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About me (George Fairbanks)

Academic cred

• PhD Software Engineering, 
Carnegie Mellon University

• Thesis on frameworks and static 
analysis

• Program committee member: 
WICSA 2009 & 2011, ECSA 
2010, ICSM 1009

• Referee: IEEE TSE, IEEE 
Software

Agile cred

• 1996: Convinced my Smalltalk 
project to move from 8-month 
waterfall to 2-week iterative 
process

• 1998:  Started doing Test-
Driven Design

• 2010: Author of Just Enough 
Software Architecture

• Talk excerpted from book

http://RhinoResearch.com/book
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It’s impossible!

• “It's impossible! I'm far too busy, so ask me now before I can 
become sane.” -- Edna Mode, The Incredibles

• This talk

• 19 patterns, 2 anti-patterns

• 45 minutes

• Plus, some architecture background

• Really? 
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A question

Architecture and agile: Anathema?

Absolutely Alliterative
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Toyota 

• Why does Toyota build good cars?

Lean 
development

Automotive 
engineering
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Source of design knowledge

• Where does your design knowledge come from?

Apprenticeship
(inference)

Engineering
(declarative)
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Architects, architecting, architectures

• 3 pillars:  Architects, architecting, architectures
• My focus: architectures (artifacts, designs)
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Boo!
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Agilists, agiling, architectures

• 3 pillars: Agilists, agiling, architectures
• My focus:  architectures (artifacts, designs)
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An answer

Architecture aids agile

Absolutely Alliterative
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Talk outline

• Architecture strengths agile
• Toyota
• Apprenticeship and engineering
• Architects architecting architectures

• Design intent

• Intensional and extensional
• Model-in-code principle

• Architecture
• Views, viewtypes, quality attributes

• Encoding design intent
• Module viewtype
• Runtime viewtype



© 2007-2010 George Fairbanks, Rhino Research 1111

Programming languages express solutions

• To a computer, these programs are equally good
• … but not to a human

Example obfuscated code from Wikipedia

void primes(int cap, int t, int composite) {
int i,j;
i = t / cap;
j = t % cap;
if(i <= 1)
primes(cap,t+1,composite);

else if(!j)
primes(cap,t+1,j);

else if(j == i && !composite)
(printf("%d\t",i), primes(cap,t+1,composite));

else if(j > 1 && j < i)
primes(cap,t+1, composite + !(i % j));

else if(t < cap * cap)
primes(cap,t+1,composite);

}

int main() {
primes(100,0,0);

}

void primes(int m, int t, int c) {
((t / m) <= 1) ? primes(m,t+1,c) : 
!(t % m) ? primes(m,t+1, t % m) : 
((t % m)==(t / m) && !c) ? 
(printf("%d\t",(t / m)), primes(m,t+1,c)) : 
((t % m)> 1 && (t % m) < (t / m)) ? 
primes(m,t+1,c + !((t / m) % (t % m))) : 
(t < m * m) ? primes(m,t+1,c) : 0;

}

int main() {
primes(100,0,0); 

}

Solution != design intent
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What is design intent?

• Design intent:  The system developers’ understanding and desires 
with respect to how the system should be and evolve

• Lost design intent is the gap between:
• What was understood when program was written
• What is evident from reading the program

• Cannot encode all design intent
• Common misconception
• Still, we can do better

• Why not!?



© 2007-2010 George Fairbanks, Rhino Research 13

Intensional and extensional

• Definitions
• Intensional:  elements that are universally quantified

• E.g., “All filters can communicate via pipes”

• Extensional:  elements that are enumerated
• E.g., “The system is composed of a modules A, B, and C”

Intensional / 
Extensional

Architecture model element Translation into code

Extensional 
(defined by 
enumerated 
instances)

Modules, components, 
connectors, ports, 
component assemblies

These correspond neatly to elements 
in the implementation, though at a 
zoomed-out higher level of 
abstraction (e.g., one component 
corresponds to multiple classes)

Intensional 
(quantified 
across all 
instances)

Styles, invariants, 
responsibility allocations, 
design decisions, rationale, 
protocols, quality attributes 
and models (e.g., security 
policies, concurrency 
models)

Implementation will conform to 
these, but they are not directly 
expressed in the code. Architecture 
model has general rule, code has 
examples.
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How can we express design intent?

