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 Why do we need the transaction concept? 
Ensure always correct data under all circumstances.

 What is a transaction? 
Originally: a transaction is an ACID (Atomicity, Consistency, Isolation, 
Durability) unit of work [Gray, 1993]
However, the term has evolved, e.g., Business Process-, Workflow-, User- 
Transaction.

 What is TM?
TM encompasses all models, frameworks and physical instances required to 
enable the successful (ACID preserving) execution of concurrent 
transactions in a computing environment.

Preliminaries



  

Preliminaries

Properties of a transaction:

● ACID (Atomicity, Consistency, Isolation, Durability)

System wide Expectations (not just the database):

● Consistency
● Availability
● Partitioning Tolerance 

A non formal approach to show a correct and 
consistent behaviour:

● Harvest & Yield (allows for trade-offs) 

[Brewer, 2000], [Gilbert, 2002]

[Fox, 1999]



  

What makes a transaction complex?
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Database Layer
Dimensions

Disconnected
Heterogeneous

Autonomous
DBMS

[Dunham, 1997]



  

Database Layer
Dimensions

Disconnected
Heterogeneous

Autonomous
DBMS

[Dunham, 1997]
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Some concepts and transaction models
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Important Advanced Transaction Models
A rough overview

Chained

Spheres of
Control

Closed 
Nested

Open 
Nested

Multilevel

Split, Join

Flex

SAGA

Specialisation

Relaxation

Generalisation

Provides atomicity
for long living transactions

Provides support for
open ended activities

KangarooConTracts MoFlex Toggle

Compensation

Workflow, 
Component

Mobile

BTP

[Davies, 1978],[Weikum, 1992],[Garcia-Molina, 1987],[Elmagarmid, 1992],[Reuter, 1997],[Leymann, 1995],[Wang, 2008],[Waechter, 1992]

Generalisation Flat

Generalisation



  

Technologies: Data Access and 
Transactional Interaction (Transaction Propagation)



  

The Java World
An Extract

JPA JDO Hibernate

Spring JEE Beans Java SCA, SDO

JDBC DM

JDBC - ODBC

ODBC DB Driver

Wrapper JDBC NW JDBC

JTA

JTS

OTS

Components

Object Relational Mapping

Distributed 
Transactions

JDBC Stack

Transaction Control

[JEE],[Spring],[JTA, 2002],[SCA, 2006]



  

The Java World
Data Access & Transaction - Control

create connection()
begin transaction
...
  update table-a
...
if (condition)
  commit transaction
else if (condition)
   update table-b
   commit         
else
   rollback

begin transaction
   update table-c
commit 

EntityManager em = createEntityManager();
em.getTransaction().begin();
Employee employee = em.find(Employee.class, 
id);
employee.setSalary(employee.getSalary() + 
1000);
em.commit();
em.close();

@Transactional(readOnly = true)
public class DefaultFooService implements 
FooService {
    public Foo getFoo(String fooName) {
        // do something
    }
@Transactional(readOnly = false)
    public void updateFoo(Foo foo) {
        // do something
    }
}

JTA Example (ORM)

Spring Example (ORM, Declarative)

“Own Code” Example

[JEE],[Spring],[JTA, 2002]



  

The Java World
Declarative Transaction – Control (Rollback)

<tx:advice id="txAdvice" transaction-manager="txManager">
  <tx:attributes>
         <tx:method name="get*" read-only="false" 

rollback-for="
NoProductInStockException,
InvalidProductIDException"/>

         <tx:method name="*"/>
  </tx:attributes>
</tx:advice>

Spring example (declarative exception and rollback handling)

[Spring]
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Transaction

method A

Transaction
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compB.methodB()
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Interface
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Component  B (class, object)
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The Java World (JEE)
Declarative Transaction Propagation

method

Client (caller)

object / method

Business Method (callee)

 Callee: TransactionAttributeType.REQUIRED 

method

Client (caller)

object / method

Business Method (callee)

 Callee: TransactionAttributeType.REQUIRES_NEW 

1. Suspends client transaction (Thread)
2. Starts a new transaction (Thread)
3. Delegate call 
4. Resume client transaction (Thread) after the method 
completes 

Transaction Scope
Transaction Boundary
Sphere

[JEE]



  

Service Component Architecture (SCA)

➔Separation of the concrete implementation
➔Higher Abstraction

[SCA, 2006]



  

SCA Transaction Policy
Example: managedTransaction.local

Component

Global Transaction (managed by the runtime)

DBMS
Resource

Local Transaction Containment (LTC, managed by the runtime)

BusinessExceptions
Interface

Local Transaction

SCA Runtime

Extended resource 
manager local 

transaction (RMLT)

RMLT are coordinated and LTC may 
fail independently for exceptions 
defined in the interface. Anticipated 
behaviour and no automatic 
rollback.

