
Software Architecture

in Practice

Architectural Patterns / Styles



Motivation

• Pattern: A well-proven solution to recurring problem

– Rule of three: Used in three disjoint contexts; 

– Patterns are discovered not invented…

• In my mind architectural patterns form the central toolbox 

of a software architect

– Given these architectural requirements, should I…

• Build a client-server architecture? SOA? Microservice?

• Should communication be Pub-Sub? RPC? Message Queue?

• Should the UI be modelled over MVC or PAC?

• Otherwise we tend to ‘do the same thing as last time’

– A three-tier client-server thingy 

CS@AU Henrik Bærbak Christensen 2



Bass et al.

• An architectural pattern describes a particular recurring 

design problem that arises in specific design contexts 

and presents a well-proven architectural solution for 

the problem. The solution is specified by describing the 

roles of its constituent elements, their responsibilities 

and relationships, and the ways in which they 

collaborate. [§3.4]

• Are more ‘coarse-grained’ than tactics

– Often define an overall structure of (part of) the system

– Often combining several patterns in any given system

• Client-server + Broker + Layers + Dep Injection/Test doubles + Load 

Balancer + Passive Redundancy + …
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Sources

• Many sources…

• Our take

– The minimal vocabulary of 

common and essential patterns

• Sources

– Avgeriou et al.

• An old (but excellent) article, but so are the patterns 

– Bass et al.

• 4th edition revises the set completely wrt. previous editions…

– But it has some merit, trying to classify wrt. to QA

– But I seriously miss some diagrams…
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The Overview
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Gosh!!!

• “53 patterns??? Am I to know all the details of each and 

everyone at the exam?”

– No…

• Overlap between authors (same thing, different name)

• Some are variants of same theme

– Implicit Invocation ~ Message Queueing ~ Publish-Subscribe

• Some are “new name/version of a design pattern”

– Layers = Façade

– Indirection layer ~ Intercepting Filter/Validator ~ Tailor interface = 

Decorator/Proxy

• Some are ‘for other times’

– Microservice fagpakke is about deployability

• Some are simply not curriculum…

CS@AU Henrik Bærbak Christensen 6



So – The CheatSheet for exam

• Down to 22…

– Or less, considering the

overlap…

• Many should be known

already to you 
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Pattern versus Style

• In the old days, we talked about architectural style:

– Set of element types Components

– Set of interaction mechanisms Connectors

– Topology of components 

– Semantic constraints

• Exercise:

– Describe each for ‘client-server’ architectural pattern

• Conclusion:

– Basically same same…
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Avgeriou et Zdun

Our main source as I like diagrams 
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CheatSheet

• A lot of classic

patterns…
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Layered
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Note: Not a ‘tier’
Layer = module
Tier = process

Main QA: Modifiability



Indirection Layer

• Adaption one API to another…

• Bass et al.

– Tailor interface – Wrapper

– The Adapter or Façade or Proxy

or Decorator pattern…
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Batch Sequential

• Simple data processing pattern – data flow through steps

• Example: 

– Batch conversion of my iPhone’s HEIC pictures into JPG

– Loop

• Read image, convert, write
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Pipes and Filter

• Computation as data flowing through pipes connecting 

filters that each modify/add/remove data

• Note: Each filter is a concurrent process

• Example: Unix shell

– Sort file, filter unique words and output. Pipe to wc to count words
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Main QA: Modifiability, Interoperability, Reusability



Shared Repository

• Repository is passive

• Examples

– Version control (git/svn)

– The database !

• Most 3-tier Information

Systems have this

(sub)pattern

CS@AU Henrik Bærbak Christensen 15

Main QA: Scalability*, Interoperability, (Consistency)



Active Repository

• Shared repository – now with events 

– Notifies subscribers when things change in the repo

– Architectural equivalent of the Observer pattern

• Subject/Observable and Observer roles are processes
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Microkernel

• Also known as/akin to Framework

– A
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Main QA: Modifiability Examples: IntelliJ + Eclipse; Gradle



Microkernel

• Classically Frameworks are designed using

– Program to an Interface + Favor object composition

• Framework invokes methods defined in interfaces

– Hiding the actual variant’s implementation details

• Strategy pattern = Specific algorithms for given variant

– Not SELECT * FROM InventoryTable WHERE name=‘Bjarne’

– But ‘dbStrategy.fetchWithName(“Bjarne”)

» dbStrategy can be a in-memory hashMap, MongoDB, Redis, 

MariaDB, …

– Dependency injection

• To provide the framework with the concrete implementation
– new PizzaOrdering( new MariaDBStrategy(“ildpizza.inventory.dk”, 3306) );
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Model-View-Controller

• Organizes graphical user interfaces

and user interaction…

– Basically a combo of two design

patterns

• Observer: notify views on state changes

• State: set of controllers interpret UI

events into proper model state changes
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Visualizing MVC
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Three Views



Visualizing MVC
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Many
Controllers



Variants

• Model-View-Presenter is a variant

– But I have still not found a really good reference which tells me 

exactly what the difference MVP versus MVC is

• ‘Presenter’ as an intermediary between Model and View (?)

