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RESEARCH PROBLEM AND MOTIVATION

Contemporary software development is critical in both time and qu-
ality aspects. Software depends on the dynamics of business domains, so it
must be flexible, easily scalable and easily maintainable. The evolution of
software engineering has passed through the various stages, including structu-
red and object-oriented development, component-based software engineering
(CBSE). Each stage is related with some level of granularity of modules. The
CBSE uses modules of higher granularity — the components.

The CBSE enables to reduce significantly time required for the de-
velopment, testing of component-based software, to create robust systems.
However to use component-based paradigm is not enough. The methods, ty-
pically used for component-based software development are error-prone and
cannot ensure high software quality. The existing component-based software
generation methods focus on the generation performance instead of quality.
There is the need for component-based software generation method to ensure
consistence of specification and generation results also.

The research field of this dissertation is the automated software deve-
lopment methods.

The research object is the problem of the automated software compo-
sition.

RESEARCH OBJECTIVES

The purpose of this research is to create the component-based system
generation method taking into account only the structural properties of the
components, independent from the concrete component model properties and
to ensure consistency between the specification and generated software.

The research problems are the following:

1. To investigate the properties of software component models and
the characteristics of component-based software development
process.

2. To perform comparative analysis of the software generation met-
hods and to define the properties of these methods required for
the automated component-based development.

3. Todevelop a method for generating the component-based softwa-
re.

4. To implement the proposed method in order to experimentally
evaluate its properties on the prototype.



RESEARCH HYPOTHESES

1. The component-based software generation problem and the so-
lution can be stated in terms of abstract component model inso-
much that the solution can be applied to the particular component
model using the operations of concretization, refinement and
complement.

2. The generation method based on Curry-Howard protocol can be
used to achieve the consistency of component-based system spe-
cification and implementation.

RESEARCH METHODOLOGY

The information search, systematization, comparative analysis and ge-
neralization methods have been used to collect and present the facts about
component-based paradigm and software generation methods.

The clustering and expert evaluation methods have been used to cre-
ate the abstract software component model. The clustering method has been
used to preliminary manage groups of the component models and their pro-
perties. The clustering has been performed using SPSS 76.0. In order the clus-
tering cannot assess the factor of the component model semantics, the expert
evaluation method has been used as a main method for this purpose.

The mathematical modeling methods have been used to create and
elaborate the logical type theory and the constructive type theory required for
Curry-Howard protocol implementation.

The experiment and generalization methods have been used to experi-
mental evaluation of the SoCoSyS system as the implementation of the com-
ponent-based software generation method. The comparative analysis method
has been used to assess SoCoSyS and other similar systems.

RESEARCH FINDINGS

This work contributes following innovations:

e  The different viewpoint of the software synthesis is proposed — to
use one software generation method using the terms of the abst-
ract software component model instead of using many synthesis
methods for each software component model. The abstract sof-
tware component model for the component-based software gene-
ration is defined.



The Curry-Howard protocol is implemented for the component-
based paradigm. There exist implementations of this protocol
as proofs-as-programs method generalization for structural and
functional programming paradigms, but the protocol has never
been adopted for the component-based software engineering be-
fore.

The proposed method for component-based software generation
encapsulates two generative methods: deductive and transforma-
tive synthesis. The application of inductive method application is
hypothesized also.

PRACTICAL IMPORTANCE

The results of this work are important for practical software enginee-

ring:

The method proposed in this work enable to reduce the time re-
quired for the component-based software composition and to im-
prove the quality of the results.

The SoCoSyS system, created as the implementation of this met-
hod, can be directly applied to .NET component-based software
development. There are possibilities to adapt SoCoSyS to other
component models (e. g. WS, CCM etc.).

APPROBATION AND PUBLICATIONS

The research results were presented at the following national and inter-
national conferences and other events:

1.

Komponento modelis struktiirinés programuy sintezés kontekste.
(2003 08 29, XI'th scientific conference of Lithuanian Computer
Society (KoDi’2003)

Programy sistemy automatizuoto surinkimo i§ gatavy kompo-
nenty uZdavinys (2003 06 20, XLIV LMD conference)

Formal specification of .NET component. (2004 08 10, Interna-
tional summer school ESSCSS’04, Estonia)

Component model and its formalization for structural synthesis
(2004 10 14 XLV’th international scientific conference of Ryga
Technical university, Latvia)

Komponento specifikacijos formalizavimas (2004 06 18, XLV
LMD conference)
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13.

14.

15.

NET komponento specifikacija programy sintezés kontekste.
(2005 01 26, Information Technologies-2005 (IT°2005) confe-
rence).

