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CSCB58 Week 1
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Who are We?

Instructor: 

Assistant Professor Gennady Pekhimenko

Office: BA5232 and IC454 (normally ;))

pekhimenko@cs.toronto.edu 

http://www.cs.toronto.edu/~pekhimenko/
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Who are We?

TAs:

ÅBojianZheng, PhD student (bojian.zheng@mail.utoronto.ca)

ÅQiongsiWu, MSc. Student (qiongsi.wu@mail.utoronto.ca)

ÅAnand Jayarajan, PhD student (anandj@cs.toronto.edu)

ÅMustafa Quraish, PhD student (mustafa@cs.toronto.edu)
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How to Connect?

Å Lectures:

https://vectorinstitute.zoom.us/j/93537472871 (password: 597255)

Å PRA (Mon):

https://utoronto.zoom.us/j/94009704386 (password: 708254)

Å PRA (Tue):

https://utoronto.zoom.us/j/95205933572 (password: 045630)

Å PRA (Thu):

https://utoronto.zoom.us/j/94993998484(password: 713436)
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¢ƻŘŀȅΩǎ ƻǳǘƭƛƴŜ

ÅWhy CSCB58

ÅWhat is in CSCB58

ÅHow to do well in CSCB58

ÅStart learning
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Why takeCSCB58?
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ά²Ƙȅ ŀǊŜ ȅƻǳ ƳŀƪƛƴƎ ƳŜ ǘŀƪŜ ǘƘƛǎΚέ

Å/{/.ру ƛǎƴΩǘ ƴŜŜŘŜŘ ƛŦ ȅƻǳΩǊŜ Ƨǳǎǘ ŀ Ŏŀǳǎŀƭ ǘŜŎƘƴƻƭƻƎȅ ǳǎŜǊ
You can still drive a car, even 

ƛŦ ȅƻǳ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ 

the engine works



ά²Ƙȅ ŀǊŜ ȅƻǳ ƳŀƪƛƴƎ ƳŜ ǘŀƪŜ ǘƘƛǎΚέ

Å/ƻƳǇǳǘŜǊ ǎŎƛŜƴŎŜ ƳŀƧƻǊǎ ŀǊŜƴΩǘ Ŏŀǎǳŀƭ ǘŜŎƘƴƻƭƻƎȅ ǳǎŜǊǎ
!ǘ ǘƘŜ ǾŜǊȅ ƭŜŀǎǘΣ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƪƴƻǿ 

how the programs you write are affected 

by hardware



Learning the Magic
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magic magic

CSCB58 CSCC69

magic

CSD70

OS CompilerHardwareSi



aƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅΧ
ÅIƻǿ Řƻ ǿŜ ŜȄǇǊŜǎǎ мΩǎ ŀƴŘ лΩǎ ǳǎƛƴƎ ŀ ǇƛŜŎŜ ƻŦ ǎƛƭƛŎƻƴΚ

ÅIƻǿ ŘƻŜǎ ǘƘŜ ŎƻƳǇǳǘŜǊ Řƻ ŜǾŜǊȅǘƘƛƴƎ ǿƛǘƘ Ƨǳǎǘ мΩǎ ŀƴŘ лΩǎΚ 

Å²Ƙŀǘ ƛǎ ǎǘƻǊŜŘ ƛƴ ǘƘŀǘ άfortnite.exeέ ŦƛƭŜΣ ǿƘŀǘ ŜȄŀŎǘƭȅ ƘŀǇǇŜƴǎ ǿƘŜƴ 
I double-click on it?

ÅHow does the CPU run an if-statement, or for loop, or recursion?
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CSCB58 has all the answers!



After learning CSCB58Χ

Å̧ ƻǳΩƭƭ ƪƴƻǿ ŜǾŜǊȅǘƘƛƴƎ ŀōƻǳǘ Ƙƻǿ ŀ ŎƻƳǇǳǘŜǊ ƛǎ ǇƘȅǎƛŎŀƭƭȅ 
built, and you can build one if you want.

ÅWith your hardware knowledge, you will be able to 
engineer the performance of your software like never 
before.
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People who are really serious about software should 
make their own hardware.

