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Agile Architecture?

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
* An Experience: Smart Decisions Game

When? Release planning
* Light-weight architecture analysis

Who? Necessary organic capabilities
Take away
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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
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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?

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

0 Is there a need to align systems
engineering and software
development activities?
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A Closer Look at Scale: Team
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Are there multiple teams that need
to interact, both internal and external

to the organization?

What are the dependencies

between the work products of
system and software engineers?

Does the end-to-end delivery of

features require resources from

multiple teams?
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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 ;
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RTE E — System Demos Jfé?; .
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e Backlog g Y
System £ £
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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
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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

Carnegie Mellon University Launching and Sustaining Agile Architecture
. . . © 2018 Carnegie Mellon University
Software Engineering Institute

[[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
distribution.

21



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

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

Functional
Software
Requirements

The important quality attributes and their characterizations are key.

analysis, design, development, maintenance and evolution

* Modifiability
* Interoperability _ f
L * Availability Quality Software
+ Security Qttribute privers J\ Architecture J>| Software
» Predictability
* Portability <

has these qualities

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).
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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?
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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.

(:le'll(‘,gi(‘ ]\[(-"()n l,‘n iversity Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
] g ¥ bution.

Software Engineering Institute

Sz

|
2018 Carnegie Mellon University distri

33



Typical Software Development Paradigm

Operational descriptions
High level functional requirements
Systems specifications

S
f a miracle o

A specific system architecture
Software architecture emerges

{. another miracle

Detailed software design
and implementation

Quiality attributes are often
weakly articulated and
vaguely understood

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

(,]arnog‘i(‘ Mellon University Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited

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

34



Architecture Practices

‘N\P\-EMENT AND EVOLVE

Design an
Analysis

Implementation
Details

Agile ceremonies

Conformance
Review

Evaluation
SATISFY
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Design Cycle

BUSINESS
AND MISSION GOALS

Architecture

PROCESS

N

Carnegie Mellon University
Software Engineering Institute
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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

Desired State

E

Y —

Nolb

Current State

Preparation Preservation

A —No support

B — Most important parts
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.

Time™

D — Desired state reached
E — Sustain the state
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Applying the Practices in Concert -1

Scrum Presentation| Layer

OO O Team A
50

O

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

Launching and Sustaining Agile Architecture
© 2018 Carnegie Mellon University

[[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
distribution.

41



Applying the Practices in Concert -3

e
oo | State C — Features

Sorum of « different teams are
e assigned to different
Presentation[Layer E’e S features,
I oG | e some team members
p- Common Services keep layers and
framework consistent

R

Domain|Layer

I
|
I
,,,,,,,,,,,,,,,
@ O

Common Services

Framework

Data Access|Layer

Framework

D O O

Common Services

O Unimplemented feature

. Feature

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

Scrum .
Team A PPN State D — Preservation
P ion| L . ; . ; .
8% % resentation|Layer :F.ei r-'ramewcirk e d |ffe.re nt te am.s are
S O assigned to different
| | | |
: : Cornmon 'Services features )
Temporary °a temporary team
M e o e prepares layers and
NGOG N
: :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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e
Let’'s Have An Experience
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Game Inventory

1. Playing 2. Game scenario
cards ﬁj’ﬁ ue1,2 g

* Real-time monitoring

m = Full-text search Real-time 24/7 Operations,

e A Support Engineers,
TN
SR o Dashboard  *"u 8
.
(s ] uc3
Web Servers * Historical static reports &
*  Available through Bl corporate tool
+ Hundreds of Static Reports  onagement
servers
= Massive logs . uc-a
from ~ -
multiple *  Rawand aggregated historical data -2}
sources = Ad-hoc analysis =7
* Human-time queries Ad-Hoc Data Scientists/
Reports Analysts

3. Game board 4. Dice and markers 5. Scorecard

Iteration 1 ) E " - H H

Daiune[Lambea
Names of
N e _ L] .
K‘S\ L b 254343

s . aslaction paints
fromcards) +343=18.5

Review inputs

@ Anaiyis +2

{
I
i

b 185 10 15 n 8 625

@ Iteration 4

Finish

lhttp://smartdecisionsgame.com
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Design Concepts Catalog*

Traditional Relational
Extended Relational

Pure Non-relational [

Reference Architectures

Lamba Architecture

Hybrid
Data Refinary

QlikView

Microstrategy
———————{" B Platform
Tableay | ——

JasperSoft

Splunk Big Data Analytics Catalog

- Visualization & Repor

Kibana = Interactive Dashboard
Zoomdata
D3.is
Highcharts | = Graphic Library
GoJS

