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Consider the set SR = {r1, r2, ..., rn},
and the set SC = {c1, c2, ..., cm}.
Each component ci can satisfy a subset of the requirements from
SR,

SRci
= {ri1 , ri2 , ..., rik}.

The goal is to find a set of components Sol in such a way that
every requirement rj from the set SR may have assigned a
component ci from Sol where rj is in SRci

.
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= {ri1 , ri2 , ..., rik}.

The goal is to find a set of components Sol in such a way that
every requirement rj from the set SR may have assigned a
component ci from Sol where rj is in SRci
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Simple Component Selection Problem ( [Fox et al., 2004] )

Multicriteria-based Component Selection Problem
( [Haghpanah et al., 2007] )
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Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Simple Component Selection Problem
Multicriteria-based Component Selection Problem

Backtracking-based composition approaches

All Possible Components Configurations (APCC) algorithm
[Fanea and Motogna, 2004]

Temporal Components Composition Restraint (TCCR)
algorithm [Vescan, 2006] (ISI Proceeding), [Vescan, 2007b]
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Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Simple Component Selection Problem
Multicriteria-based Component Selection Problem

Backtracking-based composition approach (cont.)

Source component

Destination component

Simple component

Compound component

Parallel composition -
SA || SB

Serial composition -
SA + SC

( [Motogna and Parv, 2002] )
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Backtracking-based composition approach (cont.)

Temporal Components Composition Restraint (TCCR) algorithm

Data composition restraint CSender
data−→ CReceiver .

Temporal composition restraint CPrevious
before−→ CAfter .

Example: Average mark computation system.

Data composition restraints: MarkD1
o25−→ AvgM,

MarkD2
o33−→ AvgM, MarkD3

o44−→ AvgM.

Temporal composition restraint: MarkD2
before−→ MarkD3.

1 R MarkD1 MarkD2 MarkD3 AvgM W

2 R MarkD2 MarkD1 MarkD3 AvgM W

3 R MarkD2 MarkD3 MarkD1 AvgM W

Table: Valid solutions for the final systemAndreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems
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Automata representation ( [Parv et al., 2004] )
A system of components is defined as a finite automaton
A = (Q, Σ, δ, q0, F ), where:

Q is the set of states,

Σ is the input alphabet,

δ is the transition function,

q0 is the initial state,

F is the set of final states.
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ControlFlow and DataFlow Syntactic Composition algorithm
Task-based construction

Sol.
no.

Task execution order

1 r , t1, t2, t4, t3, t5, w

2 r , t1, t2, t4, t5, t3, w

3 r , t1, t4, t2, t3, t5, w

4 r , t1, t4, t2, t5, t3, w

5 r , t1, t4, t3, t2, t5, w

6 r , t4, t1, t2, t3, t5, w

7 r , t4, t1, t2, t5, t3, w

8 r , t4, t1, t3, t2, t5, w
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[Fanea and Diosan, 2006b] (indexed ISI-SCI-E)
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Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Simple Component Selection Problem
Multicriteria-based Component Selection Problem

Artificial intelligence-based composition approach

Evolving Components Execution Order (ECEO)

APCC algorithm:
((((((((((C3||C6) + C7)||C1) + C2)||C4) + C9) + C5) + C8) + C10) + C11).

ECEO
Genes: 1 2 3 4 5 6 7 8 9 10 11
Values:2 3 1 3 5 1 2 6 4 6 7 ; Genes: 3 6 1 7 2 4 9 5 8 10 11

Values:1 1 2 2 3 3 4 5 6 6 7 .

Algorithm Solutions Time

APCC 1680 1sec

ECEO 3017 1.3sec

Table: Experiment: Eleven involved components with ten dependences
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Evolutionary Algorithms to analyze Component Composition
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Artificial intelligence-based composition approach (cont.)

Evolutionary Algorithms to analyze Component Composition
Automata representation

A = (Q, Σ, δ, q0, F ), where

Q = {C1, C3, C4, C2, C5},
Σ = {...}, δ = {...},
q0={C1}
F = {C5}
EA representation

[1(4, 2)]
︸ ︷︷ ︸

c1

[1(5)]
︸ ︷︷ ︸

c2

[1(2)]
︸ ︷︷ ︸

c3

[1(5, 2)]
︸ ︷︷ ︸

c4

[1()]
︸︷︷︸

c5
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Multi Expression Programming-based approach
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Artificial intelligence-based composition approach (cont.)

