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1 PATTERN ID-CARD

Name Multi-Tier Transactional Service Runtime

Abstract This pattern describes the architecture of a
multi-tier service runtime.

Level Abstract

Type Non-Functional-Cross-Cutting

Key Concerns Services

Credits Francisco Pérez-Sorrosal

Ricardo Jiménez-Péris
Marta Patifio-Martinez
Contact Francisco Pérez-Sorrosal

fpsorrosal@fi.upm.esl
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2 PROBLEM DESCRIPTION

Many applications have strict consistency over the data they handle. The
requirements are typically the well-known transactional ACID properties that
almost all database management systems (DBMSs) guarantee today:

A Atomicity. It guarantees that either all of the operations included in a
transaction are performed or none of them are.

A Consistency. It ensures that a database is in a consistent state before
the start of a transaction and reaches another consistent state once the
transaction has finished (whether successful or not).

A Isolation. It is constraint that requires that during a transaction
execution, the operations performed by other transactions cannot access
or see the data in an intermediate state of the transaction.

A Durability. It guarantees that, once a transaction has finished, the
changes will persist, and not be undone.

Additionally, for the sake of maintainability, separation of concerns is another
important requirement for applications.

As we have mention before, in order to address the ACID properties, specific
support is required (e.g. a database). Therefore, the service runtime
requirements are often extended with requirements of the ACID behaviour and
separation of concerns. In this way, first, services can be enriched automatically
with the ACID properties. Second, applications can be developed separating the
different concerns of business logic and data storage.

Thus, it is important to separate the business logic runtime from the storage
software artifacts involved in the architecture, taking into account the peculiarity
of each of them when providing a useful environment for running service-
oriented applications.
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3 FUNCTIONAL REQUIREMENTS

The diagram in the figure below introduces some actors involved into the
scenarios describing the functionalities, the components and their relationships.

System
deploy
undeploy \

startAgent
// Administrator
stopAgent

configureMonitoringPolicy

getLoggedData

T~

I~
subscribeEvent —_—

" External
/ Agent

<<extend>>
persistState/Data sendMessage

Figure 1 Functionalities of the Multi-Tier Transactional Service Runtime

Apart from the functionalities offered by the pattern that is being specialized (in
this case the Designer and Runtime Tools for E-SOA pattern, see Section 0),
this pattern adds persistence functionalities. The specific components of this
pattern allow either accessing data stored in a transactional persistent storage
area or persisting data, improving the availability of data in the global
infrastructure. So, the persistState/Data use case (shown as a filled oval
in the figure above) has been added to the functional requirements of the
extended pattern. This use case extends the functionality provided by the
sendMessage use case of the Designer and Runtime Tools for E-SOA pattern.

e sendMessage(a: Provider Agent, m: Message): it allows an Agent to
send the Message mto the Provider Agent a running on the Multi-Tier
Transactional Service Runtime.

e deploy(ssc: Simple Service Component): it allows to deploy the
Simple Service Component ssc into the Service Runtime.

e undeploy(ssc: Simple Service Component): it allows to undeploy the
Simple Service Component ssc from the Service Runtime.
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e startAgent(ssc: Simple Service Component): Provider Agent: it
execute the Simple Service Component ssc by creating a correspondent
Provider Agent running on the Multi-Tier Transactional Service Runtime.

e stopAgent(pa: Provider Agent): it stop the execution of the Provider
Agent pa running on the Multi-Tier Transactional Service Runtime.

e getLoggedData(): it returns the data logged by this tool.

e subscribeEvent(et: EventType): it allows a client to subscribe its
interests to a type of Event. The client will be notified every time an Event
of that type occurs.

e configureMonitoringPolicy: it allows the monitoring tool to configure
the monitoring policy for this component.

e persistState/Data: This use case extends the functionality of the
sendMessage use case in order to provide transactional read/write
functionalities for state/data in a persistent database when a service is
being realized. These functionalities are realized by the corresponding
Software Services offered by the Provider Agents.
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4 NON-FUNCTIONAL QUALITIES (QUALITY ATTRIBUTES)

Buildability +
Maintainability +
Availability -
Scalability -
Reusability +
Usability +
Resource Efficiency -
Reliability +
4.1 Rational

The architectural choices made in this pattern correspond to a functional
decomposition of the Service Runtime presented in the Designer and Runtime
Tools for E-SOA pattern. These choices allow to provide the same quality
attributes as that pattern enhancing some of them. Additionally, Reliability also
appears as a new non-functional quality attribute provided by this pattern.

