


T2 M A Ee|

B 3% — 2 N§|A(Process)

B 4% — MY E(Thread)

B 5% - T2 MA S7|3HSynchronization)
H 6% - CPU AAHZ=E
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SRS B =
» ZENAE AU FO
B O=N29) 0 =8
» 2HET YIS A BES

B T2 AZHEA

—_— - O -

|El

Aoz B E AHAOl 7|Et0O| =

» 55 0|2 2|(shared memory), | A| X| M= (message passing)
B SoO0[AE-MH AAEG A S



3.1 TENA 7

B CPU activityE E=2=H3

= Batch A|AH! S XA (Job)

= Time-shared A|AHl 5 User program, Task, Process
B Job, Task, Process 20{= A2| £2 O|0|Z AtEE

B TN - A AHE e =8 1A, ALt
T FCHCO U2 222 T
= |2 2] : code + data + stack + heap
= CPU : program counter(PC) + registers
» IEMA ZEE XAEAXR  ZENA N S=(PCB)
B D20 - CA30 IR HEE S5 K
« 272 O = J E(text section) + 27|32t H|O|H + 5|IHEE S

| Xt AL

—



TEMA ==

program in disk process in memory
header B stack : Y A| §|O| & K&t
: stack - St O H
code g - return =2
%7|%} data | | ! - ASEs

executable file

orogexe | 1 heap : 4% A| 2t Sotof
.............................. EX gotr|= 022
heap

data - 7|8 19
—H|X7|3 ©

: . text text section
g regs 0 —oZ2sl I E

___________




TEMA=ZE= M

B O] 7S ZE2MATVE2 E20H AL Tt
» textsection2 £S5 -Z2 22| 7, ZHEHHO Mol A[RA

» data/stack/heap section2 CIE - TZ M| AOFCH 7|EX QI O 22| &

CPU memory

processl

PC {  cocle }shared by

regs two processes
data }

" processl

stac

process?2

PC

data
regs process?2
stack




T2 M A A

B = N A AFEY

ZEMAo X 5= LEILHD, 2dSts S e Bt &

oo

B D= M SRS SR/

Mi(new) - TZH AT MY B
Adll(running) - @HO{7F AL 0 QU

O 7[(waiting) — O ALA(RIEE 2tz, M3 =41 35) EdS 7|CrE
EH|(ready) - Z2 M AT} AT ZH 2

E & (terminated) — T2 A|A Q| Al

E

LML SEi Ol 51 S F= = MM OFEF XHO[ 7t UL



T M A AE

preemption
(timeout)
admitted interrupt exit

time interval
message ...

scheduler dispatch

blocked

B CPUNIAE O &200] & Z2AA0 29 + Slct
s B2 0| T ZE M ATV} ready EE= waiting AFE| Y =71 QL Lt
» IZEMATL Efﬁ T2 M0 oA S| ™
« T2 MAE ready EE= waiting 2HEH O A] terminated AEf 2
o|= &l 2= 9IC}.

o=2"T MM

I/O or event wait
resource request

/O or event completion

event occurs
request grant



TEM£ Mo =5(PCB)

B T AA N O =5 (Process Control Block)
» TENMNA0 CHoE HEE Zetot= OS HE2| Atg £
» EfA3 KO 2F(task control block) O|2f 1 &= &t

B I 2 A|A context
» ZEMO| MM ME) HE - HAHA7H SO HF Jts

= CPU context, Memory context

EEE

CPU context Memory Resource  File
info info pointers
PC

registers - - B (| Memory

\Cn{le Data Stack context
%




PCB HH&

B PCBEAE

Process state
Program Counter(PC)
CPU registers } CPU context
Memory-management § &
(7%)
CPU scheduling & (6%))
/O status M &
= the list of allocated I/O devices
= the list of I/O requests
= the list of open files
Accounting information
= process number(ID), account number
= CPU time, time limit,

process state

process number

program counter

registers

memory limits

list of open files

10



B struct task_struct

(o) 2| =A0|A°] Process &9

long state; /#* state of the process #*/
struct sched_entity se; /# scheduling information */
struct task_struct #*parent; /# this process’s parent */
struct list_head children; /#* this process’s children */
struct files_struct #*files; /# list of open files #*/
struct mm struct *mm; /* address space of this process */

