Introduction |

Overview
= Today we will discuss the course content, structure and marking scheme

= We will begin to learn about IMulticore and many-core programming

= We will also consider the relationship between computer hardware and
programming
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CSCI 4060U

Massively Parallel Programming

* |nstructor: Dr. Jeremy S. Bradbury
Office hours:
* Tuesdays 1:00pm-2:00pm (in-person),
* Fridays 10:00am-11:00am (virtual),
= otherwise by appointment

* Teaching Assistant: Andrei Stoica
Office hours:

= during labs, otherwise by appointment
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CSCI 4060U

Massively Parallel Programming

= |ectures:
* Tuesday 8:10am-9:30am
* Thursday 8:10am-9:30am

» | aboratories:
* Tuesday 9:40am-11:00am
» Wednesday 3:40pm-5:00pm

Labs start the week of Jan. 20, 2025
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CSCI 4060U

Massively Parallel Programming

* No required textbook
= We will be using online resources

= http://www.sqrlab.ca/csci4060u/resources-links/
(updated throughout the semester)
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http://www.sqrlab.ca/csci4060u/resources-links/

CSCI 4060U

Massively Parallel Programming

= Learning Outcomes:

» Understand the challenges of programming with multicore, many-core and
massively parallel computer systems

= Develop applied knowledge of multicore programming approaches,
strategies and design patterns

= Develop applied knowledge of many-core programming approaches,
strategies and design patterns

» Understand how to debug multicore and many-core source code
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CSCI 4060U

Massively Parallel Programming

= Topics:
* Introduction (1 week)
» Overview of shared memory vs. distributed memory processing
» Overview of CPU & GPU hardware
» Overview of the challenges of parallel computation

= Approaches to parallel programming — preprocessor directives,
threads, actors
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CSCI 4060U

Massively Parallel Programming

= Topics:
* OpenMP Programming (3 weeks)
* Introduction to preprocessor directives and OpenMP (in C++)
* OpenMP Memory Model

= Sharing work between threads (e.g., loop, sections and workshare
constructs)

= Controlling work-sharing constructs (e.g., shared and private clauses)

» Synchronization (e.g., atomic
construct, locks)

OpenMP
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CSCI 4060U

Massively Parallel Programming

= Topics:
* Thread Programming (3 weeks)

= Explicit vs implicit threading
* Introduction to programming with threads (C++ POSIX threads)
* Managing threads (e.g., creation)
= Mutex variables (locking, unlocking)
» Conditional variables
* Debugging

@ POSIX Threads
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CSCI 4060U

Massively Parallel Programming

= Topics:
= OpenCL Programming (1 week)

* Introduction to task and data parallelism in OpenCL

* OpenCL Programming Model

* The anatomy of an OpenCL program (kernel, host)

= Working with data in OpenCL — dividing
up your data, sending data to and
getting results from the kernel

* Debugging , ‘ ™
OpenCL
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CSCI 4060U

Massively Parallel Programming

= Topics:
= Applications of Massively Parallel Programming (1.5 week)
* Heterogeneous Computing (0.5 weeks): Looking at the future of

multicore and many-core programming and exploring how we can
leverage both the CPU and GPU together.

» Exploring the importance of massively parallel programming to Al
(1 week)
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CSCI 4060U

Massively Parallel Programming

= Marking:
Tests (3) 40%
Laboratories (8) 40%
Final Project 20%
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CSCI 4060U

Massively Parallel Programming

= TJests:
» Test #1 — Tuesday, Feb. 4, 2025 (in-class)
* Introductory content, OpenMP
» Test #2 — Thursday, Mar. 6, 2025 (in-class)
* Threads
» Test #3 — Thursday, Apr. 3, 2025 (take home)
* OpenCL, heterogeneous computing, parallel programming & Al
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CSCI 4060U

Massively Parallel Programming

= Marking:
Tests (3) 40%
Laboratories (8) 40%
Final Project 20%
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CSCI 4060U

Massively Parallel Programming

* Project:

= Concurrency Paper. Write a paper providing an overview of
concurrency in a language not covered during the lectures OR

= Concurrent Program: Create a concurrent program that
demonstrated your understanding of the concurrency concepts
discussed in class.

