i

1s=1000ms 1ms=10001s 1 us=1000ns
BfERGE X — AT Rds A B SN
AR AR R, A R SN SR
LAEdAE, LRI R e Fe i & .
WHEN RGN KIS B, 0S. KA
BFREF.

ﬁf'ﬁ%%ﬁ“ﬁ IR GFRSIFTAEXAD |

e (HRIE/FEB YD
CHI P SR

BAE RGP SRR (] (3 A .
WAL ED: E?é*ﬂ,uu & (R HAMSL) /L
fir 4 (b F 4D

BrgEn: zf_éﬁl*“:ﬁ, SRR AR

BE RGO T HHL R AR B H .
REHLFRZ Mainframe System

OS RF&: Htab 24 batch system (FLE (ff

ML B

R—MENLD /238 (BHZEA DI, ZHAESS,

AAHMEG R EEHAD O | SE R,

Time Sharing system 7>if &4t

P RGRZ AN LR, ERG T
38, AR — AN E R
EBRA Clustered: — 41 H.IE NI S8
—WTFENLBE IR . A X REERE, AN A
Y, HAHMEAR. JEXAR: 4‘**&%%&?”\
AN R T RS

LR RS Real Time HSLi/AH S0 (T ™
) .

(AR RS &R IR S (S

AT ENLRGE: BRS04 5402
BERGETHRR.

SRR FR: Unix 55 &/ Win S i/ Android F#1
FAURS: PR AR, W 10/m)
B/ AR, RGWARRERIES

M CHE) « JATR RN .
WS CEESNZE) « IITIRIERG T
I o

VA RZ 25 R FE P 25 B A BT 11 DX 31 2 BE A e LB
access | hardware il memory .
N : 40 EH, Clear memory, 7117
HL #l, Modify entries in device-status table,
Access /0 device, JFifi
Interrupt($t 7 #7): Caused by externel events.
AT LLAESR AT IOAE = 2074
Exceptions(§ H W): Caused by executing
instructions. — kIR L ILHATIF CPU A &k
.
o (Fn:ll)
{ R
PSSR E tTrapJ
{ #rak (Abon)  BEFRRER
FIRRCT T INTR
ShEReR BT (E#)
/Fslﬁi*ﬁ NMI

- L/0hM
i <
bl PN | e
I3 [ RGAR (BN

BRI (CRED
N EiriES (RED
AR R
L (AR g )

LREL A
(AR, HH)

INTR: T 528 % & il
NMI: & S i

W PUTIES TR BRE.
BRE: FshiEA

&ik: S8 CPU ik 4k Ba T R b

RS-

T AT 4> I 22 47> 7>Secondary>tertiary

— 2% A7fi#: register, cache, main memory
2% A7 f%: nonvolatile memory, hard-disk

= A7 it : optical disk (V&AL ) , magnetic
tape

SYEt RGEMARIET ) s AR 4 T T RS2 1 4
RS E . 20 AR () 23 Ot 1)

W 187 R ) S=iEFRE n X AR AT ) v g

BIERGEN

BIERG RS

REAA: User Interface/FEF047/10 #1E /4l
A W/ U T/ K A U B SO
R/ A 0 R SR AR R AR A B RS
{5 B4

AT AN PSR B 0, 3
HUiER4

BAE RGP S

RGP AR VLA OS WK AR 210 .
—H C/ICHE, K2 AR R R A g
APL R FIFR P10, I AN I ELEE 0 R G
ZANH LI APL & win32 API, POSIX API Fl
JAVA API.
Time()/&— ™ R 401 H
RGRHA=MES TR FERES/ZH
TELE W AT AN b, K ORI (1) st k3 3
FAE LIS, linux M solaris FIX /2 ¥l it
HERR AL

Bl RGLAE

MSDOS, /. PR H R AL, LA

SRR, DU D AR 2 B R I (F) 5y

JRIR UNIX: SZRIRECRThREPR G, 5445201,

APy REREFFRA

4 451 layered kernel: i i 2 ()2 0) NE{F,

IEE NP RO BORBUR, ERR AR A

& 5 2Z MR AE monolithic kernel A& — /M 44

%45 microkernel system

AR5 3 Rl AR 1 T B L3 E BP9 A%

9\—}“ oAb RE AR B FC LA IR . FE AT
: BERE GEME) ARGAR /1 i 5 AL

EE

3 CRRLI I R YN "é?’%ﬁ?*ﬁy HEAEE (A

BABATMAREEADT) |, s,

s AR ILMDV\]‘I‘%

Windows NT windows 8 10 mac OS L4 not

efficient

B4/ % monolithic kernel

PRI AR, B3 T RGHAE — A3

b SN AT ) OS AR, el 4

PR B EHGE R, TR, B IR MERE %

PRI RS ORI AERF . PO BRI R

41 0S/360, VMS Linux

BREBLLEH modules

KEHIAREAE RGHOEIL T ARA. T
FIX R, AR, i C A AT
W, #AE R VA FI NP, U1 Linux
solaris.

RAE RS Hybrid KL KRR —HEAL,

Linux i solaris & monolithic + module.

Windows K43 /& monolithic fiil I microkernel.

Mac J& )2 X Hybrid
BIERGNE S

Bootstrap program is loaded at power-up or reboot.

W0E CPU, £ ROM BHL boot 2/, R4 %47
% E N BIOS; ik EH, BIOS FEF 48N 74k
Tty iR, B aR: ksl

SN EPIR:CE TN

FiR MBR, X751 S/4E5 S, E51%

LR G FRATRM R OS: FRMEAL > IX K,

MBR A& 45y X 35 sy X 5] il
PBR Gilidhsr X H—BX) ¢ e 5k
fER Y

HRHLRGURBIN, HEHATHI BIOS 5%
FERE, SERER, JRINEE 5 S AR Ry X
2, REPATESI SREFE, dE MBS
X (ZHEEERGSX) 51 Fidxw, B
T X ol SRR, MEEERS, &5
PATEAE RS, HE RS

BIBL (AT AR B A2
BoREHN BRERAEMD - B+ B
HUE B

KRB BN -
gt (—fRAEHD
Process 2

HBARE: PCB, TR, MHIRE.
HAERE:

new, running, ready, waiting, terminated.
Wait->run fil ready->wait — AR fE A4,
ERES T, B2 — A run, ready BEFEA RS
BAF, wait HERER R FSE AR RS . 1B1T RS

A1 ERAE R

15D 0, Sf5RZ a0 GEBD , M4
% n-1 %> 0,
admitted Interrupt axi! )EY"\IF&D

1O or event completion 1O or event wait

waiting

2 RPAT, — DR AR R AR
piiboRli P "lﬂ CIRSRE 2452
a process is waken up --> A5H ready 1M A4
execute %
OS il PCB k#&/n#tf2, PCB @i
HERRRA ARG, SR P AR IRSE, Riiig
TN, RS EsEE, ACFRAL R A,
i&)\ WAEI A, FSEMEH (HAQEES
s ARES BB B R By e, SR
4*? ﬁﬁﬁ/ﬂ_iﬂ:/m TSR AE, RET,
PC, CPU WHEEAS R, WA#E /K /SCAF/10
REEE
Linux [#J PCB {R4£4E struct task_struct
Fork: fork() -> exec*() [replace memory space] ->
parent calls wait() for children to terminate
wait(): block until any child terminates. waitpid():
block until a specific child completes
SLERE fork 2 J5 IR M /2 FRERERY) pid, ¥
HERE E C R EME S 0
Signal: signal() system call allows a process to
specify what action to do on a signal
Zombies&Orphans: &)~ #Ef: F it FEIE 1724
1, ACHERE M AT wait()o JRSLBERE S HERE
BATR waitOpt2e b 790 LR A 242 Syt
J73EF2 . Zombie die until its parent has called
wait() or its parent dies. Orphan is “adopted” by
the process with pid 1.
EFEIANEE: linux PIRAVTRIERE N systemd,
pid A 1, ppid Jy 0. FHEFRMY fork iR 7] 0
BERERIZE R A BRUERECRR DR S(H A
oy, FORSEYE parent R, HARBEZ
Ho—HARNH, UNIX Mgk, ik
init/systemd 2K wait B AT,

BERRAE
3R concurrency F1F4T parallelism

AR FE 3 3 L1241 N 3t 2 BA 51 1
HERE, P REMRAL, P2 E R R
JE(A AR R -

FRR/ICPU BE: M3 FREHIT NSRS
IERE RIS PRI/ I CPU, ARERIR & o
PR ARG WA AEE CPU SE 4 it
PR Z R B R . HERE AT DAL
#eth, ZJEHHN.

HEFET] LLSY N 10 BLAT CPU AY(CPU-bound) .
RERRRAE

TR BRI, S e BIRA

IR, W R AT/ ] A HE AR A A T R
SEARCHRIAT s MuHbAS A TP LA T AR
—AHRE .

HERRZ L AOHRRZAER, R OS M F iR

AR AN RVFFEFR Ak B2 4T/ B2 1L/ 4k 7K

F) H AR £ .

EAERERE, MOLHERE . GEAT AN S B

fbE AR . RS A (F R B

BEBR o WAL, 5 5

EFEIB/E inter-process communication IPC:

BMA HEGHAE . (HHEEE S

PV JEARZAE 7720, e SR AL S 2

Yo A 7 =0

Shared memory: i Z{# I [F20 B

fRIIEEE - He T Hlmaii

RIS - BT AR X

Message passing: J5i5 353 (send, receive)

HEERE, HBEUE R RIEG MR

[A) I A5, T 53 I F] 52448 mailbox £4 i

Signals, Pipes: RVF £ 5L, Al STt

TR, VT RERHZE/ X LIEME A= e
[ 7 KNP IX CR/NZRRD By
LR BRI T SRR, ARG TR ED R

B R T AFAE, B RR RSO 4KB

RPC remote procedure calls

semaphores

Thread 2572

W BT RR O KRR B R BERE LWP

lightweight process. ¥ ¥ 4 4 5 7 4 Bk Sy i3t 72

1E% . REBRAREN—PPAT B TEAT A

JERISkR, R L G R =t R AR

(B BRI B VR 43 AL B A By

WU RERE create T —ANERAE, BT AR

AR, WAX B SO EA TR
{EFERS AL HEFEAS AT W)

RFERE ST AREHF (AT/BE 28/ 4% =R

) ABATIARAE LT SCH BOLHATAR, 5

AR R () 0 AS AT fih, T DA HUBIT 7 2RAR (¥ B8 9, 7T
UG 2 SR Ho A 2272

$69 $ 69 $4%
ﬁé:.::: | = Ve -
QOO
© 6 60
Fi T Cuserdtevel thread) = A [T

OS O (WIZA T i F P 2R AFAE), N ik
TR PE SR AL O — AR R RG
FHTRELZE, DR ERRAE S5 R (X 2 AEAY
o RREVIATENZ, W LRI G
NG IES= A7 A S B2 (SR e

PARFLREE (KLT) : ®RET OS #dy, HK
R0 N T SR IEAT QR R, R 3AT —

ARE R ARG R AR B
UiER. BBREVMEHNZTER. —NERER
ARG EE, Nom g, o
) Fr Ay B4 2 A2, T DA 22 4R 2 1 sk A 3R A9 T
%cpu Hﬂlﬂ

ZRERAL

BH—: BZ A UL E] DA
it MERRBEEN P E BT R 1
T OS SCHE, HTLAE R SN
TR G LR BAFIT R ARAR . SR Bk
HI 2 A8 8 AR FIFAT, —DERARIERS

HEA T FEAR B 2
—X—: —AMHPE-ANE. BANZL
PR E, RERAER OS 5% M, win

NT/XP/2000 linux Solaris 9 later. . f5: &A™
W AR T LOFAT U 2 A B3 B, — ANk

FERHZE, BERRAOHADLLRE W AR BE . Bt

LR K0S W LRARELT Y 2 A #E 6 20
R4

EXE: RV OS BIEEW LI IZLRE, %
K P &R R T4 T W22, Solaris prior
v9 win NT/2000 with ThreadFiber.

