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Abstract

The phrase “agile architecture” evokes two concepts:

1. An architecture that is versatile, easy to evolve, and easy to modify,
while resilient enough not to degrade after a few changes.

2. An agile way to define an architecture, using an iterative lifecycle,
allowing the architectural design to tactically evolve over time,
as the problem is better understood.

In the best of worlds, we’'d like an agile process that leads to a flexible architecture. This
tutorial enables attendees to understand basic architecture concepts that developers use
to develop large-scale systems in an agile lifecycle.

Attendees who complete the tutorial should be able to understand the business case for
architecture, architecture essentials, and architecting with just enough anticipation as an
enabler for agile at scale.
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Topics

Motivation

Why? The roles of architecture
What? Defining architecture

How? Essential activities

When? Release planning

Who? Necessary organic capabilities
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Motivation for Agile and Architecture:
Software Engineering and Acquisition

Systems and Software Engineering
Expertise and Framework

[ ]
Traditional Balance evolution of
Approach user needs and
developed capabilities.

Many regulated environments, New New
lik h . . Mission Mission
ike the DoD, NEED innovation Need Capability
and NEED incremental
improvements to their systems.

AN N/ N\

Many of them are now willing 7 0177 0195 ~oz1 7
to consider changing their
approach if they can do it
without getting in trouble
with their governing statutes

and regulations. ° “Simply delivering what was initially required
ﬁ ® Time spent on cost and schedule can lead to failure in
clarifying [ H : :

TradltinvalArquisirinn ‘m requirements aChIeVIng our eVOIVIng natlonal Securlty

and Evalution Approach mission — the reason defense acquisition

e ncqummon . DoD/IC/Civil, requirements, exists in the first place.”

Agile Acquisition

and Evolution Approach stakeholders, needs,

—_— business practices, user Honorable Frank Kendall

Time test and evaluation
Under Secretary of Defense (AT&L)

2015 Performance of The Defense Acquisition System
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Agile Practice

An iterative and incremental (evolutionary) approach to software development
which is performed in a highly collaborative manner by self-organizing teams
within an effective governance framework with “just enough” ceremony

that produces high quality software in a cost effective and timely manner
which meets the changing needs of its stakeholders.

Scott Ambler 2013

Carnegie Mellon University Leading Architecture Practices for Achieving Agile at Scale [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited

- . . © 2018 Carnegie Mellon University distribution.
Software Engineering Institute



Organizational Agility

Agility is the ability to
e create and respond to change
* balance flexibility and structure

Core agile cycles
 Envision: product vision, project scope, release plan
» Explore: iteration plan, develop, review and adapt

Jim Highsmith 2010
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How Do You Adapt Scrum?

Team selects user Team builds the
stories to fill the sprint — stories, tracking
progress daily \
Features are
hours potentially
Product Owner shippable
crea.te§ 'fhe bfacklog, -> 24 Potentiall
a prioritized list of — Sprint Shippable o
user stories Backlog NGy Backiog N Increment !
[
\'%

Refactoring
Tasks

Cycle is repeated until the backlog is emptied, the
budget is spent, or a deadline arrives
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Today’s Challenge Dealing with Organizational Change

Yesterday’s Agile Today’s Agile

Teams got better at Moving the rest of the

building software business

= Code quality = Priorities are larger than the
= Cohesion development team

= Velocity = Collaboration is critical

= Improvement = Timelines have changed

Architecture has a role to play in supporting three aspects of
agile at scale: scope, team, and time.

Grant, T. “Navigate the Future of Agile and Lean.” Forrester, January 10, 2012.
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A Closer Look at Scale: Scope

Q Is the project in a new domain or
technology?

Are there new requirements such as
standards compliance, system testing,
and integration lab environments?

Is there a need to align systems
engineering and software
development activities?
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A Closer Look at Scale: Team

o Are there multiple teams that need
to interact, both internal and external
to the organization?

Usy Ny
%\ o What are the dependencies

between the work products of
system and software engineers?

i T "

s DE

Yoo @}#@ .

