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Abstract 

In this tutorial, we present excerpts from a Service-Oriented Architecture (SOA) and cloud 
design guidance model harvested from large-scale enterprise applications which have 
been subject to change since they went live several years ago. This guidance model 
comprises of 500+ issues (design problems) commonly encountered in SOA and cloud 
design, 2000+  known solutions (design alternatives) to these design problems, and best 
practices recommendations when to select which solution. We also outline how to support 
architectural decision capturing and reuse in existing and emerging modeling tools. 
The decisions in the guidance model deal with selection and adoption of architectural 
patterns, with selection and profiling of technology standards, as well as with selection and 
configuration of vendor and open source assets. Examples of recurring SOA design 
issues featured in the tutorial are the selection of integration style and message exchange 
patterns, the definition of business and system transaction boundaries, as well as service 
and operation granularity issues. Recurring cloud design issues pertain to cloud 
virtualization layers (infrastructure vs. platform vs. software), workload type and 
application genre to be virtualized, and private vs. public cloud exposure. 
Attendees of the tutorial will gain:
– An understanding of the importance of architectural decision capturing and sharing. 
– The ability to identify required and recurring decisions in UML and other models, to make these 

decisions more consciously, and to enforce them adequately. 
– Familiarity with a decision-centric approach to architecture design which starts from software quality 

attributes and architectural patterns.
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Target Audience

Researchers with a focus on architecture design methods and 
architectural knowledge

Practicing software architects, particularly application, integration, and 
infrastructure architects

Students with an interest in real-world architecture design problems and 
commonly chosen solutions to them
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Learning Objectives

Having attended this tutorial, you will:
– Understand the importance of architectural decision making and the value of 

proactive architectural decision modeling.

– Be able to identify required and recurring decisions in architectural patterns 
and other artifacts, be able to make these decisions more consciously, and be 
able to enforce them adequately based on their type.

– Be in a position to apply a decision-centric approach to architecture design 
which starts from quality attributes and architectural patterns.

– Be aware of the prevalent architectural decisions recurring in SOA and cloud 
design.
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Agenda Overview – Modules, Objectives, Exercises

Make and capture selected 
SOA decisions in reusable 
manner

Recapitulate and apply 
RADM for SOA content 
from Module 3

Recapitulate and apply concepts 
from Modules 1 and 2

Module 4: 
Case Study

Advanced SOAD concepts: 
RADM tailoring (search & filter) 
Managed issue list
Decision harvesting advice 
(process, quality heuristics) 

Become familiar with guidance 
model organization (refinement 
levels, architectural layers)

SOA Decision Modeling (SOAD) 
framework overview
SOAD meta model (issues, 
alternatives, outcomes), 
SOAD tool overview

Recapitulate fundamental concepts: 
1) quality attributes 
2) architectural patterns 
3) architectural decisions

Learning Objective
(Architectural Decision Reuse)

Background reading

Module 3: 
Reusable Architectural 
Decision Model (RADM) 
a.k.a. Guidance Model 
for SOA

Module 2: 
Architectural Decision 
Modeling with Reuse

Module 1: 
SOA Patterns and 
Decisions

Module

Self study (e.g., [Zim09], 
[SAKM09])

Broader and deeper 
coverage of SOA design 
issues and alternatives, 
pattern-based decision 
identification

Multiple choice exercise on 
levels and layers in RADM 
for SOA guidance model

Become familiar with key 
SOA and cloud design 
issues that recur and 
commonly used solutions 
(alternatives)

Multiple choice exercise on 
issues, alternatives, and 
outcomes

n/a

Reflection on today’s 
decision capturing practices

Understand the patterns 
defining SOA as an 
architectural style

ExerciseLearning Objective
(SOA Design)
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SATURN 2010 Tutorial 
Module 1: 
SOA Patterns and Decisions
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Agenda for Module 1

Introduction

Case 1: Core banking SOA

Software architecture fundamentals
– Quality attributes
– Architectural patterns
– Architectural decisions

Case 2: Order management in the telecommunications industry

SOA patterns and decisions
– Service Consumer-Provider Contract
– Enterprise Service Bus (ESB)
– Service Composition
– Service Registry
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Agenda for Module 1

Introduction
Case 1: Core banking SOA

Software architecture fundamentals
– Quality attributes
– Architectural patterns
– Architectural decisions

Case 2: Order management in the telecommunications industry

SOA patterns and decisions
– Service Consumer-Provider Contract
– Enterprise Service Bus (ESB)
– Service Composition
– Service Registry
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Software Architecture in a Nutshell

Responsibilities of a software architect in custom application development:
– Synthesizes technical solution from requirements (supported by methods)

– Estimates development efforts and technically leads project

– Coaches developers and other technical staff

Key concepts: Quality attributes, architectural patterns, architectural decisions
– Quality attributes are architecturally significant requirements

– ... that drive selection and adoption of architectural patterns 

– … which is captured in the form of architectural decisions

Foundations date back to 1990s (industry and academia participating) 
– Bass et al. “Software Architecture in Practice”, Shaw/Garlan “Software Architecture…”

– Buschmann et al. “Patterns of Software Architecture” (POSA)
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Agenda for Module 1

Introduction

Case 1: Core banking SOA
Software architecture fundamentals
– Quality attributes
– Architectural patterns
– Architectural decisions

Case 2: Order management in the telecommunications industry

SOA patterns and decisions
– Service Consumer-Provider Contract
– Enterprise Service Bus (ESB)
– Service Composition
– Service Registry
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Some of the Required Architecture Design Activities

Selection of top-level integration pattern
– BROKER from “Patterns of Software Architecture” (POSA) is an obvious choice

POSA suggests six steps to implement the pattern:
“(1) Define an object model. (2) Decide which type of component interoperability the 
system should offer, binary or Interface Description Language (IDL). (3) Specify the APIs 
the broker component provides for collaborating with clients and servers. (4) Use proxy 
objects to hide implementation details from clients and servers. (5) Design the broker 
component (6) Develop IDL compilers.”

Step (5) has nine sub steps: “(5.1) On-the-wire protocol, (5.2) Local broker, (5.3) Direct 
communication variant, (5.4) (Un)marshalling, (5.5) Message buffers, (5.6) Directory 
service, (5.7) Name service, (5.8) Dynamic method invocation, (5.9) The case in which 
something fails”.

This is helpful, but which other patterns are suited to implement the steps? What 
about the required technology choices? Product selections?

Buschmann F., Meunier R., Rohnert H., Som-
merlad P., and Stal M., Pattern-Oriented Soft-
ware Architecture – a System of Patterns. 
Wiley, 1996 
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Agenda for Module 1

Introduction

Case 1: Core banking SOA

Software architecture fundamentals
– Quality attributes
– Architectural patterns
– Architectural decisions

Case 2: Order management in the telecommunications industry

SOA patterns and decisions
– Service Consumer-Provider Contract
– Enterprise Service Bus (ESB)
– Service Composition
– Service Registry
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Quality Attributes (QAs)

How does a system provide its functionality (not what it does)
– Reliability, usability, efficiency (e.g., performance, scalability), maintainability, and 

portability areas defined in ISO/IEC specification 9126-2001

Requirements in core banking case stating QAs tacitly or explicitly:
– QA “Accuracy”: e.g. money transactions must not be lost, account balances maintained
– QA “Efficiency” (performance): response times, throughput
– QA “Interoperability”: multiple frontend platforms to be supported (Web, branch offices)

Practical challenges:
– Many attributes, many conflicts between them; many attributes hard to quantify
– Often under-specified (unknown) or over-specified (overly ambitious)
– Often stated on inadequate level of abstraction, e.g., per system (not per function/activity)



8

Services Management – Architectural Knowledge

© 2010 IBM Corporation15

IBM Research – Zurich
Services Management – Architectural Knowledge

Common/Key Challenges in Enterprise Application Design

User and channel diversity
– ISO/IEC 9126-1:2001 QA: Usability (among others)

Process and resource integrity
– ISO/IEC 9126-1:2001QA: Accuracy (among others)

Integration needs
– ISO/IEC 9126-1:2001QA: Interoperability (among others)

Semantics (here: conceptual dissonances in domain models)
– ISO/IEC 9126-1:2001QA: Functionality (among others)

Zimmermann O., An Architectural Decision 
Modeling Framework for SOA Design. 
Dissertation.de, 2009
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Architectural Patterns

Proven, common solutions to known, recurring architecture design problems:
– Context captured by intent section
– QAs discussed in forces section
– A problem statement is given, often in question form
– There is a sketch of the solution (not a complete design!)

Examples in core banking SOA (case 1):
– “Layers” pattern from [POSA] structures the architecture overview diagram
– See http://www.vico.org/pages/PatronsDisseny/Pattern%20Layers/index.html

Practical challenges:
– Many eligible pattern languages
– Link to requirements covered insufficiently
– Transition to platform-specific design not addressed (or only in the form of examples)
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Layers Pattern Applied to SOA Design

Humans and other applications as 
primary actors, presentation logic

Web User 
Channel

System 
Consumers

Process

Services

Components

Backend 
Systems

Database 
Resources

Long running business processes
– E.g. Loan processing
– E.g. Supply chain management

Services and components as atomic 
units of reuse (business activities)
– E.g. Check creditworthiness
– E.g. Order bill of material

Other systems as secondary actors, 
persistent storage
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Architectural Decisions

Capture rationale justifying a design, in addition to design itself

Example in core banking case:
– “We selected the Layers pattern to make the core banking SOA future proof, 

e.g., to be able to add retail banking channels in a flexible manner”

– See http://www.ibm.com/developerworks/architecture/library/ar-knowwiki1

Practical challenges:
– Retrospective decision capturing takes time and may not yield sufficient 

benefits to become as broadly accepted in practice as it deserves

– Relation to other architectural concepts and viewpoints (quality attributes, 
patterns) not fully understood and supported in methods and tools yet
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Agenda for Module 1

Introduction

Case 1: Core banking SOA

Software architecture fundamentals
– Quality attributes
– Architectural patterns
– Architectural decisions

Case 2: Order management in the telecommunications industry
SOA patterns and decisions
– Service Consumer-Provider Contract
– Enterprise Service Bus (ESB)
– Service Composition
– Service Registry
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Case 2: Multi-Channel Order Management SOA in the 
Telecommunications Industry

Functional domain
– Order entry management
– Two business processes: 

new customer, relocation
– Main SOA drivers: deeper 

automation grade, share 
services between domains

Service design
– Top-down from requirement 

and bottom-up from existing 
wholesaler systems

– Recurring architectural 
decisions: 
• Protocol choices
• Transactionality
• Security policies
• Interface granularity

Business
Process
Layer

Channel
Controller

Business
Services

Screen1 Screen2
Presen-
tation

Browser Channel Web Services Channel

Application
Services

Business Objects

Core
Systems

Business
Objects

Core
System 1

BS1 BSn

AS1 ASn

. . . . . . other

? WS Façades

Activity Stub 1 Activity Stub n?