BRER . 202 AR, —HMrExtL,
(B —ANERBRRYES — A L. IRIX
HP-UX Tru64 Solaris 8 earlier

XL LA Implicit Threading: K £X FE A6
5 AT e B A RS AT I R SRR, W
2 FHb. Fork Join. OpenMP

LAEVIH fork: PRPIEHL: AL HIZERE
AR T 288 (Linux A —FD
PRI

Asynchronous: 7B 1F HARZEFE;
Deferred: HirAE A E H 2
RSB (55 didee S0 =, 1n L
BRIRAERE, 5 SHURIE R T B A
WP RIEE SRS ST H MR, Bk
RN AR BERE I LR, e
FrE RS S

R A LA RAR AL R H AR A
jollfais ey ot S o W DR E o e

Sl

AFERE AR VTR B CRAE RS UL,

TR BRG] -

ISR S

izt

CPU Scheduling

W E S G A AR TE IS ] R IR Y 4 4 (non-
preemptive), 750 Y i Hj(prccmptlvc)
SHURFEFF (dispatcher) s CPU (4% 1258 4 thd
FEUAREE PR ERE . DhREA . LR SColiR )
8 3 F P Bk e B P R I 3 oL B ok
HRRT o o IRAR P A5 1 — AR T S 3 5
— AT 8 AL AN i) Y 43 JR 48 3R (dispatcher
latency).

VA BEBLYA )i Bt M AP

turnaround time(F ¥ W A)): LM commit |
2 3 FH IR ), B0 368 At 24 1 BEL 2 v 10 5 R 1S
B0 & e f 1) T=5¢ et )4 52 e 1)
PRAFBHIGE, HRERFRFERITS
AR N IR] W= %18 5]/ CPU $AT I ]

SRR = XA L AR
THRUR R R IR = = W/ AR A
Response time M RIAT ] s M EAS B8 k=
#5105 Waiting time ZERFI 1R 451 EAZ 1
RN 1] =JB B I 1] - 12 17 I )
FINEAT BT 1) AP AR S SR AL .
Fit& throughput: S{7H [N CPU 58 Ak
NZ-E
CPU utilization: CPU F % L{F i i/ (CPU
A RCLAERS 18] + 25 P A5 A )
WEEE
P HERAREE (R, SEbRk i
WAZ BRI (R, B
First-Come, First-Served (FCFS) Scheduling:
AT, AR T, #T Ccpu &,
AFIT 10 2.
Shortest-Job-First (SJF/SPF) Scheduling
b e R R Aty R AR I ) L 4 R A
IiF 1] 3 % M 465 5, Shortest-Remaining-Time-
First (SRTF).
R Y T ) S AT Y S I (). T
SIF REELIH, FRTMEF—4 CPU
Jik burst Eﬂé AFIF KA, FEYE.
EE AR A2 24 32 AT R A ) . ﬁr)‘ﬂ‘*m
CPU Burst I : 1,4 = at, + (1 — &)1,
AT 1], ¢ SR PR (A .
MEZFE (PR HERLH: Qg
T I ARl IE R AT S R
Linux *— s MRS ol -
oS Kokl > AP dife; SZH MR >
AR AR 1O AUHERE > CPU MUjkfR
PRAEZ Bt AT LIGR A & (BRI /ARE &
CEEAF 2T () 45300« T 2 H(aging)
BT I ANTE 5 4t o A AR I ) E AR AR S
o, SRRV 7]
FWIN AR SR REE (REHURD
WARZEL R = CSRR5IIE] + ZORARSS ) /2
SRR SS IS T], IO R BE g R IR REAT R R
TR, BT AR A R fRAL
Fit 1] Fr#2#: 9% & Round Robin(RR)
—fR UL RR L STF 5 K ()35 JH i ],
JEYVR, WL () B . BT R, P
A8 25 1 87 I G
If there are n processes in the ready queue and the
time quantum is g, then each process gets 1/n of
the CPU time in chunks of at most q time units at
once. No process waits more than (n-1)q time
units. IR [E=n*q. q ANAELE B R SCH)H
[T, /N DT o LR
ZHBAFIAE
H 7 2 BA B AR 1 T R AL AN R 4 S 2 A
BhSEBNF XA, SR AT EE . REASELIE
TEVAN—ABAI o AR BAF A AN [5] 14 8 BE 5
ke
-, Ay & forcground(iﬂﬁ interactive)
FfE G ), #&—KkH RR, FEMA
FCFS. % %A FITE B\ 0 fry 8 BE 054 [
ET}E?TJ% WeHi 65 R &, PR UL
LERIL )T, 1 80%HMATHT & B RR, 20%3h
1TJE- & 1 FCFS.
Multilevel Feedb
REAZ
FERR. FCFS MMRSEHEEN LG . 52 HBN
FITIX 5 S VrEERRFEAR IR R 4 A BT e
%ﬁ‘“ﬁ]"ﬂK%iﬁf?%iﬁ)\é”%fﬁﬁi?ﬁ“}\ﬂ* .
FHORARENE AR B RB KB R , S2
BN IEAE 32T AR B 24 A BA B IR R

)/

Qchednli

g FHR

k Queue




SHELENS BB HT F R SRR .
RAEALAR S, R R, SEABA YR

Process synchronization
I SR — AN S VF— AR FH BE R
Entry section: 752 75 HJ kNI S X ;
Critical: 7 [ i 5 55 I (1 X5
Exit: U7 I I 5 DX A 25 0 i s
Remainder: AR5l 42575

2. HEEHLRR
HF: wHlZIk R
I 5 DX e L 4 A e 2B A = AN SR R
& £ (mutual exclusion) ; % B ik 3t
(progress) ;: HMRZAF (bounded waiting) .
R RF AR CREE45)
Peterson Bk (RYIARD

HAEFHA RO, BB load FI
store J& J5 T HRAE, &R RIS

The two processes share two variables:

+ bocamnfaglz]

‘The variable tum indicales whose tum itis to enter the critical section

The flag amay is used to indicate if a process is ready to enter the critical section.
flagli] = true implies that process P, is ready!

Process P,

" Py
da { fagl0]= trus; do{ fag(1}= true;
turn =0,
whils (flagl1] and tum = 1)
eritical section

flag[0] = faise
remainder section

while [flag[0] and tuen =0)
critical section
flag(1] = faise;
remainder saction

}white (1); }while 1);

Mest all thres requirements; solves the critical-section problem for twe processes™

AR OS ANid F (G B AR AL AT BEAS Hu 4R £)
Bakery Algorithm (T EHEER)
choosing[i]: HEFE i &7 IELEIREGHEN 5
number[i]: i HBAS, 0 RRATHE

do | BE it Hawmbed]
choosingli] = true; ~ CHRIEE
number[i] = max(number{0], number{1], ..., number [n— 1])+1
choosing[i] = false;
for (j = 0; j < n; j++)
{ while (choosing[j])
while ((number[j] 1= 0) && (number{jl,j) < (number[i],i))
critical section
number[i] = 0;
remainder section
b while (1);
AR5 i

LT BRR: AN 5 DR AR OGP ITJE rhib
% 4t ¥ 3% : Memory barriers(an instruction
forcing any change in memory to be propagated
(made visible) to all other processors)
2. RS T
Test_and_set 77 7F busy waiting, lock 28t $L 5

(swap) , AFFE45 ) j

while(1) |

olean TestAndSei(boolean &target) while [ TestAndSet(lock)

bog target; critical section
target = tru; ock = false
return rv remainder section
remainder section
BTV A MR, RS AN

DX, féi B H e W R, BRos: ek
T, ATREDLER, AT RESEA .
LS IRE S

Boolean waiting[n], lock : // to be initialize to false, waiting[]: 4 P F 7|

ek “UUR" Al

while { waiting[i] && key ) key=TestAndSet{lock)

AR —HEARTHE R,
e A walingj=false
=

while ( (j != 1) && 'waiting[j] ) j=(j+1)%n
i) lock = false ;

else waiting[j] = false ;

waiting[ij=false;
critical section;
(i+1)%n;

ifi
remainder section

I HEBH spinlock: G T2 AbMEE, 4
TR I A R B 1 RO, R
EE R % B 75 HERE G

A (bad)

FERED AR N R BN

e vk,

while{turn!=0); W FIHEM]
crzitical section;

turn=l; t
repainder section; zemainder section;

MR BN AR BT AE RN

PitH: PR

while(flaglil: @ while (£l 1 [ 2N
f£lag[i]=TRUE; @ flag @ J/RA
eritical section; critical section; it
flag(i]=FALSE; £lag()]=FALSE; 17781
remsinder section; remainder section; 11

MR GRS T REA AR AT

PR
flag [j}=TRUE; S
while (flagfi)): /i
critical section: 7k ]
flag(§]-FALSE: Frii
n; remainder section: /7Ry
semaphores

PIANEAE wait/P/down HUE R signal/V/iup Bl
FEERESNIEESE, BRGESEETSE
[y, {55 & (HJF8i(mutex locks))
RIS S
wait(semaphore *S) {
S->value--;
if (S->value < 0) {
add this process to S->list;
block();
}

signal(semaphare *S) {
S->value++;
if (S->value <= 0) {
remove a process P from S->list;
wakeup(P);
}

}

AACENESBEIER, FReEn ke
SEE LN, U L X E AR SRS
SRS, 0 RELTEATH . Block(H
T HIRFHZE, wake up(H T EfR e,

Wait F signal B I, HJFERE R
FRHIL, RS ERERF R . BN wait
FBEERT . [ wait F1H T wait AR,
AL [ wait, ANIRE]FE S AEAN
MR R: FIAED WES = EAE,
) ) AT 5

AR 5% 2% 18] B (priority inversion): 4{ft 56 4k
I 11 1 R R A o 0 5 R R T 35 (R BT 11
TRRE ). AR SBR AR B S R A R I
S I 43 B 45 R B E R o
Bounded-Buffer Problem

Producar

Pl i

Bufter

do { do |
wait( full)

produce an item in nextp wait{mutex);

wait(empty);

wail(mutex)

add nexip to buffer

consume the item in nexte

1 while (1)
BOE NG 555 full YR 0, £
AN EG (555 empty WIAR N N
RGN HL
{555 mutex FI4HN 1, FREGIEXTZZ ik
Y 17 )RR
Readers-Writers Problem
(EEEFEZ
RV LA FN 5 N
RF—NEHRHTS, I
I 5 25 AT e ifkAt. (A
WL .
SR A i i BB
mutex ¥J4H 1,F%E E H
readcount (it ¢ i #

do {
wail{mutex);
readcount++;
if

wait{wrt).

ount == 1)
signal(mutex):
reading is performed

wait(mutex):

readcount--

)

B MIR w0 1, L
WEEHAM, HEHEMEN
HFEESR, [ s

| RS — AN wait (wrt);
[fi3 ﬁ X Fil g J5 — ':ir':al (":::I)ﬂg is performed
PRI R XN )wni\e(;RUEJ: )

BEHEH.

Dining-Philosophers Problem ¥ 254
AL R B, R R R NN RARTE
5, AT FEEMAE IR, &
EECAUE IR SulinI AT Sy AU e
ARVFFEI R, HERHA 2
A RefR R GEBUYLED TR: RERRY 4
AN 2GR A TE 5 b/ S X P 0 25 [ 5 7
R FAE AR R id: A
F, BECREA T INNZUR 5 R .

remove an item from buffer to nexte

A BB AT AR B

FESHTEE Prevention

T3 B DR R A 1 S SR R TR BEAB -
Mutual exclusion: JEJLSHRPFMAME fx, ik
ERFEATELF, MAFBOLH.

