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Patterns and Tactics

• All well, but…

• … what do we do when...

– we are uncertain whether one or the other style / pattern / tactic is 

the better to choose?

– when we are uncertain whether the favorite architecture will have 

the right balance of conflicting quality attributes?

– when we are uncertain that the specs of the third party vendor 

are real and not just empty sales talk?

– when we want to explore the design space for learning – and 

becoming better architects?
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Bass et al. §20.2

• Prototyping has included into Bass over the years 
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We do not totally agree 
with Bass on that note…



Prototyping

• Seminal paper by Floyd, 1984.

– executable systems that “involve an early practical demonstration 

of relevant parts of the desired software”.

– “a learning vehicle providing

more precise ideas about 

what the target system should 

be like.”

– “the discussion focuses on

software intended as direct support

for human work.”
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Prototyping

• Prototyping has mainly been used in the user interface 

community

– “the discussion focuses on software intended as direct support for 

human work.”

• But why is building executable systems that involve an 

early practical demonstration of relevant parts of the 

desired software only interesting for HCI folks? 

• Why not for software architects?
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So – What is it?

• Definition:

• An architectural prototype consists of a set of executables created to 

investigate architectural qualities related to concerns raised by 

stakeholders of a system under development. Architectural 

prototyping is the process of designing, building, and evaluating 

architectural prototypes.

• Bardram, Christensen, Hansen: WICSA 2004
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Characteristics

– architectural prototypes are constructed for exploration and 

learning of the architectural design space.

– architectural prototyping addresses issues regarding architectural 

quality attributes in the target system.

– architectural prototypes do not provide functionality per se.

– architectural prototypes typically address architectural risks.

– architectural prototypes address the problem of knowledge 

transfer and architectural conformance.
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No functionality

– architectural prototypes do not provide functionality per 

se.

• I.e. no business logic and no user interface

• Example: Performance

– Pump data from one end to the other fast enough

– Simulate “business algorithms” by delays

• Example: Availability

– Measure ‘reintroduction’ time but no real functionality
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In Contrast to Bass

• We disagree in certain respects with Bass et al.’s idea of 

prototypes

– Early APs may

form walking

skeletons

– High quality

on the QAs

they set out

to measure
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Classes of APs

• Explorative

– Constructed in order to explore design space

• Experimental

– Constructed in order to evaluate specific architectural 

decisions, typically trade-offs between qualities

• Evolutionary

– Constructed one after another to produce a skeletal 

system
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Examples



Example 1: Net4Care AP06

• Net4Care: Support telemedicin for SMBs

– Questions: 

• Is Forwarder/Receiver a solid communication pattern?

• Is KronikerDataSet a solid foundation as storage format?

• Is BaseX a solid database system?

• Is a compositional Observation flexible enough?

• Is a manual serialization method easy enough?

• AP06:

– End-to-end testing (This was the precursor for TeleMed )

– No GUI, no error handling, ...

• Total staff hours: 23.5 hours
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Example 1: Net4Care AP06

• Net4Care: Support telemedicin for SMBs

• The output 

– Questions: 

• Is Forwarder/Receiver a solid communication pattern?

• Is KronikerDataSet a solid foundation as storage format?

• Is BaseX a solid database system?

• Is a compositional Observation flexible enough?

• Is a manual serialization method easy enough?
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Example 2: SMB Industry 4.0

• Goal: Flexible Robotic Manufacturing for SMBs

• Hypothesis: 
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Example 2: SMB Industry 4.0

• Goal: Explore the design space of

– Is the blackboard architecture well suited?

– And what tactics/external components to use?

• No functionality per se…

• Frederik Brooks analogy

– Essential and accidental complexity
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Example 2: SMB Industry 4.0

• So…
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Etc…



Example 2: SMB Industry 4.0

• Floor is then

simulated by

simple

log output…
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Example 2: SMB Industry 4.0

• Learnings

– 44½ h
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Anatomy of an AP 

So – how do we code them?



Keypoints

• Some key goals dictate how to code them

– Potentially evolutionary prototype which will transition into the 

real system: produce high quality code!!!

• That is:

– An AP is normally produced when you think you have the proper 

architectural tactic

• i.e. we are pretty confident

– Thus the code will likely transition into production!

• Comparison:

– User interface prototypes are usually discarded!!! (Ha ha ???)
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Keypoints

• Some key goals dictate how to code them

– Answers an architectural question (hypothesis) and nothing else: 

include only enough code to answer the question!

• That is

– Keep focus! Keep this TDD principle in mind

• General rule

– No real DB. No real business logic. No user interface. No real 

domain objects.

• But the real interfaces that Façade these core roles

– Or rather – include only ‘real’ implementation if required to test 

the architectural hypothesis Does this tactic work?
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To do that, you need to…

• How to keep focus?

– Fake it till you make it. Program to an interface. Any 

responsibility that your architecture may interact with but that is 

not architectural, should be accessed via interface with stub/fake 

implementation.

• That is:

– I need to store X in the database (db access not arch. issue)

• storage.store(x)

• Storage storage = new FakeObjectStorage();
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Keypoints

• Some key goals dictate how to code them

– The found answer must be applicable to the target system: the 

code context must be ”true” to the target system

• That is:

– Use the technology, platform, language, …, of the target system

• Especially for run-time QAs, like performance, …

– Do not invent interfaces that will not hold in the target

• storage.store(x) if the domain demand another interface

• There may be exceptions e.g. for exploratory AP

– We explored CAN-bus issues on embedded systems – in a Java prototype…
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Keypoints

• Some key goals dictate how to code them

– The answer must be found quickly: the development process 

must be fast, code should be minimized

• That is

– Again, keep focus. 

