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Motivation

Deficiency
Current software engineering technologies for SOC
@ remain at a linguistic level

@ do not support analytical tools for checking that SOC applications
enjoy desirable correctness properties




Motivation

Deficiency
Current software engineering technologies for SOC
@ remain at a linguistic level

@ do not support analytical tools for checking that SOC applications
enjoy desirable correctness properties

Goal

Develop formal reasoning mechanisms and analytical tools for
checking that services (possibly resulting from a composition) meet
desirable properties and do not manifest unexpected behaviors
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Approach

Goal

Developing formal reasoning mechanisms and analytical tools for
checking that the services resulting from a composition meet desirable
correctness properties and do not manifest unexpected behaviors

Approach: rely on Process Calculi

@ Convey in a distilled form the paradigm at the heart of SOC (being
defined algebraically, they are inherently compositional)

@ Provide linguistic formalisms for description of service-based
applications and their composition

@ Hand down a large set of reasoning mechanisms and analytical
tools, e.g. typing systems and model checkers

Motivations 3



Process Calculi for SOC

@ To model service composition, many process calculi-like
formalisms have been designed

@ Most of them only consider a few specific features separately,
possibly by embedding ‘ad hoc’ constructs within some
well-studied process calculus
(e.g., the variants of CSP/xr-calculus with transactions)

@ One major goal is assessing the adequacy of diverse sets of
primitives w.r.t. modelling, combining and analysing
service-oriented systems

Motivations



Process Calculi for SOC: an overview

Process calculi for SOC can be classified according to the
approach used for maintaining the link between caller and callee

» Sessions: the link is determined by a private channel that is
implicitly created when the first message exchange of a
conversation takes place

» Correlations: the link is determined by correlation values included
in the exchanged messages

» No link: some works do not take into account this aspect
e.g. webm, webm,,, CSP/m-calculus + transactions, ...
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Process Calculi for SOC: an overview

Process calculi for SOC can be classified according to the
approach to maintain the link between caller and callee

» Sessions: the link is determined by a private channel that is
implicitly created when the first message exchange of a
conversation takes place

* dyadic: they can be further grouped according to the inter-session
communication mechanism
- CASPIS: dataflow communication
- SSCC: stream-based communication
- m-calculus + sessions (in many works): session delegation
* multiparty:
- Conversation Calculus, use,
m-calculus + (asynchronous/synchronous) multiparty sessions



Process Calculi for SOC: an overview

Process calculi for SOC can be classified according to the
approach to maintain the link between caller and callee

>

» Correlations: the link is determined by correlation values included
in the exchanged messages
* stateful: every service instance has an explicit state
- WS-CALCULUS
- SOCK
* stateless: state is not explicitly modelled
-COWS



Process Calculi for SOC: an overview

Process calculi for SOC can be classified according to the
approach to maintain the link between caller and callee

>

» Correlations: the link is determined by correlation values included
in the exchanged messages
*

* stateless: state is not explicitly modelled
-COWS

COWS [ESOP’07]

A process calculus for specifying and combining service-oriented
applications, while modelling their dynamic behaviour

Motivations



An introduction to COWS

A gentle introduction to COWS



COWS: a Calculus for Orchestration of Web Services

@ Inspired by
» the OASIS 19 standard WS-BPEL for WS orchestration

A gentle introduction to COWS COWSs



COWS: a Calculus for Orchestration of Web Services

Process
calculi

@ Inspired by

» the OASIS 9 standard WS-BPEL for WS orchestration
» previous work on process calculi

@ Indeed, COWS intends to be a foundational model not specifically
tight to Web services’ current technologies

A gentle introduction to COWS COows 8



COWS: a Calculus for Orchestration of Web Services

@ Inspired by

» the OASIS 9 standard WS-BPEL for WS orchestration
» previous work on process calculi

Process
calculi

@ Indeed, COWS intends to be a foundational model not specifically
tight to Web services’ current technologies

@ COWS combines in an original way a number of constructs and
features borrowed from well-known process calculi

A gentle introduction to COWS COows 8



The notion of service in COWS

A gentle introduction to COWS
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The notion of service in COWS
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The notion of service in COWS

@ ¢ P3

invoked

ded COWS l(partner) services
provided  gpecification |
operations P invoked

operations

A gentle introduction to COWS COows



COWS in three steps

Communication activities
Invoke Receive

Control flow activities
Parallel composition Choice
Replication Delimitation
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1wCOWS (micro COWS)

Communication activities
Invoke Receive
Control flow activities

Parallel composition Choice
Replication Delimitation

Priority in the parallel composition

A gentle introduction to COWS COWS



COWS in three steps

#COWS (micro COWS)

Communication activities
Invoke - Receive

Control flow activities
Parallel composition - Choice
Replication - Delimitation

e N )

- Kill activity - Protection

A gentle introduction to COWS COWS



COWS in three steps
COWS (Calculus for Orchestration of Web Services)

1wCOWS (micro COWS)

Communication activities
Invoke - Receive

Control flow activities
Parallel composition - Choice
Replication - Delimitation

B —

- Kill activity - Protection

A gentle introduction to COWS COWS




Syntax of ufCOWS"

S:i= (services) (notations)
u-u'le (invoke) e: expressions
| Z,’ 09i-Si  (receive-guarded choice) X: variables
| s|s (parallel composition) v: values
| [U] S (de'lmltatlon) n, p, 0: names
| = (replication) u: variables |names
gi= (guards) w: variables |values
psO?wW (receive) >

wCOWS"™ vs. m-calculus, fusion, Value-passing CCS, D, ...

asynchronous and polyadic communication
input — guarded choice

polyadic synchronization

localised channels

m-calculus

global scoping (and non — binding input)  } fusion

e distinction between variables and values } vp CCS, App. m-calculus, D

e pattern — matching } Klaim

A gentle introduction to COWS Syntax of uCOWS™
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Syntax of ufCOWS"

S:i= (services) (notations)
u-u'le (invoke) e: expressions
| S 09i-Si  (receive-guarded choice) X: variables
| s|s (parallel composition) v: values
| [U] S (de'lmltathn) n, p, 0: names
| = (replication) u: variables |names
gi= (guards) w: variables |values
peo?W (receive) >
Notations

@ The exact syntax of expressions is deliberately omitted

@ ~ denotes tuples of objects, e.g. w is a tuple of variables and/or values

A gentle introduction to COWS Syntax of uCOWS™ 1



Syntax of ufCOWS"

S = (services) (notations)
usu'le (invoke) €: expressions
| Z, 09i-Si  (receive-guarded choice) X: variables
| s|s (parallel composition) v: values
| [u] s (delimitation) n, p, 0: names
| * (replication) u: variables |names
g:i= (guards) w: variables |values
psO?wW (receive) v

Communication activities

@ Services are provided and invoked through communication endpoints,
written as p-o (i.e. ‘partner name’ plus ‘operation name’)

@ Receive activities bind neither names nor variables
@ Communication is regulated by pattern-matching

@ Partner names and operation names can be exchanged when
communicating (only the ‘send capability’ is passed over)