BSF1 BSF n

Client Client 

Value
Object

Value
ObjectShort Running

Process
Activities

WSDLWSDL

WSDLWSDL

Activity
Implementation 1

Activity
Implementation n

Core
System n

Business Process Engine

Message exchange pattern? 
Transport protocol?

Interface granularity (WSDL contract design)?
Message- or transport layer encryption?

Transaction boundaries inside process?
Which BPM/workflow engine to use?
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Recurring Service Design Issues and Decisions

1. Selection and adoption of application and integration patterns

2. Technology choices – protocols, containers, operating systems, etc.

3. Commercial and open source asset selection and configuration

Hundreds, if not thousands, of such decisions per role, phase, scope:
– Many decisions already made before project starts (numerous stakeholders)

• By client – previous projects, legacy systems
• By other parties – software vendor, IT consultants

– Many forces that influence the decision making, often contradictory [Booch]
– Numerous complex dependencies between the decisions [Kruchten]
– Never enough time to analyze the alternatives (options) in detail
– Pattern literature is overwhelming

Booch G., Handbook of Software 
Architecture,

http://www.booch.com/architecture

Kruchten P. et al,  Building Up and Reasoning 
About Architectural Knowledge, QOSA 2006
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Introduction

Case 1: Core banking SOA

Software architecture fundamentals
– Quality attributes
– Architectural patterns
– Architectural decisions

Case 2: Order management in the telecommunications industry

SOA patterns and decisions
– Service Consumer-Provider Contract
– Enterprise Service Bus (ESB)
– Service Composition
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What is a Service-Oriented Architecture (SOA)?

No single definition – “SOA is different things to different people”

– A set of services that a business wants to expose to their 
customers and partners, or other portions of the organization.

– An architectural style which requires a service provider (a.k.a. 
client) and a service requestor (a.k.a. consumer or server).

– A set of architectural patterns such as service consumer-provider 
contract, enterprise service bus, service composition, and service 
registry, promoting principles such as modularity, layering, and 
loose coupling to achieve design goals such as separation of 
concerns, reuse, and flexibility. 

– A programming and deployment model realized by standards, 
tools and technologies such as Web services and Service 
Component Architecture (SCA).

Business
Domain
Analyst

IT
Architect

Developer,
Administrator

Adapted from: [IBM SSS]

Services Management – Architectural Knowledge

© 2010 IBM Corporation24

IBM Research – Zurich
Services Management – Architectural Knowledge

SOA Patterns Overview

No industry consensus on SOA principles and patterns yet:
Each author defines his/her own – many terminology mismatches [PESOS09]

Zimmermann O., An Architectural Decision 
Modeling Framework for SOA Design. 
Dissertation.de, 2009 [Zim09]
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SOA Pattern: Enterprise Service Bus (ESB)

Refinement of well-established broker pattern described in [POSA]
– Hub-and-spoke architecture known from many Enterprise Application 

Integration (EAI) products, providing many-to-many connectivity between 
loosely coupled parties – the ‚B‘ in ESB

– Plus explicit, machine-readable service interface contracts – the ‚S‘ in ESB
– Plus business alignment and high-end Quality of Service (QoS)

– the ‚E‘ in ESB

Key capabilities defined in [Keen] and “Enterprise Integration Patterns”
[Hohpe]:

– Multiple transport layers and message exchange patterns:
• Synchronous service invocations, e.g., via simple Web protocols (HTTP)
• Asynchronous messaging (JMS, MQ) – key for loose coupling!

– Mediations providing content-based routing, message format conversions, 
instrumentation for QoS management (logging, billing, security controls)

– Declarative, policy-based configuration and management
Source: [Hohpe]
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SOA Pattern: Service Composition

The business logic layer of n-tiered enterprise applications can 
be divided into two sublayers (architectural “refactoring”):

– Processing steps assigned to roles placed in process layer
(pattern a.k.a. workflow, business process choreography)

– Basic computations, validation logic, manipulation of 
persistent business entities placed in atomic services layer

Foundations for process layer execution semantics (workflows):
– Business Process Management (BPM), Petri nets, Pi-calculus, graph theory
– One technology option is the Web Services Business Process Execution 

Language (WS-BPEL or BPEL4WS), standardized by [OASIS]

Key issues: 
– Where to draw the line between the two sublayers?
– How to interface with the presentation layer?
– Integration of legacy workflows, e.g., those residing in software packages?

Source: [Hohpe]
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SOA Pattern: Service Registry

SOA incarnation of naming and directory services known from CORBA, 
J2EE, DCE, and other distributed computing technologies

Key capabilities:
– Build time service publishing and lookup

• Human user (developer)
• Tools

– Runtime registration and lookup of service providers
– Semantic annotations
– Matchmaking

Known uses: 
– Web services specification: UDDI
– IBM WebSphere Service Repository and Registry (WSRR)
– Most of today’s SOA references use custom built repositories tightly integrated into 

inhouse development processes
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Exercise 1: 
Reflection on Today’s Decision Making Practices

1. Which decision hurt your head most on your last project?

2. What did you do to resolve it?

3. Which forces influenced your decision making?

4. Where did you look for help? 

5. How did you document your decision?

6. Were your lessons learned specific to your project, or would you say 
they are applicable to other project situations?

7. If so, how did you share them with the community?

Time for this exercise: 5 minutes
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Module 1 Take Aways

Key concepts applied by software architects in practice:
– Quality attributes
– Architectural patterns
– Architectural decisions
(and many others, which are covered elsewhere – viewpoints, methods, etc.)

Key SOA patterns are:
– Service Provider-Consumer Contract (known from economics and OOP)
– Enterprise Service Bus (known from messaging and EAI)
– Service Composition (known from CBD and workflow technology)
– Service Registry (known from distributed computing and networking)

Making the right decisions to satisfy the quality attributes is complex:
– Based on complex thought processes
– Using contextual information and decision criteria from many directions

© 2010 IBM Corporation

IBM Research – Zurich
Services Management – Architectural Knowledge

SATURN 2010 Tutorial 
Module 2: 
Decision Modeling with Reuse
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Agenda for Module 2

Motivation 

Existing work
– Tyree/Akerman template

– Kruchten/Lago/van Vliet ontology

– Decision capturing template in IBM Unified Method Framework (UMF)

SOA Decision Modeling (SOAD) vision and framework overview
– Key SOAD concepts

– Content examples

– Tool support
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What are Architectural Decisions? Why Bother?
“The design decisions that are costly to change” (Grady Booch, 2009)

Our definition [WICSA08, EelesCripps09]:

“Architectural decisions capture key design issues and the rationale behind 
chosen solutions. They are conscious design decisions concerning a software 
system as a whole, or one or more of its core components, with impact on non-

functional characteristics such as software quality attributes.”

From IBM UMF work product description ART 0513 (previous name: ARC 100):
“The purpose of the Architectural Decisions work product is to:

– Provide a single place to find important architectural decisions

– Make explicit the rationale and justification of architectural decisions 

– Preserve design integrity in the provision of functionality and its allocation to system 
components 

– Ensure that the architecture is extensible and can support an evolving system 

– Provide a reference of documented decisions for new people who join the project 

– Avoid unnecessary reconsideration of the same issues”
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Decision Capturing Templates and Ontologies

IBM Global Services Method a.k.a. Unified Method Framework (UMF)
– Work product (artifact) “ART 0513/ARC 100 Architectural Decisions”

Tyree and Akerman created a decision capturing template having 
worked with an ARC 100 work product for e-business architectures
– Issue, decision, status, group, assumptions, constraints, positions, argument
– Implications, related decisions, related artifacts, related principles, notes 

Kruchten et al. define a decision ontology
– State model, decision types, decision dependencies

Retrospective decision capturing (documentation purposes)!

J. Tyree, A. Akerman, Architecture Decisions: Demystifying Architecture, IEEE Software, vol. 22, no. 2, 2005

Kruchten, P., Lago, P., van Vliet, H.: Building up and Reasoning about Architectural Knowledge. In: Hofmeister, C., 
Crnkovic, I., Reussner, R. (eds.) QoSA 2006. LNCS, vol. 4214, pp. 39-47. Springer, Heidelberg (2006)
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The current state of the art and the practice
makes it difficult to reuse issues decisions during architecture design.

Problem 2: 
Text documents 
used

Manual work, 
limited scalability

Consequence: Little reuse – no catalog of recurring design issues exists today (SOA or other style)

Design work always conducted from scratch and in isolation – time consuming, error prone

Problem 1: 
Template designed 

to capture 
decisions made

Unwelcome 
documentation task, 
out of design context

Decision

Related 
Decisions

Derived 
Requirements

Implications

Justification

Alternatives

Motivation

Assumptions

Issue or 
Problem

AD IDArchitectural 
Decision

TopicSubject Area

“We decided for the Broker pattern [POSA] …

…because we gained positive experience 
with it on many similar projects.”

… to integrate front end and backend…

Source: UMF Work 
Product Description 
for Architectural 
Decisions, © IBM, 
1998
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Vision: Architectural Decision Modeling Framework

Literature 
(e.g., pattern books, 

technology standards, 
vendor documentation)

Reusable 
Guidance Model

of Decisions  
Required

Decision Model with 
Decisions Made 

on Project

reuse 

harvest 

scope 

Architectural 
Decision 
Modeling 

Framework

AD: “You will have to  
resolve issue X; 

consider alternative 
Y1 and Y2, base 

decision on driver Z”

AD: “We decided for 
alternative X to resolve

issue Y because of 
requirement Z”

Make decisions explicit with: 
Decision modeling and decision reuse

Our Focus: 
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Extended Usage Scenario for Architectural Decisions

Architecture Design:
Decisions Required 

(Issues, Alternatives)

Architecture Documentation:
Decisions Made

(Outcomes)

Web User 
Channel

System 
Consumers

Process

Services

Components

Backend 
Systems

Database 
Resources

“You can pick one of three 
ESBs from Apache. Data 
Power performed well on 

several reference projects. 
See the following white 

paper: http://....”

AD3: “We decided for Apache Axis as 
our Enterprise Service Bus (ESB) asset
because it performs and scales well.”

AD1: “We decided for the Model-
View-Controller (MVC) pattern to 

control Web page flow because we 
gained positive experience with it on 

many similar projects.”

AD2: “We decided for the BPEL 
language as workflow technology

because it is standardized and 
supported by tools.”

“You will have to make a 
conscious decision for one of 

the many workflow 
technologies. Portability 

needs and tool support will 
drive your decision making.”

