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e Ubiquitous in business:

New technologies, acquisitions,
mergers.

e Hvil to programmers:

Separation of soft development and
soft maintenance is vanishing.
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Existing technologies
won'’t do

e Objects incapable to cope with the
rapidly change of software systems

o Components are usually delivered
physically; do not take advantage of
internet-based computing



Accommodating change:
software services

e Definitions abound. Here’s a recent
one:

A coarse grain, discoverable
entity that [..] interacts with
applications and other services.

Elfatatry, CACM, Aug 2007



Aim

e Develop formal bases for Service
Oriented Computing (SOC):

e including models and techniques

e allowing for safe development of
applications

e check that systems provide the
required functionalities
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What this talk in not
about

e Web services
e XML, SOAP, WSDL, ...

e Service discovery, negotiation,
brokerage
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e A service consumer
bologna <= 31Jul2007.(price) {use-price}

e An interaction

bologna => ... | bologna <= ...

provider consumer
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Example: a broker comes
and...

...calls three services

bologna <= date.(pricel) ... |
azores <= date.(price2) ... |
lisbon <= date.(price3) ...

e How to collect the three prices in a
single process, for further processing?
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Streams to the rescue

e A service orchestrator

stream
bologna <= date.(
azores <= date.(p
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orice).feea
icel).feed p

bon <= date.(pri

write into
the stream

price | |
ricel |

ce3).feed pri

ces

f(x).f(y).{publish-the-min-of-x-and-y}

read from the
stream
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Common patterns
deserve abbreviations

call service
bologna; write the result

into the pipe read two values

from the pipe; call

(call bologna(date) | them x and y

call azores(date) |
call lisbon(date)) > xy »
{publish-the-min-of-x-and-y} Qeaeiestel

in Orc!




Example: service
composition
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Example: service
composition

a service
definition

broker => (date).(
(call bologna(date) |
call azores(date) |
call lisbon(date)) > xy >
call min(x,y) > m > m)




call bologna
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call bologna
call azores(date) | -
call lisbon(date)) > xy >
call min(x,y) > m > m
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call bolagnaﬁ
call azores(
call lishon date
call min(x,y) >m




Clients won'’t notice the
difference

e The client

broker <= 31Jul2007/.(price) {use-price}

e Interaction as before

broker <= ... | broker => ...



Clients won'’t notice the
difference

e The client

broker <= 31Jul2007/.(price) {use-price}

e Interaction as betfore Central
t0

services!

broker <= ... | broker => ...



a = P

a <= P

v.P

(x)P

stream Pas f in ()
feedv.P

flz).P

Processes
Parallel composition

Name restriction

Terminated process

Process variable

Recursive process definition
Service definition

Service invocation

Value sending

Value reception

Stream

Feed the process’ stream

Read from a stream
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Reduction semantics

e Structural congruence - allows the
syntactic rearrangement of terms

(vn)P|lQ = (vn)(P|Q) ifn ¢ (Q)



W)PIQ = (un)(PIQ) ifn ¢ m(Q)

o Allows reduction at certain places in a
term

C[]| does not bind w or f

streamPasf=¢::winC|f(z).Q] — stream Pas f = ¢ inC|[Q|W/x]]
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e Structural congruence allows the
syntactic rearrangement of terms

(vn)P|lQ = (vn)(P|Q) ifn ¢ (Q)

o Allows reduction at certain places in a
term

C[] does not bind w or f

stream Pas f = v::w inC| f(x).Q] — stream Pas f = ¥ inC|Q|W/z|]




streamPas f = w::vin@Q — streamPasf = inQ’

e Lorrespondence

P — Qifandy P = Q

e JL,eads to bisimula,tion-ba,sed
equivalences
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Types for streams

stream
..Feed price1
..feed price?
..Feed price3

asfin
f(x).f(y).{publish-the-min-of-x-and-y}
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stream
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Types for streams

feed price the same type

..feed price?

...feed price3 Streams
asfin are

f(x).f(y).{publish-the-min-of-x-and-y} ~Neabageal2y et

all reads of
the same type



The type of a process is a
pair

(date).
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The type of a process is a
pair

(date).

stream

.. |..feed price2 |...

asftin
f(x).1(y).{publish-the-min-of-x-and-y}

(¢Date.lInt.end, Int)
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pair
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f(x).1(y).{publi Wd-y}
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(¢Date.lInt.end, Int)
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of the protocol
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“Well typed. pmgra,ms do not go

wrong

- P:
» Type safety




Further analyses

e Program equivalence (lnentioned
before)

e congruence; axiomartic laws
e Deadlock avoidance:

e communication errors within a
session (addressed before)

e NO service for a particular consumer
(several proposals in process calculi)

e read from an empty stream (see
paper)



Summary

e Presented language

“Stream-based Service Centered
Calculus”

describing services, conversations,
and orchestration

e Amenable to different sort of analyses

e Fncoded all van der Aalst workiflow
patterns -> expressiveness “test”



Future

e Develop bisimulation techniques

e Fixtend the language with some form of
failure/exception and corresponding
compensation mechanism

http: //www sensoria- 1st u/
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