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1.1 - Door Opened

®——~| Door Shut Door Closed

2.1t Item Placed

S

Door Open

J

10.1 : Item Removed

Caggglcﬂ?ner e N Door Closed [Time Remaining]
Door Opened/ Door Open
Stop Ti with Item
top Timer S Door Opened
3.1 Door Closed[Zero Time] 9.1 Door Opened
: “
8.3 : Timer Expired ‘\‘
. Door Shut |
entry/6.2 : ; N
Start Cooking Scaﬂgﬂ/ with Item g
exit/8.4 : top Timer : |
Stop Cooking 5.1 : Cooking Time Entered/ \
5.2 : Display Cooking Time. Cancel/
5.2a : Update Cooking Time Cancel Timer
6.1 : Start |
6.2a : Start Timer ' N ‘\\
Ready to
Cook Y

Cooking Time Entered/:
Display Cooking Time. !
Update Cooking Time !

e 1 N
'
Microwave Oven Control A
\

Microwave Oven Sequencing -
;

Microwave
Oven
Sequencing
Superstate

Cooking Time Condition

0—-' Zero Time

Cancel Timer/
8.3 : Timer 5.2a : Update

Clear Display.
Clear Cooking Time  Expired Cooking Time

Timer Remaining

- J

3.1 : Door Closed[Zero Timel”™™|

Door Open
with Item -4~ \

-

Door Shut h
with Item (1

Waiting for User

4.2 : Prompt for Time

Waiting for
Cooking Time

& J
Cancel/
Cancel Timer

5.1 : Cooking Time Entered/
5.2 : Display Cooking Time.
5.2a : Update Cooking Time

E1 GomaaDEFL > JHIHOXT—k <>

o LTSATEFLY YO
EFINERETS

@ LTSADA VR M—ILEET
FNTIZFEBICLTSA #fi-> T, Gomaadh7a ¥ >
b I YORDIITL 2EBFL ¥ VORI L
TET WA Z LTAELD. B15Gomaa DA
WENTVEAT—b - ThHb. WHNITH
DDAFT— b - <, Microwave Oven Sequenc
ing & Cooking Time Condition2*5 T&TWwW5hb. 2D
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® Cooking Time Condition TR T 5. T AT —
b= HEATIT . DYk, cooking
TimeCondition & § 4. COAT—bh -3 2
ZO®IRAE, Zero Time & Time Remaining 2% 1) #)
WIREEZS Zero Time e DT, KDL G EES.
CookingTimeCondition = ZeroTime,
ZeroTime =
TimeRemaining =
RIZKIRFEEIZOWT, o8& ZeroTime &
TimeRemaining 2*H TV BRBHRAFHXIAAT
W< . Zero Time TUpdate Cooking Time £ X b
% T % & Time Remaining (2% 9 5 DT,
ZeroTime = (updateCookingTime

-> Time-Remaining),

% 165 LTSAICKDENEET VDI

0—>[ Zero Time

Cancel Timer/ 83 : Timer
Clear Display.
Clear Cooking Time

5.2a : Update

Expired Cooking Time

Time Remaining j

CookingTimeCondition = ZeroTime,
ZeroTime =
(updateCookingTime->TimeRemaining) ,
TimeRemaining =
(timerExpired->ZeroTime |
cancelTimer->clearDisplay->
clearCookingTime->ZeroTime) .

3 Cooking Time Condition D LTSANDZ

L35, BERICEHAVD D,
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DT, RIZTimeRemaining REIZHT. Z DMK
BIIGH T ERP - OH 5. EBVHEED 256
TS TANT S, 2F Y, RO LD el
2L,

TimeRemaining = ( 7233
- > BRIEDIRAES | | ).
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TXwv., BB —>2l3 Timer Expired {1 N> &%
I o> TZero TimelZE R T 5L D%RDT, timer
Expired->ZeroTime & 7% 5. & 9 —2l%, Cancel
Timer f X~ b %578l - T, Clear Display ALE &
Clear Cooking TimefLB% 17> T Zero TimeIKFEIZ
E®THDT,
cancelTimer->clearDisplay
->clearCookingTime->ZeroTime
L%, LTSATIEAT B HINE XA L 2w,
ZOZODEREANTE L,

