DEri=

ATSNE o] &3+ Ada Tasking A3} A7t
BEZhe o B3 AT

FER % £ M* FeA % H b* [EA & & ®* EEA F E

A Study on Representation of Ada Tasking Execution
Time Complexity using ATSN

Byong Bog Lee* Cheol Jung Yoo¥ Yong Sung Kim¥ Ok Bae Chang* Regular Members

L 2 P

Marked Petri Net(MPN) 242 #Hdi ¥§8) #493} Ful i 5ol W& B4 BEFEE F4F 5 UA
gt 22} o] mde A1t 88 44 (Time and Probability characteristics) & A& & gl o
22BN ERE AZE AEY ¥ AL EREE A £ gk

B =Rdie ol Ay A BEEE 58302 EAsy] A& MPNel A2 Aok 2719 net
A7 U, A8 Alzh a2ln 8§ U8 £Y3F Ada Tasking Structure Nets(ATSN)& #|Hgie}. £
22 ATSN 29 & o] &3l B4l 23w 4 3748 B}

ABSTRACT

Marked Petri Net (MPN) is used to analyze communication complexity with respect to the maxi-
mum number of concurrently active rendezvous. But, because it cannot represent timed & prob-
ability characteristics explicitly, it is not used to analyze the new execution time of complexity
with respect to the communication.

Thus, to effectively analyze that execution time complexity, we propose Ada Tasking Structure
Nets(ATSN) introduced restrictive conditions :net reduction rules, execution time, and prob-
ability. Finally, we show the powers of analyze of communication complexity with ATSN.
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[# 2] 1] ATSN(Ada Tasking Structure Net) 7%
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o, (c—a) and (c—b) and (a|
[b)el a?hz F7]3Hch,

8. AJE) B : (allb) and {cllqsa, cllab}o]H
a*dz {713}

E4, Time point A+ a, b, ¢, d€ E7} time
point tp(a), tp(b), tp(c)olA T2 slaid t}ee
TrE s of g,

{434 1] Time point #7|
1. &3 B4 34 ra—bo]4 {tp(a) < tp(b)}
2.8 8 & A :allbo]ld {tp(a) #tp(b),
tp(a) =tp(b)}
3. 5718 & A :allbold tp(c) =max{tp(a),
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IV. ATSN 24

Netel 242 sl =24 Eejo 34 w4 g
ol &at Ald AR AN o] Wy g &
9 Adeje} RAS ARE 2 sty] WE PRE
M A7) 2] ke ¥ ol A net A WAL A&
gl 1Ag dastsle A7s AATSHATG0a]
[KIM92]. 2 &=FdME oleid Az H[SH-
AT90a]s A7 24 [He 2][44 1, 2] 2elx &
E 27 [44 3 4, 518 =93k neto] AN ¥
Ha 24 S A7 £ FF9 ATSN =9
o thal dvgd$ich

4.1 Ada Tasking && TZ=2f ATSN 24§

Ada Tasking?l A8 A7+ 258 Als7] A
A w FulHe BhE £3g agsopudth &
U8 38 AL entry_call# selective_wait F%

FZ2 A"

4.1.1 entry_call 28 7=

[conditional-entry-call, CEC]& entry_call &l
geste EAXMA(tAX)0] ¥z J3E F
ow ZolEe At FHAH else E(state-
ment)o] A8 (t1) Bt WA, CECE 7% 2% &
A1 tAX)E et 1(a).

[timed-entry-call, TEC]& delay &l HE Al
HE) 5 FuRr FH(GAX)IHA god de-
lay The B&o 2ste ERRA(tD) 0] Haldot
wtebd, TECE 78t 233 BAI= tAX)E #e
(2’ 1(b)).
select

entry A.X({parameter) ;
else
end select ;

! P (e )2 01/20p, (0 ) /{1720, 0 )0 1/ 20p, (14 0))

pelta x¥2{1/2ep, (ta )/ (1/20p, (1) 1/20p. (14 L))

(a)conditional-entry-call

700

select

entry A.X(parameter) :
or

delay t ;

end select ;

(1) =(1/2:p (1)) /(1/2¢p (1) e 1/20p, (1 L))
pelty )={1720p (ta <))/ (1720p (0,) 0 1/20p (ta 1))

td(a x)

(b)timed-entry-call

(2% 1) Entry _call % 7Z 13 ATSN 29
(Fig. 1) ATSN models for Entry_call structures

4.1.2 selective_wait 28 7=

[non-select, NS]& A2 =3 Ql accept A~
end A%} accept B~end BE ztet). witA, EH
A tAS} tBE A BAE Z2evh(2d 2(a).

