Chucong 2
KHAI NIEM VE QUA TRINH

41-

:. NOi dung

o Khai niém cad ban
a Dinh thagi process (CPU scheduling)

o Cac tac vu trén process (tao process, két thuc
process)

o Sy cbng tac gilia cac process
a Interprocess Communication (IPC)
0 Mo hinh giao ti€p Client-Server
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n A 5
#*s Khai niém cc ban

o OS thuyc thi nhi€u chuong trinh khac nhau
— Batch system: jobs
— Time-shared systems: user programs, tasks
— Job = process
o Process
— modt chuong trinh dang thyc thi (executing program).
o Mot process bao gom cac phan
— Text section(program code), data section(global variable), stack
(local variable,...)
— Hardware: Program Counter(PC), Process Status Word (PSW),
Stack Pointer (SP), Memory Management Registers
o So sanh process va program
— Process = active <> passive = programing
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3 Process Control Block (PCB)

0 Chtia cac théng tin (ing v6i méi process.
— Process ID, parent process ID
— Credentials (user ID, group ID, effective ID,...)
— Trang thai process : new, ready, running, waiting..
— Program counter: dia chi clia Iénh k€ ti€p sé thuc thi
— Cac thanh ghi CPU
— Théng tin dung dé dinh thdi CPU: priority,...
— Théng tin bé nhd: base/limit register, page tables..
— Thong tin théng ké: CPU time, time limits..

— Théng tin trang thai I/O: danh sach thiét bi /0 dugdc
cap phat, danh sach cac file dang mg,...

— Con tré (pointer) dén PCBs khac.
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#-3 Process Control Block (PCB)

process
state

pointer

process number

program counter

registers

memory limits

list of open files

[ |
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B .
#*s User Processes in Virtual Memory

Process Process Process
Identification Identification Identification
Process State Process State Process State Process
Information Information Information Control
Block
Process Control Process Control Process Control
Information Information Information
User Stack User Stack User Stack
Private User Private User Private User
Address Space Address Space Address Space
(Programs, Data) (Programs, Data) (Programs, Data)
Shared Address | ' Shared Address | i Shared Address
Space ' Space ' Space
Process 1 Process 2 Process n
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N . A
#ee Cac buGc nap process vao bd nhé

Source
file 1

Source
file 2

Source
file 3

f

Executable
binary file

(load module)

Object
module 1
Assgrrnbler | Object a ™
. module 2 o Inker
Compiler
Object
module 3
Process
image in |
memory

Loader

o Linker: két hgp cac object modules thanh mot file nhi phan co

thé thuc thi (executable binary file) goi la load module

o Loader: nap load module vao b nhé chinh
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N
#s Loader
Process
________ > Control Block
Program Program
Code Code
———————— >
Data Data
-------- >
Executable Binary File Stack
(Load Module)
Process Image in
< Program = Process Main Memory
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N n ,\\ A Yo
#=y Yéu cau doéi vaéi OS

o OS phai hd trg sy thuc thi luan phién gitia nhiéu process
dé t8i uu hiéu sudt CPU véi moét thdi gian dap tng co
thé chdp nhan dudc (reasonable response time) — dinh
thGgi CPU

o OS phai phan phdi tai nguyén hé thong (resources) cho
processes (b6 nhd, thiét bi I/0,...) dong thdi phai tranh
hién tugng deadlock

o OS phdi cung cap cd ché giao ti€p gilia cac process
khac nhau (inter-process communication), cé ché dong
bd hoat déng cac process (synchronization)

o OS phai cung cédp cd ché hd trg cho user tao va hly céac
process.
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N , L o
“e Cac trang thai cua process

o Khi thuyc thi, process chuyén tu trang thai nay
sang trang thai khac, bao gom
— New: process mdi viia dugc tao ra (dugc bo vao job
queue)

— Ready: process chd dugc chi€m CPU dé lam viéc
(dugc x€&p vao ready queue)

— Running: cac lénh cla process dang dugc thuc hién.