“When designing a 
presentation layer, you will 
have to select a pattern to 
control the Web page flow. 
MVC is a common choice.”
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SOA Decision Modeling Framework (SOAD) Solution

Collaboration System (Architectural Decision Knowledge Wiki/Web)

Possible Solutions (Alternatives)

Decisions Required (Issues)

Integrity Constraints, Prod. Rules

Logical and Temporal Relations

Metamodel of Entity Types Formalized Relationship Types

Pattern-Centric Decision Identification Technique

Presentation Layer Issues Business Logic Layer Issues

Reusable Architectural Decision Model (RADM) for SOA

Decisions Made (Outcomes) Managed Issue List

Integration Issues Persistence Layer Issues

Decision Injection in Model-Driven Development (MDD)

Part 1: 
Architectural 

Decision Modeling 
Framework 

Concepts

Part 2: 
SOA 

Content

Part 3: 
Tool
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Entity Types and Associations in UML Metamodel 

Chosen solution 
and justification

Problem and criteria

Potential solutions with pros and cons

Guidance Model 
Decisions Required
and Candidate 
Solutions

Decision Model
Decisions Actually 
Made on Projects

“We decided for the MVC 
alternative to resolve the web 
page flow issue because we 

gained positive experience with 
it on many similar projects.”

“When designing a 
presentation layer, 

you will have to 
select a pattern to 
control the Web 

page flow.”

“Model View Controller 
(MVC) is a common 

architectural pattern to 
control the Web page 

flow.”

UMF template (ART 0513/ARC 100)Our extension
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Relationship Types and Levels

t1

i2 

a21

a22

i3 a31

issue

alter-
native

Conceptual Level
(Platform-Independent)

Technology Level
(Platform-Specific, 

here: Java)

Presentation
Layer Issues

t1
i4

a41

a42

Java
Presentation

Layer
Issues

(d)ecomposesInto

(r)efinedBy

d

r

contains

i1 a11

a32

topic
group

d

f

(f)orces

(in)compatibleWith

i

„Web Page
Flow“

„MVC Pattern“

„Code“

„Java 
Server 
Pages“

„Java 
Servlets“

„Java View
Technology“

„View
Concept“

„Server 
Pages“

„Business 
Logic

Interface“

Figure Legend:
(Outcomes not shown)

„Plain
Object“

„Bean“

t2
Integration 

Layer Issues
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Part 2 (Content): Sample SOA Issue and Alternatives

Decision drivers: reliability 
needs, systems 

management capabilities, 
availability of provider

Scope: Operation 
(Layer 3 + Layer 6)

AD: Msg-01, Message Exchange Pattern (Conceptual/Technology Level)

Do consumer and provider communicate synchronously or asynchronously?

Background reading:  Hohpe/Woolf “Enterprise Integration Patterns”

Phase: Macro Design
Role: Integration Architect

Recommendation: Do not follow the MOM hype – decoupling in time is just one of several 
dimensions of loose coupling. The equation (NOT RM => NOT SOA) does not hold true.

Service 
Model WSDL

Alternative 1:
Request-Reply

SOAP/HTTP

Simple to manage, 
but no guaranteed 

delivery, so 
*might* have to 

deal with 
undelivered and/or 

duplicate  
messages

Alternative 2:
One Way over Reliable 

Transport

JMS or WS-RM

Consumer and provider 
up times can differ; 

guaranteed delivery (once 
and only once) when 

using persistent 
messages. Must manage 

dead letter queue. SOAP Engine 
Selection

MOM/JMS
Provider 
Selection

HTTP Server 
Selection

Alternative 3:
Pseudo-

Asynchronous

Combination of 
Alternative 1 on Layer 

3 (service), 
Alternative 2 on Layer 

6 (transport)

Same as Alternative 1, 
but guaranteed 

delivery 

Decision Identification Decision EnforcementDecision Making

MOM:
Message-Oriented 
Middleware

JMS: 
Java Messaging
Service

WS: 
Web Services

RM:
Reliable Messaging
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500+ SOA Design Issues in RADM Guidance Model

In and Out 
Parameter 
Granularity

Transaction 
Management

Session 
Management

SOAP Engine 
Selection

Transaction 
Attributes

Patterns
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From Issues and Alternatives to Outcomes – Driver Types

Ph. n+1

Phase (Ph.) 
n-1

4+1 VPs

Past
Arch. Decisions Architecture Design Work

Reference Information
(Industry Models, 

Enterprise Architecture)

Functional Requirements
(BPM, Use Cases, User Stories)

Existing Systems
(Capabilities, Limitations)

Non-Functional Requirements
(incl. Software 

Quality Attributes)

Stakeholder Goals
(Existing Practices, 
Strategic Directions)

Project Budget 
and Timelines

Skills, Experience,
Preferences in Team

Ph. n

4+1 VPs

Future 
Arch. Decisions

Nontechnical
Drivers

Technical
Drivers
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Valid Outcome Justifications… and Counter Examples

Good:
– Direct link to (non-)functional requirements, quality attributes in particular
– Positive experience on previous project
– Existing skills, license agreements

Bad:
– Market momentum (technology or vendor push)
– Only one alternative known/considered
– Keep CVs of team members current

More examples given in this IBM developer works article:

http://www.ibm.com/developerworks/architecture/library/ar-knowwiki1/

Adobe Acrobat 
7.0 Document
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Part 3: Architectural Decisions Knowledge Tools Project 
(Technology Incubator, IBM Rational and IBM Research)

Regulatory compliance
– E.g., maturity models

Collaboration
– In geographically distributed teams

Reuse
– Of already gained knowledge

Other required features:
– Import and export
– Searching and filtering
– Dependency management
– Report generation
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Guidance Modeling Tool (Emerging)
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Decision Modeling Tool (Emerging)
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Module 2 Exercise

Classify the following model elements according to the UML metamodel classes 
(issue/alternative/outcome) that were introduced on page 38:
– “Which pattern should we pick to structure the integration layer?”
– “We investigated the Broker pattern from POSA and ESB in Krafzig’s SOA book”
– “Should we use a binary or a textual representation of service requests?”
– “Integration technology”
– “SOAP over “HTTP” and any “WS-* specification (WSDL, WS-Security, WS-Policy)”
– “XML” as message exchange format
– “RESTful integration”
– “Eclipse Rich Client Platform (RCP) or Java-based Web application”?
– “Apache Mule” as ESB implementation and provider
– “HSQLDB from Source Forge.net”
– “We could use the IBM WebSphere application server, seems to have market traction”
– We decided to use Oracle Business Process Manager, licenses already purchased 

(enterprise license agreement in place)”

Time for this exercise: 5-10 minutes
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Module 2 Take Aways

Several decision capturing templates exist in industry and academia: 
their main focus is on recording decisions made (after-the-fact) 

SOA Decision Modeling (SOAD) advances the state of the art of 
decision modeling with native support for knowledge reuse and 
embedding decisions required into the architecting process 

Issues, (potential) alternatives, and (actual) outcomes are three aspects 
of a decision with different reuse characteristics; therefore, these 
aspects are modeled as separate entities in SOAD

A 500-node SOA decision model has been compiled, which proves that 
decisions recur and can be modeled in a reusable fashion

Prototypical tool support for the modeling concepts is available
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SATURN 2010 Tutorial 
Module 3: A Guidance Model created with SOAD –
Reusable Architectural Decision Model (RADM) for 
SOA and Cloud Design
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Agenda for Module 3

RADM for SOA guidance model – organizing principles and overview:
– Refinement levels
– Architectural layers

Top 10 SOA decisions (issues/alternatives):
– Architectural style and reference architecture
– Integration 
– Service composition
– Granularity

Cloud design decisions (emerging)
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From AD Documentation to Active Method Guidance

Architectural 
Style

(SOA or other?)

Conceptual Level 

Technology Level  

Vendor Asset
Level  

Business 
Executive Level 

Service Composition 
Paradigm

(Processes? Classes?)

SOA

Workflow 
Language

(BPEL? Other?)

BPEL Engine
(IBM WPS? Other?)

Process-Enabled SOA

BPEL 2.0

Message Exchange Pattern 
(Request-Reply? One Way?)

Transport Protocol  
(SOAP over HTTP?)

SOAP Engine
(Apache Axis2?)

SOAP/HTTP 1.1

Process-Enabled SOA Synchronous Request-Reply

Architectural 
Decision Issue

(with Alternatives)

Decision Made/Alternative Selected

for each project

for each service

for each process

Transaction Boundaries?
Service Granularity?
Message Confidentiality?

Transaction Qualifiers in SCA?
Operations per WSDL Port Type?
HTTPS or WSSE?

IBM WebSphere Transaction Settings?
Eclipse WTP/Apache Axis2 Usage?
Apache/WebSphere Configuration?

…

…

500+ Decisions in IBM 
SOA Decision Guidance Model 

(SOAD)
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Excerpt from RADM for SOA Guidance Model [Zim09]

es

SOAP Engine
ESB Product
ESB Topology (IBM DataPower Configuration)
BPEL Engine
Invoke Activity Transactionality

Atomic service layer
Integration  layer

Service composition layer

IR6 and IR7: 
Vendor Asset Selection Decisions (ASDs), 
Vendor Asset Configuration Decisions (ACDs)

Transport Protocol Binding
Message Exchange Format
SOAP Communication Style
Web Services Transactionality
Web Services API
Java Service Provider Type
XML Schema (XSD) Constructs
Integration Technology
Transport QoS (SCA Qualifiers)
Workflow Language 
BPEL Version
Compensation Technology

Atomic service layer 

Integration layer 

Service composition layer 

IR4 and IR5: 
Technology Selection Decisions (TSDs),  
Technology Profiling Decisions (TPDs)

In Message Granularity
Out Message Granularity
Operation-to-Service Grouping
Message Exchange Pattern
Invocation Transactionality Pattern
Service Provider Transactionality (ST)
Integration Paradigm 
Communications Transactionality (CT)
Service Composition Paradigm
Process Lifetime
Session Management 
Resource Protection Strategy 
Process Lifetime
Process Activity Transactionality (PAT)

Atomic service layer

Integration layer

Service composition layer

IR2 and IR3: 
Pattern Selection Decisions (PSDs), Pattern 
Adoption Decisions  (PADs)

Architectural Style 
Layering
Language and Platform Preferences
Tooling Directions 
Functional Requirements Notation
BPM Notation

n/aIR1: (Technical) executive decisions, 
requirements analysis decisions

Issue (Decision Required)LayerIdentification Rule (IR) and Level
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Application Architecture Infrastructure Architecture               Example       

SOA Design Issues Organized by Levels  and Layers

Business 
Requirements 

Decisions

Conceptual Level 

Technology Level  

Vendor Asset
Level  

Executive 
Decisions 

Operational  VP:
Conceptual 
Decisions

Functional  VP:
Conceptual 
Decisions

Operational VP: 
Technology 
Decisions

Functional VP:
Technology 
Decisions

Operational VP: 
Vendor/Asset 

Decisions

Functional VP: 
Vendor/Asset 

Decisions

Message Exchange Pattern

Transport Protocol

DataPower Configuration

Component Layer 

Service Layer 

Process Layer 

Integration Layer 

Q
oS

Layer 

Consumer Layer 

Resource Layer 

Component Layer 

Service Layer 

Process Layer 

Integration Layer 

Q
oS

Layer 

Consumer Layer 

Resource Layer 

Component Layer 

Service Layer 

Process Layer 

Integration Layer 

Q
oS

Layer 

Consumer Layer 

Resource Layer VP – Viewpoint

Business 
Executive Level 

Platform PreferencesTop 10 Issues 
Presented Today

1 Issue

2
2
2

1
1
1
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Template Used to Present Issues and Alternatives

Decision driversScope

Issue: Name (SOA Guidance Model Level)
Problem Statement

Background reading

Phase 
Role

Recommendation

Identifying 
Model or
Diagram

Enforcing 
Model or 
Diagram

Alternative 1:
Name

Description  

Pros

Cons

Alternative 2:
Name

Description Other Issue 
(Outbound 

Dependency)

Alternative 3:

Decision Identification Decision EnforcementDecision Making

Other Issue
(Inbound 

Dependency)
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A Decision Already Made – Architectural Style Selection

Decision drivers: Application 
portfolio size and dynamism, 

strength of enterprise 
architecture team, reuse culture

Scope: 
Project or Enterprise

Issue: Architectural Style Selection (Business Executive Level)
Which architectural style, characterized by its principles and patterns, is 

selected to guide and govern the architecture design?

