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Agenda

@ Background and motivation

@ Compensating CSP (cCSP)

@ Non-determinism and deadlock
@ Livelock and refinement

@ Algebraic laws

@ Conclusion and next step
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Long-Running Transactions

@Database

@ Long-lived transactions

@ Small ACID transactions

@ SAGAS

@ 1987, SIGMOD

@Compensation



Compensation




In Database

@ An activity has its
compensation activity

@In case of a failure,
use compensations

aAtomicity and
consistency

Error -> Failure



@ World wide distributed
organizations

@ Coordinate to accomplish
a task

x1v< T e ¢ B VL ‘ e ?:?
'Long Running Transactions|

How to ensure consistency in case of a failure?
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Orchestration Programming
in SOC

aWS-BPEL |o:NINI0.

@ Compensation based fault handling

@ Flexible recovery mechanisms for LRTs

Fault Handlea

t Ensure an acceptive |
i consistency of composite]
Web Services {'

Compensation
Handler

WS-BPEL 2.0, OASIS Standard, 11 April 2007 |

i p—




Orchestration Programming
in SOC

aWS-BPEL [(o:NINI.

@ Compensation based fault handling

@ Flexible recovery mechanisms for LRTs

@Formal languages

® cCSP, StAC, SAGAs Calculi, efc.



Formal Modeling and
Verification

@ Modeling
@ Rigorous semantic foundation
@ Formal semantics for industrial languages
@ Basis for verification
@ Verification
@ Ensure the correctness of LRTs

@ Improve the reliability of LRT designs



Compensating CSP
(cCSP)

i, Michael Butler, C.A.R. Hoare and Carla Ferreira. A Trace Semantics for Long- )

~ |
|; Running Transactions. 25 Years Communicating Sequential Processes, LNCS 3525, |

|
|
i = i — —

e S e p—————— i — — - = — R . ﬁ e
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Compensating CSP (cCSP)

@ Process language

@ CSP extension for modeling LRTs

@ Basic operators

@ Two types of processes

@ Standard & Compensable

@ Terminated trace semantics

11



cCSP Syntax and Example

e

WO s P R | s

pp = |p=P| PP,PP| PPOPP| PP||PP | PPRPP | |

Example [(ai+bi;a2+b2) ; throww]
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cCSP Syntax and Example

L ___ e

WO s P R | s

pp = |p=P| PP,PP| PPOPP| PP||PP | PPRPP | |

Example [(ai+b;;a2¢b2) ; throww]
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cCSP Syntax and Example

L ___ e

WO s P R | s

pp = |p=P| PP,PP| PPOPP| PP||PP | PPRPP | |

Example [(ai+bi;a2¢b2) ; throww]
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cCSP Syntax and Example

L ___ e

WO s P R | s

pp = |p=P| PP,PP| PPOPP| PP||PP | PPRPP | |

—

Example [(ai+bi;a22b2) ; throww]

ol

a az 2
b1 bo
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cCSP Syntax and Example

L ___ e

WO s P R | s

pp = |p=P| PP,PP| PPOPP| PP||PP | PPRPP | |

Example [(ai+bi;a22b2) ; throww]

ol

a a: @bz
b;
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cCSP Syntax and Example

L ___ e

WO s P R | s

pp = |p=P| PP,PP| PPOPP| PP||PP | PPRPP | |

Example [(ai+bi;a22b2) ; throww]

ol

a a: @bz b1
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Terminated Trace Semantics

e e S —

[PP] | skip | |

PP == P=+P|PP;PP|PPOPP|PP|PP|PPRPP ||
skipp | throww | yieldd

e —————

T(a) =def {<a, ~/>}
T(skip) =der 1</>} T(throw) =ger <!>} T(yield) =der {</>,<?>}
T(P;Q) =def 151 ; S2 | $1€T(P), s2€T(Q)}

