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A Beta-distributed Timed Petri Net Model for Specification,
Analysis and Playout Control of Multimedia Titles

Lee, Jin Seok and Lee, Gang Soo Lee

ABSTRACT

In this paper, we propose a BTPN (Beta-distributed Timed Petri Net) model which is not only an
effective multimedia synchronization and authoring specification model, but also a direct control model
for playout of a title. Methods of specification of relationships among all media objects in a title by using
the BTPN structure and language, as well as methods of analysis of the BTPN by means of a Remaining
Timed Reachability Graph and Timing diagram, are proposed. A concept of critical object path, coming
from PERT/CPM, is useful for modeling the uncertainty of playout of a multimedia title and editing
of title
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AAAZE BE R BA L WA, FAE75 R
°|E A4l (playout)o] EHAAH 22 T2 5
B& BAS e BFEsith

T PN L A B BT HEHY
& T2 Hol59 BATE A% HHo2 AME ST
AeH, 7|E) FHAHZRE Eo]EY AAS 9
g Alojdl= &83A Zeta Utk ole J1EY =
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H
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BTPN7[®F A2t )& A gk 43eME
Eto] E9 BTPNBH A S A 2810 5364 E &
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AA 9 B (e, A5 FY)9 42A HTL
(*.avi, * mpg), ©] ¥ X (x.tiff, * pcx, *.jpg, *.bmp), T
2 (x.gif, *.tga, *.eps, *.bmp, *.pcx, *.tiff), )L
(*.mid, *.wav, *.rol, *.sog), B2=E(* hwp, *.text,
whtml) 2 ofUde]AYH Fo] it

AR e = Elol E9 A FL MY, A, G,
HH, ZeF F9 shtoln ALgzY] Q] = 4
A Ao 7| ZHE 9] ALl o] Fejrt dolHr) Z
AA e A4 71ZH(duration)o] FEHW, vt
T3 2 A A AA ' g o] A AL
7} B Erh gtol o] AAlE B3 e B4 E
T3 AA G A S AHFoZH, AA A A
AAZEE fEAE = Qo AA e 27U AHE
HeA g = U

of| 4o}, [sample, video, run, C: \ app \ sample.mpg,
HW-mpeg, 10 min, (20,0)-(600,700)]< sample®] &}
© A vt glolx ¥ dHo)y Yy Ee
“C:\app \ sample.mpg”°ll A= oIgln 3= 9o
MPGel &) 1083 A5 3ady sd =8
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e ou)gid).
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B39 AA e =83, A1 Ee F7H @A
24 &3 go] Hed

[799] 11 A A BA (Inter-object relations, IOR) :
F A7 A7 B2HHA REAA T O, O,
O 2 OF AAe 3l @, @ 2 @55 E73
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& A% A g,
w sequence (O; — O;) : O O =83 L=
K=
mmerge (O; X 0;): (0 — @A O — @)
m choice
o free—choice (O; X O;) [ (@—0;) ® (@
-0 ]1=[7(@>0) r@—0) 1V [(@
—0;) AN 1@ ) 1 (R% exclusive-or
A2kAL)
o restricted-choice (O; X O;) : [(O; M O A
(@; OV [ (ONX O)) A (@ — Oyl
m parallel
e pure-parallel (O;l Q;): 1 (O —0;) A
T(O0—0: )
o semi-parallel (O;10;) 1 (O 1 G;) N (O
M @) v [(O10) N (O X @)l
o joined-parallel (O; 4 Q) : (Oi—@) N (O
—=@) N (Ol O)
o forked-parallel (O; v ;) (@—0;) N (@
—0;) A (Ol O))

HAE AFHo2 FYHDE, AdAAA e A
o] A2 E 7= IORE ztETh ©] A% IORS
28 A Y (intra—object) #AIE & & SUth

