
Failure-Divergence Semantics for
Extended cCSP

Zhenbang Chen

zbchen@iist.unu.edu



Outline

Motivation

Brief Introduction to cCSP

Extended cCSP and Failure-Divergence Semantics
Standard Process
Compensating Process

Related Work and Conclusion

Failure-Divergence Semantics for Extended cCSP — 2



Outline

Motivation

Brief Introduction to cCSP

Extended cCSP and Failure-Divergence Semantics
Standard Process
Compensating Process

Related Work and Conclusion

Failure-Divergence Semantics for Extended cCSP — 3



Motivation (1)

Long Running Transaction (LRT)

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 [Tha01]

...

Formal Languages for LRT

SAGAS [BMM05]

StAC [BF04]

cCSP [BHF04]

...
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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]

 

F 
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B1 B2 Exception 

occurring 

C1 C2 

Parallel execution

Failure-Divergence Semantics for Extended cCSP — 8



Syntax of cCSP

P, Q ::= A PP, QQ ::= P ÷ Q

| P ; Q | PP ; QQ

| P�Q | PP�QQ

| P ‖ Q | PP ‖ QQ

| SKIP | SKIPP

| THROW | THROWW

| Y IELD | Y IELDD

| P ⊲ Q

| [PP ]
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Semantics of cCSP

Terminating trace semantics

Two additional terminating events
Ω = {X, !, ?}

Parallel Composition

p 〈̂ω1〉 ‖ q 〈̂ω2〉 = {r 〈̂ω1&ω2〉 | r ∈ (p 9 q)}

T (P ‖ Q) = {r | r ∈ (p ‖ q) ∧ p ∈ T (P ) ∧ q ∈ T (Q)}

where
ω1 X X X ! ! ?

ω1 X ? ! ! ? ?

ω1&ω2 X ? ! ! ! ?
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Trace Semantics of Compensating Process (1)

Compensation Pair

p ÷ q =







(p, q) p = p1 〈̂X〉

(p, X) p = p1 〈̂ω〉 ∧ ω 6= X

Tc(P ÷ Q) = {p ÷ q | p ∈ T (P ) ∧ q ∈ T (Q)} ∪ {(〈?〉, 〈X〉)}

Sequential Composition

(p, p′) ; (q, q′) =







(p1 q̂, q′ ; p′) p = p1 〈̂X〉

(p, p′) p = p1 〈̂ω〉 ∧ ω 6= X

Tc(PP ; QQ) = {(p, p′) ; (q, q′) | (p, p′) ∈ Tc(PP ) ∧ (q, q′) ∈ Tc(QQ)}

Transaction Block
T ([PP ]) = {p p̂′ | (p 〈̂!〉, p′) ∈ Tc(PP )} ∪ {p 〈̂X〉 | (p 〈̂X〉, p′) ∈ Tc(PP )}
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Example

SellingTranaction = [ProcessSale]

ProcessSale = DeductStore ÷ RecoveryStore ;

( ( TransferMoney ÷ Return ;

SKIPP�THROWW ) ‖

ShipItem ÷ ShipBack )
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Example

SellingTranaction = [ProcessSale]

ProcessSale = DeductStore ÷ RecoveryStore ;

( ( TransferMoney ÷ Return ;

SKIPP�THROWW ) ‖

ShipItem ÷ ShipBack )

DeductStore, T ransferMoney, ShipItem

DeductStore, ShipItem, TransferMoney

DeductStore, T ransferMoney, Return, RecoveryStore

DeductStore, T ransferMoney, ShipItem, Return, ShipBack,RecoveryStore

DeductStore, T ransferMoney, ShipItem, ShipBack, Return,RecoveryStore

DeductStore, ShipItem, TransferMoney, Return, ShipBack,RecoveryStore

DeductStore, ShipItem, TransferMoney, 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
...

No study of refinement yet.
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Syntax of Extended cCSP

P, Q ::= A PP, QQ ::= P ÷ Q

| P ; Q | PP ; QQ

| P ⊓ Q | PP ⊓ QQ

| P�Q | PP�QQ

| P ‖
X

Q | PP ‖
X

QQ

| SKIP | SKIPP

| THROW | THROWW

| Y IELD | Y IELDD

| STOP | PP \ X

| P \ X | PP JRK

| P JRK

| 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

ΣΩ = Σ ∪ Ω

Σ∗O = Σ∗ ∪ {s 〈̂ω〉 | s ∈ Σ∗ ∧ ω ∈ O}, where O ⊆ Ω

Σ∗
O = {s 〈̂ω〉 | s ∈ Σ∗ ∧ ω ∈ O}, where O ⊆ Ω
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Semantic Domain of the Standard Process

