First Day of CS203:
Advanced Computer Architecture

Hung-Wel Tseng



CS203: Let's say something!

What's your favorite
topic in computer
science?

What's your
hame?

Why're you
taking CS203



GO gle How Often Do People Lie Q

QQ Al [E News [L] Images [»] Videos O Shopping i More Seftings  Tools

NEW YORK TIMES BESTSELLER About 267,000,000 results (0.54 seconds)

EVERYBODY

The study, published in the journal's June issue, found that 60 percent of people lied

at least once during a 10-minute conversation and told an average of two to three
L I E S lies. "People tell a considerable number of lies in everyday conversation. Jun 10, 2002
UMass researcher finds most people lie in everyday ...
BIG DATA. NEW DATA. https.//www.eurekalert.org » pub_releases » uoma-urf061002
AND WHAT THE INTERNET —
CAN TELL US 2 pOllthS 45 Congress SCOTUS Facts First 2020 2019 Elections LIVE TV Edition v Q E
WE REAL

g Donald Trump lies more often than you wash
% ¥\ ¥ your hands every day

SETH STEPHENS g

Analysis by Chris Cillizza, CNN Editor-at-large
|
Updated 4:56 PM ET, Mon June 10, 2019

FOREWORD BY ST{




CS203: Let's say something!

What's your favorite
topic in computer
science?

What's your
hame?

Why're you
taking CS203



CS203: Let's say something!

What's your
hame?

Whag
tog

Google

hot topics in computer science

) Al (=) News [Z) Images  Shopping [& Mans  : More

About 68,400,C00 results [0.5€ seconcs)

According %o topuniversities.com

Artificial Robotics 3ig Cata Bioinform..  Computer
intelligenca Analytics securty

Check out these five trends storming the tech industry!

« Artficlal intellgence and roboties. ...
« Big data anelytics. ...

« Computer-assisted education. ...

« Bioinformatics. ...

« Cybersccurity. ...

« 4 Comments.

Apr 29, 2019

5 Trends in Computer Science Research | Top Jniversities

v Q

Settings  Tools

https.//wwi.topuniversities.com/.../computer-science...,/ S-rencs-computer-scierce-resear...




e

The return of backpropagation

* Between 2005 and 2009 researchers (in Canada!) made
several technical advances that enabled
backpropagation to work better in feed-forward nets.

— Unsupervised pre-training; random dropout of units;
rectified linear units.

— The technical details of these advances are very
important to the researchers but they are not the main
message.

— The main message is that backpropagation now
works amazingly well if you have two things:

a lot of labeled data
* a lot of convenient compute power (e.g. GPUs)
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Computer Architecture

John L. Hennessy | David A. Patterson

COMPUTER
ARCHITECTURE

A Quantitative Approach

Enables

Deep Learning




Computer architecture also enables ...
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What's computer architecture?

/ HAMES BROWSE THESALIRLS WIIED OF THE DAY
A\ F )
- T B ™ ‘)‘) > g -
SINCE 1828 architecture
DICTIONARY TH=SAURIIS

architecture uwoun

ar-chitecture | \ ar-ko-

verinition ot it 1 NE MANNEr in wWhich the components

1 :the art or science ol

=aarveeto OF @ cOMpUter or computer system are

habitable ones

"7 e archtecn organized and integrated

b :aunifying or coherent form or structure
/7 a novel that lacks architecture

3 :architectural product or work
f/ buildings that comprise the architecture of the square

4 :amethod or style of building
/! Gothic architecture

5 :the manner in which the components of ¢ computer or computer system are
organized and intagrated
/1 different program arcnitectures
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What're those "components”?
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MacBook Pro 13"
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Nintendo Switch
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Tesla Model 3
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Processors and memory modules are everywhere!
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Why are “Processor” & "Memory"”
everywhere?




von Neumman Architecture
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By Ioadmg different programs mto memory,
your computer can perform different functions
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How my “C code” becomes a “program”

Objects, Libraries
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Instructions

How my “Java code"” becomes a “program”
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Instructions

How my “Python code"” becomes a “program”
Libraries
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Challenges of
von Neumann Architecture



Present and future

By integrated electronics, I mean
technologies which are referred tol
tronics today as well as any additi
result in electronics functions suppli

iICs are increasingly g

to miniaturize electronics cquipment
ereasingly complex electronic functi
space with minimum weight. Sever
evolved, including microassembly |
individual components, thin-film

semiconductor integrated circuits.
T —

Two-mil squares

With the dimensional tolerances already being
employed in integrated circuits, isolated high-per
formance transistors can be built on centers twi

thousandths of an inch apart. Such a two-mil squarg
can also contain covoral kilohme of vogistance ol