@ Communication is asynchronous

A gentle introduction to COWS Syntax of uCOWS™ 11



Syntax of ufCOWS"

S:i= (services) (notations)
usu'le (invoke) ¢: expressions
| Z, 09i-Si  (receive-guarded choice) X: variables
| s|s (parallel composition) v: values
| [U] S (delimitation) n, p, 0: names
| * (replication) u: variables|names
g = (quards) w: variables |values
pe.0?w (receive) >
Choice

@ + abbreviates binary choice, while empty choice will be denoted by 0

A gentle introduction to COWS Syntax of uCOWS™ 1



Syntax of ufCOWS"

S:i= (services) (notations)
u-u'le (invoke) e: expressions
| S 09i-Si  (receive-guarded choice) X: variables
| s|s (parallel composition) v: values
| [U] S (de'lmltathn) n, p, 0: names
| = (replication) u: variables |names
gi= (guards) w: variables |values
peo?W (receive) >

Parallel composition

@ Permits interleaving executions of activities

A gentle introduction to COWS Syntax of uCOWS™ 1



Syntax of ufCOWS"

S:i= (services) (notations)
u-u'le (invoke) e: expressions
| S 09i-Si  (receive-guarded choice) x: variables
| s|s (parallel composition) v: values
| [U] S (de'lmltatlon) n, p, 0: names
| = (replication) u: variables |names
gi= (guards) w: variables |values
psO?wW (receive) >
Delimitation

@ Only one binding construct: [u] s binds u in the scope s

» free/bound names and variables and closed terms defined
accordingly

@ Delimitation is used to:
@ regulate the range of application of substitutions

@ generate fresh names

A gentle introduction to COWS Syntax of uCOWS™ 1



Syntax of ufCOWS"

S:i= (services) (notations)
u-u'le (invoke) e: expressions
| S 09i-Si  (receive-guarded choice) X: variables
| s|s (parallel composition) v: values
| [U] S (de'lmltathn) n, p, 0: names
| = (replication) u: variables |names
gi= (guards) w: variables |values
peo?W (receive) >
Replication

@ Permits implementing persistent services and recursive behaviours

A gentle introduction to COWS Syntax of uCOWS™ 1



nwGCOWS™ operational semantics
Labelled transition relation —
Label « is generated by the following grammar:

a = ndV | n>WwW | o

where o is a substitution
i.e. a function from variables to values (written as collections of pairs x+— v)
and n denotes endpoints (i.e. p+0)

A gentle introduction to COWS Operational semantics of uCOWS™ 12



nwGCOWS™ operational semantics

Labelled transition relation —~
Label « is generated by the following grammar:

a = n<dV | n>bW | o

where o is a substitution

i.e. a function from variables to values (written as collections of pairs x+— v)
and n denotes endpoints (i.e. p+0)

Structural congruence =
Standard laws for }_, | and *, plus:
eujo=0
° [ur][e] s = [we] [tn] s
o si|[ulsz = [u](si | s2) if ugfu(sy)
fu(s) denotes the set of elements occurring free in s

A gentle introduction to COWS Operational semantics of uCOWS™ 12
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wCOWS™: Invoke/receive activities & Choice

Invoke activities
@ Can proceed only if the expressions in the argument can be evaluated

@ Evaluation function [_]: takes closed expressions and returns values
[€]=v

_ n4avVv
nle ——0

Choice (among receive activities)
@ Offers an alternative choice of endpoints

@ ltis not a binder for names and variables (delimitation is used to delimit
their scope)

2521 n;?’w;.s; njD—Wj> Sj (1 Sj < r)

A gentle introduction to COWS Operational semantics of uCOWS™ 13



pwCOWS™: Parallel composition

@ Communication takes place when two parallel services perform
matching receive and invoke activities

> w v o =
St —2ss) s —Yss,  M(w,V)=0c

s1|s2 28| sh

A gentle introduction to COWS Operational semantics of uCOWS™

14




pwCOWS™: Parallel composition

@ Communication takes place when two parallel services perform
matching receive and invoke activities

> w v _
S —"—8 s—-—"ss, MW V)=0c

s1|s2 28| sh

Matching function

M(v,v) =10 M(wy,vy) =01 M(Wo, o) =02

M(x,v)={x— v}
MO, () =10 M((wy, W2), (v, 2)) = 01 W o2

v

A gentle introduction to COWS Operational semantics of uCOWS™
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pwCOWS™: Parallel composition

@ Communication takes place when two parallel services perform
matching receive and invoke activities

> w v o =
S —"=8 s —Tss, MW V)=0c

s1|s2 28| sh

@ Execution of parallel services is interleaved

o /
S1 —>S1

S1|32a—>34|32

A gentle introduction to COWS Operational semantics of uCOWS™

14




1wCOWS™: Delimitation

@ [u] s behaves like s, except when the transition label « contains u

@ When the whole scope of a variable x is determined, and a
communication involving x within that scope is taking place the
delimitation is removed and the substitution for x is performed

s——5§ u¢u(a) g et
[u] s = [u] &/ [X]s 2= & -{x— v}

Substitutions (ranged over by o):
@ functions from variables to values (written as collections of pairs x +— v)

@ 01 Woo denotes the union of o4 and o2 when they have disjoint domains

u(a) avoids capturing endpoints of actual communications,
it denotes the set of elements occurring in «,

A gentle introduction to COWS Operational semantics of uCOWS™ 15



nwGCOWS™ operational semantics

Labelled transition rules

[=v 1<j<r

n<Vv r — nj >W;

nle —— 0 Y oieq DiTW.8 ——— S
s 2%, g s, MW, V)=0 Sy — 8
o / / o /

S1|Sg—>S1|32 S1|32—>S1|SQ

il Lindd SIPY s25s u¢u(a) =2

x]s 2= & {x — v} [u] s 2= [u] &' s %, g

A gentle introduction to COWS Operational semantics of uCOWS™ 16



uwCOWS™: simple bank service example

XesXees bank service
Xamount

charge |bank|

- “Iok”/ “fail” @

[Xc, Xces Xamount]
bank s charge? (X, Xcc, Xamount)-

Xc * resp!(chk(Xcc, Xamount))

A gentle introduction to COWS Operational semantics of uCOWS™ 17



uwCOWS™: simple bank service example

/ﬁC, 1234, X Xee bank service

100€
client |charge Xamount [ charge [bank|
service
X “ T
~|  [clresp/le+—— N K"/ “fail Q_esp
bank‘ Charge' <C7 1234, 1 00€> [Xc, XC07 Xamount]
| [X] (ceresp?(x).s | &) bank.charge?(Xc, Xcc, Xamount) -

Xc * resp!(chk(Xcc, Xamount))

A gentle introduction to COWS Operational semantics of uCOWS™ 17



uwCOWS™: simple bank service example

/ \C,1234,

client (charge
service

bank service

-]  [clresp

charge |bank|

XesXces
100€ Xamount
<X

bank.charge!(c, 1234, 100€)

| [X] (ceresp?(x).s

)

- QOK'/*fail”

[Xc, Xec, X

resp

amount]

| bankecharge?(Xe, Xcc, Xamount)-

Xc * resp!

