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Learning Goals

« Understand the abstraction level of architectural reasoning

« Appreciate how software systems can be viewed at different
abstraction levels

 Distinguish software architecture from (object-oriented)
software design

« Explain the importance of architectural decisions

 Integrate architectural decisions into the software development
process

« Document architectures clearly, without ambiguity
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Outline

e Views and Abstraction
e Case Study: Autonomous Vehicles

e Software Architecture

« Definitions, Importance

« Software Design vs. Software Architecture
e Architecting software

« Integrating Architectural Decisions into the SW Development Process
« Common Software Architectures
« Documentation
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Outline

e Views and Abstraction
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Abstracted views focus on conveying specific
information

* They have a well-defined purpose

« Show only necessary information

 Abstract away unnecessary details

 Use legends/annotations to remove ambiguity

« Multiple views of the same object tell a larger story
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Outline

e Views and Abstraction
e Case Study: Autonomous Vehicles
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Case Study: Autonomous Vehicle Software
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Case Study: Apollo

Check out the “side pass” feature from the video:
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Case Study: Apollo

Goal: Try to have a high-level understanding of how the side pass feature is
built and integrated into the system.

Let's explore the code and the documentation of apollo to find parts associated
with the side pass feature:

Source: https://github.com/ApolloAuto/apollo

Doc: https://hidetoshi-furukawa.github.io/apollo-doxygen/index.html
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https://github.com/ApolloAuto/apollo
https://hidetoshi-furukawa.github.io/apollo-doxygen/index.html

Activity: Apollo

Discuss in teams of 3 - 4 on what parts are associated with the side
pass feature based on the 6 diagrams in the handout:

. Circle components that you think implement this feature.
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Apollo Software Architecture
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Source: https://github.com/ApolloAuto/apollo/blob/v6.0.0/docs/specs/Apollo_5.5_ Software_Architecture.md
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Apollo Hardware Architecture
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Apollo Hardware/Vehicle Overview

Source: https://github.com/ApolloAuto/apollo/blob/v6.0.0/README.md
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Apollo Perception Module
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Apollo Machine Learning (ML) Models
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Source: Zi Peng, Jingiu Yang, Tse-Hsun (Peter) Chen, and Lei Ma. 2020. A First Look at the Integration of Machine Learning Models in Com plex
Autonomous Driving Systems: A Case Study on Apollo. In Proceedings of the 28th ACM Joint European Software Engineering Confer ence and
Symposium on the Foundations of Software Engineering (ESEC/F SE '20), https://doi.org/10.1145/ 3368089.3417063
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Apollo Software Stack
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Outline

e Views and Abstraction
e Case Study: Autonomous Vehicles

o 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

ware elements) the|externally visible properties| of those
elements, and the|relationshipsiamong them.

[Bass et al. 2003]

Note: this definition is ambivalent to
whether the architecture is known or
whether it's any good!
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Software Architecture

Abstraction
Elements: roles, responsibilities, behaviors, properties
Relationships between elements

Relationships to non-software elements
Hardware, external systems

Described from many different perspectives (views)
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Apollo Software Architecture

r--=--"""-""=-=-""=-"---"-="-"=" - -="=-="=-"-="-="-"-="-="-"-="=-=-"-="=-"-"-" -"="=-"-="=-"==-="=-="=-"=-="=-—-=-=-—"== []

1 !

1 b [t ) .

: | Perception :l Prediction [ » m Control ]+ Monitor
1 J

- " l :

§ = e e S T S T-—==- -

G

c

2

o

1]
L

&

¥
HMI
HD Map Localization CANBus

Key: Data Lines Control lines
_— ﬁ

Source: https://github.com/ApolloAuto/apollo/blob/v6.0.0/docs/specs/Apollo 5.5 Software Architecture.md
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Apollo Machine Learning (ML) Models
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Autonomous Driving Systems: A Case Study on Apollo. In Proceedings of the 28th ACM Joint European Software Engineering Confer ence and
Symposium on the Foundations of Software Engineering (ESEC/F SE '20), https://doi.org/10.1145/ 3368089.3417063
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Software Architecture: Motivation

Facilitates internal and external communication
Describes design decisions and prescribes implementation
constraints

Architecting Software the SEI Way - Software Architecture Fundamentals: Technical, Business, and Social Influences. Robert Wojcik. 2012
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Apollo Software Stack
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Software Architecture: Motivation

Facilitates internal and external communication

Describes design decisions and prescribes implementation
constraints

Relates to organizational structure

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




Levels of Abstraction

e Requirements
high-level “what” needs to be done

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

e 0OO-Design (Low-level design, e.g. design patterns)
mid-level “how”, low-level “what”

e Code
low-level “how”
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Design vs. Architecture

Design Questions Architectural Questions

« How do | add a menu item in NodeBB? How do | extend NodeBB with a plugin?

