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Chapter 1 - OS Introduction

o RFRZTINEE

o RFME: 1 BFRAR—NIZHIER: EHERIIIT, DIBSRERMXIHENARZS6E
A. 2RBHR—HEDER: RAEEMENENR, EPRINFRFR ML AFHEAY
BIREARE.

o AFRE: 1AM AERBAFREERNEANEeNRN, RREENSRESEEE, 2.5
HEHENHBFREANERANA, R MEREZEHENNAFPNERRTEHE. 3.9
RHE=RFNAFRMRS, HBERAP AL HRENEIR. 4. 98 tENRFL
X eT FMEFNEE It aD.

o BERARNEN
BMFRBER—EEHEETTENEGRR. SEEREHTRELR A ERFPIERR
£a.

e Multiprogramming ZiBfEFig1t

multi-programming 2iER ERRBLBERERITHNZ MESLMECPURTERITEMES, FiE
PATRESHEIEES b, HE/MESERIEZER (FlanihfTI/OBIERTY) , RFEaTLAMES
WHEREEEESHRENT, EiTENEFECPURBFEITEFEEBRIZS TR,

e Multitasking ZE{ES4ME
multi-tasking 28BS IEd A EACPUECPUESMEShiuEIR, HiRItBNEERFER
XEAES  RRIHTH, NESTBFESRIIETS MES.
e Interrupt Driven Mechanism =SRBRIREAH
o RBFRHT: RE.
o IRy (HISMERBERH) © Eftferror, IBRIBERGIRSS. HIEHE (e.g. TIRER) .
* Dual-mode JU&EZ

o Dual modei B FRFALIEE TIFERFRIIBRIEIN, B EHHRAAIMode bitkig
EE. WIEEFNENES REEETERNKIEIN. FUTRFERI ABFEIUIRE s
X, WREREBIREBFEN.

o XFDual ModeRLILE—E4AUE S AR EFIT, LURIFEERFMEER AN
e System Calls &4

REERRHESRERENRZEBNEREZN, RRERNRFEFERTEREMERFHITE
BHITE.

e Program != Process &% |= 12
o HEREFIN—MUTIA, SMHETLHITE—ERRE. —MNHERERA—ERIIT—
MEFRINE.
o HFERactively, EECHlocal states!

Chapter 2 - Operating System Structures

o EMEARAIERSAPIFEER
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APIEN L, IRETHRFRERNEY, SROBREL, ZRARRENES, SBER
SZNERE, EAPIFELIEERITRSAR, BREFABAP, APHYTREFRER, ZARRE
CEEIRELSAP, APIBIRELFFER. (SHAPISEEEARAEMEE EEESMaIeaEE.

o REERSHIEE (3F)

o ERERAY: BYHFFHRIES.

o Table-based: SEFEERTEEREMblockaktable, SAfSblockaktablefOtttit# MIESETZE
S L.

o Stack-based: SEITHIEFNL, AEHOSTHLIE.
o RGERAXE (6FEZEFX)
o Process control HFEEH|
end(), abort(), create_precess()...
o File manipulation S {442{E
create file, delete file...
o Device manipulation R&2/E
request device, release device...
o Information maintenance (S84
get/set time or data...
o Communications &{F
PMET: EREEEN. HEAFERER
o Protection {FF
get_permission(), set_permission()...
o OS#Et
o Simple structure f&jERZE#- MS-DOS
= ZBwell-definedfV%4E1;
" IRERIDIER,
» FEOMIEENERRBRFND T NERFELILEEMN/0, BZEREFIR

M, SZPRTEEMH,
application program ’

resident system program

!

MS-DOS device drivers I

'F.

ROM BIOS device drivers

j‘

o Monolithic Structure B2 F45#3-- UNIX
» FRRFEFHIRERERD IR ;
» BREREESTE—ER,
» MREMEEANE, REMELSTIL



o Layered Approach 9 BEHi&
» BERFESHR—FRINER, NEHEZETERIRFE.
» (BRESZEENBIHESERE 7 EESEH,

" RREBEXRMELS, SHEIEEERRRE,

g -
- layer N e
p user interface b

. — \

o Microkernel System Structure IR FLEH

» BRAUESHABSNAZREIRFZE, BE&RNUHE. ATFEESEEIE, =ZEH
EFIRERSIRSS Z ERNEETRE.

» RREZTHR, ETHRERFBEIFIZEY, BINRENRE.
" RREFEIIMIRFTER AR EREETHE.

