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Software architecture
Knowledge management
Motivation

Architecture representation
AK =AD + ADD

* Processes

Tools

Summary

Slides at: pkruchten.wordpress.com/talks/
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Software Architecture

Software architecture encompasses the set of
significant decisions about

* the organization of a software system,

* the selection of the structural elements and
their interfaces by which the system is
composed together with their behavior as
specified in the collaboration among those
elements,

* the composition of these elements into
progressively larger subsystems,

Grady Booch, Philippe Kruchten, Rich Reitman, Kurt Bittner; Rational, circa 1995 ‘ '
(derived from Mary Shaw) 5
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Software Architecture (cont.)

* the architectural style that guides this
organization, these elements and their
interfaces, their collaborations, and their
composition.

Software architecture is not only concerned with
structure and behavior, but also with usage,
functionality, performance, resilience, reuse,
comprehensibility, economic and technological
constraints and tradeoffs, and aesthetics. ‘ '

Software architecture...

architecture = { elements, form, rationale } *
Perry & Wolf 1992

A skeleton

More than structure

Embodies or addresses many “ilities”
Executable, therefore verifiable

Emergent? .... Sometimes... . .

7
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Knowledge

* Expertise, and skills acquired by a person
through experience or education; the
theoretical or practical understanding of a
subject

 What is known in a particular field or in total;
facts and information

e Awareness or familiarity gained by experience
of a fact or situation

* Plato: knowledge is "justified true belief"

Knowledge as an asset

* “Intellectual capital” KNOWLEDGE
15 POLJER.

* Knowledge workers
* “Knowledge is power”

www.dllbert.com  scottadamsiisolcom

e Knowledge management:  cwene

— sharing, distributing, creating, capturing and
understanding the knowledge of an organization

© Philippe Kruchten, 2009 4
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“The major problem with intellectual capital is
that it has legs and walks home every day.”

Rus & Lindvall 2002

11

Tacit Knowledge
VS.
Explicit Knowledge

.. 12

© Philippe Kruchten, 2009 5
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SECI Model

Tacit Tacit
Socialization | Externalization
= m
2 g
=5
Empathizing Articulating
Embodying Connecting
m
®
5 E
o
= =

Llnternalization Zombination
Explicit Explicit

Nonaka & Takeuchi 1995 .

. System - Specific Knowledge

VS.
. System - Generic Knowledge

14
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Tacit

Generic Specific
Explicit 15
deBoer & Farenhorst 2008
Tacit
Tacit Tacit
generic specific
Generic Specific

Explicit Explicit
generic specific

Explicit

16
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Architectural
Knowledge

experience
expertise

skills

Generic

patterns, styles
reference

architecture
ADLs
standards

Explicit

Tacit

goals
constrains
assumptions
concerns
context

Specific

requirements
design decisions
design rationale
views
models
code (?)

deBoer & Farenhorst 2008

Tacit

Utilization

Generic

Specific

Abstraction

Explicit .

© Philippe Kruchten, 2009
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Tacit

ytilization
— 1
Abstraction

Specific

.

Explicit 19

Generic

Knowledge management strategies

e Codification
— Capture information, store it, retrieve it

* Personalisation
— Define who knows what, “yellow pages”

Hansenetal. 1999

© Philippe Kruchten, 2009
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Strategy & Knowledge type

Personalisation Codification
strategy strategy

Documented

Explicit
Implicit  (———)

—)

21

A short history of software architecture

NATO conference (1969) . .
Box & arrows (1960s-1980s) . .
Views & viewpoints (1990s-2000)

ADLs (1980s-2000s)

Architectural design methods (1990s-2000s)
Standards, reference architectures (1995-...)

Architectural design decisions (2004-...)

23

© Philippe Kruchten, 2009 10
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Box & Arrows

[EJB Contamer

©

= towi

Firewall
Balancer

WebLogic
Cluster

@as by

Database

24

Process Management System

Cammon Command Set

Common Command Set

Commen Cammand Set

25
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Game
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TIELT
User
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27

Issues

General “message” or metaphor OK

Fuzzy semantics:
— What does a box denote?

