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Abstract

In system software development, time is a very important factor to the quality of
the systems. Especailly there are more and more real time systems and embedded
systems around people. Therefore, in UML 2.0 standard, OMG developed a new
diagram called timing diagram which is used to described timing properties and

interaction between objects.

However, UML is a modeling language, it doesn't provide the technique to
analyze and verify. For this reason, developers use timing diagram to describe the

time properties but hard to know if there has some mistakes in timing diagram.

The techniques of Petri nets are researched for years, and there are various
analysis techniques to different domain. Some scholars’ research is to analyze the

UML model by Petri net's analyzing properties.

The focus of this thesis is on timing diagram. For this reason, we propose a
mechanism to transform timing diagram to object-oriented time Petri net, it includes
the specification of the timing diagram, the specification of the object-oriented time
Petri net, and the transformation rules. After transforming, we utilize the analyzing
abilities of Petri net to verify the timing properties. The example of this thesis is use

the reachability analysis of Petri net to verify the correctness of the requirement.

Keyword : Timing diagram, Object-oriented Time Petri Net, Reachability

Analysis
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3)B:PXT—N 27 o MESfc: 5888 5 M3 AREp et 5
H o

BB R - R AEE P B R T

KT

DF:TXPoN %0 o b 55 fi »
¥ et o
5) My i 4~ 4o1%3e(Initial Marking) » e 45 B e B ade do sk ik o

(NPT RBPFET THm - R R o)

6) 1 % % @ (Interval) » V teT, I(t) = [EFT(t),LFT(t)] » # ¢ EFT 3 & % jc5 pr iy

(Earliest Firing Time)® LFT 5 # 8t %% p¥ /F (Latest Firing Time) °

il p2
tl: [2, 4] 12: [3. 5]
p3 P4

B 11 PR Rl e B )
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DRI S ) AR 11 Y R R e cnde R i AP feP B ¢ F R
o w@mMe=(1100)> Ra TRP2Pix¥ 2 G5 thisez & & At 2 o84 E
e B R A[24]% 3510 R RIRL P BT f t i B AR E (S g 4 B8]
A2B(t),F(t) 2 B(t),F(th) = ‘oSz s > 3 2 e 3t e o BES e g

PR ek 2 gk i (Marking) e

TR A AL

P= {P,, P, Ps, Py}

T = {t1,t}

Mo=(1100)

B(t;) = (100 0)

B(t) = (010 0)

F(t))=(0010)

F(t;)=(000 1)

I(t;) = [EFT(t;),LFT(t})]
= [2.,4]

I(t,) = [EFT(t,),LFT(1,)]

=[3,5]
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3% HEEFRP
314+ 2 2hindg

TR A F N2 R

Timing Diagram

4

Timing Diagram
Specification

4

Transformation
Rules

4

Object-oriented
Time Petri Net
Specification

Object-oriented Analysis &
Time Petri Net Verification

Bl 12 ~ehe B2 k%4

AT H N2 EARE AT
. B AR5 ummm -
2. - Bl L PR B $: (Timing Diagram Specification)
(3.2) °
3. BIpACE N ZFHARD O KFFRRRER IS EEFR YR
. 4# (Object-oriented Time Petri Nets Specification)(3.3) -
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4, NP EEG PR RN Ry R E R R R EHE
I

S, I REF R P EBILE BT S F > BRELSITERE -

N
A
IR
it
N

o

e
ij
|
<

3.2 Y B4 4% (Timing Diagram

Specification)

P R B 4L 1% (Timing Diagram, TDS)H_d = s =k & ~ % 2= > TDS = (TU, L,
M) ) _;F'_ v
1.TU(Time Unit) 5 5 HE i o

2L={l,, . I }AREFE? &4 &s(ifeline)z & & -

3M={m,m,,....my, } 73t & (Message)2 & & -

E S DA
() 2 eme 21 Bvs L =(N;,S,IS,E,DC;) > £¢
1) N, &2 @52 ¢ fi(name of lifeline) °