Application File Device user

Program System Driver mode

~ ”» ~ A -

__________ FE===N— A= SN ]
Interprocess ILEILEsY CPU kernel
Communication managment scheduling mode

microkernel |

hardware

o Modules #RIRILEEHY
» BERGE RN OEN, ATLABT R R SRR ERIARSS .
» RERZ TR, ETFERMERABERFEEYE, ENRENEe
" RAERERYMIAF T ER N EEEREETHE.

scheduling
device and classes
bus drivers

core Solaris
miscellaneous kernel
modules
STREAMS executable
modules formats

loadable
system calls

o Hybrid Systems iB& &St



o OSigit5SEl
o BHEAM: EXB#R (usertsystem) FIHLE
o #1#l (mechanism) 5%8& (policy) S8
w HIEIRELMEM, REREMTA.
n G0 1 AT CPURIFRITHRTRRIVE, XIRRIBEITRISRAIZMIRE NS KR, £

AR AR EREERIPRIIE. 2 FEESEERRILIIE, IMAIRERRZ!/O HEEIE
RS ST CPU BEAUER, TEMERTRAIRISAI AR RS,

= HHSRED BRI RN RRERANRIENE, ATLESERRIBRIER T

MLl o

o OSERZFMESSII
" ERERBRSER, EA5E BERZEENEL. BFRRESZBEREME

.

v R ERIFF A AERIEE N,

Chapter 3 part1 - Process Concepts & Operations
(from Programmer's Perspective)

* +4RRER(program)?
EFHe—RAE. &R, BRE— I EHITHE.
e Pre-processor FghEA,
o URIFBMHTIEEQEMDHT, MRLHEEEER, WERFPENRE, FlanCmHn.
o Cfmest.s&EmA.0
o HHEERICATERIBR S FIETHEE —IE.
o YMAIgmIEESIH?
» stepl: /EFBRIREHG. BRBERE—NHEEmainRE,

step2: FEMNIE—HmEMBIRMUE.
step3: FrE B —EEiErr.

* HARHHFE(process)?

o HHiE

REMITHRIER.

o RFPRIHIE

Text section XAER

R

Data section ZEER

EJCE

Stack 1%

IRET3EE (RESE, REHLE, BEREE)

Heap 1

NSHERF

PC&Contents of Register 2R 1S Z8NE
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max
stack

heap

data

text

o MRS

new FTHY: HIZIEEEIE

running ia17: IBSIEERIT

waiting &£ : HBEEFRERNEM (W/OTRHBENES
ready #i%s: HIESFOEIES

terminated &1k HEELTRHIT

admitted interrupt terminated

scheduler dispatch

HEBZIUE T ERE, ReeE—NHEERIE T, BithirSHEENESER.

I/O or event completion I/O or event wait

o BiEEHIR (PCB)

RS

RFITEES: HERERTII T NESRIMEIE
CPUHTFRR: RINsE. R3IFFHRF
CPUBEER: #HIZIUER. AETIREESE
NEEEER: X BES

I/ORHMER: DECLEHIZR/0FIRE
WSS CPURTIEL. SCPRMEFIRTEIE

getpid(): IRENERHZRIPID

o HiZEIE

fork()
QiR FiE

F—NHE: init
ERZEmREE, F—MISREIEESHE.
FHFEA R AN L, LB I re-parentiftinitHEIZEAIN) LETEAIHTE,



v AR FIHIZRIRER
"RHAR: RFHAEMBRFRor FAELZERHIENRRFEor LFAHEHIRIR
AT RFFRHIITor QRS FFHIERIE
Helb=s[E): FAERRHIZEEIAR (BRSHERERNEIEIER) orFHiENHs
— NRYTER

» FAEENNTSE

Program code They are sharing the same piece of code.
[File & Memory]

Memory Including local variables, global variables, and dynamically
allocated memory.

Opened files If the parent has opened a file “A”, then the child will also have
[Kernel’s internal] file “A” opened automatically.

Program counter That’s why they both execute from the same line of code
[CPU register] after fork() returns.

FHEAELATSEH: (8, XESHEBLTRZH)

Return value of fork() PID of the child process. 0

PID Unchanged. Different, not necessarily be
“Parent PID + 1”

Parent process Unchanged. Doesn’t have the same parent
as that of the parent process.
Running time Cumulated. Just created, so should be 0.
o HIEHUT
= exec()

v Efexec(fm, HENER T HRIEEHRITHES, HEFREZEHIAAE.

o HIEIE TRSEAA, il Memory (BFEEE, £2B%E, oiSoRRE) |, 578
8 (PC) .

» HEASKES: PID, HRZENXER. 1Z1TRIETE
o fork()+ exec*() + wait() = system()
= FFwait(SRERIER FERTHATIE
n HQHEAIE N FAERIETEILIER, wait)iR(E
» MNRRRRETFHE, HFRBIEASTHFHE, wait(RRERHE
= waitpid()

Chapter 3 part2 - Process Operations(from Kernel's
Perspective)

o WIZEIE vs FAFZE
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Kernel-space memory User-space memory

. Kernel data structure Process’ memory.
Storing
Kernel code Program code of the
what . .
Device drivers process
Accessed User program code +
Kernel code prog
by whom kernel code

o RUB{ThYEI=FFRT A+ ZR SRt A
e fork()
o RNiZ=iE

Ready to return Ready to return
from fork() from fork()

Process Process
1234 1235
~
~
~

1
1
\
L/

System Memory

User-space
memory

Kernel-space

memory

OS Kernel

Return value = 12 o Return value = @

o FHF=E




o exec()

This guy invoked OS Kernel
fork().