(chk(Xcc, Xamount))

A gentle introduction to COWS

Operational semantics of uCOWS™ 17



uwCOWS™: simple bank service example

O

client
service

| clresp

[X] (ceresp?(x).s | §')

/~ bank service

- “Iok”/ “fail” @

ceresp!(chk(1234,100€))

A gentle introduction to COWS

Operational semantics of uCOWS™

17



uwCOWS™: simple bank service example

O

client
service

/~ bank service

~| | clrespl<

[X] (ceresp?(x).s | §')

“ok”/ “fail”@

ceresp!(chk(1234,100€))

A gentle introduction to COWS

Operational semantics of uCOWS™

17



uwCOWS™: simple bank service example

bank service

client
service

(s|s') - {x+ "ok”/"“fail' } | 0

A gentle introduction to COWS Operational semantics of uCOWS™ 17



pCOWS™. communication of private names

/ﬁC, 1234,id, X Xcer Xids bank service

100€

client charge Xamount charge |bank|

service
X “ T Pt

.- ‘ ‘ C ‘requ— ok”/“fail resp
[id] [Xc» Xce, Xid> Xamount)
(bankecharge!(c, 1234, id, 100€) bank«charge?(Xc, Xcc, Xid, Xamount) -
| [X] (ceresp?(x).s |s')) Xc * resp!(ChK(Xce, Xid;s Xamount))

A gentle introduction to COWS Operational semantics of uCOWS™ 18



pCOWS™. communication of private names

/ﬁC, 1234,id, X Xcer Xids bank service

100€

client [charge Xamount charge |bank|

service
X “ T Pt

.- ‘ ‘ C ‘requ— ok”/“fail resp
[id] [Xc, Xcc, Xid, Xamount]
(bankecharge!(c,1234,id,100€) | bank.charge?(Xc, Xcc, Xid, Xamount) -
| [X] (ceresp?(x).s |s')) Xc » resp!(chk(Xcc, Xig, Xamount))

A gentle introduction to COWS Operational semantics of uCOWS™ 18



pCOWS™. communication of private names

O

client [charge

service

c,11 028’)€4/d X XeerXid» bank service
Xamount charge |bank|
<X

-] |clresp

- OK’/ “fail”@

A gentle introduction to COWS

Operational semantics of uCOWS™

18



pCOWS™. communication of private names

/ﬁC, 1234,id, X Xcer Xids bank service

100€
client [charge Xamount charge |bank|

service

=] [clrespe—— resp
N4

[|d> Xc, Xce, Xid, Xamount]
((bank- charge!(c, 1234, id, 1 OO€)> | <bank- charge?(Xc, Xce; Xid, xamoum)»

A gentle introduction to COWS Operational semantics of uCOWS™ 18



pCOWS™. communication of private names

O

client
service

| clresp

[id]

( [X](ceresp?(x).s|s’)

/ bank service

- OK’/ “fail”@

ceresp!(chk(1234,id,100€)) )

A gentle introduction to COWS

Operational semantics of uCOWS™

18



wCOWS™: persistent bank service example

XeiXces ﬂ bank service\

Xamount

charge |bank|

- ‘l‘ok”/ “fail”@

- /

% [Xc, Xce, Xamount] bank e charge?(Xc, Xee, Xamount) -Xc * resp!(chk (Xec, Xamount))

A gentle introduction to COWS Operational semantics of uCOWS™ 19




wCOWS™: persistent bank service example

/" clientt  C1,1234,

charge

X
-

Cqiresp

/" client2 29678,

charge

cp|resp

<

bankscharge!(cy,1234,100€) | [X] c1 «resp?(X).s1
| bank.charge!(c,,5678,200€) | [y]coeresp?(y).sy

A gentle introduction to COWS Operational semantics of uCOWS™

19



wCOWS™: persistent bank service example

/ client1 €1,1234, XciXces

charge

Xamount

X

| [cqlresp
N

- - QK" fail”

/" client2 29678,

charge

200€ -

-] [colresp

<)

A gentle introduction to COWS Operational semantics of uCOWS™

ﬂ bank service\

charge |bank|

resp

-

/

19



wCOWS™: persistent bank service example

/" clientt  C1,1234,

charge

Xe:Xees
100€ Xamount -
X

| [cqlresp
N

/" client2 \022’5(’)328’

charge

-] [colresp

<)

A gentle introduction to COWS Operational semantics of uCOWS™

- QK" fail”

ﬂ bank service\

charge |bank|

resp

-

/

19



wCOWS™: persistent bank service example

/7 clientl Xe Xces ﬂ bank service\

Xamount " -harge [bank|

J C1 resp<L - ‘;0k"/"fai|”@|
N

cok”/“fail”
" clientz 25678, 01 Hal @
charge 2225 bank_

- | \cz\resp<L

- /

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

XeiXces ﬂ bank service\

Xamount

charge |bank|

- ‘l‘ok”/ “fail”@

oK'/ “fa'#? :|resp
N\

- /

* [Xc, Xce, Xamount] bank e charge?(Xc, Xce, Xamount) -Xc * resp!{chk (Xec, Xamount))
| c1erespl(chk(1234,100€))

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

/7 clientl Xe Xces ﬂ bank service\

Xamount " -harge [bank|

J C1 requL - ‘.‘ok”/“fail"@
N

“ok”/“fail”
/" client2 \ < @

charge —,,5678,200€

- | \cz\resp<L

- /

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

/ \ XeiXces ﬂ bank service\

Xamount " -harge [bank|

J C1 resp<L - :Ok"/"fa””@
N

“ok”/“fail”
/" client2 \ 4 @
oK fai jj
\ /

- | \cz\resp<L

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

XeiXces ﬂ bank service\

Xamount

charge |bank|

- 2K/ “fail”@
SO g

ok’/“fai

/

* [Xc, Xce, Xamount] bank e charge?(Xc, Xce, Xamount) -Xc * resp!{chk (Xec, Xamount))
| c1erespl(chk(1234,100€)) | co-resp!(chk(5678,200€))

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

/7 clientl Xe Xces ﬂ bank service\

Xamount " -harge [bank|

J C1 requL - ‘.‘ok”/“fail"@
N

“ok”/“fail”
/" client2 \ < @

“Ok”/“fai Z res
p
o = |

- /

-] [colresp

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

/7 clientl Xe Xces ﬂ bank service\

Xamount " -harge [bank|
- 2K/ “fail”@
oy <Ok fai ”:@

client2

- /

A gentle introduction to COWS Operational semantics of uCOWS™ 19



wCOWS™: persistent bank service example

/7 clientl Xe Xces ﬂ bank service\
Xamount

charge |bank|
X “ok’/“fail”
resp

ol ey |

client2

- /

Operational semantics of uCOWS™

A gentle introduction to COWS




wCOWS™: persistent bank service example

ﬂ bank service\

client1 XeiXces
Xamount

client2

A gentle introduction to COWS Operational semantics of uCOWS™

charge |bank|

- QK /fail”

resp

-

/

19



wCOWS™. compound bank service example

-~

bank service check,ok,fail \

XeiXces

ﬂ bankinterface \

Xamount > charge| bank|

'check

- —

- oK'/ "fail’lreg

bank

ok

* |creditRating)
check

- -

fail

ok

-— -—

fail

/

S

D—

[check, ok, fail] ( « bankInterface | x creditRating )

