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CH2 Operating-System Structures
o BIERRRS
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o System call RZEH
o EMERGFHRMHAIIRSHIERFEO
o REHARFAABEEERRNIAPHEREFRFXRIEE, MARERFERRFREA
o ATLPBAPIMARRAAR? RRAAESS, APIERIAE
o RFEAFIRIEIN
= BVMERARSE RS, RERABNEOSF 7 —RBEX MRS R
= REREAEOERERZENRPRARENRFAR, FRERSERIRSHYEERE
=l



user application

system call interface
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mode
kernel
mode
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o REEFAREFITAIIHFITIRH TEFRIAE, W HEE, WSERE.

Windows

~ Process CreateProcess()
control ExitProcess()
WaitForSingleObject ()
File CreateFile()
management ReadFile()
WriteFile()
CloseHandle()
Device SetConsoleMode ()
management ReadConsole()
WriteConsole ()
Information GetCurrentProcessID()
maintenance SetTimer ()
Sleep()
Communications CreatePipe()
CreateFileMapping()
MapViewOfFile ()
Protection SetFileSecurity()

InitlializeSecurityDescriptor ()
SetSecurityDescriptorGroup()
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o BERFRVIRITTFISCIN
o SEEMBIFIER
o . RAEERNEEE M ERRRNZITFIIN
o AFBMIZERBER
o HERN: 98
» REE: FAERMMHASE
= HlH: EXMEGE
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Unix
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wait ()

open ()
read ()
write()
close()
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write()

getpid ()
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sleep()

pipe )
shm_open()
mmap ()

chmod ()
umask ()
chown ()
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scheduling
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VMware Architecture

application application application application
guest operating guest operating guest operating
system system system
(free BSD) (Windows NT) (Windows XP)
virtual CPU virtual CPU virtual CPU
virtual memory virtual memory virtual memory
virtual devices virtual devices virtual devices

virtualization layer
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CPU memory I/O devices
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CH3 Processes

o BRI
o IEfEHUTHIER, BiE: NAK (HRERITHITANE) . #EX (nHiIERXRE) | &%
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l DLL s
Stack
void X (int b) {
if(b == 1) '
T } Initialized Data x*
int main() {
heap inta=2; - Initialize Data
X(a); s
dat }
ata . -
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text
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o HEIRE
= new: IETEMBIERATHAE
= running: IEEHHITRIATE
» ready: IEFEFRFHMIERR D ECRIHHIE
= waiting/blocked: IEFEEFRLEHRERIHTE
= terminated: EEHITRERIHE (GRBLEIR)

interrupt exit terminated

admitted

scheduler dispatch

I/O or event completion I/0O or event wait

waiting

o HIEEHIRR (PCB)
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process state

process number

program counter
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memory limits

list of open files
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process P, operating system process P,

interrupt or system call

executing J l

T save state into PCB,,
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expired
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child fork a
executes child

@<— wait for an
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= HFERAFIJob queue: EFAHHIFFEIHTE
» FiZER\FIReady queue: FFEHANHNEFEEFHITIOHE
= 18%ZBA%IDevice queues: FTIEZEEI/OIRSZHIHE
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mag
tape
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registers

PCB,
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o JHERS

= Long-termi@EESE (job scheduler) : JREMLHIENIZEHIHATF
= Short-termy@Es% (cpu scheduler) : RTER FRBMHIENIZHITAGLEEHECCPU
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= SCPULTHREIEMIHIERT, RFEVIRFEHZEAPRESHEINEFTHERRERE
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o FHIZEIZE
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= RAHEFRIT

= RHREFF LIRS
= HBHEES[E]

= FHIEEH HFERTHBIES/E)

= B EFINEEFHES
= UNIX filF

= forkZRGEIE R B HTRIHIE

= execRGUAREforkZfE, AT HA— M TIEFERHENRETE
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Producer pseudo-code:

while (true) {
Produce an item;

while (((in + 1) % BUFFER_SIZE == out)
; /* do nothing -- no free buffers */
buffer[in] = item;

in = (in + 1) % BUFFER_SIZE;



Consumer pseudo-code:

while (true) {
while (in == out)

; //do nothing, nothing to consume

Remove an item from the buffer;

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

return item;

}

Solution is correct, but can only use BUFFER_SIZE-1 elements
o HIZEEIT
o BT HEREHRLSEERERIE
o IPCHFGZE: HEME®E., HERF
= HERE: HEZBAMEMNHEZZEHITEG
» FEFNER(E: send. receive
= BEERE: BIBEEE. BEidsend/receiveslIRER
o U3 EUE—EUE
= HEREF
= 3 HIHEEEESZ. overhead®E/D, ER



process A

shared memory 4——|
process B

A J

kernel

(a)

Shared memory

o EHiXiEE
= HREVETRIRCII ORI T

all

(SR
= EEBEN
= ERSREN—XBEHERRX
= BREREN—MER

o [EZIE(E

N

iHEMmailbox (iwHE) HIFNEE
B P mailboxB—MFERId
HE=—"PmailboxfIHFET LIEEIES
BEGERR

= REHHEHEZ— mailbox I iEREE L

» —NERABESREBHEGX

» BXARERREREES MBI EEE

= BAMRE SN EERE
R

= BIEE—ETHImMailbox

» RTEE@EIEmailbox

s $HEEmailbox

process A

process B

message queue

A J

Mo |Mq (M (M3| .. |M,

kernel

(b)

Message passing
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o HEMZIERIBERDblockingEnon-blocking
» blocking2[E£H
= HEKIZEEDblockedHRIIHRHIEIL, iHEEITE HblockedHEITIHE AT LA
= non-blockingE%+HY

= FEZPHER

CH4 Threads
o BAGTEHIENZEIEHTE
code data files code data files
registers stack registers ||| registers ||| registers
stack stack stack
thread —> ; <«— thread
single-threaded process multithreaded process

o {5
= MRz RE MR
» RFHE: KEMNEHERFRLULE
= 5T QIERHENAES
= XIZAMRESZEIAIFIA . SEEENH A
o Ff&(Concurrency)f1F{7(Parallelism)

single core T1 T2 T3 T 4 T1 T2 T3 T 4 T1

time

Figure 4.3 Concurrent execution on a single-core system.



