Operating Systems Memory Management CMSC 421

39 (November 8, 1997 12:05 am)

Segmentation

A pr ogram is divided into a number of segments each composed of independent addr ess spaces.

A segment is a linear sequence of addr esses fr om 0 to some maximum.

Segments can change dynamically in size over this range, e.g. stack segment increases for pushes and decr eases for pops.

This allows individual segments to gr ow and shrink without r unning into each other .

Segments ar e logical entities, that the pr ogrammer is aware of and uses. Unlike paging, which is invisible to the user .

Operating Systems Memory Management CMSC 421

40 (November 8, 1997 12:05 am)

Segmentation Advantages: • Programming and modularity: simplify the handling of data str uctur es that ar e growing and shrinking.

• Programming and modularity: pr ocedur es can each be placed in a separate segment, allowing them to be changed without r equiring r ecompilation of other pr ocedur es.

• Sharing: shared libraries allow sharing of pr ocedur es and data between several pr ocesses, e.g., pr ocedur es to support a GUI.

• Protection: dif ferent segments can have dif ferent forms of pr otection, e.g, a procedur e segment can be specified as execute only and an integer array as read/write but not execute.

Operating Systems Memory Management CMSC 421

41 (November 8, 1997 12:05 am)

Pure Segmentation :

Pages ar e fixed in size, segments ar e variable sized. Problem:

Segment 1 is evicted and segment 7 is put in its place. Creates a 3K hole - external fragmentation.

We have seen this befor e and used memory compaction to fix.

Segment 0

Time

Segment 1

Segment 2

Segment 3

Segment 4

(7K)

(3K)

(14K)

(20K)

(8K)

Segment 0

Segment 7

Segment 2

Segment 3

Segment 4

(7K)

(3K)

(14K)

(17K)

(8K)

Segment 0

Segment 7

Segment 2

Segment 3

Segment 5 (4K)

(3K)

(14K)

(17K)

(8K)

(3K)

(3K)

(3K)

Segment 0

Segment 7

Segment 2

Segment 3

Segment 5 (4K)

(3K)

(14K)

(17K)

(8K)

(6K)

Compaction

Operating Systems Memory Management CMSC 421

42 (November 8, 1997 12:05 am)

Segmentation with Paging:

Segments can be very lar ge and it may be impossible to keep them in physical memory in their entir ety.

Paging can be used with segmentation to solve this pr oblem.

Each pr ocess has a segment table with one descriptor per segment:

Segment T able 0 1 2 3 4 5 6 1023

Page Tables 0 1 2 3 4 5

1024

Virtual Addr ess

Segment #

Other page tables

Page # Offset

Segment # used to get addr ess of page table.

Segment r egister used as segment table base.

Page # used to get addr ess of page frame. Page frame + of fset is physical addr ess.

x bits y bits z bits

Operating Systems Memory Management CMSC 421

43 (November 8, 1997 12:05 am)

Segment tables, since they can be lar ge, may also be paged.

Addr ess translation:

• Segment base r egister used to locate page table containing segment table. • The segment number is used to locate the segment descriptor . • If segment’s page table (described by the segment descriptor) is in memory, the page number is used to locate the page descriptor using the base addr ess given by the segment descriptor .

• If not, a segment fault occurs. • The page descriptor is examined. If the page is pr esent in memory , the page frame is combined with the of fset to yield the physical addr ess.

• If not, a page fault occurs.

TLBs are used to make this mor e efficient.

Operating Systems Memory Management CMSC 421

44 (November 8, 1997 12:05 am)

The Intel Pentium :

Protected mode operation: Segmentation

The Pentium allows up to 16K independent segments, each holding up to 1 billion 32-bit wor ds.

Two tables used in addr ess translation on the Pentium, LDT (Local Descriptor Table) and GDT (Global Descriptor T able).

Each pr ocess has its own LDT table but ther e is a single GDT , shar ed by all processes.

The LDT describes segments local to each pr ogram, e.g., code, data, stack, etc. while the GDT describes system segments, including the OS.

Operating Systems Memory Management CMSC 421

45 (November 8, 1997 12:05 am)

Segment access:

Pentium has 6 segment r egisters, CS, DS, ES, FS, GS and SS.

To access a segment, pr ocess loads a selector into one of the segment r egisters.

During execution, CS holds selector for code segment, DS holds selector for data segment and SS for stack segment.

GDT/LDT bit indicates whether the segment is local or global. 13 bits used to specify segment descriptor - up to 8K entries per table. 2 bits set priviledge level.

15 023 1

Index

0 = GDT 1 = LDT

Priviledge level (0-3)

Operating Systems Memory Management CMSC 421

46 (November 8, 1997 12:05 am)

When the selector is loaded, the corr esponding descriptor is fetched fr om the LDT or GDT (segment tables in memory) and stor ed in internal scratch r egisters for quick access.

Each segment descriptor consists of 8 bytes (64bits):

Low or der 3 bits of selector clear ed and added to LDTR or GDTR (special base r egisters pointing to segment tables) to generate physical addr ess.

e.g., selector 72 (1001000) r efers to entry 9 in the GDT which is located at addr ess GDTR + 72.

Base 24-31 Limit16-19 Base 16-23

Base 0-15 Limit 0-15

G D 0 P DPL S Type

0: 16-bit segment 1: 32-bit segment

0: Li is in bytes 1: Li is in pages

0: Segment is absent 1: segment is pr esent

Priviledge level (0-3) 0: System 1: Application segment type and pr otection

Operating Systems Memory Management CMSC 421

47 (November 8, 1997 12:05 am)

Addr ess translation:

Process pr ovides a (selector , offset) pair . If the selector is curr ently paged out, a trap occurs. Offset is then checked against the Limit in descriptor . If greater, a trap occurs.

Note: Only 20 bits is given by Limit field instead of 32. G bit (granularity) used to interpr et the Limit value: If 0, Limit field is the exact segment size, up to 1 MB. If 1, then Limit specifies size in pages. Page size on the Pentium is always 4K (12 bits). 20+12 = 32.

If segment is in memory and of fset is in range, Pentium adds the 32-bit Base field in the descriptor to the of fset to form a l inear address .

Selector

16-bits, e.g. CS GDTR/LDTR

32-bits

Descriptor Base

Offset

+ +

32-bit linear addr ess

32-bits

Operating Systems Memory Management CMSC 421

48 (November 8, 1997 12:05 am)

Pentium Paging:

If paging is disabled, linear addr ess interpr eted as a physical addr ess.

With paging enabled, the linear addr ess translated thr ough a two-level page table (since 4K pages ar e used in a 32-bit addr ess space = 1 million pages possible).

Each pr ocess has a page directory consisting of 1024 32-bit entries.

Bits 10 10 12

Linear addr ess

0 1 2 3 4 5 6 1023

0 1 2 3 4 5 6 1023

0 1 2 3 4 5 6 Offset

Dir = 3 Page = 5 Offset = 2

Dir Page

Register

Page Dir ectory Page Table Page Frame

CR3

Operating Systems Memory Management CMSC 421

49 (November 8, 1997 12:05 am)

Page table entries ar e 32 bits each, 20 of which contain a page frame number .

The remaining 12 bits contain access and dirty bits.

Each page table contains 1024 4K page frames = 4 MB of memory .