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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Tho1 gian:
- Ly thuyét: 45 tiét
- Thue hanh: 30 tiét
Diém sb:
- biém thi gitta ky: 20%
- Piém 1am bai tiéu luan: 30%
- Piém thi cudi HK: 50%

* Khoa Ky thuat may tinh
* GV: TS. Vi Dwrec Lung
« Emalil: lungvd@uit.edu.vn
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NOI dung mon hoc

Chuong 1: Tong quan vé hé diéu hanh
Chuong 2: Cau triic Hé diéu hanh
Chuong 3: Quan Iy tién trinh (Processes)
Chuong 4: Dinh thoi CPU

Chuong 5: Pong bo hoa tién trinh
Chuong 6: Tac nghén (Deadlocks)
Chuong 7: Quan ly bo nho

Chuong 8: BO nhé ao
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* Gioi thicu
— DPinh nghia hé diéu hanh
— Cau tric hé thong may tinh

— Cac chtrc nang chinh cua h¢ di€éu hanh

6/30/2014 Vi Bire Lung



* Hé diéu hanh 1a gi?

— Chwong trinh trung gian gitta phan
crng may tinh va ngudi st dung, co
chitc nang dicu khién va phoi hop véc
sir dung phan ciing va cung cp cac
dich vu co ban cho cac ing dung.

 Muc tiéu

— Gilp ngudi dung dé dang str dung hé
thong.

— Quan Iy va cap phat tai nguyén hé
thong mot cach hiéu qua.

6/30/2014 Vi Bire Lung
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Hinh chinh xac hon

Banking Airline

: > Application programs
system reservation Web browser PP Prog

J \

Command

Compilers Editors .
Interpreter > System programs

Operating system

J \

Machine language

Microprogramming - Hardware

Physical devices

Hinh cua Dror G. Feitelson
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Cac thanh phan cua hé thong

compiler assembler text editor . . database
system

system and application programs

operating system

e
computer hardware
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O Phan cting (hardware)

Bao gdm céc tai nguyén co ban cia may tinh nhu CPU, bd nhd, céc thiét
b1 I/O,...

O Hé diéu hanh (operating system)

Phan phdi tai nguyén, diéu khién va phdi hop cac hoat dong cua céc
chuong trinh trong hé thong.

1 Chuong trinh rng dung (application programs)

Str dung tai nguyén hé thong dé giai quyét mot van dé tinh toan nao do
cua nguoi su dung, vi du: compilers, database systems, video games,
business programs.

O Do liéu
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 Phan chia tho1 gian xtr Iy va dinh thoi CPU

3 Phoi hop va dong bd hoat dong gifta cac processes (coordination
& synchronization)

3 Quan Iy tai nguyén hé thong (thiét bi I/O, bo nhd, file chira dit

ligu,...)
1 Thuc hién va kiém soat access control, protection

A Duy tri sy nhat quan (integrity) ctia hé thong, kiém soat 16i va

phuc hoi hé thong khi co 13i (error recovery)

1 Cung cap giao dién lam viéc cho users

6/30/2014 Vi Bire Lung 10



« Same machine, different operating systems:
— IBM PC: DOS, Linux, NeXTSTEP, Windows, SCO Unix
— DEC VAX: VMS, Ultrix-32, 4.3 BSD UNIX
« Same OS, different machines: UNIX
— PC (XENIX 286, APPLE A/UX)
— CRAY-Y/MP (UNICOS - AT&T Sys V)

— IBM 360/370 (Amdahl UNIX UTS/580, IBM UNIX
AIX/ESA)

« Windows NT, XP, 2000, 2003

— Intel 1386 (1486 an NT 4.0), Alpha, PowerPC, MIPS,
Itanium

6/30/2014 Vi Buc Lung 11



1.2. PHAN LOAI HE PIEU HANH

Dudi gic do loai may tinh

®Hé diéu hanh danh cho may MainFrame

®Hé diéu hanh danh cho may Server

®Hé diéu hanh danh cho may nhiéu CPU

®Hé diéu hanh danh cho may tinh c4 nhan (PC)

®Hgé diéu hanh danh cho may PDA (Embedded OS - hé diéu
hanh nhung)

®Hé diéu hanh danh cho may chuyén biét

®H¢ diéu hanh danh cho thé chip (SmartCard)

6/30/2014 Vi Bire Lung
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http://vi.wikipedia.org/w/index.php?title=MainFrame&action=edit
http://vi.wikipedia.org/wiki/Server
http://vi.wikipedia.org/wiki/CPU
http://vi.wikipedia.org/wiki/PDA

1.2. PHAN LOAI HE PIEU HANH

Duwoéi gic do s0 chwong trinh dwgc sir dung cung luc
— H¢ diéu hanh don nhiém
— Hé diéu hanh da nhiém
Duwéi gic d0 nguoi diung (truy xuat tai nguyén cung liic)
— Mot nguoi dung
— Nhiéu ngwoi diung
Mang ngang hang
*Mang ci may chu: LAN, WAN, ...

6/30/2014 Vi Bire Lung
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http://vi.wikipedia.org/wiki/LAN
http://vi.wikipedia.org/w/index.php?title=WAN&action=edit

1.2. PHAN LOAI HE PIEU HANH

Duwai goc do hinh thire xwr ly
—Hé thong xtr 1y theo 16
—Hé théng chia sé
—Hé théng song song
—Hé théng phan tan

—Hé thong xir 1y thoi gian thuc

6/30/2014 Vi Bire Lung

14



1.2. PHAN LOAI HE PIEU HANH

HE THONG XU LY PON CHUONG

“* Pon chwong
- Tac vu dwoe thi hanh tuan tu.
- B giam sat thuwong true,
- CPU va cac thao tac nhap xuat,
- Xtr ly offline,
- Pong b héa cac thao tac bén ngoai - Spooling
(Simultaneous Peripheral Operation On Line)

y

. ‘ May tinh 2
Nhap > 1 chinh Xuat

6/30/2014 Vi Buc Lung 15




1.2. PHAN LOAI HE PIEU HANH
HE THONG XU LY PA CHUONG

%+ Nhiéu tac vu san sang thi hanh cing mét thoi diém.
% Khi mdt tac vu thwe hién I/0, bat dau tac vu khac.

% B xir 1y va thiét bi thi hanh toan thoi gian.

Tac vu Vol /O

Bo xu 1y » Két thic tac vu

6/30/2014 Vi Buc Lung 16



« Multiprogrammed systems
— Nhi€u cong viéc dugc nap dong thot vao bo
nh& chinh

— Khi mot tién trinh thuc hién I/O, mét tién trinh
khac duoc thuc thi

— Tan dung duogc thoi gian ranh, tang Aiéu sudt
s dung CPU (CPU utilization)

— Yéu cau d6i voi hé diéu hanh
v'Dinh thoi cong viée (job scheduling): chon
job trong job pool trén dia va nap no6 vao
bd nho dé thuc thi.

v"Quan ly b nhd (memory management)
v’ Dinh thoi CPU (CPU scheduling)

v’ Cap phat tai nguyén (dia, may in,...)
v'Bao vé

6/30/2014 Vi Bire Lung
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1.2. PHAN LOAI HE PIEU HANH

HE THONG CHIA XE THOI GIAN

% Hé thong da nhiém (multitasking).
“* Lap lich CPU.

“* Thoi gian chuyén doi gitra cac tac vu rat ngan.

6/30/2014 ﬁﬁ(\)D%%l_T%

19



HE THONG CHIA XE THOI GIAN

« Time-sharing systems

6/30/2014

Multiprogrammed systems khong cung cap kha nang twong tac hiéu
qua vo1 users

CPU luan phién thyuc thi gitra cac cong viéc

 MOdi cong viée duoc chia mdt phan nho thoi gian CPU (time slice
guantum time)

o Cung cap tuong tac gitta user va hé thong voi thoi gian dap g
(response time) nho (1 s)

MGt cong viéc chi dugc chiém CPU khi né nam trong bo nhd chinh.

Khi can thiét, mot cong viéc nao dé co thé duoc chuyén tir bo nhé
chinh ra thiét bi luu trit (swapping), nhudng bd nhd chinh cho cong
viéc khac.

Vi Buc Lung
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HE THONG CHIA XE THOI GIAN

* Yéu cau d6i vdi OS trong hé thong time-sharing

— Dinh thot cong viéc (Job scheduling)

— Quan ly bd nh¢ (memory management)
 Virtual memory

— Quan ly cac qua trinh (process management)
* Pinh tho1 CPU
= Pong bo cac qua trinh (synchronization)
= Giao tiép giita cac qua trinh (process communication)
= Tranh deadlock

— Quan ly hé thong file, hé thong luu trit

— Cap phat hop 1y céc tai nguyén

— Bao v¢ (protection)

6/30/2014 Vi Bire Lung
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1.2. PHAN LOAI HE PIEU HANH

HE THONG PAXU LY

“*Hai hoac nhi¢u bg xi ly cung chia sé mgt bo nhé.

% Master/Slave : mot b xir Iy chinh kiém soat mot s6 b xir ly
1/0

Bo BoO
xu 1y xu 1y
B6 nho chinh

6/30/2014 viDoTtung 22



HE THONG PAXU LY

 H¢é thong song song (parallel, multiprocessor, hay tightly-
coupled system)

— Nhiéu CPU
— Chia s¢ computer bus, clock
— Uu diém
o Néng xudt hé thong (System throughput): cang nhiéu
processor thi cang nhanh xong cong vi¢c

» Multiprocessor system it ton kém hon multiple single-
processor system: vi co thé dung chung tai nguyén
(dia,...)

* Do tin cdy: kh1 mot processor hong thi cong vieéc cua nd
duoc chia s¢ gitra cac processor con lai

6/30/2014 Vi Buc Lung 23



HE THONG PAXU LY

» Phan loai hé thong song song
— Pa xi Iy doi ximg (symmetric multiprocessor - SMP)
» Mdi processor van hanh mot identical copy ciia hé diéu
hanh
» Cac copy giao tiép vdi nhau khi can
* (Windows NT, Solaris 5.0, Digital UNIX, OS/2, Linux)
— Pa xi Iy bat doi xirmg (asymmetric multiprocessor)
 Moi processor thuc thi mot cong viée khac nhau

« Master processor dinh tho1 va phan cong viéc cho cac
slave processors

+ (SunOS 4.0)

6/30/2014 Vi Bire Lung 24



1.2. PHAN LOAI HE PIEU HANH

HE THONG PHAN TAN

% Nhiéu may tinh lién két véi nhau bing dwong truyén

thong dac biét.

% Twong tu hé thong da xir Iy nhung khong chia xé bd

nho.

Hé thong may tinh 1

Giao tiép mang

Hé thong may tinh 2

Bo xtr Iy

B0 nhé

6/30/2014
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HE THONG PHAN TAN

o H¢ thong phdn tan (distributed system, loosely-coupled system)

— M1 processor ¢6 by nhé riéng, cac processor giao ti€p qua cac kénh noi1
nhu mang, bus toc dd cao

— Nguoi dung chi thdy mot hé thong don nhat

~ Uudiém
" Chia s¢ tai nguyén (resource sharing)
" Chia s¢ sttc manh tinh toan (computational sharing)
= PO tin cdy cao (high reliability)

= D6 san sang cao (high availability): cac dich vu cua h¢ théng duoc
cung cap lién tuc cho du mot thanh phan hardware tr6 nén hong

6/30/2014 Vi Buc Lung 26



HE THONG PHAN TAN

« Hé thong phan tan (tt)
Cac md hinh hé thong phan tan

— Client-server
= Server: cung cap dich vu
= Client: c6 thé st dung dich vu cua server

— Peer-to-peer (P2P)
= C4c peer (may tinh trong hé thong) déu ngang hang nhau
= Khong c0 co s¢ dir liéu tap trung
= Cac peer la tu tr1
= Vd: Gnutella

6/30/2014 Vi Bire Lung
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H¢é thong thoi gian thuc
(real-time system)

o H¢ thong thoi gian thuc (real-time system)

— St dung trong cac thiét bi chuyén dung nhu diéu khién cac thtr nghiém
khoa hoc, di€u khién trong y khoa, day chuyén cong nghi¢p, thiet bi gia
dung, quan su

— Rang budc vé thoi gian: hard va soft real-time

Phan loai
— Hard real-time

e Han ché (hoic khong c6) bo nhé phu, tat ca dit liéu ndm trong bo nhé
chinh (RAM hoac ROM)

e Yéu cau vé thoi gian dap ung/xur 1y rat nghiém ngit, thuong sir dung
trong diéu khién cong nghiép, robotics,...
— Soft real-time

e Thuong dugc dung trong linh vuc multimedia, virtual reality véi yéu

6302014 ©AU MEM dco hon ve thobggl&ggpgung 28



Thiét bi cam tay
(handheld system)

Thiét bi cam tay (handheld system)

— Personal digital assistant (PDA): Palm, Pocket-PC

— Dién thoai di dong (cellular phones)

— Dac trung
« Bonhd nho (512 KB - 128 MB)
e Téc do processor thap (dé it ton pin)
e Man hinh hién thi c6 kich thudc nhé va do phan giai thap.
» C6 thé dung cac cong nghé két noi nhu IrDA, Bluetooth, wireless

6/30/2014 Vi Bire Lung
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2241.3. LICH SU PHAT TRIEN CUA HE PIEU HANH

< Thé hé 1 (1945 - 1955)

- Thiét ké, xay dung, 14p trinh, thao tac: déu do 1 nhém ngwoi
- Lwu trén phiéu duc 16

% Thé hé 2 (1955 - 1965)
- Xuat hién sw phan cong cong viéc
- Hé thong sir 1y theo 16 ra doi, lwu trén biing tir
- Hoat dong dudi sw diéu khién dic biét ciia 1 chwong trinh

% Thé hé 3 (1965 - 1980)
-Ra doi hé diéu hanh, khai niém da chuong
- HDH chia s¢ tho1 gian nhu CTSS cua MIT
- MULTICS, UNIX

6/30/2014 Vi Bire Lung 30



%41.3. LICH SU PHAT TRIEN CUA HE PIEU HANH

“Théhé 4 (1980- )
-Ra do1 may tinh ¢4 nhan, IBM PC
- HbH MS-DOS, MacOS (Apple Macintosh), MS Windows, OS/1
- Linux, QNX, HPH mang,...
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Windows And Linux Evolution

 Windows and Linux kernels are based on foundations
developed in the mid-1970s

1970 1980 1990 2000
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(see http://www.levenez.com for diagrams showing history of Windows & Unix)
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http://www.levenez.com/

> Cac thanh phan cta hé diéu hanh

> Cac dich vu hé diéu hanh cung cap

> Loi goi hé thong (System call)

> Cac chuong trinh hé thong (system programs)
> Cau tric hé thong

» May ao (virtual machine)

6/30/2014 Vi Bire Lung



2.1.1. Quan 1y qua trinh (process management)

- Qua trinh (hay tién trinh — process) 1 gi?
- Qua trinh khac chuong trinh ¢ diém gi?
- Mot qua trinh can cac tai nguyén ciia h¢ thong nhu CPU, b6 nho, file, thiét b
I/O,... d¢€ hoan thanh cong viéc.
- Cac nhiém vu cua thanh phf:in
= Tao va huy qua trinh
= Tam dung/thyc thi tiép (suspend/resume) qua trinh
= Cung cap cac co ché
— dong bo hoat dong cac qua trinh (synchronization)
— giao tiép gilta cac qua trinh (interprocess communication)
— khong ché tic nghén (deadlock)

6/30/2014 Vi Buc Lung 2



2.1. Céc thanh phan ctia hé diéu hanh

«2.1.2. Quan 1y bd nhd chinh

— B¢ nho chinh la trung tam cua cac thao tac, xir 1y

— Pé nang cad hiéu suit st dung CPU, hé diéu hanh can quan 1y bd nhé
thich hop

— (Cac nhiém vu cua thanh phﬁn
= Theo ddi, quan 1y cac ving nhé tréng va da cap phat
= Quyét dinh s& nap chuong trinh nao khi ¢6 ving nhé tréng
= Cap phat va thu hoi cac ving nhd khi can thiét

6/30/2014 Vi Bire Lung



2.1. Céc thanh phan ctia hé diéu hanh

2.1.3. Quan ly file (file management)

— Hé thong file (file system)
= File
» Thu muc

— Céc dich vu ma thanh phan cung cap
= Tao va xo4 file/thu muc.

= Cac thao tac xur 1y file/thu muc (mkdir, rename, copy, move,
new,...)

= “Anh xa” file/thu muc vao thiét bi luu trit thir cap twong Ung

= Sao luu va phuc hoi dir liéu

6/30/2014 Vi Bire Lung



2.1. Céc thanh phan ctia hé diéu hanh

«2.1.4. Quan 1y hé thong I/0 (I/O system management)
— Che dau sy khac biét ctia Cac thiét bi I/O trude
nguoi dung
— CO churc nang
= Co ché: buffering, caching, spooling

= Cung cap giao dién chung dén cac trinh diéu khién thiét
bi (device-driver interface)

= Bo diéu khién cac thiét bi (device driver) phan ctng.

6/30/2014 Vi Bire Lung



2.1. Céc thanh phan ctia hé diéu hanh

«2.1.5. Quan 1y hé thong luu trit thir cap (secondary storage
management)

— B0 nhé chinh: kich thudc nho, 1a méi trudng chira tin khong bén viing
=> can hé thong luu trit thir cap dé luu trit bén viing cac dit liéu,
chuong trinh

— Phuong tién luu trir thong dung 1a dia tu, dia quang

— Nhiém vu cua hé diéu hanh trong quan ly dia

= Quan ly khéng gian tréng trén dia(free space management)
= Cap phat khong gian luu trit (storage allocation)
» Pinh thoi hoat dong cho dia (disk scheduling)

> Sir dung thirong xuyén => danh hwong lén dén toc do ciia ca hé thong

=> cdn hiéu qud
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2.1. Céc thanh phan ctia hé diéu hanh

«2.1.6. Hé théng bao vé

Trong hé théng cho phép nhiéu user hay nhiéu process dién ra dong thoi:
— Kiém soat qua trinh nguoi dung ding nhap/xuat va st dung hé thong
— Kiém soat viéc truy cp cac tai nguyén trong hé thong
— Bao dam nhirng user/process chi dugc phép st dung cac tai nguyén

danh cho no

— Cac nhiém vu cua hé thé)ng bao vé
= Cung cap co ché kiém soat dang nhap/xuat (login, log out)

= Phan dinh duoc su truy cap tai nguyén hop phdp Va bat hop phdp
(authorized/unauthorized)

» Phuong tién thi hanh cac chinh sach (enforcement of policies)
Chinh sach: can bao vé dit liéu cua ai d6i voi ai
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2.1. Cac thanh phan cta hé diéu hanh

«2.1.7. Hé thong théng dich 1énh
— La giao dién chu yéu giira nguoi dung va OS
* Vi du: shell, mouse-based window-and-menu
— Khi user login

« command line interpreter (shell) chay, va cho nhan I1énh tir nguoi
dung, thyc thi 1énh va tra két qua vé.

— Céc 1énh ->bd diéu khién 1énh ->hé diéu hanh
— (Cac 1énh ¢6 quan h¢ vai cac viéce:

= Tao, hily, va quan 1y qua trinh, hé thong

= Kiém soét /0

= Quan 1y bo luu trix thi cap

* Quan ly bd nhé chinh

= Truy cap hé thong file va co ché bao mat
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2.2. Cac dich vu hé diéu hanh cung cap

— Thuyec thi chuong trinh
— Thuyc hién céc thao taci 1/0 theo yéu cau ctia chuong trinh
— Céc thao tac trén hé thong file
* Poc/ghi hay tao/x0a file
— Trao d6i thong tin gitra cac qua trinh qua hai cach:
» Chia xé bo nhé (Shared memory)
= Chuyén thong diép (Message passing)
— Phat hién 16i
= Trong CPU, b6 nhd, trén thiét bi I/O (dit liéu hu, hét giay,...)
* Do chuong trinh: chia cho 0, truy cap dén dia chi b nhé khong cho
phép.