ICs are small™™™

(1) Mo

Moore's Law"

The establishment
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lncreasmg the yield

There is no fundamental obstacle to achieving
device yields of 100%. At present, packaging costs
so far exceed the cost of the semiconductor struc-
ture itself that there is no incentive to improve
yields, but they can be raised as high as is eco-
nomically justiied. No barrier exists comparable
to the thermodynamic equilibrium considerations
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ICs are easy to manufacture
and they're getting smaller and

smaller!
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Linear circuitry

Integration will not change linear systcms as

.uluall) as digital systems. Still, a considerable
Re|l3bl|lty coun devrce of intewration will be achieved with linear

m amost «1Cs are widely applicable
demonstrated h. Y e A Rrrger ok (ot
level of pu)(hlctlcm—lcm mmpdwd to that of dis-
erete components—it oflers reduced systems cost,
and in many svstems improved performance has
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ilure as the Heat problem

Will it be possible to remove the heat generated
DtabIISh by tens of thousands of components in a single
silicon chip!
M ————Heat is a solvable issue
oore’s ,
. Day of reckoning
impc

hlell-orlc

Clearly, we will be able to build such component-
crammed cquipment. Next, we ask under what
circumstances we should do it. The total cost of
making a particular system function must be mini-
mized. To do so, we could amortize the engineer-
ing over several identical items, or cvolve Hexible
techniques for the engineering of large functions
so that no disproportionate expense nced be bore
by a particular array. Perhaps newly devised de-

Designing ICs can be easy

ymponents onto integrated circuits’, Electronics 38 (8) .



Transistor Count

Moore's Law"

- The number of transistors we can build in a fixed area of silicon doubles

every 12 ~ 24 months.
We still have no trouble putting more transistors in a chip even for now! .
= | |
10,000,000,000 it ‘
1,000,000,000 v i e
+t e PP F 4t
100,000,000 e T+ N
+
10,000,000 R T : .
e ™ 4 Moore's Law Is the most
1,000,000 Py ‘: + ] . . .
-
100,000 foe ™ ¥ ) +Important driver for hls.torlc
10,000 + % L CPU performance gains
1,000 *
100
10

1

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

(1) Moore, G. E. (1965), 'Cramming more components onto integrated circuits’, Electronics 38 (8) .

27 Plot based on https://en.wikipedia.org/wiki/Transistor_count by Hung-Wei Tseng



https://en.wikipedia.org/wiki/Transistor_count

Moore's Law still alive, but not that
useful. Because...



CPU Architecture Today

Heat becoming un unmanageable problem

Sun's Surface
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1 I
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https://www.cadalyst.com/files/cadalyst/nodes/2008/6351/i1.jpg

Fiaure 1. In CPlL) architecture todav heat i1s becomina an unmanaaeable problem
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Dynamic/Active Power

- The power consumption due to the switching of transistor
states

- Dynamic power per transistor

denamic ~aXxC X N
- o average switches per cycle
- C: capacitance

V. voltage
f. frequency, usually linear with V

- N:the number of transistors

30



Performance (vs. VAX-11/780)

CPU is important but...

Intzl Cere 17 4 cores 4.2 GHz ﬁms& 0 45 GHzZ)
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Multicore processors

Intel P4

AMD Athlon 64 X2 Intel Nahalem
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Dennardian Broken

- Given a scaling factor S

Parameter Relation Classical Scaling
Power Budget 1
Chip Size 1
Vdd (Supply Voltage) 1/S
Vt (Threshold Voltage) 1/S 1/S
tex (oxide thickness) 1/S
W, L (transistor 1/S
Cgate (éate cz;lpac‘itance) WL /tox 1/S
Isat (saturation current) WVdd/tox 1/S
F (device frequency) Isat/(CgateVdd) S
D (Device/Area) 1/(WL) S2
p (device power) |satVdd 1/S2
P (chip power) Dp 1

U (utilization) 1/P 1
34

Leakage Limited

1/S
1/S
1/S
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Static/Leakage Power

- The power consumption due to leakage — transistors do not
turn all the way off during no operation

- Becomes the dominant factor in the most advanced process

technologies.
] Leakag.e power
Pleakage ~ NXVX e_Vf 455 . I Dynarhic powves
- N: number of transistors 500
- V. voltage Za00
- Vi threshold voltage where
transistor conducts (begins to switch) :

QOhm 65nm 40hm 28nm 20nm

Figure 1: Leakage power becomes a growing problem as demands for more performance
and functionality drive chipmakers to nanometer-scale process nodes (Source: IBS).
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Power consumption to light on all transistors

Chip
1 1 T

1 1 1

1 1 1

=49W

Dennardian Scaling
Chip
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f0s Anacles Times s

n CALIFCRNIA
& State of emergency declared as California taces historic heat,

possible power outages Dennardian Broken
Chip

CORONAVIRUS AND PANDEMIC >

Their company got a PPP |can. So why are th
shll unemployec?