Background reading: Shaw/Garlan “Software Architecture – Perspectives on…”

Phase: Solution Outline
Role: Lead Architect

Recommendation: Do not assume that all SOA patterns always have to be used; justify their 
introduction in project requirements and EA principles (“if in doubt, leave it out”).

Requirements 
and EA 
Artifacts

Architecture
Overview 
Diagram

Alternative 1:
SOA

Loose coupling via 
ESB, Service 
Composition, 

Service Registry  

Pros: Flexibility, 
reuse, business 
alignment of IT

Cons: Increases 
governance needs

Alternative 2:
Vanilla Enterprise 

Application with Thin or 
Rich Client Channels

Pros: Proven patterns, 
many supporting assets 
(frameworks, engines)

Cons: Ad hoc integration 
(often procedural), limited 

reuse (only on 
component or on code 

level, no runtime registry)

Style-Specific 
Methods 

(Processes, 
Notations)

Reference 
Architecture

Alternative 3:
Other Style

Many other 
architectural styles and 

patterns exist, e.g. 
batch sequential, pipes 
and filter, OO, compiler, 
interpreter, rule-based 
system, event-driven 

architecture, 
blackboard, hypertext, 

patterns for e-business.

Decision Identification Decision EnforcementDecision Making

EA:
Enterprise
Architecture

SOA:
Service-Oriented 
Architecture

OO: 
Object Orientation
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AD Issue #10 – Reference Architecture (RA)

Decision drivers: Vendor 
preferences, enterprise 
architecture principles

Scope: 
Project or Enterprise

Issue: Reference Architecture Selection (BusinessExecutiveLevel)
Which reference model should be used to define architectural layers?

Background reading: Krafzig et al  “Enterprise SOA”, Josuttis “SOA in Practice”

Phase: Solution Outline
Role: Lead Architect

Recommendation: All listed reference models have their place. Whichever one you choose, 
make sure to profile to relevant subset and to provide concrete usage examples.

Architecture
Overview 
Diagram

Alternative 1:
SOMA/SOA Solution 

Stack 5+2 or 5+4 
Model (IBM)

Pros: Platform-
neutral, 

comprehensive, 
widely adopted

Cons: Rather 
abstract, has to be 
refined for projects  

and solutions

Alternative 2:
RA from Other Software 

Vendors and Professional 
Services Firms

Consult the respective 
websites and developer 

networks.

Pro: Often close to 
implementation reality.  

Con: May promote 
proprietary concepts. Service  

Component 
Layer 

Patterns

Process 
Layer 

Patterns

Integration 
Layer 

Patterns
Alternative 3:

RA from Standards 
Body or Book Author

E.g., The Open Group 
is in the process of 

standardizing a SOA 
reference model. OMG 
SysML extends UML 
to define core SOA 

concepts. “Enterprise 
SOA” and “SOA in 

Practice” come with 
their own approaches.

Decision Identification Decision EnforcementDecision Making

Architectural 
Style 

Selection

Requirements 
and EA 
Artifacts
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AD Issue #9 – Overall Integration Layer Design Pattern

Decision drivers: Number and 
technical diversity of service 

providers and consumers, 
change dynamics

Scope: Entire 
Integration Layer

Issue: Integration Style (Conceptual Level)
Which architectural pattern (if any) is selected to structure the integration layer?

Background reading: Hohpe/Woolf “Enterprise Integration Patterns”

Phase: Solution Outline
Role: Lead Architect

Recommendation: Introduce ESB pattern if loose coupling (i.e., location, format, protocol, 
and implementation transparency) is a valued strategic architectural principle.

System 
Context 
Diagram

Component
Model, 

Operational 
Model

Alternative 1:
Vanilla Message Broker or 

SOA ESB

Hub-and-spoke (stateful or 
stateless) with broker as hub, 
message channels as spokes 

Pros: Flexible and extensible, can 
mediate technical differences

Cons: There is a risk of scope 
creep – business logic might end 

up in integration layer.
Message 

Broker/ESB 
Product

Integration 
Technology

Message 
Exchange 

Pattern
Alternative 2:

Peer-to-Peer Integration 
(No Integration Layer)

Each service consumer directly talks 
to one or more service providers, e.g. 
via file transfer, shared database, or 

remote procedure invocation patterns.

Pro: Less architectural components

Cons: Many connectors, maintenance 
and extensibility issues, development 
and management effort. Consumers 

and providers tightly coupled.

Decision Identification Decision EnforcementDecision Making

Reference 
Architecture 

Selection

ESB:
Enterprise
Service Bus
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AD Issue #8 – A Detailed Integration Layer Design Issue

Decision drivers: Reliability 
needs, systems 

management capabilities, 
availability of provider

Scope: 
Operation

Issue: Message Exchange Pattern (Conceptual/Technology Level)
Do consumer and provider communicate synchronously or asynchronously?

Background reading:  Hohpe/Woolf “Enterprise Integration Patterns”

Phase: Macro Design
Role: Integration Architect

Recommendation: Do not follow an MOM hype – decoupling in time is just one of several 
dimensions of loose coupling. The equation (NOT RM => NOT SOA) does not hold true.

Service 
Model WSDL

Alternative 1:
Request-Reply

SOAP/HTTP

Simple to manage, 
but no guaranteed 

delivery, so 
*might* have to 

deal with 
undelivered and/or 

duplicate  
messages

Alternative 2:
One Way over Reliable 

Transport

JMS or WS-RM

Consumer and provider 
up times can differ; 

guaranteed delivery (once 
and only once) when 

using persistent 
messages. Must manage 

dead letter queue.

Integration 
Technology

Alternative 3:
Pseudo-Asynchronous

Combination of 
Alternative 1 on 

application integration 
layer, 

Alternative 2 on 
underlying transport 

layer

Same as Alternative 1, 
but guaranteed 

delivery

Decision Identification Decision EnforcementDecision Making

MOM:
Message-Oriented 
Middleware

JMS: 
Java Messaging
Service

WS: 
Web Services

RM:
Reliable Messaging

Integration 
Style
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AD Issue #7 – Integration Layer Technologies

Decision drivers: Quality of 
Service (QoS) needs, 

endpoint technologies, 
team preferences

Scope: 
Operation

Issue: Integration Technology (Technology Level)
Which technology standards should be used to implement the chosen 

integration patterns?

Background reading: Pautasso et al “RESTful vs. Big Web Services”

Phase: Macro Design
Role: Integration Architect

Recommendation: Both alternatives have their place. Avoid being biased in the decision 
making. Note that REST often is positioned as a architectural style (alternative to SOA).

Component
Model

Component 
Model

Alternative 1:
WS-* Technologies

SOAP/HTTP, WSDL and other 
appropriate XML languages

Pros: Tool and standards support, 
interoperability

Cons: Perceived to be complex 
and under vendor control (tools 
and middleware needed for XML 
editing and processing). Limited 
support in scripting languages.

Alternative 2:
RESTful Integration

HTTP with certain principles 
(see PhD thesis by Roy Fielding)

Pros: HTTP ubiquity, scalability, 
perceived to be simple

Cons: No interface definition 
language and few tools, so many 

integration responsibilities shifted 
back to application developer. Does 

not support asynchronous 
messaging. Not transactional.

Decision Identification Decision EnforcementDecision Making

Integration 
Style

Message 
Exchange 

Pattern
SOAP Engine 

Selection

MOM/JMS
Provider 
Selection

HTTP Server 
Selection
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AD Issue #6 – Overall Process Layer Design Pattern

Decision drivers: Business 
scenario, resource 

coordination/protection 
needs, team preferences

Entire Project or 
Solution

Issue: Service Composition Paradigm (Conceptual Level)
Should a process layer be introduced? If so, how is service composition done?

Background reading:  Leymann/Roller “Production Workflow”

Solution Outline
Lead Architect

Recommendation: Introduce process layer and realize it with workflow pattern and 
technologies if business scenario is long running multi-actor scenario with advanced 
resource coordination/protection requirements. Use OO composition in other cases.

Architecture
Overview 
Diagram

Component
Model

Alternative 1:
Workflow (BPM)

Executable process with 
sub-processes, 
activities, etc.  

Highly expressive, tool 
and engine supported, 
separates composites 
from atomic services

Additional programming 
paradigm (graph-based)

Alternative 2:
Composite pattern via 
modern programming 

language (e.g., OO)

Proven, used in other 
architectural layers

Does not provide engine 
support for business 
transactions; runs the 

risk of not structuring the 
business logic layer 

properly (into sub-layers).

Invocation 
Transactio-

nality Pattern

Control Flow 
Patterns

Alternative 3:
Other Layer

Composition 
responsibilities 

may also be 
taken by 

presentation 
layer (mashups) 
or by integration 

layer (stateful
broker)

Decision Identification Decision EnforcementDecision Making

Reference 
Architecture 

Selection
Workflow 
Language 

and Engine 
Selection

BPM:
Business Process
Management

OO: 
Object Orientation

Process 
Lifetime 

(Macroflow, 
Microflow)
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AD Issue #5 – Transaction Management Topic

Decision drivers: Resource 
protection needs, data 
currency, performance

Activity/
Operation

Issue: Invocation Transactionality Pattern (Conceptual Level)
Should a business process, its activities, and the service components it 

invokes run in a single or in multiple system transactions?