« How can I make it easy to create postsin What threads exist and how do they

NodeBB? coordinate?
« What lock protects this data? « How does Google scale to billions of hits
per day?

« How does Google rank pages?
«  Where should | put my firewalls?

«  What encoder should | use for secure
communication? «  What is the interface between
subsystems?
« What is the interface between objects?

Carnegie
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Objects

S3D
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Design Patterns

|
I
I Factory > View I
I I
|
: I
: I
| v |
| o Model P
I Observer > / Subject Controller |
I I
|
I
: v [
I Command I
|
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Design Patterns
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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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Outline

e Views and Abstraction
e Case Study: Autonomous Vehicles

e Software Architecture
« Definitions, Importance
- Software Design vs. Software Architecture
e Architecting software
- Integrating Architectural Decisions into the SW Development
Process
« Common Software Architectures
« Documentation
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Every software system has an architecture

- Whether you know it or not
- Whether you like it or not
« Whether it's documented or not

If you don't consciously elaborate the
architecture, it will evolve by itself!

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 W
Business <
Social J influences

Architecting Software the SEI Way - Software Architecture Fundamentals: Technical, Business, and Social Influences. Robert Woijcik. 2012
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I PROMOTED TED TO AT FIRST I THOUGHT g YOU KNOW THE
SOFTWARE ARCHITECT 1T WAS A BAD IDEA. MONKEYS DONT FLY
BECAUSE HE DOESNT THEN I REMEMBERED g THE ROCKET, RIGHT?
KNOWJ HOW TO CODE. THAT SOMETIMES ¥ A
MONKEYS ARE ASTRO- |# c
NAUTS. ost to
g Correct

-5

Phase Thata
Defect Is Created

Requirements

Architecture \

Detailed design \

Y

Maintenance

Construction \ \

Detailed
design

Requirements | Architecture Construction

Phase Thata Defect Is Corrected

opynght 1998 Steven C. MeConnell. Reprinted wath penrrission
L T rom Software Profect Survival Guide (Whcrosoft Press, 1998).
s 3 D systems Department
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Agile and Architecture
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'he Zipper Model

How to Agilely Architect an Agile Architecture
by Stephany Bellomo, Philippe Kruchten, Robert L. Nord, and Ipek Ozkaya

Functional requirements fz i\\.
EpoDg

O

B
,>< / ez B

Architecture iterations

Architectural requirements
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Common Software Architectures




1. Pipes and Filters

[—
i

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

Language 1 source code +{ Language 2 source code

Compiler front-end for language 1 Compiler front-end for language 2
Lexical Analyzer (Scanner) Lexical Analyzer (Scanner)
Syntax/Semantic Syntax/Semantic
Analyzer (Parser) Analyzer (Parser)
Intermediate-code Intermediate-code
Generator Generator
Non-optimized intermediate code Non-optimized intermediate code

| Intermediate code optimizer |
Optimized intermediate code

/ \

Target-1 Target-2
Code Generator Code Generator
lTarget-l machine code lTarget-z machine code

<= O
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2. Object-Oriented Organization

(ADT)

Proc call

obj is a manager

op is an invocation

© David Garlan and Mary Shaw, CMU/SEI-94-TR-021
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Example: Adobe Photoshop

Adobe Photoshop CC 2017

3 Autom. ausw.:  Ebene 3D-Modus:

Phall.psd bei 33,3% (Layer 1, RGB/8#) * : eloenschafts
igensc len
=)