Process Process Process
1234 1235

\/

Local Dynamically- el ‘ Dynamically-
variable allocated 4 variable allocated

memory . memory
X, copying

Global

Code +
variable

Global Code +

constants variable

constants

o NIEE

This guy invoked
exec*().

0S Kernel

The kernel searches the target

program file.
Process Process
1234 345
~
~
-~

If it is not found, the process returns
from the system call.

1
1
1
¥

Let’s assume that it can be found.

PID = 1234
Array of opened files

Searching

o FHRF=E



This guy invoked 0OS Kernel
exec*().

Process Process
e o 0
1234 345

Cleared! Local ~ Dynamically-
variable allocated [&FEETITY
memory

Global Code +
Reset based - njsble constants Changed to
the new

on the new

code!
\\\‘ program code! .//

e wait() & exit()
o FHEMATRAAexIt()
» NIZEATE B o EeR=E

wia, REMRBPZAREFEHEXEXHENMERS, BFEFBHESERIN
=

EHIERPREE FHIESE (RIERT)

EXNFHENERFRNEFHE. BERRTEATHRINFESEREERD. FHIE
BPIDFIHRLE

Wiz FHENE LB FHENRHE. BRE—MEFRASIGCHLDRYES
TEFIUEFHE, RABERdead,
o RHAFEMFA TERwait()
" IR HTRIRE—MESAEHR(ER— 1 REEEE). ZIESHIBFIREKEAESIGCHLD
ElSRATHIT,
PG A RIS B RIS,
HSIGCHLDHIEY, BRRESHIEGIE
SIGCHLDRYERIALLE : 2 FHMIPRSIGCHLD; #ER AR IE E S FHIE.

REMRESLERER, Bk, RHEFRBIESIGCHLD, BREZISSRIHFITANC
9, REEIBF=E

s G, Wait)RFSEARNIREEREIEFHIEPID,
o Wait(EFHIEC LR ILGHiIER
. FHFEELFKRIERAEF), SIGCHLDEERHAIERRQIHFE

. SERIEN, NZREESWIEGRE.. AT, wait)RSERAIISIGCHLDIESERE
£, B, S 7EPRENERARIE,

o WNRHAERBEAwait)HLL?
FHESEAIUL, Init@2FHAIRHE, SEEAwait()
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Chapter 4 - Threads

o ZHGR
o

» WA ASHEIRERNEREFEERSKEN, B NNAREFEWIM BT S NEE
KRR —NHE;

» RENA: MRITENEEESZ, BE, B8MIEE—XREEsT—NHE, CPU
FEFEDFE, FILATERESSE, L8 MzORE—MES, SCEIENFTHEMA
UNEREZ R LB FHR).

o H&kvsHiT

Concurrent execution on single-core system:

T1‘T2

Ty

Ty

T4

T2

T3

T4

Ty

single core

time

Parallel execution on a multi-core system:

core 1 T4 Ts T4 Ts T4

core 2 T Ta To Ty To

time

o REBHIRL

" FTESEHSARIAE. —MEA—MEENRETTR, TRZALERY. SRR
HEILUEAEMMRASRTER, B2, SIEKT EREZIZIZREAERE.

» FESEHEHERNEFEEXMERNMSHERE. FESEHTIIEEXEMX
1%,

" BMLEHEECHEREENATEE. FEit, %2 RN ERE,
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User-space memory of a
process

Dynamic

Global variables

Function A -
Function B -

o ZEFEINR

v IERMAISESANERES: SEAERITAIFNAREFRRPTHTES, MTRERAN
RAEFTHEE,;

" ZTHRFLS. HEEIHEAFSHEEEEH=RR, XOMBERR BT,

w25 NUEEESEATIRRNAARES, LERERRE/LHE, HEZENLET
MIRREBR, EEEIEIFLE,

= DI{RAEME: SAERTREEARRAZ EFITIEIT.

o LfEtRE

o ZN—1=EY
= ZAP SRR R — IR,
iR ZTFTRZAIEI
s R MR—NEENTEERRBER, BABRNHERSEE. RTEFBZ M
Hiz!
Space
Process
Structure
Kernel
Space
Many-to-one model
o —XJ—i&EY

» — PN RAPSAERGFEI— N RZEIE



» iR EREERFERRESEILERERE, BtEsHAMY

" RR R BEFLENER— I ARERE, XTMTESR NN AREFIERE &
BERIEAZ LR, ENEREIRZAFEAIIRE

User
Space

Kernel

Space

One-to-one model

o ZIIEIRE
» ZERERZS T BPREIEEIRFHESE DHERNRZEIE.

