VW WLIEIN YT A ¥ VIO v ey

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.




Hé Piéu Hanh
(Operating Systems)



Ta1 l1iéu tham khao

1. Tran Hanh Nhi, L& Khac Nhién An. Giéo trinh hé diéu
hanh. Trung tam phét trién cong nghé thong tin-
PDHQG.HCM, 2005.

2. Lé Hoai Nghia. Gi&o trinh hé diéu hanh. PH Cong nghé
thong tin, 2007.

3. Silberschatz, Galvin, Gagne, Operating System Concepts,
John Wiley & Sons,2003

4. Jean Bacon & Tim Harris, Operating Systems, Addison-
Wesley, 2003.



Chuong 1:
Tong quan vé hé diéu hanh



1.1. Tong quan

»  Gidi thiéu
— Dinh nghia hé diéu hanh
— Cau trac hé thong may tinh

— Cac chuc nang chinh cua hé di€u hanh



Dinh nghia

« Hé diéu hanh 1a gi?

— Chuwong trinh trung gian gitra phan
cung may tinh va nguoi st dung, co
chtrc nang dicu khién va phoi hop véc
sir dung phan ciimg va cung cap cac
dich vu co ban cho cac trng dung.

Ngwoi dung

*  Muc ti€u Cac ng dung
— Giup nguoi dung dé dang st dung hé
thong. Hé DPiéu Hanh

— Quan Iy va cap phat tai nguyén hé

théng mot cach hiéu qua. Phan cirng



Hinh chinh xac hon

Dinh nghia (tt)

application

| machine

| system

+ calls

operating
system

| privileged

* instructions

+ instructions

hardware

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

compiler

assembler text editor

system and application programs

operating system

database
system

R
computer hardware




Céac thanh phan cua hé thong (tt)

O Phan ctng (hardware)

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

O Hé diéu hanh (operating system)
Phan phdi tai nguyén, diéu khién va phoi hop cac hoat dong cua céac
chuong trinh trong hé thong.
U Chuong trinh irng dung (application programs)
Str dung tai nguyén hé thong dé giai quyét mot van dé tinh toan nao dé
cua nguoi st dung, vi du: compilers, database systems, video games,
business programs.

0 Do liéu



Cac chtrc nang chinh cua OS

(] Phan chia thoi gian xr 1y va dinh thoi CPU

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

3 Quan 1y tai nguyén hé thong (thi € t bi I/O, bo nhd, file chtra dit

ligu,...)
1 Thuc hién va ki€ém soat access control, protection

A Duy tri su nhat quan (integrity) ciia hé thong, kiém soat 16i va
phuc hoi hé thong khi c6 10i (error recovery)

1 Cung cap giao dién lam viéc cho users



1.2. PHAN LOAI HE PIEU HANH

Duwai goc 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)

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

Hé diéu hanh danh cho may chuyén biét

Hé diéu hanh danh cho thé chip (SmartCard)
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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

Duwéi goc dp so chwong trinh dwore sir dung cung lic
—Hé diéu hanh don nhiém
—Hé diéu hanh da nhiém
Duwé6i goc d0 nguoi dung (truy xuit tai nguyén cung lic)
—Mot nguwoi dung
—Nhiéu ngwoi ding
*Mang ngang hang
*Mang c¢6 may chu: LAN, WAN, ...
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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

Duwdi goc do hinh thire xiwr ly
—Hé thong xur 1y theo 16
—Hé thong chia sé
—Hé thong song song
—Hé thong phan tan

—Hé thong xur 1y thoi gian thuc
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** Pon chwong

1.2. PHAN LOAI HE PIEU HANH

HE THONG XU LY PON CHUONG

- Tac vu dwoc thi hanh tuin tw.

- Bo giam sat thwong trurc,

- CPU va cac thao tac nhap xuat,

- X ly offline,

- Pong b héa cac thao tac bén ngoai - Spooling
(Simultaneous Peripheral Operation On Line)

Nhap

C

| May tinh

chinh

0

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

% Nhiéu tac vu sin sang thi hanh cing mét thoi diém.
% Khi mjt tac vu thue hién I/0, bat dau tac vu khac.

B0 xir 1y va thiét bi thi hanh toan thoi gian.

Tac vu Vol 110

Bo xtr 1y » Két thuc tac vu
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1.2. PHAN LOAI HE PIEU HANH

Multiprogrammed systems
— Nhi € u cong viéc dugce nap dong thoi vao bod
nh& chinh
— Khi mét ti € n trinh thuc hién /O, mot ti € n
trinh khac duoc thuc thi
— Tan dung duoc thoi gian ranh, tang hieu suat
s dung CPU (CPU utilization)

— Yéu cau d6i véi hé di & u hanh
v’ Binh thoi cong viéc (job scheduling): chon
job trong job pool trén dia va nap n6 vao
bd nhd dé thuc thi.

v Quan 1y boé nhé (memory management)
v’ Dinh thoi CPU (CPU scheduling)

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

512K

operating system

job 1

job 2

job 3

job 4
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1.2. PHAN LOAI HE PIEU HANH

Run Wait Run Wait
Time >
Uniprogramming
Program A Run Wait Run Wait
Program B Wait| Run Wait Run Wait
L, )
Program C Wait  ¢Run] Wait 4unf Wait
LS (D
? Fd r i
. Run | Run [ Run’ . Run | Run | Run’] .
Combined A| B C Wait A| BV C/ Wait
Time »

Multiiprogramming with three programs



1.2. PHAN LOAI HE PIEU HANH

HE THONG CHIA XE THOI GIAN

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

¢ Thoi gian chuyén doi giira cac tac vu rat ngan.
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HE THONG CHIA XE THOI GIAN

Time-sharing systems

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

— CPU luan phién thuc thi gitra cac cong vigc

« MJdi cong viéc duogc chia mot phan nhé thoi gian CPU (time Slice,
guantum time)

o Cung cap tuong tac gitra user va hé thong véi thoi gian dap ing
(response time) nho (1 s)

— Mot cong viéc chi dugce chi € m CPU khi no nam trong bo nhd chinh.

— Khi can thi é t, mot céng viée nao d6 co thé duoc chuyén tir bo nhé
chinh rathi € t bj luu trit (swapping), nhudng bd nhé chinh cho cong
viéc khac.
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HE THONG CHIA XE THOI GIAN

Yéu cau d6i vai OS trong hé thong time-sharing

— Dinh thoit cong viée (job scheduling)

— Quan 1y bo nhé (memory management)
 Virtua memory

— Quan ly cac qua trinh (process management)
= Pinh tho1 CPU
= Pong bo cac qua trinh (synchronization)
= Giaoti € p giita cac qud trinh (process communication)
= Tranh deadlock

— Quan 1y hé thong file, hé thong luu trit

— Cap phat hop 1y céc tai nguyén

— Bao v¢ (protection)
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1.2. PHAN LOAI HE PIEU HANH
HE THONG PA XU LY

*»Hai hoac nhiéu bg xir ly cung chia sé mot bé nho.

» Master/Slave : m§t b xir Iy chinh kiém soat mot
s0 bo xur ly I/0

Bo Bo

xu ly xu ly

\/

B0 nhé chinh
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HE THONG PA XU LY

e« Hé théng song song (parallel, multiprocessor, hay tightly-coupled system)
— Nhiéu CPU
— Chia sé computer bus, clock
— Uu diém
o Ndng xudt hé thong (System throughput): cang nhiéu processor thi
cang nhanh xong cong vi¢c
* Multiprocessor system it t6n kém hon multiple single-processor
system: vi co thé dung chung tai nguyén (dia,...)

e Do tin cdy. khi mot processor hong thi cong viéc cua nd dugce chia s¢
gilra cac processor con lai
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HE THONG PA XU LY

« Phan loai hé thong song song
— Pa xir ly doi xirng (Symmetric multiprocessor - SMP)
« Mobi processor van hanh mot identical copy cua hé diéu hanh
e Céc copy giao tiép vdi nhau khi can
* (WindowsNT, Solaris 5.0, Digital UNIX, OS2, Linux)
— Pa xi Iy bat doi xirng (asymmetric multiprocessor)
e MOi processor thuc thi mot cong viée khac nhau

» Master processor dinh tho1 va phan cong viéc cho cac slave
Processors

e (SUNOS 4.0)
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1.2. PHAN LOAI HE PIEU HANH

HE THONG PHAN TAN
«» Nhiéu may tinh lién két véi nhau bang dwong truyén
thong dac biét.
» Twong tu hé thong da xir Iy nhung khong chia xé b
nho.

Hé thong may tinh 1 Hé thong may tinh 2
Giao tiép mang Giao tiép mang
| Mang |
Bo xu ly Bo xu ly

B0 nhd B0 nhd




HE THONG PHAN TAN

« H¢ thong phdn tan (distributed system, loosely-coupled system)
— MaJi processor cc:) bd nhd riéng, cac processor giao tiép qua cac kénh noi
nhu mang, bus toc do cao

— Nguoi dung chi thdy mot hé thong don nhat

— Uu diém
= Chia sé tai nguyén (resource sharing)
* Chia s€ strc manh tinh todn (computational sharing)
= PJ tin cay cao (high reliability)
= Do SC?I”I’ sang cao (high availability): cé‘c dich vu cua hé théng duoc

cung cap lién tuc cho du mdt thanh phan hardware tré nén hong

24



HE THONG PHAN TAN

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

— Client-server
= Server: cung cép dich vu
= Client: ¢6 thé sir dung dich vu cua server

— Peer-to-peer (P2P)
= C&c peer (may tinh trong hé thong) déu ngang hang nhau
= Khong c6 co s¢ dit licu tap trung
= Cac peer la tu tri
» Vd: Gnutella
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H¢é thong thoi gian thue
(real-time system)

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

— Str dung trong cac thiét bi chuyén dung nhu diéu khién cac thir nghiém
khoa hoc, di€u khién trong y khoa, day chuyén cong nghiép, thict b1 gia
dung, quan su

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

Phan loai
— Hardreal-time
 Han ché (hodc khong c6) bd nhé phu, tat ca dit liéu nam trong bd nho
chinh (RAM hodac ROM)
e Yéu cau vé thoi gian dap Gng/xir 1y rat nghiém ngit, thuong st dung
trong di€u khién cong nghiép, robotics,...
— Soft real-time
* Thuong duge dung trong linh vuc multimedia, virtual reality voi yéu

cau mém déo hon vé thoi gian dap ing 6



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
 Bonhdnhod (512 KB — 128 MB)
« T6c d6 processor thap (dé it ton pin)
« Man hinh hién thi ¢ kich thudc nho va d6 phan giai thap.
« C6 thé dung cac cong nghé két n6i nhu IrDA, Bluetooth, wireless
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1.3. LICH SU PHAT TRIEN CUA HE PIEU HANH

< Thé hé 1 (1945 - 1955)

- Thiét ké, xay dung, 1ap trinh, thao tic: déu do 1 nhém nguoi
- Luu trén phiéu duc 15

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

¢ The hé 3 (1965 - 1980)
-Ra doi hé diéu hanh, khai niém da chuong
- HDH chia s¢ thoi gian nhu CTSS cua MIT
- MULTICS, UNIX
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1.3. LICH SU PHAT TRIEN CUA HE PIEU HANH

<Thé hé 4 (1980 - )
-Ra do1 may tinh ¢4 nhan, IBM PC
- HbH MS-DOS, MacOS (Apple Macintosh), MS Windows, OS/1
- Linux, QNX, HDH mang,...

29



Chuong II: Cau Tric Hé Diéu Hanh

» Céac thanh phan cua hé diéu hanh

» Céc dich vu hé diéu hanh cung cép

> Loi goi hé thong (System call)

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

» May 4o (virtual machine)



2.1. Céc thanh phan ctia hé diéu hanh

2.1.1. Quan 1y qua trinh (process management)

- Qua trinh (hay tién trinh — process) & gi?
- Qua trinh khac chuong trinh ¢ diém gi?
- Mot qua trinh can cac tai nguyén cua hé théng nhu CPU, bd nhd, file, thiét bi
I/O,... dé hoan thanh cong viéc.
- C4c nhiém vu ctia thanh phan
= Tao va huy qua trinh
= Tam dirng/thuc thi tiép (suspend/resume) qua trinh
= Cung cap cac co ché
— ddng bo hoat dong cac qua trinh (synchronization)
— giao tiép giira cac qua trinh (interprocess communication)
— khong ché tac nghén (deadlock)



2.1. Céc thanh phan ctia hé diéu hanh

2.1.2. Quan 1y bo nh¢ chinh

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

— Pé nang cad hi¢u Suat str dung CPU, h¢ diéu hanh can quan 1y bd nhd
thich hop

— (Cac nhiém vu cua thanh phén
= Theo ddi, quan 1y cac ving nhd trong va di cap phat
= Quyét dinh s& nap chuong trinh nao khi c6 ving nhé trong
= Cap phat va thu hoi cac ving nhé khi can thi & t



2.1. Céc thanh phan ctia hé diéu hanh

«2.1.3. Quan ly file (file management)

— Hé théng file (file system)
= File
= Thu muc

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

» Cac thao tac xur ly file/thu muc (mkdir, rename, copy, move,
new,...)

= “Anh xa” file/thu muc vao thiét bi lvu trix tha cap twong ung

= Sao luu va phuc hoi dit liéu



2.1. Céc thanh phan ctia hé diéu hanh

«2.1.4. Quan Iy hé thong I/0 (I/O system management)
— Che dau sy khac biét ctia cac thiét bi 1/0 trude
nguo1 dung
— Co0 chtrc nang
= Co ché: buffering, caching, spooling

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

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



2.1. Céc thanh phan ctia hé diéu hanh

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

— B0 nhd chinh: kich thudc nho, 1a méi trudong chira tin khong bén viing
=> can hé thong luu trit thir cap dé luu trir bén vimg cac dir licu,
chuong trinh

— Phuong tién luu trir thong dung la dia tur, dia quang

— Nhiém vu cuia hé di € u hanh trong quan 1y dia

= Quan ly khong gian trong trén dia(free space management)
= Cap phat khong gian luu trir (storage allocation)
* Dinh thoi hoat dong cho dia (disk scheduling)

> Sir dung thuwong xuyén => danh huéng lém & é n toc dé cia ca hé thong

=> cdn hiéu qud



2.1. Céc thanh phan ctia hé diéu hanh

«2.1.6. Hé thong bao vé

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

danh cho n6
— (Cac nhiém vu cua hé théng bao vé
= Cung cap co ché kiém soat dang nhap/xuat (login, log out)

= Phan dinh dugc su truy cap tai nguyén hop phdp vabat hop phdp
(authorized/unauthorized)

* Phuong tién thi hanh cac chinh sach (enforcement of policies)
Chinh sach: can bao vé dit liéu cua ai doi véi ai



2.1. Céc thanh phan ctia hé diéu hanh

2.1.7. Hé thong thong dich lénh
— La giao dién chi yéu giita nguoi dung va OS
* Vi du: shell, mouse-based window-and-menu
— Khi user login
e command lineinterpreter (shell) chay, va cho nhan 1énh tir nguodi
dung, thuc thi 1énh va tra két qua ve.
— Céc 1énh ->b6 di € u khién 1énh ->h¢é di & u hanh
— Cac Iénh c6 quan hé vo1i cac viée:
= Tao, huy, va quan ly qua trinh, h¢ théng
= Kiém soat 1/O
= Quan 1y bo luu trix thir cap
* Quan Iy bo nhd chinh
= Truy cép hé thong file va co ch & bao mat



2.2. Cac dich vu hé diéu hanh cung cép

Thuc thi chuong trinh
Thuc hién cac thao taci I/O theo yéu cau cla chuong trinh
Céc thao tac trén hé thong file
* Poc/ghi hay tao/x0a file
Trao d6i thong tin gitta cac qua trinh qua hai cach:
* Chia x¢ bo nh¢ (Shared memory)
= Chuyén thong diép (Message passing)
Phat hién 10i
= Trong CPU, bo nhd, trén thiét bi I/O (dit liéu hu, hét gidy,...)
= Do chuong trinh: chia cho 0, truy cép dén dia chi bo nhé khong cho
phep.



2.2. Cac dich vu hé diéu hanh cung cép

Ngoai ra con cac dich vu giap tang hi¢u suat cua hé thong:

— Cap phat tai nguyén (resource allocation)
« Tai nguyén: CPU, b0 nhé chinh, tape drives,...
e OS c¢6 cac routine twong rng

— K& toan (accounting)
« Nhim luu v € t user dé tinh phi hoic don gian dé thong keé.

— Bao v¢ (protection)
* Hai quatrinh khac nhau khong dugc anh hu:ong nhau
« Kiém soat dugc cac truy xuat tai nguyén ctia hé thong
— An ninh (security)

e Chi cac user duoc phép sir dung hé thong méi truy cap duoc tai
nguyeén cua h¢ thong (vd: thong qua username va password)
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2.3. Loi goi hé thong (System call)

 Dung dé giao tiép giita qud trinh va hé diéu hanh

Cung cap giao dién giira qua trinh va hé diéu hanh

« Vd: open, read, writefile
Thong thuong & dang thu vién nhi phan (binary libraries) hay giong
nhu cac I¢énh hop ngir.
Trong cac ngdn ngir 1ap trinh cép cao, mot s6 thu vién 1ap trinh dugc
xay dung dua trén cac thu vién hé thong (vi du Windows API, thu vién
GNU C/C++ nhu glibe, glibct++,...)
Ba phuong phap truyén tham so6 khi sir dung system call

» Quathanh ghi

= Qua mot vung nhd, dia chi cua vung nhé dugce g dén hé diéu

hanh qua thanh ghi
= Qua stack

11



2.4. Cac chuong trinh hé thong

> Chwong 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 bo nhé trong
— Soan thao file: nhu file editor
— HOb tro ngdn ngit 1ap trinh: nhu compiler, assembler, interpreter
— Nap, thyc 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 lam
viée “truc tiep” voi cac system call)

12



2.5. Cau trac hé thong

> Cau tric don gian (monolithic)
— MS-DOS: khi thiét ké, do gi6i R ———
han vé dung lugng bo nhd nén

khong phan chia thanh cac
module (modularization) va chua B Sy S ——
phan chia ro chirc nang gitia cac
phan cta hé thong.

MS-DOS device drivers

amm— H

ROM BIOS device drivers

Cau trac phan tang cia MS-DOS

13



2.5. Cau trac hé thong

> Cau triic don gian (monolithic)
UNIX: gom hai phan c6 thé tach roi nhau
= Nhan (cung cép file system, CPU scheduling, memory management,
va mot s0 chirc nang khac) va system program

(the users)

shells and commands
compilers and interpreters
system libraries

system-call interface to the kernel

terminal drivers

disk and tape drivers

kernel interface to the hardware

signals terminal file system CPU scheduling
handling swapping block 1/0 page replacement
character 1/O system system demand paging

virtual memory

terminal controllers
terminals

device controllers
disks and tapes

memory controllers
physical memory
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2.5. Cau trac hé thong

> Cau tric phan t?mg: HDPH duoc chi thanh nhiéu I6p (layer).