* Function, code, task, process, processor, data

— What does an arrow denote?

* Data flow, control flow, semantic dependency, timing

Diverging interpretation

Many distinct concerns or issues addressed in
one diagram

© Philippe Kruchten, 2009

Oct 7 2009
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Views & Viewpoint

e S4V at Siemens
e BAPO/CAFR at Philips

e |EEE Std 1471:2000 Recommended practice for software
architecture description

* |ISO/IEC 42010: 2007 Recommended practice for
architectural description of software-intensive systems

* ISO/IEC 42010: 2010 (?) Architectural description

* Clements et al. 2005, Documenting Sw Arch

* Rozanski, N., & Woods, E. (2005). Software Systems
Architecture: Working With Stakeholders Using Viewpoints
and Perspectives. Boston: Addison-Wesley.

30

The 4+1 view model of architecture

End-user, designers Programmers
Functionality Software management

Users/Analysts/Testers

Behavior
System Integrators System Engineering
Performance System topology
Scalability Delivery, installation
Throughput Communication

31

Kruchten 1995

© Philippe Kruchten, 2009 13
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has 1. described by 1
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frames 1..*
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Requirements
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Hofmeister et al 2605
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Architecture description languages

Rapide (Stanford)

« ACME (CMU) N

e Wright (CMU) ™ .l
* C2 (UCIrvine) | ! \”

e Darwin (Imp. Coll.) -> Koala

e Archimate

e AADL (based on metaH)

34

UML 2.0

* A notation
e Better “box and arrows”
* Crisper semantics UNIFIED O

e Almost an ADL ? MODELING
LANGUAGE

* Model-driven design,
* Model-driven architecture.

© Philippe Kruchten, 2009

Oct 7 2009
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UNIFIED o

Use-Case MODELING
; Statechart
Diagram Class Diagram Diagram LANGUAGE p

Deployment
Diagram

Component
Diagram

Many kinds of diagrams, but

Sequence not always very adapted to
Diagram .
architecture 36
Patterns __
P
M . +nperates‘EXEEAEh””0
* Common solution to a recurring  ____"lis
problem... e
Sinspect)
e Architectural patterns =
e Buschmann F., Meunier R., Rohnert H S itdo

Sommerlad P. & Stal M. (1996). Pattern-
Oriented Software Architecture: A System
of Patterns. John Wiley & Sons

37
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can be used for layer used for indirection
<4 communication between layers and add-on tasks B
Layers Indirection Layer
A A
alternative for separating alternative for separating
higher-level from lower-level higher-level from lower-level
responsibilities, also used internally responsibilities, also used internally
Pipes and Filters Shared Repository
can be used to allow p
A for data sharing A o
altermative when between filters A variant when no deterministic
stream-based . approach to a solution 15 known
variant when reposito -
processing is needed P v or feasible

needs to actively inform
subscribers

Batch Sequential

4 uses
Implicit Invocation Active Repository Blackboard

Avgeriou & Zdun 2005

39

Standards, reference architectures

* Codified generic knowledge

e |[EEE 1471, 1ISO 42010 architecture
representation

e RM-ODP =1S0 10746
* TOGAF (The Open Group)
* MoDAF, DoDAF, <xyy>AF

* |SO 19439 Framework for enterprise modelling

40

© Philippe Kruchten, 2009 17
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RM-ODP or ISO/IEC 10746
enterprise
viewpoint
éraff;r:naiaf:-l': | computational
viewpoint viewpoint
il
System
& environment
technology
viewpoint

Methods

ADD, ATAM, QAW (SEI)
RUP (IBM)

SAV,... (Siemens)
BAPO/CAER (Philips)

e etc

Software Architecture Review and Assessment
(SARA) handbook

42

© Philippe Kruchten, 2009 18
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Metaphors

* Metaphors give meaning to form, help ground
our conceptual systems.

e Cognitive transfer: source domain to target
domain
— the <target> is the <source>

Lakoff and Johnson (1980) Metaphors we live by

Metaphors

* Ontological metaphors:
— Clients and servers, layers, pipes and filters,
shopping carts
e Structural metaphors

— Spatial: on top of, parallel to, aligned with,
foreground/background

— Networks, web, hierarchy
— Containers: packages, repositories, library,
volume...

