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| Motivation (1)

Long Running Transaction (LRT)

9

9

LRT models attract attention recently because of the
progress in Service-Oriented Computing (SOC)

Coordination between different wide-spread communicating
peers to ensure transaction features

Transactions in SOC usually last for a long period, and
Involves interactions with different organizations

Atomic transaction is strict for this scenario because of
requirements such as isolation

LRT can tackle this problem by using compensation
mechanism
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| Motivation (2)

Industrial Languages

® WS-BPEL [AAA+06]
® XLANG [ThaO1]
o ..

Formal Languages for LRT

® SAGAS [BMMO5]
StAC [BF04]
cCSP [BHFO04]
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| Motivation (3)

About cCSP

® Compensating CSP is a variant of CSP for modeling LRT

® Two kinds of processes in cCSP
® Standard process
® Compensating process

Limits of cCSP

® The operators in cCSP are limited
#® No discussion about the refinement
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| Basic Ideas of cCSP

® The recovery method in cCSP is same to the backward
recovery of SAGAS [GMS87]

Exception

_____________________________________________
W T Lt e

L

________________________________________________________

® Parallel execution

1 UNTED NATION s |
™~

e Hlvemny Failure-Divergence Semantics for Extended cCSP — 8



| Syntax of cCSP

PQ = A PP.QQ ::= P-=+-Q
P;Q PP; QQ
POQ PPUQQ
PlQ PP || QQ
SKIP SKIPP
THROW THROWW
YIELD YIELDD
P>Q
PP
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| Semantics of cCSP

# Terminating trace semantics

® Two additional terminating events
o QO={/,17

Parallel Composition
p{wr) || ¢ (wa) = {r (widwz) |r € (pllq)}
TPQ)={rlre@llagrpeT(P)NqgeT(Q)}

where
wy | vV v v 2
wy | v ? ] I ? 2
w1 &ws | v 0?7 1 ?
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| Trace Semantics of Compensating Process (

Compensation Pair
{ (pg)  p=p1 (V)
(p,v) p=Epw) Aw#Y
1. (P+Q)={p+qlpeT(P)NqeT(Q)};U{(?). (V))}

Sequential Composition
(p17q.q" 5 p)) p=p" (V)

(p,0"); (¢,4') = )
{ (p,p") p=p1 (W Aw#V
T.(PP; QQ) ={(r); (¢,4) | (p,p") € T.(PP) N (q,q') € T.(QQ)}

Transaction Block
T([PP))={pP | (p"(N),p") € T(PP)}U{p (V)| (p{V),p') € T.(PP)}
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| Example

SellingTranaction = |[ProcessSale]

ProcessSale DeductStore - RecoveryStore ;

( ( Transfer Money +~ Return ;
SKIPPOTHROWW) |

ShipItem + ShipBack )
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| Example

SellingTranaction = |[ProcessSale]

DeductStore - RecoveryStore ;

ProcessSale

( ( Transfer Money +~ Return ;
SKIPPUOTHROWW) ||

ShipItem + ShipBack )

DeductStore, TransferMoney, Shipltem
DeductStore, Shipltem, T'rans ferMoney

DeductStore, T'rans fer Money, Return, RecoveryStore

DeductStore, Trans fer Money, Shipltem, Return, ShipBack, RecoveryStore
DeductStore, T'ransfer Money, Shipltem, ShipBack, Return, RecoveryStore

DeductStore, Shipltem, TransferMoney, Return, ShipBack, RecoveryStore
DeductStore, Shipltem, Trans ferMoney, Return, ShipBack, RecoveryStore
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| Problems

® The following laws do not hold:
® PP;SKIPP = PP
® [P-P|=P
® [P+-P;THROWW]=P;P
® Some operators are not provided:
#® internal choice
® external choice
o

® No study of refinement yet.
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| Syntax of Extended cCSP