— Waiting: process chd mot sy kién nao do xay ra, vi
du mot thao tac I/0O viia hoan tat,... (x€p vao waiting
queue)

— Terminated: su thuc thi cGa process két thic
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% Luu do 5-trang thai process

dispatch

1/0 or

1/0 or event .
event wait

completion

% Chi c6 mét process & trang thai running trén mdi processor tai mot
thgi diém
% C6 thé c6 nhiéu process & tranh thai ready va waiting
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% Vi du vé trang thai process

test.c 0 Chudi trang thai cla
. . process test nhu sau:
voi d mai n()
- new
printf(“Hello Wrld\in"); —ready
Bién dich trong Linux/Uni ~funning
ién dich trong Linux/Unix _ .
$ gcc test.c —o test blocked (cha 1/0)
— ready
Thuc thi chuong trinh test — running
$ ./test — terminated

Trong hé théng sé cé mot
process test dugc tao
ra, thuc thi va két thuc.
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“3 CAc trang thai cua process (t.t)

a Trang thai New
— OS thuyc hién céc tac vu can thiét dé tao process
» Tao mdt dinh danh cho process (process identifier — pid)
» Tao cac cdu truc dé quan ly process
— Memory table, file table, Process Control Block (PCB),...

— Process mdi tao ra cé thé chua dudc thuc thi ngay, bdi vi tai
nguyén hé théng c6 han, thdng thudng chi phuc vu mot process
tai mot thdi diém. Process c6 thé dat trong bd nhé thi cap dé
tiét kiém khong gian bd nhd chinh

a Trang thai Terminated
— Process khéng con dugc thyc thi niia
— Process va cac céu tric quan ly process khéng can thiét sé bi
x0a.
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*3 C4c trang théi cua process (t.1)

0 Néu process dang trong trang thai ready hay
running va bi suspend, n6 sé rgi vao trang thai
suspended ready

o Néu process dang trong trang thai blocked va bi
suspend, né sé rgi vao trang thai suspended
blocked

o Trang thai suspend c6 thé thay déi néu users
hoac OS thuc hién tac vu resume.

0 Process cé thé chuyén tu trang thai suspended
blocked sang suspended ready néu cé su kién
I/0 tuong Uung lam cho qua trinh do bj blocked
xay ra.
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“3 CAc trang thai cua process (t.t)

a Process bi suspend trong cac trudng hgp sau

— User muén tam duing qua trinh thuc thi cGa process
dé xem két qua thuc hién, phat hién 16i, ..

— Nguéi quan tri hé théng c6 thé suspend mot sé
process dé thu h6i mot sé tai nguyén va OS cé thé
cép phat cho process khac nham giam tinh trang qua
tai trong hé thong

— Trudng hgp cé tranh chap tai nguyén gitia cac
process, suspend c6 thé gilip hé théng thoat khdi tinh
trang deadlock (tham kh&o thém phan Deadlock)

a Khi rgi vao trang thai suspend, process dugc swap ra hé
théng luu trli thi cap, nhudng ché trong bdé nhé cho
process khac.
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% Luu dé 7-trang thai clia process

terminated )

dispatch

running  Fe...

<

time-out

-

~ suspended
blocked

uspended :3
ready
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,.B?__ Trang thai process trong Unix

interrupt return

preempted ) created
N enough

. memory

return
to user

not enough
memory

preempt

system call,
interrupt

interrupt, G

swapped
ready /

reschedule

swap in

swappe
sleep /

zoombie)’
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:. Trang thai Unix process (1.t)

O 0O 0 O

User Running: process thuc thi  user-mode

Kernel Running: process thuyc thi  kernel-mode

Ready To Run (in memory): trong hang dgi ready
Pre-empted: hang dgi ready dac biét, process tu kernel-
mode vé user-rgode nhl{ng bi\OS dogt quy(in (p_t‘eempi),
thuc hién chuyén ngli canh va chuyén quyén diéu khién
cho process khac.

