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System calls
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2) Process Control Block
® Process identifier
® CPU state information

> user-visible, control & statud
registers

> stack pointers AT
® Process control infomation

O Request OS services

+ Process control: abort, create, terminate process
allocate/free memory

+ File management: create, delete, open, close file

% Device management: read, write, reposition
device

+ Information maintenance: get time or date

# Communications: send,/receive message

114 SHEZ
©® IFEIEY: {RIULAR STAL.

® XM BEEFLEASHR

B, RANEEAER,

1.2 it EYIEEH
HEINFE~ privileged instruction
%18 poll
oI5 RIBIIEIE R &AM

121 b7
@ TE T Interrupt
BB AL
@ iR h T Exception
HERMHAE. FPH
O &Rt Trap: System Call
O$#iR Fault
O IE Abort
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Privileged instructions
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schedulingJRZS o~ 2R =14
-used memory and I/O, opened
files
-pointer to next PCB
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0 Multithreading requires changes in the process
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0 Performance
+  large = FCFS
+ q small = Interleaved
< ¢ must be large with respect to context switch,
otherwise overhead is too high (all overhead)

How do you choose time slice?
<+ What if too big? Response time suffers

Comparisons between FCFS and RR

bounded concurrency
£ monitor [RiE primitive
B F#1E atomic operation
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CEF. SR, BRERF.
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Test then set: F3E{RIFEF
Set then test: ERZ2#ERT,

HRETEH/EHT

FEERFIR, FE mutex,
S signal, B wait, THEITEH
(2) EEESHMA
(D EEUAEFE
readcount = 0;
=1

Writer Process:

rmutex = 1; mutex

Reader Process:

While{ture) Whille(ture)

U
semWall{mmutex);
n=n+l;
if(n==1) semWait(mutex); %
semSignal(rmutex);
ETRIRE:
me'a\I(lmuluxJ
B n=n-1
if(n==0) semSignal{mutex);
semSignal(rmutex)

semWait{mutex).

BRITSRIE

N

=

semSignal{mutex);

)i

= What if infinite? Get back FIFO Dekker: BRHZRAY Set then test;
+ What if time slice too small? Throughput N R N
e fime e toosmall Teowehoot | grAFF 4, HARMELL, Z LT

%, TEHRRL,

O Assuming zero-cost context-switching time, is RR always
better than FCFS?
2 Simple example: 10 jobs, each takes 100s of CPU time
RR sched tuy
All jobs start at the same time

2 Completion Times: [“Job#® | FIFO RR
1 [ 10 | oo1
2 200 | 9w
5 2
9 900 | 999
10 | 1000 | 1000

% Both RR and FCFS finish at the same time
wverage turnaround time is much worse under RR!

+ Bad when all jobs have same length

3) SPN / SJF G
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@ Shortest Path Next

@ Shortest Job First

description model rer
« each thread of execution e
receives its own control block
and stack dats
» own execution state
(“Running”, "Blocked”, etc.) program
» own capy of CPU registers oode =
» own execution history data
(stack)
4 the process keeps a global program
control block listing resources code
currently used Mew process image

(2) U-to-K 1&EI

2.2.2 Inter-Process Communi~
1) 5
@3t= [J7F shared memory
@5 E{Zi# MsgPass (SysCall)
O Socket

O Examples
4+ Change mode bit in processor status register
 Change which memory locations a user program can
aceess
« Send commands to 1/O devices
+Jump into kernel code

Non-privileged (“safe”) instructions

O Remote Procedure Call
) ERER
OBAZENLIX:
R I T I e EE .
OFFHERKIX: RiEFRF
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RIXTIFHZERHE

0 Examples
« Load, store
« Add, subtract, ...
< Conditional branch, jump to subroutine, ...

Even better approaches

OMREREFEW: F

@ FPRERFW: KBIZE
EIFEN

3) RPC

& P stub; BRE % skeleton

AN

1 Problems with the additive base and bounds?

+ Memory sharing between processes? (e.g., how to
share one copy of same machine instructions)