PO = A PP,QQ ::= P-=Q
P;Q PP; QQ
PMQ PPT1QQ
POQ PPOQQ
P Q PP || QQ

X X
SKIP SKIPP
THROW THROWW
YIELD YIELDD
STOP PP\ X
P\ X PP|R]
P|R]

P>Q
[PP]
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| Limitation and Auxiliary Defintions

Limitation

® We do not consider recursion and infinite choices in the
compensating process

Some Defintions

o Y —_32uUQ

® YO ="U{s(w)|seX*ANwecO},where 0O CQ
® ¥ ={s"w)|seX*Awe 0}, where O CQ
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| Semantic Domain of the Standard Process

#® Failure-divergence semantics (F, D)

® Semantic functions
® Failure set funciton: F(P) : P — P(Z*2? x P(29))
® Divergence set function: D(P) : P — P(X*)

® Trace set function: traces, (P) = {s | (s,{}) € F(P)}
® Modified axioms:

Fy: s™{w) € tracey (P) = (5,22 \ {w}) € F, where w € Q
Di:seDNY*Atex=steD
Ds: s (w) e D= secD, wherew € ()

® P CBiff F(P) D F(PR) and D(Py) D D(P)
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| Semantic of Basic Processes

F(A) = {(0.X) | XCEPAA¢ XU
{({(A), X) | X XAV ¢ XU
{({(4,v),X) | X Cx%}

FTHROW) = {((,X)| X CxUAl ¢ X}U
{(N, X)X cx%}

F(YIELD) = {((,X)|XCXUA?¢ X}U
{((7),X)] X € ¥}
{((,X) [ X XAV ¢ XU
{({(v),X)] X €2}
iy Wi oo - @@ @@ @@ OO OO OO O O O O O O OO

Failure-Divergence Semantics for Extended cCSP — 20



| Semantic of External Choice

® Need to consider exception and yield interruptions to ensure
the axiom F,

D(POQ) = DP)UD(Q)

FPUQ) = {(0,X)[((),X) e F(P)NnF(Q);U
(s, X) [ (5,X) e F(P)UF(Q) As 7 () ;U
(s, X) |s€D(P; Q)}U
{(0,X) | X €29\ {w}

N (w) € traces | (P)Utraces  (Q) ANw € Q}
SKIPUYIELD = YIFELD
SKIPUOTTHROW = SKIPNTHROW
YIELDUTHROW = YIELDNTHROW

Failure-Divergence Semantics for Extended cCSP — 21



| Semantic of Sequential Composition

D(P; Q) = DP)U{st|s (V) etraces (P)NteDQ)}
{(5,X) | s e 2" A (s, X U{V]}) € F(P)}U
{(s7t,X) | s (V') € traces, (P) A (t,X) € F(Q)}U
{(5;X)|s€D(P; Q) AX C X%}

Laws:

THROW ; P THROW
YIELD : YIELD = YIELD

Failure-Divergence Semantics for Extended cCSP — 22



| Semantic of Parallel Composition - (1)

DP || Q) = A{u'v|ds€traces (P),t € traces;(Q)e
X

ue(s||t)NZ*A(seDP)VteDQ))}

f(P)IICQ) = {(%EH(U’E)E(S’Y)@P)H(Q (t, Z)N

s, te(s,Y) € F(P)A (L Z) € FQ)IU
{(v,Y)|ueDP )II( Q)}

Laws:
YIFELD || SKIP = YIELD
THROW )||( SKIP = THROW
THROW || );IELD — THROW
THROW )||<XTH ROW = THROW
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| Semantic of Parallel Composition - (2)

( {(u,YUZ) | Y\ (XUQ) =Z\(XUQ Aucs |t}

if (s,YUQ) e F(P)V(t,ZUQ) e F(Q)

