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Motivation

(]

Basic definition: Logical clock, clock relations, timed
specification

e Open/Close timed-pNets and the Compatibility
o Timed-pNets Tree
o Generate timed specification

Conclusion and future work
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Motivation

Extend pNets by adding multi logical clocks and clock relations
such that:

@ build a timed model for the distributed systems that have
no global physical clock.

@ synchronous 4 asynchronous communications
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Our proposal: Timed-pNets

action

timed-action

logical cIockI

clock relation
Cry
I timed-pLTS

phets hlimed-pNels

o Logical clocks and clock relations are embedded into
timed-pLT'S.

o Timed-pNets are built in terms of the communication
between timed-pLTSs.

@ These communications are represented by clock relations.
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New proposal: logical clock and clock relations

timed-action a[|:))t T
al az a3

clock Cz T T T

@ build logical clock: a sequence of timed-action occurrences

@ add constraints between action occurrences

a_l a_2 a3 a_1 a 2 a3

o
A 8.2 B3 A )

W C, =0,

e clock filter and clock offset

al a2 a 3 o_ga a_l o 2 o 3 o_a

C T T C ,P
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_\‘{2n-1} v (1)
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(1) clock filterig ' 2) clock offset




Timed Specification

Timed specification: a set of clocks with clock relations.

al a2 a3
clock Cg T\ Y\ T\
hIch_ \bz_ \;3.
clock Cp T . T T
clock Ce ! . TcE T c3

timed specification: TS = <{Ca Cj C.h {Cag=< Cb,Cb =Cg-} >
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Open/Close Timed-pNets node and the compatibility

TSg; of timed-pNets node 1

TSé.l of timed-pNets node 1
C, Ts
1 3
TS4 Vg of hole 3
of hole 1 1 -
W
Vo 3
7 —
(b) Open Timed-pNet node (c) Closed Timed-pNets node

Compatibility: H Impl C H < TS < TS'.
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Timed-pNets Tree Structure

TSy of timecpets nods 2

TSqy of imed-pNets node 1 \

TSy
of
timed-plLTS 4

hierarchical model
o leaves are timed-pLTS,
@ nodes are synchronisation devices

@ holes are the timed specifications of the subsystems
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Generate Timed Specification

o How to generate TS of a timed-pLTS

Commlini
So
Ciripy® Coemd(inse
b=Vr

k=1 k++ ks2]

Cinotify(ins k)N

K1 k4 k< 2]
Conckm)ta

o How to generate TS of a timed-pNets node

Abstract System
c c
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e 4 S LchannelNtfim) Sy
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Procedure of generate TS of a Tin

Algo1

enumerate occurrence relations of
N rounds

Induce general formula
Liftto clock relations

Timed Specificatior

Algo2

Alog3

Qutput

INR

ECNU

5

w

. If PreAct(sy) € @, then PreAct(sg) < PostAct(sg),

[ Assign: PostActindex(s)) < PreActIndex(sg) + 1]

. Ws\so, PreAct(s) < PostAct(s),

[ Assign: PostActindex(s) < PreActindex(s) 1;

e Ca .
. ¥s,if Je.s — s and the loop executes N times, then

3.1 go inside the self-loop
3.1.1 from one preceding action occurrence:
PreAci(s) < _i,
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Algol: generate concrete rules for a timed-pLT'S

e Analysis causality relations on clock occurrences

@ set the assignment functions according to the general rules

Transition

Commini

Cirp) R
b=V 1,

=1 k++:k<2]

Crtr Cinotify(ins k'

1 k++k<2)
2Ack(k, i)t

z

Coomd

Action Occurrence Relations Index Assignment

So —)s —5 5
Cy Cr
?Cmd LS S9

S0 Cromd CiNotify 51

p[\uufy CiNotify
§1] —> 81 — S1
CiNotify Cr
§] —— 81 — S2

52

IRom < 7Cmd-n f(n):n=m+1
?Cmdn < T

fr):r:==n
?Cmd_n < notify_i ii=i4+1
Inotify-i <notify_(i + 1)
Inotifyi < T_r fr):r=n

Tr < lack_j
Pack_j < Tack_(j +1)
?ack_j < 'R_m

fG)j=j+1

f(m)

tmo=j;
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Algo2: Travel graph

Transition Action Occurrence Relations  Index Assignment
Cromd P
- 5 *> Et ‘> 5 'Rom = 7C'md_n n=m+1
Commlini 2 0 1 i fn)
o WCmdn < T flry:ir=n
Cirgp)® Emd(ins)'c TCmd.n < notifyi i=i41
e
b=V, 51 —> 51 # 51 lnotify_i <Inotify_(i+1)
b= 1; k4 k2] Cinorify
c q 5] ——y 5y LN e lnoti fyi < 7r flr):r=n
O T't INotify(Ins k) " P . . .
S S Tor < Tack_j f):j=7+1
KL ki ks 2) Tack_j < Tack_(j + 1)
2Ack(k.im)ta Pack_j < 'R_m flm):m=y;
(d) pLTS (e) rules

o Initial value: mmn,r,i,j :=0;k:=1
o reset k:=1 when going out self-loop

Sth

1%¢ round 2" round round

IR0 < ?7Cmd_1 IR.1 < 7Cmd-2 IR2 <?C'md-3
?2C0md-1 < notify_1 7Cmd2 < notify-3 7Cmd-3 < notify b
Inotify-1 <Inotify2 Inotify-3 <notify-4 'notify-5 <!notify_6

Inotify 2 < 7.1 Inotify 4 <12 Inotify 6 < 73

?ack 2 < 'R_1 ?ack 4 <'R_2 ?ack 6 <'R_3
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Algo3:Induce a general formula

o task: given a set of natural numbers, how to induce its
general formula?