< Memory fragmentation as processes come and go

U Paging and segmentation

+ Translation done in hardware, using a table for each|

process
+ Table is set up and managed by kemel

O FTH /0 BIEHRIFIUES
) MR
@ Base register & limit register

Memory protection
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Imedium-term scheduling
F#ERS{E Turnaround Time

AR 5B jE] Service Time
BEFRE Waiting Time

B K 2R a] Response Time
&8 Throughput

231 KTEBE

K MBERIHEARTE (T4
egree of multiprogrami~. &I

a Protect
<« Interrupt vector and the interrupt service routines
 Data access and over-write from other programs

o

HW support: two registers for legal address
determination
 Base register — holds the smallest legal physical
memory address
« Limit register - contains the size of the range

0 Memory outside the defined range is protected

CitE-1/0 mE#HE

b 2&HIER suspend (R1FFEE
#%), swap out: EHHTF.

65 T— MR CPU Y2 if?
[R3%E scheduler

1173 dispatcher: £ T XX#
kit B RN A B

0S8 Service Hardware Support

0 Dispatch latency — time it takes for the dispatcher to
stop one process and start another running:
+ Scheduling time
+ Interrupt re-enabling time

Protection Kernel/User Mode
Protected Instructions
Base & Limit Registers

Interrupts Interrupt Vectors

« Context switch time

System Calls

1/o

Trap Instructions

Interrupts, Memory-Mapping

Synchronization | Atomie Instructions

Virtual Memory | Translation Lookaside Buffers

Scheduling criteria

0 CPU utilization: keep the CPU as busy as possible

Scheduling Timer

0 Throughput: # of processes that complete their
execution per time unit

Part 2 HFEEEHE
21 #E
B dy preemption
REKRY cascading

)

0 Turnaround time: amount of time to execute a
particular process

0 Waiting time: amount of time a process has been
‘waiting in the ready queue

@ —FHit iR E],

- |@Shortest Remaining Time F~

L 5E o

e B AT OB .

B /& Mutual Exclusion

I 57X critical section
&1+ race condition
FEFRZ1F bounded waiting
I—{E{=SE binary semaphore

4) SRTF 15 (FNX)

ST E I
. EBHT

0 SPN/SRTF are the best you can do at minimizing averags
turnaround time
# Provably optimal (SFN among non-preemptive, SRTF
among preemptive)
« Since SRTF is always at least as good as SPN, focus on
TF

0 Comparison of SRTF with FCFS and RR
« What if all jobs the same length?
+ SRTF becomes the same as FCFS (i.e., FCFS is best can
doif all jobs the s
= What if jobs have varying length?
+ SRTF (and RR): short jobs not stuck behind long ones

0 Starvation

& SRTF can lear o starvation if many small jobs!
© Large jobs never get to run

2 Somehow need to predict future
+ How can we do this?

e to say how long it will take
ills job if takes to Jang

+ But: even non-mali

us wsers have trouble predicting cuntine of theit jobs)
3 Bottom line, can't really know haw long job will take
% However, can use SRTF as a yardstick for measuring other policies
o Optimal, sa cant do any better
3 SRTF Pros & Cons
» Optimal (average response time} (+)
 Hard to prediet future (-) and Unfir (-)

5) Priority WhEIER G

® (XILELHARIIR starve

® {iLSLh R priority inversion:
H# MBHET., H/LEZER
R. MATER, LEERHT.

1 SPN/SJF is an example of priority scheduling

+ In 8PN, the shortest job has the highest priority

1 Can also assign processes fixed priorities

0 Process priority is usually represented as a number

« Varies whether higher or lower numbers correspond to high
priority

2 Priority scheduling can be preemptive or non-preemplive|

& If non-preemptive, a new higher-priority process added to
ready queue won't take the CPU from a lower-priority
running process

+ If preemptive, a new higher-priority process added to ready
quene immediately takes the CPU from a lower-priority
running process