[selective-wait-normal, SWN]& Z &3 task
73 accept B9 &7 mal ERXME ] Hrt
A7) Yo EAAA tA9 tBe =8 B
AAE v 2(b)).

[selective-wait-guard, SWG]+ guard £3& 7t
= select #0228 T& taske B33 when Ho
Z27(G1,G2)o Wt EdxMe]l F3sr] fFo
ERAAM tAY tBE =<3 3 dAS e
g 2(c)).

[selective-wait-delay, SWD]ell A accept B~end
Brt Ml delay B0l A" Al(t) Fo
gt gk, EAdAA tAR tICe =& AT o
Ag ztecH( 2y 2(d).

accept A do
end A
accept B do
end B
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td{ta) to
Pratl Peazl

(a) non-select

select
accept A do
end A;

or
accept B do
end B :

end select ;

select

(b) selective-wait-normal

select
when G1 =
accept A do

end A ;

or
when G1 =
accept B do

end B ;
end select ;

(c) selective-wait-guard

select
accept A do

end A

or
delay t :
accept B do
end B .

end select ;

sclect

(d)selective-wait-delay

(28 2) Selective_wait 73 Txol| t)§ ATSN 29
(Fig. 2) ATSN models for Selective_wait structures

V. Ada Tasking &8 A|Z} SEtx B4

Holgl ATSNE o] 83t} Ada Tasking A& A
EREE B A8 A =9 vbeA s
(Time Reachability Graph: TRG)S} ZA s =
(Decision Graph :DG)& fx3%c}h 281 o3
aREE Re B4l6 BEE BEFEE Aakg

5.1 ATSNS| A[ZH £5 JHsM Jei=

TRGE A (5H4%)# ofa(Hst ExdxH) 1
2l $g2 FAHM, ATSNS 27] 4u|E a9 =
A AH Yo st =2 /M5 the FEHE A
Ao 2 whgofrt TRGY T2+,

TRG=(V, E, Pr)
4714, V =E& el g B7)% 519y
E =33 ExA4
Pr=Edz4de &&
ol
(7€ 3)9 FHo F7NE MIZE EAANA(E) Y
Aol oF EE =& i 2H ATSNe| Eajoj2
Folth.

it,) win,) R 2 (t,)
eeatl - ‘

() e #AM — B
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tderd(t,) edle,)

.

" pelt)al plea)el

tdita) e,

td=td{t,)-td(ry)

) B BAW |} t)

.
wdie,
ta tdi,)
o= Yol

dles)  peatl ez

/it

O O &y

© FA4% #AM Hot)

pelti) 2 pelts)

OO

peltl) ¢ polts)
) 3¢ 84?7

(0% 3) ATSNY Azt =9 7154 a8
(Fig. 3) Time Reachability graphs of ATSN

o7]4, TRGE A £ Azt 83[H 2]
(441, 213 SG8[XH4A 3, 4, 5] =t wield H3}
A9 BAF FE M3 £M48 BREY, o] EF
w2 [DAVIgo]elaf Aol upEr) &, F e EW
AL 1, 2} & o tp(ty) <tp(tz) ¢} tplt) >tp
(t)e Webd Y3t &M8 z2rod tp(t)|itpt) &
A8 FE Hal ¢A4E e 181 (29 3
(d)) gt zo] A ANE e A9 FI Me
ERAA ty, to A SE 7L o8 oAz 2R E
=3

52 &@F 1EHI Al

ATSNe ZdH #d AHTE LT AL =2
A agzeie £93% 2478 mol DGE THE
o} DGY 72+,
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DG=(V,L, D, Pr)

o714, V ={T|E UE.}
T =Edx49 /3 4%
L =3d# A8 A8 ERXA(E) 2
HE 85 EWAA(E) 7R 9 Fo &
ARE olag FYHE
D =L& 7Ast=d 483 48 Ak &
Pr =Lo] Ediy A48 BE
ot}

DG+ #HdR Al HH(EJANHRE 28 FH
(E)o g9 44 Alo]&(cycle) & zte wek4 of
A(L)E )8k, o] o} & Eaw] A(traverse) 3t
=d &2a=H e AHD) Y &E(Pr)e DGU ®7]
Ei3=3

DGE B4 geo] wel (18 4)NA Ay 7%
A, =53 A% 2w R 281 uE JHE
2t Zh R g pEdg,

1) %3 28 A8 ze FuliH Ecst E. Alol9

E@ME] 43 A #AA F e M=
& Alo]F(cycle) ol2E 2= DG HHo)
EAgcH(1E 4(a)).

e AR e FAY dHE #e Fd R
Ecot Ee Alol o] ER XA SO} =3 A T
F33telH shuhe] H Mol the) shute] ApelF
olz o] EA seh( 1Y 4(b)).

