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A FORMAL MODEL FOR. COMPONENTS

Simona MOTOGNA, Bazil PARY

Abatract. Component-based programming advencages have essiblished it as an mportant
paradivn. Developing large progesmns veguires neodels in ocder 1o describe tlee aysténn behavioer,
affering & bailer undessiandiog leom avalyeis and design to prograommiog ‘and & tool for sype
specifivation.  We propose a model to describe bhe behaviour of the components S0 system
sl the eelations Letwesn components. The system is specified &5 o finite sutootaton, where the
grales are tbhe componsoats snd e tansitions are e relations between components, Anather
ienporband feature of the model as the facs that it provides two deseriptions: anoexternal (fest
fervel) and wncinbernal (second level) point of view,
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1. Imtroduction

Mg oot complexiby and variety of current applications, soffesare engineering hes
fesvases] an e wevent yenrs o the design and development of component-based softerare
development systems snd methodologies. However, progressing from object orienced par
adigm o somponent-hased pavadigm has fsen a 1ot of Esies cooewrming models and spec-
ifeations of systemns, There are many similar kot not identical definitions of components,
although the basic ides seems to b= the aame.

Definition 1.1: A software component s & wnil)of composition witly contrsctoally
specified mlerfaces anl explicil context dependencies only, A softvrare component can be
duployed independently and is subject to composition by third parties. [3]

All definitionz highlighs the basic characteriztics of a component:

18 an ill-:i-l-:p-&:ulﬂnl. aopllware rwoclule

- provides a Tunclicoality, bul i ool a complebe systemm

< can b aceese] only through ity interfoce

- "black box® principle: that iz, a component can be incorporated in a softwnre systom
without regard to how it s implemented [1].

Varinus cmmmnﬁu:.-haﬁe:l anllware r||-.'.-1‘=.'|r:-|t;|n-|_*:|:|l; .'g.'_].-rtr_rm,s are weed ]]I:F'P,I'E,dﬂ}l"a: D&:E'Ti]'.lﬁ
sinilar feafores, namely strong tools for developing large applicationa. An important. dis-
wrdbvantuge is that only very few are defined in clear and simple terms (a8 programming
languages are), and their formal specification s difficult to be built, Several attempe have
Teewen mmaneler; esnchy of themn with their oen shortcomings. Even, the proposed standard of
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LU'MT.. could not be wsed in order to buihl the type avetem o to make any deloctions
regarding the corpeptness of moded: "there 15 a huge ahatraction gap betwesn the " praph-
cal® world of UML and all the wmathematical medelsof deseribing dynamic semantics
‘euch s Leansition systems, Petri nels, shytrach statc machines, process algebras, efe..
Consequentiy, systems engimesrs will recfuive the Backeameotation of analyss resiilts 1miba
the neigine] TTRML formalizm, as weall Be an #asy ru—nnderstand, visual specifiontion of the
dynusoic semantics, [4]

A formal desoription of cotnponenta wonil solve st nf these s, sines it will offer
the folleaing eatuns:

- provides & simple and precise descriplion of o roimponent-haged gyslem, imeluding all
tvpes of poggible compuoiens,

- provides & frammework for bulldiog a type syslem and

- provides a freamework fur veritving tha macdel.

The paper slart with establizhing the eritities immlved in @ component definition, and
drseribing the gypes of compenents thal can appar i 4 component-hased syslem. The
domain and Lhe ast of attributes are dedined such that & compenent interfaee can he
apecified by apecializing these emtithes. We undertake u lop-down approsch in Arder tu
spreify the relations etwesn pomponents, The fest level model represents the initial
diuseription,  Themn, wm will conoentrate on ihe way rompound romponents are crosled,
depending on the interdependencivs ingide & cnmpound compondnt:  aerial, respactively
parallel composition., This would result, in & second level of specification. Both levels are
described using finite automalon. Second lavel nodel will be defined in & constroctive
ey, giving & steaighfurward solulicn to describe in detail ench simple component of the
AVETHIL-

5 Deflnitions and notations

T order to specify the components s rst firsl eacablish our entilies imvolved oA
rompunent definition [L):

- domain D - & set that doean’t contain the ol elemenl

. et of puteibutes A - an infinite fhosd and arbitrary set: the atributes signify vwnables
or falds

