT
is contained in each node of the COMDAG and represents
an instantiated class. A set of CCTs can be used to de-
fine a component, since all of the interface information is
available. The sequence diagrams are converted into graphs
(COMDAG), starting with the first method call, following
the paths through the sequence diagram. Nodes are defined
by the method, object, and classes involved. Edges connect
method sequences as specified in the sequence diagram. Ta-
ble 1 shows the definition of the CCT as specified in [11].
Here we do not need all parts of this definition, since we do
not need to generate and execute test cases.

The COMDAG can be constructed by mapping elements
of the Sequence Diagrams to a graph. The COMDAG is
a tuple (V) E, s) where V is a set of vertices, F is the set
of edges, and s is the starting vertex. Each vertex, v, is
defined by the triple v = (o, (M), CCT(c)), where o is
an object, (M) is a method tuple, c is a class. An edge
E, represented by the tuple (vi,v9), consists of a pair of
vertices that represent the ordering between vertices v, and
vo defined by the sequence diagram.

Once the CCT and COMDAG are defined, it is possible
to define a set of (connected) COMDAG vertices with the
smallest number of connections (#conn). To define and de-
sign a component and its boundaries select, a set of nodes
(A) where every node is directly connected to at least one
other member in the set. (e.g. a connection is define as
{(Un,vnt1)). Since each node contains a CCT, the newly
defined component contains a complete description of the
potential interface. A min—cut algorithm can be employed
or a designer can manually identify potential component
boundaries. In addition, we assume an operational profile
has been defined for use cases; that is, each use case is as-
sociated with a (relative) frequency. Execution as in [11]
or tracing a use case through the COMDAG identifies how
often interfaces are activated (#act). A decision on which
nodes are part of a defined component are then made based
on (#conn, #act). The designer can then choose either
the interface with the fewest connections, or the interface
with the fewest activations. Alternatively, the designer may
have set a threshold for #act and then selected the interface
with the fewest #conn that falls within the threshold. The
component (A4) identified with this approach is a subset of

the vertices in the COMDAG. The activation and connec-
tions need not be the only metrics we use. Since the CCT
contains attribute and method information, metrics can be
collected for class size, method signatures, attribute types,
etc. For instance, one of our criteria for a potential com-
ponent may only select classes that have a maximum of ten
methods. The CCTs that define our component will be used
in the next section to qualify candidate components.

4. Qualification

This approach determines if an implemented candidate
(COTS) component qualifies for the current design and ar-
chitecture of the system. The analysis is based on com-
paring the interfaces of the design component as defined in
the prior section with a list of implemented candidate com-
ponents. Interfaces are described in terms of information
about the methods, parameters, and attributes as contained
in the Constrained Class Tuples (CCT), of Table 1.

Interface analysis determines if an implemented candi-

date component satisfies the requirements of the system.
The set of attributes and methods is described in the form
shown in rows 4 and 5 of Table 1, respectively. We assume
that a component X may contain multiple attributes and
methods, hence many different attribute and method signa-
tures. We will define an interface as comprising multiple
attribute and method signatures.
Step 1. The first step to asserting that a candidate com-
ponent is sufficient for a designed component is to extract
the necessary information from the signatures of both the
designed and candidate components. Information must be
extracted from both the method and attribute sets.

Attribute Extraction, Attr(X), is a function that extracts
pertinent attribute information, for component qualification
from component X. Component X contains a set of at-
tributes of the form seen in Table 1 row 4. Attr(X) returns
the set of all (attribute type, invariant) pairs of component
X. We define a metric #Attr(X) which is equivalent to
|Attr(X)].

Method Extraction, Meth(X), extracts pertinent
method information, for component qualification from
component X. Component X contains a set of methods
of the form in Table 1 row 5. Meth(X) returns the set of
all (return type, invariant, parameter) triples of component
X. We define a metric #Meth(X) which is equivalent to
|Meth(X)].

The method triples Meth(X) and attribute pairs Attr(X)
of a component are called its signature.

Step 2: Next we determine if the interface of a candidate
component B matches the interface of a designed compo-
nent A. Each method triple and attribute pair of A is com-
pared to each method triple and attribute pair of B. A com-
plete match is found if the signature of the method or at-



Reference # Identifier Definition
1 CCT(class name) | (class name, {( Parent CCT }, Y{( Attribute)}, {( Method)})
2 Attribute (aname, attribute type, ainvariant, (CCT))
3 Method {mname, return type, visibility, minvariant, { Parameters))
4 {Attributes} {{anamey, attributetype;, ainvariant;, (CCT)1), (anames,
attributetypes, ainvariants, (CCT)s), - - -,
(anamen,, attributetype,,, ainvariant,,, (CCT)m) }
5 {Methods} {{mnamey, returntypey, visibility,, minvariant,, (Parameters);),
(mnames, returntypes, visibilitys,
minvariants, (Parameters)s), - - -, (mnamey,, returntypen,,
visibility,, minvariant,, (Parameters),)}

Table 1. A constrained class tuple and its elements.

tribute in A has the same return type, invariant, and para-
meter tuple or attribute type and invariant of the method or
attribute, respectively, in B. A partial matchis found only if
some of the elements of the method or attribute signature in
A match the method or attribute signature in B. For a match
we need to recursively search through A’s CCT and Parent
CCT for methods and attributes whose signatures match the
signatures of B (refer to Table 1 row 1).