Failure-divergence semantics (F, D)

Semantic functions
Failure set funciton: F(P ) : P → P(Σ∗Ω × P(ΣΩ))

Divergence set function: D(P ) : P → P(Σ∗Ω)

Trace set function: traces⊥(P ) = {s | (s, {}) ∈ F(P )}

Modified axioms:

F4 : s 〈̂ω〉 ∈ trace⊥(P ) ⇒ (s, ΣΩ \ {ω}) ∈ F, where ω ∈ Ω

D1 : s ∈ D ∩ Σ∗ ∧ t ∈ Σ∗Ω ⇒ s t̂ ∈ D

D3 : s 〈̂ω〉 ∈ D ⇒ s ∈ D, where ω ∈ Ω

P1 ⊑ P2 iff F(P1) ⊇ F(P2) and D(P1) ⊇ D(P2)
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Semantic of Basic Processes

F(A) = {(〈〉, X) | X ⊆ ΣΩ ∧ A /∈ X}∪

{(〈A〉, X) | X ⊆ ΣΩ ∧ X /∈ X}∪

{(〈A, X〉, X) | X ⊆ ΣΩ}

F(THROW ) = {(〈〉, X) | X ⊆ ΣΩ∧! /∈ X}∪

{(〈!〉, X) | X ⊆ ΣΩ}

F(Y IELD) = {(〈〉, X) | X ⊆ ΣΩ∧? /∈ X}∪

{(〈?〉, X) | X ⊆ ΣΩ}∪

{(〈〉, X) | X ⊆ ΣΩ ∧ X /∈ X}∪

{(〈X〉, X) | X ⊆ ΣΩ}
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Semantic of External Choice

Need to consider exception and yield interruptions to ensure
the axiom F4

D(P�Q) = D(P ) ∪ D(Q)

F(P�Q) = {(〈〉, X) | (〈〉, X) ∈ F(P ) ∩ F(Q)}∪

{(s, X) | (s, X) ∈ F(P ) ∪ F(Q) ∧ s 6= 〈〉}∪

{(s, X) | s ∈ D(P ; Q)}∪

{(〈〉, X) | X ⊆ ΣΩ \ {ω}

∧〈ω〉 ∈ traces⊥(P ) ∪ traces⊥(Q) ∧ ω ∈ Ω}

SKIP�Y IELD = Y IELD

SKIP�THROW = SKIP ⊓ THROW

Y IELD�THROW = Y IELD ⊓ THROW

Failure-Divergence Semantics for Extended cCSP — 21



Semantic of Sequential Composition

D(P ; Q) = D(P ) ∪ {s t̂ | s 〈̂X〉 ∈ traces⊥(P ) ∧ t ∈ D(Q)}

F(P ; Q) = {(s, X) | s ∈ Σ∗{?,!} ∧ (s, X ∪ {X}) ∈ F(P )}∪

{(s t̂, X) | s 〈̂X〉 ∈ traces⊥(P ) ∧ (t, X) ∈ F(Q)}∪

{(s, X) | s ∈ D(P ; Q) ∧ X ⊆ ΣΩ}

Laws:

THROW ; P = THROW

Y IELD ; Y IELD = Y IELD

Failure-Divergence Semantics for Extended cCSP — 22



Semantic of Parallel Composition - (1)

D(P ‖
X

Q) = {u v̂ | ∃s ∈ traces⊥(P ), t ∈ traces⊥(Q)•

u ∈ (s ‖
X

t) ∩ Σ∗ ∧ (s ∈ D(P ) ∨ t ∈ D(Q))}

F(P ‖
X

Q) = {(u, E) | (u, E) ∈ (s, Y ) ⊕P ‖
X

Q (t, Z)∧

∃s, t • (s, Y ) ∈ F(P ) ∧ (t, Z) ∈ F(Q)}∪

{(u, Y ) | u ∈ D(P ‖
X

Q)}

Laws:
Y IELD ‖

X

SKIP = Y IELD

THROW ‖
X

SKIP = THROW

THROW ‖
X

Y IELD = THROW

THROW ‖
X

THROW = THROW
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Semantic of Parallel Composition - (2)

(s, Y ) ⊕P ‖
X

Q (t, Z) =















































































{(u, Y ∪ Z) | Y \ (X ∪ Ω) = Z \ (X ∪ Ω) ∧ u ∈ s ‖
X

t}

if (s, Y ∪ Ω) ∈ F(P ) ∨ (t, Z ∪ Ω) ∈ F(Q)