6/30/2014 Vi Buc Lung 9



2.2. Cac dich vu hé diéu hanh cung cap

Ngoai ra con cac dich vu giip tang hi€u suat cua he thong;:

— Cép phat tai nguyén (resource allocation)
« Tainguyén: CPU, b0 nhd chinh, tape drives,...
« OS c0 cac routine tuong rng

— KE& toan (accounting)
o Nhim luu vét user dé tinh phi hodc don gian dé thong ké.

— Bao v¢ (protection)

» Hai qua trinh khac nhau khong duoc anh hlIOng nhau
« Kiém soat duoc cac truy xuat tai nguyén cta hé thong

— An ninh (security)

« Chi cac user dugc phép sir dung hé thong méi truy cap dugc tai
nguyén cua hé thong (vd: thdng qua username va password)

6/30/2014 Vi Buc Lung 10



2.3. Loi goi hé thong (System call)

DUNg dé giao tiép gitra qud trinh va hé diéu hanh

Cung cip giao dién giita qua trinh va hé diéu hanh

 Vd: open, read, write file
Thong thuong ¢ dang thu vién nhi phéan (binary libraries) hay giong
nhu cac 1énh hop ngir.
Trong cac ngdn ngit 1ap trinh cap cao, mot sO thu vién lap trinh duoc
xay dung dua trén cac thu vién hé thong (vi du Windows API, thu vién
GNU C/C++ nhu glibe, glibc++,...)
Ba phuong phap truyén tham sb khi sir dung system call

» Qua thanh ghi

= Qua mdt vung nhd, dia chi cua vung nhd dugce gui dén hé diéu

hanh qua thanh ghi
» Qua stack

6/30/2014 Vi Bire Lung 11



2.4. Cac chuong trinh hé thong

> Chuong trinh hé thong (system program, phan biét voi application program)
gom
— Quan Iy hé thong file: nhu create, delete, rename, list
— Thong tin trang thai: nhu date, time, dung luong bd nhé trong
— Soan thao file: nhu file editor
— HOo tro ngdn ngit 14p trinh: nhu compiler, assembler, interpreter
— Nap, thuc thi, giap tim 16i chuong trinh: nhu loader, debugger
— Giao tiép: nhu email, talk, web browser
> Nguoi dung chu yéu lam viéc thong qua cac system program (khong 1am

viéc “truc ti€p” vai cac system call)

6/30/2014 Vi Bire Lung 12



» Cau trtic don gian (monolithic)
— MS-DOS: khi thiét ké, do gidi
han vé dung lvong bo nhd nén
khong phan chia thanh cac
module (modularization) va chua
phan chia ro chirc nang gitra cac
phan cta hé thong.

2.5. Cau trac hé thong

application program

resident system program

MS-DOS device drivers

e A
ROM BIOS device drivers

Cau triic phan tang cia MS-DOS

6/30/2014 Vi Buc Lung 13



2.5. Cau trac hé thong

> Cau tric don gian (monolithic)
UNIX: gom hai phan c¢6 thé tach roi nhau
= Nhan (cung cap file system, CPU scheduling, memory management,
va mot s6 chtrc niang khac) va system program

(the users)

shells and commands
compilers and interpreters
system libraries

system-call interface to the kernel

signals terminal file system CPU scheduling
handling swapping block 1/0 page replacement

character I/0O system system demand paging

terminal drivers disk and tape drivers virtual memory

kernel interface to the hardware

terminal controllers device controllers memory controllers
terminals disks and tapes physical memory

6/30/2014 14




2.5. Cau trac hé thong

> Cau tric phan ting: HPH duoc chi thanh nhidu 6p (layer).

L6p dudi cung: hardware

Lép trén cung 1a giao tiép voi user

Lop trén chi phu thudc 16p dudi

Mot 16p chi c6 thé goi cac ham cua 16p dudi va cac ham cia nd duge
go1 boi 16p trén

MBJi 16p twong duong mot d6i twong triru twong: cau tric dit lidu + thao
tac

Phan 16p c6 loi ich gi? G& roi (debugger, kiém tra hé thong, thay doi
chtrc nang)

6/30/2014 Vi Buc Lung 15



2.5. Cau trac hé thong

> Cau truc phan tang:
= Lan dau tién dugc ap dung cho HPH THE (Technische Hogeschool
Eindhoven)

LGp 5 | user programm

Lép 4 | Tao buffer cho thiét bj I/O

LSp 3 | Device driver thao tac man hinh

Lép 2 | Quan ly bo nhé

Lép 1 | Lap lich CPU

Lép 0 | Phan cting

6/30/2014 Vi Bire Lung



2.5. Cau trac hé thong

» V1 nhan: phan chia module theo microkernel (CMU Mach OS, 1980)

» Chuyén mdt sO chirc nang ctia OS tir kernel space sang user space

» Thu gon kernel => microkernel, microkernel chi bao gom cac chirc nang to1
thi€u nhu quan 1y qua trinh, bd nhé va co ché giao ti€p gitra cac qua trinh

> Giao tiép gitta cac module qua co ché truyén thong diép

POSIX
server
A

Microkernel

6/30/2014 Vi Bire Lung 17



2.5. Cau tric hé thong

» VI nhan:

- Loi ich: dé mé rong HPH

- Mot s6 HPH hién dai str dung vi nhan:
+ Tru64 UNIX (Digital UNIX trudc day): nhan Mach
+ Apple MacOS Server : nhan Mach

+ QNX vi nhan cung cap truyén thong diép, dinh thoi CPU, giao tiép
mang cap thip va ngat phan cing

+ Windows NT: chay cac ing dung khac nhau win32, OS/2, POSIX
(Portable OS for uniX)

6/30/2014 Vi Buc Lung 18



processes

kernel

hardware

Non-virtual machine
system model

6/30/2014

2.6. May ao

o Tur OS layer dén may do (virtual machine)

programming
interface

processes
processes

processes

kernel kernel kernel

vwii | vm2 F vms
Virtual-machine
Implementation
hardware

Virtual machine system model

Vi Buc Lung
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2.6. May 40

» Hién thuc y niém VM
— Lam thé nao dé thyc thi mot chuong trinh
MS-DOS trén mét hé thong Sun véi hé diéu
hanh Solaris ?

1. Tao mot may ao Intel bén trén hé diéu
hanh Solaris va hé thong Sun

2. Cac Iénh Intel (x86) duoc may ao Intel
chuyén thanh 1énh tuong Ung cta hé
théng Sun.

6/30/2014 Vi Bire Lung

Intel x86 Application

Intel x86 VM

VM interpretation

Solaris kernel

Sun hardware
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Khoa KTMT Vi buic Lung

Kha1 niém co ban

Trang thai qua trinh

Khoi diéu khién qua trinh (Process control block)
Dinh thot qua trinh (Process Scheduling)

Cac tac vu doi véi qua trinh

Su cong tac gitra cac qua trinh

Giao tiép giita cac qua trinh



3.1. Khai niém co ban

» (Cai1 gi goi1 cac hoat dong cua CPU?
— Hé thong bo (Batch system): jobs
— Time-shared systems: user programs, tasks
— Cac hoat dong la tuong tu => goi la process

> Qua trinh (process)
— mdt chuong trinh dang thuc thi

Mot qua trinh bao gom
— Text section (program code), data section (chira global variables)

— program counter (PC), process status word (PSW), stack pointer (SP),
memory management registers, ...

Khoa KTMT Vi buc Lung



(D]  3.1. Khai ni¢m co ban

Cac budc nap chuong trinh vao bd nhd

Source Object
file 1 module 1
Assembler , Executable
Source Object : . .
filo - or — ™ module 2 [ Linker [ binary file
Compiler (load module)
Source Object
file 3 module 3
Process
image in |~«—— Loader
memory

Khoa KTMT Vi bic Lung



3.1. Khai niém co ban

chuong trinh => qua trinh
> Dung load module dé biéu dién chuwong trinh thuc thi duoc
» Layout luan ly ctia process image

Executable binary file Process image in
(load module) main memory

start address —>

program program
code ' code
data data
stack

Khoa KTMT Vi buc Lung



3.1. Khai1 niém co ban

Khoi1 tao qua trinh

> CA&c budc hé diéu hanh khéi tao qua trinh
— Cap phat modt dinh danh duy nhat (process number hay process identifier,
pid) cho qua trinh
— Cap phat khong gian nhd dé nap qua trinh
— Khoi tao khéi dir liéu Process Control Block (PCB) cho qua trinh
= PCB la noi hé diéu hanh luu cac thong tin vé qué trinh
— Thiét 1ap cac mdi lién hé can thiét (vd: sap PCB vao hang doi dinh thoi,...)

Khoa KTMT Vi btc Lung 5



3.2. Trang thai qua trinh

» Cac trang thai cua qua trinh (process states):
— New: qua trinh vtra duogc tao
— ready: qué trinh da c6 du tai nguyén, chi con can CPU
— running: cac lIénh cua qua trinh dang dugc thuce thi
— waiting: hay la blocked, qué trinh dgi I/O hoan tat, tin hiéu.
— terminated: qué trinh da két thuc.

Khoa KTMT Vi buc Lung



3.2. Trang thai qua trinh

> Chuyén d6i giita cac trang thai ctia qua trinh

terminated

/O or
event wait

I/0O or event
completion

Khoa KTMT Vi buc Lung 7



'@' 3.2. Trang thai qua trinh

Vi du > Chuoi trang thai ctia qud trinh
/* test.c */ test nhu sau (truong hop tot
?nt main(int argc, char** argv) Ilhélt):
printf (“Hello world\n") ; — new
exit (0) ;
} — ready
Bién dich chuaong trinh trong Linux — funning
gcc test.c -o test — waiting (do cho 1/0 khi goi
printf)
Thuc thi chudng trinh test — ready
./test .
— running
Trong hé théng s& c6é moét qua trinh — terminated
test dugc tao ra, thuc thi va két
thuc.
Khoa KTMT Vi btc Lung 8



3.3.Process control block

> Da thay 1a mdi qua trinh trong hé théng déu duogc cap phat mot Process Control
Block (PCB)

> PCB la mot trong céc cau trac dit liéu quan

trong nhat cua h¢ diéu hanh va gom:

pointer process
- Trang thai qua trinh: new, ready, running,... tate
- Bo dém chuong trinh process number
- Cac thanh ghi program counter
- Thong tin lap thoi bieu CPU: dd wu tién, ...
- Thong tin quan 1y bo nhd registers

- Thong tin tai khoan: lwong CPU, tho1 gian sir dung,
- Thong tin trang thai I/0O

memory limits

list of open files

Khoa KTMT Vi buc Lung 9



3.3.Process control block

Luu do chuyén process P, operating system process P,
CPU tu qua interrupt or system call
trinh nay den executing ;L / l
qua trinh khac T save state into PCB,
> idle
reload state from PCB, 1
-idle interrupt or system call executing
l \ ! .
save state into PCB,
> idle
) reload state from PCB, )
executing | _\
L'

Khoa KTMT Vi Duc Lung 10



Y ¢€u cau do1 vt he dieu hanh vé quan ly qua trinh

> HO trg su thuc thi luan phién giita nhiéu qua trinh
— Hiéu suét st dung CPU
— Thot gian dap irng
> Phan phoi tai nguyén hé thong hop 1y
— tranh deadlock, tri hoan vo han dinh,...
> Cung cap co ché giao tiép va dong bo hoat dong cac qua trinh

> Cung cap co ché hd tro user tao/két thiic qua trinh

Khoa KTMT Vi Duc Lung 11



cac PCB
A

running

ready

11

waiting

Khoa KTMT
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process number

11

Vi Duc Lung
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3.4. Pinh tho1 qua trinh (Process Scheduling)

» Tai sao phai dinh tho1?
— Pa chuong (Multiprogramming)
= C vai qué trinh chay tai cac thoi diém
= Muyc tiéu: tan dung toi da CPU
— Chia thoi(Time-sharing)
= Users tuong tac véi moi chuong trinh dang thuc thi
= Muc tiéu: tbi thiéu thoi gian dap ung
> Mot s6 khai niém co ban
— Cac bo dinh thoi (scheduler)
— Cac hang doi dinh thoi (scheduling queue)

Khoa KTMT Vi buc Lung
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] Cac hang doi dinh thoi (Scheduling queues)

» Hang doi cong
viéc-Job queue

> Hang doi san sang-
Ready queue

> Hang doi thiét bi-
Device queues

Khoa KTMT Vibuc Lung
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{D] Cac hang doi dinh thoi (Scheduling queues)

Khoa KTMT

—p| Teady queue

CPU

f

IO request

f

lime slice

expired

child
execules

f

fork a
child

interrupt

F

vaail for an

\o_ccurs

Luu d6 hang doi cua dinh thoi

Vi Duc Lung

interrupt

qua trinh
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3.5. BO dinh tho1 (Scheduler)

» B0 dinh thot cong viée (Job scheduler) hay bd dinh thot dai (long-
term scheduler)
> B0 dinh thoi CPU hay bo dinh thoi ngan
> Céc qua trinh c6 thé mé ta nhu:
— Qua trinh hudéng 1/0 (I/0 bound process)

— Qua trinh huéng CPU (CPU bound process)
Thoi gian thyc hién khac nhau => két hop hai hoa giira chiing

Khoa KTMT Vi Duc Lung 16



B6 dinh thoi trung gian(medium-term scheduling)

> Doi khi hé diéu hanh (nhu time-sharing system) ¢ thém medium-
term scheduling dé diéu chinh muc d6 da chuong cta hé thong
> Medium-term scheduler
— chuyén qua trinh tir bd nhé sang dia (swap out)
— chuyén qua trinh tir da vao bo nhd (swap in)

swap in partially executed swap out
swapped-out processes r

N
ready queue CPU }

I/O waiting
queues

Khoa KTMT Vi buc Lung 17



3.6. Cac tac vu doi vdi qua trinh

» Tao qua trinh md1 (process creation)
— MOt qua trinh c6 thé tao nhiéu qué trinh méi thong qua mot 101 goi hé thong
create-process (vd: ham fork trong Unix)
= Vi du: (Unix) Khi user dang nhip hé thong, moét command interpreter
(shell) s€ dugc tao ra cho user
O Qua trinh duoc tao 1a qua trinh con cua qua trinh tao (qua trinh cha). Quan
hé cha-con dinh nghia mot cay qua trinh.

Khoa KTMT Vi Duc Lung 18



@ Cay qua trinh trong Linux/Unix

> Vidu

Khoa KTMT

SWaADDer

th
j

N

Vi buc Lung
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3.6.Cac tac vu doi voi qua trinh

» Tao qua trinh md1

— Qua trinh con nhan tai nguyén: trt HDH hoac tu P cha

— Chia s¢ tai nguyén cua qua trinh cha
= Qua trinh cha va con chia s€¢ moi tai nguyén
= Qua trinh con chia sé mdt phan tai nguyén cua cha

— Trinh ty thuc thi
= Qua trinh cha va con thuc thi dong thoi (concurrently)
= Quaé trinh cha doi dén khi cac qua trinh con két thic.

Khoa KTMT Vi buic Lung
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(P} V& quan hé cha/con

» Khong gian dia chi (address space)
— Khong gian dia chi ctia qua trinh con dugc nhan ban tir cha
— Khong gian dia chi ctia qua trinh con dugc khéi tao tir template.

» Vi du trong UNIX/Linux

— System call fork() tao mot qua trinh méi

— System call exec() ding sau fork() dé nap mot chuong trinh méi vao khong
gian nhé cua qua trinh ma1

parent ~/;uait\ resumes
A
' dong bo
exec()/ exit()

Khoa KTMT Vi Duc Lung 21



'@' Vi du tao process vo1 fork()

#include <stdio.h>

#include <unistd.h>

int main (int argc, char *argv[]) {
int pid;
/* create a new process */
pid = fork();

if (pid > 0){

printf (“This is parent process”) ;
wait (NULL) ;

exit (0) ;

}

else if (pid == 0)

{
printf (“"This is child process”) ;
execlp(“/bin/l1s”, “1ls”, NULL) ;
exit (0) ;

}

else {
printf (“Fork error\n”);
exit(-1);

}

}
Khoa KTMT Vi bic Lung



S 2

» Tao qua trinh mai v/

3.6.Cac tac vu doi véi qua trinh (tt)

> Két thuc qua trinh
— Qua trinh tu két thuc
= Qua trinh két thiic khi thuc thi 1énh cudi va goi system routine exit
— Qua trinh két thiic do qué trinh khéc (c6 du quyén, vd: qua trinh cha cta nd)

= Goi system routine abort voi tham s6 13 pid (process identifier) ciia qua

trinh can duoc két thic

— H¢ diéu hanh thu hoi tat ca cac tai nguyén ctia qua trinh két thuc (ving nhd,
I/O buffer,...)

Khoa KTMT Vi Duc Lung 23



3.7. COng tac gitra cac qua trinh

> Trong qua trinh thuc thi, cac qua trinh ¢6 thé cong tac (cooperate)
dé hoan thanh cong viéc
> Céac qua trinh cong tac dé
— Chia s¢ dir liéu (information sharing)
— Tiang toc tinh toan (computational speedup)
= Néu hé thong c6 nhiéu CPU, chia cong viéc tinh toan thanh nhiéu cong
vigc tinh toan nho chay song song
— Thuc hién mot cong viéc chung
= Xay dung mot phan mém phirc tap bang cach chia thanh cac
module/process hop tac nhau
» Su cOng tac gitra cac qua trinh yéu cau hé diéu hanh ho tro co ché
giao tiep va co ché dong bo hoat dong cua cac qua trinh

Khoa KTMT Vi buc Lung 24



Bai to4n ngudi san xuat-ngudi tiéu thu
(producer-consumer )

» Vidu cong tac gitra cac qua trinh: bai toan producer-consumer
— Producer?tao ra cac dir liéu va consumer ti€u thu, sir dung cac dir liéu do.
Su trao do1 thong tin thuc hi¢én qua buffer
= unbounded buffer: kich thudc buffer vo han (khong thuc té).
= pounded buffer: kich thudc buffer c6 han.

— Producer va consumer phai hoat dong dong b0 vi

= Consumer khong dugc tiéu thu khi producer chua san xuat
= Producer khdng dugc tao thém san pham khi buffer day.

Khoa KTMT Vi buc Lung
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3.8.Giao tiép lién qua trinh (Interprocess
communication-1PC)

> IPC la co ché cung cap bdi hé diéu hanh nham gitip cac qua trinh
— giao tiép v4i nhau
— va dong bo hoat dong
ma khong can chia sé¢ khong gian dia chi

> IPC c6 thé duogc cung cap boi message passing system

Khoa KTMT Vi Duc Lung 26



Hé thong truyén thong diép
Message passing system

> Lam thé ndo dé cic qué trinh giao tiép nhau? Cac van dé:
— Dat tén (Naming)

= Giao tiép truc tiép
— send(P, msg): gui thong diép dén qua trinh P
— receive(Q, msg): nhan thong diép dén tir qua trinh Q

= Giao tiép gian tiép: thong qua mailbox hay port
— send(A, msg): giri thong diép dén mailbox A
— receive(B, msg): nhan thong diép tir mailbox B

— Péng bé héba (Synchronization): blocking send, nonblocking send, blocking receive,
nonblocking receive

— Tao viing dém (Buffering): dung queue dé tam chtra cac message
» Kha nang chtra 1a 0(Zero capacity hay no buffering)
» Bounded capacity: do dai cua queue la gidi han
= Unbounded capacity: do dai ctiia queue la khong gidi han

Khoa KTMT Vi Duc Lung 27



> Tiéu trinh(tién trinh nhe-lightweight process): 1a mot don vi co
ban s dung CPU, gom:

— Thread ID, PC, Registers, stack va chia s¢ chung code, data, resources
(files)

code | data files code data filas

raegisters stack ragisters | registers registers

stack stack stack

thread — ; g % 3*—— ihread

single-threaded multithreaded

Khoa KTMT Vi bic Lung



vCR vaTCR trong mo hinh rmultithreads

PCB pid Thread Control Block

Threads list Tee
Context fid

(Mem, global State

ressources...) (State, details)

Relatives Context

( Dad, children) (IP, local stack...)
Scheduling statistic
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2 fen tein, 2 lud

-

/. ) 4
10 CLl

—

> Dap tmg nhanh: Cho phép chuong trinh tiép tuc thuc thi khi mot
b0 phan b1 khoa hoac mot hoat dong dai

> Chia sé tai nguyén: tiét kiém khong gian nhé
> Kinh té: tao va chuyén ngit canh nhanh hon tién trinh

VD: trong Solaris 2, tao process cham hon 30 lan, chuyén cham

hon 5 lan

> Trong multiprocessor: c6 thé thuc hién song song

Khoa KTMT Vi Duc Lung 30



Tieuirinn e o1 dung (User tnread)

Kernel
mode

Khai niém tiéu trinh dwoc hé tro béi mot thw vién hoat dong trong
user mode

Khoa KTMT Vi buc Lung
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User mode
3

4
System call.*

Kernel mode

Khai niém tiéu trinh dwoc xiy dung bén trong hat nhan
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> Khai niém co ban
» Cac bd dinh thoi
— long-term, mid-term, short-term
» C4c tiéu chuan dinh thoi CPU
» Cac giai thuat dinh thoi
— First-Come, First-Served (FCFS)
— Round-Robin (RR)

— Shortest Job First (SJF) va Shortest Remaining Time
First (SRTF)

— Priority Scheduling

— Highest Response Ratio Next (HRRN)
— Multilevel Queue

— Multilevel Feedback Queue

Khoa KTMT
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Khai niém co ban

> Trong cac hé thong multitasking

— Thuc thi nhiéu chwong trinh dong thoi 1am ting hiéu suat hé thong.