N

struct task_struct
process information

NN

struct task_struct
process information

N

!

current

struct task_struct
process information

kS R/

(currently executing proccess)

B = active processe task_struct Xt = 2| doubly link list2 22| =

11



T2 M| A 7H0| CPU switch

process P, operating system process P,

interrupt or system call

__—— v scheduler .
h %@ta@into PCB,

task - idle
switching

executing

CPU contexts

reload state from PCB1 J

/

> idle executing

interrupt or system call

l scheduler

save state into PCB1

switching e

reload state from PCB,, y

executing

12



3.2EEMA AAHFZFEH

B A7 =20 EaM
= multiprogramming — CPU O| & & =Lz}
= time sharing — AFE2X2to| Al 28 5 HIHSE CPU A QA
B T2 AN AAHZ=E Queue
» Jobqueue: BE ZZMNAZO 2T
= Ready queue: ready #E[Q| ZE2MA =2 &g (HE2Z|0 & X))
» Device queues: EX 1/0 K| AR S CY7|8t= Z2MA S0 Rleh
> U™ O 2 [inked list2 X%t
B S MAS2 A 5202 queues ALO[O|A O] =
B T2 AMNAYSEEWH queuelf| Al NAHEH
otCt&| X2l 10F PCBE B (deallocate) et

F

[ok

13



Ready Queue®} 0§21 I/O Device Queues

ready
queue

device
gueues

<

ready
queue

mag
tape
unit 0

mag
tape
unit 1

disk
unit 0

terminal
unit 0

queue header

head

PCB,

tail

N

head

tail

Iy

head

tail

¥

head

tail

head

PCB,

registers

PCB,

PCB,,

Y

registers

PCB,

4

PCB.

tail

14



T2 M2 2FAFEZ 0 CHe Queueing

initial dispatch

] ready queue

terminate’
>( CPU )

I/O queue <

child

child termination executes

interrupt

OCCurs

0E

I/O request  [¢«—
time 'slice
expired
fork a
child A
create a new process
mfait for an
interrupt

15



T2 M|A°| Queues 79| 0| &

Ready queue

Dispatch
| Processor

Release
-

Time-out

Admit
L
g
Event 1 queue
Event 1
—_—
QCCUrs
Event 2 quene
Event 2
OCCUTS
.
]
.
Event n quene
Event n
QCCUrs

Waiting Queue

Event | wait

Event 2 wait

Event n wait

gueue
migration

16



27|=C

2=
. queue?O] O|ST TR A AS MEiste Qg B

7| (Long-term) AAH| =21 (job scheduler)

= disk pool0j A| ready queueZ O|SA|Z T2 MAE MEH

= batch systemsOj|A| AFE

Ct2|(Short-term) A 7| =2 (CPU scheduler) > AH &2
» OF20| HHA[ZE Z2MAF MESIE CPUE 282

= 7|(Medium-term) A 7| =

= time-sharing systemO| Al Z=7t=l 7t 2| o| AA =2

n 22N A diskE2 O|sA|Zd ZEMAS MEH (swappingO|2tl &)

17



37X 27| =2

disk pool

job
scheduler .

disk

4

medium-term scheduler

(swapping)
CPU

memory

scheduler

CPU

iInvoked infrequently (sec, min)
- may be slow

invoked frequently (ms)
- must be fast

18



Long-Term A#| =1

B |/O bound process?t CPU bound process
= |/O-bound process
= ALMECHE VO =0 O B2 AlZtE AH[E
n 2 0| B2 CPU bursts(A=5MO &2 CPUE AFESH= A7)
= CPU-bound process
= AL O 2 AlZtS AR
« M2 0| 0% ZI CPU bursts.
B YU AFEee g
= Mmultiprogramming®| M & (degree)E A|0{ gt
= |/O bound process2} CPU bound process=2| Aot Tot= MEISH=
Q0| 52
B AZ2(CHetA) A|IA—oM = &7 27 =2{7F |lAL 2[23}
» =C|& A0 508 5)0[Lt QI7te| AA = XHS= sH2 = OfX[E

19



Medium-Term A#| =2

B medium-term AAH =212 =82 Of0|C| 0
« CPUO|| CHot A7 (contention)= =& = multiprogramming M & ZFA
. MZ HIY Z2HAS 932 27 g

swap in

partially executed
swapped-out process

swap out

es

/'
Y
d

Yy

4
]

ready queue

]

I

1
'." @\/_ » €NC
I

I/O waiting
queues

20



Context Switch

B T N A9 CPU Context

» PC, CPU registers, memory management 3 &2 &

= Process switching X0 PCB £9| & A0 A %&s|of gt
B Context switch (= Process switching)

» CPUVILCHE ZEMAzE F2kE Mo 2 M=

= old process?| 21Xl CPU 2AfEl{(context) & X &St
= new process®| X &=l ArEf(context)E CPUO| & X SHCT.

