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Recall: Program Execution

« Considering a program
of 3 instructions:
— Load RO, LOC
* Reads the contents of

a memory location LOC

* Loads them into
processor register RO

- Add R2, RO, R1

e Adds the contents of
registers RO and R1

* Places their sum into
register R2

Store R2, LOC

» Copies the operand in
register R2 to memory
location LOC

Main Memory LOC

Processor-Memory Interface

RO
Program +CR1

Counter l
RZ

Store
Instruction :
Register ALU
Rn-l

Processor n general purpose registers

PC: contains the memory address of the next instruction
to be fetched and executed.

IR: holds the instruction that is currently being executed.
Ro~R,.1: h general-purpose registers.



Outline

 Memory Locations and Addresses
— Memory Organization and Address
— Byte Addressability
— Big-Endian and Little-Endian Assignments
— Word Alignment
— Accessing Numbers, Characters, and Strings

 Memory Operations
— Load

— Store
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Memory Organization (1/2)

« Memory consists of many millions of storage cells.
— Each cell can store a bit of information (0 or 1). e

Storage

* Cells (bits) are organized in groups of n bits. =T
— Reason: A single bit represents very little information.

— A group of n bits: a word (where n is the word length).
« Aword can be stored or retrieved in a single, basic operation.

« Common word lengths in modern computers: 16 to 64 bits.
— The number of bytes in a word is usually a power of 2.
— A unit of 8 bits is called a byte (B). =

MSB | LSB
Word:groupofnbits|1 oj1|1|1|ojofj1|1]ol1]oj1]o|1]1

Data

If BYTE > BYTE

https://www.talentcookie.com/2016/04/bits-storage-unit/ |

bytes-and-memory-basics-of-computer- Example: A Word Of 16 blts
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Memory Organization (2/2)
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http://www.myshared.ru/slide/1119020/
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Memory Address (1/2)

* Accessing the contents of memory requires
distinct addresses for each memory location.

— Format: k-bit addresses can represent 2« distinct locations.

k=1-2>2=2 k=2->2°=4

EOE 1st |ocation EOOE 15t location
Lo
Lll 2nd |ocation EO E 2nd |ocation
- I 1
1101 | 31 location
1 I
111} 4" location
Example:

denotes the memory

« The address “100” (k=3) i
location at i
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15t location
2nd Jocation
3" |ocation
4t |ocation
|8 et |
6t location
7t location

8th [ocation

k=4 -> 2%=16

15t location
2nd Jocation
3" |ocation
4t |ocation

16" location



Memory Address (2/2)

* General Rule: It Is customary to use numbers from
0~2% — 1 as the successive addresses in the memory.

- k-bit addresses have 2% addressable locations.

« Example: 0

— A 24-bit address can represent 224 =
16,777,216 = 16M distinct locations.

— Notational conventions:
e 1K is the number 210 = 1,024 i—1
e 1M is the number 220 = 1,048,576

e 1G is the number 23° = 1,073,741,824
e 1T is the number 240 = ...

2k —1
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1st location

2nd |ocation

(i)™ location

(24t location



Outline

 Memory Locations and Addresses

— Byte Addressability
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Unit of Location: Byte Addressability (1/2)

« Basic information quantities: bit, byte, and word.
— A byte (B) is always 8 bits.
— The word length typically ranges from 16 to 64 bits.
 What should be the unit size of an address?

— It is costly to assign distinct addresses to individual bit.
— The word lengths may be different in different computers.

Unit size: bit Unit size: 16-bit word Unit size: 32-bit word
00 1, 2 .. |15] 0 1stword (bit: 0~15) 0 1st word (bit: 0~31)
16/17(18 | .. |31, 1| 2rdword (bit: 16~31) | 1 2"d word (bit: 32~63)
32/133134 " .. 47, 2| 39word (bit: 32~47) | 2 3'd word (bit; 64~95)
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Unit of Location: Byte Addressability (2/2)

* The most practical assignment: byte addresses

— Successive addresses represents successive byte
locations in the memory.
Word Byte address

— E.g. if the word length is 32 bits: gqdress «—— 32 bits ——
* Byte addresses: 0, 1, 2, ... 0 0 1 2 3
* Word addresses: 0, 4, 8, ... 4 4 5 6 7

8| 8 9 10 | 11

« Byte addressability: Each byte location in the
memory has its own address and is addressable.