3) w2 A E 2te FuH ER FE E29 A
Ao Alo)|Z& R Gge(acycle) k2 Z H71€
(2 4(c)).

C_ 33 I

(a) 23 3% dei o) Feyt

Q1 >

()= A s FHE 9] R

O D

(ya % Jef o) Pt

(08 4) 34 gz
(Fig. 4) Decision graphs
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471, FHE FdRe (44 3] dx aAE 2
€ 45aA, 2% adgzZe Ay FHe AR ER
AA(E) 22 R AlFste ok Mol Ax1g
FAHEL AR PN N TR EAANPRG AH
Wi FHel $8 EdAMOR Alo]Eg dasol
o2, UF P okt o7 FHel g ol=a
Hoh AR g€

5.3 ATSN2| A8l AlZ} BT 24 gy

Az HEE HEER g A 28 754
ZE PMIHE A4y A 2REE 98 5+ doy
olzig e =9 shsA du T B34 24
& RN dEof 20 24 uhgo] Y gt
ol EHL fla) 2 =FdAE& Shatzr} At
Y 2HZF G4 N2 282 DGE ol
ot 383 DGE o] 83l T4 R E At

53.1 X WY M8 HER ol Tl EM =2
s

Shatze Zdl# events} #4358 FdH +8 42
x-%3 y-2o28e FY 2P Z[SHATS8b]E A
dated Hd Yo g3 FelH £8 48 F U
2%, DGY M & FulR 52 ug 2HY
= Jeld oz Hu ¥y 43 FuE 58 oL
o} o] Atge),

Hol Wy gz gy 5
=max(Z} FolFo] h& DGl HAH )

532 a#l Al BT

A AT BEF=E ANSEE AA FuHe 3
T A8 A e FdH A8 A Hgs ¢
ofof @t FelH 28 A2 DG ol E Efy
23t a5 e AtH ERAY HES 03
o d& 4 Qch
D2 %% AAE 2 FdHe 2 A A

(Rt;)

Rti=t;+ ¥ (tc; X Pr; +tc; ¥ Pr;)

(&, tigh t;7} 28 AY BAJD A9

@Y AL Ee FAY YU E 2= FURd &

£ AIZE AHRE)

Rti=t;’
QAN Fel R HF 48 A ABR(ART)

ART=Y Rt;/n

@7 Fol ol h A3 A7 Bis AXHRETC)
RETCi=Rt; /ART

®Fd ol e Ho) Uy % BFs AHMR-
ETC)
MRETC =max(RETC,, RETC,, ---, RETC,)

tci, te; (A FHFAM Y FF) IPg de

A8 Azt

Pri,Pr i il FdR7t 2 2% 48

ti VWA P RN A BEAAM o]H 7R
o] 48 A7

ti: A U R 28 Y, 28 A] B
A7} obd 4-¢)

Rt; A FdF 48 A

ATSN 24l o3 28 AL 5 712 &
Blal A4kl

DA 28 HHE 22 AL AY EdAAg

88 zdd o Feili &8 A3lo] tha A A
A F 3l7] dEo FHH A1F EAXM(E)
o2 BE F8 EWAANN(E)AAY HF 28
AHE, 7193 = 88 X 2 2A71) & AAbs),

)= AY £ BAY AUE e 459

Y ALE EAQAA Mdo] AR Holr] o
ol EAAM E.2 58 E A9 &4 A|7te
2 AR,

AH FolFe HF 28 A0 Rt B Aay
A2t AA) FelHel HEE M AN 4 glon, 7t
FulFol g 48 A B¥x= ART) g 2+
FlFo 28 Azte] v g2 ANET, Fd el o
T HA Ay A7 2R E RETCY A4k g 2 7}
& & go] gk

£3], ol g 48 A BFEE £ B
7o 75 FEE d&de AR ALEY o)y
A A BREe g T Ho) Ay Al =
Fze 4 971 R B 42 24 998 A
Ashe 71 272 A E

V. 2o &

A vl o] J%-& Wr1at7] 98 Shatz9] Gas
Station Z2IW[SHATYaldl 33 A BAE
zte entry_call 2348 371§}

d71d, Z2aYe] A= MIE ¥E EA4L A2
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3l7] $)&ted Abg-atd o A AlHtime delay &
of AL® Alzh) T He AL EdAM “td"®
#718kdch. 182 EAXA(HAzHE) At dt
= onet A7 YHS AL¥d AlAE 7 EAAA
A8 A1 zke] ol

(A}d 95 ZZ 1Y) The Extended Gas Station

1 task body Customer is 14 task body Pump is

2 begin 15 begin

3 loop 16 loop

4 select 17  accept Activate .

