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Administrivia

« P2B due Thursday September 26th, 11:59PM

« Team Surveys due every Saturday, 11:.59PM
* “Storming” phase
» Most teams doing well
« Remember: communication, communication, ...



Conflict Resolution

* Your goal: Find a solution to the problem and move forward.
» Make sure that everybody works from the same set of facts.

» Establish ground rules for your team’s discussion.

 Talk about how the situation made you feel. Never presume anything about anyone
else.

« Remain calm and rational. If you feel triggered or threatened, extract
yourself from the situation, wait an hour to chill out, and then try again.

« If you reach an impasse, talk to your team leader.

« If your team remains in conflict, escalate to your mentor CA.

 Your mentor CA will not solve your problem. They will help you to solve your own
problems.
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Team survey

RESEARCH-ARTICLE ¥ ino f

Identifying Struggling Teams in Software Engineering
Courses Through Weekly Surveys

Authors: Kai Presler-Marshall, Q Sarah Heckman, . Kathryn T. Stolee Authors Info & Claims

SIGCSE 2022: Proceedings of the 53rd ACM Technical Symposium on Computer Science Education V. 1 ¢ February 2022
¢ Pages 126-132 « https://doi.org/10.1145/3478431.3499367
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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

e 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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Average Wind Speed at 100m (m/s)
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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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Apollo Software Architecture

e e e S e S A s S S S S N SRS S e A S e S S e SRS N TS S S S A ST = ]
1 1
1 N 4 1
: [w]—v[ Prediction :—> Planning ]_.[ Control ]_: Monitor
] J 1
1 A I 1
rt---- - f----—-—--—-—-"—-""—-"=—"=—-—"g~"—"—"—"—"="="="=—"=-"—-"-- i-—-——-"
i v
S
1 Guardian <=
1
1
I W
A 4
| ’ [ o ] [ ’ HMI
HD Map Localization CANBus
Key: Data Lines Control lines

— —
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

N
Accessories: Monitor, Vehicle
Car Power Dataspeed 12VDC WIFI 4G Keyboa:rd' Mgu'se chalscsis
System power panel LTE Router CAN
.
Vendor
Ethernet CAN
cable
v v
\ .
PCls ESD CAN
Neousys 6108GC Card 4CH
use with GTX1080
7'y Vendor
| I USB USB CAN
1 R 1 100M Ethernet cable
1 1
I NovAtel GPS 1 I_ _______________________ e |
1 Receiver M " 1
L]

! DB9 I GpPRMCandpPpPs | Velodyne VL5-128 ARGUSTFRD-LInK Ultrasonic Sensor Continental d
| 1 Signals through 1 LiDar Camera Radar ]

b 1
1 I customized cables | 3 1
1 IMU |
1 if the receiver is 1 I _ _|
1 Propak 6 (not GPS 1
1 needed for Antenna 1
1 Propak 7) 1

Source: https://github.com/ApolloAuto/apollo/blob/v6.0.0/README.md
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Apollo Hardware/Vehicle Overview

128L LIiDAR

GPS Receiver

16L LIiDAR

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

Labeling

Pre-Processing Deep NEtWOFKS\ FoskFrocessng
Traffic light Temporal Traffic “ATI:ilttl;:?f?::T:gsts R Final
Detection i iti o - icli
light recognition Voting Traffic light
S Pre |I:>Toacgeessing L /FI L /FI
= ane/Flow ane/Flow Lane = <
Detection i Tracking Callbration |
1 +
Object 2D-to-3D _| Camera Object |
Detection Conversion Tracking
Final object
. Point cloud Point cloud Object Lidar Object Configurable with type,
Lidars —* 5 : g > 5 T . e
Pre-processing segmentation Classification Tracking Sensor Fusion distance &
velocity
Radar Radar Object
Radars > R
Process Tracking
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Apollo ML Models

Traffic_Light_ :
Recognition Traj ectory
2 = Prediction
bounding Hotzoo Bighs - light
S . Traffic_Light_ boxes Traffic Light | traffic light result mesgsege g
Detection Postp! . ] z
Vertical_Light B Vehicle_Cruise_Cutin
Traffic Light Scenarios Manager ‘ Vehicle Cauise Go