-- Alan Kay



²ƘŀǘΩǎin CSCB58?
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The architecture of a computer hardware, 
level by level, bottom-up
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Assembly Language

Processors

Finite State 
Machines

Arithmetic 
Logic Units

Devices Flip-flops

Circuits

Gates

Transistors

compute stuff
remember stuff



We learn the whole real deal

ÅComputing from the ground up: 
ÅFrom atom level to assembly level

ÅAbove the assembly level is the Operating 
System, which virtualizesthe hardware

ÅAlmost everything you learn from CS courses 
arevirtualizations/illusions, except for CSCB58
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We learn how to handle abstractions

ÅAt each level, we see how the previous layer is abstracted

ÅIn the end, we want to know how the underlying hardware 
ŀŦŦŜŎǘǎ ǳǎ ŀǎ ǇǊƻƎǊŀƳƳŜǊǎ Χ ǎƻ ǿŜ Ŏŀƴ ƛƎƴƻǊŜ ǘƘŜ ŘŜǘŀƛƭΦ
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How to do well in CSCB58
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CƛǊǎǘ ƻŦ ŀƭƭ Χ
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Be interested



Course website
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https://cscb58f20.ml/

All course materials are here

https://cscb58f20.ml/


Marking scheme
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Labs (starting from Week 2)
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ÁHands-on exercises in which you will build real pieces of 
hardware.

ÁPre-labs and in-labs are all done individually.

ÁONLY go to the lab section that you are registered to on 
ACORN. If you want to switch lab section, find someone who is 
willing to switch and get permission from Gennady.



Prelab Reports

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

Å Must be completed individually

Å Submission deadline is typically before the lab you are taken

Å To get the mark for the prelab report

Å do your work and submit something meaningful

Å ŘƻƴΩǘ ǇƭŀƎƛŀǊƛȊŜ

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

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

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

ÅTask for this week: download the software, read the reference, and 
familiarize yourself with it
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Weekly Quizzes

ÅWe will use Quercus for online quizzes

ÅStarting in Week 2 (including Monday PRA)

ÅUseful practices for tests and exams

ÅQuizzes will be every Friday in-class (first 15 minutes)
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New: Assembly Programming Project

Å¢Ƙƛǎ ȅŜŀǊΣ ǿŜΩƭƭ ŀǎƪ ȅƻǳ ǘƻ ǿǊƛǘŜ ŀ ƭŀǊƎŜǊ ǇǊƻƧŜŎǘ ƛƴ ŀǎǎŜƳōƭȅ ǘƘŀƴ ƛƴ 
prior years

ÅThe project will be due on the last day of class

ÅYou will be asked to write assembly code to build a game
ÅMemory (storing game state)

ÅSyscalls(to access input/output)

ÅΧ



Tests
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ÁNo midterm

ÁFinal exam
ÁSome time end of semester
ÁWill be take-home
ÁMust get >= 40%
ÁDetails will come later



Discussion board on Piazza
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https://piazza.com/class/kemxsy9by7o707

ÁAll course announcements will be 
posted here.

ÁDailyreading is required.

https://piazza.com/class/kemxsy9by7o707


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



Student Feedback

ÅGive 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

ÅAnonymous feedback form:
Ålink on the course website

ÅOr even better, just send me an email

2-30



Textbook: DDCA
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Digital Design and Computer 
Architecture, 2nd edition, 
2012by David Harris, Sarah 
Harris (1st edition also fine)

Available online at UofT
library (Link)

https://search.library.utoronto.ca/details?7892826


A typical week of CSCB58

ÅWednesday/Friday: go the lectures

ÅBefore your lab: submit prelab report

ÅMonday/Tuesday/Thursday: labs

Å¢ƘǳǊǎŘŀȅκCǊƛŘŀȅ ƳƻǊƴƛƴƎΥ ƴŜȄǘ ǿŜŜƪΩǎ ƭŀō ƘŀƴŘƻǳǘ ǊŜƭŜŀǎŜŘΣ ǎǘŀǊǘ 
working on the prelab.

