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Administrivia

* Project 2B due tonight (Sep 24t)
* Project 2B: Ul changes require theme repo

New instructions on Slack (see “#fall-24-announcements”)

Tl;dr - You need to clone and modify a separate repo for updating some
front-end components (menus, sidebar, etc.). Submit both repos.

This is an excellent lesson in software architecture (this lecture)

Due to the delay in releasing new instructions, we will not penalize team

members for missing front-end commits in Sprint 1 (but do it if you can)
® Make sure to document your challenges in the issue/reflections. See Slack for more.
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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

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

Check out the “side pass” feature from the video:
https://www.youtube.com/watch?v=BXNDUtNZdM4

e Identify in teams of 3 what parts are associated with the side
pass feature

e Remember to write down your names and Andrew IDs
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https://github.com/ApolloAuto/apollo
https://www.youtube.com/watch?v=BXNDUtNZdM4

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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Source: https://github.com/ApolloAuto/apollo/blob/v6.0.0/README.md
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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

Pre-Processing
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Apollo 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 Complex
Autonomous Driving Systems: A Case Study on Apollo. In Proceedings of the 28th ACM Joint European Software Engineering Conference and

Symposium on the Foundations of Software Engineering (ESEC/FSE '20), https://doi.org/10.1145/ 3368089.3417063
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Apollo Software Stack

Cloud Service Platform HD Map
Map Engine
Open Software
Platform

Hardware Development
Platform

Open Vehicle
Certificate Platform
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Source: https://github.com/ApolloAuto/
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Outline

o
o
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]

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

Design Questions Architectural Questions
« Howdol add a menu item in NodeBB? -+ How does NodeBB support custom
themes?
« How can I make it easy to create postsin
NodeBB? « How do | extend NodeBB with a plugin?
« What lock protects this data? « What threads exist and how do they

coordinate?
« How does Google rank pages?
« How does Google scale to billions of hits
« What encoder should | use for secure per day?
communication?
«  Where should | put my firewalls?
« What is the interface between objects?
« Whatis the interface between
subsystems?
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Outline

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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Common Software Architectures




1. Pipes and Filters

[—
i

© David Garlan and Mary Shaw, CMU/SEI-94-TR-021
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Language 1 source code [ Language 2 source code

Example:

° Compiler front-end for language 1 Compiler front-end for language 2
O l I I p I e r S Lexnial Analyzer (Scanner) Lex:clal 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: Eclipse IDE

eclipse-workspace - org.eclipse.lsp4j/src/mainfjava/org/eclipse/lsp4j/util/S icHighlightingTokens.java - Eclipse IDE X

File Edit Source Refactor Navigate Search Project Run Window Help

irj' %#'o'q'q'§@@'§®¢'95@ ‘.—Eﬂélﬂiiiﬂ_h'ﬁ}\'{b(b' >~ % Quick Access @ &
[# Package Explorer &3 = B8 [2] SemanticHighlightingTokens.java zﬂ = O | &= Outline & = B8
12
B ¢ T 14% import static java.util.Collections.emptyList;[] ¢ B R W e W
¥ &3 > Isp4j [Isp4j master] g;, e -
v 4 > org.eclipse.lsp4j [lsp4j master] 29 * Utility class for encoding and decoding semantic highlighting tokens into a . A
L L
~ & src/mainfjava 30 * compact, {@code base64} representation. i org.eclipse.lsp4j.util
) 31 %/ v @F SemanticHighlightingTokens
T orgscipeeitpd pubtic final
v [E CallHierarchyDirection.java 32 public final class SemanticHighlightingTokens { LERGILESUT RN
i L 33 = * SCOPES_MASK : int
» |1} CodeActionKind.java 2 references 5 7
b B CompletionttemKindjava  ||E 3% private static int LENGTH SHIFT = 8x8000016; © " encode(fterable<? extends
P 4 1 reference ® ° decode(String) : List<Toker
¥ [# CompletionTriggerKind.java 35 private static int SCOPES MASK = @xBB88FFFF; } ©F Token
. . . 36
' B D!agnost!cSeve.nty.lava 372 7% = © SemanticHighlightingToke
» [ DiagnosticTag.java 28 * Fnrodes the iterahle nf takens intn a romnart  {@cade hasefd} strinn Return
» [ DocumentHighlightKind.java l#ll Problems @ Javadoc [g} Declaration | 4" Search &2 (! History = 8
b [1 FailureHandlingKind.java o ) ~
b [ FileChangeType java GO %% Sl e S B
. - ‘org.eclipse.lsp4j.util.SemanticHighlightingTokens.LENGTH_SHIFT" - 2 references in workspace (no JRE) (0 matches filtered from view)
L F .
4 FoldingRangeKind java ~ 4, > org.eclipse.lsp4j [lsp4) master]
b [F InsertTextFormat.java 78~ OTg-ecp (.
~ (%, src/main/java
» [1 MarkupKind.java . .
b [ MessageType,ava ¥ ;5 org.eclipse.lsp4j.util
» ) ResourceOperationKindjava ~ @f SemanticHighlightingTokens
P ) - ¥ decode(String)
b [# ResponseErrorCode.java
b B Symbolkind.j @ ° encode(lterable<? extends Token>)
ymbolKind.java

Writable Smart Insert 34:29:1231
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3. Event-Driven Architecture

Consumer 1

subscribed to A
Producer 1 A
A
A+B

S AL Consumer 2
Eventbroker | o1 becribedto 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)
. (Node API)
: Event Worker
JavaScript | Queue Blocking Threads
Operation Fite System
I > " E—————* Network
Vv8 Process
(JavaScript 0S . Event
Engine) Operation Loop Execute
> 5 . Callback
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4. Blackboard Architecture

Direct ac:ce @Immpmaﬁnn
()
Memory

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

B New Tab - tidraw

c @

= AR Page1 9 @ 100 styes O

P

New tab!

O New Tab!

B’s¢0~»18 -
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5. Layered Systems

Usually
procedure calls
Useful Systems
Composites of Users

various elements

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

Data Application
UDP | UDP
Transport
header| data P
1P
header IP data Internet
Frame Frame .
F dat
header [ame cata 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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Guidelines for selecting a notation

WHAT ARE THE

Suitable for purpose

L4 GREEN, BLUE AND
e Often visual for compact representation S " SemveRse
e Usually, boxes and arrows Uy O i
e UML possible (semi-formal), but possibly constraining _ﬁ
Note the different abstraction level - Subsystems or n
processes, not classes or objects
e Formal notations available ‘ %ﬂ‘
e Decompose diagrams hierarchically and in views g oo,
e Always include a legend E ﬁ-
e Define precisely what the boxes mean
e Define precisely what the lines mean ——
e Do nottry to do too much in one diagram =1me|
Each view of architecture should fit on a page T ——
Use hierarchy g@ﬂ_
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Aside: NodeBB Themes Architecture and Project 2
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