XK 0 Does the end-to-end delivery of

¥ %ﬁt % features require resources from

g TE K ey, - multiple teams?
%\ r AN\ é%‘ A2
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A Closer Look at Scale: Time

o Does the work require different
schedule constraints for
releases?

o How long is the work product
expected to be in service?

o How important are
sustainability and evolution?
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Introductions

Introduce yourself and share something you know about agile or architecture.
Which of these challenges are you dealing with?
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Enhanced Agile Development

As software system size and complexity increase, development practices must adapt to
accommodate

* increased technical complexity

* interactions among software sub-systems and components

* larger teams and multiple teams

« coordinated development across multiple, competing objectives

Enhanced agile development adds practices that address these concerns.
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SCRUM and the Architecture Microcycle

Architectural Architectural
- Architecture decisions concems
Ru
MicTOCYCle  —
Stakeholders Solution Backlog Sprnt

. Backlog Daily
[ ] [ Solution
[ Increment

m |
—1

Poort, E. Selling the Business Case for Architectural Debt Reduction,
Ninth International Workshop on Managing Technical Debt — XP 2017
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Scaled Agile Framework

Time

SAFe* for Lean Enterprises Configuration

o Continuous Delivery Pipeline - ROGRAM\
SO A * G
] o Business :
s- oM Owners Wesy, ey Sl
ystem Product Continuous Continuous Continuous Relez
Arch/Eng  Mgmt e plorati wominue ik
Vi“i A 5. - Pl Objectives ;
sion men
RTE E — System Demos Jfé?; .
] NFfts
e Backlog g Y
System £ £
Team & & T
f} ° - & XP  .Plan i i Iterations =
m. i ) * Execute l-’ = [ -
Le;:'.ux Dev Team Froduck ., ‘Review R 8 D g D" D' D10
Owner Scrum " Retro 5 2
3 — £ —
= B #o oo |o|HE0 0
-
- NFRs & a
Kanban Backlog Develop on Cadence
Agile Teams

O 4 Lean-Agile — Core [l Lean-Agile

SAFe "7 Implementation
Leaders - = .‘ o

— Values = Mindset Principles [ dmmmmared Roadmap
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Sounds Expensive!

Compared to what?

» Over-committing because there is no blueprint for the system?
* Inefficiency from inability to coordinate work?

« Late rework when defects found in test and integration?

* Delivering late and over budget?

» Developing a product that fails to meet stakeholder’s needs?
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Architecture Practices

Carnegie Mellon University
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Architecture Practices

_ BUSINESS
- . - N
. GOALS .

Changes in the business
must be reflected in the
system
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Architecture Practices
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Value Proposition for Architecture

Architecture practice enables the ongoing cost-effective
achievement of system-related business goals.

» Sound structure analyses provide objective confidence for achieving system quality.
» Appropriate flexibility enables cost-effective system maintenance and evolution.

* Early identification and mitigation of design risks result in fewer downstream problems
and cost savings in integration, test and deployment.
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SEI| Software Architecture Axioms

SEI's work in software architecture is guided by three foundational principles that highlight

architecture’s key role in system development and evolution.

1.] Software architecture is the bridge between business and mission
goals and a software-intensive system.

2. Quality attribute requirements drive software architecture design.

3. Software architecture drives software development through the
life cycle.
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Architecture — The Bridge

A good architectural
representation has

« sufficient detail to reason
about mission and business
goal satisfaction

- sufficient abstraction to
conceptually understand

All design involves tradeoffs.

Lacking mission and
% business drivers, the

4 architect has to make
assumptions about priorities.

Given well-stated mission
M and business drivers, the

the system architect has a basis for
« sufficient detail to knowing the priorities among
appropriately constrain tradeoffs.

implementation.
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“Every system has an architecture...

...encompassing the key abstractions and mechanisms that define that system's structure
and behavior... In every case - from idioms to mechanisms to architectures - these
patterns are either

accidental”
- Grady Booch in the Preface to Handbook of Software Architecture
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Architecture and Strategy

An intentional architecture is the embodiment of your business strategy
* Intentional architecture links technology decisions to business goals

An accidental architecture limits strategy options
» Accidental architecture becomes your de facto strategy
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SEI| Software Architecture Axioms

1. Software architecture is the bridge between business and mission
goals and a software-intensive system.

2.] Quality attribute requirements drive software architecture design.