core 1 T T

core 2 T

Figure 4.4 Parallel execution on a multicore system.
- AP%IE: LIEERARPREEEHRHIT
o =NFEEMEFZEE: POSIX Pthreads, Win32 threads, Java threads
o WIZLRFE: HARIZSHFHIZIE
o Windows XP/2000, Solaris, Linux, Tru64 UNIX, Mac OS X
o ZEFEEE
o Many-to-One
» SO REEMRETEI— IR LR
= U5 HIEEEEN; BRTRFARNSIEMEE, WiZ—RREEEE—MELE



<«—— user thread

K ) «<— kernel thread

o One-to-One
» —PNEPREEMSIEI— PN RIZREE
» 55 EEFAN,; BRIRLRERARS

<«—— user thread

K é é é) «——kernel thread

o Many-to-Many
» RIFS NP REFERPEI SN IR R TR



» RFHRIER AR BIBEHEN IR EIE
« (5B BERE

<«—— user thread

<«—— kernel thread

o Two-level module
» RFZN PRSI RIZ N REE, BItERF— PRSI — R
HIPIZIR LT



<«—— yser thread

@ <«— kernel thread
o ZFZEAIA
o Semantics of fork() and exec() system calls
= fork() EHERAfork(\HNZZRERIERFIB Z&IZAIER?
= exec() IGFEREBNHE
o Thread cancellation
= FHUH: ZEDZIEBTREE
= JEIREVH: RFEREERINE — MRS R R E0H
o Signal handling
= ERUNIXESS, (ESWARBNHE—MTESHRIRE
= signal handlerFsRMR(ES, BRSTIRLEHR
= BFEEHTEES > ESHAREEHE->ESHAE
= RIEESHARREEARNAEST
= RIEENRESHSIE
= RIXEBLZE
= IEE— M EAERNOHIERIBES
o Thread pools
= TR, SiEEtREF L
= i BE, FIEHEMIEEKILBEITHIERER—L, RN AP FENSZEURR
FITESAZE AN

o Thread-specific data



CH5 CPU scheduling (10.16if B24)

= RIFSNEIEEHEEB CHEUERIER, BB EIETE, ERTERRIZIZEIBTER

FEEH

o Scheduler activations

= M2MA1Two-level ModelERFEEEImIT A2 sk 4k 7 Bc s N FRRY IEAEL BRI NIZ R S

B
o BHirsxA{CPURIER

o CPU-1/O Burst Circle——#fEH{TEFCPURTHAIIOFFAI—MEIR

CPUREzSS

o MABEHIEERESHIHIZ, FHMB(]5ECPU

o AT

= SHEMPITSEIRARE ST
- SHENERS (BE) SSEmRBImeEs

o JHEAR
» RN TSR NSRS
» HHERIERT
Dispatcher
o Dispatcher module
o Dispatcher latency JEEZEIR
Scheduling Criteria JEE &N

o CPUFIFEEZ: CPUMATES (I [] / S A] x 100%

(FEZE) &8

o Throughput&EIteER: 56 HEFEEL /L[]

o [EEEAY(A):

o Z(FAYIA): fEready queuedEFCPURIRTE]

o NIRZATIAE):
AEEX
o FCFS Scheduling (5c3R5cARSS)

(AR AT0)

Suppose that the processes arrive in the order: P, , P, , P,

The Gantt Chart for the schedule is:

P

P,

P,

= L B, )F

24

27

30



= TR
= PSSR (Convoy effect) (JEIAFEEHIEZ G, TIOEENEHMTK, S0
ZECPUREY;
= BRIFREL, FFIFREEL,;, BFIFCPUREITE, AFFI/OZE
o SJF Scheduling (FB{EM{L5E)
= LUAFET—IRCPU burstf9RTENIEIHTHER:, AYBISRERIAHIIT
= WEIFE F—RCPU burstfRtEHEEE : 55054

1. t, =actual length of n"" CPU burst

2. 7,,, =predicted value for the next CPU burst
3. a,0<a <1

4. Define: t,,=at,+(1-a)r,.

» R
» JEEET: CPURDELLS—MNATER, HERTLISS2HITELCPU burst ((ERarrival
time)

Process Arrival Time Burst Time
P, 00 7

P, 20 4
P, 4.0 1
P, 50 4
SJF (non-preemptive)

0 3 7 8 12 16

» 85T (SRTF) : RIESRIFEHERIRE T EH THER, MNRIFRNIETHE
AYremaining time A FENMAFERICPU burst, M T—RIEE



Process Arrival Time Burst Time
P, 0.0 7
P, 20 4
P, 4.0 1
P, 50 4
B SJF (preemptive)

P: 5P,: 5P,: 5P,: 5 P,: 5
P,: 4P,: 2P,: 2P,: 4

P,: 1P,: 4
o HRRN (SMaAZELHLSE)
= MANEL: (waiting time + CPU burst)/CPU burst
= JHeGTN; FCFSFISJFRUHTH,; REBNRFRIMAYE
o RR Round Robin (AfEIREHEEEZX)
= example: Time Quantum = 20
Process Burst Time
P, 53
P, 17
P, 68
P, 24
B The Gantt chart is:

PP, [P, | P |P |P|P |P |P|P,

0 20 37 57 77 97 117 121 134 154 162

o U MERZEYF
= FERX/NIRE



= KK ->FCFS
» K/)\-> overheadZ
= NGR: DINERER. SESES
E2 NG
» ready queue 53 AREIRIBASI : foreground (interactive) . background (batch/CPU)
» MY ARREESEL: foreground-RR. background-FCFS
» AERAFIEtEERE
ZRRIRAT
= HIERLAFEARRERIRATH TN AR )
= i+
= RESIIMENT, KRBNE—RUORFEE
= (UERSRIBNGY, HIZATIE kg
= BPPAFIERRFIFCFS, HHEZENERTA, NEERSR, Kok, BAT—REKN

[¢]

(o]

