
Welcome to ES 4!
Fill out a name tent with the name you prefer to go by.

On your notecard write:

1. Your name

2. Why you're taking
this course

3. What you hope to
learn from this course
4. Something you're
nervous about

Please sit toward the front; it's a big room!



ES 4: Introduction to digital

Steven Bell

logic circuits



About me

Bachelor's in
Computer Engineering

MS/PhD in
Electrical Engineering

Two summer-long internships





Teaching staff



About you

1. Find everyone with the same color name tent

3. Pose for a picture

2. Find as many things in common as you can
Taking ES 4 doesn't count. Neither does marker color!



What will we learn in ES 4?

Circuits
(physics + ES 3/EE 20)

Programming
(CS 11)

int main(int argc, char* argv[]){

  for(int i = 0; i < 100; i++){

    printf("i: %d\n", i);

 }

  return(0);

}
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Digital design
(ES 4)



Why should you care?



Why should you care?
(one example)



CPU
<100 MHash/sec

GPU
~1 GHash/sec

FPGA
~500 MHash/sec

ASIC
~10 THash/sec

0.5 MHash/J

https://en.bitcoin.it/wiki/Mining_hardware_comparison

2 MHash/J 10,000 MHash/J20 MHash/J



Tesla Dojo NN training chip



Wearables

Network routers

Other applications

Gene matching

"Big data" analytics



Custom hardware in the datacenter

Google Tensor
Processing Unit

Microsoft Catapult
Intel FPGA cloud

Amazon EC2 F1
FPGA instances

In a power-constrained system,
performance per watt is performance.













Where are we going in this course?





Combinational logic

VHDL and FPGAs

Sequential logic

Building a computer



Device policy

Please put away laptops and cell phones except when you need them
to solve a problem or answer a poll.

Duncan et al., 2012
Digital Devices, Distraction, and Student Performance:
Does In-Class Cell Phone Use Reduce Learning?
http://casa.colorado.edu/~dduncan/wp/wp-content/uploads/AER010108.pdf

Ravizza et al., 2014
Non-academic internet use in the classroom is negatively related to classroom learning
regardless of intellectual ability
https://www.sciencedirect.com/science/article/pii/S0360131514001298



Office hours

OH are for everyone!

TA office hours will be posted on the course website soon

My office hours are in the learning guide



I want everyone to succeed in this class!

We're going to cover a lot of ground, and it will be challenging,
but you have what it takes!

If you're falling behind, change something!

Rarely does "working harder" solve the problem.

We'll evaluate your learning based on what you can do,
not on a curve against each other.



A word on stereotypes



The digital abstraction

We handle complexity with abstraction.

And we enable abstractions by making restrictions.

The first fundamental one is the "digital abstraction"



By the end of class today, you should be able to:

Add numbers in binary

Write a positive decimal number in binary and vice-versa



Decimal to binary (one of several ways)

If the number is odd, write a 1 and subtract 1 from the number
If the number is even, write a 0
Divide the number by 2 and repeat (moving one place to the left)



Binary to decimal
Just add up the place values...



Binary addition



What's the largest value you can represent with...

8 bits?
16 bits?
32 bits?
64 bits?



0000

0011

0001

0010

0100

0101

0110

0111
10001001

0

1010

1011

1100

1101

1110

1111

1
2

3

4

5

6
789

10
11

12

13

14
15

binary
integer

overflow!



1. Complete the welcome survey (link posted on Campuswire)

2. Read the book (1.5, 2.1-2.2) and complete the pre-class reading check

For next Monday

Reading check is due at 10AM the day of class, so I can review it

cp /es/4/public_html/quizzes/readingcheck_01.txt ./

provide es4 rc1 readingcheck_01.txt


