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Anexampleof | Gignal Processing Mission Critical Distributed Small
Computing speed 1 GFLOPS 10 - 100 MIPS 1-10 MIPS 100,000 IPS
1/0 Transfer Rates 1Gb/sec 10 Mb/sec 100 Kb/sec 1 Kb/sec
Memory Size 32-128 MB 16-32 MB 1-16 MB 1KkB
Units Sold 10 - 500 100 - 1000 100 - 10,000 1,000,000+
Development Cost $20M - $100M $10M - $50M $1M - $10M 3$100K - $1M
Lifetime 15 - 30 years 20 - 30 years 25 - 50 years 10 - 15 years
Environment Vibration, Heat Heat, Vibration, Dirt, Fire Over-voltage, Heat,

Lightning Vibration

Cost Sensitivity $1000 §$100 $10 $0.05
Other Constraints Size, weight, power Size, weight Size Size, weight, power
Safety - Redundancy Mechanical Safety —
Maintenance Frequent repairs Aggressive fault Scheduled maintenance | "Never” breaks

detection/ maintenance

Digital content

Digital except for

~% Digital

~Y% Digital

Single digital chip, rest

signal I/O is analog/power
Certification authorities| Customer Federal Government Development team Customer,
Federal Government
Repair time goal 1-12 hours 30 minutes 4 min - 12 hours 14 hours
Initial cycle time 3-5 years 4-10 years 24 years 014 years
Product variants 15 5-20 10-10,000 3-10

Engineering allocation
method

Per-product budget

Per-product budget

Allocation from large
pool

Demand-driven daily
from small pool

Other possible
examples in this
category

Radar/Sonar
Video
Medical imaging

Jet engines
Manned spacecraft
Nuclear power

Hightise elevators
Trains/trams/subways
Alr conditioning

Automotive auxilliaries
Consumer electronics
“Smart” 1/0
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Application Program
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Timer IntCir LCD
ARMulator Keyboard
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4.3.2 Interrupt controller
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® Source Status @ ¥
EEl JHY= 429 49 doignh

450 va7 F

ESEEICEEPIEE 08

7 AgoT ABYE TE

@ Interrupt Request @ #7] %

o JE|HPE H29 %Eﬂ% Aot
® Programmed IRQ Interrupt : ¢}7] A 402
o] YR AHZ AHYEE set T cleardlith

7EAH 02 software programmed interrupt <}

—

communication channel, timer 2717} A 2l=lo] 3l
o}, Bit 02 IRQ EEEHAME H=ojxA] &
T FIQY JHPE A2E s AHEH AT,
Timerl & A¥ st Etolme JHYUE HEE
2o AHEHE Bd
® Timer1 9] Control® Clearg 028 %713} & %
® TimerlLoaddl #+< ¥ (HUZH2 16bit ,
Oxffff)
® TimerlControlell bit 7, 6, 32 12 A& &HFH
AZE EY9] 172569 FHOR FUHoR
SZskA A,
® 2714 IRQEnableClear® %713l 3siFx
IRQEnableSetoll Timerldl] si&3t= Bit 45
12 Ags] F Timerlol 23 AEHES}
&-go] "ok
el Hol JHYE LA A AHHPE AEF 0|
Azt JAHYE 3 [SRE HEHZ 53|
Folok 1 JIHYES F4H L2 st 7t
stet,
TAE ALRY 2 AAE Y8t 7 3
& Z2I3e AAste AAAH oA g gelst

o[r



2

oo
HA

sta] SWIYH InterruptE S35+ PSR
2= 917 context switchings & 4+ Ath
@A 2 OSTickol AH4E Timerl& 2713
713 7HEA .

B AEES WA TASKIOA F3 £2& E9
100Tickd) €#lol zh=th TASK2= 200T1<:k91
#ol= FFNAAM AwtEo] pendE A FUL
TASK3914 400Tickel 2alol & 7FAHA AlrtE
o} postZ 3 ST

(1% 5E 43 2348 BoFEnh

mi‘ okm

£ e
n‘p

(@]

>

—_—

A

oY

_I_/
>

ARl Virual LCD

Updates /Second  Helo
uC0S II Start...
current CPSR:60000000
IRQ en CPSR:60008850

current CPSR:60000050
start Task

CTiload = BxFFEF
Task1 SP:32530
Task2 SP:2e528
Task2: @

Task3

Task1 $P:32530

(08 5) A¥AL ofF

currents @A) PSRztolth userBEE WA
Ho) QT QB PEI HE3 JHAT SWIE §
& ClE|HES g4 ez HAS Y, Timerlsl
Load%kol Bzt OxfffE A AT

SRM Vitual LCD

lipdates/Second  Heip
Task2 SP:2e528
Task2: 8

Task3

Task1 SP:32538
Task1 $P:32530
Task1 $P:32530
Task1 SP:32530
Task2 SP:2e528 ~*
Task2: 1