— Tai mdi thoi diém, chi ¢ mét process dugc thuc thi. Do do, can phai
giai quyét van dé phan chia, lwa chon process thuc thi sao cho dugc hiéu
qua nhét [Jién 1voc dinh thei CPU.

» Dinh thoi CPU
— Chon mot process (tur ready queue) thuc thi.

— Vo1 mot multithreaded kernel, viéc dinh tho1 CPU 1a do OS chon kernel
thread duoc chiém CPU.

Khoa KTMT 2



6P1  Cic bo dinh thoi

Long-term o Long-term

scheduling scheduling

Medium-term

suspended scheduling Short-term
ready scheduling

~

\~
—
-~
—
o
— iy
—_____

suspended
blocked

Khoa KTMT

Medium-term -

\
\
: \
scheduling
blocked
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(P} Cic bo dinh thoi

» Long-term scheduling
— Xé&c dinh chuong trinh ndo dugc chap nhan nap vao hé thong dé thuc thi
— Dbiéu khién muc do multiprogramming ctia hé thong
— Long term scheduler thuong cb gang duy tri xen 1an CPU-bound va 1/O-
bound process

» Medium-term scheduling
— Process nao duoc dua vao (swap in), dua ra khoi (swap out) b nhd chinh

— Buoc thuc hién bodi ph?m quan 1y bo nhé va dugce thao luan & phﬁn quan ly
bd nhd.

Khoa KTMT 4



D]  Cac bo dinh thoi (tt)

Short term scheduling

> Xac dinh process nao trong ready queue s& duoc chiém CPU dé thuc thi
ke ti€p (con dugc go1 1a dinh tho1 CPU, CPU scheduling)

» Short term scheduler con duogc goi voi tén khac 1a dispatcher

> B0 dinh thoi short-term dugc goi moi khi c6 mdt trong céc su
kién/interrupt sau xay ra:

— t thoi gian (clock interrupt)
— Ngat ngoai vi (I/O interrupt)
— Loi goi hé thong (operating system call)
— Signal
Chuwong nay sé tip trung vao dinh thoi ngin han

Khoa KTMT 5



Dispatcher

> Dispatcher s& chuyén quyén diéu khién CPU vé cho process dugc
chon béi by dinh thoi ngén han
> Bao gém:
— Chuyén ngit canh (st dung thong tin ngit canh trong PCB)
— Chuyén ché d6 nguoi dung
— Nhay dén vj tri thich hop trong chuong trinh tng dung dé khai dong lai
chuong trinh (chinh la program counter trong PCB)
> Cong viéc ndy giy ra phi ton
— Dispatch latency: thoi gian ma dispatcher dung mot process va khédi dong
mot process khac

Khoa KTMT 6



(D]  Cac tidu chuan dinh thoi CPU

> User-oriented
— Thoi gian ddp g (Response time): khoang thdi gian process nhan yéu cau
dén khi yéu cau dau tién duge dap tmg (time-sharing, interactive system) [l
cuc tiéu

— Thoi gian quay vong (hoan thanh) (Turnaround time): Khoang thoi gian tir
lac mot process duoc nap vao hé thong dén khi process d6 két thic -rc
tiéu

— Thoi gian cho (Waiting time): tong thdi gian mot process doi trong ready
queue [k téu

» System-oriented
— Su dung CPU (processor utilization). dinh tho1 sao cho CPU cang ban cang

tot -rc dai
— Céng bang (fairness): tat ca process phai dugc dbi xtir nhu nhau
— Thoéng lwong (throughput): sd process hoan tat cong viéc trong mot don vi

thot gian -rc dai.
Khoa KTMT 7




(P} Hai yéu t0 cua giai thuat dinh thoi

> Ham chon lva (selection function): dung dé chon process nao
trong ready queue duoc thuc thi (thudong dua trén do wu tién, yéu
cau vé tai nguyén, dic diém thuc thi ctia process,...), vi du
« w = tong thoi gian doi trong hé thong
» ¢ = thoi gian da duoc phuc vu

« s=tong thoi gian thuc thi clia process (bao gdom ca “e”)

Khoa KTMT



Hai yéu to cua giai thuat dinh thoi (tt)

> Ché do qu)fé’t dinh (decision moc}e): chon thdi diém thyc hién ham
chon lya dé dinh thoi. Co6 hai ché do
— Khong trung dung (Non-preemptive)
= Khi ¢ trang thai running, process s¢ thuc thi cho dén khi két
thuc hoac bi blocked do yéu cau I/O
— Trung dung (Preemptive)
» Process dang tf}u’c t‘hi (trang thai running) co thé bi ngat nira
chung va chuyén vé trang thai ready bo1 hé di€u hanh
= Chi phi cao hon nor)—preemptive nhung danh doi lai bang
thoi gian dap Gng t6t hon vi khong co6 truong hop mot
process doc chiem CPU qua lau.

Khoa KTMT 9



Preemptive va Non-preemptive

> Ham dinh tho1 duoc thuc hién khi
| running sang waiting
| running sang ready
| waiting, new sang ready

c thi
1 va 4 khong can lya chon loai dinh thoi biéu, 2 va 3 can
> | nonpreemptive
> | preemptive

| sa0?

Khoa KTMT
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load store
add store
read from file

wait for 1/O

inc store
write to file

wait for 1/O

load store
add store
read from file

wait for 1/O

> Service time = thoi gian process can CPU trong mot chu ky CPU-1/0

} CPU burst

I/O burst
} CPU burst

I/O burst

CPU burst

I/O burst

\

J

mot chu ky
CPU-1/O

Khao sat giai thut dinh thoi

Arrival | Service
Process : :
Time Time
1 0 3
2 2 6
3 4 4
4 6 5
5 8 2

» Process co service time 16n la cac CPU-bound process

Khoa KTMT
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1. First-Come First-Served (FCFS)

> Ham lya chon: Tién trinh nao yéu cau CPU trude sé dugc cap phat CPU trudc;
Process s& thyc thi dén khi két thiic hodc bi blocked do I/O
> Ché d6 quyét dinh: non-preemptive algorithm
» Hién thuc : st dung hang do1 FIFO (FIFO queues)
— Tién trinh di vao duoc thém vao cudi hang doi
— Tién trinh duoc lya chon dé xtr Iy duoc 14y tir dau cua queues

P1

P2

P3
P4
P5

d

— -

Khoa KTMT 12




FCFS Scheduling

> Vidu:
Process Burst Time
P1 24
P2 3
P3 3

Gantt Chart for Schedule

0 24 27 30

Khoa KTMT

> Gia st thir tu vao cua céc tién trinh
la
= P1,P2,P3
» Thoti gian cho
= P1=0;
m P2 =24,
= P3=27;
» Thoi gian cho trung binh
= (0+24427)13=17

13



FCFS Scheduling

> Vidu: > Gia sir thoi gian vao ctia cac tién trinh
la
Process Burst Time - P2,P3,P1
P1 24 » Thoi gian cho :
= P1=6;P2=0;P3=3;
P2 3 » Thot gian cho trung binh
P3 3 = (6+0+3)/3=3, t&t hon..

Gantt Chart for Schedule

Khoa KTMT 14



2. Shortest-Job-First(SJF) Scheduling

> Dinh thoi biéu cong viéc ngan nhat trudc

> Khi CPU duoc tu do, no sé cap phat cho tién trinh yéu cau it thoi gian
nhat dé két thac ( ti€n trinh ngan nhat)

> Lién quan dén chiéu dai thoi gian sir dung CPU cho lan tiép theo cta
moi tién trinh. St dung nhitng chi€u dai nay dé 1ap lich cho tién trinh
vO1 thot glan ngan nhat.

Khoa KTMT 15



2. Shortest-Job-First(SJF) Scheduling

» Hai hinh thirc (Schemes):
— Scheme 1: Non-preemptive( tién trinh doc quyén CPU)
= Khi CPU duoc trao cho qué trinh né khong nhudng cho dén khi né keét
thuc chu ky xtur 1y cua no
— Scheme 2: Preemptive( tién trinh khong ddc quyén)
= Néu mdt tién triph QPU mo1 duoc dua vao danh sach véi cl}iéu dai su
dung CPU cho lan tiép theo nho hO’p thoi gian con lai cua ti€n trinh
dang xur 1y n6 s€ dung hoat dong tién trinh hi¢n hanh (hinh thirc nay con
goi la Shortest-Remaining-Time-First (SRTF).)
— SJF 12 t6i uu — cho thoi gian chd doi trung binh t6i thiéu véi mot tap tién
trinh cho trudc

Khoa KTMT 16



@ Non-Preemptive SJF Scheduling

> Vidu:
Process Arrival Time Burst Time
Pl 0 7
P2 2 4
P3 4 1
P4 5 4

Gantt Chart for Schedule

0 7 8 12 16

Average waiting time =
(0+6+3+7)/4 =4

Khoa KTMT



> Vidu I:

Preemptive SJF Scheduling(SRTF)

Process Arrival Time Burst Time

P1
P2
P3
P4

Gantt Chart for Schedule

0 2 4 5 7 11 16

Average waiting time =
(9+1+0+2)/4 =3

Khoa KTMT

o~ DN O

7
4
1
4
VD2:
Process Arrival Time Burst Time
P1 0 8
P2 1 4
P3 2 9
P4 3 5
18



(D] Nhan xét vé gidi thut SJF

> Co thé xay ra tinh trang “d6i” (starvation) d6i voi cac process co
CPU-burst 16n khi ¢6 nhi€u process vo1 CPU-burst nho dén hé
thong.

> Co ché non-preemptive khong phu hop cho hé thong time sharing
(interactive)

> Giai thuat SJF ngam dinh ra do uu tién theo burst time

> Cé&c CPU-bound process ¢ do wu tién thap hon so véi I/O-bound
process, nhung khi mot process khong thuc hién I/O duogc thuc thi
thi n6 doc chiem CPU cho dén khi ket thuc

Khoa KTMT 19



(D] Nhan xét vé giai thuat SIF

> Tuong (g v4i mdi process can c6 do dai cua CPU burst tiép theo

» Ham lua chon: chon process ¢6 dd dai CPU burst nho nhét

> Chung minh duoc: SJF t6i wu trong viée giam thoi gian doi trung
binh

> Nhuoc diém: Can phai udc luong thoi gian can CPU tiép theo cta
process

> Giai phap cho van dé nay?

Khoa KTMT 20



(D] Nhan xét vé gidi thut SJF

B (Thoi gian sir dung CPU chinh 1a d6 dai ciia CPU burst)
> Trung binh tat ca cac CPU burst do dugc trong qua khir
» Nhung thong thuong nhirng CPU burst cang moé1 cang phan
anh dung hanh v1 cua process trong tuong lai
» Mot ky thuat thuong dung 1a sir dung trung binh ham mii
(exponential averaging)
T =at, +(1-2a)1,, Ol.-
T =at +(l-a)at +...+ (1-a)ar,, +...+ (1- a)™az,

— Néu chon a =" thico nghia 1a tri do dIIQ’C t. va tr1 du doan 1,
duoc xem quan trong nhu nhau.

Khoa KTMT 21



Du doan thot gian st dung CPU

_—B06 dai CPU burst

L — | 4o dwoc
T 10
8 | \
b6 Do dai CPU burst dy doan,
WL =1 voi  a=wvalf=10
5|
timg ——
CPU burst (t) 6 4 6 4 13 13 13
"guess” (t) 10 8 6 6 5 9 11 12

Khoa KTMT 22



3. Priority Scheduling

> MOoi process s& dugc gan mot do uu tién
> CPU sé& duoc cap cho process co dd uu tién cao nhat
» Dinh thot sir dung do uu ti€n co thé:

— Preemptive hoac

— Nonpreemptive

Khoa KTMT
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Gan do uu tién

» SJF la mot giai thuat dinh thoi str dung do wu tién véi do wu tién la
thoi-gian-st-dung-CPU-du-doan
> Gan db uu tién con dua vao:
— Yéu cau vé bo nhg
— S6 luong file duge mo
— Ti 1€ thot gian dung cho 1/0 trén thot gian st dung CPU

— (Cac y€u cau bén ngoai vi du nhu: s6 tién nguoi dung tra khi thuc thi cong
viéc

Khoa KTMT 24



3. Priority Scheduling

> Van dé: tri hodn vo han dinh — process cO do uu tién thép o thé
khong bao gio dugc thuc thi

» @Giai phap: lam méi (aging) — do wu ti€n cua process sé€ tang theo
thot gian

> Vd:

Khoa KTMT
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"@' 4. Pinh thoi ludan phién (Round Robin -RR)

MOi process nhan dugc mot don vi nho thoi gian CPU (time slice,
guantum tlme) thong thuong tir 10-100 msec dé thye thi. Sau
khoang thoi gian do, process bi doat quyén va trd vé cudi hang doi
ready.

Neéu co n process trong hang do1 ready va
khong c6 process nao phai cho do1 qua (n

yantum time = q thi
)g don vi thoi gian.
Hiéu suét

_ Néu q l6n: RR-:Fm

— Néu q nho (q khong dugc qua nhé boi vi phai ton chi phi chuyén ngit canh)
Thot gian cho do1 trung binh cua giai thuat RR thuong kha 16n
nhung thoi gian dap timg nhoé

Khoa KTMT 26



Vi du Round Robin

» Time Quantum = 20

Process Burst Time
P11 53
P2 17
P3 68
P4 24

Gantt Chart for Schedule

0 20 37 57 77 97 117 121 134 154 162

turnaround time trung binh 16n hon SJF, nhung dap Ung tot hon

Khoa KTMT 27



Round-Robin [

(RR), g =1

P1 ] ]
P2 |
P3 - = —
P4 = = — —
P5 = — — —_—

Q Thoi gian turn-around trung binh cao hon so véi SJF nhung

c6 thoi gian dap ung trung binh tot hon.

QO Uu tién CPU-bound process
» |/O-bound process thuong st dung rat it thoi gian ciia CPU, sau d6
phai blocked doi I/O
» CPU-bound process tdn dung hét quantum time, sau d6 quay veé
ready queue ﬁxcyc xép trude cac process bi blocked

Khoa KTMT 28



Time quantum va context switch

Process time = 10 quantum
12
0 10
6
0 6 10
1

Khoa KTMT

context
switch

0
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Thot gian hoan thanh va quantum time

» Thoi gian hoan thanh trung binh (average turnaround time) khong
chac s€ dugc cai thién khi quantum 16n

process time
125 P, 6
120 | ‘=5 =
i 1
£ 115F P, 7
2
S 11.0
e
g 105
=
L 100
©
> o5F
9.0
| | | | | |
1 2 3 4 5 6 7
time quantum
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Quantum va response time

» Quantum time phai 16n

Process allocated [nteraction hon thoi glan dﬁng dé xu
Lime quantum complete Time |>’/ clock interrupt (Umer)
> \ v . . .
i l va thoi gian dispatching
| A » Nén lon hon thot gian
Time quantum greater than trond tac truna binh
< . >4 > typical interaction _g ) g )
Response Lime q-s (typlcal mteractlon)
+ >
uantim
o
Process allocated Process Process allocated Interaction
Lime quantum preempted Lme quantum  complete
i i i i Time gquantum less than
| . A l typical interaction
4 - g
i Other processes run
« »
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Quantum time cho Round Robin*

» Khi thuc hién process switch thi OS s€ stt dung CPU chir khong phai process
cua nguoi dung (OS overhead)

— Dung thyc thi, luu tat ca thong tin, nap thong tin ctia process sap thyc thi
» Performance tuy thudc vao kich thudc cua quantum time (con goi la time slice),
va ham phu thudc nay khong don gian
> Time slice ngan thi dap Gmg nhanh
— Van dé: ¢6 nhiéu chuyén ngit canh. Phi ton s& cao.
> Time slice dai hon thi throughput t6t hon (do giam phi ton OS overhead) nhung
tho1 gian dap ung 16n
— Néu time slice qua 16n, RR trd thanh FCFS.

Khoa KTMT 32



Quantum time cho Round Robin

> Quantum time va thot gian cho process switch:

— Néu quantum time = 20 ms va thoi gian cho process switch = 5 ms, nhu vy
phi ton OS overhead chiem 5/25 = 20%

— Neéu quantum = 500 ms, thi phi ton chi con l%
= Nhung néu cé nhiéu nguoi s dung trén hé théng va thudc loai
interactive thi s€ thay dap ing rat cham

— Tuy thudc vao tap cong viec ma lua chon quantum time

— Time slice nén 16n trong twrong quan so sanh véi thoi gian cho process
switch

— Viduvoi 4.3 BSD UNIX, time slice 1a 1 giay

Khoa KTMT 33



Round Robin

> Néu co n process trong hang doi ready, va quantum time 1a g, nhu
vay mdi process sé 1y 1/n thoi gian CPU theo tirg khoi ¢6 kich
thudc 1on nhat 1a g
— S¢€ khong c6 process nao cho 1au hon (n - 1)g don vi thoi gian
> RR st dung mot gia thiét ngam 1a tat ca cac process déu co tam
quan trong ngang nhau

— Khong thé st dung RR néu mudn cac process khac nhau c6 d6 uvu tién khac
nhau

Khoa KTMT 34



Round Robin: nhuoc diém

> Céc process dang CPU-bound van con duge “uu tién”
— Vidu:

= Mot I/O-bound process st dung CPU trong thoi gian ngan hon quantum
time va bi blocked dé doi 1/0. Va

= Mot CPU-bound process chay hét time slice va lai quay tré vé hang doi
ready queue (& phia trudc cac process da bi blocked)

Khoa KTMT 35



5. Highest Response Ratio Next

R 'ime spent waiting [[xpectedservice time
expectedservice time

> Chon process ké tiép co gia tri RR (Response ratio) 16n nhat

> Cac process ngan dugc uu tién hon (vi service time nho)

Khoa KTMT
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6. Multilevel Queue Scheduling

> Hang doi ready duoc chia thanh nhiéu hang doi riéng biét theo
mot so tiéu chuan nhu
— Pic diém va yéu cau dinh thoi cua process
— Foreground (interactive) va background process,...
» Process duoc gan ¢o dinh vao mot hang doi, moi hang doi st dung
giai thuat dinh tho1 riéng
> Hé diéu hanh can phai dinh thoi cho cac hang doi.
— Fixed priority scheduling: phuc vu tir hang doi c6 d6 uu tién cao dén
thap. Van dé: co thé co starvation.
— Time slice: méi hang doi dugc nhan mot khoang thoi glan chiém CPU va
phan phéi cho cac process trong hang doi khoang thot gian do. Vi du: 80%

cho hang doi foreground dinh thoi bang RR va 20% cho hang doi
background dinh thoi bang giai thuat FCFS.

Khoa KTMT 37



Multilevel Queue Scheduling*

» Vidu phan nhom cac qua trinh

P6 wu tién cao nhat

>

Interactive Processes

>

Batch Processes

>

Student Processes

v VvV V. V¥

PO wu tién thap nhat

Khoa KTMT



7. Hang doi phan hoi da cap
Multilevel Feedback Queue

» Van dé€ cua multilevel queue

— process khong thé chuyen tr hang do1 nay sang hang doi1 khac -
khac phuc bang co ché feedback: cho phép process di chuyén mot

cach thich hop gitra cac hang do1 khac nhau.