Lo6p dudi cung: hardware

Lép trén cung 1a giao tiép voi user

Lo6p 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

Moi 16p tuwong duong mot d6i tuong truu tuong: cau trac dit liéu + thao
tac

Phan 16p ¢6 loi ich gi? G& roi (debugger, kiém tra hé thong, thay doi
chirc nang)
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2.5. Cau trac hé thong

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

LSp 5 | user programm

LSp 4 | Tao buffer cho thiét bi I/0

LSp 3 | Device driver thao tac man hinh

Lép 2 | Quan ly bo nhé

Lép 1 | Lap lich CPU

Lép 0 | Phan cling




2.5. Cau trac hé thong

» VI nhan: phan chiamodule theo microkernel (CMU Mach OS, 1980)

> Chuyén mot s6 chitc nang ctia OS tir kernel space sang user space

> Thu gon kernel => microkernel, microkernel chi bao gdm cac chirc ning tbi
thi€éu nhu quan ly qua trinh, b6 nhd va co ché giao ti€p gitra cac qua trinh
> Giao tiép giita cac module qua co ché truyén thong diép

mot module

Appl ication POSIX

application

Microkernel

17



2.5. Cau trac hé thong

> VI nhan:

Loi ich: dé mé rong HDH

Mot sé6 HPH hién dai st dung vi nhan:

+ Tru64 UNIX (Digital UNIX truéc day): nhan Mach
+ Apple MacOS Server : nhan Mach

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

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

18



Processes

kernel

hardware

Non-virtual machine
system model

2.6. May ao

« Tu OS layer d € n mdy do (virtual machine)

programming
interface

processes
processes
processes
kernel kernel kernel
M1 I VM2

Virtual-machine
Implementation

hardware

Virtual machine system model
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2.6. May ao

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

1. Tao mdt may ao Intel bén trén hé diéu
hanh Solaris va h¢ thong Sun

2. Cac lénh Intel (x86) duge may ao Intel
chuyén thanh 1€nh twong rng ctua hé
thong Sun.

Intel x86 Application

Intel x86 VM

VM interpretation

Solaris kernel

Sun hardware

20



Chuong III: Qu4 trinh (hay tién trinh) (Process)

» Khai niém co ban

» Trang thai qua trinh

> Khoi diéu khi€n qua trinh (Process control block)
» Dinh thoi qua trinh (Process Scheduling)

> Cac tac vu doi véi qua trinh

» SU cOng tac gilfa cac qua trinh

> Giao tiép gilfa cac qua trinh



3.1. Khai niém co ban

» Cai gi goi cac hoat dbng ctla CPU?
— Hé théng bo (Batch system): jobs
— Time-shared systems: user programs, tasks
— Cac hoat dong la twong tU => g0i la process

» Qua trinh (process)
— mOt chuong trinh dang thuc thi

MOt qua trinh bao gbm
— Text section (program code), data section (chUa global variables)

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



3.1. Khai niém co ban

Cac budc nap chuong trinh vao bo nho

Source
file 1

Source
file 2

Assembler
or
Compiler

Source
file 3

Executable
binary file

(load module)

Object
module 1
Object :
module 2 Linker
Object
module 3
Process
image in

memory

Loader




3.1. Khai niém co ban

chuong trinh => qua trinh

> Dung load module 3 biéu dién chuong trinh thu'c thi duoc

» Layout ludn 1y cUa process image

Executable binary file
(load module)

start address ——>

program
code

data

-

Process image in
main memory

program
code

data

stack




3.1. Khai niém co ban

Khoi tao qua trinh

> Céc budc hé diéu hanh khdi tao qua trinh
— Cap phat mot dinh danh duy nhat (process number hay process identifier,
pid) cho qua trinh
— Cap phat khong gian nhd d€ nap qua trinh
— Khéi tao khoi dit liéu Process Control Block (PCB) cho qué trinh
= PCB la noi hé diéu hanh luu c4c thong tin vé qua trinh
— Thiét 1ap cac mdi lién hé cén thié€t (vd: sap PCB vao hang doi dinh thoi,...)



3.2. Trang thai qua trinh

Céac trang thdi cUa qua trinh (process states):

— new: qua trinh vUa dudc tao

— ready: qua trinh da c6 @0 tai nguyén, chi con can CPU

— running: cac 1énh cla qua trinh dang dudc thuc thi

— waiting: hay 1a blocked, qua trinh ddi I/O hoan tat, tin hiéu.
— terminated: qua trinh da két thuc.



3.2. Trang thai qua trinh

> Chuy€n doi gilta cac trang thai cla qua trinh

. terminated
dispatch

I/0 or event

completion wait



3.2. Trang thai qua trinh

Vi du

/* test.c */
int main(int argc, char** argv)

{
printf (“Hello world\n");

exit (0) ;
}

Bién dich chuong trinh trong Linux
gcc test.c —o test

Thu'c thi chuong trinh test
. /test

Trong hé thOng sé c6 mOt qua trinh fest
dudc tao ra, thu'c thi va két thuc.

> ChuOi trang thai clia qua trinh

test nhu sau (truGng hdp tot
nhat):

— new

— ready

— running

— waiting (do chd I/O khi goi

printf)
— ready
— running

— terminated



3.3.Process control block

> Pa thay 1a mdi qua trinh trong hé thong d & u duogc cap phat mot Process
Control Block (PCB)

> PCB la mot trong cac cau tric dir liéu quan

trong nhat cua h¢ di € u hanh va gom: process

ointer
P state

- Trang thai qua trinh: new, ready, running,...
- B6 dém chuong trinh

- Céc thanh ghi program counter
- Thong tin 1ap thoi biéu CPU: d6 uu tién, ...
- Thong tin quan 1y bd nhd registers
- Thong tin tai khoan: lugng CPU, thdi gian st dung,
- Thong tin trang thai I/0

process number

memory limits

list of open files




3.3.Process control block

Luu d6 chuyén process P, operating system process P,
CPU tU qua interrupt or system call
trinh nay dén 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, J
executing | _\
L4

10



>

>

>

>

Yéu cau doi voi hé di € u hanh v € quan 1y qua trinh

Ho tro su thuc thi luan phién gitta nhi € u qud trinh
— Hiéu suat sir dung CPU
— Tho1 gian dap ing
Phan phoi tai nguyén hé thong hop 1y
— tranh deadlock, tri hoan v6 han dinh,...
Cung cap co ch & giao ti € p va dong bd hoat dong cac qua trinh

Cung cap co ch & hd trg user tao/k € t thiic qua trinh

11



Quan 1y cac qua trinh: cac hang doi

» Vidu

cac PCB
A

running

ready

11

waiting

19

process number

11

17

Co gi sai trong vi du?

12



3.4. DBinh tho1 qua trinh (Process Scheduling)

» Tai sao phai dinh thi?
— DPa chuong (Multiprogramming)
= C6 vai qud trinh chay tai cic thdi di€m
= Muc tiéu: tan dung t6i da CPU
— Chia thGi(Time-sharing)
= Users tuong tac vOi mOi chuong trinh dang thuc thi
= Muc tiéu: tGi thi€u thdi gian dap Ung
> MOt s6 khai niém co ban
— Cac b0 dinh thoi (scheduler)
— Cac hang doi dinh thoi (scheduling queue)

13



Cac hang doi dinh thoi (Scheduling queues)

Hang doi cong
viéc-Job queue
Hang doi san
sang-Ready queue
Hang ddi thiét bi-
Device queues

ready
queue

mag
tape
unit O

mag
tape
unit 1

disk
unit 0

terminal
unit 0

queue header PCB; PCB,
head > > S —
faill registers registers
L ] L]
head T——=
Gl et
head —T——=
e PCB, PCB,, PCB;
/ T =
head 1
PCB;
head » —=
@l 4+

14



Cac hang doi dinh thoi (Scheduling queues)
::l_m GF‘:J\)—.

B @

time slice .

expired
e
chibd fork a
expculas child
5 _I—
interrupt wail for an e
\\f_‘i“““ interrupt

Luu d6 hang ddi cla dinh thGi qua trinh



3.5. BO dinh thGi (Scheduler)

» BO dinh thGi cong viéc (Job scheduler) hay bo dinh thoi dai (long-
term scheduler)
> B0 dinh thoi CPU hay b0 dinh thdi ngan
> Céc qud trinh c¢6 thé mo ta nhu:
— Qua trinh hudng 1/0 (I/0 bound process)

— Qua trinh huéng CPU (CPU bound process)
Thoi gian thu'c hién khac nhau => két hdp hai hoa gilta chiung

16



B0 dinh thoi trung gian(medium-term scheduling)

> DOoi khi hé diéu hanh (nhu time-sharing system) c6 thém medium-
term scheduling d€ diéu chinh m(*c do6 da chuong clia hé thOng
> Medium-term scheduler
— chuyén qua trinh t¥ bd nhd sang dia (swap out)
— chuyén qua trinh tU dia vao bd nhd (swap in)

swap in partially executed swap out
swapped-out processes 0

ready queue

/O waiting
queues

17



3.6. Cac tac vu ddi voi qua trinh

» Tao qua trinh m&1 (process creation)
— Mot qua trinh c6 thé tao nhi & u qua trinh maéi thong qua mot 11 goi hé
thong create-process (vd: ham fork trong Unix)

= Vi du: (Unix) Khi user ding nhap hé thong, mot command interpreter
(shell) sé duoc tao ra cho user

1 Qua trinh duoc tao 1a qua trinh con cua qua trinh tao (qua trinh cha). Quan
hé cha-con dinh nghia mo0t cay qua trinh.

18



Cay qua trinh trong Linux/Unix

> Vidu

rool I

o]

=

Lrsar 1

user 2 I

s
i
.,

=3

- |_._I|

1
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3.6.Cac tac vu doi vai qua trinh

» Tao qua trinh moi

— Qua trinh con nhan tai nguyén: t HDH hoac tu’ P cha

— Chia sé tai nguyén cUa qua trinh cha
= Qua trinh cha va con chia s€ moi tai nguyén
= Qua trinh con chia s& mOt phan tai nguyén cla cha

— Trinh tu thu'c thi
* Qua trinh cha va con thuc thi dong thdi (concurrently)
= Qua trinh cha doi dén khi cac qua trinh con két thic.

20



Vé quan hé cha/con

» Khong gian dia chi (address space)
— Khong gian dia chi cua qua trinh con dugc nhan ban tu cha

— Khong gian dia chi cua qua trinh con dugc khoi tao tir template.

» Vi du trong UNIX/Linux

— System call fork() tao mot qua trinh mo1

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

parent ;n ait\ resumes
A
i dong bo

exit()

21



Vi du tao process vOi 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)

{

}

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

}



3.6.Céac tac vu doi vOi qua trinh (tt)

» Tao qua trinh mGi v/
> Keét thuc qua trinh
— Qua trinh tU két thuc
= Qua trinh két thiic khi thuc thi 1énh culi va goi system routine exit
— Qua trinh két thuc do qua trinh khéc (c6 dU quyén, vd: qua trinh cha cla nd)

= Goi system routine abort v&i tham s0 1a pid (process identifier) clia qua
trinh can dudc két thuc

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

23



3.7. COng tac gilfa cac qua trinh

> Trong qua trinh thu'c thi, cac qua trinh c6 thé cong tdc (cooperate)
d€ hoan thanh cong viéc
> Céac qua trinh cOng tac dé
— Chia sé d¥ liéu (information sharing)
— Tang tOc tinh toan (computational speedup)
= Néu hé thOng c6 nhiéu CPU, chia cong viéc tinh toan thanh nhiéu
cong viéc tinh toan nhd chay song song
— Thuc hién mOt cong viéc chung
= Xay dung mOt phdn mém phlic tap bang cach chia thanh cac
module/process hdp tac nhau
> SU cOng tac gilfa cac qua trinh yéu cAu hé diéu hanh ho trg co
ché giao ti€p va co ché dong bo hoat dong clia cac qua trinh
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Bai toan ngudi san xuat-ngudi tiéu thu
(producer-consumer )

» Vidu cOng tac gilra cac qua trinh: bai todn producer-consumer
— Producer tao ra cac dit liéu va consumer ti€u thu, st dung cac di liéu do.
SU trao dGi thong tin thu'c hién qua buffer
= unbounded buffer: kich thudc buffer vo han (khong thuc té).
* bhounded buffer: kich thudc buffer c6 han.

— Producer va consumer phéi hoat dong dong b0 vi
= Consumer khong dudc tiéu thu khi producer chua sén xuat
= Producer khong dudc tao thém san pham khi buffer day.

25



3.8.Giao tiép lién qua trinh (Interprocess
communication-I1PC)

> IPC 1a co ché cung c8p bdi hé diéu hanh nham giup cac qua trinh
— giao ti€p vOi nhau
— va dong bo hoat ddng
ma khong can chia sé khong gian dia chi

> IPC c6 thé dudc cung cap bdi message passing system

26



Hé thong truyén thong diép
Message passing system

> Lam th& nao d€ cac qua trinh giao ti€p nhau? Cac van dé:
— Dat tén (Naming)
= Giao tiép truc tiép
— send(P, msg): gli thong diép dén qua trinh P
— receive(Q, msg): nhan thong diép dén tf qua trinh Q
= Giao tiép gian ti€p: thong qua mailbox hay port
— send(A, msg): gli thong diép dén mailbox A
— receive(Q, msg): nhan thong diép tU mailbox B
— DPOng bd héa (Synchronization): blocking send, nonblocking send, blocking receive,
nonblocking receive

— Tao ving dém (Buffering): dung queue d€ tam ch(fa cdc message
» Kha nang chlta 1a 0(Zero capacity hay no buffering)
= Bounded capacity: d6 dai cUa queue la giGi han
» Unbounded capacity: d0 dai cUa queue la khong giGi han
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Chuong 4: Binh thoi CPU



>

NOI dung

Khai niém co ban

Cac bd dinh thoi

— long-term, mid-term, short-term

Céc 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



Khai niém co ban

> Trong cac hé thong multitasking
— Thuec thi nhi € u chuong trinh déng thoi lam ting hiéu suat hé thong.
— Tai mdi thoi diém, chi c6 mét process dugc thuc thi. Do do, can phai
giai quy € t van d é phan chia, Ira chon process thuc thi sao cho dugc
hiéu qua nhat — chi & n luoc dinh thoi CPU.
» Dinh thoi CPU
— Chon mot process (tir ready queue) thuc thi.

— V61 mot multithreaded kernel, viéc dinh tho1 CPU 1a do OS chon kernel
thread dugc chi € m CPU.



Cac bQ dinh tho1

Long-term
scheduling

Long-term
scheduling

Medium-term

scheduling Short-term

scheduling

\5
§~
—
b T
—_-
——_____
—

Medium-term _- \

scheduling A
ke blocked .
blocked terminated



Cac hang doi dinh thoi

Time-out

Release

Long-term
scheduling
1
1
Batch : Ready Queue Short-term
i schedulin
&-’ v I- g Processor
Medium-term
! scheduling
1
£ T 1
Interactive v Ready, Suspend Queue
users I I—— \
. -— N,
\\
LY
Medium -term
scheduling
+
Blocked, Suspend Queue ,*'
il '
Blocked Queue
Event Event Wait
~ntl}

Occurs




Cac by dinh thot

» Long-term scheduling
— Xéc dinh chuong trinh nado duoc chap nhan nap vao hé théng dé thuc thi
— Piéu khién mre 6 multiprogramming ctia hé thdng
— Long term scheduler thudng ¢8 gang duy tri xen 1an CPU-bound val/O-
bound process
» Medium-term scheduling
— Su chuyén doi duatrén su can thiét dé quan ly multiprogramming
— Dudc thuc hién bdi phan quan ly bd nhd va dudc thdo luan & phan quan
ly b6 nha.



Cac bo dinh thoi (tt)

Short term scheduling
> X4c dinh process nao trong ready queue sé dugc chiém CPU dé thuc thi
ké tiép (con dudc goi la dinh thdgi CPU, CPU scheduling)
» Short term scheduler con dudc goi vai tén khac la dispatcher
> BO dinh thdi short-term dudc goi moi khi c6 mét trong céc su
kién/interrupt sau xay ra:
— clock interrupt
— /O interrupt
— operating system call, trap
— signal



Dispatcher*

> Dispatcher s& chuyén quyén diéu khién CPU vé cho process
duoc chon bdi bd dinh thdi ngan han
> Bao gom:
— Chuyén ngl¥ canh (str dung thong tin nglr canh trong PCB)
— Chuyén vé user mode
— Nhay dén vi tri thich hop trong chuong trinh (’ng dung dé€ khédi dong lai
chuong trinh (chinh 1a program counter trong PCB)
> COng viéc nay gay raphi ton
— Digpatch latency: thoi gian ma dispatcher dirng mét process va khéi ¢éng
mOt process khac



Cé4c tiéu chuén dinh thdi CPU

» User-oriented
— Response time: khodng thdi gian process nhan yéu cau dén khi yéu cau
dau tién dudc dap ng (time-sharing, interactive system) — cu'c tiéu
— Turnaround time: khoang thdi gian ti [ic mdt process duoc nap vao hé
thGng dén khi process do két thiic — cuc tiéu
— Waiting time: tong thdi gian mot process ddi trong ready queue — cuc ti€u

» System-oriented
— processor utilization: dinh thdi sao cho CPU cang ban cang tot — cu'c dai
— fairness: tat ca process phai dudc doi X nhu nhau
— throughput: sd process hoan tat cong viéc trong mot don vi thdi gian —
cuc dai.



Hai yéu to ctiagiadi thuat dinh thoi
> Fam oo T7a (selection Tuncrion]: dung 4 GO Process me0 Tong Tealy

queue dudc thure thi (thudng dua trén do wu tién, yéu cau vé tai nguyén, dac
diém thu’c thi cha process,...), vi du

« W =t0ng thoi gian doi trong hé thdng
e e=thoi gian da duoc phuc vu
« s=1t0ng thoi gian thuc thi cla process (bao gom ca “e")

> Chédd quyét dinh (decision mode): chon thdi di€m thu'c hién ham chon lua
dé€ dinh thai. Co hai ché @6
— Non-preemptive
= Khi & trang thai running, process s& thure thi cho dén khi két thic
hoac bi blocked do yéu cau /O
— Preemptive
" Process dang thy'c thi (trang thai running) co thé bi ngat nira chirng va
chuyén vé trang thai ready bdi hé diéu hanh
= Chi phi cao hon non-preemptive nhung danh d6i lai bang thai gian
dap U’ng tot hon vi khong c6 trudng hdp mot process do6c chiém CPU
qualau.
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Khao sat giai thuat dinh thoi

load store
add store
read from file

wait for 1/0

IncC store
writetofile

wait for 1/0

load store
add store
read from file

wait for 1/0O

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

} CPU burst
1/0O burst
} CPU burst
1/O burst

. CPU burst

1/0O burst

\

4

J

mot chu ky
CPU-1/0

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

» Process co service time lGn la cac CPU-bound process
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First-Come First-Served (FCFS)

Co ché : Tién trinh nao yéu cau CPU trudc & dudc cap phat CPU trudc;
Process s& thue thi dén khi két thiic hoac bi blocked do I/O
FCFS la non-preemptive algorithm
Hién thuc : sif dung hang doi FIFO (FIFO queues)
— Tién trinh di vao dugdc thém vao cudi hang doi
— Tién trinh dugc lva chon dé xir Iy dugc |ay tir dau clia queues

0 5 10 15 20
et +r &+ &+ &+ &+ &+ &+ &+ &+ ;[ 1 1 | |
P1
P2
P3
P4 \
run add
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FCFS Scheduling

> Vidu: > Gid sir tht ty vao clia cac tién trinh
la
= P1, P2, P3

» Thai gian chd
Process Burst Time = P1=0;
P1 24 « P2 =24
P2 3 e
P3 3 u P3 - 27,

» Thdi gian chd trung binh
» (0+24+27)/3 =17

Gantt Chart for Schedule

0

24 27 30
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FCFS Schedulin
> Vidu: > Gia st thdi gian vao cliacactién trinh
la
= P2,P3,P1
» Thoi giancho :
= P1=6;P2=0;P3=3;

ﬁrl"cess Burst T";f > Thoi gian chd trung binh
55 . = (6+0+3)/3=3, t&t hon..
P3 3

Gantt Chart for Schedule

O 3 6 30
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Shortest-Job-First(SJF) Scheduling

Dinh thoi biéu cong viéc ngan nhat trudc

Khi CPU dudc tu do, n6é s& cap phét cho tién trinh yéu cau it thoi gian
nhét d&€ két thuc (ti€n trinh ngan nhat)

Lién quan dén chiéu dai thdi gian sir dung CPU cho lan tiép theo clia
moi tién trinh. S dung nhi*ng chiéu dai nay dé€ |1ap lich cho tién trinh
vdi thoi gian ngan nhat.
Hal hinh thd'c (Schemes):
— Scheme 1: Non-preemptive( tién trinh doc quyén CPU)
= Khi CPU dudc trao cho qua trinh n6 khong nhudng cho dén khi né két thic chu ky xr ly
chand
— Scheme 2: Preemptive( tién trinh khong ddc quyén)
=  NE&u mot tién trinh CPU mdi dudc dua vao danh sach véi chiéu dai sir dung CPU cho
|an ti€p theo nhd hon thdi gian con lai cUatién trinh dang x& ly n6 & dirng hoat ¢dng
tién trinh hién hanh (hinh thirc ndy con goi la Shortest-Remaining-Time-First (SRTF).)
— SJFlatdi vu — cho thdi gian chd dagi trung binh téi thi€u véi mot tap tién trinh cho trudc

15



Non-Preemptive SJF Scheduling

> Vidu:

Process Arrival Time Burst Time

P1 0] I
P2 2 4
P3 4 1
P4 S} 4

Gantt Chart for Schedule

0 7 8 12 16

Average waiting time =
(0+6+3+7)/4 =4
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Preemptive SJF Scheduling(SRTF)

> Vidu:

Process Arrival TimeBurst Time

P1 0 7
P2 2 4
P3 4 1
P4 5 4

Gantt Chart for Schedule

0 2 4 5 7 11 16

Average waiting time =
(9+1+0+2)/4 =3
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Nhan xét vé giai thuat SJIF
C6 thé xay ratinh trang “do6i” (starvation) doi véi céc process co

CPU-burst 6n khi c6 nhiéu process véi CPU-burst nhé dén hé
thong.