Step 3: The third step is to determine if the interface of a
candidate component B exceeds the interface of a design
component A. The interface of B safely exceeds the inter-
face A if it contains enough methods and attributes to match
all signatures of methods and attributes in A. Essentially the
signature of A, as defined by its attribute pairs Attr(A) and
method triples Meth(A), must be a proper subset of the sig-
nature of B.

This helps to determine whether or not a given design
that requires attributes described by component A can be
satisfied by candidate component B. For example, imag-
ine a component A which requires five cards to represent
a poker hand. Each of the cards is represented as a String.
If candidate component B contains six cards represented as
Strings, then component A is a proper subset of component
B.

Step 4. We determine a qualification measure. We need
to perform operations on sets of attributes and methods of
components in order to determine if a candidate compo-
nent satisfies the requirements. We perform weighted oper-
ations to both the attribute and method sets of components.
The attribute sets are weighted w, and the method sets are
weighted w,,, according to the Analytic Hierarchy Process
(AHP) [12]. In the following sections, the fithesses and cov-
erages computed for both attribute and method sets are also
weighted by AHP.

Given two components A and B, with attributes
{aa1, aas,aas, - -, aan} and {ba1, bag, bas, - - -, ba,} re-
spectively, the difference between component A’s and com-
ponent B’s attributes is defined in equation 1.

#attrOver(B, A) = #Attr(B) — #Attr(A) (1)

The difference in equation 1 is the number of attribute
elements in Attr(B), but notin Attr(A).

The difference between two components and their at-
tributes is considered the attribute overhead of the compo-
nent. For example the design of a poker game needs a com-
ponent A which has five cards all represented by Strings,
{cardy, cards, cards, cardy, cards }. Consider a candidate
component B which contains six cards all represented by
Strings, and a game type represented as an integer number,
{cardy, cards, cards, cardy, cards, cardg, game_type}.
Applying #Attr(B) — #Attr(A) to the two components
results in #attrOver = {card,game_type}. The dif-
ference in this case represents the attribute overhead of
the components. Representing the attribute overhead as a
percentage is desired, refer to equation 2.

F#attrOver

attrOver% = W?“(B)

* 100 )

For this example the percentage of overhead is 2/7 =
29%.

Given two components A and B, with
methods {amy,amz,ams, -, amp} and
{bmy,bmg,bmg,---,bm,} respectively, the differ-

ence between component A’s and component B’s methods
is defined in equation 3.

#methOver(B, A) = #Meth(B) — #Meth(A) (3)

The method difference is the number of method ele-
ments in Meth(B), but not in Meth(A). The differ-
ence between two components and their methods is consid-
ered the method overhead of the component. For example
the design of a poker game needs a component A which
has a deal and shuffle method, {get Hand(), shuf fle()}.



If a candidate component B is available which con-
tains methods for getHand( ), shuffle( ), and get-
Bet(), {getHand(), shuf fle(), getBet()}, then applying
#Meth(B) — #Meth(A) to the two components results
in #methOver = {getBet()}. The method overhead of
the components as a percentage is defined in equation 4.

#methOuver

methOver% = #Tth(B)

% 100 (4)
For this example the percentage of overhead is 1/3 =
33%.

The intersection of two components A and

B, with attributes {aa1,aas,aas,---,aa,} and
{bay,bag,bas,---,ba,} respectively, is defined in
equation 5.

#attrInt = |Attr(A) N Attr(B)| (5)

The attribute intersection is the number of attribute ele-
ments in both Attr(A) and Attr(B).

The intersection between two components indicates cov-
erage. Thus all attribute elements that are present in
Attr(A) and in Attr(B) represent the attribute coverage.
Attribute coverage can be calculated as in equation 6.

#Attr(A) — #attrint
a #Attr(A)

attrCov% = (1 )« 100 (6)

For example, the design of a poker game needs
a component A which has five cards all represented
by Strings, {cardy, cards, cards, cardy, cards }.
If a candidate component B is available which
contains six cards all represented by Strings, and
a game type represented as an integer number
({card, cards, cards, cardy, cards, cardg, game_type}),

then applying Attr(A) N Attr(B), results in
I = A{cardy,cards,cards, cardy, cards}. Thus,
|Attr(A)] = 5 and #attrInt = 5, which indicates

that the coverage is 1 — (5 — 5) = 100%. However, the
attribute coverage must be weighted by w,.. The attribute
fitness of the component is defined in equation 7.