A Buildability and Maintainability: Due to the separation of concerns made
in this pattern, different servers are architected for each tier, avoiding a
monolithic runtime more difficult to build and maintain.

A Availability: No availability is provided by the pattern since every
component is a single point of failure for the architecture.

A Scalability: Every component becomes a single scalability bottleneck,
therefore, no scalability is provided by the pattern.

A Usability: By enabling the separation of functions (business logic from
data storage), the pattern eases the service/application development and
the management of the underlying components of the multi-tier
infrastructure.

A Resource Efficiency: The decomposition of the runtime components
impact negatively on the resource efficiency. Indeed, each runtime
component is not aware of the operative status of the other components
and this can jeopardize the application of ad hoc resource allocation
policies that allows the optimization of the resources usage.

A Reliability: By enforcing the ACID properties, data reliability is enforced in
the architecture in the advent of concurrent accesses to data and
failures.
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5 ASSUMPTIONS
This section describes the context where the proposed pattern is applicable.

) Multi-Tier
Transactional
IR_MTTSR Setvice Runtime

+sendibssagela: Agert, e Message]
+notifyEsente: Evart)

Hsfuk hotized))

+assigriF)

Figure 2 Required functionalities

The following functionalities are required from the context (See Figure 2):

sendMessage: the Multi-Tier Transactional Service Runtime requires
this interface to forward the Message m sent by an Provider Agent
running on it to the Agent a.

notifyEvent: the Multi-tier Transactional Service Runtime requires this
functionality to notify events to the clients that have subscribed their
interest though the subscribeEvent method.

assignCR: this function is needed to assign computational resources to
the different Agents that run on the Multi-Tier Transactional Service
Runtime. It must be provided from other parts of the system.

isAutorized: the Multi-Tier Transactional Service Runtime requires this
operation from the other parts of the system to check if the client has the
rights to access provided functionalities of this component.
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]

6 SOLUTION

This pattern captures the specific properties of the different Software
Components of a service runtime with a multi-tier structure and transactional
persistence capabilities. As it has been stated before, it extends the
functionalities of the Service Runtime component described in the Designer and
Runtime Tools for E-SOA pattern.

Figure 3 shows the operations that the Multi-Tier Transactional Service Runtime
subsystem provides (IP_MTTSR) to enable the external users or systems to
interact with it. Similarly, the required operations (IR_MTTSR) enable the
subsystem to interact with external systems. In this diagram the MTTSR
subsystem is a black box and focus on its interfaces.

|

<<subsystem>>
Multi-Tier Transactional Service Runtime

the Multi-Tier Transactional
Service Runtime component

Multi-Tier
> Transactional O
IR_MTTSR Service Runtime IP_MTTSR

diagram fragment that focus on B‘

+sendMessage(a: Agent, m: Message) +sendMessage(pa: Provider Agent, m: Message)
+notifyEvent(e: Event) +deploy(ssc: Simple Service Component)
+isAuthorized() +undeploy(ssc: Simple Service Component)
+assignCR() +startAgent(ssc: Simple Service Component): Provider Agent
+stopAgent(pa: Provider Agent)
+getLoggedData()

+subscribeEvent(et: EventType)
+configureMonitoringPolicy ()

Figure 3 Multi-Tier Transactional Service Runtime Operations

Internally the Multi-Tier Transactional Service Runtime exposes the same
interface than the Service Runtime component shown in Section 5. However, as
it is shown in Figure 4, internally it includes two main components:

1. Application Server. It provides the same functionality as the Service
Runtime, that is, it is the component that hosts Provider Agents
implemented by Simple Service Components. It uses the functionalities
provided by the Database component in order to transactionally read and
persist state/data.

2. Database. This component provides the capabilities for
reading/persisting data transactionally in a persistent storage. It is used
by the Provider Agents running in the application server.
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Each one of these components has a proxy [BMRS+96] on the client side
(Application Server Proxy and Database Proxy in the figure respectively) that
interfaces the real component.

The other two components shown in Figure 4 (Management Facade and
Monitoring Facade) are already present in the Designer and Runtime Tools for
E-SOA pattern and provide the same functionality as in that pattern. They will
be described also here for the sake of readability.

|

<<subsystem>>
Multi-Tier Transactional Service Runtime

g Application Server Proxy
g Application Server

T <

g Management Facade g Database Proxy Monitoring Facade

g Database

Figure 4 Multi-Tier Transactional Service Runtime Components

Figure 4 also provides the relationships among these components. The
following section focuses on each one of these components to clarify the role of
them into the infrastructure and which are the functionalities they provide.