2) §;= {Ss, »Ss, »->Ss VR A A kA2 B & (set of states of the

P2 > TSig
lifeline) °
3) IS, & 24 & &2 A4 % ik (the initial state of the lifeline) » IS, € S; °

4) Ei={eg ....6g_}= ¥ 2. & & (set of the events of the lifeline) e

'Ei

5) DC; ={dcye, »....dCpe, | = #F 4 p# B (duration time constraint) °

'DCi|
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6) &=(N,,ss,,ts, ,st, ,et, )5 E ¢ 2 F *(event) » # 7
" ~ N, # ¥ % f(name of the event) °
z ~ss, & F 2 42404k A5 (staring state of the event) o

I 22 % b 3k A5 (terminal state of the event) °

“H
’

—+
wn

i

7o~ st §F 22 b #rE T ApE F (the minimum execution time of

the event) °
noset, 2 ¥ EHE AT 2 K T UPF I (the maximum execution

time of the event) o

o

T e AR Bk s, R R S RS, o 3
1<i<|E| -

7) L¢P 2 FFER e d = A (st ety ) o sty BBV TR T R
7 dc;, et = *IpFR dc.1<i<|DC|

8) I 7% #(instance) ™ s (0,t)e (t,1,)s;(t,,t)e, (4,t,)s, (L, ,t)...0
3 A T, 5,5,5,€85,2 g, €E

tl, e

m; >

9) ?L .ég m-=(N slmi ’ sl » etl’ tmi ’ttmi) H

12BN Nmiﬁ’éﬂwii x’t{,,ﬁg’_o

e ovsl et GAsdnz 4 A

m;

tlh 2 %z 4 Mo

m;

-
/

7o e| :’*51;? %lb\il—_ °

AN |:1v ;;_,.ﬁgi}} X2 o
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v

oSt BRARS TR LT

Aot s Lz AETERER

F e g 2 R, M ARk sl B A ARE TR L2 2 bt
FEE e o

Fo 4 F 50 TDS 22 & A i o
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4 PRI

TDS (Time Diagram Specification)

TU g
L N; AR LR
EA S ERRCE L P
IS; 4 A2 Ak Rk
DG FER Bgd
E; T2z g4
€i Nei LA
SSei -'S: i+ Z 7—’!3'&;";}1\_ f’i‘
tSei EAEEER N 1
Stei F2 g TR
tSei T2 AR FAEF
M Npi A2 LA
o sl | 3L ARhe 2 24 bR
thni ML 2 4 AR
€l Sl L 2§
et RS
Stini MALBRDSEY LR
ttmi GG -
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33p W EFEFRE AR
(Object-oriented time Petri Net

Specification)

$oit S PR R R OOTPNS d 4 B =~ % (P,

T,B,F,MO0,LOP,G,C )= » # ¢
(D P={pP,Pys-es p\P|}‘:—£‘ L A

(2) T={t, IISEES SER T ET SRk AT

(3)B:PXT — N 3 & w B Bif Sodic o

4D F:TXP — N 5w B 8ddco

(5) My # 4~ 413z (Initial Marking) e

(6) 1 5 ¥ R¥ % & (Interval) oV teT, I(t) = [EFT(t),LFT(t)] > # ¢ EFT 3 &% jc#
p¥ /¥ (Earliest Firing Time)® LFT % # 8t %03 P [ (Latest Firing Time) °

(7) OP = {OP,0OP,,...OPpp} 3 3N L =% 2 & & o

(8) G={G1,Gy,...Gg} » Mg 2 % &

(9)C:{C1’C2’._"C‘c|} P,)}'ﬂ l—-Lk\Flgql g: 5 ,I}ZA’DFT%IJcI é’;}”rﬁ,,ﬂ %I"i(é}_j\Q E‘é’—f