> Multilevel Feedback Queue

— Phan loai processes dua trén cac dac tinh vé CPU-burst
— St dung decision mode preemptive
— Sau mdt khoang thoi gian nao do, cac 1/0O-bound process va

interactive process s€ O cac hang doi c6 do uu tién cao hon con CPU-
bound process s& & cac queue c¢6 do vu tién thap hon.

— Mot process dd cho qua 1au ¢ mot hang do1 ¢6 do uwu tién thap c6 thé
duoc chuyén dén hang doi ¢ do uu tién cao hon (co ché nién han,

aging).

Khoa KTMT 39



7. Multilevel Feedback Queue

» Vidu: Co6 3 hang doi
— QO0, dung RR v61 quantum 8 ms
— QI , dung RR v61 quantum 16 ms
— Q2,dung FCFS

quantum = 8

Y

> quantum = 16

Y

FCFS

Khoa KTMT



/. Multilevel Feedback Queue (tt)

> Dinh thoi dung multilevel feedback queue doi hoi phai giai quyét
cac van dé sau

— S6 luwong hang doi bao nhiéu 1a thich hop?

— Dung giai thuat dinh thoi nao ¢ moi hang dogi?

— Lam sao dé x4c dinh thoi diém can chuyén mot process dén
hang doi cao hon hoic thap hon?

— Khi process yéu cau duoc xir Iy thi dua vao hang doi nao 1a
hop 1y nhat?

Khoa KTMT 41



(D) So sanh cac giai thuat

> Gidi thuat dinh thoi nao 13 tot nhat?
> Cau tra 101 phu thudc cac yéu to sau:
— Tan xuat tai viéc (System workload)
— Sy ho tro cua ph?m cung doi véi dispatcher

— Su twong quan vé trong s ciia cac tiéu chuan dinh thoi nhu
response time, hi¢u suat CPU, throughput,...

— Phuong phap dinh lugng so sanh

Khoa KTMT
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Poc thém

> Policy va Mechanism

> Dinh thoi trén hé théng multiprocessor

» Danh gia giai thuat dinh tho1 CPU

> Dinh thoi trong mot s6 hé diéu hanh thong dung

> Nguon:
Operating System Concepts. Sixth Edition. John Wiley & Sons, Inc.
2002. Silberschatz, Galvin, Gagne
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Chuwong V-I: Lién lac giita cac Tién Trinh

Khoa KTMT Vii Buc Lung



Nhu Cau Lién Lac

= Chia sé thong tin Q

= Phoi hop ting toc do xir 1y

R (L

Khoa KTMT Vii Buc Lung 2




Cac Co Ché Lién Lac

Signal : Khong truyén dwoc dir liéu

Tin hiéu

MO ta

SIGINT

Ngudi dung nhan phim DEL dé ngat x(r ly tién
trinh

SIGQUIT

Yéu cau thoat x' ly

SIGILL

Tién trinh x&r ly moét chi thi bat hop 1€

SIGKILL

Yéu cau két thuc mot tién trinh

SIGFPT

LOi floating — point xay ra ( chia cho 0)

SIGPIPE

Tién trinh ghi d{ liéu vao pipe ma khong cé
reader

SIGSEGV

Tién trinh truy xuat dén mot dia chi bat hgp I€

SIGCLD

Tién trinh con két thuc

SIGUSR1

Tin hiéu 1 do ngudi dung dinh nghia

SIGUSR2

Tin hiéu 2 do ngudi dung dinh nghia

Khoa KTMT

Cac tin hiéu dugc guri d1 boi1?khi nhan thi xtr 1y ra sao?

Vi Dirc Lung




Céac Co Ché Lién Lac

O Plpe
Truyén dir liéu khong cau tric

pipe
» C b a t

Khoa KTMT Vii Buc Lung



Céac Co Ché Lién Lac

= Shared Memory
Mau thuin truy xuiat => nhu cau dong bd hoa

Segment viing nhd chia se

Khoa KTMT Vii Buc Lung



Céac Co Ché Lién Lac

= Message
Lién lac trén moi trwong phan tan
= Lién két tiém an
= Send(message) : goi mot thong diép
= Receive(message) : nhan mét thong diép
= Lién két twong minh
= Send(destination, message) : goi mot thong diép dén destination
= Receive(source,message) : nhan mot thong di€p tir source

Khoa KTMT Vii Buc Lung



Céac Co Ché Lién Lac

= Socket: 1a mot thiét bi truyén théng hai chiéu nhu tap tin

= MOdi Socket 1a mot thanh phan trong mot mdi noi giira cac may
trong mang

s Cac thuoc tinh cua socket:

= _Domaine: dinh nghia dang thirc dia chi va cac nghi thirc sir dung. Co
nhiéu domaines, vi du UNIX, INTERNET, XEROX NS, ...

= _Type: dinh nghia cac dac diém lién lac

= a) d0 tin cay

b) do bao toan thir tu dir li€u

c) Lap lai dix li¢u

d) Ché do nbi két

¢) Bao toan gidi han thong diép

f) Kha ning goi thong diép khan

Khoa KTMT Vii Buc Lung 7



Céac Co Ché Lién Lac

s Dé thuc hién lién lac béng socket, can tién hanh cac thao tac ::
= Tao lap hay m¢& mot socket
= Gin két mét socket véi mot dia chi
= Lién lac : c¢6 hai kiéu lién lac tiy thudc vao ché d6 ndi két:
Lién lac trong ché d6 khong lién két
Lién lac trong ché d6 ndi két
« Huy mot socket

L MAY | MAYB
VD: Giao tiép trong TCP s socket socket

I Mo1 nod

port

Hé thong mang

Khoa KTMT Vii Buc Lung



Race condition

= P1 va P2 chia sé bién chung hits

hits=0
Time ? P1 ?PZ
read hits
read hits
hits =hits +1 .
hits = hits + 1
hits=1,2?

Két qua cudi cung khong du don dwoc !

Khoa KTMT Vii Buc Lung



Vung tranh chap (Mién giing - critical section)

?PZ

read hits

read hits

CS
hits = hits + 1

hits = hits + 1

CS |la doan chwong trinh c6 kha nang gay ra hién
twong race condition

Khoa KTMT Vii Buc Lung 10



Giai phap tong quat

hits = hits + 1

hits = 2

Bio dam tinh “ddc quyén truy xuat” mién ging tai
mot thoi diem

Khoa KTMT Vii Buc Lung 11



Khoa KTMT

M6 hinh dam bio ddc quyén truy xuat

Kiém tra va danh quyén vao CS

CS;

Tir b6 quyén sit dung CS

Vi Buc Lung
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Hen ho

P1 L

Lam thé nao bio dam trinh tu thwe hién Job1 - Job?
?

Khoa KTMT Vii Buc Lung 13



Giai phap

P1 ?PZ

Hai tién trinh can trao déi thong tin vé dién tién xir
ly

Khoa KTMT Vii Buc Lung 14



Khoa KTMT

M6 hinh té chirc phoi hop hoat ddng giira hai
tién trinh

Vi Dirc Lung 15



Chuong V - Phan II

Déng B0 va (Giai Quyét Tranh Chép
(Process Synchronization)




> Dit van gié (tai sao phai dong bd va giai quyét
tranh chap ?)

> Van dé Critical section

> Cac giai phap phan mém
— (G141 thuat Peterson, va giai thuat bakery

> Dong bd bang hardware

» Semaphore

> C4c bai toan dong bo

» Critical region

> Monitor

Khoa KTMT



Pat van dé
Khao sat cac process/thread thuc thi dong thoi va chia sé dir liéu
(qua shared memory, file).

> Neéu khong c6 su kiém soat khi truy cap cac dit liéu chia sé thi c6
thé dua dén ra trudng hop khong nhat quan dir liéu (data
Inconsistency).

> Dé duy tri su nhét quan dir li¢u, hé théng can c6 co ché bao dam
su thuc thi co trat tu cua cac process dong thoi.

@@

Khoa KTMT



Bai toan Producer-Consumer

Producer-Consumer
=P khong dwoe ghi dit liéu vao buffer da day
=C khong dwgc doc dir liéu tir buffer dang trong
=P va C khong dwere thao tac trén buffer cung luc

Khoa KTMT



Pat van deé
» Xeét bal toan Producer-Consumer vi bounded buffer

> Bounded buffer, thém bién dém count

#define BUFFER _SIZE 10 /* 10 buffers */
typedef struct {

} item;

item buffer[BUFFER_SIZE];
Intin =0, out =0, count =0

Khoa KTMT



Bounded buffer (tt)

> Qua trinh Producer
item nextProduced:;
while(1) {

while (count == BUFFER_SIZE); /* do nothing */

buffer[in] = nextProduced,
count++;
In=(in+ 1) % BUFFER_SIZE;

¥

> Qua trinh Consumer

item nextConsumed,;

while(1) {
while (count == 0); /* do nothing */
nextConsumed = buffer[out] ;
count--;
out = (out + 1) % BUFFER_SIZE;

Khoa}KTI\/IT

bién count dugc chia sé
gitra producer va consumer



Bounded buffer (tt)

> Cac lénh ting, giam bién count twong duong trong ngdn ngit may
|a:

(Producer) count++:
* register, = count

* register, = register, +1
e count  =register;

(Consumer) count--:
* register, = count
* register, = register, - 1
e count  =register,

» Trong do, cac register; 1a cac thanh ghi cua CPU.

Khoa KTMT 7



Bounded buffer (tt)

M3 may ciia cac 1énh ting va giam bién count c6 thé bi thuc thi xen k&

> Gia st count dang bang 5. Chudi thuc thi sau co thé xay ra:

0:  producer register, := count {register, = 5}
1:  producer register, := register; + 1 {register, = 6}
2:  consumerregister, := count {register, = 5}
3:  consumerregister, := register, - 1 {register, = 4}
4:  producer count := register, {count = 6}
5. consumercount := register, {count =4}

Cac 1énh count++, count-- phai 1a don nguyén (atomic), nghia
la thuc hién nhu mot 1énh don, khong bi ngét nua chung.

Khoa KTMT



Bounded buffer (tt)

> Race condition: nhiéu process truy xuat va thao tac dong thoi
1én dir icu chia s¢ (nhu bién count)

— Keét qua cudi cung cia viée truy xuat dong thoi ndy phu thudc thir tu thuc
thi cua cac 1énh thao tac dir liu.

> Dé dit liéu chia sé duoc nhat quan, can bao dam sao cho tai
mdi thdi diém chi c6 mot process dugc thao tac Ién dir ligu
chia sé. Do d6, can co co ché déng bo hoat dong cua cac
process nay.

Khoa KTMT 9
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Van dé Critical Section

» (G1a sur cO N process cung truy xuat dong thoi dir 1iéu chia s¢
» Cau truc cua mo1 process P1- Mo1 process ¢6 doan code nhu

Sau .
Do {
entry section  /* vao critical section */
critical section /* truy xuat dir liéu chia xé */
exit section  /* ro1 critical section */
remainder section /* lam nhiing viéc khac */
} While (1)

> Trong moi process c6 nhitng doan code c6 chira cac thao tac
1én dir liéu chia sé. Poan code nay duogc goi la vung tranh
chap (critical section, CS).

Khoa KTMT 10



'@' Van dé Critical Section

> Van dé Critical Section: phai bao dam su logi trir tuong ho
(MUTual EXclusion, mutex), tirc 1a khi mot process dang
thyc thi trong ving tranh chap, khong co process nao khac
dong thoi thuc thi cac 1énh trong ving tranh chap.

Khoa KTMT 11



Yéu cau cua 10i giai cho Critical Section
Problem

Loi gidi phai thoa bon tinh chat:

(1) Boc quyén truy xuat (Mutual exclusion): Khi mot process P dang thyc thi

trong vung tranh chap (CS) ctia nd thi khong c6 process Q nao khac dang thuc
thi trong CS cua Q.

(2) Progress: Mot tién trinh tam dirng bén ngoai mién gang khdng duogc ngin
can cac tién trinh khac vao mi€n gang va viéc lua chon P nao vao CS phai co
han dinh

(3) Cho doi gidi han (Bounded waiting): Mdi process chi phai chd dé duge vao
vung tranh chap trong mdt khoang tho1 gian ¢6 han dinh nao d6. Khong xay ra
tinh trang @0i tai nguyén (starvation).

(4)Khong co gia thiét nao dit ra cho su lién hé vé téc do cua céc tién trinh, cling
nhu vé s6 lugng bo xtt 1y trong hé thong

Khoa KTMT 12



Phan loa1 giai phap

» Nhom giai phap Busy Waiting
— Sir dung cac bién co hiéu
— Sur dung vi€c kiém tra luin phién
— (1a1 phap cua Peterson
— Cam ngat
— Chi thi TSL
> Nhom giai phap Sleep & Wakeup
— Semaphore
— Monitor

— Message

Khoa KTMT
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Cac giai phap “Busy waiting”

While (chwa c6 quyén) donothing() ;

CS:
Tir b6 quyén sir dung CS

Tiép tuc tiéu thu CPU trong khi ch¢ doi vao mién giing
Khong dii hoi sw trg’ gitip ciia Hé diéu hanh

Khoa KTMT
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Cac gidi phap “Sleep & Wake up”

if (chwa c6 quyén) Sleep() ;

CS;

Wakeup( somebody);

Tir bé CPU khi chwa dwoc vao mién giing
Can dwoc Hé diéu hanh hd tro

Khoa KTMT
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> Bién chia sé

. int turn; /* khoi dau turn = 0 */

e néuturn =i thi P, duoc phép vao critical section, v&ii= 0 hay 1
> Process P,

do {
while (turn '=1);
critical section
turn = j;
remainder section
} while (1);

» Thod man mutual exclusion (1)
> Nhung khong thoa man yéu cau vé progress (2) va bounded waiting (3) vi tinh
chat strict alternation cua giai thuat

Khoa KTMT 16



Giai thuat 1 (tt)

Process PO:

Process Pl:

do do
while (turn !'= 0); while (turn '= 1);
critical section critical section
turn := 1; turn := 0;
remainder section remainder section
while (1) ; while (1) ;
Vi du:

PO c6 RS (remainder section) rat 16n con P1 ¢6 RS nhé???

Khoa KTMT
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Giai thuat 2

> Bién chia sé
« boolean flag[2]; /* khoi dauflag[ 0] =flag[ 1] = false */
« Néu flag[ i ] = true thi P, “sin sang” vao critical section.

> Process P;

do {
flag[i]=true;  /*P,“san sang” vao CS */
while (flag[j]); /* P; “nhuong” P, */
critical section
flag[ 1] = false;
remainder section
} while (2);

» Bao dam duogc mutual exclusion. Chitng minh?
» Khong thoa man progress. Vi sao?

Khoa KTMT
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Giai1 thuat 3 (Peterson)

> Bién chia sé: két hop ca giai thuat 1 va 2
> Process P;, vo11=0 hay 1

do{
flag[i ] = true; /* Process i san sang */
turn = J; [* Nhuong processj */
while (flag[ j ] and turn ==);
critical section
flag[ 1 ] = false;
remainder section
} while (1);

> Thoa man duogc ca 3 yéu cau (chirmg minh?)
quye€t bai toan critical section cho 2 process.

Khoa KTMT
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Process P,
do {
[* 0 wants in */
flag[0] = true;
[* 0 gives achancetol */
turn = 1;
while (flag[1] && turn == 1);
critical section;
/* 0 no longer wants in */
flag[O] = false;
remainder section;
} while(l);

Khoa KTMT

Giai1 thuat Peterson-2 process

Process P,
do {
[* 1 wants in */
flag[1] = true;
[* 1 gives a chance to 0 */
turn = 0O;
while (flag[0] && turn == 0);
critical section;
/* 1 no longer wants in */
flag[1] = false;
remainder section;
} while(2);

20



Giai thuat 3; Tinh ding dan

- (G1a1 thuat 3 thoa mutual exclusion, progress, va bounded
waiting
> Mutual exclusion duoc bao dam boi vi
» PO va P1 déu ¢ trong CS néu va chi néu flag[0] = flag[1] = true
va turn = i cho mdi Pi (khong thé xay ra)
> Chtrg minh thoa yéu cau vé progress va bounded
waiting
— P1khong thé vao CS néu va chi néu bj ket tai vong lap while()
v6i diéu kién flag[ j ] =true va turn = .
— Néu Pj khéng muon vao CS thi flag[ j ] = false va do d6 Pi c6
thé vao CS.

Khoa KTMT 21



Giai thuat 3: Tinh ding dan (tt)

— Néu Pj da bat flag[ j ] = true va dang cho tai while() thi ¢ chi
hai truong hop la turn =1 hoac turn =

— Néu turn = i thi Pi vao CS. Néu turn = j thi Pj vao CS nhung sé
bat flag[ j ] = false khi thoat ra o phép Pi vao CS

— Nhung néu Pj c6 du thoi gian bat flag[ j ] = true thi Pj ciing
phai gan turn =1

— Vi Pi khong thay d6i tri ctia bién turn khi dang ket trong vong
lap while(), Pi s& cho dé vao CS nhiéu nhat 1a sau mot lan P;

vao CS (bounded waiting)

Khoa KTMT 22



Giai thuat bakery: n process

» Trudc khi vao CS, process P1 nhan mot con s6. Process nao
giir con s6 nho nhat thi duoc vao CS
> Truong hop Pi va Pj cing nhan dugc mot chi so:
— Néu i <j thi Pi dugc vao trude. (P6i xtng)
> Khi ra khoi CS, Pi dit lai s6 ciia minh bang 0
> Co ché cap so cho cac process thuong tao cac so theo co ché
ting dan, vidu 1, 2, 3,3, 3, 3,4, 5,...

> Ki hiéu
« (a,b)<(c,d)néu a<choicifa=cvab<d
* max(a,...,a,) la con s6 b sao cho b li voimoi1i=0,.... k

Khoa KTMT 23



Giai thuat bakery: n process (tt)

[* shared variable */
boolean  choosing[ n]; /* initially, choosing[i] = false */
int num[ n J; [* initially, num[1]=0 */

do {
choosing[ i ] = true;
num| 1 | = max(num[0], num[1],..., num[n l]) +1;
choosing|[ 1 ] = false;
for =0;j<n;j++)
{
while (choosing[ j ]);
while (num[ j]'=0) && (num[j ], )) < (num[ 1], 1));
b
critical section
num[i1]=0;
remainder section
} while (2);

Khoa KTMT
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Tu software dén hardware

> Khuyét diém cua cac giai phap software
— Céc process khi yéu cau duoc vao ving tranh chap déu phai
lién tuc kiém tra diéu kién (busy waiting), ton nhiéu thoi gian
xu ly cua CPU
— Néu thoi gian xt 1y trong vung tranh chap 16n, mot giai phap
hiéu qua nén co co ché block cac process can doi.