Asleep (in Memory): trang thai blocked, chd sy kién
(event) hoac tac vu I/0

Swapped-Ready: process sdn sang nhung can phai nap
process ti bd nhé tha cap.

Swapped-Sleep: Dang dgi (blocked) thi bi swap out ra bd
nhé thi cap, nhudng bé nhé chinh cho process khac.
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#% Dinh th&i Process — Muc tiéu

a Multiprogramming
— CO6 nhiéu process phai thuc thi luan phién nhau
— Cuc dai hiéu sudt cia CPU
a Time Sharing
— Cho phép users tuong tac khi chuong trinh dang chay
— T6i thiéu thdi gian dap tng
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#-3 Cac hang dgi dinh thsi (queue)

a Job queue (New): chua cac process mdi dugc tao ra
trong hé théng

0 Ready queue (Ready): chua cac process dang nam
trong bé nhd chinh san sang dgi dugc thyc thi

a Device queues (Waiting): chua cac process dang chd
mot thi€t bi 1/0, mot sy kién 1/0

o Process dudc chuyén ti hang dgi nay sang hang dg
khéac trong su6t qua trinh thuc thi ctia né

o Céac hang dgi dinh thgi dugc hién thuc bang danh sach
lién két (linked list)
— Céac lién két la cac con trd trong khéi PCB
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-y Hang dgi Ready & I/O Device

queue header PCBE., PCB,
ready head - - -—=
queues tail ~ registers registers
mag head -—
tape - =
unit O tail -
:I"Iag head -—
ape =
o is @il 2 PCB, PCB,, PCB,
> > T =
disk head 1
unit O tail
PCB,
terminal head - o
unit 0 tail 13—
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:.. Pinh thdi Process

Long-term
Scheduler
/’

7

7, s Short-term

v - Scheduler
q ready queue »{ CPU
I/O queue

child fork a e
executes child

[ 3

110 request -

time slice B
expired

interrupt
occurs

wait for an
interrupt
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“% Céc bd dinh thai (schedulers)

a Long-term scheduler (or job scheduler)

— Chon process nao sé€ dugc dua vao ready queue (tu
New chuyén sang Ready)

0o Short-term scheduler (or CPU scheduler)

— Chon process nao sé& dugc chiém CPU dé x{ ly (tu
Ready chuyén sang Running)

o Medium-term scheduler

— Chuyén process tif bd nhé chinh sang sang bd nhé
thi cdp (nhung van nam trong khéng gian bd nhé 40);
khi nao can thi nap process tii bd nhé thi cap vao bd
nhé chinh.
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¢ Cac bd dinh thai (t.1)

o Short-term schedule thudng x4y ra rat thudng xuyén
(milli giay) — phai thuc thi nhanh

a Long-term schedule thudng thuc hién khéng thudng
xuyén (giay, phat) — c6 thé thuc hién cham
— Long-term scheduler diéu khién mic do multi-programming
— Nén chon xen ké gilia I/O-bound va CPU- bound processes

o Thong thudng, process chia lam 2 loai chinh
— 1/O-bound process: phan I6n thai gian thuc thi dung dé thuc hién
cac tac vu I/0, thgi gian chi€ém CPU it han.
— CPU-bound process: thgi gian thuc thi chl yéu la cac tac vu tinh
toan, chiém CPU nhiéu hon so véi thuc hién céac tac vu 1/0.
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=5 Chuyén ngii canh (context switch)

process F, operating system process P,

executing 'u

interrupt or system call

& | save state into PCB, |

Context 7 idle
Switch $

| reload state from PCB, |

- idle interrupt or system call l executing

¢

| save state into PCB, |

idle
reload state from PCB, |
executing UL]
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s Chuyé&n ngii canh (t.t)

a Khi CPU chuyén sang thuyc thi mot process khac, hé
thdng phai luu trang thai clia process hién tai dang thuc
thi va nap trang thai clia process mdi sé thuc thi.