B T2 A M3k

1%l process®| PCBO|| Q= stateE “running”j| Al CtE MEfZ ZHAISH
11 PCBE ready queueOf| Al Z4AlI AFEfO]| A SH queueZ O| =&t

MZ MELE| process| PCBO|| Q= stateE£ “running’S. =& ZH A

A Xl processl| CPU contextE X4+l PCBO|| A%t

M process®| PCBO| A CPU contextE CPUZ = 2l%t

[ok

21



Context Switch Overhead

B Context-switch time< overhead &l
. switching SO A|AHS O3 RIS BIX| A2

LS O
« SUKNH 7} O EEE =2 context switching S0 O e Xtoio| e
(O1|) memory management A2 71X Q1 context datas AtE5l1
oof it AET} XIIHo= L B
B Context-switch time2 SIEQ| 0 X| &0 3A &
= Sun UltraSPARC= O{2 79| I X|AH Eot2 M&
= context switch =@t SXff | K| AE{ &lghof| CHSt = QI B BHF
= processorEOI H= YXAHE HAl(load)otil X F(store)ot=
special instruction= A&
B Process Switching2 {I& A 9l overhead = 7%

« 714 2 & 3}(cache invalidation) S

0|'

FHES
=]

O

22



D HEY A|AEIO|A{C| Multitasking

B X7|9 i0S= AtE X} application?| multitasking= K| &0 X| &=
B iOS 452 H A $t=l SHEfQ| multitasking X| &
» CHQ foreground T EAM|A — 3FH ALE
s LCf=9| background =2 | A — | 22| RLX| O 2HY| EO0|X| S
. EH A St HgE 2ol (0 ez E)
« At SX|(notification) (O O & T A|X] 5=41)
» 2HHAIZEO| 71 A1) (Of: 2|2 XY +l)
B Android= background &0 X|ot0| 1=
= application2 backgroundOj| A| serviceZ ArRSH =1,
= service : background ZEZ A A CHAO| =A== 2E|= S22 HAZHE
= servicem ArEA QIHIO|AF 40 X g1, H2 H22|F Ar&St
of 2 HIY A 0| A 2| multitaskingdl| &% ¢!

23



3.3 M A AL

B I A A M Md(creation)

T 2 M| A= create-process A|AH S=F AIE510

« E0 TZMHA XA TZMHA
MEEl T2 MASO ASHO 2 MA Mdo dut=2

T2 M|A E2|(process tree)S gt (Cf2 & & X)
TEMASES T2 MA A BEXH(process |dent|f|er, pidE &

n RDmB AL KA ERHA 2] of2f K| R B

Nk “EHI’\WOSOHH A= 75!’.;1 2=

XA ZE AT SR EEHA KO SETES oS
A ERAAE PR BRNA0 BE XE EE A2 2iE 3R
. Bo D2 AL KA Z2HASOH Aol XHS 23 KE



ps
pid = 9298

login
pid = 8415

bash
pid = 8416

khelper
pid = 6
emacs
pid = 9204

kthreadd
pid = 2

pdflush
pid = 200

sshd

pid = 3028

sshd
pid = 3610

tcsch
pid = 4005

25



TEMA MM

B 43l (Execution)
n B2 Do XAIO| HA(concurrent) =&, EE=
» SRV RE = 28 A0 ELH7|E 7|CHE (wait)

B =2 S 7H(Address space)

XHAle 2 oo| EALE (duplicate), EE=

A2 M2 MjEes 22038 S 71

B Examples
= UNIX: fork 2} exec system call AtE

= fork() : new process 24-/d.
—'?'—E T2 MAC X_J.\_
A

= WIin32 API:
= CreateProcess() :