Kernel
Space

Many-to-many model

o LRiRURiE
o [EHEKIE vs BSLEAE
n RPHIE QEREEFAIERMEINT, REENFEEFARIT, BN&ERT
517, HIEH=ED;
» EPEAE: ForkjoiniREg REAESH AR, MERZS
o ZAEelE
= pthread_create(): ZFECIERTIE B EIRLAZAIEFZREL
= pthread_join(): Swait() and waitpid()DIEESE{
o BHUEB
o BLEIE
o JR[EHE



= pthread_exit(): &IEHY, —MEEERBEEH—RIIEDERIRFAIEIHHRREILS TS

=,
o [Er4iE
o EX: BEERCIEIEEMNEFRERRIRIFRISTIE, XMREETR/IEIIEE
o Leigith

» EHEFIRR IR —EHENEE, FHINEMFRLERFTIE.
» VERIRERLAE;
" SEREIRELD;
» IREFIRBEALE, WESFERI—EETH,
o OpenMP
» JRIFTRE——ALHTIETHNREIR, NARFARAREATREBEANRFES
= HOpenMPBEIZIESH, BEROESRANIFIZEE—FFSHKIE
o fork()flexecORNENX
o (ESHE
o iR
o LRI

Chapter 5 part1 - Process Communication
o IPC: HIZEBEE
. HEWERS
o BNIHENERE, MAEREHTES
o PIAEIBHTAIEIA

process A
E shared memory

process B :l

kernel

o BR/EREIX, XFEREIX

n HEFFEERANN—MEbufferimly, FEERETE, FHHEELIN—, ARREE
A,

» HHBRERHN—MBbuffershy, TEHRBEHRE, FRHEFEANN—, RRREH
HE

o HEWEBRS
o HHMER
o FERZTM
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I
i

o ENHARRTESZLI

process A —

—] process B

message queue
— m0|m1 |m2|m3| |mn |e—

kernel

o B
. EREE BEEENS RN BB E R RS,
BAR: ARERL
- B B (H0) RRRMBKEE,
R MRS — MBEIEREET, R
HHE S — MBS ST NERE, A —RES— MHBINTIR Freceive; 7t
FRGE R BTN,
B2 EEE?
BRTERARRISE), BERGBE— AR, R, W)
o @
- IHE (REWHANERSH)
B AUTRIAE, BRSO R
IR RS HIEE, EEAEHEETR
- IHEE GHEEEARRESH)
FIEERE: BREREBEIHRE
RS BRSO
o B
- TRE: SECTASETNELTSE, EILARETIEE, ERERERREY
=

- FRAE

o EEEE
B HERRIERN LB - HRE DR TEE
» EFEOEEN—RE (BAiR)
» HEBEENEENS—ImE (i)
o MEEE
" RREXFRAHARIERBEER 88 L)
= SPHEILERGREEH TREERER/LNEE)
v R EMPR AIFERFE



. EERNERREENT)
chap 5 part2 - Process Synchronization

o RHFM
SRR RIGIEFRER— R BN TERERERRINFE X,
e BER

o hNIZFIRE HXRZ
" REFCRAIPEERRIRT M THHIE 4.
» BERARRNENE, BESLARE

o EMIEFRXE—MFRITZE,

o FHAMNRHAVLI-ER
» BR: FEEERBERNHEGTIRREX
» CEE SMHEU—EREREET, BEANHERMEEREFCPUREMEEHIRE
i AATFIERRAHEASEER CHEH A IGR X
» CBRES: HETHE—BESFHAANGRRK, FHEREERIERER

o JEE#1 - BRIl
» GiE SHEREIRRXNREER T,
» N S—PMHELTERNIRFRRXE, REEMMHEREEEIT,
n ESANERRIMERARA] T, 4RSI (R R R )

o FE#2- B
T3k HELEHNIGRX ZAEAEE, FER IR XA
= [BJFR: FIREIERKITEE, #EFEcpuRIR (spinlock)

o FEE#H3 - I
ik SR "turn”, BIRHAIERX
w [BJRR: AJREERITE. RBINFATHET, —MNHERRERRHNIER K.

o FE#4 - PetersonfRHE
A HESRGHT—HNRFEHARRX, ESIHREHFANIERX


af://n563

Shared object: “turn” &
“interested[2]”

13 void leave_region( int process ) { /* process: who is leaving */
14 interested[process] = FALSE; /* I just left critical region */

