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The fast growth in complexity coupled with requests for shorter development periods for embedded systems are
bringing demands towards a more effective, i.e. higher levels of abstraction design process for hardware/software
integrated design in order to increase productivity. At higher levels which are called system-level, there is no
difference between hardware and software and great productivity gains can be achieved by starting design from this

level.

In system-level design, typical design methodologies such as SpecC, SystemC and SystemVerilog are widely used
in design process. These methodologies are very dependent on the languages and platforms that restrict the flexibility
of the design and due to increased design complexity a new way of designing is necessary. Therefore, what we need is

a language-independent framework which will increase the design portability and also accelerate design process.

In this thesis, we introduce a modeling framework using Executable-UML (xUML) and Model-Driven Architecture
(MDA) concepts to support specification and modeling of embedded system. We outline a transformation mechanism
from an abstract specification into a concrete model by applying the refactoring technique through well-defined
sequence steps. We also present a set of refactoring rules which acts as guidelines in design process. Our approach
has been verified by model simulation using iUML suite (MDA tool). We also present preliminary results on stepwise

exploration of communication models.

The content of this thesis is organized as follows: First, we provide an introduction to the system design area. We
discuss the motivation and goal of this research in Chapter 1. Then, in Chapter 2, we review some background topics
that are essential to the subject under study. Chapter 3 is the related works chapter, which represents what is done in
this area by showing examples of different researches and discussing their advantages and disadvantages. Next, in

Chapter 4, we present the overall design of Stepwise Refinement in Executable-UML for Embedded System Design



project. We define the models at each level, and describe in detail how to gradually refine one model into the next.
In order to demonstrate the methodology, we apply it to real system example, a voice encoder/decoder for mobile
telephony (GSM Vocoder), in Chapter 5. Chapter 6 introduces the exploration of communication model. Finally, in

Chapter 7, we present the conclusion and future works.

The outcomes of this research will benefit system-level design area in general where it helps to increase design
portability and produce richer and more useful documentation of design process. For system designers, this approach
provides a simplified design process based on well-defined, clear, and structured models and guidelines at each design
phase. This makes the design process easily understood, thus low designer expertise is required. It will also reduce
the amount of resources and the man power required to complete a SoC design. Furthermore, the top-down approach
applied in this research encourages stepwise decision making and enables quick exploration and synthesis, and
promotes early stage verification. Finally, researchers and students in the area of system design will find an example of

a formal, well-structured design flow in this thesis.



MXDEEREROER

VAT ALALSIRMIAA Y AT L BE, N=F 27T b2 T HAHEEL CEET S 2T L D% K
MIBERLCTWBH, ZhOBMRN—F 27 LY T by 2 THMSIZEREE - B - BEEXh TE 228,
2T L DOKBUIEL L ML, —HTIA 754 2L O L 5. TREOREEN R LA EHE 5> T
5, ZZT. N=F o7,V 7Y x 7 BRMMCEFEDIMR AR & BERERNIC 2R A4 i L Ty > T
N=FY 27V T Y 2T ZTNThOERNIEZEI R BAD [V 27 AL NG 3T 2 %6k
DHEL ENDDH %,

VAT L ANLREEHT I T 2 BERERIEERIIL (BAR{L) 8EE 77 e & 21 B T bR A 8% O & 7L ECiE.
BLUETILOEMEW, ThbbZFHE R FNHEIEVRZL 2 FABKNERICEHETH 550, Bk
TR THh RN A ARSER. BRGOER I T s 7 Ak sitiBic@lEzF T, N
BT 790Ky 0 ZAOKFY — S BRET 5. ESTEOREERHEE A HE L Vv, BT 0 & 2D
it - RIS TE AW, AEDOMFELF| XK LTW5,

KFNERNE Y 2T AL NUBEFIZ OV, EFLDDBRIEAR B L OERARERC 22D TH S, %
VTN 2T LGB TORFORRETH S ETNLIRE 7 —F 7 2 F v (Model Driven Architecture,
MDA) #IBH U. FEWRER 2N REE 2 E 78 & N2 FEAT B2 DRRGE T B8 Zs (E AR LR T A C & 2 F247 vl HE UML
(Executable UML. xUML) Z#MHWTET L EZLRT 2N ERE Lz, KIS, ZhE VT by 27 T%D
WRTHBY) 77248 2 (Refactoring) Hfli&ILH L. FI7HHE UML &7 L DZEHRIL — )L & BIRIIC
ERLL T, B4 BMPEOB TET L AL 2FERN 5 HREMEL 72, 2 LT, DENFEFEDOY 27
LAUNLERGHOEHTE THIRYH 2 Z & &, a8 5 FHAMN LY 27 4061, & SIZHEER 25 £
THOWTHERL T\ 5, G@XOMRIZL TOMY Th 5,