44

© Philippe Kruchten, 2009 19
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Beyond metaphors: Blends

* “Super metaphor” using 2 source spaces.

* Desktop metaphor is actually a blend

— Computer command
— Office elements

Imaz & Benyon 2007

“Good news.
The test results shaw it’s a metaphar,”

45

Architectural Tacit
Knowledge

Generic

patterns, styles
reference
architecture
ADLs
standards

requirements
SAD
models

code (?)

Explicit

Specific

46
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Something’s missing

e Software architecture document

* Transferring knowledge
— To another system
— To another person
— To another organization

 reg
0&0 -&o@
* Rationale: why? 5-' 2
e Decisions.... ? 0
% &
®. N\
99q S .

Software Architecture

Software architecture encompasses the set of
significant decisions about

* the organization of a software system,

* the selection of the structural elements and their
interfaces by which the system is composed
together with their behavior as specified in the
collaboration among those elements,

* the composition of these elements into
progressively larger subsystems,

etc etc etc
Grady Booch, Philippe Kruchten, Rich Reitman, Kurt Bittner; Rational, circa 1995 ‘ '
(derived from Mary Shaw) 48
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. AK = AD + DD

Architectural Knowledge

Architectural Design
+

Design Decisions

49

Kinds of decisions

e Ontocrises
— Existence decisions

— Anticrises

e Diacrises
— Property decisions
e Pericrises

— Executive decisions

50

© Philippe Kruchten, 2009 22
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DesignDecision

ONTOCRISIS

_ﬁ%

DIACRISIS

PERICRISIS

ExistenceDecision PropertyDecision

ExecutiveDecision

StructuralDecision

BehavioralDecision | |

ANTICRISIS

Ban

1T 713

Organization
Constraint ]
Process
DesignRule
Technology
Guideline
Tool
51

52

Attributes of a decision

* Epitome Text
e Rationale Text or Pointer
* Scope Text
e State Enumeration
e History List of
(time stamp + author + change)
* Cost Value
e Risk Exposure level

© Philippe Kruchten, 2009

Oct 7 2009
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Relationship between decisions

Constrains

Forbids { 4 ;
Enables iy ( & &*
Subsumes h b o
Conflicts with

Overrides : ‘ A 4
Comprises (is made of) s )

Is bound to
Is an alternative to

Is related too » ,:' *’ ( o 4 yy

) —

Traces to
Does not comply with

53

Use Use Utilize EJB 2.0
Java Enable.s J2EE Constrains. specs

Conflicts Enables
Alternative

Use Communicate via

C++ Use J2SE local interface

54

© Philippe Kruchten, 2009
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State of a decision

Tentative 2 Decided 3 Approved 4

Challenged 2

Rejected 1

Obsolete 0

55

Experiment: Spar Aerospace Dexterous Robot

e DR = Dexterous Robot = arm used to fix the Hubble
telescope

e MySQL Database, SVG + GraphViz

Michael Trauttmansdorff & Nicolas Kruchten

© Philippe Kruchten, 2009 25
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Fragment, enlarged

communicate with GC. mass budget

DR data shall be
transmitted on
dedicated busses

running across the

A

DR Shall be
primarily controlled
by operators at GC

DR Shall have a
standby mode

the EM EPS

DR Power shall be
delivered on
dedicated Busses
running across the

DR shall have a
manual control mode

DR Shall be capable
DR Shall have a safe of performing. DR Shall have a
my diagnostic self Laser Camera System
tests.

D i DR Sallavmths ) /DR il e on i
e minimum necessary power supplied by tolerance for the

de-orbit mission

DR Shall have
Limited Single Fault
Tolerance

DR shall have
double-positive
systems for
activation

DR Shall have video
cameras for
operators 1o use

DR Shall be stowed
by GA at end of
life.