See ICSOC 2007 paper by Zimmermann et al. for available patterns.

Alternative 1: 
Transaction Islands

Do not share Tx
context

Best performance, 
loose coupling, but 

no full ACID 
protection for 

resources.

Macro Design 
Application 

Architect

Recommendation: Use Transaction Islands as default, Stratified Stilts for long 
running, distributed processes.  Decision injection into model transformation 

or BPEL code in WebSphere Integration Developer is possible.

WBM or RSA
Process 

Model

Workflow 
pattern 

selection

WID 
BPEL 

Process Model

Compensation 
Patterns

Alternative 2: 
Transaction Bridge

Share Tx context

Best resource 
protection, but 

large, long running 
Tx tightly coupling 

activities and 
services.

Alternative 3:
Stratified Stilts

Use asynchronous 
messaging and 

suspend Tx

Supports loose 
coupling best, but no 
full ACID protection.

SCA qualifiers, 
BPEL server 

configuration, 
WS-AT usage

Workflow 
engine 

selection

Tx: Transaction 

ACID:
Atomicity,
Consistency,
Isolation, 
Durability

SCA: 
Service Component 
Architecture
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AD Issue #4 – Process Layer Technologies

Decision drivers: Language 
expressivity, tool and 

engine support, portability

Entire Project or 
Solution

Issue: Workflow Language (Conceptual Level)
Which BPM/workflow language should be selected?

Background reading: Websites of standards bodies and analyst reports

Macro Design
Application Architect

Recommendation: This decision is often constrained by the workflow engine 
selection (if that decision is made upfront). Look for standards compliance if 
portability is an important requirement; avoid usage of proprietary language 

features during process modeling.

Component
Model

Component
Model

Alternative 1:
WS-BPEL 2.0 

(a.k.a. BPEL) from 
OASIS

Standardized, 
(partially) 

supported by tools 
and engines

Workflow 
Engine 

Selection

Alternative 3:
Other Standardized or 
Proprietary Language

Other service 
composition and BPM 
paradigms exist, e.g. 
based on Petri Nets 
rather than graphs.

Workflow 
pattern 

selection

Alternative 1:
BPEL 2.0 predecessor 

such as BPEL 1.x, WSFL, 
or FD(M)L

Might expose engine-
specific features such as 

dead path elimination 
better than standard.

BPM: Business 
Process
Management

BPEL:
Business Process
Execution Language
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AD Issue #3 – Service/Component Layer Design Patterns

Decision drivers: Complexity 
of business domain, number 
and nature of user channels, 

experience

Entire Project or 
Solution

Issue: Service and Component Layer Patterns (Conceptual Level)
How should the service and the component layer be organized?

Background reading: Fowler “Patterns of Enterprise Application Architecture”, 
Buschmann et al “Patterns of Software Architecture”,

Gamma et al “Design Patterns”

Macro Design
Application Architect

Recommendation: Follow a best-of-breed approach and select patterns from 
multiple languages as justified by project requirements and already existing 

designs. E.g., apply the façade/wrapper pattern to separate the service layer from 
the component layer. Make services as stateless as possible (Client State or 

Database State patterns). Identify, make, and enforce pattern adoption decisions.

Component
Model

Component
Model

Alternative 1:
Traditional GOF, 

POSA and 
PoEAA patterns

Façade, Broker, 
Domain Model 

are three of 
many applicable 

ones.

Alternative 2:
Domain-Driven 
Design (DDD) 

pattern (Evans)

Context and 
Ubiquitous 
Language 

patterns are 
particularly 

useful.

Other pattern 
adoption 
decisions

Gof, PoEAA, 
pattern 

adoption 
decisions

Alternative 3:
Patterns from 

Other 
Languages

See Software 
Architecture 
Handbook 
website by 

Booch.

Reference 
Architecture 

Selection

GoF: 
Gang of Four

POSA: 
Patterns of 
Software
Architecture

PoEAA:
Patterns of
Enterprise
Application 
Architecture

Alternative 2:
Core J2EE 
Patterns

See book by 
Alur et al

Proven for low 
level design 
and coding 
(not all are 

architectural)
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AD Issue #2 – Service/Component Layer Technologies

Decision drivers: Container 
services and tools, market 

acceptance, portability

Entire Project or 
Solution

Issue: Container Technology (Technology Level)
Which interface definition language and container technology is used?

Background reading: Web portals such as InfoQ and TheServerSide.com

Macro Design
Application Architect

Recommendation: This decision is often constrained by service container selection. Look 
for standards compliance if portability is an important requirement. Find a balance between 

container features (services) and maintainability and keeping architectural control.

Component
Model

Component
Model

Alternative 1:
WSDL and SCA 

(several versions)

See OSOA.org and 
W3C.org

Expressive, 
platform-neutral

XML documents 
hard to create and 
maintain manually

Alternative 2:
Java Enterprise Edition 
(JEE) and remote object 

interfaces (e.g., EJB)

See various Java 
websites (from Java 

vendors, from others)

Mature, in use since 
1990s 

Under vendor control

Alternative 3:
Other, e.g. Ruby on 

Rails, Spring 
framework, and many 

more

Support for modern 
container concepts 

such as dependency 
injection

Vendor support?

Service/ 
Component 
Container 
Selection

Service and
Component 

Layer 
Patterns

WSDL: 
Web Service 
Description
Language

OSOA:
Open SOA

EJB:
Enterprise JavaBean
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AD Issue #1 – Addressing Service Granularity Topic

Decision drivers: Functional requirements (domain model), capabilities of BPEL, SOAP, 
WSDL, XML processors (verbosity), interoperability, network topology, number of 

deployment artifacts and generated code structure, strong vs. weak typing philosophy.

Scope:
Service Operation

Issue: In Message Granularity (Conceptual/Technology Level)
How many message parts should be defined in the service contract? 

How deep should the part elements be structured?

The four alternatives have not been published as patterns yet.

Alternative 1: 
Dot Pattern

Single scalar 
parameter

Easy to process for 
SOAP/XML 

engines, much 
work for 

programmer

Phase: 
Macro Design

Recommendation: All alternatives have their place; alternatives 2 and 3 are often chosen. 
Base decision on layer and service type. Avoid overly deep nesting of data structures 

unless you want to stress test the XML processing. Minimize message verbosity.

Service 
Model

Service 
Type

WSDL,
XML Schema 

Contracts

Alternative 2:
Bar Pattern

Single complex 
parameter

Deep structure and 
exotic types can 

cause 
interoperability 

issues.

Alternative 3:
Dotted Line 

Pattern

Multiple scalar 
parameters

Handled by all 
common engines, 
some programmer 

convenience.
Enterprise 
Data Model

Business 
Granularity

Alternative 4:
Comb Pattern

Multiple complex 
parameters

Combination of 
options 2 and 3, 

biggest overhead 
for processing 

engines.

Out Message 
Granularity

Operation To 
Service 

Grouping

XML 
Profiling

WDSL, XSD 
Editor

Selection

Role: 
Service Modeler

Component 
Wrapping

Activity
Transactionality

O
Q

New Tx (isolated)

O Join Tx (shared)

Composition
Paradigm

O
Q

Workflow
(SCL)

O Custom
Code

Workflow
Language
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BPEL
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O other

Integration
Technology
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Q

WS-*
protocols

O other

BPEL Engine
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Q

IBM 
WPS

O other

Component
Technology

O

Q

SCA

O J2EE

O Spring

BPEL Engine/Process
Configuration

O
Q

Scopes,
spheres

O Activity 
Tx config
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SOAP Engine
Selection

O
Q

Apache
Axis

O other

Resource
Protection

O
Q

Global System 
Transactions (Tx)

O Compensation 
(Business Tx)

Service 
Provider Type

O

Q

Java POJO

O Java EJB

O Native SCA 
component, other

SCA Tx Qualifier
Configuration OQ

To be
defined

O Def. in EJB spec., 
but QoS varies

EJB Tx
AttributeQ

Compensation
Technology

O

Q

BPEL handler
(and/or WBAF)

O Engine-specific
Tx models

O Custom code

External
coordination

O
Q

Yes (out of scope in 
this paper)

O No (our assumption
in this paper)

Message Ex-
change Pattern

O
Q

Request
Reply

O One-way

O SOAP/HTTP

O RMI/IIOP

O JMS, other QTP

Invocation
ProtocolQ

C
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ce
pt

ua
lL

ev
el

A
ss

et
Le

ve
l

SOAP Engine
Configuration

O
Q

O WSAT 
Support

Non-Tx
SOAP POJO – Plain Old Java Object

EJB – Enterprise Java Bean
JMS – Java Messaging Service  
RMI – Remote Message Invocation
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O Shared Database

O File transfer

O RPC

Integration 
StyleQ

O Messaging

Message Ex-
change Pattern

O
Q

Request
Reply

O One-way

O CORBA

O J2EE

O RESTful Web

RPC 
TechnologyQ

O WS-*

WSDL EditorQ O Many 
options

Q O SOAP
Transport 
ProtocolQ O Many 

options

Service  
Identification

O
Q

URI

O WS-
Address.

Payload
Format

Q O WSDLInterface 
Contract

Transactions
O

Q

DIY

O WS-AT,
WS-BAF

Messaging
Technology

O
Q

Native 
MOM

O WS-RM

WSSESecurity
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Q

HTTPS

O
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Provider Impl.
(Payload Proc.)

O
Q

JAX-RPC
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O Native 
HTTP/XML
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DesignQ O DIY
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(Proxy)
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JAX-RPC
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O
Q
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Reply

O One-way

O CORBA

O J2EE

O RESTful Web

RPC 
TechnologyQ

O WS-*

URI design
principles

O
Q

„nice“
URIs

O arbitrary

O POX

O JSON

O RDF (plus POX?)

Payload
FormatQ

O Other (YAML, 
ATOM, MIME)

Security
O

Q

HTTPS

O none

Provider Impl.
(Payload Proc.)Q O DIY

(Servlets)

WADL EditorQ O Future
option

Resource
IdentificationQ O URI

Transport 
ProtocolQ O HTTP

REST style
(principles)

O
Q

High 
REST

O Low
REST

Reliability
Q O DIY

Transactions
Q O DIY Q O HTTP 

verbs
Interface 
Contract

Resource IF 
DesignQ O DIY

HTTP Client 
O

Q

Java.net
(J2SE)

O Browser
(JS)

HTTP Server, 
(Servlet Engine)

O
Q

Apache,
(Tomcat)

O other
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SOA Decisions Summary and Outlook

We covered the following recurring SOA design issues:
– Two executive decisions, architectural style and reference architecture selection
– Three integration layer decisions, including one on message exchange patterns
– Three process layer decisions, including one on invocation transactionality patterns
– Three service/component layer decisions, including one on service granularity

We did not cover (but the existing full RADM for SOA guidance model does)
– More pattern selection and adoption decisions on process, service component, and integration 

layers, e.g., session state management, error handling
– Security patterns and technologies
– Systems management patterns and technologies
– Presentation layer patterns and technologies
– Persistence layer patterns and technologies
– Organization and governance patterns and technologies

Services Management – Architectural Knowledge

© 2010 IBM Corporation70

IBM Research – Zurich
Services Management – Architectural Knowledge

Cloud Design Issue #1 – Cloud Virtualization Layers
Decision drivers: Projects goals, e.g., service 

management engagements striving to cut 
infrastructure cost and time to deployment vs. 

development and integration projects looking for 
utility-based sourcing options.