Task3

Task1 SP:32530
Task1 SP:32530
Task1 SP:32539
Task1 SP:32538

Tach4 CD=29C2R

(38 6) context switching0] L4yt &1

HICIE A2 Z2EEO[E 7lg 95

(19 6)2 A8 Az TASKIe] A3=HT SP#
£ BaZ7 9}k TASK1ol OSTimeDlyE 53H
100tick B9 waiting FE1 2 E°17kaL, TASK27t
Agse, 72 FPoR OSTimeDlyel 23l
200Tick E¢+e] waitingell E°17H €tk 1 F
TASK37} A€,

glom7t Ao AEHI E 11 ol
g JAHYES BAF2E HsloF OSTime
Diyell 9] waiting®] 758tk

(O 7) LCDZ Timer Mo} 4% A2} 71255
i
=

o
SRR ¥ YARR B

714 =2 EEto]RE ol &sto] AR =2 1P
78532 1 $lo) RTOSY uC/0S-1IE £
olZaAo)H ZZIWL Asfa Rt
H 7} ol= ARM o449 OS £

5 2 7jd M8 Z2EE0E



96 F=xM2I23X| M1 MeE (2004. 11)

WAE AEahE AW A BES A Y
& Hgafof Bk, ol2F YW A2H A
B @Yol QA TNA o] 2xE
gol $A 47 ¥, A2Y 2ZEo)

o ofs), Jlx 2ZES e} THEL 7B
29 9TH A2y 4 B 79 58 5 ARA

2y ol AE 98 FE AT AAA
25 FHE FHIL A3HA Z&E e
713 do] A ok &, Y¥TE A"
Z1EH 0z Bl AR (e 337, 2 A, AF
2 gl WAEH Faees A2F Yo 75
U I 2% (A Eat E= i RTAR S LT RTA SA R fS
oM 2717t GolakA] gk g 2ol it
stz 4&HE B A" T =

uy ol
kY
o
A

getshes A2 44 B3, dFd TFHE FHIEHA
U AAME7) 7 Zasi, stEge] AZEY

A A, AAZE EGA A 7]9re] tiatel A =g
olv] M= 1YL AZTE o] FH AA % F
g UHE 5 #Y ol % VeSS AAHeR
erste A K717 4A ¥

Jey L, A7 7Hed < Lego Dacta
238 3.2 Fischertechnik A9 fischer 2382 A&
TEEE]Y A8 XdE 288 Y o=
ol¢} AZEYo]E Frlsld] AE ZFEEl]TY
MLEF7E 24 S0 B BelHE o] E78
o] &3te] & oA AAG AHTIE KZEY S
M WHES 7|90 2 sl e A FFL AP

51 d& =2Eetg] 29 NIF

of X&HFHNME ESPS TFoM AFsHE

APISH 93 S 3- £5 9 A AN/ 7
OBl & o] &3] UWitE AT AJAE Bl B
9-& AAHA Aok oW AAEE A ZE Z1A
© AL AH FIFHQ otolt o E Yo ZA
A =HH, d3 S HME ol &) FA s
"tk (OY 8) AdE A} H7|8 T2 EE
ol FdZ 3 A3 A2 2R 23} A
olo] E A~®)S g AP RAojrh
Aujolo] EZ gulsts £50]
FARIA EFAJNAE FHotatdd, BHAQA 7
2R IR oA HATE IR F A
A AN, 709 BEE AMEEHH, 3709 3 AlA
© A9 A S gelsty, sk
NS 788 44, B84 A= 141%1%3 o]
5o, 449 REE ol dE
AAE Asf AHEETE 28 B2 *Js} HTE
4o F om, &5 2887 He A
o 3 MAE BHY 3 & 7)EoE HE
% Fo] A AE Totata Aofsty) Haf 2

o A

_\9
>}E
i
1

(33 8) 2X &3 7H|0|0] ES 08T 5T ASS
NAY Z2EEY

ZES o Z2EEl0|H HA

o
[
]
o
+

3 QA

G 3 Ed 3
Bol mEE Aol APHh or)xE= COD
ol

x>
=
-3
<o
3
o
_1>~



ZZ208 M A (O 9OAEH &
% & T A2 2% e B8
3 £ HAs, A4
B Z2Y9 TN 2AEY A 7
TARE B4 4 Bdstd, HE4

10)3 22 2ZEH 0 o9 A E EE6}, 1o
wet Z2I9E Fdse AFE A
CODARTSWA ol w& 7haztygol ek 2
A Al oldde e =E{7]E B8 NS
FHo| gloenz Fxsly] wpeht