A
= IFPAFHESRRRE, (N3 E—FA=H, FisiT TR
o ZANEEEREE

= IEXIFRESANIERRRAE
= XIFRESAIRRSEE
SCHYAE
» TESCHYERSE
= ERSCATRS
= EREIERSEHLS T Earliest Deadline First
» RIEHASHEESC Least Laxity First
= At E =ARRSERHIRTZI-ARYIE TR E)- SRR Z]
= JEFRRIFEE Rate Monotonic Scheduling
= ETESEERO MR, FEIEE, LERkeS
o ZFFRAE
o Local
o Global
o Many-to-one

o

o One-to-one

CH6 Process Synchronization

b=
* B=x=

o AHABAHERLEHS: FANEH=EIEIN IS SEEIEA—EE
o MERTTE (HERFPEN) | HERLRISESHIENSZEAENET, NTHRRS M HIESRE
TERETEIE IR — RIS E S 4 i D = SRR R BRI = P AR L]



o WMEHE: BEAREMHERIHITATEINAVIHHTE
o AFeE-BEE AR
= BidinfloutigftitEitemiVEE: (in — out)\ %W BUFFER_SIZE
while (true) {  while (true) {
Produce an item; while (in == out)
while ((in + 1) % BUFFER_SIZE : //do nothing, nothing to consume

|

|

—= out |
T ) I Remove an item from the buffer:

: /* do nothing -- no free ; ftlem = bufferiout!:
outters o t ut 1[ L‘:}f]‘BUFFEH SIZE;
bufferfin] = item: o {2“ +)% |
in = (in + 1) % BUFFER_SIZE; | } fetumn fem,
} 5
= B EIMIZEEcount kATt
while (true) {

while (true) {

/* produce an item and put in
nextProduced */

while (count == BUFFER_SIZE)
- // do nothing
buffer [in] = nextProduced;
in = (in + 1) % BUFFER_SIZE;
count++;

1

1 while (count == 0)

| -/ do nothing

| nextConsumed = buffer[out);
I out=(out + 1) % BUFFER_SIZE;
i )
I

'

|

|

(s GDI"I;I.II'I'ILE the item in nextConsumed

}

}
= BT RESERIRZERITESHcountBRYER (REFRMY: AFEZEHRARBRE, FH
ELE—NEEAwrite; BITRAERNBRERSSERSHKM)
- EEE |
50: producer execute register1 = count {register1 = 5}
S1: producer execute register1 = register1 + 1 {register1 = 6}
S2: producer execute count = register1 {count = 6}
53: consumer execute register2 = count {register2 = 6}

54: consumer execute register2 = register2 - 1  {register2 = 5}
55: consumer execute count = register2 {count=15}

= HEE
S0: producer execute register! = count {register1 = 5}
S1: producer execute register1 = register1 + 1 {register1 = 6}
S2: consumer execule register2 = count  {register2 = 5}
S3: consumer execute register2 = register2 - 1 {register2 = 4}

S4: producer execute count = register! {count =6}
S5: consumer execute count = register2 {count = 4}

S0: producer execute register! = count {register1 = 5}

S1: producer execulte register1 = register1 + 1 {register1 = 6}
S2: consumer execute register2 = count  {register2 = 5}

S3: consumer execute register2 = register2 - 1 {register2 = 4}
S4: producer execute count = register2 {count =4}

S5: consumer execute count = register1 {count = 6}

e Critical Section |5 X|a]&



Do {

| Entry section|
Critical section

| Exit section |
Remainder section
}while (TRUE) ;
o IFRRER: IBHIRESEIENSHENET RS NMEERHELZNRER, XERREEET
EHERSNERGR, DRE—NZRIRE— N RESHE R LABRIX LSRR
o IRFRKX: IBHRERFRPF—MORARETRNERRE, 81 HESRNEIRFRERIVABERCIBFR
AIEFRX
o IImFRXAIRRRIFRERTTIE
= Mutual Exclusion BEff: —PMNHEREIGRXHHITR, BB HEEATLITENIRY
[HFRX
= Progress FRILIF: MNRKBHEANTIRRX, BEFE—LHEEEHFARRX, B4
—ESB—MNHERIEEHANIGFRXHAT
= Bounded Waiting BfREFF: HE—PMHERZIHNIERXANEKRENXMERBIZINZ A,
HetHFRER ITHFNIRFR XAUR B RE— IR
» (GRS  R—ELREHFANERX, WEMCPULHEMHE
o EZHH
o M4 ZE: BInEE. WinSERE A, NRSEIQEA. Peterson's Solution, HEERE

&
= BRI REAHEATStum, IBERATFHANGRRRNHERS, EBHIERXRLES
5 g
® int turn; turn = i; // Pi can enter the critical section
® Process Pi: ® Process Pj:
do{ do{
while(turn !=i); while(turn != j);
critical section critical section
turn=j; turn=i;
remainder section remainder section
} while (1); |l

» BEER, NRETRILLE, BEBRES
» WINEEEEE: 1RBH/REElag[2], FERFeZHERNGR X
&, flag[i] = true XOVHEPIEEHANIGRKX, TREBCHANGRXER, BREXT
ARABREANGRX, WANAAEEEHEANRRK, HRERGIR
& flag[i] = false , RNAEHN, RIFXITHA



B Process Pj:
do{
flagljl=true; o
while( flaglil ); 4
critical section
flagljl=false;

B Process Pi:
do{
flaglil=trued®
while( flag[j13;
critical section

flaglil=false; remainder section
remainder section } while (1);
} while (1);

= BEER, MgEZHLLHE (BRCPURESIRKINITEHAART) |, HEBRFE
= WHRESHE: SIS REEEAN, BMENSAEHENGTEHA

B Process Pj:

B Process Pi: doy
d 0
al _ while(flaglil); // o
while(flagljl); &

flagljl =TRUE; // @

flaglil=TRUE; @& critical section;

critical section; flagljl = FALSE;
flaglil = FALSE; remainder section;
remainder section; } while (1);
Ywhile(1);
= NmERR

= Peterson's Solution: EERIFEIINIREGIEE, BtRABERRE
(flag[i] = true ) ZFIRBEBESEHN (turn = 0/1) , EXWHEEEENHEREH
ANBF, turnREESETF—ME, RSFEIAHN, E—AFREHN, I
H flag[i] = false , XI/TRJERHA



Process P, Process P,

- while (true) {

flag[j] = TRUE;

turn = i;

while ( flag[i] && turn ==

while (true) {
flag[i] = TRUE;
turn = j;
while ( flag[j] && turn ==

i), i);

flag[j] = FALSE;

