Process-Based 2 A|A] 7|9+ Embedded S/W 2] Thread-Based
SHAA 7]vro 2] WIS 2|3k OS Abstraction Layer & T3

olFel, AAT, =1, AAS
AR BjxE wtje] 154~ SW Platform Lab

Implementation of OSAL to Migrate Embedded S/W
from Process-Based System to Thread-Based System

*Jong In Lee, Jungmin Shin, Kuk-Hyun Han, Jaewook Kwon
Software Platform Lab Digital Media R&D Center Samsung Electronics
*chadlee(@samsung.com

2 o

AR 7 okl oA F453 7l wHow Qg shFrF vEA ARE 7ol F7Hel Wit embedded
system S/W ] E34% Bgk S7tskal Qlar o] & sidetal FA S skl lofAw Wik H]-83t o] gt
%31 ek o]& 13l embedded S/W ot AAREAIS] Q7 7F OFA] AL QIAINE embedded system ©] 735 Al
Lol u}2} system 2] process model & WOk 3= 97t =t ol2gt A 0S o] MAHLRE 8] SwW 9
AAFEAdo] AA WolRIT] &, process-based model 9| 4] thread-based model 2 3= H-9- 0S WA o2 23] A
A SW o] Aol gt} JpEe] o] "olAA W= Floltk oo & w=ielxe= 0S WAew 1%k HA)
SIW 2] M-S F4sl 3Falx} OS abstraction layer & =%13F3L process-based model 914 thread-model 22] W2} A]
WASHE W7 2421 process 9} thread 7Fe] W3kl w2 memory 2 scheduling ¥ A}S}, IPC (Inter-Process
Communication) & AR, device IO T AR &, 9] S/W 9] AAREAdol]l A4 Feke vx]&= IPC o sl
OSAL < &3t process/thread model 3-8 interface & A|tstaix} st} 53], aefsliof & Alto] B2 components
21 semaphore, shared memory, socket communication 5-2] OSAL 78 ®'H-S Linux to VxWorks 2] 73-9-o tha] Aot
3kl o] & o83k DTV A=/l 78S S8l el A5eth

o]

s

L A2 A = A2Ele] FETE AX5, 2 CE(Consumer
Auel= Alz=gle] 7)so] thdaliAaL eIt ARl whet Electronics) Al 9] 5/do] Hitaiidel] whe} vhefgh 0S o 4
FBAAOS)S] AR BAle] YL, 0S A HEgE Al~E o] AeHA H=d, oldd A5 08 o] WAHeR Qlste] 4
o] S7gell HgketAl theFste L glel1). olol uti= A28 Aol g g g W =9 wIs 1A W o WA
T@ell SlojA 08 AL A=l o] AR ek ohuet 2 AFe] BrRg 497t g4 ol& WAlE] f1El
Alzsgle] Ass ARshs F88 adoe|th SN 7h Al4E] A= 08 WA wWE A BE H)E abstraction d}] W
3L 0s 7F zhs 540 Qs 54 Alxsell 54 0s 7F Ag A7k el AJzsEle] AlAe] 7FEslES SH embedded S/W
stk 2le] dEARI S H8s7]E ofHrh o2 <la = TZ27F asHl ik
2AlZ RES WA o she A7t EAsHAl weE o] w 2 =FoAe 53 A9 sw 9 wAe] o] 87F=
0s W@ow Qs Al sw o] AxREAde] ZA oA € process-model | 4] thread-based model 2] W3+ A] 2 23 OSAL
oh Z2A2 70 BEe 58 22 o] process o TR S FAeks o gdold a1y 2490 process-thread HEko] whE
T 7} process 5 ARe] HEE)F HEEo] glojA memory % scheduling ¥+&1 A3}, IPC(Inter-Process Communication)
application 7Hro]ut KE2] F7F W7o golstal, Qg Al A8 A} device 1O THE A}l 719 A9 W o] ARES

o] Aol FRsate] thitn Alwle] Fhel AT 54

& e A9 9S24 PC ol dlel] 0SAL & TFelsh=t)
Zh=d2), ¥ Ag= 7Rk RES 28 W = thread S| 21014 OSAL & 53 processthread model 3% interface = A2t
address &7He Ffohs WloR FE 2 H(memory)S 8falx} ). 53], semaphore, shared memory, socket communication
AHrEAl A2 s oot os o A717F AL, o] ‘s process model W% Al a1 3of & ARRte] B2 components

folalal wWErk= B4 2b] uFoltl3). £3] DTV 9 2 o] OSAL 78 S A9kl Linux to VxWorks &) 730l o



