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Chapter 0 iRiEN A

o BTN
o ZF|(5%) FEHLATEIBENFZ

o HAhEK(10%) 4.2318 £1004%h, %% Chapter 7 FEsiz /g, WEA4FSCheatsheet, FiF
RS, Bk B2, SRRMCBRAYRM

o HBFRFEIH(15%) 6.161 L1004, M Chapter 8 RIZFEEFIE, £IRE—=, WIKAMLAFEES
Cheatsheet, FiFiITHEES; FIHAPHEZCAEML

o PALRIL(10%) BiPHIRZBIS—R, [AE-R, AR

o Project(10%+10%+20%+20%) XA ; ddI&>BIFESE5,9,13,16/8H23:59; ddIgi—E4LEiH
fi#, ddIfFE—=E % CodeCheck

 {iF3PiazzaFNGradescope

Chapter 1 IRERFERMIMTIA

o BRMERZR—MKMY, AEEERARR

o IHENRFKALRFI/OSCPUNEATIROES:
o I/OIRBFCPUF AT
o BNMREEHIENE—RRE, wAMEY, BXIIIREE
o CPUTERFSREIEHIEEA I TEHEHEUE
o |/OHUESTRHEHIBE AL H
o IEHISESERIRIERE, BidHEmBANICPU

ZESFA System Call

o RFEBRHETIEFRERAZEERREO
s REHAXMOBER TRLRESRKER, BRIEULERR (/CH+ XRE5T
o ETHIREFIIRERFZ [EUEIBSERIS T

o HEESFHRTIES

o HBHMEFERFIN—IERETD, FENAFIHFASEIENSES

o BEFRBSHEN—MEE, BIFERFTEHLIRE

iE{4{RIP Hardware Protection
WiELIR(E Dual-Mode Operation:

* THMEE Kernel/monitor Mode fIAFZS User Mode, BIEHRESHINIR, F&RBIRHAY
PR

* B—Mode bit, R EFRTTHRIAIRT: kernel (0) B user (1)

e User Mode ATLUEIL fault (trap=sf9FE) = Interrupt EtJ#a Kernel Mode

e Kernel Mode AJLUEIT set user mode iJJ#&/9 User Mode
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e Privileged instructions REEFE Kernel Mode TFizfT
IS LHRIA 1/0 Protection
° FTBRYBINEILHBRFERRprivileged2(E, ©/lifEkernel mode ™A BEEAE
o HAFERFTEMANRLRN, STERMERFAIE system call 3k trap to monitor, AFERIERSRE
Kernel Mode MELMANBILEMFE, REERAFER
PITFRIP Memory Protection
o (FRAMNHFERFE—MEF LA RN AFIESEE
* Base register 77fif 7 FAFEEHIDAY R VTR R 1FitbiE
Limit register 17 7 FAF8EIRIEVTERF AN
BOFEFgEIE) [Base, Base + Limit) RUYIIERAFMHSEE
XA NS e BERIEERZPrivileged instructions

CPU{R$P CPU Protection
e [E—CPU-cycle, HREEI—NHZRINE
o IRE—NTimer, BNMTEZIM, FXORTALA T
o Timerm] LAFISRITE X RIRYATE]

e Load-timer@— Privileged instruction

Chapter 2 ##{ERFIRS S5
BMERFRSS

BERFRAM T BFREFEITHENME
o IRMHTHRRME User interface (Ul)
o wp$ 1T ME Command-Line (CLI)
o EfZ5RME Graphics User Interface (GUI)
o fiBE touch-screen
o Batch
EFHT
o NNEHBFEFHEANAT
o IE{TER
o #&IFEFHIT
o AIERERFEIR
BN
o IETHRERERBNEHIRE
o EITHIERFERNEXERES
R Ge
o AFEFENNENHNER, FTEEFRAEENR

B
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o BIYMEHITIEE
o ER—AHEHLIREEE (TERERRESSI SN
o EHIRMMESE
o FEAFEIR (REMHRIA/SPAMTER)
o BRAEER
o DebugIhgg
s EW. REMNRREE
o CPU-cycle
°o B
X4
NI
s BEEE
o fEFRFERSRIRRIER
s RIFSZE
o RIFRIERMTEILIARAE IR TIER =
o BR{RIEIMRIGEEREE BRI, FELIEMEAYE)

ZFiEAA System Call

* RPEERREFRERARENEO, TERCCHRES

o AGERTERREREHRESRMApPplication Programming Interface(AP)EER, MIFEERE
B, RAXFeEIREREFIGRA YT

ER B Bb e ES

o HF2#=4%l Process control

[¢]

[¢]

o create process(JEFAPITIIEEZsystem call), terminate process
o end, abort

o load, execute

o get process attributes, set process attributes

o wait for time

o wait event, signal event

o allocate and free memory

o Dump memory if error

o Debugger for determining bugs, single step execution

o Locks for managing access to shared data between processes

o HETE File management

(¢]

create file, delete file
o open, close file

o read, write, reposition

o

get and set file attributes
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o REFEI Device management

[e]

o

o

[e]

request device, release device
read, write, reposition
get device attributes, set device attributes

logically attach or detach devices

o (SEHEP Information maintenance

[e]

o

o

get time or date, set time or date
get system data, set system data

get and set process, file, or device attributes

e ZXH Communications

o

[e]

[e]

o

[e]

create, delete communication connection

send, receive messages if message passing model to host name or process name from
client to server

Shared-memory model create and gain access to memory regions
transfer status information

attach and detach remote devices

e {R4F Protection

o

[e]

o

Control access to resources
Get and set permissions

Allow and deny user access

BMERRE

P BEL51E Layer Structure

* MS-DOS B—F A5k EEN, BEREF IR, SERPEFAAERSFEY

o

RZFBF2R7 application program

o HIRSFHER resident system program

o BEIKEN MS-DOS device drivers

e ROM BIOS & IKEIFER ROM BIOS device drivers
o DELEMIfTERS

[¢]

[¢]

o

[¢]

HToE, NRESMIDebugtERIE S

REEN SIS EXRER

ERARRMERFRPHAAEN, BERREMPEIERADESH
(SEFR EFETCP-IPHMNEMEEIBEWE, 2EEERIISER)
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UNIX EREHE

(the users)

shells and commands
compilers and interpreters
system libraries

system-call interface to the kernel

signals terminal file system CPU scheduling
handling swapping block I/O page replacement

character I/0 system system demand paging

terminal drivers disk and tape drivers virtual memory

kernel interface to the hardware

terminal controllers device controllers memory controllers
terminals disks and tapes physical memory

* ZRFFER System programs

* R The kernel: MBERFEAREZT. YEREGZ LTHRSE
o {HEHE File system
o CPUIERE CPU scheduling
o WTFEIE Memory management

o ..

REEE
o AMNHEZBAREREEERE:
o HE{EIE Message Passing: HZABERRIELENZ, AENZBEERIESLHIER
o HEZMRTF Shared Memory: HEAKERFEALERE, HEBNFZEEE

MRS

o BEIENRSRS MRS, BiF) BARZTERIIRFRZEF
o ARZRREEZUINEE: HEEEEIPC), REFEE, BE
o BEZfFAMessage passing RERFPRRZEGIEES, RAXFEAZILUEHIEREEIRE, B
zE
o {RERA:
o WiZE/N, FIBEMNE, JLIBESIERVERGLRE
o WEEXTZITHNIEEL, ELENR. e
o RIHAME, RHSREFINEED EFRIEE
o RZSAFZERERIRT DINE
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Mac OS X223

o N#ZEFE BSD Unix + mach micro-kernel BB & 289

o FFNINZZEIA D BRI T —F system call 0
BtztER Kernel Module

o REHIMIBAERREPSHFRINE E X PIAIER
AiziERZIOE D IR 789
RiZIERBEEEET 28O/
HIZIERBERTBEN/MZLE, XTERER/ A/
RIZERA SR T EEENE, BEEREUES

Solaris &R 5%

Solaris Modular Approach
device and

scheduling
classes
bus drivers

core solaris
miscellaneous kernel
modules
STREAMS E xecutable
modules formats

o ICEEAAIRERFEEFEG
o FA—aBK LIRS MR ERS
o TLIEZMNHE, SNHENRREEHRIIRIN
* RERBRMFRFRERINEIE CERM LI
o {ERR
o M EMHNZEAABETI, BREFELZHR
o FREMXRZENES
o REHIWAISEIR NS
o EFMUIRABMRETTH, SWEIRERE

loadable
system calls

E##N Virtual Machine

RERME Xen Architecture: Paravirtualization
o AERBERFGOILIINEBETRIER SRR
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Z% RN System Boot

o EE{H(Firmware) EB—/NRE55|S4E: bootstrap loader
o XERSISEFIULUEMNA%Z, FHERZINEHNTE, FEsRx
o BLHBRFESRIoader

Chapter 3 i##Z Process

FRERFAFERH Interrupts and traps
o rhlif Interrupt: RPR(E, FJLAERMESSHTIESHTARNERE, AZIRIER S
o [EbH traps: EILEME, HSRIEENITHIESERSIR
iHiz
o —NEAEMITRIRER, BILABRF—MERBIEAIL
o GE—MERITEBEprogram counter, — MkstackfI—NEEER data section

max
stack

l

1

heap

data

text

0

o heap#Istack2z173H), BRdatafltext2EESXKIE, HUTHANEARRT
o HEEZMIRES, EEiTiXNE:
o new: HIZNI#BIFE

o running: HEIEEET
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o waiting: HEEETFFRELEHFLE
o ready: HIRIEAEEFHEOBCLE— LIRS

o terminated: HFELKIHIT

admitted interrupt exit

terminated

scheduler dispatch

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

o HENSHRESERERRRERANTIRER, BFERLRERAGESHIHERS
o BMERRTEEIEHE

IR, HTEMIFREIRIE

S EHAFEEIAZ E(interprocess communication, IPC)

XIFHAHEDERIR

SKRFSHIEREHT

HEEFEEIR Process Control Block, PCB

o ERFHRIAZL(A Kernel Space A

o BFHIBETATREEMEERIEUESYS, B3LITRS:
o HFRIRE Process state
o FERFiERES Program counter
o CPUZF7728 CPU register

[¢]

[¢]

o

[¢]

o CPUIE{SE CPU scheduling information
o REEE(SE Memory-management information
o FHFCMKISE Accounting information

o EINEIHHIRA 170 status information

T30k Context Switch

o LCPUIEHAR— I BIERS, RAFTEMEHITHZEAVRATS, RERNITHEZARE
o ERIFEfERNSFREEMEEFEIPCBH

o EEZE/D—MIGHIETFEE(scratch register): XN iFEesER RSP R T RESFE
FSERNFXE, RAFEEFRRERPCBITFIELE

o EMREMHEAVAT, IEHHENPCBEFHREREMSNGFHER
o —RETMINRAIRITZMRGREN (NSFFREE. FEEANE)

iHFE8l3E Process Creation

o HREALIBIRTHIE, MTIAZA— P HEER
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o FMHHEEME— N AEpid(process identifier)
o JLUBARNRIRD ZHE
o RFHBHZFRERIR
o RFHBHEILHEIR
o RFHBAHFERIR
o ALABARRERHAITHLE
o RFHEFITHIT (BLHAT)
o QHIERIFER, BRITFHESER (BEHUT)
o ALIERRERIEIZSES B
o FIHEESH T RHENFIETIERIR (fork system call: SIEFHHNHIE, FHREIFHEAIpid)

o FIHEECIEEREINE —DFHIFER (exec system call: Efork/G#iT, FAFfEFEE FHIE,
REFHERBNHEFNTEEHIN, RIEEFAERIR, WEHIBEORERIATE)

int main(Q
{

pid_t pid;

pid = fork(; // RGWH, FEAR TR, QT REREPT R AT PR FIR[E O,
AR AR BT pid GEEEHD

if (pid < 0) // RAEE R

{
fprintf(stderr, "Fork Failed");
exit(-1);

}

else if (pid == 0) // T

{
execlp("/bin/1s", "1s", NULL)
// BERGMN /bin/ls i 1s P, B#Sar#iErig NaENE
// WEZS%. argv[0] = "1s" , FHIFHEHIT 1s HITEEE
// s BTN, BAHRL L

b

else // KitiE

{
wait(NULL); // SCtRESEAy, E2IF bR DR RCIRES 4R
printf("child complete");
exit(0);

b

HF2421F Process Termination
o U NHBETREE—5HS, A exit(Q) FHRAMERFERISXNHE, FHHENFAER
RIS BRI ERFEI
o QHEFEEEIT wait(&state) REFFHEERHBELHIEPCB, RARBERHIRSEEN int
state H1; wait(NuLL) Bf wait(0) AJLAZFGEIIFHELMIRIRESER

o QHAEAIREERZIEFHIEIIT( abort) ), BUIFHERFER. FHEIHTE. LHE
KRIFEFRRA
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HFEE3Z Interprocess Communication (IPC)

HETSESERRHEFEEINNER, XEFRAHEBEEIM(Interprocess Communication,
IPC)