Functional Niodeling

Real-time Data Flow/
Diagram

Behavior odeling

State Transition
Diagram

Schedulability

Rodule Destgn / Implementation

—

R
Pro!otyp’e PModel
Test, V&V

(32 9) Software Engineering Process

Light Sensors
input

Conveyor Belt &
Robot Arm Controfer

Belt Motor

Beit Task
Status
Update Be:t
Status

Read Belt
Status

Start Point
Read

Eng Point
Evauation
Point

Rotation Sersors

UpDown Motor

Arm Task
Status

(12 10) ¥22YRES Fast HAITIE

Vel &
Server Socket

osh 7 LFARGY A B HA FA AAlE
ool E3) A=Y WAEH 2 h2A} &
o et o7 M vl 971 ZEEee) B

Adic|E A2™ Z2EEONE 7|8 97

9 AT A A0S AYprhs FolA
ALY BY GRo) 2PAGE T
Askg 5 0w, Ae] % AAsok & o] F-
QA & & 93, AzH el BH A ALY
2 FAHOE olsl @ AU T TP FEE A
AT % gl Rolt 29T 44 BN A%
2 $gsttd BYY AmEge) T
WA AEHA TAML bsdlel &
g 9ol 4 Uk

7k A 2H AZEY ] A

S A gy Qe AE Z2EEY Ky
WAL o] 23 YUt AZEY 0] e HhHE
& ey, & dA7Re] AEs gy dA7
ol g3 A

2

o

o

3

o

)

ot

n\l

Iy tlo

gt

2

il

X,

b

o

(o

fit

X
R oot

4
1 o

d
1o oM
= N

fo O @ 1
Iy
W
>
2
>
f
ol

2N

op gz

o
)

o)

off rE

o m

2 o
)

>

PERS

o

~

e =
Rl

30,
2
X
=
o m



98 FEXNYAX HM11A H6Z (2004. 11)

2279 N RES WS o] &3 Y
Eo] sludloj9} AZEYoE ZAjo HA 2 ¢
& F e 713 E /HA HA, AAtgel 7
gL EES o3t okt Fefo] AE Y
T AAZF A AY BEE 222 A28 5 9]
om, F4Hoz Wiy Hale duds AAIZ
Alzd g wig 2ol AAE A5Y ¢+ Aok &
3 Aol mEt s AgAlcl A A shaefol &
T AN A2E Y ZR2EEN] 1Y st o]
43 F Qo

o] EF= A AR AA A7) AFE &
Bol A YA Al2e Y 235 )3y A
sh3 AA7E A AE AA B A B
87 o,

32

e
H2nEd

(1] Philip Koopman, "Embedded System Design
Issues (the Rest of the Story),” Proceedings
of the 1996 International Conference on
Computer Design (ICCD96), October, 1996.

(2] AAHEA dis =&

[3] Anneke Vandevelde, Roland Van Dierdonck
and Bert Clarysse, "The Role of Physical
Prototyping in the Product Development
Process,”

[4] Anders Moller et al,
Evaluation of Component Technologies for
Embedded -Systems,” MRTC Report ISSN
1404-3041 ISRN MDH-MRTC-155/2004-
1-SE, Malardalen Real~Time Research
Centre, Malardalen University, February
2004.

"An Industrial

[5] ART System, http://www.art-system.cokr/
[6] Hassan Gomaa, Software Design Methods for

Concurrent and  Real-Time  Systems,
Addison-Wesley, 1996,

(7] A7) ARE, 94S, B5F, "dHE 4
N AEY AR T8 KT AAYL

2, A 94, A 1%, ppl03-111, 2002d 19

X Ateky

”~

- -

A M e

2001 A5t a AxbA7])FeE gt

2003 Audista AAFstE 44}

03¢ - BA ARUS gAY/ AT A7

2004 - 84 A5 AzEg A

FAIE-o} : Real-Time System, System Software, Home
Network, IEEE13%4

o] o 9 : jghlof@palgong knu.ac kr

0

h g Balts

oy M A
20044 @%Eﬂqﬁ AAR71 R At
20044 - dA AEUsy AT AL
BAF-oF 1 Real-Time System, Home Network, LonWork
Network
o] vl 9 : dragnfly@palgong knuackr



/. adz
d AR AAA7)FEY GAL
2004 - dA A5OSR AT} Al
o} : Real-Time System, Home Network, USB, PCI

Device Driver
o] fl 4 : kim0828@palgongknuackr

RO L

LW'

Ol xH &l

20049 AEdign AAAE7)TEE A}

2004 - dA AUty Axlgea Ak

P45} : Real-Time System, Control Area Network,
Autonomous Flying System

ol Ml € : 2podong@netian.com

AHCIE ALY ZZ2EEOIY 7| 99

19839 A& AT A

19855 $t=rfstyed AHAlA et AL

19%4 =7 87)¢d QA ek whA)

1986 ~1996d F A AT L ATY,
WIFATATA HY A7Y, FgRd 4%

2000 79 ~20024 89, University of Pennsylvania,
Dept. of Computer and Information Science, ¢
AT we

196\ - #A AEdstn A7 7K SR
AREART RuF

B4Rk Real-Time System, Software Engineering,

Knowledge-Based System
o] ol ¥ : sjkang@eeknu.ackr