o Ngii canh (context) clia mét process dudgc biéu dién
trong khéi PCB clia process do.

o Thai gian chuyé&n ngii cadnh (context-switch time) la mot
trong céac phi tén (overhead) ma hé théng phai ganh
chiu; do dé, phai cé chién lugc chuyén ngii canh hop ly
dé dat hiéu qua xU ly cao.

a Chi phi chuyé°n ngl canh phu thudc su ho trg cdp
hardware, phu thudc phuadng thic quan ly bd nhd,..
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N 7 7z 2 ~ 2
“e Cac budc chuyén ngii canh

o Luu ngli cAnh CPU, bao gom thanh ghi lIénh - program
counter (PC) va cac thanh ghi khac.

o Cap nhat PCB cla process dang thuc thi: ghi nhan trang
thai hién tai va mot sé théng tin can thiét khac

o Chuyén PCB cla process dang thuc thi dén hang dgi
tucng Ung: ready, waiting

o Thuc hién viéc chon process khac dé thuc thi (short-
term scheduler)

o Cap nhat PCB clia process dugc chon thuc thi.

0 Phuc héi ngi cdnh CPU cla process dudgc chon (néu co)
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. ~° ~. 2 2 . N
*e Chuyén ngl canh xay ra khi nao?

0 Chuyén ngli cdnh c6 thé xay ra khi OS chiém lai
quyén diéu khién CPU, chang han nhu
— System Call
» Bugc goi tudng minh trong chuang trinh (vi du:
system call m&/déng file). Process goi system call
cO thé sé bi blocked chd thuc hién system call.

— Trap

» M6t 16i da x4y ra. Process c6 thé chuyén vao trang
thai Exit va két thuc thuc thi.

— Interrupt

» Quyén diéu khién chuyén sang cho Interrupt
Handler.
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n R
“e Cac vi du vé Interrupt

a Clock:

— process da hét thai gian dugc chiém CPU dé thuc thi (time slice,
quantum) va phai chuyén sang trang thai ready.

a l/O

— Né&u cé processes dang chd su kién 1/0 nay thi chuyén process
dé sang trang thai ready.

— Sau dé, ti€p tuc thuc thi process hién tai hodc chon mot process
khac cé db uu tién cao hon.

a Memory fault

— Dia chi bd nhd duge tham chi€u ndm trong bd nhé 4o va phai
dugc nap vao bd nhd chinh.

— Process dang thuc thi phai chuyén sang trang thai blocked (chd
hoan tat tac vu 1/0)
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:.. Medium Term Scheduling

OS c6 thé suspend mét sé process, nghia la chuyén
cac process doé ra bo nhd thi cap (dia ciing, mém..)

) Suspend Medium-term
Medium-term p Scheduler
Scheduler )
swap in partially executed I swap out
swapped-out processes
Short-term
~S
p— > Scheduler /\\7
»  ready queue » CPU » end
[ queue f | ong-term \
Scheduler
- ==
I/O waiting A
_ queues
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R .
#:s Tao process (process creation)

o Process dugc tao ra khi nao?
— C6 mot cong viéc (job) mai yéu cau dudgc thuc hién.
— Khi user dang nhép (log on) —» command interpreter (Unix shell)
— Do OS tao ra dé cung cép dich vu cho user (vi du:in mét file)
— Sinh ra bdi mot process, vi du
» user program c6 thé tao ra nhiéu process
o Cac budc OS khéi tao process
— Gan mot dinh danh duy nhat (unique process identifier)
— Cé&p phat khéng gian nhé cho process image.
— Khdéi tao process control block (PCB)
» MOt s8 gia tri mac dinh (vi du: trang thai=New, khéng c6 thiét
bi I/0, khéng mé files...)
— Thiét lap cac mai lién hé can thiét
» Vi dy: thém process mdi vao linked list clla hang dgi dinh thgi
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N g ~
#*s Mbi quan hé cha/con

