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Learning Goals

¢} Understand the abstraction level of architectural reasoning
5 Appreciate how software systems can be viewed at different abstraction levels

= Distinguish software architecture from (object-oriented) software design
a1  Explain the importance of architectural decisions

& Integrate architectural decisions into the software development process

Document architectures clearly, without ambiguity
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Case Study: Victim of
Success Theater




Case Study: Victim of Success Theater

- Simple web application for a local theater: i ks i

« Sell tickets - D

* 500 seats ‘ ‘ t
 Architecture: Standard "3-Tier" setup:

Ul — APl — Database S

« Happy path: l

* A user clicks "Buy” ‘ ‘ 1

APl checks the DB, decrements the ticket

count, and sends a confirmation Data Tier
* It works perfectly for months. @
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In-class activity

Where does the simple architecture of "Victim of
Success Theater” break down?

1. Think on your own

2. Write down a hypothesis or two on your participation sheet
3. Discuss with your neighbor

4. Share with the class
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Case Study: Quality Attributes

- Scalability: Can we handle the 10:00 AM rush?

* Reliability: Can we fail gracefully without double-charging
people?

- Maintainability: Can we swap adjust the computing resources
dedicated to the app without rewriting the code?
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Outline

e Views and Abstraction
e Case Study: Victim of Success Theater

e Software Architecture

- Definitions, Importance
« Software Design vs. Software Architecture
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Software Architecture

The software architecture of a program or computing system
Is the structure or structures of the system, which comprise
software elements, the externally visible properties of those
elements, and the relationships among them.

[Bass et al. 2003]

This definition is ambivalent to

whether the architecture is known
or whether it's any good!
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Software Architecture: Motivation

Facilitates internal and external communication

Describes design decisions and prescribes implementation
constraints

Relates to organizational structure

Permits/precludes achieving non-functional requirements
Control complexity

Reason about and manage change

Good basis for effort estimation

Architecting Software the SEI Way - Software Architecture Fundamentals: Technical, Business, and Social Influences. Robert Wojcik. 2012
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Conway’s Law

Business Processes 6

L A/

J J

Tim — Ak < Ak AS| — :’ (— @s

Ul Back-End Database

Company Structure influences Software Architecture
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Architectural Views
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v ® Zoning

@ Zoning Districts

- Uptown Public Realm

I Riverfront

Specially Planned

e ——— 4 '
§

Planned Unit Development
Educational/Medical Institution

, b Neighborhood Office
University of e
Pittsburgh . Parks
Department ¥ /
tsburghpogical i Hillside
~viences,

General Industrial

I Neighborhood Industrial

I Urban Industrial

Duquesne o)
University ] ] Highway Commercial

Local Neighborhood
Commercial

[ Urban Neighborhood
Commercial

. Urban Center Employment
[y Urban Center Mixed Use
Single-Unit Attached Residential

Single-Unit Detached Residential

Two-Unit Residential B
Three-Unit Residential wi
Iy \
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Each views abstracts reality to focus on
conveying specific information

* They have a well-defined purpose

- Show only necessary information

- Abstract away unnecessary details

 Use legends and annotations to remove ambiguity

« Multiple views together produce a richer understanding
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Logical View

/ Web Tier \ K App Tier \ ( Data Tier \

(Presentation) (Business Logic) (Persistence)

Booking
Service

Inventory Theater
Management Database

(SQL)

Client Browser Payment
ul Gateway

Wrapper
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Process View

User

(Browser)

Web Server
Process

1. Submit Booking
Request

Software and Societal

6. Display
Confirmation Page

il

App Server Process
(Booking)