2.3 ZA| AlZHe oA

A el AR F= 2 AAAE 6°1 28X A 67
o2 vehdth Arde] TN Be SRz v =
Agoly, T3 e AIE(F, AAD L A3
A€t

rt o= 01(06"),

T ZHinterval) 4 F et 2gZ A4 HHE 1}
el o33t 22 A4 3 7| 7Hperiod) 2.2 A o ¥
o}

rf = 08"

4= 0P) (& 4, €{v | ¥°<V
<v’f))

A O/l 3+ 4,8 A& A ZHduration) =
v —w 2 AREY, 0,8 AYFEHE ANEFY
AN <¥, ;> (F, ANEH &S HA
yehd 4 9l

=3
=
o=

(A9 21 AAF7 FA(Object interval relation,
OIR) : ¥ AA O 08 ARTTE k9] A3t
£42(%, temporal)o| 2 FE#AA ot}

mdiequal 4;: (¥ =T;") A (¥ = zlfjﬁ)
m Jd; precede 4;: ¥f < ¥;°
mdimeet 4;: ¥F = ¥°

d;overlap 4;: €5 < ¥;° <11fiﬂ < ij

d; start 4;: ;" = ¥° < rf < wjﬂ

diduring 4,: ¥,° < ¢ < w’f <wf

diend 4;: 0 < w* < v =y/f

AR AZHeE HoHug AANAA L& A
YojA2EYE 7Hx OIRE Zt=th o] 2%, OIR2
4 AW (intra—object) 77t @A} & 4 Aot F+#
7= OCPN[4]®# 1 874 28 E[5713]9A AL H
I ok :

2.4 A SZhA|

292 AAE A3 FA AYEE A (S,
equal, overlap, start, during 2 end 34 )Y ¥

7 BAE e 2ol Aourh

(B9 3] A4 F7Z+ BA(Object spatial relation,
OSR) : #0/= A A 02 AX oy olgf-4% X
(LLxi, LLy)$t 91-2 8% &A¥E (URx;, URy)E T
A4 o, 09 g2 HE (URxi — LLx)
X (URy: — LLy)7} Btk O:%} O spatial overlap
#BAe Fe - FEFXHALS

LLxi<URx;< URx;)V (LLx;< LLx;j<URX)IA
(LLy<URy;<URy)V (LLy:<LLy<URy)l°|t}.

3. BTPNE &1 El0|E Z A3

3.1 BTPN 289 A2

BTPNE ¥ & efo]&<) BAs £4& A% 3
7158 (executable) B8 o|H], =8 AP H|(F, BTPN
Tz % BA) R FEHBA(F, BIPNA
9 HADE A & 5 3tk

[49] 4 BTPNTZ = (P, T, I, SI, O, SO, M,, OB)))
m P = (NP, CP, SP) : Edo|= &3
« NP : Af(norma)Edol= A
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+ CP : ZZ(condition)Ed o]~ FAg(lolE
o A AHEA Y] BAE)

« SP : F(spatia)E o) FAF(HozH
Hog EANEH FRA L FAL)

w T = (ST, O7) : E;AM Egx

« ST : %7)(synchronization) E W XA (gk-&
gz FA3E AAZEY F714E YA
Z 2 (immediate) ERAA] AZN(Z, X
AAZke] 09))

c OT: AANERAA JF3 FH =2 B A3}
o AR o] AYS BAT A OBJ§Hol 2
3 AA d# 3.

m/CPXT::d88s AF(EAXH 2
dgota)
8 SICSP X T : 0834 AP Fgheta

ol FHoz FA)

R OCTXP: 8% AFEANHAY &Y
ot=3)
B SOCTXSP: 2898, JHEY Thet=2

ol FHoz HA)

8 K: EZoH golE9 Aojzgo g Y
m Mo : =7|v}34d
mOBJ:PT— 3" X 3" X X" x 2" x 3

X ((Q'Uo0) x(Q'Uw) X(Q U)X ((Q"

Uoo) X (Q'U) X(Q Uoco) X(Q Uoco))

(T € Y9 dolg AB2EHY, Q'L ¥9 #
)