) attrOver%
100

The attribute fitness is 1 — 0.29 or 71%. The attribute
fitness must also be weighted by w .

The intersection of two components A and B,
with  methods  {ami,amq,ams,---,am,,}  and
{bmq,bmso,bms, -, bm,} respectively, is defined in
equation 8.

attrFit% = ( ) % 100 (7)

#methInt = |Meth(A) N Meth(B)| 8)

Where method intersection is the number of method ele-
ments in both Meth(A) and Meth(B).

The intersection between two components indicates cov-
erage. Thus all method elements that are present in
Meth(A) and in Meth(B) represent the method coverage.
The method coverage is calculated as in equation 9.

1 #Meth(A) — #methInt

methCov% = ( M eih(A)

)*x100 (9)

For example, the design of a poker game needs a
component A which has a deal and shuffle method,
{getHand(), shuf fle()}. 1f a component B is available
which contains methods for getHand( ), shuffle( ), and get-
Bet( ), {getHand(), shuf fle(), getBet()}, then applying
Meth(B) N Meth(A) to the two components results in
I = {getHand(), shuf fle()}. Thus, |Meth(A)| = 2 and
#methInt = 2, which indicates that the method coverage
is1—(2—2) = 100%. However, the method coverage must
be weighted by w,,,. The method fitness of the component
is defined in equation 10.

3 methOver%
100

The method fitness is 1 — 0.33 or 67%. The method
fitness must also be weighted by w, f.

A component B properly satisfiesa component A if and
only if the fitness and coverage is = for both attributes and
methods. A component B satisfies a component A if and
only if the fitness and coverage is at least y for both at-
tributes and methods, where > y and < 50%. If the
fitness and coverage for both attributes and methods is less
than y, then a different component should be considered.
The sum of attribute fitness and attribute coverage should
be as close to 100% as possible to ensure that a given com-
ponent attribute qualification satisfies the requirements of
the system. Also, the sum of method fithess and method
coverage should be as close to 100% as possible to ensure
that a given component method qualification satisfies the
requirements of the system. Adding the results of the at-
tribute qualification and the method qualification together
and dividing by 2, results in the overall qualification of the
component for the system.

methFit% = (1 ) % 100 (10)

5. Example: Analysis& Qualification

We created a UML designed application to demonstrate
the component definition and qualification processes. The
application creates a two-dimensional convex polygon filled
with either a solid color or Gouraud shading. The inputs to
the program are two filenames: an input file and an image
file. The input file contains the size, a list of coordinates,



Use Case: Create Polygon
Intent: Create polygon image from input file
PreConditions: Input file is correctly specified
Post Conditions: Polygon image file created
Description:
1. User executes program with 2 command line arguments
2. System returns polygon image file

Figure 1. Polygon Use Case

and color values. The image file can have five different for-
mats: BMP, GIF, JPG, PNG, ora TIF.

The original class diagram contained 14 classes. Figure
2 shows a simplified version, with many classes hidden be-
hind the image interface. The sequence diagram, Figure 3,
has been simplified as well. Both diagrams were designed
using UML 2.0 [9]. The COMDAG, Figure 4, was derived
from the sequence diagram. The loops in the COMDAG
have been retained to reduce the size, but in practice they
would be unraveled into a directed acyclic graph.

Interpolator

1 |interpolator(in file : String, in type : int) 1
InterpolateLine(in y : int) : ScanLine

1 IncrementEdges()

Polygon

ScanLine

Polygon(in filename : String) 1 -
Fill() +ScanLine()
+WriteLine()

CreateFile(in filename : String)

«uses» «uses»

1 dnterface»

- ) limage 6 -
[Createlmage(in width : int, in height : int)

Load(in x :int, iny :int, inr:int, in g :int, in b :int)
CreateFile(in filename : String)

Figure 2. Polygon Class Diagram

«Interface »
Polygon Interpolator ScanLine limage
T T T T
il A A 1
Createlmage(width, height
Interpolator(file, type)
001 10,300)]
InterpolateLine(y)
ScanLine()
WriteLine(y)
1000 (10,300)]
Load(x, y, r, g, b)
IncrementEdges()
CreateFile(filename) .
L] L L L

Figure 3. Polygon Sequence Diagram

In our definition process we use an Operational Profile
consisting of Use-Cases and their frequency of execution.
For this example, we use one of the primary Use-Cases,
see Figure 1, to simulate execution. There are three nodes
directly connected to the Image Component: 1, 10, and 15.
Despite only 3 connections, when we simulate the Use-Case

there are 90,002 activations. Obviously the boundaries to
the image interface should also be our component bound-
aries. Therefore, our component is defined in terms of the
CCT’s describing image interface.