5 Operator.Prepay | 18 accept Start .

6 or 19 accept Finish :

7 delay 3 : 20 Operator.Charge ;
8 Pump.Start 21  end Finish

9 Pump.Finish : 22 end loop

10 accept Change 23 end Pump

11 end select :
12 end loop :
13 end Customer :

24 task body Operator is 31 or

25 begin 32 accept Charge do

26 loop 3 Customer.Change :
27 select 34 end Charge

28 accept Prepay do 35 end select :

29 Pump.Activate © 36 end loop

30 end Prepay : 37 end Operator

6.1 & HalE HS8HATSN =

ATSN®| 24& ©w23t7] 98 Shatz7} #| 3
net Hz} YA o] &3l o] Foll A% ¥y A3(Serial-
Fusion of Transitions), % #4(Parallel Redundant
Places), H3&6(Redundant Accept-Place), 327
(Redundant ex-Place)& 3§35 nete] 23 A
L BE3n o, FHlF g4d EAdAA FAM E
&} E&e B3 1Y EL(DG)E AAPs=d Hh=A) g
go g A et B4 ATSN md 9] A7+
2 85 £ Yt At =g e 2e Ze
Al B8 E g

6.2 ATSN2| AjZt & & 7154 O=0=

AL =Y 7hed 22 AP} ok2 a8 3 o}
o Wi HolB(AY A7 A H8)Z rA4E
(19 6).
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Customer

Operator

(18l 5) ATSN =4
(Fig. 5) ATSN model

po{ta)=2/5

td=3 tu to//tirtd=2+3

p.(t,)=3/5

ty tdz4 p.=1l

t Decadlock!
n

(38l 6) XN =9 7+54 2P Z(TRG)
(Fig. 6) Time reachability graph
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% /ATSN G o] £ & Ada Tasking 48 A7t B 3= R #F A7

A71A, 723k A BAE Ze EW@RM(t, tr)o]
daksi M2 O =g 48(<1, 14, 15 16>, <
2,13, 17, 21>)& 2& Fol ol Ed I M(ty)ol
o8] g = HEi(<2, 14, 15 17>)+ EYslA
ot 29 220y & Jele EdxMe
g A ottt tp—r oty tg— - B
T u—t//th—ts—te—rtp—tz—=tig—te— ol F

o MAEE & 5 Atk
6.3 @3 =

48 A3 HYEE AN 95t TRGE #H
2% 1A =(DG)E A4S (29 1) o,

(a) @il

(b) &dl H2

(c)Fd w3

(8 7) 3% ag=
(Fig. 7) Decision graph

(29 7)(a)9) A%+ #FHH A E=t) 7 F
H(E.=ty) Alolo] %3 As A& 2y EARA
(te, t7)o] A, (Ec=t7) 9} (E.=t4) Abolo) 2
ERE EWEANAL o) A} F&(3/5)9) Jg B
=t 281 (b)e (Ec=t) %} (E.=t3) Alolol] 7
g ERRMo] EAjEA) gon, (c)& (Ec=ty)%
(Ee=ty) Alolol EAste EdAdAA (1) &Eo
0(zero)o| 7] W&ol o] o]} A& AP + Ut}
(23 A4e)).

6.4 DA At
(29 5, 6, 7)& %€ Ada Tasking 24 23 =&
AArg,
(1) Ada Tasking 54 2% %
o Hujl 3 FullHo ol |E BPE AL
Y By g3} FeH F=max(2, 1, 3) =3
odg At By
D2 Zulfol g 28 Az A
Rt;=3x2/5+2x3/5+3%x3/5=4.20

Rt,=3x1=3.00
Rt;=3X1+4X1+ 0 x0=7.00

@AA FelHe HE 28 Al A
ART=(4.2+3.0+7.0) /3=4.73

@2t gl Fol didt A8 AIzF B3 ALt
RETC;=4.20/4.73=0.89
RETC,=3.00/4.73=10.63
RETC3=7.00/4.73=1.48

@ ol vig Hol 8 A1 B AL
MRETC ==max(0.89, 0.63, 1.48) =1.48

2Ag7HA AHE AAE (29 5 6, 1= FEH Y
He 43 FufF 79 43 A% EZE aen
3 g oM7Y HHE 48 AZHRT,+RT:+
RT:=14.2)& AAME & Attt 282 Ho) By &
Azl FeH FEH S49 FHE A= S F U
o, Ao A Al Bawed] ol& Fely 30 43
2 fA B osAE 2E8 ¢ Uk 9714
T2 BF 7heAde 4 &9 Ada Taskinge| %
A Rl =t

