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Importance of architectures

DO WE NEED A BLUEPRINT
FOR CONSTRUCTING

» Planb SOFTWARE SYSTEMS?
» Amanag
deal with compic.. , oer
» Communication with stakeholders
» Prescriptions for the
implementation
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The architecture discipline

Problem Solution
A A

All architecture is design but not all
N design is architecture. Architecture
represents the significant design
Y decisions that shape a system,
where significant is measured
by cost of change.
- Grady Booch

Eeles, IBM - 2009

5 J. Andres Diaz Pace — PUC-Rio, May 2014

The role of quality attributes (NFRs)

» The problem is not just to get the functionality right ...

» QAs: Properties of a software product through which
the stakeholders judge the quality of the product

Performance
Security
Modifiability
Availability Entry condition:
Usability Understanding those
guality-attribute
Webr ability” requirements critical
. for the system goals

Energy consumption

ye T 3. Andres Diaz Pace ~ PUC-Rio, May 2014
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° °
Architecture examples (blueprints) - 1
| User programs ‘
-
I
ATIA-M I Libraries ‘
v
Windows apps
| system call interface |
Common code ‘ ‘
- for thick clients b
«usesn .’ ., uuses» | file subsystem ; process c?ntrol subsystem "
o " ipc, mgm
) P y mg
TDDC uTmC <
Windows app Windows app
! e ' character block /0
uSesr uiisesn device drivers | | device drivers
— — v B
ATIA server- wusess ATIA server- | hardware control ]
side Web --------27  side Java
modules modules
— e ——
: |l.alser-leve| l ] :(er I-level ‘ All d )
yer ayer to use
— __—
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Architecture examples (blueprints) - 2

Bank
transaction
authorizer

client i Key B Interface
Q Client Publish-subscribe
ATM main Seconia) S
H S
process and upd; l:l e ! Client-server
proces! ! requestreply
T T @ Databass SA . wautomatic
T T A . ~  failover
ACCQUn[ . Ll Database Database
Server-Main Server-Backup application ~ ———  acoess
Key
Client
FTX server
daemon
Account Administrative
Database
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Architecture examples (blueprints) - 3

end user
machines

bank srv-weab1 srv-wab2 I srv-db2
server

Advent
veniure
web1b web2b Catalog

DB

Adventure Builder
local network
Internet i)

firewall

E\I‘IIFQ lodging activity OpeGF Adventure | | service D
provider provider provider OPC DB || registry srv-mailer
server server server
maching machine machine admin user
] SIv-0pc srv-dbopc machine
Key:
server Glassfish data user local
machine instance leor& machine o network
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Architecture-centric engineering

“Architecture-Centric Engineering (ACE) is the discipline
of using architecture as the focal point for performing
ongoing analyses to gain increasing
levels of confidence that systems
will support their business goals.”
[ACE initiative, SEI]

» An architecture of a system consists of:

structures (elements, relationships)
+ content (responsibilities of the elements)

+ design decisions
» QUALITY ATTRIBUTES as the leitmotif

10 J. Andres Diaz Pace — PUC-Rio, May 2014
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From requirements to implementation

There is a sizeable gap
between requirements and
code

11 J. Andres Diaz Pace — PUC-Rio, May 2014

The architecture as a bridge

The software architecture acts as a
“bridge” between the requirements of
the system and the implementation

Business derive
Goals

design
adjust

satisfy

Architecture
implement

conform

12 J.Andres Diaz Pace — PUC-Rio, May 2014
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The influence of stakeholders
» Different stakeholders have different quality-attribute
concerns (and priorities) for the system and its architecture

Development )

organization’s Marketing End user ’g'ralghe;;?g: IS ETET
management stakeholder stakeholder g stakeholder
stakeholder stakeholder

Low cost,

Neat features, Behavior,

Modifiability!

i Low cost, timel;
keeping people short time to market, performance, delivery, not chanéed
employed, leveraging low cost, parity with security, very often!
existing corporate competing products! reliability, )

assets! usability!

fo,

How can | make
sure the system
has all that?