6) Multilevel Queue Sche~

(7) M~ Feedback Queue S~

® IRED: BIZEBNGIEI RN
O®[AFIjE RR, BAZIA FIFO,

O RS AIBAGY, BIE) Ak

O —BEENHERRGHL L —
MACHSWEEME—ML

O HBESHEFHAKR
BAFI BIRAE

8) HRRN

O IGIERLE wts/s
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25 Synchronization

BIER
LG

1 RE# Condition Synchro~

O Response time: amount of time it takes from when a
request was submitted until the first response is
produced, not output (for time-sharing environment)

e

{E{ES& counting ~

Analysis of Peterson’s algorithm

2 AN FIEREZ

eadcount = 0; rmutex = 1; mutex

boolean P1Wantln = fals nust be in shared memory
boolean P2Wantln = fals nust be in shared memory
int urn = 1; /must be in shared memory

while (P2WantIn && turn
CS.1; Q Ifthe order is reversed and a
P1Wantln = false: process is preempted after
remainder section; satting the turn variable but
before setting the Wantin
variable, then both processes
can get into the critical section]

244 55&

Semaphore structure

Anew ture ¢ semaphoi 1
aJ Anew tldld 'sln.u:turL called semaphore | seminit(s)
+ An integer with a nonnegative A
initial value : s.count
+ An initially empty queue: s.queue

2) do {nothing}:

0
P1: semWait(s)

struct semaphore {
int count; P2: semWait(s)

queusType queue: !
—{ P2

i
a Three atomic operations on semaphore 2| Pa: semWait(s)
& Initialize s: semlnit(s) P23

 Increase s: semSignal(s)
 Decrease s: semWait(s)

1|P1: semSignal(s)|

sem Ll pg

0O Semaphores: A special data structure, including|
an integer variable and a queue.
< Integer is used for signaling
# Queue is used to hold processes waiting on the
semaphore

0 semWait(P) primitive is used to receive signal
0 semSignal(V) primitive is used to send signal
0 semWait and semSignal cannot be interrupted

® E{ESE: FIFO
FSB=KAR

® /T WiaikAl

® FRHL WEEAN

® F/= signaling: #IA{LH 0
—. 22 Rendezvous
Guarantee that al happens beforg|
b2 and bl happens before a2.

Create two semaphores, named aArrived and bArrived,

+ aArrived indicates whether Thread A has arrived at the
rendezvous, and bArrived likewise

+ and initialize them both to zero,

Process A: Process B:
statement al; statement bl;

semSignal(aArrived);

statement a2; statement h?

ZASEER—

2 Define shared variables:

/n\

it = the mumber of 1

ntit ;.m
Semaphore
1 Process i
rendezvous it
semWait(mutex):
1

eritical point i:

eritical point i;

—. Bl
(1) £F=F-HHREER

» Unbounded buffer, 1 producer, 1 consumer
v in modified only by producer and out only by consumer
¥ o race condition: no need for mutexes, just a while loop

= 1, wmutex = 1

Reader process:
while(ture){

semWait(wmutex); REHASHEGE, £
[ Jr\.ddwunl
readcount++; /1 A

=1) scmWan(mulcx) R
/¥ Tfreadcount LI AL, 3
AL wmutex

if (readcount=

semSignal(wmutex); //
AT IR 1
Hiffreadcount £ KL,
readcount--; TR
if{readcount==0) scm&gnal(mulcx) I RAT
/%% Iireadcount f) { AL,

)
¥

‘Writer process:
while{true}

f
T

semWait(wmutex); A TS
semWait(mutex); UESTERE ]
AT HRIE
semSignal(mutex); Ik 3 8¢ ]
semSignal(wmutex); /I Ewm
}
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(1) PEEEQ

® P%wQMﬁ Hoare

® Q% P 44T MESA

(2) Hoare

® A~ofHTFB{E: condition §&

® ADEREBASI. &1t
ERERT,
(3) ERSEFHEHRERA

producer put(item) //i#
{ item nextp;
if (count==n) /AT X Ny e X
cwait(notfull); //%# %@ X
buffer(in)=nextp;
in=(in+1)mod n;
count=count+1;
if( fullfA 548 %%) esignal(notempty);
/NS R X AF o R

TEF.