Lane_Detection

Quadrate_Light

Vehicle_Junction_Map

Denseline polynomial curve

and lane type Lane Postp final lane result / : \
.

c Image
—>| Preprocess

‘ Vehicle_Junction_MLP

DarkSCNN L ]
Camera = Lane Line
amera . .
obstacle information Camera & calibration ‘ Vebicle Bane: Scoarming
\——————> Camera_Obstacle_D T Postprocess -
L F precept obstacle ‘ Vehicle MLP
message
LiDAR_Obstacle_Detection .
— Bicycle Vehicle_ RNN
— LiDAR_Velodyne_16 obstacle _ final object . 2 3
- Point Clouds information LiDAR Fusion result )
- Preprocess Postprocess Vehicle_Lane_Aggregate
. LiDAR_Velodyne_64 I
e—= Ko oo o Pedestrian
. Pedestrian_LSTM
LiDAR LiDAR_Velodyne 128 [ TN ‘ edestrian_|
o
owror WW—©&r
Radar Vehicle(truck or car)
Detection
Result

Source: Zi Peng, Jinqiu 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

. g = Volume Production V2X
Cloud Service Platform HD Map Simulation Data Platform Security OTA Duer0S Service Components Roadside Service
Map Engine Localization Perception Planning Control End-to-End HMI
Open Software Apollo Cyber RT Framework V2X Adapter
Platform
RTOS
Hardware Development Computing Ultrasonic HMI Black Apollo Apollo
SPS/IML > : Radz ; i &
Platform Unit il fzamera LIDAR Hadat Sensor Device Box Sensor Unit Extension Unit Vzx oBU
Open Vehicle Certified Apollo Compatible Drive-by-wire Vehicle Open Vehicle Interface Standard

Certificate Platform

Major Updates in Apollo 3.5

Source: https://github.com/ApolloAuto/
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Feature Evolution (Software Stack View)

: Cloud Data Platform Security
Service Platform

Map Engine Localization Perception Planning

Software

Runtime Framework
Open Platform

RTOS

Hardware Computing GPS/IMU LiDAR
Reference Platform Unit

HMI Device Black Box

Vehicle Drive-by-wire Vehicle
Reference Platform
Released in 1.0 Released in 1.5 Released in 2.0 Updated in 2.5
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Case Study: Apollo

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

e Discuss in teams of 4 what parts are associated with the side pass feature

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

Doxygen:
https://hidetoshi-furukawa.github.io/apollo-doxygen/index.html
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https://www.youtube.com/watch?v=BXNDUtNZdM4
https://github.com/ApolloAuto/apollo
https://hidetoshi-furukawa.github.io/apollo-doxygen/index.html

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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Software Architecture

“Architecture is about the important stuff. 0ESi
Whatever that is.”

Ra/ph jOhnSOH Who Needs an Architect?

Martin Fowler
andering down our corridor awhile  chitect.) However, as o ofien occurs, inside
ago, T saw my colleague Dave Rice  the blighted cynicism is a pinch of truth. Un-
inay ly grumpy mood. My derstand; 2 183 posting
bricf question caused a viokent  from Ralph Johnson on the Extreme Program-
statement, “We shouldn't interview  ming mailing lst. I so good I'll quore i al
anyone who has ‘archiceet” on his A previous posting said
resume.” A frst blush, this was an odd tarn of
phrase, because we usually introduce Dave as  The RUP, working off he IEEE defnion, defines
one of our leading architects. orchischre 0 “fhe highest lvel concept of a sys-
“The reason for his title schizo- tem in s envirorment. The orchilechure of o scf-
‘phenia is the fact that, cven by our  ware system {of @ given poin i fime) i i orgor
industry's standards, “architect™  nizoton orsruckre o signifcant comporaris
and “architecture” arc terribly  inerocing hrough itrfoces, those compnants
4 overloaded words. For many, the  being composed of successively smoller compo-
14 term “software architec per- nents and inferfoces”
= ety with the smug conerolling im-

age at the end of Matrix Reloaded. Johnson responded:
Yet cven in firms that have the
greatest contempt for that image, | wos o reviewsr on the IEEE skondard that used
there’s a vial role for the technical o, ond | argued uselessly ho this was cecrly
leadership that an architect such as Dave plays. @ compltely bogus defnion. Ther i no high-