J. Andres Diaz Pace — PUC-Rio, May 2014

Main “architectural” building blocks

1. Quality attributes & scenarios st

4 in Practice
- THIRD EDITION

2. Architectural patterns & tactics

3. Architectural structures & views

J. Andres Diaz Pace — PUC-Rio, May 2014
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» Textual descriptions that enable us to characterize
aspects of quality attributes (in concrete terms), in such a
way they can be evaluated and used in design

Quality-attribute scenarios

Source
of Stimulus

N
TN
. Artifact:
I Stimulus: Fiieaes Response:
Unanticipated Inform
: : Message Ehvironment: Operator
Source: Noimial A ‘Cogtlnuet Response
External Operation 0 Operate Measure:
to System No Downtime

Sample availability scenario. An unanticipated external message is received
by a process during normal operation. The process informs the operator of the
receipt of the message and the system continues to operate with no downtime.

J. Andres Diaz Pace — PUC-Rio, May 2014

Modifiability template

Scenario Possible Values
Portion
Source End-user, developer, system-administrator
Stimulus Add/delete/modify functionality or quality attribute
Artifact System user interface, platform, environment

Environment

At runtime, compile time, build time, design-time

Response Locate places in architecture for modifying, modify, test modification,
deploys modification
Response Cost in effort, money, time, extent affects other system functions or
Measure qualities
16 J. Andres Diaz Pace — PUC-Rio, May 2014
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Other scenario templates (SEI)

s Modifiabil

» Performance
» Availability

» Security

» Usability

» Testability

» what about “energy consumption”? ,

17 J. Andres Diaz Pace — PUC-Rio, May 2014

Architectural patterns

» Pioneer work by D. Garlan & M. Shaw in the '90s
Identification and cataloguing of high-level patterns
(or styles) observed repeatedly in systems
The first styles were mostly in the category of
components-and-connectors (runtime)
Emphasis on constraints/prescriptions, rather
than on quality attributes

Provided an initial catalog, which has been
refined/extended since then

18 J. Andres Diaz Pace — PUC-Rio, May 2014
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Taxonomy of architectural styles

—_—_————ee—ee— e — o,

Independent :
compcl)nents |
I 1

Communicating Event sXstems :

processes — . |

Implicit Explicit I

__________________ invocation _ _ invocation _ _ _ _ |

T T T T L T T T T T T T 1 |

Data flow [ Data -centered I

I I

Batch Pipes 'l Repository  Blackboard |

sequential and filters I |

_________________ S

e
Virtual machine

—Ll—
Interpreter  Rule based
system

Call/return
L

I 1 1
Main program  Object- Layered

and subroutine oriented

J. Andres Diaz Pace — PUC-Rio, May 2014

More architectural styles

» Model-View-Controller
» Broker

» Client-server (n-tier)
> ...

» Service-oriented architectures?
» Cloud computing?
» MapReduce?

J. Andres Diaz Pace — PUC-Rio, May 2014
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Architectural tactics

» Atactic is a design decision that influences the control
over the response of a single quality attribute

» A collection of tactics leads to a “design strategy”
An architectural style is often a combination of

several tactics &
Styles target multiple quality attributes at once ._'_

Tactics can be used to “fine-tune” styles ﬂ;

Tactics to Response
Control

Response| Fault Masked or Repair Made

Stimulus
Availability;- Fault

21 J. Andres Diaz Pace — PUC-Rio, May 2014

Catalog of tactics

/ Performance \
el e

/ Modifiability \
— Localize Prevention Defer Binding
. Changes of Ripple Effect Time
Stim l 1
Eve - 1 —————
arriy  Stimulus: Semantic Hide information Runtime Response:
p coherence Maintain existing registration Changes
Change | Anticipate interface Configuration
arrives expected Restrict files made,tested,
changes communication Polymorphism | and deployed
Generalize paths Component Lt e
module Use an replacement within time
Limit possible intermediary Adherence to and budget
options defined
Abstract common protocols
services
22 J. Andres Diaz Pace — PUC-Rio, May 2014
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Modifiability: Initial situation

Scenario M1: “Adding new features requires changes in the data format. The implementation
of the new format has to be done within 3.5 days of effort (cost).” — {R1, R2} _

