Lecture 20: Computer Architecture
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Outline

e Whatis acomputer
e Whatis memory

e Memory hierarchy



Old School Computer




New School Computer



https://www.youtube.com/watch?v=tF4DML7FIWk
https://www.youtube.com/watch?v=tF4DML7FIWk
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Components of a Computer

. Same 3 components for
® all kinds of computers
Processor (CPU)
Memory
/O

Processor executes instructions
Memory holds data (inst)

I/O transfers data to and from

m Keyboard, mouse, network
m Screen, printer, speaker

m Flash drive, RAM,




Memory

Memory g
e Memory is like a big list of bytes Index Value
e 1byteis8bits 0
e 1 bitsimplystoresOor1 1

2

3

4

0x1

0x0




Memory

Memory Index Value
Array
e Memory is a big list of bytes Index Value
e FEach byte of memory has a unique index 0 T
0x104 T
0x103 2 g
0x102 3
0x101 4
0x100
0x000




Memory

Memory Addl’ess /.A.\.ddress Value

Array
e Memory is a big list of bytes Index Value
e Each byte of memory has a unique index o T
e Theunique index that points to different 0x104 | ‘r T
bytes is called the memory address 0x103 | '€ 2 g
(commonly written in hexadecimal) 0x102 |9 3
ox101 | " 4
0x100 i
0x000



Memory Address

e Memory is abig array of bytes

e Each byte has auniqueindexthatis
commonly written in hexadecimal

e Theunique index that points to different

bytes is called the memory address

Key: A memory address is an index to each byte of

memory

Memory

Address Value

Array
Index Value

0o |'T
260 r Ty
259 ‘e’ 2 g
258 ) 3
257 T 4 [
256 | T
0



What is a Reference (pointer)?
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What is a Reference? w2 cmm o

File Edit View Insert Format Tools Add-ons Help
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e Canthinkof areferencelikeanURL -~ ~#&**® » - «HB- = 5 6 7
e Howdo you share a googl e doc? Section Handout #2: Images
This week you get to write programs that manipulate images in exciting ways. It’s a fun time and Q

also gives you insight into how some real photo-editing software like Adobe Photoshop works!
1. Our Section Filter

Write a program that applies a “Narok™ filter to an image.




File Edit View Insert Format Tools Add-ons Help

What iS a Reference? Copy of Section 4 handout # & & a 0
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e Canthink of areference like an URL - 1 : | : ; ERREE
Section Handout #2: Images

e Howdoyoushare agoogle doc?

o Click the blue share button o iy riineL ettt gy ety s e [/

o |tcreates an URL for you to share 1. Our Section Filter

O The U RL pOIntS to the aCtuaI dOCU ment Write a program that applies a “Narok” filter to an image.

o Both parties can share the doc

n >

https://docs.google.com/document/d/1r-JRgHCOTpw)8GI4TDNfyUZ
reBuYIVwe49UGGGa_K]Jl/edit?usp=sharing



E Copy of Section 4 handout  ¥¢ (&)
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hat is a Reference:

Section Handout #2: Images

This week you get to write programs that manipulate images in exciting ways. It’s a fun time and

also gives you insight into how some real photo-editing software like Adobe Photoshop works! O
. . - o
e Canthink of areference like an URL
Write a program that applies a “Narok™ filter to an image.
e Howdoyoushare agoogle doc? =

o Click the blue share button

o |tcreates an URL for you to share

o The URL points to the actual document
o  Multiple parties can share the doc

n >
https://docs.google.com/document/d/1r-JRgHCOTpw)8GI4TDNfyUZ /
reBuYIVwe49UGGGa_K]Jl/edit?usp=sharing

Memory Google doc
Pointer

URL
Memory Address / /

https://....