{(u, (Y ∪ Z) \ Θ) | Y \ (X ∪ Ω) = Z \ (X ∪ Ω)∧

u ∈ s ‖
X

t ∧ Θ = rf(ω1, ω2)}

otherwise, where

∀(s, Y1) ∈ F(P ) • Y ⊆ Y1 ⇒ (ω1 ∈ Ω ∧ ω1 /∈ Y1)

∀(t, Z1) ∈ F(Q) • Z ⊆ Z1 ⇒ (ω2 ∈ Ω ∧ ω2 /∈ Z1)

s ‖
X

t 〈̂ω〉 = {} s 〈̂ω1〉 ‖
X

t 〈̂ω2〉 = {u 〈̂ω1&ω2〉 | u ∈ s ‖
X

t}

where ω, ω1, ω2 ∈ Ω, and s, t ∈ Σ∗.
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Semantic of Parallel Composition - (3)

rf(ω1, ω2) =def



















{ω1&ω2} ω1 ∈ Ω ∧ ω2 ∈ Ω

{ω1} ω1 ∈ Ω ∧ ω2 = ǫ

{ω2} ω2 ∈ Ω ∧ ω1 = ǫ

{} ω1 = ǫ ∧ ω2 = ǫ

More laws:

THROW ‖ P = P ; THROW

THROW ‖ (Y IELD ; P ) = THROW ⊓ (P ; THROW )
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Semantic of Exception Handling

D(P ⊲ Q) = D(P ) ∪ {s t̂ | s 〈̂!〉 ∈ traces⊥(P ) ∧ t ∈ D(Q)}

F(P ⊲ Q) = {(s, X) | s ∈ Σ∗{X,?} ∧ (s, X ∪ {!}) ∈ F(P )}∪

{(s t̂, X) | s 〈̂!〉 ∈ traces⊥(P ) ∧ (t, X) ∈ F(Q)}∪

{(s, X) | s ∈ D(P ⊲ Q)}

Laws:
P ⊲ THROW = P

THROW ⊲ P = P

SKIP ⊲ P = SKIP

Y IELD ⊲ P = Y IELD

STOP ⊲ P = STOP

P ⊲ (Q ⊓ R) = (P ⊲ Q) ⊓ (P ⊲ R)

(P ⊓ Q) ⊲ R = (P ⊲ R) ⊓ (Q ⊲ R)

P ⊲ (Q ⊲ R) = (P ⊲ Q) ⊲ R

Failure-Divergence Semantics for Extended cCSP — 26
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Semantic Domain of Compensating Process

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

F and D are the failure and divergence sets of the forward
behaviour of PP

C ⊆ Σ∗
Ω × P(Σ∗Ω × P(ΣΩ)) × P(Σ∗Ω) is the compensating

behavior set of (s, F c, Dc)

s is the terminating trace in the forward behaviour
F c and Dc are the failure and divergence sets of the
compensating behaviour for s

Failure-Divergence Semantics for Extended cCSP — 28



Axioms of the Semantic Domain

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

The forward behaviour model (F 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 c, Dc) in C must be a
non-divergent terminating trace in the forward behavior,
that is s ∈ tracet(P )

tracet(P ) = {s 〈̂ω〉 | s 〈̂ω〉 ∈ traces⊥(P ) \ D(P ) ∧ ω ∈ Ω}

The failure set F c and divergence set Dc of each element
in C must also satisfy the axioms for the semantics model
of standard process

Failure-Divergence Semantics for Extended cCSP — 29



Refinement of Compensating Process

PP1 ⊑ PP2 is defined as:

(F1, D1, C1) ⊑ (F2, D2, C2) =df F1 ⊇ F2 ∧ D1 ⊇ D2 ∧ C1 ⇂ S ⊑c C2 ⇂ S

S = tracet(P1) ∩ tracet(P2), P1 and P2 are the forward processes
of PP1 and PP2, and C ⇂ S = {(s1, F, D) | (s1, F, D) ∈ C ∧ s1 ∈ S}

S = tracet(P2) \ D1

The refinment relation between compensating behaviour sets

C1 ⊑c C2 =df C1 = {} ∨ (C2 6= {} ∧ ℜ(C1, C2))

ℜ(C1, C2) =df ∀(s, F, D) ∈ C2 \ C1 •

(∃(s1, F1, D1) ∈ C1 \ C2 • s1 = s ∧ F1 ⊇ F ∧ D1 ⊇ D)

Failure-Divergence Semantics for Extended cCSP — 30



Semantic Functions

The semantics of PP can be calculated by the sematnics
functions as (Fc(PP ),Dc(PP ), C(PP ))

