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Discrete Memory Allocation

@ paging (/7 101)
e internal fragmentation <one page

@ segmentation (73B{)

e logical

@ combined paging & segmentation (B U1
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@ Segmentation (47 EX)
@ Basic Method




Segmentation (7. Basic Method

Hardware

Segmentation

@ Segmentation: supporting user view of memory

e A program is a collection of segments. User’ s View of a Program

A segment is a logical unit such as:
main program, procedure,
function, method, subroutine HEEr
object, local variables,
global variables, common block, symbol
stack, symbol table, e
arrays Skl

et

logical address




Segmentation (7} Basic Method

Hardware

Logical address space

@ A collection of segments
e each segment < name, length >
e 2-D address space
@ A logical address consists of a two tuple
e < seg— name, offset >, or
e < seg— num, offset >
@ Compiler automatically constructs segments reflecting the
input program.

e Pascal compiler
e FORTRAN compiler
e C compiler, such as gcg, ...

BAE R G 5



Segmentation (77 Fx)

Basic Method
Hardware

Logical View of Segmentation

1 * Each segment 1s a logically
 E— mtegrated unit.
4 * Each segment is of variable
length.

* Elements within one segment
is addressed from the
beginning of the segment.

2
3 .
Logical address =
<segment#, offset>
user space physical memory space

U e
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@ Segmentation (47 EX)

@ Hardware




Segmentation (7} Basic Method

Hardware

Segmentation Architecture |

e Segment table — maps 2-D LA — 1-D PA;
each table entry has:
e base — contains the starting physical address where the

segments reside in memory
o limit — specifies the length of the segment

e Segment-table base register (STBR) points to the
segment table's location in memory

e Segment-table length register (STLR) indicates number of
segments used by a program;

segment number S is legal if s < STLR
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Hardware

Segmentation Architecture Il
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Segmentation (J Basic Method

Hardware

Segmentation Architecture Il

@ Protection
e With each entry in segment table associate:

e validation bit = 0 = illegal segment
o read/write/execute privileges

e Protection bits associated with segments; code sharing occurs
at segment level

e Since segments vary in length, memory allocation is a dynamic
storage-allocation problem

o First-fit, Best-fit, ...
e Externel fragmentation, compaction, ...




Segmentation ( Basic Method

Hardware

Example of Segmentation

@ < segment2, 53 >—
4300 + 53 = 4353

subrouting stack
1400 @ < setment3, 852 >—
segment s sogmant g 3200 + 852 = 4052
2400
symbol
segment 0 table @ What about
limit | base < segmentl, 536 >7
Sqrt segment 4 o[ 1000 | 1400
1| 400 | 8300 | 3200
main 2| 400 | 4300
program 3| 1100 | 3200 segment
4| 1000 | 4700

segment table 4300

segment 1 segment 2 ]
4700 e
logical address space segment 4|
5700
6300
segment 1
6700

physical memory|
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Segmentation (77 Fx) Basic Method

Hardware

o1 B Ak

@ Relocation, RJEENL, J{EZmFE

e Dynamic, by segment table

@ Sharing

e shared segments

e same segment number
@ Protection

o Use segment table entry
e Protection bit

@ Read-only, execute-only, read/write
e Validation bit, 0 illegal segment

o Protection & sharing at segment level
o ZAMK
o ZANHEL

U e



sharing

Editor

Segment 0 ‘ Data 1 ‘

Segmentation (7E)

Limit

Base

25286

43062

Segment 1

Logical address space
Process P1

Editor

Segment 0 | patan

Segment 1

Logical address space
Process P2

—

4425

68348

Segment table
Process P1

Limit

Base

25286

43062

8850

90003

Segment table
Process P1

Basic Method
Hardware

98853

Physical memory

A
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Outline

@ Segmentation with paging
@ Example: The Intel Pentium




Segmentation with paging Example: The Intel Pentium

Example: The Intel Pentium

@ Supports both pure segmentation & segmentation with
paging
@ CPU generates logical address
@ Logical address given to segmentation unit

@ Which produces linear addresses

logical linear physical
address | segmentation | _address paging address | physical
unit unit memory

CPU

@ Linear address given to paging unit

@ Which generates physical address in main memory
e Paging units form equivalent of MMU

page number page offset

i p2 d
10 10 12




Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation |

o 138644 Z &b 1K 43 BeH Ll
o WHEMNL=B: BNIwE

o 1647 BL 25 A7 s K Fa W 4wy B A FH 1 B
o Ti/NA: cs, ss, ds, es, fsfllgs
CPURIE T 3N fras & I T M i&

o cs AR BER A s, IR A7 BORE AR & (1B
° ss HERCBL R A7 e, 38 IR0 T2 AT HE R PO B
o ds B BeArfr s, $i5 )47 TRCA 0 1R B

o 180386, IntelfsftAbBE &% LA FPAS A (1) 77 APk AT bk % 45

o S (204D

o 1647 BLAy A7 Il sk B HE R 1640, PRIt B bk A 2047
F CR4bi N0
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Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation Il

o YR Huhl =32 S hl =B 2 A7 S * 164+ BN
o PRIFELA (324%)

o 16 B A AR LIEHEIERBINGE R, FIbHEEL 4 )Rdin
FFRGDTH &1

o GDTHIILRTHABKIMER (BHRFT), Barfidm AfFidsx
BHEGDTH 175

o sEA: csTAFMIL MREZMWIIRE: B DPALINEL,
LR B CPURI 4 IR Z CPL (current privilege level), {H
HORF R se s, (HA3NREALI LR