& 482 3L, o1& ol8T DIV Al=’le) 78S F3l AT
harzt gt

2 7ol 05 WAel OSAL & 24 U= S/ 7 R 1
RS, 3 Aol A= Aljke S 2 2 ko] FAIHQ A
& ol2A Linux °lA Vxlorks 2] WelapdE 7adict 4 %
M= ARk S 72 B ek AAl YA TV Al~Ee]
&, ATkl vpHeR 5 geME A8 FF AAE A
kit

pud

2

>

II. Embedded System S/W Hierarchy
1. Conventional Hierarchy

Pt = AlaEe dRbdow T3 1 (@ ol sh9f M
TI= AE HW ASRE 99 S8 TR0 ASANe T
25 zh=t} o714 H/W Abstraction Layer (HAL)E T -2
HW W7 i} BE W ASS WA ot HEF 3
7] $18) Aok, 2, HAL ol3e] AZel SW = AAHge]
7Festes 7] 13k Al Eolvls].

---------------- I —

-

‘ M/W API ‘ ‘ M/W API ‘

---------------- [ovn ] [omel ]

‘ HAL ‘ ‘ HAL ‘ ‘ OSAL ‘

‘ Device Drivers ‘ ‘ ‘ Device Drivers ‘ ‘

‘ 0s ‘ 08

‘ Embedded System ‘ ‘ Embedded System ‘
(a) (b)

I 1. Embedded S/W Hierarchy (a) Conventional (b) OS
abstracted
2. OS Abstracted System

0S oo A=l APE wiAlsk] Sl 13 1 ()2} 2ol
S/W %ol OS Abstraction Layer (OSALYS F713F 4= <l
OSAL 2 0S o] Aol tiste] 9] W o thigh AA-d<
At OSAL ellA] 7t 0S o] Wgka il tis) F43tet %
ol API & AlFgho2H application 2 middleware(M/W)<]
74 Rol= 0S & Wgsto] ARgsh= o] 7hssitt =, 1H
3} o] Z+ 08 oA AFEE kemel component BE FF4<1
API £ Al&slo] 39 3-8 Z2aelA o]E 0|83l OS
HeHes she Aolth

‘ Application / Middleware ‘

w E

OS Abstraction Layer

Socket Message Shared
Communication Queue Memory

Linux, VxWorks, ...

23 2.0S Abstraction Layer

olggt st ASE S W & sk 0S 7F vhHole

HSH SW HE(moduley> T3] &1 43} A5 4

ThE Zal WA SW 9] ¥ 3K migration)©] 7Fs3ick o9} vl &
0S °IA G 7I's AHAE AlgsHA F= Avole F43) A
S| FAHoRE 0S WAl vl ad Ves AlE
k= 0S ] API FHIE fAlet] &Y 7S F7F =lehks

3] ZRAZ 7INE BElE A 7 B

2 Wgske 49, TRAZIIC] BAs 2ol 2 s 08
oM AFSA ek 715l i) Faslor & Bagel i,

III. Kernel Components Interface: Linux to VxWorks
ZEAZ 79k 08 2 FEE v=E W E 2= 7k
0S M= A3 = A= TS flsiMe Z2A~ 7
0S oJ&A]] 74 Fi-& 2= 7|W Os oEA e WA T
@afjof gtk o]edk 0s ©]FAR] FEES OSAL = Jghe
24 o] W EEES Agge] Zhssfixith i AgollA
v ZEAZ 7NE oS ¢F 2= 7INE 0S ZA49] Linux 9F
VxWorks ol tigt 4] OSAL 78 ¥HS 7135k
1. Linux vs. VxWorks

A= sw o 08 o tiE sBES FARIIT] A%
OSAL & &3] flsiME iti= sw wHellA] & oS <H
o] A& WED] olsflof ) & 1 2 Wt W oA
&8al= 0S &4 84S 5 F8 &l i8] Linx ¢}
VxWorks ol tdt H]nl A3t} Linux 9F VxWorks 9] 718 & =}
oL AL JFe] A o folt) Linux & ZEAAE A
A7) witel AWt W B st g ofg] sl T2
22 vpPro] FEE = IAITE VxWorks 9] g0l ZEA
Mas Agste dMd= sw & Fdske Aol 7153tk
G, o]ek ¥dste] Linux oflAfRt ZzAlx 7|k g re]
(shared memory) 715 A&} MWL) (semaphore) 7|5
T 0S B5 AYARE, Z2AA5 7o R sk Alulzoeie}
AP =S 7Rk R = AnkEolE QlEH o] A(interface) =W
oAl ztel 7k Atk BlHtask)t EA1Y] G, ZRA7Ee] A
H(socket) T4 VxWorks ol A= A|L38HA] 9=t}