{(u,(YUZ)\ )| Y\ (XUQ)=Z\ (XUQ)A

(S,Y)@ (t,Z):<
P)“(Q ues||tAO=rflw,w)}
X

otherwise, where
V(S,Yl) E]:(P)ngYl = (wl € QAN wq ¢Y1)
V(t,Zl) E]—“(Q)oZQZl = (wg € QAN wo §é Zl)

s )||( t(w) ={} s (w1) )||( t(w2) = {u (wi&ws) |u € s )||( t}

where w,w;,ws € Q, and s, t € X%,

Failure-Divergence Semantics for Extended cCSP — 24



| Semantic of Parallel Composition - (3)

( {wl&WQ} w1 € QAwy €€
{wl} w1 € D Awy =€
rf(wi,w2) =def 3 fo} oy € QAW — €
\ {} W1 = €eNwy =€
More laws:
THROW | P = P; THROW
THROW || (YIELD; P) = THROW N (P; THROW)
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| Semantic of Exception Handling

DP>Q) = DP)U{st|s () etraces  (P)NteDQ)}

M
v
v

L
|

{(5,X) ]| s e WA (s, X U{!}) € F(P)}U
{(s7t,X) | s™(!) € traces, (P) N (t, X) € F(Q)}U
{(

5,X)|s€DP>Q)}

Laws:
P> THROW

THROW > P
SKIP > P
YIELD > P
STOP > P
P> (QMR)
(PM1Q) > R
P> (Qr> R)

P

P

SKIP

YIELD

STOP
(P>Q)N(P> R)
(P> R)M(Q> R)
(P>Q)> R
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| Semantic Domain of Compensating Process

® The semantics of a compensating process PP is (F,D,C)

® [ and D are the failure and divergence sets of the forward
behaviour of PP
® C CIy xPE xP(XY)) x P(E*) is the compensating
behavior set of (s, F¢, D¢)
& s s the terminating trace in the forward behaviour
& Fcand De are the failure and divergence sets of the
compensating behaviour for s

1. UNITED NATioNs |
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| Axioms of the Semantic Domain

® The axioms of the semantic model (F, D, C)

® The forward behaviour model (# and D) must satisfy the
axioms for the semantics model of standard process, and
we use P to represent the forward process

#® The trace s of each element (s, F¢, D) In C must be a
non-divergent terminating trace in the forward behavior,
that Is s € trace,(P)

trace;(P) = {s™(w) | s (w) € traces (P)\ D(P) Aw € Q}

® The failure set ¢ and divergence set D¢ of each element
In C must also satisfy the axioms for the semantics model
of standard process

{1 UNITED NATIONS
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| Refinement of Compensating Process

® PP, C PP, is defined as:
(Fy,D1,C) E (Foy, Dg,Cy) =g F1 DFs AND1 DDy NCy | SE.Cy | S

® S =trace;(P) Nirace,(P,), P and P, are the forward processes
of PP, and PP, and C | S = {(s1,F,D) | (s1,F,D) € C As; € S}

® S =trace;(Ps)\ D1
® The refinment relation between compensating behaviour sets

Cr Ec Ca =g C1 ={} V(C2 # {} AR(C1,C2))
%(01,02) —df \VI(S,F,D) e Oy \ Ci e
(H(Sl,Fl,Dl) c 01\02081 =—sANFy DFANDyD D)
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| Semantic Functions

® The semantics of PP can be calculated by the sematnics
functions as (F¢(PP),D(PP),C(PP))
® The forward failure set function
Fe(PP) : PP — P(X*? x P(29))
® The forward divergence set function
D¢(PP) : PP — P(X*%),
® The compensating behaviour set function
C(PP) : PP — P(Zg x P(X*? x P(X%)) x P(X*?))