The forward failure set function
Fc(PP ) : PP → P(Σ∗Ω × P(ΣΩ))

The forward divergence set function
Dc(PP ) : PP → P(Σ∗Ω),
The compensating behaviour set function
C(PP ) : PP → P(Σ∗

Ω × P(Σ∗Ω × P(ΣΩ)) × P(Σ∗Ω))

Failure-Divergence Semantics for Extended cCSP — 31



Semantics of Compensation Pair

Semantic definition

Fc(P ÷ Q) = F(P )

Dc(P ÷ Q) = D(P )

C(P ÷ Q) = {(s, F c, Dc) | ∃s ∈ tracet(P )•

(s = t 〈̂X〉 ∧ F c = F(Q) ∧ Dc = D(Q))∨

(s ∈ Σ∗
{!,?} ∧ F c = F(SKIP ) ∧ Dc = {})}

Laws, in which DIV V = DIV ÷ P

DIV ÷ P = DIV ÷ Q

DIV V ⊑ PP

Q1 ⊑ Q2 ⇒ P ÷ Q1 ⊑ P ÷ Q2

P1 ⊑ P2 ⇒ P1 ÷ Q ⊑ P2 ÷ Q
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Semantics of Basic Processes

Semantic definition

SKIPP = SKIP ÷ SKIP

THROWW = THROW ÷ SKIP

Y IELDD = Y IELD ÷ SKIP

Laws

Y IELDD ⊑ SKIPP

Failure-Divergence Semantics for Extended cCSP — 33



Examples of Basic Processes

F D C

s F c Dc

SKIPP (〈〉, X /∈ X) 〈X〉 (〈〉, X /∈ X)

(〈X〉, X) (〈X〉, X)

THROWW (〈〉, ! /∈ X) 〈!〉 (〈〉, X /∈ X)

(〈!〉, X) (〈X〉, X)

Y IELDD (〈〉, X /∈ X) 〈X〉 (〈〉, X /∈ X)

(〈〉, ? /∈ X) (〈X〉, X)

(〈X〉, X) 〈?〉 (〈〉, X /∈ X)

(〈?〉, X) (〈X〉, X)

A ÷ B (〈〉, A /∈ X) 〈A, X〉 (〈〉, B /∈ X)

(〈A〉, X /∈ X) (〈B〉, X /∈ X)

(〈A, X〉, X) (〈B, X〉, X)
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Semantics of Transaction Block

D([PP ]) = Dc(PP )∪

{s1 | ∃(s, F c, Dc) ∈ C(PP ) • s = t 〈̂!〉 ∧ s2 ∈ Dc ∧ s1 = t ŝ2}

F([PP ]) = {(s, X) | s ∈ Σ∗ ∧ (s, X ∪ {!}) ∈ Fc(PP )}∪

{(s1, X1) | ∃(s, F c, Dc) ∈ C(PP )•

(s ∈ Σ∗
{X,?} ∧ s1 = s ∧ X1 ⊆ ΣΩ)∨

(s = t 〈̂!〉 ∧ (s2, X2) ∈ F c ∧ s1 = t ŝ2 ∧ X1 = X2)}∪

{(s, X) | s ∈ D([PP ])}

Failure-Divergence Semantics for Extended cCSP — 35



Laws of Transaction Block

[SKIP ÷ P ] = SKIP

[THROW ÷ P ] = SKIP

[Y IELD ÷ P ] = Y IELD

[DIV V ] = DIV

[P ÷ Q] = P ⊲ SKIP

PP1 ⊑ PP2 ⇒ [PP1] ⊑ [PP2]

Failure-Divergence Semantics for Extended cCSP — 36



Semantics of Sequential Composition (1)

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

Fc(PP ; QQ) = F(P ; Q)

Dc(PP ; QQ) = D(P ; Q)

C(PP ; QQ) = {(s, F c, Dc) | ∃(s1, F
c
1 , Dc

1) ∈ C(PP ), (s2, F
c
2 , Dc

2) ∈ C(QQ)•

(s1 = t 〈̂X〉 ∧ s = t ŝ2 ∧ F c = F(P2; P1) ∧ Dc = D(P2; P1))∨

(s1 6= t 〈̂X〉 ∧ s = s1 ∧ F c = F c
1 ∧ Dc = Dc

1)