TimeRemaining =
(timerExpired->ZeroTime |
cancelTimer->clearDisplay->
clearCookingTime->ZeroTime) .

b, WHEDTTIEAT = RV VEROK T &
HRT 5. REMHICIIRBD L) TR Db, ZOAIN
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19 [=]

BT

= Oupu Drmw

updsteCoskingTime cucellamer  cleniuplay
DEFALLT €3 - — -
; CockingTimeCondition
3| OJNE
B IT /

et
cuCockisgTim

R4 E£xEhi=ZXF—hF -2

KT LD, YV 9 IR Fzv 7 (A=2—0
[Check ]—[Safety]), 2 ¥ /84 W (* =2 —D[Build]
—[Compile])) #47-> CTHh 5 Draw ¥ 72 #INT 5.
% L T CookingTimeCondition % #R§ 2 &, AWK
NIZAT— P Y VERDLIENTES (K4).

DFD, AF—b T UIBICEILERTVS L
EICLTSAET NV EAEL YA, OWIZIREEZ Y R
F7 Y TLTHLEINHINTR L ERE DT OH
EIADITR .

@ AT—h - YIVVDANERT(ZD2)

H9) —~FHDAF— b - < ¥ Microwave Oven
Sequencing (34 L#i4E T, Door Open with ItemIk
BANIREEZ D> TWwb e, AN - KA Vb
boTwb I, ZIH» 5 CookingIREIZZ ~ b
V-7 r3avkr sy T varihbrll

R L CERT 2ULERH L. HLOA L) E2T
WHRZXT— b - VBB LZTNEL S 2. &)
& 72 Microwave Oven Sequencing® A 75— b + %
VUYRBRIESD LIRS,

WHNZE DDA TF— b - T U BEHRTE -,
SRR, ToZox AL =% | |" TREL
T Microwave Oven Control A7 — b - ¥ Y %KD
KNTHEKT 5.

| | MicrowaveOvenControl=
(OvenSeq| | CookingTimeCondition) .
EBIZHEK (A = 2 — o [Build]—[Compose ) %
7o 72341, Output ¥ Z 2 HENWIZEIRE N T,
Composition:
MicrowaveOvenControl
= OvenSeq || CookingTimeCondition
State Space:
23 * 4 = 2 *x* 7
Composing. . .
potential DEADLOCK
-- States: 89 Transitions: 149 (#§)
Composed in 79ms
LFIREND. potential DEADLOCK & FRREN5
DT, FEPICT Yy Fay 7 BRIBENR T Z L8
bk, EBIZED X Ty Fuy ZH5EAEL Tw
LN RWR5121E, X =2 —d[Check]—[Safety ]
FETT A, THLE,

OvenSeq = DoorShut,

DoorShut = (doorOpen->DoorOpen|cancel->cancelTimer->DoorShut) ,
DoorOpen = (doorClose—>DoorShut|itemPlaced—>DoorOpenWithItem),
DoorOpenWithItem = ( itemRemove->DoorOpen |

doorCloseZeroTime->DoorShutWithItem WaitingForUser |
doorCloseTimeRemain->ReadytoCook) ,

DoorOpenWithItem2 = ( itemRemove->DoorOpen|doorCloseZeroTime
->DoorShutWithItem WaitingForCookingTime |
doorCloseTimeRemain->ReadytoCook) ,

DoorShutWithItem WaitingForUser = ( cookingTimeSelected->promptForTime
->DoorShutWithItem WaitingForCookingTime |
doorOpen->DoorOpenWithItem) ,

DoorShutWithItem WaitingForCookingTime =

(cookingTimeEntered->displayCookingTime->updateCookingTime->ReadytoCook |
cancel->clearDisplay->DoorShutWithItem WaitingForUser |
doorOpen->DoorOpenWithItem2) ,

ReadytoCook = ( start-s>startTimer->Cooking |
cookingTimeEntered->displayCookingTime->updateCookingTime->ReadytoCook |
cancel->cancelTimer->DoorShutWithItem WaitingForUser |
doorOpen->DoorOpenWithItem) ,

Cooking = ( startCooking->DoCooking ) ,

DoCooking = ( doorOpen->stopCooking->stopTimer->DoorOpenWithItem |
timerExpired->stopCooking->DoorShutWithItem WaitingForUser |
cancel->stopCooking->stopTimer->ReadytoCook) .