3. Software architecture drives software development through the
life cycle.
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Software System Development

Functional
Software
Requirements

If function were all
that mattered, any
monolithic software
would do, ..but
other things

matter...

* Modifiability

* Interoperability
> d Availa_bility

¢ Security

¢ Predictability

e Portability

Maintainability represents the degree of effectiveness and efficiency with which a product or system can be
modified to improve it, correct it or adapt it to changes in environment, and in requirements (ISO 25010).

analysis, design, development, maintenance and evolution

Quality Software
Qttribute privers J ™\ Architecture J™>\ Scftware

<

has these qualities

Carnegie Mellon University
Software Engineering Institute
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Users Need Both Functions and Qualities

Required capability O

Ease of use

Predictable behavior o

Dependable service Strmuluc. Eﬂ Response:
Timely response - Message o ComimuetoOperse o _
Protection from intruders ) EZEEI | Measure:

Software system/mission goals should address stakeholder needs.
Stakeholder needs often translate to quality attribute requirements.

Scenarios are a powerful way to characterize quality attributes.
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Quality Attribute Data from SEI ATAMs

Quality Attribute Concern

Quality Attribute

1 Reduce coupling Modifiability

2 Latency Performance

3 Upgrade and integrate with other system components | Interoperability
4 Designing for portability Modifiability

5 Ease of operation Usability

6 Detect faults Availability

7 Ease of interfacing with other systems or components | Interoperability
8 Designing for extensibility Modifiability

9 Recover from faults Availability

10 Resource management Performance
11 Minimize build, test and/or release duration Deployability
12 Reusability Modifiability
13 Prevent faults Availability

14 Increased processing demands (e.g. add nodes) Scalability

15 Authorization Security

16 Resource and data sharing Interoperability
17 Resist attack Security

18 Configuration and/or dependency management Deployability
19 Configurability/compose-ability Modifiability
20 Backward compatibility and/or rollback strategy Deployability

Bellomo, S.; Kazman, R.; & Gorton, I. “Insights from 15 Years of ATAM Data: Towards Agile Architecture” IEEE Software, 2015.
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Discussion: Default Quality Attributes

In the absence of (and often even with) explicit quality attributes, most developers have a

(sometimes unconscious) default set of attributes that they value.

» Modularity

* Reusability

 Analyzability

» Modifiability

* Testability

» Readability/understandability
* Efficiency

» Elegance (cleverness?)

e ...many possibilities

What are YOUR default quality attributes?

(,]arnog‘io Mellon University Leading Architecture Practices for Achi
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SEI| Software Architecture Axioms

1. Software architecture is the bridge between business and mission
goals and a software-intensive system.

2. Quality attribute requirements drive software architecture design.

3.| Software architecture drives software development through the
life cycle.
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Typical Software Development Paradigm

Operational descriptions
High level functional requirements
Systems specifications

-

f a miracle occurs

Quiality attributes are often
weakly articulated and
vaguely understood

A specific system architecture
Software architecture emerges

{. another miracle

Detailed software design
and implementation

How do you know if
the architecture
is fit for purpose?
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Architecture Practices

Implementation

Analysis
Y Details

Conformance
Review

Evaluation
SATISFY
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I,/;
V4
7
7 E . . . .
How? Essential activities "
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Design Cycle

BUSINESS
AND MISSION GOALS

Architecture

PROCESS
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Align Feature and System Decomposition

Infrastructure-driven Feature-driven Hybrid approach
approach approach

Horizontal decomposition Vertical decomposition
(e.g., layers) (e.g., subsystems, features)

Tension between high-priority features (vertical decomposition)
versus common reusable services (horizontal decomposition)
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How Much Support for Agile Development?