Hold and wait: RATEHSIR, HRTEHN
AT B B2 R IR PR AT T A W A B R
MRBEIFI AL ATREVLER . ABORIEA SR
No preemption: HI1H — AR & B IF H
HIE T 5 —DARESLEI A BL M R, ae
L E ¥ BV T LA L, R R sURe
BT .

Circular wait: SRFMRFRESBIE, 4 510
WHE RS, R0 I 575
1975 Rt A7

e AT

Deadlock FE4]
A B A
Mutual exclusion (H R4

hold and wait CiffsRIFAREFRA)

No preemption (RFIZF2%M)

circular wait (FEF45EFE)

BRAHEE, hs VAL B4R, VAT
Wy RGUEANHRNE S/ ARG A FIEE
LS. #R P BRIE R A RILIEH
Pi->Rj, FonibFE Pi IETEHIE ZURAKA Rj 10
—AS], FonilRil: WU Rj BHEE Pi
A IIAFRR BRI Rj I—A e & 40
BHERE Pi, RORECIL. HREAREER, %
RN, RIS 5 N e
WR BB TR R A A 588, Rl
B, 5 4 VT R BE B
GERHAZWED .
MRS BRI T R
A6, HFQ
W Fe .

P4 FTREFEIL R2 (5%
B, XA GRS
P3, IXHERLITRE T A

8

TRt E

{RIERGAHENSESS: prevention/avoidance
RVFHENSCBE AT . detection/recovery .
Unix/Linux/Windows =/ RZi# A% FEAEHN,

FESES

FORMAN RS W R R R E R SR N
b2 T 0E - = O T8 i K AT B e B
PR A, R 2 OISR S . BRI
Sy TCR A H1 AT A 4 T R U I 0 LA R
TR IR T R E o

ZAERE: W FHARRE, WRGEE—-A%
LI, ARG T 2 4R x Tk
FERF PLP2,....Pn, HIEXF4FE—A PiPi f)
SRR LUHT I 1 BEUR SN T 24w m] A B
R HERR Py T A R BHE, AKX — )7
BT,

LARE ST A=A RE->TT B
OB 3 ->TRAIE RGN 2 ARES
BESEE, single instance FESHE G E .
Single instance: &l HE I LA —A>
SIN—FHA claim edge F3KiL, Pi->Rj F»n
HERE Pi EARKAT AEGT R IR Rj, MR
AR PR SR G UR RS, I  SROL B 4
KR4 MBI R R, A G ok
AR R, HREBRBUS, Rk
RGHERE Pi HIE TR Rj. WATETRL Pi
—>Rj BRI Rj->Pi AR FBRITSE
BIFERIRNS, A4 RVFH . -

Banker, RTFEL:
BEANEAR SOV e K SR HERR I SR BEUE
PR A4 s R B IR R L AUE A PR
I 1) R EAN

NEFEH, m BV R 2R

Available B[] Max: % K75K Allocation:
TR Need: 24717 77 3R

WA HAE RG] banker SE4 4 .
RARERI -

1. ¥ work Al finish 43 5l /& K& m Al n (5
i, ¥ihtk: work=available, finish[i]=false;
FOETE m*n*n ERVERCR € RGURS
BRERE: *

FESRH

RVFRGINICBORE 1E, 24 RGH T
TR ARSI S A

SR S NIEBUREII R &2, WH
A2 S HRAS I B 43 e AN T 58 A TRAL I
SR BRI R L 2 RIS R
TEIR K F W7 52 75 ST
ZELARWARBBHAEE CROURTRE
) :

W 458 Available, alloction & — #f 1,
request: n*m fRIFERE, FoR RIS BRI TR
SRR, request[i][j]=k %= Pi IEFEI R k4
B Rjo

1% work 1 finish 2} 52 KN m Al n (¥
&, YlfHtk: work=available, 1% allocation[i]
k0, finish[i]=false 75 AILHILN true;

2.4 i ¥ /& finish[i]=false H. request[i]<=work,
WA AAFAEBE I DY
3.work=work+allocation[i],finish[i]=true,
)

4 G0 RIEA finish J2 false, HP4 RGikbTFE8
RE, HXRE N bR kR Pi SESE .

FOE T mnn MERIESORE 2 T RGUIRES
BRI RIEL Y N

R 00 B0 (0 R FE I ) B R R T BEBR
AR DL R B B AR N 2 e AR A
RGHRAFE, a2 w A .
0 AL AN T BR[O A 0, U
AR AR Z BN, AN BE A E T LI BR T AE

i

iR |7

FERR ()

priv = 3| € G i ))

PR TR ST ZEM . 2 ab A BBt A/ —
RN EBIASER . V2 IR
K ALHREME R RGOSR T2
NSBEEZ I 5E PR 9 ] T IR A TR e B8 U
e

BERE CRERGE)
R AR R RME

R AR 3 22 4R

YU B R A R R HE AR AN & K () 45 AN 5
BRI A L

HEERR

Lh— AN B ANt A T B AL B Il AT B £ AR
A&, LRI B R

Main Memory 77

e OB URARAD G B T H AR
BEVE: MR — 4 H AR DL R T B
VR — i (BSR4

BN BIFERANNAIBT

PSR S5 TE ARSI 0 FFUR
Gk, T AL SO X Hl kb A 22 A A g b
FA —BAT AN AR5 A8 A AR bkl
BB ZhAS R WML, TS
EARE L B0 T

BATEZhAS SR RS0 Hirbig, #
AN YR AR R B R

HgxfBN . UG A RIEBR TS, ik
F 72 A ot itk A ARRS

WEEMEAN (BEERAMN) - HikEE
VAP A — s M m e s AF L3N A7, R
SR AT e B N AE S, BRI ENAGFTRA
Ae3)

FBBTEN GBFEEM) « LT E
WAE R R Bl , K b bk 45 4 58 30 FE )7 FLOE 75
BIEATI AT s 5 T B A A A A S
Thig

ERFESE £ A7 cache 27785 M volatie 5 K.

PRI/ R M AR b R CPU AERR, ¥

by 0, IR TE AL A EEUE B

PRI/ B xS b N AE A BT
ok, AT UAEE L.

Ay B b g1k e () 32 e bt s ) 0E I — e ek

FEA (base register) 15 PRk bt & 77 8%
(limit register) %,

Memory-Management Unit (MMU)

I K R DL 3tk S 38 0 R ik R A5

fE MMU 7, base aF f7 i MU 8 o 5 o0 95 47 4
(relocation register) , FH /' it 3% 3 4 7711,

HREN b e AL A7 AR . PA = relocation
register + LA. FH P REF R AEALEE LA, K E
AE|FTH) PA.

Dynamic Loading (ZIAIIE)

HERR KN S B Wy B0 A7 N BR 1), 9 T
HELGFRERMEER, RASENE. —4
TREFP AR WA A MR, B TRF
HORT LU SE AL AR FERE A b, R
[V INEEL LN

Swapping (Z#HAR)

JEAR AT DL I A P A R A e B & AF
backing store -, 47 % FRPAT I [
T EGAEEN dynamic relocate

AT PR AL, AT AR T
FIFTA WAEBAR, I iX s N AF R S B
Vi), 0 Linux 224X windows 1938 #e 301
pagefile.sys

Roll out roll in: WA — /T s i e 2 1) il 72
TEIRS, AR R ARAR S 4 i A DA
FNFPAT m R LR N SRR A
SN IR

A I 18] f) S S 2 R I (8] transfer time.
SR (8] 5 BT A e i AR R/ RE EE . &R
GEUEA — Ak 26 1) 7T L RIIEAT 1 REBA B,
ITEREAE B AR .

IEWEBR, Sk se e S8 W AT 3
—/NBIER, B RSS2 A
INEE—E R, ke

Contiguous Allocation (FEZE4H)

L S 3T

AR S WA X3 —NBERE resident B
E&%, —MHTHPRE ((UF—E/H M
B, BTl E— RTINS, BT
Ll 0S RN TE -

HE LA AE A TR AN PR DL OS
FARAS RIEE A 12025 Base #& PA {5 /IME
limit @& T LA MG, §4 LA faed
Limit. MMU ik S 2 3219 .
Multiple-partition allocation (] fE 4 2BRE FH
ATREAER): 4 X R HG WA R A A IE
BEXARI 53 X, AN X — AR

B AX: o X RAMESE. 48 XK/
AN, P R R

HESR (TEFRXSE) :

BRI WNAE, ERR T RN WA T — A
ELE XL hole /ML HERE, 43X K/MELF
FEE TR B AR RN o

BE RGBS — AR, DMLy AR
FHWRLE U . A—4ET I hole iE#E—AaF
PH hole f1%; 532 first/best/worst/next-fit PTFf :
First: ZFECEISE— AN KM best (A5
PR - T BN IR K worst:
AR next: A _E RSN bk FF 44
BRI first-fit. Best Ml worst #§34% & 44 list,
[l % size HEFF4F T o First 1 best 78 i [ fl s
[ 224 L worst 4F o

BEBEAR: ARG R AT
W fragmentation

first il best #BAALESMBIE ST (K100 L. S 4
FTA P2 T F AR T DU R R, H R IEA
VESE . P AR P TE VRS Y A
XS T SR AN NI R o

SR EE

T TRVFHERR I PA A IRIEIESE: A B AT
Gy A RN P, IO frame/ M BLERY T
HE, K432 4 P9 A7t 53 IR R R/ g e 5 R



page, Linux Win(x86)/& 4KB.

TR IO SRTUHEILE P A7 PO B B
A B R DR KN B AE A A R AR
K/ 27m B IR A B K FE Ry m, IR KN
2’n B, WITURHBAE n, TT5A7% m-n.
TRIIEH

TURBAENAEH . PTBR page-table base reg i
T, ) T3R5 22 U XA 25 A7 A
T L. PRLR page-table length register 1t 8 71 #%
K, SRR A AR 4 U 1) #
TR AEVT ], — R TUR — I A 5 4R
%,

N T XA AR, BN TR R R ik
X TLB, j&—Ffifff cache. #7) TLB 4f/
7 ASID addressspace identifier, JHRME—HikR
HBERE, Bk RE SR Akl R g . 5 WA
HR PR T2 flush TLB.

*Associative memory: — Fl' 52 FE I AT R A
17, R TS SHAE St B, B
I [E] TR o

Effective Access Time 75 315 b B [5] EAT
Associative lookup = t1 £ TLB [} [a]
Memory access time = t2 N 17 Vjj [] i} [f1]

aTLB &

FB4 EAT = (t1+2) *a+ (t1+t2+2) *(1-a)
2 # TLBmiss )5, 2k NAE—IRT
F, PRI B, b B OO
4337 protection

A DR3P 8 I 5 A A TR TG 1 R 4 67 SE B o
Valid bit f77E R H ¥ &M% H o

Shared code JLZEARAG: n FARHY /& AT AR
%, BRATE M4 RAD reentrant code Bk # /& 414X
it pure code, W LAFLEE, JLEACAGTE & ANtk
R IR 2 45 bk 2 (] AH I

BERKFH P U Gkl o R — 4, B
—NEHAEB S base iLIAF limi KT to
STBR segment table base reg 35 7] PN 47 H1 BE % 1)
fiE, STLR —/MEFAEHMBACHEE, H P
PRI 5% ) segment-number 4 2/ F
STLR, offset E/MFEK C.