ÅSaturday/Sunday: keep studying ;)
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It will be a lot of work, 
and a lot of fun!
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Let the learning begin
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Basic Logic Gates
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¸ƻǳ ŀƭǊŜŀŘȅ ƪƴƻǿ ǎƻƳŜǘƘƛƴƎΧ
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Logic from math course
ÅCreate an expression that is true iff the variables A

and B are true, or Cand Dare true.
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G = (A & B) | (C & D)



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

A

B
A&B

AND Gate

A

B
A|B

OR Gate

A

B

C

D

G

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

ÅIf we know the logical expression, we already know how to put logic gates 
together to form a circuit

ÅJust need to know which logic operations are represented by which gate!
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[ŜǘΩǎ ƳŜŜǘ ŀƭƭ ǘƘŜ ƎŀǘŜǎ



A B Y

0 0 0

0 1 0

1 0 0

1 1 1

A

B
Y

AND Gates
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Truth table



A B Y

0 0 0

0 1 1

1 0 1

1 1 1

OR Gates
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A

B
Y



A Y

0 1

1 0

NOT Gates
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A Y



A B Y

0 0 0

0 1 1

1 0 1

1 1 0

XOR Gates
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A

B
Y



Bill Gates
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A B Y

0 0 1

0 1 1

1 0 1

1 1 0

A

B
Y

NAND Gates
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A B Y

0 0 1

0 1 0

1 0 0

1 1 0

A

B
Y

NOR Gates
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A Y

0 0

1 1

A Y

Buffer
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This is not as silly as you might 
ǘƘƛƴƪ ƴƻǿΣ ŀǎ ǿŜΩƭƭ ǎŜŜ ƭŀǘŜǊΧ



A

B
Y

AND Gate

This is just a symbol...
What does it really look like, inside?
How does it work, physically?

Y

+
-

BA

R

Ground: low voltage (0V)

Power: high 
voltage (5V)

Resistor

What are these?
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Y

+
-

R

BA

Switches

When and only when both A are B are 
switched ON, Y has highvoltage.
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Y

+
-

R

BA Gates

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

Å Gate A is switched ONwhen signal A is of highvoltage.
Å When and only when both A and B have highvoltage, Y 

has highvoltage.
Å High voltage is 1 (True), low voltage is 0 (False).

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

ÅAlthough CSCB58 has elements that are 
similar to other courses, it is very 
different in significant ways

ÅUnlike other software courses, CSCB58 is 
not about creating programs and 
algorithms, but rather devices and 
machines
ÅVery important concept to grasp early in 

this course!
ÅFor instance: We need to understand what 

certain terms mean in the context of 
hardware.



Example: Ctrl-Alt-Delete

RESTART

+
-

Del

Ctrl

Ctrl Alt Del RESTART

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 0

1 0 0 0

1 0 1 0

1 1 0 0

1 1 1 1

Alt



A Gate is switched ON 
when signal A is of 
ƘƛƎƘ ǾƻƭǘŀƎŜ Χ

Why? 

How? 

What does the inside of a gate look like? 

Answer: There are transistors
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Transistors
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One of the greatest inventions of the 20th century

ÁInvented by William Shockley, John 
Bardeen and Walter Brattain in 1947, 
replacing previous vacuum-tube 
technology.

ĞNobel 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?
ÅTransistors connect Point A to Point B, based on the value at Point C.
ÅIf the value at Point C is high, A and B are connected.

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

ÅbŜŜŘ ǘƻ ƪƴƻǿ ŀ ƭƛǘǘƭŜ ŀōƻǳǘ ŜƭŜŎǘǊƛŎƛǘȅ ƴƻǿΧΦ
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A B

C = 1

A B

C = 0

A B

A B
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Outline of the story

59

ÅElectricity, basic concepts

ÅLƴǎǳƭŀǘƻǊǎΣ ŎƻƴŘǳŎǘƻǊǎΣ ƛƴ ōŜǘǿŜŜƴ ΧΣ Semiconductors

Å Impure semiconductors, p-type / n-type

ÅPut p-type and n-type together -- pn-junction

ÅApply voltage to a pn-junction ςprinciple of transistors

ÅA real-world manufacturing of transistor -- MOSFET