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

Giai thuat SJF ngdm dinh ra d0 uu tién theo burst time

Céac CPU-bound process ¢6 d0 uu tién thap hon so vdi 1/0-bound
process, nhung khi mOt process khong thu'c hién 1/0 dugc thu'c
thi thi n6 doc chiém CPU cho dén khi két thuc

18



Priority Scheduling*

> MO6i process s& duoc gan mot dd wu tién
> CPU s dudc cap cho process c6 dO uu tién cao nhat
> Dinhthdi s&f dung d6 wu tién co thé:

— Preemptive hoac

— Nonpreemptive

19



Gén dd uu tién*

» SJFlamét giai thuat dinh thdi st dung d6 wu tién véi d6 uu tién
|a thdi-gian-sir-dung-CPU-du-doan
» Gan d0 uu ti€én con dua vao:
— Yé&u cauveé bb nhd
— S0 luong file dudc md
— Tilé thdi gian dung cho 1/0 trén thai gian stir dung CPU
— Cé&c yéu cau bén ngoai vi du nhu: sO tién ngudi dung tra khi thuc thi cong
viéc

20



Priority Scheduling*
> Van dé: tri hodn vO han dinh — process ¢6 d0 uu tién thap co thé

khong bao gio dugc thu'c thi
> Giai phdp: aging — d6 uvu tién cla process sé tang theo thdi gian

21



Round Robin (RR)

Moi process nhan dudc mdt don vi nhd thdi gian CPU (time Slice,
quantum time), thong thudng tl* 10-100 msec d€ thu'c thi. Sau
khodng thoi gian @6, process bi doat quyén vatrd vé cudi hang
doi ready.

Néu co n process trong hang dgi ready va quantum time = q thi
khdng co process nao phai chd doi qua (n — 1)q don vi thdi gian.

Hiéu suat
— Néuqlén: RR= FC

— Néu g nho (q khong dudc quanhd bai vi phai ton chi phi chuyén ngi
canh)
Thdi gian chd dai trung binh cuagiai thuat RR thudng kha lén
nhung thdi gian dap *ng nho

22



Vi dui Round Robhin

» Time Quantum = 20

0

Process Burst Time

P1 53
P2 17
P3 68
P4 24

Gantt Chart for Schedule

20 37 57 77 97 117 121 134 154 162

turnaround timetrung binh |&n hon SRTF, nhung dap (ng tot hon

23



RR vOI time quantum = 1

Round-Robin [ I I R N O A I I I
(RR), g =1
P1 | |

P2 ]
P3 . . . .
I‘h 4 - [ — -
I‘h 5 - [ [ -

O Thoi gian turn-around trung binh cao hon so vGi SJF nhung

c6 thdi gian dap ng trung binh tot hon.

O Uu tién CPU-bound process
= [/O-bound process thudng s dung rat it thoi gian clla CPU, sau do
phai blocked doi 1/0O
= CPU-bound process tan dung hét quantum time, sau d6 quay vé
ready queue = dudc xép trudc cac process bi blocked
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Time guantum va context switch

Processtime = 10

10

10

10

quantum

12

context
switch

0

10
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Quantum varesponse time

> Quantum time phai |6n hon thoi gian dung d€ x& ly clock interrupt (timer) va
thoi gian dispatching
» Nén |6n hon thdi gian twong tac trung binh (typical interaction)

26



Quantum varesponse time

Process allocated [nteraction
Lime quantum complete Time
l i "
| Vo7 A
Time quantum greater than
< _ >t > typical interaction
Response time g -5
5
4 >
Quanium
q
Process allocated Process Process allocated  Interaction
time quantum preempled ime quantum  complete
i l i l Time gquantum less than
| L 4 l typical interaction
+ >
q Other processes run
4 g
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Highest Response Ratio Next

P1
P2

P4

~ timespent waiting + expected servicetime

RR —
expected servicetime

> Chon process ké ti€p co giatri RR (Response ratio) 16n nhat.
> Cé&c process ngan dudc wu tién hon (vi service time nho)

28



Multilevel Queue Scheduling

> Hang doi ready dudc chiathanh nhiéu hang dgi riéng biét
theo mot sb tiéu chuan nhu
— Péc diém vayéu cau dinh thai clia process
— Foreground (interactive) va background process,...
> Process dudc gan ¢o dinh vao mot hang ddi, moi hang doi
str dung giai thuat dinh thoi riéng
> Hé diéu hanh can phai dinh thdi cho cac hang dai.
— Fixed priority scheduling: phuc vu ti hang doi c¢6 d0 uu tién cao
dén thap. Van dé: c6 thé co starvation.
— Time slice: méi hang dgi duoc nhan mdt khodng thdi gian chiém
CPU va phan phdi cho cac process trong hang doi khoang thai gian
do. Vi du: 80% cho hang doi foreground dinh thai bang RR va 20%
cho hang dai background dinh thdi bang giai thuat FCFS.
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Multilevel Queue Scheduling

highest priority

system processes [T

batch processes

| |

—
——

student processes

lowest priority
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Multilevel Feedback Queue

> Van dé ciamultilevel queue

process khong thé chuyén tr hang dgi nay sang hang doi khéc =
khac phuc bang co ché feedback: cho phép process di chuyén mot
céch thich hop gilra cac hang dadi khac nhau.

> Multilevel Feedback Queue

Phan loai processes dua trén cac dac tinh vé CPU-burst

St dung decision mode preemptive

Sau mdt khoang thdi gian nao dé, cac I/0-bound process va
Interactive process s& & cac hang doi ¢c6 d6 uu tién cao hon con
CPU-bound process sé @ cac queue c¢6 d6 uu tién thap hon.

Mot process da chd qualau & mot hang doi c6 dO uu tién thap co
thé duoc chuyén dén hang dgi c¢6 dO uu tién cao hon (co ché nién
han, aging).
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Multilevel Feedback Queue*

» Vidu: Co 3 hang doi
— QO0, dung RR v4i quantum 8 ms
— Q1, dung RR v4i quantum 16 ms
— Q2, dung FCFS
> Giai thuat
— CoOng viéc mdi s€ vao hang dai QO.
Khi dén lugt minh, cong viéc s&
duoc mot khoang thai gian a8 milli
gidy. Néu khong két thic duoc trong
8 milli gidy, cong viéc se dudc dua
xubng hang doi Q1
— Tai Ql, twong tuw cOng viéc sau khi
chd sé dugc cho mot khoang thoi
gian thurc thi 1216 milli gidy. Néu hét
thdi gian nay van chua két thiic s bi
chuyén sang Q2

il
> quantum = 8
il
> guantum = 16
il

Y

FCFS
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Multilevel Feedback Queue (tt)

> Dinh thdi dung multilevel feedback queue doi hoi
phai gidi quyét cac van dé sau
— S0 luong hang doi bao nhiéu lathich hop?
— Duing gidi thuat dinh thdi ndo & moi hang doi?
— Lam sao dé xac dinh thoi di€ém can chuyén mot
process dén hang doi cao hon hodc thap hon?

— Khi process yéu cau dudc XU 1y thi dua vao hang doi
nao lahadp ly nhat?
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So sanh céc giai thuat

> Giai thuat dinh thdi nao latét nhat?
> Cau trd 10i phu thudc céc yéu to sau:
— System workload
— Sy ho tro cliaphan cing ddi vai dispatcher
— SU twong quan vé trong sO clia céc tiéu chuan dinh thdi nhu
response time, hiéu suat CPU, throughput, ...
— Phuong phap dinh lwgng so sanh
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Chuong 5
Dbéng Bo va
Giai Quyét Tranh Chap
(Process Synchronization)

-4.1-



NO1 dung

> Pt van d & (tai sao phai dong bd va giai quy é t
tranh chap ?)

> Van d & Critical section

> Cac giai phap phan m é m
— (Gi1a1 thuat Peterson, va giai thuat bakery

> Pong bo bang hardware

» Semaphore

> Cac bai toan dong bod

> Critical region

> Monitor



Pit van d €

Khao sat cac process/thread thuc thi dong thoi vachia sé dir licu
(qua shared memory, file).

> N € u khong c6 su kiém soat khi truy cap cac dit liéu chia sé thi c6
thé dua d & n ra truong hop khéng nhat quan dir liéu (data
Inconsistency).

> DE& duy tri su nhat quan di¥ liéu, hé thdng can c6 co ché bao
dam su thuc thi c6 trat tu’ clia cac process dong thdi.

o-'. @




Ba toan Producer-Consumer

Producer-Consumer
=P khong dudc ghi dif liéu vao buffer da day
=C khong dudc doc dif liéu tir buffer dang tréng
=P va C khong dwgc thao tac trén buffer cung luc

L



Pit van d €

> Xeét bar toan Producer-Consumer vo1 bounded buffer
» Bounded buffer , thém bién dém count

#defi ne BUFFER SI ZE 10 [* 10 buffers */
t ypedef struct {

} item
| tem buffer [ BUFFER Sl ZE] :
Iint in =0, out = 0, count = O;



Bounded buffer (it)

> Quatrinh Producer
| tem nextProduced,;
while(1) {
while (count == BUFFER_SIZE); /* do nothing */
buffer[in] = nextProduced,;
count++;
in=(in+ 1) % BUFFER_SIZE;
}
> Quatrinh Consumer
| t em next Consuned,;
while(l) {
while (count == 0); /* do nothing */
next Consuned = buffer[out]
count - - ;

out = (out + 1) % BUFFER Sl ZE;

bién count dudc chiasé
gifa producer va consumer



Bounded buffer (it)

Céc |énh tang, gidm bién count twong dwong trong Nngon ngr
may la

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

e register, =register, +1
e count =register,

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

Trong d6, cac register; la cac thanh ghi cua CPU.




Bounded buffer (it)

M&amay clia céc 1énh ting va gidm bién count cd thé bi thu'c thi xen ké
Gid sl count dang bang 5. Chudi thuc thi sau co thé xay ra:

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

Ca hai process thao tac dong thoi |én bién chung count. Tri clia bién chung nay
khong nhat quan dudi céc thao téc clla hai process. Giai phap: cac lénh
count++, count-- phai la don nguyén (atomic), nghialathuc hién nhu mot 1énh
don, khong bi ngat nira chirng.




Bounded buffer (it)

> Race condition: nhiéu process truy xuat va thao tac déng
thoi 1én di¥ liéu chia sé (nhu bi€n count)
— K&t qua cudi cung cliaviéc truy xuat dong thdi nay phu thudc thi tu’ thuc
thi ciacac [énh thao tac di liéu.

> D€ di¥ liéu chiasé dudc nhat quén, can bao dam sao cho
tai moi thdi diém chi cé mot process dugc thao tac [én diy
liéu chiasé. Do do, can c6 co ché dong bd hoat dong clia
CaC process nay.




VVan dé Critical Section

> Gia slf cd n process cting truy xuat dong thoi dir liéu chia @
> CA&u tric cllamoi process Pi- Moi process ¢6 doan code nhu
sau :
Do {
entry section  /* vao critical section */
critical section /* truy xuat di¥ liéu chiasé */
exit section /* roi critical section */
remainder section /* lam nhirng viéc khac */
} While (1)
> Trong moi process ¢ nhitng doan code co chira cac thao tac
|én di¥ liéu chia sé. Boan code nay dugc goi lavung tranh
chap (critical section, CS).
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VVan dé Critical Section

> V&n dé Critical Section: phdi bdo dam su loai tr & twong ho
(mutual exclusion, mutex), t’c lakhi mot process dang thu'c
thi trong vung tranh chap, khong c6 process nao khac déong
thoi thu'c thi cac 1énh trong vung tranh chap.
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Y éu cau ctialdi gidi cho Critical Section
Problem
- Lo gidi phai thdabatinh chat
(1) Mutual exclusion: Khi mot process P dang thuc thi trong ving tranh chap
(CS) cua no thi khong cé process Q nao khac dang thu'c thi trong CS cua Q.

(2) Progress: néu khong co6 process nao dang thuc thi trong vung tranh chap
va dang c6 mOt sO process chd doi vao vung tranh chap thi:
— Chi nhirng process khong dang thu'c thi trong remainder section maéi duoc la irng
cl vién cho viéc dugc chon vao ving tranh chap.
— Quatrinh chon lua nay khong dugc tri hoan vo han (postponed indefinitely).

(3) Bounded waiting: Moi process chi phai chd € dugc vao viing tranh chap
trong mdt khoang thdi gian c6 han dinh nao d6. Khong xay ratinh trang doi
tai nguyén (starvation).
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Y éu cau cualodi giai cho Critical Section
Problem
- Gia sir tat ca tién trinh thu'c thi & tdc do khéc 0 (nonzero)
- Khoéng c6 gia dinh nao lién quan dén tdc d6 tuong d6i cllantién
trinh

13



Phan loai giai phap
> Giai phap phan mém (software solutions)

— user/programmer tu’ thu'c hién (thong thudng s& cé sy’ ho trg
CUa cac thu vién [ap trinh)

— OS cung cap mdt 3 ¢dng cu (cac ham vacau trac dir liéu) ho
tro cho programmer qua system calls.

> Giai phap phan ctrng (hardware solutions)
— Duatrén mot sO [énh may dac biét
e Disable interrupt
e TestAndSet

14



Giai phap phan mém

> Trudng hdp 2 process dong thai: PO va P1
— Giai thuat 1va2
— Giai thuat 3 (Peterson’ s agorithm)

» Giai thuat cho n process
— Bakery algorithm

15



Giai thuat 1
> Biénchiasé

e int turn; [* khdi dauturn=0%*/
« néuturn =i thi P, dudc phép vao critical section, v&ii =0hay 1

> Process P,
do{
while (turn I=1);
critical section
turn =j;
remainder section
} while (1);

> Thoa méan mutual exclusion (1)
> Nhung khong thod mén yéu cau vé progress (2) vabounded waiting (3) vi
tinh chat strict alternation clia giai thuat

16



Giai thuat 1 (tt)

Pr ocess PO: Process P1:
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 nho. N € u turn = 0,
PO dugc vao CS va sau do thuc thi turn = 1 va vao vung RS.

Luc d6 P1 vao CS va sau d6 thuc thi turn =0, k € d6 P1 vao va xong
RS, va doi vao CS mdt 1an nita, nhung vi turn = 0 nén P1 phai cho PO.

17



Giai thuat 2

> Biénchiasé
« boolean flag[ 2]; /* khdidauflag[ 0] =flag[ 1] =false */
« Né&uflag[i]=truethi P, “san sang” vao critical section.

> Process P

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

> Bao dam duoc mutual exclusion. Chirng minh?

> Khong thdaman progress. Vi sao? Trudng hap sau ¢ thé xay ra
« POganflag[ 0] =true
e Plganflag[ 1] =true
 POvaP1loop ma méi trong vong lap while

18



Giai thuat 3 (Peterson)

> Bién chiasé: két hop ca giai thuat 1 va2
> ProcessP,,voii=0hay 1

do{
flag[i] =true /* Processi san sang */
turn =j; /* Nhuong process| */
while (flag[ j ] and turn ==);
critical section
flag[ 1 ] = false;
remainder section
} while (1);
> Thod man dudc ca 3 yéu cau (chirng minh?) = giai

quyét bai toan critical section cho 2 process.
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Giai thuat Peterson-2 process

Process P,
do{

,*
f
f
tL
W

Owantsin */

ag[0] = true;

O givesachanceto 1l */
=1,

hile (flag[1] &&

turn == 1);

/*
f

critical section

0 no longer wantsin */

ag[0] = false;

remainder section

} while(1):

Pro

cess P,

do{

,*
fl
,*
tL

1 wantsin */
ag[1] = true;
1 givesachanceto O */

Irn = 0;

while (flag[0] &&

turn == 0);

/*

critical section

1 no longer wantsin */

flag[1] = false;

remainder section

} while(1):
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Giai thuat 3: Tinh dung dan

Giai thuat 3 théa mutual exclusion, progress, va
bounded waiting

» Mutual exclusion dugdc bao dam bdi vi
« PO va P1 déu @ trong CS néu vachi néu flag[0] = flag[1] =
true vaturn = i cho moi Pi (khoéng thé xay ra)
> Chirng minh thdayéu cau vé progress va bounded
waiting
— Pi khong thé vao CS néu va chi néu bi ket tai vong lap while()
voi dieu kiénflag[ j ] =truevaturn=j .
— Néu Fj khong mudn vao CS thi flag[ j ] = false va do d6 Pi c6
thé vao CS.
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Giai thuat 3: Tinh dung dan (tt)

— Néu Pj da bat flag[ j | = true va dang chd tai while() thi c¢o chi
hai trudng hop laturn =i hoac turn =j

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

— Nhung néu Pj c6 du thoi gian bat flag[ j ] = true thi Pj cling
phai ganturn =i

— Vi Pi khong thay dGi tri clia bién turn khi dang ket trong vong
|ap while(), Pi s3 chd dé vao CS nhidu nhat 1a sau mdt 1an Pj
vao CS (bounded waiting)
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Giai thuat bakery: n process

Trudc khi vao CS, process Pi nhan moét con sd. Process nao
gi* con sO6 nhd nhat thi duoc vao CS
Trudng hop Pi vaPj cing nhan dugc mét chi so:

— Néu i <j thi Pi dudc vao trudc. (DOi X(rng)

Khi rakhoi CS, Pi dat lai sd ciiaminh bang 0
Co ché cap sd cho cac process thudng tao cac sO theo co
ché ting dan,vidu 1,2,3,3,3,3,4,5,...

Ki hiéu
e (ab) <(c,d)néu a<choacifa=cvab<d
¢ max(a,...,a) laconsd bsao chob>a véi moi i =0,..., k
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Giai thuat bakery: n process (tt)

[* shared variable */
boolean  choosing[ n]; /* initialy, choosing[ 1 ] =false */
Int num[ n|; [* initidly, num[i] =0 */

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

> Khuyét diém ctia céc giai phap software
— Céc process khi yéu cau dudc vao vung tranh chap déu phai
lién tuc kiém tra diéu kién (busy waiting), ton nhiéu thdi gian
X ly cua CPU
— Né&u thdi gian x ly trong vung tranh chap |8n, mot gidi phap
hiéu qua nén co co ché block céc process can dai.

> C&c gidi phap phan cirng (hardware)
— Cam ngat (disable interrupts)
— Dung cac |énh dac hiét

25



Cam ngat

> Trong hé théng uniprocessor:

mutual exclusion dugc bao dam.