Impala
Apache Hive (Stinger) | Interactive Query Engine

Spark SaL

Elasticsearch

=4 Processing & Analytics

- Search & Query

= Distributed Search Engine

Apache Flume

Data Collector =| Logstash

Fluentd

Messaging RabhitMa
Apache Kafka
Integration = Distributed Message Queve —|———————
Amazon SQS

Apache ActivaMQ
MS SSIS

ETLELT = ETLEngine =| Talend
Infarmatica

Distributed File System = HDFS
Ri
Key-Value Redis
Berkeley DB
MangoD8

Document-Oriented &

NoSOL Database -

/ "
HP Vertica

MPP Data Warehouse DBMS | Teradata
MS PDW
/ Data Warehouse (L pom_

MS SQL Server

Traditional Data Warehouse DBMS ~| Oracle RDEMS
IBM DB2

Cassandra

OrientDB

Splunk.
Hadoop MapReduce
Apache Spark | Distributed Computing Engina
Apache Tez Document-Oriented MongoDB
Apache Storm Family/Data Storege/NoSQL Database
Spark Streaming | Event Stream Processor | Computing otind - R FE———
Amazon Kinesis i 10 be stored i database. Written in
Cascading ::-: a document, vnlhlnadvmmen'l.wm\m a document). [=2 vl et a:-mm;
Apache Hive |@ Data Processing Framework nesting of Column-Family databases. Complex and arbitrary i
Apache Pig doc functionaiity, flexible aggregation and data
processing, et
7N
\
= . mongoDB

Consequences:

%% Sealability - over 100 Grganizations runclusters with 100+ nodes,
Samme clusters exceed 1,000 nodes

4 Avallabily - high avaiabily s provided by chustering and
repication

% Ad-hoc analysis = somewhat better than other NoSQL farnibes, but stil

Sample implementations: MongoDB, CouchDE

http://smartdecisionsgame.com

Consequences:
*k

o Legend

ke auto-shardi

Witten in Cov,

*x v

issues

e Real-time analysis - one of the most common use-cases, supports
e d

Blue color text - a technology family

Red color text - a specific technology

the GNU AGPLlivense, commerial icenses are aso avallable
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Game Rulest

ADD Step 1: Review Inputs

Design Primary functional Quality attribute

Constraints Concerns

purpose requirements scenarios

Let’s start by
L e e —
reviewing the ¥
inputs to the
design
process...
-

—_————— Step 1: Review Inputs

Step 2: Establish iteration goal
by selecting drivers

Step 3: Choose one or more elements of the system to
refine

Smart Decisions'

Review inputs

Step 4: Choose one or more design concepts that satisfy

Iteration 1 the selected drivers

Step 5: Instantiate architectural elements, allocate
responsibilities and define interfaces

Iterale if necessary

Step 6: Sketch views and record design decisions Key

- Driver

Step 7: Perform analysis of current design and review @ Architecture design
iteration goal and achievement of design purpose
- Process Step

From previous round of iterations or from existing

system (brownfield development)

Finish

lteration 3
[T — —- Precedence
- = = Artifact flow
http://smartdecisionsgame.com
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Input Requirements: Functional *

Web Servers

*  Hundreds of
SEMVErs

+  Massive logs
from
multiple
sources

Real-time monitoring
Full-text search

Historical static reports
Available through Bl corporate tool

Raw and aggregated historical data
Ad-hoc analysis
Human-time gueries

ﬂ uc-1,2 I,ii\

Real-time 24/7 Operations,
hboard Support Engineers,
L= Developers
el uc-3
M t
Static Reports anagemen

i uc-4 @

Ad-Hoc Data Scientists/

1 http://smartdecisionsgame.com
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Input Requirements: Constraints

\

C1: The system shall be composed primarily with open source
technologies for cost saving. For those components where
value/cost of using proprietary technology is much higher
proprietary technology should be used

C2: The system shall support two deployment environments —
Private Cloud and Public Cloud. Architecture and technology
decisions should be made to keep deployment vendor as
agnostic as possible. ),

Environment

C3: The system shall use corporate BI tool with SQL interface for -21_ . ond
static reports (e.g. MicroStrategy, QlikView, Tableau) S R