5 Microwave Oven SequencingM X7 — b « Y2 > F&
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OvenSeq
doorOpen

doorClose

CookingTimeCondition
updateCookingTimer cancelTimer

6 cancel DXDNIEH FE

Trace to DEADLOCK:
cancel
EFIRENL, 2F D, TWEL D cancel 179 &
Ty POy 7 h5AETH]Z b s (H6).
COFy Fay 7 ZPHuEEC BT 2 HE a2 fEb A
I7 v Fay 7 Tidkwv. LA, ZOEORMENEK
EFKD B VIR OTR, FEICHLT S, Zogh
ICcancel #FEfFL72E L L9, OovenSeqg AT —
b+ ~Y Y TldcancelTimer # EfTL LI T2
2%, CookingTimeCondition A7 —bF <% T
cancelTimer 35 720ICIFZDHIIZupdate
CookingTime Z FEAT L TN b \w. §5&
ovenSegq A7 —bF - Y YV ERML Tcancel
Timer DEITHATE LWV, TDOOFIFENELTW
b, IAXEMHLZVWEE, DF D CcookingTime
Condition A7 — b + ¥ ¥ VA ZeroTime IREED &
&1, cancelR¥ vy #fliz %<3 52, cancel
Timer ZHARIET AL 2T NELR S 2w (B7).
FIT, BEIDH L THEDL cancelTimer DA
RELTIOFTy Fay 7280 HiF25 2 812§ 5.
Lo L, MEE[Check]—[Safety] #FET3 5 L,
ROEH) BTy Fay 7 3mfssh s,
Trace to DEADLOCK:
doorOpen itenPlaced doorCloseZeroTime
cookingTimeSelected promptForTime
cancel
ZOYEE, R8D®D cancel ThY H 3N 5B
B O T Clear Display##i7LEX 9 & LTF v F
o v 27 LTw5h. Clear Display ld CookingTime

% 165 LTSAICKDENEET VDI

CookingTimeCondition

updateCookingTime  cancelTimer

clearDisplay

timerExpired

clearCookingTime
7 cancelTimer AWML L

Condition ®MLEEZAS, RIEV ¥ A<D AY — A
? ZeroTime IRED72® ClearDisplay HVFEITTE
v, L7eAos TINLHRARIETLENDH L. £ L
T, HFEE[Check]—[Safety] Z2F4745 L, TR
DEH)BRPOFY Fay 7 hHEsh 5.
Trace to DEADLOCK:
doorOpen itenPlaced
doorCloseTimeRemain
cookingTimeEntered displayCookingTime
updateCookingTime cookingTimeEntered
displayCookingTime
COWEE, FATEHTICY A EELTET L E
Ty Rayr¥$5h, IhEBIELT, HE[Check]
—[Safety ] %479 &, XOFT v Fav 7P shn
5. ZOFy Fay 735 ETOL O LITEY, AT
BT LD THS.
Trace to DEADLOCK:
doorOpen itenPlaced
doorCloseTimeRemain
start startTimer startCooking doorOpen
stopCooking timerEvent
decrementCookingTime finished
LY ITMEPIZ N7 &2 W 2 &gk g 5 ET
. =i, BELIIARDBIAL Ty FLTH
BafFbd5, ZOTONEbEVS [ IV TTRE
7lEIITFTy Py 350THE. ¥4I 07ICH
FTHENTIE—HDOT AP TIERERT LI LMWL,
ZZRTWEIHICITrS, 7L —a s LTHES
ns.
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HaABY T RO T DETV VT EENMERRETE