• Which is the OO design?
1. ptr_dstuct, n, loop_var
2. airplanes, routes, landings

• Object-oriented designs encode their domain in their code
• Variable names, class names, method names
• Object responsibilities (somewhat)
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Expressing design intent, old school

• Kent Beck: Smalltalk Best Practice Patterns

• Intention Revealing Message (i.e., method name)

• “What’s going on? Communication. … Intention 
Revealing Messages are the most extreme case of 
wr iti n g  f o r  r eaders instead of the computer.  As 
far as the computer is concerned, both versions 
are fine.  The one that separates intention (what 
you want done) from implementation (how it is 
done) co mmun icat es bett e r  to a  pers on .”
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Model-in-code principle

• Model-in-code principle: 
• Expressing models in code helps comprehension and evolvability

• Domain in the code
• Standard in OO programming (e.g., Booch method)
• Objects mirror domain concepts
• Stronger:  Domain Driven Design (Eric Evans)

• Does it work?
• No quantitative evidence
• But, OO very popular
• Believed to help maintainability

• Curse:  Divergence between model and code
• Technical debt:  accumulated divergence
• Blessing:  debt inevitable, but now easier to see

• Idea: Architecture model in code
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Talk outline

• Architecture strengths agile
• Toyota
• Apprenticeship and engineering
• Architects architecting architectures

• Design intent
• Intensional and extensional
• Model-in-code principle

• Architecture

• Views, viewtypes, quality attributes

• Encoding design intent
• Module viewtype
• Runtime viewtype
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What is architecture?

• Every system has an architecture
• Identify it by looking back (avoids tangling with process & roles)
• E.g., “Aha, I see it is a 3-tier architecture”

• Quality attributes

• A.k.a. extra-functional requirements, the “ities”
• E.g., latency, modifiability, usability, testability

• Architecture influences the system’s quality attributes
• E.g., pipe and filter is reconfigurable
• E.g., map-reduce is scalable

• Antipattern: always a layer diagram

The software architecture of a computing system is the set of 
structures needed to reason about the system, which comprise 
software elements, relations among them, and properties of 
both. [Clements et. al 2010]
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Views and styles

• Three primary viewtypes:  Module, Runtime, Allocation
• Many views within a viewtype

• Architectural styles

• Big ball of mud
• Client-server
• Pipe-and-filter
• Map-reduce
• N-tier
• …

Viewtype Contents
Module Modules, Dependencies, Layers, …

Runtime Components, Connectors, Ports, …

Allocation Servers, Communication channels, …
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What architecture intent to encode?
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Talk outline

• Architecture strengths agile
• Toyota
• Apprenticeship and engineering
• Architects architecting architectures

• Design intent
• Intensional and extensional
• Model-in-code principle

• Architecture
• Views, viewtypes, quality attributes

• Encoding design intent

• Module viewtype
• Runtime viewtype
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Motivation

• When reading code, want to know:
• Who talks to who
• Invariants and constraints
• Messages sent and received
• Styles and patterns
• Performance requirements or guarantees
• Data structures used for communication
• Etc.

• Easy to see in architecture model

• Hard to see in code
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Architecturally evident coding style

• Current practice
• Provide hints useful to humans
• Use “totalExpenses” instead of just “t” variable
• Intention revealing method names

• Idea:  Express architectural ideas
• Provide hints about architecture
• Do more than is necessary for program to compile
• Preserve design intent

• Benefits
• Avoid future code evolution problems
• Improve developer efficiency

• Reduce time spent inferring from code
• Lower documentation burden
• Improve new developer ramp-up

• With right background, you can re-derive the patterns
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Hard & soft mechanisms to convey intent

• Definitions
• Soft mechanisms:  rely on human interpretation
• Hard mechanisms:  machine-checkable

• Soft mechanisms
• Class, method, and variable naming patterns
• Code comments
• Code organization

• Hard mechanisms
• Pre- and post-conditions
• Invariants and constraints
• Assertions
• Language type system (enforces info hiding, compatibility)
• Module visibility constraints
• Virtual methods, class hierarchies
• Some design patterns (e.g., façade)
• Precompilers, annotations + analysis
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Email processing example

• Email processing system

• Read emails
• If confident then answer emails
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Pattern:  Module dependencies

• Desire: Express dependencies between modules

• Modules depend on other modules
• Developers seek to control dependencies
• Patterns to break cycles
• No “upward” dependencies
• Problem:  programming languages cannot express

• Java 7 will have some support

• Pattern:  use tool to express dependency pattern
• Option:  VerifyDesign
• Option:  Dean Sutherland module system (research)
• Option:  .net assemblies, OSGi bundles
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Package structure

• Package structure conveys 

design intent

• Discuss: 

• What can you learn from this 
package structure?

