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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.	 To develop 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.
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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 16.0. 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:
•	 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.
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•	 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 struk­tū­rinės progra­mų sintezės kontekste. 
(2003 08 29, XI’th scienti­fic conference of  Lithuanian Computer 
Society (KoDi’2003) 

2.	  Progra­mų sistemų automa­tizuoto surinkimo iš ga­ta­vų kom­po­
nentų už­da­vinys (2003 06 20, XLIV LMD con­feren­ce) 

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

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

5.	 Kom­ponento specifi­ka­cijos forma­liza­vimas (2004 06 18, XLV 
LMD con­feren­ce) 
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6.	 NET kom­ponento specifi­ka­cija progra­mų sintezės kontekste. 
(2005 01 26, In­for­mation Technologies-2005 (IT’2005) con­fe­
ren­ce).

7.	 An applica­tion of SSP method to com­ponent-ba­sed develop­
ment process. (2005 08 09, ESSCSS’05, Estonia)

8.	 Com­ponent-ba­sed Softwa­re Genera­tion: The Structural Synthe­
sis Approach. (2005 09 27, In­ter­national con­feren­ce GPCE’05, 
Estonia)

9.	 Kom­ponentinių progra­mų struk­tū­rinės sintezės teorinės pro­
blemos. (2005 06 20, XLVI LMD) 

10.	 Architectures of Com­ponent-Ba­sed Structural Synthesis Sys­
tems. (2006 07 03, Baltic DB&IS’06) 

11.	 Com­ponent-ba­sed Softwa­re Synthesis: the union of two methods.  
(2006 08 07, ESSCSS’06, Estonia). 

12.	 Induk­tyvinis metodas kom­ponentinių progra­mų sintezėje.  
(2006 06 20, XLVII LMD) 

13.	 Genera­vimo metodų pa­naudojimas kuriant .NET kom­ponenti­
nes progra­mų sistemas. (2007 08 14, KoDi’2007) 

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

15.	 Modelines architek­tū­ros naudojimas kuriant kom­ponentines 
progra­mų 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.
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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. 
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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. 

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).

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

SOFTWARE COMPONENT MODEL

The for­mal abstract software 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).
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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:

,

where PTRout is the set of the output ports, PRTin – the set of the in­put 
ports, ∆ – the set of the constraints, ΩC – 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:

,

where

,

are set of the provi­ded and requi­red in­ter­faces, Ein – set of the event 
sinks, Eout – set of the event sour­ces, S – set of the static proper­ties.  

Each interface can be defined as tuple:

,

where Oi is the set of the in­ter­face operations:

Si – static element of the in­ter­face (e.g. proper­ty), Θ – 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 ΩO.

The creden­tials in this model are used to ex­press non-functional pro­
per­ties although they can be used to ex­press other proper­ties also.
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There are three ty­pes of the creden­tials: creden­tials of the component 
(ΩC), creden­tials of the in­ter­face (ΩI) and creden­tials of the operation (ΩO). 
Despi­te of the ty­pe each credential can be defined as tuple:

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: 

,

where KSi is the list of the components included in the i-th couple, JKi 
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 
JKi is defined as a set of the connections:

where each connection is  defined by the connection ty­pe JTipas, and 
couple of the  ports Pin, Pout. 

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.
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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:

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

Table 2. ITS in­feren­ce rules (DR)

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:

.

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:

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

[PageIsPrinted].

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

,

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.

Table 4. LTT in­feren­ce rules (PTR)

The proof-terms can be normali­zed using reduction relation , which is  
defined by the following reduction rules:
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Third step per­for­med in the process of the Curry-Howard protocol im­
plemen­tation to component-based paradigms – Computational ty­pe theory 
(CTT) is defined: 

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

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().
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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

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 #1 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.

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

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

•	 All analy­sed 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.

•	 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:
•	 During analy­sis 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.

•	 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.

•	 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. 

2.	 This study of the proper­ties of the software component models 
and sin­gulari­ties of the component-based development process 
has shown that:
•	 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. 

•	 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.

3.	 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.
•	 Deducti­ve met­hods operate with “black-box” abstractions. 

The usage of the deducti­ve method en­sures the con­sisten­cy 
of component-based system speci­fication.

•	 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.

•	 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.). 

4.	 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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5.	 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.

6.	 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.