1.1 : Door Opened @ N
®———| Door Shut Door Closed Door Open
N J
2.1 Item Placed (2) 10.1 : Item Removed
Cancel/ | ) -
Cancel Timer e ~N Door Closed [Time Remaining]
Door Opened/ Dv%%; (@grin
Stop Timer
L ) Door Opened
3.1 Door Closed[Zero Time] 9.1 : Door Opened

entry/6.2 :
Start Cooking

exit/8.4 :
Stop Cooking

6.1 : Start
6.2a : Start Timer

Door Oper’w

with Item

3.1 : Door Closed[Zero Time]'@ 9.1 : Door Opened

8.3 : Timer Expired

Cancel/
Stop Timer

Door Shut
with Item

5.1 : Cooking Time En’tered/
5.2 : Display Cooking Time. Camce\./
5.2a : Update Cooking Time Cancel Timer
B N
Ready to

. Cook
Cooking Time Entered/ 2
Display Cooking Time.
Update Cooking Time

@_oor Shut a2 h
8.3 1 Timer with ftem <Q>
) Expired
Cooking
Cancel/
Clear Display|
Selected/
4.2 : Prompt for Time
Waiting for K
Cooking Time| | ./
4 )
Cancel/ . .
Cancel Timer 5.1 : Cooking Time Entered/

Ready to
Cook

X8 HF=—OFvyrkOvy

ZOFy Fay ZEE9IRY L 512, REAEDD
Stop Cooking ¥ T# 4 - T Stop Timer %479 Wi,
Z A

timerEvent->decrementCookingTime

->finished
THRTLTLEY. £995&, $i3*Stop Timer
PEBHL L B2DTHL. ZOREFE, 4FETOX
912 Stop Timer & FARIE L7272 TEEDT, A
7 —bF ¥ ¥ VD DoorOpenwWithItemikiE & Door
ShutWithItemKEOM TFIFEZREILTLE).
N EGT B IEHHMB R 2 AT b 2 T e 5
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5.2 : Display Cooking Time.
5.2a : Update Cooking Time

W, 72& 21E, Stop Cooking DREI~D % 4 <& 1) 1A
HEENZ LT, Stop Timer D% THE Y AMFR 2 &
ZATZ AT L.
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1.1 : Door Opened

% 165 LTSAICKDENEET VDI

ON R

®&——| Door Shut Door Closed

Door Open

2.1 Item PIaced@

(& J/

10.1 : Item Removed

Cagigf%er ~ Door Closed[Time Remaining]
Door Open
deadbck___>D2?rO§§ned/ with Item
top Timer ) Door Opened/
e N 3.1 : Door Closed[Zero Time] 9.1 : Door Opened
Cooking
8.3 : Timer Expired
entry/6.2 : Door Shut ®
® Start Cooking Cancel/ =1 with Item
i . Stop Timer
@ exit/8.4 :
Stop Cooking 5.1 : Cooking Time Entered/
5.2 : Display Cooking Time. Canoe!/
\ J 5.2a : Update Cooking Time Cancel Timer
6.1 : Start
6.2a : Start Timer N

Cooking Time Entered/
Display Cooking Time.
Update Cooking Time

9 #4432 J1c&3dFyrkaOyy

BHRTEDLNEI DI LEWE ) REENZ, T
IIRATIIMERMICHRAET 22 L ThREV LTSN
B, ZOXDERNL L ODPEIET D705, flib
LTWEHETH 5.

AR Z L, FEBICE ) B 2 IR R
MifEfR %K L TWb Z EhB\w. Toko, Ba—
FAYTLTE =Ty b KR=FOLTEH LT A%
WTHRIZWEBSTLES. LAL, EBEICE»TZ
ENTEDLT AN - F—AREEPLRNEIZADD
ITHRTL2RW., TN b56LT, Bjw/z2&T
ZLLTLE D ZLAB .