Database
Process

2. Process Booking -

5 Booking Confirmed

3. Reserve Seats
(Transaction)

4 Confirmation OK ]
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Development View

@8 TheaterTicketApp/
— @B frontend/ @B backend/ @B database/
@8 public/ — @B src/main/java/com/theater/
- B index.html __@m controller/ .L schema/
— B style.css L [ WebController.java § create_tables.sql
BB src/ - B service/ @B migrations/
— ls) app.js [ BookingServicejava S V1_initial_setup.sql
— @B components/ — 3] InventoryService.java
_ @B database/ ——  —@@model/
B8 schema/ — () Ticket.java
|: L 8 create_tables.sql — [2J Show.java
BB migrations/

L 8 v1__initial_setup.sql

Software and Societal Carnegle
Systems Department Mellon

Universi



Physical View

Web Server Node App Server Node Database Server Node

Web Server
(Nginx/Apache)

Database Server
(PostgreSQL/MySQL)

App Server
(Tomcat/Jetty)

Booking Service ———
WAR TheaterDB

Firewall - FEETT
LAN Switch

Internet I

Client PC
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Software Design vs.
Architecture




Levels of Abstraction

Requirements
high-level “what” needs to be done

Architecture (high-level design)
high-level “how”, mid-level “what”

Software Design (low-level design, e.g., design patterns)
mid-level “how”, low-level “what”

Code / Implementation
low-level “how”
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Systems Department Mellon

Universi



Design vs. Architecture

Design Questions

How do | add a menu item in NodeBB? .

How can | make it easy to create posts in
NodeBB?

What lock protects this data?
How does Google rank pages?

What encoder should | use for secure .
communication?

What is the interface between objects?

Architectural Questions

How do | extend NodeBB with a plugin?

What threads exist and how do they
coordinate?

How does Google scale to billions of hits
per day?

Where should | put my firewalls?

What is the interface between
subsystems?
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Objects
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Objects — Design Patterns

\ 4

Command

I
: Factory > View I
[
' |
' |
' |
I v
I
Model
I > <
| Observer / Subject Controller :
' |
' |
' |
' |
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Design Patterns

Model
/ Subject

Controller
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Design Patterns
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Architecture
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Architecture
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Architecture
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Architecting Software
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https://www.instagram.com/architectanddesign
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Every system has an architecture

- Whether you know it or not
-  Whether you like it or not

« Whether itis documented or not

If you don’t consciously elaborate the DID YOU CONSCIOUSLY MAKE ARCHITECTURAL

architecture, it will evolve by itself! """i"::f"""“'"“"“"“’“"""s;'
, b

- "
1L
RS - S 2 .

-/

Architecting Software the SEI Way - Software Architecture Fundamentals: Technical, Business, and Social Influences. Robert Wojcik. 2012
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Non-Functional
Requirements

Software
Architecture

Architectural
Decisions

Technical

Business }

Social influences

Architecting Software the SEI Way - Software Architecture Fundamentals: Technical, Business, and Social Influences. Robert Wojcik. 2012
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Costto
Correct

Phase Thata
Defect Is Created

Requirements

Architecture \

Detailed design \

Construction

Detailed Constraction Maintenance
design

Requirements

Phase That a Defect Is Corrected

Coprright 1998 Steven C. WeConnell. Reprinted with penission
from Software Profect Survival Guide (Ivlicrosoft Press, 1998).
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I PROMOTED TED TO

l YOU KNOW THE
SOFTWARE ARCHITECT

AT FIRST I THOUGHT I
MONKEYS DON'T FLY

IT WAS A BAD IDEA.

BECAUSE HE DOESNT § THEN I REMEMBERED THE ROCKET, RIGHT?
KNOW HOW TO CODE. % THAT SOMETIMES AND TED
2 MONKEYS ARE ASTRO— WON'T BE

NAUTS.

\

WRITING
CODE.