H

Procedure get(item)//HU#E
{ item nextc;
if (count==0) //fi 3 4 o IX 5 e (X
cwait(notempty); //% 544 $IR 948 P X
nexte=buffer(out);
out=(out+1)mod n;
count=count-1;
if (emptyfA 7|4 4%%) esignal(notfull)}
[/ PR S b DX BA B o (R

{in=0; out=0; count=0; } /EREBIEL

Producer: Consumer:
while(true) { while{ true){
&=item; pc.get(item);
pe.put(item); iBikitem;
}

25 AHSYIE

BE 546 Deadlock detection
BES PR E Deadlock Recovery
B¢ §i{F51B7 Deadlock Prevention
5L §ii8E & Deadlock Avoidance

TR, FEHS UL

(2 HER buffer,

Producer:

while (true)
{Produce an item;
semWait(empty);
semWait{mutex);
Buffer(in)=item;
in=(in+1)%n;

al(mutex);

ETuE O

Consumer:
while (true)

1
semWait(full);
semWait(mutex);
item=Buffer(out);
out=(out+1)%n;
semSignal(mute
semSignal(empty

sem.

semSignal(full); }

@ AR

O U 4B MEREMETEL A AR, OSER—ENSRE
B () TR DA RE LR, BRIEAR
HEEAMAENZBHARAER. BAERTLPH, DTER
SES RN ER. éi%t#ﬂlﬁlamnﬂmﬂ fxaii)
&, EFHREEERERTARN, HAEE

O, SRR T ST, KA R
id—p A — AR =i, MASEILAA, BEFH
ARREITILE, HAREAARRMILIF, XEeHEE

0 RESEHSER:

¢ EMABFAORFOTERNARE, WEAESHORER
HEFEHREAEHAR
i

© FU-RSREMEE, AENTENTEL—.

251 FEFIPIFEE
BREERF.FEEF. At h
&%

PRIFE

consume the item; )