Linux VxWorks

Process 2 A oz 91

POSIX 2 39

Shared memory Process— based Thread — based

Inter—task Socket,
Message queue

communication Message queue

Semaphore Process— based Thread — based

Priority — based
FIFO /

Task Scheduling .
Round-robin

preemptive /

Round-robin

¥ 1.Linux ¢} VxWorks &] Ag X ¢ 84 ¥

2. Linux to VxWorks

I Ao M= ZRA 0] A9l oo W 0S oJFA9] 84
of thet IEjHe]=E FAAIA F U= OSAL ¢ 7+ W
T A A2ellA Ak el o] IPC interface 7-Fell thalA
U712 skal 53] Linux to VxWorks 9} 2] process & ®3+



Al 3 interface & F#13F7] ©]2]¥ semaphore, shared memory,
sl e gk

2.1 AJ9}¥ES] (Semaphore)
OSAL 7-&do] Zagt 7|4 84 5

socket communication ©]]

A9} el % 149

0S oA % XA%E= API 7} A5 49 o]= FEXog
499 % 255 29 3 9% gl ApkEe] QoL B

APl FE|R FEght). Amfaze] QlEjF|o]a= S APLE 2t
ARk 08 oA Algsh=s AlekEe] APL & S35 €k ofu,
I ZAAE XJEHA] &= VxWorks 2] AlvkaEe] APIL 9] 7-9-9]]
= ZRAIZT] F 7] ghell tigk A7t o] oA G

Al T+ 7] kel tiet stucture & )5k, stucture S
AHow veehs A BBty W] Aol e

Process A

A

A

Process B

‘ Application ‘ Application
Create |Connect |[Delete Create Connect | Delete
(key) (D) (D) (key) (D) (ID)

Semaphore Interface

‘ Application ‘ ‘
Create |Sem. P/V [Delete Create [Sem. P/V | Delete
(key) (key) (key) (key) (key) (key)

‘ Semaphore Interface

Application

Semaphore Interface

‘ Semaphore Interface

semBCreate() semTake() semGive()

semctl() semop()

(key_2)

Semaphore
Linux

semget()

‘ (key_1)
Semaphore

List of Shared Memory Structure (global variable)

(key_n)

key_2.
Semaphore (key.2)

Semaphore
VxWorks

@ b)
I3 3.Semaphore Interface (a) Linux (b) VxWorks

‘ (key_1)
Semaphore

‘ (key_n)
Semaphore

22 & W22 (Shared Memory)
% 4 (@ Linux oA AFEHE & w2 ¢
TAB Aoltk VxWorks & 79 ZRAZ 7 3
o A &7] wiiell, 3 WEe e o]~ E
9gk el sk o))
VxWorks olA% wlx] a2 7]uk 36 wig] 7)50] S}

ah= AAY s T ol b EEdolr)

3L
[}

FAN717]

=

Process A

Process B
‘ Application ‘ Application

‘ Application Application

Create |Connect [Delete Create |Connect  [Delete
(key) (I0) (D) (key) (o) (D)

SW = A8 FAsA @aL, o AR 7es IdE
A& = QA ek

23 A2 Qe H o] 2(Socket Interface)
Linux 9} Zo] Z2HAE 2|hsk= 0S8 & 7[Hte = i A

2" W oA ZEAN|AZF namebased 27 BAS 3=
FES VxWorks 9F Zo] TRAAE XA &= 08, =, 2

d= 7o s WAshy] Heixe
Aok 3itl. ZRAAE XU &= OS olA= name-based

w5 A B RS 5

27 A 7leE AEA 71wl A A AHE
message queue B2 S5O 7 WA o} h=d]|, o= T AA W

£ FAsoF she S Ak gtk 21S ofngith o]gh

4L J87] 18] name-based A7 F4)
2= 0S A4 vEX] name-based A7 FAlo]
A FEshs W OR, name-based 227 FA1 {IEjH0] =
o= g & A7 QI H o)~ jF-o] & WAght
27 BA1L a7 5 @9} 2ol server 9F client = LFF™, server
Ysl= olE(eg. "NAME")S SIALZ ZH= create S5 T3l
A3 5Tt server 71 A3/30] =W client o] &S 918 divlgich
client 14 "NAME"9] ©]5O=2 connect S5 ©]831 server
o H&ahd,

server OlA client 22| 27 A1 2 do] FAEA

7

ﬁ I

o

(¢3

fr
11

[¢]