- We need k-bit addresses to locate 2% bytes.
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Student ID:

Class Exercise 3.1 Name:

¢ Online Price HKD $9,988

e 12-inch MacBook 1.2GHz dual-core
7th-generation Intel Core m3 CPU

e Memory 8 GB 1866MHz LPDDR3
e Storage 256 GB 55D | ,
* Given the information about the 12-inch MacBook:
1) How many bits are there in the memory system?
— Answer:
2) How many unique 64-bit word locations does it have?
— Answer:

3) How many bits are required by the address if it Is byte
addressable memory?

— Answer:




Outline

 Memory Locations and Addresses

— Big-Endian and Little-Endian Assignments
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Big-Endian and Little-Endian

e Two ways to assign byte addresses across a word:

— Big-Endian: Lower byte addresses are used for
more significant bytes of the word (e.g. Motorola)

— Little-Endian: Lower byte addresses are used for
less significant bytes of the word (e.g. Intel)

Word Byte address Word Byte address
address «— 32 bits address «—— 32 bits ———

0| O 1 2 3 0 3 2 1 0

4 4 5 6 7 4 7 6 5 4

2K-4 | 2k-4 | 2k-3 | 2k-2 1 2k-1 2Kk-4 | 2k-1 | 2k-2| 2k-3 | 2k-4
Big-Endian Little-Endian

— Note: The words “more significant” and “less significant” are used in relation to

the weights (powers of 2) assigned to bits when the word represents a number.
CSCI2510 Lec03: Memory Basics 14



Fun Knowledge about “Endian”

The word “endian” were drawn from Jonathan Swift's

1726 satire, “Gulliver's Travels”. GULLIVERS|
. . AVELSJ’
— In which, civil war erupts over whether “"’“‘“f?*“‘ Ay

the big end or the little end of a boiled egg
is the proper end to crack open ...

(3

Big-Endian

Little-Endian

* |tis analogous to counting from the end that contains
the most significant bit or the least significant bit.

https://en.wikipedia.org/wiki/Endianness https://jordanramseyblog.wordpre m/2017/04/03/gu|livers—travels—part—lchapter—4/
http://fcpacompliancere port.com/2015/02/gullivers-travels-truth-or-fiction/ https //vvvvvvtl ntcookie m/2016/04/ ndia s-little-or-big/egg-endian-2/
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Outline

 Memory Locations and Addresses

— Word Alignment
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Word Alignment

« 32-bit words align naturally at addresses 0, 4, 8, ...

— Aligned addresses: Word begins at a byte address that is
a multiple of the number of bytes in a word.

— The aligned addresses for 16-bit and 64-bit words:
- 16-bit word: 0, 2, 4, 6, 8, 10, ...
* 64-bit word: 0, 8, 16, ...

« Unaligned accesses are either not allowed or slower.

— E.g. read a 32-bit word from the byte address 0x01
« Note: Ox represents the hexadecimal number system.

Word Byte address
address «—— 32 bits ——

0] O 1 2 3
4 | 4 5 6 7
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Outline

 Memory Locations and Addresses

— Accessing Numbers, Characters, and Strings
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Accessing Numbers and Characters

* A number usually occupies one word, and can be

accessed in the memory by its word address.
|- 32 bits -]

L Sign bit: b5, = 0 for positive numbers
by, = 1 for negative numbers

« Similarly, each character can be represented by one
byte, and can be accessed by their byte address.

