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9] Microwave Oven
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Software Development

Requirements Final System

Requirements = Final System

Software Development is Continuous Modeling Activities
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What is Modeling ?
What is Disciplined Approach for Modeling ?

Modeling ?
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I IHC|= A|AE! o

AUHIC|E A AH
« a computer system that is placed inside a product
st

EXNsSt 7|12 £3st7| St SIEYHL AT EY He =€

« Reactive2} Time—constraints EZ0|A SZt
Qf &4 S ZLIHE SIALL 4% &&(interaction) &
MO 5t= Al AH]
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Ja] LHIC|= A|AE

hemory A Auxililary systems

FRGAMASIC

Human Interface Diagnostic port

A0 .
Coaonversion D/ Conversion

‘ SEMZORES — | Electromechanical backup & safety 4—){ Actuatars

Embedded Systems are quite diverse, no one statement
describes them all
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@ Embedded vs. Conventional S/W

=2 A AZFN A E
. AEEYOIE NI EE W AIZHE D_é |74 0F B,
« Hard real—time, Soft real—time, and Firm real—time

WA= =2lH SAld
. QRERE QYEE A1 (23)9| SAY
. AAR Mo SREE SIIAFIE 89

« 40 chA™st7| |t == AEH0| 2+
e Self—recoverability / Home Property
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@ Embedded vs. Conventional S/W

FHQN E= S8 34

* Application—specific software
« Stand—alone
« HMI (Human—Machine Interface) A7} S

- A =Z8|0[5 R Ctfet CIHA 0| &
O

—
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o] LH|C|= A|AEE | o]

of AHCE 2ZEOol= HAIE 2ZEFY 0 47 Y-
CHE AQITt?

AHICI = HARES E76t= Z0| ot M = AL =
2 5t= A0|Ct.

O| = (Issues)

« AFE AA (Computer design)
AN A MA (System design)
+HF7J| X2 (Lifecycle support)
H =LA 28 (Business model)
- MA 23} (Design culture)
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@g °l& . AFE &

Real—time and reactive operation

 Hard, Soft, or Firm real—time
- SANdE 7HE = U= 2 F O|HI E0| et SEA 2

Small size, low weight

- 2[&O| HEl 2} Ol X 240 2 EE =
Safety and reliability

« Aol 2o oot X|HH

- OIS AMNAH X E= 284 XHE| AFE
Harsh environment

- &, XNF, 54, =(water) S0 98t 7|5 &4
Cost sensmwty

e H| S0 2 =&l AFE AAE HA
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Gl ol AIAE B o

End—product utility
« AMEE CPUZI FCCIZ17t ot et M| SkE[= 7[S0] i etrt?
« 2TZEQO0 o5l rEd0| 24E
System safety and reliability
o AAH BAAHOI O|fF
- St=%[0] © Mechanical & 2l R HE &5
- ATEQN : OIEHE = 02 Xz
Control of physical systems

. U RSO OB RO U AE
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Concept

Need/Opportunit
PP 4 Development

Retirement /
disposal

oftware design,
ardware design

Upgrades

Production

Support /
Maintenance  peployment
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~ [ I
o ATFO| AN|AH MAF: M| H|ES| =4S}
o LCIEFO| A|AH] MAF: QA H|ZO| XA S}
Cycle Time
« A AIO|E2Z2 Z23F5St= 2020 Cfjer 1HIIEHE
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I ol : T =23
MA 23519 X}O|H
e HAREH AZEY N =3 : A4 =+ >) ZE2EEERY] Al=8|0|M

 Mechanical &4 =3 : ZEEEIY > Al EM A

SI=EH0] AMX|L|O] vs. 2ZELO| AHX|L|Of

Hardware Software

* Timing : a system clock signal |+ Timing : logical time unit
bitwise & continuous data flow | ¢ bitwise & discrete data flow

 serial data streams » parallel data streams
* a pulse * a bit

* a signal » data

* hardwired design « CTRL + ALT + DEL
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Gl CHEE={! MR R E(1)