Multi Expression Programming-based approach

Representation
Terminals: T = {c1, c2, ..., cn};
Functions: F = {+, ||}.
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Artificial intelligence-based composition approach (cont.)

Multi Expression Programming-based approach

Representation
Terminals: T = {c1, c2, ..., cn};
Functions: F = {+, ||}.
Example: Verify if the pair
(nextPrime(cd(a, b)),
nextPrime(c)) is a pair of twin
numbers.
(cd =greatest common
divisor).
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Cartesian Genetic Programming-based approach

Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Simple Component Selection Problem
Multicriteria-based Component Selection Problem

Artificial intelligence-based composition approach (cont.)

Cartesian Genetic Programming-based approach
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Artificial intelligence-based composition approach (cont.)

Cartesian Genetic Programming-based approach

A possible chromosome:
0 1 2 -1
︸ ︷︷ ︸

i4

2 3 1 -2
︸ ︷︷ ︸

i5

4 5 3 -3
︸ ︷︷ ︸

i6

4 3 5 -4
︸ ︷︷ ︸

i7

6 1 5 -4
︸ ︷︷ ︸

i8

4 5 7 - 5
︸ ︷︷ ︸

i9

6
︸︷︷︸

o0

9
︸︷︷︸

o1
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P-Systems-based approach
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P-Systems-based approach
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Artificial intelligence-based composition approach (cont.)

P-Systems-based approach

Example: Decides if the number 6 ∗ Nr1 (with Nr1 given ) is
divided by the number Nr2

2 (with Nr2 given).

First model execution Nr1 = 5 and Nr2 = 4.

Second model execution Nr1 = 3 and Nr2 = 3.
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Greedy-based composition approach [Vescan, 2008c] (indexed
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Greedy-based composition approach [Vescan, 2008c] (indexed

BDI)

Branch and Bound-based composition approach
[Vescan and Pop, 2008] (indexed MathSciNet)
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Multicriteria-based Component Selection Problem approaches

Greedy-based composition approach [Vescan, 2008c] (indexed

BDI)

Branch and Bound-based composition approach
[Vescan and Pop, 2008] (indexed MathSciNet)

Artificial intelligence-based composition approaches
[Vescan, 2008b] (indexed IEEE), [Vescan, 2008a] (ISI Proceeding),
[Vescan and Grosan, 2008b] (ISI Proceeding),
[Vescan and Grosan, 2008a] (indexed IEEE),
[Vescan et al., 2008] (ISI Proceeding),

[Vescan, 2008e](indexed ISI-SCI-E)
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Greedy-based composition approach [Vescan, 2008c] (indexed

BDI)

Branch and Bound-based composition approach
[Vescan and Pop, 2008] (indexed MathSciNet)

Artificial intelligence-based composition approaches
[Vescan, 2008b] (indexed IEEE), [Vescan, 2008a] (ISI Proceeding),
[Vescan and Grosan, 2008b] (ISI Proceeding),
[Vescan and Grosan, 2008a] (indexed IEEE),
[Vescan et al., 2008] (ISI Proceeding),

[Vescan, 2008e](indexed ISI-SCI-E)
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Greedy-based composition approach

Ratio Selection Function

SRc

⋂
RSR

cost(c)
is maximal .
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is maximal .
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Function
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Greedy-based composition approach

Ratio Selection Function

SRc

⋂
RSR

cost(c)
is maximal .

Ratio and Dependencies Selection
Function

SRc

⋂
RSR

cost(c) is maximal ;

the dependencies must be satisfied.
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Each node n has an associated
value:

Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Simple Component Selection Problem
Multicriteria-based Component Selection Problem

Branch and Bound-based composition approach

Each node n has an associated
value: f(n) = g(n) + h(n);
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Branch and Bound-based composition approach

Each node n has an associated
value: f(n) = g(n) + h(n);

g(n) - the cost of the
components that were used
until now (from the root
node to node n) to
construct the solution;
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Branch and Bound-based composition approach

Each node n has an associated
value: f(n) = g(n) + h(n);

g(n) - the cost of the
components that were used
until now (from the root
node to node n) to
construct the solution;

h(n) - the number of
remaind requirements that
need to be satisfied (to
reach the final solution
starting from the current
node n).
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Requirements-based chromosome representation
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method (EArWS).