15} Exit

v B CF (REZFBCPURIR) | MUERREE: RIMSERAIEIRRXRS, SRS

W HEEESENTHEESSE

» REFEARR, PUTdown(RFEDIHE, SR, FUTup(SRIBINTEL ZHit#EEno0
RS, PHERLEERHE

[ CF. BRGE BEEHEMARILSFHISHERANF G IT)

s [OFR2: R, BERAE R, RE—NEHEALAER disable_interrupt()”,
ZIERIHIESHPEZE, EHRIJAR" enable_interrupt() ".

o [RFIRMF
v RFIRERPTEIESHIRATM, BERTFERFNAEIESHTMT .
o Ll

o EX: AZBEREFMETS, SNHEIJURFERMGENTR. I— HEHBRIRN, MR
XENRETRRR, BPAXTHEBEASFHRTS, WRATHBNERRECESEFIHES
B, BAZFHHETEBELERES, XFERIRATEH.

o EK
» B — M EROIRRBEE— M HERER
» OEHERS —MHENESAE N RFAESFERECHERSBINER
v JHEh: BRREEHENTERERHIEE RN

» BAER B—EFHHEPO, P1, ....Pn}, POFHHIRRAPIEE, PIEHHAER
AP2EA, ..., PIFFIEEFEAPNER, PREFRERAPOSEE

o WRHECE
* request edge — directed edge P,— R; oo

R

* assignment edge — directed edge R, — P, ‘EE

R

o FEHHEN
= casel: BMFREAT—. 6%, WA, &L, WEILH.



case2: BHRFEEEZN
TERE:
AREWRE:
SEEEE:

. RTREE

FE—NETIRF, RIERTEHERERERE
A HAUIRFRRIETRK (XAZIEH)

BRI FREEIEMN R R ES(FaE I LE THERE)

EEEIRE

o ZEARYIPCIEIEA
o 4FrE-HBREER (BRETR)

BELAEREE: Z1MEFEvsENERES, BIZERBRXFXRER

ENXE— M HEWSR, BERFRELER. how? — N THFIESERFRFAXHIAOF
HA

ENEHRKEANEERG, FAESHHZENNTE. how? HMESRAIETHEEk
BRENREORS. BEERMESE, EATHMEENELRR.

SSENERINFREE, BNIRsear~4E5rHl

1 void producer(void) { 1 void consumer(void) {
2 int item; 2 int item;
3 3
4 while(TRUE) { 4 while(TRUE) {
5 item = produce_item(); 5
6 ‘down (&empty); 6 down (&mutex) ;
7 down(&mutex); 7 item = remove_item();
8 insert_item(item); 8 up(&mutex);
9 up(&mutex); 9
10 ‘up(&full); 1@ consume_item(item);
11 } 11 }
12 } 12 }
o BHFERMEIR

final solution

semaphore s[N];

#define N 5 1 void philosopher(int i) {
#define LEFT ((i+N-1) % N) 2 think();
#define RIGHT ((i+1) % N) 3 take(i);
4 eat();
int state[N]; 5 put(i);
semaphore mutex = 1; 6 }

void take(int i) {

1

2 down (&mutex);

3 state[i] = HUNGRY;
4 test(i);

5 up(&mutex);

6 down(&s[i]);

7 }

Section entry

1 void put(int i) {

2 down(&mutex) ;

3 state[i] = THINKING;
4 test(LEFT);

5 test(RIGHT);

6 up(&mutex);

7 }

o EE-FEEE

SEfR ER— R EUEREER

oy :
AeJLAEE

1 void test(int i) {

2 if(state[i] ==

3 state[i] = EATING;
4 up(&s[il);

5 }

6}

Extremely important helper function

1 will explain the
code later.

HUNGRY &% state[LEFT] != EATING && state[RIGHT] != EATING) {

TIEEERY, EfiSEEATLAE, 238EEH, (FEATLUE; 3/FEER, EE



semaphore db 1; 1 void reader(void) {
semaphore mutex = 1; 2 while(TRUE) {
int read_count

n
[
[ors

Writer function

1 void writer(void) { Critical Section | read_database();

2 while(TRUE) {

Section Exit down (&mutex);
read_count--;
if(read_count == @)
write database(); 12 up(&db);

Critical Section

13 up(&mutex) ;
Section Exit up(&db); 14 process_data();
7 } 15 b
8 } 16 }

Chapter 6 - Process Scheduling

o TR
o SEEIBHIEFTERISFRE, Aaload#iEiERIcontext
o ETFXINESTH
o BHARVSIBSHEE
o MREERISR
o CPURIFEZ
o HITE: BAIZAZRRIHIZHE
o JEEERTIE: MNHIEIRAEHIE TSR RIRTIAE]
o HFAYE: HIEEFEFIYIERIATE
o MANZAE): MEHFIEHRAREIHE—IRIERAIRE]
o FEEE