1*f round 27 round 3% round N 5™ round
TR0 <7C'md_1 IR_1 <7C'md2 IR_2 <?C'md_3 ... IR_(s — 1) <7C'mi_s
Emd,l = !nohf_g,l) Cmd_2 < !nofif,{(j ] T0md3 < Inotiff5Y ... TC0md.s < !nr;fify(?.s‘ 7E
lnotify 1 <Inotify=2 Tnotify 3 <Inotifyt Tnotify5 <notify 6 ... Tnotify_(2s — 1) <InotiJy_2s
tnotify2 <71 lnotify4 < 72 lnoti fy 6 < 73 e Inoti fy_2s < 7_s
1 < Tack_1 T2 <Tack3 T3 <Tack.b o 7-5 <Tack(2s — 1)
Tack_1l < Tack_2 Tack 3 <tack 4 Tack 5 <Tack_6 . Pack(2s — 1) <ack 2s
Tack 2 < |R_1 Tack 4 <1R_2 Tack 6 <!'R_3 . Tack 2s <!R_s

Cmd_1 ?Cmd_2 ?Cmd_3

Cacmd T\ T\Tg : 4
C Inotify T T T T T
motfy 1 MMy 3 MM iy s
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Lift to Clock Relations

We proof: C&7W < o' o vi e N a(P(i) < B(P'(i))
so that we have :
o Co<CF ™M & VieN ali<f (2~ 1)

o C2i71) Cé%} S VieNa(2i—1) < [(20)

th

1% round 277 round . s round Clock Relations
IR_0 < ?Cmd_L IR <0md2 ... IR(s 1) < 7Cmd.s Cip < Ot
E('m,d,l < lnotifyl 7Cmd2 < notify3 ... TCmd_s < noti fy_(2s — 1) Cocimd = (E
lnotify-1 <notify2 notify3 <lnetify4d ... Inotify(2s—1) <lnotify2s C?,im;:jt: = (-‘;‘:{;ZJ
lnotify 2 <11 Inotify 4 < 72 . Inotify 2s < 7_s j (7’;{,:2{;&” < Cr
71 < Tack_1 T2 <%ack_3 .. T8 =lack_ (25 — 1) Cr=C '.f::;”
Tack 1 < Tack_ 2 Tack_3 <Tack 4 . Pack_(2s — 1) <Tack_2s (tﬁz:{u ~ (‘irf:;
?ack_2 < |R_1 Pack_4 <IR.2 . ?ack_2s <!R_s o < o
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generate TS of a Timed-pNe

timed-pNets node
e La Clan Cpl T8,
B S— L
of hole 1
[

Vi <o, Coppenn s Cpo . > Gy
Vo < Cpyyenn Cgy >— C

a2

— Cq, = C,, ifand only if C,, = C,, A Cg, = Cg,.

— Ca,, < Ca, ifand only if Co, < Ca, A Cp, < Cg,.

timed-pNets node

Cay Cy| Tsy

'of hole 3

Vs < ....Cp.... == Ci

s

Vo < oisCapreeasCyppene 3= G,

L a6

- C

- Ca,, = Cu ifand only if Cg = Cp,,
ags < Cay if and only if Cg < Cp,.

INRI

timed-pNets node

Cp2 Ca
Vs < GCpG oG
A\ < CopyCpasenrnn = Cy,

— Ca, =C,, ifand only if Cg, = Cp,,
- Cq, <C,, ifand only if Cg, < Cpg,.

timed-pNets node

Vs <G> Cas
Ve < Cpyannsen > Co

= Cy,, = Cy iFand only if Cpg, = Cp,,
— Ca,y < Cyy ifand only if Cg, < Cg,.
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Example

Abstract System

C € Noti
Cema o NOtHY g1 () I Notify gy
Crrbagr ! ChannelNtf{m] ’

Initial Commini

Con =
Crrly ) o4m 2 ChannelAck[m] y )

Cr

CommRes[m]

96

Conc%te System
ChannelNtf{m]

Commini ©) . CommRes[m]
dify (Ins, k)
c tm)
. . < INotify(Ins R
Ciroy® ¥mdins)'c s
b=V,
=1 ke 4ik<2]
C . ChannelAck[m]
INotify(Ins,k)
Q

(
(K1 k45 ks 2] A J
c, :
Ack(krm)'a

tn
[m)

Crye: Casel = Comdys < CRryg

C'?Rqu71 Case 3 = C‘?Rqu7 = Ccmng
Ciryg: Case 4 Crpegyy < Ciryg - -
INR.
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Conclusion

@ Our model is flexible—logical clock, without physical
common clock

o Flexible to compose by adding relations of clocks in T'S
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future work

o Current work

e Prove the completeness of the 4 cases to generating TS of
timed-pNets
o Detect wrong composition by checking the relation conflicts

o Future work

e Extend to duration-pNets so that we can specify the actions
that include execution time
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