DR Stow fixtures

DR Stow fixtures. must have a
shall be reversible. sufficient capture

v envelope

DR Stow fixtures
will be a large

primary fixture, and
several smaller

ones.

_The 3R sha
operate from the GA
which shall operoie
from the EM.

Provide
single-fault
tolerance for the
de-orbil mission

DR Shall be stowed
by G at end of

A
DR Stow fixtures
must have a
sullfic

DR Shall have
Limited Single Fault
Telerance

envelope

DR Stow fixtures
will be a large
primary fixture, and

several smaller
ones.

Extraction, around Stow Fixture

_The G/

DR Shall be stowed
side of the
M,

DR Shall be
1o M via Ste
fixtures at various
hardpoints.

A and DR shall
be launched as
payloads on the

Ljection Module part

of the HRV

DR Shall withstand

© Philippe Kruchten, 2009

Oct 7 2009
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0.n

Option

Concern

0.n

raises

A 0..n| Arises from

0.n
0.1 Issue
0..1
0.1
affects
< Decision
0.n 0..n
0.n
o.n 0.n | justifies
Depends on 0.n
Rationale

Architecture
or
Model

59

5+1 views?

© Philippe Kruchten, 2009
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Capturing design decisions

e “Design rationale support systems have failed
to gain any level of support in the software
industry because of overhead of
capture”(Jintae Lee)

— QOC, DRL, InfoRAT, IBIS etc.

— not enough immediate value, therefore no
incentive to capture

— tedious process, static diagrams

Aside: decision support, decisions process

* Many of these systems were design to support
a rational decision process
— Establish issue
— Enumerate alternatives, find Pros & Cons
— Rank, prioritize
— Chose
— Document reason of choice

* In reality: gut feeling, and first idea to mind
— Then rationalization, or scrap and rework

© Philippe Kruchten, 2009 28
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Rational choice

fat-client

web browser
/O based
client — Criterion:
style portability?

? ?

rich-client

| custom client
program

Tackling capture differently...?

e Automating capture with daemons (agents)

— Instrument the source of decision:
* Design tool
* Requirement management tool

Defect tracking tool

Configuration and change management tool

Management tool (task allocation, issue/action items)
* Waypointing
o Capture now, sort out later

© Philippe Kruchten, 2009 29
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Tools for Architectural Knowledge
Management

* Codification or personalization or both?
* The myth of the “central repository”
— Bureaucratic school

* The myth of the additional tool to solve a new
problem

— Tool vendors and/or grad students
* “Feeding the beast”

e Time shift: Production — Need
— no incentive, no ‘stickyness’

66

Tools

e For whom?
— Architect
— Reviewers, auditors
— Requirement eng., analysts
— Maintainers
* To do what?
— Producing AK
— Retrieving AK
— Assessing architecture
— Making decisions
— Educating others

© Philippe Kruchten, 2009

Oct 7 2009
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Tools

ADDS, Rafael Capila
Archium, Jansen & Bosch
AREL, Tony Tang

Knowledge architect
IBM’s Architect’s Workbench
SEURAT, Burge

68

Tabular form

Interoperability ... | Constrains
- o

abreine

Ak Pirector.

Decision Capture Tool _ ol =
File Settings Actions
i) [ Epitome [ Scope -
1 Client-server architecture Framework, el
2 Use the three-step ladder data model | System inter-ca...
3 Use the publicity data madel Far noti... | Systern notifica. .. WiewEdit. .. I
4 Support arbitrary and various Forms System input
5 Use Data Access Object design pattern | Persistence sto. .. Remove. .. |
[ Business logic should be decoupled F... Swstem
- Support distributed processing archit... | Data processing
| Emplay directary sery s =2 H
3 Employ object directo <1
1o Reduce memory Footf  pecision Relationships
11 Reduce distribution bi - I - I - T
1z Operational transacti [ Sures :;;‘52.;.; :e:)atlonsh\p Target decision :‘\—d\rectu =] gos= |
13 “Live" update and hat T i e
- 1o | u=e dmamic ink. » [
s 99.9% service ausilal | geogce memor: Reduce distributio... | No
1s Use dynamic link librai | operational tran, Reducs memory F.. Mo Eilhos
16 Leversge existing coc =duce memory Employ object dir... Mo
17 4-click policy For all clit | Business lagic sh... Use Data Access e Maddify,
18 Interoperability with § Eller"t SL:jDDD;t fo.. xﬂ =
19 TC102,33h-2008 mploy directary o __remove... |
- P DE050 | Use the threest N
es
Clisnt-server arch... Mo
) _
ves
ves
[
[T
)
Support. distribut.. Use ®ML as anobi...  No
dats flow -Long T... Mo