E)

i~ =
O
o

Dilbert.com

T-18-17 @ 2017 Scott Adams, Inc/Dist by Andrews McMeel
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The Twin Peaks Model

General 4

a Specification

Level
of
Detail
Requirements Architecture
Detailed
L =
Independent Implementation dependence Dependent

B. Nuseibeh, "Weaving together requirements and architectures". 2001
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Agile and Architecture

“The best architectures, requirements, and designs emerge from self-organizing
teams”. The Twelve Principles of the Agile Manifesto

—
rnnEcnsT; - N THE NEW YORK TIMES TOP 10 BESTSELLER
u 1

“Control leads to
compliance; autonomy
leads to engagement.”

'Y Daniel H. Pink
100% CHANGE OF . .
- EMERGING REQUIREMENTS Daniel H. Pink
https://medium.com/@beatrix_66005/the-best-architectures-requirements-and-designs-emerge-from-self-organizing-teams-8b54ebc4c6b0
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https://agilemanifesto.org/principles.html

The Zipper Model

How to Agilely Architect an Agile Architecture

by Stephany Bellomo, Philippe Kruchten, Robert L. Nord, and Ipek Ozkaya

Functional requirements CZ :;
[ D OO0

Feature iterations

N\

I5.3 2’
NN

Architecture iterations

Architectural requirements
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Common
Architectura
Styles

https://www.thespruce.com/top-architectural-styles-4802083
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Pipes and Filters

Filters

- __
| e
— — may —

© David Garlan and Mary Shaw, CMU/SEI-94-TR-021

Software and Societal Carnegle
Systems Department Mellon

Universi



Pipes and Filters in the Wild

Language 1 source code | Language 2 source code

Compiler front-end for language 2
Lexical Analyzer (Scanner)

v
Compiler front-end for language 1
Lexical Analyzer (Scanner)

Syntax/Semantic

Syntax/Semantic
Analyzer (Parser)

Analyzer (Parser)

Intermediate-code
Generator
Non-optimized intermediate code

Intermediate-code
Generator

Non-optimized intermediate code

| Intermediate code optimizer |

Optimized intermediate code

Software and Societal
Systems Department
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Binning &
Decimation

Sensor Calibration ROI
m I I
- S
3x 3x
12t 1261
Mono Color LUT &
Conversion Correction Gamma

Porom

b PixelFormat with
=5 target bit depth
3x

126t
Packer

=
&
3x

200 -
Debayering

Color Gains

pipeline
’_‘ HH ’> vorbis-decoder audio-sink
D Q@
file-source o0gg-demuxer

= &

theora-decoder video-sink

0
)

ﬁ' )

Gstreamer pipeline for a basic ogg player

Create Jira Admin
Is Manager?
Create Jira Member
On ‘Create User' form Create user in Google
submission Workspace

Update Slack profile

Create Slack user

oo{3 n8n
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Object-Oriented Organization

Proc call

obj is a manager

op is an invocation

© David Garlan and Mary Shaw, CMU/SEI-94-TR-021
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Object-Oriented Organization in the Wild

ile Edit Image Llayer Type Select Filter 3D View Window Help

1.0 v Mode: Nomal  ~ Type: Cont re | Create Texture | Proximity Match Sample Al Layers @

m \ \ D O D i _‘ Q 2 Shape Fi" < p Find DSCF3134.JPG @ 33.3% (RGB/16") * *
ALLS UG A O : Jk Z shape Outline v | % Replace

||Arrange| Quic|
AN { } ﬁ_; & 2 Styles v &) Shape Effects v I Select

| Order Objects S Editing

l- T3, Bring to Front | — Format

re j
0% send to Back & g

D_] Bring Eorward

']

© Shadow

PEeOI7HSIFPIARPNANTND

[E] Send Backward
 Reflectio
Group Objects . Layer from Background...
wiledc [ Duplicate Layer.. |

Delete Layer

Quick Export as PNG
Export As..