— Nhung néu system clock dudc
cap nhat do interrupt thi ...
> Trén hé théng multiprocessor:
mutual exclusion khong dugc
dam bao
— Chi c&m ngat tai CPU thu'c thi
|énh disable interrupts
— Céc CPU khéc van co thé truy
cap bo nhd chiasé

Process Pi:

do {
disable interrupts();
critical section
enable interrupts();
remainder section
} while (1);
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Dung cac |énh dac biét

> Y tudng co s@
— Viéc truy xuat vao vao mot dia chi ciiabd nhd von da ¢6 tinh loai
tri¥ tuong ho (chi co mot thao tac truy xudt tai mot thoi diém)
> Mdréng
— thiét k€ mot [énh may co thé thuc hién hai thao tac chap (atomic,
indivisible) trén cung mot 6 Nnhd (vd: read vawrite)
— Viéc thuc thi cac [énh may nhu trén luén bao dam mutual exclusive
(ngay cé vdi hé théng multiprocessor)
> C&c|énh may dac biét cd thé ddm bao mutual exclusion tuy
nhién cling can két hop véi mot sO co ché khac dé thoa méan hai
yéu cau con lai la progress va bounded waiting cling nhu tranh
tinh trang starvation va deadl ock.
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Lénh TestAndSet

> Doc va ghi mot bi € n trong mot
thao téc atomic (khong chia cat
duoc).

boolean TestAndSet(boolean & target)
{
boolean rv = target;
target = true;
return rv;

B Shared data:
boolean lock = false;

B ProcessP; :

do{

while (TestAndSet(lock));

critical section
lock = false;
remainder section
} while (2);

28



L&nh TestAndSet (tt)

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

> Khi P, rakhéi CS, quatrinh chon Ivaprocess P vao CSké tiép la
tly y = khong bao ddm diéu kién bounded waiting. Do d6 c6 thé
xay rastarvation (bi bé doi)

> Céc processor (Vi du Pentium) thong thudng cung cap mét Iénh

don 1a Swap(a, b) c6 tac dung hodn chuyén ndi dung cliaavab.
« Swap(a, b) cling c6 wu nhudc di€m nhu TestAndSet
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Swap va mutual exclusion

Bién chiasé lock dugdc khdi tao gia
tri false
M6i process P, ¢6 bién cuc bd key
Process P. nao thay giatri lock =
false thi dugc vao CS.
— Process P, ¢ loai tri cac process P
khéc khi thiét lap lock = true

void Swap(boolean & a,
boolean & b) {
boolean temp = a;
a=b;
b =temp;

}

> Bién chiasé (khdi tao lafalse)

bool lock;
bool waiting [n];

> Process P,

do{
key =true;
while (key ==true)
Swap(lock, key);
critical section
lock = false;
remainder section
} while (1)

Khdng thda man bounded waiting
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Giai thuat dung TestAndSet thoa man 3 yéu cau (1)

> Cau trdc dir liéu dung chung (khdi tao lafalse)
bool waiting[ n];
bool lock;
> Mutual exclusion: Pi chi cé thé vao CS néu vachi néu hoac
waiting[ 1 | = false, hoac key = false
» key = false chi khi TestAndSet (hay Swap) dugc thuc thi
= Process dau tién thuc thi TestAndSet mdi c6 key == false; cac process
khac d&u phai doi
« waiting[ i ] = false chi khi process khéc r&i khoi CS
= Chi cé mét waiting[ i ] c6 giatri false
» Progress. chirng minh tuong tu nhu mutual exclusion
» Bounded waiting: waiting in the cyclic order
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Giai thuat dung TestAndSet thoda man 3 yéu cau (2)

do{

waiting[ i ] = true;

key = true;

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

waiting[ | | = false;

critical section

J=(+1)%n;

while ((j!=1) && !waiting[]])
j=0+1%n;

if (j ==1)
lock = false;

else
waiting[ | | = fase;

_ remainder section
} while (1)
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Semaphore

. Lacong cu dong bo cung cap bdi OS ma khong doi hdi  busy
walting
> Semaphore Slamot bién sd nguyén.
> Ngoai thao tac khéi dong bién thi chi cé thé duoc truy xuat qua
hai tac vu co6 tinh don nguyén (atomic) va loai tri’ (mutual
exclusive)

« wait(S) hay con goi laP(S): gidam giatri semaphore (S=S-1) . K& dé néu
giatri nay am thi process thu'c hién lénh wait() bi blocked.

* signal(S) hay con goi laV(S): tang gia tri semaphore (S=S+1) . K& d6 néu
giatri nay khong duong, moét process dang blocked bai mét [énh wait() s
dugc héi phuc dé thuc thi.

> Tranh busy waiting: khi phai dai thi process s& dudc dat vao moét
blocked queue, trong do chira cac process dang chd doi cung mot
su kién.
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Semaphore

> P(S) hay wait(S) sir dung d€ gianh tai nguyén vagiam bién dém
S=5S1

> V(S) hay signal(S) s& gidi phong tai nguyén va tang bién dém S=
St1

> Neéu P dudc thuc hién trén bién dém <=0, tién trinh phai doi V
hay chd doi su giai phong tai nguyén
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Hién thu'c semaphore

» Dinh nghia semaphore [a moét record

typedef struct {

int value;

struct process*L; /[* processgueue */
} semaphore;

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

« wakeup(P): héi phuc quatrinh thuc thi clia process P dang
blocked
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Hieén thu'c semaphore (it)
» Cac téc vu semaphore dudc hién thu'c nhu sau

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

If (S.value<0) {

add this processto S.L;
block();

}

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

If (S.value<=0){

remove aprocess P from S.L;

wakeup(P);
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Hien thu'c semaphore (it)

> Khi mdt process phai chd trén semaphore S, no s€ bi
blocked va dugdc dat trong hang doi semaphore
_ Hang doi ndy 1a danh séch lién két cac PCB

> Téc vu signal() thudng st dung co ché FIFO khi chon
MOt process tU hang dgi va dua vao hang doi ready

> block() vawakeup() thay doi trang thai clia process
* block: chuyén ti running sang waiting
 wakeup: chuyén tir waiting sang ready
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Vi du stf dung semaphore 1 : Hién thuc mutex véi semaphore

» Dung cho n process

» Khdi tao Svalue=1

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

> DE& cho phép k process vao
CS, khdi tao S.value=k

» 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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Vi du stf dung semaphore 2 :Déng bd process bang semaphore

Hal process. P1 va P2

Y éu cau: Iénh Sl trong P1
can dudc thuc thi trudc [énh
S2 trong P2

Dbinh nghia semaphore synch
dé dong bod

Khdi ¢dng semaphore:
synch.value=0

> D& dong bd hoat dong theo
yéu cau, P1 phai dinh nghia
nhu sau:
31,
signal (synch);

» Va P2 dinh nghia nhu sau:
wait(synch);
2,
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Nhan xét

> Khi S.value > 0: s3 process co thé thuc thi wait(S) ma khong bi
blocked = S.value

> Khi S.value < 0: sO process dang ddi trén Sla | Svalue]

» Atomic va mutual exclusion: khong dugc Xay ra trudng hop 2
process cung dang & trong than 1énh wait(S) va signal(S) (cung
semaphore S) tai mot thdi diém (ngay ca vdi hé thong
multiprocessor)
= do do6, doan ma dinh nghia cac |énh wait(S) va signal(S) cling
chinh la vung tranh chap
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Nhan xéet (tt)

> Vung tranh chap clia céc tac vu wait(S) va signal(S) thong
thuong rat nhd: khodng 10 I1énh.

> Gidi phép cho vung tranh chap wait(S) vasignal (S)

— Uniprocessor: ¢6 thé dung co ch& cdm ngat (disable interrupt).
Nhung phuong phap nay khong lam viéc trén hé thdng
multiprocessor.

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

Vi CSrat nhd nén chi phi cho busy waiting sé rat thap.
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Deadlock va starvation

> Deadlock: hai hay nhiéu process dang chd dgi vd han dinh mét su kién khong
bao gid xay ra (vd: su kién do mot trong cac process dang doi tao ra).
> Goi SvaQ lahai bién semaphore duoc khdi tao=1

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

wait(Q) wait(S);,
signal(S); signal (Q);
signal(Q); signal(S);

PO thuc thi wait(S), réi P1 thuc thi wait(Q), réi PO thue thi wait(Q) bi
blocked, P1 thu'c thi wait(S) bi blocked.

> Sarvation (indefinite blocking) M6t tién trinh cd thé khdng bao gid duoc |ay
rakhoi hang doi mand bi treo trong hang dai do.
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Céac loal semaphore

> Counting semaphore: mot sd nguyén cé giatri khdng
han ché.

> Binary semaphore: co tri [a0 hay 1. Binary semaphore
rat dé hién thuc.

> C0 thé hién thu'c counting semaphore bang binary
semaphore.
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Cac bai toan dong bd (kinh dién)

> Bounded Buffer Problem
> Readers and Writers Problem
» Dining-Philosophers Problem
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Cac bai toan dong bo
» Bal toan bounded buffer
— D liéu chia sé:
semaphorefull, empty, mutex;

— Khdi tao:
e full = 0:/* s5 buffers day */
* eMpPLy = N; /* 5 bufferstréng */
e mutex = 1;
n buffers

|
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Bounded buffer

producer

do {
nextp = new_item();

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

Insert_to buffer(nextp);
signal (mutex);

signal(full);
} while (1);

consumer

do {
wait(full)
wait(mutex);

nextc = get_buffer_item(out);

signal(mutex);
signal( );

consume_item(nextc);

} wr.li.l-e (1);
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Bai toan “Dining Philosophers’ (1)

5 triét giangbi dn va suy nghi
M&i ngudi can 2 chiéc dda
(chopstick) d€ an

Trén ban chi ¢ 5 dla

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

o D liéu chiasé:
semaphore chopstick[5];

0 Khdi dau céc bién déulal

47



Triét giathr i:
do{
wait(chopstick [ 1])
wait(chopstick [ (I +1) % 5])

eal

s:iénal (chopstick [ i ]);

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

think

} Whillue (D);

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

> Gidi phdp trén co thé gay ra deadlock
— Khi tat ca triét gia doi bung cung luc va dong thdi cam chiéc
ddabén tay tra = deadlock
> MOt sb gidi phap khéac gidi quyét duoc deadlock
— Cho phép nhiéu nhat 4 triét giangdi vao cling mot 1Uc
— Cho phép triét gia cam cac dlachi khi ca hai chiéc diia déu
san sang (nghialatéac vu cam cac dlia phai xay ratrong CS)
— Triét giangdi G vi tri & cam dla bén tréi trudc, sau d6 moi
dén dla bén phai, trong khi do triét gia & vi tri chan cam dda
bén phai trudc, sau d6 mdi dén dlia bén tréi
» Starvation?
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Bal toan Readers-Writers (1)

Readers- Writers
=W khong dwgc cap nhat di¥ lieu khi c
mot R dang truy xudt CSDL .
= Tai mot thai di€m , chi cho phép mét W dudc
Slra ddi néi dung CSDL.

Q) [ Cw>
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Bai toan Readers-Writers (2)

> DU liéuchiasé

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);
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Bal toan Readers-Writers (3)

> mutex: “bao vé” bién readcount

> Wit
— Béo ddm mutual exclusion d6i v&i cac writer
— Pudc st dung bdi reader dau tién hodc cudi cung vao hay ra
khoi vung tranh chap.
> Néu mot writer dang & trong CS va co n reader dang
doi thi mot reader dudc xép trong hang doi clawrt va
n — 1 reader kia trong hang doi cua mutex
> Khi writer thuc thi signal (wrt), hé thdng c6 thé phuc
hoi thuc thi clia moét trong cac reader dang dgi hodc
writer dang dal.
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Cac van d € vo1 semaphore

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

> Tuy nhién, n € u cac tac vu wait(S) va signal(S) nim rai rac o rat
nhi & u processes = kho nam bat dugc hiéu Urng cua cac tac vu
nay. N € u khong st dung diing = c6 thé xay ra tinh trang
deadlock hoac starvation.

> Mot process bi “die” co thé kéo theo cac process khac cung str
dung bi & n semaphore.

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

critical section critical section critical section

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




Critical Region (CR)

> Lamot cau triic ngdn nglr cap cao (high-level language construct, dugc dich
sang ma may bdi mot compiler), thuan tién hon cho ngudi |ap trinh.

> MOt bién chiasg v kiéu di¥ liéu T, khai bdo nhu sau
v: shared T;

> Bién chiasé v chi cd thé duoc truy xuat qua phét biéu sau
regionvwhenBdoS; /* B lamot bi€u thirc Boolean */

Y nghiia: trong khi S duoc thu'c thi, khong c6 qué trinh khéc cé thé truy xuat
biénv.

Khi mot process mudn thu'c thi céc [énh trong region (tic 1a S), bi€u thirc

Boolean B dugc ki€m tra. Néu B = true, [énh Sduoc thuc thi. Néu B = false,
process bi tri hoan cho dén khi B = true.
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CR vaba toan bounded buffer

D{ liéu chia sé:

struct buffer

{

Int pool[n];
Int count,
In,
out;

Producer

region buffer when (count < n) {
pool[in] = nextp;
IN=(in+1) %n;
count++;

}

Consumer

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

> Cling lamét cau trdc ngdn nglr cap cao tuong tw CR, ¢o chirc
nang nhu semaphore nhung dé diéu khién hon
> Xuat hién trong nhiéu ngbn ngit |ap trinh déng thdi nhu
— Concurrent Pascal, Modula-3, Java, ...
> CO6 thé hién thuc bang semaphore
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Monitor (2)

> Lamot module phan mém, > Dac tinh ctia monitor

bao gobm

— M6t hodc nhiéu tha tuc

(procedure)

— M6t doan code khdi tao

(initialization code)

— Céchiéndirliéu cuc bo (local

data variable)

— Local variable chi co thé truy
xuat bdi cac thl tuc clia
monitor

— Process “vao monitor” bang

cach goi mdt trong cac thu tuc
do

— Chi cd m6t process ¢6 thé vao
monitor tai mot thoi diém =
mutual exclusion dugc bao dam

M—)

—>»

LTy

L - -

operations

entry queue

initigloiggﬂon M6 hinh cia mét monitor

don gian
o7



Cau trdc cia monitor

monitor monitor-name

{

shared variable declarations
procedurebody P1(...) {

}
procedurebody P2 (...) {

}
procedurebody Pn (...) {

}
{

}

Initialization code
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Condition variable

> Nham cho phép mdt process ddi “trong monitor”, phai khai béo
bién diéu kién (condition variable)
condition a, b;
> Cé&c bién diéu kién déu cuc bo vachi dudc truy cap bén trong
monitor.
> Chi co thé thao tac 1én bién diéu kién bang hai tha tuc:
— await: process goi tac vu nay s bi “block trén bién diéu kién” a
= process nay chi cé thé tiép tuc thuc thi khi cé process khéc thu'c hién
tac vu a.signal
— asignal: phuc hoi quatrinh thuc thi ctia process bi block trén bién diéu
kién a.
= Néu c6 nhiéu process: chi chon mot
= Néu khdng c6 process: khong cé tac dung
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Monitor co condition variable

> > P>

shared data /

a—l -l
b%

~—

operations

initialization
code

entry queue =

&, Céc process co thé dai & entry queue
hoac dgi & cac condition queue (a,
b,...)

% Khi thue hién [énh await, process sé
dugc chuyén vao condition queue a

%, Lénh asigna chuyén mot process tiy
condition queue a vao monitor

« Khi d4, d& bao ddm mutual exclusion,
process goi a.signal sé bi blocked va
dudc dua vao urgent queue
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Monitor co condition variable (tt)
-

entry queue
monitor waiting area entrance
] l ]
-+ MONITOR
T — 7 > local data
condition c1
=t g condition variables
procedure 1
3 ;
condition cn
L]
cn.wait T procedure k
> L] ;
L1
urgent queue 1 initialization code
cx.signal - exit l
]
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Monitor va dining philosophers

monitor dp

{

enum { thinking, hungry, eating} state5];

condition self[5];
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Dining philosophers (it)

void pickup(int i) {
state] 1 | = hungry;

test[ 1 ];
if (state] i ] != eating)
self[ i ].wait();

}
void putdown(int i) {

statg] |1 | = thinking;

/] test left and right neighbors
test((i +4) % 5); // left neighbor
test((i +1) %5); //right ...
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Dining philosophers (it)

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

> Trudc khi an, moi triét gia phdi goi ham pickup(), in xong roi
thi phai goi ham putdown()

dp.pickup(i);
an

dp.putdown(i);

> Giai thuat khong deadlock nhung c6 thé gay starvation.
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Chwong 6 : Deadlock

M hinh hé thong

Dbinh nghia

biéu kién can clia deadlock

Resource Allocation Graph (RAG)

Phuong phap gidi quyét deadlock

Deadlock prevention

Deadlock avoidance

Deadlock detection

Deadlock recovery

Phuong phap két hop dé€ giai quyét Deadlock



Van dé deadlock trong hé théng

a Tinh hudng: mét tap céc process bi blocked, mbi process gilt téi nguyén va
dang chO tai nguyén ma process khac trong tap dang gilr.

o Vidul
— Gia sir hé thong co 2 file trén dia.
— P1vaP2 moi process dang m& mot file vayéu cau ma file kia.

o Vidu?2
— Semaphore A vaB, khai tao bang 1
PO P1
wait(A); wait(B);

wait(B); wait(A);



M6 hinh héa hé théng

0 Kha niémta nguyén (Resource)
= | atat ca nhitng gi duoc yéu cau bdi tién trinh dé x¢ ly
0 Tai nguyén cé thé & nhiéu loai
= Tai nguyénta stir dung theo ky (Serially Reusable Resources)
— CPU cycles, memory space, 1/0 devices, files
— Yéu cau -> si¥ dung -> trd lai (release)
= Ta nguyén tiéu thu (Consumable Resources)
— Pugc san sinh bdi mot tién trinh, can bdi mot tién trinh - e.g.
Messages, buffers of information, interrupts
— Tao ra->yéu cau ->sir dung



M6 hinh héa hé théng

0 Hé théng gbm céc loai tai nguyén, ki hiéuR,, R,,..., R, bao gom:
— CPU cycle, khdng gian bo nhd, thiét bi 1/0, file, ssmaphore, ...
Méi loai tai nguyén R c6 W, thuc thé (instance).

o Gia st ta nguyénta s dung theo ky (Serially Reusable Resources)
— Yéu cau (request): process phai chd néu yéu cau khong dudc dap ng ngay
— StZdung (use): process sir dung tai nguyén
— Hoan tra (release): process hoan tra tai nguyén

o Céc téc vu yéu cau (request) va hoan tra (release) déu lasystem call. Vi du
— reguest/release device
— open/closefile
— allocate/free memory
— walit/signal



binh nghia

0 Mot tién trinh goi la deadlocked néu nd dang dgi mot su kién

ma sé khoéng bao gid xay ra
Thong thudng, ¢ nhiéu hon mot tién trinh bi lién quan trong mot
deadlock.

0 Mot tién trinh goi la indefinitely postponed néu né bi tri hodn
moét khodng thdi gian dai 1&p di 18p lai trong khi hé thong dap
(rng cho nhi*ng tién trinh khac .

= j.e. M6t tién trinh san sang d€ x{ 1y nhung né khong bao gid nhan
dugc CPU.



bieu kién can dé xay ra deadlock
BOn diéu kién can (necessary condition) d€ xay ra deadl ock
Mutual exclusion: it nhat moét tai nguyén duoc gilt theo

nonsharable mode (vi du: printer; vi du sharable resource: read-
only files).

Hold and wait: mot process dang gilt it nhat mot tai nguyén va
doi thém tai nguyén do qua trinh khac dang gilr.



biéu kién can dé xay ra deadlock (tt)

3. No preemption: (= no resource preemption) tai nguyén khong thé
bi lay lai, machi c6 thé dudc tra lai tif process dang gilf tai
nguyén do khi n6 mudn.

4. Circular wait: ton tai mét tap {P,,...,P,} cac qua trinh dang doi
sao cho
P, doi moét tai nguyén ma P, dang gil¥
P, doi moét tai nguyén ma P, dang gilr

P, dgi mot tai nguyén ma P, dang gily



Resource Allocation Graph

0 Resource allocation graph (RAG) 1a d6 thi ¢c6 hudng, véi tap dinh
Vvatap canh E

— Tap dinh V gém 2 loai:
= P={P,P,,...,P,} (Tat cé process trong hé thong)
* R={R,R,,..., R} (Tat ca céc loai tai nguyén trong hé thdng)

— Tap canh E gom 2 loai:
= Request edge: canh c6 hudng tr P, dén R
= Assignment edge: canh c¢6 hudng tir R dén P,



Resource Allocation Graph (tt)

Ky hiéu

a Process.

0 Loai tai nguyén vdi 4 thuc thé:

0 P, yéu cau mét thuc thé claR :

0 P, dang gir mét thuc thé ciaR, :

&

=




Viduvé RAG




Vi du vé RAG (tt)

Ry

° &

AJ
w

Deadlock xay ral
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RAG va deadlock

0 Vidu mét RAG chira chu trinh nhung khong xay ra deadlock: P,
co thé tra lai instance clia R,

Ry

‘/
@ —

96|z

{d e
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RAG vadeadlock (tt)

0 RAG khong chira chu trinh (cycle) = khong co deadlock

0 RAG chramoét (hay nhiéu) chu trinh
— N&u moi loai tai nguyén chi co6 mét thu'c thé = deadlock
— N&u modi loai tai nguyén cé nhiéu thuc thé = c6 thé xay ra deadlock
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Cac phuong phap gidi quyét deadlock (1)
Ba phuong phap

1) Bao dam rang hé théng khong roi vao tinh trang

deadlock bang cach ngdan (preventing) hodc tranh (avoiding)

deadl ock.

Khac biét

— Ngan deadlock: khong cho phép (it nhat) mot trong 4 diéu kién can
cho deadlock

— Tréanh deadlock: cac quatrinh can cung cap thong tin vé tai nguyén
n6 can dé hé thdng cap phét tai nguyén mot céch thich hop
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Cac phuong phap gidi quyét deadlock (2)

". 2) Cho phép hé théng vao trang thai deadlock, nhung sau d6

phét hién deadlock va phuc hoi hé thong.