26



UNIXO| A2 T2 M| A 4

(pid > 0)

parent
resumes

exec AlE 27t N5 E

27



T2MAS MMSH= Cc =2 (UNIX)

#include <stdio.h>
int main(void)

{
int pid;
pid =fork(); [* fork another process */
if (pid <0) {
fprintf(stderr, "Fork failed");
exit(-1);
} else if (pid == 0) { /* child process */
execlp("/bin/ls", "Is", NULL); /* execute a new program */
} else { [* parent process */
wait(NULL); [* wait for the child to complete */
printf("Child complete");
exit(0);
}
}

28



UNIXO| A o] fork/exec/wait =&t

parent

l

pid = fork() -
(pid: child pid)

wait() |

duplicate

T

child load & execute
(replace)
» pid = fork()
(pid: 0) /
exec()

T

~Y exit()

29



WindowsO|A{Q] =2 M|A AHA

{

#include <stdio.h>

#include <windows.h> fprintf (stderr, "Create Process Failed");

return -1;
}
/* parent will wait for the child to complete #*/
WaitForSingleObject (pi.hProcess, INFINITE);
printf("Child Complete");

int main(VOID)

{

STARTUPINFO =i;
PROCESS_INFORMATION pi;

/* close handles */
CloseHandle(pi.hProcess);
CloseHandle(pi.hThread) ;

/* allocate memory */
ZeroMemory(&si, sizeof(si));
8i.cb = sizeof(si);
ZeroMemory (&pi, sizeof(pi));

/* create child process */

if (!CreateProcess(NULL, /# use command line #*/
"C:\\WINDOWS\\system32'\mspaint.exe", /* command */
NULL, /#* don’t inherit process handle #*/
NULL, /#* don’t inherit thread handle =*/
FALSE, /* disable handle inheritance */
0, /* no creation flags */
NULL, /* use parent’s environment block */
NULL, /#* use parent’s existing directory */
&si,
&pi))

30



ZEML IR (BEH)

B T2 MAO MM BE
» ZENAJFORK|E 252 2™dO
SHHOA Arels MM E fEe

= AN ZEMAE F2O E

=
0x

. HOE wait() A|AE SE2 3

» 2G9N KM= Z2NATEAFESE X}
B =H|(Zombie) T2 M| A

» SEE[RUXP BEVLwait()S Or% 2 =0HA
(terminated/zombie AFEl]). B2 Al o)

mE
I
2
D
e
>
>
0
[t
L
fujo
oF
2
Ho

h &) wrerst 4 it

—

O] &x= 7ICHE

HiF(deallocate) gt

31



ZTZMAQ & (HHAMA)

B T2MAOHANMZ=E

B 20 ERHA SE S0 40| AT el M 5Bt BS

e 30| £27Fabort() A|AE] 225 S0 AtAl2 SEE = US
child7} X0 A & El X2l S Z101510] At [[H
childof| Al 2 & & EfA3(ZIYE)7F E o4 Ee gl [
227 Z55t= O, 2 BMA 7t XHA O] A|&5510 A= AE HE
olX| = > AL A E = (cascading termination)

DEIZENAE TR Z XL E Jot B2 2 MATF Q00 2
XAl = 2 | A = 110 (orphan) MEAﬂAﬂ T|H,
init IEMNAZS XA T2 MAS MEL EQ TZ2NHAZ XNt

32



3.4 T2 M|AZF S{l(Interprocess Comminication)

e

B Hdl(concurrent) T2 M AL T

» = &/ (Independent) &E)Hlﬁ.
« OHE Z2 M| 20 AA0 Fet
= 2 (Cooperating) T2 M| A:
» OFE ZEN A9 20 S AL E S
m ZENA WS S-E 0]
» 257 (O) =7 o€
» A4 73 Computation Speedup)
- SHYUS M2 XUOZ LIROf, ME MY
» DEM(Modularity) - 7|5 2=9}
» HO|/(Convenience)

« HE ARSI o O o2 A Y
(O:”) J.L=|X| J_LE.lE 94J_|_|-OE

|0
al
X
I
Nk
Ral
e
gjo

33



(0o CI= =2 M|A 7+ X — Chrome Browser

B ThE T2 A ZAO E HElR A

—

« oF EALO|E(S, htmls 287t A7t A2 HA| 222X 0 et
B Chrome BrowserQ| C}E T2 AM|A AX -3 ITZAM|A AFR
u Eal'—?—x-l (browser) Browser (kernel) process