o FIFO
= FIFOEEX NI REU.
o SJF

» JHeARvsIHe AR

v HSH AR EAYRD RLUEINE N SR E I ANHY,

» SIFETLAERRRSRMA), EAERE T &RITIIEFTE

= P AAALE T — M CPUIBRAYKE?
o RR

= EHEE

» RREZEFBELEEAT, ATABMEEFEE? ~ERREET, HERIMMN R
o RFRBEE

= [BJRR: FoBRPEZEELILEH

n RRTTE: BUFIIEINECSHHIERMNER)
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o ZRFNFIREE
" HRRERRER RIS B — MEEAIS R,
" (AR RS IR A
= HMESERRBEECHEESE
» ERR: (RS RIRIRERTIREE S H. BRTTE: IR
o SCRICPUIERE

o BFRKEE
= BERY. SRR
" HRERMRSSR S EERARREL
o HEFEIHARIERE
= RIEEUEHRRRENS S B
v EFHRRHME, (Ufils

Chapter 7 part1 - Memory Management from a
Programmer’s Perspective

o IhHiF=SiE
o B HIEEIE R CRUIITE), BRI LIEREEMIEARFIEHTERD
o EFAELEER
o EEFMEENER.
o RIEMEEHZERIEMN.
o HUERR&BSS
o BSTERMNANSEREENRR
o iR
» GV EREENRSEE.
» HUEREZDE 7 ATHRIZE,
o BSS
» AERVIRHNEETENFTEE,
" BSSRE—MMS. TEEEXDE. —BHEFAHIT, TEA2DE.
» E32{UlinuxRF L, AFPZENSUEEAXLZIGE.
o 1%
o BE: MENEEEE, MERHSH, EFSH, MNREE
o WNRFIRET
v MG, ERELE
» BRLE: RERSSHVHE. RERVEHRENNE. RERDBERRE. £H

£RXE

o RBEHREKRANF, F2nERF.
o Hmalloc(BE=SRLRAT
» [E SRR
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o ERHHIR

size

payload

optional
padding

TSR TJRERELMAEER

| Start of heap
a

20|

T e T [ [T [ [ [l T T o

|:| free D allocated . Allocated & unused

BURIEN; fERBEIREN: M ERESERIOMEFHIARESH, RIEEN, &RNE

N

B (4FhE5R)
n BRETRER

Allocated (as before)

size a
payload and

padding

size a

Free

size a
next
prev

size a

RIRERTRR(EEH T ELIRRF)

" SETHER




YES Unusable YES
NO NO
YES Unallocated Zone YES
NO NO
NO R NO
NO Data NO
NO pde 0 - YES
YES Unusable YES
0x00000000

Chapter 7 part2 - Memory Management from the
Kernel’s Perspective: Virtual Memory Support

o ERFAYEFAL
o ARERIHAEEFRERAEIMIL, B BERGE R R RIRIYIERMAIL,
o FILISEHIAEHRE.
o HJLASCHIRTAHER,
e MMUSCHR
o paging
" pagingGAFRIS AR ARIEIELR.
" MMURIEBERIEIR AR,
» HNHEGECRIRE
o TUREH
n IERRITERAK
n ATLIRENRR TR/ SRR
o TLB
o BEXRIFR
o RA{RBTRNEFEHE: HEC T EMIEILTE, EEKDER.
BEnEE, BFREIEHSE.
NRHFBNENHRBPLHAREFR D BRI MRS, SRERITEIR,
TROGEIRAIRGIFE
n EYIETCRH, HEWIERSECERT
» EVEREHE, UKEIZER, #78K%, BRHEENFIRREK

" RMKEREE—IRBEERAFHERETNEE. SRR AKNEDNIZSYIERFAIR
/IMER].

BSr$EN

[¢]

o
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» REHEP—NHEEESALERN, F2ESHESEIISER.
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(1—-p)xXma + p Xpage fault time
* ma: memory access time (10-200ns)
* p: prob. of a page fault
* page fault time: ms
s MHEBKREZX

o RIMNHEREE
» EREKIEASRERZIEE
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o FIFO
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Chapter 8 - Mass Storage
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» SERE=BH R E e
" EEE AT
o [BELIEE
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L 1 1 1 U L 11 L | ! L L LUl L 1l 1 ; |
| | I i
‘I;j:;u /
_—— )
T -
—
— - - -
FCFS SSTF - SCAN
r . mm——
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Chapter 9 part1 - File Systems From Programmer
Perspective

o FSNA
o 0S!=FS
» —NOSEILASTHFEZANFS
» —AFSETLAREZMOSIEERN
o THEIRE = FS

" FSRATEiEEIRE L. (B, REVEESWAIREAEAFS, REFMRETLUREE
MFS.