- type of an attribute © = A : Type{#) © I represents the set ol pozsible walues for
e aecribute @

Considering X & wanponent over the wot 45 aftributes, we il use the foallonwing
netations [1:

- inportd (X)L A - Iepresents the set of Impol pores [artributes) of the component X

- putporis (X} A - Tepresents the wot of outpul prorts (attribabes) al the coriponeant
X

attributes (X © A - vepresonis the sct of deeributes of the component X

inports( X outports{X] = €

270



Thus, we may describe the behavoiur of the companent s producing resulls o the
DULput ports 82 an answer 1o e input reczived from the input ports; the porls rEprasen
the nlerface thiough which the component interact with other components. Oor spes-
ificalion is bagsed on & Lop-down approach., We starl by locking ut a evsiemn thal uses
components, and the interwetion herween CAMpONEnts i chis type of system. Fiva, at all,
Lhe compemnmss that form the eotities ol this syatem are studied, and deseribed, Then we
take into consideration the actions tlat can peeur in such a'gvetam,

Compaonents

A component over s set A of attributes can he-
- A Shurce component: i a component without inporls, shae Eenvrntes dala provide
&8 autporte in order o be processed by other components: if X iz a source then:

attialndes{X) = outports{ X1 = { X'} inport #[ X =1

- adestination omponent; is & fonponent without cutports, that receives data lrearn
the system as s inports and ally displave ie, but it doesn’ produce any outpur: if X
is a destination then:

atiribute (X ) = inportal X)) = X} ilports(X) - @

- a simple component

- & cumpound component:y smple womponent is ' group of eonnected COMmponeis, in
which the output of & component is used as input by another component from this ETON.

Remork 2,8 Why tsing eompound components? There are geveral BYFUIHEOEE -
cerning this problem, Firac at all, a crnpound, component groups romponents that arg
consider to have a cercain functionalily within e global scope, aml are the natursl resg)s
of a top-dowm analysis of the SYBEEI. A compound component can e seen as a suhsvstemn,
and alsn offers support for software rewse,

3 Firat Tewel it CaTy 11

Lhe system can be deseribed at any moment b 38 ataty; this state depends on:

l. the eoanponents existing in the system; 2 the evicus awate; 3, the action that Las
been portormel.

This remnark has given the ides that g syalen involving components might ba funstion-
ing like a push-dosm automaton, in which we heve identified: the componenta hehave s
the staces, and the transitions from one atite to another are the resull, of soroe performaces
of components. :

Drefinition 3.1: A aystem of emmponents will be defined as o finite automaten A =
(G, %, T, F) where:

- 2 i the st of stales, cach if £ G} representing a CO et

- L, the input alphabet iz, in fact, the set 4 of attribtes
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- g is'the imitial tate, représentod by 'the source eomponent?

S i the crensition funckion T 0 = B Q)

. P L) is the set of final states, represented by the deslination componerits.
This transiticn function is' defined in the following wws Ty, ot =1, where
gl € Q. de dand a € cufporisly) and a € npertely’],

4 Second Lewve] Tlodel

Wi: liawe described the system [rom an external point of view as a push-cown aulama-
ton. W will preserve this description, Tt now from an internasl point of view wi possess
more informacion shout e components. We cin (hink at this infernal approsch as if we
e openad some black boxes enntaining simple and compennd components, Ta drder 1o
exctend our pererption over an internal visw on compenents we will reeonsider ancd metened
‘the definitions of simple and commpound ceonponents.

Deflnition 4.1: A simiple component X 3 defingsd as a b-drople X = (inports, out-
porcts, Muoction, aeoribaotes, - x |. wheare:

- impertsl XY = {ag, g, 0} = A £ N outports[(X] = {b} © A.b ¢ inports( X

- Funcion Tapelng] = Typelag] ® 0% Tipelon ) —+ Typorh];

atdributeal X7 = tepertal X ) U outporis] X L sar( X}, where vl XY representa the
subset, of attributes (differant from the output) that ran change their value due to sone
processing naide the component X

sar(X) = {ale e A (k] aisymriable)
- the binary relation < C inports( X)) U outports{ X)) = outports[ X2
o o =y b it the wlue & depends on the valoe o

A compound cooriponent im 4 component that ses the same attributes o order Lo
perform some operssions on themn. I we constder Lhal a compound compenent i formed
from 2 simple romponents then thers are tare bagic smys in which these simple cenponents
can depend on cich other:

- a parallsl compesition, denoted A|| B, in which the operations performed on deti ane
independent and there I8 not dependency betwesn outportstA] ad vt portal B,

. i sarial compesition, denoted A B in which the B compoment expercta some results
from dmnpEnent A,

Any compannd component can be described writh these wo bagic operations, oo rmealbe
hiwy many simple componenta it contains.