[FIREA valid 7, B35 HATRIBUR ¥E,
WATLAZEAT code share. PNA74AC/2 BN 417 it
53T 9]

BRAEHE

o UAEG 6 PR Re G AU B AR 2, T
53 BAF it LR SRR P 1) 2 4 45 4 I R
T BRI

LA “Bt's + 5 + AR & KA

RGN IKRBER, 0 BUE Lok

el 1 BOR A B TGRSR Mk, PR TR
BT

Virtual Memory [E77

EEIRFE Hierarchical page table (FRIMNER
Eo
o e

Guter page
table

pEas e
Pl RFRUTFATIRIRS], p2 ZNTIRK
T, WRIE dRTARE. T 32 7

LA, —f% 10 28k 10 G 12 fr e
=%, 75]: 2nd outer -> outer -> inner -> offset
AR

R 32 47 LA bk IaE, —BCR A T
o WETUS SR EAA RIS AR, IRA
FIE— AL R, B A A AR [ 0T
5o SRJETE AR R U SRR A
JCE AT LU TN B B 5

RHFR Inverted page table

T4 physical frame 1% H. B4 %
H AL A 31)1% frame (1 R0 00 1) k2 bk B B
FZR MR PID. FILBENRG G-
&, AL AT I i R — AR
% H .o ZEI A e )

REARHE FH P (0 B B A A ) BRAE A 53 T2 LA
I ATBLRT PA 2 E); UV PA FERIEEA
it

e T JR5 A e JR R+ B R o e SR

BT Demand Paging

FRAE T EI A P ANAH L TR . R lazy
swapper ({77320, BRAEFEEOUHE, &NAET
AE Ao T THT 4

Page fault

AV Hb bk Vi 0] B AN FE E AR B0 RO TS 4
page fault. Page fault rate ZF 1 RALR every
page is a page fault,

EEEMRETERS T

RIS PR RIS AL PUFTERL TUR A E
PANNAE) Vil 7B AGER TRV ) K E) 1%
B RAW N A2 S5 2 B A o) AME sk
(GESEDS)

Effective memory-access time 7 2 G i} &)
EAT = (1 - p) * memory access time + p * page
fault time (3¥& 1-p)

Page fault time f3% page fault overhead, swap
page out, swap page in, restart overhead %5 page
fault £FETEA TLB

N TS EAT, W ZURIE T BAE L /DI ) 4k
¥ page fault, page fault 252 LA Fa){E
6.CPU 15

7.10 ik

A=A 3% page fault B IR 5T A 0 AR
Z5 B IR0 /AR TR 2 N\ e TR 0 2 ) RERR A 1)

SR H copy-on-write

COW copy on write fUVFALFIERETF AR JL 52
[ — 00 (R, R/ RES I
TR, EA SN — TS ik
BT, JFORME TR R .

COW iR T HEFE QIR E . MW 2 — TR
I COW B, Tt 3 bR DU 7E HERZ MR st 0 2R

JEINA T2 7624 COW . Linux 43 vfork,

HAME COW,  H AR AR LA exec 1
R

T B HSL

ORI ARSI PR, S T, IR
AR S SIS B reference
string.

HERWA S HElh, RFELRLT
i, AHECE L, BERTT p JS X T p
S AL SR T .

First-In-First-Out Algorithm (FIFO, 5t
)

FIFO 2x L] FAER WU Z . page fault (i
KI ) EE, xFhss S Belady’s Anomaly
Optimal Page Replacement OPT B{EH B #t
Least Recently Used LRU ST &A

LRU SOyt I K ()35 51 2

WHEHE counter: H—ANTERKHEMH A
counter, KGN, AT I B E B ) F)
counter. 4 E M, B I A ANE T, B
JTERAE AT, clock A .

B MEd AT M, M el W R S .
51 FH DT B 12 T S B B 06 . e B
PR R T TURZ LRU L.

PR TUEAN RS OLE 1 e AR,

FIRLRN 0, U fie /N P L B 45
LRU Approximation (NRU) LRU J48,

RAH A LW IREF S FF HIER) LRU,

K BE VR 2 5 58 8 TR h R ISR BB — AN 51 T

{if reference bit, ¥R A 0, 2451 F—AN TR,

BRE AT LA, X R GUEA S AL 1. B
I B i 51 FAALA O (AL IR ).«
Additional reference bits ff 3| AL &

TE RIS I 18] T g P 1 5 51 P AL o 7 5 1R
[ TR B8 A I A A e 9 LSS AL
25 0S, OSHEMANTU I AR B 8 15
A EAL, HARAL AR 1AL, TR EARAL .
XL 8 (A7 AL A 1% IR IR 8 AN I
PSS, 4 0 BREAE A, 4 1 S RA
JEMIZ DRI 1 IR, R . A
/MEMTUR LRU 08, #E . Bvimm 42
et E 1, AR IR H s Ak 0.
Second chance K14 /clock 3% NRU
HAFSE FIFO, TN, HAELHER
SURAL, W 0 HEEE K. WA 1.

4 Belady’s Anomaly L%, A fI#HmiikL,

page fault ZHR 2 1) 150

I SR LA AE A X R B R, W]
PSSO — WL B

TRIRIT0,0)-> (0,1)-> (1,0)-> (1,1)

2 UUTH A e, R R, B
(0,0) 5T, TEMEAT B 49 5 7T b 22 2 I RAGHF
BAB o SOE R T AE T4 R B FME R B ST
DU = e, BEIRT 1O 3.
H—RERFR0,0), AECETI A B
HfESR0,1), w5 HAAE N 0 58
ZHCFRE— e T AR B B e 0T

Counting EF - B HSB:

NEEAS TUORAE— AN F T s 51 B0 4
A, BARTT A PR

Least frequently used LFU: & #e i+ %/
{HRA o) . —ANTURTBE—JTARAE A, H 2
JERAHT, bR BT, EREAS
B . AR T I B LA AR RS
Most frequently used MFU: B #1130 K11,
[ 2y de /N R EUH T 0T RE IR E SR, B k1S
FH o

KRR, SEITFAEAR K, T HAE AR M
AL OPT.

Page Buffering T T2

T I B e DU 2 e, A LS R 1] WA
ey v,

Wl A DU R P RAREE . ] FIFO %45 5 %

U, AR E R IR B AR L . B

WERTUI B S, BHRAANTH ISR, &
JUPEPNER T gi: =

i LT BT I, KR T A A
T THI B 2 () 58— T AR PR LT, AR K L

IR T — S HERE AN IR A e ) 0T
ISR A VA R BR ) R U
L=SHEN: L= AR GT -2 [ =S R4 Ab B
HEREGRTT T2 (]

F2 5 U OURE 0 D R A R B B, ERR A
—A RS A, REETREES.
VAN UE oy 4 R LSS Do B NP NS R S
R, DR AT R TURBI Nt .

TAEE44 Working set model

WS Tiedk: FIEANUsI HES GR—4
set, ANCREE T, % ) AT

A= TR = B E2H i a]

WSS, #EF2E Pi [ LAESE R/ = TEERIE AN S
f Ui 51 K OR S0 I AN ED
WRAKAD, REEATEANRH: AKK, W
et & id 2 R AT LAESRNERE AT i
BT TS .

D = SWSS; = WifE R E . m= Wiff s
o MR D> m e R AR S, XA DR
BEePERE, DA BRI R .

4Bt Segmentation (—4E)

B ECFFH P MM NS TR, LA

) H— BRI, A B AR

R, Mk fi 58 B2 AR A B R o

LA #3477 X <segment-number,offset>4 i o
CBNERES:, BRIARE) . Bl

PRE. HERR. main program %5 (32 unit.

DUTH B

FHL PR A BT L. AT
3L 43 e over-allocation 2 S84 page fault i
TUJE RILTE TERER A .

f#H dirty/modify 7 Kk/b TUERI T, R
HNETUA 75 5 [l A A

FAR T & AR

Tl S IR L SRV I 7 12 A SR RO 34 BA
B, H—ANRERR T —IREE S — .
M AW, SRE R AT ) BB —
ASSIURIGL 0 5T, FEH M AT Eh LR, &
ST AL BN BT WA b
TR, A B BTA 51 AL S T
FETUHEAT E e
Enhanced Second chance B3 clock 3R =%
e

MR4HEL allocation of frames

AN AR A 5 /N H T

it:

P35 BEEYE Equal allocation

JTA AT Y 25 R A B O 45 AN R

XI5 HE Proportional allocation

AR R (/N b A5 43 i«

AR HF A Priority allocation

RS, AR AR S St AT Ll A -

4J5 B # global allocation

FOVF— AN BERE AT W e £ — AN WTREAT B

e, NEIZWR S O bR (5

A FE T 384 D

JREBE ¥ local allocation

AN HERR R ORE AN B R 43 I b R AT B 4
oA FBOR A

B A ER M ESR: WERSREH T,

AR TR RRIEAT T B 45k

WRSRERES: Sl —eHm e

W, 5 RAERIT, RGBS N

B — PR Bl g % R

WA RHES: AR e

wPEY LA TUREL FHER, &R

G4 R S AN T, At

FRERTURBUE, AT IE 2980 4y i 45 1% 00 72

R

Major/Minor Page Fault Major:ijj il [¥) 7T R 7E

P A7 s Minor: Y 7] ¥ 5T £E A A7 1 (shared

library; J T4 reclaimed T {HIR 7% SEFRdfe )

Wi b 2y B A

TEFRIAR Page fault frequency schema

WS AV EE T IR T, E R ] A 2
TRR G, S EREN )57 2& PFF.

A LAY BT A DA R — A R BR AR R,
0 A R R EPR, A 2 L E 2,
AR FIR, A4 mT LUAERE AR ot .
Memory-Mapped Files PN #ZBIS 304

A6 FH R AP REANE SCAF VO 5578 R 8 S )
{7 5% N8

FEUR B0 SR 0] 42 0 Ml 4 R SR R, &
LU . IXRE, — TUR/N IR 43 SCAR AL
SO RGN EL T, LS SR Ik
A LA SR 1 A ARV I R AL B, X RE AR RS
VL Y AEE 1 SCAE, TR read write %5 RS0
A, Al T SO AN . 2 AN ERE AT LA
W R — SO 2% AR, R BV EUE
JLEMHE M.

% #13) Thrashing

AU DU AT U (BLED &%
L CPU A A

gy — AN HE R 43 T ) 4 B UAE £ 5 R IX AN i RE
5k BT

Allocating Kernel Memory P N4 R

Sx R P AT A AR N T N A
Wb R, BRI LA T ENASF KN
[ RAR S5 Y BL NI 2. SE N N A T B
YR prepaging

T R B K 1 page faulto

WA BTN WA, HR R
WIORA R, A 10 HibiR%E T .

s s T TR BN AE, Hob a # BRI T .
[ BRE T 1544 1) s*a A page fault (1) %A 2 KT
& /N T oAl s*(1-a) A 20 B TR DR 4
2R a I T 0, WIURIGG a4 1, TR
o

AR

TR EREEZ: Bl TTRAML 10
FF4ET. page fault #E T, TLB K/ RACRT
(S 2 7R 75 BB K /N T

TLB 5 E TLB reach

TLB y5 B TLB nJ LAY I i1 A7
TLB Reach =TLB size (£/R14) * Page Size.
HAREOUR, A HIREK WS MiZ{LT TLB
o, WA AN TLB i 5 B K 10
WRTUR/N KRR TLB JEJ; HAl e 851
AN BR VR M BERR R I A

AL UO/NY SRR B4 TLB JEVEmi
b, TEREREAR.