Jonb
图章


£5i HEEE 6 Whils pariemutnce depends oa theexait dequasca o Basic Functions of /O Subsystem TSR < s |x|,
h Z| —— rocess requests and sizes, statistical can be Lot b — - = = o~ B 2
(1) BXE#EER S " Presents a logical or abstract view of communication and| 27 'j“'i A A ] . - ® Rl
i i 3 -fit pl st devices to thi s and to other high-level HERA
Joint Progress Diagram oty e wors ot iy s mery | Subsystem by iding the detils o the physialdevioes; [0 — YR
ﬁ;ﬁﬁgﬂ@ ) w"h. small fragments and requires compaction frequently ° u?-femm‘.iﬁmf:i:w% G M fa] 2 2 =
Resource Allocation Graph e i i ket st R , a5 -
O Process @ # Next-fit placement o 2 REHECPU S AN 88 17 @ Contiguous Allocation B & s % =
d [ o up: lightly worse than first-fit, , : reni i jcati T = =
- fmgmenton ook evny (wberes Tl Tt b ey | e eaonvenient sharing of communication &1 | @y € 2 Chained: {44 A28, K [|= =
0 Resource Type with 4 instances Fepsecre big biacka skt gnd of mextiors) o SR EAGN, BB, AR P B‘%l‘ﬁ(lmpllmt) Chained: FAT : 3 !
. S A . f f f 2 T ~ > = s
0 P, requests instance of R; (r)—Jz2 BUddy SyStem' —ﬁ_!im* = 0 Each I/0 device consists of two parts: @ indexed Allocation » > 3 = 3 ladled
; Teq : - | o oo o N
T R BB RERL, BI— .| © thecontllerormodul, containing mostof the sectronics S block Feth 7FHE block B = = RS ST 2
' 4 the device proper, such as a disk drive . ) 3 2(F =17 828R =K
0 P, is holding an instance of R; @’ 314 RFFEBEALT 0 The job of the controller is: oM 1: var-length portion 3 aof |- ;‘ g i‘: g ‘5 = »
= e = 2 + to control the 1/0 and . i inali wedls Hla HEEIZ] B
253 RIFEHE TJimn overlay (BIEX. BEX) + Hanle bow et ?J&;i MUItlleVE|/|;dexmg(mOde P R P LR -
JR. compact. swap bl ree-space Management A S oy 19 ¥ w =
® FEAE. UMTRAR [ X e sbacs Zalamizal o| |3
@ EEEIER é/—ﬁ‘-fj—eﬁﬁa;lﬁ;\ swap i#lﬁl%ﬁﬂ«lﬂ],w'ﬁj\lzo 2 Why 1/0 controllers? Why not connecting the devices AR E—REEE— TRTBTR g
o N N NN directly to the bus? v, H H H " 2 L " »w
EEL AR 32 EWAFZ  wide variety of peripherals with various operation methods: KA ) L B\Itmap ® Linked !ISt wadl M- TR0 O
® KL % 52 BZF#L\% __Iresident set EEE% . don't want u:vlnc::[“m:::l:r::::(rl\?enfmlsloglcmm(,‘:’"l‘lumw .GrOUplng:'LE index A3 block A% = - | % |k %
Ej-*i/ﬁuj . ZLTE 5. &F Translation Lookaside Buffer . 111?(;almnsll'er|'alelslowelrlorh:lerlhnn mémory or CPU .Counting:%’é{l«‘,{ IndexAlloc B2 2 arfied v e & g ; [7] 3
NED « different data and word lengths . B E “+
_U/% A @ TISM 0 Frih + multiplexing: one modme:ming several devices (ex: SCSI) 6.2 inode % 2 g = é 3 B = J E
s R 18 g . 5 sac G O Functions of an 1/0 device controller H a = 2|5 bt =
i QBB AR NN : ; O LB AFEXMHR inode H, T iF KBl |3
X i = | = |
. ] = + interface to CPU and memory via system bus B = 13 3
KE RAND Wit * R-EEHE: REATAURFRGE  interface to one or more peripherals by custom datainks [ B2 {ZZE B 3% A9 inode &1 - Blef| » 2 [
©® R IEXULH IR A RESAE + ARAK: HRFAAEE ’ = o e a| a2 ul ® ﬂ 5
it °Z"<§§5§’ gizétzzg paic @12 N—RIsE (EFIEH) T
gy ~:- S [ E R & 3 5 (B
3 . B— 2 FONER (TN, B - Ll | 3 o z|=
254 BT i s i el 5 = B o = (%] s
: ; ‘ i L5 z 2 2
[ =¥ + 5B TEMBTKERA T J e~ ™ ® 25 E S
S « BAR: HREHANGE HI o [B = =2 =
1 Remove one of the design or T - 5 F\8 5 = 1 *
scheduling conditions? — — LE I E IS -
O remove “mutual exclusion™? :gigﬁgﬁ ° J = Si{l\ﬁﬁég o = c /3 71 e
 — not possible: must alway KAr \ 5 =l 2| =