State of agile

team support E
A Desired State Q M
C
@ Current State
5 D
Q
A %
Preparation Preservation
Time™
A — No support D — Desired state reached
B — Most important parts E — Sustain the state
Ready for the first feature
C — Almost ready with the support
Feature development starts
Bachmann, B., Nord, R.L., and Ozkaya, . "Architectural Tactics to
Support Rapid and Agile Stability," Crosstalk, May/June, 2012.
Carnegie Mellon University Le;](i gwgl'/‘\yll?\‘zwl!ehcut&:i ‘:n‘nvch\}ces for Achieving Agile at Scale ggﬁmsngﬂow STATEMENT A] Approved for public release and unlimited 39

Software Engineering Institute



Applying the Practices in Concert -1

Scrum Presentation| Layer
O Team A

Common Service

OO O Team B
50
@) Common Service
OO O Team C
5O
O Common Service

State A — Establishing the infrastructure
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Applying the Practices in Concert -2

Serums

Scrum of

Scrum
O Team C
Q) 08 Common
@ O Services

Presentation|Layer

Common
Services i

Domain

Common
—————————————————— --Serviees - |- -1~

Data Access

@ Team member with feature responsibility

State B — Progressing architecture and feature development in parallel

Carnegie Mellon University
Software Engineering Institute

Leading Architecture Practices for Achieving Agile at Scale
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Applying the Practices in Concert -3

o 2%.0\.\\ State C — Features
o » different teams are
Scrums assigned to different
Presentation[Layer e features,

E’
;

* some team members
keep layers and
framework consistent

E]
O O
Common Services

R

Domain|Layer

O
F‘e O

Common Services

Framework

,,,,,,,,,,,,,,,

Data Access|Layer

Framework

O O

Common Services

,,,,,,,,,,,,,,,,,,,

@ Team member with layer responsibility
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Applying the Practices in Concert -4

Scrum .
Team A PPN State D — Preservation
P tation|L . ' ! ' .
8% % resentation|Layer :F.ei r-'ramewcirk 3 d|ffe.rent team.s are
S A RN OF assigned to different
[ | [ |
: : Cornmon 'Services features )
Temporary °a temporary team
M e o e prepares layers and
0 O [ O [
: :Q '@ frameworks for future
T feature teams.
| |
Data Access|Layer 4 | 4 |
[ | 0
Scrum | Q !
Team B | D
20 |
@) 0o . Cgmmony Services
o vl vl
== = r’ OUnimpIemented feature
. Feature
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Deployability Tactics

DevOps Tactics

- s ~

Availability Modifiability Performance  Testability

Monitor Encapsulate Increase Sandbox
Resources
Exception Defer Increase Specialized
Detection Binding Concurrency Interfaces
Exception Abstract Common Schedule Record /
Handling Services Resources Playback
Voting Reduce
Overhead
Rollback
. Maintain Multiple Copies
Active of Computations
Redundancy

Maintain Multiple Copies
Reconfiguration of Data

Limit Event Response
Prioritize Events

Manage Sampling Rate

Bellomo, S., Kazman, R., Ernst, N., Nord, R.: Toward Design Decisions to Enable Deployability:

Tactics are design decisions

that enable quality attributes.

There are tactics for
* Availability

Interoperability

Modifiability

Performance

Security

* Testability

» Usability

Empirical Study of Three Projects Reaching for the Continuous-Delivery Holy Grail. In: First International
Workshop on Dependability and Security of System Operation, pp. 32—37. IEEE Press, New York (2014)
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Design and Analysis

The architects ensure that the design is checked
in a periodic fashion to see if the quality attribute
scenarios are continuing to be fulfilled.

» Step 1: Select scenario to analyze
 Step 2: Elicit architecture approaches

» Step 3: Analyze architecture approaches
» Step 4: Review results

Performing scenario-based peer reviews every second week was never seen as a burden
by the architects. They were actually looking forward to the next review because the reviews
provided them with valuable input and they could see progress when the list of risks and the
to-do list became smaller and smaller over time.

