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Administrivia

= P3B deadline tomorrow.

= Team surveys running as usual.

= P4 outtomorrow.

= Remember the no-laptop policy and classroom etiquette.




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.

= |ntegrate architectural decisions into the software development process.

= Document architectures clearly, without ambiguity.




Outline

= Views and Abstraction

= Case Study: Autonomous Vehicles
= Definitions and Importance

» Software Design vs. Architecture

= Architecting Software

» Integrating Architectural Decisions

= Common Architectural Styles

= Documentation




Many Views of One Place

LandCover 2020

s

~

NOTES
A road map, a wind-speed map, a municipal-boundary map, a land-cover map, a zoning map, a navigation map: the

same place, documented for very different purposes.




What Makes a Good View?

= Abstracted views 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 of the same object tell a larger story.

An abstraction shows the important details and hides the
unimportant ones, relative to its purpose.
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Case Study: Autonomous Vehicle Software




Apollo Software Architecture

i
I I
I I
: ‘ Prediction ‘_’ Planning : Monitor
I I
I A I
"______________________TI ____________ A== =
I v
153
| Guardian >
|
|
I v

HMI
HD Map Localization CANBus

Key: Data Lines Control lines
~ ﬁ

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




Apollo Hardware/Vehicle Overview
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Source: github.com/ApolloAuto/apollo/blob/v6.0.0/README.md
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Apollo Perception Module
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Apollo ML Models
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Apollo Software Stack

Cloud Service Platform HD Map Simulation Data Platform Security OTA
Map Engine Localization Perception Planning Control

Open Software Apollo Cyber RT Framework
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Major Updates in Apollo 3.5




Feature Evolution (Software Stack View)
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Activity: The "Side Pass" Feature

= Watch the "side pass" feature in action: _y__c_)__L_J_’_c_g_lg_g_._ggm_/_\_/_\_/_g_’c_g_h_?_
v=BXNDUtNzZdM4

= |n groups of 3—4, using the architecture diagrams from the last several
slides: which modules or components are involved in enabling this
feature?

= Other resources: source, Doxygen



https://www.youtube.com/watch?v=BXNDUtNZdM4
https://www.youtube.com/watch?v=BXNDUtNZdM4
https://github.com/ApolloAuto/apollo
https://hidetoshi-furukawa.github.io/apollo-doxygen/index.html
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"Architecture Is About the Important Stuff"
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"Architecture is about the important stuff. Whatever that is." —
Ralph Johnson



https://martinfowler.com/ieeeSoftware/whoNeedsArchitect.pdf

A Formal Definition

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.

NOTES

A software architecture description names the major elements, their responsibilities and properties, and how those

elements relate to each other, with enough detail to understand the design decisions behind it. It focuses on externally

visible properties, not implementation detail.




Elements of Software Architecture

= Abstraction.

» Elements: roles, responsibilities, behaviors, properties.

» Relationships between elements.

= Relationships to non-software elements: hardware, external systems.
= Described from many different "external" perspectives.

= Hides "internal” details.

NOTES

Architecture is the level of abstraction where you focus on elements, their responsibilities, and their relationships,
without getting lost in implementation. The important details are the design decisions that affect properties only

achievable through structure.




Why Software Architecture Matters

= Facilitates internal and external communication.
» Describes design decisions and prescribes implementation constraints.

= Relates to organizational structure.

= Conway's Law: the technical architecture of a software system mirrors the communication
structure of the organization that builds it.

= Permits or precludes achieving non-functional requirements.
= Allows control of complexity, managing change, and (better) estimating
effort.

NOTES

Architecture is the vehicle for communication among stakeholders: it provides the vocabulary used to discuss
requirements and schedule. Once a design decision is made, it constrains how the rest of the system can be

implemented.

Wojcik, R. Architecting Software the SEI Way: Software Architecture Fundamentals: Technical, Business, and Social Influences. 2012.
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Software Design vs. Architecture




Levels of Abstraction

Requirements

high-level "what"

Architecture (high-level design)

high-level "how", mid-level "what"

Design (low-level design, e.g. design patterns)

mid-level "how", low-level "what"

¥
Code

low-level "how"

NOTES

Architectural decisions sit between requirements and design: architecture is the high-level "how," while design

(including design patterns) is the mid-level "how."




Design Questions vs. Architectural Questions

Design Questions Architectural Questions

= How do | add a new slash command to » How do | extend OpenCode with a new
OpenCode? provider integration?