o etk hl=B bl + B Im %
Horpr,  BURRHdi R AR A B oy A7 2 T4 I 1 GD T 1) B it iR £+
P AE BRI

o Wik AR SRR 2tk Ik HEAT B R T 45 3]

o GDTAHIBHHIALT (segment descriptor)
o MBI —MBHIATTRETR, — N BUMRAT K 81T
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Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation Il

o A )RR FFEGDT (global description table): 77/ BHHIATT

o GDTRWAFMAERAMAE, JHH AL 1M EHAFECDTRE
e/ RGDTRARAMP NS (B R IG AL

o JRITHHIATTELDT (Local Description Table)

o 1R#ix86, MAMFETN LK E —ALDT
o LDTHRMAMAERAMAE, {FHLDTRK /R LATHILDTHR

o I TEHIRA—FE, Intelx8642 Mt N4 JLFFBUMER T
o HHEBUMRST (Data Segment Descriptor)
o I LU &l I St B A Ak B
o RILEBLHETT (Code Segment Descriptor)
o flid—NHI UGB
o MFAIREBHIATT (Task State Segment Descriptor)

BAE R G 5



Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation IV

o A —MESIMIRAEE
o JA IR T R IATT
o MR—/LDTERRABHILFF (System Segment Descriptor)

o B fF EE IR N NE
o EXMMBahhll (base B, 32f7)
o BEKJE (imit Bk, 20f%)
o BKJEMI AL CRIE, Ghrik, 147D 0: FATNHAL 1:
4KB A HLA
o RERGE (Shrikk, 14D 0. RGEL 1. Wil MEL
o RATFE (Type7-Bt, 44671)
o FINARAYEL. F¥nEL. (B4 IRAE. R B 55
o BRIMFM g Hiid+B (DPLFE, 217)
o 00b: HAEEHECPL=00bIT N AZAIG B nl
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Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation V

o 1lb: T LABATRARAD By i)

o BAFfERRE (14A7)

o 0: ZBIYETALEAAFT
o 1: ZBUIYHI/ENAFT




Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation VI

Data Segment Deseriptor
BLEIEI G SO SE ST M MR RN NN BTG SN AN 0NN THEHRR
Al LmT no|s
BASE24-31) GIB|0|V| g9 1] P |=| TYPE BASE [16-23)
] : | 11
BASEID-15) ‘ LI {0-15)

NAWEDLDHRLEANBRADYRBTBBWEBIRETW 8 Fe 5343210

Code Segment Descriptor
GLE2EI B0 59 SEST 56 S MRS NP ETHSHARHNOIETHEHER
AL umim 0|5
BASH24-31) GIO|OfV| g |1 P |=| TYRE BASE (16-23)
] . L 11
BASEID-15) LIMIT {0-15)

NMAWBEDHEMNBRNDWRTBBEBETN 98 76 543 210

System Segment Descriptor
G 62 61 60 55 58 57 56 55 54 53 52 51 50 49 48 47 46 45 43 43 4F 41 40 39 38 37 36 ¥ M B 2
LIMIT [
BASH24-31) Gl (0 g1 |1 P |=| TYeE BASE [16-23)
_ | ]
BASEID-15) LIMIT {0-15)

MM ELDHEEHNBRANWRITIBEIWMEBLET0 98 F 6 543 110




Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation VII

o BUkHT (Segment Selector)

o 167 B A7 4% 5 GDTE LD THL A kX AH B (¥ B AT -1k
o BAAFATPIMAERR A BULEE T, 1647
o 13{iMMES|, 5 GDTRHFIAHRM B @ T
o 1fZ[¥TI(Table Indicator)
(BRLDTRA XK, LinuxHIEARFRAMHD
o 2{\iRPL(request privilege level)
R L) BOE BT R N Bl es B AE 4 RN, R T CPUR 411
R (P /AR

15 2 1 0
index Tl | RPL

Segment selector

HEE R G e



Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation VIII

o BUHE 1 XA FH AN Btk 475 (o PRd 1y 1]

A 2
Py . e
Bk

Bt 2 447 28 :
( hmae )

BAE R G 5



Segmentation with paging Example: The Intel Pentium

Intel Pentium Segmentation IX

GDT i LDT 2 PE M bt

| | g—'l |
LS

o

GDTR = LDTR

A
8 :
-
T ¥
| mix | n f3| |

U e



Segmentation with paging

Example: The Intel Pentium

Pentium Paging Architecture

(logical address)

. Page directory , page table ) offset |
31 22 21 l 12 11 l o

page 4-KB

table " page

page
directory

ICR3 —» 4-MB

register page
. Ppage directory , offset |
31 2221 0




Segmentation with paging Example: The Intel Pentium

Linux on Pentium Systems

@ Linux does not rely on segmentation and uses it minimally.
@ only 6 segments

o __KERNEL_CS, __KERNEL_DS
e __USER._CS, __USER_DS

o shared by all processes
@ all processes use the same logical address

o A Task-state segment (TSS)
o A default LDT segment, shared by all processes, usually not
used

(allow processes to create its own LDT replacing the default
LDT)




Segmentation with paging Example: The Intel Pentium

Linear Address in Linux

@ Broken into four parts:

global middle page

directory directory table Bl

U e



Segmentation with paging Example: The Intel Pentium

Three-level Paging in Linux

(linear address)

L gdlobal directory | middle directory page table offset
global
directory middle
directory page

table page

global frame

directory entry page table
middle entry >

directory entry

CR3 —=
register
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