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Introduction: Motivation

To build adaptable and dependable systems
based on composition of autonomous
component-systems.

. Coordination (glue)

Composite

<4—
\ Autonomous component-systems
.4— (COTS, legacy, Web Services ...)
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Introduction: Overall Solution

Computational Participant Participant Participant
Layer Component 1 Component 2 === | Component 3
Coordination
Layer Composition Connector
Application Client
Layer Components

e (C2 Architectural Style
* Coordination Contracts (Composition)
* CA Action (Exception Handling)
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Background: C2 Style

* Components unaware of each other

* Asynchronous messages mediated by connectors

_/\ Notifications

Component Component

top interface

Connector

bottom interface
p interface

=

Component

Requests bottom interface V
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Background: Composition Contracts

* A connection between objects through
which rules and constraints are imposed on
joint behavior

* Consist of a prescription of coordination
effects that will be imposed on a collection
of partners when the occurrence of one of
the contract triggers 1s detected in the
system
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Background: CA Action

* Coordinates participants

* Exception resolution scheme

* Cooperative error recovery

* Forward and backward recovery

* Normal, exceptional, abort, failure results

e Action nesting
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The Proposed Architecture

* The Participan Components
e The Composition Connector
* Message Flows (Normal & Exceptional)

Computational
Layer

Participant
Component 1

Participant
Component 2

Participant
Component 3

Coordination
Layer

Composition Connector

Application
Layer
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The Participant
Components

Wrappers
Component-
System

Participant Participant Participant
Component 1 Component 2 Component 3

Composition Connector

Client
Components

connector 3
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connector 2
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Local Recovery &
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The Composition
Connector

Participant
Component 1

Participant
Component 2

Participant
Component 3

Composition Connector

basic services interface

Participant Connector

Interceptor
Component

Interceptor Connector

Composition Composition
Contract Contract
Component 1 Component 2

Composition
Contract
Component n

Client Connector

| composite services interface
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Composition Contract Definition

* Contract Triggers

* Service Composition

» Exceptional Conditions

» Error Recovery (Exceptional Contracts)
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The Interceptor Component

Participant Connector
]

Interceptor
Component

Interceptor Connector

Composition Composition Composition
Contract 1 Contract 2 Contract 3

Client Connector

|
 Intercepts messages to / from participants
* Monitors contract triggers (service requests)

» Notifies a composition contract when a trigger 1s
enabled
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The Composition Contract Component

Participant Connector
|

Interceptor
Component

Interceptor Connector

Composition Composition Composition
Contract 1 Contract 2 Contract 3

I I I
Client Connector

|
e Implements a composite service as a relaxed CA

Action (non-transactional external objects)

e Resolves concurrent exceptions and coordinates
€Iror recovery
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The Composition Contract Component

Implements |
Service connector 3
Composition —
Normal Activity
Component

connector 2

Exception Handler

Component
Implements
connector 1 Exceptional
| Contract
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Intercepting a Service Request

basic services interface

Participant Connector

Interceptor

Contract Triggey Component

B\

3f {4

Intercept(')r Connector

A * 5
Composition Composition Composition
Contract 1 Contract 2 Contract 3
2

Client Connector

IT
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Service Composition:
Outgoing Requests

b Aoy

Participant Connector

b A

Interceptor
Component

o ¥

Interceptor Connector

6aﬂ 6b

Composition
Contract 1

Composition Composition
Contract 2 Contract 3

Client Connector
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Collecting Responses

Normal Flow
o 4o

Participant Connector

113* * 11b

Interceptor
Component

12a+ + 12b

Interclzep:[or Connector

13a

i

Composition
Contract 1

"Composition Composition
 Contract 2 Contract 3

Client Connector

Compc’y)/ses * 15
Response
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Exceptional Flow
Cooperative Error Recovery

10a+ ;IOb

17af f17b

Participant Connector

11a* *llb

16af A16b

Interceptor
Component

12a+ *l2b

ISaf 15b

Interclept(l)r Connector
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13a 13b] 14a Pl 4b
Composition Composition Composition
Contract 1 Contract 2 Contract 3
Client Connector \
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Resolves
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Nested Composition

A service request sent by a composition contract
activates another composition contract.

Participant Connector

Interceptor
Component

4 v

Interceptor Connector

+ 5
Contract Layer 2 Composition
5 Contract 2
|
Contract Connector
4
Contract Layer 1 Composition
Contract 1

Client Connector
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Case Study

Flexibel Contract:
Avoids overdrafts of a
checking account using
funds from an associated
savings account.
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Checking Account Savings Account
System System

Participant Connector

Interceptor
Component

Interceptor Connector

Flexible Contract
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Client Flexible Interceptor Checking Savings
Component Contract Account Account
withdraw, ca, 100
—
< withdraw, ca, 100
_getBalance, @ p getBalance, ca >
_ balance = 75
Conventions.- 4 balance = 75 —
- withdraw, ca, 75
service request >
| withdraw, sa, 25 p- withdraw, ca, 75
notification _ withdraw, ca, O
< withdraw, ca, Ok <<
normal flow withdraw, sa, 25 >
— . AbortException, sa
exceptional flow < AbortException, sa «¢
; | resolveException
SaWithdrawAbort, ca, 25 > SaWithdrawAbort, ca, 25 >
SaWithdrawAbort, sa, 25 .
P SaWithdrawAbort, sa, 25 » _withdraw, ca, 25
AccountOverdrawn, ca, 23 g
Acs:auntOver drawn, ca, 25 <AccountOverdrawn, ca, 25 <¢
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Conclusions and Related Work

Architectural solution for dependable software
systems out of concurrent autonomous
component-systems

Adaptability, extensibility and reliability

Adapted CA Action to service oriented approach
to system’s software architecture

WSCA — CA Action for WEB Services
composition (no coordination contract, not
restricted to WEB)

Pires proposes a layered architecture for sequential
composition with backward error recovery
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