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

Ty­ri­mų sri­tis ir pro­ble­mos ak­tu­alu­mas
Šiuolai­ki­nis programi­nės įrangos kū­ri­mo procesas yra kri­ti­nis tiek 

lai­ko, tiek koky­bės požiū­riu. Programų sistemos pri­klauso nuo di­namiš­kai 
besi­kei­čiančio verslo, todėl turi bū­ti paprastai modi­fikuojamos ir leng­vai ap­
tarnaujamos. 

Vienas šios problemos sprendi­mo bū­dų – kurti komponenti­nes progra­
mų sistemas. Tačiau ir komponenti­nė paradig­ma negali už­tikrinti rei­kiamos 
programi­nės įrangos koky­bės, todėl bū­ti­ni nauji komponenti­nių programų sis­
temų kū­ri­mo metodai.

Šios di­sertaci­jos ty­ri­mų sri­tis yra komponenti­nių programų sistemų 
surinki­mo iš komponentų proceso automati­zavi­mas. Ty­ri­mų objektas – pro­
gramų sistemų automati­zuoto surinki­mo iš komponentų už­davi­nys.

Ty­ri­mų tikslas ir už­davi­niai
Ty­ri­mų tikslas – sudary­ti dedukty­viosios sintezės metodą komponen­

ti­nėms programoms kurti, atsi­žvelgiantį į struktū­ri­nes komponentų savy­bes 
ir nepri­klausantį nuo konkretaus komponento modelio iš nag­ri­nėjamos kom­
ponentų klasės. 

Tikslui pasiekti iš­si­kelti šie už­davi­niai:
1.	 Iš­tirti programi­nių komponentų savy­bes ir komponenti­nių progra­

mų kū­ri­mo proceso ypatumus.
2.	 Iš­anali­zuoti programų sintezės ir generavi­mo metodus įverti­nant 

šių metodų tai­ky­mo gali­my­bes komponenti­nėms programoms 
kurti.

3.	 Pasiū­ly­ti komponenti­nių programų surinki­mo iš gatavų kompo­
nentų proceso automati­zavi­mo metodą.

4.	 Siekiant eksperi­mentiš­kai patikrinti pasiū­ly­tąjį metodą, sukurti ir 
įvertinti jį reali­zuojančios sistemos prototi­pą.

Moksli­nis naujumas
Darbe gauti šie nauji moksli­niai rezultatai:
•	 Pasiū­ly­ta, kaip abstrahuojantis nuo konkrečių komponentų mo­

delių ir jų savy­bių, programų generavi­mą vykdy­ti abstrakčiojo 
Programi­nio Kom­ponento Modelio ter­mi­nais.

•	 Siekiant už­tikrinti komponenti­nių programų ati­ti­ki­mą speci­fika­
ci­jai, pasiū­ly­ta pri­tai­ky­ti Curry-Howard protokolą ir struktū­ri­nės 
programų sintezės algoritmus automati­zuotam programų kū­ri­mui 
naudojant Progra­mi­nio kom­ponento modelį.

•	 Numaty­ta kelių programų generavi­mo metodų integ­ravi­mo gali­
my­bė.
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Prak­ti­nė darbo reikš­mė
Prakti­niu požiū­riu di­sertaci­jos rezultatai reikš­mingi dėl šių priežas­

čių:
•	 Siū­lomas metodas įgalins sutrumpinti komponenti­nių programų 

sistemų kū­ri­mo ir atnauji­ni­mo lai­ką bei  pagerinti jų koky­bę;
•	 Reali­zuotoji SoCoSys sistema gali bū­ti tiesiogiai naudojama siste­

moms generuoti iš .NET komponentų. Dėl metodo uni­versalumo 
SoCoSys sistema yra leng­vai pri­tai­koma įvai­riems komponento 
modeliams.

Darbo re­zultatų apro­bavi­mas ir publi­kavi­mas
Pagrindi­niai darbo rezultatai yra publi­kuoti 11 moksli­nių lei­di­nių: 7 

straipsniai – recenzuojamuose Lietuvos žurnaluose; 3 straipsniai – recenzuo­
jamuose Lietuvos žurnaluose ir  lei­di­niuose bei tarptauti­nių konferenci­jų dar­
buose; 1 straipsnis – ki­tuose Lietuvos lei­di­niuose.

Darbo apimtis ir struk­tū­ra
Darbas parašy­tas lietuvių k. Jį sudaro 6 sky­riai, li­teratū­ros sąrašas, 

publi­kaci­jų sąrašas ir priedai. Darbo apimtis – 168 puslapiai, 33 paveikslai ir 
17 lentelių. Darbe ci­tuojami 190 li­teratū­ros šalti­nių.