3) B6 quamoi van dé, xem nhu deadlock khong bao gio
xay ratrong hé thong. )
Khéanhiéu hé diéu hanh st dung phuji= phap nay.
— Deadlock khong duoc phét hién, dan dén viéc giam hiéu suat
ctia hé thdng. Cudi cuing, hé thdng c6 thé ngung hoat dong va
phai dugc khdi ¢ong lai.
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Ngan deadlock

Ngin deadlock bang cach ngin mot trong 4 diéu kién can cta
deadl ock

1. Ngan mutual exclusion
— d6i v6i nonsharable resource (vd: printer): khong lam duoc
— d6i vai sharable resource (vd: read-only file): khong can thiét

16



Ngan deadlock (tt)

Ngan Hold and Wait

— Céch 1: moi process yéu cau toan bd tai nguyén can thiét mot 1an. Néu co
du tai nguyén thi hé thong s& cap phét, néu khong da tai nguyén thi

process phai bi blocked.

— Cach 2: khi yéu cau tai nguyén, process khong dudc gilr bat ky tai nguyén
nao. Néu dang co thi phai tra lai trudc khi yéu cau.

— Vidudé so sanh hai cach trén: mot quatrinh copy di liéu tu tape drive
sang disk file, sap xép disk file, roi in két qua raprinter.

— Khuyét diém clia céc céch trén:

= Hiéu suat stir dung tai nguyén (resource utilization) thap
=  Quatrinh cé thé bi starvation
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Ngan deadlock (tt)

3. Ngin No Preemption: néu process A c6 gilf tai nguyén va dang yéu cau tai
nguyén khac nhung tai nguyén nay chua cap phat ngay dudgc thi

— Céch 1: Hé thong lay lai moi tai nguyén ma A dang gil?
= A chi bat dau lai dudc khi c6 dudc cac tai nguyén da bi |14y lai ciing
v@i tai nguyén dang yéu cau

— Céch 2: Hé thong s& xem tai nguyén ma A yéu cau
= Neéu tai nguyén dudc gilt bdi mot process khac dang doi thém tai
nguyén, tai nguyén nay duoc hé thong 13y lai vacap phét cho A.
= Neéu tai nguyén dudc gilt b3i process khong dgi tai nguyén, A phai
daoi vata nguyén ctiiaA bi lay lai. Tuy nhién hé théng chi 13y lai céc
tai nguyén ma process khac yéu cau
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Ngan deadlock (tt)

4. Ngan Circular Wait: tap céc loai tai nguyén trong hé thong duoc gan mot thiy
tu hoan toan.

—  Vidu: F(tape drive) = 1, F(disk drive) = 5, F(printer) = 12
= Fla ham dinh nghiathr tu trén tp cac loai tai nguyén.
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Ngan deadlock (tt)

4. Ngan Circular Wait (tt)
Cach 1: mbi process chi co thé yéu cau thuc thé cliamét loai téi nguyén theo thar

tu ting dan (dinh nghia bdi ham F) ctialoai tai nguyén. Vi du
= Chubi yéu cau thuc thé hop |&: tape drive — disk drive — printer
= Chudi yéu cau thuc thé khdng hap 18: disk drive — tape drive

Céch 2: Khi mdt process yéu cau mét thuc thé claloai tai nguyén R thi n6 phai

tra lai cac tai nguyén R, vai F(R) > F(R)).

“Chirng minh” cho céch 1: phan ching
" KRy <KRy @
" FRy) <KRy
" FRy)<KRy
" Ry <KRy

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

R,

._

Py
W
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Deadlock avoidance

Deadlock prevention str dung tai nguyén khdng hiéu qua.

Deadlock avoidance van dam béo hiéu suat st dung tai nguyén t6i da dén
murc co thé.

Y &u cau moi process khai bdo s8 luong tai nguyén t6i da can dé thuc hién
cong viéc

Giai thuat deadlock-avoidance s& kiém tratrang thai cap phat tai nguyén
(resource-allocation state) d€ bdo ddm hé théng khong roi vao deadlock.

Trang thai cap phat tai nguyén dudc dinh nghia duatrén so tai nguyén con lai,

SO tai nguyén da duoc cap phét vayéu cau toi da clia cac process.
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Trang thal safe va unsafe

0 Mot trang thai ctia hé théng duoc goi 1a an toan (safe) néu ton
tai mot chudi an toan (safe sequence).
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Chuoi an toan

a0 Mot chudi quatrinh <Py, P,,..., P, >lamét chudi an toan néu
— Vd&imoii=1,..,n, yéu cau tdi da vé tai nguyén ctia P, cé thé duoc thoa
boi
= tai nguyén ma hé thdng dang c6 san sang (available)
= clng vai tai nguyén matdt cd P, , j <i, dang gil.

0 M6t trang thai clia hé théng duoc goi 1a khdng an toan (unsafe)
néu khong ton tai mét chudi an toan.
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Chudi an toan (tt)

Vi du: Hé théng co 12 tape drivesva 3 quatrinh Py, P, P,
Q Tai thai diém t,

can toi da dang gil¥

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

— Con 3 tape drive san sang.
— Chubi <P,, P,, P,> lachudi an toan = hé théng la an toan



Chudi an toan (tt)

0 Gia sir tai thoi diém t,, P, yéu cau va duoc cap phét 1 tape drive

— 0N 2 tape drive san sang

can toi da dang gil
P, 10 5
P, 4 2
P, 9 3

. Hé théng tréd nén khéng an toan.
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Chudi an toan (tt)
a Khi mét process yéu cau mét tai nguyén dang san sang, hé théng

s& kiém tra: néu viéc cap phét nay khong dan dén tinh trang
unsafe thi s& cap phét ngay.
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Trang tha safe/unsafe va deadlock

0 Neé&u hé théng dang G trang théi safe = khong deadlock.
a0 Né&u hé théng dang & trang théi unsafe = co thé dan dén deadlock.
a Tréanh deadlock bang cach bao dam hé théng khong di dén trang thé unsafe.

)

safe




Giai thuat banker

a Ap dung cho hé thng cép phat tai nguyén trong d6 moi loai tai
nguyén c6 thé cé nhiéu instance.

a Bat chudc nghiép vu ngan hang (banking)

0 Dbiéukién
— MO0i process phai khai bdo s8 luong thu'c thé (instance) t6i da ctia moi loai
tai nguyén mand can
— Khi process yéu cau tai nguyén thi c6 thé phai doi méc du tai nguyén dugc
yéu cau dang c6 san
— Khi process da c6 dudc day du tai nguyén thi phai hoan tra trong mot
khoang thoi gian hiru han nao do.
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Giai thuat banker (tt)

n: sO process, m: sO loai tai nguyén
Céc cau trac dir liéu
Available: vector d6 dai m
Available] | ] = k< loai tai nguyén R co k instance san sang
Max: matrannx m
Max[ i, j ] = k < quatrinh P, yéu cau t6i da k instance claloai
tai nguyén R,
Allocation: matrann x m
Allocation[i, j] = k < Pi da dudc cap phét k instance clia R
Need: matrann x m
Need[i, j] = k < Pi canthém k instance cia R}
Nhan xét: Need[i, j] = Max[i, j] — Allocation[i, j]

Ky higuY <X < YI[i] <X[i], vidu (0,3, 2, 1)< (1,73, 2)
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Giai thuat kiém tratrang tha an toan
Tim mét chubi an toan

1. Goi Work vaFinish 1a hai vector d6 dai lam van. Khdi tao

Work = Avallable
Finisn[i] :=fase,i=1,...,n
2. Timi thoa

(a) Finish[ i | = false
(b) Need  <Work (hang thir i cua Need)
Néu khong ton tai i nhu vay, dén budc 4.
3. Work :=Work + Allocation,
Finish[ i ] :=true
quay vé budc 2.
4. Néu Finish[ i ] =true, i =1,..., n, thi hé thdng dang & trang tha safe

Thdi gian chay cuagiai thuat la O(mn?)
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Giai thuat cap phéat tai nguyén

Goi Request; larequest vector cua process P, .
Request; [ j ] = k < P, cank instance ciiatai nguyén R; .

1. Néu Request; < Need. thi d&n budc 2. NEu khong, bo 16i vi
process da vuot yéu cau toi da.

2. Néu Request; < Available thi qua budc 3. Néu khong, P, phai chd
vi tai nguyén khong con du d€ cap phét.
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Giai thuat cap phét tai nguyén (tt)

3. Gid dinh cap phat tai nguyén dap (rng yéu cau ctiaP; bang céch
cap nhat trang tha hé théng nhu sau:
Available := Available — Request,
Allocation; := Allocation, + Request;
Need := Need, — Request,

Ap dung giai thuat ki€m tratrang thai an toan |én trang thé trén
= Né&u trang thai 1 safe thi tai nguyén duoc cap thuc sy cho P, .
= Néutrang thai launsafe thi P, phai dgi, va
 phuc hoi trang théi:

Available := Available + Request;

Allocation, := Allocation, — Request;

Need := Need, + Request,;
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Giai thuat ki€ém tratrang tha an toan — Vi du

o Cbo5procesP,,..., P,
o Co 3 loai tai nguyén: A (cd 10 instance), B (5 instance) va C (7 instance).
0 So d6 cap phat trong hé thong tai thoi diém T,

Allocation Max Available Need

A B C A B C ABGC A B C
P, 0 1 0 7 5 3 3 3 2 7 4 3
P, 2 0 0 3 2 2 (12 27,
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

OO0

N




GT kiém tratrang tha an toan —Vd (tt)

Chuoi an toan <Py, P, P,, P,, P>

Allocation Need Work

ABC ABC ABC
. 6 32
P @ @ 5 3 2
P, G0 @O
P, (211 011 |
g s

10 4 7 — 10 5 7



GT cap phat tai nguyén — Vi du

0 Yéu ciu (1, 0, 2) cua P, c6 thoa dugc khong?
— Kiém tra di € u kién Request, < Available:
= (1,0,2)<(3,3,2)ladung
— Gia dinh thoa yéu cau, kiém tra trang thai méi c6 phai 13 safe hay khong.

Allocation Need Available
A B C A B C A B C
P, O 1 O 7 4 3 2 3 0
P, 3 0 2 0O 2 O
P, 3 0 2 6 0 O
P, 2 1 1 o 1 1
P, 0O 0 2 4 3 1

— Trang thai moi la safe (chuoi an toan la <Py, P, P,, Py, P,>), vy co thé cap phat
tai nguyén cho P;.



GT cap phat tai nguyén — Vi du (tt)

a P,yéucau (3, 3, 0) hoac P, yéu cau (0, 2, 0) thi co6 thda man
duoc hay khong?
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Phat hien deadlock

Chap nhan xay radeadlock trong hé théng, kiém tratrang théi
hé thong bang gidi thuat phét hién deadlock.

Néu co deadlock thi tién hanh phuc héi hé thong
Céac giai thuat phét hién deadlock thudng st dung md hinh RAG.

Hé théng cdp phat tai nguyén dudc khao sét trong moi trudng
hop sau

1. MOdi loai tai nguyén chi co mét thuc thé (instance)

2. MOi loai tai nguyén cé thé co nhiéu thuc thé
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MOi loai tai nguyén chi cd mét thu'c thé

o SU dung wait-for graph

—  Wait-for graph dudc dan xuat tir RAG bang céach bd céc node biéu dién tai nguyén
va ghép cac canh tuong &ng.

= Cocanhtu P, dén P, < P, dang chd tai nguyén tir P,

R; R,

R,

o I @

Rs

0 Mot giai thuat kiém tra co ton tai chu trinh trong wait-for graph hay khong sé
dugc goi dinh ky. Giai thuat phét hién chu trinh co6 thai gian chay |a O(n?), véi

nlasd dinh ctia graph.
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MOi loai téi nguyén ¢ nhiéu thuc thé

a Phuong phap dung wait-for graph khong ap dung dudc cho trudng hop moi
loai tai nguyén ¢ nhiéu instance.

o Céc cautriic di? liéu dung trong gidi thuat phét hién deadlock

Available: vector @6 dai m

3 instance san sang clia moi loai tai nguyén
Allocation: matrannx m

3 instance ciamoi loai tai nguyén da cap phét cho moi process
Request: matrann x m

« yéu cau hién tai ciamoi process.

* Request [i, j ] =k < Pi dang yéu cau thém k instance clia R
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Giai1 thuat phat hién deadlock

1. Goi Work va Finish 1a vector kich thuéc mvan. Khéi tao:
Work := Available
i=1,2,...,n,néuAllocation = O thi Finish[ i ] :=fase
conkhoéng thi Finish[i] :=true
2. Tim 1 thoa man:
Finish[i] :=faseva

thdi gian chay
Request; <Work clagiai thuat
N & u khong t6n tai i nhu th €, d € n budc 4. o(mn?)
3. Work :=Work + Allocation,
Finish[ i ] :=true

quay v € budc 2.

4. N éu Finish[ i ] = false, vdi moti=1,..., n, thi hé théng dang ¢ trang thai
deadlock. Hon th & nifta, Finish[ i ] = false thi P; bi deadlocked.
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Giai thuat phat hién deadlock — Vi du

o Hé théng 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, 0O 1 O O 0 O O 0 O
P, 2 0 0 2 0 2
P, 3 0 3 O 0 O
P, 2 1 1 1 0 O
P 0O 0 2 O 0 2

N

Chay giai thuat, tim duoc chudi <P, P,, P, P;, P,> v6i Finish[ i | = true, i
= 1,..., n, vay hé thong khong bi deadlocked.
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Giai thuat phat hién deadlock — Vi du (tt)

O P, yéu cau thém mot instance cua C. Ma tran Request nhu sau:

Request
ABC

0

o

[EEN

U U U U T
W N
O Fr ON

D

— Trang thai ctia hé thong 1a gi?

0

o O O O

0

N O P DN

= (o0 thé thu hoi tai nguyén dang s hiru boi process Py nhung van khong du dap
rng yéu cau cua cac process khac.

« Vay ton tai deadlock, bao gdm cac process P, P, P; vaP,.
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Deadlock Recovery

0 Khi deadlock xay ra, @€ phuc hoi
— bao ngudi van hanh (operator)
hoac
— hé théng tu ddng phuc hoi bang cach bé gay chu trinh deadlock:
= cham dit mot hay nhiéu quatrinh
= |4y lai tai nguyén ti* mot hay nhiéu quatrinh
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Deadlock Recovery: Cham dit quatrinh

a Phuc hoi hé thdng bi deadlock bang cach cham dit qua trinh
— Cham dut tat ca process bi deadlocked, hoac
— Cham dit |an luot ting process cho dén khi khéng con deadlock

= S dung giai thuat phét hién deadlock d€ xac dinh con deadlock hay
khong

0 Duatrén yéu td nao dé chon process can duoc cham duirt?
— Db uu tién clia process
— Thaoi gian da thu'c thi clia process vathdi gian con lai
— Loai tai nguyén ma process da st dung
— Tai nguyén ma process can thém dé hoan tat cong viéc
— S0 luong process can dugc cham dirt
— Process lainteractive process hay batch process



Deadlock recovery: Lay lai tai nguyén

0 Lay lai tai nguyén tr mot process, cap phéat cho process khac cho
dén khi khéng con deadlock nira.

0 Céc van dé trong chién ludc thu hoi tai nguyén:

— Chon “nan nhan” @€ toi thi€u chi phi (co thé duatrén sb tai nguyén sd hitu,
thdi gian CPU dai tiéu ton,...)

— Rollback: rollback process bi lay lai tai nguyén tré vé trang théi safe, tiép
tuc process tr trang thai do. Hé thong can luu gil* mét so thong tin vé
trang thai cac process dang thu'c thi.

— Starvation: d€ trénh starvation, phai bao ddm khong c6 process s& ludn
lubn bi 18y lai tai nguyén moi khi deadlock xay ra.

45



Phuong phép két hop dé€ giai quyét
__DeadlOck 0000000000000

0 Két hop 3 phuong phéap co ban
= Ngan chan (Prevention)
= Tranh (Avoidance)
= Phat hién (Detection)
Cho phép sir dung cach giai quyét t8i vu cho moi 16p tai nguyén trong hé

thong.
a Phan chiata nguyén thanh cac I6p theo th bac.
— St dung k¥ thuat thich hop nhat cho viéc quan ly deadlock trong moi 16p
nay.
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Chuong 7. Quan ly bo nh¢

0 Khai niém co so
o Cac kiéu dia chi nhé (physical address, logical address)
a Chuyén doi dia chi nhé
0 Overlay va swapping
Q MO hinh quan 1y bd nhd don gian
— Fixed partitioning
— Dynamic partitioning
— Co ch € phan trang (paging)
— Co ch € phan doan (segmentation)
— Segmentation with paging
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Khai niém co so
0 Chuong trinh phai duoc mang vao trong bd nhd va dat né trong

mot tién trinh d€ dugc x& ly

0 Input Queue — M6t tap hap clia nhirng tién trinh trén dia ma dang
chd dé duoc mang vao trong bo nhd dé thuc thi.

0 User programs trai qua nhiéu budc trudc khi duoc xr ly.
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Khai niém co so

a Quan Iy bd nhé 1a cong viéc clia hé diéu hanh véi su ho tro cla
phan cing nham phan phdi, sap x&p céc process trong bd nhd
sao cho hiéu gua.

0 Muc tiéu can dat dudc lanap cang nhiéu process vao bd nhé
cang tot (gia ting mUc d0 da chuong)

0 Trong hau hét cac hé thong, kernel s& chiém moét phan cd dinh
ctiabd nhd; phan con lai phan phodi cho céc process.

0 Céc yéu cau doéi vdi viéc quan ly bd nhé

— Cap phét bd nhd cho céc process

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

— Bao vé: phai kiém tratruy xuat bd nhd ¢d hop 1€ khong
— Chiasé: cho phép cac process chia sé vung nhé chung

— K&t gan diachi nhd luan ly clia user vao diachi thuc
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Céc kiéu dia chi nhd

0O Piachivat ly (physical address) (dia chi thut) [amét vi tri thu'c
trong b6 nhd chinh.

a Piachiludnly (logical address) lamét vi tri nhé dugc dién ta
trong mét chuong trinh ( con goi la dia chi do virtual address)
— Cac trinh bién dich (compiler) tao ramalénh chwong trinh ma trong do
moi tham chiéu bd nhG déu 1a dia chi luan ly
— Pjachitong ddi (relative address) (dia chi kha #di dinh vj, relocatable
address) lamot kiéu dia chi luén 1y trong do6 cac dia chi dugc bi€u dien
twong dOi so vOi mOt vi tri xac dinh nao do trong chuong trinh.
= Vidu: 12 byte so vdi vi tri bat dau chuong trinh, ...
— Diachituyér doi (absolute address): dia chi twong duong v6i dia chi thuc.
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Céc kiéu dia chi nhd (tt)

0 Khi mét Iénh dugc thuc thi, cac tham chiéu dén diachi luan ly
phai dugc chuyén doi thanh dia chi thu'c. Thao téc chuyén doi
nay thudng ¢ su’ ho tro cliaphan cltng d€ dat hiéu suat cao.
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Nap chuong trinh vao bo nhg

0 BO linker: két hap céc object module thanh moét file nhi phan kha
thue thi goi laload module.

0 B6 loader: nap load module vao b nhd chinh

: stem C e
Source Object Sy static linking
file 1 module 1 library
Assembler : Executable
S Object . : :
owze o e OBt Ll Liker || binaryfe
Compiler (load module)
Source Object
file 3 module 3
Process
image in |-«—— Loader
memory A
dynamiclinkin;\ System
library
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Co ché thuc hién linking

Module A

CALL B

Return

Module B

CALL C

Return

ModuleC

Return

(
> length L

> length M

> length N

relocatable
object modules

load module <

L+M-1
L+M

L+M+N-1

Module A

JMP“L”

Return

Module B

JMP“L+M"

Return

ModuleC

Return
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Chuyén do6i dia chi

a Chuyén daéi dia chi: quatrinh anh xa mot dia chi tir khong gian
dia chi nay sang khong gian dia chi khac.
a Biéu dién diachi nhé
— Trong source code: symbolic (c&c bién, hang, pointer,...)
— Thoi diém bién dich: thung 1a dia chi kha tai dinh vi
= Vidu: ad vitri 14 bytes so vdi vi tri bat dau ciamodule.
— Thai diém linking/loading: co thé 1a dia chi thuc. Vi du: di¥ liéu nam tai

dia chi bd nhé thuec 2030
- 0 2000
goto p1; S S
pl
250 2250
symbolic address rel ocatable address

physical memory
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Chuyén d6i dia chi (tt)

a Diachi [énh (instruction) vadit liéu (data) duoc chuyén doi thanh dia
chi thuc ¢ thé xay ratai bathdi di€ém khéc nhau
— Compile time: néu biét trude dia chi bd nhd cla chuong trinh thi c6 thé két
gan dia chi tuyét doi lUc bién dich.
= Vi du: chuong trinh .COM ctiaMS-DOS, phét bi€u assembly
Oorg Xxx
= Khuyét diém: phai bién dich lai néu thay dGi dia chi nap chuong trinh
— Load time: tai thdi di€m bién dich, néu chua biét quatrinh s& nam & dau
trong bd nhd thi compiler phai sinh ma kha tai dinh vi. Vao thdi diém
loading, loader phai chuyén doi dia chi kha tai dinh vi thanh dia chi thuc
duatrén mot dia chinén (base address).
= Dijachi thuc dugdc tinh toan vao thoi di€m nap chuong trinh = phai ti€n hanh
reload néu dia chi nén thay doi.
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Sinh dia chi tuyét doi vao thoi diém dich

Symbolic
addresses

PROGRAM

JUMP i

Source code

1024

1424

Compile

2224

Absolute load module

Absolute
addresses

JUMP 1424

LOAD 2224

Link/Load

1024

1424

2224

Physical memory

addresses
JUMP 1424
<€
LOAD 2224
<

Process image
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Sinh dia chi thu'c vao thdi di€m nap

Symbolic
addresses

PROGRAM

JUMP i

400

> >

Source code

Compile

1200

Relative
(relocatable)
addresses

JUMP 400

LOAD 1200

Relative
load module

Physical memory

addresses

1024

1424

Link/Load

2224

JUMP 1424

LOAD 2224

Process image



Chuyén d6i dia chi (tt)

0 Execution time: khi trong quatrinh thuc
thi, process c6 thé dugc di chuyén tiy Relative (relocatable)
segment nay sang segment khac trong bo addresses
nhd thi quatrinh chuyén doi dia chi 0
dudc tri hodn dén thdi di€m thuc thi

— CPU tao ra diachi luan ly cho process JUMP 400
— Can su ho tro chaphan cirng cho viéc 400 <
anh xa dia chi.
= Vi du: trudng hdp diachi luanly la
relocatable thi cé thé dung thanh ghi
base valimit,...
— S dung trong da s6 cac OS da dung 1900 <
(general-purpose) trong do6 co cac co ché
swapping, paging, segmentation

LOAD 1200

MAX= 2000
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Dynamic linking

0 Qua trinh link dén mét module ngoai (external module) dugdc thuc
hién sau khi da tao xong load module (i.e. file ¢ 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)

0 Load module chira céc stub tham chiéu (refer) dén routine clia
external module.

— LUc thuc thi, khi stub dugc thuc thi 1an dau (do process goi routine lan
dau), stub nap routine vao bd nhd, tu thay thé bang dia chi ciiaroutine va
routine dugc thu'c thi.