1
!
|

CRITICAL SECTION i CRITICAL SECTION
flag[i] = FALSE; !
I
i

REMAINDER SECTION REMAINDER SECTIO
|
} ol *
= HWEER, BESHILHE, HEBRERS
= EBBEEZE (Lamport) (CRUESHINS) : EHANGEHRXAE, HESKE—
number, HFHR/NNTHANGRX,; WRHEPFIPUEIERAVET, #0jig/iErtitih
AX,; ERHISFARNT E—EF
B Multiple-Process Solutions
dof
choosing[i] = true;
number[i] = max{number[0],number[1],...,number[n-1]}+1; // 1% (4
choosing[i] = false;
for(j = 0; j < n; j++){
while (choosinglj]);
while ((numberfj] != 0) && (number(j], j) < (number]i], i));
b
CRITICAL SECTION
number]i] = 0;
REMAINDER SECTION
} while(1);
 WEER, WESHLLH, HEBIRES



o EHELESE: kHli%&. TestAndSet Instruction, Swap Instruction, Mutex Locks
» (R ERTEEHEHRE, RUERorZbiEes, B, SZWIEERYE, SIHHER
FEZMEFRX, RFAENMaRXIRZ— P H/REE
= fRA: FEZRCPURYA], JTTESLIIINGERS, AJRe B BrRERr, AIeestil
= XAUE . HEANERXZRIEERFRPY, RIEaFRXZRIRFIGER, (ERSEFTHT
while (true) {
Disable Interrupts;
Critical section;

Enable Interrupts;
Remainder section;

}
» PEFIHCPURITHER, RMEMRTSCPURS, L2Mal (HEdEERNENK)
= TestAndSet Instruction: REB—PMHEE/RETE lock YIIRLHfalse, FIFE Testandset #fl
FHITER
boolean TestAndSet (boolean *target)

{

boolean rv = *target;
*target = TRUE;
return rv:

}

while (true) {
while ( TestAndSet (&lock ))
; /" do nothing

// critical section
lock = FALSE;

{f remainder section

}

= BEER, BETHILEH, NHEBRER
= Swap Instruction:

void Swap(boolean *a, boolean *b)

{
boolean temp = "a;
ta — tb,
*b = "temp;



MNFENEFREIR, swap RE—N2BMREElock (¥){EHfalse) , BMHIZRERH
FEkey (¥){Etrue) , HIEEM swap IELHAIRFRX, =3cHkeyMllockiYE, LI E
8, BEAAE, BHEHElockESE Sfalse
while (true) {
key = TRUE;
while (key = =TRUE)
Swap(&lock, &key) ;

// critical section

lock = FALSE;

/f remainder section

}
- WEER, WETHILE, NHEBRSFT
= compare_and_swap (CAS)
int compare_and_swap(int "value, int expected, int new_value)

{
int temp = "value;
if (*value == expected)
*value = new value;
return temp;
}

while (compare_and_swap(&lock, 0, 1) = 0)
; [* do nothing */
= WEER, BETWILLE, NREERES
= Bounded-waiting with CAS:



while (true) { Lock

waiting[i] = true; Boolean waiting[n]: +EABL %1

key =1; to be initialize to false
while (waiting[i] && key =—1)

keyv = compare and swap(&lock,0.1);
waiting[i] = false;
/* critical section */ This algorithm satisfies all the
j=(@{+1)%n; - critical section requirements !
while ((j !=1i) && !'waiting[j])
i=(+1)%nm;
U= — R R TR AR
lock =0;

else

waiting[j] = false;
/* remainder section */
¥
« B BIRFIRIF acquire() #] release() BELHINIIRSARXAYRI

while (true) {

acquire() { acquire lock

while (lavailable)
; I* busy wait */ critical section
available = false;

I

I

I

l

|
} : release lock

I

I

I

I

|

I

remainder secticn
release() { }
available = true;
}

« (AEE: ESRENRYE Ebusy waiting, EIIXFRE S AEFR Aspinlock
o {Z28 Semaphore: EEHENELETE, E—/BRiire
= FAMERSHIRTIRIF: wait() F signal() (XA PO FIV())
® wait (S) {
while S <=0
; // no-op
S--;

}
® signal (S) {

S++;

}



- ESERE: R (SECEIRARE) | ZHEE (SETEREE, B
BER0)

» MEESESHRER-- >
Semaphore S;  // initialized to 1
wait (S);

Critical Section
signal (S);

Remainder Section

» FBESEFRERS
B P1 has a statement S1, P2 has S2
B Statement S1 to be executed before S2

P1 S1;
Signal(S);
Question: What's the
initial value of S?
Wait(S); : O
P2
S2;

= ITIREESENE
Provide synchronized access to:
® Four rooms, four identical keys.
How many semaphore?

1 is enough
® Four rooms, each with a unique key (four different keys)
How many semaphore?

4
What if using 1 semaphore?

S & 1 Pl RPN TR L R R S TR NS

» (FEERELI (Busy Waiting)



100 struct semaphore | 116 while(s->count == 0)
101 struct spinlock lock; 117 ;

102 int count; 118 acquire (&s->1lock) ;
103 bi 119 s->count -= 1;

104 120 release (&s->lock) ;
105 void 121 }

106 V(struct semaphore xs)

107 {

108 acquire (&s->lock) ; To allow one producer and one
109 s->count += 1; consumer, running P() and V() on
110 release (&s->1lock); different CPUs

111 ]

112 If producer rarely acts, consumer
113 void spins on line 116. Expensive!!
114 F (struct semaphore =s)

115 {

» (SEERLESLI (no Busy waiting) : Z— M waiting queue (SEE— M valuefl—MEME
PCBfiEZRRYIEET)
» BFTEEE: block/sleep (FARIZIEFRIHEMA GIERIwWaiting queue)
1 wakeup  (H&waiting queue AT —MAIERRF I EIready queue)
wait (S){

value--;
if (value < 0) {
/f add this process to waiting queusg

block(); }
¥
Signal (S){
value++;
if (value ==0) {
// remove a process P from the waiting
queue

wakeup(P); }



= 400
401
402 {
403
404
405
406
407 }
408
409
410
411 {
412

413
414
415
416

o FEHFNYLIE

void
V(struct semaphore =5)

acquire (&s—->lock) ;
s—=Fgount. #= lj
wakeup (s) ;

release (&s—>1lock);

void
P (struct semaphore =s)

acquire (&s—>1lock) ;

while (s->count == 0)
sleep (s, &s—>lock);

s—->count —-= 1;

release(&s—>1lock);

® sleep(s, &s->lock) can

release the lock after the
calling process is marked as
asleep and waiting on the wait
queue s.