= Deliverables:
» Proposal — Friday, Feb. 28, 2025
* Final Submission — Monday, Apr. 14, 2025
» Presentation (pre-recorded) — Monday, Apr. 14, 2025
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More Information?

» Course website: hitp://www.sqrlab.ca/csci4060u/

e0e CSCI 4060U: Massively Parallel Programming | C Science - Ontario Tech University t
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CSCI 4060U: Massively Parallel CSQAR
Programming

Computer Science — Ontario Tech University

About Calendar Lectures Labs Project Resources & Links [cs.science.uoit.ca]

About the Course (Winter 2025)

ANNOUNCEMENTS

Labs will start the week of January
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programming with preprocessor directives (e.g., OpenMP), threads and actors.
Programming approaches for systems with many graphical processing units (GPUs)
will include programming with task and data parallelism (e.g., OpenCL, CUDA). This
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CALENDAR DESCRIPTION 20, 2025.
According to the 2024-25 Academic Calendar, the course is described as follows:
INSTRUCTOR
= CSCI 4060U: Massively Parallel Programming. An advanced undergraduate Jeremy S. Bradbury
course on programming for multicore and many-core systems. Programming :;Trﬁzmy'bmdb“'y@"ma"'
approaches for systems with multiple central processing units (CPUs) will include office hours:

Tues. 1-2pm, Fri. 10am-11am,
otherwise by appointment.

TEACHING ASSISTANT
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More Information?

= Course website: hitp://www.sgrlab.ca/csci4060u/

0@ CSCI 4060U: Massively Parallel P ing | C Science - Ontario Tech University (u]
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CSCI 4060U: Massively Parallel CSAR
Programming

Computer Science — Ontario Tech University

Contains course outline,

lectures, labs, calendar
and resource links.

Labs will start the week of January

CALENDAR DESCRIPTION

20, 2025.
According to the 2024-25 Academic Calendar, the course is described as follows:
INSTRUCTOR
= CSCI 4060U: ively Parallel Pi ing. An advanced undergraduate Jeremy S. Bradbury

course on programming for multicore and many-core systems. Programming ::‘j""f;my‘bmdbuwc'"wi'

approaches for systems with multiple central processing units (CPUs) will include office hours:

programming with preprocessor directives (e.g., OpenMP), threads and actors. Tues. 1-2pm, Fri. 10am-11am,

Programming approaches for systems with many graphical processing units (GPUs) otherwise by appointment.

will include programming with task and data parallelism (e.g., OpenCL, CUDA). This
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http://www.sqrlab.ca/csci4060u/

Contacting Your Professor/TA

= Slack: http://csci4060u-w25.slack.com/

7 slack
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http://csci4060u-w25.slack.com/

Contacting Your Professor/TA

= Slack: http://csci4060u-w25.slack.com/

= slack

Used for discussions, questions & answers
and course announcements. If you need to

contact your professor or TA — try here first!
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http://csci4060u-w25.slack.com/

What is Concurrency?

Concurrency occurs
when two or more
execution flows
(threads) are able to
run simultaneously;

- Edsger Dijkstra
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Software s Free Lunch —and why it is over

J e good news is that
processors are going to
continue to become more
powerful. The bad news is
that, at least in the short
term, the growth will come
mostly in directions that do
not take most current
applications along for their
customary free ride;

- Herb Sutter [Sut05]

The Free Lunch Is Over: A Turn Toward hittp: icati -ddj Inten.

The Free Lunch Is Over: A Fundamental Turn
Toward Concurrency in Software

Home .| Blog .| Books & Aicles | Traning & Consulting, |

Bty |

The Free Lunch Is Over: A Fundamental Turn Toward
Concurrency in Software

By Herb Sutter

The biggest sea change in software development since the 00 revolution is knocking at the door, and
its name is Concurmency.

This arficie appearsd in Dr. Dobi's Journal, 30(3), March 2005, A much Brisfer version undsr the fite
“The Concurrency Revolution- appearsd in GC++ Users Joumnal, 23(2), February 2005.