- | Iteration 2-5

—
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Input Requirements: QAS

Parformance

Q1: The system shall collect 10000 raw events/sec on average from up to 200 web sarvers g_ lteration 2

Q2: The system shall provide static reports over historical data (< 5§ sec report load time) for Product

and IT Managers 2
§

Q3: The system shall provide ad-hoc analysis over historical data with human-time gueries (< 1 min
guery execution time) for Data Analysts

Q4: The system shall provide full-text search and ad-hoc analysis with human-time gueries (< 20
seconds query execution time, last 48 hours data) for on-duty Operations, Developers and Support

Q5: The system shall automatically refresh real-time monitoring dashboard with new data (< 1 min
data latency, last 48 hours data) to on-duty Operations, Developers and Support Engineers

Compatibility

Q6: The system shall be composed of components that preferably integrate with each other with no
or minimum custom coding

Reliability

Iteration 2

W

Q7: The data collection and event delivery mechanism shall be reliable (no message loss) ?S.— Iteration 2

Extensibility

Q8 The system shall support adding new data sources by just updating configurationfmetadata with

z Iterati 2-5
no interruption of ongoing data collection S sration
Scalability

T Q89: The system shall store raw data for the last 60 days (~1 TB of raw data per day, ~60 TE in total)

Availability

2g Iteration 3

T Q10: The system shall survive and continue operating even when a node or component fails

Carn(‘,gi(’: M(‘,ll()l’l Univ(‘rsity Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
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Game Rulest

ADD Step 2: Establish iteration goal by selecting drivers
ADD Step 3: Choose one or more elements of the system to refine

I

_______ -

/ Step 2: Establish iteration goal

The game is played in rounds ok
that represent the iterations.

Step 3: Choose one or more elements of the system to
refine

)

For each round the game

- Process Step

—p= Precedence

[
£
: 2 = = Step 4: Choose one or more design concepts that satisfy
12 £ = the selected drivers
] @© i
15 =3
provides 55 |8
H H Is & = Step 5: Instantiate architectural elements, allocate
- Iteration goal (i.e., selected B3 Iz eaptimal ey s dofins |iar s
= &
R 125 =
drivers) 1§ &
122
. Qe - i
[ Step &6: Sketch views and record design decisions
- Element to refine 158 Key
:u_ @ - Driver
: Step T: Perform analysis of current design and review Architecture design
1 iteration goal and achievement of design purpose
1
I
I
I

= = Artifact flow

http://smartdecisionsgame.com
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Let’'s Start!!

Smart Decisions

Review inputs Iteration 1

lteration 2

Finish
lteration 3

@ 2015 H. Cervantes, 5. Haziyev, O. Hrytsay, R. Kazman, .
lhttp://smartdecisionsgame.com
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Iteration 1 Goal: Logically Structure the System

Drivers for the iteration:

Ad-hoc analysis

Real-time analysis
Unstructured data processing
Scalability } QA

Cost Economy } Constraint

Element to refine:

Big Data System

Primary use cases

Carnegie Mellon University

Launching and Sustaining Agile Architecture
© 2018 Carnegie Mellon University
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Game Rulest

ADD Step 4: Choose one or more design concepts that satisfy the selected

.
drivers —
Quatty atrbute | congirains

I

al
_______ [ L L L L

Step 1: Review Inputs

Step 2: Establish iteration goal
by selecting drivers

iteration goal and achievement of design purpose

- Process Step

—p Precedence

You will make decisions
. . Step 3: Choose one or more elements of the system to
selecting design concepts: rofine
- Patterns:
= > Step 4: Choose one or more design concepts that satisfy
- Reference E o sctosiod vers
a rCh ite Ctu res :g § § Step 5: Instantiate architectural elements, aliocate
Tec h n o I ogy fa m i I i es : 5 § ‘g responsibilities and define interfaces
- 125 |°
122
- TeCh nOIOgles :%g Step 6: Sketch views and record design decisions Key
182
[ B oriver
1
: BN  Step 7: Perform analysis of current design and review Architecture design
1
i
1
1

~ » Arifact flow

http://smartdecisionsgame.com
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Game Rules: Design Concepts Cards?