,bﬁ'”_a);';’/f(}*vﬂii‘fﬁ% wE )°

510 & 72 3850 OOTPNS & 38 #f i+ -
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305 4 2 Gk PR R

OOTPNS (Object Oriented Tine Petri Net Specification)

P ¥z EE

T wE2 R

B F o B B S0 B
F It B PRS0 i
Mo A e fse

I P %I

OP nLEz ke
G Mgz & &

C ez FE
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3.4 & P (Transformation Rules)

£ p B )4 TDS = (TU, L, M) ~4~ % 8 & pF ¥ 5% % 4 J2 4L+ OOTPNS = (P,
T,C, V) -

Stepl: #TDS © e 38 4 ¢ s(lifeline)fi g = 4 2 o PERT R B e ¥ 2 28
e ANE

45
DS # L= {l,l,,..1,} ## 3 OOTPN ¥ 2 C={c,C,,....C, } °
fh=c,h=c, .. iy =cpy

A LR RS = (s, .S, .08 JHEHEE G ¢ R={p 0 Py )
£ S1=P1,S2= P2, --.., S| =Pyl

|, ® 2 IS, # 3 5 M, >

£ 1S, =My

P2 E=1e .6 B M 5T ={T,Ts,...Ti} >

s B TDS @ 2 4 sz ko js 3 OOTPNS # 2 L § 5 3

v

o

2T kAP AR 6,7 R Step 1 Z ¥R 0 11 T LR
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% 6 Stepl 2 PP 24201 & %

(B &7 ¥k )

TDS (Time Diagram Specification)

TU PR E
L *N; | k2 SR L
4 fp % S; LR R IS
XISi | k2 &2 ok R
xDC; | xFFFR
E; EANE IR RS
S Nei FELH
SSei ¥ B2 ARk i
tSei FAEEEC NS
Stei GRS SR - :ca
tSei T2 AL FPAEFR
M Nm |42 0f
A sl | AASERZ 4 A
tlini ML B2 A AR
Csl sl L2 i
ety B
Stimi RNLECTER2mR
ttmi | ALBETTF LR
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# TStepl 2. Z o FR IR B R AT R £

(B &7 ¥k )

OOTPNS (Object Oriented Tine Petri Net Specification)

%P x>%2 B £&
T HE2BE

B F o B B S dic
F e B B G i
* Mo X 4 b fie

I PR e B

OP nATEZ RS
G Mgz & &

C gLl &8
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Step2: #-E, ¥ en2 38 ¥ F(event) 2 H Ap B g3k 2 4 12 Hop P AT IR H e it 4
Fer=1t), e2=1(t), ...., & =I(t;)
e ¢ s, #201(1)¢ 2 BFT(t) » et, % **LFT(y) -
T de i e PERRE e ¢ 2 P IR (Time Interval) o

e " 2 ss, w5 B
% ss, =B(t)
g 2 ts, @5 F

£ tSei =F(ti)

%89 TR Step2 2 ¥/ 0 4 T £ -
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7 8 Step2 2 P IF A1 & %

(B &7 ¥k )

TDS (Time Diagram Specification)

TU PFRH
L N; 4 e LH
B S EAR R L - A
IS; 4 A2 Ak R
DC; FE i 9o
* E; Ttz 82
X e *Ng | % *"f]a_
XS | ¥ 2 A2desk i
kitse | B %20 Bk R
ksto | F 22 B0 AHETURR
Xtse; | £ 22 &k AR
M Nm |42 0f
g sl | A AkeZ 4 AR
tlini ML B2 A AR
€l Sl g2 F i
ety LR 2 2
Stini RNLECTER2mR
tmi | FALBETR LR
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F 9 Step2 z_ 47 ¢ W PFRF B LT R £

(B &7 ¥k )

OOTPNS (Object Oriented Tine Petri Net Specification)

P =¥z 88
*T kg E 2 k&
*B X F oo BB S0 Hic
*F X it o B B3 S B
My A7 4t

*1 = g
OP nATEZ RS
G Mgz &

C Pirggulz k&
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Step3: #4 TDS P 2 W L3 B o PR RERRY 2 B2 L =8 -

dhsmlY 2 de sl FRAM AL SMILBEI] > FiE] Y 2e T

%5 H2¥ jandj<[L|.