+ OBJ(pt) = [name;, type; state; data-file;
operation, {a;, mi, b)), (LLxi, LLy;)-(URx;,
URy))],

o 71M, namet ool FFE A 0
o) & typer s 09 EFSY(C]; HIT) 2, o] ] R]);
stater= O el (el A, & H); data—file =
AA o] BAdW; operation= v|Tlo] Ee}o]
H e BA(o; MPEG, JPEG); (ai, m;, bi)+=
0:2] AAY A& A ZHduration)o] ™ a;, m; L
bie 247k Heof, A g Hobo A& A7t
HEHE ¥ o] B4E; (LLx, LLy) —- (URx,
URyne H&EH0lde 09 X1 27)
ot}

(9] 5] BTPNYo] : B2 AdA 71&3lyc)

BTPNYI &= BTPNT 39} =88 o2 §d&y
BTPNEE 2 th33 22 548 zteth @ Timed
transition Petri neto|th. & E@ x| A9 A A
AZHE HEEZE 7HAH AF 9] A e BFA
A3 A AFE =2¥Fggqg {FEIIt ©
Place/transition netoltt. &, OCPNE¥ = 1 3%
EYEHE g 723 Agel gtk @ Object
linked transition net°|t}. &, OCPNE 3 3= €49,
AR 7 AAMEWRRA AN dgdr) ol & F3, vit]of
BAF, AlvE] )9 mv]o] AAE FeEl3te FA
g 4 U

3.2 BTPN 7|2t XMz} mjj2{ctd

BTPN7I9F A3 sjefctdS 18 1914 Holr
a¥ 2'8 AF E AN FHAHE HQlth
BTPNE @& th&3 2o} BE T/ B4 7
3t @ BTPNT2(F, =84 WA == BTPNY
o)(F, 2ZHEE A T AHHA. @ BTPN
o] JgzBE] 98 RTRG(FHAAZE s
Zoln A e AHA 7R B A9} ele]H thol o] 1
WA ZHEE A 28 FHPA,

Eg ARAAE gHolES A B = Jo
H AUELE HAT 5 LSS v oS
3, AR elo] 24 ©A 4 A3 A4 AR
Aed 4 vk ¥ 12 BTPNRE 33 224 9 7
el -&4E Bk

4. BN 2

4.1 24 Aol HA|

EEIORE 3 BTPN 3 A A5152 28 39
A BAT) sequential, free-choice 2 merge@ 7 vk
£ 7}A= HE ]S Free-choice neto] 2} &9([3],
parallelBAE 71A = AEv|to] 71312 WA
= BAZsI} ®3 sequential, joined-parallel 2
forked-parallel #A L 7}A = -& Marked graph
2} 5}H[3] OCPNol W} A 73 BAREEL 5718
HAole A3t Ae ALE-AL A L(F, choice)E 9
A)st7] o) et 22lvh BTPNS 723 | oko] Q1o
22 o5 FAAE slAdsty U

free-choiceB A= 2 =& nel3A] &3 2 )
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BTDS: BTPN Data Structures
RTRG: Remaining Timed Reachability Graph

3% 1. BTPNZ|4 XM= mfeiciglel 27

g
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g 4%
Ae ot

= S QA 3, restricted-choice™
23 183ty Jgsjotste 43S
M3k =3 pure-parallelBA = A S 2 TAA
A& 2088, semi—parallel BA < AA 7} T4
AYHAY €XHoRE ABE + = e 38

e ok

g Al gt

4.2 ZAAIZE 2HA2] HA|

AAEWA Ol H3 A& .5 HolaH
oz H, BE OIRES BTPNS 2 HAT 4 3t
29 39 kK ()& sequence L forked-parallel
FA AIUEE 58 2€ OIRS WA 2AE B
1=

Al = ) L olE ¢
(=) o e

BTPN gz ! ]