[ =
_'l_l Refresh

© Philippe Kruchten, 2009
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Graphical form

DR Shall use the EM
communications
system to
communicate with GC,

DR Shall have the
minimum necessary
mass budget

DR data shall be
transmitted on
dedicated busses

running across the

A

DR Shall be
primarily controlled
by operators at GC

DR Shall have a
standby mode

_Provide
single-fault
tolerance for the
de-orbit mission

DR shall operate on
power supplied by
the EM EPS

DR Shall be stowed
by GA at end of
life.

DR Power shall be
delivered on DR Shall have DRmSJ;“"‘;’:‘:‘*
dedicated Busses Limited Single Fault Sithbar e
running across the Tolerance Eml::f‘
GA
\\ \A‘ ,'
SO 2r2 ey TS o \ &
\\'\ kY p’ //
“ e
DR shall have DR Slow fixtures
DR shall have a double-positive mi;’:{'y b;;ﬁ'fm "
manual control mode ?;sl::sl::r several smaller
ones

DR Shall be capable
of performing
diagnostic sell

tests.

DR Shall have a safe
mode

DR Shall have video
cameras for
operators to use

From Nicolas Kruchten 2006

A
DR Shall have a
Laser Camera System

O
o, P
Camugw CoBEST
o &
s

%

Expand and Elide

Long Transaction
Model
| 3

The "Info Margins"
Pattern used to
datefsubrit data

Constrains  ¢4nstraing

Use of caching to
improve application
performance

ategy”
iattern

Enables

"Expansion-support” |

Lee & Kruchten 2008

© Philippe Kruchten, 2009
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Clustering (with Aduna)
S0
%

System (34) |

Kruchten et al 2005

What if analysis

M - Radial Decision Visualization -

=10l x|

[~ Decisions

Add...

igwfEdit, .
*Remove. . *

~Impact

Eiler...

Log I
x| Log Qut

/
| / Ml Filter impact relationships
19 Impact Typs:
T author W categary [V Relationship
[ Scope I state

OK I Cancel |
Reload

© Philippe Kruchten, 2009
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Personalisation (& hybrid)

Knowledge sharing networks
WIKIs
Web 2.0

Semantic web, semantic wikis...
EAGLE at VU
PAKME

PAKME

e M. Ali Babar, LERO, Limerick Ireland

© Philippe Kruchten, 2009

Oct 7 2009
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Inspiration

Inspired other
Design Options

Multiple

Rationale View Design Option Rationale
Lrd biesiore Description Project Name  Lreiect

Used in Name Domain

Architecture i o i

Archis High Server Require fast response times from the BCS Project .

Performance

Find more Inspiration. ..

Design Option

Secondary Server System

Backup Server System

This design, "Database Server”, inspired the following Design Options:

Design Option

Modify Modify current Design Option

Design Decision Captured as a Case

server. [more...

"Database Server', was inspired by the following Design Options:

Description

A Secondary Server is installed onto the system to help share the
workload. Not only will this help improve the efficiency. but if the
primary server failed, then the secondary server can continue the
service. [more...

Introduce an extra server as backup. The extra server will be
connected into the system but will only run when the primary
server has failed. Hence users would not feel alost in

service. [more...

Description

Introduce different servers to provide different services for the

client. Hence would greatly reduce the workload the current —
servers. [more...