1. CODART/RTSA HHE (H. Gomaa)

e COncurrent Design Approach for Real—Time system

2. PeaCE 7|8l Bl = (S. Ha)
 Ptolemy Extension As Codesign Environment

3. COMET 2t H&E (H. Gomaa)
« Concurrent Object Modeling & architecture design mEThod)

4. OCTOPUS 2HE (M. Awad)

« OMT (Object Modeling Technique) + Fusion
5. BridgePoint & & (S. Mellor)

« Excutable and Translatable UML (xtUML)
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Gl CHEER{! R HRE (2)

6. ROPES HHHZ Real—Time UML (B. Douglass)
 Rapid Object—oriented Process

7. MoBIES &HE (R. Alur)
« Model—Based Integration of Embedded Software

8. MaRMI IV Bt E (ETRI)

« Embedded software development based on product lines

9. OMEGA & = (S. Graf)

« UML based modeling of real—time embedded systems

10. ESUML &¥HZ (Hong & Bae)
« Embedded Software modeling with UML2.0
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Y] ESUML : Principles

Embedded Software modeling with UML 2.0
An Embedded Software Development Methodology

f Concepts \ / Process \

Real-Time Embedded Software Requirement Capturing
Interaction-based Behavior Modeling PIM and PSM modeling
Light-Weight Methodology Verification & Validation
Qﬂodel-driven Approach / Code Generation/
. ESUML |
Rules \

4 Notations K
Use Case Diagram

Class Diagram

Interaction Overview Diagram
Sequence Diagram Modeling Guidelines and TlpS

Qlardware Architecture Diagram / \ /

Event-Based Modeling
Hierarchical Decomposition
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J=] ESUML : Overall Process

Model-Driven Application Development

Requirements Capturing PIM Modeling
4 ) 4 )
Use Case Structural Behavioral
model |:> model model Model Verification
r N
- / \_ / Static Analysis
Model Simulation
PSM Modeling
\ Y,
4 )

H/W architecture model _
Code Generation

Physical model |:> CIC Java
code code

PIM : Platform Independent Mod\el
PSM : Platform Specific Model
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N e MEE
ch) NEE 49
Requirements Use case diagram o
RIFAE =& 9 HO
Capturing Use case sheet TAY FE X 39
Class diagram
PIM Operation sheet A2TEL 35 2z Y
Modeling Interaction overview diagram S e &
Sequence diagram
PSM Hardware architecture diagram SIEQ0] ES=ZE Mo W
Modeling Physical software model 2™ AZEQ N EH'
Model - = 2N AgFolMg
e Verified models ~ = =
Verification E5l oo 2M a0l A=
Code Java
, . EtAl / =73 E MM
Generation Common Intermediate Code /st A= 38

Chungbuk National University

25



2006 KISS SIGPL AEstw

%] ESUML : Modeling Approach

Interaction—based Behavior Modeling

, ucD r i
%f — | Scenarios E
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10D of UCT N
: X /
1 Global |0ODs
o— [ —©® *
s

a1 E 8l

v i

|OD of UC3 > %?@ |

I0D of UC2 © i
Yy / Global behavioral view i
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%] ESUML : Modeling Approach
lterative Modeling Approach

P4. Verification

P3. PSM Modeling static ~}  dynamic P5. Code Generation
analysis ' simulation
physical |
modeling

target code
ﬁ generation
hardware oS “\\\
architecture T S~ ‘

modeling "~ "

-

~
. ’
L7
~
.
1

-

~,
~
~

use case

: : modeling
behavioral
modeling
architecture use case _
modelin : ; description P1. Requirement
: g object :
P2. PIM Modeling modeling Capturing
Chungbuk National University
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Jal P1. LAY HEEHY