A gentle introduction to COWS Operational semantics of uCOWS™
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wCOWS™. compound bank service example

ﬂ bankinterface \

XeiXces

_Xamount /charge|bank| [check >

“Ok”/“fail” Ok
| Xo[e " res bank o
o J

tt

[check, ok, fail] ( « bankInterface | x creditRating )

bankinterface = [Xc, Xcc, Xamount]

bankcharge?(Xc, Xcc, Xamount) -
(banke« check!(Xcc, Xamount)
| bank s 0k? (Xcc). Xg o resp!( "ok )
+ bank fail?(X¢c). Xc  resp!( “fail” ) )

A gentle introduction to COWS Operational semantics of uCOWS™ 20



wCOWS™. compound bank service example

* |creditRating\

—»{ check |bank

ok
fail

./

%

[check, ok, fail] ( « bankInterface | x creditRating )
A

creditRating [Xce, Xa]
banke«check?(xcc, Xa)-
[p,0] (p+0l() | p+07(). bankeok!(xcc)

+ p+07?(). bankefaill (Xsc) )

A gentle introduction to COWS Operational semantics of uCOWS™ 20



wCOWS™. compound bank service example

/ bank service check,ok,fail \

Xc,Xocs ﬂ bankinterface * |creditRating
Xamount | charge| bank| —» check |bank
& \—j
bank bank
01,1234,A lX cz,5678,A ly
100€ 200€
charge| | resp charge| | resp
€1 Co
client1 client2

A gentle introduction to COWS Operational semantics of uCOWS™ 20



wCOWS™. compound bank service example

/ bank service check,ok,fail \

ﬂ bankinterface

XeiXees

Xamou charge|bank

\s

—»

* |creditRating\

check |bank

—

bank
lx c256789 ly
200€
charge| | resp charge| | resp
Cq C2
client1 client2

A gentle introduction to COWS Operational semantics of uCOWS™

20



wCOWS™. compound bank service example

/ bank service check,ok,fail \

XeXeo '%| bankinterface * |creditRating
Xamount | charge| bank | —» check |bank
1234,100€
ch::(k TI'M_»
bank fail l1234
“ok[/ “fail’ o
= —J
@
X 02,5678,‘ y
* 200€
resp charge] | resp
Cq C2
client1 client2

A gentle introduction to COWS Operational semantics of uCOWS™ 20



wCOWS™. compound bank service example

/ bank service | check,ok,fail \
X Xccr ﬂ bankinterface * |creditRating

Xamount | charge| bank| /—> check |bank

1234,100€
heck
% ¢1234
bank | 1234
¢ OK!/ “fail’ e
bank
X 02,5678,‘ Yy
* 200€
resp charge| | resp
C1 C2
client1 client2

A gentle introduction to COWS Operational semantics of uCOWS™ 20



wCOWS™. compound bank service example

bank service check,ok,fail \

XeiXees
Xamount

1

e

ok

fail

ﬂ bankinterface \

charge| bank|

“ok”/ “fail”)
&————{resp | pank

=

* |creditRating\

—» check |bank
=1234 ok
bank| (1234 [Fi)

~—

bank
A

« p,5678, y
* 200€
resp charge| | resp
C1 C2
client1 client2

A gentle introduction to COWS

Operational semantics of uCOWS™



wCOWS™. compound bank service example

/ bank service | check,ok,fail \
X Xccr ﬂ bankinterface * |creditRating

Xamount »|charge| bank —» check |bank
| 1234 «l234

K"/ “fail = -t ok

C | 2K/ Tall] ok bank :

:|'°SP bank fail 1234 ank| 1234 | e

VA
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wCOWS™. compound bank service example

bank service check,ok,fail \

% | bankinterface \ * |creditRating\
XeiXees
Xamount ' charge| bank —» check |bank
P T p— |/ V' L1234
/ “fail g2 -t ok
<_Ck—a|E| bank f:'i(l 1234 bank| (1234 ["ei)
5678,200€,
check ———=——p»
ok .5678 \ )
bank el <2678

<2/ “fail’El / /

vy <

resp resp
C1 C2

client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service | check,okfail \
X Xccr i[ bankinterface \ * |creditRating

Xamount ' charge| bank check |bank
P - ——— 1234 1234
K’/ “fail <234 < ok
|G resp] |bank|- 2K 1034 bank| 1234 [ ¢
check % 8,200€
— &8 \ )
bank o

<! “fail’:lmp £<_/

gy ~

resp resp
C1 C2

client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service check,ok,fail \

X X % | bankinterface \ * |creditRating\
C1/7CC»
Xamount | charge| bank | —» check bank |
wlins (1234 <234 5x
<_Ck/ fal ——{resp] | bank f:'l(l 1234 bank 1234 fail
PP I 5678 5678
K’/ “fail €878 <222 ok
é—mﬁ bank f‘; 'i(l 5678 m .5678 fail
*x P}K /
resp resp
Cq C2

client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service check,ok,fail \

Xe:Xeo %| bankinterface \ * |creditRating\
Xamount ,'charge| bank —» check bank |
wlimywgaml —————— 1234 1234
0K fail g [ ok (o N e
“ak/ “fail e T o 2878 <2785
é—mﬁ bank f‘; 'i(l 5678 m .5678 fall
Py —
resp resp
Cq C2

client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service check,ok,fail \

Xe:Xeo %| bankinterface \ * |creditRating\
Xamount charge| bank —» check |bank] -b
k) il T 1234 1234 5]
G| 2K “fail ok |«
EI bank fail 1234
——————— 5678
“ok’/ “fail K |58 <—
4_ E bank f‘;" 5678 .5678 fail
Py —
resp resp
C1 C2

client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service

XeiXees

Xamount
S —
<K/ fail

*x

resp |

resp |

bank

ok

fail

i[ banklinterface \
charge| bank|

5678
5678

—» check |bank

check,ok,fail \
* |creditRating\

.5678 %
.5678 fail

/

o

resp resp
C1 C2
client1 | | client2

A gentle introduction to COWS

Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service

XeiXees

Xamount
S —
<K/ fail

*x

resp |

resp |

bank

ok

fail

i[ banklinterface \
charge| bank|

5678
5678

—» check |bank

check,ok,fail \
* |creditRating\

M fail

./

/

o

resp resp
C1 C2
client1 | | client2

A gentle introduction to COWS

Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service

i[ banklinterface \

check,ok fail \

% |creditRating\
XeiXces s
Xamount | charge| bank | —» check |bank
@: "ok’ resp
ek fail’ o |78
|Col—"Hresp| | bank fail <2578 | 5678|

*x

/

o

resp resp
C1 C2
client1 | | client2

A gentle introduction to COWS

Operational semantics of uCOWS™



wCOWS™. compound bank service example

bank service

XeiXees
Xamount

“ok”

