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Introduction



What is Information?

• Non-technical definitions - 
• what is conveyed or represented by a particular arrangement  of things.

• facts and ideas, which can be represented (encoded) as various forms of data

• content that can be stored, communicated, and used to understand or 
describe something.

• and many others…
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Information Science and Engineering

• What is information and how to quantify it? 

• How to represent information?

• How to efficiently store information?

• How to communicate information?



Representation and Storage



Storage Systems



Digital Storage Systems



Digital Storage

• All data (e.g., text, images, audio, and video) is stored as sequences 
of bits.
• A bit is the smallest unit of digital information and can take one of two values: 

0 or 1.

• Why digital?
• Standardized binary representation allows for modular designs

• Electronic circuits have become more digital

• Better noise correction 



Representation

How is data represented using bits?



Text represented using bits

• ASCII representation of characters
• Each character is represented using a 

sequence of 8 bits (or 1 byte)



Image represented using bits

                           

                           

                 

                       

                       

                       

                 

                           

                           

• Raw representation of image
• Image divided into pixels

• Each pixel can take values from 0 to 255 
(2^8 possible values)
• Representing intensity

• 8 bits



Raw representation takes too much space

• Consider a typical colored image (3 channels - RGB) of dimensions 
4000 x 3000 pixels
• Bits per pixel = 3 * 8 = 24 bits (3 bytes)

• Total pixels = 4000 * 3000 = 12,000,000

• Total size of image = 36,000,000 bytes (~36 MB)

• 4000 images stored on phone would be ~144 GB 



More drastic for videos

• Video
• Resolution: 1920 x 1080

• Frame Rate: 30 fps

• RGB, 8 bits per channel

• One hour of raw video: ~660 GB



How much space does JPEG take?

• Raw representation of image: ~36MB

• JPEG image on our phone: 3-4 MB

• Project 1 – Image compressor

Raw representation
(36 MB)

Compressor
12x reduction in size

JPEG
(3 MB)



Communication



Communication

• Sending information reliably over noisy channels

what is communication?



Analog vs Digital



Analog vs Digital Communication

Analog Communication
• The message to be communicated is 

one of a continuum of possibilities.
• Signal can take any value in a range 

at any given time

Digital Communication:
• The message to be communicated is 

one of a finite set of possible choices.

 



Analog vs Digital Communication

Analog Communication
• The message to be communicated is 

one of a continuum of possibilities.
• Can never fully remove the effects of 

noise.

Digital Communication:
• The message to be communicated is 

one of a finite set of possible choices.
• Can remove the effects of noise 

induced by the channel.



Converting bits to waveforms

• How to communicate bits over a physical medium?
• Cannot just send bits on an electric cable

• Or cannot send bits ‘into the air’

• Need to convert bits into a waveform



Waveforms

01001011 Modulation



Waveforms

Demodulation 01001011



Physical Medium

• We are working with a physical medium
• Comes with its own challenges and limitations

• Example: Antennas
• Specific frequency range for optimal 

performance

• Our waveform/signal should be in that frequency 
range



Multiple messages

• How can multiple messages be 
transmitted at once (e.g., multiple 
radio channels)?
• What does the 88.5 mean in 88.5 

FM?

• What are these bands? How is it 
possible that different channels 
operate in different bands?



Modulation

How do we ensure that the transmitted signal lies 
within its allocated band?



Noisy Channel

• ‘Noise’ everywhere
• Parts of our transmitted signal might be lost (bits lost)

• Or bits might get flipped

• Our computer’s hard drive suffers errors in storage

How to achieve reliable communication in these 
noisy environments?



An example



An example
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An example



Communication System

Encoder Modulator Noisy Medium Demodulator Decoder

Source
(bits)

Destination
(bits)

Project 2: Wireless Communication



A ‘bit’ of history



Digital Systems



A Mathematical Theory of Communication



Bits and Information

Introduced the term bits

A mathematical definition of information



Entropy and Compression

Definition of entropy
& 

How it acts as a lower limit for compression
(next week of classes)



Channels

Source-Channel Separation Theorem:

For point-to-point communication, you can optimally compress data (source coding) and then 
reliably transmit it over a noisy channel (channel coding) by treating these tasks separately, 
without loss of performance compared to a joint system, as long as the source's rate is below 
the channel's capacity.

Model of a noisy channel



ENGR 76



ENGR 76

• What is information?

• How is it represented using bits?

• What makes compression possible?

• How are noisy environments and channels modeled?

• How do we manage reliable communication in a noisy environment?

• What makes multiplexing possible?

• What is the frequency domain representation and why is it important?



ENGR 76

• Explore some of the most important ideas and principles that 
enabled the “information age” we live in

• Develop the skills to bridge theory and practice - the art and craft of 
turning abstract ideas into real-world solutions

• Develop curiosity to go deeper into the working of these information 
systems

• Have fun!



Projects

• Explore hands-on how the tools learnt in class can be applied to 

different problems

• Project 1: Image Compression

• Project 2: Wireless Communication

   



Project 1: Image Compression

Original image
(1.18 MB)

Encoder

0100010
1111100
0101011
0100010

01

Compressed
file

(115 KB)

Reconstructed
Image

Decoder



Project 1: Image Compression

• Compress the same information into less space (LOSSLESS)
• What is information? (Probability and Entropy)

• Compression and fundamental limits (Huffman Coding)

• Remove information human eye can’t see (LOSSY)
• Frequency representation (Discrete Cosine Transform)

• Quantization, Sampling and Reconstruction



Project 2: Wireless Communication

Encoder Decoder



Project 2: Wireless Communication

• What is communication? (Modeling noisy channels)

• Converting bits to physical signals (Modulation)

• Bandwidth, spectrum shaping and sharing (Frequency-domain)

• Adding redundancy to correct errors (Error correcting codes)



Projects

• Logistics:

• Project 0 – Python setup, tutorial, basic familiarization with images

• Project 1a-1d, 2a-2c

• Released every Friday, due next Friday 11:59pm

• Solutions uploaded on Monday (to be used for the next assignment)

• Project Help Session

• Uploaded to Canvas (video and slides)

• Guidance on how to approach each project



Mini-PSets

• Questions on concepts covered in each week’s class

• Released Thursday

• Due next Wednesday 11:59pm

• Discussion Sessions
• Problems and solutions will be uploaded to Canvas



Exam

• In-class exam on Thursday of week 8 (February 26)
• Both the theoretical concepts taught in lectures and the practical concepts 

covered in project assignments. 

• The questions corresponding to the theoretical concepts will be similar to the 
ones in mini-PSets and the associated discussion sections.



Grading

• Components: 
• Projects: 49%

• Mini-PSets: 20%

• Exam: 30%

• Attendance (and participation): 1%



Late Policy

PLEASE READ CAREFULLY!



Feedback

• Non-anonymous feedback with each project

• Anonymous feedback form - https://forms.gle/PYYznnLyTBKdPa33A
• Open throughout the course

• Pinned on Ed

• Please share any feedback at any time

• Help improve the course both for you and others

• Anonymous (requires Stanford login but email not shared)

https://forms.gle/PYYznnLyTBKdPa33A


Thank You!
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