LAAS HA
o JNUSIOX} = AT EQN X ZEO CHSH 7|&
— Functional requirements

— Non—functional requirements
o JHE CHA AJAHIO ATEQN HAA A4F

LIAAS HAHE Fet = £&=H
¢ use case diagram
- N2 A|AE] QR 210 4S5 A2S HEH = WY
- ANAH F0|A ZIA|EQI =0 Ciet S

 use case sheets & event table
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J=] Use Case 2} Actor

Use Case
o =& SH(goal)2 =G| AAdH AIAE
Starting point: A|AED} AS A
« OIOIME(agent) : Ci=2 HEES JIE £ U
¢ OIOIME + H& = ME (actor)

Actors

« Active: initiate a use case

« Passive: participate but do not initiate

« Client: use the system for a certain purpose
« Nonclient: just affect the system

« Primary: use the system

« Secondary: exist so that the primary actors can use the
system
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Y] Use Case diagram
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Event—Based Requirements Capturing

7.

User

7

—_—

%/

Maintainer

Microwave Oven Controller

Cook ;i\
Timer
Diagnosis
Cook
Cooking
%/ extension points

(while in cook)

User 7] il h
/
, << >> D
. /ezdeﬁd <<inClude>>
<<input signal>>
CookButtonPressed
Interrupt Cook Increase Time

cD;igcr:glFl)Beur;cgoanressed (cancel / open)
DoorClosed

<<input signal>>
TimerExpired

<<output signal>>
StartTimer
ClearTimer
Add60SecTimer
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Use CaseE Al &lol)|

J.] Use Case Sheet

2ol At23dt= E(template)
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[s13
=5

Use Case (U1) Cook

Uc &9

&0 gy User, Timer

det XA MR X Hah =T[5t &EN

AllLte| 2 1. AIS XL 229 22 AU DoorOpened
2. 2= WSS &It =6
3. AERI LE29 28 E=L1. DoorClosed
4. AAERXIF Cook HE=S U CookButtonPressed
5. Beep
6.
14. I} MLt 3819 22 MsE LMsH

ol &= ut.2

2 XA HAa x| AEN
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9] Event Table

ANAE L RE2H0| =Xotl= 825 0|HES E2

DoorOpened

Intent Notify that the oven door is opened
Direction input
Content True, False
Cycle Episodic
Response Time N/A

CookButtonPressed
Intent Notify that the Cook button is pressed
Direction input
Content True, False
Cycle Episodic
Response Time N/A
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% P2. PIM 2215 =)
1. Object Modeling

AZEQOS Y 1TE 2YY
Objects / Classes 2 él“é'
o RTAEO EEE 2= A E= A
« HHXO| Of|O|™ E
— for example, floor, elevator, door, button, request, etc
« 35 HOLI HOo[H &2t €2 AH|A
- =C|&el X =
« THeloM AEE = FoetE JHA
— window, scroll bar, cursor, icon, message, packet, etc
- EHMH FAHE et 4A AE
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_|oII
El

%) ot=4llof BT Faia

Wrapper Class
« QF0| EX5tH, 2ZEQNe} A=A

N =]
-1 0
- SIEYO AEXEHE SEI AZTEYNH 5

Environment Indicator

Throtile Control Speed

Environment
Tuisualire state
0 et [ i, i i L e e e e e e e I e
Throttle Control i Indicator ! i Speedometer
I
1 | 1l !
Speed ' L pr—
S 1 putPort
Application Har&ware Wrapper L
Subsystem : H —|
MY 7
, I I \/
Ldisplay measurement 1
l i |
Speedometer e Own === ‘YIndicator’ ———,l Q" . 4&‘;« -————-—== Snaadometer’ ----=-=------

System
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%] Object modeling (1)

S A o[ O : Microwave Oven Of A|

DoorSensor

2006 KISS SIGPL A

Light

Beeper

‘ 1 1

Button

-

OvenController

CookButton

CancelButton

|

1

PowerTube

Timer

=5t

go

T
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%] Object modeling (2)