Name and type of design
concept

Extended Relational

Reference Architecture for Data Analytics

Description: Although this reference architecture is com pletely
based on relational model principles and 5QlL-based DBMS, it
intensively uses MPP and In-Memory techniques to im prove

scalability and extens.ihilit\.r. - . — Influence On drivers

PP Do T

o Worici toprang

icro-batching technique
ingesting and querying semi-

+ Real-time analysis—
4 Unstructured data pro
structured data such as 50
Quality attributes and con
4 Scalability — can run tera
4 Extensibility — ectending dita model & posble but not asflxble =
in non-relational architecture
4 Data quality — relationafmodel & integrated and consstent
+ Cost economy — MPP DBEMY Bcense cost is quite expensive

Sample implementations/ Business Reporting, Enterprise Data Tec h n 0 I ogies Patte rn S

‘Warehousing, Data Disgavery

L 4-\\1"7"(

: LI GAN
with MPP and clustering capabilities O “S@&‘yd

/ thttp://smartdecisionsgame.com
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Iteration 1 Goal: Logically Structure the System

Drivers for the iteration: Element to refine:
- Ad-hoc analysis

- Real-time analysis

- Unstructured data processing
- Scalability Big Data System
- Cost economy

To 20 Select 1 Reference Architecture Card?
e okt B Alternatives:
° ‘ * Extended Relational
e Pure Non-Relational
e Data Refinery
* Lambda Architecture
http://smartdecisionsgame.com
Carn(‘,gic MO]]OI’I Univprsity Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
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Big Data Analytics Reference Architectures Trade-Offs

Scalability

Pure
No.n- Lambda
relational .
: chitecture

Legend

000

Unstructured data processing
capabilities (the larger the better)

VOO

Real-time analysis capabilities
(more saturated the better)

Data Refinery

Extended
Relational

Traditional
Relational

A 4

Ad-hoc analysis

Carnegie Mellon University
Software Engineering Institute
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Fill in the Scorecard?

Iteration Iteration ation | Iteration ‘ Iteration ‘ |
#1 #2
i Some iterations require you to draw two cards. For these
Decisions Lambda iterations you will need to
(Names of Architecture
selected design - Record the name of both design concepts
concept(s)) .
7 - Add the points for both of the cards
(b) Driver 2.5+3+3 —
selection points i . i
(from cards) +3+3=14.5 Please note that some drivers may not be associated with
o T o) both cards, for example:
points - Performance (for Family and Technology)
(from dice) S .
- Compatibility (for Family)
(d) Analysis _ iahili
bonus peints Reliability (for Technology)
(from review)
iy A In these cases, you only count points for the drivers that are
(b+c+d) associated with the card.
Fill in (b) by adding the points for the drivers
considered for the iteration, in this case: Record design
- Ad-hoc analysis (2.5) decisions in (a)
- Real-time analysis (3)
- Unstructured data processing (3) .
- Scalability (3) =1 Point
- Cost economy (3) Ihttp://smartdecisionsgame.com
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Next Stepst

ADD Step 5: Instantiate elements, allocate responsibilities, define interfaces
ADD Step 6: Sketch views and record design decisions

Design Primary functional Quality attribute AR
e constrans S
< L I

i
leccccccc e e cceme- pem=mmmmebccc e cn e
1

----- Step 1: Review Inputs

Step 2: Establish iteration goal

by selecting drivers

/You Wl”: Step 3: Choose enenrrnnl;]e elements of the system to
- Record the design decision

Step 4: Choose one or more design concepts that satisfy

- Throw two dice to simulate both ; i
market uncertainty and how well i
. . = Step 5: Instantiate architectural elements, allocate
yo uin Sta nt | ate yo ur se | ected }i> responsibilities and define interfaces
. EE -
K design concepts 3
gg Step 6: Sketch views and record design decisions Key
29
e - Driver
Step 7: Perform analysis of current design and review Architecture design

iteration goal and achievement of design purpose
- Process Step

— Precedence

= g Artifact flow

http://smartdecisionsgame.com
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Fill in the Scorecard?

Iteration Iteration Iteration Iteration Iteration
#1 #2 #3 #4 #5
(a) Design
Decisions Lambda
(Names of Architecture
selected design
concepi(s))
(b) Driver 2.5+3+43
selection points
(from cards) +3+3=14.5
(c) Instantiation
points +2
(from dice)
(d) Analysis Final
bonus points score:
(from review)
(e) lteration total
(b+c+d)
Roll two dice once and add or subtract points according to the
following table, and fill in (c).
Dice result' Points
) il ..
‘Lo e 2-3 2
L | ece=
‘o % = 4-9 0
\\‘ o -
10- 12 +2 o
> http://smartdecisionsgame.com
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Next Step?