“fail”

resp

=]

i[ banklinterface \
charge| bank|

/

check,ok,fail \
* |creditRating\

check |bank

./

/

Py

resp
C1

resp
C2

client1 | | client2

A gentle introduction to COWS

Operational semantics of uCOWS™



wCOWS™. compound bank service example

/ bank service | check,ok,fail \
X Xccr i[ bankinterface \ * |creditRating

Xamount | charge| bank | —» check | bank
ﬂ"——resp
“fail” resp]
% o
X *y& /
resp
.
client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

/ bank service | check,ok,fail \
X Xccr i[ bankinterface \ * |creditRating

Xamount | charge| bank | —» check | bank
<_ “fail” E
% o
resp
C2
client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

/ bank service | check,ok,fail \
X Xccr i[ bankinterface \ * |creditRating

Xamount | charge| bank | —» check | bank
“fail” :@
/ o
y /
resp
C2
client1 | | client2

A gentle introduction to COWS Operational semantics of uCOWS™



wCOWS™. compound bank service example

/ bank service | check,ok,fail \
X Xccr i[ bankinterface \ * |creditRating

Xamount | charge| bank | —» check | bank

./

N / /

client1 | | client2

A gentle introduction to COWS Operational semantics of LCOWS™
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From nCOWS™ to uCOWS

+

Priority in the parallel composition J
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From nCOWS™ to uCOWS

+

Priority in the parallel composition J

COWS |

A gentle introduction to COWS From COWS" to ,COWS



nwCOWS: why priority in the parallel composition?

@ To deal with conflicting receives
» e.g. in case of multiple start activities

@ Parallel composition with priority can be used (together with

pattern-matching) as a coordination mechanism
» e.g. to model default behaviours, transparent session joining, ...
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nwCOWS: why priority in the parallel composition?

@ To deal with conflicting receives

» e.g. in case of multiple start activities

@ Parallel composition with priority can be used (together with
pattern-matching) as a coordination mechanism

» e.g. to model default behaviours, transparent session joining, ...

We use a novel combination of dynamic priority with local pre-emption

dynamic priority: priority values of activities can change
as systems evolve

local pre-emption: priorities have a local scope,
i.e. prioritised activities can only pre-empt
activities in the same scope

A gentle introduction to COWS From ,COWS™ to nCOWS 22



COWS

Syntax & structural congruence

uwCOWS syntax and the set of laws defining its structural congruence
coincide with that of xLCOWS™
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COWS

Syntax & structural congruence

uwCOWS syntax and the set of laws defining its structural congruence
coincide with that of xLCOWS™

Labelled transition relation —~
Label « is now generated by the following grammar:

a = n<V | n>W | nolVv

where ¢ is a natural number

A gentle introduction to COWS Operational semantics of xCOWS 23



wCOWS: Parallel composition with priority

@ Communication takes place when two parallel services perform
matching receive and invoke activities

> w v _
Si—258, s——"ss, MW, V)=0

s1| 82 ——— 8} | sh

A gentle introduction to COWS Operational semantics of xCOWS
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wCOWS: Parallel composition with priority

@ Communication takes place when two parallel services perform
matching receive and invoke activities

@ If more then one matching is possible the receive that needs fewer
substitutions is selected to progress

s ne>w | s n<av s M(W,V)=0 noConf(sy | 82,n,Vv,|c|)

nolo|v ,
S1|So——— S| |s,

A gentle introduction to COWS Operational semantics of xCOWS
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wCOWS: Parallel composition with priority

@ Communication takes place when two parallel services perform
matching receive and invoke activities

52208 52 s, M(W,7)=0c  noConf(si | $2,n,7,|0])

nolo|v

S1|So——— S| |s,

Conflicting receives predicate

noConf(s, n, v, £) checks existence of potential communication conflicts,
i.e. the ability of s of performing a receive activity matching v over the
endpoint n that generates a substitution with fewer pairs than ¢

A gentle introduction to COWS Operational semantics of xCOWS 24



wCOWS: Parallel composition with priority

@ Communication takes place when two parallel services perform
matching receive and invoke activities

52208 52 s, M(W,7)=0c  noConf(si | $2,n,7,|0])

nolo|v

S1|So——— S| |s,

Conflicting receives predicate (inductive definition, part 1/2)

noConf(kill(k),n. v, /) = noConf(ul€, n, v,¢) = true

false ifdji.nj=nA |[M(W,V)|<?

noConf(>\_, n?w;.s;,n, v,£) = .
(3 iz 1i7W.Si; 0, ¥, £) {true otherwise

A gentle introduction to COWS Operational semantics of xCOWS

24




wCOWS: Parallel composition with priority

@ Communication takes place when two parallel services perform
matching receive and invoke activities

52208 52 s, M(W,7)=0c  noConf(si | $2,n,7,|0])

nolo|v

S1|So——— S| |s,

Conflicting receives predicate (inductive definition, part 2/2)
noConf(s | §’,n, ¥,£) = noConf(s,n, v,£) A noConf(s',n, v, £)

noConf(s,n,v,¢) ifu¢n

noConf([u] s,n, v, £) = { true otherwise

noConf({sl}, n. V. /) = noConf(x s, n, v,¢) = noConf(s,n, v, £)

A gentle introduction to COWS Operational semantics of xCOWS

24




wCOWS: Parallel composition with priority
@ Execution of parallel services is interleaved,

a /
S1 —>S1

& /
S1[|S2—> 51| S

A gentle introduction to COWS Operational semantics of xCOWS 25



wCOWS: Parallel composition with priority

@ Execution of parallel services is interleaved, when no communication is
involved:
(0% —
ST — 8] aF#nolv

o /
S1]| 8 — 81| S

A gentle introduction to COWS Operational semantics of xCOWS 25



wCOWS: Parallel composition with priority

@ Execution of parallel services is interleaved, when no communication is
involved:
(0% —
ST — 8] aF#nolv

S1|Sga—>3{|’32

@ In case of communications, the receive activity with greater priority

progresses:
v _
st ——" g noConf(Sp, n, v, ¢
1

nolv /
S1| 8% ——8i| s

A gentle introduction to COWS Operational semantics of xCOWS 25



1 COWS: Delimitation

@ Rules for delimitation are tailored to deal with labels no ¢ v

oW{x—v} ,

s s 258 uéu(a)

[x]s ——— & {x— v} [u] s == [u] &'

A gentle introduction to COWS Operational semantics of xCOWS 26



1 COWS: Delimitation

@ Rules for delimitation are tailored to deal with labels no ¢ v

o noW{x—v}Iv ,
—

s s 25§ u¢u(a)

[X]s 27 o {x e v [u]s 2 [u] ¢

where

u(a) is extended with u(no £ V) = u(o)

A gentle introduction to COWS Operational semantics of xCOWS 26



1wCOWS operational semantics

Labelled transition rules

[d=v 1<jsr

s 258 ud¢u(a) s=2=¢

U] s = [u]§

_n<av r = n; > W
nle 22% 0 Y oieq1 DitW;.S§i ——— §;

@ /
S\ S

s~ s sV sy M(W,V)=0 noConf(sy | $2,n,V,|o)
nololv / /
Si|ss———si|s
N O‘_>sq a;énaﬂv nolv /

noConf(sy, n, v, £)

o , nolv /
S1| 82— 8| s S1| s — 87| s

now{x—v}Lv s

[X]s 22 & {x > v}

A gentle introduction to COWS Operational semantics of xCOWS 27



nwGCOWS: joint account service example

Xc1:Xces
Xamount:
X.
mfoI
Xc2:Xces

Xamount.