An application of SSP method to component-based develop-
ment process. (2005 08 09, ESSCSS’05, Estonia)
Component-basedSoftware Generation: The Structural Synthe-
sis Approach. (2005 09 27, International conference GPCE’05,
Estonia)

Komponentiniy programy struktiirinés sintezés teorinés pro-
blemos. (2005 06 20, XLVI LMD)

Architectures of Component-Based Structural Synthesis Sys-
tems. (2006 07 03, Baltic DB&IS’06)
Component-basedSoftwareSynthesis:theunion oftwomethods.
(2006 08 07, ESSCSS’06, Estonia).

Induktyvinis metodas komponentiniy programy sintezéje.
(2006 06 20, XLVII LMD)

Generavimo metody panaudojimas kuriant NET komponenti-
nes programy sistemas. (2007 08 14, KoDi’2007)

Grid tinklo panaudojimas programinés jrangos sintezei. (2008
11 29, XIV’th Lithuanian Symposium on Arts and Sciences
(MKS’14), USA)

Modelines architektiiros naudojimas kuriant komponentines
programy sistemas. (2009 09 26, KoDi’2009)

The main results of the dissertation were published in 11 papers: 7 pa-
pers published in the referred publications from the international referred da-
tabase list approved by the Science Council of Lithuania; 3 papers published
in proceedings of reviewed international conferences publications; 1 paper
published in the proceedings of the local scientific conference. The detail list
of publications is available in the end of this summary.

STRUCTURE OF THE DISSERTATION

This dissertation is written in Lithuanian. It consist 6 chapters, the
list of references and appendixes. There are 168 pages of the text, 33 figures,
17 tables and 190 bibliographical sources.



SYNOPSIS

The chapter 1 is introductory. It presents the research problem and
motivation, the aim and the objectives, research findings and the practical im-
portance. The information about the approbation of the dissertation and the
publications is provided also.

The Chapter 2 presents the problem statement. First, it provides the
definition of the software component and the analysis of selected component
models. The selection performed according to various taxonomies in order to
cover many component models with the model-specific properties. During
the analysis of selected component models, representing existing classes of
component models, 28 concepts are identified in total. Each component mo-
del is described using from 3 to 12 concepts. This multiplicity of the compo-
nent models is the burdensome factor for the automated component-based
software development process.

Second subsection discuses four component abstraction levels. Two
levels — component specification and component implementation level — are
chosen for further analysis in this dissertation. The component deployment
and the component object levels are not investigated in detail as they are loo-
sely related with the design-time process.

Third subsection is dedicated to the component development process.
This process is similar to usual software development process though has the
following singularities determined: the components are developed for man-
datory reuse; the complete set of system requirements is not known in the
component development time; there is a need of a very precise component
specification and documentation.

Finally, the component-based software engineering process is desc-
ribed, having special focus on the component-based software development
(CBSD) process (Figure 1). The CBSD process focuses on the reuse of the
components instead of the implementation of new components. The reuse
is the key factor that enables to significantly reduce time required for the de-
velopment, testing of component-based software, to create robust systems.
Main disadvantages of CBSD process are as follows: the unsolved problem
of the detailed component search; the big amount of the resources needed to
adapt the components if they fit the specification partially only.



Requirements
analysis

‘ C ion and i ‘

= Comp Comp Comp
[l search adaption testing
|

System
integration
Verification and
validation

Figure 1. The life cycle of component-based software development

The Chapter 3 is analytical. The object of the analysis is the existing
software generation methods (Figure 2). For the historical reasons describing
particular methods in this dissertation the term generation is interchanged
with synthesis.

This comparative analysis of the software generation methods starts
from the fundamental approaches of E. Dijkstra, C.A.R. Hoare, M. Charpen-
tier, R. Backhouse and J. Schumann. Many contemporary methods were deve-
loped on the basis of these methods and this analysis helped to compare the
properties of other generative methods.

Deductive synthesis

Constructive synthesis

Structural
synthesis of
programs

Transformational
synthesis

Inductive
synthesis

Partial
evaluation

Figure 2. The relations of software generation methods
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Next, the deductive, inductive and transformational generation met-
hods are analyzed, having special focus on the class of the deductive met-
hods.

The structural synthesis of programs (SSP) method is a subset of the
set of deductive methods. SSP is based on the idea that the programs can be
constructed taking into account only their structural properties, i.e. input/out-
put variables. Each pre-programmed module is supplied with an axiom sta-
ting under which condition it can be applied, and what values it computes.
The axiom does not describe the relationship between the input and output
values, thus details of the implementation are hidden. The structure of the pro-
gram is synthesized, and the concrete program is built from the pre-program-
med modules. There are four algorithms for the proof-search. SSP method
has been implemented in several systems to generate structural, object-orien-
ted and service-oriented software. For the component-based software SSP
can be applied because it operates with the “black-box” abstractions and are
able to ensure the consistency of the component-based system specification
and the implementation.

There is the class of the deductive methods based on the automated
theorem prover (ATP) with the constructive logic. This class is called as const-
ructive synthesis class and the methods are called as proofs-as programs met-
hods. SSP is subset of this class also.