Object Diagram : 2|4 CHO|H 7S] OIAEH A

DoorSensor Light Beeper
1. DoorOpened l Ig. Light on
| |
Button OvenController Timer
CookButton CancelButton PowerTube

Chungbuk National University 36



2006 KISS SIGPL AEstw

@ Operations sheet

2 A () 4 MM
. 0|7 U=of Thatof AH 7t £HHE B4
. 2% 9 DUl 27 x}=
AL button input handling
A3 HELZHH UHE| = O|H E0| tist M2 & HH e},

=
i
1=

OvenController

= CookButton, CancelButton
= CookBtnPressed, CancelBtnPressd
el 22 [CookBtnPressed]

Timer += 60;

PowertubeOn = true;
LightOn = true;
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%] 2. Architecture Modeling

AAE O8N
o OIER/N OPIEX2t A2ZEYNH OPPIEIXHZE 4
O 18I EAHAl 1A Abed
« OIERIN OIEIX + 2AZERN OFIIEIH : Hw/Sw codesign
UBIHOZ L= O IENX It =UHXIK, Ol AZERN X<

o =

@gi JHE
R OIE X2 2AZER OF[EAI 22l H 2HE HOF
Lt, A& Al Ret 32
- OtERI : =4S (hardware wrapper)
EFIN O8I X

« 2TERNS E=3t

o~

K

rn
MHI
]
[
0
N
N
10
A
m
0%
1)
04
10
o
L
02
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Je] ESUML © 3| =i A

Operational Architecture
« ANAEHIO S& AMHRAE ZHOZ DA 2
« Use Case SheetZ28H MAE

Ha &4

« UMLZ2.0, Interaction Overview Diagram (I0D)

Input Event (X) within(3 seconds) ﬁ
_______________ \I o
|
[ X == false] Input Event (X) :@ ref) X_Handler
|
|
[ X ==true] :
d Fal ti
S ralse ac 'On) Input Event(Y) —+/ ref) Y_Handler
sd True_action J '

l I —

Event(X) >> Event(Y) ﬁ
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J] ESUML °3 =t A| of|A|
| sd Cook ) °

r _____ %/ _____________ I ' 1] N ) H
I ref)  Waiting E¢ ret) poor openea Use Case “Cook” 2L 2 FH|
| I | A&l |OD CHO|Of 1

|
|

CookButtonPressed DoorClosed /P ref) Door Closed

I J
[Door. isOpen()==false]
[ Door. isOpen()==true] \V/
ref) Cook Button Pressed \
sd Single Beep J Add60Sec
Timer
OvenCtrl Beeper
T StartTimer
: beep() !
]
i I R e B |
AddB0S
i : CookButtonPressed —17 dde0Sec J
! | I Timer
|
1
! |
! CancelButtonPressed Aﬁ/ ref) Cancel Button Pressed
! |
: TimerExpired DoorOpened | ref DoorOpened
! I
|

ref) Cooking Complete

.

StopTimer
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Je] ESUML © 3| =i A

System Global View
« Use cased |OD CI0|{1&ol &t
o TI2HI DB AlLlEI2 B4 2 01 [11,12]
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%] 3. Behavioral Modeling

AZEF0 H?2 ZEE

« Sequence Diagram oo
« Action Language - — [t '
A _YJ: — 10Ds of B
E g o 0 7
ARl =F9 |IODO| LIEHEE o = E g
. ] ., ;o e L e — >0 | |
interactionUse” Oil T = -

CHOHO! & Al St o o

.’/ SDs of Z
I ' g [ SDsofX (
' | 40 7 _ SDs of Y
InteractionUse A A s f s I,
B i | o
A om i
“ T ey n
S il
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Real—Time Constraints

Duration Constraints

:Customer :Clerk

Pay

|

it.34)

l

Y ST

Return change
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Y] Behavioral Modeling(1)

Time Constraints

:Customer

Code(PIN)

CaW

3

Chungbuk National University
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Y] Behavioral Modeling(2)

Concurrency & Synchronization

sd CriticalRegion)