AR R E -

EEH=E
EZLivEIRENIES
BRI R TIET
SVFEREE T HRITE

HEEEZZHRIG R :

HZ=H7F Shared memory

LEEEEIBE R
ALARTHEHKESE

iEE{Ei%® Message passing

LEHERNEFER S
—RRAT R > EEIE
S — R E#E(Communication link), AEHEARKBERENZ, AZBICHRRESGH
2B
XFFEIES A ZKERER
BHiERR:
o HEVWRBRMERWAEE: send(A, message); receive(Q, message)
o REEZEBEMER, EEEERNHE, BEXHEZBRE—NMEE, —RANAEE
[BHEAZI -
o HEMHEBFE(mMailbox/port)ik, (NEFMNEFEHZ—/ IERTF B3R
o JRiE(Primitive)s send(Mailbox A, message) receive(Mailbox A, message)
o REHHERRHHES MR, BIHEZ A S MEE, MHET R R
o —IR(NATF—MHIEHIT receive 2E
[&#5 Synchrinization
o Blocking: —MREILHARN, KXEIZWEHESWIEE, BRIWEIER/ERTH
o Non-blocking: —fMFSEHRN, REXEE—BRIXER, HALEERA T, BERETERS
KR, BRAREIT
#2 % Buffering
o FRE: REAVNEHEWITEST, FERXER
o BRAE: HXERE, KEHVAFFHHRIIRTHE
o BARBE: REXHMERTAXER

M e MR ER Producer-Consumer Problem

— M ERRGHIERZ BT
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o MTIRFRXAVEHE, e, BirEATLABRP L
o HEHIE:

#define BUFFER_SIZE 10
typedef struct

{

} item;

item buffer[BUFFER_SIZE]; /] B GRS
int in = 0; VA Vol N 1 ONG R VA

int out = 0; // HHET AP E

o 47 Producer HE:

while (true)

{

item next_produced; // EFE—A ditem

while (((in + 1) % BUFFER_SIZE) == out); // %37 (BUFFER_SIZE - 1
A, B TSR

buffer[in] = next_produced; // ENF—ANZAL

[/ WMRLERCAE AR, TUNE B TR 7 S B R 58, AR5 IHIEAERL, T adust

in = (in + 1) % BUFFER_SIZE; // TREMERL ) S
}

o EZEE Consumer H7E:

while (true)

{
while (in == out); // WRZEE, SR
item = buffer[out]; /] E—AHK
out = (out + 1) % BUFFER_SIZE; // fREHEIIAIGFE)
return item;
3

HEEIEE Scheduler

o KHAERERS Long-term scheduler / job scheduler
o RIRP M IHIZFTEHNMEERT(ready queue)
o PRAMRE (-~

o JGHAEAERS Short-term scheduler / CPU scheduler
o FRIRBNHE T —MUT
o FEMAREE (M)

o {RABAZI Job queue
o —hRRR
o FrEHIENES

o HiZEBAYI Ready queue
o —REHER
o (UFEF (RF) F. BESFHUTEFHCPUDERIHESES
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1R5I3 Device queue
o —fRRHER
o HEHEMARHIRENHESES

HIEEERET

EEEE—
:l ready queue CPU
.
I/0 queue - I/O request <

time slice <
expired

child fork a <
executes child
@ ‘

P

f

f

f

interrupt wait for an
occurs interrupt

Chapter 4 %% Thread
£12 Thread 5 i#18 Process

INHEIT LB S MNEREFH THIT
HIEFNEIZE EIEHIER, 9 BIEPCB(Process Control Block)fITCB(Thread Control Block)
HEFNEIEEE L IOk, MR E N OEEFEEN

SHFEHER, LR TiRES Faaregister, t=iElstack. HUTIRZ(running, ready, blocked,
etc), ME—MHERINEIEZ EIHZRTScode. FHiEdatafI(Efile (HEZSEheap) . MEERE
F. FAFid. VORIR. ¥JFRISME. IPGRESE

SRR CPUR BRI /NE(L
ERERERSYS, #HERRREEE. AENTHRNETT
EZAERGS, HEENTINRAENS/) BT, MEEERRNSE. SENES
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kernel space kernel space

stack thread 1 stack

v

!

thread 2 stack

¥

thread 3 stack

T

v

shared
heap among
data threads
code
single threaded address space multi-threaded address space

Z&izE (MIEZHE) /OIS

o ZFEMICIE/LRIELEHIRE R
o [EHERZAZEZ (A L XX IHRE R
o FEHERIZAEZER (MNHEAFR) RREINE

(ERZEmS

o SLIERRAINER
REEEIRIRE
BlEGEE
BEFMRE. BORS
RSS2 AR IEZNER

FMERZENGSR
o FREHTETREMERTRMFIdSEEN, MsshiRse

1209 321 Thread Context Switch

o ETFMURER: RESMHRE (URSEECRZIE, BAhE)
RNEFER, EaiLHRITE)

o REREFIAHITEENRE:
o SHIFTERF SRR RILAEEHIH(TCB)H
o {REEHIEE (PC, SP)
o FEMHT—MEITHILIE:
o BEHFREIESHEIIEZTFRSprocessor registersH

POSIX &#2 (Pthreads) API
o ZiRglESRIE

. VAR (AZEHiTEEE
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pthread_create(&tid, NULL, start_func, arg);
pthread_exit(status);

o LFERNER: MHEIEILAE, HRIBME tid &I

pthread_join(tid, &status);

o ERH

pthread_mutex_lock(&lock);
pthread_mutex_unlock(&lock) ;

. RH4TE

pthread_cond_wait(&cond, &lock); // ERE
pthread_mutex_signal(&cond); // WREEZ /DI
pthread_mutex_broadcast (&cond) ; // WREERTH

LTERICIN
APREESRA%E

o FHPEAE User level thread
o HFAPZE4F2EE User space thread library &T8
o WIZAMBELZNEY (MWAZIBEE, S FHREREHE)
o LRI AR(TLAES—MEERITHICEHIT)/ AR SRY
o [1ZLFE Kernel level thread
o HRNZEE
o MIZIFZ M HUTHINIZEIZ LT

user level
threads

thread
library

kernel space
kernel
% % % threads
process
process ( P
processor processor

* RAPZAZRINERR
o FENEFENSIERES LT (RFERZES)

user space



af://n696
af://n697

o FETERE, Hthread libraryiBisMEERNZES
o TEA%BS, EItaBELER
o —BE—HPLEENZEEE, IBARNHIEESHEE

o TEFRDFIRARIERSKELAE
* RREFERINERR

o [AE—NMEEAFFMECLZATRE

o EHENEAZRILIEARLLERS EERTALIE

o TR

o EEFEMKIT NZRERRRISTI
o JIFFBRRESISRREIE, MAFSIER ARSI
o SRRl

o (HPLIE: WETE) 23%J—: Solaris Green Threads, GNU Portable Threads (JI7E{R
WMERT, B AAIIZIZAIEA00E)

o —Xg—: Windows NT/XP/2000, Linux, Solaris 9 and later, Mac
o ZBX%: HH ThreadFiber&AIWindows NT/2000

o WERE: AZXZHEME, SIFHPEENTERIPZERE (—X—/I) ; IRIX HP-
UX, True4 UNIX, Solaris 8 and earlier

ZEI2(ES 4 Signal Handling in Multithreading Process

o (55Signal BHEFFIIES, SSUIRRFIRENHIZREK

o [ESEBESLEEHEN, REBEP—NEENE

LARR] NG RIS RS S

BERARTEHIZEHIHPCBERING : (FSRNZIERLAE IR
MRESENNTELESNERE, SSEEIGEERAERIRES, LBEIIEE
o EIREE: —EHEVEMEES, HeSEFREiES

ZIEA9EGE Thread Cancellation

o FEHIERERZAIWEGH
o SCIUMNH:
o B#EEUH Asynchronous Cancellation: 3ZBP#&RIEEFRE&FE

o FEIREWH Deferred Cancellation: BirEiEF eI EERETEWEGH, S2XEERG
RIMVEBWEGE, WEIF&RE
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Chapter 5 CPUIE CPU Scheduling
CPUFE=S

load store

add store

read from file ~ CPU burst
wait for I'O > WO burst

store increment
i"dex ,r CPU burst
write to file

wait for I'O > 1/O burst

load store

add store

read from file > CPU burst
-

wait for IY'O + O burst

o HEHYTHRFIZEBCPUSEA(CPU burst)fl NSS4 (1/0 burst) & HEFIH
o CPUJBEERR(CPU Schedulen)RTLAERIR M2 ready IR ESHIHFZIAAT
e CPUBEELINEREL:

o HFEMrunningtJeE|waitingdXZs (FEE HAY nonpreemptive)

o WERIE (HEHAY nonpreemptive)

o HHEMrunningtliZlready k73 (3&HAY preemptive)

o HHEMwaitingtJiZreadyikZ (85I preemptive)

AEfER Dispatcher
o FEREFIERARECPURIEHINELE HEEREETRER short-term scheduler 1ERIHIE,
o JAEIEIR dispatch latency: FEREIEE/NN, MR EERE
o NMELFAZZARLXBNMMEOANHITRE, MAREPEUHRZCPU, BIRRIIT— LR
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RERX
THRERYET
e CPURIFA=R CPU utilization: RETAEFEFCPUT{E(busy)
FI1& Throughput: BURIIEIRTRATHIZEE
[AEERTE) Turnaround time: TS EHFEFTEEHOAT A
F1FATE) Waiting time: HFEERZERS B EFHIATE
NARZASE) Response time: MIRAIIEREIHE—MEARAR LR E (FHIEgEHTR, MEFiRET)

HAFERAWCPURIAR, RANELE. S/IMUERERE. S/IMCEFGIIE. /MUY
6], (ERXLEFMRERINAR, #SITHRHENERK, FERIHSENRICRAE

BAFUERE First-Come, First-Served (FCFS) Scheduling

o HEFFIEMRAREE LZR RS T ELA IR FRISE
* IPERRAML Convoy effect: FEHREIHIZRIREHITH, SEBRKIVFHIIA

iR (i56iREE Shortest-Job-First (SJF) Scheduling

o LUHFEREIT—IXCPUSEA CPU burst FURTIEHKE AR, SLEUIMRIERSCATIERE
Bh: BIREFRIRIEIUSCRERE Shortest-Remaining-Time-First (SRTF), E& &M @&
EEx
FHELN: VRSEEIEDETIHELRICPUSRA CPU burst
EEFIFREHEN T —MCPURKITKESZ A, BEILTEATINXANEE
(BEATAT AT F—XRCPUSERRTH
R F—/ANCPUSERAIAHE
o t, RRFENRCPUREIAHS (UE(E)
* Tpi1 TAXIEN+1RCPUSRRRTHAITTN
o To B—NEH, FRVIATHIE
o 0 <a<1FF—METHSE, BAERLERBRICRBEE, W \ERIRTIIEEEE
* Thii=at,+(1—a)m,
(iR Priority Scheduling
o HNHEB—MES(E priority number
o DARANAAHESN FNEAFETIRIHBRRARNRES, SELLICHZRIHE)
o [AE: YliEStarvation: {RALSCRASHIZERTBEXKIZTTIERAT
o fRIR: BltAging: HERIEERTEIERTTRIET
A3 A 4E4ERE Round Robin (RR)
o FHEE— RN A time quantum, ENERISTRIT
BIoiTR—MYERE, SEESHeS, HMEHEWIINERR, SEFFRREER
s BRI AE A KEqIRE:
o IHHKAIAT AN KERIERRIBLAIFCFS

. it
s


af://n807
af://n808
af://n822
af://n828
af://n840
af://n852
af://n862

o IWERIMIAF KESHRIS AR LT XRFFHE

o —fRIRTE/I10~100 milisecond
ZRPAFIERE Multilevel Queue Scheduling

* HiZERAT ready queue RJLADAZANAGY, B MAFIRTLIEREAIERESREE, FRMIIEERERN
SR

highest priority

system processes B

batch processes

|

| |

student processes

lowest priority

* BIETER foreground AJLAFARR, [5&FER background BJLARIFCFS
SR RIEPATI Multilevel Feedback Queue
o HESHERERIAINGIER, BLATRIHESE:
o PAFIEE
o BMFIRSRAESE
o FHR—NHERIGIE
o [EKE—NHIZRITIE
o FEEMRSHIHFEROZEBPAT!
o AJLURIERFAISERR B AIRSERIX LS
FSFE Thread Scheduling
o HIZNESSTE Process Contention Scope, PCS: RER—HERMEIRIEEESCPU
o RHFEAN=FSTE System Contention Scope, SCS: BNRANELIREE=FCPU
SEFMEERFRYAE
Linux ifE
o RMALER O(1) WEEZE, ETAMEEEL:
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o SETERE Time-sharing: EREERAFPHE, BRScredithfiELIoiE1T, B/Xtimer interrupt
RERT, credit3F, #HENIT, SFABEHEYTRHITE, B Eccredit