7’ ~ N
Module A ,* [ v
. [ 1¥
R1: Show itinerary @ Imtlal. >
R2: Query for data module view @ ,
R3: Create user profile - \ Module B
R4: Manage itinerary @ ) N
@ ‘ *
\
\
|
Ke responsibility debendency
y RX < Ry Module C
Q responsibility module dependencv
MK ———— — — — — — My
E module o ]
Q responsibility allocation
23 J. Andres Diaz Pace — PUC-Rio, May 2014

Modifiability: Change impact analysis

Module A Module B R1
odule
CostM=2.0 .\[ Node A ]_[ Node B
CostM =5.0 4 4
-~ .
@_ = — Interpretation
=B o#R = 7.5 R2
- ) Node ©
1 R3
7 - ! Evaluation l

Cost(S) = C(NodeA) + C(NodeB) + C(NodeC)

Module C =4+4+3=11person days
Key primary
module responsibility dependency
node o R1
O responsibility
arc (unaffected) module dependency
N1 N2 O primary Ml e e e e e e e e = = M2
t-child responsibility
arent-chi
P O rippling chain O responsibility allocation
responsibility
24 J. Andres Diaz Pace — PUC-Rio, May 2014
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Modifiability: Split responsibility

S—>{R1,R2}cost=11.12

Module A
odue _| Module B

@ —=-@®
Split Responsibility R2

\ 1 (R2 gets refined by responsibilities
\/_/ I R2A and R2B)
| —| Module A ] Module B1
- LT T . "‘-."‘.
O

S’— {R1,R2A}
cost =9.95

J. Andres Diaz Pace — PUC-Rio, May 2014

Modifiability: Abstract common service

S—>{R1,R2}cost=11.12

_| Module A

_l Shared Module

treed R2

/ \ \ ::'..n’

Z ‘Tl s Module B
v
—

-
R1A ~ @
Module C \ \\/

_| Module B :: R1 '.:'

@
)

3
\

5

I
®]--!
Abstract Common Responsibility
RB out of R1 and R2
(R1 gets refined by responsibilities
R1A and RB, while R2 gets refined by
responsibilities R2A and RB)

Module C

S”—>{R1A,RB}
cost=9.13

J. Andres Diaz Pace — PUC-Rio, May 2014

5/28/2014

J. Andres Diaz Pace (2014)

13



PUC-Rio, May 2014 5/28/2014

Modifiability: Insert intermediary

S—>{R1,R2}cost=11.12

Module A M Insert Intermediary for Module A
_| odule B .
(Communications between R1 and

- - the rest of the responsibilities take
\* place through RI) @
Module A
! \\/—/ I ] Module B
I l

i 1+ ©
- (e

_ﬂ

/

- - ()

—0
Intermediary

Module

Module C

y 27 T 3. Andres Diaz Pace — PUC-Rio, May 2014
Other groups of tactics (SEI)
r—Meodifiabity

~ Performance

» Availability

» Security

» Usability

» Testability

b ...

» what about “big data”? ,

no

yo28 3. Andres Diaz Pace ~ PUC-Rio, May 2014
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L] L] L] L]
Modifiability: Patterns & tactics
Modifiability
Increase Cohesion Reduce coupling Defer Binding Time
=
Patt g s @
& g 3 = E 2 |lec| = 2
3 o o 51 i s 2 £ b 5

E te |8 £ 3 £% | 5E 2 Spg

§F §8 05 3 E: s 5F =5 2F <8

£3 EX 8 E] 22 | 8 ez 22 3z |85
Layers X X X X X X
Pipe-and-Filter 0 > > re x
Blackboard * ¥ x ¥ re
Broker bl % e e
Model-View-
Controller X x * X
Presentation-
Abstraction- X X X x
Control
Microkernel b b4 o X
Reflection *

29 J. Andres Diaz Pace — PUC-Rio, May 2014

© New Analysis Configuration

Analysis Configurations

Design Bot

oBe1

DB2

0278
0313
0218

0438

Actions

- JOJ0
"8 - RORC

Analysis 6
| QTS
1108
LRRTE

109

Research: ArchE + DesignBots

Moddes Responsbiies Dependencies  Scenaros  DesignBols  Dogam [FUNEITNRE |

Analysis 7
T 1465
| FRE
~125

lUﬁZl
11389
Vo

~0218

Analysis 5
U 1169
I 1083

[ ERY

o * Scenario Type
] st Modifiability
10 st Modifiability
@ Output
® Predictive (Fast
Backiracking (Slow'
Scenario
% Run Full Analysis % Cleq W
© Output 12
M3
5
P1
/]
)
P4
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30
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Documenting software architectures

» It produces a Software Architecture Document
(SAD)

» Why should | care?