L.A. teachers union opposes 0oening camgus
for students with disczbilities, English learners
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A Santamhar B TR e PN L PN
AS of Sepiimber o 138 L Facit c

With peotentially historic temperatures set to sear California through Labor Day

weekend. Gov. Gavin Newsom issued an emergency nroclamation aimed at shoring



Heterogeneous Computer Architecture
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Performance gap between Processor/Memory
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Heterogeneous Computer Architecture
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MAKE ARCHITE_CTURE .y
G'REATAGAm

Unite for a Better Architecture



Why should | care about
“"Computer Architecture”



What do you care when you're writing a program?

ED SHEERAN Computer Architecture

&
JUSTIN BIFBER
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Demo (1)

if(option)
std::sort(data, data + arraySize); O(nZngn)

for (unsigned ¢ = 0; c < arraySize*x1000; ++c) {
1f (datalc%arraySize] >= INT_MAX/2)

sum ++;
} O(n)
if optionis setto1: O(nlog,n)

otherwise, O(n): O(n)
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Demo (2) — merge sort v.s. bitonic sort

Merge Sort
O(nlog,n)

45

Bitonic Sort
O(nlogsn)

volid BitonicSort() {

int 1,3,k;

for (k=2; k<=N; k=2xk) {
for (j=k>>1; j>0: j=j>>1) {
for (1=0; i<N; i++) {
int ij=1i%j;
if ((1ij)>1) {

if ((i&k)==0 && al[il] > alijl])
exchange(i,ij);

1f ((1&k)!'=0 && ali] < alijl)
exchange(i,ij);

¥
¥
¥
¥
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Thinking about the washlet
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What's going to be in the class?



Heterogeneous Computer Architecture

Performance

e Performance
measurement
e What affects
performance
e Amdahl’'s Law
e Metrics

Memory
e Memory
hierarchy
e Hardware

optimizations
o Software
optimizations

Processor
e Pipelining

e 000 Execution

e Branch
predictions

e Software
optimizations

Parallelism

e Parallel
hardware

e Thread-level

e Data-level

e Accelerators

e Software
optimizations




Tentative Schedule (on

10/05/2020 |I Cramming More Components Onto Integrated Circuits, G.E. Moore, Proceedings of the IEEE 86(1):82-85, Jan 1998
10/07/2020

Performance

10/14/2020
10/19/2020

Memor
y

11/02/2020

P

11/18/2020

11/23/2020

11/25/2020

’
Parallelism

12/07/2020

12/09/2020



http://wwwjilp.org/vol9

Learning eXperience



Most lectures today ...

| il JPMORGAN . . P s > g e
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]
. Follow Erin on Twitter: @Ern
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Peer instruction

- Before the lecture — You need to complete the required reading

- During the lecture — I'll bring in activities to ENGAGE you in exploring
your understanding of the material

- Popup gquestions

- Individual thinking — use polls in Zoom to express your opinion

- Group discussion
- Breakout rooms based on your residential colleges!
- Use polls in Zoom to express your group'’s opinion

- Whole-classroom discussion — we would like to hear from you

Read Think
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Your tasks

- Login/discussion in iLearn and piazza.

- Read the text before class!

- Computer Architecture: A Quantitative Approach (6th Edition)
by John Hennessy and David Patterson — previous editions are not supported

- I'm not going to cover everything in class, but you are responsible for all the assigned text.
- Papers
- Reading quizzes in iLearn (15%) — will drop the lowest

- Homework throughout the course. (15%) — will drop the lowest
- Help to practice the concepts from each topic
- Come to class — counted as an assignment

- Project (10%)
- Midterm (20%)
« Cumulative final (35%)

58


https://ilearn.ucr.edu
https://ilearn.ucr.edu

. ]
Background music: We're Not Gonna Take It/ Songwriter(s): Dee Snider/Performed by Twisted Sister



Why reading quizzes?

- We need to prepare you for peer instruction activities and discussions!
- Reading assignments from

- Computer Architecture: A Quantitative Approach (6th Edition)
by John Hennessy and David Patterson

- Papers
- Reading quizzes:
- OnilLearn

- Due before the lecture, usually once a week. Check the schedule on our webpage
- You will have two chances. We take the average
- No time limitation until the deadline

- No make up reading quizzes — we will drop probably one or two lowest at least
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https://ilearn.ucr.edu

Why attend live sessions and discuss?