Server System

Date 10/7/2009

76

Search Criteria:

Keywords to Search for:
or:
or:

Display Result Sort by:

Design Option

Date 10/7/2009

Design Option Search and Listing for Web Tier

The following Design Opt

*Delete function will only remove the Design Option from the considered list, not from knowledge database.

Searching Design Decision Cases

Attach Design Option icrosoft Internet Explorer provided by Desktop Services

‘Ferfurmance | Application Type:
‘sca\abuw | Project Domain: ‘ Enterprise JavaBeans System V‘

‘Thmugh put | Design Optionis: [] Tsed , [] Considered

Application Type Damain i
All Design Options (unsorted)

Unused Design Options (only)

Percentage Match

I on Type Dornain | € cision i
Project @
Murmber of occurrences used in Architecture Decisions . B Delete =
Show Selected Application Type Domain fonly) fption In=pireiNew) Option e
c

e

List all Design Options OR. Add Mew Design Options e

| oKk |

77

© Philippe Kruchten, 2009
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Design Option Search and Listing for ™
Database Server
Search Criteria

Keywords to Search for
OR
OR

Display Results and Sortby: | All Design Opt

The following Design Options are carre

Design Option Hama
Mubiple Backup

Introduce a dedicated server as a
database service provider. This
reduces the workloads on other
systemns and offers a contralieed
database. [more...]

Have a dedicated Application Server
to provide application service to the
chents. Hence reduces the workload
1o other parts of the system. [more, ]
Introduce different servers to provide
different services for the cBent. Hence
would greathy reduce the workload
the current servers, [more |

Nusmber of Results found from search 15

Using a Design Decision Case

BCS Project research 100 % Modify O

100 % Modfy | @

None None 100 %6 Madify | O

)

Singl: Baclup

Client-Server Backup

that utilizes both the Chent and Sérver to backup cértam parts of the

essary information. Hence, the data is distributed to multiple locations. [more
Have a dedicated Application Server to provide spplication service to the chents. Hence
redhuces the workload to other parts of the system. [mere.,

Moy

Application Server Modify

List sl Design Options
Add New Design Options

3

Date 10/7/2009

78

Date 10/7/2009

Navigating the Knowledge Base

79
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Template for Capturing and
Representing Patterns

2R hipergate :: View Pattern - Business Delegate - Microsoft Internet Explorer provided b... [= |[E][B<]
View Pattern =]
Mame Business Delegate
Type Dicsign pattern

This pattern reduces coupling between tiers and provides an entry point for
accessing the services that are provided by ancther tier. It may alse provide results
caching for commen requests te improve performance. Tt typically uses a Service
Lecator to lecats a service B

Description

In a distributed system, clients may be exposed to the complesity of dealing with
Context
the distributed components that provide services
Fresentation-tier components interact directly with business serwvices, which
Probl v the impl ation details of the services to the clients. Such a direct
mteraction maltes the clients vulnerable to any changes in the business services.

TTse Business Delegate to reduce coupling between presentation-tier clients and

Solution business services. The Business Delegate hides the underlying implementation
details of the business service
Parent No Pares: Availabls
Forces 13 Business Service
Tactics 1) Delegate Proxy 2) Delegate Adapter
Posizively
Affected 1) Performance
Attributes Negatively

1) Complesxity 2) Intreduce new laver

General L
Scenario 13 BD-S6 2) BD-52
Usage
el DEC - .

Date 10/7/2009 “

Summary

Architecture is more than just the resulting
design of architecting

Tacit, explicit knowledge . .
Generic, specific knowledge

Codification, personalisation . .
Power of metaphors

Decisions as first class citizen
Tool support (need more work)

82
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Slides at: pkruchten.wordpress.com/talks/

Questions?

83

Shameless self-promotion

M. Ali Babar, T. Dings@yr, P.

Lago, H. van Vliet, Software

E ' Architecture Knowledge

sl Ol Management, Springer
Verlag, 2009

| wrote chapter 3 !

© Philippe Kruchten, 2009
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