> Cac giai phap phan cing (hardware)
— Cam ngit (disable interrupts)
— Dung cac 1énh dac biét

Khoa KTMT 25



> Trong hé thong uniprocessor:
mutual exclusion dugc bao dam.
— Nhung néu system clock dugc
cap nhat do interrupt thi sao?
> Trén hé thong multiprocessor:
mutual exclusion khong duoc dam
bao
— Chi cAm ngét ta1 CPU thuc thi
1énh disable interrupts
— Céc CPU khéc van c6 thé truy
cap bo nhd chia sé

Khoa KTMT

Process Pi:

do {
disable_interrupts();
critical section
enable_interrupts();

remainder section
} while (1);

26




Lénh TestAndSet

» Doc va ghi mot bién trong mot thao
tac atomic (khong chia cat dugc).

boolean TestAndSet(boolean &target) m Shared data:

{ boolean lock = false;
boolean rv = target;
target = true;
return rv;

m Process P;:

do {
while (TestAndSet(lock));
critical section
lock = false;
remainder section
} while (1);

Khoa KTMT 27



Lénh TestAndSet (tt)

> Mutual exclusion dugc bao dam: néu P; vao CS, cac process P,
khac déu dang busy waiting

> Khi P; ra khoi CS, qua trinh chon lya process P; vao CS ké tiép 1a
tuy y ong bao dam diéu kién bounded waiting. Do d6 c6 thé
xay ra starvation (bi bo doi)

> Céac processor (vi du Pentium) thong thudng cung cap mot 1énh
don 1a Swap(a, b) c6 tac dung hoan chuyén ndi dung ciia a va b.
« Swap(a, b) cling ¢6 uu nhuge diém nhu TestAndSet

Khoa KTMT 28



Swap va mutual exclusion

> Bién chia sé lock dugc khéi tao gid > Bién chia s¢ (khéi tao 1a false)

tri false bool lock;
> MOoi process P; c6 bién cuc bd key bool key;
> Process P; nao thay gia tri lock =
false thi duoc vao CS. > Process P;
— Process P; s€ loai trir cac process P;
khac khi thiét 1ap lock = true do {
key = true;
while (key == true)
void Swap(boolean &a, Swap(lock, key);
boolean &b) { critical section
boolean temp = a; lock =Talse;
a=b: remainder section
’ 1 while (1)
b =temp;
} Khong thoa man bounded waiting

Khoa KTMT 29



Giai thuat dung TestAndSet thoa méan 3 yéu cau (1)

> Cau trac dir liéu dung chung (khai tao 1a false)
bool waiting[ n];
bool lock;
> Mutual exclusion: Pi chi ¢6 thé vao CS néu va chi néu hodc
waiting[ 1 | = false, hoac key = false
« key = false chi khi TestAndSet (hay Swap) duoc thuc thi
= Process dau tién thuc thi TestAndSet méi c6 key == false; cac process
khac déu phai doi
« waiting[ 1 | = false chi khi process khac roi khoi CS
= Chi c6 mot waiting[ 1] ¢6 gia tr1 false

» Progress: ching minh tuong tu nhu mutual exclusion
» Bounded waiting: waiting in the cyclic order
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Giai thuat dung TestAndSet thoa man 3 yéu cau (2)

do {

waiting[ | ] = true;

key = true;

while (waiting[ 1 ] && key)
key = TestAndSet(lock);

waiting|[ i ] = false;

j=(@(+1)%n;
while ((j!=1) && !waiting[j])
J=(0+1)%n;
if (j ==1)
lock = false;
else
waiting[ j ] = false;

_ remainder section
} while (1)
Khoa KTMT
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'@' Cac giai phap “Sleep & Wake up”

Int busy; // =1 néu CS dang bi chiém

Int blocked:; // s6 P dang bi khoa
do
{
If (busy==1){
blocked = blocked +1;
sleep(); Truong hop:
} -Avao CS
else busy =1; -B kich hoat va ting blocked
CS; -A kich hoat lai
'k}lzts))lIOZkoe;d 1=0){ E
| I=
wakeup(process);
blocked = blocked -1;
}
RS;
} while(1);

Khoa KTMT 32



Semaphore

La cong cu dong bd cung cap boi OS ma khong doi hoi  busy
waiting
> Semaphore S 1a mot bién s6 nguyén.

> Ngoai thao tac khai dong bién thi chi c6 thé dugc truy xuat qua
hai tac vu co6 tinh don nguyén (atomic) va loai trir (mutual
exclusion)

e wait(S) hay con goi 1a P(S): giam gia tri semaphore (S=S-1) . Ké d6 néu gia
tri nay am thi process thuc hién 1énh wait() bi blocked.

« signal(S) hay con goi 1a V(S): ting gi tri semaphore (S=S+1) . Ké d6 néu
gia tri I}ély khéng duong, mot process dang blocked bé1 mot 1énh wait() s€
duogc hoi phuc dé thuc thi.

» Tranh busy waiting: khi phai doi thi process s€ dugc dat vao mot
blocked queue, trong d6 chira cac process dang cho dg1 cung mot
su kien.
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Semaphore

> P(S) hay wait(S) sir dung dé gianh tai nguyén va giam bién dém
S=S-1

> V(S) hay signal(S) s& giai phong tai nguyén va ting bién dém S=
S+1

> Néu P dugc thuc hién trén bién dém <= 0 , tién trinh phai doi V
hay ch¢ do1 su gidi phong tai nguyeén

Khoa KTMT
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Hién thuc semaphore

> Dinh nghia semaphore 1a mot record

typedef struct {

Int value;

struct process *L; /* process queue */
} semaphore;

> Gia sir hé diéu hanh cung cap hai tac vu (system call):
 block(): tam treo process nao thuc thi 1énh nay

» wakeup(P): hoi phuc qua trinh thyuc thi ciia process P dang
blocked

Khoa KTMT 35



Hién thuc semaphore (tt)

» Cac tac vu semaphore dugc hién thuc nhu sau

void wait(semaphore S) {
S.value--;

If (S.value <0) {

add this process to S.L;
block();

}

void signal(semaphore S) {
S.value++;

If (S.value <=0) {

remove a process P from S.L;
wakeup(P);

¥

Khoa KTMT
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Hién thuc semaphore (tt)

» Khi mot process phai cho trén semaphore S, no s€ bi
blocked va dugc dat trong hang doi semaphore
— Hang doi nay 1a danh sach lién két cac PCB

» Tac vu signal() thuong st dung co cl
mot process tir hang doi va dua vao |

hé FIFO khi chon
hang do1 ready

> block() va wakeup() thay doi trang t
» block: chuyén tlr running sang waiting

» wakeup: chuyén tir waiting sang ready

Khoa KTMT

N4l cua process
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» Dung cho n process

> Khoitao S.value =1

Chi duy nhat mot process
duoc vao CS (mutual
exclusion)

> DEé cho phép k process vao
CS, khoi tao S.value = k

Khoa KTMT

(g Vi du s dung semaphore 1 :

Hién thuc mutex vo1 semaphore

» Shared data:
semaphore mutex;

/* initially mutex.value = 1 */

> Process Pi:

do {
wait(mutex);
critical section
signal(mutex);
remainder section
} while (1);
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4 Vi du st dung semaphore 2 :Dong bo process bang semaphore

> Hai process: P1 va P2 > Dé ddng bod hoat dong theo
yéu cau, P1 phai dinh nghia
> Yéu cau: 1énh S1 trong P1 can nhu S‘T"U:
duogc thuc thi trude 1énh S2 S1;
signal(synch);

trong P2

> Dinh nghia semaphore synch |~ Va P2 dinh nghia nhu sau:

dé dong bo wait(synch);
. S2;

» Kho1 dong semaphore:
synch.value =0
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» Khi S.value .): sO process c6 thé thuc thi wait(S) ma khong bi
blocked = S.value

> Khi S.value < 0: s6 process dang doi trén S 1a ..Value.

> Atomic va mutual exclusion: khong dugc xay ra truong hop 2
process cung dang ¢ trong than 1énh wait(S) va signal(S) (cung
semaphore S) tai mot thoi diém (ngay ca véi hé thong
multiprocessor)

-) do, doan ma dinh nghia cac 1énh wait(S) va signal(S) ciing
chinh 1a ving tranh chap
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> Vung tranh chap cua cac tac vu wait(S) va signal(S) thong
thuong rat nho: khoang 10 Iénh.

> Giai phap cho vung tranh chap wait(S) va signal(S)

— Uniprocessor: ¢ thé dung co ché cam ngat (disable interrupt).
Nhung phuong phap nay khong lam viéc trén hé thong
multiprocessor.

— Multiprocessor: c6 thé dung cac giai phap software (nhu giai thuat
Dekker, Peterson) hoac giai phap hardware (TestAndSet, Swap).

* Vi CS rat nhé nén chi phi cho busy waiting s& rat thap.

Khoa KTMT 41



Deadlock va starvation

» Deadlock: hai hay nhiéu process dang cho doi vo han dinh mot su kién khong
bao g10 xay ra (vd: su kién do mdt trong cac process dang doi tao ra).

> Goi S va Q 1a hai bién semaphore dugc khoi tao =1

PO P1
wait(S); wait(Q);

wait(Q); wait(S);

signal(S): signal(Q):
signal(Q); signal(S);

PO thuc thi wait(S), roi P1 thuc thi wait(Q), roi PO thuc thi wait(Q) bi
blocked, P1 thuc thi wait(S) bi blocked.

> Starvation (indefinite blocking) Mot tién trinh c6 thé khong bao gid duge lay ra
khoi hang doi ma no bi treo trong hang doi do.
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'@' Cac loai semaphore

> Counting semaphore: mot s6 nguyén c6 gia tri khong
han ché.

> Binary semaphore: co tri 1a 0 hay 1. Binary semaphore
rat dé hién thuc.

> C6 thé hién thuc counting semaphore bang binary
semaphore.

Khoa KTMT
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Céc bai toan dong bo (kinh dién)

> Bounded Buffer Problem
> Readers and Writers Problem
> Dining-Philosophers Problem

Khoa KTMT
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Céc bai toan dong bo

> Bal toan bounded buffer
— Dt 11€u chia sé:
semaphore full, empty, mutex;
— Khoi1 tao:
e full = 0;/* sé buffers diy */
* €MpPLY = N; /* sb buffers trong */
e mutex = 1;

n buffers

out |

Khoa KTMT
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Bounded buffer

producer

nextp = new_item();

\./\./.ait( );
wait(mutex);

iInsert_to_buffer(nextp);
signal(mutex);

signal(full);
} while (1);

Khoa KTMT

consumer

do {
wait(full)
wait(mutex);

nextc = get_buffer_item(out);

signal(mutex);,
signal( );

consume_item(nextc);

}Wh.i.lc.e (1);
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> 5 triét gia ngoi an va suy nghi
> MOi nguoi can 2 chiée diia
(chopstick) dé an

> Trén ban chi co 5 dua

» Bai toan nay minh hoa su kho
khan trong viéc phan phoi tai
nguyén gitra CAC Process sao
cho khong xay ra deadlock va
starvation

Khoa KTMT

0 D liéu chia sé:
semaphore chopstick[5];

a Khéi dau cac biéndéulal
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Triét gia thu i:

do{
wait(chopstick [ 1])
wait(chopstick [ (I1+1) % 5])
eat
signal(chopstick [ 1]);
signal(chopstick [ (1+1) % 5 ]);
think

} while (2);

Khoa KTMT

Bai toan “Dining Philosophers” (2)
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Bai toan “Dining Philosophers” (3)

> Giai phap trén c6 thé gay ra deadlock

— Khi tat ca triét gia d6i bung cung luc va dong thoi cam chiéc

diia bén tay trai .adlock
> MOt so giai phap khac giai quyét dugc deadlock

— Cho phép nhiéu nhat 4 triét gia ngdi vao cung mdt lic

— Cho phép triét gia cﬁm‘céc diia chi khi ca hai chiéc diia déu san
sang (nghia la tdc vu cam cdc diia phai xay ra trong CS)

— Triét gia ngdi & vi tri 1é cam C!ﬁa bén trai tru’é;c, sau d6 maoi dén
diia bén phai, trong khi d,() trict gia ¢ vi tri chan cam diia bén
phai trudc, sau d6 md1 dén diia bén trai

> Starvation?
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Bai toan Readers-Writers (1)

Readers-Writers
=W khong dwoc cap nhat dir liéu Kkhi co
mot R dang truy xuat CSDL .
= Tai mot thoi diém, chi cho phép mét W duore
sira d6i ndi dung CSDL.

WD | (w2

Khoa KTMT
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Bai toan Readers-Writers (2)

» B0 doc trudce b ghi (first

reader-writer)

» Dir 11€u chia sé

semaphore mutex = 1;
semaphore wrt =1,
Int readcount =0;

> Writer process

wait(wrt);
writing Is performed

signal(wrt);

O Reader Process

wait(mutex);

readcount++;

If (readcount == 1)
wait(wrt);

signal(mutex);

reading is performed

wait(mutex);

readcount--;

If (readcount == 0)
signal(wrt);

signal(mutex);

Khoa KTMT
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Bai toan Readers-Writers (3)

> mutex: “bao vé&” bién readcount

> Wit
— Bao dam mutual exclusion ddi véi cac writer
— DPuogc st dung boi r’eader dau tién hodc cubi cung vao hay ra
kho1 vung tranh chap.
> Néu mot writer dang o trong CS va c6 n reader dang doi
thi mot reader duogc xép trong hang doi ctia wrt van - 1
reader kia trong hang doi ciia mutex
> Khi writer thuc thi signal(wrt), hé thong c6 thé phuc hoi
thuc thi cua mot trong cac reader dang do1 hoac writer
dang don.
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[13] Céc van dé v6i semaphore

> Semaphore cung cap mot céong cu manh mé dé bao dam mutual
exclusion va phdi hop dong bd cac process

> Tuy nhién, néu cac tac vu wait(S) va signal(S) nam rai rac & rat
nhiéu processes -1() nam bat duoc hiéu rng cua cac tac vu nay.
Néu khong str dung dlng -) thé xay ra tinh trang deadlock
hoac starvation.

> MOt process bi “die” c¢6 thé kéo theo cac process khac cung str

dung bién semaphore.

signal(mutex) wait(mutex) signal(mutex)

critical section critical section critical section

wait(mutex) wait(mutex) signhal(mutex)
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Critical Region (CR)

> La mot cau triic ngdn ngir cap cao (high-level language construct, duoc dich
sang ma may bdi mot compiler), thuan tién hon cho ngudi 1ap trinh.

> Mot bién chia sé v kiéu dit liéu T, khai b4o nhu sau
v: shared T;

> Bién chia sé v chi ¢ thé dugc truy xuat qua phat biéu sau
regionvwhen BdoS; /* B 1a mdt biéu thitc Boolean */

Y nghia: trong khi S dugc thuc thi, khong c6 qua trinh khac c6 thé truy xuat
bién v.

Khoa KTMT
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CR va bal toan bounded buffer

Dir liéu chia sé: Producer
region buffer when (count < n) {
struct buffer sool[in] = nextp:
1 in = (in + 1) % n:
int pool[n]; count++;
int count, }
I
| Consumer
out;

region buffer when (count > 0){
nextc = pool[out];
out = (out + 1) % n;
count--;
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Monitor (1)

> Ciling 1a mot cau tric ng6~n ngﬁ: cép?cao tuong tu CR, c6 churc nang
nhu semaphore nhung dé diéu khién hon
> Xuat hién trong nhiéu ngén ngir 14p trinh ddng thoi nhu
— Concurrent Pascal, Modula-3, Java,...
> Co thé hién thuc bang semaphore
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Monitor (2)

> La mot module phén mém, > Pac tinh cua monitor
bao gém — Local variable chi co thé truy

— Mot hodc nhiéu thii tuc xuat bo1 cac thu tuc cua monitor
(procedure) — Process “vao monitor” bang

— Mot doan code khai tao cach go1 mot trong cac thu tuc
(initialization code) do

— Céc bién dir liéu cuc bé (local — Chi c6 mét process ¢6 thé vao
data variable) monitor tai mot thoi diém -

mutual exclusion duoc bao dam

m—)—)—)j

entry queue

~

operations
initiggézﬂon M6 hinh ctia mdt monitor
don gian
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] Céu trac cta monitor

Khoa KTMT

monitor monitor-name

{

shared variable declarations
procedure body P1 (...){

}
procedure body P2 (...){

}
procedure body Pn (...){

}
{

}

Initialization code
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Condition variable

> Nhﬁm c‘ho phép mot process do1 “trong monitor”’, phai khai bao
bien diéeu kien (condition variable)
condition a, b;
> Cac bién diéu kién déu cuc b va chi duoc truy cap bén trong
monitor.
> Chi c6 thé thao tac 1én bién diéu kién bang hai thu tuc:
— a.walt: process goi tac vu nay s€ bi “block trén bién diéu kién” a

" process nay chi co thé tiép tuc thuc thi khi c¢6 process khac thuc hi¢n tac
vu a.signal

— a.signal: phuc hoi qua trinh thuc thi ctia process bi block trén bién diéu kién
d.

= N¢u co nhi€u process: chi chon mot

= Néu khong c6 process: khong cé tac dung
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entry queue —

&, Cac process co thé doi & entry queue
hoac doi & cac condition queue (a,
b,...)

% Khi thyc hién 1énh a.wait, process s&
dugc chuyén vao condition queue a

%, Lénh a.signal chuyén mot process tir
~ — — condition queue a vao monitor

operations « Khi d6, dé bao dam mutual exclusion,
process goi a.signal s€ bi blocked va
duoc dua vao urgent queue

Initialization
code
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@ Monitor co condition variable (tt)

entry queue

monitor waiting area

entrance
] l 1
5 -~ MONITOR
- local data
condition cl
c1.wait g condition variables
procedure 1
B ——
condition cn
1
cn-wait T procedure k
—> 1
1
urgent queue /] initialization code
cx.signal o oxit l
]
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monitor dp

{

enum {thinking, hungry, eating} state[5];

condition self[5];

Khoa KTMT
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Dining philosophers (tt)

void pickup(int 1) {
state[ 1 ] = hungry;
test[ 1 ];
If (state[ 1 ] != eating)
self[ 1 ].wait();
¥
void putdown(int 1) {
state[ 1 ] = thinking;
/] test left and right neighbors
test((i +4) % 5); // left neighbor
test((i+1) % 5); //right ...

Khoa KTMT
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Dining philosophers (tt)

void test(int 1) {
If ((state[(1 +4) % 5] !=eating) &&
(state[ 1 ] == hungry) &&
(state[(i + 1) % 5] !=eating) ) {
state[ 1 | = eating;
self] 1 ].signal();
}
void init() {
for (inti=0;1<5;1++)
state[ 1 ] = thinking;
}
}

Khoa KTMT
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Dining philosophers (tt)

> Trudc khi an, mdi triét gia phai goi ham pickup(), dn xong roi
thi phai goi1 ham putdown()

dp.pickup(i);
an

dp.putdown(i);

> Giai thuat khong deadlock nhung c6 thé gay starvation.

Khoa KTMT
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Chuwong 6 : 1ac

Mo hinh hé thong

Dinh nghia

Piéu kién can cua deadlock

Resource Allocation Graph (RAG)

Phuong phap giai quyét deadlock

Deadlock prevention

Deadlock avoidance

Deadlock detection

Deadlock recovery

Phuong phap két hop dé giai quyét Deadlock
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(P] Van dé deadlock trong hé thong
a Tinh huong: mot tip cac process bi blocked, mdi process giir tai nguyén va dang

cho tal nguyén ma process khac trong tap dang gitr.

O Vidul
— Gia sur hé thong c6 2 file trén dia.
— P1 va P2 mbi process dang md mét file va yéu cau mo file kia.

O Vidu?2
— Semaphore A va B, khoi tao bang 1
PO P1
wait(A); wait(B);
wait(B); wait(A);
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Mo hinh hoa hé thong

o Hé théng gom cac loai tai nguyén, ki hiéu Ry, R,,..., R, bao gdom:
— CPU cycle, khong gian bo nhd, thiét bi 1/0, file, semaphore,...
Mbi loai tai nguyén R, ¢c6 W, thuc thé (instance).

O Gia su tai nguyén tai st dung theo ky (Serially Reusable Resources)
—  Yéu cau (request): process phai chd néu yéu cau khong duoc dap tng ngay
— Sur dung (use): process st dung tai nguyen
— Hoan tra (release): process hoan tra tai nguyén

0 Cac tac vu yéu cau (request) va hoan tra (release) déu la system call. Vi du
— request/release device
— open/close file
— allocate/free memory
— wait/signal
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Dinh nghia

Q0 Mot tién trinh goi la deadlocked néu n6 dang doi mot su kién ma
s¢ khong bao gi0 say ra.
Thong thuong, c6 nhiéu hon mét tién trinh bi lién quan trong mot
deadlock.
0 Mot tién trinh goi 1a tri hodn vo han dinh (indefinitely postponed)
néu no bi tri hodn mot khoang thoi gian dai 1ip di 1ap lai trong khi
hé thong dap tng cho nhiing tién trinh khac .

= j.e. MOt tién trinh san sang dé xir Iy nhung n6 khong bao gid nhin dugc
CPU.

Khoa KTMT 4



Diéu kién can dé xay ra deadlock

Bon diéu kién can (necessary condition) dé xay ra deadlock

1. Loai trir ho twong (Mutual exclusion): it nhat mot tai nguyén
duoc gitr theo nonsharable mode (vi du: printer; vi du sharable
resource: read-only files).