Scope: 
Project, Program, 

or Enterprise

Issue: Cloud Virtualization Layers
Which layers of the general computing stack (hardware -> operating system -> 

middleware -> application) should be "cloudified" (virtualized)?

Background reading: IBM Global Technology Outlook (GTO) 2009

Phase: 
Solution Outline

Role: 
Lead Architect

Recommendation: Follow a crawl-walk-run approach, e.g., bottom up from 
infrastructure to platform to application (or top-down from application to platform 

and infrastructure). For infrastructure providers and consultants, IaaS and then 
PaaS have highest relevance; SaaS is an option for application development 

projects. IaaS is typically the first because its at the bottom of the stack and, from 
an operational standpoint, has the most cost savings to contribute. But it's not 
necessarily the easiest. An additional/primary "pro" for IaaS is also the savings 

that come from standardization on automation, standard stacks, etc.

Architecture
Overview 
Diagram

Alternative 1:
Infrastructure as a 

Service (IaaS)

Storage, server, and/or 
network virtualization

Alternative 2:
Platform as a Service 

(PaaS)

Database, integration 
broker, application 

server, portal server Cloud 
Exposure 

Type

Workload 
TypeAlternative 3:

Software as a Service 
(SaaS) 

Application 
components and/or 

SOA services

Decision Identification Decision EnforcementDecision Making

Cloud 
Computing 
Go/No Go 
Decision

EA Artifacts 
(System 

Landscape)
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Cloud Design Issue #2 – Workload Type
Decision drivers: Risk and migration cost 

(transformation effort and complexity effect), 
standardization of workload, footprint (CPU 
and storage resource consumption, network 

communication channels).

Issue: Workload Type
Which application genres and/or architectural styles and/or application and middleware 

components and/or presentation/business logic/data deployment units should be 
deployed into the cloud?

Background reading: See Booch's Software Architecture Handbook project for a 
classification of application genres as a source of workload types.

Recommendation: Workloads which depend on sensitive data normally restricted to the 
enterprise often can not be moved into a cloud. E.g., most companies are not ready to 

move their LDAP server into a public cloud because of sensitivity of employee 
information. Same for health care records (unless security of cloud provider is well 

established); workloads composed of multiple, co-dependent services, high throughput 
online transaction processing; workloads requiring a high level of auditability and 

accountability; workloads based on 3rd party software which does not have a 
virtualization or cloud-aware licensing strategy; workloads requiring detailed chargeback 
or utilization measurement as required for capacity planning or departmental level billing; 

adaptive workloads requiring runtime flexibility and customization.

Operational
Model

Alternative 1:
Development tools 

and test 
environments 

(SaaS)

Alternative 2:
ERP workloads,

Web applications, 
collaboration infrastructures, 

high volume/low cost analytics

Cloud 
Migration 
Method, 
Patterns, 

Tools

Cloud 
Provider

Cloud 
Exposure 

Type

Alternative 3:
Other workloads that can be 

standardized for cloud 
deployment or are made 

possible by cloud computing

Decision Identification Decision EnforcementDecision Making

Cloud  
Virtualization 

Layers

EA Artifacts, 
Architecture 

Overview 
Diagram

Scope: 
Project, Program, 

or Enterprise

Phase: 
Solution Outline

Role: 
Lead Architect

SaaS: 
Software as a 
Service

ERP: 
Enterprise Resource 
Planning

LDAP:
Lightweight 
Directory Access 
Protocol
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Cloud Design Issue #3 – Cloud Exposure Type
Decision drivers: Physical location of end 

users to be served, corporate security 
guidelines, application types (workloads) to 

be hosted, data protection and privacy needs, 
and many other forces influence this decision.

Issue: Cloud Exposure Type
Which human users and systems will the cloud infrastructure be exposed to? 

Background reading: See introduction to cloud computing and other cloud 
computing resources that is available at http://www.ibm.com/ibm/cloud/

Recommendation: Use public clouds to host situational applications; use private 
clouds for company-internal environments such as test beds. Attributes of a 

private cloud: customization, efficiency, security and privacy, availability. 
Attributes of a public cloud: standardization, capital, preservation, flexibility, 

reduced time to deploy.

Architecture
Overview 
Diagram

Alternative 1:
Public cloud

"External sourcing", 
provider owned and 
managed, accessed 

by subscription.

Alternative 2:
Semi-public cloud

Virtual public, combining 
alternatives 1 and 3

Cloud Service 
Catalog 

Population

Cloud 
Management 
Environment 

Setup 

Cloud 
Provider 
Offerings

Alternative 3:
Private cloud

"Internal sourcing", 
client owned and 
managed, access 
defined by client

Decision Identification Decision EnforcementDecision Making

Workload 
Type

Requirements 
and EA 
Artifacts

Cloud 
Computing 
Go/No Go 
Decision

Cloud  
Virtualization 

Layers

Scope: 
Project, Program, 

or Enterprise

Phase: 
Solution Outline

Role: 
Lead Architect
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Cloud Design Issue #4 – Server Availability Class

Decision drivers: Use cases 
and NFRs for cloud computing 

developed on the project.

Issue: Server Availability Type
Which conceptual Operational Model (OM) should be supported by the virtualized 

IT infrastructure?

Background reading: General OM and topology modeling literature

Recommendation: The final decision per Iaas/PaaS service and workload type is 
made by the cloud user during cloud operations; however, the IT service types 
made available to the user must be decided during cloud design. A generic best 

practices recommendation is not appropriate for this issue.

Operational
Model

Alternative 1:
Single location and system

E.g., single VM/LPAR, VMs/LPARs
(IaaS), optionally including one or 
more middleware stacks (PaaS), 

landscape of multiple VMs/LPARs
each running certain pieces of 

middleware

Alternative 2:
Two 

locations, 
single servers

Same IT 
service types 
as alternative 

1

Technical 
Configuration

Alternative 3:
Second location, 
clustered servers 

(optionally supported 
by application)

Same IT service types 
as alternatives 1 and 2

Decision Identification Decision EnforcementDecision Making

Cloud 
Virtualization 

Layers

Operational
Model

Workload
Type

Scope: 
Project, Program, 

or Enterprise

Phase: 
Solution Outline

Role: 
Lead Architect
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Cloud Design Issue #5 – Service Automation Patterns

Decision drivers: Project goals, 
amount of images and users, change 

dynamics, standardization of workload

Issue: Service Automation Patterns (Conceptual Level)
How are virtualized services deployed into a cloud platform?

How are they managed throughout their lifetime?

Background reading: Tivoli Service Automation Manager documentation

Recommendation: Combine alternatives 1 and 2 to achieve cloud-scale 
efficiencies (e.g., with respect to time-to-deploy and admin-per-managed element 

ratio). Consider to fall back to alternative 3 for low-end, entry point cloud offerings 
with moderate NFRs.

Component
Model

Alternative 1:
Image-Based Build 

Template

Alternative 2:
Image-Based 

Management Template

Service 
Automation 

Engine Asset

Service 
Automation 
Technology

Alternative 3:
Manual or Traditional 

Service/Systems 
Management

Decision Identification Decision EnforcementDecision Making

Cloud 
Exposure 

Type

Architecture
Overview 
Diagram

Workload 
Type

Cloud 
Computing 
Go/No Go 
Decision

Cloud  
Virtualization 

Layers

Scope: 
Project, Program, 

or Enterprise

Phase: 
Solution Outline

Role: 
Lead Architect
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Cloud Design Issue #6 – VMWare Resource Pool Layout

Decision drivers: Usability of system 
administrator interface, variability of 

requirements, access patterns, 
security principles

Issue: VMWare Resource Pool Layout (Tech./Vendor Asset Level)
How many Virtual Machines (VMs) should be defined in each resource pool? How 

many resource pools should be defined in a cluster?

Background reading: VMWare documentation, 
http://www.vmware.com/technology/

Recommendation: Stay in the middle of the road, do no stress VMware's
capabilities by defining an excessive amount of virtual machines in a resource 
pool and by defining an excessive amount of resource pools per cluster. For 

quantitative information, consult the vendor documentation.

Architecture
Overview 
Diagram

Alternative 1:
Define one resource pool per 

organizational unit

Resource pool is a VMware admin 
concept. Organizational unit can be 
line of business, department, etc.

Alternative 2:
Other organization scheme

E.g., one resource pool only or one 
resource pool per VM.

Decision Identification Decision EnforcementDecision Making

Cluster 
Design

Requirements 
and EA 
Artifacts

Image File 
Placement

Scope: 
Project, Program, 

or Enterprise

Phase: 
Solution Outline

Role: 
Lead Architect
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Cloud Design Issue #7 – Asset Management Approach

Decision drivers: Audit and 
compliance regulations vs. 

management effort

Issue: Asset Management Approach
How should the portfolio of provisioned VMs and their owners be kept track of?

Background reading: See ITIL for information about asset management; see 
COBIT and other standards for information on IT audits.

Recommendation: Treat VMs like regular machines initially (to avoid extra effort 
for audit setup) – assuming that this does not compromise project goals such as 

reaching cloud-scale efficiencies. If so, perform a tradeoff analysis. 

Architecture
Overview 
Diagram

Alternative 1:
Treat a VM like a physical asset 

(asset management database entry, 
audits, etc.)

No changes in admin procedures 
needed, but might not be able to 

reduce admin-per-server and time-
to-deploy goals.

Alternative 2:
Treat a VM as a software application

No serial numbers have to be 
assigned so easy to realize, but 

might violate user access 
management, data privacy, and 

other regulatory compliance 
requirements. Might also limit ability 

to track VM usage (in audit trail).