ﬂ bank service\

charge1|bank|

charge2|bank|

-

/

* [Xc1 5 Xc2, Xce, Xamount, Xinfo] (0@nk e charge17(Xc1, Xee, Xamount; Xinfo) - St
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )
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nwGCOWS: joint account service example

/"~ co-holder1 \0.1,1234,100€,
= charge1 info

.

/" co-holder2 C2,1234,
charge2 190

.

| (bankecharge1l(cy,1234,100€,info) | s})
| (bankecharge2!(cy,1234,100€) | s,)
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nwGCOWS: joint account service example
Xc1:Xces

/" co-holder1t \C1,1234,100€, Xamount: ﬂ bank servich

charge1 _Xinfo,, charge1|bank|

:I Xc2:Xcces |:

 co-holder2 \C2,1234,
— charge2/ 190€

Xamount,. [ charge2 bank|

* [Xe1, Xc2, Xec, Xamount; Xinfo] (0@Nk«charge1?(Xe1, Xee, Xamount, Xinfo) - S1
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (bankecharge1l(cy,1234,100€,info) | s})

| (bankecharge2!(c,, 1234,100€) | s,)
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uwCOWS: joint account service example
Xc1:Xces

/" co-holder1t \C1,1234,100€, Xamount: ﬂ bank servich

@ —Xinfo,. | charge [bank|
L/ Xc2:Xce |:
Xamounty,.| charge2 bank|
/" co-holder2 \C2,1234,
oharge2 100€

* [Xe1, Xc2, Xec, Xamount; Xinfo] (0@Nk«charge1?(Xe1, Xee, Xamount, Xinfo) - S1
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (bankecharge1l(cy,1234,100€,info) | s})

| (bankecharge2!(c,, 1234,100€) | s,)

A gentle introduction to COWS Operational semantics of xCOWS 28



uwCOWS: joint account service example
Xc1:Xces

/" co-holder1t \C1,1234,100€, Xamount: i‘ bank service\

charge1 _Xinfo,, charge1|bank|

J Xc2:Xcces |:

Xamount,. [ charge2 bank|
co-holder2 Xc1,1234,
100€, X h
j — | charge1 |bank\

new instance — |:/

* [Xc1, Xe2, Xocs Xamount, Xinfo] (ank«charge17?(Xc1, Xee, Xamount; Xinfo) - St
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (banke.charge1?(xs1,1234,100€, Xin0).S1 | S2)-{-+-+— -}

| (bankecharge1!(cy,1234,100€,info) | s7) | ()

A gentle introduction to COWS Operational semantics of xCOWS 28




nwGCOWS: joint account service example
Xc1:Xces

/“co-holder1t \C1,1234,100€, Xamount: ﬂ bank service\

charge1 —Zinfo,, [ charge1[bank|

J\ \/\ request Xc2:Xccs / |:

charge2|bank|

— charge1 |bank

=

* [Xe1, Xe2, Xee, Xamount Xinfo] (0@nk« charge17(Xc1, Xce, Xamount Xinfo) -S1
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (banke.chargel?(xs1,1234,100€, Xint0).S1 | S2)-{-+-— -}

| (banke.charge1!(cy,1234,100€,info) | s7) | (s5)

A gentle introduction to COWS Operational semantics of xCOWS 28
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nwGCOWS: joint account service example

/ co=holder1

m -

co-holder2

Multiple start activities

\ N request

c1,1234,100¢€,

charge1

conflicting
receives

Xc1:Xees
Xamount:

X.
|nfoI

Xc2:Xces

— charge1 |bank

ﬂ bank service\

charge1 |bank\

charge2|bank|

=

The service can receive multiple messages in a statically unpredictable order s.t.
@ the first incoming message triggers creation of a service instance
@ subsequent messages are delivered to the created instance

A gentle introduction to COWS Operational semantics of xCOWS 28



nwGCOWS: joint account service example

co-holder1 C1 1234,100€,

enabled
communication

co-holder2

Xc1:Xces
Xamount:

X.
mfoI

Xc2:Xces

Xamount.

ﬂ bank service\

charge1|bank|

charge2|bank|

Xo1,1234,
%
EE—

c\ha=rge1 |bank|

=

* [Xc1, Xe2, Xocs Xamount, Xinfo] (ank«charge17?(Xc1, Xee, Xamount; Xinfo) - St
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (bankechargel1?(x.1,1234,100€, Xip0).81 | S2)-{---+— -}

| (banke.charge1!(cy,1234,100€,info) | s7) | (s5)

A gentle introduction to COWS Operational semantics of xCOWS 28



nwGCOWS: joint account service example

Xc1:Xces
/" co-holder1 \0.1,1234,100€, Xamounts i[ bank service\
charge 1110 —Xinfo,"charge [bank|
j XCZ7XCC’ -
Xamount

~amount,, ' charge2|bank|

co-holder2

~

charge1 |bank\

=

* [Xe1, Xc2, Xec, Xamount; Xinfo] (0@Nk«charge1?(Xe1, Xee, Xamount, Xinfo) - S1
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (bankechargel1?(x.1,1234,100€, Xip0).81 | S2)-{---+— -}

| (banke.charge1!(cy,1234,100€,info) | s7) | (s5)

A gentle introduction to COWS Operational semantics of xCOWS 28




nwGCOWS: joint account service example
Xc1:Xces
Xamounts ﬂ bank service\

—Xinfo,"charge [bank|

Xc2:Xces 00

Xamount,. [ charge2 bank|

co-holder1

co-holder2

~

—

* [Xc1 5 Xc2, Xce, Xamount, Xinfo] (0@nk e charge17(Xc1, Xee, Xamount; Xinfo) - St
| bankecharge27?(Xc2, Xcc, Xamount)-S2 )

| (s1 [ s2)-{-----}

/ /
| (s1) | (s2)
A gentle introduction to COWS Operational semantics of xCOWS 28



Parallel with priority as a coordination mechanism

Default behaviour

Consider a service providing mathematical functionalities
e.g. sum of two integers between 0 and 5

x[X,y,Z] (mathe sum?(x,y, z). x « resp!(error)
+ math.sum?(x,0,0). x « resp!(0)
+ mathe sum?{x,0,1). x+ resp!(1)
+ ... + mathe. sum?(x,5,5). x« resp!(10) )

In case the two values are not admissible, i.e. they are not integers
between 0 and 5, the service replies with the string error

A gentle introduction to COWS Operational semantics of xCOWS 29




Parallel with priority as a coordination mechanism

‘Only the first time’ behaviour

Consider a service that has a certain behaviour at the first correct invocation
and a different behaviour at any incorrect or further invocation
(useful, e.g., for compensation handling a la WS-BPEL)

pe comp?{scopeName). (compensation of scopeName)
| *[x] ps comp?(x). (do nothing)