All proofs-as programs methods is based on the Curry-Howard iso-
morphism, which states the correspondence between systems of the formal
logic as encountered in proof theory and the computational calculi as found in
type theory. Although the proofs-as-programs methods have been developed
independently by various researchers, they are generalized by the Curry-Ho-
ward protocol. The protocol denotes the main rules of the method application
to number of paradigms. There is stated that Curry-Howard protocol can be
used for the automated component-based software development although it
never has been used for the component-oriented paradigm.

Inductive synthesis is the third software synthesis method, covered
in the analysis. The study of this method showed that it cannot ensure the
consistence of the specification and synthesis results. However the inductive
method can be applied as the complement of the deductive methods helping
to solve the following problems: the problem of incomplete specifications
and the problem of missing components.

Last software generation method analyzed in this chapter is the trans-
formational synthesis. Although some researchers classify this method as the
subset of the set of deductive methods, we follow the statement that these
methods are different. The transformation-based methods enable to shrink
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the gap between the concepts of business domain for which the software is
developing and the concepts of the implementation domain (component mo-
dels, frameworks, operating systems etc.).

The Chapter 4 describes the research design. The main aim of this
chapter is to describe the Curry-Howard protocol-based generative method
for the automated component-based software composition, proposed by the
author of dissertation.

We argue that it is preferably to create one component-based software
synthesis system for the abstract software component model (Figure 3, b),
instead of to create many systems for each specific component-model (Figu-
re 3, a).

Synthesis

system Synthesis system

FRACTAL Y, Synthesis
model system

(1 )
L)

A
UM Synthesis " Synthesis
model system madel system
FRACTAL UMM NET
madel medal madal medel
a) b)

Figure 3. Possible models of interaction between software synthesis systems
and component models

SOFTWARE COMPONENT MODEL

The formal abstract sofiware component model (SCM) is created
using the results of the analysis have done in the Chapter 1 (Table 1). To
develop this component model two scientific methods have been used:
the clustering and the expert assessment. Resulting software component
model involves properties of other component models and provides possi-
bility to perform the software generation having in mind the properties of
the abstract component model only. Model consists of the following con-
cepts: component, port, connection, constraint, credential and component-
based system. The static and dynamic viewpoints of the software compo-
nent model are described using formal methods and the UML diagrams
(Figure 4).

12
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Table 1. The elements of component models
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Main concept of the component model is the component. Component
is defined as a tuple:

C= <PRT0M, PRTin, A, DC> .

where PTR_  is the set of the output ports, PRT, — the set of the input
ports, A — the set of the constraints, Q¢ — the set of the credentials compo-
nent.

The port is general concept for components communication. Each re-
quired interface, event sink or static property can be considered as the input
port and each provided interface, event source or static property can be consi-
dered as the input port. The sets of the input and output ports are defined as
the unions:

PRI}, = S, UE;, US
PRTouf - gout U Eout s’

where

] out  jout out | .oy i pin in
Sour = {7, I8 R L0 e i}

are set of the provided and required interfaces, £, — set of the event
sinks, £ — set of the event sources, S — set of the static properties.

Each interface can be defined as tuple:

I =(0.5.2.91.).

where O, is the set of the interface operations:

O; = {0i,1,0i2.. .., 01 }
04 = <P, R, PreC, PostC, Q?j> ,

S, — static element of the interface (e.g. property), © — set of the inva-
riants of the interface. Each interface operation is described using set of the
parameters P, set of the results R, precondition PreC, postcondition PostC
and credential Q°.

The credentials in this model are used to express non-functional pro-
perties although they can be used to express other properties also.

15



There are three types of the credentials: credentials of the component
(Q)°), credentials of the interface (Q') and credentials of the operation (Q°).
Despite of the type each credential can be defined as tuple:

0% = (KV.KR.KPTM),

where KV is the name of the it, KR — value and KPTM — confidence
(trust), expressed by assessment method: expert view, experimental evidence
etc.

The component-based system in this model is defined using the non-
empty set of the couples:

(KS;, JK,)»

where K, is the list of the components included in the i-th couple, JK,
is the glue-code abstraction. Glue-code abstraction can be considered in two
different ways: as a wrapper and as a script. In this dissertation the wrapper-li-
ke implementation of the glue-code abstraction have been chosen. In this case
JK is defined as a set of the connections:

jn'g'i‘j = {RR- PO’u-ta JTz'paS} y jn'g’ll.j € 'Jf(’ia

where each connection is defined by the connection type J7ipas, and
couple of the ports P, , P .

This abstract software component model (SCM) is described in the
first section of the Chapter 4 in detail.