» 2l 2{(renderer)

- HAO|EDOIC B E O
2 C 2 A2
« Z2{2l(plug-in)
g

= renderers= sandbox0j A
HAHE[H, HE[D OO
HE AEHY K| ¢

« HAIO|EZ}CHE HIAIO|E
oF NEEE0 S&

>EX| 2 A| ChE I AHO|E 0

ACieio] Ye FA| ¥S

[ User Interface ] [

Metwork

=

!
Render process ’

HTML Renderer

\
1 Render process

HTML Renderer

v8 Engine - vB Engine
DOM Bindings DOM Bindings
e & L -
sandbox :

ClA3HEZA 1/0 20|
> HO F 2™ (exploits) | AaF x| Az}

M| SHE

34




TEN2ZESH(IPC) B

Message Passing Shared Memory
process A process A
process B »  shared memory :I
process B

message queue
> Mg |Mq| My Mg| ... |Mpy|«

kernel kernel
(a) (b)
- Mo go| Ho|E MY R - A SE
- S = (conflict)O| Bl - wlol’H SeOEe EY X|-Eg mo ot
- 30| 80| N Eat= k=t EEEHIEEIH%* HZ
-30 F SIS I O L2 s -Z0 = 37 A A 2d EX 2 st

Bre QAKX 7} £ IPC RES B 1Y
35



S H 2] AL

B Shared Memory Systems — 55 40| = HIH{ AtE
» AM2H =S AMESH0 s HE2E B9 X[E
= UNIX: shmget(), shmat() — F|O|A 2 H
= S HE27FAEEH ESS[ HEZ|2F Z0] B2 E
B M AXE-AH|XF 2 X[ (Producer-Consumer)
. S TEMAMSO| ZtEHstT MEX Q| of

H 1 —
= producer TEMAE HEE MASID, consumer ZEMAE HEE
2 H| g
B HAMX-AHAF 252 S5 HR2e o HE -5 9| Hj
« 23Hunbounded) I : I 37|2| X|3t0| §S
» 9%Hbounded) HI{ : 1™ =l H1{ 37|
« HIH 7} fullO|™ producer= 7|Ct2{0F gt

read [consumer
process

producer
process

buffer

shared memory
36



Producer-Consumer T2 81 — 22 0 22|

B shared buffer #define BUFFER_SIZE 10

typedef struct |
}item;

item buffer [BUFFERSIZE] ;
int im = 0;
int out = 0;

producer consumer

item next_produced; item next_consumed;

while (true) {
while (in == out)
; /* do nothing */

while (true) |
/* produce an item in next_produced */

while (((in + 1) 9% BUFFERSIZE) == out)

; /* do nothing */ next_consumed = buffer[out]:
out = (out + 1) % BUFFER.SIZE;
buffer[in] = next_produced;

in = (in + 1) 9% BUFFERSIZE; /* consume the item in next_consumed =#/

37



ml

A A

F

ufl

M| Al X]

B O A|X| ® = (Message passing)

O A K]

= Ssend(message)

receive(message)

50
i
M
Ny
H|
Bl

104 mH

_|_|

@)

o

of

™N

M

K

s

=

O

fixed size:

variable size:

Z 127} O

1T

= fixed size IPC:

70| A1 O

F

IPC g

= variable size IPC :

38



IPCO| &AMl A& (Communication Link)

B communication link

» SUIZZNAPRQIIME SH= 0B s 2H0 S

ZE[O{OF &
B communication linke| +1&d
= =28 A0 SF 022, S ER 0 A, HERA
» =2 H e 2EH A 2 Al
B communication link?} send/receive®| =2 |A o it
= direct/ indirect communication 2> & & (naming) g &
- MTIHS HESH=(7t2]7] L) W
= synchronous / asynchronous communication
« send?} receivel| =&t = 7|3t &
» At=(automatic) / B A| A (explicit) buffering

39



Naming - Direct Communication

B Direct Communication — A{ 29| 0| 5= HA| (I:H*l =24 X&)
= send (P, message) — process PO|| 4| message ™
» receive(Q, message) —process Q= £ E|{ message &= **I

