abaidly Lol o

SlgSol) Jisinol puowaill
e iwodl 2wl 9 alall
auboill JSLgll

alw,
9 Huisw>loll a5 sde Jga=l) aoabo
WL UWEVES]
(elaidls wlowl=l awiid ouwd)

Sodl (v doxo
Lwid pond — au,pSIl gl yug,ellS
by olowl
2003 - Luois oac Azole-dnwiigll &S

O] L
viadg pioll s [o95S M| P
AJlw \9).uu| [o94S M| Slow VI

= hadl (ile Aoxo [,94S I
2007 6,20



as9lgoll axeo

wSladl 300 plo| (s> oo JbJl puwl

wiuodl gl 9 aulall wlgSol) & ol puonaill alw,Jl vlgic
ol JSlpll (sde

> lo >, puw]

slaw)l pS| dizd
Wilbgllg sloww VI

> ol ol zhw /oo

8,008)l dzol> - dwaig)l &Sy Skowl

Sago JoS dozo (il /.50
Do uf axols - dwipdl &dss skowl

olasg yalhlluc psioll auc /..
Dot uE asols - dwaigdl adss skowl

lw osde,all doseo Wyl /.00
Dot af azols - dwipdl &dss skowl

W)l lwly I
8;>Y1 2, 8,V pus

asoldl pulxo &aslgo AUl padxo @aslgo



wSdoll (s> dooy @zl s ladl L,
2007 - Guonis e asol> — dcwaspll ads
JSLpdl (sde Csuwodl guol,dl o adall wligSedl & yiinoll puouasd! 1Ulgas)]
udnoill
Wladg ,ola)lue peiodl duc 5.0 a9 o] |
ol ode o)l xozeo Byl .

Ls\_uubz“ dJIBM D9

5 alall olgSoll il pwoaill wi> mpe Wl apu
8128 uasdl mpiodl JSuiu o o] JSLedl csde soiss oyl
)l s+ yininod] owoad] duloc diSso) duliiiall Yglol)
iioll punadl Bk oo Eadaill &uioll apiodl &bl U3 Az
el bl il ol sle binisall pbull 5 dolell bl
o plail &ilby JS wosi o> (Yol aoll) dslay Ly 2risoll
ool JSipll Gapius (C) axo,lacl, &siSe anlS ol Bub
dolo W LS5 JSuiv mpiioll apioll dau el sy okl
Gzl o @l 5 il paveid] g ol g8l
oot 2riball gpioll 8:laS Loyl duanouai L)l syl ALl (59
ool 8a>g0 9 Alolio oky aw  @luyl e Lad
JSeol 0> 5 a>holl anpiall Gpi)l @odluall dsiiol
ool Sl 0oy LSl el aeaill (ks
Jeolss 25 sl 5,5V puoaill lxgio puSe wsle « sambuwll
Jxo gty iy 9 @oasio J>bo (58 Lz pid (ol JSip)|
by JSon (salied oS Sk 28 9 sl V amas BlaSiw)l
ol analuadl . subil) stzoll cshadl JSspll e S JSuin
ole il puaaill 4ib e @l i b Alwll 5
auxpiall Jomg s sl Sl dabul (sle saizoll dnk
il phigo O s duiasdl peoadl JSLie csJl w8l ds sl
veSoll o 535S sl kil pky csde dousi éssonoll

ool

Wils Aoxo .> O il .1 W

il Alw Uladg psioll



& wnglla s
IA lo.”g ul f..:l_x“ Q“AS"

Olgisl dxas

wSdoll Jo=o plo| (suiu> oo
23/12/1980

M0 A gpo> - odlel .
W/l

Wl ol
s\aodl 30,b
s\aoJl Jxo

as o)l ool
&SIl ol
Eoll diw
ool &



& wnglla s
IA lo.”g ul 5--'[.1“ Q“AS"

i bo &lw,

o SLoJl doxo plo| (s> doxo : oW puwl

9 alall wlsgSell Jinoll puoaddl 1 adlw,Jl Ulgic
dudnoidl JSLpll (sle (sinodl gl

el a0l

pbidlg Oluw bl aawlid pund s Wl el

a

- pdaidly Olowlsd! @wsid pumis Sbowl Salallae psioll axe /.50
ool u€ Asol> - dwaipll @S olasg
- phaily Slowlsdl @wid powss Sbowl ol Gyl /.50
— plaidly lewlsdl Ewiid oy Gw)ydo izl &ly doxo /.5
W)l wlwl, i
&Vl pus gl byl wsuad
2007/ /

aJS)l udzo @slgo asoladl pulzo dadlgo
2007/ / 2007/ /



& wnglla s
IA lo.”g ul f..:l_x“ Q“AS"

Ulw)ll prios vy s

Ls\S.LA:x.” Jo=x0 pl.o! > o0
23/12/1980 :
W) o 4 900>

Wl ol
s\odl g0,

s\Wodl Jxo

awid - auspSIl @wnipll GuorgdlSs 1 oVl agalell as ol

pailly olowlsl
ol o€ asols - awnipdl &S
2003

Mentor &S, — ok jwlipgo
Graphics

._S\S.Lo“.).mpl.olwm .

lpJ axlodl ap=lJl
euodl 2o,
aJl aaudboll

G| paso ool
&S99l

gu, Wl



Ain Shams University
Faculty of Engineering

Computer and Systems Engineering Department

Platform Based Hardware/Software
Co-Design

A thesis submitted in partial fulfillment for the requirements of

Master of Science Degree in Electrical Engineering

Submitted by:
Mohamed Hosni El-Malaki

B.Sc. of Electrical Engineering
Computer and Systems Engineering Department
Ain Shams University, 2003

Supervised by:

Prof. Dr. A. A. Wahdan
Prof. Dr. Ashraf Salem
Dr. M. Watheq El-Kharashi

Cairo, 2007






Approval Sheet

Name  Mohamed Hosni Emam Mohamed El-Malaki
Thesis Platform Based Hardware/Software Co-Design

Degree Master of Science Degree in Electrical Engineering

Name, Title, and Affiliation Signature

Prof. Dr. Seraj El-Din El-Sayed Habeeb

Professor, Cairo University

Prof. Dr. Hani Mohamed Kamal Mahdi

Professor, Ain Shams University

Prof. Dr. Abdel-Moneam Abdel-Zaher Wahdan

Professor, Ain Shams University

Prof. Dr. Ashraf Mohamed Al-Farghaly Salem

Professor, Ain Shams University



i



Abstract

We propose a new flow for hardware/software co-design based on platform-based design
concept that forms a base for further automation attempts of the co-design process. We
then prove the applicability of our proposed flow on co-designing generic systems as well
as RTOS-based systems. Our proposed flow starts with a software-only solution in which
all system functionality is described as embedded software written in C targeting a se-
lected platform. Then, the flow iterates through co-verification, profiling, partitioning,
and co-synthesis until the design criteria are met. We present four test cases to show the
effectiveness of our proposed methodology, covering both generic systems and RTOS-based
systems. We also propose a unified integrated development environment for co-design. The
main contribution added by the proposed methodology is incorporating the target applica-
tion platform at the first stage of the flow then applying our iterative co-design algorithm
without altering the main platform, as opposed to other co-design methodologies that let
the platform details be synthesized at later stages, widening the exploration space to be
unrealistic and producing platforms that may vary to a large extent than the pre-verified
application platform. The second contribution is the study provided on the effect of co-
design on RTOS-based platforms which brings the flow closer to real case problems where

most embedded systems utilize RTOS in their software stack.
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