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Take 3
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Segment

Registers with Negative Growth

Segment Base Size Grows Positive?
Code 32K 2K 1
Heap 4K 2K 1
Stack 28K 2K 0
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Sharing Support

Segment Base Size Grows Positive? Protection
Code 32K 2K 1 Read-Execute
Heap 34K 2K 1 Read-Write

Stack 28K 2K 0 Read-Write
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Sharing Support

Why would you share code across processes”

Segment Base Size Grows Positive? Protection
Code 32K 2K 1 Read-Execute
Heap 34K 2K 1 Read-Write

Stack 28K 2K 0 Read-Write



Sharing Support

Segment Base Size Grows Positive? Protection
Code 32K 2K 1 Read-Execute
Heap 34K 2K 1 Read-Write

Stack 28K 2K 0 Read-Write

20



Sharing Support

Exact copy of process?

Segment Base Size Grows Positive? Protection
Code 32K 2K 1 Read-Execute
Heap 34K 2K 1 Read-Write

Stack 28K 2K 0 Read-Write
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Sharing Support

Same physical address space for 2 virtual code
segments?

Segment Base Size Grows Positive? Protection
Code 32K 2K 1 Read-Execute
Heap 34K 2K 1 Read-Write

Stack 28K 2K 0 Read-Write
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OS Support for segmentation

- Context switch?
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OS Support for segmentation

- Store and restore segment registers

21



OS Support for segmentation

- Manage free space
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OS Support for segmentation

- Allocate and de-allocate upon creation/
termination
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OS Support for segmentation

- Compaction/Defragmentation
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Segmentation

1.5till fairly simple:

ros
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Segmentation Pros

1.Protection (Segment Exists): N comparisons for N
segments.
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Segmentation Pros

2. Translation: one addition. (Once segment located.)
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Segmentation Pros

2.Can organize and protect regions of memory
appropriately.
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Segmentation Pros

3.Better fit for address spaces leading to less internal
fragmentation
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Segmentation Cons

1.5till requires entire segment be contiguous in memory!
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Segmentation Cons

2.Potential for external fragmentation due to segment
contiguity.
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Thought

—Xperiment
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Thought Experiment

1.Large contiguous memory causes problems
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Thought Experiment

1.What happens it we map every byte of VA to a byte
of PA”
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Thought Experiment

1.Reduces fragmentation?
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Thought Experiment

1. External?
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Thought Experiment

2.lnternal?
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Thought Experiment

2.How much space needed per-process to store
mapping?
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Thought Experiment

2.Middle ground?
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~aging - Divide em up

64 bytes address space

- 4 pages
- 16 bytes/page
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16

32

48

64

(page O of the address space)

(page 1)

(page 2)

(page 3)
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reserved for OS page frame 0 of physical memory
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(unused) page frame 1
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page 3 of AS page frame 2
48
page 0 of AS page frame 3
64
(unused) page frame 4
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page 2 of AS page frame 5
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(unused) page frame 6
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page 1 of AS page frame 7
128
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1.Data structure for storing the mapping between Virtual
Page and Physical Page/Frame
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2. VPO -> PR3 ...
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3.Per-process ...
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—Xxample

movl 21, %eeax
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Address Translation Summary

VPN offset
Virtual
Address 0 1 0 W 0
Address
Translation
by v
Physical
Address 1 1 1 0 1 0

PEN offset
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4 KB pages -> bits”?
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e 12 bits Offset
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Cage lable Storage

 Remaining bits = 32 - 12 = 20
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* 20 bit VPN
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e # pages = 2720
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e # translations required =
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o 2N20
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e 4 bytes per translation -> 4 * 2420 MB = 4 MB/
DroCesSs
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e #translationsrequired =
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* 4 bytes per translation -> 4 * 2A19 MB = 2 MB/process
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e |Let's consider 32 bit address space
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e 512 KB pages -> pits”?
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* # pages = 2" 13
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e #translationsrequired =
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e 4 pytes per translation -> 4 * 2/ 13

34



Cage Size Tradeoffs”

35



Cage Size Tradeoffs”

e Small size
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 More # of translations
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 More memory overhead/process
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e |ess chances of fragmentation
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e Large size
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e | ess # of translations
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* Less memory overhead/process
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 More chances of fragmentation
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- In memory

/Linear page table
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(unused) page frame 1
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page 1 of AS page frame 7
128

36



~age lable Storage

/ Linear page table

- In memory
; /
page tSaZIe. page frame 0 of physical memory
16
(;E;\ page frame 1
32
page 3 of AS pape frame 2
48
page 0 of AS page frame 3
64
(unused) page frame 4
80
page 2 of AS page frame 5
96
(unused) page frame 6
112
page 1 of AS page frame 7
128

36



~age lable Storage

/ Linear page table

- In memory
; /
page tSaZIe. page frame 0 of physical memory
(unus&d page irame 1
32 é\
page 3 of /h_\ page frame 2
48 \\
page 0 of AS \ page frame 3
64
(unused) age frame 4
80
page 2 of AS frame 5
96
(unused) €6
112
page 1 of AS page frame 7
128

36



“age lable Storage

/ Linear page table

- In memory
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page table: page frame 0 of physical memory
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/ Linear page table

- In memory
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VWhat else is in the Page Table”?

* Protection bit : Read/Write/Execute?
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* Present bit: On Memory or HDD/SSD?

38



VWhat else is in the Page Table”?

* Reference bit: Is the page popular/being referenced?
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VWhat else is in the Page Table”?

e Valid bit: Is translation valid?
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e Dirty bit: Modified since brought to memory?
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e Cache them up!
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VVhat's coming

« OS memory management
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o Optimised data structure for storing page tables
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 Page table for a page table
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I DON'T ALWAYS USE RECURSION

L=

BUT WHEN 1 DO, | DON'T ALWAYS |
L-_ “—U_SE nEc“liSl““ mmegenemioun’
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