B H|CH & (asymmetric) =2 X| A
= send(P, message)

= receive(id, message) — 2| 9| process= £ E message =4I
id = sending process?| 0| =

B communication linke| &M @ =®
I AsHoE A7 id=Q

.
» A= F ZZMAE AO[OA T AR
» T IOI2MAE ALO|Of &S| 1710 2130 =X
SIS (S
» ZE2M20| 0|55 HESHH ZEC
LQ3t > S| A 7tH EA

L—

|El

—_—

=
—

EMA Z2l0f CHet AALt

40



Naming - Indirect Communication

B [ndirect communication — mailbox (EE= port)=

42310]
messageS S48} LF =412t
. Z0jYeAs DR IDS It
ZENASE HYUSLAS B

. = S Oo, HYgAS S5t S
B O EIAE ALESH send/receive

= send(A, message):
= receive(A, message):.
B communication linke| &4
n IEAA

mailbox AE message S
mailbox AX| A message =4I

=0| 38 (common) M| YEtA =

= mailbox |
P moet S41 237} 2HE @A T®

» J3= FM0|E2 ZENAL SETL
=
=

L
o

=
o
7t

. T IZZNAS ZH O}
B OQEEA MM Gl A

A J
A4 O
n 2NN 0 LEA M c*>/-’t MIAK| 7| s X@

B
n QUEIAL MMSL T2 M A

21— O O L.

« ZENHNE XA2| M &= A

SE=E!

o =
T O

AOOI

—LTT7 O
A O =
—'—'IT7|'o
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S 7|2 Synchronization)

B Z7|Al(synchronous) &4l — Blocking &4l
SZ0| A0 SZ0| g
= Blocking send — £Al Al

HAIX[E &S WX k
= Blocking receive — 2=Al TZ M AL 2Al HA|X| 7} QS W7}
block &[0 R/

B H|S7|Al(asynchronous) &4l - Non-blocking &4l
S XIO| AFHE EXH0| Q3tS

O 1 o - O T O o

EMALE O 29 AT
ol

= Non-blocking send — &AM T2k
s AL ede (= o2 2HA 8

0[)
= Non-blocking receive — =4l T2 MA L 958 I A|X| S dt
S(null)2 F12 HE=Z return. 2= AS A

B 7|4 S0l ZEOI 7} ARS S| 7F H E L



H 1 2l (Buffering)

B AKX 7
s T2 NAZH| 23T = WA X = 230 H2HEl message queue(H IH)
of MEElo HEE

B buffer queuel| 31 HHH

1. #et8%(Bounded capacity) — 7 ¢tot Z0[2| HIH(ZO| n)
= queue”’} fullO]|™H sender= 7| Cl2{O0f ah(blocking).

2. 23522 Unbounded capacity) — £33+ 20| 2| B I (0] AtA)
« Sender= 43 7|C2| K] 9;8(nonblock|ng)

3. 2 &2KZero capacity) — 230 HIH 7} 9.
= Sendert receiverZf =H|&|0f &I & 2~ AlSH I 77HX| 7| CaqOf &t

- 24| & (rendezvous).
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3.5 IPC A|AH! AlE| - UNIXQ| & & 22| e

B Shared Memory IPC
» S HEZ MITE Hd,id et
segment id = shmget(IPC_PRIVATE, size, S IRUSR | S_IWUSR);
= id7} X[ ot S HEZE Z2 M L0 S Z(attach)
shared _memory = (char *) shmat(id, NULL, O);
» S HEE NOAHEY Y10, AA7| (H]E read/write2} =&
sprintf(shared_memory, "Writing to shared memory");
« 38 HEE|E Z2 N A0|A K7 (detach)
shmdt (shared_memory);

B POSIX shared memory IPC
= shm_open(): 2SH 22| ZHA AN
» ftrunccate() : 42| 37| A
= mmap(): SFHEE AHE Z=MA 022 S7H Y
» shm_ unlink() : S0 22| AKX XA

44



Mach@| message passing
B O QUEFA T HA|X] HE — o et

B AKX HS AL 2F
= msg_send() - | ZH2) BE
= msg_receive() — M| YLEIA Al
= msg_rpc() — remote procedure call
= port_allocate() — Oj| Y 2F A A