supp;rfedn;]meos' «Lm-y'awnc-uﬁ Sgg;{fg N E RO AREST, dota =i I J
0 remove “hold & wait"? i ﬁ%ljﬁﬁz‘%«z, 1Ei&$%ﬁ%%§ﬁ N ﬂ% buller g
4 require that a process gets all its resourees at one time Bﬁtﬁ&ﬁﬁﬁi&ﬁ H:ll E/\] f{iz i
& = inefficient and i ical: defeats i cates | S AN X ° H
waits, cannot predict all resource needs &
d remove *no preemption” = allow preemption? O LA % PA O 1/OHESE(: 1/OThiERIMAEIE A RRNI/OR M, E4E: g
& require |ha(al]1mnej< m’]wﬁ?': and requests again —ok [ ﬁ;&ﬁ q] l;fﬁ- E{] ﬁtfg o Bt AR s g
o remove “circular wait™? o PIZE I LA AL i 4 1) MK 3
¢ ex impose un ardering of resources —ineffilent, again « HEETPR: MU TR, WRAIGARTEN sap e |3 VO REFRRMI=IEL b
255 }Eﬁ}j’]gﬁ B —— |/011‘_14 0] 45 14 47 ek e
.ij]j‘\( * 05 M2 1/0 IBR, BEHMERD swap A .
A NN . o FE1/0 WFTE FORHR, CPU BLEGITF— it o BARR “M H,Jk N‘HSA’ '
(1) MARY: BEHFRRBFEIEK BOERIE 10 i, 05 18R] =
(2) %Eﬁ%ﬁ% %%ﬁl’#ﬁ;‘)ﬂﬂ?}’ﬁ R £ 1:;1%:.“'1;;:&(11/() (or “polling” or “busy waiting”): %
o 5 EIREIR TS Ready o k4
+ the CPU must repeatedly poll the device to check if the 1/0 |95,
N SRR R . i oo H
i :mm 3 -'\\Mr:mwi-:, Sy :A.uw .ug%ﬁi% £ rl&ﬁ%'*ﬁ%J g'f‘“‘”“ll"'dfi\*‘“ 1/0: ii1/0 b
+ the CPU can switch to other tasks and is (frequently)
3 %Dﬁ% interrupted by the 1/0 device
1 « Direct Memory Access (DMA): {35 /¢ it 2 1 o
- 3€2 Wﬁjz\ézn o « the CPU ls involved only at the start and t:w end ()fJIhP whole|
¢ (@D BRERFEN E_Eﬂ ﬁi*zﬁfcﬁko e
: 323 izl o -
k ~ E-HLEIPN
e £ES | BATEP | TIAMEIW || - @RcrUS/oRE mEeTEESFR Word Bank
o TR Requests i T finem 2t : + WAACPURBNAE, HAHCPURN P RN, : : :
ME‘ “ & AN T ERAT TRERW |, |+ gmceornoRE MBS locality )%"E‘El’i integri
i o ) R EEs e i l
Requestl)= Claim(i-Allocated (i) Amititd (BRER) ms}am;!#uws (ncache, uoa&mmummhler_amhy %,ﬁ%]f;
- . sigirs _ |peripheral device 9M&
Part 3 K7 EHE 3.2.4 Replacement Policy : Egy*ff e T B S imultaneously BT e &
5 = ment Global O SR AN ; - kst g |3
- f3’2_7 ;;/zfj; 71@%% WL R wrassagicOnfidentiality 12 e ]
ine BruESEEETE ! . ~ =
¥§ME E%Ffwmr P i omm&mmuﬂummmm;CWMWWM|EW@WWW
& A s timeliness & B
.Iﬁﬂ’lﬁfﬁﬁ- CPU BUES EHIE vase -« emvnmmuns «oEEREN s | PRRNLE ] gy w0 lrewind 8] propensity {5i[s)
ST SIS Allocation il 77 RN AR [ 27 | R PEiR . . s |
vkl e e [PERT T s angling pointer 5 "
. . ; - A {142 )
HT[E_JEEB LIRS _ e S % T WERFIFO IEFIFORY 57| F T R{E. W cyclic-graph JEIRE]
@ == 8 FHER M MFEHhF i Hitin |EHIEN | 25EC R . = =
= ] FIAT AT, BT . 3 t %’Egﬂ’] | 3
510 RN pe _ e e [ransient 38 1) malicious &7
o X 325 ﬁ:ﬁ T (b S5 R" ;ﬁuvl;’nlwlu L. s o analogous *ﬁﬂia’fl b= «|21E g
O AP RIS B RS SRR R et [ SC 9 WSC TR i F Rt -k A = 2Rz |2
I T LB, WAL OPT T/ TH| e [ SRS e d g .
i . e iMpPIICI I\HY concatenate
FAESREWEK, EEIR i
= le st B iR OPTimal Part 6 File detach $2%&; JkiE spati L By
it 1 = b= = = =
" a B VAT R R R IS . O LA T F —MALEEF Hfntegrated GEH. BMEH = 2
mo Draln RS e = |@ BiF 8 A FMEF LRU VAT, Redundant Array of Independen
NSNS NS NS S w BN ) — %4, |® File Logical Structure cpw [PISKS JLARERFES] o ja
K -4 b 4 L e SR i 4 e (=) itive ability IAFI&ES] W 2 OB TE|x| 3
i b 1 ik L nm ’ﬁWﬁUﬁlﬂ DI S P ¥/ lcognitive ability 7, g [E = E
o ’ o mamx propensity f[s]; >4 el
OLEIFEN: NEATEE FITTE 42T B : a =
OHSEEA BASEPA |- IAMEMEE, 7k | © Record Sequence N e = | 2 |-
OIEERM: BAME LA Oﬁ%ﬁ?@ Clock/NRU o Pile o el
313 AEAERE  PHOERT ARG, QHEE 0 Sequential File g R
Fixed Partitioning: 7>$%8. ﬂbjﬁﬁﬁﬁﬁiﬁfﬁup ¢ Indexed File uplicate n./aagj. 5t 8

