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Announcement

• Ignore quizzes on Canvas!

• HW 1 has been posted!
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Review: General method for decimal to binary

Continuously divide by 2, keeping track of remainders

Example: convert 2610 to binary.
26 ÷ 2 = 13, 𝑅 = 0
13 ÷ 2 = 6, 𝑅 = 1
6 ÷ 2 = 3, 𝑅 = 0
3 ÷ 2 = 1, 𝑅 = 1
1 ÷ 2 = 0, 𝑅 = 1

Result: 0b11010
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Digit position of new number 

moves away from decimal point 

as number of remainders 

increases!! (Start with least 

significant digit, end with most 

significant)

Check: 1 ∗ 24 + 1 ∗ 23 + 1 ∗ 21 = 2610
 



Topics

• Memory

• Encoding
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Bytes 

• A single bit doesn’t hold much information

o Two values: 0 and 1

• We organize bits (b) in groups of 8, referring to them as bytes 
(B)

o 8 bits = 1 byte = hexits (hex digits)

• Some examples

o 1 byte: 0b01100111 = 0x67

o 2 bytes: 11000100  001011112 = 0xC42F
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“0b” prefix = it’s in binary
“0x” prefix = it’s in hex



Byte-oriented memory organization

• Sequences of bits can express numbers
o Variables are almost always some multiple of number of bytes (i.e. 1 byte, 2 bytes, 8 bytes, etc.)
o Context is important! Is the value signed, unsigned, etc.

• In a computer system, bytes can be stored in memory
o Memory is a large array of bytes
o Each byte has its own address (i.e. a pointer)

• Compiler and run time system control allocation
o Where different program objects should be stored
o Multiple mechanisms, each with its own region: static, stack, and heap
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Most/least significant bits/bytes
When working with sequences of bits (or sequences of bytes), we 
need to be able to talk about specific ones
• Most Significant bit (MSb) and Most Significant Byte (MSB)

o Have the largest possible contribution to numeric value
o Leftmost when writing out the binary sequence

• Least Significant bit (LSb) and Least Significant Byte (LSB)
o Have the smallest possible contribution to numeric value
o Rightmost when writing out the binary sequence
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Addressing and byte ordering

For data that spans multiple bytes, we must agree on two things:

1. What should the address of the object be?

o Each byte has its own location

o Once we have fixed an address, how do we find relevant bytes that are 
all part of a sequence that are united under some context?

2. How should we order the bytes in memory?
o Do we put the MSB or LSB first?
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Multiple answers are possible

• Byte ordering can vary across systems – you must know the 
specifics of the system you are using!
o There are tradeoffs associated with what ordering is “correct,” making 

context critical – more about this later!

• Different byte ordering is fine across different systems, but all 
parts within a given system must agree 
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Addressing data in memory

• All addresses refer to one or more 
bytes, never bits! 

• For multi-byte object, the lowest 
address refers to the entire object
o Addresses of successive object differ 

by 4 (32-bit) or 8 (64-bit)

• Systems (almost) universally use 
the address of the first byte as the 
address of the whole object
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Byte ordering 

• When working with data larger than a byte (i.e. a multi-byte object), we need to be 
concerned about how the bytes are ordered in memory

• Conventions

o Big Endian: seen in computer networks and various other historical computer systems. Most 
significant byte has lowest address / comes first!

o Little Endian: Intel (x86, x86-64), ARM, and other modern computer systems. Least significant 
byte has lowest address / comes first!

Example:

• A 4-byte piece of data: 0x01234567

• Address of that data is 0x100
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0x100 0x101 0x102 0x103

01 23 45 67

0x100 0x101 0x102 0x103

67 45 23 01

Big Endian

Little Endian

01 23 45 67

67 45 23 01

Increasing memory addresses



Practice: Reading memory
Assume the memory is Little Endian (LSB comes first!)

1. What is the four-byte value at 0x2010?

2. What is the two-byte value at 0x2014?

3. What is the one-byte value at 0x2016?
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Address Value

0x2010 0x37

0x2011 0x1A

0x2012 0xBE

0x2013 0x98

0x2014 0x0C

0x2015 0x80

0x2016 0x42



Practice: Reading memory
Assume the memory is Little Endian (LSB comes first!)

1. What is the four-byte value at 0x2010?

2. What is the two-byte value at 0x2014?

3. What is the one-byte value at 0x2016?
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Address Value

0x2010 0x37

0x2011 0x1A

0x2012 0xBE

0x2013 0x98

0x2014 0x0C

0x2015 0x80

0x2016 0x42

0x98BE1A37

0x800C

0x42



Practice: Reading memory
Assume the memory is Big Endian (MSB comes first!)

1. What is the four-byte value at 0x2010?

2. What is the two-byte value at 0x2014?

3. What is the one-byte value at 0x2016?
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Address Value

0x2010 0x37

0x2011 0x1A

0x2012 0xBE

0x2013 0x98

0x2014 0x0C

0x2015 0x80

0x2016 0x42



Practice: Reading memory
Assume the memory is Big Endian (MSB comes first!)

1. What is the four-byte value at 0x2010?

2. What is the two-byte value at 0x2014?

3. What is the one-byte value at 0x2016?
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Address Value

0x2010 0x37

0x2011 0x1A

0x2012 0xBE

0x2013 0x98

0x2014 0x0C

0x2015 0x80

0x2016 0x42

0x371ABE98

0x0C80

0x42

Note: endianness 
doesn’t affect one-byte 

values!