Decision Identification Decision EnforcementDecision Making

Charging 
Model

Requirements 
and EA 
Artifacts

Scope: 
Project, Program, 

or Enterprise

Phase: 
Solution Outline

Role: 
Lead Architect
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Other Topics/Issues Recurring in Cloud Computing 

Charging model
– Via registration (flat rate)
– Per provisioned resource
– By resource consumption
– None

Datamodel
– Relational
– Own, e.g. based on key-value pairs (partially relaxing ACID properties of relational)

Service catalog
Integration with already existing IT infrastructures
Cloud security
Business support system design and API
Operational support system design and API
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Exercise 3a): Multiple Choice Test on RADM Organization

Which refinement level do the following issues and alternatives reside on?
– “Which pattern should we pick to structure the integration layer?”
– “We investigated the Broker pattern from POSA and ESB in Krafzig’s SOA book”
– “Should we use a binary or a textual representation of service requests?”
– “Integration technology”
– “SOAP over “HTTP” and any “WS-* specification (WSDL, WS-Security, WS-Policy)”
– “XML” as message exchange format
– “RESTful integration”
– “Eclipse Rich Client Platform (RCP) or Java-based Web application?”
– “Apache Mule” as ESB implementation and provider
– “HSQLDB from Source Forge.net”
– “We could use the IBM WebSphere application server, seems to have market traction”
– We decided to use Oracle Business Process Manager, licenses already purchased 

(enterprise license agreement in place)”

Time for this exercise: 5-10 mins
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Exercise 3b) More Decision Types, Identification Rules, Meta Issues

Study the Figures and Tables in Chapter 5 of “An Architectural Decision 
Modeling Framework for Service-Oriented Architecture Design” [Zim09]
– Ph. D. thesis [Zim09] is available for download at:

http://elib.uni-stuttgart.de/opus/frontdoor.php?source_opus=5228&la=de
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Exercise 3 c): Levels, Layers, and Content Creation
(Optional/Advanced)

1. Download the WWW 2008 paper “RESTful Web Services vs. Big Web 
Services: Making the Right Architectural Decision”

– Available at http://soadecisions.org/soad.htm#www

2. Review Tables 1, 2, and 3 in that paper:
– Which levels are covered?
– How many architectural decisions are discussed?
– How do the decisions map to ADTopics defined in the Reusable ADM for 

SOA (RADM for SOA) that we introduced in this module?

3. (optional) Create your own project in Architectural Knowledge Decision 
Web and capture the ADs and ADAlternatives discussed in the paper.

Time for this exercise: 30 minutes (steps 1 and 2)
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Module 3 Take Aways

RADM for SOA guidance model structure follows proven modeling concepts
– Refinement levels, resembling platform-independent/platform-specific model types in MDA/MDD
– Architectural layers, taken from a reference architecture for a domain or an architectural style 

Key SOA decisions include:
– Executive decisions: 

• Architectural style, reference architecture, layering scheme, programming language
– Conceptual decisions

• SOA pattern selection, subpattern selection and adoption (ESB, composition, registry)
• Integration style 
• Granularity of in and out messages
• Transactionality

– Technology decisions
• WS-* or RESTful integration
• Security technologies

– Vendor asset decisions
• Application server topology, standalone or clustered
• Database vendor and RDBMS configuration

Emerging cloud design issues pertain to virtualization layers, workload and exposure type

© 2010 IBM Corporation
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SATURN 2010 Tutorial 
Module 4: 
Case Study
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Agenda for Module 4

“T” Case Study
– Context and business problems

– System context

– Functional requirements

– Non-functional requirements

Architecture overview diagram and patterns already selected

The assignment
– Task 1 to task 5

Additional project information
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“T” Case Study: Context & Business Problems

Wholesale subsidiary of large telecommunications company T (former 
monopolist, deregulated):
– Provides wire line and wireless telephony services to retailer subsidiary of T 

and to 150 other companies, called Virtual Service Providers (VSPs)

– One physical telephony network, owned and operated by T 

Strategic imperative of T:
– Drive down cost of operations by interacting with VSPs efficiently

Response: Single, partially automated order management system
– VSPs are expected to use the order management processes of T to connect, 

configure, or disconnect telephony services for their end users

– Multiple channels required, including the World-Wide Web (Internet)
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VSP 1 
(Browser)

VSP 2 
(Other System via 
Web Service)

Internal Channel
for T Staff

Order Management System

Customer Database Telephony Network Billing System 

Move
Create

Move
Create

Move
Create

System Context Diagram

T

uses
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VSP 1 
(Browser)

VSP 2 
(Other System via 
Web Service)

Internal Channel
for T Staff

Two Order Management Processes: „Create PSTN Service“, „Move PSTN Service“: 

About 20 steps per process, taking up to 24 hours to complete. Steps include:

1. Address validation – complex and requiring several user interactions
2. Resource reservation, e.g. copper transmission path, telephone number

Customer Database Telephony Network Billing System 

Move
Create

Move
Create

Move
Create

Functional Requirements

T

PSTN – Public Switched Telephone Network
VSP – Virtual Service Provider
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Important Non-Functional Requirements (NFRs)

1. The software system supporting the two order management processes must be 
accessible both over a private industry-sponsored network and the Internet. The VSPs
and the backend systems to be integrated (e.g., billing system) change over time.

2. Business volumes are approximately 20,000 “Create PSTN service” requests and 
15,000 “Move PSTN service” requests per month. 

– Given up to 20 steps per process, and a peak hour load of 30% above average, this equates to a 
peak load of about 4,550 steps executed per hour (based on core business hours of ten hours per 
day, 20 days per month)

3. Initially, process instances must be able to persist from first step to last for three hours; 
however, this time will be extended to up to 24 hours in the future.

4. VSPs are spread across a number of time zones, operating 23 hours per day and seven 
days per week.

5. Average response time targets vary by process step, typically 3-5 seconds; 95% of the 
user interactions need to complete execution in 5-8 seconds.

6. Domain-specific architecture design challenges include: 1. Address validation 
completeness and timeliness, 2. Releasing reserved resources (copper transmission 
path, telephone number) when a process instance fails or customer walks away.

7. Communication patterns and protocols must support multiple platforms.
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VSP 1 
(Browser)

VSP 2
(Other System via
Web Service)

Internal Channel
for T Staff

Solution: Service-Oriented Architecture (SOA) with Process & Service Layers

Customer Database Telephone Network Billing System 

Move
Create

Move
Create

Move
Create

Architecture Overview Diagram (First Design Iteration)

T

„Create“ Process „Move“ Process

„Validation“ Service „Pricing“ Service „Transmission Reservation“ Service

Process
Layer

Service 
Layer
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Process Manager Pattern
“How do we route a message through multiple processing steps when the 
required steps may not be known at design-time and may not be sequential?” 

“Use a central processing unit, a Process Manager, to maintain the state of the 
sequence and determine the next processing step based on intermediate results.” 
[EIP]

Process manager takes care of process instance creation and deletion, control flow routing, 
error handling in timeout situations, etc. 

Pattern source: Hohpe/Woolf, “Enterprise Integration Patterns” (EIP), 
http://www.eaipatterns.com/ProcessManager.html
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We decided for the Process Manager pattern from the [EIP] book.Decision

Next, we have to decide on an integration style supporting the link 
between processes and services. We also have to select 
implementation technologies and providers for all selected patterns.

Related Decisions

Security requirements: to be able to correlate process instances and 
VSPs, users have to be identified in the order management system

Derived 
Requirements

Need to educate the team on process management and SOAImplications

The problem statement and the sketched solution of the pattern fit the 
requirements of the project (multiple processing steps, not sequential, 
correctness QA and timeout management NFR). 

Justification
Object-oriented programming, proprietary EAI toolsAlternatives

Process instance management is a mandatory requirement in our order 
management scenarios; it has high architectural significance.

Motivation
Process model and requirements NFR 1 to NFR 7 are valid and stableAssumptions
How to control the “Create/Move PSTN service” processing?Issue or Problem

2AD IDService Composition ParadigmAD
BPMTopicProcess layer designSubject Area

Architectural Decision (AD) to Use Process Mgr. Pattern
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Summary of Status Quo in Case Study

T has compiled a short list of vendors (professional services) and 
hosted an information day today. During the information day, T has 
presented:
– Business strategy and system context

– Order management requirements (functional and non-functional)

– Design decisions already made including a partially specified business 
process and an architecture overview diagram (first design iteration)

You learned about:
– Architectural decision making based on quality attributes and patterns
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The Assignment

T issues a “Request for Proposal (RFP)” and expects a response 
within a week:

– You are taking software architect role in one of the professional services 
companies on the vendor short list

Your RFP response should contain:
1. Documentation of at least one architectural decision made (mandatory)

2. Second iteration of architecture overview diagram (mandatory)

3. Answers to technical questions about methods, languages, and tools 
(optional)

4. Value and benefits argumentation (mandatory)

5. Cost estimate (optional – handle with care)
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Task 1: Review Existing Architecture Documentation

As presented so far (in this module and in tutorial handouts)
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Task 2: Refine Architecture with Integration Patterns

Decide for an integration style to connect the activities in the two order 
management processes (“Create PSTN Service”, “Move PSTN Service”) to the 
atomic services (“validation” and “transmission reservation”) and justify your 
decision.
– File Transfer pattern?

– Shared Database pattern?

– Remote Procedure Invocation pattern?

– Messaging pattern?

Input
– System context diagram, architecture overview diagram (iteration 1/2), NFRs

Output:
– Documentation of architectural decision and updated architecture overview diagram
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Task 3: Method Aspects and Technical Questions 
(Optional)

Which requirements engineering method do you propose, and why?
– Which other ones did you consider, and why did you decide against them?

Are you content with the introduction of a process manager into the 
architecture (and why)? 
– Which service composition paradigm to use – workflow, other? 
– Which programming language – Java, BPEL, other?
– Which workflow or other engine (open source, commercial)?

Which remote communication protocol would you use to support the
chosen integration style, making the services available to the 
processes? Name the relevant technology standard. 
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Task 4 and 5

Task 4 – Value and benefits argumentation (mandatory): 
– What are the benefits of your solution?

– Why should you get the deal? 

Task 5 – Cost estimate (optional – handle with care):
– Can you give a first indication how much it will cost to build your solution?