• What would be easy or hard to 
find?

• What do you know about its 
architecture?

• Alternative:  All in one package

Emai l _Answer in g_Syst em

i nfr ast r uc tu re

pi peAndFil t er Sty le

syst em

components

i nte r change
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Pattern:  Module-component alignment

• Desire: Components visible in code

• Modules and components
• No required alignment

…  but easier if they do align
• Alignment allows overlap
• Example of alignment:

• modules A+B+C !
component Y

• modules B+D+E !
component Z

• Pattern:  align module and 
component boundaries

• 1:1 module-component alignment?

• Pattern:  module for interchange types

Emai l _Answer in g_Syst em

i nfr ast r uc tu re

pi peAndFil t er Sty le

syst em

components

i nte r change
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Pattern:  Module to runtime mapping

• Desire: Runtime structure evident

• Easy:  Reading code (E.g. algorithms)
• Hard:  Inferring runtime structure from code

• E.g., which components instantiated, topology of components

• Pattern:  centralize architecture initialization
• Works best for static architectures
• Co-locate these in the code:

• Step 1:  Create instances (e.g, components & connectors)
• Step 2:  Attachment (e.g., components to connectors)
• Step 3:  Initiate processing

• Pattern:  hoist initialization and configuration
• Write in declarative language (e.g., XML)
• Code reads config file, then creates, attaches, initiates
• E.g., Struts, EJB, OSGi/Eclipse

• Pattern:  simple machine for dynamic architecture
• Simple machine ! reasoning possible
• E.g., Apache dynamic creation of processing pipeline
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Easy mapping to runtime viewtype

• Centralized startup code
• Creation
• Assembly

• Alternative:
• Scattered creation
• Scattered assembly

• Aids comprehension

• Aids analysis

...
public static void main(String[] args) {

createPipes();
createFilters();
startFilters();
...

}
protected static void createPipes() {

pipeCleanupToTagging = new Pipe<EmailMessage>( );
pipeTaggingToMux = new Pipe<EmailMessage>( );
...

}
protected static void createFilters() {

filterCleanup = new InputCleanupFilter();
filterTagging = new TaggingFilter();
...

}
protected static void startFilters() {

filterCleanup.run();
filterTagging.run();
...

}
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Pattern:  Component types

• Desire:  make components visible in code

• Pattern:  naming convention
• Prefix/postfix name with “component”
• E.g., TaggingComponent

• Pattern:  reify component type
• Inherit/implement from abstract superclass/interface
• Similar to Java Serializable interface pattern

• Pattern: fields hold ports, connectors
• Makes component structure visible
• Component class ! ports
• Component class ! connectors
• Contained objects ! component class

• myComponent.getOutputPort().sendSomeMessage(foo)
• Intra-component messaging unchanged

• Pattern:  cross-component checks
• Check initialization, invariants; comments too
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Visible component types

• Abstract class representing a Filter, a kind of component

• Differentiates components from other classes

• Standardizes startup with run() 
and work() template pattern

• Browseable in IDE via class 
hierarchy

• Show all subclasses of 
Filter or Component

package infrastructure.pipeAndFilterStyle;

import infrastructure.Component;

abstract public class Filter extends Component
implements Runnable {

public void run() {
try {

this.work();
} catch (Exception e) {

System.exit(1);
}

}
abstract protected void work() 

throws InterruptedException;
}
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Pattern:  Connector types

• Desire:  make connectors visible in code

• Kinds of connectors:  Method calls, event dispatches, shared variables, …
• Intra-component vs. inter-component communication

• Hard to see in normal code
• Restriction:  intra-component only uses connector
• Benefit:  code more predictable, easier to comprehend & maintain

• Pattern:  naming convention
• Make a connector class & prefix/postfix name with “connector”
• E.g., EventConnector

• Pattern:  reify connector type
• Inherit/implement from abstract superclass/interface
• Subclass internals depend on type of connector

• Opportunity: move responsibilities into connector
• Benefit: simpler components, cleaner interfaces
• Benefit: swap connector types later, or for testing
• E.g., shared memory – connector responsible for concurrency
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Visible connector types

• Final class 
representing Pipe, 
a kind of 
Connector

• No subclasses

• Hoists concurrency 
concern

• Discuss: how?