. LY ra LY ra LY
v v v v

ASCII ASCII ASCII ASCII
character character character character
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Accessing Strings

 How can we represent strings which could be of
variable length? (E.g. “University”)
— Method 1: Use a null character to mark the end
«U’, ‘n’, “i’, ‘v’, "e’, ‘t’, ‘s’ ‘i’ “t’, 'y, ‘\O’

« C Language adopts this method.

— Method 2: Use a number to represent the length
PY 10’ IUI, InI’ IiI’ IVI, leI’ IrI, ISI, liI, ItI, lyl

« Pascal Language adopts this method.

 What are the pros and cons of them?

— Consider length limit of the string, processing speed,
convenience in handling, etc.

CSCI2510 Lec03: Memory Basics 20



Class Exercise 3.2

« Consider a computer with
— Byte-addressable memory
— 32-bit words
— Little-endian scheme

A program reads ASCII
characters, and stores
them in successive byte
locations, starting at 1000.

« After entering “"Exercise’,
show the contents of
memory words at locations
— 1000:

— 1004
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Dec Bin Hex Char |Dec Bin Hex Char
64 01000000 40 @ %6 0110 0000 o0

65 01000001 41 A 97 01100001 61 a
66 01000010 42 B 98 0110 0010 62 Db
67 01000011 43 cC 99 01100011 63 c
68 01000100 44 D 100 0110 0100 64 d
69 01000101 45 E 101 0110 0101 65 e
70 0100 0110 46 F 102 0110 0110 66 £
71 01000111 A7 G 103 0110 0111 67 g
72 0100 1000 48 H 104 0110 1000 68 h
73 01001001 49 T 105 0110 1001 69 i
74 0100 1010 4a J 106 0110 1010 6A J
75 01001011 4B K 107 01101011 6B k
76 0100 1100 4C L 108 0110 1100 6Cc 1
77 01001101 4D M 109 01101101 6D m
78 01001110 4E N 110 01101110 6E n
79 01001111 4F O 111 0110 1111 6F o
80 0101 0000 50 P 112 0111 0000 70 p
81 0101 0001 51 Q 113 0111 0001 71 g
82 0101 0010 52 R 114 0111 0010 72 r
83 0101 0011 53 s 115 0111 0011 73 =
84 0101 0100 54 T 116 0111 0100 74 t
85 01010101 55 U© 117 0111 0101 75 u
86 0101 0110 56 Vv 118 0111 0110 76 v
87 01010111 57 W 119 0111 0111 77 w
88 0101 1000 58 X 120 0111 1000 78 x
89 0101 1001 59 Y 121 01111001 79 vy
90 01011010 5a 2Z 122 0111 1010 72 =
91 01011011 5B [ 123 0111 1011 7B {
92 01011100 5Cc \ 124 0111 1100 7C |
93 01011101 5D 1] 125 0111 1101 7D }
94 01011110 BE ~» 126 0111 1110 7E -~
95 01011111 5F _ 127 0111 1111 7F [DEL]

21



Outline

 Memory Operations
— Load

— Store
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Memory Operations

« Two operations for manipulating the memory:

— Load (read or fetch): S ——
* Processor sends address to R,
memory, Ry
 Memory returns data to processor :
e.g. R1 — [LOC] addressl
(R1 is an internal register in the processor) Memory | LOC
— Store (write):
* Processor sends address and Processor
data to memory, Ry
. . . R, data
 Memory overwrites location with
new data
e.g. [LOC] «— R1 address |
Memory @ LOC
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Operational Unit

 Most machines are byte-addressable.
— Each memory address location refers to a byte (B).

 Memory is designed to store/retrieve in words.
— Aword is usually of 16, 32 or 64 bits.
— Reason? Performance consideration.

Processor

+— X+
Byte
Addr.

BI'B /B B

t Word Address

Memory word Memory
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Summary

 Memory Locations and Addresses
— Memory Organization and Address
— Byte Addressability
— Big-Endian and Little-Endian Assignments
— Word Alignment
— Accessing Numbers, Characters, and Strings

 Memory Operations
— Load

— Store
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