# B Mesh

9 Empfangt Schatten Unsichtbar
@ Wirft Schatten

Formvargabe: ormationsac

Deformation 2uriicksetzan

Textur-Mapping: ~ Skalieren

Quelle bearbeiten

3D Ebenen Kanile

# Umgebung
T Szene
B Aktulle A
Infinite Light 1
B Default Camera
Layer 1
Layer 1 Front Inflation Material

Layer 1 Front Bevel Material

Layer 1 Extrusion Material

Layer 1 Back Bavel Material

000000

Layer 1 Back Inflation Material
, : 6,44 MBJ5,75 MB ) = m

Boundary Canstraint 1
B ® & L

Zeitleiste
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3. Event-Driven Architecture

Consumer 1

subscribed to A
Producer 1 A
A
A+B

S AL Consumer 2
Eventbroker | 31 bscribedto A+B

B
~ B
Producer 2
Consumer 3

Subscribed to B

A
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Example: Node.js

Node.js Architecture

Application Node.js Libuv
Bindings (Asynchronous L/O)
A (Node API)
. Event Worker
JavaScript | Queue Blocking  Threads
_ . Operation  siasmen
v8 rocess
(JavaScript oS Event
Engine) Operation Lo Execute
. ) ~ Callback

Carnegie
Mellon
University
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4. Blackboard Architecture

S3

Direct access

~

Software and Societa
Systems Department

Blackboard
(shared
data)

e

QCumputatinn
/‘

g

=) Wemory
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Example: Stock exchange

Fle | Help L. Kur Cash Available 746.05
< 5 quzov Cash Avai ¥
NASDAQ  2,977.79 Account: 1 Total Account  111,252.38

] SBP500  1,36B.58 S ary [ —— ProcooT &

Feedback ')

TRADE ACCOUNT

CSCO 19.69 } GOOG 60284 P MSFT 32.03 ¢ SPY 137.28

Last Trade Change [ High Law " T H E B | GG E ST

Bid Ask
602,84 B27.34K 602.69 602.84 60534 5994

X || TRADE TICKET Symbol SINGLE—DAY Nvidia has experienced 8 of the 10

Change Mutual Funds | Options | Bonds || Conditional| biggest single-day stock declines.
Symbol Price Typ{ ]
i i Stop Price

nEclINEs nYDE:
- NVIDIA.
Bid 602 .
ek 602 NVIDIA.
S52week 473.02 - 670
3(12/2012 7:37:48 PM T =
—— , : 3l amazon
. Time Frame: 1d|5d| 1m| (& |1y| 2y [3y||5y|max| Tvpe:|Bar] Linc|Eandle :
Page 1 of 1542
[]s&P 500 [ |Nasdaq [ |Dow [Compare
o= o > 15.42 LIPS NVIDIA.
1543
o= 1543 54 Apr. 19,2024 Np\"/Is]V:W

Hich
1d|/2d |5d||1m|3m 1y||2y| 3y 5

Jan.7,2025 Na\"/[»]V.W
RN 00 Meta
LTI NVIDIA.
NEL Ly NVIDIA.
..I.|I|I|.I|m|||||.|||||||IIII||||.||.|||

Nvidia's stock plummeted after a Chinese startup T

called DeepSeek released a powerful Al model. inuary 27, 2
Messages Balance Trade Quick Quate Orders  Positions Watch Lists Source: e r
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5. Layered Systems

Usuall
procedure calls

Useful Systems

Basic Utility
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Example: Internet Protocol Suite

Data Application
UDP | UDP
Transport
header| data P
P
header IP data Internet
Frame Frame )
header Frame data footer Link
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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, 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!

L:00 PR - Naw 13, 2022

K Elon Musk & I Twitter Architecture
poe @elonmusk

Just leaving Twitter HQ code review

4:28 AM - Nov 19, 2022

36.9K Rotweets 161K Quote Tweets 464K Likes
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ElonMusk & B
elonmiusk

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!

L:00 PR - Naw 13, 2022

| Twitter Architecture 2022

Who Ief! the Sofm‘rare m -
Architecture guide v’ Sinkn
within the reach of : ,

the new executive? - ey . ; Fasture Myt

From now on, y'all need to
make sure you pay attention
to the integration layer in
order to map the domains

to the interfaces within the ( o - AT
virtual framework. (] - o on : =
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Guidelines for selecting a notation

S3D

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

Suitable for purpose

Often visual for compact representation

Usually, boxes and arrows

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

Always include a legend

Define precisely what the boxes mean

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

Architecture Overview

Geek & poke

Architecture Overview

=

Architecture Overview
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