E71de 28 4-(a) 2 O)AE 2ol
FAAAEY A FEAQ 55 FAsE A
. B4 A EH e YA S spatial overlap
AL 7 o, 19 4-(c)xF BTPNL.Z ©] B4
YA e A= detid; E94 AA 9 B4 A A
S Ao AA). 1# Y, spatial non-overlap A
714 o, AFAE 1Y 5-(d)% 2ol BTPNe
go] 29 F7hetaE T3 o] AHEE WA
St} o] Ay, FEH oA EEL Y2 &Y
o] 9] AHE-EE AT 9714, FHEY ol T
ol= 2 EZL spatial non-overlapTA o] WM £
29t ALg-310] BTPNS] 3 Aol 13314 =T}

o oy

£

[
]

O ool o o L S ox
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E 1. BTPNZ XZEtA|9] g E2te| TN
H3 A BTPNE & ks
BTPN +x =33 %A
BTPN ¢1¢] ZAHEY BA
NP(HFE 8 o] 2) ARR 8 AME R
CP(zaZg o) AHE2F Y
SP(F7FE ol 2) T =4
FHEA |STCE7IEWAAH) A e 718
OT(AAEHXA) HE| vt o] A
OBJ(2 &%) AP
I, O, SI ¥ SO (o}2) AR F-EEA
EZ Aol = AR
M, (2719}+4) Z 7V
EWAA H37}5 (enabling) A 2] AAFEY
EW@x A9 Y3 firing) A o] 224 (run, pause, forward, rewind)
BTPN9] 43} ol 59 8
54 =4 - EMRE - B4, #34, AAe Ay
AR = - A A o
FAAZY =g aHgE el R AR 719 A
Elo|® tholojay A1 7R A
A AAqAE 2 2AZ2 PAAANAZ £ #Y

@mgb»

(a) sequential ( O; — O;) ) merge (O: X O;)

O,-

Q"I*O

(f) pure-parallel (O i O;)

(e) restricted-choice (general
type) (Or X O)

O;
9 )@“’l"@

(¢) free-choice ( O X O;)

(d) restrtcted—choxce(sxmple
type) (O; X O;)

Ao Ao
EVL M, S

(g) semi-parallel (simple type) (h) semi—parallel (general type)

(0| 0) (0| O)

O; O O;
SO OO

procede : no condition
Q) joined-parallel (O; 4 O;) () forked-parallel (O; + O;) meet : ri =0
(k) sequence

a3 3. AR Azt ZAISS BTPN HAMy

equal
overlap :

k=07, = rj
i <zrjtrg
TE< T
start © zi =0

during : ri+ r; < rj
end: rj+ rx = i
(1) forked-parallel
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O

Ha Xy £7/H

O;

overlap

(c) spatial overlap 7|

(b) spatial non-overlap &7

T8 4. 372l BTPN HAlEy

AR 7 5 7)13}4=F(inter-object)
O;

O;z

TR A E71 85 E ntra-object)

22 5. BTPNS| AIZH wMH(O, = O U Op)

4.4 HESH "ML

sjE), Statechart @ Dataflowt}olo] 29 E
SN AZTIEY vz ERANEL B3 2F Y
F48 5& A9 # Utk BTPNIME 23
S5AH A A FAYHE Tl BAE 5 Uk 7]
A, sy F£Fo HAS 4 AN T3 FF0]
2} 3l9 23 W ¥ (intra-object)d] 713 H A7t
39 9] HAEL A 2Hinter-object) & 7]
3t HAo) sfEgct,

=

5. B4, By ¥ YR Yy

BTPN2 elo] 9] BA =g P obeh, 4 %

AYA BYol 7 s 3hh. 55, £4¢ Ash BIPN
& 59U g BHR="E S, A AYE A
A7l Ash £UE WE A= Bk

5.1 24 2= U HEY

EXE o= BTPNS F33t=2 4, BTPN
o2 wWAstE eto]E9 AEA(liveness), =24
(reachability), B2 (conservability)oll thgF A x
7t TFE FAAE =22 Y Z(RTRG)E BA
gt =3 RTRGE %3l Elo] ¥ tho]o] 1H¥(TD) 7%
YA A7 Z(COP)>E 44 % Atk RTRGS TD
T EolEe] 53 EA FEE Tt glon,
go] B9 AR} (=, BEAANE o) ARE 53
BTPNQ| & M8 4= 9t} 1 6& FARE
o] gz deje] Holg HJIth