2. Giit va cho cap thém tai nguyén (Hold and wait): mot process
dang gitr it nhat mot tai nguyén va doi thém ta1 nguyén do qua
trinh khac dang gif.
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Piéu kién can dé xay ra deadlock (tt)

Khong trung dung (No preemption). (= no resource preemption)
tai nguyén khong thé b1 1ay lai, ma chi c6 thé duogc tra la1 tu
process dang gitr tai nguyén do khi né6 muon.

Chu trinh doi (Circular wait): ton tai mot tap {P,,...,P,} cic qua
trinh dang doi sao cho
P, do1 mot tai nguyén ma P, dang gilr

P, do1 mot tai nguyén ma P, dang giir

P, do1 mot tai nguyén ma P, dang giir
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Do thi cap phat tai nguyén
Resource Allocation Graph

o Resource allocation graph (RAG) 1a do thi c6 hudng, véi tap dinh
Vvatap canh E

— Tap dinh V gom 2 loai:
= P={P,P,,....,P,} (Tat céa process trong hé thong)
* R={R,,R,,...,R, } (Tat ca cac loai tai nguyén trong hé thong)

— Tapcanh E gém 2 loai:
= Canh yéu cau (Request edge): @ Pi 2R,

= Canh cdp phdt (Assignment edge): Rj 2P,
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Ky hi¢u

a Process:

0 Loai tai nguyén véi 4 thuc thé:
a P; yéu cau mot thue thé caa R;:

a P; dang gilt mot thyc thé cla R; :

Khoa KTMT
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—

—
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‘D Vidu vé RAG

R, R3
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)] Viduvé RAG (tt)

R, R3

Deadlock xay ra!
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a Vi du mdt RAG chira chu trinh nhung khong xay ra deadlock: P,
co thé tra la1 instance cua R,,.

Khoa KTMT
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RAG va deadlock (tt)

0 RAG khong chira chu trinh (cycle) -16ng co deadlock
a0 RAG chira mét (hay nhiéu) chu trinh
— Néu mdi loai tai nguyén chi c6 mot thuc thé .adlock
— Néu mdi loai tai nguyén c6 nhiéu thuc thé [ thé xay ra deadlock

Khoa KTMT
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Cac phuong phap giai quyét deadlock (1)

Ba phuong phap
1) Bao dam rang hé thong khong roi vao tinh trang deadlock
bang cach ngan (preventing) hoac tranh (avoiding) deadlock.
Khac biét
— Ngin deadlock: khong cho phép (it nhat) mot trong 4 diéu kién can
cho deadlock

— Tranh deadlock: cac qua trinh can cung cap thong tin vé tai nguyén
no can dé h¢ thong cap phat tai nguyén mot cach thich hop
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Cac phuong phap giai quyét deadlock (2)

phat hién deadlock va phuc hoi hé thong.

3) Bo qua mo1 van dé, xem nhu deadlock khong bao gio xay
ra trong h¢ thong.

©Kha nhiéu hé diéu hanh sir dung phuong phap nay.

— Deadlock khong duoc phat hién, din dén viéc giam hiéu suat

ctia hé thong. Cudi cung, hé thong c6 thé ngung hoat dong va
phai dugc khot dong lai.
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1. Ngan deadlock (deadlock prevention)

Ngan deadlock bang cach ngin mdt trong 4 diéu kién can cua

deadlock

1. Ngan mutual exclusion
—  d0i voi nonsharable resource (vd: printer): khong lam duoc
—  d0i voi sharable resource (vd: read-only file): khong can thiét

Khoa KTMT
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Ngan deadlock (tt)
2. Ngan Hold and Wait

— Céch 1: moi process yéu cau toan b tai nguyén can thiét mot lan. Néu c6
du tai nguyén thi hé thong s€ cap phat, néu khong du tai nguyén thi process
phai b1 blocked.

— Cach 2: khi yéu cau tai nguyén, process khong dugc gitr bat ky tai nguyén
nao. Néu dang c6 thi phai tra lai trude khi yéu cau.

— Vidudéso sanh hai cach trén: mot qua trinh copy dir li¢u tur tape drive
sang disk file, sap xép disk file, roi in két qua ra printer.

— Khuyét diém cua cac cach trén:

= Hiéu suat st dung tai nguyén (resource utilization) thap
= Qua trinh c6 thé bj starvation
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Ngan deadlock (tt)

3. Ngan No Preemption: néu process A c6 giit tai nguyén va dang yéu cau tai
nguyén khac nhung tai nguyén nay chua cap phat ngay duoc thi

— Céch 1: Hé thong lay lai moi tai nguyén ma A dang giit

A chi bat dau lai duoc khi c6 duoc cac tai nguyén da bj 1ay lai cing
vO1 tal nguyén dang yéu cau

— Cach 2: H¢ thong s& xem tai nguyén ma A yéu cau

Néu tai nguyén duoc gilt boi mot process khac dang doi thém tai
nguyén, tai nguyén nay dugc hé thong lay lai va cap phat cho A.

Néu tai nguyén duoc giit boi process khong doi tai nguyén, A phai doi
va tai nguyén cua A bi lay lai. Tuy nhién hé thong chi 14y lai céc tai
nguyén ma process khac yéu cau
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4.

Ngan deadlock (tt)

Ngan Circular Wait: gan mot thir tu cho tat ca cac tai nguyén trong hé thong.
— Téap hop loai tai nguyén: R={R;, R, ....R,, }
Ham anh xa: F: R->N
—  Vidu: F(tape drive) = 1, F(disk drive) = 5, F(printer) = 12
= Fla ham dinh nghia thir tu trén tap cac loai tai nguyén.

Khoa KTMT
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Ngan deadlock (tt)

4. Ngan Circular Walit (tt)

Méi process chi ¢ thé yéu cau thyc thé ciia mot loai tai nguyén theo thi tu ting
dan (dinh nghia b1 ham F) cua loai tai nguyén. Vi du

»  Chudi yéu ciu thuc thé hop 1¢: tape drive sk drive [Jlinter

= Chudi yéu ciu thuc thé khong hop 1€ disk drive [Jlpe drive

Khi mot process yéu cau mot thuc thé cua loai tai nguyén R; thi n6 phai tra lai cac
tai nguyén R; voi F(R;)) > F(R;).

“Chung minh” gia st ton tai mot chu trinh deadloc Ry
= F(R)<FRy P10 @
" F(Ry)<F(Ry)
" <
F(RZ) F(R3) R4 ° T R2

= F(Ry) <F(Ry)
Vay F(R,) < F(R,), mau thuan! R,

G
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2. Tranh tac nghén
Deadlock avoidance

0 Deadlock prevention st dung tai nguyén khong hi€u qua.

a0 Deadlock avoidance van dam bao hiéu suat sir dung tai nguyén toi da dén mirc
c6 thé.

O Yéu cau moi process khai bao so lugng tai nguyén to61 da can dé thuc hién cong
viec

0 Giai thuat deadlock-avoidance sé& kiém tra trang thdi cdp phdt tai nguyén
(resource-allocation state) dé bao dam hé thong khong roi vao deadlock.
Trang thai cap phat tai nguyén duoc dinh nghia dua trén sb tai nguyén con lai,
sO tai nguyén da dugc cap phat va yéu cau tdi da ctia cac process.
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Trang thai safe va unsafe

Q Mot trang thai cua hé théng duoc goi 1a an toan (safe) néu ton tai
mot chuoi (thir tu)i an toan (safe sequence).

Q Mot chuoi qua trinh <Py, P,,..., P, > 1a mot chudi an toan néu

— V61imoii1=1,...,n, yéu cau to1 da vé€ tai nguyeén cua P, co thé dugc thoa boi
= tai nguyén ma hé thong dang cé san sang (available)

= cung véi tai nguyén ma tat ca P;, J <1, dang gil.

0 Mot trang thai ciia hé thong duogc goi 1a khdng an toan (unsafe)
néu khong ton ta1 mot chudi an toan.
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)] Chudi an toan (tt)

Vi du: Hé thong c6 12 tape drives va 3 qua trinh Py, P4, P,

0 Tai thoi diém t,

Maximum Current

needs needs
P, 10 5
P, 4 2
P, 9 2

— Con 3 tape drive san sang.

— Chudi <Py, Py, P,>1a chudi an toan ‘ thong 13 an toan

Khoa KTMT
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Chuoi an toan (tt)

0 Gia su tai thoi diém t;, P, yéu cau va dugc cap phat 1 tape drive

— con 2 tape drive san sang

can toi da dang giir
P, 10 S
P, 4 2
P, 9 3

a Hé thong con an toan khong?

Khoa KTMT



Trang thai safe/unsafe va deadlock

0 Néu hé thong dang o trang thai safe -16ng deadlock.
0 Néu hé thong dang o trang thai unsafe -) thé dan dén deadlock.
0 Tranh deadlock bang cach bao dam hé thong khong di dén trang thai unsafe.

safe

Khoa KTMT



D]  Giai thuat dd thi cAp phat tai nguyén

0 Khai niém canh thinh cau

Khoa KTMT
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(G1a1 thuat banker

a Ap dung cho hé thong cap phat tai nguyén trong dé moi loai tai
nguyén co thé co nhiéu instance.
Q Bat chudce nghi€p vu ngan hang (banking)
Q Dbiéu kién
— MOi process phai khai bao s lugng thuc thé (instance) toi da cia mdi loai
tai nguyén ma nd can
— Khi process yéu cau tai nguyén thi c6 thé phai doi mic du tai nguyén duoc
yéu cau dang c6 san

— Khi process da c6 dugc day du tai nguyén thi phai hoan tra trong mot
khoang thoi gian hiru han nao do.

Khoa KTMT

26



Giai thuat banker (tt)

n: s process, m: s loai tai nguyén
Céc céu tric dit liéu
Available: vector @ dai m
Available[j] =k -ai tai nguyén R; c0 k instance san sang
Max: ma tran n .n
Max[1i,j] =k -Jé trinh P, yéu cau toi da k instance cia loai
tai nguyén R,
Allocation: ma tran n .n
Allocation[i, j] = k - d& duoc cap phat k instance ciia Rj
Need: ma tran n .n
Need[l, j] = k - can thém k instance cua Rj
Nhan xét: Need[i, j] = Max[i, j] — Allocation[li, j]

Ky hicu Y [ I k(0. vidu 0,3,2, ) . 7.3, 2)

Khoa KTMT
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Giai thuat banker (tt)
(Gia1 thuat an toan

Tim mot chud1 an toan

1. Goi Work va Finish la hai vector d6 dai la m va n. Khé1i tao
Work = Available
Finish[1]:=false,i=1,...,n
2. Tim 1 thoa
(@) Finish[ 1 ] = false
(b) Need, .Vork (hang thir i cua Need)
Néu khong ton tai i nhu vay, dén budc 4.
3. Work = Work + Allocation;
Finish[ 1] :=true
quay vé budc 2.
4. Néu Finish[ i ] =true, i = 1,..., n, thi hé thong dang & trang thai safe

Thoi gian chay cua giai thuat 1a O(m-n?)

Khoa KTMT
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"@' Giai thuat banker (tt)
e (Giai thudt yéu cau (cap phat) tai nguyén

Go1 Request; 1a request vector cua process P; .

Request; [J ] =k - can k instance cua tai nguyén R;.

1. Néu Request; .\Ieedi thi Qén budc 2. Néu khong, bao 16i vi
process da vuot yéu cau toi da.

2. Néu Request; [JJpvailable thi qua budc 3. Néu khong, P; phai cho
Vi tai nguyén khong con du dé cap phat.

3. Gia dinh cap phat tai nguyen dap ung yéu cau cua P, bang cach
cap nhat trang thai hé thong nhu sau:

Available := Available — Request;

Allocation; := Allocation; + Request.
Need. := Need; — Request;
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Giai thuat banker (tt)
Giai thuat yeu cau ta1 nguyén

Ap dung giai thuat kiém tra trang thai an toan 1én trang thai trén
= Neéu trang thai 1a safe thi tai nguyén dugc cap thuc su cho P; .
= Néu trang thai 12 unsafe thi P, phai doi, va
« phuc hoi trang thai:

Available := Available + Request;

Allocation, := Allocation; — Request;

Need, := Need; + Request;

Khoa KTMT
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o Co65 process Py ,..., P,

Giai thuat kiém tra trang thai an toan — Vi du

o Co 3 loai tai nguyén: A (co 10 instance), B (5 instance) va C (7 instance).

a0 So d6 cap phat trong hé thong tai thoi diem T,

Allocation Max Available Need

A B C A B C A B C A B C
Po O 1 O /7 5 3 3 3 2 7 4 3
P, 2 0 0 3 2 2 1 2 2
P, 3 0 2 9 0 2 6 0 0
P, 2 1 1 2 2 2 0 1 1
P, 0 0 2 4 3 3 4 3 1

Khoa KTMT
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GT (kiém tra trang thai)an toan — Vd (tt)

Chuodi an toan <P,, P,, P,, P,, P>

Allocation Need Work
ABC ABC ABC

\l
NN DN e—weW
w

mv)
N

10 /— 10 5 7
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a Yéucau (1,0, 2) ciia P, c6 thoa dugc khong?
— Kiém tra diéu kién Request, .\vailable:
« (1,0,2) 3, 3, 2) 1a dung

GT cap phat tai nguyén — Vi du

— Gia dinh thoa yéu cau, kiém tra trang thai méi c6 phai 1a safe hay khong.

Allocation Need Available

A B C A B C A B C

P, 0O 1 0 7 4 3 2 3 0
P, 3 0 2 0 2 0
P4 (3,3, 0)? P, 3 0 2 6 0 O
PO (0, 2,0) ? P, 2 1 1 0 1 1
Pl 2 B P, 0 0 2 4 3 1

— Trang thai mdi 14 safe (chudi an toan 1a <P, Py, P,, Py, P,>), vay c6 thé cap phat

tai nguyén cho P,.
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3. Phat hién deadlock (Deadlock detection)

Chap nhén Xay ra deadlock trong hé thong, kiém tra trang thai hé
thong bang giai thuat phat hién deadlock.

Néu c6 deadlock thi tién hanh phuc hoi hé thong
Cac giai thuat phat hién deadlock thuong st dung mo hinh RAG.

Hé thong cap phat tai nguyén duoc khao sat trong mdi truong
hop sau

1. Moi loai tai nguyén chi c6 mdt thyuc thé (instance)

2. MOi loai tai nguyén c6 thé c6 nhiéu thuc thé
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Q St dung wait-for graph
— Wait-for graph dugc dan xuat tir RAG bang cach bo cac node biéu dién tai nguyén
va ghép cac canh tuong ung.

= C6 canh tir P; dén P; Il dang cho tai nguyén tir P,

R,

R,

Rs

o I O—6

P] MOdi loai tai nguyén chi c6 mot thuc thé

0 Mot giai thuat kiém tra c6 ton tai chu trinh trong wait-for graph hay khong sé&
duogce goi dinh ky. Giai thuat phat hién chu trinh ¢6 thoi gian chay 1a O(n?), véi
n l1a s6 dinh cua graph.

Khoa KTMT
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MaJi loai tai nguyén co nhiéu thuc thé

a Phuong phap dung wait-for graph khong ap dung duoc cho truong hop mdi loai
tai nguyén c6 nhiéu instance.
a Céc cau truc dit lidu dung trong giai thuat phat hién deadlock
Available: vector do dai m
« 0 instance san sang ctia mdi loai tai nguyén
Allocation: ma tran n .n
« s instance ctia mdi loai tai nguyén da cap phat cho mdi process
Request: ma tran n .n
« yéu cau hién tai ctia mdi process.

 Request[i,j]=k - dang yéu cau thém k instance ctia Rj
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Giai1 thuat phat hién deadlock

1. Goi Work va Finish la vector kich thu6c m va n. Khéi tao:
Work := Available
i=1,2,...,n, néu Allocation, [Jp thi Finish[i] := false
con khong thi Finish[i] :=true

2. Tim 1 théa man:
Finish[1] :=false va

tho1 gian chay
Request; [[lvork ciia gidi thuat
Néu khong ton tai 1 nhu thé, dén budc 4. O(m-n?)

3. Work := Work + Allocation;
Finish[ 1] :=true
quay vé budc 2.

4. Néu Finish[ i ] = false, véi mot i = 1,..., n, thi hé thong dang & trang thai
deadlock. Hon thé nita, Finish[ i ] = false thi P; bi deadlocked.

Khoa KTMT

37



Giai1 thuat phat hién deadlock — Vi du

o Hé thé)ng co 5 qua trinh Py ,..., P,
3 loai tai nguyén: A (7 instance), B (2 instance), C (6 instance).

Allocation Request Available
A B C A B C A B C
P, O 1 O O 0 O O 0 O
P, 2 0 O 2 0 2
P, 3 0 3 O 0 O
P, 2 1 1 1 0 O
P, O 0 2 0O 0 2

Chay giai thuat, tim dugc chudi <P, P,, P4, P,, P,> v6i Finish[ i ] = true, i
=1,..., n, vy hé théng khong bi deadlocked.
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(P2 Giai thuat phat hién deadlock — Vi du (tt)

o P,yéu cau thém mdt instance ctia C. Ma tran Request nhu sau:

Request

ABC
P, 00O
P, 20 2
P, 001
P, 100
P, 00 2

— Trang thai ctia hé théng 1a gi?

= (6 thé thu hoi tai nguyén dang sd hitu bdi process P, nhung van khong du dap
rmg yéu cau cua cac process khac.

« Vay ton tai deadlock, bao gom cac process Py, P,, P;,vaP,.
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Phuc hoi deadlock (Deadlock Recovery)

o Khi deadlock xay ra, dé phuc hoi
— bao nguoi van hanh (operator)
hoac
— hé théng tu dong phuc hoi béng cach be¢ gay chu trinh deadlock:
= cham dut mot hay nhiéu qua trinh

= lay lai tai nguyén tir mot hay nhiéu qua trinh

Khoa KTMT
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Deadlock Recovery: Cham dut qua trinh

0 Phuc hoi hé thong bi deadlock bang cach cham dirt qua trinh
— Cham dut tat ca process b1 deadlocked, hoac
— Cham dut 1an luot tirng process cho dén khi khong con deadlock

= Sir dung giai thuat phat hién deadlock dé xac dinh con deadlock hay
khong

Q Dua trén y€u td nao dé chon process can dugc cham durt?

D3 wu tién cua process

Thot gian da thuc thi cia process va thoi gian con lai
Loai tai nguyén ma process da su dung

Tai nguyén ma process can thém dé hoan tat cong viéc
S6 lugng process can duge cham dit

Process la interactive process hay batch process
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Deadlock recovery: Lay lai tai nguyén

Q Léy lai tai nguyén tir mot process, cap phat cho process khéac cho
dén khi khong con deadlock nira.

a Céac van dé trong chién lugc thu hoi tai nguyén:
— Chon “nan nhan” dé t01 thiéu chi phi (c6 thé dua trén s6 tai nguyén s hitu,
thoi gian CPU d4 tiéu ton,...)

— Tro lai trang thai trude deadlock (Rollback): rollback process bi lay lai tai
nguyen trd vé trang thai safe, tiép tuc process tir trang thai d6. Hé thong can
lru giitr mot s6 thong tin vé trang thai cac process dang thuc thi.

— Doi tai nguyén (Starvation): dé tranh starvation, phai bao dam khong c6
process s& ludn ludn bi 14y lai tai nguyén mdi khi deadlock xay ra.
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(DIPhuong phap két hop dé giai quyét Deadlock

0 Két hop 3 phuong phap co ban
= Ngan chan (Prevention)
= Tranh (Avoidance)
= Phat hién (Detection)
Cho phép sir dung cach giai quyét t6i wu cho mdi 16p tai nguyén trong hé

thong.
Q Phan chia tai nguyén thanh cac 16p theo thir bac.
— St dung k¥ thuat thich hop nhat cho viéc quan 1y deadlock trong mdi 16p
nay.
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0 Bai 01: Liét ké 3 truong hop xay ra deadlock trong doi song
0 Bai 02: R, R;

Khoa KTMT
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a Bai 03:

Allocation

ABCD
Py 012
Py 1000
P 1354
25 D632
Py o014

o A) Tim Need
0 B) Hé thong c6 an toan khong

Max

ABCD ABCD

0012
1750
2356
0652
0656

Available

1520

o C)Néu P, yéu cau (0,4,2,0) thi co thé cap phat cho nd ngay khong?