* SCHTIEE Real-time: HEEASESURANESS, X TRRIOFCFSIFSLATERESS, BESMITHRATH
EAEIE T

Windows XP ifi[E

o ETFRALRAYEC SR Priority-based, preemptive scheduling, {RIEE SRS iz

17

real- : above below idle

time high normal normal normal priority
time-critical 31 15 15 15 15 15
highest 26 15 12 10 8 6
above normal 25 14 11 9 7 5
normal 24 13 10 8 6 4
below normal 23 12 9 7 5 3
lowest 22 11 8 6 4 2
idle 16 1 1 1 1 1

* BAPILAFEE XN HIZAIN TR

Chapter 6 [@Z Synchronization

IER X555 Critical Section and Race Condition
Bl =& - & AR Producer-Customer Problem

= Consider this execution: initially, count = 5

Producer: Consumer: Values:
registeri = count {register1 = 5}
register1 = register1 + 1 {register1 = 6}

register2 = count {reqgister2 = 5}
register2 = register2 — 1 {register2 = 4}
count = register1 {count = 6}
count = register2 {count =4}

s BTRNERRERY, “ERBINAA count TE, SHHEEERLE
e
* [[BFRX Critical Section: ZNEAZHRAIHZRIRAVUCIZER
o ZEAEMH Race Condition: MHERIVATEIZNTING, MalsemHAREROER
o RASSHEMHINMESM
o FA&M Concurrency
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o HEZHE Shared data

o FHE Interference

REFARIER
EEFHERIMER

e B Mutual Exclusion: MIREHEBIEEHITIRRXME, HEHELRS

o PP Progress: MISRRBHAMEEERITIRRXMNRE, YUEE— T HIEBENERREX

o BRZERF Bounded Waiting: HIEFFHHNIGHR XA EEERA
EREES;LRRIR: Peterson's Solution
o WNHEHEHANTE:
o int turn HBEIRIZHITHIZERIRE

o Boolean flag[2] HFIRSIHIERDERTFHIT

// Process i

while (1)
{
flag[i] = TRUE;
turn = j;
while (flag[j] && turn == j); // Busy waiting

// Excute the critical section
flag[i] = FALSE;
// Excute the remainder section

// Process j

while (1)
{
flag[j] = TRUE;
turn = i;
while (flag[i] && turn == i); // Busy waiting

// Excute the critical section
flag[j] = FALSE;
// Excute the remainder section

@4 FE Synchronization Hardware

o REBMFRRHIGFRICHDIRMRMSF

SN Y

o TEERQMESES Uniprocessors RHH, SUHFKAFRT (BRIERFAASKHIUEFERXNGIE, EHAKE

T1E) (Z%CPURTEFER, RAEECPURZAIREESETR)
o UCHI=RMISIARRTIES (BIARATFIMAYIE<S

o (EFRBELEH spinlock AURRR: —B—MHESATH, HEHEEFERE while BREESE

(busy waiting) , AT EIR

JFRFIES: TestAndSet L

// JETHE4 TestAndset()
// RAFBIRIRES, HTEA T 218 L8t
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boolean TestAndSet (boolean *target)

{
boolean rv = *target;
“target = TRUE;
return rv;

}

while (TRUE)

{
while (TestAndset (&lock)); // MENIA B E(lock = False) M EEHE A A X
// IS XA
lock = FALSE;
// HEfE
}

[RFES: Swap &

// JETFES swap()
[/ BLEEA TR AN
void swap (boolean *a, boolean *b)

{
boolean temp = *a;
*a = *b;
*b = temp;

3

while (TRUE)

{
key = TRUE; // HREFREL M
while (key == TRUE) // RCINTFERE, R R
{
swap(&lock, &key); // {8 LRI TMEMAZ T (RTHE4)
}
// IEF XA
lock = FALSE; // HEA BT R AR R
// FEAs
}

{SSE& Semaphore

o —NMEBYTE, RrIRARFIHE
o RERNM IS EIRRFERIETLAER
© acquireQ/waitQ /PO HIFHNIGFREX
o release()/signal() /v BH&EIR, BREIRFREX
(ESER/93EH
o TBEFICESF busy waiting LI, BUESHRIZE FHITHEIRE
o BNMEEEXFK—NEFFI waiting queue, FEHEZRSCIL
o BMNIITRE S BRI —  RimEiEst
o STEPIFIRTFIRIE:
o block() PEZE: HBRICIRIERHIZ/SIENNAXI R ERFBATH
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o wakeup() MREE: MERFBATIPRBIR—HIE/ A2, FHENBET
* value IHERTEHRIIARFIINE, RERTHEINGTHZ/SIZM0EHE

void acquire(value)

{
value--;
if (value < 0)
{
// Add this process to Tist
bTock();
}
3

void release(value)

{
value++;
if (value <= 0)
{
// Remove a process P from Tist
wakeup(P); // XM EEMEGERE P WILIERE
3
3
ESBMH%

e HUSSE Counting semaphore: (FSERLARZIREIIEI0/RL>

e _JT{S5& Binary semaphore (XFRER#imutex locks) : (E5EREEZ08,1
FE$i S Deadlock and Starvation

o FEHi: MPOHRERS MHELREHF— 1S, MXNEMRERET—MSFARSIHERE
o i — P HEKEFARERERE
o (UFERREL: (RIUSCRHIEFESNRHEMRERENMRT, TR THRATRHERIITIER
17, NMEZESEENCRHIEREE
POSIXZ#2RE Pthread [EIZAPI

o EHEH mutex lock
o pthread_mutex_t BERSIZFEEEN
o pthread_mutex_init(&lock, NULL) EFSI¥IAH
o pthread_mutex_lock(&lock) BB (acquire() )
o pthread_mutex_unlock(&lock) EFHIEERL (release())
o (4258 conditional variable
o pthread_cond_t FETEXREN
o pthread_cond_wait(&cond, &lock) HEEHEKHTEHTEE, EFFNERS
o pthread_cond_signal(&cond) REE—MNEESEFZEETEMNELTE
o pthread_cond_broadcast(&cond) MGEEFFBIEEEFZEHTENEIE
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&2 Monitor

acquire lock wait
| |
| |
entry set wait set

wait() LiEEH
o LRIEREREL
o HFRIREIREIBEZE blocked
o LIEHANEGFES wait set
notify() ZAEIREE
o MERFES wait set BREHIE— KR, BEANDES entry set
o IREIXNMEBIRESENEST runnable
notifyal1() IRFESLEPEFESENERE, BANOSEFHIREHENEIT runnable
R EXER, AFEFEAMXIRY acquire() flrelease) , AILABXBLLLRF RSO
Javal & T XFPSLH]

RZBRESELIN T EFE Monitor
[FZ 42 B g
BREMK Bounded Buffer (Producer-Consumer)

o B—MEMKX Buffer, HSEHMR (N)
o B—MEF=E Producer, RKAEPXALEIRA item; MREFXHFH T, VERF
o B—NHEHEE Consumer, SINEHTXESRFEHRE; MREIXAZT, WERF
s EXNEEE

o mutex FEHXFHFNNPRIZH: ¥IHEHI91

o full HI&IHEL: #9RIH0

o empty THELHEL: #IMAHAN

Item buffer[N];
int in = 0, out

0;

Semaphore mutex 1, full = 0, empty = N;

public void insert (Item 1item)

{
empty.acquireQ); // WK IR SRR ATl kb B
mutex.acquire(); // ARBEEE, BEAMET

// VLEPIRIERIAT A e, BT REFEA: SR 1, (HR MRS E 7

buffer[in] = item;
in = (in + 1) % N;
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mutex.release(); // HRFERT, RRVRE R

full.release(); // B Ak

public Item remove()

{

full.acquire(Q); // IR 5548y

bEE

FENY i

mutex.acquire(); // ARG E, BESIRT

// TR, VLB AR T AT 4

item = buffer[out];
out = (out + 1) % N;

mutex.release(); // SESET, UVRANT RORANE
empty.release(); // BEIRNGT S ATRARME T

return item;

R (ERE) ik

monitor Produce-Consumer

{

// 1EEN, FEEHE synchronized FRIRMIFTA KL, FH HEE

// insert() 1 remove() WAHERIM LT
public synchronized void insert(Object item)

AN LREVT I

{
while (count == N)
{
try { waitQ; }
catch (InterruptedEx e)
{}
}
++count;
buffer[in] = item;
= (in + 1) % N;
notify(Q; // WEEIEZE wait() Hdy
b

public synchronized Object remove()
{

Object item;

while (count == 0)

{
try { waitQ; }
catch (InterruptedEx e)
{3

}

--count;

item = buffer[out];
out = (out + 1) % N

notify(); // WERIEAE wait() A=

return item;



EES )&% Readers and Writers Problem

o FEIFRE—MERALUH

/==

1715

14

o HJLIBEREZIEE, =& ZEIEREFKNITERE
o IEEABERATHIT

o ENEEE
o db FEEFEERIEIEXIFNIR
o mutex EEHENRIEH

o RFKM:

int nr = 0;

Semaphore mutex = 1;

Semaphore db = 1;

void writer()

{
while (1)
{
P(db);
// Write
v(db);
}
}

void reader()

{

while (1)

{

P(mutex) ;
nr++;
if (nr == 1)
{

P(db);
}
v(mutex) ;
// Read
P(mutex) ;
nr--;
if (nr == 0)
{

v(db);
}

v(mutex) ;

//
//
//

(nr =0 or nw=20) and nw <= 1

IEE S i B
FEEHE nr A E
Bk U 1) 8

// Acquire(): db--

// Release(): db++

//
//
//
//
//
//
//
//
//

//

Acquire(): mutex--

EE ANE+1

WS R — AN, R U )8
Acquire(): db--

Release(): mutex++
Acquire(): mutex--

E -1

W B JE — AN, RECEE U B

Release(): db++

Release(): mutex++

HEFHERE Dining-Philosophers Problem

o SMEER, BPAEBEWIERE: 1ZIR/EE
o HRRIDM—E, BPABERIE—ME, BRZEE—EBYF
o IZIRIRMFEEZERACEAMIEXF, ERERMT
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monitor DP

{
typedef struct enum
{
THINKING, HUNGRY, EATING
} state[5]; //5/\3’&?%':”’]#1< AR TNz, IELENZ
condition self[5]; // Z&{hAvis. 545X
synchronized void pickup (int i)
{
state[i] = HUNGRY; // TER A BAART
test(i); // R RA Rz
if (state[i] != EATING) // R i Bz E BJEERD
{
self[i].wait(Q; // 1 MER
}
}
synchronized void putdown (int 1)
{
state[i] = THINKING; /) TEF i GET
test((i + 4) % 5); // BB E—AERE ARG, TR
test((i + 1) % 5); // BE T —MEXRA RGN, HERE
3
synchronized void test (int i) // W&EWHX i nAniria, JHEERED
{
if ((state[(i + 4) % 5] != EATING) & // L—AAfEnz
(state[i] == HUNGRY) && // BT
(state[(i + 1) % 5] != EATING)) /] T AR
{
state[i] = EATING; // TEE 9 IR
self[i].signalO; // PEE 1 0EiR
}
}
void initialization_code() // Wit S NEAER
{
for (int i=0; i<5; i++)
{
state[i] = THINGKING;
}
3
b

o XNMEEBYE Starvation IXE: EAMBEERE AR, BSXKmizAL

Chapter 7 %E$ii Deadlock

FESHRE N
o FAHEHE NHREERES— AT, TRA T AR SRS
o GEKL SR (REIEE)
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o REFHT—MHEHEILMT, CPUBRIBERLTZIRIRE

o XINtE, FEER Livelock, FEETHESIIARRINSAT, RINNENZECCRSRENIITSE
£, MSEFR ETTEMBRIIM. SEECIREEER, MER AL/ RAmEESTs, SEHEEER
17, (BLEBUSEXUAR

FEEiRIERG
e B Mutual exclusion: ERTREER 1/ MNHIEFERIEENER
o FEHZEF Hold and wait: IFERBIHEEESSHEHE

o FiEh No preemption: ZRRBAIATFZEIEREMN, MABEHKICH
o EIAEF Circular wait: —RYIHEERSFHEHESENER

f=34 1
o —HBEMPRFRELER Ry, Ry, BMEER; B W,; 1M
o FNHETUEIMFBERRAST: acquire, use, release

ZHiRSECE Resource-Allocation Graph

» BHE
o BRI
o HE P,
o ®WREE R,
o BRFPEEIA:
o &K request edge: P; — R, HTRIEFEBERER
o 43Fgif assignment edge: R; — P; &R (W) BEWOELRIHTE
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= Process

= Resource Type with 4 instances

|
SORE]

R

= P;requests instance of R;

P;is holding an instance of R;

o=

RRRFEERYA &
o B Avoid: {FIEMAFHANTEHLIRZS
o RIS Detect: MFRFANILH, ARHXENRE
o 7% Ignore: AHEFIIE, HEFHAEWE (KESERIERAILIESR)