CURRY-HOWARD PROTOCOL IMPLEMENTATION
FOR THE COMPONENT-BASED PARADIGM

Second section of the Chapter 4 is dedicated to the implementation of
Curry-Howard protocol for component paradigm. The protocol implementa-
tion process involves the following steps:

1. The logical calculus must be chosen for further deductive reaso-
ning;

2. The logical type theory (LTT) for this calculus must be defined.

3. The implementation language (e.g. programming language) must

be chosen and defined as the Computational type theory.

16



4. The proof that Curry-Howard protocol to hold over the domains
must be performed. Usually this proof is based on the two map-
ping tables: etype and extract.

For component-based implementation of Curry-Howard protocol the

intuitionistic propositional calculus (ITS) has been chosen as deductive rea-
soning base:

ITS = (Formulae(ITS),Frrs, DR) ,

where Formulae(ITS) — formulae of the intuitionistic propositional cal-
culus, DR — deduction rules (Table 2).

Table 2. ITS inference rules (DR)

Introduction rule Elimination rule

I'tA I'EB I'FAADB . I'EAAB .
Trang M| Trra W) Trpg (MER)
Nu:AFB ” I'-A—=B T'HA -
rrasp (1) IFB (= E)

Each propositional variable (notated by capital letter, e.g. A) corres-
ponds to particular port of the component. Each software component can be
defined by the set of the axioms. If the relations of the input and output ports
are known in advance (e.g. Figure 4, b) the set consist of few axioms:

((ALAD)AR) — I1
A2 S E

Figure 4. The example of the logical relations of the component ports
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If the relations of the ports are unknown (e.g. Figure 4, a), the compo-
nent is defined by only one axiom:

AITNA2ADAR - TIANI2AE

There is special case of the propositional variables — control variables,
which are notated using square brackets, e.g.

[PagelsPrinted].

Second step performed in the process of the Curry-Howard protocol
implementation to component-based paradigms — Logical type theory (LTT)
for the /7S is defined:

LTT(ITS) = ( PT(LTT), Formulae(LTT), (), Frr, PTR, > )»
where PT(LTT) is the set of the proof-terms, Formulae(LTT) — set of the ty-
pes of the proof-terms, (.)" — typing relation between proof-terms and types,
PTR — inference rules. Possible proof-terms and it types have shown in the

Table 3. The inference rules of the LTT are listed in the Table 4.

Table 3. LTT types.

PT(LTT) element LTT type
(M.N) AANB

fst N A if NANE
snd N B, if NANB
Au: AM A—B

Table 4. LTT inference rules (PTR)

‘ Introduction rules ‘ Elimination rules
S LEM* THNB LeM8 oy L MAE
C t — == (Al - (A = == ___ (AF
crumetion rrearvove M ppgam VB p am MER)
. utFME N 'FA—MB TFNA
tmplication | 0y (= 1) reauve B

The proof-terms can be normalized using reduction relation >, which is
defined by the following reduction rules:

fst(<ab }»("MB)) B LTT at

snd (< a,b > srrr b

18



Third step performed in the process of the Curry-Howard protocol im-
plementation to component-based paradigms — Computational type theory
(CTT) is defined:

CTT = (Terms(CTT). Types(CTT).:.Fepp. TIR. )

Table 5. LTT to CTT terms mapping function etype(F).

LTT term F ‘ etype(F)
P Component
(P) Component
etype(A) it ~H(B)
(AN B) etype(B) if ~H(A)
etype(A) * etype(B) otherwise

(4— B) etype(B) it -H(B)
' etype(A) — etype(B) otherwise

Finally, extraction maps between LTT and CTT terms (Table 5) and betwe-
en LTT and CTT types are created (Table 6). Using these maps the correspon-
dence between LTT and CTT can be proved. Maps also are important to the
process of the CTT program generation using the LLT proof. Extraction map
(Table 6) ensures that during the extraction the Harrop formulas (noted by
predicate H(A)) are ignored. This helps to reject irrelevant, non-constructive
information, which can be found in the LTT proofs.

Table 6. LTT to CTT formulae mapping function extract().

LTT formulae (p!) | extract(pl)

Any proof-term p’ (), it H(T')

u x, if =H(A)
() if H(A)

<a‘4.bB> (extract(a), extract(h))

fsta fst (extract(a))

snd a snd (extract(a))

A Ha extract(c) it H(A)
(extract(c) extract(a)) if —H(A)
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THE ELEMENTS OF THE SSP, INDUCTIVE AND
TRANSFORMATIONAL SYNTHESIS

The deductive component-based software method proposed in this dis-
sertation is based on the Curry-Howard protocol implementation, however
it encompass few elements of other methods. The 3rd and 4th section of the
chapter 4 are dedicated to these elements.

Main element of the Structural Synthesis of Programs (SSP) used to
our method is the set of the proof-search algorithms of SSP.

The disadvantages of the deduction-based methods: the problem of
the incomplete specifications and the problem of the missing components can
be reduced using inductive software generation methods.