0 Process cha tao ra cac process con, cac process con
tao ra nhiéu process khac,... va cl nhu thé tao thanh
mot cay process trong hé thdng.

o 3 cach chia sé tai nguyén (resource sharing)
— Process cha va con chia sé moi tai nguyén
— Process con chia sé mét phan tai nguyén clia cha
— Process cha va con khong chia sé tai nguyén nao

a Trinh ty thuc thi
— Process cha va con thuc thi déng thdi (concurrently)
— Process cha dgi dén khi cac process con két thuc.
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Cay process trong UNIX

root pid=0

[ | pid=1
pagedaemon swapper init
I |
user 1 user 2 user 3
I B A
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#>o MOi quan hé cha/con (t.1)

o Khoéng gian dia chi (address space)
— Khong gian dia chi cla process con dugc nhan ban ti cha
— Khong gian dia chi cQia process con dugc nap chuaong trinh khac.

a Vidu trong UNIX/Linux
— System call fork() tao moét process mdi
— System call execlp() dung sau fork() dé nap mot chuong trinh
mdi vao khoéng gian nhé clia process mdi

\ Lo |

Con Con

4

Khoa Cong Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM
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% Vi du tao process vai fork()

#i ncl ude <stdi o. h>
int min (int argc, char *argv[])

{

int pid;
/* create a new process */
pid = fork();

if (pid<0) {
printf(“Fork error\n”);
exit(-1);

}
elseif ( pid==0)
{

printf(“This is child process”);

execl p(“/bin/ls”, “Is”, NULL);
exit(0);

else {
printf(“This is parent process”);
exit(0);

}

}
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% K&t thiic thuc thi process

0 Két thuc binh thudng (normal completion)

a Vugt giGi han thai gian (time limit exceeded)

0 Khéng dd bd nhé (memory unavailable)

0 Xam pham ving nhé cAm (memory bounds
violation)

o L6i bdo vé (protection error)
— Vi du: ghivao file cé thubc tinh read-only

a L6,i sO hoc (arithmetic error): chia cho 0, tran
so,...

a Time overrun

— process chd mot sy kién lau han mot khoang thoi
gian téi da dugc xac dinh trudc
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63 K&t thiic thuc thi process (t.1)

0 Thuc hién that bai tac vu 1/0
a Lénh khdng hgp 1€ (invalid instruction)
a Privileged instruction

o Su can thiép ctia OS
— Vidu: OS can thiép khi c6 deadlock xay ra

0 Process cha yéu cau két thuc thuc thi mot
process con

0 Process cha két thic kéo theo cac process con
cling két thuc
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f A , . m p
“e SU cOng tac gilia cac process

o Mot process thuc thi doc lap thi khdng anh hudng va
khéng bi anh hudng bdi cac process khac trong hé
théng. Tuy nhién, mét s process cé thé cong tac, trao
ddi di liéu vSi nhau dé hoan thanh céng viéc.

o Uu diém cla su cong tac
— Chia sé thong tin
— Hiéu suét tinh toan cao

0 Su cdng tac clia cac process yéu cau OS hé trg ¢ ché
giao ti€p (communication) va cd ché dong bd hoat dong
clia céc process (synchronization)
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N ...,
#>o Bai toan Producer-Consumer

a Mé hinh cho sy cdng tac gilia cac process, producer tao
ra cac thong tin, di liéu va consumer tiéu thy, st dung
céc di lieu dé. Su trao déi théng tin thyc hién qua buffer:
— unbounded-buffer: kich thugc buffer khdng gidi han.

— bounded-buffer: kich thugc buffer c6 gigi han.

o Producer va consumer phai dugc dong bd hoat déng

— Consumer khdng thé sl dung mét dii liéu ma producer chua kip
tao ra.