Create Connect |Delete Create  [Connect |Delete
(key) (ID) (D) (key) (D) (D)

‘Shared Memory Imer(ace‘shared Memory Interface

‘Shared Memory \mterface‘ Shared Memory Interface ‘ Shmoet

0 H shmat() ‘ ‘ shmctl() H shmdt() ‘
shmaget() shmat() shmctl() shmdt() List of Shared Memory Structure (global variable)
‘ (key_1) (key_2) (key_n) (key_1) H (key_2) J (key_n)
Shared Memory||Shared Memory| |Shared Memory|| |Shared Memory||Shared Memor Shared Memory
Linux I VxWorks ]
(@ )

13 4.Shared Memory Interface (a) Linux (b) VxWorks

3290

4 by VxWorks o4 2] T v&g] olEjHo]~e] 7]
S ZAIgE Aot Linux oA AlFsE Z2A2~ 718k 3
2] APl 9 5U3 API & VxWorks oA %= AFE-S 5= 9L
‘%7} TEgTE oju], AmpEoiol miR AR ERA e
7] @l MdE FAAZI) flste] a4 iRl of
sttucture-‘q A 3 structure & A 2]AE wElE S 9
th 2 =EelA] A”keE Wete® gk A9, §8 TR
o= H|me] FAlo] o] Fo|A|aL gl ZAH Helth
0S ApelellA & wRelE AdebA] fuieke 49 A

=2

5

ol
ok ol

N ol

3.0

oI =,

)

Ho) 271 F21 2 do] JAH o]Fof =, server B client 7}
27} Ashk= /\]ﬁoi]ﬁ send &5 ©]83}¢] packet & HE T
= Aok oluf client 5= server = 42 receive S 0|83}
o] packet & GAIEHA HUE LRAAE AYeHH] 2L 0S =
&91e] W ollA LS QIE|Fo]~E 4131 name-based 4
7l FAlo] FAelE AW Hol== sl flsiM a1 5
®sh 2ol 27 QlEisol~ Vel A1) FHmessage queue) <)
Elslo) 2 AT
Application Application Application Application
(Server) (Client) (Server) (Client)
Jcrea\e j Send 1 Receive { en [Rece\ve lcar\r\ec\ Crpate Spn epeive Recpive end Cpnnect
(“NAME") [to Client| from Client [ to Server|from Server [(‘NAME") ("NAME")  to flient from{ Client  from Berver to[Server (“JAME
‘ R ocket IF (Server) Spcket IfF (Cliert)
Socket IF (Server) Socket IF (Client) ‘
Message Message
Send to Server Queue IF Queue IF
(“NAME”) (“NAMEC")
Send to Client T
Connect to “NAME” Server | .
[Send to Client
(@ (b Send to Server

1% 5.Name-based Socket S-21 Interface (a) Linux (b) VxWorks

A QI #H|o]~F "NAME"°| & 2% AAd3HA| =
9, 27 QIEFo]2 YA 0 R "NAME 0|55 2= wAIAS
5 AL WAA e e S AlgstEzE,
"NAME"¢|gh= o502 AAJH WAIA] 7= server oA client

S IRERR
AN a=

igl Al ‘HQEI_% Xﬂ%ﬁ} ] T;]— client oﬂ}ﬂ "NAME"O]a"—"
olgo® H&S Aw=d 4, 27(client) AE o]z tiRoA
dE o] "NAMEC'S} T olgom  A¥ A

"NAMEC"Zh= ©]5& Zhs A2 viA 75 A =,

client to server B4 Ad-E A5z Holh o|FHA rfake]



2GS 2 70e] HIAA] FHE ol-8ate] Adatal Lhd, server
oNlA] client 2 FHZAE AET A= "NAME" #IAA] FE o]
8311, client 1A server 2 HFES AFE 7 9-oll= "NAMEC"
HAA] FHE o8-8k ¥k

719k o] 2 oA Alde WHoeR e Aol
-8 Z=2 %] ]"1% name-based 227 FAlo] o]Fojx] 1L
A= =, 0S 2ol A name-based A7 BA1S