A gentle introduction to COWS Operational semantics of xCOWS 30




Parallel with priority as a coordination mechanism

‘Blind date’ session joining
Consider a service capable of arranging matches of 4-players online games

masterServ £ x [Xgamea Xplayer1; Xplayer2, Xplayer3; Xp/ayer4]
master « join?(Xgame Xpiayert) -
master « join?(Xgame Xplayer2) -
master « join?(Xgame Xplayer3) -
master « join?(Xgame, Xplayer4) -
[matchld] ( Xpiayers » Start!(matchld)
| Xplayerz * Start!(matchld)
| Xplayers * Start!(matchld)
| Xplayera » Start!(matchld) )

Player; £ master « join!(poker, p;) | [Xid] pi « Start?(xiq). (rest of Player;)

Player; = master « join!{bridge, p;) | [Xid] pj« Start?(xiq). (rest of Player;)

v

A gentle introduction to COWS Operational semantics of xCOWS 31



Parallel with priority as a coordination mechanism

‘Blind date’ session joining
Consider a service capable of arranging matches of 4-players online games

masterServ £

A

Player; =

A

Player; =

* [Xgamea Xplayer1; Xplayer2, Xplayer3; Xp/ayer4]
master « join?(Xgame Xpiayert) -
master « join?(Xgame Xplayer2) -
master « join?(Xgame Xplayer3) -
master « join?(Xgame, Xplayer4) -
[matchld] ( Xpiayers » Start!(matchld)
| Xplayerz * Start!(matchld)
| Xplayers * Start!(matchld)
| Xplayera » Start!(matchld) )

master « join!(poker, p;) | [Xid] pi* Start?{Xiq). (rest of Player;)

master « join! (bridge, p;) | [Xia] pj+ Start?(Xiq). (rest of Player;)

It could be hard to render this behaviour with other process calculi

v

A gentle introduction to COWS Operational semantics of xCOWS 31



From ,COWS to COWS

4COWS |

A gentle introduction to COWS From nCOWS to COWS



From nCOWS to COWS

4COWS |
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From nCOWS to COWS

4COWS |

COWS J
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COWS: why termination activities?

@ To handle faults and enable compensation

@ Termination activities can be used as orchestration mechanisms

» E.g. to model the asymmetric parallel composition of Orc (i.e. the
pruning construct, that prunes threads selectively)

A gentle introduction to COWS From nCOWS to COWS 33



Syntax of COWS

S:i= (services)
klll(k) (kill)
| ueu'le (invoke)
| Si_ogi-si (receive-guarded choice)
| s|s (parallel composition)
| {Is} (protection)
| [e]s (delimitation)
| = (replication)
g = (guards)

peO0?W (receive)

V.

@ Killer labels cannot occur within expressions
= they are not (communicable) values

(notations)
k: (killer) labels
€: expressions

X: variables

v: values

n, p, 0: names

u: variables |names
w: variables |values
e: labels |variables|names

4

@ Only one binding construct: [e] s binds e in the scope s
» free/bound elements (i.e. names/variables/labels) defined

accordingly

A gentle introduction to COWS Syntax of COWS 34



COWS operational semantics

Additional structural congruence laws
o {of =0 {{si[ = {slt {lelsl = [e]{s]
@ s1|[e]s: = [e](s1]8s2) ifeéfe(s))Utk(sy)
fe(s) denotes the set of elements occurring free in s

fk(s) denotes the set of free killer labels in s

thus, differently from names/variables, the scope of killer labels
cannot be extended

Labelled transition relation ——
Label « is now generated by the following grammar:

a = n<dV | nbw | nolv | k | t

A gentle introduction to COWS Operational semantics of COWS
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COWS: Kill activity

@ Activity kill(k) forces termination of all unprotected parallel
activities inside an enclosing [k] , that stops the killing effect

) K s S| PR
kill(k) % 0
st | so = &, | halt(s,) k]s - [K] &

A gentle introduction to COWS Operational semantics of COWS 36



COWS: Kill activity

@ Activity kill(k) forces termination of all unprotected parallel
activities inside an enclosing [k] , that stops the killing effect

) K s S| PR
kill(k) % 0
St | So = ;| halt(sy) k]s - [K] &

Function halt(s)

returns the service obtained by only retaining the protected activities
inside s

halt(Kill(k)) = halt(ulé) = halt( 3y n/?#.5;) = 0
halt(sy | sz) = halt(sy) | halt(sp) halt({sl) = {sl}
halt([e] s) = [e] halt(s) halt(x §) = *halt(s)

v

A gentle introduction to COWS Operational semantics of COWS



COWS: Kill activity

@ Activity kill(k) forces termination of all unprotected parallel
activities inside an enclosing [k] , that stops the killing effect

) o RN s
kill(k) % 0
st | so = &, | halt(s,) k]s 1 [K] &

@ Kill activities are executed eagerly

K
s—S k+#e PRRLENY

[e] s LN [e] ¢’ [e] s N [e]

s—5 ed¢e(a) a#k,t noKill(s,e)

[e] s = [e] &

A gentle introduction to COWS Operational semantics of COWS
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COWS: Kill activity

@ Activity Kill(k) forces termination of all unprotected parallel
activities inside an enclosing [k] , that stops the killing effect

@ Kill activities are executed eagerly

K
s—+s k+e sy ¢

[e] s LN [e] ' [e] s 1, [e]

s =55 ed¢e(a) a#k,t noKill(s,e)

[e] s = [e] s’

Predicate noKill(s, e) (part 1/2)

checks the ability of s of immediately performing a kill activity
noKill(s, e) = true if fk(e) =0 noKill(kill(k"), k) = true if k # K’

noKill(kill(k), k) = false noKill(ulé, k) = noKill( >°/_, n;?W;.s;, k) = true

v
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COWS: Kill activity

@ Activity Kill(k) forces termination of all unprotected parallel
activities inside an enclosing [k] , that stops the killing effect

@ Kill activities are executed eagerly

K
s—+s k+e sy ¢

[e] s LN [e] ' [e] s 1, [e]

s =55 ed¢e(a) a#k,t noKill(s,e)

[e] s = [e] s’

Predicate noKill(s, e) (part 2/2)

checks the ability of s of immediately performing a kill activity
noKill(s | ', k) = noKill(s, k) A noKill(s’, k) noKill([e] s, k) = noKill(s, k) if e # k

noKill([k] s, k) = true noKill({s[}, k) = noKill(x s, k) = noKill(s, k)
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COWS: Kill activity

@ Activity kill(k) forces termination of all unprotected parallel
activities inside an enclosing [k] , that stops the killing effect

@ Kill activities are executed eagerly
@ {| - [} protects activities from the effect of a forced termination
s-% ¢

{sh — {s'}
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COWS operational semantics: labelled transition rules