What is architectura? diferent concept han developers. Customers do.
When T was fretting over the title for Pat.  not core ot ol about he sruclure of signfcant
terns of Enterprise Aplication Architecture  components. So, perhops on architechre i he
(Addison-Wesley, 2002), everyone who re-  highestlevel concept tht develapers have of o
ntam i it . ot t s

iravee it asreedd that Sarchiveeonre® helomerd
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Software Architecture

The software architecture of a program or computing system
IS the gtructure or structures|of the system, which

COmprise sojtware eiements, the [externally visibie
[ propertiesiof 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 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

S3D
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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
Allows to control complexity, manage change, and to
(better) estimate effort

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

S3D
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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)
C - high-level “how”, mid-level “what”
e 0OO-Design (Low-level design, e.g. design patterns)
C - mid-level "how”, low-level “what”

e Code

low-level "how”

S3D Vellons
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Design vs. Architecture

Design Questions Architectural Questions

- Howdo I add a menu item in NodeBB? - How do | extend NodeBB with a plugin?

« How can | make it easy to create posts in Wh -
5 . at threads exist and how do they
NodeBE: coordinate?

. i ?
What lock protects this data « How does Google scale to billions of hits

« How does Google rank pages? per day?

- What encoder should | use for secure «  Where should | put my firewalls?
communication?

: : , « Whatis the interface between
« Whatis the interface between objects? subsystems?

Carnegie

83 D Mellong
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Objects

S3D
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Design Patterns

A4

Command

r-r-—-——=—=—=—=—=—7—97—=97—97—"=—=—================== I
| Factory > View I
' I
' I
' I
' I
I A A
I
Model
| > <
| Observer / Subject Controller I
|
' I
' I
' I
' 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

OUR SOFTWARE PRODUCT)"
DOESN'T MEET STAKEHOLDERS' EXPECTATIONS

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

Y
DID YOU CONSCIOUSLY MAKE ARCHITECTURAL
DECISIONS TO MEET THEIR EXPECTATIONS?

e L

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

S3D Vellons

Universi




I PROMOTED TED TO
SOFTWARE ARCHITECT
BECAUSE HE DOESN'T
KNOW HOW TO CODE.

@ScoltAdamsSays

Dilbert.com

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

AT FIRST I THOUGHT

IT WAS A BAD IDEA.

THEN I REMEMBERED
THAT SOMETIMES

s AND TED
MONKEYS ARE ASTRO WON'T BE
NAUTS. A
WRITING Cost to
CODE.
: Correct

7-18-17 @ 2017 Scott Adams, Inc./Dist by Andrews McMeel

Phase Thata
Defect Is Created

Requirements

Architecture \

Detailed design \ \ \

Construction \ \

Requirements JArchitecture Detailed Construction Maintenance
design

Phase That a Defect I's Corrected

opyright 1998 Steven C. Wb Connell. Reprinted with pe rraission
frora Soffware Project Survival Gaide (IWlicrosoft Press, 1998).
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“Twin peaks”
General
Specification
Level
of
detail
Requirements Dt_asign
(architecture)
|
Detailed
Independent Dependent
Implementation dependence -

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”
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Mellon
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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 CZ QQ
Oppop

[

&X Ffat)reiteraﬁons
e 10
. . l . Architecture iterations

Architectural requirements

S3D Vellons
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Agile in Distress: Architecture to the Rescue

Robert L. Nord!, Ipek Ozkaya!, and Philippe Kruchten?

! Carnegie Mellon Software Engineering Institute, Pittsburgh, PA, USA
{rn, ozkayal}@sei.cmu.edu
2 Electrical & Computer Engineering, University of British Columbia, Vancouver, Canada
pbk@ece.ubc.ca

Architecture of
the System
Structure of the Production
Development Organization Infrastructure

S o—) P
S3D Mellon
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Outline

e Architecting software

e Common Software Architectures
e Documentation
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Some Common Software Architectures and
Design Patterns




1. Pipes and Filters

Filters

/\

o

— ——L_— -
Pipes A‘

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

1
{
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Language 1 source code Language 2 source code

r o

Example:

M Compiler front-end for language 1 Compiler front-end for language 2
O l I l p I e rS LexiclaIAnaIyzer (Scanner) LexiclaIAnaIyzer (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
L O ~ <
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2. 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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3. Event-Driven Architecture

Producer 1

Producer 2

\
[ Event broker

\

3

r

S3D

Consumer 1
subscribed to A
A
—&) Consumer 2
B>|  subscribed to A + B
\
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
JavaScript Queue Blocking  Threads
Operation T —
> - Network
V8 Process
(JavaScript . e?astion Event
Engine) P Loop Execute
Callback
< «—— R —

S3D Vellons
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4. Blackboard Architecture

Direct acce@ Computation
(shared

data)

Memory

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

Blackboard
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5. 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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Example: Internet Protocol Suite

S3D

Data

UDP [ UDP
header| data

IP

header

IP data

Frame
header

Frame data

Frame
footer

Application

Transport

Internet

Link
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Outline

e Architecting software

e Documentation
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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

S3D o
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5000 years old
floorplan depicted
on a tablet

excavated in

Umma (now lraq),
now keptin
Vorderasiatisches
Museum, Berlin,
Germany

" : Carnegie
SSD https://cdli.mpiwg-berlin.mpg.de/artifacts/125392 Mell()n

Plan or Drawing tablet excavated in Umma (mod. Tell Jokha), dated to the Ur Ill (ca. 2100-2000 BC) period and now kept in Vorderasiatisches Museum, Berlin, Germany U " _tV
niversi



Views and Purposes

e Everyview should align with a purpose

e Views should only represent information relevant to that purpose
Abstract away other details
Annotate view to guide understanding where needed

e Different views are suitable for different reasoning aspects (different

quallty goals), e.g.,
Performance
Extensibility
Security
Scalability

Carnegie

S3D Mellon_




The “4+1" view model

End-user Programmers
Functionality Software management

Development

Logical View \iBii

| ( Scenarios)

Process View —# Physical View

Integrators System engineers
Performance Topology
Scalability Communications

Philippe Kruchten, Architectural Blueprints—The “4+1” View Model of Software Architecture[

S3D Vellons
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Common Views in Documenting Software
Architecture

Logical View (End user)
Functionality
Subsystems, structures and their relations (dependencies, ...)
Process View (System Integration)
Non-functional aspects
Components (processes, runnable entities) and connectors (messages, data flow, ...)
Development View (Developers)
- Software modularity / decomposition
Physical View (System Engineer/DevOps)
Hardware structures and their connections
Deployment
Scenarios (All)
Outline tasks/use cases
Sequences of interactions between objects and processes

S3D o
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Apollo Software Architecture

e e e S e S A s S S S S N SRS S e A S e S S e SRS N TS S S S A ST = ]
1 1
1 N 4 1
: [w]—v[ Prediction :—> Planning ]_.[ Control ]_: Monitor
] J 1
1 A I 1
rt---- - f----—-—--—-—-"—-""—-"=—"=—-—"g~"—"—"—"—"="="="=—"=-"—-"-- i-—-——-"
i v
S
1 Guardian <=
1
1
I W
A 4
| ’ [ o ] [ ’ HMI
HD Map Localization CANBus
Key: Data Lines Control lines

— —
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

N
Accessories: Monitor, Vehicle
Car Power Dataspeed 12VDC WIFI 4G Keyboa:rd' Mgu'se chalscsis
System power panel LTE Router CAN
.
Vendor
Ethernet CAN
cable
v v
\ .
PCls ESD CAN
Neousys 6108GC Card 4CH
use with GTX1080
7'y Vendor
| I USB USB CAN
1 R 1 100M Ethernet cable
1 1
I NovAtel GPS 1 I_ _______________________ e |
1 Receiver M " 1
L]

! DB9 I GpPRMCandpPpPs | Velodyne VL5-128 ARGUSTFRD-LInK Ultrasonic Sensor Continental d
| 1 Signals through 1 LiDar Camera Radar ]

b 1
1 I customized cables | 3 1
1 IMU |
1 if the receiver is 1 I _ _|
1 Propak 6 (not GPS 1
1 needed for Antenna 1
1 Propak 7) 1