» FHERERER—EUSSE. BB AFERETAFSEEERD. BIERGRER
R IEEE.

o i
o HARNH?
M ERFIRENEHRERNRE BENE.,
» BMERRAEXHE—NMBEFMERET(—RIIEECR), S FHHRIEERE
» AP RI\BERIEESE
o NiHEME
o IT{HRIBR
» NGRTEE/SUFR/ R ARNE/S/HUT (3 bits each)
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o WMEIFTFIM4
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AR5, BFRGBIXLEEMERREI—M T, XMFIRASEERRT.
S5 FRGUSSIUHEIA TR EISHAE,
IAXHRER AN ESMNELE, MARXGRE!

BIE— SRR NARRHIE T, (ERRER—MERERE!

o N{HEATF RESMNHEEEI TR ARIEEZRS].
o WYIEEHTH XM

o iZHIREBERFHRM— N SUHERTT,

o 2EMFRGEENMEME, FRIEFHEINBRIEEFEATEE.

o 3HEIREIFFEAVEUE, HEEFRERNZFEER/NEFF.

o ABRMERGAIBERHERHIETNX, BEEEANBFRZBERX
* read)REFIIA

o

[¢]

[¢]

Step 1.
- Check whether the end of the file is reached or not.

[ Comparing size and file seek. ]

. File Runtime
FS-specific 1 ) .
P . attributes attributes
unctions
2 Step 2. Reading data !i i ll

read()

Step 4.
Write data to the

userspace buffer.

Step 3.
- File data is stored in a fixed size cache in the kernel.
4

Kernel cache

. File Runtime
FS-specific 1 . )
X attributes attributes 3
functions

o write\RF



write()

Step 4.
The buffered data will be flushed to
the disk from time to time.

| 2 Kernelcache l
FS-specific File Runtime
-, attributes attributes

write()

Step 4.
The buffered data will be flushed to
the disk from time to time.

| 2 Kernelcache l
4 'File Runtin‘m
FS-specific
T, attributes attributes

e BR
o BRBENMH
o BHRIBHIIE

s BB RIZHEEFITF Y /bin/ls”, Rig, ZHEORERFIREE—IRES"
/bin/Is ",

= FRQ): BMFRGGREURE R/ TRIERUL.

» PR3): #HEREBRMM.

» FPR4): BERGEBRMPERRTIRA bin "B,

n PIRG): WREE, ERERFPERERM /oin”, ERDINNXHERER.

n FI6): BERGEAERIM bin"hERETRA ISR, WRKET, BARMERS
AR T/bin/Is"S 4, FHFRFTFRZSUGEHIRE" bin /1s

o S4EUE/MIFR
o X{tlE==BHE R
o MR ARIE RS EIETERR

Chapter 9 part2 - File System Layout

o I01.0- LD ED
o HMEEF—H, NEBFRFHE, MZARER"
o {BR, BEERIAAKEIES BRI EMIERZ ED?
. FEOMRER, HEPnEXHH9EEL.
o XHMMREEZ T AIES B S EHRE RER.
o fRm
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v HAVERBHTE, ERREFATLIRERNER, BINER. BREETEATE
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» QEFESE
o {362.0-55RHHEC
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v SR BEERE TR A/ MBEZAIR
» BEQ)IEHHFIER AKX,
» SEIRER. DEFIR/EL,
o X2 1-HERDEFR
o S
" NEMRPERANFT
SRR E B NS MERIXANFTS.

IR, BNFEFEERERPIMGRN, FANGNRE—RAEREHRTEE
7.

o FHRTEEE
n EESRRUERER
°o iR
» BRRNERRE A KIE)RE,
" HRTLAE B FNKEE.
» BRREEREZLI,
o kM
= BEHLIGIEERERIRE,
 NERRER. MHHARERKRIES,. HNRE—RETRE BRI,
o i{382.2-FAT
o N ETER

Filename  First The entire
Block # Iayout".

rock.mp3 1 et

game.exe 19

ubuntu.iso 7

A 4 A 4 h 4

Block # 1., 67 |..[18 }§19 |...|25) 26 | 27 [28 | 29 | 30
D= ER 2| ... Ofi8 .. 26|20 |..] 0027 | O |J29 |30 | O

File S
Allocation oo
Directory
Table (FAT)

1 11 21 30

o AJLUBIIERZIREE FATRIR AR ASKEZAEREA LIS A) )



o FATHRRI—PMRIAR R A— iR
o X{383.0-K5 | ES

o MN{HRIBHERAVIETFiEEInoder
o Hkk/IaRE

® indexE1E

= XAEEA/)MIinode
o PRFRER

n HUER: TRRESUGEEE

v AR FENPUEIEEEE, —MEEEA SR MNEER, R LUERB—NE
R, A, E— R, FrERsBIIEASREZR, BAEREIER.

Layout & read
process

Now, this column stores
the index node #.

Inside the index node table ...

Filename Index

Index Index e Index
node #1 node #2 node #n-1

Node #
rock.mp3 1

| game.exe 2 n ! .
ubuntu.iso 3 u - .