T(PIIQ) =dgef {s | 3 s1€T(P), s2€T(Q), ses: |l sz}

T(P > Q) =def {51 > 52 | 1€T(P), s2€T(Q)}

-~ e S —— —



Examples

e E— -

p-P | PP; PP | PPOPP | PP|PP | PPRPP | |
skipp | throww | yieldd

I

T(a) = {<a, ~/>}

T(a;b) = $<a, b, />} T(a;throw;b) = {<a, !>}

T(a || b) = §<a, b, ~/>, <b, a, />}

T((a;throw) || b) = $<a, b, !>, <b, a, !>}

T((a;throw) || (yield;b)) = {<a, !>, <b, a, !>, <a, b, !>}
T(a> b) = {<a, ~/>} T((a;throw) l>14b) = {<a, b, >}




Terminated Trace Semantics

L

P .= q|P,P|POP|P|P|P>P|[PP]|skip|
throw | yield

T(P+Q) =der {51552 | S1€T(P), s2€T(Q)}
if 51 =174, s1+52 = (51, S2), else (s1, </>)

T(skipp) =c.r skip + sKip Examples

T(throww) =4.f throw =+ Skip T(a<b) = {(<a,~/>, <b,/>)}

T(yieldd) =¢er Yield + skip $ T((a;throw)=b) = {(<a,!>, </>)}



Terminated Trace Semantics

P = | PP |PEP|P|P|P>P|[PP]|skip|
throw | yield

w Sklpp | throww i) ywldd |

T(ai+bi;a22by) = {(<011,602,«/>, <b2,b1,«/>)}



Terminated Trace Semantics

L

P .= q|P,P|POP|P|P|P>P|[PP]|skip|
throw | yield

PP s

-~ e S —— —

T([PP])=deris1"s2 | (517,52)eT(PP)jU{s1" | (s1”/,52)eT(PP);
Examples

T(a+b) = {(<a, ~/>, <b, A/>)} T([a+b]) = {<a, ~/>}
T(a+b;throww)=1{(<a, !><b, «/37)} T([a+b;throww])={<a, b, ~/>}



Semantics Example

E— e e

P =reay P s TSP > e A S KDY
throw | yield

PP u:= P=P|PP;PP|PPOPP|PP|PP|PPXPP| |
skipp | throww | yieldd

o s — —

Example [(ai+bi;a22b2) ; throww]

ol

a a: @bz b1

Trace Semantics: {<al,a2,192,b1,J>}



Theoretical Issues of

PP

cCSP

— Pr— p—

a|P;P|PUOP | P|P| P>P||PP]|skip |
throw | yield

P-P | PP;PP| PPOPP | PP|PP | PPRPP | |
skipp | throww | yieldd

— e

@ Concurrent systems

® Non-determinism & Deadlock & Livelock

@ Reason

@ Trace semantics, no synchronization, no recursion

® Refinement

19



Non-determinism and
Deadlock

i, Zhenbang Chen and Zhiming Liu. An Extended cCSP with Stable Failures 1
' Semantics. 7th International Colloquium on Theoretical Aspects of Computing ‘I

.ﬁ
(ICTAC’10), LNCS 6255, 2010.

20



Non-determinism &
Deadlock

@ Extend the syntax of cCSP
@ Internal and external choices

@ Synchronization, hiding and renaming




Non-determinism &
Deadlock

@ Extend the syntax of cCSP

@ Internal and external choices

@ Synchronization, hiding and renaming
@ A stable failures semantics

@ Use refusals to model deadlocks

22



Basic Idea of a
Failure-based Semantics

A failure (s X)

o+ R N T onts that the
rocessicantexecite process refuses to perform after
—_— v, executing s

ads'b.

| refuse to execute any | | refuse fo execute

| refuse to execute ! refuse to execute |
even’r excep’r a ; any even’r excep’r b { any even’r excep’r J ey even’r ﬁnally

IL : i,




Semantic Models

@ Standard processes

[P] = (T |=)

Compensation Sef,

Forward |
C(PP) (s T, F) ?Tw

Failure set, FC(PP) |




Semantics (1)