• Searchable in IDE

package infrastructure.pipeAndFilterStyle;

import infrastructure.Connector;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;

public final class Pipe<T> extends Connector {
private BlockingQueue<T> myPipe = new LinkedBlockingQueue<T>();
private boolean isClosed = false;

public T blockingRead() throws InterruptedException {
if ( myPipe.isEmpty() ) return null;
T t = myPipe.take();
return t;

}
public void blockingWrite(T t) throws InterruptedException {

if ( isClosed() ) throw new IllegalStateException();
myPipe.put( t );

}
public void close() throws InterruptedException { this.isClosed = true; }
public boolean isClosed() { return isClosed ; }
public boolean isClosedAndEmpty() {

if ( isClosed() && myPipe.isEmpty() ) return true;
else return false;

}
}
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Pattern:  Port types & protocols

• Desire:  make ports visible in code

• Module viewtype:  Interfaces
• Runtime viewtype:  Ports

• Pattern:  reify port
• As before, either with naming pattern
• … or with abstract superclass/interface
• Both provided and required ports
• E.g., ProvidedReadPort, RequiredInventoryPort

• Pattern:  track protocol state in port
• Runtime tracking
• Detect, recover from errors
• Query protocol state
• Option: implement using State design pattern
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Pattern:  Properties, styles and patterns

• Desire:  make properties, styles, and patterns visible in code

• Pattern: express properties with names
• E.g., asynchronousWrite()
• E.g., readOnlyProvidedInventoryPort

• Pattern:  express properties with annotations
• E.g., @asynchronous write()
• E.g., @readonly providedInventoryPort
• Enables machine checkability

• Pattern:  express styles/patterns with names
• E.g., InventoryFacade, ASTVisitor
• E.g., TaggingFilter, LyricsServer, VOIPPeer



© 2007-2010 George Fairbanks, Rhino Research 37

Pattern:  Invariants and constraints

• Desire:  make invariants visible in code

• Problem:  invariants are intensional (for all elements, …)
• Problem:  hard to express precisely

• E.g., “filters should process incrementally”

• Pattern:  bake invariants into API
• E.g., Hash table

• Invariant: Every key must have value
• Good API:  add(key, value)
• Bad API:  add(key)

• Problem:  API’s evolve, developers break invariant
• Problem:  Invariant enforced but invisible

• Pattern:  express invariants in classes
• Option:  use comments
• Option:  use modeling language, like JML or Spec#

• Problem:  hard to express invariants spanning objects
• … yet most architectural invariants span objects

© 2007-2010 George Fairbanks, Rhino Research 38

Anti-pattern:  Buried treasure

• Buried treasure:  inappropriate responsibility allocation
• Hint at one thing; do another
• E.g., getX() has side effects
• E.g., launchSpaceShuttle() does something else

• Easy to subvert good practices with buried treasure

• Corollary
• Suspect reader surprise ! make effects visible

• E.g., by renaming methods or refactoring design
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Component frameworks

• Some frameworks express components

• OSGi, Eclipse
• Bundles ~ Module or component
• JAR files + manifest file

• Enterprise Java Beans
• Beans ~ Module or component
• JAR files + manifest file

• Microsoft .Net
• Assemblies ~ Module or component
• Assembly + manifest file

• These frameworks likely override our patterns
• Framework usually enforces an style

• E.g., easy to do N-tier style with JEE + EJB
• E.g., hard to do peer-to-peer style with JEE + EJB
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Talk outline

• Architecture strengths agile
• Toyota
• Apprenticeship and engineering
• Architects architecting architectures

• Design intent
• Intensional and extensional
• Model-in-code principle

• Architecture
• Views, viewtypes, quality attributes

• Encoding design intent
• Module viewtype
• Runtime viewtype
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Summary (1)

• Developers know more about problem, domain, and architecture than 
is strictly necessary for the program to work

• Design intent is lost between design ! code

• Hints in code preserve design intent
• Easier to encode extensional intent
• Hard to encode intensional intent (e.g. for all components …)

• Model-in-code principle
• Expressing model in code helps comprehension and evolvability
• Use hard and soft mechanisms
• Models: domain, architecture, …

• Benefits
• Prevents loss of hard-won architecture knowledge
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Summary (2)

• Architecture complimentary to agile
• No BDUF here
• Agilists agiling architectures?

• Resources

• Rhino Research website
http://RhinoResearch.com
Book chapters

• Architecture news site (like slashdot)
http://ArchSpot.com

http://RhinoResearch.com
http://ArchSpot.com

