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General facts

Paging translates linear addresses ( what is left after segmentation translated logical addresses ) into
physical addresses ( what actually goes go to RAM wires ):

W

(linear}|—————— > (physical)
segmentation paging

(logical)

Paging is only available on protected mode. The use of paging protected mode is optional. Paging is on iff
the PG bit of cr@ is set. RIPRIUT, WMRTFAIENE, ME

o \::[
One major difference between paging and segmentation is tr'la_t ng%néﬂiﬂ;z#é bl;{/f k:i {}Zm*{%ﬂﬂéf
_J'_)\.. 3 L T

+ paging splits RAM into equal sized chunks called pages hfit.
+ segmentation splits memory into chunks of arbitrary sizes

This is the main advantage of paging, since equal sized chunks make things more manageable
segmentationZ2 7 M (IBE) §9. N, CS, DS, ESZFHESE. PagingZFaJ LY.

Application

Paging is used to implement processes virtual address spaces on modern OS. With virtual addresses the
OS can fit two or more concurrent processes on a single RAM in a way that:

both programs need to know nothing about the other

the memory of both programs can grow and shrink as needed
the switch between programs is very fast

one program can never access the memory of another process

- & 8 ®

Paging historically came after segmentation, and largely replaced it for the implementation of virtual
memory in modern OSs such as Linux since it is easier to manage the fixed sized chunks of memory of
pages instead of variable length segments.

] : BIRCPU , #lin , Power , PowerPC , MIPS , ARM , #& B
( segmentation ) #l5l , MREERXRNFEEHKEBRANPagingEBEAAFF
BT, BITLAREXS6/NARHN—MNEIEREREART .




Figure 1(a)— Real Mode Addressing _ )
Address: B12a:FFEC iz Rl. A LUBIregisterF 175!

= . 1
f_/_/_;? 51230 FFEC + 16-hit Offget
91C Physical Address
EBAR, ZTR16. 204 2L,
Figure 1(h) — Protecied KMode Addressing
Addressi O055)FFEC

DT
e i Mo Entry 00k
Fﬁlﬁﬁ E(iig SIEECt_G ) . Bazse Address 08h
HEmEERN T4 Baze Address | 10h

“-Base Address | 1Bh

Base a.ﬂ;\;:ldress 50k

Base Address ,

= 81230h

LOTEkFCOTERIER

81230 | OFFEC | + 16-hit Offset
921G | Physical Address

[ER] : Intel CPURYBREXN T o<, BAMMATTLERRET , RARTHE
E? BRENMCS , DSERERFAMEZRT (BREEN ) . REHE
GDTEEMHRFMF I REREL N0 , K/DR4AG, T EH R0 , BIER
LI R AV B Bt B B S BTN |, STEANH APagetl HlEER,




Linux/x86 3T Ex Al Hl A &
Note: @idFiigCS, DSZselector, FigRDescriptorghitil H0, =HATITES
HhbH 5B A S TP ge S, MR b s
76 #define GDT_ENTRY_KERNEL_BASE 12
7
78 #define (DT_ENTRY_KERNEL.(S 12 (GDT_ENTRY_KERNEL_BASE + B)
79
80 #define GDT_ENTRY_KERNEL_DS 13 (GDT_ENTRY_KERNEL_BASE + 1)

185 #define |_KERNEL_CS (GDT_ENTRY_KERNEL_(S * £) 96. Ox60|

:IEE #define __KERNEL_DS (GDT_ENTRY_KERNEL_DS * &) 104. 0x68

187 #idefine _ USER_DS (GDT_ENTRY_DEFAULT_USER_DS* & + 3)

Linux’s GOT Segment Limer’s GDT Segment Sefectors
mull o0 155 Oxfo
reserved T | oxss
= " PNPBIOS 32-bitode | 0x90

PNFEI05 16-bit code 0xgE
PHPBIOS 16-bit data Qal
PHPBIOS 16-bit data Oxal

0x33 PHEBIOS 16-bit data Oxbo
x3b T APMBIDS1-biteode | OxbE
x4 3 APMBIOS 16-bit code Oxcd
APMABIDS data 0xCh
not used
not used
ﬂnl‘EErE WERNEL_CS) not used
0x68 [ TKERNEL_DS) not used
0x73 (__USER_CS) © notwed |
ox7k (_ USER_DS) double fault 755 oxtE
G Limit 5 Type DPL 0/B F
[ ugércode DX COC0R00a 1 onfHFf 1 0 3 1 1]
}(serdata Dx00000000 1 oxfFFef 1 FJ 3 1 1
f kemel code DXDODODADO 1 oxfffff C 0 1 1]
kemel data DX O0000000 1 oxfffef 1 2 0 1 1