PP]PI‘lP]P P|PH P|P\X|P[R]| P> P|[PP]]|]|

PP

P P|PPPP\PP|‘|PP|PP PP| PP || PP|PP\ X |
b'e
PP[[R]] | skipp | throww ] yleldd

— E—

Ts(a) §<>, <a>, <a,/>}

Fs(a)=5(<>,X) | agX} U {(<a>, X) | 42X} U {(<a,~/>, X)}
where Xc3uU§!,?2,./}

Ts(stop)={<>}

Fs(stop)=1(<>X) | XUl 2, 4/}




Semantics (2) - Internal
and External Chmces

PP

~ wpw [FRrLEr] - | PIP\X|PIR]| P> P|[PP]]]

skip | stop | Ahixeiiy | yleld

.— P-P|PP.PP|PPMNPP|PPOPP|PP| PP|PP\X|
b'e
PP[[R]] | skipp | throww ] yleldd

26



Semantics (2) - Internal
and Ex’rernal Chmces

P u= a|P/P |P|‘|P y P PP | P|P\X|P[R]| Pt P|[PP]| |

skip | stop | throw \ yleld

PP .= P-P|PP,PP|PPNPP|PPOPP|PP| PP|PP\X|
b'e
PP|R] | skipp | throww | yieldd

T(PMQ) =Ts(P) U T5s(Q) Ts(PEQ) = Ts(P) U Ts(Q)
Fs(PMQ) = Fs(P) U Fs(Q)
FS(POQ) = {(<>, X) | (<>, X) € Fs(P)nFs(Q)} ...

27



Semantics (2) - Internal
and Ex’rernal Chmces

P e T |P|‘|P]P P{P o # s Lkl hite LR |

skip | stop | throw \ yleld

PP .= P-P|PP,PP|PPNPP|PPOPP|PP| PP|PP\X|
b'e
PP|R] | skipp | throww | yieldd

> ={a, b}
Fs(aMb)={(<>,X) | XC{b,1,2,/}} U $(<>,X) | Xc{a,,2?,~/}} ..
Fs(aOb)={(<>,X) | Xc{,2,-/}}...

Ts(aOb)={<>, <a>, <a,~/>, <b>, <b,r/>} = Ts(allb)

28



Semantics (3) -
Synchronizaﬁ__gg

P u= a|PP|POP|POPIP || PIP\X|PIR]| P> P|[PP] ||
i % ‘

| skip | stop | throw |

PP = P=P|PP;PP|PPNPP|PP

1. Parallel composition with synchronization on X can refuse an event out

. of X if both sub processes can refuse it

2. Parallel composition with synchronization on X can refuse an event in X |
if any sub process can refuse it ;

——

29



Semantics (3) -
Synchronlzahon

| skip | stop | throw | }’Ie”:wa’w”

PP u:= P=P|PP;PP|PPMPP|PP

PP[[R]] | skipp | throww ] yleldd

P u= a|PP|POP|P P|jP HPP\X]P[[R]HPDP\[PPH

PP | PP || PP| PP\ X |
X

FS(P”Q) — {(S X1UX2) | = (51, X1) = FS(P) (Sz, Xz) = FS(Q)
X1\ (XUW) = X2 \ (XUW) A's € s II o

where W = {1,2,./}

30



Semantics (3) -
I-Iow to have a deadlock

iy PR PI?P H Plp\x|PIAL P Pl IPP |
{ l
skip | stop | throw | .

PP .= P-P|PP.PP|PPNPP|PPOPP|PP| PP|PP\X|
b'e
PP[[R]] | skipp | throww ] yleldd

.t No synchromza’rlon % nodedlock )
Fs(a) U {(<a>, X) | 42X} U {(<a,~/>, X)}
Fs(b) f X) | beXHu {(<b>, X) | /&X} U {(<b>, X)}
Fs(q{ I }b) s {(<>X) | XCia,b,!,2,+/13, i.e. Fs(stop)




Semantics (4)

e —

P .= a|PP|POP|POP|P| P|P\X|P[R]|P>P|[PP]]|]|
X |

skip | stop | throw | yield

pp == |P+Pl PP,PP| PPN PP|PPOPP|PP| PP|PP\X
Il

]] | skipp | throww | yieldd

_ ————— T —— e — _ e . . _ I [ —

[asb] = (Ts(a), Fs(a), { (<a,+/>, Ts(b), Fs(b)) })
C((ar(a;throw))<b) = § (<a,~/>, Ts(b), Fs(b)),