FEFF 4514 Program Structure

ARG IR T 153 P393/ page fault

1/0 E4% 1/0 interlock

/O H B4R — L8 GUTH A I 06 2004 BHLE P £ .
WA T A VA S SO T, DA
T T R R

File System Interface X/E RS ED
SCPF AP SR L Cng A Jedt.
SSD %§) I H A A4 I — 4L 5 A5 RIS
S

XHREE GBI FCBER)

SRR ARF (M — BR RUZ SO 1 0/ 28 8L
EHORNMR (DiREHEE RWE 45) /i (]
HI/ R PR I G

FITA BSOS BB ARAETE H e eh, T H
SREEFIRAFTE M L.

CHHRIE

SO ADT Sl B4 268, HE(ER -
create/read/write/delete/open/close/Truncate ( 7,
WrsSCfE: SCHERTE JBEANAS, R BR SO Py
2, KEE 0 IFRC e CHSIBUKIBORER
/ Reposition within file (FEN7, HFEH LM
P E L, AW RS )

Open(Fi) fE4% FS48/6) 2 H 45008 H#e
B A7

Close(Fi)H# P47 1 (1) H s 45 1 # 3 Bl it
PCHERTSE A open FTHE UM, open [MIZ 5
FEXE 4 /#4725 . Read RFEZEHM open 3K
HISCAEFHRRY, AREFE.

A

FATIF A LT EE

SO R BRI LS A AR D 2 B SO
[ACE TS

AT R file-open count:  BREESCAFAT
FRCHI B, TEiR)E RN, TN 0,
Z 45 7] LA open file table FEF&1% 25 H o
AT B disk location of file:  F & 1 bk
B bSO B S B

Vi AR oy el B A5 S

WMLl : mandatory lock:AR4% B i 91 R 5 5
HIEWIELA access; advisory lock:BEFE 7 A 4
F LK e VT 1) S

Ho SR M SRR 1 B R IT I SCER I
—AREH, HERIRSEELHF
BARGHARGR, BAOERGHERER. X
TR F, ERGITIF AR AN —
ANRIEE FIOJEYE, H& BRI F AT IF3C
PERPOCT FIORBABRA—EAIF. MG
BEFR O HIZ SO, A AR GHTH R
il 53

RT VAT AR R 5], Unix FR0H
HARF, windows Bk A SCAFA)IA

AR RBLEH File Structure

WAL i bytes Ui

Simple record structure 103K SCAF45H4 - lines,
fixed length, variable length CHIBLIC ML)
Complex  Structures: formatted  document,
relocatable load file

A LLIE I 4 & 2 R A, A — g
PR B i A 45 4

XA OS FIRRFF ATk 5T

SCHHEHER FCBOUHHIRIRAT R process)
FH AT T 1) SC A 75 0 25 A S B dis 45
F, DASEBR “ 44 777

FCB WEFFERARIIHFAZ

WEREAGE CUE2/mEA EA2 . W3
ik, FEEEHEE FRORRY , A



FE GRS E)/ b PR A it 1))

Unix SR SO 4 5 SCPH R A B T TT 1255

{f RS R UM IR (5 S A ) 4
PeGEry, BN i GRD , SRR EAE R
TN SR 44 5 SR 1 45 R BT
BARSI R CUkE—) « EfH 0T
WAL 8T IR . Bk, K.
RIS ] BERE T CHR 2SR SR 44
HED

WRERGI R ST IR, B S
BN, SERIY AT RE Ui
M. BEEES (B XERS)  k
fakl (PR INBER 5 HO5IR IFRED
VR CGRRLT OB B R )
Sequential access 1 [

SCHAE BARMY , — Al g — Ak
o SRRSO N — SR, JFE S
WIR SO REr, BREF VO PiE . SHeAE R

FEARIE I A A, AR RLSCAR R L BUH SCARSE R -

MR 75 10 3 - SO I e SRt T B
HUVT I B o AT LS e B4R B BT IR L B
S R AT ) S kAR A VR
current position

|

B read or write =9
Direct access ELIZV5
SO H [ E K A SR AR, VPR
AT BT AT RS, B R T
SO R RERE RS o SO T AR g R R SR I S
S B TR R R BLSL BRI
KEAFE . AR blocks ) index 3 »
S AR 0 A B SUN T et S 1E N S
B, Ao #RE, AL T
SEALE ny B n RFHEEN n LT —
ANRIH]
Indexed block access 2 5| P 5 |

beginning end

5 n A

B&: —A> FCB #ie— A3k H3Wi, FCB

A PR AR NS H 5.

HR4EH

HRAEIA CHEE Rt A7 Sm4%E

B HREEHRSCEREE F

g o)

Disk A LAt subdivide into 4+ [X ( X AEFK A

mini-disk, slice) ;Disk/partition A] L] RAID

Yi4; disk/partition 7] AT 2 file system, E

Heraw ;&AM RG disk #79 volume
(B« &HXMHREMNERE device

directory ¥, volumn table of contents " [1J L &

GifE .

B RBME

RSO/ GEST A R SCAE P List H /8

fir 4 ST traverse SCIE R 4L

Organize the Directory (Logically) to Obtain:

Efficiency: P sE b —AN S0

Naming HE#: JIEMH 7, Z2AH P AR

[ 4%, s SCAEANE 44

Grouping 7340 : 38 AT @ Mk 4 By 4.

HFER
BAXMRGRA K HRE, X
BER—HZT, —AXFRGRMATTE

e P SCAFAE R — 2, T ASRER H A

/MM BR SO TR T, R ER. B
A1)

—ZH®x

AN PR B . R R,

AN HF (master file directory MFD) Hl
M3t A (UFD) .

FECMHFAC R A LU S H 3O
TERAEAERLE P SO B RISz P

i FCB {52 AR AT LA R 4430 FF
WFWCR R, (BT
WHREER

BHF G EH SRR, MEESHE S
HEE ). BINHaXT #4055 A0 X A I R
SCAET SR AR T 4R EH R (TEER
T s 3B AR 4 BT ] PR A >
T H SRAE SO 2040 B30 T A U el R E
FEFFE B 3% Acyclic-graph
WA AR LIS R H % B E R
H &AL T HF AL

SEPLSCHR H AL, UNIX SR — Ay
ke R H 4 H . BERESIbR B2 B —4
SRS . BB I AR 44 E AL IE
S

A, EREEZN T AT DA A
X BB . A FISCIEA AT RE SR 1 A SO
[FITif77E dangling pointer [7] &: Ik —A> 304
JEAR )OS H A B e 22 i dangling.
TR 4 53— T ¥ 2 O B SCA 380 M Ak 4
S, SN T80 Mk — kR B
-1, B0 WA A IR SO, UNIX 1)
BEEEBER PRI, 1E inode FPRE—AN5]
.

root | dict | spell

| list ‘ all | w |cDum“ |aaum|wwds‘ st

% iE & B3 General graph

R B H S 6 AU PRI R ARV ) S
TREER:, ANFVEI H B 8O B2
EREPATEOR G . B3 L]

i e

TN
o | =R
Y & o
ARG ESR mount

SO R GUAE VS 0 A U BN SO
RYGUERLF M RG R KA R e i 8
GO M. BRA (ZEHD NE
BBERFEENE (ETFRNLPER
FERRABFON S R G %

SCAFFEE file sharing

ZHAP RGNS ERER . SCHEILER
T — s AR AL S T R G,
SCAF AT L@ I R 25 VT IR 4 SO R GE NFS
S LI A SO RS0 NFS /& UNIX
ALY CIFS 2 WIN FI B
ETRIGRNFAETR FEER

ANE PR P SO B b #a H 4R
R R —R G G REIWAAEH count 1
H, JAETECY 0 B A VBRSO
FARS LIRSt E (RESR
LA B LINK 8BRS0, R i) B

RIS LINK 87, R 12 SO v i
B4 % IR0 WA SO E A WA 1R i
SCAER B SR 8 SO MR
i, B R P SR P P A 2 U e
B, U7 A R RS BT I S B SRR,
f?ﬁ%%ﬁﬁ&ﬁi,ﬁﬁ&ﬁﬁmmﬁ
ElET-9

AR B N ARSI, A E Tk
FEVFBIA AR )N % — AN ORI AT 40

SCHHRY Protection

Vil B8 i A 5 (s
5 . AT COFEANAAIIAT) B
append CHif5 BARINBISCAEREM) « MR Ol
BR3C) BRI list (BSOS SO
J&Y)

5 [ 5ZR access-control list ACL

=R PR

458 owner access: BIE LA

4 group access: — 4L H A K
ABAV; i £ FH

HoAth public access: FT A HAtH

TE UNIX B, — A rwx ZABUR, frbd
AN SO EE 3%3=9 AL i B SCAF IR RLRR
1SRRG 2 5 S0 Bl 1042 ) 7 12

ER, HRRE LSO ARG
B, SRR X SO T R 2R R

File System Implementation

ARG M RGAAAE YAl 3
TR G ZRAEL.

4 BSOS
B R SUIRHERE .
BEIHRSG: EHooEE CUERGMHT
HAREAE, NSO SRS o
B RGE I H S BE I RGE
i FCB SRYES SRR STHFHRY
SCPFE SR il SR R HLE Y EE
IR, ELHE S IR S ) R 2
BRI RS: HEE MRS IR TR %
B4 LKA F I B AT S (R E
B 75 B3 T A 1% 1 X I 0 % b X AT B
/O ¥ehl: BB &SRB 7 A Il B 7 4
B SEBLA A SR IR B R
—BRSCHR G AR

MBS R—ANHEZA X, B
XA — AL S R G-

RS RGBS
E5/&ig3% (MBR, master root record) :
PLFHERE 0 SR, JEHE X, 4T HA
Sy X HRE AR RO 45 At bl ;. MBR 75 B2 2 V5 3
SFIX, HEAE—H (51580 .

5[ 53 (boot block) : 1373 5% 43 X (¥4
fE&R G,
&I (superblock) : &I RGENIFTH
KHER: WS XRECE, YR,
NI ECE K ARE, SINBUY FCB #UE %,
XHRGFERIME R — B b E R
B4 H .

SCHERZESI

On-Disk File System structure

ARG RS LA IR R W] B i
TEMERAE R G RS, RS E
I H G5 LS A BAR S5
WAk R AL . G A BN 5] SRS boot
control block L#HM %45 5] F#:1E RGUHT R 10
R AR EZES volume control block
RGP EAE S H GRS

[N FCBo AR50 open MHHE A

12 feb A disk BEAMINBIFAEGEE] table, TRAF

f#% 7 inode number, H3ESZHY filename F| FCB

gt (H3KI: filename FI4R[E FCB/Inode

R4S

In-Memory File System structure

23R (mount table, HAC LM RSG5

XHHRER)

An in-memory partition table 43 [X %

An in-memory directory structure H 325 #1122

A Gl vy H s B, o DUELEE — AN 8

i) 43 X R A HRER)

The system-wide open-file table RFi4T 313K 5
The per-process open-file table HEFE T FF 3L 13 .
R FE A F, 7ERGHTIF SR AUH

—NRTUE FREE, (2SR 4T IT

SR POLT F RN A — g A1 H . 24T

AR ISR, A2 MR G E

PR

RBWSSRG VFS

VFS &AL )0 R T LB R . R
VPR A A R G H2 0 (APD AR 4
RS RS, BER T AR SO R G 2 5
SR .

Linux F 205 7 DU RAEH

R & BT BRI X SO &
G, Tk 2E M REN
o nfEEPAE A RENELBIEER,
WAT AR 7 VEAR BN )% R 4R T
£, AEI inodes Y% inode. Bk inode.

5 inode. UL KA.