:Emergency :Operator :Caller :Callee
I I I I
| |
| | | |
par | | call(100) | |
| | | |
| | call(100)
| [ I |
| | | |
| | | |
_______ -_]T---"-"--"F"-""-"” """ """ -""-"¥r---""=- - " """ """ """ """ "" "7 -“-"="="~"="="="="="="—"="=""”©r—- - ~—~"=—-—-=—-——-
I I call(101) |
[ T | [
| call(101) |
| | | =
——————— - -

call(911)

11—~
I
I
I
I
I
I
I
I
I
I
I
N P
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

]
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T

Y] Behavioral Modeling(3)

Exception Handling

: MovieFileCodec

: FrameDecoder

: DisplayDevice

Decode(frameNumber frameRate )
-: 1

<<ExtendedOp>>
try

——

- throwable (e 1)

™

0..frameRate}

DisplayFrame({completeFrame )

| =<(Catch :-:-catch{efj
| »
L{ IncompleteDecoding

Chungbuk National University
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2006 KISS SIGPL A

o5

=%t

Interrupt Handling

: Button
Controller

: MoviePlayer
Controller

: MovieFileCodec

: FrameDecoder

: DisplayDevice

<<ExtendedOp}=
interrupt

I

| |

| ref J ) )
Flaying Movie

I .

I returmn

I

Chungbuk National University
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2006 KISS SIGPL A

=5t

=9

T

Action Languages

if (isCooking==false)

isCooking = self.isCooking();

select any inst_light from instances of Light;
inst_light.turnOn();

else
sd Door Opened J
Door OvencCtrl Light PowerTube Timer

open( | | | |
7 doorOpened() i i i i
7 | | |
| ref
i Check whether cooking
e a | |
| > isCooking() : :
| | | |
i alt turnOn() i i i
! [isCooking 1 i i
i =false] i i |
i turnOff() [guard] i i
i [isCookingl] i : 3 i
| =true] ! ; clearTime() |
e e e a ‘f
| | | | |

Chungbuk National University

47



2006 KISS SIGPL AEstw

%] P3. PSM 2Eis EHy)

Hardware architecture modeling
e SIERIHE 5= AEHEQ AH
e SIEY O .ZJ:TH—1 Eof ciet M F AFF HO

- HEUSY 43 0F B e
E SIEYO AEHE Ciet WA 20|22 15 &8
HEHE “MH L =4 4t
TZ2MA, ARM 1 Ered ARM926EJS
7H % IDCache
elEx 600MHz
= A A (OS) Velos
7+ AfO|= 0x10000
=0 400
EZE 1 EY /A7 AHB_M_Port / 32 bits
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Je] PSM S2EUE! £

Hardware architecture model : O A|

ARM1 [« » SRAM1 S_SRAM1 ARM2  [¢ »  SRAM2 RDRAMCtrl
A y 7} 7'y
v A 4 v
< AHB_1 >
A A A A
\ 4 A 4 A 4 \ 4
AHBtoAHB AHBtoAPB
DCTIDCT Bridge DMACtrl Brdige GPIOCtrl 12CCtrl
I I v I
< AHB2 > < APB1 >
A A A A A A
\ 4 \ 4 A 4 A 4 A 4 y
ARMSub S_SRAM2 TRILCD IntrCri AudCodec UARTCtrl

49
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J] PSM S2E85! S| (1)

Physical Software Model
o EHFO =dol AZEY O ZH MY
=

5 S
cATEQO DY 2 HYS S MAE

. 22 : |0OD C}o|
o« EL5}F HIHH
= OHdH

- 2Y20] ot +5 2E

=5t

=970

Chungbuk National University
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=5t

go

T

RDRAMCtrl

A/

AHBtoAHB| | /  /  |AHBtoAPB
CTIDCT, Bridge Brdige GPIOCH! trl
] [ AHB2
P11_ActiveMain
— Lcp
7/ mocwt || wcodec| | vasrem
P12_ActiveSub2