(<a.ts, To(skip), F(skip)) }
[[a+b]] = (Ts(a), Fs(a)) -




PP

Semantic (5)

— — L

o|P;P|POP|POP|P| P|P\X|P[R]| P> P|[PP]]|]
X

skip | stop | throw | yield

P+P | PP;PP \PP.I‘I"PP|PP' ' ;J

[PPMQQ] =ger (T1UT2, F1UF2, C1UC,)
I[PPDQQ]] =def (;s(pPFDQQF) ES(PPFDQQF) C1UC>)




Semantics (5) - Example

P u= a|PP|PRNP|POP|P| P|P\X|P[R]|P>P|[PP]|]
s
| skip | stop | throw | yield

PP = P:P|PP,PP \PPHPP|PP' ' ;J

Example [(ai+binaz+b?) ; hroww]

(a1;b1)n(az;b2)

34



Semantics (6)

| P et S S e i e

| skip | stop | throw | yield

PP .= P=-P|{PP,PPY PPN PP|PPOPP|PP | PP|PP\X|
PP|R] | skipp | throww | yieldd

p|Pl|<P|P\X|P[[R]]|P>P\[PP]\

— = e —

I[pP;QQ]] =def (TS(pPF;QQF)I FS(pPF;QQF)I C)

C =def {(s, T, F) | 3 (s1, PPc) € C(PP), (s2, QQ) € C(QQ),
(S1=1‘A«/ A S=1'A52 A T=TS(QQC / Ppc) A F=F5(QQC ‘ PPC))V
(51¢1'Ao\/ N\ S=Si AN T=Ts(ppc) AN F=Fs(ppc))}

35



Semantics

(6) - Example

| P e S e S s

| skip | stop | throw | yield

PP .= P-P|{PP.PPY PPN PP|PPOPP|PP | PP|PP\X|
PP|R] | skipp | throww | yieldd

P|Pl\<P|p\X1P[[R]]|P>P\[PP]\

_— - - T —

Example [(ai+bi;a22b2) ; throww]

ol

a a2z 3 bz by a1 ;az;bz; b

36



Semantics (6) - Example

T e E——— — L

P u= a|PP|PRNP|POP|P| P|P\X|P[R]|P>P|[PP]|]
s
| skip | stop | throw | yield

pp DD |P-PP\ PP PP | PP

Example [(ai+bi;a2¢b2) ; throww]

v

a a2z 3 bz by a1 ;az;bz; b

[a1£bi;a2¢b2] = (Ts(ai;az2), Fs(al}02)3,6 {(<a1,az,/>, Ts(b2;b1), Fs(b2;b1))})



Semantics (7)

P it = e S e

skip | stop | throw | yield

PP = P=P|PP;PP|PPNPP|PP

P|Pl\<P|p\X1P[[R]]|P>P\[PP]\

|[PPL|QQ]I =def (TS(PPFQQQF), FS(PPFQQQF), C)

C —def {(S, T, F) I = (Slz PPC) = C(pp)l (521 QQC) = C(QQ),
SHE (S1|>|<Sz) A = Ts(PpcﬂQQc) A Fas Fs(ppcﬂQQc)}

37



Semantics

(7) - Example

| P e S e S s

| skip | stop | throw | yield

PP .= P-P|PP,PP|PPMNPP|PP
PP|R] | skipp | throww | yieldd

P|Pl\<P|p\X1P[[R]]|P>P\[PP]\

— —— — - —— = e




Semantics (7) - Example

P .= q|PP|POP|POP|P|P|P\X|P[R]|P>P|[PP]]|]
X
| skip | stop | throw | yield

PP = P=-P|PP;PP|PPNPP|PP

Example




Summary Until Now

@ An extension to cCSP
@ Non-determinism
@ Synchronized parallel composition
@ A new semantic model for the extended cCSP
@ Non-determinism and deadlock modeling

