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Highlights

e Programmed the World’s First Compiler

e Popularized the idea of Machine Independent language
e [nvented COBOL (Common Business-Oriented
_anguage)

e (Coined the term “Compiler”






http://www.youtube.com/watch?v=meeCAFacrG0
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Worked Out
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Worked Out
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Worked Out
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VWorked Out Example

Store translation in TLB
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VWorked Out
Find PFN of VPN = 39 from TLB. Add offset to get PA.
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VWorked Out Example
FIND PA FOR VA = 1028
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VWorked Out Example
VPN = 1. Find Translation in TLB for VPN = 1. Found!
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VWorked Out Example
PFN = TLB[1] = 4
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Worked Out

Xxample

Get PA by adding offset to PFN = 4 and execute
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VWorked Out Example
TLB miss for VPN = 40...
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Spatial and Temporal Locality

Hit rate =

| B Hit/(

LB Rt +

LB Miss)
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Spatial and Temporal Locality

2. Spatial locality -> TLB has good hit rate
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Spatial and Temporal Locality

1. Arrays elements are spatially close (EDX + 4*EAX)
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Spatial and Temporal Locality

2. Instructions are spatially close (1024, ...)
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Spatial and Temporal Locality

3. lemporal locality -> TLB has a good hit rate
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Spatial and Temporal Locality

1. Loop. Re-using same instructions which exist in
TLB
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1.

NVemory Cycle Rate

Hit = 1 clock cycle

—Xample
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NMemory Cycle Rate

2. Miss = 30 clock cycles

—xample
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NMemory Cycle

3. Miss rate = 1%

=kate

—Xample
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NVemory Cycle Rate Example

4. Cyclerate = .99"1 + .01*(30 + 1) =1.3 cycles
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P1 running

39

TLB

28



Context Switch

P1 running

39

TLB

28



Context Switch

P1 running

P2 running
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Context Switch

P1 running

P2 running
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TLB

30

What will VPN 1
be mapped to?
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Context Switch

P1 running

P2 running

39

TLB

30

What will VPN 1
be mapped to?
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Context Switch

TLB

VP

Ny PFN VALID PERMISSION  ASID
P1 running

1 4 1 R 1

39 7 1 R 1

0 RW

P2 running

130 1 RWX 2
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TLB

1. Why to replace TLB entries?

—Ntry

Replacement
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—Ntry Replacement

1.

Limited space
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LB Entry Replacement

2. When to replace?
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1.

—Ntry Replacement

Newer translation found
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S =ntry Replacement

2. Context switch
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LB Entry Replacement

3. How to replace?
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1.

—Ntry Replacement

Remove at random
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S =ntry Replacement

2. Remove least recently used (LRU)
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—Ntry Replacement

1. Corner case:
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LB Entry Replacement

1. Why to replace TLB entries?

1. Limited space

2. When to replace?

1. Newer translation found

2. Context switch

3. How to replace”

1. Remove at random

2. Remove least recently used (LRU)
1. Corner case:

1. TLB size =N
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—Ntry Replacement

2. N+1 page accesses in loop
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NViemory Virtualisation 1hus

—dl
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NViemory Virtualisation 1hus
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NViemory Virtualisation 1hus

e Base & Bounds

—dl
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NViemory Virtualisation 1hus

 Pros: Very quick, 2 registers

—dl
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NViemory Virtualisation [hus Far

 Cons: Contiguous block of memory -> fragmentation
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NViemory Virtualisation 1hus

e Segmentation

—dl
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NViemory Virtualisation [hus Far

o Pros: Still relatively simple, 3 registers, lesser fragmentation
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NViemory Virtualisation [hus Far

e (Cons: Still contiguous block of memory for segment
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NViemory Virtualisation 1hus

* Paging

—dl
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NViemory Virtualisation [hus Far

* Pros: Very low chances of segmentation
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NViemory Virtualisation [hus Far

o (Cons: Slow, lots of memory accesses; memory overhead/
process is huge!
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Memory Virtualisation [hus Far

Base & Bounds

 Pros: Very quick, 2 registers

e (Cons: Contiguous block of memory -> fragmentation

Segmentation

o Pros: Still relatively simple, 3 registers, lesser fragmentation

o (Cons: Still contiguous block of memory for segment

Paging

 Pros: Very low chances of segmentation

o Cons: Slow, lots of memory accesses; memory overhead/
process Is huge!