@ LTSAZAVCEG TR AFILEE LTS

HEHEIREOT LI NT 4 ¥ 7EETIELTSA %
FHTAHIEICLTWA, LTSAIZ7 = A—Y a3 ¥ -
E— Do TEBICKRSY VR EDOEEZIT-o TV D
IR AR, M4 Ny NERAESED LD Rk
ZAITH LD TEDL. LEdoT, TNEDOMWIER
o THRLZAT— b - T UABEDIHICH LD
MPEBBRTHIENTEL. ZOEIHAMARME
WCFEHIATR C, LTSAZEA LT,

T=A—=Y 3 YTEREMEOWEEZIT) L)1
%oTh, EFMVREEIT) LIZEALEDOYEITE

Ty Ray IPREETL, —OOFTy Fay s xr)
TEHE, FRANOFY ROy 25 AETS. oM
DR L OB R VEGETEAT ) 720 ORI E T
b, $LA=FA VT LB bI V=T ThH, Ty
Fay 7238 HET 52 LAbho TnBEFHIEDS W
TI—=F4 VI THRICEELHRVWE ) TH L. (il
BT E2~3MAT) L a v EHELANNTL B, £
DEIBNFEAEAHKFTAF IV E EIFTnL.
ZORMmE, EH)LThTFy FayrzithizwAyb
MTL B, EFAVBEALABMZ>T-TLE
ADPE. AF—b -V UHPMIALL TV E, 2D
LR 2O 5WIZR ), EFVEI 8 VT
2L TELLS > TLEY. HlO/ Y T VBl
%5220 (1000) 72 BRATH L. R, T
Fay 7 2) B ENTERVAIL, BREHMEELC
RN TWARWEHE S22 /20O THL. ZL
T, KEFAF IV OEGADMER L 7oA A DET IV
Wt TREMERRT DO EEZ B L TH 59 T &I
%5 . LTSAZEBATLZLIZHLERTENTHY,
HEETH 5.
@ EHCEWLTLD A LI EVADIEL
LTSAZfM Lzl AF v e, 5% TOMARR
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% 165 LTSAICKDENEET VDI

EBEFHRY

for(;;)
wail sem(w ;
/*x BEARB +/
sig sem(w) ;

}

COI—FTEELLBOD
EDPOTCTRARTBDN

®13 BB P—+75F v ORE

T A F BB HIE

XNXENERDE RO HWATI

RAFHRY
for (;;)
wai_sem(s) ;
rd_count = rd_count + 1;
if (rd_count == 1) wai_sem(w) ;
sig_sem(s) ;
/* ZiHEDIE +/
wai_sem(s) ;
rd count rd count ? 1;
if (rd_count == 0) sig_sem(w);
sig sem(s) ;

}

IEGYB
[+ BEAHLE */&
/* FHBOME */
DBAFES THEL
——— RUORAORE
DUBL I

b, EPICHFHNCHWTWAANTYH, YAF20H5
RO EYY B LT, TOohERIMELZ LI
5.

L2 L, MWTwbAid, RifEo7zb oo et
BT AEEERTD. MuTu v AlZZnZ2eT1
MOEGEVEVIED D, 2F D, 5E LT LIEETIH

EHEIL20T, V7 by T ORI ES Tidw
HTWODTHADL., MMHTWDLAEHWTWREWADL
UMLTHi< &AL &9 2L MOMENES DS, [
T AOH L IEET7Z1FTH 5. UML THIL
TELRWVWY—ZA - T—F - LARLRIAL I VT - LR
WTORDBoTWELEDTZ,

3 LWDLTSAZESH

MADETFTIVCTLTSADAREZ R LS, %
BoOFflio THIL D, EDL ) vzt d
50, BAIEOHBETENED L) % b OPIKET
B, SABHEVICHT S E THTEAIHES
BIENTESL. T 2HEFEL HETLZID
DR EIZE > TEDL LD, FEHORBKTIZRI0
IZRL72CODART "COMET D EL LR BT L
ALV, TR, F 7V MEREZMH STV E D
(COMET), ffio Tz (CODART) IZxHiEd 5.

ELE LD THoTH, ERIETHHTLZE
by idiaw(E11, F12). BB F[HEATF
BRTa ban]o k) eHlEEHEsHTL 208
%fﬂmﬁé $72, LTSATIER L72ET V&2 ZD

RENCEE L2352, 2% ) MDA R4l
w?‘i%ﬁ”ék I+ 7Y 27 MENAXR—ZXDOREFED
E) DNV TWDE L) THAH. BARRREWITIZon

TIFHITHICHIT 5.