FStepl ¢ AT et bl S B R o 0 | R e 0 e i

AhE e S

FHTDSY 2 ME £ ¢ & Bl dm o FRIUT ¥ FERE Bl

(1)

2)

3)

(4)

()

(6)
(7)

(8)

g it caE A % op o opieOP o

Bdr it c a2 L B opy o opjeOP -

AL R po L mE pe, P 22 WEGH AR Lmy e

1pm? G LAcdh 4 hatsl o Hopi BIG(aREE T v i) -
Fpmc? B L 2 2 At > RGa R Iop(REEF ) o

BiHme? el gF iz Fite, BedIop (BELF ) ©
FWhpm? S e LR F 2 £ ide o Hopt Rl (BEZF wib) o

my? 2 st Lt EE R R

4 st, =EFT(Gi), tt, =LFT(Gi)

@B 13 Stepd 2 7+ & B
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B 13 5 Stepd rd2 2 % > "~ H AHh> ¢ B A2 22 B¢ 2 opi
Gi~ opi R L FIRJL ¥ Hefril g 2 dm#TA 2 > Flet Bl Y 2 opi, opi 4 s & T

SATH LR 0 P m RIS A AIT N LR TATHE 2 il g o

% 10,11 %3 Step3 2 ¥ > > i LB o

% Step3 ZZ FFRF 4T & %

(5.5 27 k- )

TDS (Time Diagram Specification)

TU PR H (e
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P AR S LA A 3
IS; 4 R 2 ETh R

€ Nei LA

SSei ¥ 2 Ak i

tSei EACEEN NI

Stei FiE2 AR TR

1Sei Tz AR FAEF

*M >kle %\H‘ :Ej.»"L f"%‘ﬁ‘

B3 ¥slni | 3 & A%de2 2 AR

X eg sl 42 ¥ it

detp | AR 2 F 2

¥stm | LIS TR LR

¥t | ULBE TR BT

Z 11 Stepd 2 #= i o pF A )R B o 487 R %

(B 478k )

OOTPNS (Object Oriented Tine Petri Net Specification)

P x=3z2 B &
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T #wE2EL
B F o B B3 i
F i B B O B
M, k47 do e
X1 R
% OP nLEEzZRE
*G Mgz 8 &
*C Ppirgpulz k&
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bARE? M- GEFREAEY HFHAAAS R ZFER T R
FREMEE NG R A RT R BN MR SR A

Ao Aol 14 A7 o B RY & S Z fad i L (763 %k B (Mobile Device)

3

% fL 3 5 (Base Station) » F] b #-4 w] 4f - ‘F’i‘P\ M2 R EEE I RTLEFRF T

G

Object:
Base Station

Messages

Object:
Mobile Device

Bl 14 fo il i 5 %47 L F
N T AR R i B AT AR HY AG A AR

EEOH~T &7 A SeE R KLM A AT 3 Rt L oNO S H#FFEFRF

N % 7 f’rfrvfﬂ_mz}f‘ffﬁﬁ Oz\'rikl* Lﬁ?&‘féﬁfﬁﬁ?°
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% 12 #'mj 2=l e S A 8

v o it

A FABEANEEREIRT A W FAS BEFE P D F B (drir
B T )