B LE TR
ERHLETERS, DALIEAI MRS Z — AL
e B IEFIHE, MRS (FIRX)
o HEHEE HESERFNAREKEERR, BEMTRIRBEHERR (R, BHER)
o T RIFRERS, SHEFELRNRRE, EERNZHE, BRIZHENMERIR
TREHE, FTEERHE (FUE)
o BAER: FAHEEUIAR IR SHIESIFFRENE R
o REBEBMAIGIE REKHEZGIUERFBESMRIFNRATTREERE, AERAMER
BRSNS STEH
o RERT: BNHEFEIRIR, EILUBIE MainHEE 5 e T e S 0 %R
FHE, WETHERE. RERETFRERETH
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BROTESRE
o EX—NEBEL Claimedge P, — — > R; , RHEEURERR, FAELAERT
o PR HIZIERAT, NG IERD
o LiERIE IR DERT, ERNGEIEAH TR
o LRIFFIFASSRARIRAAEY, S ECHEIEIFEEN
o HERBLATARE (REERTEERLYMNGA) B, ARERINEEL
o MWFEMERREIGINLAINIER, HEMGURIATHRR
o TILAER banker's algorithm REFASFHEIRREGSNLOINER (RREAENK)

RIS SRRRTEH
° BR—ERIEMEIRIEH, FEHREMINE, FEHGIOMEIZNERTR
o EXRIBFERIN MHFRAIEEE wait-for graph BEREIR, HESZRE O(n?)
o IGIOFEBMAYSRRS . JCPUFRIFMAZMHRRISIELLT (2040%) B, SAbASEHIeLR
o FRRTEHIAVRES : RINFEREL—NHE/AFEFELR rollback ZWIARES, BEIARBILHM

o |liifr: WMASERE. ELMUTHIENE. FRARIRD. EREEANRRS. BHEFELRILED
LAERY. HAMIREAEMAFRR ELRE

o [AEE: FIREHERMNHEMRERIR, ERIE (JLUCREMNHERIRICR, LCEIREIXE
DRYHTZ)

Chapter 8 BZEE Memory Management

v
o RN disk EINEFNRTT memory , FHRENHE, ZAREIETT
o CPUME—RILIEZINRRIFiERR R AT Fs
o HERNAIRFEINHELHCPURTHER], MEFNFEL A IhEHA
» EFMICPUHFRRZIABESF Cache
o FTEAMRIFERE, FRRLATABIERNEE

AERIR
o {FA—YIZFES base 1 Timit FENZIEMHUIZSE] [base, base + 1imit]
o fNZk base 1 limit FHFsHESERUES

iiit487E Address Binding

o FRENIHEINFHPRIEFSR— MBS

o WMRSBEIFHFF, ERFSEEIAINEEI0000IFHANME, MIXEASEN (thbfhss; g
TERGFHER M HER)

AR ERIZ Rl R RR

o JRACEBPNER Source code: HHFRFFES{EAY, WNTER
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o RiEfEHER Compiled code: HMFHPERI— A EEASMIL relocatable addresses, BIfEXTI
HE, SNMERFFLATSE1 4515

o HEE/NNFPIER Linker & Loader: &3ttt (HSCYIEMtEntaRREHABIL)
o AR ER—FtbtiAIBRES/4BE mapping/binding



S IE R FIERFRIRER
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source

program
compiler or | compile
assembler time
object
module
other
object
modules
linkage
editor
load . load
module time
system
library
loader
dynamicall )
loaded
system
library in-memor
- y .
dynamic | binary t (i




R TR TR

INKing memory time)

Image

o RIRA4EE: ORI EEREANSIbIE (bR eI WRERIE, AHE)
o NNEAIEBRE: WRMFNAEMEANFIMEUL, VWREMFTEEMIE (BTN AEBIEFRME)
o EITHENE: RRENEN, BRAZHIINRERAIER, FERNFEERTMMURIREH
¥, BE—TEiEiThHE
izttt SYpIBitl Logical & Physical Address

o BiEME/EEHMENE Logical/Virtual Address: ERCPULERGAYLEHE
o YIIEMEYE Physical Address: FARTFERATTE X AVYIIR NTFHbHE
o EHIMBIFNYPIENBI TR SR ERINE RSB E A RERR, MHITREEF &R

AREEEYT Memory-Management Unit, MMU

o —FhEE(E, TaTEMEEHMELEE YR e AORRET
o B—NEE(IZ77ES relocation register, EFAYENINLEMEAHMER IR BIE
o TRCPUIFENBIEMIE, HIBEMMU, REMMUSHILHEEE AYIIEBIE, HAREHTIHE

&7 NE Dynamic Loading

o REABESTHA—ERR, MEETRABESINEHATSRERETE
o FIESHNEL: —MELR Routine TEHIERAY, AHINEHREFS

* TREBMFRFIMTIASIS, RITSSMESINE

o HJLUESAFFIAR

7545 Dynamic Linking
o kR BIIETRAHE
o EREFABHIEE—MMUBE Stub, AFIETIEAEHEEMEAIEEREbIL

o EFEXBERRENERLANT, SUbSHEIZRA I, FRAMIERES, REEXERNER
Bie

o ESIEFHAERERT, FLIKIEFEREFSA
o XMTREERAEFIENRITIE

o AIHUTHBIARINER T

o EfTRIERSAREFHE

AFHE
3k Swapping

s RFEIR, MAERE, AFEYUREABR, FLIFEERER Swapping

o HIEALHIGRIHRE swapped out BIREFEX backing store (IaNRLER disk) , Z/EHLAEH
BN brought back RITFAEEHAT

o IGMNFEREFHEETERTE, (ERitESHEEIRIIATA/IRIELL
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o BERFEIEAT, FoWertE
AFEEES T
o A Hole: —HREZMAIARE; REFHEFESHELH. KINA—IRE
o LHERNARY, SWOEHA— I EBEHERRE
o BRMFRAFELEIFAFELHENENHS, UASNENUE. SNEIAN
o BMFRE—RIUERtL (BtRE) , B3THHE
* MMUSTREREFNSIGT, ICREMBIAELR YR

o EEE(UZ1728 Relocation registers  (BIEEIIET1728 Base register F1FRPREF17ES Limit
register) fAsBrLERFFHIEHERIGE]

ST SRR
o WMIN—FFIAFHEI—, KHE—PKNANHRFER?
o R

o First-fit: DBE—INEB KR
o Best-fit: HEER/NEHEXAYE
o Worst-fit: HDEERARLE

o TESCRRGEFAR, Firstfit Fl Best-fit RELAVEDE; First-fitRALRS=ERIMRNRN, SREs
RS, RIES

e Best-fit BEF=E— M R/\AUE, ™ Worst-fit BEF=E— PN RARE
ATE& R Fragmentation
o HMEBEEF External Fragmentation: RFAFETHNFEEBRHERNMHENAFEK, BEHTS
RRFEAESR, FEito B

o EBEEH Internal Fragmantation: ECAHTZAINFICHIZLIRERAIE KR, MHERSFER,
BRHFE L TTIAER

o ZRE[E4E Compaction: BIIHENHIRME, KIETSHNFSHIESRF FHRRERFEARTE
SHENZSEETELL Relocation)

1A Paging

° HTESANEFEAESTEINGER, FRIANELNAFOESE: 75K Paging

o Bl Frame: EMIEATEDABERN (—RRE2HE, 512-8192F1, ERE4096FT5=4kb) HY
B

* T Page: IEREMAFSECAMMIERA/NILR

o L—HEEEn T, BIERFLBIZHIZIRE—TE Page Table, EEFIETERANSIEM
HEBRS R BR  EOBRE

o Bffith, MEEHAMPHEREGTEIVIIRIEIERT, REHABIIAR S J9TTS Page number FITU{RH
Page offset, ARBEERFRKHITIENIN, NRBAZ

o EANHMMEIRSIEAEERFEERRT MMU f, RERIR
o XHERSFERDNARIES, HEERTFAERENR, RUSRBRERAATERENEARITE
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0| a 0
1|b
2| c
3|d
i|e 4 i
5 | f i
6|g 015 k
7 [ h 116 |
8 |1 201 8 m
91 j n
10| k 3.2 o
1] 1 page table p
12| m 12
13| n
14| o
15| p
logical memory 16
20 a
b
c
d
24 | ©
f
g
h
28

o EATTAR/NBUN, RERERE/N, (BRXNNAITNERSEX
o FEEMIENFIER, MCHENATURIERESRHA

o BERFRSUEIF— ) TIRMFIZK Free Frame List; ZFAGHIEIEKIN, BIERRREEBROE—
NS

o TUEK Page table IZEENTES, MRZERELIE1FE8 Page-table base register (PTBR) $8ETARER
FrhRUiesatthl, TARIKEZ1EEE Page-table length register (PTLR) 724 7 TIRAIA/N

FEHAS IR TLB
o IRRBTURAISCHL, SRPNSIEESREERANGFAID: HRERKEIREEIE, KSR
HEIEE
o BERFHENEERIE, EWEREHIIL: s5INRE (EEEENE+TRX) associative memory /

translation look-aside buffers (TLBs)

o XMEHSLHINEFRERRIE (FHMTER) KEMTTSIRIZMIEBIE, SEMERIEERTRITE
In; BRCPUNIAIRTFEGRERT, SEEIXTLE, NRLET (TLB hit), NEZERILAIREFREIE
& GISRIRHE (TLB miss), MFRILAINE, Fikiix, BHEUE

o ATHIEZHIERSMETREL, BLTLBENFMEIEUIZSEFRRRTF Address-Space Identifier
(ASID), ME—TRREMNATERIEIAEUZSEINT RIAYDIRER

o BXUAIRIATE Effective Access Time (EAT) : —MEEIHFFRENEEIEIR
o TLBHYELATIEIA € AfiEIEA L
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[¢]

RIKNTFEHART A 1 BHEIERAL (T 1R/ S FRIRTE)

TLB#&s==E Hit ratio A «

BROHERE EAT=(1+€e)a+ (2+€e)(1—a) =2+€e—
(1 ERFEID + 135%F) 8 (1 ERERW + 2 1577)

RAIATFERIA
o IYBERE B IEERIRAL, TIARERERE. EETHTE

o TERPWFEREE—NEAEIEMNM Valid-invalid bit, REX—RE
b TEKESEEE PTLR s EnX S RIAa)

o FTEAERNIEEMEMRA— P ARZEEH Trap to kernel, ARMARZANEIRIIE

[¢] (¢]

[¢]

iy
il
u,
Nt
B
HO
I
i)
bt
R
Ao
c3

HER

o HZ{{F3 Shared code
o ZMNHEHZE—HRIE. TTENA reentrant XS (FREFFETABRHITEARSIN)
o WNNAYwiERE. BORRE
o WIRAFHZIEE read-write T, HFZEATLABIHZITRIERE
o FABMAZFNEIE Private code and data
o FNHERUHPRZAINBMEUERIAR

RGH
ZE#T| Hierarchical Paging

o IBIERDAESMINTER, BINREHTIR

o LIZEHTUAM: TaERS795MEBIIER Outer Page Table FIAEBTIER (Inner) Page Table, #MEBTAER
BEFME T REBTIRAYIEIE, MASTREREEFEAFYIEEIL; SR RFRETININEIIESS
BHERR, XRAIAEBTIREB NS ER

o ERMMERF (BEMUKESHFREEYNA32 bithiRMERSR, AFHRAK4GB) &, ZE
PIEATLAERERRY: SMNEBoRA120I, REBHPTRA10MI, RREE offset 1047

o BECMIRIFRAF, “ENTUERRSFUMNIRITX,; BEtER=E2R: $INE57X 2nd
outer page (53211, JMNES TR outer page 510(i, RNESTRG104, TUREE offset (5121

o BTFEEMNNRESEIARNHFER

37535 Hashed Page Tables
o EFRMERAMEISTE R, AIRFERTCRSIRGTRIMINER, ARERRPRRER, KEAIEI
o HIRFRHBIFHIBRT, EHREERIR

EIE IR Inverted Page Tables
o BT - MUAYBRGT, MOREFME M - TGS, BIfFMEES MIERbIE ERIIIRIRAYIIS, HEEPID
o HEWTHERRE, EBTERETR, BEEHRIE, BXNRFH=E R
o WEILIRSIERERRINELEER
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Chapter 9 EE#IATZF Virtual Memory
igitES
o TERREMINEEA/NES THHEREHIAN

o RIBFEEAFTHAEERT, ERERSHIBRT, BNMEFRBASERBHIT
o FEALUSAERINBERFEEREZS, RG—/\EBo EEREERINRBEARET

EEIREFRIES

o ittt SRR LALCA IR SR KIS 2

FREIFGEZEEU AT UABRGTRIE — ML |, SRR SIbESE) (A= EERED)
EVFTHIEER (FRASHIEHENZIREZET)

EFENAKE (BRETLEREFRETREER)

RDTRIRT /0 iHE (AREMETTEAIRIER)

