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What is Architecture?
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Χ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻǊ ǎǘǊǳŎǘǳǊŜǎ ƻŦ 
the system, which comprise 
software elements, the 
externally visible properties of 
those elements, and the 
relationships between them.

Wikipedia

Χ ǘƘŜ ǎŜǘ ƻŦ ŘŜǎƛƎƴ ŘŜŎƛǎƛƻƴǎ 
which, if made incorrectly, may 
cause your project to be 
cancelled.

EoinWoods
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Χ ƛǘǎ ϦǎǘȅƭŜ ŀƴŘ ƳŜǘƘƻŘ ƻŦ 
design and construction".

Hayes-Roth

Χ ŎƻƳǇǊƛǎŜǎ 

Barry Boehm

ÁA collection of software and system 
components, connections, and constraints. 
ÁA collection of system stakeholders' need 
statements. 
ÁA rationale which demonstrates that the 
components, connections, and constraints 
define a system that, if implemented, would 
satisfy the collection of system stakeholders' 
need statements.
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Χ ŜǾŜǊȅǘƘƛƴƎ ǘƘŀǘ ƴŜŜŘǎ ǘƻ ōŜ 
consistent throughout a 
software system

My Own
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Modularize

Procedures, Classes, 
Components, Services

Encapsulate
Private Members

Frameworks 
Facade Pattern 
Components

Layers/Rings/Levels
Packed Data Wrapper
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Contracts
Interfaces

Pre/Post Conditions 
Protocol State Machines 

Message Exchange Patterns
Published APIs

Message Queues
DeferredConsistency

CompensatingTX

Decoupling
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Handle
Crosscuts

Aspect Orientation
Interceptors

Application Servers
Exception Handling

Isolate

Pure functional vs. Impure
SafetyCritical Parts

OS Processes
Real-Time Kernel
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Decentralization

The Internet

Service-OrientedArchitecture

EmergentBehaviour

Orthogonality
Closures, Program As Data,

Macros, Higher-Order 
Functions
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Hierarchical
Decomposition

Procedures/Methods
State Machines, Components

Protocols
Transctions

Locking/ Synchronization
ResourceAccess



07.05.2010

11

DOC Middleware
Orthogonal Persistence
(OR Mappers)

Make
Transparent

DOC Middleware
Orthogonal Persistence
(OR Mappers)

Dependencies
SOA, Messaging

Monads
PLE Variabilities

Persistence: LoadingData

MakeExplicit
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What is Architecting?
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describe
verify
communicate
implement
check

describe
unambiguously

formally
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Modeling
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Domain SpecificLanguages

DSLA DSL is a focussed, processable

languagefor describing a specific 

concernwhen building a system in a 

specific domain. The abstractionsand 

notationsused are natural/suitablefor 

the stakeholderswho specify that 

particular concern.
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Example1:
Distributed System
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Airport
Management

System

Monitors
Website

Aircraft-Module

Data Center
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component DelayCalculator {}

component InfoScreen {}

component AircraftModule {}

component DelayCalculator {

provides IDelayCalculator

requires IInfoScreen

}

component InfoScreen {

provides IInfoScreen

}

component AircraftModule {

provides IAircraftModule

requires IDelayCalculator

}

interface IDelayCalculator {}

interface IInfoScreen {}

interface IAircraftModule {}
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component InfoScreen {

provides IInfoScreen

}

instance screen1: InfoScreen

instance screen2: InfoScreen

é

component DelayCalculator {

provides default: IDelayCalculator

requires screens[0..n]: IInfoScreen

}

component InfoScreen {

provides default: IInfoScreen

}

component AircraftModule {

provides default: IAircraftModule

requires calculator[1]: IDelayCalculator

}
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component DelayCalculator {

provides aircraft: IAircraftStatus

provides managementConsole : 

IManagementConsole

requires screens[0..n]: IInfoScreen

}

component Manager {

requires backend[1]: IManagementConsole

}

component InfoScreen {

provides default: IInfoScreen

}

component AircraftModule {

requires calculator[1]: IAircraftStatus

}

component DelayCalculator {

requires screens[0..n]: IInfoScreen

é

}

component InfoScreen {

provides default: IInfoScreen

}

instance dc: DelayCalculator

instance screen1: InfoScreen

instance screen2: InfoScreen

connect dc.screens

to (screen1.default, screen2.default)
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namespace com.mycompany.production {

instance dc: DelayCalculator

// InfoScreen instances are created and 

// started in other configurations 

dynamic connect dc.screens every 60 query {

type = IInfoScreen

status = active

}

} 

interface IAircraftStatus {

oneway message reportPosition

(aircraft: ID, pos: Position )

request - reply message reportProblem {

request (aircraft: ID, problem: Problem, 

comment: String)

reply ( repairProcedure : ID) 

}

} 
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struct FlightInfo {

from: Airport

to: Airport

scheduled: Time

expected: Time

é

}

replicated singleton flights {

flights: FlightInfo []

}

component DelayCalculator {

publishes flights

}

component InfoScreen {

consumes flights

}

interface IAircraftStatus {

oneway message registerAircraft (aircraft: ID! ) 

oneway message unregisterAircraft (aircraft: ID! ) 

oneway message reportPosition (aircraft: ID!, 

pos: Position! ) 

request - reply message reportProblem {

request (aircraft: ID!, problem: Problem!, 

comment: String!)