0

A2 port2tn 22

45



Windows®| IPC - Local Procedure Calls

B message passing — port(H Yt A QF ZH2)

= Advanced Local Procedure Call(ALPC) 0| &

Client
Connection
request Connection Handle
Port

Handle Client

Communication Port
Server Handle

Communication Port

- At
=

=
—
&2

| A] X]: portol HA|X| 7 O] &

o

Shared
Section Object
(< = 256 bytes)

%

= o
=38

Server

- 012 2 HAIX]: MB 7} 2E0|AE

b 0| A| X|: &3 section object 0| &

H A8 B2 APILALE
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3.6 S2H0| A E-MH] A|AEN0|| M| S A

27l (Sockets)

24 m 2 A| M 2= (Remote Procedure Calls)
W I} O] = (pipes)
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Sockets

B A socket

» S8 Z207HW 71 S410] HZEE[= St (endpoint)

« IPFAQLZEM D Of QoA Al E
« [P TAE= AAEHIES T2,

. IE HS L 3lch A|AEIO| T2 A AQ Ol AL

host X
(146.86.5.20)

socket

(146.86.5.20:1625)
\ web server

(161.25.19.8)

» A/

IP address port
socket

(161.25.19.8:80)
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Remote Procedure Calls

B Remote procedure call (RPC)
= HERA0 HEEXY A= A|LHS &
= Tt A2 IPCY7|HC 2 Foig
B Stubs
= MHO| ZZA[XMOf Ciot A4 2 =S thddiT=

O Hu
==
| >
u[n
r\l

|H

Z Al X (proxy)

client process SEIVET Process
P (RPC)
client stub server stub
_ network
client OS \ server OS

XDR (external data representation)

= X7
=
| O

|m

= The client-side stub — A MHO| = ,
|:|H7H|:|:|AE %EII—I =13

>.

K
DTS & "HtAlo 2 M =(marshal)
= The server-side stub — H|A| X| 2=Al, M =] O A| X| S} A|,

J

0| procedure calls

MHOM 28t Z2AIN 2 =010 A5 21 HE
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Pipes

B I} 0| Z(pipe)

» RO ZENATE ME SAO0| ThSOteE WEA 9 =
B 0 AS
n =4 HESE: CHEESE(unidirectional) EE = FEESE(bidirectional)
s IS EAMO| A2 HIO| = (half-duplex) EE = T O] = (full-duplex)
» SASHE F ZE2AMA 7R S8 A (Y F2-XH4) 22 o F
» HERA St 7ts 9 F
B Ut 0| = (ordinary pipe)
» AESHZENATEEZ TFS
» B TZMAVOOEE W d0t, AL ZEMAF E-E0HT
OrO|Z & ArESHY] AtA =M ALQF &4
B X|&H I0| =(named pipe)
» O0|Z EdE 7HXH, ES2| YA EH &)
» K| OIO|ZE ALEStE Z2MASE FE-AHA 2471 HREHK|

Ot

LS

50

o
E L



2l H} Pipes (Windows2| anonymous pipe)

B HAMXE-AH[XFYERE £ T2MA 24O S42 HE
= Producere ot E(write-end)Q. 2 M 7| & &t
» Consumerc= CIEZ E(read-end))| A Y75 &

m Yot pipets EHAE 5410 THs
B SASe S mEhAL SRR B 2o E
» 227445 pipeZt XA 0| AH =X =0 57 E
parent child
fd[1] fd[0] fd[1] fd[0]
close close|
*’[ pipe ()"J
write-end = /= read-end
fd[0] : read UNIX: pipe() A|AH 23
fd[1] : write Windows : CreatePipe()
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X|H(Named) Pipes

Qdt pipeECt 283t 7|5 NS

K| E pipe= &Htsf 4l 7%

E0-XA ZAIZFER QI3

o2 ZENMAS0| X[E pipeE AHESIH &4l 7ts

UNIXO| A= FIFO E4= Tt 2 LIE}L
= half-duplex QEtst XM£2 &t
» SAO YO =2 MESHHM F 7iQ| FIFO Iio| He
« mkfifo()S AF2 50| FIFO I A
Windows= full-duplex FEtsE M< J1s
» CreateNamedPipe() AFE 350 A M

>
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