i, Zhenbang Chen and Zhiming Liu. An Extended cCSP with Stable Failure

‘; Semantics. 7th International Colloquium on Theoretical Aspects of Computing




Livelock and Refinement

| Zhengbang Chen, Zhiming Liu and Ji Wang. Failure-Divergence Refinement of

' Compensating Communicating Processes. 17th International Symposium on |

Formal Methods (FM'11), LNCS 6664, 2011. ‘
|

|

| Zhengbang Chen, Zhiming Liu and Ji Wang. Failure-Divergence Semantics and J\
|
'Refinement of Long Running Transactions. Theoretical Computer Science 1[

(TCS), 2012 |

= — = —




Livelock & Refinement

®@No recursion

@ Cannot model divergence, i.e. livelock

® Hard for a denotational semantics

@ Refinement is hard to define w.r.t.
the stable failures model

@ Design by refinement for LRTs

42



Livelock & Refinement

@ Extend language

g

@ Recursive processes

@ Speculative choice

a| P;iP| PNP|POP|P | P|P\X|P[R]| Pt P|[PP]|

skip | stop | throw | yield | ( )

PP | PP EP I P S s H PP |PP E PP]:
PP\ X | PP|R] | skipp | throww | yleldd 2 FF(pp)

43




Livelock & Refinement

@ Extend language
@ Recursive processes
@ Speculative choice
@ A failure-divergence semantics
@ Support recursion interpretation
@ Use recursions to model livelocks

@ Refinement definition



Basic Idea of a
Failure-Divergence Semantics

A failure is (s, X)

¢ 7}" \ \\ P ———

One trace s that a
process can execute

process refuses to perform after
W, executing s

s

A divergence is a trace s

— e

1. The process enters a chaos state affer executing s

2. The process is totally unpredictable, i.e. it can perform or
‘refuse any event

3. Use DIV to denote the process that diverges immediately

N L SR § , ) ey LY




Basic Idea of a
Failure-Divergence Semantics

@ A divergence is suffix closed

‘&‘SED(p)ﬂZ =>S 'I'ED(p)

@ A divergent process can refuse any event

SeD(P) => (s, X)eF(P), where XC3Uf1, 2,4}

@ A terminated divergence must be generated by
a non-terminated divergence

- ,_h

12,4/}

s*weD(P) => seD(P), where wcil,

46



Standard Processes

® Semantic model

I[P]I = (F D)

blvergence se1L D(P)

@ Examples for divergence sefts

D(a) = {}
D(DIV) contains <>, i.e. D(DIV) contains any traces

@ Refinement of standard processes
P1 C P2 =4ef B EfF, A Do

47



PP

How to have a livelock

e P—P|PPPP|PPI‘IPP|PPEIPP|PP H PP | PPX PP | ,

PP\ X | PP|R] | skipp | throww | yleldd | u pp. F'F(pp)

(1 p. (@ ; p)) executes a infinitely
(up.(a;p)\ {a} is equal to DIV



Semantic Models

@ Standard processes

[P] = (F D)

@ Compensable processes
PP o= PP B ras Pl PSS PP P P P | PP X PP |
b'e
PP\ X | PP|R] | skipp | throww | yieldd | u pp.F'F(pp)

[PP] = 222

49



Ways to Go

Build a new model

Based on an existing one

3&“

’SS’rable Failurdl




Problems
@We failed on the first way

@ Compensable processes et

z Complete lattice or CPO? %

!

g Refinement order?.__ i




Working Process and

Final Result
@ Search and tradeoff

@ Semantic model and algebraic laws

@ Refinement and fixed-point theory

o w—— —d

52



Order and Properfies

e

(o D, P DOCF, Doy Foo, D) |

e ————

e —— e

@ The order is easy to understand

@ The domain is a CPO w.r.t. the order

@ The order is natural for refinement

53



Semantic Models

@ Standard processes

[P] = (F D)