Descriptor3 %y . it 70



Since x86 segmentation hardware cannot be
disabled, Linux just uses NULL mappings
NULLZ fgsegmentationfa iz i H#E fF 1 F Base A0, segmentationfiselector g A=
Linux defines four segments
= Set segment base to 0x00000000, limit to Oxffff

= segment offset ==linear addresses
50, i@idintel CPUMEAXZ32bitf1 57258, B TFSegmentiibaseh0. 3413k

BEATAR 3 2 bitpgiEtit. #APage TableZs T AvHEHL,
= User code (segment selector: _ USER_CS)

« User data (segment selector: _ USER_DS)
« Kernel code (segment selector: _ KERNEL_CS)
« Kernel data (segment selector: _ KERNEL_DATA)

[ER] : BRANEREBEEEN, 8086F180286216{IHGPR ) , Hisit 5
L R201 240, EBEiTRreg + Offset e “BHE”—120 / 24 B ity

ht, 386R32{UIER T, E—@B324L ; BT Paging@HHF. BBHNRBRE
HBRE32, AMAREREH R0 , R LAEAE FPagingtIFlat FHE R



20 Ietmory Interface

e i e e e e e o Il e L — BUS INTERFACEUNIT(EIIN - — — — — |
| |
| |
| - I6 ) |
| Dffset Addeess - 6-bye |
16 4
|- Instructi
| Seguent Address — ; Qq,:cueﬂn |
|
| Es ]
| cs |
| = '
D& TSR |
| 1P J |
| I| Instrzetion Decoder |
l— _—— — = = _— _— — atul cotityol [
|
| i
| LS i |
!IﬁF
l AH Al |
| BH BL Anthrneiic Loae Unit |
| CH EiE) (ALL |
| DH DL I
SF - |
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| Exzecution Unit (EL) =T FLAGS | !
| L1 |

Fig 29.1 Basic Architecture of 8086 Microprocessor



Intel 80286 architecture

ey e g ey ey e R A F L A LE. . E A
! Address Unit [AU) 16izfIOffset o
: ; : Address Latches
: [l and Drivers !
E Prefetcher Extension |
: Interface PEREQ
E 1 - READY#, HOL/
N 1%, 504, CODWNT A4
. LOCK#, HLDA!
1
! Dat Tranceivers D5 =D,
N DU IR T~
L L hitEgEsa |
i 1A fgasE 1 6fiif.
E , [——— RESE
i : [e—c1x
F 1 —— V55
: ANALA ' : Queue E ) -
1 Execution Unit (EU) Y - Instruction Unit (IU) | fe——=CAP
e e m e e e e e e —. - —-—--- == - B N . L L L L L L L T .
e | eseon " [BERaEe 6f |




| 32fupiOffset (fRBE) KS58F | Segmentation Unit Paging Unit Bus Control
32 34
A A |7 HOLD, INTR, NMI
Sinput , INTR, NMI,
Effective Adcress Bus ) Adder  f\(] e C ERROR, BUSY,
RESET, HLDA
Effective Address Bus > LoE
f)l -
q s Limit and
P-rr::f::;? 32{-—1'- E{] %iﬂ: _> Atiribute
PLA
-~
§ Address BEO# - BE3#,
Driver A2 - A31
: '\ 3
: Ll T g e
Internal Control B Bus Size d
— o Tl
| g BS16#, READY#
k7]

v a
Barrel Shifter, — ::;\ Multiplexer | _
Adder e |:> Transceivers o=k
Flags Decode and A 4 \ 4
Sequencing

Multiply / J Instruction Prefetcher /
Divide Decoder Limit Checker
Code ﬁ
Stream 8038671 i4H T Paging&i {4/ #.%| |
3-Decoded ez |
Register File C: Control SR incwruction Ll
| Queue > Gumcr
ALU Control
ALU Instruction a2 Instruction Prefetch
Control Predecode 32
AN Dedicated ALU Bus
Y
| 321&&{]@%%@% | PLA: Programmable Logic Array

FIERFRE

732 CPUT, Offset&mmk32bit, #4G.
Segment registers
Ccs Overlapping
- segments of up
E":"_ to 4GB
§S beginning at
ES _— Address 0
FS
The segment selector in
each segment register
polnts To an ove;lapping Linear address space for
segment in the linear program

address space.
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| BEMEES U EANEREE N RE.
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