REIH TR X RGAE SR BT R
AR, #AFAE R 5| 45 U BUE g5
FG1 G O SO ME— 1

HRBXHR: T VFS &H AT H Rk
£, MfEmEcE, SINT BRI B3R
R —ANERAR AR5y, AT H A,

AT DU SR 44 . R e o ke [ — AN H 3%
T 50

AERF G Al — SCARLE I AFE TP RE AR AE 2 A
Xk N A ST AR R G CREAN RERR A T LAST HF— A
AR SRR, EX R % 5] 45 mUR H ST
FITF S5 SO R ——xb e, AR S S
IS S L

ERss

&PEFIFE (linear list) :

A1 it A7 SO 44 B g BT IR e e . 52
BRI B, ECR RS Rk A4k, AR,
TEBRHRBMER . FE2HRIERGEH
WA ZAE RN BOL VIR HRER, W
Linux /1) H g% 4 .

W% R hash BUEGEH: WEAFARE ST
4443 3] — AME R I8l — /M5 et R oo R
fodREr . PR NI BT 8, Jb T H
SR RIS, (S P A4
W A 0 R ) PO o W AR R i O TR A
R T () /N A B R DR N B AR

SRR OB AED

TG GRS« Byte HALII

FEWIH Gl

WG SO Gl A R B T L HE D 5 it
JPERD RO TS . N il P AR
N/2

B Kl M, B offsets

BRI (BETRGIFR) ol LT RE L

gk, Ag HBey Ak

BB K 3 SO o 1 A i s 4y
NATH, NG I SO S — 3R R 5K,
RHASUE — T 3R 51 Rl AN VN, F
K Ek VN2

AR (RS

SEEJ5E: Allocation Method

LR B A ) ) IO Uy e SR, BEEE
5l

%2 /MC Contiguous Allocation

B SCPAERESE b A — dE P
ViR ARZS Ty, R 5 B AR e B R A B
AL . R A, AR AE B A ARk 43 T 1)
o AFAEAMA L, B AN SO RNASET 8
K.

kiR Ey/BUin] S

—FEhAY RN ITE

Four fikes allocated contiguously to disk:

a[a[aBEleTelelo] [TTTTTT]

File B outgrows its space and s reallocated:
s[a[a] T [efelelelele==s] T T ]

T KA (Extent-Based Systems) FI¥ & .
FIT Veritas FS SRH] o MR T UM R/AINTGIESYS
KA, BGI0T 53— extent 3ESE A3 A4 7% (A
AERCAE, SEC AR —
AR AT 24 extento SCHFHR AL E (U
JBYEZ =)y TP aE L Bes, i E—AM T
TP RIS .

B Four files allocated contiguously to disk:
A I\l?\ B|B|(C|C|C|D 1 l ‘ | ‘ I I
B File B outgrows its space and a cluster is allocated

[[TTT]

Linked Allocation ##4E (BRER)

it P T 3 Sy T A IR . AR SR
BB e . Uy R ok R B —ANile iR it
hko A AR A, ASIRTEAEN,
PRE S KA S . Bt AREBENLU I, B
REAR G PR B mOR R T —
RO, NEERRY, W), Ry
P2 7 (¥ B He R AT T 2 5 A ) AELE RS
PR

e WA EGYE R, B AR AL
HEATAYEE . BIN “FE” Cluster HIME, 753
R — 5 A 4 B T B A 75 4 1 s A AR
X B, 43T A% b A OB A AR R A T
0], gV ] ]

FAT File allocation table X/ &% (BAEE)
A= [F 4y BCH T MS-DOS Fil 0S/2. FAT32
515 XAl b b R Sy 456 O 45 1 4%
B, WEFRN AWK, HH S5
ATCLE ST DCAT AR b 5 o JB A 11 % 2 43 IBC 1
EHEGA Yo 5 i), HARMT R4 £k
o PO H AR K. FAT R HL1Y
BB X R B RS B

— RIS, AT LAME -1 RS B
-2 FoR MRTRIAE YA N FAT (UM
R ERAERGUE S BIRANAAT

a[a]a]a]s]c]ec]c]o]=]a]

directory entry

[test | wes [ 217
name start block
0 -
217

number of disk blocks —1 [

Indexed Allocation % 5| 43 B2

ROl R FTA R E— &, il REIH
fif YK A o J . A SO R B, R —
AN B . MBI E NG § R,
2 AN R 25 ) B B 3R A — B, PR itk
FERIIPAPWE i ANKH WA, K
WG PPR . R RFIHKAN, T
ZERG . REHMER. Vi FHERL%E,
¥ random access, ZNAVEI A SME R, 0
HRLIIF.

I RS H ext2 RS, RRARTILT)

UNIX R HIMLE], inode N 15 AMgEF, BT 12
ANEHARN direct block, 25 13 M1 single
indirect block, %3 141514 double indirect block,
15 /M8 1A] triple indirect block

RIWE
Vg BRI B R SCAF RN AT LUK F
AN AR X

HIEFYK/N 4KB, el 4B,

ELPAE Al SO R G — %D S E O —
/™ block size 177 fifi 2% ]

ARG ARG YT LAk S B R R
5lYe, [FUAT block size/entry size * block size
FR) I RS

ZREG|FB, AE g s LT, {0 page
access VjAE IR 7 AR R T o

ERE A
A 1F) 5
(ESPIVACE
1o

ALE (bit vector) : AL 0, HHCHRL 1;
BOABEHCS AN 1RGSR, SRR
ben(i-1y4. i 21T, | Fadl

[l e, u] DAEAT U0 R e e
i=(b-1)n+1, j=(b-1)%n+1.

FHEREE: KRG LT 2 N POE Rk
BEo P DR B SR T I R 43 BC A fif 1R
I, RGMNEEE IFAG, R RIS S EH 1
N RO LS s 2 PP R S A T
REIBAT At 2 AR, 2R G006 0 WA 1 28 B T4
NN B PR R . R DUy B pr,
T EA S R R B T RS ARG

A DL 25 IR A8 BB Ok Dy s IR A X B (B
BEEEETRIO « BAMREAGIRI
F— 8 X 8%, B 18 W2 504 X R/
{55 I 75 BT S WA X A 9.
BRRE: ESHRT N, FHEEE B
— T NEHS AR ER Bk
i 5 2 R I X AR B R id
AR, ORI — 4% RS f
bR R, HE () n AN R A R
TR — DAY, BE — AW
HT RS —HE WIS (e R A B

< PR A R A A AT A
i AR AR SCAF R LA A



YO, Rk,

WAL ECI . SR — AN R BESIT 4R 4
Be, REFZE— FBEESR R gEm 2
(G20 1 VPt O 1 L g g 542K
He.

FH R, DS ECE S, Rk RS RE,
AT AR L, U S B 2 —
AR

W TEZEH! page buffer

A SO B AR D BT A S A B 22 ke ke B
Unified Buffer Cache

A unified buffer cache uses the same page cache
to cache both memory-mapped pages and ordinary
file system 1/0

&E Recovery

—EUER A K H RS MR S A s B
LA, RIIEMIEA—E.

F R G A A B 5 0 B 5 — MR
SRJE MAZ B

HESMHIHERE
H S RGUL R RGWE R A F 5.
FELWESHHER., FH5-B5ANHER

AL commit T, HISIAFRGENEAREH

FAT32 B4

01

FAT (MS-DOS L # £ #2)

FAT32 (VFAT) , exFAT (644%)

NTFS (NTXAH £ #)

ReFS(Resilient File System) 3% X # & #. (Windows 85, server)
SSIK/S52K (AT&T UNIX sysv)

ext (minix X ## £ ££)

ext2, extd, extd (linux XA R, Android)

proc. sysfs Clinux & 60L 4 £ #)

valls (Yet Another Flash File System)

ReiserFS (Linux—# B & X # £ 1)

{PFS (082
UFS(BSD UNIX # —# 34 £ #)
HESH (Mac OS, iOSX# R o)

is09 AMHARLMARR)

NFS (B X £ #2)

VES (Linux® it # £

Ao, SRR LALHERGER,

7S (Open Solaris & # £ )
LTFS(Liner Tape File System, SH a5 LH o) Ha R0 T —Hill M,
T H A,

APFS (Apple File System) ¥ X8 — R4 £, MACOS 1013456
i0S 10346

Mass storage system KA RIS

Host controller in computer uses bus to talk to disk
controller built into drive or storage array

AL 0 B DX S SN T R () 35— A B X
TR BUME AL 512B

Platter R [fi#74 & T 1R LI track (HLIED ,
TR0 A sector (FIX) o 7E—> arm position
NI track 2% —A cylinder CRETD

Disk Attach t

Boot
Record

FAT32 513 XA e B4 B Bl 454
&4, WRESFO— /N EEn s, HHES
THA] DAJBCLE SO X AR AT 1 7

FAT ({84~ H 0508 32 A~

FAT2 J& FAT1 9%, HORSCR 32GB, fHA
S RN 4GB

exFAT (windows th74 {# )

s RSO 4GB BRI

DBR K AR# X + FAT + #0608 (ZHT U
#E, SD INAFBLESE)

NTES file system (windows %)

N N
FATI ’ FAT2 ’ Root Data

Directory (File & Directory)

% RLARMFT) ipE | MFTEEN | iR
BE G644 £ .1 AR A
#) ity

MFT f—AM MFT 50 (B SCHHEs) 4Rk,
AN MFT 0 (5 1024 <7745 125 i) o

MFT i 16 Aic s RAF BT B ST 15 &
T A E AR SR & A AN
J&F NTFS.

ReFS X R%
5 7 S PR P M AR e B0 T P B AN
TAE S g e A e B R B R 4, AR

Hn e s, RS WMENE. BIEM R
AFRETT S TSR I L

Ihg ReFS NTFS
BARHEMRISE | 255 4 Unicode 555 255 4~ Unicode =5
BABEERILE | 32K Unicode 577 32K Unicode 575
Rk bR 35 PB (pb) 256 TB

BEEKN 35PB 256 TB
XERGEE

= Fp77:0: DAS(Direct/Host Attached Storage)
/NAS(Network Attached Storage [ %% [} i 17
fi#)/SAN(Storage-Area Network 17fi# [X 12 )
Host-attached storage accessed through 1/O ports
talking to I/O busses

Network-attached storage (NAS) is storage made
available over a network rather than over a local
connection (such as a bus)

SAN: Multiple hosts attached to multiple storage
arrays — flexible

storage
armay

storage
amy |

data-processing
center

library | provider
BRAARE
Position time =accesstime= seek time + rotational
latency
10 time = position time + transfer time+control
delay

Seek time RS ], WESkHB) W& Hbw e
X AR THT PO B (1]

WEREHEIR rotational latency: HEHE F H b X
if] I} Ji) (average
latency=1/2*latency=1/2*1/rpm *60s, Rl “F 1
LT, Wee-Rel, RAREM e d— L round
per minute(rpm) FK/R) o

LA ) transfer time:  HCHE A4 A .

FCFS JeRSM%: HEAF, AEFEILIHR.

SSTF (shortest seek time first) i i -1 i 7]
5. AL BRSENT 20 fE Sk A B 5 R, AR
FISIF —#E, AR R LSRR KT T RS,

INNEE S 2y

SCAN CHUBRIHRESTI) « MBEAE i3 5—
it IR 4518 SR 6t T B 48 3k A T kAT R
%o BB 5 — i SRR B ), Ak AbEE .
C-SCAN Rk A—3m# 2 %1 55—, 3T 55—
S 7§t 1y b3 [l B REAE AR, 3R I8l # AR P S R
%

LOOK: RSk N —3iti 3 55— i, 33k 53 —difidix
TR A ARSI RT, FFARHTIR RS -
C-LOOK: 3 N— i 1) 55 — iy, B3k 55— iy
I3zt R 2% 7t S BV I [ 380 1 4 0 1 B — A R
%, RS .