ADD Step 7: Perform analysis of current design and review iteration goal

and design purpose
1

jm——— Step 1: Review Inputs

Step 2: Establish iteration goal
by selecting drivers

Step 3: Choose one or more elements of the system to
refine

from exisling

4 N

We will review the
decisions together. The
first iteration will be

reviewed now, and the
rest will be reviewed at
the end of the game.

\

http://smartdecisionsgame.com

or

Step 4: Choose one or more design concepts that satisfy
the selected drivers

Step 5: Instantiate architectural elements, allocate
responsibilities and define interfaces

lterate if necessary

Step 6: Sketch views and record design decisions

From previous round of iterations

Key

- Driver

Step 7: Perform analysis of current design and review Architecture design
iteration goal and achievement of design purpose
- Process Step

— Precedence

system (brownfield development)

/

— » Alifact flow
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lteration 1 Reviewl

Score ad-hoc analysis, real-time analysis, unstructured data processing, scalability, and cost
economy.

Design decision Driver points Bonus points Comments

This reference architecture is less appropriate for this solution mostly

Extended Relational 3+2+2+2+1=10 -4 ) e
because of cost and real-time analysis limitation.
Pure Non-Relational 942.5434343=13.5 This reference architecture is closer to the goal than the others except
) : Lambda Architecture.
This is the most appropriate reference architecture for this solution!
Lambda Architecture 5 5434343+43=14.5 | +2 From the provided reference architectures Lambda Architecture promises
(Hybrid) ’ il the largest number of benefits, such as access to real-time and historical

data at the same time.

This reference architecture is less appropriate for this solution mostly
because of cost and real-time analysis limitation.

Data Refinery (Hybrid) |3+1+3+2+1=10 -4

http://smartdecisionsgame.com
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http://lambda-architecture.net/

Fill in the Scorecard?

Iteration Iteration Iteration Iteration Iteration
#1 #2 #3 #4 #5
(a) Design
Decisions Lambda
(Names of Architecture
selected design
concepf(s))
(b) Driver 2.5+3+43
selection points +3+3=14.5
(from card's)
(c)_lnstanti ation +2
points
(from dice)
(d) Analysis +2 Einal
bonus points score:
(from review) ﬁ
(e) Iteration togll | 18.5
(b+c+d) N

L 4
Add bonus points, if any \
and fill in (d)

Sum the points and calculate the
total for the iteration in (e)

http://smartdecisionsgame.com
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lteration 2 Goal: Refine the Data Stream E&EE
Element

Batch Layer Serving Layer

Element to
refi ne: Master Pre-

Dataset Computing

Drivers for the iteration:
e Performance (for Family

and Technology) = Qe
e Compatibility (for Family)
* Reliability (for Technology) Reatime

&
7000 Select 2 cards: 1 Family card and 1 associated Technology card?

Alternatives:
Apache Flume
- Tip:

Data Collector ‘ Logstash .
-~ e Look for an option that can be

‘ Fluentd
Messaging Apache Kafka deployed on-premise and on-cloud
e RabbitMQ
Distributed Message Broker -———
: Amazon SQS
Apache ActiveMQ

http://smartdecisionsgame.com
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lteration 3 Goal: Refine Master Dataset
Element

Batch Layer Serving Layer

Element to
refine:

Master Pre-

Dataset Computing Batch Views

Drivers for the iteration:

* Scalability w
d Ava | | a b| I |ty ) Repor\t/ing
Real-time
5 Select 1 Famil d!
: elec amily car
To D0 y
Possible alternatives: © Tip:

- o Look for an option with better
extensibility (easy
Document-Oriented storing of new data formats)

Distributed File System

NoSQL Database

Column-Family .
- @ 7 http://smartdecisionsgame.com
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Iteration 4 Goal: Refine Batch Views

Element Element to

Drivers for the iteration:

Batch Layer Serving Layer

refine:

Ad-hoc analysis (for e bre.
Fa m i Iy) Dataset Computing
Performance (for Family
ata uery &
and Technology) e e

Batch Views

Real-time
Views

1350: Select 2 cards: 1 Family and 1 associated Technology card?
Vel

Possible alternatives: " Tip:
L Mongons T Ir_]ook for an option .that provides ad-
NoSQL Database (" Couchos oc analysis and still good
Column-Family o_B?%. performance for static reports
Cassandra. * Impala or Hive are incompatible with
peale Document-Oriented NoSQL databases