FEHIATFRISEI

o TEHFEAONIA, FEAUBICMOMNITR, RELAIMENIESE
o YIRIAHIERIBERCETE R
o Hrp, MMUSRSISRENEUEBRETZIHIR 4L

o EIAFEAILIRIEKS T Demand paging (B—RAK/MERE) ZiEK72E Demand
segmentation (B—ERETFTZIEEN, KEAZE,;, EMRIRERS /O I) 0

page 0
page 1

page 2 P — N

[\

page v physical
memory

virtual
memory

memory
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o XTF—EHE, EMLZ(A stack IFfEEMEIL, HE=S(A) heap fF7E(RibLE; HEIAFERR sparse =iF
hole FEHE/ARIBKEIFTHUNER, AREEMOEHIIERNT

o YWFRSGE, FRNHEITUREZRSAENR, MiLABRHE R B SE i ARETE] ]
— BRI

o fork() GIEFMHIERS, AZSILFHESHIOHEAIEIMEIIZSE) (TFR) |, myiEisit EUE
“HE R (SRS copy-on-write) , MWTIIMER 7208

E Usually design logical address space for Max
stack to start at Max logical address and
grow “down” while heap grows “up” St

*  Maximizes address space use
* Unused address space between \

the two is hole

»  No physical memory needed
until heap or stack grows to a

given new page
=  Enables sparse address spaces with ‘
holes left for growth, dynamically linked
libraries, etc. o
u System libraries shared via mapping into
virtual address space ST
u Shared memory by mapping pages read-
write into virtual address space code
E Pages can be shared during fork (), 0

speeding process creation

iB3K 9™ Demand Paging

o (NHBER, FEERHANTF
o fF: WO, HOHERNGERK, FESHAHE
o HMNHIEREER PRI ATRSES: (INRERIES)
o HEMNIERF, B—IEE—MGIE(I Valid-Invalid Bit
o v ®XRENEF, 1 REAMERFTF
o TEMBHFEMEAS, WMFRBE i, WESIK—NERIIFET page fault

TRIAHRER Page fault
o SEOEHEAIPCB, MEXRIDRESRIFENE: IREVERLRILERF
EMERFHIRE— WM empty frame
MELEETRER IS Swap page into frame
BEWZER, FHEERIE Valid-Invalid Bit 3 v
BTSRRI’ Page fault AYFE<
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page is on
backing store /_/r_\\\
operating
system @
reference
@ trap
load M 3 i
restart page table
instruction
free frame |« ~ E g
reset page bring in
table missing page
physical
memory

* ZBERHI Pure demand paging: HHEMAFHIRERAIEIR M, FrERERHEEMEEPIE
B

* ZERUHHT Multiple page faults: —FIE<SRRBERZNEIEZR (ALIHEMMRIEER: EFE
BRRT RN ERESE—/NRAFXE)

o FRITPHTAVALIENRIE, RACPURIIETR, FHAT. RGN, MEXEFTEN Rz
RN EmETE

TRTAFERAYTE TS
o IOV Valid-Invalid Bit FITZE (FEREFER)

o TRiFhE (3TiR=A) Swap Space) : AEZHCPUILIARNEMEIRSE, BIIMF (R, URF)

o STHHESER Instruction Restart
FHRAFIZE free-frame list
o LRATHMTRER, BIERFLAN _REEPEZENTHMARES
o ASHIBERFLUEIF— N TRMPIZE free-frame-list, FIFHEET—AIZIRIZ R
* {#F zero-fill-on-demand RN, BIZ=THKERIBZRISHIBET
15K 53 TARITEREITA
o RERRTTHHTHIRERIZERS p

o BXAIAAT[A Effective Access Time EAT = (1-p) * memory_access + p *

(page_fault_overhead + swap_out + swap_in + restart_overhead)

* RFIHIEAIRTEIALIZ 200 ns
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o SEYYRRTRARMTRISERATEIZIH 8 ms =8 x 10% ns

SiEi#l Copy-on-Write

o LHFEREA fork() GUEFTHIERT, FHRLEHOHENER, ARRHESFHIZERRIEHS
ERFHNNR,; JRHE/FHEFEENEINEN, SHA—FE, SEZzNHLEHBE
4

o LFHFEMEA vfork(O BIEHTHER, WERASRESH, WHEEREILET, FHIEERMWEK
RPFERUIMIEESE),; BEIFHE exitQ B execO , RHEIREIETT (HITRQHESTRITFHIZE
AMER, —RRATFHIEERE execO RIZR)

Ta3Zi Page replacement

o HNEFHISETHRINY, FTEEIEH swap out
° AFAERIYEHP— dirty bit, FHEXTEERIENRYT, ERWIENT, WikBEEPFER
Ry, REBHNABRE, BEET
BEFRLPE
o ETRTFE LIREIFENT
o REEK—THR:
o YNRE, ERFEMA
o WIRRA, EFARIMHREIREE—MEEN victim frame, FHEKTTER
o BEEMNTEATHR, B
o BSER

DAZHA RS

* Global replacement: HENLBMERFIE—NER (SSEHEUVEMNITETHIR, EI7H
[EJAET TR )

* Local replacement: HEREEMNECHENRGER (RMERE, TiERDFIFHRTF)
THREE
iHERE

o RAFEERMAIHITHIE

o E—/MFEMIRNTESIFE reference string HiE(T, THEIHRITHRTIRERDRE
St 56 FIFO Algorithm

o EEREHANREBSH
o IIZKERE Belady's Anomaly: ZhUEIIRY, FRIFUEERMENT (REFSEEFEXIN
K)
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First-In-First-Out (FIFO) Algorithm

= Reference string: 1,2,3,4,1,2,5,1,2,3,4,5

= 3 frames (3 pages can be in memory at a time per process)

114 5
21211 3 9 page faults
2 4
= 4 frames 115 4
2121 5 10 page faults
313|2
4143

= Belady’s Anomaly: more frames = more page faults

EftEi% Optimal Algorithm
o EMBEBRTHRLNEL (ALY)
o BRI ARRERIKMBIRNAARZIIT
o IISLAAIME!
RifRiBIEEX Least Recently Used Algorithm (LRU)
o REBHERKMEIZEIHETAIR
o ZiE: BHENIARENRESHERE A
o FeRENFERE
o LI EIRERIMAEIR—NTEE, &XihaeT, BXEIRESHEFNER
o ENMREBERATNERE L, EFEES N NEEFERK, #ERIEEENL
3| (% Reference Bit
o XITFHNA, #HP—5|Hfi Reference bit, ¥IIREERRE 0; B — N REBIHIIA, FEXILN
RS |IBRIREN 1
o MTEHGHTIER, BHE—SIBAALA 0 BIRE
IR EE/RTHhE % Second Chance
o XFHANIR, #HP—5|H{L Reference bit, ¥IIR{EERE 0

o LFEMHUTERN, BEANIEATHRINE: WRIIBAE 0, WERBHFHEEHBEIT ML
B, ERAMIEAREETNE, MRSIBALRET, WEEFIXINE", B3R 0 Fi
SHRE TP RE
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BESTiBE X Least Frequently Used Algorithm (LFU)
o XTFEANEHTAHENTE, SEBLHEIRESRDIE
o T[RRI BIAE B H Al Bek ELRi(0)
REF(EHEE X Most Frequently Used Algorithm (MFU)
o WFBATEHTIAEITE, SEBHBRIREEZHNINE
o IFEREDBEHREE TREEMFANNFERIAEFERR
a9 tic Allocation of Frames
o BNAREERINTEE, BM370lETEVFEECIURAE ss move 18
o FEHHAEELE fixed allocation FEHRSES priority allocation FaFf
ElE S e Fixed Allocation
o ZEE5EC Equal allocation: XENHIERDEHEEANNIRFRR (F51E)
o LIS ELS Proportional allocation: EFHFELEIHIA/IMZELBISEERTERIR
a[O]§¥ Reclaiming Pages

o ITEWIVIRKERTENHER, SEIMATANR, BREAYIRKERZIRARIKEEL
LR, EiEmacis
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kernel suspends

reclaiming
pages
A
I - J Y - M maximum
threshold
&
s]
£
w
E
w
L
= minimum
------------------------------ threshold
a C
\ / R

v

kernel resumes
reclaiming
pages

E¥95ATFHIAE Non-Uniform Memory Access, NUMA

o BANZRIRRARNRFLEEREE—, BISSAEFHEE UMA
o FZRARIIINFIEE NUMA K, IHIERRREFIEEARR
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memory,, memory,
I I
interconnect
CPUy  |fremmeeereenees CPU,
i e i
CPU,  fresmmmrrerenns CPU,
I |
memory, memorys,

o MBMFRRSRUREHEIMWIERS EEAAER, BIELIAFR

e Solaris BIfRRGEE:
o BMERGUIP— I EUESEN, ICRCPUIINEFAERXR, HERESBXNMNEMRRKHEFER

e

¥l5 Thrashing

o EN: BFEAUTHITIE MR

o HIERBRBHNN, TR —BEHITIAIRMSHURCPURIAEZR,

Thrashing

o H—2, BAER[AKINCPURIAZRIHME, TRNDBECESESHA ready queue, JARIESI Thrashing

latency group, Igroup

' 3

CPU utilization

=1/0iE#E, XMIMRERN

thrashing

degree of multiprogramming

o HERENRE: HERFREBLE locality KINZH] > BAFEAR/N
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BERTE Locality

Locality In A Memory-Reference Pattern

34 [t

32

30

28 LR !5"II

26 —

memory address

24 : o ":'
It i "

:|!!' TR !||I| I' ||| T

2 _ ML
L Ll

oni g ) | " '|| | ';!!!’: -

) il I [l
20 1 I e |! T e
et 11 N | 171 1 1 e

s Al
0[S A |l
i

page numbers

ot
" S R e

execution time —

o KEEHERTHIDEEE (F—TE—FRIERRESRER)
o BESHRTSEOREYE (BERIE—RITENE—IeER)

T{EEEIEE! Working-Set Model

o IBMERFERNAE
o ATFENHELRIRANEFMEIEATEK
o T{E&EM working-set window A: EES#, AFRRE—BRRESIBFIIKE
o MR A XK, BOKE, KIEHELEIAIMIEABEENNESEIER, ERNERE
o MR A XN, BOKE, TEEZHBETHEENTESEY, SSEUNZRIRITHHT
o HREPHTIIEEXRNWSS;: RN A KENBEOR, HEP;5|BARERmNSE
o SFEKMELD =), WSS;: REFABERISTRIHEN TIEER/NZH
o RIREHEE m eI REIT
o MR D > m, RAKKEE Thrashing
o WIR D < m, HBARTFRE, RAETIRE
o HETEH, IERBIRAFHENTRAMBEAEFEAKXT , AL ERABEN RN IERITIU
N
o NE—MIFETIRIT n B Reference bit, MTIHIHIAN, BHEIANEIBIZE N1

o RE—MNEBREATEE Interval Timer, SIREREME (£) fAR—RTH, METERTXERAIE
ERWSIRE (A3 BATREEEEIIANR, FANRAE A HEWsIMRY) |, FHESIBANH
1T
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FRTAYAER 5 ZE Page-Fault Frequency Scheme, PFF

o RFNB—NMHEBERE— SRR page-fault rate f9_ETBR Upper/Lower Bound
o WIRHELIMONBIRVRTTH RS T HEEZ LR, MO ECREGHE

o UNEHRLPRMGNZAERITP R T S TIR, MaNHERREIKTR

o HETEH, HEERRERTFUHRT, ICRIBI—RERITHRTAIETENEE

Chapter 10 IFigZE 4% Storage Systems

AKBEFHELEEE Mass Storage Structure

o MIIBIERFI_KT1FHE secondary storage FfEAIKENEE hard disk drives, HDDs FIIER L 141E
fi% nonvolatile memory, NVM i&Z54HE,

o BUFHRERIUIFIN
HDD

* HDD WZEMTERIBAH, BIEEL/ML read-write head REFSLURE
o IXENERAETER 60-250 /X
o (EHIER Transfer rate REUREIKIAIFE N [AIEHIAYES

* [EHI3IEIAIE) Positioning time / random-access time 2 SLKEI Bir#dEEMFENNE, BT
BRI R R

o JIERYIE] Seek time: ISHABEIRIEMAIMAIE (HXHE) PRASRIRTE

o [E4EFEIR Rotational latency: BSLIRZEIEMHLERS, SFEMEIEEEBirEXBIERLT
F5 AR YA E]

o HWSLAlfHE Head crash: BELRIZI TR ERE, SUMGHEEER, SEEEHRIR, BUEXKAEL
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Moving-head Disk Mechanism

track t «— spindle

M S
| <— arm assembly
sector s I

cylinder ¢ —» read-write
: head
“-- .-—.‘ \
Nz
platter
k) arm
rotation

Disk Structure

rs
rs

platter sector /,’
— rec
head .
cylinder = same track on all platters Top view

Logical addressing: CHS = cylinder, head, sector

W& track: — 2R platter ERI—ANEEA

FBX sector: —MNEE _ERI—MER

HE cylinder: —SBIERZRAI—MEE

TR, BiI=EEiEE Logical addressing BRESEI—PN—HEEL4H 1B IEIR logical blocks

o Block 0 2&/MUAEME cylinder BYSE—/ NGB track FUE—NESIX sector, RERE_MNBEX
sector, FFHE—E track [FRE—MEME cylinder BISE " MNUE track, LALLSEHE