Bachmann, F. Give Stakeholders What They Want: Design Peer Reviews the ATAM Style, CrossTalk, Nov/Dec 2011.
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Discussion: Maintenance and Enhancement

How might you have to adapt these practices to your environment?
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Implementation Cycle

Development

PROCESS
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Implementation Details

The design cycle of architecture development led to:
» solution organized around quality attribute scenarios
» detail sufficient to provide the required evidence

Additional information is needed to begin implementation:
» more details for module interfaces and responsibilities
» documentation organized around work packages
 feedback between developers and architects

An active design review is used to:
» effectively communicate the designed solution to developers
« get feedback about the documentation and areas for improving it
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Conformance Review

Guidelines for transforming architecture
elements into implementation

[ Architecture }g

?

Drift

[ Mapping Functions ]

Implementation J

Evidence that implementation
conforms to the architecture

For the implementation to exhibit the quality attributes engineered
at the architectural level, it must conform to the architecture.

There will be discrepancies between the architecture and the
implementation; also known as “architectural drift.”
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Roadmap and Architecture

Roadmapping
» Enables making short-term decisions in a long-term context
» Balances global and local optimization

Everything is always changing — why should | plan for the future?
» Make everything equally hard to respond to, or...
» Use architecture to enable anticipated changes to be made more efficiently
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The Zipper Metaphor

Functional requirements

DDDDD/Dj

Architectural requirements

Feature iterations

31|12

Architecture iteration

Nord, R.L., Ozkaya, I. and Kruchten, P. Agile in Distress: Architecture to the Rescue. T. Dingsg@yr et al. (Eds.):
XP 2014 Workshops, LNBIP 199, pp. 43-57, 2014. Springer International Publishing Switzerland 2014
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Software Development
Artifacts on the Backlog
and Dependencies
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Impact on Product Development

Impact forces choices that bring into focus issues of cost and value, current needs, and
future potential.

Release 1 Release 2 Release 3

W = ] =-

—ill

m .
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A Success Story

Challenges

* Measuring, planning, estimating, and tracking
architectural design activities

* Integrating architectural design activities with
iterative/incremental development

* Improving the as-practiced fidelity of the architecture
development process

Project

* Industry funded project to build the worlds fastest
stock trading engine.

« Challenging trading engine performance targets
» Aggressive project performance targets

| Results | Target | Actual _

Latency 1ms 0.1ms
Throughput 1,000 200,000
(transactions per sec.)

Schedule (months) 18 17
Quality 0.25 0.1

(defects/KLOC found in validation)

Accomplishments:

* Successfully integrated
« software process framework.
* requirements and design practices.
* quality practices.

« Architectural design practices
» 12% of the total cost and were key in meeting the
technical requirements
* estimated to reduce implementation costs by 15%

Bachmann, F., Carballlo, L., McHale, J., and Nord. R. "Integrate End to End Early and Often." IEEE Software, July/August 2013.
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lterations

Stakeholders |Stakeho|ders use QAW/BTW to
establish and prioritize
| requirements

Practices:

* Architecture quick look

* Training managers, developers
* Quality attributes

Nord, R., McHale, J., and Bachmann, F. Combining Architecture-Centric Engineering with the
* Release plan

Team Software Process (CMU-SEI-TR-031). Software Engineering Institute, December 2010.
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Iteration 1 — Find problems

Stakeholders communicate
Stakeholders iteration requirements to the
Architecture Team

)
ARg HEM
NIy
DRI\,EIEECTU%TES/
Practices:
* Architecture design
* Design principles and tactics
* Scenario-based peer reviews
* Prototype problems
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lteration 2 — Design known

(g \/\;ITER W Architecture
EEKSA;TIQN Team

Stakeholders ARQHIT
EQTU
R,

)
ARg HEM
DRl\,HE'EECTEwES/

Stakeholders communicate next
iteration requirements to the
Architecture Team

\ |Architecture Team assigns

Developer [ iteration tasks to the Developer
Team(s) m team

Practices:

* Architecture design

* QOverall system structure

* Scenario-based peer reviews
* Architecture runway
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Iteration 3 — Design rest

Stakeholders

cay
ARg HEM
DRl\,HE'EECTEwES/

Qp
W
Ts p BT
(g ITE Architecture
WEEKRSATIQN Team
HlTE
C
TURE .