Pirmajame sky­riuje „Įvadas“ glaustai aprašoma ty­ri­mų sri­tis ir aktua­
lumas, ty­ri­mo objektas, tikslas ir už­davi­niai. Taip pat patei­kiami publi­kaci­jų 
bei skai­ty­tų praneši­mų sąrašai. 

Antrajame sky­riuje („Kompo­nenti­nių pro­gramų siste­mų kū­ri­mo 
proceso samprata ir modeliai“) pri­statoma ty­ri­mo problema. Šio sky­riaus 
tikslas – iš­skirti komponenti­nių programų sistemų kū­ri­mo proceso sampra­
tos ypatumus ir reali­zavi­mo modelius. Anali­zuojama komponento modelių ir 
komponento abstrakci­jos lyg­menų įvai­rovė. Aprašoma komponentų ir kom­
ponenti­nių programų sistemų kū­ri­mo speci­fika, anali­zuojamas tokių progra­
mų sistemų kū­ri­mo už­davi­nys, identi­fikuojami problemi­niai komponenti­nių 
programų sistemų gy­vavi­mo ciklo etapai.

Trečiasis sky­rius („Pro­gramų siste­mų ge­ne­ravi­mo me­to­dų ly­gi­na­
mo­ji anali­zė“) – anali­ti­nis. Šio sky­riaus tikslas – įvertinti generavi­mo me­
todų savy­bių pri­tai­komumo komponenti­nėms programų sistemoms kurti ir 
metodų plėtros tokių sistemų kū­ri­mui gali­my­bes. Iš pradžių nag­ri­nėjami kla­
si­ki­niai formalieji metodai, kurie yra ki­tų – iš­vesti­nių – programų sintezės 
metodų pagrindas. Vėliau anali­zuojama dedukty­vi­nės programų sintezės (dar 
vadi­namos įrodomojo programavi­mo) už­davi­nių klasė ir formalią įrodomojo 
programavi­mo metodų kū­ri­mo procedū­rą api­brėžiantis Curry-Howard proto­
kolas. Šiame sky­riuje suformuota indukty­vi­nės sintezės panaudoji­mo kompo­
nenti­nių programų generavi­mui hi­potezė.
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Ketvir­tajame sky­riuje („Kompo­nenti­nių pro­gramų kū­ri­mo pro­ce­so 
automati­zavi­mo metodas“) aprašoma komponenti­nių programų sistemų ge­
neravi­mo metodi­ka. Pirmiausia formali­zuojamas Programi­nio kom­ponento 
modelis. Di­sertaci­joje pasiū­ly­ta, kaip abstrahuojantis nuo konkrečių kompo­
nentų modelių ir jų savy­bių gauti abstraktų Progra­mi­nio kom­ponento modelį, 
pri­tai­ky­tą automati­zuotai komponenti­nių programų sintezei.

Šioje di­sertaci­joje komponenti­nei paradig­mai reali­zuotas Curry-Ho
ward protokolas:

1.	 Kaip natū­raliosios dedukci­jos sistema pasi­rinktas intui­cionisti­nis 
tei­gi­nių skai­čiavi­mas (ITS).

2.	 ITS pagrindu aprašy­ta logi­nė ti­pų teori­ja.
3.	 Aprašy­ta skai­čiuojamoji ti­pų teori­ja..
4.	 Sudary­tos logi­nės ti­pų teori­jos ir skai­čiuojamosios ti­pų teori­jos 

termų ir formulių ati­tikties lentelės.
Penktasis sky­rius („Kompo­nenti­nių siste­mų ge­ne­ravi­mo me­to­do 

reali­zaci­ja“) – eksperi­menti­nis. Jame aprašoma SoCoSys sistema sukurta re­
miantis 3–4 sky­riuose aprašy­tomis idėjomis, reali­zuojant 3 sky­riuje pasiū­ly­tą 
komponenti­nių programų sistemų generavi­mo metodą ir jos darbo rezultatai 
generuojant komponenti­nes programas iš konkrečių komponentų ai­bės. 

Sistema paly­ginta su ki­tomis komponenti­nių programų kū­ri­mui skir­
tomis sistemomis.