equal-size 18] [ unequal. ;5 X 9]

K&k, #HER.

Dynamic ~:
Xk, SHRPTXREE
First-Fit. £ %BM%E?F}&

Next~: M ERDEALBEFF IR
Best-Fit. 1&1&4F
l/l/orst Fit: iR Rz :t%

sk s,

TERI I SIRAS N/i
Xk R
i: ‘IN'I‘ ‘U‘! 1t -H

i&%’ﬁ“% o ﬁﬁﬁﬁﬂﬁ

i T8

FIRARIE R
'l"ﬂ'ﬂl W Jg A3 4 D)

FHBESR AT HE (8 i)
X ;’V!w‘w PNEHI

{E'ﬁi'l IR
20RO 4

>EEERE RIS E’J’f)l%'J :

—MA—%RAN, B
>IIR BT E, BEire RES
— AT . AR, 2% ?D‘nﬁ?l
ENZ—A M {iL, [ﬂ'?ﬂ
A/M P59 0 9.5 B3 A=0 A9,
%88 NRU %uéﬁﬁfﬂ
[EIAFD,
O®FIFO

Part 5 I/O Management
®Block devices BRIZ &
o] Sk, P FEE . BXiL
We.g. WiiE. W
# |@ Character/Stream devices

P HER. RIS, RR/M%

FR

%&V@?‘a‘ JE9DTE, fN—Kdw, 0
RIS . WIRM . EARAT

$liEsd

PENEEF]

¢ Indexed Sequential File
O Tree
6.1 File System Implementation
O FES: BaIBEX. EAKXA
sISEEE. BREM. X
® 7752 M5k FCB, "DCB".
HEHDXES

provably EJEMAHME nudge #EzN

inheritance n. Zk7&4)
Lab 1 FHHKMHEZTE
Bootloader #t A R iF # I ;
Bootloader fiN# ELF #IHY OF
R, RECH AR IR R
FR T EIEA (L AN b TE

Lab 2 YERAGETE

> HF2H FCB: SUMHER FF(HE
6.1.1 Directory Implementation

@ Linear list

®Hash table: B-F5ERMB6H

6.1.2 Record blocking

CERL SCHFRIZEER . 1/0 BEARE AL
Fixed blocking
Variable blocking

O unspanned

O spanned

SCEL first-fit 3 S29138 R 75 B
SR SHEIHHERT R A IR
T2 A R 3k P 7E B9 TR FF BUE 3
Ry — £ TR T A9 Aok
Lab 3 EMAFETE
& R W R ST RO LI BR 5 _E#)3R TT
F FIFO MTIEEBHREE
Lab 5 P HEEE

il

Vi W

U
RN

Jroashs
‘RORSDED

e)

3 T G4 TR0 e
WY 3 BrkendORy

) B 0

kR TR INST, RitTRE

6.1.3 File Block Allocation

HCOHMRAEFESEST#E

BEY LMY B M GERCEHI Y ¢

by @Jonbgua, https://icourse.club/user/6436



Jonb
图章