reply ( repairProcedure : !ID) 

}

protocol initial = new {

state new {

registerAircraft => registered

}

state registered { 

unregisterAircraft => new

reportPosition

reportProblem

}

}

} 
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Example2:
OSGi-basedSystem
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Example3:
Embedded Protocol Handler
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tests

refines



07.05.2010

30

Example4:
Embedded Systems & Robots
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Example5:
α.ǳǎƛƴŜǎǎά Architecture
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What did we do?
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As you
understand
and develop

your
ArchitectureΧ

Developa languageto
express it!
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Language resembles
architecturalconcepts

Weexpress the
application(s) with

the language.
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Architecture

DSL

ClearUnderstanding
from building the

language
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Unambigious
Vocabulary

Conceptsindependent
from Technology
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ProgrammingModel can
be definedbasedon 

ConceptualArcitecture

Architectureαexecutableά
(i.e. more than rulesanddocs)
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Whytextual?
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LanguagesandEditors
areeasierto build

LanguagesandEditors
areeasierto build

EvolveLanguage andsimple editor
asyou understand anddiscussthe

architecture, in real time!
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Integrateseasilywith
current infrastructure:
CVS/SVN diff/ merge

Model evolution
is trivial, you can
alwaysusegrep.

adaptingexisting
modelsasthe DSL 
evolves
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Many Developers 
prefer textual

notations

Whena graphical
notation

is better, you can

visualize. 
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Via M2M
Read-Only
Auto-Layout
Drill-Down

Textual DSLs
vs.

Graphical
vs.

Visualization
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Graphviz
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Tools
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Validation
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Grammaris not
expressiveenough

More Validation
Rules Required:
Constraints
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Simple Examples:
Name-Uniqueness

Type Checks
Non-Nullness

More ComplexExamples:
Version Compatibility
Overall completeness

Quality of Service
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context Interface ERROR"interface names must start " +  

"with a capital I" :

name.startsWith ( "I" );

context Component ERROR"Qualified Name " +

qualifiedName ()+ " must be unique" :

allComponents ().

select( c | c.qualifiedName () == qualifiedName () ) 

.size == 1;

context Attribute ERROR"no type defined: " +

type.name:

visibleInstancesOfType (this, DataType )   

.contains(type);   

context Connector ERROR"target must be provided port" :

ProvidedPort.isInstance ( u);

PreconditionI:
Algorithm for Constraint
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PreconditionII:
All Data Available
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Generating Code

Sincewe already
havea formal modeƭΧΦ
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GenerateAPI
MapsArchitecturalConceptsto

Implementationlanguage(non-trivial!)

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code

Implementation
Implementationonly dependson

the generatedprogrammingmodel API

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code
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ProgrammingModel
GeneratedAPI + UsageIdioms

CompletelyTechnology-Independent

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code

Runtime Infrastructure
Select basedon fit wrt . to architectural

conceptsandnon-functional requirements

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code
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GlueCode
Aka Technology Mapping Code
MapsAPI to selectedplatform

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code

GlueCode
ContainsConfigurationFiles for Platform

Might requireαƳƛȄ ƛƴ modelsά

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code
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SeveralPlatforms
Different Platforms, not Languages

Support for Scaling(non-functional req)

Implementation 
Code

Programming
Model API

Runtime Infrastructure
(Platform/ Middleware)

Glue Code

Platform 2

Glue Code 2

Testing!
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ArchitectureAnalysis Tools

SoftwareTomography
SonarJ

Structure101

Χ andthe like
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Howdo you describe
Architecture?

Constraint-Driven:
AssemblePackagesinto Components
Definelayers/ columns
Defineand Check valid Dependencies
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Youdo not get a 
way to define and

express architectural
abstractionsbeyond

those!

DependencyAnalysis
Anti Pattern Detection

Metrics
[Trend Analysis]
[Visualization]
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Police 
Approach:

Detect
Problems
After the

fact!

Anti Pattern Detection
Metrics

Usefulfor manually
written partsof the

system
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DependencyAnalysis
Usefulfor manually
written partsof the

system
Constraintsgenerated

from the model.
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Standards & UML

FormalArchitecture
Description is not new:

ADLs, UML



07.05.2010

65

But allof thoseuse
existing, generic

languages!

This
misses

the
point!
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Tryingto express your specific
architecturewith predefined

abstractionsis not useful!

Youwant to build a language
to captureyour own

architecturalabstractionsas
your learn things. 
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Whereare
standards
useful?

Peoplehave
to learn

architectural
concepts 
anyway.
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Is UML 
with a 
profile
still a 

standard
language?

On which
meta level do 

I want to
standardize?
M2 (UML), 
M3 (MOF)?
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LǎƴΨǘa DSL
basedon MOF
asαstandardά 
asa profile
basedon 

UML?

UMLProfilesinstead?
¸ƻǳΨƭƭthink more about
UML-ities than your own
concepts
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UMLProfilesinstead?
Tool integration issues
(repository, diff/ merge, 
versioning)

UMLProfilesinstead?
Tools areoften complex, 
heavyweight, bloated. 
Acceptancelimited.


