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11. Tom tat cac két qua méi cua ludn an:

Thtt nhat, ludn 4n d3 dé xudt mo rong mod hinh PECOS (PErvasive
COmponent Systems) cho thanh phan phin mém thoi gian thuc véi muc dich tao ra
mdt mo hinh thanh phan phan mém c6 thé phan tich nhicu yéu t6 khac nhau tir
chirc niang dén phi chic ning. M6 hinh nay duogc chia thanh hai phan, phan thy
dong va phan chi dong. Phan thu dong dong vai trd nhu mot kho chira cac thanh
phan phan mém thoi gian thuc c6 kha ning dap (mg moi yéu cau cua thiét ké. Phan
chu dong dong vai tro twong tac voi méi trudng, nhan cac yéu cau tir moi trudng va
goi cac dich vu tr phﬁn thu dong dé xur ly, sau do léy két qua tra vé cho méi
truong. Ngoai chirc nang trén, mo hinh dugc chia thanh hai phan ciing nham muc
dich giam d¢ phuc tap, do cach phat trién dua trén chién lugc chia dé tri va kiém
soat duoc céc tién trinh song song, trong nhimg hé thong phat trién dwa trén mo
hinh nay. M6 hinh ndy ciing cho phép céc tién trinh ctia cac thanh phan phin mém
& ca hai phan thyc hién thyc hién song song. Bén canh d6, dé phan tich chinh xac
sy tuong tac trong h¢ théng thoi gian thuc dya trén thanh phﬁn, ludn 4n dé xut thé
thirc twong tac twong tranh thoi gian va thé thic twong tranh cé rang budc



tai nguyén bang cach tién hanh dic ta thir ty 16i goi cac dich vu trong thanh phin
phan mém bang biéu thirc chinh quy thoi gian trén bang chit cai phan tan va mo
hinh héa céc ddy hanh vi cia méi trudng hé théng bang 6tdmat thoi gian va 6tomat
trong $0. Déng thoi, luan an cling dé xuit thuat toan kiém tra su tuan thu cua day
hanh vi ctia moi trudng voi thé thirc ctia thanh phan phdn mém trén khia canh chirc
ning va phi chtrc ning. Su tuan tha thé thic tuong tac con cho biét kha ning st
dung hiéu qua céc tai nguyén ma moi trudong danh cho cac thanh phan phan mém.

Thir hai, luan 4n mé rong 1y thuyét giao dién thanh phan tré thanh 1y thuyét
giao dién thoi gian thyuc dé dic ta va moé hinh hoa cac hé théng thoi gian thyc dya
trén thanh phﬁn. Giao dién thoi gian thyc 1a mdt bg ba thanh phﬁn gém tap bién dau
vao, tap bién dau ra va mdi quan hé giira tip bién dau vao va tap bién dau ra va thoi
gian rang budc trén mdi quan hé nay. Méi quan hé nay dugc biéu dién bang biéu
thirc 16gic tan tir cdp 1 nham khang dinh rang néu méi trudng gan mot bo gia tri
thoa diéu kién trén tap bién dau vao cua giao dién thi giao di¢n s& dam bao dir licu
dau ra s& thoa yéu cau cia moi trudng hé théng trong mot khoang thoi gian theo
thiét ké. Vi cach tiép can nay, mdt thanh phﬁn phén mém duoc dic ta don gian
hon, c¢6 dong hon nhung lai phan anh duoc chi tiét cac hanh vi va chirc ning cia
thanh phan phan mém. Do cac hanh vi cia giao dién thanh phan thoi gian thyc 1a
v6 han nén luan an sir dung 6tomat khoang (duration automata) dé biéu dién hitu
han cac day hanh vi ciia giao dién thanh phan va méi truong thoi gian thuc. Otomat
khoang c6 wu diém 1a c6 thé mo hinh héa va biéu dién duoc khoang thoi gian 16n
nhét va nho nhat danh cho mot hanh vi trong thanh phé‘ln phén mém. Viéc st dung
giao dién thoi gian thuc voi quan hé trén tap bién dau vao/dau ra cé thé dic ta va
kiém chung hé théng thoi gian thyc dya trén thanh phﬁn mot cach hiéu qua.