Khoa KTMT

45



i M

|_.r,- il
(€8T

-FI'. -
I -
bl ot

Chwong 7. Quan ly by nhé

0 Khai niém co so

0 Cac kiéu dia chi nhd (physical address , logical address)

0 Chuyén doi dia chi nhé
a Overlay va swapping
Q MO hinh quan Iy bd nhé don gian

Fixed partitioning

Dynamic partitioning

Co ché phan trang (paging)

Co ché phan doan (segmentation)
Segmentation with paging
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@] Khai niém co so

Q Chum}g trinh pl}éi duoc mang vao trong bd nh¢ va dat nd trong
mot tien trinh dé dugce xu ly

a Input Queue — Mot tap hop cua nhﬁ:ngqtié’n trinh trén dia ma dang
cho dé duoc mang vao trong bd nhd dé thuc thi.

0 User programs trai qua nhiéu budc trude khi duge xtr 1y.
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@] Khai niém co so

Q Quan ly bo nho 1a cong viéc cua hé diéu hanh véi su hd tro cua
phan cirmg nham phan phdi, sip xép cac process trong bo nhé sao
cho hi¢u qua.

a Muc tiéu can dat duoc 1a nap cang nhiéu process vao by nhé cang
tot (gia tang mirc d6 da chuong)

Q Trong hau hét cac hé théng, kernel s& chiém mét ph?m ¢ dinh cua
bd nhd; phan con lai phan phoi cho cc process.

a Céac yéu cau doi véi viée quan 1y bo nhé

— Cap phat bo nhé cho cac process

— Tai dinh vi (relocation): khi swapping,...

— Bao vé: phai kiém tra truy xuat bd nhé c6 hop 18 khong
— Chia s¢: cho phép cac process chia s¢ vung nhé chung
— Két gan dia chi nhé luan 1y cua user vao dia chi thuc
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(P} Cac kiéu dia chi nho

Q Dia chi vat ly (physical address) (dia chi thwc) 1a mot vi tri thuc
trong by nhé chinh.

Q Dia chi ludn [y (logical address) 1a mot vi tri nhé dugc dién ta
trong mot chuong trinh ( con goi la dia chi ao virtual address)

— Cac trinh bién dich (compiler) tao ra ma 1énh chwong trinh ma trong d6 moi
tham chiéu bd nhé déu 1a dia chi luan 1y

— Bia chi twong doi (relative address) (dia chi kha tai dinh vi, relocatable
address) la mot kiéu dia chi luan ly trong d6 céc dija chi duoc biéu dién
tuong d6i so vi mot vi tri xac dinh nao d6 trong chuong trinh.

" Vidu: 12 byte so voi vi tri bat dau chuong trinh,...
— Bia chi tuyét doi (absolute address): dia chi twong duong véi dia chi thuc.
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o BO linker: két hop cac object module thanh mot file nhi phan kha

Nap chuong trinh vao by nho

thuc thi goi 1a load module.

Q Bo loader: nap load module vao b nhé chinh

. System e
Source Object .y static linking
file 1 module 1 library
Assembler : Executable
S Object . \ :
douze ol e OHEC o Linker |- binary e
Compiler (load module)
Source Obiject
file 3 module 3
Process
image in |~«—— Loader
memory A
dynamic Iinkir:k System

library
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Module A

CALL B

Return

Module B

CALL C

Return

Module C

Return

e
> length L

> length M

> length N

relocatable
object modules

load module <

Khoa KTMT

(D] Co ché thyuc hién linking

L+M-1
L+M

L+M+N-1

Module A

JMP “L”

Return

Module B

JMP “L+M”

Return

Module C

Return




D] Chuyén doi dia chi

Q Chuyén doi dia chi: qua trinh anh xa mot dia chi tr khong gian dia
chi nay sang khong gian dia chi khac.
0 Bicu dién dija chi nhé
— Trong source code: symbolic (cac bién, hang, pointer,...)
— Thoi diém bién dich: thudng 1a dia chi kha tai dinh vi

" Vidu: a6 vitri 14 bytes so véi vi tri bat dau ctia module.

— Thoi diém linking/loading: c6 thé 1a dia chi thyc. Vi du: dit liéu nam tai dia

chi bo nhé thuc 2030
int i; 0 Q 2000
goto p1;
. > >
P 250 % 2250
symbolic address relocatable address

physical memory
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(D] Chuyén doi dia chi (tt)
0 Dia chi 1énh (instruction) va dit liéu (data) dugc chuyén doi thanh dia
chi thuc c6 thé xay ra tai ba thoi diém khac nhau
— Compile time: néu biét trudc dia chi bo nhé ciia chuong trinh thi co thé két
gan dia chi tuyét doi lac bién dich.
» Vidu: chuong trinh .COM ctia MS-DOS
= Khuyét diém: phai bién dich lai néu thay ddi dja chi nap chuong trinh
— Load time: Vao thoi diém loading, loader phai chuyén d6i dia chi kha tai
dinh vi thanh dia chi thuc dua trén mét dia chi nén (base address).

» Dia chi thuc duoce tinh toan vao thoi diém nap chuong trinh = phai tién hanh
reload néu dia chi nén thay doi.
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Symbolic
addresses
PROGRAM
JUMP i

<
LOAD j
DATA

<

Source code

1024

1424

Compile

2224

Absolute
addresses

JUMP 1424

LOAD 2224

1024

1424

= >

Link/Load

2224

Absolute load module

Khoa KTMT

Sinh dia chi tuyét d6i vao thoi diém dich

Physical memory
addresses

JUMP 1424

LOAD 2224

Process image



Sinh dia chi thuc vao thoi diém nap

Relative
Symbolic (relocatable) Physical memory
addresses addresses addresses
PROGRAM 0 1024
JUMP | JUMP 400 JUMP 1424
i < 400 < 1424 <
LOAD | > . > LOAD 1200 : LOAD 2224
Compile Link/Load ©
DATA
j < 1200 2224 <
Source code Relative Process image
load module
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(D! Chuyén ddi dia chi (tt)

0 Execution time: khi trong qué trinh thuc

thi, process co thé duoc di chuyén tur Relative (relocatable)
segment nay sang segment khac trong bo addresses
nhé thi qua trinh chuyén d6i dia chi 0
duoc tri hodn dén thoi diém thyc thi
— Can su hd tro cua phén cung cho viéc JUMP 400
anh xa dia chi. 400 <

" Vi du: truong hop dia chi luan 1y la

relocatable thi c6 thé dung thanh ghi LOAD 1200
base va limit,...  feeemeeeeoemeeeos

— St dung trong da s6 cac OS da dung ,
(general-purpose) trong do co cac co ché

) . : 1200 <
swapping, paging, segmentation

MAX = 2000
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a Qua trinh link dén mot module ngoai (external module) dugc thuc
hién sau khi da tao xong load module (1.e. file c6 thé thuc thi,
executable)

— Vi du trong Windows: module ngoai la cac file .DLL con trong Unix, cac
module ngoai la cac file .so (shared library)

Dynamic linking

0 Load module chtra cac stub tham chiéu (refer) dén routine cua
external module.

— Lc thyec thi, khi stub dugc thuc thi 1an dau (do process goi routine lan dﬁu),
stub nap routine vao bo nhd, tu thay thé bang dia chi cua routine va routine
duoc thuc thi.

— Céc lan goi routine sau s& xay ra binh thuong
a Stub can sy ho trg cua OS (nhu kiém tra xem routine da duoc nap
vao bd nhd chua).
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(] Uu diém cua dynamic linking

a Thong thuong, external module 1a mét thu vién cung cap céc tién
ich cua OS. Cac chuong trinh thuc thi ¢6 thé dung cac phién ban
khac nhau cua external module ma khong can stra d6i, bién dich
lai.

Chia sé md (code sharing): mot external module chi can nap vao
bo nhd mdt 1an. Céc process can dung external module nay thi
cung chia s¢ doan mi cua external module = tiét kiém khong gian
nh¢ va dia.

Phuong phap dynamic linking can sy hd trg ctia OS trong viée
kiém tra xem mot thi tuc nao do6 cé thé duoc chia sé gilra cac
process hay 1a phan ma cta riéng mot process (bdi vi chi c6 OS
mdi c6 quyén thuc hién viéc kiém tra nay).
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(> Dynamic loading

0 Co ché: chi khi nao can duoc 201 dén thi mot thu tuc mdi duoc
nap vao b0 nhé chinh = tang d6 hiéu dung cua bd nhé (memory
utilization) béi vi cc thu tuc khong duge goi dén s& khong chiém
cho trong bo nhé

0 Rat hiéu qua trong trudng hop ton tai khoi lugng 1én ma chuong
trinh c6 tan suat sir dung thap, khong dugc st dung thuong xuyén
(vi du cac thu tuc xtur 1y 101)

0 Hb tro tir hé diéu hanh
— Théng thuong, user chiu trach nhiém thiét ké va hién thuc cac chuwong trinh
c6 dynamic loading.
- H~é diéu hanh chu yéu cung cép mét sb thu tuc thu vién hd tro, tao diéu kién
dé dang hon cho Iap trinh vién.
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(3] Co ché phu lip (overlay)

a Tai mdi thoi diém, chi g1lr lai trong bd nh¢ nhitng 1€nh
hoac dir li€u can thiét, gia1 phong cac 1€nh/dir icu chua
hoac khong can dung dén.

0 Co ché nay rat hitu dung khi kich thuéc mot process 16n
hon khong gian bd nhd cap cho process do.

a Co ché nay dugc diéu khién bai nguoi sir dung (thong
qua su ho trg cua cac thu vién 1ap trinh) chir khong can
su ho tro cua hé diéu hanh

Khoa KTMT 15



Pass 1 70K
Pass 2 80K
Symbol table 20K
Common routines 30K

Assembler

Total memory
available = 150KB

‘3) Co ché overlay (tt)

symbol
table

common
routines

overlay

driver

Don vi: byte
20K

30K

10K

nap va thuc thi

— <

/0K

Khoa KTMT
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(D! Co ché hoan vi (swapping)

Q Mot process coO thé tam thoi bi swap ra khoi by nhd chinh va luu
trén mot hé théng luu trlt phu. Sau do, process co thé duoc nap lai
vao bo nhé dé tiép tuc qua trinh thuec thi.

Swapping policy: hai vi du
— Round-robin: swap out P, (vira tiéu thy hét quantum cta no), swap in P,,
thuc thi P, ,...

— Roll out, roll in: duing trong co ché dinh thoi theo d wu tién (priority-based
scheduling)

= Process cO do uu tién thap hon s& bi swap out nhuong chd cho process
cO do uu tién cao hon méi dén dugc nap vao bo nhd dé thuc thi

a Hién nay, it hé thong sir dung co ché swapping trén
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Minh hoa co ché swapping

operating
system

process

process

user
space

main memeory
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] M6 hinh quan 1y bd nhé

Q Trong chuong nay, mé hinh quan Iy by nhé 1a mot mo hinh don
gian, khong c6 bd nhé ao.

Q Mot process phai dugc nap hoan toan vao bd nhd thi mé1 dugce
thuc thi (ngoai trir khi str dung co ché overlay).
a Céc co ché quan 1y bd nhé sau day rat it (hau nhu khoéng con)
duogc dung trong cac hé thong hién dai
— Phan chia c¢6 dinh (fixed partitioning)
— Phén chia dong (dynamic partitioning)
— Phan trang don gian (simple paging)

— Phan doan don gian (simple segmentation)

Khoa KTMT

19



] Phan manh (fragmentation)

Q Phdan manh ngoai (external fragmentation)

— Kich thu6e khong gian nhé con trong du dé thoa man mot yeu cau
cap phat, tuy nhi€n khong gian nhé nay khong lién tuc = ¢ thé
diing co ché két khoi (compaction) dé gom lai thanh ving nhé lién
tuc.

Q Phan manh noi (Internal fragmentation)
— Kich thuée ving nhé dugce cap phat c6 the hoi 16n hon ving nhé yéu
cau.
= Vi du: cip mot khoang trong 18,464 bytes cho mdt process yéu cau
18,462 bytes.

— Hién tufong phan manh ndi thuong xay ra khi bo nh¢d thuc dugce chia
thanh céc khdi kich thuédc co dinh (fixed-sized block) va cac process
duoc cap phat theo don vi khoi. Vi du: co ché phan trang (paging).
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hole kich thudc
18,464 bytes

\‘Q

<

Phan manh nod1

operating
system

(used)

yéu cau ké tiép 1a
18,462 bytes !!

Pad

can quan 1y khoang
trong 2 bytes !?!

. 3 OS sé& cap phat han khoi 18,464 bytes cho

Khoa KTMT
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] Fixed partitioning

Operating System Operating System
8M 8 M
0 Khi khdi dong hé théng, bd nhd chinh duoc ™
chia thanh nhi€u phan r61 nhau goi la cac 4M
partition co kich thudc bang nhau hoac khac I

nhau

o Process ndo co kich thudc nho hon hodc bang
kich thudc partition thi ¢6 thé dugc nap vao
partition do.

a Néu chuong trinh ¢6 kich thudc 16n hon
partition thi phai dung co ché overlay.

0 Nhan xét
— Khong hiéu qua do bi phan manh ndi: mot
chuong trinh du 16n hay nho déu duoc cap
phat tron mot partition.

Equal-size partitions Unequal-size partitions
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D] Chién luge placement (tt)

a Partition c6 kich thudc bang nhau

— N¢€u con partition trong = process mo1 sé
duoc nap vao partition do

Operating
System

~ Néu khong con partition tréng, nhung T
trong do co process dang bi blocked = I —»
swap process do ra bd nhd phu nhuong T —
chd cho process mdi.

a Partition c6 kich thudc khong bang nhau: LA —

giai phap 1 New
— Géan moi process vao partition nho nhat ~ Processes

phu hop vd1 no

LTI —*

— Co0 hang doi cho mdi partition TIIIIT]—»

— Giam thiéu phan manh noi

— Van dé: ¢6 thé c6 mot s6 hang doi trong
khong (vi khong co6 process voi kich thude
tuong ing) va hang doi day dac T —*
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Chién lugc placement (tt)

Partition c6 kich thuéc khong bang

nhau: giai phap 2

— Chi ¢6 mot hang do1 chung cho

moi partition

— Khi can nap mot process vao bo
nhd chinh = chon partition nho

nhat con trong

New o 77T

Processes

Khoa KTMT
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3] Dynamic partitioning

a So6 lugng partition khong cb dinh va partition ¢ thé c6 kich thudce
khac nhau

0 MaJi process dugc cap phat chinh xac dung luong b nhé can thiét

Q Gay ra hién tuong phan manh ngoai

Operating Operating Operating Operating
System 128K System System System
Process 1 320K Process 1 320K Process 1 320K
#HQ&K Process 2 224K Process 2 224K
SToK
157K Process 3 285K
f - 64K
(a) (b) (c) (d)
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Dlng dé quyét dinh cap phat khoi

(3] Chién lugc placement

12K

b0 nhé trong nao cho mot process

Muyc ti€u: giam chi phi
compaction

Céc chién lugc placement
— Best-fit: chon khoi nhd tréng nho

nhat

— First-fit: chon khéi nhé trong phu
hop dau tién ké tir dau bo nho

22K

Last 18K
allocated
block (14K

3K

6K

— Next-fit: chon khoi nhé trong phu
hop dau tién ké tur vi tri cap phat

cudi cung

14K

— Worst-fit: chon khoi nhé trong

16n nhat

36K

Khoa K1

(a) Before

K
First Fit 2K
oK
Best Fit
2K
SK
oK
|:| Allocated block
l:' Free block 14K
Next Fit
WK

(b) After

Example Memory Configuration Before

and After Allocation of 16 Kbvte Block
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Cap phat khéong lién tuc

1.Co ché phan trang (paging)
B6 nhd vat Iy =khung trang (frame).
— Kich thuéc cua frame 1a liiy thira cta 2, tir khoang 512 byte dén 16MB.

Q B¢ nho luan ly (logical memory) hay khong gian dia chi luan ly
1a tap moi dia chi luan 1y ma mot chuong trinh bat ky co thé sinh
ra = page.

— Vidu
« MOV REG,1000 //1000 la mét dia chi luan 1y

Q  Bdng phdn trang (page table) dé anh xa dia chi luan 1y thanh dia

chi thuc

Khoa KTMT 27



0 0 0| —

1 1 1| —

2 2 2| —

3 3 Process B
PI‘OCESS A page table
page table

page
number
0
1
2
3

logical memory

Khoa KTMT

1.Co ché phan trang (tt)

0 0| 4 13
1 R 1 = 14
% 190 % 161 Free frame
list
Process C 4| 12 °
page table PI’OCESS D
page table
frame
number
0 [
1 page 0
1 4
2
3 5 page 2
page 1
page table
page 3

physical memory
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1.Co ché phan trang (tt)

A) Chuyén doi dia chi trong paging
— Pia chi luan 1y gdom co:
= So hiéu trang (Page number) p
= Dija chi twong doi trong trang (Page offset) d

— Néu kich thudc ctia khong gian dia chi 4o 1a 2™, va kich thudc cua trang 1a
2" (don vi 14 byte hay word tiy theo kién triic may) thi

page number page offset
P d
m — n bits n bits

(dinhvitr 0 = 2m-"—1) (dinh vi tr 0 = 2"— 1)

Bang phan trang s& c6 tong cong 2™/2" = 2M =1 ¢ (entry)
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'@' 1.Co ché phan trang (tt)

A) Chuyén doi dia chi trong paging
f frames
logical physical
address address  f00...00
| Y’
Lol p | d f | d
A
f11...11
p {
> f
physical
memory
page table
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"@' 1.Co ché phan trang (tt)

Vi du: Chuyén doi dia chi nhé trong paging

16-bit logical address
4 >

6-bit page # 10-bit offset
« it page # it off'se

0/0/0]0]0j1]/0[21]|1]/1|0]1/21}|1]1|0

—-— - ——
|

0(000101
»1|000110
21011001

Process
page table

) e e e e e e

16-bit physical address
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1.Co ché phan trang (tt)

free-frame list
14
13
18
20
15

new process

13

14

15

16

17

18

19

20

21

Trudc khi va sau khi cap phat cho Process méi

Khoa KTMT

free-frame list
15

new process

14
13
18
20

new-process page table

L P2 — O

13

14

15

16

17

18

19

20

21

page 1

page 0

page 2

page 3
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B) Cai dat bang trang (Paging hardware)

Q Bang phan trang thuong dugc luu gitr trong bo nhé chinh
— Maoi process dugc hé diéu hanh cap mot bang phan trang
— Thanh ghi page-table base (PTBR) tré dén bang phan trang
— Thanh ghi page-table length (PTLR) biéu thi kich thu¢c cua bang phén
trang (c6 thé dugc dung trong co ché bao vé by nho)
0 Thuong dung mot bd phan cache phan ctimg co toc do truy xuat va
tim kiém cao, goi 1a thanh ghi két hop (associative register) hodc
translation look-aside buffers (TLBs)
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B) Cai dat bang trang (Paging hardware)

0 Dung thanh ghi Page-Table Base Register (PTBR)
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(D] Pagi 51 TLB
(0] Paging hardware véi
P
address
CPU B p d
page frame
number number
. TLB hit
> physical
> l y__address .
> : g physical
> e x ' memory
\\
\\
p
TLB miss
> f
page table
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Tinh thoi gian truy xuat hiéu dung (effective access time, EAT)

C) Effective access time (EAT)

a Thoi gian tim kiém trong TLB (associative lookup): &
a Thoi gian mot chu ky truy xuat bd nhd: x
a Hit ratio: ti §6 gilra sérlﬁn chi s6 trang duoc tim thay (hit) trong
TLB va so lan truy xuat khoi nguon te CPU

— Ki hiéu hit ratio: o
a Thoi gian can thiét dé c6 dugc chi so frame

— Khi chi so trang c6 trong TLB (hit) et X

— Khi chi so trang khong ¢6 trong TLB (miss) &+ X+ X
Q Thoi gian truy xudt hiéu dung

EAT=(e+X)a + (¢ + 2X)(1 — o)
=(2-a)x te
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D] C) Effective access time (EAT)

Q Vidu 1: don vi thoi glan nano
giay
= Associative lookup = 20
= Memory access = 100
= Hitratio=0.8
= EAT =(100+ 20) x 0.8 +

(200 + 20) x 0.2
= 1.2 x 100 + 20

= 140

0 Vidu?2
= Associative lookup = 20
= Memory access = 100
= Hitratio = 0.98
= EAT =(100 + 20) x 0.98 +

(200 + 20) x 0.02
=1.02 x 100 + 20

=122

Khoa KTMT
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D) T6 chitc bang trang - Phan trang da cap

0 Cac hé thong hién dai déu hd trg khong gian dia chi ao rat 16n (232
dén 264), & day gia sur 1a 232
— Gia st kich thudc trang nhd 1a 4KB (= 219) — bang
phén trang s€ c6 23%/212= 220= M muc.