Convert to Smart Object

oE LS

Merge Layers
Merge Visible
Flatten Image

New 3D Layer from File.
Postcard
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Event-Driven Architecture

Consumer 1
subscribed to A
Producer 1 A
A
‘\
Event broker A+B > Consumer 2
»| subscribedto A + B
B
N B
Producer 2
Consumer 3
Subscribed to B
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Even

— Event Producer —

(]

t-Driven Architecturesin t

&

@ 9-

New Order  Return

uestion
4 about stock

Retail website New Order
A customer places a
new order through
the website.
|
A= | OI
< " O (my
— =) —
L 2
Mobile app —>
A customer submits a Question
question about the about stock

availability of an item
through the app

Point-of-Sale
A customer returns an
item in person at the
store

Software and Societal
Systems Department

)

Return

Event Router

The router ingests, filters,
and pushes the events to
the appropriate
consumers.

— 9-9-

Return New Order

‘ New Order

— Event Consumer —

Warehouse Mgmt DB
The events trigger the
warehouse to update

inventory and item
availability.

—>

Finance System

The events trigger the
finance system to update
based on the sale and
return.

—-
AN
7

)
["“T"] 2
f Customer Relations
Question )
about stock The events trigger the
customer team to
respond to the order and
inquiry.

he Wild
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Layered Systems

Usually
procedure calls

Useful Systems

Composites of
various elements

Users

© David Garlan and Mary Shaw, CMU/SEI-94-TR-021
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Layered Systems in the Wild

.. E S Process User Process
Data Application n g [ ]
- )  write() read() sendmsg() recvmsg()
DP | UDP [ Conﬁguration ] Syscall
U Transport (sysfs,netlink,procfs,...)
header| data —
X Q [ File Descriptor ] [ Sockets ]
>
c ( VFS R — S— TCP/IP ]
1P o= (@ \
header IP data Internet — ~2 [ BlockDevice )« »( Network Device
Frame Frame data (v Link g \ ‘ [ ‘
header ot [ J
Storage % Network

Software and Societal Carnegle
Mellon

Systems Department = .
Universi



Why Document Architecture?

e Blueprint for the system

Artifact for early analysis
Primary carrier of quality attributes
Key to post-deployment maintenance and enhancement

e Documentation speaks for the architect, both today and 20

years from today
As long as the system is built, maintained, and evolved according to its
documented architecture

e Support traceability
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ElonMusk & B
@elonmusk
Btw, I'd like to apologize for Twitter being super slow in many countries.

App is doing >1000 poorly batched RPCs just to render a home timeline!

1:00 PM - Nov 13, 2022

Elon Musk & | Twitter Architecture 2022

@elonmusk

r bytebyt
Prediction Service
5 onboarding
A
A ‘

o

Just leaving Twitter HQ code review

GraphQL

iPhone —» Federated .
web Strato Column Timeline Mixer el Feature Hydration

« inject ads, who-to-follow, ¥ v 3
content hydration, « conversation module Manhaan " =
visibility « cursoring | pagination
Twitter filtering « tweat deduplication Candidate Sources

I TLS-API et D 7 o
. > inker
o e - R ~ o -ed

Candidate
Fetch

; .
Timeline "
Read Path - Service Prediction Service

Soca) grpn [ ow

Space

Next-gen System

4:28 AM - Nov 19, 2022

36.9K Retweets  16.1K Quote Tweets 464K Likes
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Guidelines for selecting a notation

WHAT ARE THE
GREEN, BLUE AND
YELLOW THINGIES?
SERVERS?
APPLICATIONS?
COMPONENTS?,

Suitable for purpose
Often visual for compact representation
Usually, boxes and arrows \\\g

i

Architecture Overview

UML possible (semi-formal), but possibly constraining
Note the different abstraction level - Subsystems or
processes, not classes or objects

Formal notations available

Decompose diagrams hierarchically and in views e e

Always include a legend y
Define precisely what the boxes mean B ﬂ_
Define precisely what the lines mean

Do not try to do too much in one diagram

Each view of architecture should fit on a page
Use hierarchy Achiec!ueOe view

geek & poke
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