• Do not spend ages on the DB interaction if it is not the architectural 

issue studied…

– Use best-of-breed tooling

• Fast development environments, package management and 

dependency systems, reuse common libraries, etc.
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Key techniques

• Techniques/tactics to achieve this are

– Modifiability tactics

• Increase semantic coherence + Defer binding

– Testability tactics

• Specialized Interfaces, Localize .., Abstract …, Sandbox

• More programming near terms…

– Flexible design (Gamma et al. §1.6/Christensen §16)

• Encapsulate what varies, program to interface, favor object 

composition – SOLID principles

– Test doubles (Meszaros (online)/Christensen § 12)

• Test stubs, fake objects

– Fake it ‘till you make it (Beck / Christensen §5)
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Process

For Architectural Experiments with

Existing systems



Experiments with Legacy

• Legacy systems usually have low affordance for 

experimentation with architectural issues

– Defined as any minor change to the issue studied leads to a 

ripple effect of major changes to unrelated issues

– Experimental turn-around time is way too high

• Hypotesis – Experiment (takes ages!) – Give up 

• In comes architectural harvesting
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Architectural process

Harvesting:

– The process of extracting architecturally significant 

code/behavior or knowledge from a super-AP to a sub-AP

Retrofitting:

– The process of inserting architecturally significant code/behavior 

or knowledge from a sub-AP into a super-AP.
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Example
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Example 1: SkyCave API AP

• Context: Migration of architecture

– Current architecture: 3-tiered architecture

• Client – Server – Storage

– Hypothesis Future architecture: MicroService architecture

• Client – Gateway server – [cave service, room service, message 

service]

• [Strangler

pattern]
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SkyCave AP

• Furthermore the AP studied

– REST APIs

• API Gateway must talk REST with three underlying services

– Proper boundaries (bounded context) of each service

• What are the proper interfaces? Coupling between them?

– Meta: 

• How to formulate the exercise associated? 

• Estimate student workload and evaluate feasibility of exercise
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Process

• Started by harvesting process

• That is,

– Copy the central gateway API (java interface Player) into a new 

project, and only that and a few associated test cases.

– Resolve any missing dependencies by copying these 

interfaces/classes into the project as well

• Sometimes entity chain snipping (Meszaros) when dependencies are 

irrelevant

– That is, cut of deep dependency tree with single level dummy 

interface/class
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Outcome

• Results

– It is doable! So there is an exercise!

– Boundaries are ok. Bounded contexts, no high coupling

– REST APIs defined I can provide it / or not

• Learning outcomes were then retrofitted into SkyCave

– And the AP orphaned…
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Example 2: SkyCave OAuth2

• Another example

– Current Design: Homebrewed login system

– Goal: Refactor SkyCave login system to mimic OAuth 2

• Process – Take small steps

– AP1: Learn OAuth in a skycave inspired scenario

• Protocol shown by log output

• AuthenticationServer just a Test Stub 
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SkyCave OAuth2

• Process – Take small steps

– AP2: Harvest SkyCave login and adapt to OAuth2 

– That is, copy ‘cave.login(user,pwd)’ and a test case that log in 

‘magnus’, snip off all other irrelevant code, and make test case 

pass.

• Next

– Gradually refactor login algorithms to conform to protocol learned 

from the first AP.

• Conclusion: Doable. (Retrofitting pending )
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Example 3: Strikketøj / Kodetøj

• What do a programmer do when the kids are grown up, 

and the wife spends the evening knitting?

– Become an Indie Game Developer (?)

• Success criteria: 

– Sell at least 5 copies at a price of 0 kr.

– Have fun 

– Turn-based, collaborative

game play…

• “Space Alert” inspired…

– LibGdx Java game engine
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But…

• First draft of part of the game domain code in place

• Haphazard junk pile of web scraped PNG files on the UI

– I am no graphical artist 

• And a Game Event protocol

– Domain (server) executes round => List of GameEvents

– Send list to all player UI (clients)

– Replay animations that mimic these game events

• Issue:

– Game code base is in the way of animation experimentation…
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Instrumentation

• Create a LogObserver, to get the ground truth

– The UI observes what happens in the domain

• And also add this logging observer
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Harvesting

• And play a scenario (Record and Playback tactic )

– Pirate moves to right deck

• An enemy ship appears, and moves

– Pirate fires the cannon and damage enemy

• Enemy ship moves, fires, and right deck is damaged
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Harvesting

• Now I can

– Make a new LibGdx project

– Make a simple ‘replay()’

method that construct the

two event lists, one for each

turn  

– Requires harvesting code from original to the AP
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Harvesting

• Now I can

– Make a simple ‘replay()’

method that construct

two event lists, one for each

turn  

– And now experiment with a design for how to execute animations

• Once ‘satisfied’ this code can then be retrofitted back…
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Experimental Record Keeping

Central in Scientific Process



Andy Savage/MythBusters
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Examples: Experiments

• Keep the diary/logbook at hand! Make notes!

– Goal, hypothesis, experiment, conclude [loop]
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Examples: Summarize Learnings
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The Robotic 
Manufacuring Case



Examples: AP Goal + Conclusion
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Discussion

• Architectural Prototype is not invented, it is discovered 

– Our job was to formalize it a bit

• Bass used to call them Walking Skeletons

– Akin the ‘evolutionary AP’

• Klaus Marius Hansen, Architect at Microsoft

– ”I spent quite a lot of time programming architectural 

prototypes…”
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