= Deadlock------------------ >
Let S and Q be two semaphores initialized to 1
P, P,
wait (S); wait (Q);
wait (Q); wait (S);
signal (S); - signal (Q);
signal (Q); signal (S);

= POFIP1E1ESE

= Starvation:

ZHEFRLZ A . BRERXIER.

o EAREN

Faxd T RERISHIQ

HFE OB KT A #EFZ Hwaiting queue
EESEIM. EFERMEH

- BERESERTRFEIRFRX

= TEBRIwaitEFIN AR ERINER

o BREHXAM

S.value > 0 &X/~H S.value
S.value = 0 RRLHIFIHAHFRATITFHERFNIRFREX

S.value < 0 U|S.value| ZRTREFFHFNF FHERINHE R TEFFFHNIRFR X EIHE N
waitFsignai2{F /BT HIL: EREBENTR—HE, RS BIBETAEHE
EwaitBFR BB RwaitB{EZ Rl (1HIBRT)

NRIFRAIR

» =/MSEE: mutex(init = 1), full(init = 0), empty(init = N)



The structure of the producer
"ocess

while (true) {

// produce an item
wait (empty);

L

—

wait (mutex): ; uffer
/f add the item to the |
buffer |
i
signal (mutex); item
b l

o EEGERA

—WHRHERLE— RS, EEREEE,
—NBEEES, EEFTESR %ﬁ&% E5cr
FMSEE: mutex(init = 1), wrt(init = 1)
—/NEr&: readcount(init = 0)

The structure of a writer process

while (true) {
wait (wrt) ;

[/ writing is performed

signal (wrt) ;

The structure of the consumer process

while (true) {

wait (mutex);

// remove an item from

signal (mutex);
signal (empty);

/! consume the removed

%TU&% RFEZMEERRE, Heg



The structure of a reader process “Locking” the wrt
, semaphore, rather
while (true) { than “waiting”
wait (mutex) ;
readcount ++ ;
if (readcount == 1)
signal (mutex)
“Unlocking” the wrt
/I reading is performed semaphore, rather
than “signaling”
wait (mutex) ;

readcount - - ; /
if (readcount == 0) ;

signal (mutex) ;

= A MSEE: chopstick[5](init = 1)
The structure of Philosopher r:

While (true) {
wait ( chopstick[i] );
wait ( chopStick[ (i + 1) % 5] ):
// eat

signal ( chopstick][i] ); _
signal ( chopstick] (i + 1) % 5] );

/I think



XFLI S & SEFEL
e Monitors: —XREEF—MHIEEmonitord Ik
monitor monitor-name
{ =
// shared variable declarations -
procedure P1 (...){ .... }

shared data

procedure Pn (...} {...... } / \

Initialization code ( ....) { ... }

'|II [ - )
} \ operalicons /
o RIHTR

mitialization
[t ]
<E. XY

» ENTENRMEE: x.wait() IEELHTE, x.signal() BUE— P IEEwaitdgHTE
o {ERmonitorfRRE F KM &R
monitor DP

{
enum { THINKING: HUNGRY, EATING) state [5] ;

condition self [5]; //philosopher i can delay herself

when unable to get chopsticks

void pickup (int i) { void test (int i) {
state[i] = HUNGRY: if ( (state[(i + 4) % 5] |= EATING) &&
test(i); (state[i] == HUNGRY) &&
if (state[i] != EATING) self [i].wait; (state[(i + 1) % 5] = EATING) ) {

state[i] = EATING ;

} selffi].signal () ;

void putdown (int i) { ' }

state[i] = THINKING; 1

{/ test left and right neighbors o

test((i + 4) % 5): initialization_code() {

test((i + 1) % 5); for (inti=0;i<5;i++)
} state[i] = THINKING;

}
}
dp.pickup (i)

EAT

dp.putdown (i)
= SEAEFRIEREN, 2SI



o HIEFEEMHIF: Solaris. Windows XP. Linux. Pthreads
o Pthreads: mutex locks; condition variables
» Pthread B8}

B void reader_function ( void );
void writer_function ( void );

char buffer;

int buffer_has_item=0;

pthread mutex_t mutex;

struct timespec delay;

void main ( void ){
pthread t reader;

delay.tv_sec = 2;
delay.tv_nec = 0;

pthread mutex_init (&mutex,NULL);

pthread_create(&reader, pthread_atir_default, (void *)&reader_function),
NULL);

writer_function( );
}

B void writer_function (void){
while(1){

pthread_mutex_lock (&mutex);

if (buffer_has_item==0){
buffer=make_new_item( );
buffer_has_item=1;

}

pthread_mutex_unlock(&mutex);
pthread_delay np(&delay);



B void reader_function({void){
while(1){
pthread_mutex_lock(&mutex);
if(buffer_has_item==1){
consume_item(buffer);
buffer has_item=0);
}
pthread_mutex_unlock(&mutex);
pthread_delay np(&delay);

}
}

» PthreadZ{4TE

pthread_mutex_t count_lock; increment_count()

pthread _cond_t count_nonzero; {

pthread_mutex_lock(&count_lock);

if (count == 0)
pthread_cond_signal(&count_nonzero);

count = count + 1;

pthread _mutex_unlock(&count_lock);

unsigned count;

decrement_count()

{

pthread_mutex_lock(&count_lock);

while (count == 0)
pthread_cond_wait(&count_nonzero, &count_lock);

count = count - 1;

pthread_mutex_unlock(&count_lock);

CH7 Deadlocks %Efii

o FEEinE: IEZS M HERREFHEREMENBEEFN—MER, SL/INIER, XEHIEERE
IKITABEFE MIFHEH
o FEASLHIRIEM (UM RMEFT)
= Mutual exclusion B4
= Hold and wait {&3RFHFRIE R
= No preemption AFIZF&MH
= Circular wait IREEEF R
o System Model
o Resource Types & EHKE
o FMMRIRSEE Ginstances, AIa: FWIRESEEU/O devicesBITENHL, #&2. BIRZESLH
o B/ NHTEEIL request . use . release HUIE(FRAEIR



o HIRPECE Resource-Allocation Graph: —Z&FIRVILAERNEE
» TR PERREFPFHFEHE, REREFTIFMERIRIEE

= request Edge: B P, — R;

= assignment Edge: B R; — P
B Process
B Resource Type with 4 instances

oo
oo

B P requests instance of R,

oo
oo

B P.is holding an instance of F;} i

.«-F"ED
OO

R.

J

» EhIA— KB
» EhBEIR— (1) BNRRERERE—ELA, WFEH (2) MRENERENEEZ/L
5, MIATEEFEH!