Interactive Query Engine -| Apache Hive (Stinger) .
| Spark SQL in the Master Dataset

thttp://smartdecisionsgame.com

Search & Query ‘

Carnegie Mellon University
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lteration 5 Goal: Refine Real-Time Views E&EEES
E I eme nt Elementto .. serving Layer

refine:

Drivers for the iteration:

Pre-

e Ad-hoc analysis (for the PG Batch Views
family)

e Real-time analysis (for o e
the technology) »

Real-time
Views

1550: Select 2 cards: 1 Family and 1 associated Technology card?
—~

Possible alternatives: " Tip:
_Mongob8 * Look for an option that provides full-

Document-Oriented

oS atabase | ey
e e text search capabilities and
cotumn-Famly & ssandra extensibility (new data formats and
Search & Query SHhart daShboard V|eWS)
plun

Distributed Search Engine | Elasticsearch

| Apache Solr http://smartdecisionsgame.com
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Fill in the Scorecard?

EXERCISE

Iteration Iteration Iteration Iteration Iteration
# #2 #3 #4 #5

(a) Design

Decisions Lambda

(Names of Architecture

selected design

concept(s))

(b) Driver

selection points 2+3+3

(from cards) +3+3=14

(c) Instantiation
points +2
(from dice)

(d) Analysis +2 Final
bonus points score:
(from review)

(e) Iteration total

b+ord) 18 10 15 11 8 62.5

Calculate the final score
- Add 4 to the team who finished first

http://smartdecisionsgamecom = OUbtract 4 from the team who finished last
(':arn(‘,gi(‘ ]\’[(‘"()n l:lli\'(‘l‘Sit\' Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
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Debrief
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Design and Analysis Inform Each Other

You do not need to—and should not—choose just one technique:

Initial Architecture Analysis

Assess the existing
system and identify
gaps that pose risk
for new requirements.

Perform architecture
analysls, update the
existing architecture,
and select candidate
technologles to replace
of augment existing
technologies.

Vertical Evolutionary Prototype

Go to the throwaway-
prototype chart for each
technology that poses
arisk.

—
—

Is

this a
greenfleld
systom !O

deslgn?

Perform architecture
anal 5
reference architecture and
candidate technologles.

and select a

technology 7

Integrate technologies
and test eritical
funetionality and quality
attribute scenarios.

Are

Throwaway Prototype

2 Change the
technology new on andidate technology
the market?

It used
successfully
before for similar
scenarlos

Have
trusted
SOUICES
“proven” the
technology for
specific
scenarlos?

Create a rapid (throwaway)
prototype to mitigate risks

Does the
prototype
satisty the specific
scenarios?

Isit
possible
to “soften”
any requirements to
match prototype
capabilities?

Are
there more
configurations, data
madals, or resources
to try?

Carnegie Mellon University
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Documenting During Design

-

User

. Windows \ Share Fie
profile Event Iog - Scans
Service_

query 2
H
\ _ \ - Integration Payment
8 Browser] €—>| WebSite | ¢<—> :———-) Service System |
SQL Server l ‘j

Active
Directory
Input
File

_..,I

LDAP Database

A

Jv F]Ie
Output

Element Responsibility
Browser Responsible for rendering information and
gathering user input
Integration Service This element modifies and retrieves data from the
database in the form of files

[[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
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Tracking Progress

When designing there are three key questions to answer:
* How much design do we need to do?
* How much design has been done so far?
» Are we finished?

Agile practices such as the use of backlogs and kanban boards can help you track design
progress and answer these questions.

(]arnog‘i(‘ Mellon University Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
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Design Backlog

You should create a list of the actions that still need to be performed as part of the
architecture design process.

Initially, populate the design backlog with your drivers, but other activities such as the
following can be included:

» Creation of a prototype to test a particular technology or to address a specific quality attribute risk
» Exploration and understanding of existing assets (possibly requiring reverse engineering)
* Issues uncovered in a review of the design (recall that we analyze as we are designing)

» Review of a partial design that was performed on a previous iteration

Carnegie Mellon University Launching and Sustaining Agile Architecture [IDISTRIBUTION STATEMENT A] Approved for public release and unlimited
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Using a Design Kanban Board

One possible tool for tracking progress is a Kanban board.