HE25IREER Disk Access Latency

o FEAYIE Seek time: 10~15ms (FERAIFERIR)
o [EAEHEIR Rotational delay: 4.15 ms X33 7200 rpm (£ H S5 hERE72008)

o (EIEHESR Transfer rate: 30 MB/s

o FAlt, MELSIZBHESME (TESENE) . BRAeFEIMUER (EERMUEEXK)

o fi e Disk bandwidth: SUYEMIEI=ZTIE / NE—NEEEEK, FlRE—HUEEIAIETE
HEEERE Disk Scheduling

o WMBZE/IVKAFERRIETANMESR, ELLERKAIMEERIT

o HANBIrERIMLSIERE, MIBRTEKAELLTFSIEEE seek distance

o HMBRAEELRIBERFAPRIIIER, AIFIRESMEEARNEL
First Come First Serve (FCFS)

o YFABRNEK, MBI cRAVBEK, EFAE

o REHITIH MR, MHRERIE

o NEMREF

FCFS — First Come First Serve

Request queue = 98, 183, 37, 122, 14, 124, 65, 67, head starts at 53

0O 14 37 B3 6567 98 122124 183 199

—_ 85
\

146

Total seek distance = 640

Shortest Seek Time First (SSTF)
o FUAEREN, SDEMITIEE LRI ERIIEK
. WEEE
o TJRESEME Starvation

o TILUEARIAGL, BAER
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SSTF (Shortest Seek Time First)

Request queue = Qg 1%\3, 3\7 13%, 1\, 156, é,g é\( head starts at 53

0 14 37 b3 6567 98 122 124 183 199

12

£ 2

(/gﬂ)

23
84
24
2

K

Total seek distance = 236

SCAN / Elevator Algorithm
o HSKMHEEN—IRBMEIR—in, —EBLEREIEK, AEEkaiEk, —BLEREIEK
o MEET FCFS, AFUIET SSTF
o BMEREBERKFHE, F2SEWE Starvation
» HEHENHBRERNRFTHERERTF


af://n1834

SCAN

Request queue = 98, 183, 37, 122, 14, 124, 65, 67, head starts at 53

— Scan direction

0O 14 37 b3 6567 98 122 124 183 199
\
- \

Total seek distance = 331

Circular SCAN (C-SCAN)

o HSKMNHEN—IRBMNEIR—in, —BOEREIEK, REABERMAGESR (T4t
EiEKas), EEER) , EREE

o ELLT SCAN, ARUANFIRMTIAANER, BINATF
o EHERNHRENREPURERF

C-SCAN

Request queue = 98, 183, 37, 122, 14, 124, 65, 67, head starts at 53

0o 14 37 53 65667 98 122124 183 199

S
\\

\

Total seek distance = 383
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C-LOOK

o BEC-SCANHI—FHMIAL,
o HELRABEI—ImIIRE—MERLE, MASERR
o TLMEABINEL, BWHER

C-LOOK

Request queue = 98, 183, 37, 122, 14, 124, 65, 67, head starts at 53

0 14 37 53 6567 98 122124 183 199

\\

~~

—

Total seek distance = 322

IS MFNZYIE Error Detection and Correction

o EIRIEM Error Detection XS FHIEIEIRAVIELE, WIEREL bit flipping &
o HRIGERAT, FILUBRAEH] halt
o TLUFHERNN checksum, cyclic redundancy check ZER56 8%
o Z4§EFD Error-correction code, ECC MY BEIGIGHRIR, AR IERLLEEIR
o ERHEIR Soft error BATLAKAUIE, #EfEIR Hard error FGiEMREHIE
FfgEEE
o (RFAE/APERIERIE Low-level formatting / physical formatting: §RER D AR A
FEENHKX

o BNMNBEXTLIESLEE header information, ZUE data F1Z4$8%3 Error-correction code,
ECC

o BNMBRERFHS12F TR, EhaLISEHEEXRN

o AT ERMERFMENY, BERRNAFTEEHE LICRE USRS
o BHEDKX Partition I— NS/ MEEA, BNMEFMA—MNEIEWE logical disk
o EEHTIZEIETUL/CIZE USRS Logical formatting / making a file system
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o ATIREVE, KREHOUFHRFIEIR block HERGE cluster, BiER /0 R T, T34 1/0
IRRHAT
» HRSX Root partition BEFERS, EEAIHIER Mounted
o HESXALUBSHKECEERE, HEXHERER, SFNRIRSX Raw; BJLAEEREFHES

o ERDXEHA, SRISHFRFRII—HUE file system consistency: FTBITEIE metadata 28
? BAER, WXBBEHEL, &E1EMR, WIRINEREEZE mount table, FiiFna

* 3|5k Boot block AJLAfEMEIS 1S4 boot volume, BiEE—HESMIISSHHERFIIERZAISI
SIN#FER Boot loader / 3|S5 ZERERZA boot management program

o IRMHRIARLERIAIR) Raw disk access, (FRERFAATAAEETEERNNBRER (WEUEE)
* 5|53k Boot block #IIaL RS
o 5|SF2F% bootstrap FEAEEREY firmware: ROM Hr

o 5|SINFAERF bootstrap loader FFHEERELEFS| S5 X boot partition 95|54k boot block
(B—BRX) #F

o {FABXEA sector sparing & /5iERANRIRHR

-7 | boot
MEBR code
A Y
pertiton:: AN partition |_
.| table
partition 2
partition 3 boot partition
Il »
partition 4

7R TURBF5 Redundant Array of Inexpensive Disks, RAID

o FRSNMNSEVEHBASHR—MASEEEWE, FHEAE
BEHTIAR, REEMLE throughput

OAtER (TREFE, SOEHERER)

B6NRBIIRAID, KEABRNRITAZE

FASZHE two RAID aspects

o ¥IELKHHML Data striping: 1EETH®
o HUETUA Dataredundancy: BXZE
o (RIFHLE: BRFD Mirroring, 156 parity, HE4®3/5T other encoding
EIESHE Data striping

o BHIREPMOMES I HEL
o MR EERRE—NBE—NEERTEWE
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° FIFEA 110 BAEFHTIHIT
o HIEACHE data interleaving BIKLE Granularity
o YMHIE Fine grained: {138 bit interleaved
= FAENR/NRN, SEmES
» /O BRSBTS PR
n —RIEENIE—NEIE 1/0 15K
" TBHAES MEKIHRECER B TEM
o FHHIEE Coarse grained: #R3%EE block-interleaved
= FRERRARIER(
n NEY /O BRAFEFEALVENHE, MABGAEBKRIHIRIESFRIL SRR
EHETUR Data redundancy
o RISTUREERIGIEA: BB Parity, iXBARE Hamming (BIGNIERbItAIEER, WAEDH) |, B
E-ATZJ68 Reed-Solomon Codes (BILABRZR SRR, BEELIE)
* DMITRERRIIIIE
o BARGEREFFEEDEULRER £ STa8iERIIRIRTEIRIR
o IBRREROMFEEMEERE L. BEAA hot spots IEHBEREIYE 1AM
RAID Level 0
o REXRSMRE, FEEIRY
o HUESTHWIERTE#E L, (¥ Round-robin BRESEIELAIMIE b
o HTFFTIAN, BUERERmEENRE, /0 INAERRE, S
s BTFIRETRMY, RE—RHEAT, SEMaEX
o =D 25EEE, FEFIAEZR 100%


af://n1961
af://n1972

Block-interleaved

Four disks, 16KB stripe size.
The red file: 4KB

The blue file: 20KB

The green file: 100KB

The magenta file: 500 KB

RAID Level 1
o A& Mirroring: 1BATBEIRTIRESI—IR, BIE—DEIEERINEE LD BIFE
o EEKFECEERINRNEE LEIHET, EBEFILUFTHIT, FILUEEASERS

o ZE/D2HNFERE, TEIFIFEER 50%
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Block-interleaved

eight disks, 16KB stripe size.
The red file: 4KB

The blue file: 20KB

The green file: 100KB

The magenta file: 500 KB

RAID Level 2 & 3

o ([FRFMIVBIRSTIL: (35S Bit interleaved

* RAID2 RAIXBBIEHITREE, FTESREMIIRILE, BERIMNLLER, HIEBASER, L RAIDT
BEEEH, ENRAERANEIINTHE, BERORERT

* RAID3 RAEEBHEERIE, BERFE—RTANRER, BRRELKIHABRBBENE (B
BRE)

o HTFERIEKREEBFTENREER, RAID2&3 HEEARNAHINEERR (FE5IHE) , BESL
ERERE (Reg—XE—MESIEK

Bit-interleaved

The red file: 4KB

The blue file: 20KB

The green file: 100KB
The magenta file: 500 KB

RAID Level 4-6

o ([FHRIFHHIEUES AL BRASES Block interleaved

o BMHREINTTENF, BEEHNTFETRANT, RTEEEN—RIMERZRIE, STRFHTL
BZNMIMES

* RAID4A SRR TIRVAIRGRE Parity disk, FEHITEERER, EOFE2RE2RE (DBIRGL+HE
) , BEEE RSN
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block 0
e~
block 4
Mo

block 8

o o =

(e) RAID 4 (block-level parity)

block 1

block 5
e~

block 9

e o = =

block 2
block 6
block 10

- -

* RAIDS LIRSeSEHRIFZVS RIS o EfESlaE L, ATLARIIF U ERERNEE, 2 it

F, BRI ZfER

block 0
Mo

block 4
e

block 8
A

block 12
N

16-19
ey

HHHHH

block 1
M~
block 5
e

block 9
M

P(12-15)
e

block 16

HHHHH

block 2
R
block 6
~
P(8-11)

S
block 13
A

block 17
~—

HHHHHH

(f) RAID 5 (block-level distributed parity)

block 3
—
block 7
e
block 11

ol

block 3
P ]

P(4-7)
e

block 10
P

block 14
o]

block 18

hhhhhh

P(0-3)
e
P(4-7)
e
P(8-11)
e
P(12-15)
—

e

Block-interleaved
The red file: 4KB
The blue file: 20KB
The green file: 100KB
The magenta file: 500 KB

P(0-3)
— ]

block 7
— ]
block 11
—
block 15
S— ]

block 19

hhhhhh



Block-interleaved

The red file: 4KB

The blue file: 20KB

The green file: 100KB
The magenta file: 500 KB

e RAID6 RATWERKSET, BRHmESHEL, FJLURIMHALENERZHE, TAFE (W0
>20T) HREEehS 2 (EH

-----

______

block 0 block 1 block 2 block 3 P(0-3) Q(0-3)
N~ N~ N~
block 4 block 5 block 6 P(4-7) Q4-7) block 7
N~ M M~ ~ M~
block 8 block 9 P(8-11) Q(8-11) block 10 block 11
Ne— e N e~ N R
block 12 P(12-15) Q(12-15) block 13 block 14 block 15
N~ ~—_ ~—_ — r— N~

(g) RAID 6 (dual redundancy)

Block-interleaved

The red file: 4KB

The blue file: 20KB

The green file: 100KB
The magenta file: 500 KB




’ _ . o I/0 Request Rate | Data Transfer Rate Typical
Category | Level Description (Read/Write) |  (Read/Write) Application
Applications
JITEI Large strips: Small strips: requiring high
Striping 0 | Nonredundant Excellent Excellent performance for
noncritical data
Mirroring 1| Mirrored Good/Fair Fair/Fair ?::;Itbez:rﬁcll;\es
P I‘Qedundant via Hamming Poor Fxcellent
code
Parallel Large 1/0 request
access = Lt
3 | Bit-interleaved parity Poor Excellent ::f:‘ilaﬂ)l:;ﬂﬂ':z
CAD
4 | Block-interleaved parity Excellent/Fair Fair/Poor
it lanved dict High request rate,
Independent 5 E,E?]-Ct:__'mtc']emw distributed Excellent/Fair Fair/Poor {'::)g{ll-lintensi\-'e. data
access P
iy ) Applications
6 dBiI;](‘:'lkb-lll?éar]];?:if\? dual Excellent/Poor Fair/Poor {'c;quiri{]g c.\'l_refne] y
/ high availablity
e RAID 1/3/5 R&BEMAFRINEN
HEEREE Disk Attachment
o HERELAMFLIUER:
o BT I/0 #EOEMIERE Host attached (via an 1/0 port): BEENIREEFMHE, RASEHEENL
=
o BITMLRIERE Network attached (via a network connection): EHHEFERFENERESE
fi&