Runtime coordinates the 
component's local 
transaction 

Global transaction is 
hidden



  

SCA Transaction Policy
Example: transactedOneWay

Component A
Interface

In - Queue

Component B
Interface

Out - Queue

Coordination Module

Transactions

Persist state 
after

Persist state 
before

[Zimmermann, 2007]

● Messaging increases the 
amount of states that need to 
be made persistent due to 
recovery. 

● In a bad, but safe way 4 
safe-points per invocation!



  

Web Service (WS) Transaction Coordination
An extract

WS Coordination

WS Business Trans. Spec.
(Nested Scopes, 

Mixed & Atomic Outcome)
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Completion
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<Protocol>
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Trans.
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<Protocol>
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Coordination
Protocols for

Defines Transaction 
Coordination
Protocols for

[Newcomer, 2007],[Newcomer, 2007a],[Newcomer, 2007b]



  

Messages so far?

Focus was on the transactional interaction!

Existing technologies abstract the data access 
(sufficient? ~ Yes)

Existing technologies allow to define the transactional 
interaction behaviour (~Atomicity and Isolation) of 
components (sufficient? ~ Yes)



  

Messages so far?

Existing technologies do not allow to define 
consistency requirements on a component base 
(problematic?  ~YES)

Composition of transactional properties is complicated 
(Metrics are required)

Is a higher level classification of transactions valuable 
and necessary? (~YES)



  

Our Research



Focus of our research

Scenario based trade-off decisions between 

1) consistency, 
2) failure-handling, and 
3) availability 

for the transactional integration of components 
in heterogeneous disconnected computing 
(considering all layers).



Transactional Integration



Transactional Integration

Provide an available (scalable), consistent (ACI), and durable (D) 
TM despite this bottleneck and the impedance mismatch.  

Bottleneck

Semantics based correctness
Long Living Transactions

Optimism
Nested structure

Impedance mismatch 

Serializability
Short Living Transactions

Pessimism
Flat structure



Consistency

AvailabilityConflict

Replication

increases

Conflict

Synchronisation

Recovery

affects

affects

requires

General Problem 
-in a nutshell-



Methodology

Transaction Reasoning Framework (TRF)

Simulate the
model

Simulate the
modelModelModel Model the 

Scenario
Model the 
Scenario

Analyse
simulation

results

Analyse
simulation

results

Change 
transactional 
configuration

Change 
transactional 
configuration

Trade-Off
determined?

Simulation
Framework (SF)

Conceptual
Framework (CF)



Model of a disconnected transaction

Imposed structure 1: OCC phases within a component comp
Imposed structure 2: atomic units of a sphw

Imposed structure 3: execution order Gdt of a sphw

Read Validate WriteDisconnect

Component (comp) comp-1

Disconnected Transaction dt
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[Lessner et al. ,2011]



Model of a user transaction 
ut :=DT ,Gut , AUT 
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Optimistic Concurrency Control

Execution Model
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Model of a disconnected transaction
The complete model
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Trade-Off

ut
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2
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n...

Conistency
Requirments

CR

Conistency
Requirments

CR

Conistency
Requirments

CR

Trade-Off

Derive costs functions from CR

→ Quantification of CR
→ Harvest & Yield?



Idea
Derive CR based on a transaction type

1) Read
1) Aggregate

2) Write
1) Insert
2) Update

1)Linear Dependent
3) Delete
4) Merge

Operation Types:

1) Owner: Private data access 
→ Concurrency?

2) Quota: Allocation of set, e.g., book a flight 
3) OLTP

1) Escrow: Specific form of updates 
→ automatic replay possible

4) Read only
1) Data Analysis: Precision

5) Delete only
6) Insert

Transaction Types:

Approach: 
Operations (t) → Transaction Type (tType) → Component Type??

Component Type:
...

?



Derive CR based on a transaction type
Problem: granularity
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An idea to quantify
Time (and order)

By which t?
By which tType?
By which oType?

By which dt? 
...

“Look back” in time:

How consistent was a read?
When did the last write occur?
When will the next write occur?
Where did the last write occur?
...

“Look forward” in time:

How fast was an update disseminated?
When did the next read occur? 
When will the next read occur?
Where will the next read occur?
...
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