P20_ActiveSubl

sssssssss

ref) Cooking Complete
P30_PostProcessing &

Recommended Partition

+

Modeler
Enforced Partition
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[ static Analyzery = =

[0
4
>_
o

e

Bt My B

4 PIM Modeling A e — = I
PN - SRR ' .
pe = Rule—Based Model Checking
Class Diagram k /
=
% feedback
4 N\
= — ' Simulator
Hardware Arch. Diagraﬂ|1:l - i — ] b 7
PSM Modeling T ||| e—

\_

SRR S S S S S S S S S S S

Generated Code

___________________________________________

\Scenano—Based Model S‘lmulat|on-/
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=5t

go

T

UML CASE & &
DIE5t0] 24 &

UmML HEFSE 2
HH =

H 22l = 71

CHOIOY 188 LH
{Intra)
BEEH3

CopOs S 2t
{(Inter)
22 H =2

w

A ction Semantic
2BEE W3
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AN=g0]d +H

2 1]
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=INEC R

2 ]
UML TTESUML Modeller
metamodel
Input from
Environment
L] %
Model Simulator 5 ]
CFG Event
y y
a Simulation Simulation
CFG Generator [ ] > | . (] > ] .
Engine Viewer

=5t

go

T
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9] AIE2E|°o|M - CFG A

Control Flow Graph -4 O |
« Parallel fragment

par ForkNode

InteractionFragments A v Y
CFG for CFG for
é InteractionFragments InteractionFragments

A B

InteractionFragments B
JoinNode

I
e Loop fragment

loop J CFG for
InteractionFragments

A
InteractionFragments A )

. . O

MergeNode

DecisionNode
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%) P5. 2= A EHY

Target Code Generation

Interaction Owerview Diagram I

Llze Casze Diagram

£

PIM/PSM Models

Object Constraints Language

context Device iny:
let inputSignal @ signal =
sl cewice. input-=evert () in

if isEvert then

enableingType - = seif.dol)
else

trigoeringType - deviced.dof)
endif

1
invariant from class operations:
| FUll() {respTime=5HwaitTime=3}%

-= constraints of Full() ;

m Q;J @--————----{——i_-i. __________ deadine, dF =5 + 3
e A D

CIC JOAVAl
(API Translator)

Code Generator >
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File Edit Wiew Project werify Build Link Tools window Help
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2 TimerQueus [0 element]
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- Crl CoffeeOK 0
= #1 <ldle> *
MbDooffon k/@@ RetumChangeO Flll'llll‘alel'o

MNbrOfTea Heatiiater O

Walue Maklng Coffee
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M odudd MaklngTea

o state % Heater 1.7 1 -
= Queus - N
N » -

File . | % Model | (3 1nsta.. [
==
CoffeeM achine Ctrl[1].MbrOfCofl

Coffeetd achine. Chl[1]L.MbrOfTea=0 .
T Coffeet achine. Chi[1] Gueue [0 eler Coffea(Additivis (hilk = false, fugar=0.J)

A 8

2 TimeQueus [0 element) e

Coffeetd achine. Ctrl[1]value =10 T _ILI -
4| | v <] I M o | _’l—l
=| at ChDesign: Contraller::initialize : in | 2l I Sender I Signal | Chanrel x| Coffeekd achine. Ctrl[1] : fram start input StartUp
2 at ChDeszign::Hardware::initialize : ir ] 1 ernv[1] CrMDezign:Coin - (] output from enw[1] wia - to Coffeerd achine. Chil[”

Coffesk achine. Hw[1] : from start input Startlp

2 env[1] =CMDesign:Cof...
Caoffest achine.Cirl[1] : from |dle input Caoin

| 1] I— [l R T 1]
For Help, press F1 E

Chungbuk National University 57



2006 KISS SIGPL AEstw

o

2=

QUH|CIE AT Q0] HH i 2
- J1ZES AZE 0| MY WHBel KoM AX YT

- JHUAoI M D2AE0j0F BHE BAALE EH57| 93 BEO]
o WR s YUY

— Time—Constraints, Resource, etc
— Model Verification
— Simulation &
- JHIOE ~2ZEQ0{2 S0 Heter H 40| 2

Chungbuk National University 58



2006 KISS SIGPL AEstw

J.] References

1. Accelerated Technology. Advanced Embedded System Programming using
xtUML

2. P. Koopman, Embedaded System Design Issues — The Rest of the Story, Proc.
of the 1996 International Conference on Computer Design, Austin, October
7—9 1996.