PILEHIETFlE Network-Attached Storage, NAS

o BIMEER (FBERILAN/ERWAN) MAFENIER, TERANXERS

o HAMY common protocols:

o EFimEBAN Host FIfFERE ZEIE

o £ IP &KL
o ISCSHMY AT EAISImimAF gt

t= 4

HITEE

NFS #0 CIFS

1SFE1EH Remote Procedure Calls, RPCs ##TEE

o FE(HMA TCP/IP MWL&: LA / FDDI/ ATM £

NAS

NAS

client

client

client
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1FiiEX1EMLE Storage Area Network, SAN

o ERTAEGHING, RARS

o HERMEEHZHUER CRISLAIAHEFELRR)
o FE(FMAYLTIEIE Fibre Channel fEALZEE, HEMR, IER(K
o (FREIEER SCSI mSERMY, IRSEHSISIEA R — BRI iE T

storage
array

storage
array

tape
library

server

server

client

client

client

data-processing
center

web content
provider

Network Attached Storage (NAS) vs.
Storage Area Network (SAN)

TyrPiCAL NAS TOPOLOGY

SERVER SERVER SERVER SERVER

EEERE

TCP/IP LAN

NFS/CIFS ProTOCOL

[ o]

NAS HEAD

RAID DisK ARRAY

TCP/1

TyPICAL SAN TOPOLOGY

P LAN |

To TAPE

—
RAID Disk ARRAY

Note: A SCSI Hub might
be used instead of an
FC-AL switch

= The Wires

= NAS uses TCP/IP Networks: Ethernet, FDDI, ATM
= SAN uses Fibre Channel

= The Protocols

= NAS uses TCP/IP and NFS/CIFS/HTTP
= SAN uses Encapsulated SCSI
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NAS

SAN

Connectivity Almost any machine Only server class
w/ special ($$)
hardware

Data storage & ID File & Name Block & Index

Backups & mirrors By file By block

General

Simple, limited

Complex, featured

Chapter 11 {4 ZE% File System
RIS

o {&: tEIERVIBIENHENEZSE] Contiguous logical address space

o {HHIEARZEHR:
o ¥E Data: #U&EE Numeric / X8 Character / Zi#4l Binary

o &R Program: —{E4ETEAIES,

BHA(H4E(E Basic File Operations
o FIF4 Open afile

BAJLATECPURRHYTRZ AR

o FILE* fopen(const char* filename, const char* mode);

IZENSZ{4 Read a file

o 1int fscanf(FILE* stream, const char* format, ..

o char* fgets(char* str,

KA Close a file

int num, FILE* stream);

0 qint fclose(FILE* stream);

o BHMAFTRIR, RRISTHEUEERN

FIFFER Open a directory

o opendir(DIR* drip);

BV E R Read a directory

o struct dirent* readdir(DIR* drip);

o BRIRET— M HAYFEE

XiFB3 Close a directory

o closedir(DIR* drip);

$IHX {4 Open Files
XHFFTFROSS, PR -
o —/NMIFFSU4ER Open-file table, 1Zi#E 7 PIZAFTHAIS LARIR EIX L SUARIHTE

o))
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o X{485t File pointer, STFEMEFNEB NI, EEIMIAGET, BRI LE—RHE
ETASTz ikl

o HFTFFITEES File-open count: XIMHEFTHANRENTE, ARE—MNHEXAEKN, FTLEX
HRORTERER

o IT{4REEMENE Disk location of the file: BHEEREY, AETRERK

o HABUR Access rights: SANHEXISARNEEV B NHUTRERIEICR

3Z{4%ii File Locking
BAYEEL:
o HZHf Shared lock: ZNHFEATLARIRSEEI 4
o HHB Exclusive lock: —PMHEEANHRS, FREEHEHEIEALS
PATIE:
o SRFIMEHE Mandatory Locking: IRERFGEFIHUTHEHN, BIFRASBERIEEIBRMNIATSE
Bk, RetRE, ERERRE

o FWIMEH] Advisory Locking: BMERHFIRARMEFHRVRSER, HETLUEEXMRIM, FHE1T
REFZTRAVERE, BFKE, BRI (Blinux/ UnxZRRERIIG)

* Java API SZ{4BI7f:

import java.io.*;
import java.nio.channels.*; // P75 b B £ AL 4 s
public class LockingExample {
public static final boolean EXCLUSIVE = false;
public static final boolean SHARED = true;
public static void main(String arsg[]) throws IOException{
FileLock sharedLock = null;
FileLock exclusiveLock = null;
try {
RandomAccessFile raf = new RandomAccessFile("file.txt",
// get the channel for the file
FileChannel ch = raf.getChannel();
// the locks of the first half of the file - exclusive
exclusiveLock = ch.lock(0, raf.lenght() / 2, EXCLUSIVE);
// Modify the data here
// Release the lock
exclusiveLock.release();

rw");

// this locks the second half of the file - shared
sharedLock = ch.lock(raf.length() / 2 + 1, raf.length(), SHARED);
// Read the data here
// Release the lock
sharedLock.release();
} catch (java.io.IOException ioe) {
System.err.println(ioe);
} finally {
if (exclusiveLock != NULL)
exclusiveLock.release();
if (sharedLock != NULL)
sharedLock.release();
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SRR TE File Attributes

o {4 Name
o IT{HEEY Type

o MX{4#(IE& Location: fERENHABEREERIISH
o K/ Size: SUHHRIAIAN

o STIHE{FIPEZEL Protection: 3HIEEX Read / B\ Write / #14T Execute tfR
o [tiE, BHASAF#RR Time, date and user identification

s NHHIBMEHMERREET, EEEPRE

file type

usual extension

function

executable exe, com, bin ready-to-run machine-
or none language program
object obj, o compiled, machine

language, not linked

source code

c, Cc, java, pas,
asm, a

source code in various
languages

mp3, avi

batch bat, sh commands to the command
interpreter

text txt, doc textual data, documents

word processor| wp, tex, rtf, various word-processor

doc formats

library lib, a, so, dll libraries of routines for
programmers

print or view ps, pdf, jpg ASCII or binary file in a
format for printing or
viewing

archive arc, zip, tar related files grouped into
one file, sometimes com-
pressed, for archiving
or storage

multimedia mpeg, mov, rm, | binary file containing

audio or A/V information

489517 % Access Methods

* Jl@FF731E) Sequential Access: EIRIE/ERFLfE, XHEHBHBHEI T —ME

o read next
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o write next

o reset
B3%i7(A) Direct Access: BEREHEIEMIBEFFRIE/S

o read n (NAMSEFFLFFIRAIHERT HBAE)
o write n
o positionton

® read next

= write next

o rewrite n

F5iBIR3 % Sequential-access File

BXHRGHREMATHEE

current position

beginning end

<4mmmmmmms rewind EEEEE—

—= read or write ===

Y{4BR File Directories

BREAXHIER: XMHBMH Attributes, SU4E Location, XH4FTEZE Ownership
BERNARBRRERFNUE (—HIESIH)
T WS BISHAIBRESS

25K Disk Structure

BEWD AETINDK partition / minidisk / slice

MR E D X AT BEHE RAID {REP

RS XITEERRIARY raw BEUE (RBXEHERES) |, thrlseRi&TAY formatted (BXHR
%)

BENHRFERIES IS volume; B RIETHEEZRER K LR, BHMEFRA—
5

BN AN RFNSEASEITIREZHER device directory 8;BR3k volume table of contents 3
IRERZNERARNER, IBRTHLRESH, LIRS SU4RITTEUE Metadata, BEXHHISZ
FR. RANFORBR

PRTBRXHURSI, EEERAXHERSR, JUFETE— MR ERGEEENH
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A Typical File-system Organization

~ K ™ . . 3
directory directory
artition A <
P files - disk 2
L b disk 1
(| director . )
Lo partition C < files g
partition B <
files
> disk 3
. A
. J
BR413 Directory Structure
o BREEFET—RITE, GIEEXHNER

o BREWHINHEFMERET, FE, BREMSWINEHART

Directory (:) (:) (:)

_ O
“\\—
- —
Files f ) ’ =
F4
F1) |F2] |4
Fn

o XHRF—EMERLE File System Consistency Check, FSCK AJLARRR I L34 HOEIEE (REH
R, IREMINEEARSH)

BRI%(E Operations performed on directory
o FIF—3 fopenO

o B

o SR
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RRIBR S A4

FIEER

B (RAFELZRERTINMARER, FREEEXH)
M A4 BT

BRE&ISgitating
BRI EHRFNER, TEFIE:
o EtE Efficiency: BRIEICEISUY

e @34 Naming: FERIEAFRY, FAEBFAUEBHERRRNXY, HEMXEGIEERRS
* 5% Grouping: FILMRIEMR (RFERY) #TEESH (MIREbiSH)

BB F Single-Level Directory

o LMEEH, FTB BRI MHERMFEEX AN S
o MRRMERACEABERXNMELET
o [AJEE:
o @A naming problem: FAERAFNNXHANEER, BNSKREREINR
o 4H[EIER grouping problem: MELMBLIHS; FEAFIFRPIBEHERIG, BERIE

n

directory cat bo test data mail cont records

LEEETET

PR EF Two-Level Directory

o MENABFEBIRIIBRGIE

* FRBFALBEHERIIES

o EHEERTREER

o DRABILATE, MIABLIK

master
file user 1 | user2 | user 3 | user4
directory
‘ \
user file
directory | cat bo a test data a test X data a

[ A A

PHABZ Tree-Structured Directories
o TILUEIT MR B REISAAITEE BRI RE— B — 1N U
o VHHERMERS
o BHHEEEN, FTLIBERSEE
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root | spell I bin | programs |

stat | mail | dist | | find |counr hex reorder‘ | P | e | mail I
¥ \
& LS JE R N S / &
prog | copy prt | exp | | reorder list firnnd | hex cournt
\\\ Y- |

p <

@D O

| list | obj | spell } | all last | first |

LA L

o ERMABZ, TILAGEFITEEIR Absolute path / HEXTE&42 Relative path SEERISIH
o #33E&42 "/home/jane/homework.htm!"
o #EXIER4Z "./homework.html"

o RIS, /MR FERIES, HPRrTF BRSNS FERREREFERIXHE
FCIAEIBE R Acyclic-Graph Directories

o RN/ BREERENHPFESITR
o FA—PXHHIBEFES N A ERIEEER aliasing
o MBE—NEHRPMRT — M, TeeSEES— M BRPHR— G HILEEST dangling

pointer

o EIN—METEIBRUEEE: §5% Link

root | difct | spell

list all w | count ‘c:ounr words| list

—» [ist | rade

Ll
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iBAEIER General Graph Directory

* RUNHRFEREEFIB
o —RERIXFERINAE

root

avi

Ji

mail

count

book ‘

text

5

~

:

N\

book

mail

unhex

hyp

avi

count

|

{H{F$R Protection

%L BtR

S

o [EXHIEEMNHEEENERN: ERTLUSTA
o KESHEFPIPRIEE:

o Read: EEIMMHRE

o Write: BNEX4
o Execute: T

o Append: MMHREEANH
o Delete: FFMEREEHMBRIXNE, HERZE

o List: BERRTRINMH

5

unhex

hex

RS
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Unix RIS E

Access Lists and Groups in Unix

a) owner access

b) group access

c) public access

Mode of access: read, write, execute
Three classes of users on Unix / Linux

7 =
6 =
1 =

RWX

111
RWX

110
RWX
001

Ask manager to create a group (unique name),

say G, and add some users to the group.

appropriate access.

owner group public

chmod 761 game

Attach a group to a file
chgrp

G

game

* chmod IREXHMIAERBF/HRIIR, chgrp HEXBKEIFENME

Iw-rw-r-- | pbg staff
drwx------ dpbg staft
drwxrwxr-x 2 pbg  staff
drwxrwx--- 2 pbg student
“IW-T--T-- | pbg staff
-IWXI-xr-x | pbg staff
drwx--x--x 4 pbg faculty
drwx------ 3pbg staff
drwxrwxrwx 3 pbg  staff

FHAIR, B d FRERER, - TREXH,

BHNZ B RRERRIEHEEE

B=HNEE(pbg)
=1l ] ==z

FERFAERIN, LAFT5 Byte B

31200
J12
312
512

9423

20471

512
1024
512

Sep 3 08:30
Jul 8 09.33
Jul 8 09:35
Aug 3 14:13
Feb 24 2003
Feb 24 2003
Jul 31 10:31
Aug 29 06:52
Jul 8 09:35

For a file (say game) or subdirectory, define an

Intro.ps
private/

doc/
student-proj/
program.c
program

lib/

mail/

test/

fE8EkIxZF< owner/group/publicifR
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o FHIFIARBIESHTE
o HBEIANH/BRS

SR FRISCIM File System Implementation
MR FLEN File System Structure

o WHERESHEE_RIFNE (—REFRE) L, ATFEUESHFE. BAUMER
o IZHIEHFILR File control block, FCB IFEBEXIHER (ToEUE Metadata) AILEHS
o 155Kz Device driver TRERIEHIIIREM (FEEIXE)

PEXMZES Layered File System

application programs

|

logical file system

y

file-organization module

!

basic file system

!