It is the “container” of the quality-attribute decisions of
the system - knowledge sharing and communication

It supports early analysis and risk identification
It defines the work assignments of the project
It helps with post-deployment maintenance

» The SAD has 2 roles:
Description
Prescription

31 J. Andres Diaz Pace — PUC-Rio, May 2014

SAD (SEI) https://wiki.sei.cmu.edu/sad/

— e

(© Main Page - SAD | € C @ https://wiki.sei.cmu.edu/sad/index.php/The Adventute N\
€ = C @ https//wikisei :

/ @ Top Level Module Us
{

€ - C A hitps//wikisei
" o “

" uses an impleman oin & called the Wab Application Framework (waf). The model is
l lemer ntity beans, the controlle is implemented using senets, and the view is a collsction of JSPs and static HTML pages. Part of the chent-
mented using the GWT framework

J. Andres Diaz Pace (2014) 16
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Which views are relevant?

» The answer depends on:

The specific stakeholders of the system
The way in which the documentation will be used
The quality attributes that are at work

» Common usages of documentation include:

Education: new people joins the project

Communication: among architects, with
stakeholders

Analysis: ensure that certain
guality-attribute properties are @ﬁ@i
properly engineered

33 J. Andres Diaz Pace — PUC-Rio, May 2014

Main view-types

» In general, an architectural view consists of a set of
elements, relations, and properties, which have a well-

defined meaning

Modules — construction, change impact
analysis, testing
Decomposition style
Uses style
Components-and-connectors — performance, availability
Client server, peer-to-peer styles
Communicating processes style
Allocation— availability, security, performance
Deployment style

34 J. Andres Diaz Pace — PUC-Rio, May 2014
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What we have (so far)

» Quality-attribute scenarios are drivers for
» design decisions (e.g., patterns, tactics) 3

» which are documented using
architectural views

» Methods can provide “predefined workflows”
to speed-up architecting activities
Elicitation/prioritization of QA drivers from stakeholders
Iterative design decomposition, guided by QAs
Not a detailed design, just provide evidence that QAs are met
Analysis of a given “design state”
Often, the final architecture

35 J. Andres Diaz Pace — PUC-Rio, May 2014

The Design Cycle (SEI)

» Definition (and
evaluation) of the
design structures
that support the key
quality attributes

QAW

Requirements design

ATAM ' Software QA elicitation
satisfy Architecture Design
V&B Documentation
Evaluation

» The goal is to design a system that is well-aligned with
its business goals

36 J. Andres Diaz Pace — PUC-Rio, May 2014
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The Implementation Cycle (SEI)

 Software

Architecture

» Mapping between
architectural information
implement and code
ARID Usually, based on the
¥ module view
tools? o Communication
conf%/ System between the architects
\\ (CO de) // and developers

B Conformance checks

» The goal is to implement the system following the
guidelines/rules of the architecture

37 J. Andres Diaz Pace — PUC-Rio, May 2014

Quality Attribute Workshop (QAW)

» An SEl facilitated method that involves the system
stakeholders from early stages, in order to discover
relevant quality attributes for the system

Business drivers Business goals
i —_— QAW Scenarios
Architectural plan Scenario priaritization
» Key points Refined scenarios
System-centric T

Focus on stakeholders
Applied before the

. . 1+ Analysis team Software Engineering Institute
architecture is actually built o207

CarnegieMellon

38 J. Andres Diaz Pace — PUC-Rio, May 2014
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Typical workshop setup

Quality
Attributes

Operational
Descriptions

Electronic

Projector, ¥
Al SO Beamer Scribe
H H Flip Chart

applled In Scribe
ATAM Facilitator

Customer

Stakeholders 6

% % % % ' ' Remaining
Architecture Design
39 J. Andres Diaz Pace — PUC-Rio, May 2014

The value of designing (& documenting)
@ Improved idea
O
o
o, @ °
@Vague idea \ m
Write it
down
FEEDBACK
ya 3. Andres Diaz Pace - PUC-Rio, May 2014
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Attribute Driven Design (ADD)