- I'll bring in activities to ENGAGE you in exploring your understanding of
the material

- Let you practice

- Bring out misconceptions

- Let us LEARN from each other about difficult parts

- |It's going to be fun!
- You will be GET CREDIT for your efforts to learn in class
- By answering questions with polls within Zoom

- Answer 50% of the clicker questions in class, get full credits for a homework
assignment

- The best group — the group with the most correct answers after group
discussions, will receive a USD 5 amazon gift card for each of its members

61



Why still assignments and term project?

- Human beings’ memories are volatile and vague

- Assignments

- Let you practice again the concepts learned from the lectures
- The best way to prepare for midterm and final

- Publish on the website, submit through iLearn

- Project

- Let you get a feeling how you can apply the knowledge learned in class to “real-
life" applications/program

.+ C/C++ programming
- Individual project
- It's going to be a “contest” — the winner will have a prize
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Course resource

. Lectures:
- Live on Zoom — please check your e-mail/iLearn for the link zoom
- Live on Youtube (you can only watch): https://www.youtube.com/profusagi
- Repository on Youtube: https://www.youtube.com/profusagi You
- Schedule, slides on course webpage:
https://www.escalab.org/classes/cs203-2020fa/ Yy Yy v

- Discussion on piazza:
https://piazza.com/class/kffrohnk4dkwo6vo

- Reading quizzes, homework submissions on iLearn:
https://ilearn.ucr.edu

Blackboard
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Instructor — Prof. Usagi (a.k.a. Hung-Wei Tseng)

- Website:
https://intra.engr.ucr.edu/~htseng/

- E-maill: htseng @ ucr.edu

- PhD in Computer Science,
University of California, San Diego
- Research Interests
- Intelligent storage devices
- Non-volatile memory based systems
- Near-data processing

- Or anything could accelerate applications

- Office houir:
M 8p-9p and W 2p-3p on Zoom



https://intra.engr.ucr.edu/~htseng/

Teaching Assistant — Quan Fan

. Office hours: Fridays 1p-3pon |
oom

- E-mail: gfan005 @ ucr.edu




Grading

- You can see your grades on iLearn.

@ Academic Materials v Joumnalks
Murchasy pour gozdsyas materiny fere Create and mtoge jowrnuy dha! vaa be assigmed (0 eool user i yroup for

cncwion
Sooesy wndd Mumage XeGraw Hill products for thiv coarse derougit Elsvbom

'a:{' MeGraw-Hill Highar Education

oy
(&) Anmouncaman e
, :\ MexdinAMP
Croate and v Course Arnouneernments
. .y Mediazite Cowrse Catale
BS&N Campus Bookstore (&) " e 9
Lavnek the Modieate Calinbg for Wiy vowrsy,

. Errorsin grading .5 e
- |If you feel there has been an error in how an assignment or tést was graded, you have one week
from when the assignment is return to bring it to our attention. You MUST submit (via email to the

instructor AND the appropriate TAs) a written description of the problem. Neither | nor the TAs will
discuss regrades without receiving an email from you about it first.

- For arithmetic errors (adding up points etc.)
- you do not need to submit anything in writing, but the one week limit still applies.
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Academic Honesty

- Don't cheat.

- Cheating on a test will get you an F in the class and no option to drop, and a visit
with your college dean.

- Cheating on homework means you don't have to turn them in any more, but you
don't get points either. You will also take at least 25% penalty on the exam

grades.
- Copying solutions of the internet or a solutions manual is cheating
- They are incorrect sometimes

- Review the UCR student handbook

- When in doubt, ask.

69



Term of Service

- CS203 is an "advanced computer architecture” class for graduate students. It's not our
responsibility to recap everything that should be covered by an undergraduate computer
architecture class from a regular computer science undergraduate program.

- This class requires intensive readings in research papers and the assigned textbook.

- This class requires you to speak and discuss your opinion with your classmates as well as the
Instructor.

- This class requires programming projects that uses the C programming language. It is your
responsibility to learn how to program in C. It is also your responsibility to design the
architecture, implementation details and tests for your coding projects.

- The instructor and course staffs reserve the right to refuse to answer inappropriate questions
(e.g. directly telling if an answer is right or not).

- Itis your responsibility to track the latest schedule, information, grades and materials from our
course website, e-mails from the course staffs and the piazza forum.

- Any cheating will be treated seriously. You will get an F and we will report to the Dean’s office

z By clicking this box, you are agreeing to the Terms and Conditions of CS 203, Fall 2020.
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Annhouncements

- Login piazza, iLearn
- Check our website — where you can find the slides, the schedule, the
syllabus, the complete schedule of classes

- Reading quiz due this Wednesday before class
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