6.1 Component Description

The following figure (Figure 5) shows the structure of the solution provided by
the Multi-Tier Transactional Service Runtime pattern. The Monitoring and
Management components have been omitted from this diagram in order to
highlight the tiered architecture.
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Ja)

<<subsystem>> O

Multi-Tier Transactional Service Runtime

IP_ApplicationServer

+sendMessage(pa: Provider Agent, m: Message)
+deploy(ssc: Simple Service Component)

+undeploy(ssc: Simple Service Component)

+startAgent(ssc: Simple Service Component): Provider Agent
+stopAgent(pa: Provider Agent)

+getLoggedData()

+subscribeEvent(et: EventType)

O +configureMonitoringPolicy ()

Application Server Proxy

IP_ApplicationServer

+sendMessage(pa: Provider Agent, m Message)
+deploy(ssc: Simple Service Component)

+undeploy(ssc: Simple Service Component)

+startAgent(ssc: Simple Service Component): Provider Agent
+stopAgent(pa: Provider Agent)

+getLoggedData()

+subscribeEvent(et: EventType)
+configureMonitoringPolicy ()

O

IR_ApplicationServer
Application Server
+sendM Agent, m: M )
+notifyEvent(e: Event)
+isAuthorized()
+assignCR()
0O
IP_Database

+heginTx(pa: Provider Agent): Transactionld
+commitTx(pa: Provider Agent, tid: Transactionld)
+abortTx(pa: Provider Agent, tid: Transactionld)
OD_ +read(pa: Provider Agent, g: Query): Data
+write(pa: Provider Agent, d: Data)
IR_MTTSR +setTrigger(name: TriggerName, def: TriggerDefinition, code: TriggerCode) IP_MTTSR
+unsetTrigger(name: TriggerName)
+inspectLog(range: LogRange): LogData

Database Proxy

I

IP_Database

+heginTx(pa: Provider Agent): Transactionld

+commitTx(pa: Provider Agent, tid: Transactionld)

+abortTx(pa: Provider Agent, tid: Transactionld)

+read(pa: Provider Agent, g: Query): Data

+write(pa: Provider Agent, d: Data)

+setTrigger(name: TriggerName, def: TriggerDefinition, code: TriggerCode)
+unsetTrigger(name: TriggerName)

+inspectLog(range: LogRange): LogData

Database

Figure 5 Internal structure of the pattern
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6.1.1Application Server

]

<<subsystem>>
Multi-Tier Transactional Service Runtime

diagram fragment that focus on
the Application Server component

O

O IP_ApplicationServer

+sendMessage(pa: Provider Agent, m: Message)

IR_ApplicationServer . N N
Application Server +deploy(ssc: Simple Service Component)
+sendMessage(a: Agent, m: Message) +undeploy(ssc: Simple Service Component)
+notifyEvent(e: Event) +startAgent(ssc: Simple Service Component): Provider Agent

+isAuthorized() +stopAgent(pa: Provider Agent)

+assignCR() +getLoggedData()
+subscribeEvent(et: EventType)
+configureMonitoringPolicy ()

Figure 6 Application Server component and the provided and required interfaces

This component provides and requires the same interfaces as the Service
Runtime specified in the Designer and Runtime Tools for E-SOA pattern. The
Application Server is the component that hosts Provider Agents implemented by
Simple Service Components. This component allows to deploy and undeploy
Simple Service Components and to create or destroy Provider Agents that
implements Simple Service Components deployed on it. Finally, it enables the
hosted Provider Agents to receive messages from and send messages to other
Agents. The state/data managed by Provider Agents can be read or persisted
transactionally using the Database component. The Application Server uses the
functionalities of the Transaction Manager in order to demarcate the
transactions and take control of them at this level of the Multi-Tier Transactional
Service Runtime (MTTSR).

Provided Operations
The Application Server provides the following operations:
] sendMessag e(a: Provide r Agent, m: Message)

It allows an Agent to send the Message m to the Provider Agent a
running on the Service Runtime.

| deploy(ssc: Simple Service Component)

It allows to deploy the Simple Service Component ssc into the Service
Runtime.

] undeploy( ssc: Simple Service Component)

It allows to undeploy the Simple Service Component ssc from the
Service Runtime.

| startAgent(ssc: Simple Service Component): Provider
Agent.