Although there is no subsection dedicated to method of the transfor-
mational synthesis, elements of this method can be observable in the entire
Chapter 4. First, practical Curry-Howard protocol implementation requires
the transformation service to implement LTT and CTT mappings (Table 5
and Table 6). Next, the reasoning about components and component-based
system is performed in terms of the abstract software component model, con-
sequently to complete software generation process in terms of the particular
component model transformations are needed also.

The Chapter 4 ends by two small examples of the method application to
component-based software generation.

THE IMPLEMENTATION OF THE COMPONENT-BASED
SOFTWARE GENERATION METHOD

T Synthesis system
theary

1
] Reusable
Oplimgation
> Module #f
Sal of reussble I 4
| ganeralar

Parsar

Componant

fon
schema

Figure 4. The SoCoSyS system for component specification
abstraction level
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The Chapter 5 describes the research experiment. It have been demonst-
rated how to proposed component-based software generation method can be
applied in practice.

In order to cover both component specification level (Figure 4) and com-
ponent implementation level (Figure 5) two cases are investigated.

The SoCoSyS system has been developed to investigate these cases.
SoCoSyS consists of the following parts: specification parser, planner, axiom
generator, generator of the architecture and two optimization modules

The parser as an input takes functional requirements of the specification
unfolds the input and output variables and makes the problem datastructu-
res — a graph of the problem representation.

The planner is the main part of the synthesis system. It as an input ta-
kes the problem datastructures and domain theory datastructures as an input.
The result of the planner is a constructive proof of the problem theorem. Ex-
ternal theorem automated theorem prover (ATP) can be used as a planner. Ho-
wever the analysis of four ATPs (HERBY & THEO, Isabelle, Coq, SNARK)
have shown that they fit not all requirements, i.e. few of them have not interfa-
ces to communicate with other programs, few of them are interactive provers
and cannot be used to purely automatic planning process. To fulfill all the re-
quirements new automated theorem prover SoCoProove has been developed
by the author of this dissertation. SoCoProove is simple automatic ATP, using
proof-search algorithms of the Structural Synthesis of programs.

The goal of the optimization module #I is to eliminate unnecessary
steps in the proof. These additional steps can be generated by assumption dri-
ven forward search by planner.

Architecture generator makes the component interconnection schema
from the optimized proof.

The SoCoSyS system for component implementation abstraction le-
vel is more complex (Figure 5). It consist extra modules: axiom generator,
program generator and optimization module #2.

Program generator makes the code of the program from the optimi-
zed proof. If generated program is a source-code-program, then some virtual
machine or external compiler is needed.

The optimization module #2 as an input takes non-functional requi-
rements of a specification (via parser) and the results of the generator as an
input. Having information about program architecture second optimizer can
select the components that meet the non-functional requirements better and
replace already used components in the program.

Axiom generator is optional module. The purpose of it is to minimi-
ze the problem of missing axioms. This problem has been discussed in the
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Chapter 3 in detail. Existing synthesis system cannot give the solution for the
users, even when 100 components and axioms, defining these components
are present, and only 1 or 2 components are missing. In this case system re-
turns the decision that component-based system cannot be generated. In that
case axiom generator tries to add one or more virtual axioms to the set of the
axioms and restarts the process of the planning. If the solution have found
by the planner, it is clear that component-based system can be developed if
particular component can by created. What input and output ports this com-
ponent must have is defined by the virtual axiom. The implementation of the
axiom generator is very complicated, therefore is not present in the SoCoSyS
system temporary. It is the subject of the future work.

Probem Synthesis system

iheory

Planner

Specification ——b‘_ Parser

Axiom generator
Opt. Moduie #7
Archilectire
generator

Progiam
generator

Reusable
ancinfectures

Set of reusabie
companents

Opf. Module #2

FPragram

iRz

Figure 5. The SoCoSyS system for component implementation
abstraction level

After SoCoSYS system is created, it has been used to generate sof-
tware using the .NET components. . NET technology have been chosen inde-
pendently, it do not put any additional constraints on the method. SoCoSyS
system can be easy adapted to other component models also.

The experiments have being organized in two different stages.

First, the principal abilities of the system have been investigated. A
set of NET components with different input and output ports have been ge-
nerated. For this purpose special tool SoCoGen have been used. SoCoGen
generates both .NET components and specifications of them in the XML.
These specifications have been used by SoCoSyS system to generate compo-
nent-based software.
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The experiment was repeated 50 times, using different number (from
10 to 200) of the components in the set. The number of different ports and the
number of ports in one component have been varying also. This experiment
has shown that the method can be implemented, and component-based sof-
tware can be generated.

The goal of second stage of the experiment is to validate the method
possibilities in semantic point of view. Therefore few synthesis problems
from the pharmacy and multimedia domains has been solved using SoCoSyS
system. This experiment has been shown that method can be used for automa-
ted component-based software development.