A S

SSTF — R it LAty , @ 4R

SCAN C-SCAN *f T fiifaf 10 B4 R I 4T
SSTF Fl LOOK #5/2& BRIN SRV ) & BILUE %
WD FEIR TR :

LGy, WA

HEER

REHER (WEERA . BEFHRL) -
AR A B X PR R I A B G 0D
Sk R A I — s R R GRS &
R — S YUE & H (BX&EHD -

S KRR A AT A X, AN X
HCUR B DR MR s T R 51 B sk i 4r X &
o,

R (FH) I UEXHRS. 515
B X AR L

JEFIER Boot Block: JH ARG R G, 51T
(Bootstrap [ 26)FEFAE#7E ROM H1, 5] 52
FPRERET .

3Rt Bad Block: 4b ¥ 57 format, chkdsk 154
T mER

Windows: f7/F pagefile.sys SXfFH, i B{HA
B MBI

Linux: F07 (RS 52 X SWAP 23 X (PR )

RAID
0: TIUA 1: 8if% 2. AHY 3: 4% bit X4
NPT AR, ARRE 1AM 4 53

s =553 P

‘ H; "‘.,;;;J‘m—]m. £
Hh, HeH L Striping 5. RZIAE 4 BLF
BEAEE 6: PHQ LA, ZHEAIER

=T Tertiary storage device

Low cost is the defining characteristic of tertiary
storage. Generally, tertiary storage is built using
removable media Common examples of
removable media are floppy disks and CD-ROMs;
other types are available

Swap space =ZFEfiE Tertiary storage device
REAFAE I BE A 2 WA 9 A7 WA
B RS win #E pagefile.sys B AE AL 5
[X linux solaris #fi/& swap 5 [X . & —Fh ik
BIRAE raw [MIREHLSY X B, X FPIdEE iR PR .
HERR:

Sustained bandwidth K f& 4 5 #5145/
if ], Effective bandwidth 10 B[] T ff)-F 35

o ATERHRITIERSN MR, 5
IR S RN UL RE Ty, — IR SN 2R R AR
il

NVM Devicesq|

BIFEE AR (Solid-state disks, SSD), USB
drives (thumb drive, flash drive), DRAM disk
replacements % .

NVM devices [t HDD R[4, 1, WHE
FWEL, FERED, HERRE. IREE
LTRSS, BTUAH SSD Rt ERE®E
BIARGHLE, WPCL

BERE [#3)] B#HS, BFULEA seek

time or rotational latency.

10 system

10 Bl HAT. JF4T. USB. HA. AL

10 3 s 8 S SENLEME R . i
Huhtb. 10 3w P A PURR AR S, BLIRAS .
i BN 5 B AR A

10: #F10, il (BiEFRL/RL)
DMA J53, @i K.

/0 #%&

B"ESH

g S EH IR YR (ki
%, Wi (fifl DMA VO) %) ; w4k,
LIRS .

FREE: BB F B (BEH
W, BAREEITEINLAE) , AR SR A
Ml V0. (SR, HFLE)
VO B0 (& fhEg)

LT 5 CPU i

BERHIBRE CPU O HURL (BURFF
ARSI U RS,
BERHBESREMNTED: — DA
ALLEREZ AL, MAEEE. ik, RE
=RRRES.

VOZHE: HTIa & & miEh], X CPU
/O iy A JEAT RERD I8 B8 AH R B4 HEAT 11 o

CPUSHHBED EBSiEER0

i
LT
_ BRR,
T
i

1O Mg 0. BA&AEHI 3T CPU E%U7 1)
A7

Hifm i fras: CPU 54 [ M5l ot
REFAE: PATE R/ RRE T
PRI AERS: B CPU B A Hl i 4.
kTR

e ==

OxFFFF+

— Ak

0

B 52 Mirs&ht vo MAERS /0
ST gL RN DM 10 DS, BT
Bt B 1/O 3 1 23]
Gi—mhl: CATEIRES 10D « 44N 11431 e
— (A AEHE, 3 SR A ) T .
10 #EHlHR
Polling 25 B E#ZH FX (FRNHBAL -
CPU X AMEARAS AT ) polling, FLFIHi ¢

O VO = 3 EdE G 2 8. CPU
FIFH 240 41K

PR TR (FARAD « AR
St FH AL B P — 1 4 DK 2 2 )5 — v T Ak 2R
FEFP, o7 b 3 485 S A TR 2R AE N R 4
X

DMA (direct memory access, BRAJEHLAL)

FHT %27 1O for large data movement,
% DMA controller, %¢id CPU K EFETE 10 #
1P AE 2 18] A4 B

B, BB SN, HRHE
AEE— AN BRIP4/ 85 K, CPU ik
AT F AL ELRI AT

L% 57 Iic4: DMA #2138, 75 DMA HFaatéd
B, EHLAFHRS N DMA é i, AR5
DMA H CHENAFRLL, BT N AFEAT
1e4i. ARG, DMA R EiE 544k
.

Hrh DMA 1 4 2555 47 3%

WA IRA A (CR) « 55 CPU ) VO #§
AU R EHNE RS RS

W TEHLHE 5 1788 (MAR) « SN I A7 77
LG bR b I A O A P AR U
dik.

B AFE (DR) « B A7 A5 154 A (¥ 5
o

B s (DO« AFTRAR YR IE K 175

10 5334:

block I/O(read, write, seek);

character I/O (stream, keyboard, clock);
memory-mapped file access;

network sockets

10 R ER 4

GANE: PR, R IR,
SR AL RIEAERGHAT, DS
(R P21 10 #ff)

FAFE V0 B SHPZEMED (VO FE
HRHO

BEMIAE (RETRME) K AT
MPRTFSR&BARNE O, &
A RN RS & 10 SRS, 12
BB A7t 25 7]

R DA S B I8 4R A 4 B B A KT
E T SRR E R, B0 43 C 1 R 1
BERDEF: GRUFLE &I
FeFp, 0 DR ML U B e
P BRI RO bR O, R
FR 2500 8% & s A p st ¢ (B2
— B E AT R AF O 4%

TR EEF: AT R W AR 1 CPU
FREE, e NAH LI o W7 b HEAR Pt AT Ak B
Ab e PR o W AR R IS fE . R 1A
S TR

IR AT B AT A RL B

R4 FISERS 8% Clocks and Timers
SRS 2 IR iR M L 28 38 2% (P R/
TE 4% ATE T B R R X =Fh k4
0Bk 5 I D i 2 4 AU 0T R T R
PRI 2 i) %% (programmable interval timer)
Wi 10 TRE

% X M4 10 il f£ . Buffering. caching.
spooling M 48l f . device reservation. error
handling

AF: SR A A S R, SR
W& Ui I P, B AR ] (for example,a
moderm cannot seek()) , SCAFRGEAE A K14,
BEAYAL, b, ROEEA. B, VO

B, ARSI, B, RIKKE,
2% HRAN R 1 T B A 1L
BRI MR A

R RBFRREML R Ry AR
I ER B 4 40 (B M stk T
WBEAE B I 44 T RGUTE L BRIAAT R,
F BB A% 4 IO A BRI B 4
S 1/0 #:1E

VO AR B AMILMER: B 7 ESE G &I
A RJZ A2 A, HARE o 10 3R A
WA T . VO BAF ML T ¥4, iy LR
e B B B A

B AR SERREL B A R M S, T IF
ABRFHA AR

Disk cache (BEBREREF) « FIHNFHH
AT fifs 2 0] SR BT A7 M RE B R 3 1 — R BB B
PE R B R TR, MR R
TEPAE R AR

PR 75 A R — A S 1 2 (R
WA AR s HERFH A A R R
— .

WX (buffer)

FH R AR AT AR W 15 4% 2 [ Bl 7E 1 4% R F R P
2 16) T A SRS 1 A A7 DX

M1 CPU &5 1/O ¥4 A 3 BE AN VT BE 1 7 i
Wb X CPU By lidiise, JRsEx CPU i
JE R TE £ PR 1]

HEREFE ULIE X copy semantics SR

i PR AR B 5 G RN AN UL 7 ) 2

% CPU 5 10 #& M AT

g C NEEE b #S ], M OAEEE R IX
FEEF R P RIS, T 9o AR AL 5
LR X B (]

B gEM—4 C

FRZE P IX AL AEHOHOE AT max(C,T) +M
Mg JIFM—A C+M

KL X AbHE— HHE 1 I 9 max(CH+MLT)

— e =
(ome]-— == oss
LT mmixa

....... e
(=]
H’MM
R S B MR & SR
HEEF
# AR BT

TR R (R A O B SR R R B

HHER | 8, DEEES AN, s LTS
7”
B8l f CERRRRERE
B | B BARQEREVH N ERES
o, RS E RN LR S
[ P
RBE IR A 2

TR AR G R4 T MR (MR, I
ERRERLRE (REERE) LHF-RAFH. &
LSRG B (HIERRED

HHRANERREODEERLIEIE, HELEK
ETERSEVARERS

BENSESEK

B4R RS VO WK, B RO
FPAZIR —E ISR, JEI T B LA
KV CIZErrIX . PRl S ANEE) B
it
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AR 5 2% 1A 1A P TSR 14 PR SR A
Mty ERR S EO I

st WL RS 2 AN, S
FEAEH

L% (SPOOLing 730D = 4 a LAJH i
e AR .

BRI SRS sk
FRBARSH

HEAEHIR (DCT) = —MR& EHl R R
=R, WRBERDURE: YRR
LB PCB REHBAS, IR Ml 3%
BEER

el gl R (COCT) « A R IAF G I
CHCT i)4R5t; RN il A2 H1 4B .
JBIEESIR (CHCT)  id eSS I i 4% 1 il
WARDL. (- ANIE RO 2 A e 1 A i
%)

REGRAK (SDT) « EARGH K SDT,
CRIEL B R R M AW E %, AW
B E—AEH.

BB ER (logical unit table LUT) : 585k
BB A MU TR, (ATRLR
G sk AN A YRk
SPOOLING AR (BBEHLEAR)
Simultaneous Peripheral Operation On Line
JE IR R A B & OB
FH SR AR AT 0 4%t HhY BRIt I e B 4% 4T
HUAS BRSO I BRI . RAF 2R il AR
YO T EDAL A A AR 9 e I — e R P A
P TR A 1 5 A AL 3 — AN Ak ST ) S A
o 2 I RE 52 T BN, fRBEAL R S0
AR AT DAL AL ST HEAT HERA
IRBMERGE ALK A BEL

A1 CPU Mttt 1/O Wl b 1) 17
JEo HA: TEN . JFEEL BRBER.
NIEAR IR WA R PR X,
7 VO BTN S HERE 4 .
SN RN IR g
R AL VO B, SRR EL
s, ﬁ;fm%ﬁlﬁ&éﬂ@mﬁ%c

BAGEESP, | $hdiEsP, B
BARE
~—{ WAEHES, | {@az]
T .
—— #inmsxs, | =EEd
10 RiFi#EEN

SIS 10 # M, WML T AP K
4% 10 WA (Linux:  JEJE A ioctl)

WS AR 2

Sequential or random-access /i3> Sk FEHL U ] 5
Sharable or dedicated 25 Z2El (5 15 %% 5

Speed of operation Operating System jjm #{f %
B P, o, 18D

read-write, read only, write only {55/ H 5t/ {5 ;
Synchronous I/0: {L#GRH %E 1/O FIERH %E 1/O
PHZE 1/O: AL B 3 1O 58/

JEPHE 1/O: VO HSLZIRE, IR [HUR AT RE
ZEYE . AP EEO A, B R bR A
N, EEAERREE LA, R, AN
BERWUR IS 2R .

Asynchronous 1/0: 10 52 [FIKi247
AEPHZER TP X ) PR read 25 1
R[], AR AT e ) O A 8 B R
HE KRR SR (TRER) 2

17, — R EERRAT R A R .