(1) EXr=dxe BITPN 3 ¢ugF
=]

EAR=o A= BTPNS 83 o “44
8 4 3} 3" (pre—choiced concurrent firing rule)S
ARE-git) o] &2 #3481 (concurrent firing
rule, CFR)®} 41X €153 (pre-choice rule, PCR)&
A3 Aoty CFRL Elo]lEUle] AR E 2] A ¢
FA4¢ Uedln] BTPNEAA S G Z D 24
£ Z0]7] 943 Ao)™ PCRL CFRY #AH S &2
371 $1% A o)}

KR
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BTPNFZ(H Al)
ot;

RTRG, TD
QAR B =2

@ EHE=9 Ad () FHZ=dAA AR EWAM] Fefdol

a2 6. BTPNe| 4xz=9} ot AefFol

[H 9] 6] AAAFH(PCR) : BTPNWO restricted- #ANeIH, 9 e e Fslyts ERAA
choice BAE 7+1 BE W 1718 EAxAAT (Exclusively firable transition, EFT) %9
375 (enabling) B0Hd, REL 29 743 A ot}

Ay oz WEgich

2 At R3] 93t 13- 7-(a)l M
T Asobs et 2, A E S Hgshd o
H 7-0)% (AR e FFFIAY dd5E ok 4
AN, 1Y 8ZRE b L2 AL RS 4
Atk @ w129} 37 P H o2 HIHE "=
L2 2AE 5 AR @ 7Y P27} 128 A (a) restricted-choice® A% 714 2&
o, 117 2e BYFes Fadoh v p2rt
t4E AAg G, 11 4 H3E 1 Lo
2 J3dct g, =SS 4d & £ JAHY
CFRY EAHE 812 & & U

(49 71 WEetd Hrks EWDAA(Exclusively
firable transition, EFT) : @ #E 2] 48 Z o]~
A¥olet 3, #pE pll el EEFEtd,

B Vo€ o A3 [Hp, = 1]0]9, = H3ts
(enabled) E WA Aot}

mV & t; € CFRAWYE, #9 7} H3os
(enabled)d ™), @M ot = S and & /1 ¢ (&,
parallel FA)o14, 1,9} = B H3rts EA
224 (Concurrently firable transition, CFT)3
B R

WV CFT, CFT; € EFT, ¥V t € CFT,V t; €
CFT 3], e;N et =3, t;— t; (&, choice 28 7. il 7R

©) me 5 AAdgg
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HE=

(@) ¥ 33331 F(CFR)

- A

Y=
(b) AAHY Y8t
33 8. CFRe| 2XEY sizuy

EFTWS CFTES AEWel3 oz Hsion
CFTUl e ERXNAEL HPH o2 H3d 4
dE S0, t],t2, t3 L t4 7t (t1 © t2) /(3 < t4)
#AE 7AW, EFT = {CFT1, CF12, CFT3,
CFT4), CFTI={tl, t3}, CFT2={tl, t4}, CFT3={t2,
t3}, CFT4={t2, t4}7} "t}

(A9 8] A7+ =243 18] 3 (Remaining timed
reachability graph, RTRG) : RTRGE =248 &
N(SZ 922 ZA)7 #ol8d otz LAZR 74
gt 7+ k== NODE® vldA MS'$t EFT'S
Uebdth CFT; WYl Z & "t 4/ BAI8T
(714, = AEBA MY 0= HEZE7HA
9] 7 zrelt)h). M F5 EXAAAF fi= 2
LAY dojBddtt. e "t .. It 2 YERETE
(ANA, n=1, & ,.. tn L ;9] Aaolth).