HITE
U

| Developer team delivers latest

\

version of software to the
Architecture Team

At each iteration, the Architecture Team

/
N\
P /\\/

delivers status reports to the
Stakeholders

Practices:

* Architecture design

* Allocating features

» Scenario-based peer reviews
* Features using infrastructure

Carnegie Mellon University
Software Engineering Institute
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lteration 4 — Review

(g \/\;ITER W Architecture
EEKSA;TIQN Team

Stakeholders

REQ

|
ARg HEM
DRl\,HE'EECTEwES/

&

_[I?;::ll((;;)er m 'DE\, \ / | Developer Team now releases
ELQPER : / version updates to the
Stakeholders
DE\IELQP \
3 2

Practices:

* Architecture content

* Architecture tradeoff analysis
* Active design review

* Conformance guidelines
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Iterations 5 and 6 — Adjust from feedback

(8 \NITER W Architecture
EEKSA;TIQN Team

Regular status reports

Stakeholders

REQ
Uj
ARg HEM
H g
DRI\,EIEECTU%TES/

N

Developer [ J
Team(s) DR

Timely releases
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lterations — Summary

(g WITER W Architecture
EEy ATI
KS; ay Team

Stakeholders ® Fing PRg

REQ
l¥]
ARg "\EM
N g
DRI\'EIEECTUT}ESI

Developer
Team(s)
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Discussion: Maintenance and Enhancement

Any guestions?
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Architects: Anchors or Accelerators to
Organizational Agility?
You can’t outsource architecture oversight

* You need the organic capabilities to own the architecture,
though you can get help and contract out tasks

 Architecture is strategy
» System outlives contracts

How can architects accelerate agility in organizations?
* Be agile
 Be architects of structure, time, and transition
 Create agile design guidelines

Jim Highsmith 2010

(,:le‘ll(‘,gi(‘ Mellon University Leading Architecture Practices for Achieving Agile at Scale
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Architecture Quick Look

Business and development stakeholders

* investigate agile software
Architecture development and architecture
principles and practices

* identify risks and factors worthy of
attention

* set priorities in improving software
development

Organization | Development

Why? The risks uncovered in this
analysis will guide the application of the
other architecture practices.

Ozkaya, ., Gagliardi. M., and Nord, R.L. 2013. Architecting for Large Scale Agile Software Development:
A Risk-Driven Approach, Crosstalk 26, 3 (May/June 2013): 17-22.
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Understanding Program Readiness for Agile

Organizational ) . ® ® a8 . LB

Chmate . @ ! evelop |
4 CP . . Adoptior

. . R L ] ] Mechanisms I

Risk Mitigation Ideas from

Readiness & FiL Analysis
: L
Technology

i Schedule
Ernwiranment

. . . . . Adouption Evenls
® 0

Generate/

. Analyze Readiness, Affinitize Risk Build
Generate Adoption Risks Mitigations Roadmap

SEl Agile in Government. https://sei.cmu.edu/research-capabilities/all-work/display.cfm?customel_datapageid_4050=21345

Carn(‘,gi(’-, M(‘,ll()l’l Univ(‘rsity Leading Architecture Practices for Achieving Agile at Scale [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited

. . . © 2018 Carnegie Mellon University distribution.
Software Engineering Institute



Take away
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Agilely architecting ...

SAFe® for Lean Enterprises

ESSENTIAL configuration

Continuous Delivery Pipeline @ PROGRAM
I.-‘ e e T e e Gustomer &l
; i Business . AGILE AELEASE, IFATH. ]
Owners Py DevOps
System  Product — Cont Conti Cont Release = Culture
- Arch.'Eng' Mgmt i i=| Expl Integration Deploym on Demand = Automation
o0 c = Pl Objectives » Lean Flow
Vision ] 8 et —r J i ) * Measureme
RTE H ]—‘= System Demos @ @ - Recovery
(1 x NFRs S
m Backlog = | Feature | = | Feature | { Enabler | ] Architectural
£ E [ Feature | Runway
System E § |~ e E
Team 5 & o] =
g [ &
XP  .plan G
O | ks & e B B 5 (0o B o o | 4 B TEAM
i ~ Product ‘Review mm B U | ) SEeRill] Ielpe] SEeRBLE -
ol Dev Team guner = . Retr NFRs @ e B j—
. Scum’ *Retro = = g =
lili 3 | E 1| B = —
sw g E] = & ~ | ¢ "y J E o - [ s —
FW  Master j-_! m O DD (D O] C L. B8 Builtin Quality
HW Y o NFRs & a a
_ . Kanban Backlog Develop on Cadence 4.5
Agile Teams Lefingwed, et al. © 2008-2017 Scaled Agile, Inc.