SoCoSyS system has been compared to four other systems implemen-
ting similar methods: NORA/HAMMR, QUASAR, Component WorkBeanch
(CWB) and CoSMIC. The comparative analysis shows that

e In contrast of the NORA/HAMMR, based on deductive method
too, SoCoSyS system is dedicated to component-based software
development.

e Allanalysed software generation systems are oriented to different
aims, so the methods, they are using differs to. Only SoCoSyS
system implements the method which encompass elements of mo-
re that one generation method.

e  The higher automatization level in the SoCoSyS system has ob-
served.

The Chapter 6 contains the main conclusions.

At the end of the dissertation there are references and appendixes.
First appendix exposes the list of the publications publishing the main results
of dissertation. Second appendix shows the results of the component-models
clustering in detail.

CONCLUSIONS AND FUTURE WORK

The following conclusions were drawn from this research:

1. The multiplicity of the component models is the burdensome fac-
tor for the automated component-based software development
process:

e  Duringanalysis of the selected component models, represen-
ting existing classes of the component models, 28 concepts
are identified in total. Each component model is described
using from 3 to 12 concepts.

e Component-based software is developed using various
composition forms. What the particular composition form
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should be used depends on the component model and it abst-
raction level.

e  There are four component abstraction levels. In this work
two of them are investigated: component specification level
and implementation level. The component deployment and
component object levels are not investigated as they are loo-
sely related with the design-time process.

This study of the properties of the software component models

and singularities of the component-based development process

has shown that:

e The singularities of component development process are as
follows: components are developed for mandatory reuse;
the complete set of the system requirements is not known
in the component development time; there is a need of very
precise component specification and documentation.

e  Main disadvantages of the component-based software deve-
lopment process are as follows: the unsolved problem of
the detailed component search; the big amount of resources
needed to adapt components if they fit the specification par-
tially only.

In order to solve particular problems of automated component ba-

sed-system development the following generation methods can

be used: structural synthesis, inductive synthesis and transforma-
tive synthesis.

e Deductive methods operate with “black-box” abstractions.
The usage of the deductive method ensures the consistency
of component-based system specification.

e  Main disadvantages of the deduction-based method: the pro-
blem of incomplete specifications and the problem of mis-
sing components can be reduced using the inductive softwa-
re generation methods.

e  The transformation-based methods enable to shrink the gap
between the concepts of business domain for which softwa-
re is developing and the concepts of the implementation do-
main (component models, frameworks, operating systems
etc.).

The component-based software generation problem and the so-

lution can be stated in terms of abstract component model inso-

much that the solution can be applied to the particular component
model using the operations of concretization, refinement and
complement.
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To achieve the consistency of the component-based system spe-
cification and the implementation, the method based on Curry-
Howard protocol can be used. In this case the main parts of the
protocol can be defined in the component-based terms: the logi-
cal type theory based on Intuitionistic propositional calculus, the
Computational type theory for the extraction of implementations
from the proofs.

Practical experiment with the SoCoSyS system as the implemen-
tation of the method presented in this dissertation shows that met-
hod can be used for the automated component-based software
development.

This research has thrown up many questions in need of further investi-
gation. Further work needs to be done to establish:

1.

The hypothesis of the inductive generation method usage for the
component-based development should be checked in the experi-
mental research.

The method application for other software component levels: com-
ponent deployment and component object must be investigated.
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REZIUME

Tyrimy sritis ir problemos aktualumas

Siuolaikinis programinés jrangos kiirimo procesas yra kritinis tiek
laiko, tiek kokybés pozitiriu. Programy sistemos priklauso nuo dinamiskai
besikeiciancio verslo, todél turi biiti paprastai modifikuojamos ir lengvai ap-
tarnaujamos.

Vienas $ios problemos sprendimo biidy — kurti komponentines progra-
my sistemas. Taciau ir komponentiné paradigma negali uztikrinti reikiamos
programinés jrangos kokybés, todél biitini nauji komponentiniy programy sis-
temy karimo metodai.

Sios disertacijos tyrimy sritis yra komponentiniy programy sistemy
surinkimo i§ komponenty proceso automatizavimas. Tyrimy objektas — pro-
gramy sistemy automatizuoto surinkimo i§ komponenty uzdavinys.

Tyrimy tikslas ir uzdaviniai

Tyrimy tikslas — sudaryti deduktyviosios sintezés metoda komponen-
tinéms programoms kurti, atsizvelgianti { struktiirines komponenty savybes
ir nepriklausanti nuo konkretaus komponento modelio i§ nagrin¢jamos kom-
ponenty klaseés.