— Cé&clan goi routine sau s& xay ra binh thudng
a Stub can sy ho trg clia OS (nhu ki€m tra xem routine d duoc
nap vao bé nhd chua).
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Uu diém ctia dynamic linking

0 Thong thudng, external module la mot thu vién cung cap céc tién
ich cia OS. Cac chuong trinh thu'c thi cd thé dung céc phién ban
khéc nhau ctia external module ma khong can stra doi, bién dich
lai.

0 Chia sé ma (code sharing): moét externa module chi can nap vao
bd Nnhéd mét lan. Céc process can dung external module nay thi
cung chia s& doan ma clia external module = tiét kiém khong
gian nhd va dia.

a Phuong phap dynamic linking can su hd tro ctia OS trong viéc
kiém tra xem mot thu tuc nao dé cé thé duoc chia sé giita cac
process hay 13 phan ma cta rleng mot process (bo1 vi chi co OS
mdi ¢ quy € n thuc hién viéc kiém tra nay).
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Dynamic loading

a Co ch & : chi khi nao can duoc go1 d € n thi mot thu tuc mai duoc
nap vao b0 nhé chinh = tang do hiéu dung cua b nhé (memory
utilization) bai vi cac thu tuc khong dugc goi d € n s& khong
chi € m chd trong bd nhé

0 Rat hiéu qua trong trudng hop ton tai khoi luong 16n ma chuong
trinh co6 tan suat st dung thap, khong dugc su dung thudng xuyén
(vi du cac thu tuc xtur ly 101)

0 Ho tro tir hé di € u hanh
— Théng thuong, user chiu trach nhiém thi € t k & va hién thuc cac chuong
trinh c6 dynamic loading.
— Hé di % u hanh chi y € u cung cép mét s6 thu tuc thu vién hd trg, tao di € U
kién dé dang hon cho lap trinh vién.
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Co ch € overlay

0 Tai mdi thoi diém, chi giir lai trong bd nhd nhitng 1énh
hoac dir liéu can thi € t, gia1 phong cac 1€nh/dit 1iéu chua
hoac khong can dung d € n.

0 Co ch € nay rat hitu dung khi kich thudc mot process
16n hon khong gian bd nhé cap cho process do.

0 Co ch & nay dugc di € u khién bdi nguoi sir dung (thong
qua su ho trg cua cac thu vién 1ap trinh) chr khong can
su ho tro cua hé di € u hanh
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Co ch € overlay (tt)

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

Assembler

Total memory
avallable = 150K B

/0K

symbol
table

common
routines

overlay

driver O

Pon vi: byte
20K
30K
10K
nap vathuc thi

— <

80K
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Co ché swapping

a MOt process 6 thé tam thoi bi swap rakhdi bd nhd chinh va luu
trén mot hé thong luu trl? phu. Sau do, process cé thé dudc nap
lai vao b6 nhd dé ti€p tuc quatrinh thuc thi.

Swapping policy: hai vi du

— Round-robin: swap out P, (viratiéu thu hét quantum ctiané), swap in P,,
thue thi Py ...

— Roll out, roll in: dung trong co ché dinh thdi theo @6 wu tién (priority-based
scheduling)

= Process c6 d0 wu tién thdp hon sé& bi swap out nhuéng chd cho process
c6 d6 uu tién cao hon mdi dén dudc nap vao bd nhd dé thuc thi

0 Hién nay, it hé théng s dung co ché swapping trén
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Minh hoa co ch € swapping

operating
system

process

@ swap out

process

@ swap in

user
space

backing store

main memory
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M6 hinh quan ly b nhé

Q Trong chuong nay, mo6 hinh quan ly bd nhG [a mét mo hinh don
gian, khong cé bd nhd ao.
o M6t process phai dugc nap hoan toan vao bé nhd thi méi duoc
thue thi (ngoai trir khi st dung co ché overlay).
0 Céc co ché quan ly bd nhd sau day rat it (hau nhu khong con)
dudc dung trong cac hé théng hién dai
— Phan chia co dinh (fixed partitioning)
— Phan chia d0ng (dynamic partitioning)
— Phan trang don gian (simple paging)
— Phén doan don gian (simple segmentation)
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Phan manh (fragmentation)

0 Phan manh ngoai (external fragmentation)

— Kich thudc khdng gian nhd con trong di dé thda man mot yéu cau
cap phét, tuy nhién khéng gian nhd nay khong lién tuc = cd thé
dung co ché két khdi (compaction) d& gom lai thanh ving nhd lién
tuc.

0 Phan manh ndi (interna fragmentation)

— Kich thudc ving nhd dugc cip phét c6 thé hoi 16n hon ving nhG

yéu cau.
= Vi du: cap mét khodng trong 18,464 bytes cho mot process yéu cau
18,462 bytes.

— Hién tugng phan manh ndi thudng xay rakhi b6 nhé thuc duoc
chiathanh cac khoi kich thudc ¢ dinh (fixed-sized block) vacéc
process dudc cap phat theo don vi khoi. Vi du: co ché phan trang
(paging).
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Phan manh noi

Opera“ ng yéu cau ké tlé’p la
system 18,462 bytes !!!
-
(used)
hole kich thudc . o ]
18,464 bytes 3 can quan ly khoang
’ \ tréng 2 bytes ! !

-

~g
Q) 5 cap phét han khdi 18,464 bytes cho

process = du ra 2 bytes khong dung!
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Fixed partitioning ———

Khi khdi ddng hé thong, bd nhd chinh dudc M
chiathanh nhiéu phan roi nhau goi lacéc
partition cé kich thudc bang nhau hodc khac
nhau

4M

6 M

Process nao co6 kich thudc nhd hon hoac
bang kich thudc partition thi cd thé duac
nap vao partition do.

Néu chuong trinh c6 kich thudc [6n hon
partition thi phai dung co ché overlay.

Nhan xét
— Khbng hiéu qua do bi phan manh ndi: mét
chuong trinh du 16n hay nhé déu duoc cap
phat tron mot partition.,

Equal-size partitions Unequal-size partitions
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Chién ludc placement

0 Partition c6 kich thudc bang nhau
— Né&u con partition trong = process mdi s& dugc nap vao partition do
— Né&u khong con partition trong, nhung trong d6 c6 process dang bi blocked = swap
process d6 ra bO0 nhd phu nhudng chd cho process mai.
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Chién luoc placement (tt)

a Partition c6 kich thudc khéng bang nhau:
giai phap 1

— Géan moi process vao partition nhd nhat
phu hap véi no

— (6 hang dgi cho moi partition

— Giam thi€u phan manh noi

— Van dé: c6 thé cd mot sd hang doi trong
khong (vi khdng cd process vai kich New
thudc tuong Ung) va hang doi day dac Processes

Operating
System

ITITIT—

TITTTTT]—»

LTIl —»

ITITTITT—*

TTTTTTT]—™

TTITTTT—*

JILITITT]—™
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Chién luoc placement (tt)

0 Partition cé kich thudc khéng bang Operating
nhau: gidi phép 2 System
— Chi ¢6 mbt hang dgi chung cho
moi partition

— Khi ¢an nap moét process vao bd
nhé chinh = chon partition nhé
nhat con trong

New 71T

Processes
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Dynamic partitioning

0 SO luong partition khdng co dinh va partition cé thé ¢6 kich thudc
khac nhau
a M®i process dudc cap phét chinh x&c dung luong bd nhd can

thiét

Operating
System

(a)

iJEHK

}:.-;%K

Operating
System

Process 1

(b)

IMNK

576K

o Géy rahién tuong phan manh ngoal

Operating
System

Process 1

Process 2

(c)

IMNK

224K

352K

Operating
System

Process 1

Process 2

Process 3

”——-\

7N

-
N ot mm wm

AMN0K

224K

288K

Rallisa: 4
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Chién ludc placement

SK
0 Dung dé quyét dinh cap phét . .
kh&i bd nhd tréng ndo cho mot First Fe
pProcess 22K g
o Muctiéu: giam chi phi .
CompaCtI on il_;;:t-;ut.ﬁ:d e 2K
a Céc chién lugc placement plock (1)
— Best-fit: chon khoi nhd trong nho SK 8K
nhat
oK oK
— Firgt-fit: chon khdi nhé trong
pEU hgp dau tién ké tir dau bo [ Aot
nhG
. , . Free block
— Next-fit: chon khéi nhé trong . . -
pht hop dau tién ké tur vi tri cap Next Fit
phét cudi cung L,
— Worst-fit: chon khéi nhd tréng oK WK
|&n nhat — —
(a) Before (b) After

Example Memory Configuration Before
and After Allocation of 16 Kbyte Block




Co ch € phan trang (paging)

0 Co ché phan trang cho phép khong gian dia chi thu'c (physical
address space) ctia mot process c6 thé khong lién tuc nhau.
0 B0 nhd thyuc duge chia thanh cac khéi ¢d dinh va ¢6 kich thude
bang nhau goi 1a frame.
- Tl}f)ng thuong kich thudc cua frame 1a Iliy thira cua 2, tor khoang 512 byte
d € n 1l6MB.
Q Bo nho luan ly (logical memory) hay khong gian dia chi luan Iy la
tap mo1 dia chi luan ly ma mét chuong trinh bat ky co thé sinh ra.
— Vidu
« MOV REG,1000 1000 1a mot dia chi luan ly

— Pia chi luan 1y con co thé duoc chuong trinh sinh ra bang cach dung
Indexing, base register, segment register, ...
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Co ch € phan trang (tt)

Q B nhé ludn Iy ciing duoc chia thanh cac khoi co dinh co
cung kich thudc goi la trang nho (page).
0 Frame va trang nhé c6 kich thude bang nhau.

a Hédieu hanh phai thi € t 1ap mot bang phan trang
(page table) dé anh xa dia chi luan Iy thanh dia chi thuc

— MOi process c6 mot bang phan trang, duogc quan ly bang mot
con tro luu gitr trong PCB. Cong vigc thi € t 1ap bang phan
trang cho process la mot phan ctia chuyén ngit canh

a0 Coché phan trang khi € n bd nho bi phan manh noi, tuy
nhién lai khac phuc duoc phan manh ngoai.
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Coché

phan trang (tt)

0| 0 0| — 0| 7 0 4 13
1 1 1| — 1| 8 1| 5 14
2| 2 2| — 2| 9 2| 6 Free f
3 [ Process B 3| 10 3 I'Etﬂiisiame
Process A page table Process C 4 12
page table page table Process D
page table
frame
e
nlﬁ)glgber number
0 0]
0 1 o
1 > 1 page 0
1 4
2
2 2
3 3| 5 3 page 2
. 4 page 1
logical memory page table
5 page 3

physical memory
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Chuyén doi dia chi trong paging

Q Dia chi luan ly gém cO:

— Page number, p, duoc dung 1am chi muc do tim trong bang phan trang. Moi
muc trong bang phan trang chira chi s6 frame (con goi la s6 frame cho gon)
cua trang tuong Ung trong bo nhé thyec.

— Page offset, d, dugc k € t hop véi dia chi co so (base address) dé dinh vi dia
chi thuec.

a N € u kich thuéc ciia khong gian dia chi 4o 1a 2™, va kich thudc
cua trang 1a 2" (don vi 1a byte hay word tuy theo ki & n tric méy)

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

dinhvitr 0+ 2m-n—1)  (dinhvitr 0+ 27— 1)

Bang phan trang sé ¢ tong cong 2™/2" = 2™ -1 muc (entry)
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Paging hardware

logical
address

|
CPU ——> p d

|

>

f frames
physical
v
f d />
A
f11...11

Néu kich thudc cliakhbng gian

nhd thuc 1a2' bytes, thi moi
muc cuabang phantrang co | —
n bits

page table

physical
memory

frame number | frame offset

f, I-n bits d, n bits
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Chuyén do6i dia chi nhd trong paging

Vi du:

16-bit logical address
4 >

6-bit page # 10-bit offset
y itpage# it offse

L AR AR A R e R e O el el T

0[0001l01
#1|000110
2|011001

Process
page table

16-bit physical address
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Hién thu'c bang phan trang

0 Bang phan trang thuOng dudc Iuu gilt trong bé nhé chinh
— MO0i process dugc hé diéu hanh cadp mét bang phan trang
— Thanh ghi page-table base (PTBR) tré dén bang phan trang
— Thanh ghi page-table length (PTLR) biéu thi kich thudc clia bang phan
trang (c6 thé dudc dung trong co ché bao vé bd nhd)

a Mai tac vu truy cap dit liéu/lénh can hai thao tac truy xudt vang
nho

— M6t thao tac dung page number p lam index d€ truy cap muc trong bang
phan trang nham 18y sd frame va k& dén lamot thao tac diing page offset d
dé€ truy xuat di¥ liéu/lénh trong frame

— Thudng dung mot bd phan cache phan cing ¢d tde do truy xuat vatim
kiém cao, goi lathanh ghi két hop (associative register) hoac transation
look-aside buffers (TLBS)
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Assoclative register (hardware)

0 hay TLB, la thanh ghi hd trg tim ki € m truy xuat dit liéu véi toc
do cuc nhanh.

SO mucciaTLB
Page # Erame # khoang 8 + 2048

TLB la“cache’ cua
bang phan trang

Khi cé chuyén ng
canh, TLB bi x6a

Khi TLB day, thay thé
muc dung LRU

Anh xa dia chi 4o

— N & u page number nam trong TLB (: hit, tring) = lay ngay duogc s6 frame = ti € t
kiém dugc thot gian truy cap bo nhd chinh dé lay s6 frame trong bang phan trang.
— Nguoc lai (: miss, trat), phai lay s6 frame tir bang phan trang nhu binh thudng.
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Paging hardware vo1 TLB

CPU

logical
address

—> P

page frame
number number

TLB hit

L ¥y Yy Yy yYyYY¥%Y

TLB miss

A4

‘ ‘ -

¥ address

physical

d

—p

‘ /

i

page table

physical
memory
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(M W

Effective accesstime (EAT)

Tinh thoi gian truy xuat hiéu dung (effective access time, EAT)
Thoi gian tim ki € m trong TLB (associative lookup): €
Thoi gian mot chu ky truy xuat bd nhd: X

Hit ratio: ,ti §6 gilra sé}ﬁn chi s6 trang duoc tim thay (hit) trong
TLB va s0 1an truy xuat kho1 nguodn tue CPU

— Ki hié€u hit ratio: o
Thoi gian can thi € t dé co dugc chi s6 frame

— Kbhi chi so trang c6 trong TLB (hit) e+ X

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

EAT=(e+X)a + (¢ + 2X)(1 — o)
=(2—a)x+e¢
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Effective access time (tt)

Q Vidu l: donvithdi giannano | |a Vidu 2

giay = Associative lookup = 20
» Associative lookup = 20 = Memory access =100
= Memory access =100 = Hitratio=0.98
= Hitratio=0.8 = EAT = (100 + 20) x 0.98 +
= EAT =(100 + 20) x 0.8 + (200 + 20) x 0.02
(200 + 20) x 0.2 =1.02x 100 + 20
=1.2x 100+ 20 =122

=140
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Bao vé bd nho

0 Viéc bao vé bd nhd duoc hién thuc bang cach gan vai frame céc
bit bdo vé (protection bits) duoc 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 méi muc trong
bang phan trang
— “valid”: cho biét latrang cla process, do d6 1a mot trang hop €.

— “invalid”: cho biét latrang khong clia process, do d6 1a mot trang bat hop
8.
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Bao vé bang valid/invalid bit

00000 frame valid/ 0
number invalid bit 1
0 12]v 2 | pageO
1 13|V 3 | page 1
2 |4 |v 4 | page 2
= > 3 |7|v = > 5
4 18 |v 6
10468
12087 519 |v 7 | page 3
6 01l i 8 | page 4
7 0l 9 | page5
%, Méi trang nhd co kich thudc 2K = 2048 Sagen
& Process ¢o kich thudc 10,468 = phan manh nbi & frame 9 (chira page 5),

cac diachi do > 12287 la cac diachi invalid.
% Dung PTLR d€ kiém tratruy xuét d&n bang phan trang ¢ nam trong
bang hay khéng.
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Bang phan trang 2 muc

a Céc hé théng hién dai déu ho tro khong gian dia chi do rat [6n
(232 3én 264), & day gid sl 1a 232
— Gia s kich thudc trang nhd 1a4KB (= 2%2) = bang
phan trang s& c6 232/212= 220= 1M muc.
— Gia sir méi muc gdm 4 byte thi méi process can 4MB cho bang phan trang
®

o Mot gidi phép 13, thay vi dung mot bang phan trang duy nhat cho
moi process, “paging” bang phan trang ndy, va chi gitr nhitng
bang phan trang can thiét trong bd6 nhéd — bang phan trang 2
murc (two-level page table).
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Bang phan trang 2-murc (it)

Vidu

o Mot diachi luan ly trén hé thong 32-bit véi trang nhd 4K duoc chiathanh céc
phan sau:

— Page number: 20 bit

Y . page number offset
= Néu moi muc da 4 byte - =-Can 2%
4 byte=4MB noi page table
— Page offset: 12 bit 20 bit 12 bit

o Bang phan trang cling dudc chia nhd nén page number cling dudc chianho
thanh 2 phan:
— 10-bit page number page offset
— 10-bit page offset
P, P2 d

10 bit 12 bit

At n .10 bit
o Vivay, mét diachi ludn ly sé& nhu hinh vé Jben
 p,: chi b chatrang trong bang phan trang mirc 1 (outer-page table)
 p,: chi sb ciatrang trong bang phan trang mirc 2
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Bang phan trang 2-muc (tt)

0
Minh hoa -
1
P
/ : 100
500 \
A 100 ” 500
708 e
\
708
outer-page \""‘t 929
table \ 900
- C6 2°! muc trong bang phan 900 7 ><
trang mic 1 929
- M&i bang phan trang mirc 2 chira
2P2 muc

cac bang phan trang muc 2

memory
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Bang phan trang 2 murc (tt)

Q So d6 chuyén doi dia chi (address-translation scheme) cho co ch é
bang phan trang 2 murc, 32-bit dia chi

logical address

P

P>

d

.

o

outer-page
table

pz{

page table muc 2

1
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Bang phan trang 2 muc (tt)

Bang phan trang 2 mdc gilp tiét
kiém bd nhé:

Vung mau do twong ng voi
phan khong dudc sir dung cua
khong gian diachi ao. Cac muc
mau dé dudc danh dau lakhong
coO frame nén sé gay ra page fault
néu dudc tham chiéu dén; khi do
OS <2 tao thém bang phan trang
muc 2 mai.