8.8 Loan-Agile | — Core Lean-Agile = SAFe "77) Implementation =
“ Leaders  '-'val ! Mindset = Principles C Roadmap km

ues.

482 SAFE’| 5¢aEp aciLe:

The essence of agile architecting is to conduct these activities
concurrently with the right balance:

* requirements originating from the problem space inform architecture

and development,

 explorations originating from architecture and implementation

investigations assist in eliciting and detailing requirements.
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... an agile architecture

Architecture understood as
design concepts that influence
the time and cost to implement,
e test, and deploy changes:

» reference architectures

Iteration Goal Design concepts
Establishing
1st an initial

Reference architectures
overall system De ploymt_enl patterns
structure | Liaeeeeeseeain (tiers)

Identifying Architectural Pattems]
structures to (Domain objects | components; . .
“ Suppor « architectural design patterns

functionality

* tactics

» design principles

* externally developed
components

Refining
previously
created
3..Nth structures to
fully address
the
remaining
drivers

<> Design concept

——> Influences

Cervantes, H., and Kazman, R. 2016. Designing Software Architectures: A Practical Approach,
SEl Series in Software Engineering, Addison-Wesley, 2016.
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Agilely architecting an agile architecture

Agilely architecting an agile architecture has four key requirements:
1. Focus on key quality attributes and incorporate these into technical explorations
within prototyping and spikes
2. Understand that a successful product is a combination of customer-visible features
and the underlying infrastructure that enables those

3. Recognize that an architecture that enables ease of maintainability and evolvability
is the result of ongoing, explicit attention

4. Continuously manage dependencies between functional and architectural
requirements and ensure that the architectural foundation is put in place in a
just-in-time manner

Bellomo, S., Kruchten, P., Nord, R.L., Ozkaya, |.: How to Agilely Architect
an Agile Architecture? Cutter IT J. 27, 12-17 (2014)
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Contact Information

Robert Nord U.S. Mail
Architecture Practices Initiative Software Engineering Institute
Email: rn@sei.cmu.edu Customer Relations

4500 Fifth Avenue
Pittsburgh, PA 15213-2612

USA
Web Customer Relations
www.sei.cmu.edu Email: info@sei.cmu.edu
www.sei.cmu.edu/architecture SEI Phone: +1 412-268-5800
SEI| Fax: +1 412-268-6257
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Quality Attribute Scenarios (reference)

1. Stimulus - the condition that affects the system

2. Response - the activity that results from the stimulus

3. Source of Stimulus - the entity that generated the stimulus

4. Environment - the condition under which the stimulus occurred
5. Artifact - the entity that was stimulated

6. Response Measure - the measure by which the system’s response will be evaluated
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Architecture Practices (reference)

Core Practices

Elicit and capture business and mission goals in
the form of quality attribute scenarios.

Iteratively and incrementally transform scenarios
into architectural structure and content.

Evaluate the architecture for risks to
achievement of the scenarios.

Transition the architecture to implementation,
build it, and verify compliance.

www.sei.cmu.edu/architecture

Supporting Methods

Quiality Attribute Workshop (QAW)
Business Thread Workshop (BTW)
Architecture Roadmap

Attribute-Driven Design (ADD)
Views and Beyond (V&B)

Architecture Tradeoff Analysis Method (ATAM)
Scenario-based peer reviews

Active Design Review (ARID)
Design and implementation rules
Conformance reviews

Carnegie Mellon University
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