= example



R, R,
@ L
\ \
/
o
o] [ ]
8]
R, o
R,

o JEBIRIRREIRTTIA
o Prevention FEEFh: BISHIR=ETRBRIVESMF 2 —FRFGLEFEHR AL
= Prevent Mutual Exclusion: 58/ MRS B HH0ER
= Prevent Hold and Wait: fEHFERITZABRENFTERENRIER, SERBIAFNFERRN
ZREEREIR
= Prevent No Preemption: EiZEEiEH
= Prevent Circular Wait: £&5RRS, HEEKSIRRHRRERRSH—EINFHT
o Avoidance FEiEiR: BIMSRNTRESENRZEYE, BRAFFASHARLZERE
» RS WFHERII< P, P, ..., P, >, 88 7TREFHEHE, TN
2P, EmERIERTUGIA NI + Pi(5 <) A S pmEE. e
HEFSI< Py, Py, ..., P, >R ALZEFS
» RFUTLZENRNT—IRBTH
» RFTALZENRES— B eea 5L
= BREE
= BNRRRERBE—NLA: ZRDEEEE
» REIEKOER DA EFRASHIIR, BRASHIFN



» BPRIERBEEZNLA: RITREE
RS
Let n=

= TEEX
1

number of processes, and m = number of resources types.

Available: Vector of length m. If available [j] = k, there are
k instances of resource type R; available.

Max: n x m matrix. If Max [i,j] = k, then process P, may
request at most k instances of resource type R.

Allocation: nx m matrix. If Allocation[i,] = kthen P, is
currently allocated k instances of R,

Need: nx m matrix. If Needli,j] = k, then P, may need k
more instances of A;to complete its task.

. Let Work and Finish be vectors of length mand n,
respectively. Initialize:

Work = Available
Finish [i] = falsefor i=0,1, ..., n-1.

2. Find an i such that both:
(a) Finish [i] = false
(b) Need. < Work
If no such i exists, go to step 4.

3. Work = Work + Allocation,
Finish[i] = true
go to step 2.
4. If Finish [i] == true for all j, then the system is in a safe state.

= RREKEE



Request = request vector for process P. If Request[j] = k then
process P, wants k instances of resource type R,

1. If Request. < Need, go to step 2. Otherwise, raise error
condition, since process has exceeded its maximum claim.

2. If Request. < Available, go to step 3. Otherwise P, must
wait, since resources are not available.

3. Pretend to allocate requested resources to P, by modifying
the state as follows:

Available = Available — Request;
Allocation.= Allocation. + Request;
Need. = Need.— Request;

® Call safety algorithm

® If safe = the resources are allocated to Pi.

® /f unsafe = Pi must wait, and the old resource-allocation
state is restored

o Detection ZEEitE I
= Completely Reducible Graph A]5E£ @t E]
o HEHEENFIAIL, RTINS (L

® R H —ANBEANBH 28 ARSI RS A P
® FENRAIHIEN T, sy RUELEI e, R T AR AL R
o T FIRWSHERE, HEHEHL, RETILH.
o Recovery FEikE
= RFEFFE
= BEEHER
» HEENRIE

CH8 Main Memory F3fF (12.254)

el
* B=

o FEFRIHH NREFHEBE— T HEPIE T
o CPUBEERNIBRIEFE: AEFNSFR

o NEFNIHFFHRIEEEERER

o RFEERE

S



L1 Cache L2 Cache Main memory
Block size 16--32 bytes 32--64 bytes | 4--16 KB
Size 16--64 KB 256KB—
8MB
Hit time 1 Clock Cycle 1—4 Clock 10—40 Clock
Cycles Cycles
Backing Store | .2 Cache Main memory | Disk
Block Random Random Replacement
replacement strategies
Miss penalty | 4-20 clock 40-200 clock | ~6M clock
cycles cycles cycles

o FAFERFAIRIELER




Hello.c
#include<stdio>

int main() { source
printf("hello, world\n"); g
return 0; ¢ -
}
( compiler ) compile
) time
Hello.o e l
Relocatable binary -
object
Printf.o other
Other object
object files /. ¢
!Eﬁéj‘% linker ) ;
load
time

Hello.exe

execution
time

(run time)

o IUFRYARERZZ
= FFSHE: IREFRPRIMIECER D EERS, HIUIERHRIZE count
= BIEEAOMIL: RIFSESBAISIISEERIPTEEAME, FIWIEER moduleA AIFFSL14
“Nbytes

= ESIMEAE: SHERREIIEERIS I EESEULPER4E3I b, fIan74014



o EMERZUESMEIINFN="0IZ] (HiRRET)
» SRIERTZI
» BNRZI: S
= BUTHIZ: oS
o Base and Limit Register HHIZH 1728 1IRI<Z 178

operating
system
256000
process
300040 ‘_l 300040
process base
420940 e
process limit
880000
024000

o JZIEHIIEAIMIIEbIE
= BAEHINE: FRCPULERL, EARAR/IREHIBIL
= YEEflE: AEFRTTEEIRYMIE
» TERIERSZIFRARTZISPERRLE, ZEtAIYIEb AR, ERITRIZISRENBIE, 218
HEHERNAP IR ]
o WFEIEERTTMMU: METEHIIEA IRl AR



A simple MMU

Base register

CPU

N\ /
N/
relocation
register
14000
logical physical
address address
_|_
346 14346
MMU

>

memory

o FITERN: BN, HEIFZIZEA

= EFRIRES

= FTH RS
=~ IETTRISRE

o HRNHEE
= IEfTRITER

CI73l)2E

= SIEHERE: TEREZE. BUNTHRITIMESUE RN, AEEEN R

Contiguous Allocation &£z fc




limit relocation
register register
logical physical
address yes address
CPU < + -»| memory
no
v
trap: addressing error

Figure 9.6 Hardware support for relocation and limit registers.
o B—EENE: REDONEZXMARX, ARXEXRAN—BRERET, THA
o ZPXPE: BRELNSHRETNEEXE, RADK, BN XREFFH—NHE
= EEDKX



1100K

900K
850K

700K

450K

300K

100K
0

» HISHXFHAIESX: ISKDHX, EEFEARFIE ARFTIHE—MEERIXIE,
PDEEZHE, B XXNEFESHENEE.
= Hole: FTAAFR, SMAR/\HYholeEfRERTFF
 IRERBEFRNMER: ENEHSX 1 =RDEK (hole)
= ISEFESERE
= First-fit: DECE—NEEKAIhole (Next-fit)
= Best-fit: SECEBEKAIhole EBEER/NIBR
» Worst-fit: 43R AHRIhole
= HFES
= REENEE: BERDREREEXN/NHITHE, RERSIRN, 8=
WD XEENIN—IR, HEAHE(EER—IREMREZIR), RIBHERKE, W&