B @ HT B A AE 150 BRERE 0 F A 150 BRETE P S

C FRTFERART L FAI0BEEE P TR

D PR FAHSRBAAEE > L I0BREFE 2 v I FHRRA -

E R EEHL O FRD BERE RN BER LA e EFLERE -

F FEM PR RZEE P A2 BERE ) v R F KRG

G FAB SECECRRL FAL PRHRFECEARS EH TR GRS
ook

H RS SRR RCR R A HRE KB R 10 BRERE o

I FAAE SRREHD PSRN EZEEON A0 BRERE N B
M X eI FE KRG

J FAEIHPP W TUER A0 BRFTE P BRSO I v PR G-

K dRFEEFHEAKE SRS SR G A 1S BEFE - BT A
\.: o

L Ry SBETRY FEHFUNEEF AL BERN B

M WA SRR Y FTHN LB L xR F A 10 BpF
BFH N %2

N FEIR R T R 20 B E o

6] M 2 RS 30050 BREAFE o
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e PR AP Y- BRER RACR 1S5 fTor e

(30..50)
Communicaion
Watttng for connection
o 1
Mobie Device y
Incoring Telephone 4 ) /
e /7 s L
L B A CH ATV EWD
/ A,
/ A / 7
{L+5) /S / /
/7 / /
N VAV S 3]
/ /L / /s
/ / // /
Confitmung “ ;/ 4
Base Station . r
Wattng .
H | H U
20T ATU

B 15 @ 4 DI 2 g 70 WL P I

BT ORAPREEZ R A P T b
(1) 7 424 %% TDS=(10ms, L, M) » M= {m,,m_,m, } » m ={K, Fil %

B, Ay 5,0TU, 15TUec, e, ) mo={L, A 5, FéEnEs,0T0,

15TU, e, 6.} my ={M, ¥ 5, F#dEE, 0TU, 10TU e 65}, L=

{0}
(@) H° | =(F®HEAEr, S, ##s1,0,E, DC)  S;={&F sl > &7 %

82 B {FidEs3 a4} Ei={ea,eB,€c,€D, €E, €F, €G } DC,={dc, }

E e 38

dc, =(30TU, 50TU)
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® c,=(A, &, ¥+ %x%,0TU,5TU)
® =B, ¥+ k7T, #14,0TU, 150TU)
® c=(C, B kT, &HE¥,0TU0, 10TU)
® cp=(D, i E¢, Fi%,0TU, 10TU)
® < —(E, #, % @&z, 0TU,25TU)
® o —=(F, % il %, 1, 0TU,25TU)
® (G, ¥ @FiE, WY, 0TU, 25TU)
(b) L=+ 5,8, % &sl,0,Ey, DCy) > Sp={% #&sl » s&:ds2} » Ex={en,ecr,
e;} DCi={dc,} dc,=(30TU, 50TU)
® cy=(H, &%, 33, 0TU, 10TU)
® =, 2, ¥&,0TU, 10TU)
® c¢=(J, iy, & &,0TU,20T0)
2) L7 % s1 As2Bsl As2Cs4dDsl Es3Fsl Es3Gs4Ds4

|, e 48 sI Hs21s1 Hs2Jsl

T kit (784 TDS 2 OOPTNS 2 # 3¢

Step 1:

L={l.,L}=C={c,c, 4@/ #77 -

Si={tFfss] » A kTs2 o % Fil 25830 WY sdlHiH L P =
{plap2>p3>p4}ecl ’
p,=sl> p,=s2> p,=s3 - p,=s4-

Sy={% sl > FEins2 i3 5 P={p,,p }eC,

ps=sl > P,=s2 -
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Ei={ea,ep,ec,ep,ep crcc | 5T, ={A, B,C,....GlecC, >

A=epn ' B=eg ' C=ec’D=ep’'E=¢eg’ F=¢er > G=¢eg °

Aol 2 Asde R G s ol P2 Asdnk g 5 MO >
FMO=(1000100)> H*? 5w il @R =% Fpip >d

sz i L EECHREL =8 -

Step 2:

LF et B HBIL)Y o MTDSY 2 F BT R

=3

$H & 5 OOTPNS® % #
BE2ERRIE
st, =EFT(t) » et, =LFT(t) -
WEEANTERFERLOLS BETE = FL B FR RIEG
EFT(t,)=0 > LFT(t,)=0 >
£ ss, =B(t;) > #TDS® & % it 2 424k fi 4 5 OOTPNS ¥ 2 & o Bf 9 3 i o
e A4 R R S s]0 #2. OOTPNSZ =% % p, > FI&B(ty)® 5 (100
0000) -
£ ts, =F(t) > #TDS¥ & % 22 % )k jk 4R 5 OOTPNS® 2. 1t o B 5 i o
eE EAX R AL 5520 2 OOTPNSZ =% % p, » FI#F(t)? 5 (010

0000) -

Step 3:
L KLM e mid > BAP L K56

Lom? 23 dAzdnd &asl 5Clo Flpt &Cl 2= % =% OPI
2.m? 2 L E et S C2 0 Fp AC2 2 2 L i OP2

3.2 4 =% OP1 220P2 AF a2 = R Kt &% &my o
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419 Fpmy ¥ bt LAzde2 2 AAsl o #OPl i g3

SAHFpm? Ed L2 4 el o #Kig g 3 OPl -

0.1 pm? L& F M L2 ¥ Fe > BEd % IOPIo

TA M B LR Fite  HOP2i# I H -

8.mg¥ 2 sttt dEiE LR REF 7P st =EFT(my), tt, =LFT(my) -

I(my)=[EFT(my), LET(my)]=[0,10] -

B i AT F AR 16 2 4 2 o PERFRE gk o

Pl
OP|
K
OP;
/
! )
L 0P
OP4 S
0P
]
1 M
O3
6
Q

Bl 16 B/ 15 7@ 5 T E o PFFIRE R
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13 Bl 167 & =% 2 3P

(P HELPFRTRAL 3AELETF LY o)

[ 4 TR

Pl FEd A 2 FRE
P2 MR 2 B KT R
P3 AR AL 2 S FEELERE -
P4 FR Y 2 WY R
P5 HE L2 S ERE

P6 TR e T

OP1 A ERJIER R A LA 2 L R
OP2 oo

OP3 oo

OP4 oo

OP5 oo

OP6 oo
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AAF AT L[] D 2 IR AT 2 f Bl # ¥ iF f+ 4 47 (Reachability
Analysis) » %[9]* Gl W B e 2 &5 (L2479 B 2ZPFEFRE RR
T & ) BATH O HPFR A 20 2 & CS-Class (Clock Stamped state class),’? & 5
CS-Class 2. % 3 -

CS-class d = B e > C=(M,D,ST) £ ¥

M 55 s dhse o
2. D % §* (Firing Domain) » B AR - RRTVREFEE 2
AR RFD M)A 27 AEEF DR %R > D)2 T "5 42 EFT > +
St LFT> b 32§50 Mk G PFv ke 2 8 § A2 E- 5t
Do:Do(A)=[0,5],Do(E)=[0,25]

3. ST 7 FFRF{E34(time stamp) » S £ 871 P o R L2 DI PER o

EPR[O]Y 2 X B RIEF R EL PN FE R PR RE R AR
@ehFm o 2 ¢ k38 M = (P1,P2,P3,P4,P5,P6,0P1,0P2,0P3,0P4,0P5,0P6)
» NPT de fBoAe ik i FFCS-class Co® 2 Mo= (100010000000) » @ 4 jrgs i
#EFACEAE > BFREFA N Z1I(A)=[0,5]% (E)=[0,25] » @ & ik 2. pF AV 4R34
»10,0] » >+ F 2w 2 17 F]4e T 2 CS-class Co:
Co:M,: (100010000000)
STo=[0,0]

Do:Do(A)=[0,5],
Do(E)=[0,25].