— Data

Stack

Unused
(not In mem)

1™
-____________-—-'F
— - = Text
1st level Znd level Virtual Addresses
page table page tables
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Bang phan trang da muc

0 Vidu: Khong gian diachi luan ly 64-bit véi trang nhd 4K
— Bang phan trang 2-mdrc van con qualdn! Tuong tu bang phan trang 2
murc, ta co bang phan trang 3, 4,..., n mic

page number | page offset

52 12

page numbers | page offset

32 10 10 12

=)
&=

=)

page numbers

page offset

42 10

page numbers

12

page offset

& 22 10 10 10

a Tiét kiém ché trong bd nhd chinh bang céch chi gil trong bd nhd
chinh céc bang phan trang ma process hién dang can.

12
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Bang phdn trang bam (hashed page table)

0 Dung bang bam dé giam khong gian bang phan trang

— R4t pho bién trong cac hé thdng 16n hon 32 bit dia chi.

0 PE& gidi quyét dung dd, méi muc clia bang bam duoc gan mot
danh séch lién ké&t. Mbi phan t& ciia danh sach lamét cap (chi sb
trang o, chi sd frame).

— Chi s0 trang do (virtual page number) dugc bién ddi qua ham bam thanh
mot hashed value. Cap (chi sb trang do, chi sO frame) sé dudc luu vao
danh sach lién két tai muc c6 chi so |a hashed value.

o Giai thuat tim trang:

— Chi s0 trang do duoc bién doi thanh hashed value (vGi cing ham bim nhu
trén). Hashed value lachi sd clia muc can truy cap trong bang bam. Sau do,
tim trong danh sach lién két phan t& chira chi so trang o dé€ trich ra duoc
chi sO frame tuong (ng.
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Hashed page table (it)

logical address |

physical

P

d

-l

hash table

| address

d

—

danh s&ch cac cap

Iy~

(chi so trang &0, chi s frame)

physical
memory
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Chiasé cac trang nhd

Process 1

edl

ed 2

ed 3

data 1

ed1

ed 2

ed 2

Process 3

w N - O

w N O

P O~ W

Process 2

edl

ed 2

ed 3

w N b O

© oo N o o~ w N+, O

=
o

data 1

data3

ed 1

ed 2

ed 3

B6 nhd thuc
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Phan doan (segmentation)

a Nhin lai co ché phan trang
— user view (khong gian dia chi ao) tach biét véi khéng gian bd nhé thuc. Co
ché phan trang thuc hién phép anh xa user-view vao b nhd thuc.

0 Trong thuc té€, dudi goc nhin clia user, mdt chuong trinh cau
thanh ti* nhiéu doan (segment). M6i doan lamot don vi luan ly
cla chuong trinh, nhu

— main program, procedure, function
— local variables, global variables, common block, stack, symbol table,
arrays,...

9.52



User view cua mot chuong trinh

0 Thong thuong, mOt chuong trinh
dudc bién dich. Trinh bién dich sé tu
ddng xay dung cac segment.

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

— Global variables

— Procedure call stack

— Procedure/function code
— Local variable

a Trinh loader s& gan moi segment
mot sd dinh danh riéng.

procedure

function
sqrt

main program

Logical address space
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Phan doan

a Dung co ché& phdn doan @& quan Iy bd nhd co hd tro user view
— Khéng gian dia chi do0 1amét tap cac doan, moi doan ¢ tén va kich thudc
riéng.
— M6t diachi luan Iy duoc dinh vi bang tén doan vadod doi (offset) bén trong
doan d6 (so sanh vGi phan trang!)
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Phan doan (tt)

logical address space physical memory space
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Hien thu'c phan doan

0 Piachiluanly lamot cap giatri
(segment number, offset)
0 Bdng phdn doan (segment table): gdm nhiéu muc, méi muc chira
— base, chira dia chi khdi dau ctia segment trong bd nhd
— limit, xac dinh kich thuGc cta segment
0 Segment-table base register (STBR): tré dén vi tri bang phan
doan trong bo nhd
0 Segment-table length register (STLR): sO lugng segment clia
chuong trinh
= M6t chi sO segment slahop lé néu s< STLR
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Mot vi du v € phén doan

stack 1400
procedure procedure
segment 3 jimit | base 2400
O 1000 | 1400
segment O zgl,gd 3200
1 400 | 6300 stack
: 2 | 400 | 4300
function
ment 4
sort > 3 1100 § 3200 4300 main
main program
4 1 1000 | 4700 4700
segment 1 segment symbol table
segment 2 table
5700
6300 function sqrt

logical address space

physical memory space

9.57



Phan ctng ho tro phan doan

-

> G <

CPU

nol

limit

base

segment
table

YES

trap; addressing error

physical
memory

9.58




Chuyén doi dia chi trong co ch€ phan doan

Vidu
16-bit logical addres
p it logical address .
4-bit segment # 12-hit offset
4 - >
SN A0 T O O LS a0 A
ey T ~
Length Base
0 [001011101110/0000010000000000] 4
1 {011110011110{001000000010000 Of >+
Process segment table
4
e — " 4
S0 0T LR e B s R O R maaeh AR A
>

16-bit physical address
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Chia s¢ cac doan

o T e e e e e e e e e e e

[ editor E limit | base
CEEL 0 | 25286 43062
i | 4425 | 68348
I {1
. ment O Segmen !
! Y : segment table
N e 4 process P,
logical address space
process P,

| editor | limit | base
| data 2 ;
i 0 | 25286 | 43062
| i 8850 | 90003
| segment 0 segment 1 :
' ] segment table

------------------------ ’ process P,

logical address space
process P,

43062

68348
12773

90003

98853

editor

data 1

data 2

physical memory
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K&t hop phan trang va phan doan

a0 K&t hop phan trang va phan doan nham két hop cac vu diém
dong thoi han ché cac khuyét diém clia phan trang va phan
doan:
— Van dé cla phan doan: Néu mot doan qua ldn thi ¢ thé khéng nap nd
dugc vao bd nhé.
— Y tudng gidi quyét: paging doan, khi dé chi can gi trong bd nhd céc
page cla doan hién dang can.
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K&t hop phan trang va phan doan (tt)

C6 nhiéu céch két hop. Sau day 1a mot cach don gidn, goi la
segmentation with paging

MOi process s& co:
— M6t bang phan doan
— Nhiéu bang phan trang: méi doan c6 mdt bang phan trang

M6t dia chiludn 1y (diachi o) bao gom:
— segment number: lachi sd ciamot muc trong bang phan doan, muc nay
chtra dia chi nén (base address) clia bang phan trang cho doan do

— page number: la chi sd ciamot muc trong bang phan trang, muc nay chira
chi so frame trong bd nhd thuc

— offset: @6 ddi cuavi tri nhd trong frame nai trén.
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Segmentation with paging (1)

a Minh hoa

Segment Table
STE O

STE 1

STE 2

Page table for seg O
(]
64
= Page 2 of
Segment 4
Page table for seg 4 g:g?ng;fg

STE 3 /
STE 4

PTE 2 frame#=1

segh i page#i offset

frame O

frame 1

frame 2

frame 3

frame 4

frame5

frame 6
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Segmentation with paging (2)

l

Frame #

Offset

1 1
1 1
Virtual Address : :
Seg # | Page # | Offset | g 1
1 1
1 1
i i
1 1
I |Seg Table Ptr |
| |
1 Segment I
I Table i
| A |
i i
1 S# 1
X
1 1
i |
1 1
i i
i |
| |
Program I Segmentation I
i |
| |

!

Page
Table

Paging

Offset

N

Page
Frame

Main Memory
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Segmentation with paging (3)

Virtual Address
Segment Number Page Number Offset
Segment Table Entry
Other Control Bits Length Segment Base
Page Table Entry

P= present bit

IP MLULI“:L' l'_‘unu'n;:IHilﬁ‘ Frame Number I M = Modified bit

0 Segment base: dia chi thuc cia bang phan trang
0 Present bit vamodified bit chi ton tai trong bang phan trang
a Céc thdng tin bao vé vachia sé ving nhd thudng nam trong
bang phan doan
— Vi du: read-only/read-write bit,...

9.65



Chuong %
BO NhG Ao



NOGI dung trinh bay

Tai sao can phai c6 bd nhd &o ?
Tong quan vé hién thu'c bd nhd ao
Hién thuc b6 nhd ao : demand paging
Hién thuc bd nhd ao : Page Replacement
— Céc giai thuat thay trang (Page Replacement Algorithms)
Van dé cap phéat Frames
Van dé Thrashing
Hién thuc bd nhd ao : Demand Segmentation
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Tai sao can co bd nhd o ?

Nhin lai paging va segmentation :
a Céc tham chiéu dén bd nhé duoc chuyén doi ddng thanh diachi thuc Ic

process dang thu'c thi
CPU The CPU sends virtual
package addresses to the MMU

Disk
controller

- l Bus
The MMU sends physical
addresses to the memory MMU: memory management unit

0 Mot process gom céc phan nhd (page hay segment), cac phan nay dudc nap
vao céc vung co thé khong lién tuc trong bd nhé chinh
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B6 nhé 4o (1)

0 Nhan xét: khong phai tat ca cac phan clia mot process can thiét
phai dugc nap vao bd nhd chinh tai cting mot thoi diém
- Vidu
— Poan mai diéu khién céc |6 hiém khi xay ra
— Caéc arrays, list, tables duoc cap phét bd nhd (cap phét tinh) nhiéu hon
yéu cau thuc su
— M6t SO tinh nang it khi dudc dung cla mot chuwong trinh

. Ngay ca khi toan bd chuong trinh déu can dung thi cé thé khong
can dung toan bo cuing mot 1.
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B6 nhé 40 (2)

Q Bo nhd go (virtua memory)

— Co ché dudc hién thuc trong hé diéu hanh dé cho phép thuc thi mot qua
trinh machi can gilr trong bd nhd chinh mét phan clia khong gian dia chi
luan ly ctiand, con phan con lai duoc gilr trén bd nhd phu (dia).

o Uu diém ctiabd nhd do
— S0 lugng process trong bd nhd nhiéu hon

— M6t process c6 thé thuc thi ngay ca khi kich thudc ctiand [6n hon b nhd
thuc
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Bo nhd ao (3)

0 Thong thudng phan clia khong gian diachi luan ly cia quatrinh,
néu chua can nap vao bd nhd chinh, duoc gitr & moét ving dac
biét trén diagoi lakhong gian trdo ddi (Swap space).

- Vidu:

— swap partition trong Linux
— file pagefile.sys trong Windows 2K
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Tong quan vé hién thuc bd nhd do

a Phan cirng memory management phai ho trg paging valhoéc
segmentation

o OSphéi quan ly s di chuyén cla trang/doan gitra bd nhd chinh
vabo nhd thir cap

Q Trong chuong nay,
— Chi quan tim dén paging
— Phan cing ho trg hién thuc bd nhé ao
— Cé&c gidi thuat chia hé diéu hanh
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Phan ctrng ho trg bd nhd ao

a Su ho tro clia phan clng di vGi phan trang da duoc khao sét
trong chuong trudc. Chi c6 mot diém khéc biét 1améi muc cia
bang phan trang c6 thém cac bit trang thai dac biét

— Present bit =1 = trang hap |€ vahién trong memory
e =0 = trang knong hdp I1& hoac khong trong memory
— Modified bit: cho biét trang c6 thay doi ké tir khi dwgc nap vao memory
hay khong

10.8



Hién thuc bd nhd ao: demand paging

- Demand paging: cac trang cua quatrinh chi dugc nap vao bd
nhd chinh khi dudc yéu cau.

o Khi c6 mot tham chiéu dén mot trang ma khong ¢ trong bo
nhd chinh (present bit = 0) thi phan cirng s& gay ra mot ngat
(goi lapage-fault trap) kich khdi page-fault service routine
(PFSR) ctiahé diéu hanh. PFSR:

1. Chuyén process vé trang théi blocked

2. Phét ramot yéu cau doc dia d€ nap trang duoc tham chi€u vao mot
frame trOng; trong khi doi 1/0, mot process khac dudc cap CPU dé thuc
thi

3. Sau khi I/O hoan tat, diagay ramot ngat d€n hé diéu hanh; PFSR cap
nhat page table va chuyén process vé trang théi ready.
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V4

Page fault va cac budc xu' ly

page is on
backing store

N

operating
system

@

reference

()

el
restart page table
instruction

free frame

O O

reset page bring in
table missing page

physical
memory
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Thay thé trang nhd (1)

0 Budc 2 cilaPFSR gia sir tim dugc frame trong. D€ xr 1y duoc
ca trudng hap phai thay trang vi khong tim duoc frame tréong,
PFSR dudc b6 sung nhu sau

1. Xac dinh vi tri trén dia cla trang dang can
2. Tim mot frame trong:
a. Néu co frame tréong thi dung né
b. NE&u khong cé frame trong thi diing mot giai thuat thay trang d€ chon
mOt trang hy sinh (victim page)
c. Ghi victim page 1€n dia; cap nhat page table va frame table twrong Ung
3. Doc trang dang can vao frame trong (da c6 dudc tl budc 2); cap nhat
page table va frame table turong U'ng.
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Thay thé trang nhé (2)

valid—invalid bit

ﬂame\ /

swap out
to invalid

(::) victim

reset page
table for
new page

page table

desired
page in

physical
memor
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Hien thu'c demand paging

. Hai van dé chi yéu:

0 Frame-allocation algorithm

— Cap phét cho process bao nhiéu
frame cua bd nhd thuc?

0 Page-replacement algorithm

— Chon frame cta process sé duoc
thay thé trang nhd

— Muc tiéu: sd lugng page-fault nho
nhat

— Pudc danh gia bang céch thuc thi
gidi thuat d6i véi mot chudi tham
chiéu bé nho (memory reference
string) va xac dinh SO 1an xay ra
page fault

o Vidu
Thi tv tham chiéu céac diachi nhg,
Vai page size = 100:
e 0100, 0432, 0101, 0612, 0102, 0103,
0104, 0101, 0611, 0102, 0103, 0104,

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

= céc trang nhd sau duoc tham chiéu

lan luot = chudi tham chiéu bd nhd
(trang Nho)

e 1,4,1,6,1,

e 1,1,1,6,1,

e 1,1,1,6,1,

e 1,1,1,6,1,

e 1
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Giai thuat thay trang OPT(optimal)
0o Giai thuat thay trang OPT

— Thay thé& trang nhd s& dugc tham chiéu tré nhat trong tuong lai
0 Vidu: mbt process ¢c6 5 trang, va dudc cap 3 frame

chudi tham chiéu

, 5 : 5
trang nhd 3 2 1 2 4 5 3 2 5 2
2 2 2 2 2 2 4 4 4 2 2 2
OPT 3 3 3 3 3 3 3 3 3 3 3
1 5 5 5 5 5 5 5 5
F F F
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Giai thuat thay trang Least Recently Used (LRu)

0 Thay thé trang nhé khong dugc tham chiéu lau nhat
0 Vidu: mot process ¢o 5 trang, va dudc cap 3 frame

chudi tham chiéu

, 3 2 1 5 2 4 5 3 2 5 2
trang nhd

2 2 2 2 2 7 4 4 4 B 2 2
OPT 3 3 3 3 3 3 3 3 3 3 3
1 5 5 5 5 5 5 5 5

F F F
2 7] 2 ] 2 2 ] D) 3 ] 3 3
LRU 3 3 3 5 5 5 3 5 5 5 5
1 1 1 4 4 4 3 2 D)

F F F F

a M®i trang duoc ghi nhan (trong bang phéan trang) thoi diém dugc tham chiéu
= trang LRU latrang nhd cé thdi di€m tham chi€u nhd nhat (OS ton chi phi tim
kiém trang nhé LRU ndy moi khi co page fault)

a Dovay, LRU can su ho trg clia phan cirng vachi phi cho viéc tim kiém. |t
CPU cung cép du su hé tro phan ci’ng cho gidi thuat LRU.
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Giai thuat thay trang FIFO

0 Xem céc frame duoc cap phat cho process nhu 1a circular buffer
— Khi b0 ¢ém day, trang nhd cli nhat sé duoc thay thé: first-in first-out
— M6t trang nhé hay dugdc dung s& thudng latrang cli nhat = hay bi thay thé
bdi giai thuat FIFO
— Hién thuc don gidn: chi can mot con tré xoay vong céc frame clia process
0 So sanh céc giai thuat thay trang LRU va FIFO

chudi tham chiéu ,— = ~
z \ VAN =\
trang nhé @ 3 @1 5@ ¢« 53 @GO
2 2 2 b 2 2 2 b 3 H 3 )
LRU 3 3 3 5 5 5 5 5 5 5 5
1 1 1 4 4 4 7] ] 7]
F F F F
>R - - - 5 B - - 3 T B -
FIFO H 3 3 | [ 3 7] 2 2 |2 -5 2 3 5
1 I -l 4 4 4 4 |- 4 2
F F F F F F

10.16



Giai thuat FIFO: Belady' s anomaly

2]
—
>
©
o
)
@)
]
o
e
o
—
@
0
S
-
c

3 4

number of frames

Bat thudng (anomaly) Belady: sO page fault ting mac dau qua trinh da dudc cap
nhiéu frame hon.
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Giai thuat thay trang clock (1)

0 Céc frame cap cho process dudc xem nhu mot bd dém xoay
vong (circular buffer)

0 Khi mét trang dudc thay, con trdé sé chi dén frame ké tiép trong
buffer

a M6i frame co mét use bit. Bit nay dudc thiét 1ap tri 1 khi
— M6t trang dudc nap 1an dau vao frame
— Trang chita trong frame dudc tham chiéu

a Khi can thay thé mot trang nhd, trang nhé nam trong frame dau

tién cb use bit bang 0 s& duoc thay thé.
— Trén duGng di tim trang nhd thay thé, tat ca use bit duodc reset vé 0
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Giai thuat thay trang clock (2)

next frame
pointer

(=21
Ln

(a) State of buffer just prior to a page replacement {b) State of buffer just after the next page replacement
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So sanh LRU, FIFO, vaclock

chudi tham chiéu

trang nhé 3 2 1 5 2 4 5 3 2 5 2
2 2 o o D B D ] 3 7] 3 3
LRU 3 3 3 3 3 3 5 5 5 5 5
1 1 1 4 4 4 D 2 2
F F F F

2 2 o o 5 5 5 5 3 H 3 3
FIFO 3 3 3 3 iz 2 Z 2 2 5 5
1 1 1 4 4 4 4 4 )
F F F F F F
2 2% 2% |l 2% 5% 5% | o 5% | 5% RE 3% | 3% | 3F
CLOCK —» 3% 3% 3 | o 3 2% 27 2% |y 2 L pf 2% ] 2%
- - 1% [ 4 4% 4 4 5% 5%

F F F F F

0 DAu *: use bit twong Ung dudc thiét lap tri 1

a Giai thuat clock bao vé cac trang thudng dudc tham chiéu bang cach
thiét 1ap use bit bang 1 véi moi 1an tham chiéu

0 MOt sO két qua thu'c nghiém cho thay clock cé hiéu suat gan véi LRU
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S6 luong frame cap cho process

a OS phai quyét dinh cap cho méi process bao nhiéu frame.
— Capitframe = nhiéu pagefault
— Cap nhiéu frame = gidm mc 6 multiprogramming

0 Chién ludc cap phét tinh (fixed-allocation)
— S8 frame cap cho moi process khong d6i, dudc xac dinh vao thdi diém
loading va co thé tuy thudc vao tirng ng dung (kich thudc ciiand,...)
a Chién ludc cap phat dong (variable-allocation)
— S8 frame cap cho méi process cé thé thay d6i trong khi n6 chay
= Néuty |é page-fault cao = cap thém frame
= Néuty |é page-fault thap = giam bét frame
— OS phai mat chi phi d€ udc dinh cac process
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Chién lugc cap phéat tinh

Q Ca:zio phéat bang nhau: Vi du, cé 100 frame va 5 process —
mOi process dugc 20 frame

0 Cép phat theo t71é&: dua vao kich thudc process

S =Sizeof process p. Vidu:
m=064
S:Zq s =10
s, =127
m = total number of frames 3, = 10 <64 ~
Z
S 127

- =allocationfor p =—-xm a x 64 ~ 59
% P =g 2~ 137
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Thrashing

0 Néu mot process khong ¢6 @ sd frame can thiét thi ti sO page
faults/sec rat cao. Biéu nay khién giam hiéu suat CPU rat nhiéu.