0S




5|RIMP RSP S/ NSRS, WERTPE NS —HRF T E.
= KEFERF: BNERDERAXNMNVERINARFT,; MiHESBTENTE
—NEFEE2 > n, NIRSHOREFESIETUWESRERFD B
HETUZEES
» BEEEARETSRS XSRS MME, BURFBRE, WESKUZHS
XX/NAKEFRIGER, RIEMRTSEXNETITEEEIEERIIE,
» Fragmentation &5
= SRR RERNRESERE—NMEK, BRXUTEENESRIRA
= RERER: DEC T ELERIIAFIRRRIRESE, EoBEHNREFEEREE—
EBiRBE AL
o Paging 5'TA
o ItbhitFEHR
B Address generated by CPU is divided into:

® Page number (p) — used as an index into a page table which
contains base address of each page in physical memory

® Page offset (d) — combined with base address to define the
physical memory address that is sent to the memory unit

page number page offset

p d

m — n bits n bits

® For given logical address space 2™ and page size 2"



7ﬂ
logical physical J
address address  f0000 ... 0000
o o e T .
f1111 ... 1111
p{
- f
physical
page table memen
o TUFRME{4SClE
= PTBR IUREUEFES: EARFRE ML
» PTLR MFRIKESTFEE: FERFRAIAN
» TLBs [RE
logical
address |
CPU P d
page frame
number number
TLB hit physical
l | address
f d F—
TLB 1
p
TLB miss

A 4

page table

physical
memory




o EAT B37IA)RT A
B Effective Access Time (EAT)

EAT=(1+¢g)a+(2+¢)(1—a)

=2+¢c—0

a = 80%, € = 2ns, memory access time = 100 ns

EAT=(100+2)*0.8+(100+100+2)*(1-0.8)=122 ns
B

logical address
IP1 P> | d

.

L

P2

! "y

outer page d
table

page of
page table

= iR BERT (RIEETHHEERSE)
= IEFRIR



physical

llogical address address
Eﬁ L t —

A

A 4

physical
@—' ——»Iqlsl’ThIplrl_T--- memory

hash table

= LR REERK
= fRIHEmER

logical physical

address | address hvsical
CPU = i | d g ﬁwgmory
search l e }i

page table

Search is slow, so put page table entries into a hash table. TLB
can be used to speed up hash-table reference.
= i RE—ANTR, MENEFNES
e Swapping: —/MHERJLAERMRFHIGEHE, FHREIGEEFET, KREEXEENRGFLL
AT,



operating —

system

rocess P
@ swap out P !

—

| process P,
@ swap in
—

user
space

backing store

main memory
o Backing store: RAFARIREHIE, SEBBTMIERFINIEAFIRMEIEIA, LRRHENX
LNFIRGIVERISE
o Rollin, Roll out: AFETRARNEARSARIRTN, [RASLRHERIEHE, LUES
NIRRT LA I F T
« Segmentation: —MEFERNES; RE—TEEHRT, fll: EEF. BH Fi YR B
HEE. £RETE. &%

o BRERHY: R, BRERESHFS. REBKSFS

—imit_base — |protection
segment
table
CFU -o-{ 5 d
Y i
=]
—o<: ! +
1,
L 4

trap: addressing arror physical memory




CH9 Virtual Memory E#IATF

1=
* B=

o FMRAFPIEZEAFIWEERGESBIR: EaiTHATESSIEFEAFTRIT, BEtir=
[ERELERT LALLM =SB R; ARVt =SEES NHEAHRS, RifEERIHEeE
o FEMMFE: IEREFERTIEEPI— M BIERI AT TRIS SIS S RUIR(EE L,

ABRT—EXE, FRNA:
= MERERE: —FRESH—RITHITRAT, — M EIRIN—REEM MXbEERSESE

i

— MNEHERTERA
» FEEERMY: HaRESHIRE/LEES, HanhniEuEf ImIaIEIREEREHE— N/
Xz
o EHINEAIERNREF
page 0 |
page 1 |
page 2 e ]
‘x__‘_h_____f__/
il B R
= - T Nmmsm
— EEE
|
9 ol B
BE NN
Map -
page v Via MMU iy
memory

o EfUMEHIZESIE]



i.-hx
slack
~
L
> hole
L
p Sparse address space
heap
data
code
1]

o EFIRFLIHIZEZ
= Copy-on-Write: GUE2FHIER, AEZDEHIHENRNFIRIUTE, FHESHER
HERRFRE, FRCXENEARE, SIS FHEESNEZREEN, #ER
FARURIRTAFYT, SRHFEFHESHEAENMEZEREE, BRSNS
EMEFHR R —NRITHT, BRERFIBRTIPRT, AEANRNHED E— M FTHMIER
H, FERETNENASEHEFNNES, fIUEAUS, [HUERE, SEAFEMHE
HZF.
= Memory-Mapped Files: 1§34 AFIRETEIATZAIEIIZSEAIRIR, BT RFRET 4,
BILMGHIRIREFE—FLENAGARE, MARETAHTIEEERME, XMRARTELEAL
. REXHnRtsE AR N ABEE L EIFEEA.
« Demand Paging iE&KTHOR
o BREHTARFNEAFETCR: B0, BONNE, EHRMmLr, EZHER
o Lazy swapper: FRIFREAINTE, BNASKEEANRNE
o Valid-Invalid bit: v ->in-memory. i-> not-in-memory
o TUEREEH

Y By | RS P |Tr i B A| Bl M| Shar it

o &N P(fAEM ) HTriZneELlAASG, BEFTRF 2

%u

o i FE Ar H Pl R i fE— B (B Ak i i s, ellmin O
Lt E AR R, PR iSRRI R S,

® fricfEcily RIW: FRiZUENAANTE 2T e,

o ShiFthhl - HFHHZWEST Eagthht, HERAGZTIR{TH.



o Page Fault &8

E‘?‘ page is on
=/ backing store
T
—
oparaling
syslem
L
2)
rafarance -
~ trap
1)
®
load M | p—
restart page lable
instruction
free frame ,,_________,J
® @
resel page bring in
table k { Missing page
physical
memaory

2 Trap to the operating system.

B Save the registers and process state.