Source: https://github.com/ApolloAuto/apollo/blob/v6.0.0/README.md
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Apollo Hardware/Vehicle Overview

128L LIiDAR

GPS Receiver

16L LIiDAR

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

Labeling

Pre-Processing Deep NEtWOFKS\ FoskFrocessng
Traffic light Temporal Traffic “ATI:ilttl;:?f?::T:gsts R Final
Detection i iti o - icli
light recognition Voting Traffic light
S Pre |I:>Toacgeessing L /FI L /FI
= ane/Flow ane/Flow Lane = <
Detection i Tracking Callbration |
1 +
Object 2D-to-3D _| Camera Object |
Detection Conversion Tracking
Final object
. Point cloud Point cloud Object Lidar Object Configurable with type,
Lidars —* 5 : g > 5 T . e
Pre-processing segmentation Classification Tracking Sensor Fusion distance &
velocity
Radar Radar Object
Radars > R
Process Tracking

S3D Vellons
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Apollo ML Models

Traffic_Light_ :
Recognition Traj ectory
2 = Prediction
bounding Hotzoo Bighs - light
S . Traffic_Light_ boxes Traffic Light | traffic light result mesgsege g
Detection Postp! . ] z
Vertical_Light B Vehicle_Cruise_Cutin
Traffic Light Scenarios Manager ‘ Vehicle Cauise Go

Lane_Detection

Quadrate_Light

Vehicle_Junction_Map

Denseline polynomial curve

and lane type Lane Postp final lane result / : \
.

c Image
—>| Preprocess

‘ Vehicle_Junction_MLP

DarkSCNN L ]
Camera = Lane Line
amera . .
obstacle information Camera & calibration ‘ Vebicle Bane: Scoarming
\——————> Camera_Obstacle_D T Postprocess -
L F precept obstacle ‘ Vehicle MLP
message
LiDAR_Obstacle_Detection .
— Bicycle Vehicle_ RNN
— LiDAR_Velodyne_16 obstacle _ final object . 2 3
- Point Clouds information LiDAR Fusion result )
- Preprocess Postprocess Vehicle_Lane_Aggregate
. LiDAR_Velodyne_64 I
e—= Ko oo o Pedestrian
. Pedestrian_LSTM
LiDAR LiDAR_Velodyne 128 [ TN ‘ edestrian_|
o
owror WW—©&r
Radar Vehicle(truck or car)
Detection
Result

Source: Zi Peng, Jinqiu 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

. - = Volume Production V2X
Cloud Service Platform HD Map Simulation Data Platform Security OTA Duer0s Service Components Roadside Service
Map Engine Localization Perception Planning Control End-to-End HMI
Open Software Apollo Cyber RT Framework V2X Adapter
Platform
RTOS
Hardware Development Computing GPS/IMU Camera LDAR S Ultrasonic HMI Black Apollo ~ Apollo V2X OBU
Platform Unit Sensor Device Box Sensor Unit Extension Unit
Open Vehicle Certified Apollo Compatible Drive-by-wire Vehicle Open Vehicle Interface Standard

Certificate Platform

Major Updates in Apollo 3.5

Source: https://github.com/ApolloAuto/
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Elon Musk & 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

I Twitter Architecture 2022

GraphQL

Elon Musk &
@elonmusk rediction Service
. . . .Web sel o service
Just leaving Twitter HQ code review Fars | Home Scorer

iPhone Federated 5 —
¥ Timeline Mixer Timeline X
web Strato Column T S Feature Hydration

« inject ads, who-to-follow, Bf=t=Tel ¥ v 4
content hydration, - conversation module Manhaan X Mecache

visibility - cursoring | pagination

Twitter fitering + tweat deduplication Candidate Sources

Fr(?;‘g;?d e T « served data logging N ;a(:E:r
CUCEEREA (being deprecated) ¥
r [l Fetch Feature
ED &3

Candidate
Fetch

" line . -
Home mixer CrMixer . .
Read Path > - Service Prediction Service

EarlyBird
< ¥ \ 2
Manhattan Social graph Tweety Pie

Next-gen System ------

4:28 AM - Nov 19, 2022

36.9K Retweets  16.1K Quote Tweets 464K Likes
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Learning Goals

S3D

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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