Your free lunch will scon be over. What can you do about it? What are you doing about it?
mmwmmmmmmmmmmmmm
have run out of room with meost of their Instead
of driving clock q)eedsa'idstaﬂl-in mmmmmhgu they are instead tumning sn
Mdlﬁehﬂmﬂﬂaﬁyaﬁdﬂem

chips today; in pa'hcdamnhml avalable on cument PowerPC and Sparc IV processors, and
coming in 2005 from Inted and AMD. Indeed, the big theme of the mlndevawEsur
[Forum was mulicore desices, as many companies showed new or updated mulficore processors.
Looking back, it's not much of a mmcalmm e year of multicore.

And that puts us at a fi int in softwane aleaghtheneﬂ{awyea's

and for applications i mﬂ#ﬂmmmmh d

u:aewuﬂ‘:l‘uhm o dollar of today). In this arficle, I'Idsuiaelhe

changing face of hardware, why it suddenly does matter to software. and how speciically th
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concurrency
in the future.
Arguably, the free lunch has already been over for a year or two, only we're just now noticing.

The Free Performance Lunch

'Il\em mmphemlhat‘ 's known as “Andy giveth, a\dBlllﬂellauay Mo matter how
get, softwaEre finds new ways o eat up the . Make a CPU ten

Imsasiaﬁ.a’ndsdhﬂeﬂluﬂyﬁndtminsasmlmmdu[u in some cases, will feed at
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COMmputers.

The key question is: When will it end? After all, Moore's Law growth, and clearly
exponential growth forever before we. lea:hhanlpll)snedllmsl 't getting
faster. The growth must m‘mmdmaﬂmw (Caveﬁ:Yﬁ.Mmg*l?nqml “

[Sut05] H. Sutter. The free lunch is over: A fundamental turn toward concurrency in software. Dr. Dobb's Joumal, 30(3), Mar. 2005.
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Software s Free Lunch —and why it is over
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Software s Free Lunch —and why it is over
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source: L. Zhu, Switching of Perpendicular Magnetization by Spin-Orbit Torque. Adv.
Mater. 2023, 35, 2300853. https://doi.org/10.1002/adma.202300853
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In the future applications will

need to be concurrent to

fully exploit CPU throughput
gains [Sut05]

[Sut05] H. Sutter. The free lunch is over: A fundamental turn toward concurrency in software. Dr. Dobb's
Joumal, 30(3), Mar. 2005.
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Why Is Concurrency Difficult?

‘I The many different, possibly unexpected,
® executions of the program

2 o I1he sharing of data and resources
between threads
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‘ ‘.humans are quickly

0 overwhelmed by

Oncurrency concurrency and find it

Revolution much more difficult to
G reason about concurrent
me et than sequential code. Even

careful people miss
possible interleavings.., ,

- Herb Sutter & James Larus, Microsoft [SLO5]

[SLO5] H. Sutter and J. Larus. Software and the concurrency revolution. Queue, 3(7):54-62, 2005.
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[Lee06] E.A. Lee. The problem with threads. Computer, 39(5):33- 42, May 2006.
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What is Massively Parallel?

= “Large number of computer processors”
= For example:

CPU multicore GPU manycore
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http://www.nvidia.com/docs/IO/143716/cpu-and-gpu.jpg

Case Study: Apple Chips
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Case Study: Apple Chips
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Case Study: Apple Chips

M3 family efficiency cores

Oct. ®M3 family

2023

Jun.  @M2 family 30% faster

2022 - :

Nov. @M1 family 50% faster

2020 |
Source:
https://www.apple.com/n
ewsroom/2023/10/apple-

unveils-m3-m3-pro-and-
m3-max-the-most-
advanced-chips-for-a-
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Introduction |

Summary

= \We reviewed the course outline

= We introduced concurrency and the challenges of concurrent programming
Readings

= What's the Difference Between a CPU and a GPU?

= What Makes Parallel Programming Hard?

= The Free Lunch Is Over: A Fundamental Turn Toward Concurrency in Software
= Apple unveils M1 Ultra, the world’s most powerful chip for a personal computer
= Apple unveils M3, M3 Pro, and M3 Max, the most advanced chips for a personal computer
Next time

= A parallel architecture taxonomy — data-level vs. thread-level parallelism
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