B Determine that the interrupt was a page fault.

@ Check that the page reference was legal, and determine the location
of the page in secondary storage.

@ |ssue a read from the storage to a free frame:

BWait in a queue until the read request is serviced.

BWait for the device seek and/or latency time.

HBegin the transfer of the page to a free frame.

B While waiting, allocate the CPU core to some other process.

B Receive an interrupt from the storage 1/O subsystem (I/O completed).

B Save the registers and process state for the other process.

B Determine that the interrupt was from the secondary storage device.

3 Correct the page table and other tables to show that the desired page
is now in memory.

B Wait for the CPU core to be allocated to this process again.

® Restore the registers, process state, and new page table, and then
resume the interrupted instruction.

« Page Replacement: HZEIRFHFHAESLIRERRVR, HHREARE
o BrlEREIESE
o RBEHRIENIIHNIA REHSRIZIHE
o FeE J EERNTFIWIERATHSE
o EHRfIE



4,

Find the location of the desired page on secondary

storage.

Find a free frame:

® If there is a free frame, use it.

® If there is no free frame, use a page-replacement
algorithm to select a victim frame.

® Write the victim frame to secondary storage (if
necessary); change the page and frame tables

accordingly.

Read the desired page into the newly freed frame;

change the page and frame tables.

Continue the process from where the page fault

occurred.

o HREE
= FIFO Soifscit

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

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

i 2 3 4 1 2 5 12 38 4 5
11| 1]||4]|4||4]]|5 3] 5
21221 1 1 3 3
31[3]|3||2]|]2 2 4
B 4 frames
i 2 3 4 1 2 5 1 2 3 4 5
111 1 S5||5||5||5]||4] |4
211212 2|1 1 1 1 5
3|3 31[3|]|2||2]|2]]2
4 4114|114 ||3]||3]|]|3
B Belady’'s Anomaly: more frames = more page faults Why ?

ﬁ Use dirty bit J

9 page faults

= Optimal Algorithm: $RE—ERIJIERRENMERRINEER TR

10 page faults



i 2 3 4 1 2
5
1| 1 1
21122
3|13
4

B How do you know this?
B Used for measuring how well your algorithm performs

= LRU Algorithm SRIFRAKER: EEAFHRAILES | BRINEMER (SSEE:
counteraistackE A IZ17=8)
» LRUIA{LIE}% (Second-chance. clock&;%)
1, WEO, ~&&, T

&) I IR GO T B A B

123

162 I I o T () A T B - LN

6 page faults

. reference bit, B Treference bit)y

next
fvictim

reference

bits

0

—

pages

<< < <« |«

v

\_/

circular queue of pages

(a)

reference  pages

bits

0

<« & <& |

circular queue of pages

(b)

- #3BclockEi%: (3IFBAL, &AL, WIRRF(0,0) > (0,1) > (1,0) > (1,1)



» Counting-based&;%: LFU, MFU
= Page Buffering Algorithm TREIZS F15&%
B E g BRI, AL IR B T
I A RN bk DS
® M FIFO BikinFfp B 0T, OB E R TTAIIAMN IR L — :
MR T ARG AES, PO HIIARI N T mEER I ARRE, 5N
HIFAZ DB TmER
W RPN TN : R 37 DU A A B 2125 0 T RE R (15— 0
TR U, 2R 25— T B
B R AN S, i AN BN TE], a0 SIX L ol R
TR VIR, XL TR AR
B YoBdmEs e H G, BlRell—&RiL25ME AEkE
(REE PGS iR
o Allocation of Frames: S MMHEEERFIBRNGR/ITNEEE
o Fixed Allocation
= Equal Allocation: FrE#iE&ln EciERERframes
= Proportional Allocation: it&a; = (si/ Y i 1(si)) x m
o Priority Allocation
o 2EERvsEEEIR: £EBRMNTEMPIEESRM, BESRNHEMERIMIEES R
i
o Thrashing £}zf)
o MRHAEKBEEBNRNE, REHMEE, 255
® low CPU utilization

® Queuing at paging device, the ready queue becomes empty

® operating system thinks that it needs to increase the degree of
multiprogramming

® another process added to the system
o FRRFL: EIMMIERE. CTIEEREL. ECPURAERSINLIEEEL. SSEEHE
HREDES. FREIFFAHTEE. NEES. ...
o T{FEEIEEY:
= A= TAEEE D = — N e i) U V5 ) 20
W SS; (UL P 1 TAEEE R/ = Eedt AWV 1l ik (1 UL T 20
D =Y WSS, = KRG+ A EETER frames /25
m = FrA 3R frame
D > m = Thrashing, WITEE—NHE
Wfaltrack TYESRIRZ:: [EfRERTES



¢ Memory-mapped Files
o BN HEE A blockE NEIWIRAZFRI—IT, A T IO ERYIERE, 18I0 30R)

e

Stack

Heap

BSS

Data File
Text

Virtual address space

o mmap, unmap
o DERZAE
o Buddy System
o Slab Allocator
e Other Issues

o Prepaging

o Page Size

TLB Reach
Program Structure

(o]

(o]

1/0O inerlock

(e]



CH10 File-System Interface {4 & %O

o IS
o MRS EHEUREFEN RPFENIRRNG A
o M{4: Contiguous logical address space; —Z&%lbits., bytes. linesgirecords, E& X HEIE
EFAFENX.
» 258: Data, Program
= 451
= None Jo&5HI314: words, bytes
= Simple record structure: Lines, Fixed length TE{<. Variable length 25K
= Complex Structures: Formatted document 1&{XHIS44. Relocatable load file
- B
= Name: ME—AEENEAIAIER
= |dentifier: FEXHRAME—IRBISHAIRTKtag (35F)
= Type:
= Location: fEMAS4HEIRSE LRIERTIEE
= Size: HFHIAR/N
= Protection: #=HIHR
= Time, date, and user identification
= NHERRFEBEREEF
- BfE QIR 5. & FEAL M. Truncate
o Open-file table
= RGEA open() IREI—MEHopen-file tableFFHY—RKICRAVEET
= Per-process table: Current file pointer, Access rights
= System-wide table: Open count
o Open Files
= File pointer
= File-open count
= Disk location of the file
= Access rights
il lelhadeS
BREH
MR FHEE
XHH=
SAHRIF