B1IETIE, VAT ALVNLREOMELEER, BXU Y 2T A4 LSIRHAAY 2T 4k EDREHIE
FANMERTERL, BUROME SN &, ZOMIIZHNT 2R NROT7 Tu—F4h bz,

FB2ETE N—F D27 -V T M2 THAHRGTE L TY 2T AV RUEREHIODWTHBI L2, $hbb,
N=FT 27 eV T b2 T BRMCBERE? S, VAT LAON—= o 2 TS EY T by 2 TS ERE
0 - GBS B T TH 5 2 &L MR & BRI & B REIL L 72 6 3t LT g
Ze, REMEEDE LT SpecC Hikint b . 2 Ofat7 v —Ti3 [HHEF MR - 7—F 77 F ¢
sk — S A — H) LS BIS AR S T L i 8 AT,

WIZ, KR CHAR L UCRIT 28l cd ) 7724 ) v o Hifll, BLKUOETLRE7 —F57 27 F v
EFITFARE UML I2OWTC, #3L 7=, V7 72 2 ) Y it 413> 2 5 & O & BRI MO E
D7=DIZERENT, VAT LANEBE R T 21 TH 52 L. ETAME T —F 7 7 F v KB TH
M) 7 b 2 T OREHEEN AR DIHNTEEINTY 7 Y = 7 LEOFPMR. EEERIIRLI0RE
LIaDTE D, 72 2 i3kt A L LTI UML WS R TnWb Z & a & &7,



FIWTIE, FRICETULHEH 7T —F7 7 F v EFEFABE UML ISDOWT, Y AT A LSIRALAAY 27
L7 EDOBFHEH A RA BRSNS T TIZEON BB, FNEEDH LA, ZLT, Bhry
ZH - FFV AT 7 - LN (RTL) OETAAFLTEE UML Catib§ 51 EF -T2 Lk, £V 2
FALNLRGHIBT 2 EF LA E THBIZANZ DI AW 2 EAHE ML,

PAEBCR U EAEEZ T ET. VAT AVNLEENIB T AL BB IEOTFIL 4 T FI)LVEHE 7 —
FF U F I BFETAEE UML 2OV CEHR T 3R E R L7, Thbb,. K4 DMREITHIGT 5
xUML EFLEBEL., EF LR ERK T 22 7 AR, 27— Fv— ML EEFIL 7=,

12, BYREREELIC BT B EFAERIIL— LAY 772 2 ) v T k> TERLT 3 I OWT
PR U7z, V772 2 ) v S Ei S BRBEIREMLIC W TE 3 2 L AR LT, EEit T uk 20K
ERLS ERIZONT, L= L &2 LTEEL, #2uasbl 7,

Z LT, Hreldfs (BaeRoME/ER) o4, @EOFMt 26 & UTHD B, i BEIZ 0N
T. xUML TEFLIBRTEZAZ L, VI 722y V5 - L= )LOMEEHTEF LM, ZH{L s FEB
TEHZ AR L., FEHMEE LM A2 72,

H5 T, EHEEOSTFESAEIIHVWO NS GSM AT —F LI FEHY 27 4 2H Y FIF, A
DBERZWEH L CEATEENARGEL 72, £, 22 TOGSM A2 —#Dt4s £ Lo BT, FEHS
2DV xUMLICED K EF LRl AR U7z, KIS, B e e d 28T FHCRBE L a5 0. d@fE

DFFHEIZDONWT, GSM AT —=FDETFNERERL 72,

FBOTTIE, MESOHEA Y b7 = B EICTHAIMICRO NS K5 &, AR ZT %53y b U -2 L
JEB U 720 BGHBA B Y 27 4 805 6 7 o 2 7 ATBREIC DWW T, Rl F TOK RO H A e % 1 -
toVZ?AVNW%%®%&%%®%®ﬁﬁﬁﬁﬁ&92%AKiﬁ+%Kﬂﬁ?%fU&wZ&\%K
Fy b= 2 BEDOHBHET LML K Iy b7 — 2 BREOFEONFRIZEMAL L T XX %R
WE2T70 v 2PRMTENTHB L E2HEL. 20T av 2% [BERER] L4007,

ZUTC, FRHCH A » b =2 12Bh 2 3y b =2 BEEED LT, A GHREDO R v b v -2
E% xUML IS W T T 2R, 72 L CBEHEROEFLEWRA ) 772 4 ) v 7 IS Cidd ¥
2HRERLZ, DEICk->T, BEEROEBEMNE V27 AL NUEGANOHGAADO BB A5 E, &6
N, HiTE E TORROERNEZEMGEL 72,

FTETIE, AR, S/ONTRREMAE L, RS hMREEEZ R L 72,
AKam i, KHUEAL - BT 2 2 27 A ORGEHIFLICIAG TR LIRS R SN T B v 2T 4
VANLBGETTIEIZ DN T, ZORIRIBICKZ S FHEMT 28D TH 5, h, TOERENEFRE, §7T

(2D DOEEODGER A B DR 2 a B ICB W TAREIN TS, DlE&D, Kzt (%
i) DOFEAITHIB LWL D ERD., A& HIEL 72,