1Y 9= RTRGY =29 E1Y& Ro|y & B
o RTRGY ¥4 ¥1n8F(F, BIPNS +3 &
18 Z)S 1ot BTPNU 9 2 A ERAA o0l
£ A A2 HEEES Y R (F,
a;, m;, b)7t A g, F5E HIAAEA D 12
AR, A7V, ri= pi= (@ +4mi + b) /6 (F,

HEFRE N BEA). o] BHE 5l ol E A
A% AQe] UYL BAY 7 o™ RTRG
£ Bo HolEe 44 248 + Utk

EFT

) o

13 9. RTRGS} = Bty

(2) Elol"ittolol1Y 3} JAHRAB R

Elo]Ed XY AYREE AZEH Y H(FE
£, 2P 2)NEF FALEH AT AHEAHE] el
o3 A=t Agddh. A2 & elo|drolojage
2 Vel 4 o2 RTRGERE o719 A
AR (EE goldtololad) g 78 + U F
Z Colle RTRGHY AR A2 E F3t= e T
BHth

[R 9] 9] eto]Dthe]ol T (Timing diagram, TD)
FAZ(AA )0 FHZANF)E F4E
g #23 2 34 Jo|th AT Ay
= (WE k) B (@S k) A A ez UE
Aok o7|A, k= AA O 9 Fxolth

o rlo

TDE ZEXES FAIE ZE A7 B4
2 58% 4 o9 RTRGAS § A FE2RH
44 7 5 ok

>

3 4 23

RTRGS TDE2E t}e) 2.8 eloj 5o 54
T4 At O AFH 54 5FJT HAE AYl
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A7
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efo] Bl o] AAIAA AR HAEE AFTR
A AAAZE Eold ot o] NEL FHBEY B
32l PERT/CPM[18]& &-&-3F Aot}

5.2 MMzE=

BTPN& Blo] &9 A S A A Aejstr] sl o
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%% A BTPN2Ioio] Ho|

BTPN := <Transition_definition> <Place_definition>
< Arc_definition>
<Transition_definition> == begin_TRANSITION
<transition_list>
end_TRANSION
<transition_list> ::= <s_transition_list> | <o_transition_list>
<s_transition_list> = <transition_number> : (<input_place_list>
=> <output_place_list>)
<o_transition_list> ::= <transition_number> <object_link> :
(<input_place_list> => <output_place_list>)
<object_link> ::= <name>, <type>, <state>, <data_file>,
<operation>, <b_duration>, <s_space>
<name> = = 2 (ie, positive closure of string)
<type> = <image_list> | <motion_pic_list> | <sound_list>
<image_list> = = jpeg | bmp | tiff | gif

<motion_pic_list> :: = mpeg | avi | mov
<sound_list> = = wav | midi
<state> = ready | run | pause | review | preview | block

<data_file> = = 3

<operation> = = <image_drive_list> |
<motion_pic_drive_list> | <sound_drive_list>

<image_drive_list> :: = jpeg | bmp | tiff | gif

<motion_pic_drive_list> :: = mpeg | avi | mov

<sound_drive_list> = = wav | midi

<b_duration> == beta(<R", R, R™>)

22 B EASCS SPADAS

Procedure Analysis_mode-firing(BTPN)
L begin

tran. S.E., Vol.25, No.1, pp. 33~49, Jan./Feb.

1999.

<s_space> © = <upper_x_axis>, <upper_y_axis>,
<lower_x_axis>, <lower_y_axis>
<upper_x_axis> = = N, <upper_y_axis> * = N
<lower x_axis> = N, <lower_y_axis> i1 = N
<input_place_list> ::= <input_place> , <input_place>
<input_place> = <place_number>
<output_place_list> ::= <output_place> , <output_place>
<output_place> = <place_number>
<place_number> = N,  <transition_number == N
<Place_definition> = begin_PLACE
<place_list>

end_PLACE
<place_list> := <n_place_list> | <c_place_list> | <s_place_list>
<n_place_list> = <place_number> : <capacity>
<c_place_list> ::= <place_number> @ <capacity>
<s_place_list> ::= <place_number>, <capacity> = N
<Arc_definition> ::= begin_ARC