4 SPINZ{ESIEETIVRE

@ SPINTHEH#FESL IO NI ZERET D
LIEIZLTSA Tld % <, SPIN &) EFVHAED
MRTIEA VY —% Y=V TEFMREEZ LTAL).
RSB EBIHMELZDOTH L. L, [Fik
FhfRo T, FEFEHFSAAMAEZITR %
WlE v PRI OB AR L72bDTH 5.
C OO THAHIH OMAENTETLE I D
Thb.
SPIN 2 X 2 MAEDORR, KOFHAFERH S N7z,
BTl “RATEL O K 2 ERE,
(1) (rd_count 0) D], HEEFL AV
VF4HhNV--tra iR Eidan
LLTws
DA,

>

HATI AT T+ um) ) — AT
LETHEEFIRIOMHET T Y 7§ HHEICE
TWbDT, rd count BEtAARMBHF D& X 7 $
ERBELTWDLILIIRD. §5E, [dLinAhA
WHLR D 5 2 7 B DIh b 5, HEEXTH
VFAAN - trva ilALIE) R EnHNI,
BRI TN TwhnwZ &ilhkb, £2C, ET
EF LI HAFEIL BORICIE LW E ) 2R
FL2EZh, DTOBRMETIE “HATEL 2k
LTWwWiawnZ Eidbh o,
(2) WATFH A2 % rd count = rd count +
1 OXEFEFLAER RO if XOFEITE
Bi), HEFy R T7rwr L
Yty
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I%E% HaABY T RO T DETV VT EENMERRETE

DF ), rd count VEAAARLIEFD Y A 7
EERLTWRWIERHLDE. Zh5bb L, rd
count T ARSI P DY 2y 72 FE2a—F
EHAA LSS, NTIZOLBLREND .

EHITRD L) RYEFEDREIN TS,

for (;;)
{ wai_sem(s) ;
if (rd count == 0) wai_ sem(w) ;
rd count = rd count + 1;

sig sem(s) ;

1

Xy bavEEREThE () oEHL 7
T I VOEESFIEL B,

fEEDD &b LDEKIL, rd count @Al %
o TVD I AT DOETHEH, mAFBEDOERL
DOEIBRETY) 7 THILFEZTORIPoT.
i s N7k 9 ICEETNIE rd count DIERAH
MEVZT2B0%, 20T 4 HhN ks arPREdino
TLEH 72D, EHLLEERIELNIERFNTL ST
HWTH2RETH 5.

ETFTURENL, TRTOTRERIATY -2 LD
AORLICHEL TS BT, (2) Dk LMdbn
ZAIVITHRIBELIZLAW, SPINTI, (1) D
Fefh%,

(3) J(write — ! (rd_count > 0))
DEHEHTL., I HGmERTH L. [HE
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ABDE ZIIHIZrd count > 0TlEZEWV], LwH
HWTHH, ONFNFITEZRLTWD FRakdd
LTSATIZZD X Mo &2k d 52 L1k T
E%BW).

R, RZEOMHMBBROFR T Lr# 2 TL
NBRVDOTR UAD R\, Lo T, WEZRDID
IIVBETVREEITB)ETDLI0ANATH .
ELLMETE /00 ) 2OHB L. Tz,
EFVHRETIET CICRBEO R CEN BT L 50
T, V=IVPRRAENVARTEHNLRL D, 2oL
312, V—RA + I— FOLNVTER S 7=k 5l
2O UE RIS ORZY D B IR 5.

£ %k

AT, I ORETLTSA 240> 7208 217
I ERVZENH L. HARARY T Y o TR
HADMALIZE) bOD, HEDLTY -2 - a—
FEwWLEL D ETEEmE, NERHOT R b - 57—
AWEZTwE, V—=A - I—=FILTHhoLEE»
FTHENTIRFENLZ.
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(1) Jeff Magee, Jeff Kramer, Concurrency ; State Models &
Java Programs, Wiley, 1999.
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(3) http://www.graco.c.u-tokyo.ac.jp/~tamai/con
currency.html

(4) Hassan Gomaa ; Designing Software Product Lines with UML,
Addison Wesley, 2004.
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