Tikslui pasiekti i$sikelti Sie uzdaviniai:

1. Istirti programiniy komponenty savybes ir komponentiniy progra-
my kiirimo proceso ypatumus.

2. ISanalizuoti programy sintezés ir generavimo metodus ivertinant
$iy metody taikymo galimybes komponentinéms programoms
kurti.

3. Pasitlyti komponentiniy programy surinkimo i§ gatavy kompo-
nenty proceso automatizavimo metoda.

4. Siekiant eksperimentiskai patikrinti pasitilytaji metoda, sukurti ir
ivertinti ji realizuojancios sistemos prototipa.

Mokslinis naujumas

Darbe gauti Sie nauji moksliniai rezultatai:

e Pasiilyta, kaip abstrahuojantis nuo konkre¢iy komponenty mo-
deliy ir juy savybiy, programy generavima vykdyti abstrakciojo
Programinio Komponento Modelio terminais.

e  Siekiant uztikrinti komponentiniy programy atitikima specifika-
cijai, pasitlyta pritaikyti Curry-Howard protokola ir struktiirinés
programy sintezés algoritmus automatizuotam programuy karimui
naudojant Programinio komponento modelj.

e Numatyta keliy programy generavimo metody integravimo gali-
mybé.
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Praktiné darbo reik§meé
Praktiniu pozitriu disertacijos rezultatai reikSmingi dél Siy priezas-
Ciy:

e Siulomas metodas jgalins sutrumpinti komponentiniy programy
sistemy kiirimo ir atnaujinimo laika bei pagerinti ju kokybg;

e  Realizuotoji SoCoSys sistema gali biiti tiesiogiai naudojama siste-
moms generuoti i§ .NET komponenty. Dél metodo universalumo
SoCoSys sistema yra lengvai pritaikoma {vairiems komponento
modeliams.

Darbo rezultaty aprobavimas ir publikavimas

Pagrindiniai darbo rezultatai yra publikuoti 11 moksliniy leidiniy: 7
straipsniai — recenzuojamuose Lietuvos zZurnaluose; 3 straipsniai — recenzuo-
jamuose Lietuvos zurnaluose ir leidiniuose bei tarptautiniy konferencijy dar-
buose; 1 straipsnis — kituose Lietuvos leidiniuose.

Darbo apimtis ir struktira

Darbas parasytas lictuviy k. Ji sudaro 6 skyriai, literatliros sarasas,
publikaciju sarasas ir priedai. Darbo apimtis — 168 puslapiai, 33 paveikslai ir
17 lenteliy. Darbe cituojami 190 literatiiros Saltiniy.

Pirmajame skyriuje ,,Jvadas® glaustai apraSoma tyrimy sritis ir aktua-
lumas, tyrimo objektas, tikslas ir uzdaviniai. Taip pat pateikiami publikacijy
bei skaityty pranesimy sarasai.

Antrajame skyriuje (,,Komponentiniy programy sistemy kiirimo
proceso samprata ir modeliai) pristatoma tyrimo problema. Sio skyriaus
tikslas — iSskirti komponentiniy programy sistemy kiirimo proceso sampra-
tos ypatumus ir realizavimo modelius. Analizuojama komponento modeliy ir
komponento abstrakcijos lygmeny jvairove. Aprasoma komponenty ir kom-
ponentiniy programy sistemy ktirimo specifika, analizuojamas tokiy progra-
my sistemy kiirimo uzdavinys, identifikuojami probleminiai komponentiniy
programy sistemy gyvavimo ciklo etapai.

Treciasis skyrius (,,Programy sistemy generavimo metody lygina-
moji analizé“) — analitinis. Sio skyriaus tikslas — jvertinti generavimo me-
tody savybiy pritaikomumo komponentinéms programy sistemoms kurti ir
metody plétros tokiy sistemy kiirimui galimybes. IS pradziy nagrinéjami kla-
sikiniai formalieji metodai, kurie yra kity — i§vestiniy — programy sintezés
metody pagrindas. Véliau analizuojama deduktyvinés programy sintezés (dar
vadinamos jrodomojo programavimo) uzdaviniy klasé ir formalia irodomojo
programavimo metody kiirimo procediira apibréziantis Curry-Howard proto-
kolas. Siame skyriuje suformuota induktyvinés sintezés panaudojimo kompo-
nentiniy programy generavimui hipotezé.
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Ketvirtajame skyriuje (,,Komponentiniy programy kiirimo proceso
automatizavimo metodas“) apraSsoma komponentiniy programy sistemy ge-
neravimo metodika. Pirmiausia formalizuojamas Programinio komponento
modelis. Disertacijoje pasitlyta, kaip abstrahuojantis nuo konkrec¢iy kompo-
nenty modeliy ir ju savybiy gauti abstrakty Programinio komponento modelj,
pritaikyta automatizuotai komponentiniy programy sintezei.