I/O control

!

devices

e 1§&IKzN Devices Drivers (I/0 control B) REFREKEEES, HEEANEEHNIEHIES

o BEANIHZRS Basic file system ARRWBEAGSTFHEIRLRS, thaimEREREPX Buffer
FE1F Cache

o I{HLRLAERR File organization module faEEEIRMIBIEMIIER logical block ZIR bR
physical block AU, EIRZSHZSE free space FIHEEESER disk allocation (BPETSI4HIERD
)

o IR RSE Logic file system
o BNHBHRNRRLBINHRS. HORSUEEE
o BISHEFNHERIR FCB, BEIEXHTHIESR Metadata information
o FHTEREHEE
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o MEISHIAFEEIIR, RIFXMH
PEXHRRONRS
o [HESZME, BDTTR
o BREEARBIMILBRRERFRITEBTIERE, RARE
o SEESATREFEERIMTHH Overhead, TTRERE(RIERE

S ZEFRIZIE File System Operations

o FTEAERE FRNEEFIREFHRIEM on-disk and in-memory structures
o SnhiEbR Boot control block B8

o 1EEEHIHR Volume control block / superblock / master file table iBREEANER FXTFHRAZEN
iR SUREL. REEBEL RN TIRRIEE/EE

o BB REN
Xi{ti=EIiR file control block

o £ Unix B, —NXH=HILR file control block #F#RA— i-node

o BEENHIIR file permissions, {4HER file dates(create, access, write), M{4FrE# file
owner, group, ACL, 4K/ file size, /4EEIR file data blocks

RESREFRLENT In-memory File System Structures

o 3R Mount table IBR TENMNEHRAREE (REIZoXAER) . EHRFEENERF
BE. HEER (WizsXISNAMIEIZSEIRR

o RFEJRFITFFSULER System-wide open-file table E—NEBER, FhET LRI MR ERAZTHAE
HEFTFRIFTE G, BiE T HIER FCB BNRIAR, RS EXIE/N Y5 | FitEL Reference

count

o HIERITH 4R Per-process open-file table 2B METHAIHEMIIBENER, BTFEEHE
FIFHOSE, EREE:

o IEMARFRITH RPN B RS
o LRIM{HRE Current file offset, IERZHIBEEHRIZIIMIE
o XISHAIFIRIIER
o N{HHIAFT File Descriptor, FD
o STHASECIME, REXHRAFERERIIEZNT
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(a) opening a file; (b) reading a file;

directory structure
open (filename) "‘D
directory structure file control block
user space kernel memory secondary storage
(a)
AN -
]
r R e data blocks
read (index) * "--\E|
per-process system-wide file control block
open-file table  open-file table
user space kernel memory secondary storage

(b)

BRAYSEI Directory Implementation

o TLAEMEFE R SIEREUEREEST, BENHERTE (L&)
o TILAEAGEZ Hash Table SRIFMESU4E, RIEO(1) Bk, (BETRERERTENR, BRFR
FraARMEEAR/N
it iE Allocation Methods
ZELES L Contiguous allocation
o BN EoESRAT R
o FHENHB-ERIAHRES-KE
o ZEHIEEA
o 3ERENIAA] Random access
o REE=E (BoSoEaR)
o NHFARNAREIEIK
o —RATFRISHE

o ZISHIIFINIIEREEMIIAOBRET . WES = ML / PO + SUHRIGHRS ol = 2
Hahl: 9% HR/N
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= Mapping from logical address (LA) to physical disk
address, block size = 512 bytes

Q € relative block# to the initial block

LA/512
N

R < displacement into block

» Block to be accessed = Q + initial block#
= Displacement into block = R

fE%E 9 Linked allocation

o BANHRI—MRIFELFRGER T MRATEET, MR

o RA—TEELHAFME, MRTEEZARRLRYE

o ZEHfEE

* FARIRERERTAE

o ARXFFHEHIIE)

o WEIRIARIERKEFEIEEX

o BIEMPHEAPERIEHIAOIRET . MBS = BRVOEBEISSDERT RNEE = 4 + BEMLE
% PR/

N {443 Ep3R File-Allocation Table, FAT

o BIERMEEPRISMRAGES RS FAT b, RISHERDBECPRUSEREMIRIFEE—MEEN
R X I,

o EiEshRt, FATISEIERTZFS, LUNEE (BEHLERET/ OXRELERE)

s EINEHRIBASER, BIECEHEUL
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directory entry

| test | .- | 217 }—

name start block

— 217 618

339 | end-of-file [

618 339 | — |

no. of disk blocks —1

FAT

Z8|4fe Indexed allocation

o ABANXHIRIIEIT—NESFE index table, RFFRUEAS MLEIRAEST
o BMMARZRS IFRFHIEE N HIRAIZRS B index block £
s FE—RBER, FHRENNHRIZRS Bt

W

W

index table data blocks

o SFEFRENLIE

» BERENTHEFAR
 FERMHRETRFMRESE
o XJERANIHRINEIRE!

o ZIEMBUIFIYIIEMBUIAORRET: MERES = RO RPIE<BESES SN HAmE = S % Bk
/N
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5% 35| L Linked Mapping

o BARSIREFLEFRUE, BET—1RIIR, S1NRS IREFFHISEYIERAYSH

o HEIFEASUY, BRFERRS|IFR L(FRAMERSII
%R Z| Two level index
o HMNERERE |IRIZFFIFIERS [BRAYMBLE, 225 SRR RYIIRRAVIEET

o AN, BAFECBMRSIIL, SHFhEnE
o BRINENM, TEHITINME /0, EERIE

B I B

| | | N
\ \\\

\ ™~
\H\

\\_‘\‘-
outer-index
index table

Unix File System (UFS) Allocation Scheme

o XTFTAEINMY, SRIRAARREFESI, RIS AFIA

file
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mode

owners (2)

timestamps (3)

size block

count

direct blocks

1 data —

- 05
single indirect —4>|z : data

— —| 2

double indirect

L]

b

i

triple indirect - ™ data

é

SHZEEE Free-Space Management

e Bitmap: XEMAEFE—NEETRIVRZE, &FHE—1 EE bit vector

012 n-1

1 = block]]] free
bit[/] =
0 = block][/] occupied

e Linked Free Space List: 7ERf#Z FRVE NS free block BIFFSLTIZET— free block RU/RE
(REPIRRF) |, EREHNEESE N SRRNRES

o BEMUTEFRITSHRES, RS RRIERTEIERAYLED
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free-space list head B B
0 1 2 3

12| |13 |14 |15

16| |17 18] |19

20| (21| |22y |23

24| |25 |26] 27| 7

iH

28| |29 [30] |31

~_

BESEENXHERSR Log structured / journaling file systems

* WNHRFNEIREFEHICRA—IXES transaction
EESEBARF

FrENESBENER FHBE log, BAGRMATIER committed A7
RIBAE, RETRXHRANER, TREMRNRNAFICR
B FABEEFSCKERSGE, REXHRER

NI RFRI RS E
WE Efficiency S2INEE

o HEHSESBEZREX Disk allocation and directory algorithms

o ERIPFEFHIEUESEY Types of data kept in file's directory entry
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o TTHURLHITID ELARESHEL Pre-allocation / as-needed allocation of metadata structures: &
B AN D B TEURRITE, AR SR A SIS D B TEiR=IE
o ETEA/IVEKEUELH Fixed-size / varying-size data structures

¥8E Performance {itft

o (IR TR R IR AP RIERIN S

o {FMEMtE Buffer cache: WFFHNERKXIS, BTFERROLELANHERAS

e [@#5 Synchronous (EENHEEBRIEENNED; 1€, ££) / FEE Asynchronous (£S5
ANETXEHRIEENRY, ETRBETRETXBNRE, KR, KEBOTHEELIR)

o EXSMESIERNEE Free-behind & read-ahead

o EE (WAESHRIE) BREILEAN (AILARSERE) 128

k& Recovery

o FR—E4HEE Consistency checking: LU HREEMPRISUEFNRE FROEUER, HEEER—
MOt ; mleefRiE (JUNRTEZEJLKR) |, tBAlgER (Linux FSCKTERRIE)

o FAB—MFERBHITEIESD

Chapter 12 Efili L RZFHLE: Basic Distributed
System Concepts

PHNERLS Disributed System
o EEAR/RIFM, EZMEITRSFDNS, Peerto peer, P2P System, Stock Trading System,
Cluster, Grid%, #ESHRRSR
s PHRRRE—FLMANES, HPENIAEEBZRI autonomous (JLABEEHR) |, 214w

F2AY programmable, FEHY asynchronous, $EIREIREAY failure-prone

* RitBiR:
o AIY R Scalability: FRZAMIERRIEK REATEE
o B8 Robustness: RUTEEIGS AN MOEA7EE
o FFHEAM Availability: RFHE(E(IRIAERREISIERIRAIRSSAIRE
o FHIME Heterogeneity: RFRMBESHMUAIERMIRE. Y. SRS

PHNRRLEN Distributed System Structures

o ZEPIH|-PREZEEHEEY Client/server model: 2H14EM

[ )
A
|
;Ll7
"H‘si',
5
N
D
2
S
5
o
o
2
s
&
)
'|-|H
-2
|.H.
ot

I

\\\\\ HRAENEEEETR
Sfn#zH Decentralized control: &BEHUEHIR, ERDRIMNEER

XJEMLE Peer-to-peer, P2P: RAFHB NI REREFRBERSSE, 81 DRUE
ES ARG Transaction System: FEEVN, (BERBESH—EME. HEHE

ERiR/IRZ2EiTE Client/Server Computing
 EFHURMAPRIFIIFAE, REFREMIELZSSHEITE
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Classes of Client/Server Applications

1. Host-based processing Lo i)
- t t | 1:/ t Presentation logle
not true client/server computing T
= traditional mainframe Database oglc
environment ]
. (a) Host-based processing
2. Server-based processing
= Server: all processin -
. p g Application logle
= User: provides graphical Database ogle
interface e
. . (b) Server-based processing
3. Client-based processing
. . Presentation loglc
= Client: all processing data pr—r—res
= Server: validation /database Database logle Database logle
logic L
] ] (d) Client-based processing
4. Cooperative processing —
= processing optimized: client/ Application logi Applcation gl
server ““‘:]":;“E"
= complex to set up and maintain o SUPRS

Google PN REFALHE Google Distributed System
Infrastructure

o EE: FNMAIPCREM. LinudERFFIENEERINTEFES
o thE: SHNARFEMIZHE Distributed systems infrrastructure
o NE: IRFENA, WINIHER. Gmail, ["&RE. EFE
BHNFHITHEER: MapReduce
e MapReduce: —FfA T ERAE R AHMESUESRRIF THRIEEEL R H LI
o BREFEREL Map: RO TIE, E—MEEX, FE—HPEREXY
o FL9EREL Reduce: LR THE, BEBHERPFEDRNFEESH
o XMRHFXNIERENEFSWBEND AR, FHESENRERNAMESRE: EomIHT
o {ERAOBE Heartbeat aiEEE: SHITHSERT, BIR—EHREFRNT, (NERMTETHR/HT

FEIMapiEss, LR THAIReducelEsS (EFcARIReducelFS—REDHIVFM, FESDHL
%, EDEHRREPE, WA LINEETTEEER)
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User

Program
(S e ¢1) fork
2y Assjgn
_assign reduce .
map _

\worker

split0 (6) write output
i w

split 1 ~ (5) remote read orker file O

split 2 (3) read @ (4) local write

@ output
o file 1

split 3

split 4

Input Map Intermediate files Reduce Output
files phase (on local disks) phase files

Execution

Input

®

Intermediate | kl:v kl:v k2:v kl:wv | k3:vkdv | kdvk5:v | kd:v | kl:vk3:wv

Vkaw

Grouped |kl:v,v,v,v

—

Output

BIF
o FF—Kit, FEERIEHIANREL
e Map(key=url, val=contents): XFENERE, HH emit—P (w, "1") FrEE w HRT 1R
* Reduce(key=word, values=uniq_counts): XFE&MaH, HEEIIREZ, ARROEEXY

(word, sum)
R E

o —MUREBRRIMUL, MZBREHEMGTHERIE, EISiH#5IRviE
e Map: XNTEMHEERBRRuGAIEEE, it <target, source> 3¢
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e Reduce: &§FFrERIEAI URL, ki <target, list(source)> 34

GFS: Google File System

o RItENR: — &R, BSMIEPBRBIEUERID FER S

o BARIHID AETEARNIR Chunks, BRI 64MB, D ETFEESZIBENERNME
* EIA Replication: BMIREESHIMNFHEERRER=EL

o ZRGZLEM: 1{MasterfRSe8, S EIET M Chunkservers, Z/0\& i Clients

* Master RIEREETTHIE, L EREIREHAEEEPiRIEIET RZE

GFS: The Google File System

Misc. servers
Master GFS Master
; -| Client
replicas perr— » L

I I I I I
I I I I I I
1 I I 1 amn | !
C[C5] i[cs] Il L 1ol
ChinRserver T Chunkserver 2 Chunkserver N

* Master manages metadata
* Data transfers happen directly between clients/chunkservers
* Files broken into chunks (typically 64 MB)
* Chunks triplicated across three machines for safety
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