— Producer khéng dugc tao thém séan pham khi buffer da day
(bounded buffer)
o Hién thuc buffer
— Shared memory
— Interprocess communication facility (IPC)
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—B?.. Vi du Shared Bounded-Buffer

o Shared memory

— Shared buffer: danh sach xoay #define BUFFER_SIZE 10

vong. typedef struct {
» in: vi tri ghi két ti€p
» out: vi tri doc ké ti€p } item;
» BUFFER_SIZE: kich thudc item bufferflBUFFER_SIZE];

clia buffer (chi dugc dung

BUFFER_SIZE — 1 phan t0) intin = 0;

int out = 0;

o Producer va consumer chia sé
mot buffer chung

o Programmer phai hién thuc
doan ma truy xuat buffer chung
cho producer va consumer
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*3 Shared Bounded-Buffer (t.t)

item nextProduced; item nextConsumed;
. while (1) {
while (1) {* while (in == out)
while (((in + 1) % ; I* do nothing */
BUFFER_SIZE) == out) nextConsumed = buffer[out];
; I* do nothing */ out = (out + 1) %
bufferfin] = nextProduced:; BUFFER_SIZE,
in = (in + 1) % }
BUFFER_SIZE;
}
Producer Process Consumer Process
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B .
#=e Interprocess Communication (IPC)

o IPC la co ché cung cdp bdi OS nham gilp céc process
giao tiép va déng bd hoat déng.

a Shared Memory
— threads
— mmap()
o Message-passing
— blocking (synchrous) va non-blocking
— message format, buffer size, ..
— addressing (PID, port, mailbox, ..)

a Files, pipes (FIFOs), sockets
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o Message-Passing IPC

0 Cung cap it nhat hai phuadng tién giao tiép:
— send(msg)
— receive(msg)
0 Qua trinh giao ti€p can tuan theo mét giao thuic
dinh trudc:
— Thiét lap kénh giao ti€p
— Trao d&i message
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*% Hién thuc IPC ?

o Lam thé& nao dé thiét 1ap cac kénh giao ti€p?

0 Mot kénh giao ti€p c6 thé lién k&t vSi nhiéu hon 2
process hay khéng?

o Cé thé tao bao nhiéu kénh giao tiép gilia cac cap
process muén thuc hién giao ti€p?

o Dung lugng clia mét kénh giao ti€p la bao nhiéu?

o Kich thuéc message truyén qua kénh giao tiép la co dinh
(fixed) hay cé tuy y ?

0 Kénh giao ti€p theo hai chiéu hay mot chiéu?
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"3 Poéng bd (synchronization)

a

a

Blocking hay non-blocking: synchronous hay
asynchronous

Blocking send: sender bj block cho dén khi message da
dudc nhan bdi receiver hoac message da dén mailbox.
Non-blocking send: sender glii message va ti€p tuc thuc
hién céng viéc khac.

Blocking receive: receiver sé bi block dén khi c6 mot
message dugc gli dén.

Non-blocking receive: khéng bj block, tuy nhién receiver
hoac la nhan dugc mdt message hoac khédng nhan dugc
gi ca.

Rendezvous: blocking-send va blocking-receive
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% B6 dém (buffering)

o Tudng tng véi mdi kénh giao ti€p c6 mot hang

dgi message. Hién thuc clia hang dgi message

la mot bo dém (buffer) véi mot trong ba kiéu sau

— B6 dém dung lugng béng 0 (zero capacity), nghia la
gitta sender va receiver khdong c6 hang dgi, sender
phai dgi receiver.

— B6 dém c6 dung lugng han ché (bounded capacity):
kich thudc bé dém la mot s6 hiiu han dinh trudc. Néu
bd dém bi day thi sender phai dgi.