= A AR &3l name-based A7
%7” Hr

Iv. 43 23
aut]je A]~Hle] 0SS W3 AlE ALE 9
H|wA =7} Z DTV & target system 22 41

813131, Linux 9F VxWorks 7+ OS 7Fe] W 3hol] sl & =30
A ARKE HRkS 485k OSAL ©f 83 ool whE A Al
28] 2] AlY JrEE Jdeginh vAY TV Al=Ele] A
T 71s % gt SA0® glste] ZEAZ 79k 0S ¢} i
= 7]k 0S o] Ago] WL glom, tAY TV AlEF-9]

S |

AIFE 520 2l 08 ©] Wgo] AR AR Thsrdo] B
o] SHA AFS flete] Hw

£ TEsto] AlS sIslS Rk of
A" TV AJ="le] 71 7T RS Sete] &
ol A AQEEE el el S8kl

1. Simulated System

3 ol ANk g W] AAl 7 B AIRS flgked]
DTV-simulated A|2~81S T-&lsi3lom, tAE TV 7]sdl aig
H= /W 9 HAL 45 DTV AlE#HCIE 2 tixskal <19
AR EA B S8 ZRIONE FEAIA 7] 7S AlFst
Stk =, HW A2 FE-S aiAlsta 0S o491 FiEnks 4
Zalaxl 29 6 (a2 2o] 7Md S (Virtual Platform) 0.2 -

735 AEEOIE el AldE sl

‘ HAL API

AV Channel \ ____
Manager )\ Manager

Virtual Platform

Display

os DTV Chipset TV Antenna

e
:

Serial

Embedded System

@ )

I3 6. 53 Test 373 (a) Simulator S’'W 7% (b) 712 34

2. DTV System
41 oM AZFH OSAL 2 SW = olgsle] a3 6 ()9}t &
o] DTV Al&EE &89tk DTV chipset 2] core &= MIPS32 ©]
31, host PC 9} target Z+] 412 serial 5421 2 ethernet = /\]—-‘-’ué}
Aot FF9 DTV WS 5221819 MPEG2 decoding 2] 3

SRS sk Ve Ald Aok, E

7%, 28]al B (banner) 2 vlE 53

°] DTV ¢-& ZE13 74 AEs

¥ OSAL 9] 7)5o] A ow F4de AT
o]} Zro] Al OSAL <& ©]8-3}¢] Linux to VxWorks W3

Al 7Ts T R AT A ol glo]l SRk ASEL ol

) Ak W = IPC & ARgsl= HEo

1
o 88 sl ool tid T PARS Ak e,

AA oS W3k o]d(issue)’F B2 Linux o4 VxWorks =2
H3lo] thsle] 9 7Y @4 W3 U8-S 7]%slgt o]
213k ARk ARFES AA tXE TV o A8ate] g A
A g9 8 TR WA glo] Ate] 08 oA FEEE
3E SW ZHstack)S SHHEIITE AlEHolHE Fate] 7t W
3 24 ATIS B ol HAY TV AlZEoe] A&
= Fole] e el dolA I =ellA ARk e
ARE Ak ol ARk Fxell 7Rkgk sk Fst

FARAE ol Age)

L7l tigt timeto-market &) ER% 713 €k

shute 08 SES WAAR s Sw & @

7] 918 k=A] meislolof & AR ol shiel Blaz 2

29 A el 35 Al Qs A

HaER

[1] Q. Li, C. Yao, Real-Time Concepts for Embedded Systems, 2003.

[2] B. Graaf, M. Lormans, H. Toetenel, "Embedded Software
Engineering: The State of The Practice," Software, IEEE, Vol. 20, No.
6, Nov. 2003, pp. 61-69.

[3] I-L. Yen, J. Goluguri, F. Bastani, L. Khan, J. Linn, "A Component-
Based Approach for Embedded Software Development," Proc. Fifth
IEEE Infl. Symp. on Object-Oriented Real-Time Distributed
Computing, 2002, pp. 402-410.

[4] L. Zhu, F. Wang, "Component-Based Constructing Approach for
Application Specific Embedded Operating Systems," Proc. Intelligent
Transportation Systems, Vol. 2, 2003, pp. 1338-1343.

[5] D. Stepner, N. Rajan, D. Hui, "Embedded App. Design Using
A Real-Time OS," Proc. Conf. on Design Automation, 1999,
pp. 151-156.