Searching the index It is arranged as an array. So,
nodes using the | looking up an index node will be fast.
index node #.

Index Node Root
Table Directory
?
1 11 21 30
o FHH
» RE|DEERESHNEMETE, SUMIRAREER,
s FHZ

o LAFRS|5E A

Index node
Direct Block #0

Direct Block #11
Indirect Block

Root Directory File Doulils'le lnsired Index node
oCl

i i Direct Block #0
Filename inode # Triple Indirect

Fle | B

Direct Block #11
Indirect Block
Sub-Directory File Double Indirect

= v Block
Index node | Filename inode #

Triple Indirect
Direct Block #0 [ Block

The tree ends at the
non-directory files.

Direct Block #11

Indirect Block \

Double Indirect
= F':’c:_ . Content of a directory file is still
’ a directory file

Block




s XHRZER

o filF

—MREZK?

B2 OEDTERAIR?

B RAIR?

HRE REWE?

DEASEAME, FINFATHlinodezk?
PEEEEEX?

o BR—AEER. FSIFERIEUE

HABEENIZA RS FIERIDIX LE RIS A  HARENFHREE A ENEKX
RIS R R ZR X ERIRFERE L.

Chapter 10 - Details of FAT32

* BREH

o LE(1)EEMcluster# 2FHIRAUR B RIIBRSUL.
o HIE(2)EEENE R34 C:\windows”Mcluster#123FF48.

s BRI

o HRMAER—/&EH, —H32%F7,
o BRIVEET NHREXEE, thaiEs, EEM, 4R ipfkcibit
o KimXIFFVsINBIIFF

e LFNHZEIn

o LFN:

o IUHR{E

K4E
pire 0
Each LFN entry represents 13 characters in

LFN #3 Unicode, i.e., 2 bytes per character.
LFN #2 Yet, the sequence is upside-down!
LFN #1

Normal Entr o . L

y < The normal directory entry is still there.

o BEMM

FoMSHECIATRISE
RIEFIFRFATRIE F—1M&

/o, HTFATEIRCAHEOF, HMBREHE— k. XHX/NEHTHENSE—
IMRIEREZ DT,

o B

ERE—M5.
FHARAEHIES A SUE.
BIIFSINFOLEE F—1Mf&.
EHFATRIFSINFO,
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n BBEANTSHET, EFRTEAN,
o BRI

v EUEDECRIAE AR, BFTFSINFORIFATS,

» BEHRFBNSE—NFHESRNOKES, LINEKBEZERENLE. XHEMpRaE
He

» REEIERIMER. “MBRRIEIE —BEFE, BEIEHNERBEDECRIE.
o PREMMIBRAIS A
» R TNEEIRESCRSIE L B RERE S

Chapter 10 part2 - Details of Ext2/3 File System

o Ext2/3MHRFBREERS|DE
o KIS
o HIY
AN BRREREEIA, XHIEIN T FSRIRT L,
= B8 [FinodefIMHENBTEBMME—IEE, FEHPHinode@BES |FBR—HEFRIEEE

R’
Group g Superblock g Block Inode Inode
P T Bitmap Bitmap Table
A A

They are
the same.

Group 1 S Block Inode Inode
P Bitmap Bitmap Table
o HAWHHE

v BRIR: TRREFSHTRIEER

= RAREARTR: SFERUE. R5ITR/RMEMZRS I TTRFAVRERRS. BHRE
B, BERSITREES..

n RUE: FRRRESWOEHILIFHER.
» R5(IE: RERSIDREEWDBEHIFRTE.
e InodeZ5a
o BREH
o HEENMH
o FEfEE
» REEIWEMH (inode) —1BEREH. REEHHIHAS
= WMESLEH, XREIE—BEERNBERRIH.
w EAERGEEE: R0
» unlink(): $HZEECN0RY, EUERMinodetELHDEC
o FFSiHE

They are different. |
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" FFSHHRER— M, BFillinode

= FEERIRES
s REENERT

=Fh

Page Cache It buffers the data blocks of an opened file.

pI{a]a"- 14888 Directory entry is stored in the kernel.

(dcache) cache

Inode cache The content of an inode is stored in the kernel temporary.

o LRUEZEIE

s B
o EEFTHIER, AESUAGHZE, BAEE T NER, M EHINSE
o HERE

» 5EE: BAESHRE(ERETB. TEIRiIEE)
» OEREAE: TTEUETNEIE(EIATXE)
" BER BEFNREEAEE CRNVE
o JTHIEATE
v FERTTEIES A\ B SRIERF TS EIEE AR
o VFS (EEMXHERSE)

o RE—MERNKRAISTRIMIHERS., EXT—MBEMRIVFSED, R3XHAYERERFN
BRI T

Chapter 11 - 1/0 System

. B
o chiff
e DMA
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