= How can | make it easy to render a tool-call = What threads exist, and how do they
result? coordinate?

» What lock protects this data? » How does Google scale to billions of hits per

= How does Google rank pages? day?

= What encoder should | use for secure = Where should | put my firewalls?
communication? = What is the interface between subsystems?

= What is the interface between objects?

NOTES

No single definition pins down what architecture is, so the distinction is easiest to see through examples: design
questions are about one module or class, while architectural questions are about subsystems and how they are

organized.

Liarrnegie

Mellon
Tniversity




From Software Elements to Architecture

= Start with objects/modules and design patterns
(Model/View/Controller, Factory, Observer,
Command, ...): a local, pairwise view of how a
few classes interact.

= Zoom out to architecture: the same system,
organized into subsystems with clear
boundaries and responsibilities.

= Same underlying system, two very different
levels of abstraction.

Architecture: organized subsystems

NOTES
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Every System Has an Architecture

= Whether you know it or not.

= Whether you like it or not.

= Whether it's documented or not.

= |f you don’t consciously elaborate the .“n“mf"“‘
architecture, it will evolve by itself. RS o e

* SRR

e

Every software system has an architecture,
so don't complain later.




Two Ways to Grow a City

Planned Organic

Barcelona, Manhattan Barrios, Caracas, Venezuela

NOTES

A grid plan (Barcelona, Manhattan) is an intentional architecture, visible from above. An organic settlement, such as the
barrios in Caracas, Venezuela, also has structure, but it emerged gradually instead of being designed up front. Organic
does not mean bad: it can be functional and support certain quality attributes, even if it is not the style most people

would call aesthetically appealing.
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The Cost of a Wrong Architecture

Phase Thata
Defect Is Created

Requitemnents
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Detailed design \
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F
Costto
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Phase That a Defect Is Corrected

Copryright 1998 Steven C. IWEConnell. Reprinted with pe maission
from Soffweare Project Survivel Guide (MWicrosoft Press, [D0E).

Iaintenance

1 PROMOTED TED TO
SOFTWARE ARCHITECT
BECAUSE HE DOESNT
KNOW HOW TO CODE.

@ScottAdamsSays

Dilbert.com

AT FIRST I THOUGHT
IT WAS A BAD IDEA.
THEN I REMEMBERED
THAT SOMETIMES
MONKEYS ARE ASTRO—
NAUTS,

7-18-17 @ 2017 Scott Adams, Inc/ist by Andrews McMeasl

YOU KNOW THE
MONKEYS DON'T FLY
THE ROCKET, RIGHT?

AND TED
WON'T BE
WRITING
CODE.
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How to Make Architectural Decisions

There is more than one answer.




The Ecosystem of Architectural Decisions

= 3 D

non-functional requirements

Architectural Decisions
Software Architecture

Architecture is deeply entangled with people, goals, and
systems.




Requirements and Architecture Co-Evolve

“Twin peaks”
General
Specification
Level
of
detail
) Design
HeqUiEEt (architecture)
\j
Detailed
Independent Dependent
Implementation dependence -

The "twin peaks" model: requirements and architecture are elicited and specified together, not in strict
sequence.

NOTES
Emphasizes the iterative nature in which requirements are elicited and specified, intertwined with architectural design.

Early prototypes and architectural evaluations are needed to demonstrate that the delivered system will actually meet

the requirements.

Nuseibeh, B. Weaving Together Requirements and Architectures. 2001.




Agile and Architecture

"The best architectures, requirements, and designs emerge
from self-organizing teams."




The Zipper Model
Furﬁhanaﬂre&ugements

<

Feature iterations

‘ié El How to Agilely Architect an Agile Architecture

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

Architecture iterations
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Common Architectural Styles

Buildings have recognizable styles. So does software: a recurring pattern of elements and relationships,
reused across many systems.

thespruce.com/top-architectural-styles-4802083
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1. Pipes and Filters

Filtea\
)/_,_
| - > o
— A —
S S
e - el

Pipes

Example: compilers.

NOTES

Data flows along pipes between stateless filters that transform input into output. Filters are independent and can run

incrementally; there are usually no cycles unless offset by a time step. The Unix shell is a common example.