Paging + TLB
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NViemory Virtualisation [hus Far

* Pros: Improves the address translation speed (spatial &
temporal locality)
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NViemory Virtualisation [hus Far

e Cons: Limited in size, memory overhead/process still huge

33



Reducing Memory Overheads of

~aging
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Reducing Memory Overheads of

e 32 bit address space with 4 KB pages

~aging
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Reducing Memory Overheads of

4 KB pages ->12 bits?

~aging
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Reducing Memory Overheads of

e Remaining bits = 32 - 12 = 20

~aging
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Reducing Memory Overheads of

* 20 bit VPN

~aging
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Reducing Memory Overheads of

e # pages = 2720

~aging

34



Reducing Memory Overneads of Paging

* 4 bytes per translation -> 4 * 2220 MB = 4 MB/process
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Reducing Memory Overheads of

~aging
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Reducing Memory Overneads of Paging

Solution O: Decrease the size of VA space
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Reducing Memory Overneads of Paging

Solution O: Decrease the size of VA space

* 12 bit offset for 4 K pages
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Reducing Memory Overneads of Paging

Solution O: Decrease the size of VA space

e 30 bit address space
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Reducing Memory Overneads of Paging

Solution O: Decrease the size of VA space

* 18 bit VPNs
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Solution O: Decrease the size of VA space

e 4 bytes per translation -> 4 * 22418 MB = 1 MB/process
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Solution O: Decrease the size of VA space

e 4 bytes per translation -> 4 * 22418 MB = 1 MB/process

* 30 bit address space —> 1 GB
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Reducing Memory Overheads of

~aging
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Reducing Memory Overheads of

Solution 1: Increase the page size

~aging
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Reducing Memory Overheads of

Solution 1: Increase the page size

e 32 bit address space with 16 KB pages

~aging
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Reducing Memory Overheads of

Solution 1: Increase the page size

* 16 KB pages ->14 bits?

~aging
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Reducing Memory Overheads of

Solution 1: Increase the page size

e Remaining bits = 32 - 14 = 18

~aging
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Solution 1: Increase the page size

* 18 bit VPN

~aging
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Reducing Memory Overheads of

Solution 1: Increase the page size

* # pages = 2718

~aging
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Reducing Memory Overneads of Paging

Solution 1: Increase the page size

o 4 bytes per translation -> 4 * 22418 MB = 1 MB/process
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Reducing Memory Overneads of Paging

Solution 1: Increase the page size

o 4 bytes per translation -> 4 * 22418 MB = 1 MB/process

Larger page size —> Fragmentation
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Reducing Memory Overneads of

VA

Code

Heap

Stack

~aging

37



Reducing Memory Overneads of
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Code

HeaAp

Stack

~aging
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Reducing Memory Overheads of Paging

VA

Code

Heap

Wasted

Stack
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~aging
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Reducing Memory Overneads of
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Reducing Memory Overneads of Paging

PFN Valid

10 Linear Page Table
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Reducing Memory Overheads of

PFN Valid
10

—

23

Wasted

28

- 4 O O OO OO0 oo + o o o

~aging

Linear Page Table

Lookup = O(1)
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Reducing Memory Overneads of Paging

PFN Valid

10 Linear Page Table

—

Lookup = O(1)

- Space = 16*Size
23

Wasted

28

- 4 O O OO OO0 oo + o o o
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Reducing Memory Overneads of Paging
Linked List
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8 Lookup = O(n) for n
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Reducing Memory Overneads of Paging
Linked List
10 1 .
8 Lookup = O(n) for n
_ 0 valid pages (n<<16)
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Reducing Memory Overneads of Paging
Linked List
10 1 .
8 Lookup = O(n) for n
_ 0 valid pages (n<<16)
o3 1 Space = n*Size
0
e 0
D 0 Convert
2 l
© 0 —
= X |
0 l
0
| : 0
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Reducing Memory Overheads of Paging

VA PA

Code

HeaAp

Wasted

Stack
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