– How long will it take? 
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Additional Project Information 

Cultural environment
– Developed country, multicultural society. High amount of immigration/emigration.
– Telecommunications company positions itself as a thought leader and early adopter of 

emerging technology in its geography, ready to operate in risk-reward sharing mode
– Java skills available, Business Process Execution Language (BPEL) education planned

Team
– About 100 people already on board, who worked on previous order management system 

(in production, but not process-oriented): ~5 project managers, ~5 architects, ~20 
business requirement analysts, ~50 developers, ~20 testers

Existing assets
– 20 backend systems to be integrated in total, Java adapters available
– 100.000 lines of legacy code (Java and other), e.g., validation and reservation EJBs
– Technology platforms to be supported: Microsoft .NET clients, JEE clients and servers, 

SQL and relational database, proprietary telephony hardware, commercial billing package 
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Module 4 Take Aways

Multiple options exist for architecture design issues on all four SOAD levels
– And typically there is more than one valid solution 

The relations between quality attributes and alternatives/decisions are multi-
faceted
– n:m cardinalities, conflicts between requirements, dependencies between issues

The SOAD modeling concepts are applicable beyond SOA
– Any application genre that has been relatively stable for some time qualifies 

A RADM does not intend to put the architect out of the job, but to structure the 
architecture design work and to facilitate a knowledge exchange
– Acceleration of orientation in complex design space
– Best practices knowledge exchange

Discussion
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Summary of What We Have Learned (Take Aways)

Decision-centric software architecture design process 
– Start from functional requirements and – even more importantly – NFRs, 

particularly the explicit and tacit quality attributes

– Find architectural patterns which resolve the forces underneath the NFRs,  
e.g., in the [POSA] book series and the  [PoEAA] and [EIP] books

– Make conscious pattern selection decisions and follow-on decisions about 
technologies and products

Leverage your personal experience, but also reusable assets:
– Repeatable general software architecting process (roles, phases, artifacts) 

[EelesCripps09]

– SOA Decision Modeling (SOAD) concepts [Zim09]

– RADM for SOA guidance model content
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SOAD Concepts, Content, Tool 

Part 1: Framework (method/model) to 
represent architectural decision 
knowledge and decision outcomes

- Structural representation

- Integrity constraints to ensure 
consistency of knowledge base and 
decisions

Part 2: Guidance model 
content for SOA

- Announced by IBM GTS

- Proven successful in 
several industry projects

Part 3: Tool that implements the model to view and work with the content

- Evaluated UML (and others) – different modeling paradigm

- IBM QED Wiki and Mashup Center for alphaWorks releases (2008, 2009)

- Eclipse-based tooling emerging (incubator project)
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Key Concepts in SOAD

Decision models rather than text templates 
– Three levels of refinement from concepts to technology to assets
– Population of decision space based on experience from earlier projects

Decision model as domain-specific guide through the stages, 
architecture and design patterns describe alternatives in detail
– Architectural patterns are conceptual alternatives
– Design and technology patterns come in on subsequent stages

Prescriptive design method for domain-specific architecture design
– Comprehensive, but still comprehensible
– Works for domains and styles with recurring decisions for which patterns 

have been mined (new decision alternatives also are a pattern source)
– For example: enterprise applications and SOA
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How to Apply SOAD on Projects

Use the metamodel to make your architectural knowledge more reusable
– Available at http://www.ibm.com/developerworks/architecture/library/ar-knowwiki1/

Follow the advice in the RADM for SOA parts that have been published already
– http://soadecisions.org/soad.htm has the latest updates

Create a RADM for your organization, application genre, and/or architectural 
style of choice 
– And/or share issues, alternatives, and outcomes with us

Despite its name, SOAD is applicable to all application genres and architectural 
styles in which architectural decisions recur!
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RADM Creation Process and Decision Modeling Guidance

Four harvesting steps:
– Review, Integrate, Harden, Align (RIHA)

Write in a suggestive, positive tone
– No “police” impression (design authority), no “bossing around” (extra work)

Do not aim for perfection
– If in doubt leave it out – premature optimization is the root of all evil

Find good names
– Patterns community has a lot of advice to give

Refactor
– Split conceptual from technology from vendor asset part

Zimmermann O. Kopp P, Pappe S., An SOA 
Infrastructure Reference Architetcure, in: Software 
Architecture Knowledge Management, Springer 2009
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Value of Architectural Decision Modeling

Practice

Goal

Scenario

Measure

Legend
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Advanced Usage Scenarios and Future Research

Project planning and health checking
– Work breakdown structures can be created from the decision model, as open 

decisions correspond to required activities 

– If there are many, frequent changes, or many questions are still unresolved in 
late project phases, the project is likely to be troubled 

Decision models as input to software configuration planning
– Product selection and operational modeling decisions define which software 

licenses are required, and on which hardware nodes the required software 
has to be installed 

Enterprise architecture instrument
– Company-wide RADM, possibly a tailored RADM for SOA instance, consisting

of a subset of decisions and alternatives to give freedom of choice to 
individual project teams without sacrificing overall architectural integrity
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Additional Open Research Problems in This Field

Visualization of decision space

Process alignment
– Decisions on agile projects
– Ordering of decision space (notion of a managed issue list in [Zim09])
– Workflow concepts

Access control and collaboration
Metamodel standardization
Tool interoperability
Comparing solutions
Metrics
Fuzzy decision modeling

M. Nowak, C. Pautasso, O. Zimmermann, Architectural 
Decision Modeling with Reuse: Challenges and 
Opportunities, accepted to the 5th ICSE Workshop on 
SHAring and REusing Architectural Knowledge (SHARK 
2010), May 2010
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Thank You!

Questions?

Comments?

“Perspectives on Web Services”, Springer-Verlag
– Captures project experience 2001-2003, incl. 26 reusable 

architectural decisions

– Foreword by Grady Booch

– Website also has case study reports and other referenced papers

WWW: http://www.soadecisions.org
IBM Intranet: http://bpia.zurich.ibm.com/downloads/adkwik
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Sample Solutions to Exercise 1: 
Reflection on Today’s Decision Making Practices

1. Which AD hurt your head most on your last project?
Probably too many to mention them all… were they project-specific or recurring? How about 
service granularity, system transaction boundaries in process-enabled SOA, SOAP vs. REST?

2. What did you do to resolve it?
Gut feel, architecture workshops, run PoC, consult general-purpose method (with SOA plugin)

3. Which forces influenced your decision making?
Previous experience, NFRs, general software quality attributes such as performance, scalability

4. Where did you look for help?
Personal network, online articles, official knowledge repositories

5. How did you document your decision?
Meeting minutes, component/operational model, ARC 100 (standard/own template)

6. Were your lessons learned specific to your project, or would you say they are applicable to other 
client project situations?

All sample decisions mentioned above recur on most if not all SOA projects.

7. If so, how did you share them with your community (practitioner network)?
No time (had to move on to next project), AoT conference template (PowerPoint)
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Solutions to Exercise 2 and 3a)

– “Which pattern should we pick to structure the integration layer?” (CI)
– “We investigated the Broker pattern from POSA and ESB in Krafzig’s SOA book” (CA)
– “Should we use a binary or a textual representation of service requests?” (CI, 2 CAs)
– “Integration technology” (TI)
– “SOAP over “HTTP” and any WS-* specification (WSDL, WS-Security, WS-Policy) (TA)
– “XML” as “message exchange format” (TA, TI)
– “RESTful integration” (debatable, both conceptual and technology issue/alternative)
– “Eclipse Rich Client Platform (RCP) or Java-based Web application?” (TAA/VAA, TA)
– “Apache Mule” as “ESB implementation and provider” (VAA, VAI)
– “HSQLDB from Source Forge.net” (VAA)
– “We could use the IBM WebSphere application server, seems to have market traction”

(VAA and outcome)
– We decided to use Oracle Business Process Manager, licenses already purchased 

(enterprise license agreement in place)” (VAA and outcome)

CI – Conceptual Issue, CA – Conceptual Alternative, TI – Technology Issue, TA – Technology Alternative, 
VAI – Vendor Asset Level Issue, VAA – Vendor Asset Level Alternative
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Sample Solutions to Exercise 3c)

1. Download the WWW 2008 paper “RESTful Web Services vs. Big Web Services: Making 
the Right Architectural Decision”

– Available at http://soadecisions.org/soad.htm#www

2. Review Tables 1, 2, and 3 in that paper:
– Which levels are covered?

• The Conceptual and the Technology Level. The Vendor Asset Level is mentioned, not included 
due to space constraints. As the theme of the paper is technology comparison, there is no 
Business Executive Level, but coverage of architectural principles (“decision drivers” in SOAD). 

– How many architectural decisions are discussed?
• 9 conceptual decisions, 10 technology decisions (plus 3 principles).

– How do the decisions map to ADTopics defined in the Reusable ADM for SOA (RADM for SOA) that 
we introduced in this module?
• Conceptual Level: Layer3ServiceRealizationDecisions (and sub-topics, not shown)
• Technology Level: Layer3WebServiceBindingDecisions, Layer3RestfulIntegrationDecisions

3. (optional) Create your own project in Architectural Knowledge Decision Web Tool and 
capture the ADs and ADAlternatives discussed in the paper.

– No sample solution provided
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We decided for RPC and the Messaging pattern from the [EIP] bookDecision

Next, we have to decide on one or more integration technologies 
implementing the selected two integration styles. Many alternatives 
exist, e.g., Java Message Service (JMS) providers.

Related Decisions

Many finer grained patterns are now eligible and have to be decided 
upon [EIP]: message construction, channel design, message routing, 
message transformation, system management.

Derived 
Requirements

Need to select, install, and configure a message-oriented middleware.Implications

This is an inherently synchronous scenario: VSP users as well as
internal T staff expect immediate responses to their requests (NFR 5). 
Messaging will give us guaranteed delivery (NFR 3, NFR 6).

Justification
File transfer, shared database, no physical distribution (local calls)Alternatives
If logical layers are physically distributed, they must be integrated.Motivation
Process model and requirements NFR 1 to NFR 7 are valid and stableAssumptions
How should process activities and underlying services communicate?Issue or Problem

3AD IDIntegration StyleAD
IntegrationTopicProcess and service layer designSubject Area

Architectural Decision (AD) about Integration Style
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VSP 1 
(Browser)

VSP 2
(Other System via
Web Service)

Internal Channel
for T Staff

Solution: Service-Oriented Architecture (SOA) with Process & Service Layer

Customer Database Telephone Network Billing System 

Move
Create

Move
Create

Move
Create

Architecture Overview Diagram (Second Design Iteration)

T

„Create“ Process „Move“ Process

„Validation“ Service „Pricing“ Service „Transmission Reservation“ Service

Process
Layer

Service 
Layer

Remote Procedure Calls [JEE] over RMI/IIOP Command Messages [EIP] over JMS
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Sample Solution for Optional Technical Questions (1/2)

Which requirements engineering method do you propose, and why?
– BPM due to multi-actor nature of problem and process control requirements

– Use cases in Object-Oriented Analysis and Design (OOAD) for user interface 
design and detailed actor-system interactions at the system boundary

– User stories (agile community)
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Sample Solution for Optional Technical Questions (2/2)

Are you content with the introduction of a process manager into the 
architecture (and why)? 
– See OOPSLA 2005 practitioner report for more detailed rationale:

http://soadecisions.org/download/pr07-zimmermann1.pdf
– BPEL chosen – standardized, engine support, market momentum
– IBM WebSphere Process Server (actually, predecessor product)

Which remote communication protocol would you use to support the
chosen integration style, making the services available to the 
processes? Name the relevant technology standard. 
– Web services: SOAP over HTTP or SOAP over JMS providers, due to 

standardization and tool support (interoperability proven on many projects)
– Alternative: RESTful integration over plain HTTP
– Many more options