It execute the Simple Service Component ssc by creating a
correspondent Provider Agent running on the Service Runtime.
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] stopAgent(pa: Provider Agent)

It stop the execution of the Provider Agent pa running on the Service
Runtime.

] getLoggedData()
It returns the data logged by this tool.
| subscribeEvent(et: EventType)

It allows a client to subscribe its interests to a type of Event. The client
will be notified every time an Event of that type occurs.

] configureMonitoringPolicy()

It allows the monitoring tool to configure the monitoring policy for this
component.

Required Operations
] sendMessage(a: Agent, m: Message)

The Service Runtime requires this interface to forward the Message m
sent by an Provider Agent running on it to the Agent a.

] notifyEvent(e: Event)

The Service Runtime requires this functionality to notify events to the
clients that have subscribed their interest though the subscribeEvent
method.

] assignCR ()

This function is needed to assign computational resources to the different
Agents that run on the Service Runtime. It must be provided from other
parts of the system.

] isAutorized()

The Service Runtime requires this operation from the other parts of the
system to check if the client has the rights to access provided
functionalities of this component.

6.1.2Application Server Proxy

This component interfaces the real application server component on the client
side. It provides the same operations as the application server component
described in the previous section.

NEXOF-RA AFP7-216446 At e mp | at e WMutirTel Toamsacfonad Service Runtime AVersion 0.6 A P d4yaé 32

@creative
commons



NEXOF L=

reference architecture

6.1.3Database

]

<<subsystem>>
Multi-Tier Transactional Service Runtime

diagramfragment that focus on
the Database component

O

IP_Database

+beginTx(pa: Provider Agent): Transactionld

Database +commitTx(pa: Provider Agent, tid: Transactionld)
+abortTx(pa: Provider Agent, tid: Transactionld)
+read(pa: Provider Agent, g: Query): Data

+write(pa: Provider Agent, d: Data)

+setTrigger(name: TriggerName, def: TriggerDefinition, code: TriggerCode)
+unsetTrigger(name: TriggerName)

+inspectLog(range: LogRange): LogData

Figure 7 Database component and the provided and required interfaces

This component is in charge of persisting or retrieving state/data transactionally
on the persistent storage depending on the instructions dictated by the Provider
Agents running on the Application Server. So, It is in charge of correlating the
Provider Agents with their corresponding transactions. This is done in order to
guarantee the ACID properties for the state/data managed by the Provider
Agents in the context of the MTTSR.

Provided Operations

The Database provides these operations:

i

beginTx(pa: Provider Agent): Transactionld

The Database component starts a new transaction triggered by the
Provider Agent pa returning the transaction identifier that univocally
identifies the transaction in the Multi-tier Transactional Service Runtime.

commitTx(tid: Transactionld)

The Database finishes successfully the transaction identified by the
corresponding tid , persisting the changes in state/data performed
during the transaction. The changes in state/data performed during the
transaction are accepted and must be visible in the Database for other
concurrent transactions.

abortTx(tid: Transactionld)

The Database finishes successfully the transaction identified by the
corresponding tid  discarding the changes in state/data performed
during the transaction.

read(pa: Provider Agent, tid: Transactio nid, q:
Query): Data
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It retrieves the Data specified by the ProviderAgent pa running on the
Service Runtime in the context of the transaction identified by the
transaction identifier tid . The required data is specified by means of a
query . It associates the data read in the transaction with TID tid with
the corresponding Provider Agent.

] write(pa: Provider Agent, tid: Transactionld, d: Data)

It persists the Data d specified by the Provider Agent pa running on the
Service Runtime in the context of the transaction identified by the
transaction identifier tid . It associates the data written in the transaction
with TID tid with the corresponding Provider Agent.

| setTrigger (name: TriggerName , def. TriggerDefinition ,
code : Tr iggerCode )

It allows to define a trigger with name name. A trigger is a procedure that
is executed when a condition is fulfilled on performing insert, update or
delete operations in the database. The concrete conditions and
operations are defined in the def parameter, and the procedure itself is
specified by the code in the code parameter.

] unsetTrigger(name : TriggerName )
It allows to remove the trigger with name name from the database.
] inspectLog (range : LogRange): LogData

This operation allows performing log mining. That is, to retrieve a part of
the database log specified in the range parameter.