WZE &R PGB,

B

WA R WA B B B A R, i
T S AT A A7 RO o 0 58 68 T 00 A7 A 7
—ULFEL R, BONREE . WL SR A
FRE, Ay, R
TEREI R IR T N B IE R (A
B XIAE RN — ) 5 A R LA
LA [0 B PSR TR« T [XC R £ 5 [
B R/ .

i 5 Sk AL — Ak
TIPS e R O K ¢ 22

BB (SSD) : T INfER AR5
NAF B PR A A B s o, A T
INF), A TR SR

EBusE

[NAE R8RS 75 A TR

BB GBS, G EECH N
e

WA I 1k NAEIROE 7 K HH S B

BIAE 555 0o B IR A e Y 132 5 45 AF B 5 0 o

Windows IR Je 2 i B (A4 mtR i /)

SREh HERFRR

- Idle Below Normal [Normal Above Narmal High Real-Time
[Time-critical | 15 15 15 15 15 3
Highest 6 | E 0 12 15| 26
lbove normal] 5 7 9 T 14 25
Normal 4 6 8 10 [13] 24
Below normal| 3 5 7 9 12| 2
Lowest 2 4 6 8 1] 22
il 1 1 1 1 1 16

P& TiE Device Reservation

PR VA A V5 ), 43 R BL I R
SRR, AT RE A SR

&% 43 Error Handling

BAF Rgp vl LR A 1, B,
R 25 1O JIHT, K2 KR F— AN
wi%. REHEIC T HEHRE .

I/0 Requests to Hardware Operations
Consider reading a file from disk for a process:
T PRAF SO M BE 2%, et fn 7 B 9 %
K, ACEE N B S B R X,
SRBEFR B BUAE A R, TR BUR [H 45
piizis

1. Linux unix WIndows #f#& monolithic

2.0 T AR AERE BT, TV AL I
FhBR A, KUt FCFS By

3. Win XP: 24— AMEFE wakeup HIIIEHETH
FeH

4. ELF R AT SR EE B PR A A X

5. 14 eI 4R % B relocatable object file, 48
J& linker % AR SCAFA library B 5258 A
TR AT AT SO, G FE )T reside on
secondary storage device 5§ loader 4 H BN
WA

6. B A {3 Dynamic link library, dll 7£3&
ATHIRHGEA I 3 77

7. ELF BERT LABE linker 07, 1 ATTHAT 1
19— 5 5 A linker 84, X T LABY loader
InEE A7 AT

ELF S5 BUR 43

1. ELF header j§l & 4 2% program header
table 1 section header table, 25 AN M kit
F magic number

2. Program header table, {##i i& T program
segment 7E ELF SCHFH AL E (loader {1

3. Section header table F T #fiid S {4 i % 4
section f{J{5 2, {5l1.text .data .bss(linker {5 )
4. text UGB

5. .rodata SIS EHE B const it

6. .data HdE Bt 4F 0k const [194x AL &

7. bss KB A R, | section BEUEH,
EJE IR o 40 2 ]

Links

1. FASHERE 4% object file Al library HEHE9—A
AT SO, #RABEREN ELF Hh . interp B
2. ZhAEE%E /E ELF SCHF1.interp section itk
BISEEREE L (so 45D , IBITHI %)
FoyIIEsY

3. .interp A& ELF H 58 — AN &k 1) section,
SEJHTE section header 1

JEAT AT AT SO

1. Loader [fiXf ELF SCfF, 5 E44HAS S
FIANAE, FFAE dinE R ] A7

1. Who sets ELF file mapping? -
2. Who set stack and heap? -

kenel (exec syscall)
kenel (exec syscall)

3. Who setups libraries? - loader(ld-xxx)

2.

Main MR L4
1. A EEE main U2 _start
2. BB S SR AT B N

Seqment MATIMLOAD, FRTEHIEHIAEIONG

Syscall

1. Syscall A& & A2 privilege

2. Syscalld [f] state f77E kernel stack [¥] pr_regs
&

3. x86_64 [ syscall, 32 int 0x80, arm ] svc,
risev A ecall

4. RGP LS. TUHEFERES,
WS HULAE A AR, A R ik, 5]
HEEAEERR |

[F] 25 H

1ORATIRAE 1 MRS & DA 10 ANMRSERALE,
JEi% Bk R g, A AL, RIS AL
AT, H/HMS, WSHUCE A,
EY 0L A I R A, S I Y-S 3 B — Ao
semaphore empty = 10; // 25 FEALEUCR, WIMEA
10

semaphore mutex = 1; // FJF{d FIHCS HL
semaphore full = 0; // 2 (5 B HE
semaphore service = 0; // {51 5

cobegin

Process % i {
P(empty); 11 2R L
P(mutex); /1 A FHECS AL
MESHL LS /7 HCS
V(mutex); /] B e EE
V(full); 11 3BHVEN A H
P(service);  // ZfFE AN S

B2 11 B2 s
}
Process F ML {
while (True) {
P(full); /AR MRS
V(empty);  // BSFFHENL
V(service); // M5
NS 1 B IRS

}

}
2. NI A RS RAZT A G R M,
Wk x, BEMLIRN, 4idhy

Full_A 267 A 0(5 K

PR R

wex_A HIF A B94R
mutex_B I11F B (44 R 1005

semaphore mutex_B = |

RS a7l Sugid

1. BRSOt R AR 4
i

2. User process i ] kernel entry #EA
3. Context switch R &7 kernel 27 f£#5%

S BEILAE kernel

‘obegin
Al B
while(TRUE)

while(TRUE){
[

3o MK, FOA m AR, BHAEER
hE AR, ERWRZEERME, H
AT

semaphore bowly// i T 5 2% S0 1 1 4
semaphore chopsticks[n]; // Fi T8 7 (1 F

for (int i = 0; i < n; i++) chopsticks[i] = 1;
bowl =min(n - 1, m); //bowl < n-1,

Cobegin

while (TRUE) { ALE= S¥:0Y: 14
JSEN 1] PR IEH
P(bowl); 1/ B
P(chopsticks[i]); // B IAHIHET
P(chopsticks[(i + 1) % n]); / BUA7 L HIHET
s I SRR
V(chopsticks[i]); // 8 7281
V(chopsticks[(i + 1) % n]); // JBCF 47 (81
V(bowl); 11 TR Wi

éoEnd

1. #EFE & Resource allocation 1 protection f .
TG, TMZEFE execution (¥ 870

4. iR

5. KUY task A F BT AT R E I HLHE XS
R VMA

6. L 2 iU i) i R AL BEAE VMA SR EH I
S, BURAGEM N, WIZAT B (R
US¥NLYSP)

7. 2 ) A R BEE VMA SRR D
S, D BRI AR e T SRR

8. WIRZE A X, MWAIFhE—TINLE, A
JEAEIX — VUL B 7= A S 1Y task (10K
9. WIRASZ, M in) ¥ D2 A7 12 B v Cln
RAG) 52 AR R B S 2%, R e

PSHEIVIELE
10. JR BIF] P 7R U F KRS, IF
AREPATRT

Buddy &%t

B SE A R R/ [ 5 R B L R AT 23 T
WAE Gy IiCHE 2 1R R /N R 4 i «
TROR/NL AR 2 % WSRANE, B4
BTN —ANEORH 2195 AT A E N
o FCI T ay B AN N — AN AR 1
Bro dkshix—id FE B S Y KMy H .
Buddy &4t s 2 0] DUE I A - PROE T i
KAGBL. B R AU T R EE S N —A 2 (1
BO N

PSR - ATRERDES AT

+ compile ime - {TFSHEEL (symbol address) SEATIUEMML (relocatable
sddress, HINIR) ettt (absolute address, (DR —EEMIMIIRENS, R
Tl

* load time - JE] RN 6D Rttt IEETi0 SRt 2 RS BRI
« EEE (TREAFRRTE)  AERBNHRYTREUSETFERR. &1
FRET SRR TR
- i e ) @
E context switch [N {5, FATHEE2 TLB,
BEAT flush 20, #5047 AR5 1R
B AU e, AR AR, A
B—/ ik
Compiler-linker-loader
ANERFERBPAT, H O B AE N A7
WENLE SR CPU M, CS:IP f§1
FFFFOH — #47 JMP 548k %] BIOS — %
it BIOS IR TN itk — i fE & — i
THERG S
KL FRAM T
AR PR AF (R TR 4 B a3 R4 -

PC

(Wi s PSW (BEFIRE ) N%, TLB.

cache W% f4 CPU BLaBCN %A
R E RS RAABRFEHENE,
1T ARG S B, RAE b B T
virtual devices are implemented by SPOOLing
RAIDS - provides high reliability inexpensively
NVM (flash memory) A R IR FpME G,
3 FCFS AT LA T

linux 12 1O ¥ 4 4 {EHEHR A

1. Bkriw by HEEcylinders—#iliracks
2. kB sectors - giaTirotatonal latency - PHIETWETE ; - . - 60s
A, EREEFFEER)

time

+ MFEREHEIRaverage acoess time (:
3. BIE{4Y) - (SR IEuansfer time = s
18kt Paverage VO imefEHEE BN LM Hicontroller overhead
TP VOLEROATAdick bandwidth = WARIE
BealAp i o Bed i P A duE . A5 e
I XA e, FEBNZSFEN I {2 57
T AT EE A
TR bl link

wHw

- RO 2 (0 R R A e R T S AL Bk 45 A
- BN AR BT S 18] P9 A7 0
- R X O R S SR B To ok
- REAV P9 A 10 S I X AR S TE B9 RO IC I P AT
R
- REALAE I SERR A R AME R N AR S
FRBR 1), R UL PN A7 B die KA 2 e T SL I
bk A B E
- AR T U B 248 IE AT B A 5K
TR B
- R AT [ 5 2 BC DU RO, A R]
e 4 ) 4
- GUZEMP SRR BRI B DRI 2247 ok, 8
I A5 [l Rl A, A £ o) T 46 1
LY PR PSS A 73
- Unix ffi i Unix FS (UFS), ‘&3t T BFFS
(Berkeley Fast FS);
- Windows 3 ## File Allocation Table(FAT),
FAT32 Al Windows NT File System (NTFS);
- Linux IIARHESCHE RS extended file system,
FH LI ext3 Fl extd. At Linux % #F 40+
il FS.
- VFS - 3 FF multiple file systems
Linux 1 H 3230, HZER data block
A AN 2 B i 2 H S350, Windows 11
ERSE P ¥ iy
**hard Link**: BEEERE - H 30, #IA—A
FRIA SO H 3 entry, ARERS UM RS
**soft Link**:  FRERE - path (ZEX A2 M root
T, RIA—AEE SR
FISCHE, ATLARS SR R 4Gt
{# ] hard link i, link()syscall 54 Pi>2 %0
old pathname 1 new pathname, 23 #i i & —4~ H
Sentry, A inode A, —ANTHIH
14 2 4> hard link, —MRFXMETHSE, —4
RIS H e MIBRSCAFIIN %, AT unlink(),
SMHBR M SCAE 4 F) inode (MRS, MR A2
A7 FoAth 17 3 IE 7E A8 A X AN ST (reference
count), 1R KA A4 MK inodeDynamic
relocation relies on a relocation register
-ERFIZATR, CPU 2l &€ (L 3r 7 23R
BIRA bk, AR5 FR 7 AT LA IE A s 1)
WA -
UNIX ) FCB i | 7 —#l iR & 19 S 9L,
ext2_inode AT 12 4> pointer B4R [ &4 e,
JETH 3 /ME ) index block.

AEET RGN Partition RN —A
Volumn(#%), TEREEE 1.

TG4 ) boot control block, volumn control
block, directory, per-file FCB

A7 5L 1¥: mount table, directory cache, global
open-file table, per-process open-file table, buffer
cache