Not Yet Addre

(JA-8 Test code coverage should be
at least 85% for each CI

CT-1 MVP release of the solution to
the selected consultants, customers,
and prospective licensees in 9
months, release in 1,5 year

Constraint

Medium Priority

CT-8 Infrastructure team is not able
to support large scale Saas setup

Constraint

Medium Priority

(QA-3 External user credentials are
verified against user registry

Partially Addre

High Priority
QA-5 Data center Infrastructure has
uptime 99,95%

QA-4 User facing parts are available
99,9% - 4 hours in
months{maintenance window)

High Priority
QA-1 User credentials are verified
against corporate AD

UC4 - As sales person prepare
proposal plan

LiseCase

Complet;

High Priority

1 Discarded

CN-2 Choose architecture style

Concem

Carnegie Mellon University
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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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Software Architecture and Design Trade-offs Matter

0 50 100 150 200 250 300 350

Bad Architecture Choices

Overly Complex Code

Lack of Code Documentation
Inadequate Testing

Obsolete Technology

Insufficient Test Automation
Inter-module Dependencies

Code Duplication or Repetitive Edits
Dependencies on External Team's Code

Poor Deployment Process

Results from over 1800 developers
from two large industry and one
government software development
organization.

“Measure it? Manage it? Ignore it? Software Practitioners and
Technical Debt” N. Ernst, S. Bellomo, I. Ozkaya, R. Nord, I. Gorton,
Int. Symp on Foundations of Software Engineering 2015.

Dependencies on External Software...
Obsolete Code
Inefficient CM/Build Infrastructure

Other
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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

» Pay special attention to technical debt that may accumulate due to architecture
decisions

* Incorporate light-weight analysis techniques into sprint and release planning
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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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Essential Software Artifacts

New features
and added
functionality

Defects

Technical
Debt
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Incorporate Technical Debt Management to Release

Planning

Product backlog grooming

= finer granularity

Top priority items

Next sprint
stories

I o siory
I O o

} Break-down
epic

Delete obsolete
items

Epic (tbd in the future)

Discussion of backlog items should include an
explicit focus on architecture and any technical
debt items in addition to new features and defects.

Architecture stories and technical debt should be
explicitly recorded, similar to new user stories,
defects, and the like.
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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

e - - -

—ill

m .
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The Cost of Accepting Technical Debt

Actual CoC

Accumulating
technical debt

Cost of Change (CoC)
<_._._._._._._._._.>

Expected CoC

-
-
-
-
-
___————-
p—
- -

Time

For each instance of technical debt
- Understand range of consequences
- Measure what you can
- Qualitatively assess what you can'’t
- Reconcile data with assessments

Make informed trade-off decisions
about remediation.

Carn(‘,gi(‘ ]\[(‘"()n l:[]i\'(‘rsi[\ Launching and Sustaining Agile Architecture
¥ © 2018 Carnegie Mellon University

Software Engineering Institute

[[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
distribution.

88



From Symptoms to Specifics

Cmvssemn)  wosynvsve  (omvEsE—)

Architecture Code
New Features Architecture Smells Low Internal Quality . EDtefec:s i
Additional Functionality Pattern Violations Code Complexity ow External Quality
Structural Complexity Code Smells

Coding Style Violations

Other Development Artifacts
Testing and Documentation Issues

| CwltonissuesEvohabilty  Qualylssues Mantanabilty

The technical debt landscape. On the left, evolution or its challenges; on the right, quality issues, both internal and external

Kruchten, P. Nord, R.L., Ozkaya, I. 2012. Technical Debt: From Metaphor to Theory and Practice, IEEE Software, 29(6), Nov/Dec 2012.
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Light-weight Analysis Technique
Tactics-Based Questionnaires

We can employ tactics as an a guide to analysis. By turning every tactic into a question,
we create a set of QA-specific questionnaires.

These are employed as follows:

1. The reviewers determine a number of quality attributes to drive the review. These quality attributes will
determine the selection of tactics-based questionnaires to use.

2. The architect presents the portion of the architecture to be evaluated. The reviewers individually ensure
that they understand the architecture. Questions at this point are just for understanding.

3. For each question from the questionnaire, the designer walks through the architecture and explains
whether and how the tactic is addressed. The reviewers ask questions to determine how the tactic is
employed, the extent to which it is employed, and how it is realized.