Notes about endianness

• Most Intel-compatible machines operate in little endian
• Most IBM and Oracle machines (because of an acquisition of Sun Microsystems 

in 2010) operate in big-endian 
• Some recent microprocessor chips are bi-endian, so they can operate as either 

little- or big- endian machines
o Byte ordering becomes fixed when an OS is selected

• Tradeoffs:
o Big Endian: matches how humans write left to right, quick sign/magnitude checks, used as 

the standard in network protocols like TCP/IP, less intuitive for pointer casting / truncation
o Little Endian: easier type casting (e.g. changing the apparent size of an integer from 4 

bytes to 2 bytes), historically helped smaller processors (8-bit or 16-bit) start arithmetic 
faster because lowest byte was fetched first, massively adopted by industry, 
counterintuitive for humans while debugging
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Tables of memory

• Method of displaying large chunks of memory
o 8 bytes per row (in this example)
o Data values in hexadecimal

• Memory addresses labeled on the left and byte offset on the top
o Note: these are in hexadecimal!
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Address 0 1 2 3 4 5 6 7

0x1040 2E E2 BD 62 EF A0 CD 93

0x1048 A4 75 61 2F 0F DB 64 A4

0x1050 54 7A F2 60 6E 47 B0 92

0x1058 DA 72 8F A8 E5 15 18 CE

0x1060 86 BF 6A 6A 92 99 CF 6C



Tables of memory

• To find an address: deconstruct into:
o base address (left) + offset (top)

• Remember: addresses are in hexadecimal!
o 0x1048+2 = 0x104A
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Address 0 1 2 3 4 5 6 7

0x1040 2E E2 BD 62 EF A0 CD 93

0x1048 A4 75 61 2F 0F DB 64 A4

0x1050 54 7A F2 60 6E 47 B0 92

0x1058 DA 72 8F A8 E5 15 18 CE

0x1060 86 BF 6A 6A 92 99 CF 6C



Tables of memory

• What value is at address 0x1050?

• What value is at address 0x105F?
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Address 0 1 2 3 4 5 6 7

0x1040 2E E2 BD 62 EF A0 CD 93

0x1048 A4 75 61 2F 0F DB 64 A4

0x1050 54 7A F2 60 6E 47 B0 92

0x1058 DA 72 8F A8 E5 15 18 CE

0x1060 86 BF 6A 6A 92 99 CF 6C



Tables of memory

• What value is at address 0x1050?
o 0x54 (0x1050 + 0)

• What value is at address 0x105F?
o 0xCE (0x1058 + 7)
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Address 0 1 2 3 4 5 6 7

0x1040 2E E2 BD 62 EF A0 CD 93

0x1048 A4 75 61 2F 0F DB 64 A4

0x1050 54 7A F2 60 6E 47 B0 92

0x1058 DA 72 8F A8 E5 15 18 CE

0x1060 86 BF 6A 6A 92 99 CF 6C



Topics

• Memory

• Encoding
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Key Idea: What do bits and bytes mean in a system?

• The answer is: it depends!

• Depending on the context, the bits 11000011 could mean
o The number 195
o The number -61
o The number -19/16
o The character ‘├’
o The ret x86 instruction

• You have to know the context to make sense of any bits you have!
o Looking at the same bits in different contexts can lead to interesting results
o Information = bits + context!

• An encoding is a set of rules that gives meaning / context to bits
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Example encoding: ASCII Characters

• ASCII = American Standard Code for Information Interchange
o Standard dating from the 60s

• Maps 8-bit* bit patterns to characters
o (* the standard is actually 7-bit, leaving the 8th bit unused)
o Each bit pattern maps to a single character

• Examples
o 0100 00012 = 0x41 = 6510 = ‘A’
o 0100 00102 = 0x42 = 6610 = ‘B’
o 0011 00002 = 0x30 = 4810 = ‘0’
o 0011 00012 = 0x31 = 4910 = ‘1’

• Reference: https://www.asciitable.com/
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https://www.asciitable.com/


Full 
ASCII 
table
Values listed in:

Decimal

Hexadecimal

Octal

HTML

Character
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**You don’t need to know 
the ASCII table. Just 
understand the concept.



The Unicode standard
• The ASCII character set is suitable for English-

language documents, but it does not include 
special characters
o Ç , é , ñ, ©, non-Latin alphabets, characters for the 

Greek, Russian, and Chinese languages, etc.

• The Unicode Consortium devised the most 
comprehensive and widely accepted standard for 
encoding text
o 100,000+ characters!
o Even characters for ancient languages of Egypt and 

Babylon are supported

• For more information, check out 
https://home.unicode.org/ 

• “Universal Character Set” of Unicode uses a 32-bit 
representation
o Alternative coding possible that uses 1 or 2 bytes
o UTF-8 encodes each character in a sequence of bytes 

and matches ASCII encoding
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Chart credits: https://en.wikipedia.org/wiki/Miscellaneous_Symbols_and_Arrows 

https://home.unicode.org/
https://en.wikipedia.org/wiki/Miscellaneous_Symbols_and_Arrows


Encodings are determined…by people!

• There’s no inherent truth in the design of an encoding

o Encodings are developed for various use cases

o For example: ASCII encodings put letters in alphabetical order

• Entirely new ways are encoding characters

o Adoption becomes a challenge with new encodings
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What do we need encodings for?

• Numbers

o Signed and unsigned values

o Real numbers and decimals

o Imaginary numbers

o Mathematical symbols (e.g. ∞ and 𝛑)

• Languages

o Characters in various languages ΩͶݽ서北

• Colors, user actions, control signals, anything!
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  26 ÷ 2 = 13 ,   R = 0


  13 ÷ 2 = 6 ,   R = 1


  6 ÷ 2 = 3 ,   R = 0


  3 ÷ 2 = 1 ,   R = 1


  1 ÷ 2 = 0 ,   R = 1


  1 ∗  2 4 + 1 ∗  2 3 + 1 ∗  2 1 =   26  10