}

where F(P2) = F c
2 ,D(P2) = Dc

2, F(P1) = F c
1 , and D(P1) = Dc

1

Failure-Divergence Semantics for Extended cCSP — 37



Laws of Sequential Composition

SKIPP ; PP = PP

PP ; SKIPP = PP

THROWW ; PP = THROWW

Y IELDD ; Y IELDD = Y IELDD

[P ÷ Q ; THROWW ] = P ; Q

[P1 ÷ Q1 ; P2 ÷ Q2 ; THROWW ] = P1 ; P2 ; Q2 ; Q1
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Semantics of Internal Choice

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

Fc(PP ⊓ QQ) = F(P ⊓ Q)

Dc(PP ⊓ QQ) = D(P ⊓ Q)

C(PP ⊓ QQ) = {(s, F, D) | (s, F, D) ∈ C(PP ) ∪ C(QQ)∧

s ∈ tracet(P ⊓ Q)}

Failure-Divergence Semantics for Extended cCSP — 39



Laws of Internal and External Choice

PP ⊓ PP = PP

PP ⊓ QQ = QQ ⊓ PP

PP ⊓ (QQ ⊓ RR) = (PP ⊓ QQ) ⊓ RR

DIV V ⊓ PP = DIV V

[PP ⊓ QQ] = [PP ] ⊓ [QQ]

PP ⊓ QQ ⊑ PP

PP ; (QQ ⊓ RR) = (PP ; QQ) ⊓ (PP ; RR)

(QQ ⊓ RR) ; PP = (QQ ; PP ) ⊓ (RR ; PP )

PP�PP = PP

PP�QQ = QQ�PP

[PP�QQ] = [PP ]�[QQ]

PP�(QQ�RR) = (PP�QQ)�RR
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Laws of Parallel Composition

PP ‖
X

QQ = QQ ‖
X

PP

PP ‖
X

(QQ ‖
X

RR) = (PP ‖
X

QQ) ‖
X

RR)

PP ‖
X

(QQ ⊓ RR) = (PP ‖
X

QQ) ⊓ (PP ‖
X

RR)

[(P ÷ P ′ ‖
X

Q ÷ Q′) ; THROWW ] = (P ‖
X

Q); (P ′ ‖
X

Q′)

[(P ÷ P ′ ; Q ÷ Q′) ‖ THROWW ] = P ; Q ; Q′ ; P ′

[(P ÷ P ′ ; Y IELDD ; Q ÷ Q′) ‖ THROWW ] =

(P ; P ′) ⊓ (P ; Q ; Q′ ; P ′)

[(Y IELDD ; P ÷ P ′ ; Y IELDD ; Q ÷ Q′) ‖ THROWW ] =

SKIP ⊓ (P ; P ′) ⊓ (P ; Q ; Q′ ; P ′)

[(Y IELDD ; P ÷ P ′) ‖ (Y IELDD ; Q ÷ Q′) ‖ THROWW ] =

SKIP ⊓ (P ; P ′) ⊓ (Q ; Q′) ⊓ (P ‖ Q); (P ′ ‖ Q′)
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Laws of Hiding and Renaming

(PP \ X) \ Y = (PP \ Y ) \ X

(PP \ X) \ Y = PP \ (X ∪ Y )

(PP ⊓ QQ) \ X = (PP \ X) ⊓ (QQ \ X)

PP \ {} = PP

(PP ⊓ QQ)JRK = PP JRK ⊓ QQJRK

(PP�QQ)JRK = PP JRK�QQJRK

(PP JRK)JR′K = PP JR ◦ R′K
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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) = {s | (s, F, D) ∈ C}

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

Failure-Divergence Semantics for Extended cCSP — 43



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

The law PP1 ⊑ PP2 ⇒ [PP1] ⊑ [PP2] setups a bridge from the
compensating process refinement to the refinement of
standard process

Failure-Divergence Semantics for Extended cCSP — 44



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 and Conclusion
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Related Work (1)

SAGAS: Bruni et al. [BMM05]

StAC: Butler et al. [BF04, BFN05]

cCSP: Butler et al. [BHF04]
Operational semantics [BR05]
Semantics relating [RB06]

Comparision: Bruni et al. [BBF+05]
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Related Work (2)

Lanotte et al. [LMSMT06] develop the communicating
hierarchical timed automata to model the sequential and
parallel compositions in nested LRTs.

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

Qiu et al. [QWPZ05] propose a process language especially
for the LRT model in BPEL

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

We extend the cCSP by distinguishing the external and
internal choices, and introducing more operators

A new semantics model based on the failures and
divergences model of CSP [Ros97]

Refinement relations

Some laws for the extended cCSP

Partialness of the semantic domain under refinement
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Future Work

Speculative choice

It is 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?
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