@ Compensable processes

|[PP]] = (F/ D/ FCI DC)

| Forward Failure |
| sef, Ff(pp) ,

| Forward
| Dlvergence sef, DF(PP)

54




Semantic Models

@ Standard processes

[P] = (F D)

@ Compensable processes

[PP] = (F, D, FS, D°)

Compensation |
Failure set, F¢(PP) |

\
\\ : o

Compensation |
Divergence set, D(PP)




Semantics (1)

P = ta i Poel P 3 N PSP S S AR S S| F 8P | PP |
X |
| skip | stop | throw | yield | u p.F'(p)

i o e
,'
PP it ¥ -
GXT G .
," i

[a+b] = (F(a), {}, {<a,~/>}xF(b), {})

F((an(a; throw))+b) = 1<a,~/>}XF(b) U 1<a,!>}XF(skip)

56



Semantics (2)

P a=Sa S P AP P S TS PASE 8l P A XSS | FlSer W PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP

|
.‘d

Least fixed- pom’r seman’rlcs

[ wpp. FF(pp)] = LIFFY(DIV-DIV) | neN}

57



Semantics (2) - Example

P == a|PP|PNP|POP|P| P|P\X|P[R]|P>P|[PP]| |
X
| skip | stop | throw | yield | u p.F'(p)

PP S = P|PPPP|PPHPP|PPDPP|PP H PP|PP&PP| ,

Examp e PR fhroww]
a a a a a

b bbbb




Semantics (3)

T e E——— — L

P = ta i Poel P 3 N PSP S S AR S S| F 8P | PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP = P=P|PP;PP|PPNPP|PPOPP | PP |y PP |PP®PP| ‘

— ks

Examples  [(ai+biX(a2+b2;throww)); throww]

59 (al ” 02) / bz 2 b1



Semantics (3)

P = ta i Poel P 3 N PSP S S AR S S| F 8P | PP
b'e
| skip | stop | throw | yield | u p.F'(p)

PP 3 e

—

Examples




Semantics (3)

S — _ — m—— — = - -

P = qa|PP|PNP|POP|P| P|P\X|P[R]|P>P|[PP]] |
b'e
| skip | stop | throw | yield | u p.F'(p)

PP = P=-P|PP,PP|PPMNPP|PPOPP | PP | PP |PP®PP|

— ks

Examples
[((a1+b1; throww)(a2+b2; throww)) || (az+bs)]

61



Semantics (3)

T e E——— — L

P = ta i Poel P 3 N PSP S S AR S S| F 8P | PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP = P=P|PP;PP|PPNPP|PPOPP | PP |y PP |PP®PP| ‘

Examplse; % ;
[((a1+b;; throww)X(a2+b2; throww)) || (az+bs)]

M

IL




Semantics (3)

T e E——— — L

P a=Sa S P AP P S TS PASE 8l P A XSS | FlSer W PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP = P=-P|PP,PP|PPMNPP|PPOPP | PP | PP |PP®PP| ‘

Examples
[((a1+b;; throww)X(a2+b2; throww)) || (az+bs)]




Semantics (3)

T e E——— — L

P a=Sa S P AP P S TS PASE 8l P A XSS | FlSer W PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP = P=-P|PP,PP|PPMNPP|PPOPP | PP | PP |PP®PP| ‘

Examples
[((a1+b;; throww)X(a2+b2; throww)) || (az+bs)]




Semantics (3)

S— — _ — — B e — — =

P = qa|PP|PNP|POP|P| P|P\X|P[R]|P>P|[PP]] |
b'e
| skip | stop | throw | yield | u p.F'(p)

PP = P=-P|PP,PP|PPMNPP|PPOPP | PP | PP |PP®PP|

Examplse; % 4
[((a1+b;; throww)X(a2+b2; throww)) || (az+bs)]




Semantics (3)

T e E——— — L

P a=Sa S P AP P S TS PASE 8l P A XSS | FlSer W PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP = P=-P|PP,PP|PPMNPP|PPOPP | PP | PP |PP®PP|

Examplse; % ;
[((a1+b;; throww)X(a2+b2; throww)) || (az+bs)]

61



Semantics (3)