[1=7 HH s=—o=s
S B 7 = i B @ 9
NEEETAR D iy Ni?W.S] ——— s 25 ¢

s ne>w Sq S nav Sé M(V_V V)—g- noCOIlf(S1 l S2,1, V, |U|)

nolo|v

Si|s—— 58| s

—>ngw{XHV}N s’ S1 ILLALAN s noConf(s, n, v, £)
nolv nolv
X]s ——— s - {x— v} St|se —— st | s
@ / [e% 12 -
. s—S St —> S k,nolv
kill(k) ~— 0 L 1 razkno
{sh — s’} s1| s —— s | s
k 1 k ’ k /
S ——+ S s— S k#e S — S
[K]s - [K] ' [€] s 2 [e] & St | S2 = s} | halt(sz)
s T—> s s 258 eg¢e(la) a#kt noKill(s,e)
[e]s —— [e] &’ le] s = [e] &’

v
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COWS: multi rating bank service example

/ bank service | check,ok,fail | ™.
* | creditRating1)

C
Xe XKoo, E bankinterface \ ol checkibank

_Xamount [charge|bank

checkifz [1234.100€,

T 1234 \. /

fail1 1234 .
oo * | creditRating2)

ok2

bank [~ 1234

oI I fail2 == —» check2|bank
1> resp

.
o D—
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COWS: multi rating bank service example

/ bank service | check,ok,fail | ™.
* | creditRating1)

c
X %| bankinterface \
o check1|bank
_Xamount | charge| bank
(" [checkia 11234.100€ )
123
bank fail1 4&
1234 * | creditRating2
bank ok2 1234
fail2 4——
“ok’/ “fail check2|bank
1> resp

.
o D—
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COWS: multi rating bank service example

/ bank service check,ok,fail | ™
* | creditRating1)

C
XesXees E bankinterface \

—» check1|bank
Xamount
——amount fcharge| bank .

~-——— ok1

) & fail1
bank f(:i(I: ﬁ ;/
1234 * | creditRating2

bank ok2 1234
“ok’f “fail’ o —» check2 |bank
1> resp

\ / .1234 ok2
1234 | ¢

5 2

)
N

|

A gentle introduction to COWS
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COWS: multi rating bank service example

/ bank service | check,ok,fail | ™.
* | creditRating1)

C
Xe XKoo, E bankinterface \ ol checkibank

_Xamount [charge|bank

4%‘ okl
Y —

Tk 1234 \. /
fail1 4—1234 j B
1034 * | creditRating2)
ok2
bank —— 1234
oI I fail2 4= —» check2| bank
C1>—"resp

\ / m l1234 ok2
l1234 f

AV
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COWS: multi rating bank service example

/ bank service | check,ok,fail | ™.
* | creditRating1)

c
*| bankinterface \
XorXeo —» check1|bank
_Xamount | charge| bank s
| ————1 ok1
) E— /
bank ok1 4%/ ;/
fail 1234 ﬁ
1234 * | creditRating2
bank | 212 1234
“ok/ “fail’ o —» check2|bank
1> resp

=
S

\ / m .1234 ok2
.1234 f

AV
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COWS: multi rating bank service example

/ bank service check,ok,fail | ™
* | creditRating1)

c
*| bankinterface \
XorXeo —» check1/|bank
_Xamount | charge| bank s
| ————1 ok1
) E— /
bank ok1 ‘1_/234 ;/
fail1 1234 ﬁ
1234 * | creditRating2
k2
bangg 12 1234
“ok/ “fail’ = —» check2|bank
C1j«>—"resp
/ 1234
<1234 fail2

e
i
K.
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COWS: multi rating bank service example

[check1, check2, ok1, ok2, fail1, fail2]
( * bankinterface | x creditRating1 | x creditRating2 )

bankinterface £

[Xc, Xce» Xamount]
bank.charge?(Xc, Xcc, Xamount) -
(bankecheck1!(Xcc, Xamount) | banke«check2!(Xcc, Xamount)
| [k] (bankeok1?(Xcc). (Kill(k) | {Xc+resp!(“ok")[})
+ bank«fail1?(xcc). S1
| bank e 0k27?(xcc). (kill(k) | {|xc+resp!(“ok™)[})
+ bankefail2?(xcc). 2 ) )
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COWS: peculiar examples

Protected kill activity

@ Execution of a Kill activity within a protection block
[KI({Is1 | {s2lt | kill(k)[} | s3) | 4

For simplicity, assume that halt(sy) = halt(s3) = 0
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COWS: peculiar examples

Protected kill activity
@ Execution of a Kill activity within a protection block
K1 ({sr | szt | Kil(K)} | s6) | 83 ——

For simplicity, assume that halt(sy) = halt(s3) = 0
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COWS: peculiar examples

Protected kill activity
@ Execution of a kill activity within a protection block
(K] ({Is1 | {solt | Kil(K)} | s5) | sa —— [kl {sal} | s
For simplicity, assume that halt(sy) = halt(s3) = 0

@ Kkill(k) terminates all parallel services inside delimitation [k] (i.e. s; and
S3), except those that are protected at the same nesting level of the kill
activity (i.e. sp)
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COWS: peculiar examples
Interplay between communication and kill activity

p-ol{n) | [K] (Ix] p+ 0?(x).s | Kill(K)) ~ pol(n) | [K][x]0

@ Kill activities can break communication

@ This is the only possible evolution (kills are executed eagerly)
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COWS: peculiar examples

Interplay between communication and Kill activity
p-ol(n) | [k] ([x] p+ 0?(x).s | Kill(k)) —— p+ol(n) | [K][x]0

@ Kill activities can break communication

@ This is the only possible evolution (kills are executed eagerly)

@ Communication can be guaranteed by protecting the receive
p-ol(n) | [k] ([x] {ip- 07(x).s]} | kill(K)) ——
)

p-ol(n) | [K]([x] {p- 07(x).s]) L2210,

(K {ls - {x — n}}}
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COWS expressiveness

COWS expressiveness

41



Considerations on COWS expressiveness

@ Encoding other calculi

m-calculus, Localized w-calculus (Lx), ...
SCC (Session Centered Calculus)

Orc

WS-CALCULUS

Blite (a lightweight version of WS-BPEL)

vV vy VY VvYyy
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Considerations on COWS expressiveness

@ Encoding other calculi

m-calculus, Localized w-calculus (Lx), ...
SCC (Session Centered Calculus)

Orc

WS-CALCULUS

Blite (a lightweight version of WS-BPEL)

vV vy VY VvYyy

@ COWS (like other calculi equipped with priority) is not encodable
into mainstream calculi (e.g. CCS and =-calculus) [EXPRESS’10]
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Considerations on COWS expressiveness

@ Encoding other calculi

w-calculus, Localized w-calculus (L7), ...
SCC (Session Centered Calculus)

Orc

WS-CALCULUS

Blite (a lightweight version of WS-BPEL)

vV vy VY VvYyy

@ COWS (like other calculi equipped with priority) is not encodable
into mainstream calculi (e.g. CCS and =-calculus) [EXPRESS’10]

@ Modelling imperative and orchestration constructs

» Assignment, conditional choice, sequential composition,. . .
WS-BPEL flow graphs, fault and compensation handlers
QoS requirement specifications and SLA negotiations [WWV’07]
Timed orchestration constructs [ICTAC’07]

v vy
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