— B& dém c6 dung lugng khong han ché (unbounded
capacity), sender khdng bao gid phai dgi
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¢% M hinh giao ti€p Client-Server

0 Sockets
o Remote Procedure Calls (RPC)

o Remote Method Invocation (RMI)
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:. Socket

o Socket: dau cudi (endpoint) cia mét kénh giao ti€p
— Bao gém dia chi IP va s6 hiéu port
» Viduy: socket 172.28.11.120:1234 tham chi€u dén port 1234
trén may co dia chi IP la 172.28.11.120

— Vidu: FTP server lAng nghe & port 21, telnet & port 23, web
server tai port 80

— Qua trinh giao tiép dudc thuc hién qua mot cap socket.
0 Socket la co ché giao ti€p muc thap (low-level)

— GUinhan mét chudi byte dii liéu khéng ¢é céu trac (unstructured)
o C6 hai co ché giao ti€p qua socket

— Connectionless

— Connection-oriented
0 Berkeley socket (BSD socket): trén Unix/Linux

o WinSock: thu vién socket trén ho MS Windows
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*% Co ché gli/nhan qua Socket

Ham thu vién Dién giai

socket() Tao mot socket

bind() Géan mot dia chi cuc bd vao mét socket
listen() Xéac dinh dé I6n/kich thudc hang dgi
accept() (server) chd két ndi dén tu client
connect() (client) két n&i dén mot server

send()/sendto() | GUi dii liéu qua kénh giao tiép da thiét l1ap

recv()/recvfrom() | Nhan di liéu qua kénh giao ti€p

close() Déng két ndi

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -4.49-

N .
*e Connectionless Socket

Process A Process B
socket() socket()
bind() bind()
sendto()/ ) . sendto()/
recvfrom() \ ’ recvfrom()
close() close()

» sendto(socket, buffer, buffer_length, flags, destination_address, addr_len)
» recvfrom(socket, buffer, buffer_length, flags, from_address, addr_len)
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N
e Connection-Oriented Client/Server

Server
| socket() |—-| bind() H listen() |—>| accept() I—'| recv() |—'| send() I—-| close() |
A A 5

1 \

1
Synchronization point __
(rendezvous) 1 communication

I ! \

v Y
socket() I connect() |—>| send() I%| recv() H| close() |

Client

» send(socket, buffer, buffer_length, flags)

» recv(socket, buffer, buffer_length, flags)
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*% Remote Procedure Call (RPC)

o Cd ché RPC cho phép thuc hién tac vu goi thl tuc
(procedure call) gitia cac process nam trén hai may tinh
két n6i bang hé thng mang.

o Cac van dé khi hién thuc RPC
— Truyén tham s6 va két qua tra vé cla Idi goi thi tuc
— Chuyén dd&i dii liéu khi truyén trén mang (data conversion)
— K&t ndi client dén server
— Bién dich chuong trinh
— Kiém soat 16i
Security
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o Nguyén ly cia RPC

chd két qua tra vé

CLIENT ___(suspend)_
Goi Remote \ s .
Procedure Két qua tra vé
Request Reply
(ool EE T T ey | S p—————— |
(Blocked) Goi thl tuc cuc bd (Blocked)

va trd vé két qua

v

Truc thdi gian
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% Luu d6 thuc hien RPC

CLIENT SERVER
return reply call request call request return reply
: i
v 1
CLIENT STUB SERVER STUB
message to parameter message to parameter
parameter to message parameter to message
: T
v 1
TRANSPORT TRANSPORT
(0S 1) (0S 2)
receive send receive send
: :
v 1
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¢3 Truyén tham s& trong RPC

o Marshaling: qui tAc truyén tham s6é va chuyén ddi di liéu
trong RPC bao gém ca dong géi dii liéu thanh dang thic
c6 thé truyén qua mang may tinh.

o Biéu dién dii liéu va kiém tra kiéu di liéu (type checking)
— D liéu biéu dién khac nhau trén cac hé théng khac nhau
» ASCIIl, EBCDIC
» Little Endian va Big Endian

» Dang biéu di&n XDR (External data representation): doc lap
vGi hé thong bén dudi (machine-independent)

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -4.55-

o Truyén tham so trong RPC (t.1)