W bwe conzaider bt U ayatenr hss snly o sosce comaponent, OF coarse, it is possible noceal L
applbations to have more souTees, bt our approach does ot Joose geaeslity, sinen these saarces s bs
gravpel tugethor io e eomponnd seuses
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Definition 4.2 Porallel composition of the componenta A and & can ba done if the
fallowing condition is satistied:”

Vo £ oubports{A) v g O ontports] 2
if & <% y then NOT {p <7, x)
and
il g =% & then WO [5=gp]

and the result component ia defined as follows:

- if.';m.rr.':.-cl::.-’||| FJ'_:I —. ?.'I.|'h'=:l'||.."=|:.."1:: 1. ';'T.l:r.lr.rr'l'._-\.[ [:l"'

- o porlsl Al BY = ouwbporf sl ANV L outports [ 7]

- = A=A =0

Drefinitien .30 Serial composition of the componenes A and & can be done if the
Following condition is satisfied: cwfportal A O inports( BY 2 1 and che resull Snmponent
iv defined as follows:

- inportel A + H) = inporta[A) U {fnportal BY Y ol poris AN

- outperte( A + B) = (outporta | A1 digertsl BY L ontports( 7]

- SALE=—a g

T chese eonditions, e expect that the trensition function of the automaton to b oa
simocther description of the relation between components. &lso, the states of the anfome-
ton carry significancly more information, Tk w0l] represent only simple components, so
i pma] recdefioe e mabomicton:

Definition 4.4: The finite sutomaton M= [0F, A gy, T, F'), eorresponding 'th a sys-
tem with simple componenta is defined in a constroctive s, from' M

- 0 35 obtained from O, where all the compound staces g Bre Teplaced By tan tiiw
alates gy el e

- F*'is ohtained from F, where all the compnind states ¢ nre replaced br two new
steted ga and g5

- T ia ahtained fram T n the _|-:1|_'|_-:_'|'Jl.'f|:|_g. Wiy

o if T = p, pog ame NOT compound components

i, I T(ga)=ppis A| 5 2 inporteiA)
lgay=lqn, if Pig.ay=p/pis 4| Bieeinports(H)

gay i TPlgay=p/pig A+ B o € inports|4)

gr. HT(g.a}=ppis A+ 5 a e inports(i) | outportaid}

i il Tign) =p, gis A | I, 0 € outportal A}
il il Tl ] = p.gis &7 || A, o £ outportal B)
T{g 4.0 i # Tigya) =g d+Bac oulportsiA) ', inports( 2)
i i g o) =g s B 4 A @E ontportsi )
Gy 1634 = B0 e owtports(A) N inports( 8)

foem ot thie trangitive clomere of She relation «
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The states that representod source romponent, destination componemsts and simple
roanponents in che first level mode] are not affected by the transformation of the systam.
In case & alace represented B compound component then the transition function from it
prd o it mast be redefined in terms of ity simple components. In addicion, o trensibion
inside g sorinl cormpound component is defined,

5 Conclusions and future work

The model we have presented is simphe and offers a precise deseription of & component-
hised aystem, including all types of possible components. It is based on a top down
approach, decompoding the system into simple entities. It offers also the amlvaniage thar
1= easy to he extended, based on the fullowing remarks:

- the domein [ auwl the st of attributes A can ke urther apecialized in order to

mpecily the nterfaoes of components;

- the hinary relation <x can mopeose conditions for extenasions;

- other component compoaing methods con be studied wichin chis frameaurk.

Thia paper describe our firsl allemp to component specificntion, and will serve as basis
for our further investigation. We intend to specialize chis modal, adding new composilion
operators, and to infreduce a type system (provable as scund] for a compeonent-besed
svelen.
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