CSCB58:
Computer Organization

Prof. Gennadyekhimenko
University of Toronto
Fall 2020

The content of this lecture is adapted from the lectures of
Larry Zheng and Steve Engels



CSCB58 Week 1



Who are We?

Instructor:

Assistant Profess@geennady Pekhimenko
Office: BA5232 and 1C454 (normally ;))
pekhimenko@cs.toronto.edu
http://www.cs.toronto.edu/~pekhimenko/



mailto:pekhimenko@cs.toronto.edu
https://www.cs.toronto.edu/~pekhimenko/

Who are We?

TAS:

ABojianZheng, PhD student (bojian.zheng@mail.utoronto.ca)
AQiongsiWu, MSc. Student (giongsi.wu@mail.utoronto.ca)
AAnandJayarajanPhD student (anandj@cs.toronto.edu)
AMustafa Quraish, PhD student (mustafa@cs.toronto.edu)



How to Connect?

A Lectures:

https://vectorinstitute.zoom.us/|/935374 7287 {password: 597255)
A PRA (Mon):

https://utoronto.zoom.us/|/9400970438gpassword: 708254)
A PRA (Tue):

https://utoronto.zoom.us/j/95205933574password: 045630)
A PRA (Thu):

https://utoronto.zoom.us/j/94993998484password: 713436)



https://vectorinstitute.zoom.us/j/93537472871
https://utoronto.zoom.us/j/94009704386
https://utoronto.zoom.us/j/95205933572
https://utoronto.zoom.us/j/94993998484
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AWhy CSCB58
AWhatis in CSCB58
AHowto do well in CSCB58

AStart learning



Why take CSCB58?
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Learning the Magic

Si Hardware Compiler

CSCB58
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| doubleclick on it?

AHow does the CPU run asstitement, or for loop, or recursion?

CSCB58 has all the answers!
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After learning CSCBZ%38
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built, and you can build one if you want.

AWith your hardware knowledge, you will be able to
engineer the performance of your software like never
before.

People who are really serious about software should
make their own hardware.
-- Alan Kay
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The architecture of a computérardware,
level by level, bottorrup

Assembly Language

Processors

Arithmetic Finite State

compute stuff Logic Units  Machines remember stuff

Devices Flipflops

Circuits
Gates

Transistors




We learn the whole real deal
AComputing from the ground up:

AFrom atom level to assembly level

AAbove the assembly level is the Operating
System, whiclvirtualizesthe hardware

AAImost everything you learn from CS courses
arevirtualizations/illusions, except forCSCB58
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We learn how to handlabstractions

AAt each level, we see how the previous layeafistracted

Aln the end, we want to know how the underlying hardware
I ++S0Oua dza |a LINEINJ YYSNA X a:



Howto do well In CSCB58
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Be Interested



Course website

https://csch58120.ml/

All course materials are here
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https://cscb58f20.ml/

Marking scheme

Grades will be based on lab exercises, classroom quizzes, assignment, and the final exam.

Type Description Due Date Weight
Lab 10 weeks weekly 50% (5% each)
Quiz Appx. 10 weeks weekly 10% (appx. 1% each)
Assignment Assembly project TBA 15%
Final exam  Take-home; Must get at least 40% TBA 25%
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Labs (starting from Week 2)

A Handson exercises in which you will build real pieces of
hardware.

A Prelabs and idabs are all donéendividually.

A ONLY go to the lab section that you are registered to on
ACORN. If you want to switch lab section, find someone who |
willing to switch and get permission from Gennadly.



Prelab Reports

A For most of the labs, you will be required to submit a prelab report (a
PDF file) taMlarkUsbefore the labs start

A Must be completedndividually
A Submission deadline is typically before the lab you are taken

A To get the mark for the prelab report
A do your work and submit something meaningful
A R2yQl LI I 3IAFNRIT S

A not submitting anything would be much better than plagiarizing
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Lab software

AWe will use Logisim (latest version). NOTE: please, use the version th
will be provided/referenced by TAs

AThe reference of the software will be (has been) posted on the course
website

ATask for this week: download the software, read the reference, and
familiarize yourself with it



Weekly Quizzes

AWe will use Quercus for online quizzes

AStarting in Week 2 (includingonday PRA

AUseful practices for tests and exams

AQuizzes will bevery Friday irclass(first 15 minute9



New: Assembly Programming Project

Pal
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prior years

AThe project will be due on the last day of class

AYou will be asked to write assembly code to build a game
AMemory (storing game state)
A Syscall§to access input/output)