» An SEI method that follows a recursive design
process, based in the decomposition of the solution
by means of architectural patterns and tactics

The quality-attribute scenarios steer the iterations and

decomposition
The process ends once all quality-attribute drivers are satisfied

Constraints Decomposition
Functional requirements B' ADD of the architecture
Quality requirements Refined scenarios
Software Engineering Institute
CarnegieMellon .
Software Architect
41 J. Andres Diaz Pace — PUC-Rio, May 2014

ADD: Flow of iterations

‘ Quality attributes \

Decompose
according to
tactics/patterns

Functional
requirements

‘ Constraints / a

Next - - ‘

iteration #* Architecture design
concept(s)

Architecture ¢ Describe 4_|
description

42 J. Andres Diaz Pace — PUC-Rio, May 2014
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Views & Beyond (V&B) — The view zoo

» Module viewtype

Decomposition style : Documenting
¢ Software
Uses Style ¢ Architectures

Generalization style
Layered style
» Component-and-connector
viewtype
Pipe-and-Filter style
Shared-Data style

4 Allocatlon VIeWtype Software Engir:eering Institute
Deployment Style Carnegie Mellon
Implementation style

Work assignment style

43 J. Andres Diaz Pace — PUC-Rio, May 2014

Architecture Tradeoff Analysis Method
(ATAM) -~ e

; Evaluating :

» Why evaluating an architecture?

All design solutions involve tradeoffs!
In part, because of quality-attribute considerations
» The architecture is produce in early stages
and captures -significant design decision

» Itis an SEI method for analyzing the
consequences of architectural decisions
with respect to quality attributes

» Early risk detection
Trends rather than precise results

||W||

» Forces the recording of Software Engineering Institute
architectural information CarnegieMellon
b o4s T 3. Andres Diaz Pace — PUC-Rio, May 2014
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ATAM: Inputs/outputs & roles

Business goals
Scenarios

Prioritization of scenarios
Architectural approaches

Business drivers Prioritization of approaches
Architectural documentation % ATAM % Risks PP
Non-risks

Sensitivity points
Tradeoffs

Risk themes
Return on investment

Quantification of risk

Evaluation team
Project decision makers
Architecture stakeholders

45 J. Andres Diaz Pace — PUC-Rio, May 2014

ATAM: Flow of activities

Business Quality
QAW' Drivers > Attributes

Analysis

Software > Architectural

=P Architecture Approaches
Tradeoffs <
impacts Sensitivity Points ==
distilled into Non-Risks ==
Risk Themes G _ — —
> 3. Andres Diaz Pace ~ PUC-Rio, May 2014
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Can these methods be combined?

» The tailoring depends on
the characteristics of the project

Schedule
Criticality of the quality attributes n ,
Prior experience of personnel PY
System size
documentation
3 weeks /
- QAW § ’ -
A A Prototyping A A A
ADD ATAM  V&B Full

development

47 J. Andres Diaz Pace — PUC-Rio, May 2014

Summary

» The quality and longevity of a software system is

determined to a great extent by its architecture
Early identification of architectural risks saves time and money
» Benefits of architectural analysis and design
Forces an articulation between business goals and QAs

Results in the prioritization of (conflicting) goals/scenarios

Forces a clear explanation of architectural approaches used,
which then provides a plan/guidelines to development teams

Improves the quality of the product
» Different artifacts, techniques, and methods ..
Either proposed by SEI or by others I

48 J. Andres Diaz Pace — PUC-Rio, May 2014
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For more information

ARCHITECTING SOFTWARE
H Software INTENSIVE SYSTEMS JUST ENOUGH
H Architecture ner's G
H in Practice

-~ THIRD EDITION

SCFTWARE ARCHITECTURE

srncon
OEOVOE FRMBANKS

Anthony J. Lattanze

49 J. Andres Diaz Pace — PUC-Rio, May 2014

Final comments
"If you think good
architecture is
expensive,
try bad architecture”

-- Brian Foote and
Joseph Yoder

50 J.Andres Diaz Pace — PUC-Rio, May 2014
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Thank you!

adiaz@exa.unicen.edu.ar
or
adiazpace@gmail.com

51 J. Andres Diaz Pace — PUC-Rio, May 2014
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