1. UNITED NATioNs |
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| Semantics of Compensation Pair

®» Semantic definition

FY(P+Q) = F(P)
D¢(P+Q) = D)
C(P+-Q) = {(s,F°,D° |3ds € trace,P)e

(s=t" (V)NF°=F(Q)ND*=DQ))V
(s €Xf g NF=F(SKIP)AND® ={})}

® Laws, in which DIVV = DIV ~ P

DIV+=P = DIV=Q
DIVV C PP

QLEQ: = P+-Q1CP+Q
PPCP = P+-QCPh+Q

i Failure-Divergence Semantics for Extended cCSP — 32



| Semantics of Basic Processes

® Semantic definition

SKIPP = SKIP+SKIP
THROWW = THROW = SKIP
YIELDD = YIELD +SKIP

® lLaws
YIELDD C SKIPP

fg‘d ./" UNITED NATIONS I G S I I I I
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| Examples of Basic Processes

F D C
S Fc D¢
SKIPP (0, v & X) (V) (0, v ¢ X)
((v), X) ((v), X)
THROWW | ((),! ¢ X) ) (0, v ¢ X)
(1, X) ((v), X)
YIELDD | ((),v ¢ X) (V) (0, v ¢ X)
(0,7 ¢ X) ((v), X)
((v'), X) (?) (0, v ¢ X)
((7), X) ((v), X)
A+B ((),A¢X) (4,v) | ((,B ¢ X)
((A), v ¢ X) ((B),v & X)
((4,v), X) ((B,v), X)

Failure-Divergence Semantics for Extended cCSP — 34



Semantics of Transaction Block

D([PP])= D¢ PP)U
{s1|3(s,F¢, D) € C(PP)es=1"(1) Nsy € D°Ns; =t sy}
F([PP])= A{(s,X)|seX*AN(s,XU{!l}) € F¢(PP)}U
{(s1,X71) | 3(s, F¢,D°) € C(PP)e
(SEE’E\/,?}/\Sl =sAX; C X9V
(s =t"(I) A(s2,X2) € FCNsy =t"so AN X1 = X3)}U
(s, X) | s € D([PP])}

Failure-Divergence Semantics for Extended cCSP — 35



| Laws of Transaction Block

SKIP+P] = SKIP
THROW ~P] = SKIP
YIELD +P] = YIELD
[DIVV] = DIV
P+-Q] = P> SKIP

[ =N
Vg_,': K‘_’ﬁ;
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| Semantics of Sequential Composition (1)

Let P and @ be the forward processes of PP and QQ

Fe(PP; QQ)=F(P; Q)
De(PP; QQ)=D(P; Q)
C(PP; QQ) ={(s,F°¢, D) | 3(s1, Ff,Df) € C(PP),(s2, F§,DS) € C(QQ)e
(s1 =t (VYA s =1t"sy AFC=F(Py; P) A D¢ = D(Py; P,))V
(s1 At (V)ANs=s1 ANF°=FND¢= DY)
}
where F(P,) = F§,D(P,) = DS, F(P) = Ff, and D(P;) = D¢

Failure-Divergence Semantics for Extended cCSP — 37



| Laws of Sequential Composition

SKIPP; PP = PP
PP, SKIPP = PP
THROWW ; PP = THROWW
YIELDD ; YIELDD = YIELDD
P+Q; THROWW] = P:Q
PL+Q1; Po+Q2; THROWW] = P P Q2; Q1

()
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| Semantics of Internal Choice

Let P and @ be the forward processes of PP and QQ

F(PPMNQQ) = FPNQ)
D(PPIQQ) = D(PNQ)
C(PPNQQ) = {(s,F,D)|(s,F,D)eC(PP)UC(QQ)A
s € trace;(PMQ)}

Failure-Divergence Semantics for Extended cCSP — 39



| Laws of Internal and External Choice

PPMPP = PP
PPMNQQ = QQnNPP
PPN (QQMNMRR) = (PPNQQ)NRR
DIVV N PP = DIVV
PPNQQ] = [PPIN[QQ)
PPMQRR LC PP

PP; (QQTNRR)
(QRM RR); PP

(PP; QQ)1(PP; RR)
(QQ; PP)N(RR; PP)