Sioje disertacijoje komponentinei paradigmai realizuotas Curry-Ho-
ward protokolas:

1. Kaip natiiraliosios dedukcijos sistema pasirinktas intuicionistinis
teiginiy skaic¢iavimas (ITS).

2. ITS pagrindu aprasSyta loginé tipy teorija.

3. Aprasyta skaiCiuojamoji tipy teorija..

4. Sudarytos loginés tipy teorijos ir skai¢iuojamosios tipy teorijos

termy ir formuliy atitikties lentelés.

Penktasis skyrius (,,Komponentiniy sistemy generavimo metodo
realizacija“) — eksperimentinis. Jame apraSoma SoCoSys sistema sukurta re-
miantis 3—4 skyriuose apraSytomis idéjomis, realizuojant 3 skyriuje pasitilyta
komponentiniy programy sistemy generavimo metoda ir jos darbo rezultatai
generuojant komponentines programas i§ konkre¢iy komponenty aibés.

Sistema palyginta su kitomis komponentiniy programu ktrimui skir-
tomis sistemomis.

Sestajame skyriuje pateikiamos i§vados:

1. Komponento modeliy {vairové yra veiksnys, apsunkinantis auto-
matizuota komponentiniy programy sistemy kiirimo procesa.

e  Apzvelgus komponento modelius, reprezentuojancius zino-
mas modeliy klases, nustatyta, kad jiems aprasyti i$ viso nau-
dojamos 28 savokos. Kiekvienas modelis aprasomas naudo-
jant nuo 3 iki 12 savoky.

e Komponentinés programos gaunamos naudojant skirtingas
komponavimo formas. Kurios biitent formos yra naudoja-
mos, priklauso nuo komponento modelio ir jo abstrakcijos
lygmens.

e  Skiriami keturi komponento abstrakcijos lygmenys. Diser-
tacijoje nagrinéjami specifikacijos ir realizacijos lygmeny
komponentai. [diegto komponento ir komponentinio objek-
to lygmenys $ioje disertacijoje nenagriné¢jami, nes jdiegto
komponento ir komponentinio objekto lygmenys glaudziai
susijg su sistemos veikimo etapu ir kiirimo procesui yra ma-
ziau aktualis.
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2. Isanalizavus programiniy komponenty savybes ir komponentiniy
programy kiirimo proceso ypatumus, nustatyta:

e  Pagrindiniai komponenty kiirimo proceso ypatumai yra $ie:
komponentai kuriami tam, kad biity panaudoti daugiau nei
viena karta; jie kuriami nezinant, kokie reikalavimai jiems
bus keliami konkreciose sistemose; komponenty specifikaci-
ja ir dokumentacija turi biti tiksli ir iSsami.

e Komponentiniy programy sistemy kiirimo procesas, kuria-
me akcentuojamas ne suprojektuotos sistemos ir jos daliy
realizavimas, bet jau sukurty komponenty pakartotinis pa-
naudojimas turi trikumuy: neiSsprestas detalios komponenty
paieskos uzdavinys; komponenty adaptavimui reikalingos
papildomos sanaudos.

3. Konkre¢ioms komponentiniy programy sistemy surinkimo pro-
ceso automatizavimo problemoms spresti gali biiti naudojami
struktiirings sintezés, induktyviosios sintezés ir transformacinés
sintezés metodai:

e  Deduktyvieji metodai palaiko ,,juodosios dézés™ abstrakci-
jas. Be to, taikant deduktyvuyji struktiirinés sintezés metoda,
uztikrinama rezultaty (taikomyjy programy) atitiktis specifi-
kacijai.

e Induktyvusis metodas gali padéti spresti Sias deduktyviuoju
metodu nei§sprendziamas problemas: specifikacijos neissa-
mumo problema, neapibréztyjy komponenty problema ir ne-
funkciniy reikalavimy problema.

e Transformaciné sintez¢é jgalina mazinti atotrikj tarp dalyki-
nés srities, kuriai kuriama programiné jranga, ir realizacinés
srities (konkre¢iy komponento modeliy, karkasy, operaciniy
sistemy ir t. t.) koncepty.

4. Programy sintezés uzdavinys ir jo sprendimo biidas gali biti taip
suformuluotas apibendrinto programinio komponento modelio
terminais, kad gautas sprendinys gali buti pritaikomas kiekvie-
nam i§ apibendrinty komponenty modeliy panaudojant konkreti-
zavimo, patikslinimo ir papildymo operacijas.

5. Programy sintezés metodas, komponentingje paradigmoje reali-
zuojantis Curry-Howard protokola, igalina automatizuotu biidu
kurti komponentines programas ir uztikrina Siy programy atitiktj
specifikacijai.

6. Komponentiniy programy sistemy generavimo metodo eksperi-
mentin¢ realizacija SoCoSyS sistemoje parodé¢, kad metodas tin-
ka tokioms programy sistemoms kurti.
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