T e E——— — L

P a=Sa S P AP P S TS PASE 8l P A XSS | FlSer W PP |
X |
| skip | stop | throw | yield | u p.F'(p)

PP = P=-P|PP,PP|PPMNPP|PPOPP | PP | PP |PP®PP|

Examplse; % ;
[((a1+b;; throww)X(a2+b2; throww)) || (az+bs)]

o (aillazllas);(billballbs)



Livelock & Refinement

@ All basic concurrent features

@ Divergence for livelock

® A failure-divergence semantics

@ Fixed-point theory

® Refinement w.r.t the semantics

® Non-determinism

me e —————— — E— ~v_,‘u
' Zhengbang Chen, Zhiming Liu and Ji Wang. Failure-Divergence Semantics and
' |
| Refinement of Long Running Transactions. Theoretical Computer Science
| (TCS), 2012




Algebraic Laws

W e o S T . R T TR e 4 PG o = I
' Zhengbang Chen, Zhiming Liu and Ji Wang. Failure-Divergence Semantics a
'Refinement of Long Running Transactions. Theoretical Computer Science }
L(TCS), 2012
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Algebraic Laws of Standard
Processes



Some Still Valid CSP laws

@ Idempotence @ Units and zeros




Exception Handling

oUnitsBnd zerpSiie o 0
a{ ) | "'hrOW . D - fhrOW

vield > P = Yleld

| S’mp > P = stop

1

 Po@R) = (PQAPHR)
. (PnQ) >R = (P> R)n(Q > R) i
l 4 PD(QDR) (PDQ)DR ”

e ————— AP H e




Parallel Composition

@ Unit and zeros
throw I)! skip = throw

throw I)I< vield = throw
P || skip =P

@If P does not terminate with a vield

terminal event

throw || P = P ; throw
throw || (yield ; P) = throw

(P ; throw)



Algebraic Laws of
Compensable Processes



Basic Algebraic Laws

@Unn‘s and Zeros

Sklpp PP I
PP ; skipp = PP {
‘ throww ; PP = throww 1‘

-,—_.'_'“F_____

@Dls’rrlbu’rlon

[PPnQQ] = [PPIN[QQ] |
P+(QnR) = (P=Q)n(P=R) |
t (P Q)X (P\X) (Q\X) i

L—G-‘ — e e — ———ee  — —m— e ——— —  —— — —




Refinement Laws

_ [PP2]
o Red uc’rlon

Ql_Q2-> o Ql _cP Qz *‘
PLEP2 => Pi2Q Cc P2:Q *

e ——————— e e e - ——— —— — — _— o — —




Compensation Laws (1)

@If P; and P2 do not result in an

exception
[P1=Q; ; throww] = P; ; Qi
[P1=Q; ; P22Q2; throww] = P ; P> ; Q2 ; Qi

" The laws are ﬁq
valid when Py is YIELD

|
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Compensation Laws (2)

@ If all the standard processes
terminate successfully and do not
diverge

[(P+Q)llthroww] = P ; Q
Pi+Q |l P2=Q2=Pi || P2 + Q1 ]l Q2
X X X

[(Pi+QiRP2+Q2) ; throww] =
(PillP2) ; ((Q1; Q2)(Q2 ; Q)
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Interruption Laws

@ If all the standard processes do not
diverge and terminate successfully

[(yieldd;P1+Q;Yieldd;P.+Q2)lIthroww] =
skip 1 (P1; Qi) n (P1: P2; Qz; Qu)

[(vieldd;P1+Q))lI(yieldd;P.+Q.)lIthroww] =

SK'P”(PI ; Q)N(P2 ; Q2)n((P: 1IP2); (Ql ||Q2))

1 yleldd mus’r be used Jro

|

N specify inferruption places |
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Conclusion & Ongoing Work

@ A semantic theory for LRTs

® Non-determinism, deadlock and livelock
@ Design by refinement

@ Reasoning LRTs by algebraic laws
@ Ongoing work

® PAT based model checker for extended cCSP

@ Application of the theory, e.g., BPMN
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