PPOPP = PP
PPOQQ = QOQOPP
[PPOQQ] = [PPIOQQ)]
PPO(QQORR) = (PPOQQ)ORR

Failure-Divergence Semantics for Extended cCSP — 40



| Laws of Parallel Composition

PP )||( QR = QQ )||< PP
PP | (QQ | RR) = (PP || QQ) | RR)
X X X X
PP || (QQT RR) (PP || QQ)M (PP || RR)
X X X

(P+P || Q+Q); THROWW] = (P | Q); (P | Q)
X X X

(P+P ;Q+Q)|| THROWW]=P; Q: Q' ; P
(P+P'; YIELDD; Q+Q') | THROWW] =
(P PP Q; Q5 P)
(YIELDD ; P+ P'; YIELDD ; Q=+ Q) | THROWW] =
SKIPT(P;P)N(P; Q; Q" ; P
(YIELDD : P+~ P | (YIELDD ; Q=+ Q') | THROWW] =
SKIPN(P;P)r(Q;Q)N(P| Q)P | Q)

! Failure-Divergence Semantics for Extended cCSP — 41



| Laws of Hiding and Renaming

(PP\X)\Y (PP\Y)\ X
(PP\ X)\Y PP\ (X UY)
(PPMIQQ)\ X (PP\ X)M(QQ\ X)
PP\ {} PP
(PPN QQ)[R] PP[R] N QQ[R]
(PPOQQ)[R] PP[RIOQQ[R]
(PP[R])[R] PP[Ro R|
B, s e —————————————
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| Partial Order Theorem

® Corollary : The compensating behavior set C of each
compensating process model (F, D, C) satisfies the following
finiteness property: for each s in S(C), C | {s} Is finite , where
S(C)=A{s]| (s,F,D) e C}

® Theorem: The compensating process space forms a partial
order under refinement

1 UNITED NATioNs |
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Comparision with Original cCSP (1)

® Some new and often used operators are introduced both in
standard and compensating process, and the semantics
Incorporates refusal and divergence information

# We study the refinement relations for standard and
compensating processes

® Thelaw PP, C PP, = [PP] C [PP,] setups a bridge from the
compensating process refinement to the refinement of
standard process

1 UNITED NATION: |
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Comparision with Original cCSP (2)

® Unlike cCSP, we do not allow implicit interruption in
compensating process

#® Yield interrupting behavior is kept in the semantics of the
transaction block.

® Remove some assumptions of laws
#® Refinement relation
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| Related Work (1)

® SAGAS: Bruni et al. [BMMO5]
® StAC: Butler et al. [BF04, BFNO5]

® cCSP: Butler et al. [BHF04]
® QOperational semantics [BRO5]

® Semantics relating [RBO6]
#® Comparision: Bruni et al. [BBFT05]
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| Related Work (2)

® Lanotte et al. [LMSMTO06] develop the communicating
hierarchical timed automata to model the sequential and
parallel compositions in nested LRTSs.

® Bochhi et al. [Boc04] use the asynchronous =-calculus to
model the LRT model in BTP supporting nested transaction.

#® Qiu et al. [QWPZO05] propose a process language especially
for the LRT model in BPEL

® He [He07] presents a new semantic theory for the languages
describing LRT

=4 UNITED NATiN . |
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| Conclusion

® We extend the cCSP by distinguishing the external and

o

°

Internal choices, and introducing more operators

A new semantics model based on the failures and
divergences model of CSP [R0s97]

Reflnement relations
Some laws for the extended cCSP
Partialness of the semantic domain under refinement
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| Future Work

® Speculative choice

® Itis ideal to have a beyond divergence model that is more

suitable for the composition definition of compensating
process

#® Recursion in the compensating process
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END

Thank you very much!

Questions?

4 Q-‘.EI,
@)
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