— Gia st mdi muc gdom 4 byte thi mdi process can 4MB cho bang phan trang
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)] D) T6 chirc bang trang

Phan trang da cép

0

e

T~

outer-page
table

_—T]

1 ~
. 100
500 N
w0 1 500
\
708
929 \ 900
900 ><:
page of
page table
page table
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0 Bang trang nghich dao: sir dung cho tat ca cac Process
<IDP,p,d>

D) T6 chtrc bang trang

Khoa KTMT
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] E)Bao vé bd nhé

0 Viéc bao vé bd nhd duoc hién thuc béng cach gén vO1 frame cac
bit bao vé (protection bits) dugc gilr trong bang phan trang. Cac
bit nay biéu thi cac thudc tinh sau

— read-only, read-write, execute-only

a Ngoai ra, con c6 mot valid/invalid bit gan véi moi muc trong bang
phan trang
— “valid”: cho biét 1a trang ctia process, do d6 1a mot trang hop 18.

— “invalid”: cho biét 1a trang khong cua process, do d6 1a mot trang bat hop 18.

Khoa KTMT 41



00000 frame
14 bit 0 |2|vV
1 |3 |V
2 |4 |v
>~ > 3 |7]|v
4 |8 |v

10468
12287 S |9 v
6 | 0| i
7 [0 i

16383

L, Moi trang nhd co kich thude 2K = 2048

()] Bao vé bang valid/invalid bit

valid/

number invalid bit

& Process c6 kich thude 10,468 = phan manh ndi & frame 9 (chira page 5),

cac dia chi ao > 12287 1a cac dia chi invalid.
%, DUng PTLR d¢ kiém tra truy xuat dén bang phan trang c6 nam trong bang

hay khong.

Khoa KTMT
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F) Chia s¢ cac trang nho

Process 1 0
ed 1 ol 3 1 | datal
ed 2 11| 4 2
ed 3 2|6 Process 2 3
1
- 3 ed 1 ol 3 4 ed 2
ed 2 1|4 S
ed 3 2|6 6
ed 1l 3|1 7
03 data 2
8
ed 2 1
5 9
3 10

Process 3 B nho thuc
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@ 2.Phan doan (segmentation)

0 Nhin lai co ché phan trang

— user view (khong gian dia chi ao) tach biét voi1 khong gian bd nhé thyc. Co
ché phan trang thuc hién phép anh xa user-view vao b nh¢ thyec.

0 Trong thuc t&, dudi goc nhin cua user, mot chuwong trinh cau thanh
tor nhiéu doan (segment). Mo1 doan 1a mot don vi luan ly cua
chuong trinh, nhu

— main program, procedure, function

— local variables, global variables, common block, stack, symbol table,
arrays,...

Khoa KTMT 44



(3] User view cua mot chuong trinh

stack
procedure

symbol
table

a Thong thuong, mot chuong trinh
duoc bién dich. Trinh bién dich s€ tu
dong xay dung cac segment.

0 Viduy, trinh bién dich Pascal s€ tao ra
cac segment sau:

— Global variables

— Procedure call stack

— Procedure/function code
— Local variable

function
sqrt

main program

a Trinh loader s& gan mdi segment
mot sO dinh danh riéng.

Logical address space
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Phan doan

a Dung co ché phdn doan dé quan 1y bo nhé ¢ hd trg user view
— Khong gian dia chi do 13 mot tap cac doan, moi doan cé tén va kich thudc
riéng.
— Mot dia chi luan 1y dugc dinh vi b?mg tén doan va do doi (offset) bén trong
doan do (so sanh vd1 phan trang!)
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Phan doan (tt)

logical address space

segment 1 ’_I

_I segment 2

segment3  gegment 4
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)] Cai dat phan doan

Q Dia chi luan [y la mot cap gia tr1
(segment number, offset)
Q Bang phdn doan (segment table): gém nhiéu muc, mdi muc chira
— base, chira dia chi khoi dau ctia segment trong bo nhé
— limit, xac dinh kich thudc cua segment

0 Segment-table base register (STBR): trd dén vi tri bang phan doan
trong by nhé

0 Segment-table length register (STLR): s6 lugng segment cila
chuong trinh

— MOt chi s0 segment s 14 hop 1 néu s < STLR
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Mot vi du vé phan doan

‘ stack I 1400
procedure procedure
segment 3 limit | base 2400
segment O symbol 0| 1000 | 1400 3200
table 1| 400 | 6300 stack
—— 2 | 400 {4300
unctio segment 4 4300
sqrt 3 | 1100 | 3200 main
main program
4 | 1000 | 4700 4700
segment 1 ‘ I segment symbol table
segment 2 table
5700
6300 function sqrt

logical address space

physical memory space
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D! Phan ctg ho trg phan doan

CPU

> G 4

limit

base

segment
table

| f /
yes @ ,| physical
memory
nol

trap; addressing error

Khoa KTMT
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Vidu

+

Chuyén d6i dia chi trong co ché phan doan

16-bit logical address

4-bit segment #

-4

12-hit offset

-

0

0

0|1

0/0]1]0

i

1

al

10

'L_———-Yﬂ—'———f-—

Length

—\_\_\_\-\ur_,.o—'_'_

Base

001011101110

0000010000000000|

011110011110

0010000000100000|

Process segment table

— — " —

0 A 0 0

4 >
16-bit physical address

Khoa KTMT 51



Chia s€ cac doan

i [ editor \: limit | base

: . 43062

: ‘datal I 0 | 25286 | 43062 306

i i 4425 | 68348 |

. segmento Segmentl: editor

'\ : segment table

M e - 2 process P,
logical address space 68348 S

process P, 79773

| editor —— : limit | base

: . 0 | 25286 | 43062 90003

: "1 | 8850 | 90003 data 2

. segment0 segment 1 i 98853

\ g segment table
e - process P,

logical address space

orocess P, physical memory
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|@| 3.Két hop phan trang va phan doan

0 Két hop phan trang va phan doan nham két hop cac uu diém dong
thoi han ché cac khuyét diém cua phan trang va phan doan:
— Van dé cua phan doan: Néu médt doan qua lon thi co thé khong nap n6 duoc
vao b nhd.
— Y tudng giai quyét: p‘aging doan, khi d6 chi can giir trong bd nhd cac page
cua doan hién dang can.

Logic Addr = <s,p,d>
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3.Két hop phan trang va phan doan

=

P
[-}lII / Gl -
tw 4

- :"";i:

n :I- .'Ii ‘-i:E o . 1
¥ ST

e
E . .:l"r -'"-_"Il. f'
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Q Tong quan vé bd nhd ao

NO1 dung trinh bay

a Cai dat bd nhd ao : demand paging
0 Cai dat bd nhd 4o : Page Replacement
— Cac giai thuat thay trang (Page Replacement Algorithms)
Q0 Van dé cap phat Frames
Q Van dé Thrashing

0o Cai dat bd bo nhé 4o : Demand Segmentation
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1. Tong quan bd nhé &o

0 Nhan xét: khong phai tat ca cac phan ctia mot process can thiét
phai dugc nap vao by nhé chinh tai cung mot thoi diém
- Vidu
— Poan ma diéu khién céc 16i hiém khi xay ra
— Céc arrays, list, tables dugc cap phat by nhd (cap phat tinh) nhi¢u hon yéu
cau thuc su
— Mot s6 tinh nang it khi dugce dung ctia mot chuong trinh
— (Ca chuong trinh thi cling c6 doan code chua can dung
Q Bo nho ao (virtual memory): BO nh¢ ao 1a mot k¥ thuat cho phép
xur Iy mot tién trinh khong dugc nap toan by vao bo nhoé vat 1y

Khoa KTMT 3



1. Bo nhé 2o (tt)

Uu diém ctia bd nhé 4o
— Sb lugng process trong bd nhd nhiéu hon
— Mot process c6 thé thuc thi ngay ca khi kich thuéc cua nd 16n hon bo nhé
thuc
— Giam nhe cong vi€c cua lap trinh vién
a Khong gian trao doi gitra bo nhé chinh va bo nhé phu(swap
space).
Vi du:
— swap partition trong Linux
— file pagefile.sys trong Windows

Khoa KTMT



2. Cal dat bo nhé ao

Q Co hai k¥ thuat:
— Phan trang theo yéu cau (Demand Paging)

— Phan doan theo yéu cau (Segmentation Paging)
0 Phan ciing memory management phai hd tro paging va/hoic
segmentation

a OS phai quan 1y su di chuyén cua trang/doan giira bd nhd chinh va
b0 nhd thir cap

a Trong chuong nay,
— Chi quan tAm dén paging
— Phan ctrng ho tro hién thyce bd nhé o
— Céc giai thuat cua hé diéu hanh

Khoa KTMT 5



2.1.Phan trang theo yéu cau

demand paging

- Demand paging: cac trang ctia qua trinh chi dugc nap vao bo
nhé chinh khi duoc yéu cau.

0 Khi co mot tham chiéu dén mot trang ma khong co trong bd nhé
chinh (valid bit) thi phan cing sé gy ra mot ngat (goi 1a page-
fault trap) kich khéi page-fault service routine (PFSR) cua hé
diéu hanh.

a PFSR:

1. Chuyén process vé trang thai blocked

2. Phat ra mot y€u cau doc dia dé nap trang dugc tham chiéu vao mot frame
trong; trong khi doi I/O, mot process khac duoc cap CPU dé thuc thi

3. Sau khi I/O hoan tat, dia gdy ra mot ngat dén hé diéu hanh; PFSR cap
nhat page table va chuyén process vé trang thai ready.

Khoa KTMT 6



2.2. Loi trang va cac budc xir Iy

page is on
backing store

operating
system

reference

restart page table

@

free frame

instruction

reset page
table

N

physical
memory

Khoa KTMT
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2.3. Thay thé trang nhé

QO Budce 2 cua PFSR gia st phai thay trang vi khong tim duoc frame
trong, PFSR dugc bd sung nhu sau

1. Xa&c dinh vi tri trén dia cua trang dang can
2. Tim mdt frame trong:
a. Néu co frame trong thi dung né
b. Néu khong co frame trong thi dung mot giai thuét thay trang dé chon
mot trang hy sinh (victim page)
c. Ghi victim page 1én dia; cap nhat page table va frame table twrong irng

3. Poc trang dang can vao frame trong (d4 c6 duogc tir budc 2); cap nhat page
table va frame table twong trng.

Khoa KTMT 8



'/ valid—invalid bit

swap out

to invalid @ page

@ victim

reset page
table for

page table new page @

desired
page in

physical
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2.4. Cac thuat toan thay thé trang

Hai van dé chu yéu: QO Vidu
o Frame-allocation algorithm . Tht tu tham chiéu céc dia chi nhé,
— Cap phat cho process bao nhiéu vO1 page size = 100:
frame cua bo nhé thuc? « (0100, 0432, 0101, 0612, 0102, 0103,

0104, 0101, 0611, 0102, 0103, 0104,
0101, 0610, 0102, 0103, 0104, 0101,
0609, 0102, 0105

-ic trang nh¢d sau dugce tham chiéu

a Page-replacement algorithm

— Chon frame cua process s€ dugc

thay thé trang nhé ‘ ~ . s
A 2 ? lan luvot = chudi tham chiéu b nho

— Muc tiéu: s6 lugng page-fault nho ,

Hhit (trang nho)
— Puoc danh gia bang cach thuc thi - L4161

giai thuat ddi véi mot chuoi tham - 11,161,

chiéu bé nhé (memory reference - 1,1,1,6, 1,

string) va xac dinh s6 lan xdy ra e 1,1,1,6,1,

page fault .1

Khoa KTMT 10



a) Giai thuat thay trang FIFO

a Céc dir liéu can biét ban dau:
— S khung trang
— Tinh trang ban dau
— Chudi tham chiéu

/012 0 /3 0 4 2 /3 0 3 2 1 2 0 1
FlNF T 2221244 (4(0(0(0 (00|00
QOO0 -3 B B 2 2 2 2 2 T
T T O O = O s B S e 2 2 2

x|k [ # | % w | [ | | ok | o x| %

Khoa KTMT
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S dung 3 khung trang | s& cé 9 181 trang phat sinh

1 2 3 4 1 Z 5 1
1 1 1 4 4 4 5 5
2 2 2 1 1 1 1
3 3 3 2 2 2

* * * * * * *

St dung 4 khung trang | 58 cé 10 131 trang phét sinh

1 2 A 4 1 2 5 1

1 1 1 1 1 1 5 5

2 2 2 2 2 2 1

A A A 3 3 A

4 4 4 4 4

* * * * * *
Khoa KTMT
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5] Nghich ly Belady
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(>} Nghich ly Belady

0
=
=
@
L
®
(o
@
Q
—
o
L
@
0
=
=
C

3 4
number of frames

Bat thuong (anomaly) Belady: s6 page fault ting mic dau qua trinh da duoc cap
nhiéu frame hon.
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2.4 b)Giai thuat thay trang OPT(optimal)

Q Giai thuat thay trang OPT

— Thay thé trang nhé s& duoc tham chiéu tré nhat trong twong lai

Q Vidu: mot process ¢6 7 trang, va dugc cap 3 frame

s dung 3 khung trang, khéi dau déu tréng

0120 30 42 3 0 3 21 2 01 7
A B . R B B I O I R = I B I R R I - A
o o 000004 404 00 000000
111 /3 3,3 3 3 3 3 3 1|1/ 1]1 1

£k | w | o * * * * *

Khoa KTMT
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¢) Giai thuat 1au nhat chua st dung
Least Recently Used (LRU)

a0 Vidu:
st dung 3 khung trang, khéi dau déu tréng

01203 042 30 3 21 2 01 7 01
ooy 2 e 224044 0000117110111
oo o000 00033303 33 000 0000
111 3 /3|3 2|2 2 2 22 2 2, 2 777

* |k | * | % * * | % | * | o= * * *

0 MJdi trang dugc ghi nhan (trong bang phan trang) thoi diém duoc tham chiéu -
trang LRU la trang nhé ¢6 thoi di€ém tham chiéu nho nhat (OS ton chi phi tim ki€m
trang nhé LRU nay moi khi c6 page fault)

0 Do vay, LRU can sy hd trg ctia phan ctng va chi phi cho viéc tim kiém. It CPU
cung cap du sy ho tro phan cung cho giai thuat LRU.
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Q So sanh cac giai thuat thay trang LRU va FIFO

chuoi tham chiéu

trang nho

LRU

FIFO

- N

- N

@ 3 @1 =& @ ¢« 53 @ = O
2 2 2 2 2 2 2 2 3 3 3 3
3 3 3 5 5 5 5 5 5 3 5
1 1 1 4 4 4 " - )
F F F F
el D ﬁs 3 El B 3 B 3 |3
H 3 3 H 7 D D 2 ] 5 5
1 e Il 4 4 4 4 N4 D
F F F F F F
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2.5.S6 lugng frame cap cho process

a OS phai quyét dinh cap cho mdi process bao nhiéu frame.
— Cap it frame -1iéu page fault
— Cap nhiéu frame -ém murc d§0 multiprogramming

a Chién luge cap phat tinh (fixed-allocation)
— Sb frame cap ch9 moi process khong doi, duogc xac dinh vao thoi diém
loading va c6 thé tuy thudc vao tirng img dung (kich thudc cua no,...)
a Chién luoc cap phat dong (variable-allocation)
— Sb frame cap cho mdi process co thé thay doi trong khi n6 chay
= Néu ty 1é page-fault cao -p thém frame
= Néu ty 1é page-fault thap -ém bot frame
— OS phai mat chi phi dé uéc dinh cac process

Khoa KTMT
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a Cdp phat bang nhau: Vi du, c6 100 frame va 5 process -

mdi process dugc 20 frame

a) Chién lugc cap phat tinh

a Cap phat theo ti 1é: dua vao kich thudc process

s. [ize of processp.

s I
m .otal number of frames

a, Jlocationfor p, %.1

0 Cap phat theo do uu tién

Khoa KTMT
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4
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3. Tri trén toan bo hé thong
Thrashin

QO Néu mot process khong co du s6 frame can thiét thi ti s6 page
faults/sec rat cao.

Q Thrashing: hién twong cac trang nhé cia mdt process bi hoan

chuyén vao/ra lién tuc.
A

.

thrashing

CPU utilization

degree of multiprogramming

Khoa KTMT 19



a)Mo hinh cuc bo (Locality)

Q D¢ han ché thrashing, h¢ di€u hanh phai cung cap cho process
cang “du” frame cang tot. Bao nhiéu frame thi du cho mot process
thue th1 hiéu qua?

Nguyén ly locality (locality principle)
— Locality 13 tap cac trang duoc tham chiéu gan nhau

— Mot process gom nhiéu locality, va trong qua trinh thyc thi, process s&
chuyén tu locality nay sang locality khac

QO Vi sao hién tugng thrashing xuat hién?

Khi .ze of locality > memory size

Khoa KTMT 20



b) Gia1 phap tap lam viéc (working set)

. Puogc thiét ké dua trén nguyén 1y locality.

O Xac dinh xem process thuc su sir dung bao nhiéu frame.

Q Dinh nghia:

— WS(t) - s6 luong cac tham
duoc quan sat.

chi€u trang nh& cua process gan day nhat can

— A -khoang thoi gian tham chiéu

- Vidu:

chudi tham khao
trang nhaG

| W

245691(32639214

A

thoi diém t,
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b) Gia1 phap tap lam viéc (working set)

0 Dinh nghia: working set ciia process P; , ky hiéu WS; , 1a tip gom .éC trang
duoc st dung gan day nhat.

vidu: 10 va
chudi tham khao trang

. ..2615777751623412344434344413234443444...

RN

t1
WS(t,) = {1,2,5,6,7)

WS(t,) = {34}

0 Nhan xét:
. .ué nhé -hﬁng da bao phu toan bd locality.
. .ué 16n -ao phu nhiéu locality khac nhau.

Dung working set cua mot process d€ xap xi locality cua no.

-10 gom tat ca cac trang dugc st dung.
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b) Gia1 phap tap lam viéc (working set)

Pinh nghia WSS, la kich thudc ctia working set ctia P; :
WSS, = s6 luong céc trang trong WS,

Vi du (tiép): I 10 va
chudi tham khao trang

...2615777751623412344434344413234443444...

R B

t
WS(t,) = {1 ,2,5,6,7}1 WS(t,) = {3,4}
WSS(t)=5— WSS(t,)=2

Khoa KTMT
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b) Gia1 phap tap lam viéc (working set)

« batD = .\/SSi = tong cac working-set size ctia moi process
trong h¢ thong.
= Nhan xét: Néu D > m (s0 frame ctia hé thong) - xay ra thrashing.

Q Giai phap working set:
— Khi khdi tao mot qué trinh: cung cap cho qua trinh s6 luong frame thoa
man working-set size cua no.
— NéuD>m -m dirng mot trong cac process.
= Cac trang qﬁa qua trinh dugc chuyén ra dia cing va cac frame ciia né
duoc thu hoi.
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b) Gia1 phap tap lam viéc (working set)

a WS loai trir duoc tinh trang tri tré ma van dam bao muc do da
chuong

a Theo vét cac WS? => WSS xap xi (doc thém trong sach)

Poc thém:
> Heé thong tap tin
> Hé théng nhap XUt
> Heé thong phan tan

Khoa KTMT
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