6.1.4Database Proxy

This component interfaces the real database component on the client side. It
provides the same operations as the database component described in the
previous section.
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6.1.5Management Fagcade

]

<<subsystem>>
Multi-Tier Transactional Service Runtime

diagram fragment that focus on
the Management Facade component

Management Facade

\)j ___ O

IR_Management IP_Management
+deploy(sc: Software Component) +deploy(sc: Software Component)
+undeploy(sc: Software Component) +undeploy(sc: Software Component)
+startAgent(sc: Software Component): Agent +startAgent(sc: Software Component): Agent
+stopAgent(a: Agent) +stopAgent(a: Agent)

Figure 8 Management Facade component and the provided and required
interfaces

The Management Facade is the component that is responsible to dispatch an
operation to the specific component. Dispatch of operation means that when a
client ask for an operation provided by the Management Facade, this
component process the request and select the specific runtime that have to
execute such operation. In particular, it manage the deployment and
undeployment policies of Software Components, and the starting and stopping
policies of the Agents into the runtime components. To accomplish its tasks the
Management Facade asks to runtime components to deploy/undeploy Software
Components and to start/stop Agents. For example, a user that have to deploy
a Simple Service Component ask to the Management facade to do that. The
Management Facade, according to its internal policies, recognizes that the
service runtime is responsible for the Simple Service Component and ask to it
for the deployment.

The exposed operations are:
Provided Operations
| deploy(sc: Software Component)

It allows to deploy the Software Component sc into the corresponding
runtime.

] undeploy(sc: Software Component)

It allows to undeploy the Software Component sc from the
corresponding runtime.

| startAgent(sc: Software Component): Agent
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It allows to execute the Software Component sc on the corresponding
runtime. The Management Facade ask to the runtime to create the
Agent.

stopAgent(a: Agent)

It allows to stop the execution of the Agent a running on a runtime. The
Management Facade ask to the corresponding runtime to stop the Agent.

Required Operations

i

deploy(sc: Software Component)

The Management Facade requires this operation from all the runtime
components to deploy the Software Component sc into the appropriate
runtime.

undeploy(sc: Software Component)

The Management Facade requires this operation from all the runtime
components to undeploy the Software Component sc from the
appropriate runtime.

startAgent(sc: Software Component): Agent

The Management Facade requires this operation from all the runtime
components to ask them for the execution of the Software Component
sc to the appropriate runtime.

stopAgent(a: Agent)

The Management Fagade requires this operation from all the runtime
components to ask them for stopping the execution of the Agent a
running into the appropriate runtime.
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6.1.6Monitoring Facade

]

<<subsystem>>
Multi-Tier Transactional Service Runtime

diagram fragment that focus on
the Monitoring Facade component

\) Monitoring Facade O
IR_Monitoring IP_Monitoring

+getLoggedData() +getLoggedData()
+subscribeEvent(et: EventType) +subscribeEvent(et: EventType)
+configureMonitoringPolicy () +configureMonitoringPolicy ()

Figure 9 Monitoring Fagade component and the provided and required interfaces

The Monitoring Facade is the component that is responsible to collect
monitoring data from the components that must be monitored according to the
configured monitoring policies. Moreover, it manage the subscription policies of
the events. This means that when a client ask for a subscription of an event, the
monitoring facade is responsible to dispatch the event subscription to the
specific runtime component, according to the defined monitoring policies.

The exposed operations are:
Provided Operations
| getLoggedData()

It allows to retrieve the monitoring data provided by the components that
must be monitored.

| subscribeEvent(e t: Event Type)

This functionality allows a client to subscribe its interests to a type of
Event. The client will be notified every time an Event of that type occurs.

] conf igureMonitoringPolicy §)

This functionality allows to configure the monitoring policies and features
of the Enterprise SOA infrastructure and business components.

Required Operations
] getLoggedData()

The Monitoring Facade requires this functionality to collect monitoring
data from the tools that must be monitored.

] subscribeEvent(e t: Event Type)
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It allows a client to subscribe its interests to a type of Event. The client
will be notified every time an Event of that type occurs.

] configureMonitoringPolicy 0

This functionality is required by the Monitoring Tool in order to configure
the monitoring policies of the components that need to be observed.

6.2 Functionality Descriptions

In this section is described how the different components collaborate to realize
the provided functionalities of the Multi-Tier Transactional Service Runtime. The
realization of some internal functionalities is described as well, to clarify the
behaviours of the system when they can raise some ambiguity or they can be
useful for the refinement of this pattern.

6.2.1Send message involving management of persistent data

In this section are discussed the behaviours of the subsystem when an
exchange of messages between Agents that imply to persist and retrieve data
transactionally takes place. As reported in the diagram in Figure 10, the focus is
on the components and their interactions that participate to the realization of the
external functionality sendMessage()
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