Foon (0,300
1090 7" 10,300

o 1O—O—0E=0

. < p, < Createlmage, < 300, int >, < 300, int > >, Polygon >

. < llmage, < return >, llmage >

. < p, < Interpolator, < filename, string >, < type, int > >, Polygon >

. <, < return >, Interpolator >

. < p, < InterpolateLine, <y, int > >, Polygon >

. < i, < ScanLine, null >, Interpolator >

. <'s, < return >, Scanline >

. < i, < return >, Interpolator >

. < p, < WriteLine, <y, int> >, Polygon >

10. <5, < Load, < x int >, <y int>, <rint>, <g,int >, <b,int > >, ScanLine >
11. < limage, < return >, llmage >

12. <'s, < return >, ScanLine >

13. < p, < IncrementEdges, null >, Polygon >

14. < i, < return >, Interpolator >

15. < p, < CreateFile, < filename, string, [Type = bmp, gif, jpg, png, tifl > >, Polygon >
16. < llmage, < return >, llmage >

Figure 4. Polygon COMDAG

© 00O Uk WN -

The purpose of the Image Component is to provide a way
for the program to write an image file. We need to be able
to specify the image size, the RGB value for each pixel, and
create one of five file types. While the tasks the component
should perform are quite simple, the component function-
ality may not conform to our definition. A third party im-
age component may not allow us to create the desired file
types, or the interface for loading information may be non-
compliant. Other complications arise if the third party com-
ponent supports extra operations that our program does not
use. Although extra functions can be useful, when unused,
the excess overhead increases code size without increasing
effectiveness.

Attr (P) Attr (11C)
Position intx, inty intx, inty
Color intr,intg, inth intr,intg, intb,inta
File Type bmp, gif, jpg, png, tif bmp, gif, jpg, png, tif, pbm, pgm, ppm, tga

Table 2. Attributes Required vs. Provided

We will apply Set Analysis to qualify the Imaginary Im-
age Component (I11C), a COTS component. I1C runs on
the Java platform, and the interface is provided as a class.
The component allows the specification of a generic file,
which can be saved as nine different types. 77C' allows the
image file to be changed one pixel at a time through the
specification of a Position and a Color. Although, neither
the position nor color class are used in the Polygon specifi-
cation, we can use CCT’s to unravel each structure down to
their base types, and perform the comparisons there. Table
2 shows the unraveled attributes. After the image has been
created, 11C provides a variety of methods to alter the image



Meth (P)
Createlmage(int width, int height)

Meth (11C)
Specifylmage(int w, int h)

Load(int x, inty, intr, int g, int b) LoadPixel(Position p, Color c)

CreateFile(String filename) CreateFile(String name)
Rotate(int degree)
Flip()

Scale(int percentage)
StretchWidth(int percentage)
SretchHeight(int percentage)
Crop(Position tl, Position br)

Invert()

Table 3. Methods Required vs. Provided

appearance. Table 3 show a complete list of methods in the
11C component.

Everything required by Polygon that is provided by
1IC is listed in normal font. By examining Table 2 & 3,
it is also apparent that 77C' is sufficient to cover Polygon’s
requirements. Because I1C is sufficient, coverage is 100%
for both attributes and methods.

#AttrInt = |Attr(P) N Attr(IIC)| = 10
AttrCov% = (1 — ZALEZAZITII 100 = 100%
#MethInt = |Attr(P) N Attr(I1C)| = 3

MethCov% = (1 — EMLLLL ANy . 100 = 100%

Although IIC is sufficient, only 2 methods have a
complete match. LoadPixel is only a partial match because
of the extra alpha attribute in the color parameter. All other
portions of I1C safely exceed Polygon’s requirements.
The overhead is the portion of II1C that safely exceeds
Polygon’s requirements. In Table 2 & 3, the overhead is
denoted with italics.

AttrOver% = #Attr;ﬁgz&?é;tr(m = 33%

AttrFit% = (1 — AtrQuer’y — 77%

_ #Meth(IIC)—#Meth(P) __
MethOver% = #Metab(nc) L) — 70%

MethFit% = (1 — MethOver%) — 30%

The component qualification is determined by averaging
the coverage and overhead together. In this case the overall
qualification is 76.75%, making [IC fairly qualified as a
component for the polygon program.

Qual _ AttrCov+AttrFit+i\/IethCov+MethFit _ 7675%

6. Conclusion

This paper showed how to define a design component
as part of a UML design. It also defined a method how to
use the component interface definition to qualify candidate

components and compute fitness metrics for the degree of
fit. An example illustrates how the method works.

Since the method is based on information that can be
extracted automatically from a design, it is possible imple-
ment a tool that can help in component definition and quali-
fication. This could become a valuable design aid. Automa-
tion is our next step.
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