6.5 S.M.Shatz 2@l 2} ATSN 2EdZte| Ms Hin

S.M.Shatz 293 ATSN 9 A% =4 4y
ENE g Aadg REste 2dY T8 29
PE net FHOR REY JEE EAYE £ e Y

THE o] &

6.5.| el =3

S.M.Shatz 243 ATSN 249 wug 3
net ¥8 249 Aok 27, net ¥ YA By
net ¥ E3%E, 223 PR S Pt Al
Y 2 7Y% geuh

(1) =2d% 589 vl
(Table 1) The comparison for power of modeling

a% 4

S.M.Shatz =4

ATSN =¥

R B E ]

EifolL, EARAY,
B2

Fifolx, EARY,

E&, AL &8

Net 37t 24x

Az 3 A48

2493 48

AliE X

A 59 g

Alahg 58 A

S.M.Shatz 24 & 27L& Uelle Fdlol, A
3} 7453 Aol HElE ste EWAXM, 28l
Ay AHE Vel s EZo 2 FAEN ATSN 2
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4 & S M.Shatz o] A& A7k
AIZE N EAxe] H3a) vhe
ElIE S =8l 8343 A2 g
2 5 A

of7)4, ATSN 24& 248 Aol Azta &
HNEde HLsoezr S M.Shatz =do] BET
YA A HE A2 R FEE e §A
7R3 ok £ net e BAEE sjEs}7] 9
&) S.M.Shatz 2dle] H&d net 7 PAHS
£3gou ¥ ndo Aug 53 Y& M
ao 2 Vet

Uehde 43
e o

3
qs
e o] MPNo 2

2 do mo 4> s

65.2 24 59

S.M.Shatz 249 7} net 4] FHo2 RE S/W
ol £33 E3xel ity o Y A3 Fef
9o Axh, zEln A3 dele #Y FEE K=
F AE BY =8 AL

(B2)£4 89 v
(Table 2) The comparison for power of analaysis
RS 24 (S M.Shatz 2dd{ ATSN =d
L TRG, §4 Z2d = TRG, DG
FE AR A e Al e, A7 B g

S.M.Shatz 29 net A& o2 HE Al2HE
o] Batx A4tm net FUOE RE 2 FY 2
A2 B Ao 83 G438 FdF FE Aasto
TRGZ RE 43 Hejo #d FREES & F A
t}. ATSN 2492 S M.Shatz 249 B4 =32
B4 715 Fn Bolug) Al &8 Al 23
o2 RE DGE AT ¥ DGE HEl A8 At &
Ax T3 2 A2 T FEo Ao @y g4
Fo R 52 dE F Ak
T2 EA 5 AR Botolzt A3 &E Aok
ZAoz RE DGE HAE ¥ DGE % Ay Al
D EFDE S92 A7 B AR H ¥y g
A3 gl F 5 4& F Aok

i.d 8

MPN g w3e =g AHE ol43le A
W $A43 Fol B ol E T Edse 4T
F oy o] rde Ay #BE &4 (timed &
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probable characteristics)& HA|E & glov2 g of
2 £AE F% 9428 AW AL BREE
2£4€ £ gld. gdeld B =804 #Ag ATSN
of Alztzl 28 AL Pt ATt FE9 HE
588 e slgoen, ATSNeZ ®E TRG#
DGE A4Ast=d L85 E B4 v 88 £o17] 930
S.M.Shatz[SHATS8a]7} #|2F3t net H3 YA &
Hgslgoyt HAHE TRGE ¥ EHEE =3
H " &AM E Ed 2o st B34S Aol
Huzr) o $83% a4%g nedte A 2
HEZ(DG)E FEF ¥ o] 2AZZHE Ao WY
A3 FdH, A8 AL 2R 59 B4 53R
=& A F A

ag)m A 8o B 58 & #E ATSN =
3} 1o 3 TRGY DG Al #2241, 1de
the extended gas station A9 §4 2H=E F
M. 2oz B =FiA A xdEo] 43
At BRAEE T3l 583U Btk 1 9
o= @& Aell(deadlock), 2#%& ¥ (scheduling),
agla Akt Al 2de] md e Mo &8d°
PIERigie=

gy ATSN =d o] Jd I3 "z 249 &
w3lof) XA A 2] F51E netd] Al E T ¢l
HE F e dde] sk
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