4. Potential problems are captured. Real problems must be fixed or a decision must be explicitly made to
accept the risks.
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Example — Availability Tactics

Detect Faults

Ping / Echo
Monitor
Heartbeat
Timestamp
Fault Sanity
Checking

Condition
Monitoring

Voting

Exception
Detection

Self-Test

Availability Tactics

Recover from Faults

Preparation
and Repair

Active
Redundancy

Passive
Redundancy

Spare

Exception
Handling

Rollback

Software
Upgrade

Retry

Ignore Faulty

Behavior

Degradation

Reconfiguration

Reintroduction

l

Shadow

State
Resynchronization

Escalating
Restart

Non-Stop
Forwarding

Prevent Faults

Removal from
Service

Transactions

Predictive
Model

Exception
Prevention

Increase
Competence Set

Recall that tactics
are design
decisions that
enable quality
attributes.

Fault
Masked
or
Repair
Made

e
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Availability Tactics-Based Questions

*Does the system use ping/echo to detect a failure of a component or connection, or
network congestion?

*Does the system use a component to monitor the state of health of other parts of the
system? A system monitor can detect failure or congestion in the network or other shared
resources, such as from a denial-of-service attack.

*Does the system use a heartbeat—a periodic message exchange between a system
monitor and a process—to detect a failure of a component or connection, or network
congestion?

*Does the system use a timestamp to detect incorrect sequences of events in distributed
systems?

*Does the system employ rollback, so that it can revert to a previously saved good state
(the “rollback line”) in the event of a fault?
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Lightweight Analysis Exercise

Let’'s try a lightweight analysis.

1. Form groups of 2-5 people.
One person is the architect.

One person is the scribe (and questioner).
Other group members are questioners.

2. Choose a system that the architect is intimately familiar with.
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Lightweight Analysis Exercise

EXERCISE

3. Choose one of the following quality attributes:
* Availability
* Interoperability
« Modifiability
* Performance
» Security
* Testability
» Usability

4. Now turn each tactic into an interview question.

5. Record the responses to each question using the worksheet in the LAA section of the
Supplementary materials.

Cﬂ[‘[l(‘,gi(‘ Mellon University Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
. X < © 2018 Carnegie Mellon University distribution. 94
Software Engineering Institute



Carn(‘,gi(’-, M(‘,ll()l’l Univ(‘rsitv Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
. X < © 2018 Carnegie Mellon University distribution. 95
Software Engineering Institute



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
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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.

Carn(‘,gic M(‘,ll()l’l Univ(‘rsity Launching and Sustaining Agile Architecture [[DISTRIBUTION STATEMENT A] Approved for public release and unlimited

© 2018 Carnegie Mellon University distribution.

Software Engineering Institute

97



Understanding Program Readiness for Agile

® [ ] N Develop )
@ . . . Adoptior I
Mechanisms o
® ™ A

Risk Mitigation Ideas from

® Readiness & FiL Analysis

Schedule

. . . . . 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
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Take away
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Agilely architecting

SAFe® for Lean Enterprises ESSENTIAL configuration

P Continuous Delivery Pipeline @ PROGRAM
Mna Al b b el S Customer &l
2 e Business AG/LE RELEASE TRAIN - ¥ m
Owners v i L ez
System  Product = Continuous Continuou
- Arch/Eng Mgmt o |!§ Exploration Integration
‘ 0 - — Pl Objectives
Vision ] B d }
RTE H !—‘= System Demos 4
X < NFRs iy
L o] Backlog K
System =
Team [
XP  .p o lterations =
[ ] lan - 308ls
3 "' ] + Execute == o | |59 1M &
iy Product * Roview == DIHh|D h L
Lean UX Dev Team Oumir = . Retro 'MFRs i i 8
s Serum Em Em
il 3 E
sw Scrum = E Bl 5 _ﬂ E
FW  Master CELC] — 77
H . T NFRs £
. Backlog Develop on Cadence 4.5

Agile Teams L
£ SAFe "TTT) Implementation SPC
Roadmap k

= Principles =
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.

‘.O‘I.ean-wgﬂe |~y Core Eu_un—&gllo
~ Leaders  — Values = Mindset
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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 | Liaeeeeeseeainl (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

Ipek Ozkaya U.S. Mail
Architecture Practices Initiative Software Engineering Institute
Email: ozkaya@sei.cmu.edu Customer Relations

4500 Fifth Avenue
Pittsburgh, PA 15213-2612
Robert Nord USA
Architecture Practices Initiative
Email: rn@sei.cmu.edu

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
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