<arc_list> | <spatial_arc_list>
end_ARC

<arc_list> = <arc_number> : <coordination_list>
<coordination_list> = <coordinate_element>
<spatial_arc_list> = <arc_number> : <coordination_list>
<coordination_list> = <coordinate_element>
<coordinate_element> = <transition_list>, <place_list> |

<place_list>, <transition_list>

W

Get_node(BTPN, NODE 9 (ie, MS® and EFT’) from initial marking.
Set remaining time to all & in EFT“ (e, for each t; € EFT“do 8i=7:= pi = (a + 4m; + b) /6 enddo).

Select a CFTx° among EFT”.

If EFT” has unselected CFT“'s, then push NODE ",

Get ft° which have minimum & from CFTx”.

Fire ft* G, For V px € ft:°® and V p; € fii°, do #px = #p + 1 and #p; = #p; - 1 enddo).
Get_node(BTPN, NODE®) (ie, MS” and EFT?) from current marking.
If NODE” is duplicated in RTRG or CET” is empty, then

Draw a labeled arc with ft° from NODE “ to NODE”*

Pop a NODE “ (If stack is empty then stop.) and goto L1 endif

V2

Set remaining time to all t; in EFT d (i.e, for each &t € EFT”, if t; is a new firing transition
then 8;=ri= pi= (& + 4m; + b)/6, else 8; = 8; - & of ft* endif )
Draw a labeled arc with ft° from NODE® to NODE”.

a = B.
goto L1
end

Procedure Get_node(BTPN, NODE)
begin

Get marking MS.

Apply pre-choice rule, if necessary.

Get EFT by using the Distribution Raw of choice and parallel relations.

end
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Procedure Generation_of_a_Timing_diagram(RTRG)

begin
For all paths in RTRG do
base = 0,1 =0
repeat } )
for new transition t € CFT of NODE' in a path do
draw t's line from base to base +4; enddo
base = base + Min{d; of t; € CFT}
i=i+1
until no more nodes in a path
enddo
end

Procedure Finding_the_Critical_Object_Path(TD)
begin
i=1
Get latest firing transition /t; from a TD
repeat
Get latest transition /f;.; which meets the transition If;
i=i+1
until /t; is initial transition
{ti-1, tig, ..., tz, t1 } is the Critical object path in the TD.
end

Procedure Finding_the_longest_path(RTRG)
begin
For all path; in RTRG do
tot = 0
For each ft; in path; do tot = tot +4; of ft; enddo
path; = path; U tot
enddo
Find pathc whose tot in path is maximum.
pathy is the longest path.
end

H2p MM 2 s g0

begin
Repeat
Get current concurrently firable transitions(CFT) from BTPN.
If there is spatial non-overlap relation among transitions in CFT, then select one transition among
the non-overlap transitions, and delete unselected transition(s) from CFT.
For all ¢ in CFT, do //firing//
send "start" signals to O;, fistate = run, tutimer =¢; = p; = (@ + 4m; + b) /6.
enddo
When t.state = run : t.timer is decreased
If pause signal is received from user, then send "pause" signal to O; and t.state = pause.
If forward signal is received from user, then send "forward" signal to O; and t.state = forward.
If rewind signal is received from user, then send "rewind" signal to O: and t.state = rewind.
If skip signal is received from user or t.timer=0, then send "stop" signal to O; and
For V opr € ti@ and V ip; E @ 1, do #opy = #opr + 1 and #ip; = #ip; - 1 enddo
When f.state = pause : t.timer is blocking
If end signal is received from user, then send "resume" signal to O: and t.state

= run.
When tistate = forward : fitimer = t.timer - time length of forward

If end signal is received from user, then send "resume" signal to O; and ti.state = run.
When tistate = rewind : t.timer = t.timer + time length of rewind

If end signal is received from user, then send "resume" signal to O; and tistate = run.

Until CFT = @
end
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