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Long-mode memory management

Besser als viel Speicher ist noch mehr Speicher...
(Beter than much memory is even more memory...)

A German joke
@ Paging

@ Segmentation
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Long-mode memory management

x86, 86_64 CPU

64-Bit Mode Compatibility Mode
63 0 15 0 31 0
Virtual (Linear) Address I | Selector Il Effective Address I
63 323 0
| 0 Virtual Address I
Paging Paging
51 0 51 0
| Physical Address I | Physical Address I

(AMD 2017)
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Virtual memory. Segmentation

Virtual Address
Space

Effective Address I
Selectors Virtual Address
s T mt 4%?

DS Base

Descriptor Table ‘

Segment

1L
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Virtual memory. Segmentation

Virtual Address
Space

Effective Address I
Selecors | ¢ | |.. . trwelAddes
&Y v Limit 4’%’)

DS Base

Descriptor Table ‘

Segment

1L

New segment ? !!!
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Virtual memory. Paging

Physical Address
Virtual Address Space

Table 1 Table 2 Table 3

Page Translation Tables

Physical Page

4| Page Table Base Address I

(AMD 2012)
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Virtual memory. Paging

Physical Address
Virtual Address Space

— ] | e
Table 1 Table 2 Table 3

Page Translation Tables
Physical Page

4| Page Table Base Address I

Translation-Lookaside Buffer (TLB) < page-translation cache
(AMD 2012)
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Virtual memory. Paging

Physical Address
Virtual Address Space

‘ Physical page

Physical page

— ] | e
Table 1 Table 2 Table 3

Page Translation Tables
Physical Page Physical page

4| Page Table Base Address I

Physical page

Translation-Lookaside Buffer (TLB) < page-translation cache
(AMD 2012)
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Virtual memory. Paging

Physical Address
Virtual Address Space

‘ Physical page

Physical page

— ] | e
Table 1 Table 2 Table 3

Page Translation Tables
Physical Page Physical page

4| Page Table Base Address I

Physical page

Translation-Lookaside Buffer (TLB) < page-translation cache
(AMD 2012)
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Virtual memory. Various page sizes

Virtual Address

63 48 47 3938 30 29 2120 12 11 0
Page-Ma
. 9 P Page-Directory- | Page-Directory Page-Table Physical-
Level-4 Offset Y
Sign Extend Ve Pointer Offset Offset Offset Page Offset
(PML4)
9 9 9 9 12
Page-
Page-Map Directory- Page- 4 Kbyte
Level-4 Pointer Directory Page Physical
Table Table Table Table Page
PTE 2
52
* PDPE
52
Physical
PMLAE 52* ™ Adi;ress
—| PDE
*This is an architectural limit. A given processor
51 12 implementation may support fewer bits.

Page-Map Level-4
Base Address

| cR3




Virtual memory. Various page sizes

Virtual Address

63 48 47 3938 30 29 2120 0
Page-M:
X age-Map Page-Directory- | Page-Directory
Sign Extend Level-4 Table Offset | b 1o ffeet Offset Page Offset
(PML4)
9 9 9 21
Page-
Page-Map Directory- Page- 2 Mbyte
Level-4 Pointer Directory Physical
Table Table Table Page
52
* PDPE
52
Physical
PML4E 52t Ad::jress
—| PDE

*This is an architectural limit. A given proce:

51 12 implementation may support fewer bits.
Page-Map Level-4 '
Base Address CR3
——

Figure 5-22. 2-Mbyte Page Translation—Long Mode

(AMD 2012)
S




Virtual memory. Various page sizes

Virtual Address

63 48 47 3938 30 29 0
Page-Map "
Page-Directory-
Sign Extend  |Level-4 Table Offse{ ' 5o -1 02 oY Page Offset
(PML4)
9 9 30
Page-
Page-Map Directory- 1 Gbyte
Level-4 Pointer Physical
Table Table Page
52*
* PDPE
52 -
Physical
PML4E Address
*This is an architectural limit. A given proce
51 12 implementation may support fewer bits.
‘ | Page-Map Level-4 Base Address ‘ I CR3