Thir ba, luan 4n d& xuat k¥ thuat dic ta thanh phan phan mém bang hop dong
thoi gian va hop dong thoi gian véi cac rang budc tai nguyén dya trén cach tiép can
tinh ding dan boi cach xay dung va thiét ké bang hop ddng. K thuat nay cho phép
dic ta thanh phan phdn mém thoi gian thyc chi tiét dén ting phuong thic va tap
bién dau vao dau ra cia phuong thire cling nhu rang budc trén tap bién dau vao/dau
ra. Bén canh d6, phuong phap dic ta nay ciing chi rd thanh phan phan mém cin
nhing phuong thirc va loai tai nguyén nio dé c6 thé thyc thi dugce yéu cau ciia hé
thdng va cung cap nhitng dich vu gi cho méi trudng vai cac chi phi tai nguyén l1a
bao nhiéu. Phuong phap nay ciing cho phép dic ta cac thanh phan bt bién, thanh
phan bat bién tai nguyén, dic ta cac phuong thirc. Dic biét, phuong phap nay ciing
dic ta thé thuc twong tic cta cac dich vu trong thanh phan phan mém va moi



truong st dung ching. Cu thé, trong mot thanh phin phan mém, trinh tu thuc thi
cua cac phuong thire duoc biéu dién bang biéu thirc chinh quy thoi gian thuc co
rang budc tai nguyén. Khi moi trudng mudn sir dung cac dich vy tir thanh phin
phan mém thi moi trudng phai cung cdp du tai nguyén cho cac dich vu va méi
truong phai tuan thu tha tu 161 goi céc dich vu trong thanh phén phﬁn mém. Nho sy
tuan tha nay, thanh phﬁn phén mém s& dam bao duge chat lugng cua cac dich vu
ma nd cung cép. Do do, bﬁng ky thuat nay, mdt hé théng thot gian thyc dya trén
thanh phan dugc phat trién ting dan dua trén viéc ghép cac hop dong thoi gian thuc
va cac yéu td duoc phan tich va danh gia day du trén hai khia canh chirc ning va
phi chirc ning. Dé c6 thé trién khai trén thyc té, luan 4n ciing dé xuat ngdn ngir dic
ta thoi gian thuc mau nham hop nhat cac ngdn ngit dic ta thoi gian thuc véi day du
tinh ning dic ta vé phan chirc nang va phi chtrc ning cho thanh phan phan mém.
Duya trén k¥ thuat nay, cic thanh phan phan mém thoi gian thyc duoc dic ta day di
va cac dac ta dugc str dung lam co s¢ cho cho viéc nang cao chat lugng phén mém.

12. Kha niing ing dung trong thuc tién:

- Cac két qua chinh trong luan 4n co thé tmg dung cho phat trién hé thong thoi

gian thuc huéng thanh phan c6 quy mé 16n va do phic tap cao.

13. Nhirng hudng nghién ctru tiép theo: Duéi day luan an tom tit mot sb van dé co

thé nghién ctru trong tuong lai.

Luan 4n dang nghién ciru mé rong md hinh thoi gian thuc cho hé théng c6 quy
mo 16n trén thyuc té nhu hé théng nhang, r6 bot, hé théng tac tur di dong va trién khai
cho cac dich vu web trén co s cac thé thirc twong tic twong tranh thdi gian ¢ rang
budc tai nguyén. Phat trién bd cong cu phét trién phan mém cho hé théng thoi gian
thuc dua trén 1y thuyét da dé xuit.
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11. Summary of the new findings of the thesis:

First, the dissertation proposes an extension of the PECOS (PErvasive
COmponent Systems) model to apply for real-time components. This model can be
used to analyze various factors of functional and non-functional in components.
This model is divided into two parts, the passive part, and the active part. The
passive part is considered as a repository of real-time components that is able to
provide components meeting every system requirements. The active part plays the
role of interacting with an environment, receiving requests from the environment,
and invoking services from the passive part to process, then retrieving the results
back to the environment. Besides, the model is divided into two parts with the aim
of reducing the complexity of the system due to the system development based-on
divide-and-conquer strategy and to control parallel processes in systems that based
on this model. The model also allows the processes of components in both parts to
implement in parallel. In addition, in order to accurately analyze interactions in
component-based real-time systems, the dissertation also proposes an interaction

protocol with timing constraints and resource constraints by specifying the order of



services in components based on regular expression over the distributed alphabet
and modeling the behavior sequences of the system environment by timed
automata and priced/weighted automata. The dissertation also proposes algorithms
for checking the conformance of behavior sequences of environments to the
interaction protocols, over both functional and non-functional aspects, of
components. The conformance of an environment to a protocol of a component
also indicates the effective utilizing system resources that the environment provides

to the component.

Second, the dissertation proposes an extension of component interface theory
becomes the real-time interface theory for specification and modeling of
component-based real-time systems. A real-time interface is a tuple of three
elements including input variables, output variables, and a relation among input
variables and output variables and time constraints on the relation. This relation is
described by a first-order-logic formula to assert that if an environment assigns a
set of values that satisfies conditions over the input variables of an interface, then
the interface will ensure that the output results will meet the requirements of the
system environment for timing constraints. With this approach, the sequential
behaviors and functionalities of a software component are specified more
concisely, plainly and elaborately. Since sequential behaviors of a real-time
component interface are infinite, the thesis uses duration automata to finitely
represent the behavior sequences of a real-time interface and its environments. This
thesis uses duration automata because of its advantages in specifying and modeling
worth case execution time (WCET) and at least time (i.e. best case execution time)
of a behavior in a component interface. In this contribution, the dissertation also
takes into account the using of interfaces by its environment depending on the
pluggability of an environment to a component interface. Therefore, the using of
real-time interfaces with the relation among input and output variables is an
effective method to verify and validate component-based real-time systems.

Third, the thesis proposed a technique that model and verify component-
based real-time systems by timed contracts and timed contracts with resource
constraints based on both approaches correctness-by-construction and design-by-
contract. This technique allows elaborately specifying real-time components in the
method level in which includes input/output variables as well as constraints on
input/output variables. In addition, this technique also explicitly indicates what
kind of resources and methods that software components need to implement system



requirements and which services that components provide to their environments
with how does it cost? This technique also allows specifying the invariant
elements, resource invariant elements. In particular, this method applies the
interaction protocol, which is mentioned in the first contribution, to specify the
interaction of services among software components and its environments.
Especially, in a software component, the execution order of methods are
represented by a real-time regular expression that has resource constraints. When
the environment wants to use services from a software component, the environment
must provide adequately resources for the services in the component, and the
environment must conform to the order in which software services are called.
Through this adherence, the software component will ensure the quality of the
services it provides. Thus, by this technique, a component-based real-time system
is developed incrementally by composing timed contracts. Hence, the elements in
this system are fully analyzed and evaluated in both functional and non-functional
aspects. To be able to implement in practice, the thesis also proposes a template
real-time specification language that unifies real-time specification languages with
fully functional and non-functional specification features. Based on this technique,
component-based real-time systems are fully qualified and specification of
components in terms of timed contracts are used as the basis for improving
software quality.

12. Practical applicability, if any:

The main result of this dissertation can be applied to develop large-scale and
complicated component-based real-time systems.
13. Further research directions, if any:

Applying the theories for embedded systems, robot, multi-agent systems, etc.
Developing a tool to support for analyzing and estimating two functional and non-

functional aspects of component-based real-time systems.
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