What is a reference (pointer)? = 2020
z=3.14159

e Areferenceis avariable that stores a
memory address

<

Memory

Pointer >




What is a Reference (pointer)?

e Areferenceisavariable that stores a memory
address
e Areference points to alocation in memory

Memory

Pointer >

<

X=ITI
y =2020
z=3.14159




Pointer and Pointee

e Pointers do not store avalue directly

e Pointers store areference to another value
o amemory address pointing to a location in memory

e Thevariable a pointer is pointing to is called the Pointee

leia (pointee) 2 : P
vader (pointer)




Von Neumann Architecture (same as mergesort inventor):
Program is stored in memory - think of memory as a large list

1 Instruction = 32 bits or 64 bits




Program Execution:

Load instruction into processor (internal registers)

Processor

L

—Dalapath -
 Regiters
BT

Read

nstructio

Address




Program Execution:
Load data into registers

Processor

Typically, we only have 32 - 64 registers. You can think of these as hardware variables!




Principle of Locality - aka Memory Hierarchy

Processor SUPER FAST

SUPER EXPENSIVE
TINY CAPACITY

More
Memory

FASTER
EXPENSIVE
SMALL CAPACITY

EDO, SD-RAM, DDR-SDRAM, RD-RAM PHYSICAL MEMORY
and More...

FAST
PRICED REASONABLY
AVERAGE CAPACITY

SOLID STATE MEMORY AVERAGE SPEED
SSD, Flash Drive o PRICED REASONABLY

AVERAGE CAPACITY Faster
Memory

VIRTUAL MEMORY SLOW

Mechanical Hard Drives A CHEAP
/ LARGE CAPACTITY

All data in layers above resides in the layer below
What should we store closer to CPU? Farther from CPU?
Key: Mem closest to CPU is fast, expensive, and scarce. Mem farthest is slow, cheap, plenty.




Sources of Locality

e Temporal Locality
o Ifapiece of datais used, it tends to be reused

e Spatial Locality

o If apiece of datais used, nearby data will also be used soon



Registers

e Fastest, most expensive, tiny capacity
o How fastis fast?
m Registers operate at the same speed as a CPU’s clock

e A 3.33GHzCPU has aclock period of 0.3ns

e Access to registers are usually single cycle (0.3ns)

e C(speed of light) is 3*108 m/s = 0.3 m/ns = 30 cm/ns = 10 cm/0.3 ns

o Light can travel only 10cm in the span of of a clock period 0.3ns

e 32-64registers per processor core
e FEachholds 32 - 64 bits of data




Cache

e Faster, expensive, small capacity

e Slower than registers, but faster than main memory
o 10-100CPU cycles

e Typically, 1-3levels (L1, L2, L3, etc.)

o 32-64KBforlL1,128-512KB for L2, 1MB+ for L3



Main memory (RAM)
Physical memory

Fast, reasonably priced, average capacity

Much slower than registers, but faster than disk
8-32GB

100 - 500 CPU cycles

All programs and data must fit in memory
o Use virtual memory when we need memory > physical memory
o  Virtual memory gives each program the illusion of having all memory space
o Utilize disk to store data that do not fit into physical memory



External memory (disk)

Slow, cheap, large capacity
Recent computers use solid state drives (SSDs)
Hundred of GB to afew TB
20,000 CPU cycles latency




#3 = Principle of Locality - aka Memory Hierarchy

Processor SUPER FAST

SUPER EXPENSIVE
TINY CAPACITY

More
Memory

FASTER
EXPENSIVE
SMALL CAPACITY

EDO, SD-RAM, DDR-SDRAM, RD-RAM PHYSICAL MEMORY
and More...

FAST
PRICED REASONABLY
AVERAGE CAPACITY

SOLID STATE MEMORY AVERAGE SPEED
SSD, Flash Drive o PRICED REASONABLY

AVERAGE CAPACITY Faster
Memory

VIRTUAL MEMORY SLOW

Mechanical Hard Drives A CHEAP
/ LARGE CAPACTITY

All data in layers above resides in the layer below
What should we store closer to CPU? Farther from CPU?
Key: Mem closest to CPU is fast, expensive, and scarce. Mem farthest is slow, cheap, plenty.