Client machine Server machine

Client process . Server process
1. Client call to ]
procedure Implementation 6. Stub makes
of add local call to "add"
— Server stub —
k= add(i) Client stub k= addiJ)
proc: "add" 4 \ proc: "add" 5. Stub K
int:__ val) 2. Stub builds int:__valli) - SUUD UNpacks
int:  val(j) message int val()) message
; proc: "add" 4. Server OS
Client OS |nt val(i) Server OS hands message
. _int__valf) | o to server stub

3. Message is sent
across the network
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4

#>s Két nbi (bind) client va server

Matchmaker

™ Port mapper

Port o2 1

Client Server

1.1 need a port

2. Here is your port

3. I need a handle

5. Communicate using handle
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*% Qua trinh thuc hién RPC

client messages server

user calls kernel
to send RPC
message to
procedure X

From: client
To: server
Port: matchmaker
Re: address

for RPC X

matchmaker
receives

message, looks
up answer

kernel sends
[ag to
matchmaker to
find port number

From: server
To: client
Port: kernel
Re: RPC X
Port: P

kernel places
port Pin user
RPC

message

matchmaker
replies to client
with port P

daemon
listening to

port P receives
message

From: client
To: server
Port: port P
<contents >

kernel sends
RPC

daemon
processes
request and

) From: RPC
kernel receives Port: P To-

reply.

client

it to user v (e processes send
<output= OulpLa
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,.BE__ Remote Method Invocation

o Remote Method Invocation (RMI) la co ché tuang ty
RPC nhung van hanh trén nén may ao Java.

o RMI cho phép mét chuang trinh Java c6 thé triéu goi
mot phuadng thiic (method) clia mét doi tugng & xa.

JVM

JVM

Java
Program

@

Remote
Object
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3 Remote Method Invocation (t.1)

o Khac biét gitta RPC va RMI
— RPC hd trg lap trinh c8u truc (procedural
programming)
» Chi cho phép triéu goi thl tuc (procedure) hoac
ham (functions) & xa.
— RMI hd trg cd ché& hudng déi tugng (object-oriented)
» RMI cho phép triéu goi phuong thiic (method) trén
déi tugng G xa (remote object)

— Trong RPC, tham s& truyén dén thi tuc/ham & xa la
di liéu binh thudng (s6, chudi ki tu, day,...)

— Trong RMI, tham s& truyén dén déi tugng & xa cé thé
la mot déi tugng
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*3 Co ché& marshalling trong RMI

client remote object
val = someMethod(A, B) boolean someMethod(Object x, Object y)
A { implementation of someMethod
: T
Stub Skeleton
Z3 73
’A, B, someMethod ‘

’ boolean return value ‘

Phudng thuc dugc triéu goi c6 dang sau:
boolean someMethod(Object x, Object y)
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:. Windows NT Process Object

a Process ID I/r «\I
a Security Descriptor ProcessID

o Base priority Security Descrip tor

o Default processor affinity Base priority

o Quota limits gii;:lgﬂr;fsmrﬁ“ﬂ}'
a Execution time K6 Bt e

a /O counters I/0 counters

o VM operation counters WiTomerdivg coniets

a Exception/debugging ports EEE:::SMEMEMPMS
o Exit Status '\ J/'
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-IB?.. Windows NT Thread Object

a Thread ID
0 Thread context e Y
a Dynamic priority Thread context
o Base priority Dynamic p riority
. Base priority

a Thread processor affinity Thread p recessor affinity
o Thread execution time Thread execution time
o Alert status Eerlmee

) Suspension count
o Suspension count Inp exsonation tokexn
a Impersonation token Termination p ort
o Termination port '\_T]““d s
o Thread exit status
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:. NT Thread Status

Runnahle

- Urblodk
Resource WMot Avallahle
Mot Runnahle
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N .
e Solaris

Process includes the user’s address space, stack, and process
control block

User-level threads
Lightweight processes
Kernel threads
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:. Solaris User Level Threads

Sop

Cond Wakeup
Freempt
ped Seeping

Dispatch

Active
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% Solaris Light weight Processes
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