R AR S b EIO]Y SR DL E A F o A e T B
r e d AdgEcsE 18 2. CS-class Cy:
1. ST, = [EFT,(A), min(LFTo(A),LFTo(E))
=[0,min(5,25)] =[0,5]
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2M, =M, - B(A) = (000010000000)
Dy(B) = [max(EFTo(B),EFTo(A)), LFTo(B)]
= [max(0,0),155]
=10,155]
D»(C) = [max(EFTo(C),EFTo(A)), LFTo(C)]
=[max(0,0),15]
=[0,15]
3M; =M, +F(A) = (010010000000)

FF AP F L E P]CS-class Cir 12 T Apon o
Ci:M;: (010010000000)
ST,=[0,5]
D;:Dy(B)=[0,155],
D,(C)=[0,15].

M ER9]P 22 EE > AP T @3B 17 5F i fH(Reachability Tree) °

PRI e F 0 T RA[9]Y AL
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Co:Mq: (100010000000)

ST=[0,0]

Dq:Dy(A)=[0,5],

Do(E)=[0,25].

A

C1:M;: (010010000000)
ST1 =[0,3]
D,(B)=[0,155],
D,(C)=[0,15].

/\C

C3:M:: (100010000000) C4:My: (000110000000)

ST:=[0,15] ST,=[0,15]
D;:D(A)=[0,20], Dy:Dy(D)=[0,25].
D,(E)=[0,40].
D

C6:Mg: (100010000000)
STe=[0,25]
De:Dg(A)=(0,20],
Dy(E)=[0,50].

//

Cg:Ms: (001010001000)
ST¢=[50,110]
Dy(L)=[50,125].

L/
C10:Myq: (001010000100)

ST,=[50,125]
Dy0:D1o(F)=[50,150].

F

C12:My: (100010000000)
ST1,=[50,150]
Di2:Dix(A)=(50,155],
D»(E)=[50,180].

y
C2:M,: (001010000000)

ST,=[0,5]
Dy:Dy(K)=[30,70].

K

C<:Ms: (001010010000)
ST:=[30,70]
D«:D:(H)=[30,80].

C7:M7: (0010010000000)

ST,=[50,100]
Dy(I)=(50,110],
D,(1)=[50,120].

\J
Co:My: (001010000010)

ST=[50,110]
Dyo(M)=[50,120].

M

C11:M;;: (001010000001)
ST,,=[50,120]
D11:D1](G):[50,145].

G

C13:M;3: (000110000000)
ST,5=[50,120]
D132D13(D):[50,145].

D

Ci4:My4: (100010000000)
ST14=[50,145]
D14:D14(A)=(50,155],
Dy4(E)=[50,145].

B 17 &[9]2 2 23 E W 16 #7172 ¥ Ef
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el
frew
3
oy
|4

AT LAY 2 N FREAST TR I8 Y 2 e
TR AT 0 B R ALEE S PFRRARST; N 5 [0,15] 0 224 B EF 2B &
$HFD 150 B E men T foo ARk T > SR AZE IS BRETE =18
FHR A ER BRZABR ISR ERIF IS0 BERE - Fpt AP g

MF R EEBRRFA D B UREF AR BRI T C L PR

Co:M,: (100010000000)
STy=(0,0]
Do:Do(A)={0.5],
Do(E)=[0.25].

NS

C1:M;: (010010000000) C,:Ma: (001010000000)
ST=[0,5] ST,=[0,5]
D,:D,(B)=[0,155], D1:D5(K)=[30,70].

D(C)=[0,15].

NS

C:M;: (100010000000) C4:M,: (000110000000)
ST;=[0,15] ST,=[0,15]
D1:D;(A)=[0,20], D.:D4(D)=[0,25].

D.(E)=[0.40]. ]/

C¢:Ms: (100010000000)
ST¢=[0,25]
D¢:Dg(A)=[0,20],
Dy(E)=[0,50].

Bl 18 v s w2 A%
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