Šeš­tajame sky­riuje patei­kiamos iš­vados:
1.	 Komponento modelių įvai­rovė yra veiksnys, apsunki­nantis auto­

mati­zuotą komponenti­nių programų sistemų kū­ri­mo procesą.
•	 Apžvelgus komponento modelius, reprezentuojančius ži­no­

mas modelių klases, nustaty­ta, kad jiems aprašy­ti iš vi­so nau­
dojamos 28 sąvokos. Kiekvienas modelis aprašomas naudo­
jant nuo 3 iki 12 sąvokų.

•	 Komponenti­nės programos gaunamos naudojant skirtingas 
komponavi­mo formas. Kurios bū­tent formos yra naudoja­
mos, pri­klauso nuo komponento modelio ir jo abstrakci­jos 
lygmens.

•	 Ski­riami keturi komponento abstrakci­jos lyg­menys. Di­ser­
taci­joje nag­ri­nėjami speci­fi­ka­ci­jos ir reali­zaci­jos lyg­menų 
komponentai. Įdieg­to komponento ir komponenti­nio objek­
to lyg­menys šioje di­sertaci­joje nenag­ri­nėjami, nes įdiegto 
kom­ponento ir kom­ponenti­nio objekto lyg­menys glaudžiai 
susi­ję su sistemos vei­ki­mo etapu ir kū­ri­mo procesui yra ma­
žiau aktualūs.
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2.	 Iš­anali­zavus programi­nių komponentų savy­bes ir komponenti­nių 
programų kū­ri­mo proceso ypatumus, nustaty­ta:
•	 Pagrindi­niai komponentų kū­ri­mo proceso ypatumai yra šie: 

komponentai kuriami tam, kad bū­tų panaudoti daugiau nei 
vieną kartą; jie kuriami neži­nant, kokie rei­kalavi­mai jiems 
bus keliami konkrečiose sistemose; komponentų speci­fikaci­
ja ir dokumentaci­ja turi bū­ti tiksli ir iš­sami.

•	 Komponenti­nių programų sistemų kū­ri­mo procesas, kuria­
me akcentuojamas ne suprojektuotos sistemos ir jos dalių 
reali­zavi­mas, bet jau sukurtų komponentų pakartoti­nis pa­
naudoji­mas turi trū­kumų: neiš­spręstas detalios komponentų 
paieš­kos už­davi­nys; komponentų adaptavi­mui rei­kalingos 
papildomos sąnaudos.

3.	 Konkrečioms komponenti­nių programų sistemų surinki­mo pro­
ceso automati­zavi­mo problemoms spręsti gali bū­ti naudojami 
struktū­ri­nės sintezės, indukty­viosios sintezės ir transformaci­nės 
sintezės metodai:
•	 Dedukty­vieji metodai palai­ko ,,juodosios dėžės“ abstrakci­

jas. Be to, tai­kant dedukty­vųjį struktū­ri­nės sintezės metodą, 
už­tikri­nama rezultatų (tai­komųjų programų) ati­tiktis speci­fi­
kaci­jai.

•	 Indukty­vusis metodas gali padėti spręsti šias dedukty­viuoju 
metodu neiš­sprendžiamas problemas: speci­fikaci­jos neiš­sa­
mumo problemą, neapibrėž­tųjų komponentų problemą ir ne­
funkci­nių rei­kalavi­mų problemą.

•	 Transformaci­nė sintezė įgali­na mažinti atotrū­kį tarp daly­ki­
nės sri­ties, kuriai kuriama programi­nė įranga, ir reali­zaci­nės 
sri­ties (konkrečių komponento modelių, karkasų, operaci­nių 
sistemų ir t. t.) konceptų.

4.	 Programų sintezės už­davi­nys ir jo sprendi­mo bū­das gali bū­ti taip 
sufor­muluotas api­ben­drin­to programi­nio kom­ponento modelio 
termi­nais, kad gautas sprendi­nys gali bū­ti pri­tai­komas kiekvie­
nam iš api­bendrintų komponentų modelių panaudojant konkreti­
zavi­mo, patiksli­ni­mo ir papildy­mo operaci­jas.

5.	 Programų sintezės metodas, komponenti­nėje paradig­moje reali­
zuojantis Curry-Howard protokolą, įgali­na automati­zuotu bū­du 
kurti komponenti­nes programas ir už­tikri­na šių programų ati­tiktį 
speci­fikaci­jai.

6.	 Komponenti­nių programų sistemų generavi­mo metodo eksperi­
menti­nė reali­zaci­ja SoCoSyS sistemoje parodė, kad metodas tin­
ka tokioms programų sistemoms kurti.
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