3. H. Gomaa, Designing Concurrent, Distributed, and Real—Time Application with
UML, Addison—Wesley, 2000

4. H. Gomma, Software Design Methods for Concurrent Real—Time Systems,
Addison—Wesley, 1993

5. B.P. Douglass, ROPES: Rapid Object—Oriented Process for Embedded
Systems, i—Logix, 1999

6. M. Awad, Object—Oriented Technology for Real—Time Systems, Prentice—Hall,
1996

7. S. Graf, UML based modeling of real—time and embedded systems and formal
validation of timed systems with the IF environment, FMCO, 2004 (OMEGA
project)

Chungbuk National University 59



2006 KISS SIGPL AEstw

J.] References

8. R. Alur, et al, Hierarchical Hybrid Modeling of Embedded Systems, First
Workshop on Embedded Software, 2001 (MoBIES Project)

9. S. Jeon, J. Hong and D. Bae, Interaction—based Behavior Modeling of
Embedded Software using UML2.0, ISORC 2006

10. OMG, UMLZ2.0 Superstructure Specification, 2005

11. W. Lee, et al, Integration and Analysis of Use Cases Using Modular Petri
Nets in Requirements Engineering,” |EEE TOSE, Vol.24, No. 12, Dec.
1998

12. J. Hong and D. Bae, Incremental Scenario Modeling Using Hierarchical
Object—Oriented Petri Net,” IJSEKE, 11(3) pp.357—386, 2001

Chungbuk National University 60



	Microwave Oven
	Microwave Oven
	소프트웨어 개발 
	소프트웨어 모델링 
	개발 절차 
	 목 차 
	임베디드 시스템 개요   
	임베디드 시스템 
	Embedded vs. Conventional S/W   
	Embedded vs. Conventional S/W   
	임베디드 시스템 설계 이슈 
	 이슈 : 컴퓨터 설계 
	이슈 : 시스템 레벨 설계 
	이슈 : 수명주기 지원 (1)
	이슈 : 수명주기 지원 (2)
	이슈 : 비즈니스 모델 
	이슈 : 설계 문화 
	대표적인 개발 방법론(1) 
	대표적인 개발 방법론 (2)
	ESUML : Principles  
	ESUML : Overall Process
	ESUML : Artifacts
	ESUML : Modeling Approach
	ESUML : Modeling Approach
	P1. 요구사항 획득단계
	Use Case 와 Actor
	Use Case diagram
	Use Case Sheet
	Event Table 
	P2. PIM 모델링 단계
	하드웨어 랩퍼 클래스 
	Object modeling (1)
	Object modeling (2)
	Operations sheet
	2. Architecture Modeling
	ESUML 아키텍처 
	ESUML 아키텍처 예제 
	ESUML 아키텍처 
	3. Behavioral Modeling 
	Behavioral Modeling(1)
	Behavioral Modeling(2)
	Behavioral Modeling(3)
	Behavioral Modeling(2)
	Behavioral Modeling(4)
	P3. PSM 모델링 단계 
	PSM 모델링 단계 
	PSM 모델링 단계 (1) 
	PSM 모델링 단계 (2)
	P4. 검증 단계
	규칙 기반의 정적 분석
	시나리오 기반의 동적 시뮬레이션
	시뮬레이션 - CFG 생성 
	P5. 코드 생성 단계 
	자동화 지원 도구 
	결 론  
	References
	References