AX



Tests

ANoO midterm

AFinal exam
ASome time end of semester
AWill be takehome
AMust get >= 40%
ADetails will come later



Discussion board on Plazza

https://plazza.com/class/kemxsy9by /70707

A All course announcements will be
posted here.
A Dallyreading Is required.
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https://piazza.com/class/kemxsy9by7o707

Office hours

Fridays, 12pm (please, give heads up/email if you are
coming)
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Student Feedback

AGive us frequent (e.g., every week) feedbacks on how things are
going. It is very useful for improving your learning experience in a
timely manner, especially in a current situation

AAnonymous feedback form:
Alink on the course website

AOr even better, just send me an email



Textbook: DDCA

Digital Design and Computer
Architecture, 2nd edition,
2012by David Harris, Sarah
Harris (2! edition also fine)

Avallable online atJof

library (LInK

Digital Design and
Computer Architecture

SECOND EDITION
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David Money Harris & Sarah L. Harris
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https://search.library.utoronto.ca/details?7892826

A typical week of CSCB58

AWednesday/Friday: go the lectures
ABefore your lab: submit prelab report
AMonday/Tuesday/Thursday: labs

At KdZNA Rl @8 K CNARI & Y2N¥YAy3aY ySEG ¢
working on the prelab.

ASaturday/Sunday: keep studying ;)



It will be a lot of work,
and a lot of fun!
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Let the learning begin




Basic Logic Gates
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Logic from math course

ACreate an expression that is trifethe variablesA
andB are true, orCandD are true.

G=(A&B)|(C&D)

38



G=(A&B)|(C&D)
s— D Acs Y

AND Gate OR Gate

A
B

C
D

You just designed your first circuit in CSCB58!
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Gates = Boolean logic

Alf we know the logical expression, we already know how to put logic gate
together to form a circuit

AJust need to know which logic operations are represented by which gate



AND Gates
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OR Gates
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NOT Gates
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XOR Gates
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Bill Gates
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NAND Gates
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NOR Gates
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Buffer

A4>—Y

This iIs not as silly as you might
UKAY]l V26 a St 0SS 4GS
1 1
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A
B

AND Gate
—»— 0

This is just a symbol...

Wh

How does it work, physically?

Power: high _i i
voltage (5V)

at does it really look like, inside?

What are these?

Ry resso

- Ground: low voltage (0V)
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Switches R

When and only wheboth A are B are
switchedON, Y hasighvoltage.
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A Gates B

R

A Gate is like a switch, but controlled by the voltage of
the input signal, instead of by a finger.

A Gate A is switche®Nwhen signal A is dfigh voltage.

A When and only wheboth A and B havaighvoltage, Y
hashighvoltage.

A High voltage id (True),low voltage i© (False).

A Y is Trueff both A and B are True (Y = A & B).
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Thinking in hardware

AAlthough CSCB58 has elements that are
similar to other courses, It Is very
different in significant ways

AUnlike other software course€SCB58
not about creating programs and
algorithms, but rather devices and
machines

AVery important concept to grasp early in
this course!

AFor instance: We need to understand what
certain terms mean in the context of
hardware.
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Gate Is switched ON

when signal A is of
KAIK @2f 0]

S
@ Why?

How?

What does the inside of a gate look like?

Answer: There argansistors



Transistors



One of the greatest inventions of the 20century

A Invented by William Shockley, John
Bardeen and Wallter Brattain in 1947,
replacing previous vacuuwube
technology.

Nobel Prize for Physics in 1956.

Building block for the hardware of all
your computers and electronic devices
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What do transistors do?

ATransistors connect Point A to Point B, based on the value at Point C.

Alf the value at Point C is high, A and B are connected.
c=1

J— ‘ A —o0—0— B

A B

AANd if the value at Point C is low, A and B are not.

C=0
‘ A —0 o— B
A—l L_B
AbSSR G2 1y2¢ | tAGGES | 02 dzi
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BRACE YOURSELVES

y' ‘ ‘ £
PHYSICS AND GHEMISTRY ARE GOMING
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Outline of the story

A Electricity, basic concepts
ALyadzZ I 2NARSZ 02y RKdrmdortietors A Y
A Impure semiconductorg-type / n-type

A Put ptype and ntype together-- pn-junction

A Apply voltage to @n-junction ¢ principle of transistors

A A realworld manufacturing of transistor MOSFET