Components-based chromosome representation
Multiobjective problem: fRemReq, fCost and fNoComp.
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Requirements-based chromosome representation
Multiobjective problem: fCost and fNoComp, and one
constraint (requirements dependencies).

Multiobjective optimization problem using weighted sum
method (EArWS).
Multiobjective optimization problem using Pareto dominance
principle (EArP).

Components-based chromosome representation
Multiobjective problem: fRemReq, fCost and fNoComp.

Multiobjective optimization problem using Pareto dominance
principle (EAcP).
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(cont.)
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Evolutionary algorithms-based composition approaches
(cont.)

SR = {r0, r1, r2, r3, r4, r5} and SC = {c0, c1, c2, c3, c4, c5, c6, c7, c8, c9}.

c0 {r0, r3} 8
c1 {r2, r5} 7
c2 {r0} 6
c3 {r0} 9
c4 {r1} 6
c5 {r2, r4} 14
c6 {r3, r4, r5} 15
c7 {r4, r5} 14
c8 {r1, r2} 7
c9 {r0, r4, r5} 14

Dep. r0 r1 r2 r3 r4 r5
r0

√

r1
r2

√ √

r3
√

r4
√

r5
√
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Evolutionary algorithms-based composition approaches
(cont.)

Approach r1 r0 r4 r2 r3 r5 cost no

GreedyR 8 0 1 8 0 7 36 4

GreedyRd 4 0 9 8 0 9 35 4

BB 8 2 6 8 6 6 28 3

BBd 4 2 6 1 6 6 34 4

EArWS 8 2 6 8 6 6 28 3

Table: GreedyR, GreedyRd, BB, BBd and EArWS Solutions
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EArP and EAcP
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Evolutionary algorithms-based composition approach
(cont.)

EArP and EAcP

Dominance measure

DM(A,B) =

Dominates (A, B)

DifSol(A) + DifSol(B)
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Evolutionary algorithms-based composition approach
(cont.)

EArP and EAcP

Dominance measure

DM(A,B) =

Dominates (A, B)

DifSol(A) + DifSol(B)

Approach No of nondom. DM

10 individuals – 10 generations

EArP 56 0.5

EAcP 34 0

10 individuals – 20 generations

EArP 83 0.5

EAcP 72 0

10 individuals – 50 generations

EArP 165 0.5

EAcP 52 0

Table: Comparison between nondominated solutionsAndreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems
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Component function adaptation architectures [Vescan, 2008d]

(ISI Proceeding)
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Adaptation architectures:

Serial (or sequential) adaptation architecture (SAA);
Parallel adaptation architecture (PAA);
Alternative adaptation architecture (AAA);
Repetitive adaptation architecture (RAA).

The behavior adaptation constraints are given for each
architecture.

The construction of the new composed component from the
two (one for RAA) selected components is described.
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Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Software metrics to quantify quality attributes of CBD
Metrics-based selection of a component assembly

Metrics in Component-Based Software Engineering

Software metrics to quantify quality attributes of CBD
[Serban and Vescan, 2007a] (indexed BDI)
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Andreea Vescan Supervisor: Prof. Dr. Militon Frenţiu Construction Approaches for Component-Based Systems



Outline
Setting the context

Complete system construction
Partial system construction

Metrics
Execution model

Applications
Conclusions and Future work

Questions

Software metrics to quantify quality attributes of CBD
Metrics-based selection of a component assembly

Software metrics to quantify quality attributes of CBD

Assembly
DR = (C , D), D ⊆ C × C .
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Future work

Further work can be done in the following directions:

checking if the constructed component configuration supports
a given sequence of tasks;

checking the behavior of components after syntactic
composition;

how can we use AI methods to analyze the behavior of a
component-based system or to predict the behavior;

the use of metrics for the Multicriteria Component Selection
Problem.
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