– Perhaps because I always code MVC rather like MVP

– Anyway…
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Client-Server

• Should be well known 

– WWW is basically a client-server system
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Main QA: Modifiability, Integrability, (Consistency)



P2P

• Make all clients into servers, and servers into clients 
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Main QA: Performance, Security (Privacy), Availability

Examples: BitTorrent



Discussion

• Many client-server systems on WWW are actually not 

really client-server but a hybrid with P2P flavors

• Client-Server is strictly

– Client is active Initiate all requests

– Server is reactive Only respond to request

• That is: Servers never call clients directly!!!

• Has a profound performance/scalability quality

– Servers can be stateless

• Will not story any client information, will not call back

– Callback to 100.000 clients is slow!
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Publish-Subscribe

• Aka as ‘Event Systems’

– A Desktop UI is one such

architecture

• I register my app to listen

to mouse events in the

Windows Message Queue

– MessageQueue system is the out-of-process variant

• Example: RabbitMQ
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Main QA: Performance, Availability, Interoperability



Invocation Patterns

• Explicit = I call you (= I know you)

• Implicit = You react on event (= I triggered event)

CS@AU Henrik Bærbak Christensen 27

Implicit inv. requires an intermediate



Broker
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Main QA: Interoperability, Modifiability, Testability



Variants

• Often, patterns exists in variants

• Ex

– Java RMI

• Allows servers

to call client

methods

– Not a client-

server

– FRDS Broker

• Purely client-

server

– No Callback!
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• Also known as Messaging

• “The ‘out-of-process’ Pub-Sub pattern”

• There is a full book on all its subpatterns!

Message Queues
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Main QA: Interoperability, Modifiability, Availability, Performance



Bass et al.

Some Additional Patterns



CheatSheet
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Active/Passive/Spare Redundancy

• Redundancy = Maintain multiple copies

– Millisecond scale

– Second-minute scale

– Hour scale
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Main QA: Availability



Active 

• Active Redundancy

– Clients multicast requests to all nodes

– All nodes process identically but independently and reply

– Front-End receives answers

• May do one of several things: Use first one, compare, vote…
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Passive

• Passive Redundancy

– One node is primary

• executes operations (notably writes/updates)

• sends copies to slaves (in case of write/update)

– Primary failure

• One slave is promoted to become primary

CS@AU Henrik Bærbak Christensen 35



Example

• MongoDB: Replica Sets

– Built to run on commodity hardware

• If master/primary fails, will promote slave to master

– Typical timescale ~30 sec. Write requests will throw exceptions 

meanwhile!
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Spare
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• Rather low level 



Microservice Architecture

• Not curriculum as I have a fagpakke on that…
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Main QA: Deployability, Availability



Service Oriented Architecture

• Wikipedia

– A service-oriented architecture (SOA) is an architectural pattern 

in computer software design in which application components 

provide services to other components via a communications 

protocol, typically over a network. The principles of service-

orientation are independent of any vendor, product or technology.

• MacKenzie et al., 2006 

– is a paradigm for organizing and utilizing distributed capabilities 

that may be under the control of different ownership domains

– provides a uniform means to offer, discover, interact with and use 

capabilities to produce desired effects consistent with measurable 

preconditions and  expectations
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Main QA: Integrability



Load Balancer

• A set of machines ‘becomes one’

– Only viable if the server is designed

to be stateless!

• All state must be held in a storage

tier…
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Main QA: Performance, Availability



Dependency Injection

• Adhere to the SOLID principles

– Or Bærbak’s -- principles

• Encapsulate what varies (the problematic aspect wrt testing)

• Program to an interface 

• Favor object composition

– And then use test doubles to replace the real depended on unit
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Main QA: Testability



Multi-Tier

• Basically – Layer pattern in the form of deployment units
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But there are Others…

• Hexagonal Architecture

– Hm hm, Is it not just program to an interface?

• Bounded Contexts
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Game Engine
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Discussion

• Usually you mix and match a large set of patterns for any 

given system

– TeleMed

• Client-server, Shared Repository, (multi-tier), Broker, (Layered), …

– WoW

• Peer-to-peer, Client-server, Shared Repository, 
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Phew…



Outlook



Sources!

• Lots of books on architectural patterns

–  Much to choose from...

–  Can’t see the wood for all the trees...
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Breath and Detail

Fast forward in a few central books



Fowler: Analysis patterns

• A pretty old book (1996), but has some merits...
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Contents
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Contents
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Example

• ”Measurement”

– In Net4Care/TeleMed we ’reused’ measurements from HL7 which 

is identical to Fowler’s Measurement pattern
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Hohpe & Woolf: Enterprise Int. P.

• From 2004

• Messaging (MQ)

• Enterprise Service Bus
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Contents
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Fowler: Enterprise Patterns

• From 2003

• Treats Info Systems

– Emphasis on enterprise

domain

– Less on patterns for

quality attributes
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Contents
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Summary



Cheat Sheet

• Cheat Sheet III
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