Figure 5-26. 1-Gbyte Page Translation—Long Mode

(AMD 2012)
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Virtual memory. Page attributes

63 62 52 51 32
N Available Page-Table Base Address
X (This is an architectural limit. A given implementation may support fewer bits.)
31 12 11 9 8 7 6 54 3 2 10
| | P|P|U|R
Page-Table Base Address AVL G|O|[G|A|C|W|/|I]|P
N N D|T|S|W

Figure 5-20. 4-Kbyte PDE—Long Mode

63 62 52 51 32
N Available Physical-Page Base Address
X (This is an architectural limit. A given implementation may support fewer bits.)
31 12 1 9 8 7 6 5 43 2 10
P P|P|U|R
Physical-Page Base Address AVL G|A|[D|A|C|W|/|I]|P
T D|[T|S|W

Figure 5-21. 4-Kbyte PTE—Long Mode

(AMD 2012)
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Cache memory

Associative cache

| same chip |
<€ | >
I _______ - I ¢
| | Associative cache I I
|
| | |
| Data Bus | | |
CPU |
I (ALU & | | Addresses Data | | RAM
contents
| control) Address Bus | | |
| | | |
| | |
| |
| |
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Cache updates

p
Read Request Write Read Request Write
type ; type
Cacheniz T Cacheniz X Y Yes
es
Cache hit? - Cache hit?
wn wo
Locate a cache Locate a cache No No
block to use block to use
¢ ¢ Locate a cache Write data into
block to use cache block
Is it dirty’? mﬁ Is it dirty'? Vesﬁ
¢No Wi ts previous wo Wite ts previous ¢
back 1o the iata o
lower memory lower memory
Read data from Read data from
R ) e D jRead data flom Write data into
the cache block the cache block lower memory into lower memory
¢ ¢ the cache block
Wie the new
Mark the cache ¢
block as ot diry’ e
¢ ¢ Return data (
Mark the cache
By < block as diry’

3
[

Flin00, CCO, via Wikimedia Commons
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https://en.wikipedia.org/wiki/Cache_(computing)

Cache coherence

El s

C 4B

By M3tainfo - Own work, CC BY-SA 4.0
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https://commons.wikimedia.org/w/index.php?curid=52362567

Cache coherence

Read X

Cache
Read X

Cache

E T

&

By M3tainfo - Own work, CC BY-SA 4.0
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Cache coherence
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Cache
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Cache coherence

Read X

= B
Read X

Cache

E T

C 4B

By M3tainfo - Own work, CC BY-SA 4.0
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Cache coherence

Read X
cache B
P —
Read X
Cache

B e

€ 4B

By M3tainfo - Own work, CC BY-SA 4.0
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Cache coherence

Read X
cache B
—

Read X
cache B
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Cache coherence
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By M3tainfo - Own work, CC BY-SA 4.0
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Cache coherence

X=X+3
it
@
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By M3tainfo - Own work, CC BY-SA 4.0
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Cache coherence
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Cache coherence

X=X+3
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Cache coherence

X=X+5
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¢ 4B

By M3tainfo - Own work, CC BY-SA 4.0
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Cache coherence

X=X+5
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Cache coherence
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Cache coherence

e [4]
S
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Cache coherence

Cache
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Scientific number notation

60200...0 = 6.02 x 10
——"

21 times

p—1
tdy.didy...dp1 x 8= dif~"x 5% (0 < d; < B)
i=0
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Floating point numbers

p—1
tdy.didy... dp1x 8= dif " x 8% (0< di< f)
i=0

B =2

0.1 ~ 1.10011001100110011001101 x 2~*
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IEEE 754 Standard

@ Signed magnitude (significand)
@ Biased exponent
@ Hidden (assumed) bit

0.1 ~ 1.10011001100110011001101 x 274

p: 23+1 bit e: —126 — 127 (8 bits )
j¥: 1.10011001100110011001101
e= 127 + (-4) = 12347 = 01111011,

0 01111011 10011001100110011001101
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