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




Example: Compilers

-} Language 2 source code

Language 1 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

I Intermediate code optimizer I
Optimized intermediate code

/ \

Target-1 Target-2
Code Generator Code Generator
lTarget-:L machine code lTarget-Z machine code




2. Object-Oriented Organization

Proc call

obj is a manager

op is an invocation




3. Event-Driven Architecture

Consumer 1
subscribed to A

Producer 1 A

- = Consumer 2
Eventbroker | 31 bscribedto A+B

Producer 2

Consumer 3
Subscribed to B
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Example: Node.js

Node.js Architecture

Application Node.js Libuv
Bindings (Asynchronous L/O)
(Node API)
. Event Worker
l JavaScript { Queue Blocking Threads
Operation File Syatam
g e i Network
V8 Process
(JavaScript o . Event
Engine) Spekation Loop Execute
Callback

T

o4
-




4. Blackboard Architecture

Direct rﬂccess\s Computatlon

Blackboard
(shared
data)

«»
m Memory

Example: stock exchanges, Photoshop.

© David Garlan and Mary Shaw, CMU/SEI-94-TR-021
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5. Layered Systems

Usualg
procedure calls

Useful Systems

Composites of
various elements

Users

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

Carnegie

Melon

Lniversidy



Example: Internet Protocol Suite
Data Application
ubp | UDP Transport
header| data
IP
header IP data Internet
Frame Frame :
header Frame data footer Link
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Why Document Architecture?

= Blueprint for the system.

= Artifact for early analysis.

= Primary carrier of quality attributes.

» Key to post-deployment maintenance and enhancement.

= Documentation speaks for the architect, today and 20 years from today,
as long as the system is built, maintained, and evolved according to it.

= Supports traceability.

NOTES

Documentation is the vocabulary used to discuss requirements and the manifestation of the earliest, most important
design decisions. Good architecture documentation is prescriptive, organized around specific quality attributes, not
merely descriptive.
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Architecture Documentation Is Not New

A floorplan carved into a drawing tablet excavated in Umma, dated to the Ur Il period (c. 2100-2000
BC). Nearly 5,000 years old.

cdli.mpiwg-berlin.mpg.de/artifacts/125392
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Views and Purposes

= Every view should align with a purpose.

= Views should only represent information relevant to that purpose;
abstract away other details.

= Annotate a view to guide understanding where needed.

= Different views are suitable for different reasoning aspects (different
quality goals), e.g. performance, extensibility, security, scalability, ...




The "4+1" View Model

End-user Programmers
Functionality Software management
- - Development
Logical View View
—
I Q Scenarios) l
T—

Process View Physical View
Integrators System engineers
Performance Topology
Scalability Communications

Kruchten, P Architectural Blueprints: The '4+1' View Model of Software Architecture. 1995.
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Common Views in Documenting Software Architecture

View Audience Covers

Functionality: subsystems, structures, and their relations

Logical End user _

(dependencies, ...).

) ) Non-functional aspects: components (processes, runnable entities)

Process System integration

and connectors (messages, data flow, ...).
Development Developers Software modularity and decomposition.
Physical System engineer /

Y / Y & Hardware structures and their connections.

Deployment DevOps

Scenarios All Use cases; sequences of interactions between objects and processes.

Carnegie
ail




Revisit: Which View Is This?
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Now that we have a vocabulary: which of logical, process,
development, or physical is each Apollo diagram?




Even Elon Musk Reaches for an Architecture Diagram

€ Elon Musk 2
e @elonmusk ]
| Twitter Architecture 2022

Just leaving Twitter HQ code review

Pradiction Service

4:28 AM - Nov 19, 2022

36.9K Retweets  16.1K Quote Tweets 464K Likes

"Just leaving Twitter HQ code review." Days later: "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!"
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Guidelines for Selecting a Notation

= Suitable for purpose; often visual, for compact
representation.
= Usually boxes and arrows.

WHAT ARE THE
GREEN, BLLE AND
ELLOW THINGIES?
ERVERS?

rrrrrrrrrrrrrrrrrrrrr

= Y
= UMLis possible (semi-formal), but can be ﬁ K,ES%%‘J&%’%?

constraining.

= Note the abstraction level: subsystems or
processes, not classes or objects.

= Formal notations are available.

= Decompose diagrams hierarchically and into
views.

= Always include a legend; define precisely what
the boxes mean and what the lines mean.

= Do not try to do too much in one diagram:
each view should fit on a page. Use hierarchy.

Carnegie

Mellon

Llriverrgidy



Learning Goals, Revisited

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.