. Vi du: mét vong 1&p N [an, moi Ian tham chiéu dén dia chi nam
trong 4 trang nhd trong khi do process chi dugc cap 3 frames.

] . ] 3 frames
Process c0 4 trang, dudc cap phét 3 frame
X .~ ] 0 123
Chudi tham chiéu trang: 023
123023013012312 1
013
: . A , g g n 012 T.hi‘;{ 12N
Q Thrashing: hién tuong cac trang nhd cga/mot pracess bi Gan

chuyén vao/ralién tuc.
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CPU utilization

Thrashing diagram

thrashing

>

degree of multiprogramming
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Nguyén ly locality

a Dé han ché thrashing, hé diéu hanh phai cung cap cho process
cang “d0” frame cang tot. Bao nhiéu frame thi d0 cho mot process
thuc thi hiéu qua?

Nguyén ly locality (locality principle)

— Locality latap cac trang dudc tham chiéu gan nhau

= Trong vi du trudc, locality s bao gom 4 trang

— M6t process gom nhiéu locality, vatrong quatrinh thuc thi, process s&

chuyén tur locality nay sang locality khéc
= Vidu khi mdt tha tuc dugc goi thi sé cd mét locality mai. Trong
locality nay, tham chi€u bd nhd bao gém |énh ctiathd tuc, bién cuc bd
vamot phan bién toan cuc. Khi tha tuc két thic, process sé thoét khoi
locality nay (vaco thé quay lai sau nay).

0 Vi sao hién tuong thrashing xuat hién?

Khi 2. size of locality > memory size
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Han ché thrashing: Giai phap working set (1)

Con duoc goi laworking set model.
budc thiét ké duatrén nguyén ly locality.
0 Xac dinh xem process thu'c su si dung bao nhiéu frame.

0 Dinh nghia: tham s A clia working-set window = tham s xéc
dinh so lugng cac tham chiéu trang nhd clia process gan day
nhat can duoc quan sat.

Vi du:

D=4

chudi tham khao 2§569132639214
trang nhG A

thai diém t,
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Han ché thrashing: Giai phap working set (2)

0 Dinh nghia: working set cia process P, , ky hiéu WS, latap gbm A céc trang
dugc sif dung gan day nhat.
Vidu:A=10va
¢ chuoi tham khdo trang

. ..2615777751623412344434344413234443444...

RN

t1
WS(!’1) = {1 ,2,5,6,7}

WS(t,) = {3,4}

0 Nhan xét:
* A quanhd = khong du bao phui toan b6 locality.
e Aqualén = bao phl nhiéu locality khac nhau.
e A= — bao gdm tat ca cac trang dugc si dung.
Dung working set clamot process dé€ xap xi locality ctiano.
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Han ché thrashing: Giai phap working set (3)

binh nghia WSS 1a kich thudc ciaworking set cuaP, :
WSS = sb luong céc trang trong WS

Vidu (tiép): A= 10 va
c chuoi tham khao trang

. ..2615777751623412344434344413234443444...

- -
t1

WS(t,) = {1.2,5,6,7} WS(t,) = {3,4}
Wss(t)=5~—__ WSS{t)=2
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Han ché thrashing: Giai phap working set (4)

« P&t D =2 WSS = tGng cac working-set size clia moi process
trong hé thong.
= Nhan xét: Néu D > m (so frame clia hé théng) = s& xay rathrashing.

o Giai phap working set:
— Khi khdi tao mot quatrinh: cung cap cho quatrinh sb luong frame théa
man working-set size cuano.
— Néu D > m = suspend mot trong cac process.
= Céc trang clia qua trinh duoc chuyén ra dia cirng va céc frame ciiand
duoc thu hoi.
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Xap xi working set

Theo dinh nghia, mot trang 1a & trong working set n € u n6é dugc tham chi € u
trong working-set window

Gia stir hardware ho trg mot reference bit cho moi page: khi page duoc tham
chi € u, reference bit duoc set thanh 1.

Dung interval timer k € t hop voi reference bit dé xap xi working set

reference bit
1
Vi du: A = 10.000 | copy
— Timer interrupt dinh ky, sau moi 5000 tham chi € u. 0
— Giit trong bo nhd 2 bit (history bits) cho mdi trang nho. history bits

— Khi timer interrupt xay ra, shift history bits mot vi tri sang phai, copy reference
bit vao history bit trai, vareset reference bit = 0.

— Trang nao c¢6 history bits chira 1 thi thudc v € working set.
Dé xap xi chinh x4c hon: vi du dung 10 history bit va interrupt timer dinh ky
sau mo1 1000 tham chi € u.
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Han ché thrashing: Diéu khién page-fault rate

. A

increase number

Q

4y

= of frames

=3

S upper bound

@

(®)]

©

o

lower bound

decrease number
of frames

number of frames

< Dung giai thuat PFF (Page-Fault Frequency) d€ diéu khién page-fault rate
e (sO page-faults/sec) clia process:
Page-fault rate qua thap: process c6 qua nhiéu frame — giam s frame,
Page-fault rate qué cao: process can thém frame — cap thém frame.
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Demand Segmentation

0 Dudc st dung khi khong @0 phan cltng d€ hién thuc demand
paging.

0 Hé diéu hanh phan phdi memory theo segments, ma dudc luu vét
thong qua segment descriptor.

= Segment descriptor chifa valid bit d&€ chi dinh nhirng segment lahién
thdi co trong bé nhé hay khong .

— Néu segment la cé trong bd nhd chinh, viéc truy cap tié€p tuc.
— Néu khong c6 trong bd nhd , segment faullt.
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Chuong 9
File-System Interface
vahién thuc



o O O O O O

NOI dung file system interface

Kha niém co so

Cac phuong thurc truy cap
Cau trac thu muc
File-system mounting
Chia s¢ file

Bao vé (protection)
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NOI dung File-System Implementation

Hién thuc hé thong file

Nhirng phuong phap bo tri (Allocation Methods)
Hién thu'c thu muc (Directory Implementation)
Quan ly khong gian trong (Free-Space M anagement)

Sao luu va phuc hoi (Recovery)
a MOT SOHE THONG QUANLY TAP TIN

U 0O 0O 0 O
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Nhirng yéu cau cla user

0 Persistence: dit liéu dudc luu gilt bén virng

0 Speed: truy xuat dir liéu nhanh

0 Sze: ¢ thé luu trlt that nhiéu di¥ liéu

0 Sharing/protection: user cé thé chiasé dit liéu khi can
thiét vaco thé bdo vé dit liéu riéng tu khi can thiét

0 Ease of use: user ¢o thé dé dang tim kiém, kiém tra,
hiéu chinh, cap nhat dir liéu
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DPéc diém cla phan clrng va OS

a Phan cirng cung cap su ho tro sau
— Persistence: céc thiét bi luu trlt bén virng (non-volatile memory)
— Speed: cung cap khd ning truy xudt ngau nhién (random access), nang cao
tdc d6 dia (5400 — 7200 — 10K rpm,...)
— Sze dung luong diangay cang |Gn (40GB, 80GB, 120GB,...)

0 Hé diéu hanh cung cap
— Persistence: luu trlt du thira, back-up phuc vu cho recovery (vi du:
RAID,...).
— Ease of use:
= Gan tén cho mot khoi dir liéu (file)
= TG chirc cau tric quan 1y file: thu muc
= Thuc hién cac thao tac 1én file nhung che dau céc chi ti€t hién thuc
(luu file tai sectors nao cla dia, giao tiép vdi disk controller nhu thé
nao,...)
— Sharing/protection: cac quyén truy cap file/thu muc
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Khai niém co sO

a Files, doi v&i ngudi st dung (user view): cach st dung
va cac dac diém clafiles
— File description: name, type, size,...
— Cactacvu
— Directory
— File System
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Cac thuoc tinh cua file

2 Name: tén file (human-readable form)

a Type: binary, text, image,...

0 Location: con tré d € n vi tri file trén thi € t bi luu tri
0 Sze: kich thudce hién tai (va mic téi da cho phép)

0 Protection: kiém soat quy € n doc, ghi, thuc thi file

a0 Time, date, user identification: cac thong tin dung cho
protection, security, va usage monitoring

a Théng tinv é file dugc giir trong cau tric thu muc. Cau
trac nay duoc luu trir trén thi € t b1 luu trir vat ly.
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Q

Q

Q

Cac tac vu lén file/thw muc

Create
— Cap phat khong gian luu tri?
— Thém entry trong thu muc

Write
— Tim entry trong thu muc
— Thuc hién tac vu ghi tai vi tri
con tro ghi (write pointer)
Read
— Tim file entry trong thu muc
— Thuc hién tac vu doc tai vi tri
con tro doc (read pointer)
Reposition, file seek

o Ddete

— Tim entry trong thu muc
— Thu hoi céc disk blocks ctiafile
— Xoaentry khoi thu muc

o Truncate

— Gitr lai tat ca céc thube tinh file,

ngoai trv’ kich thudc file=0
o Open(Fi)

— Tim entry trong thu muc trén dia

— Kiémtraquyén truy cap

— Nap néi dung entry trong thu muc

vao b nhé

— Thiét 1ap con trd doc/ghi d&nvi @ Close(H)
— Chuyén ndi dung file entry ti* b

tri dugc chi dinh (tai dinh vi).

Nha vao thu muc trén dia
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Céac cau trucfile

a Khodng cau tric: mét chudi words, bytes
0 Cau tric record don gidn
— Lines
— Fixed length
— Variable length
o Cau trlc phire tap
— Formatted document (Word/Excel document,...)
— Relocatable load file (executable, dynamic linking library,...)
a Moi hé diéu hanh phai ho trg it nhat mot cau tric, d6 1a cdu tric
cuafile thuc thi (DOS/Windows: .exe, .com,...)
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Kiéu file va Extension

file type usual extension function
executable exe, com, bin read to run machine-
or none language program
object obj, 0 compiled, machine language,
not linked
source code c, CC, java, pas, source code in various
asm, a languages
batch bat, sh commands to the command
interpreter
text txt, doc textual data, documents
word processor | wp, tex, rrf, various word-processor
doc formats
library lib, a, so, dll, libraries of routines for
mpeg, mov, rm programmers
print or view arc, zip, tar ASCII or binary file in a
format for printing or
viewing
archive arc, zip, tar related files grouped into
one file, sometimes com-
pressed, for archiving
or storage
multimedia mpeg, mov, rm binary file containing
audio or A/V information
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Access M ethods

0 Sequential access: truy xuat thong tin tuan tu
— read (doc va tu dong do1 con tro file d énvitrik é ti € p)
— write
— tro v € dau file, d € n cudi file
— forward/backward n record

0 Direct access (relative access)

— file cAu thanh tir cac khéi, record c6 kich thude ¢d dinh
— read ké tur vi trin

— write ké tur vi trin current position

— position to vi tri n beginning end
— read next
— write next .

renine == read or write s

Minh hoa sequential access
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Cau trac thu muc

0 Latap hop cac node luu gilt thong tin clia céc file trong hé théng

o (OO O OR

\

Files

¢ Ca cu truc thu muc va cac file déu nam trén dia
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Vi du vé cau truc file-system

partition A <

partition B <

AYd

directory

files

directory

files

\ disk 1

partition C <4

directory

files

AN

- disk 2

- disk 3
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Thong tin trong méi entry clia thw muc

a Name

a Type: file, directory, symbolic link,...
0 Address: diachi ciiakhoi luu tri file
a Current length

2 Maximum length

a Date last accessed

0 Date |last updated

a Owner ID

a Protection information

a ...

8.14



o 0O 0D O O

Cac tac vu lén thu muc

Search: tim trong cau trac thu muc dé lay dugc théng tin trong
entry cua mot file

Create: tao mot file mé1 va thém entry vao cau trac thu muc dé
quan ly

Delete: x6a mot file

List: hién thi ndi dung cua cac file entry trong mot thu muc
Rename: d6i tén file

Traverse: duyét toan bo hé théng file

Thuc chat, thu muc 13 mét file dic biét, luvu dinh danh cua céc file
trong thu muc cung voi tat ca thong tin khac v € file.
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Muc tiéu t6 chifc ciu truc thu muc

0 Hiéu qua (efficiency): dinh vi nhanh chdng mét file nao
do.

a Dat tén (naming): thuan tién cho user. Vi du
— Hai users c0 thé co file tring tén nhung khac nhau.
— M6t file cd thé co nhiéu tén khac nhau.

2 Nhom (grouping): to chire thanh cac nhom file luan ly

duatrén cac thudc tinh cuafile, vi du: file chuong trinh
C, filetai liéu MS Word, file chwong trinh games,...
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Cau truc single-level

directory cat

files g

bo test data mail cont hex | records
LTI
® Naming
® Grouping
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CAu truc two-level

master
file user 1 | user2 | user3 | user4
directory
. ' \
user file -
directory bo a test a data a test data a

l) @ O J) }3 (LJ (lD (13 (lD é ) (l)

© Khéi niém dwrong dan (path name) (khéng cé G cau tric
single-level)

© Hai users co thé co file trung tén

© Tim kiém hiéu quéa hon

® Khong ho trg kha ning grouping
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Cau truc cay thue muc

root‘ spell ‘ bin programs
stat mail dist find count hex | reorder e mail
g i \}’ {\ )\ y. /l\ %\
\> \--> CJ @ J I ol
prog copy prt exp reorder | list find hex | count
o Ll
x) W Vv v)
O C
list obj spell all last first
S R R A
& @ 9@ Q@ 9 U



Cau truic cay thw muc (tt)

© Timkiém hiéu qua
© Cung cap kha ning grouping (bang céch té chirc ciu tric thu
muc con)
© C6 thé dung dudng dan tuyét déi hodc twong doi
© Kha niém thu muc lamviéc (working directory). Vi du
cd /spell/mail/prog

cat list il
© Xoda cay thu muc
x6a thu muc mail prog | copy | prt|exp| count

® TO chirc cau tric di¥ liéu quan ly kha phire tap (phan hién thuc
hé thong file)
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Thu muc c6 cau tric acyclic-graph

a Co6 thé chia sé thu muc con
hay file.
— Mot file chia sé ¢6 thé c6 nhi € u
tén (aliasing)
0 Hién thuc chia sé

— Symbolic link: mot con tro d € n
file hoac thu muc khac

In -s /spell/count /dict/count

— Hard link: nhan ban thong tin
trong thu muc chia s¢

é Né&u file /dict/w/list bi x6a=
dangling pointer

root dict

spell

list

all

count

N

count

words

list

/spell/count

L

list

rade | w7

Iy
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Q

File-system mounting

DE ca thé truy xuét duoc, file system phai dudc gan |ap (mount)

File system can duoc gan tai mot thu muc (mount point).
Céac budc tién hanh gan 1ap: mount /device/dsk /users

— Cung cap tén thiét bi chirafile system va mount point

— Kiém traxem thiét bi c6 chiramot file system hop 1& khong

— Gén lap file system vao vi tri mount point
Néu mount point c6 chirafile?

— Cé&c file cia thu muc mount point &8 khong nhin thay dudc, trir phi
unmount file system.

C6 thé gan lap céc file system khéc nhau tai cac mount point khac

nhau.
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File system mounting (tt)

/' Existing Unmounted ‘ M ount
partition Point
(/device/disk) l/

HS5ETS

s1ie jane

()
Vuing khdng nhin thay khi /device/disk dugc mount

Lénh gan lap: mount /device/dsk /users
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Chia séfile

2 Nhu cau chiasé file trong hé thdng multiuser rat 16n

a Viéc chiasé cling ¢ thé thuc hién qua co ché bao vé,
kiém sodt nghiém ngat

a Trén hé thong phan bo (distributed systems), céc file cd thé
dugc chia sé quamang may tinh

0 Network File System (NFS) 1a phuong phap chia sé filerat
pho bién dung co ché RPC (M6 hinh client-server)

o M6t file system tir xa cling phai dudc mount trudc khi sty
dung

— mount ditlab.hcmut.edu.vn:/oscourse /home/osbook

— Khi file system da dugc mount, moi truy xuat dén file/thu muc trén
d6 déu nhu binh thudng, khdng phan biét laloca hay remote nira.
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Vi du mount remote file-system

/ § /

: export ‘
home PPt A oscourse
paper osbook J DFS DSM
/ \\_rfx_)lfn_t, -7 Joscour se/DSM
DFS DSM E
/home/osbook/DSM ditlab.hcmut.edu.vn
Local Client Remote Server
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Bao vé (protection)

0 Cha nhan ctia mét file phai duoc cung cap kha ning ki€m soét,
diéu khién quatrinh truy cap file
— Céc téc vu ¢ thé thuc hién trén file?
— Nhi*ng ai duoc quyén thuc hién thao téc trén file?
0 Céc kiéu truy xuat file
— Read
— Write
— Execute
— Append
— Delete
— List
0 DE kiém soét quatrinh truy cap, cach tiép can thong thudng la
gan kem theo moi file mét access-control list (ACL)
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Access-control list va group

0 Céc ché dd truy cap: read, write, execute

0 Banhdm user: owner, group, universe (hay public)
— User name va user identifier (user 1D)
— Group name vagroup identifier (group ID)

a Vi du trong UNIX: co 3 field, méi field co 3 bits

— Fed . read, write, execute
— Bit . 1(4), w(2), X(1)
r'w X
owner access [ = 111
r'w X
group access 6 = 110
r'w X

public access 1 = 001
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U 0O 0O 0 O

File-System Implementation

Hién thuc hé thong file

Nhirng phuong phap cap phét (Allocation Methods)
Hién thu'c thu muc (Directory Implementation)
Quan ly khong gian trong (Free-Space M anagement)
Sao luu va phuc hoi (Recovery)
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So do6 bo tri (layout) hé thong file (1)

Partition table

|

e

Entire disk

Disk partition \

MBR

Boot block

Partition control block

FCB's

Files and directories
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So do6 bo tri (layout) hé thong file (2)

a Partition control block:

— luu sO ludng block trong partition, kich thudc block, s luong free block
hién thdi vacéc con tré chi één chang,...

— luu s0 lugng free FCB hién thdi va céc con tré chi één chang,...
— Vidu, UNIX File System: “superblock”
a File control block (FCB): moi file dudc quan ly théng qua FCB
cuano
— luu céc thong tin vé file, k& ca céc con trd chi dén cac data block ciand
— Vidu, UNIX File System: “i-node”
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VFS-Virtual File System

i

l - goi hamithii tuc

Ung dung

|

VES

open, read, write, opendir,...

ext2 file system

disk
partition

FAT file system

L

network
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Hien thuc file

0 Cap phat khong gian luu trilt cho file/directory, muc tiéu:
— sl dung khong gian dia htu hiéu
— truy cap file nhanh

0 Céac phuong phap cap phét pho bién
— Cap phét lién tuc (contiguous allocation)
— Cap phét theo danh sach lién két (linked list allocation)
— Cap phét dung ch/ muc (indexed alocation)
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Cap phét lién tuc

S——

count

o] 1] 2[] s3[]
4] 5[] 6|:|f7|:|
8] o[ ]10o[]11[]
12|:|13|:|14|:|t1rs|:|
16[_]17[]18[]19[]
20[|21|£n|az"2|:|235
24[ ]25[ ]26[ ]27[]

list

28[ ]29[ ]30[ ]31[]
w

directory
file start length
count 0 2
tr 14 3
mail 19 6
list 28 4
f 6 2
o Seek time?

U

Di chuyén dau doc?

0 C6 thé truy xuat ngau nhién mét block clafile:

block nr = start + block offset
0 Phéan manh ngoai

0 Van dé khi tao file méi vakhi can thém block

chofile

o Ung dung: 1SO-9660 (CDROM)
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Cap phét theo danh sach liénk ét (1)

File A
pointer —+—> — —_ - -1
File File File File File
data block block block block block
0 1 2 3 4
) Physical 4 4 2 10 12
layout ctia block block
File B
| —+— +— -1
File File File File
block block block block
0 1 2 3
Physical 6 3 11 14
block
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Cap phét theo danh s&ch liénk € t (2)

1

T~E]
ralin
n

~l|

directory

atart

(Rt}

a

£

E O O
5l T

(o]
-
-
-

O O
T

—

Y
>

T~

—
[\
w

N

O 0

N
W

—
(o))

O O 0 ol

N
o

2

\

L] OO C

N
~

\}
0
I
N
(o2}
]
\}
~J
L]

28[ ] 29[ ]30[]31[]

. J
\__—-_—/

© Uudiém
— D@ dang thém block cho file khi can
— Quan Iy khong gian tréng bang danh

sach
Khong ¢6 phan manh ngoai

® Nhuoc diém

Chi truy xuat hiéu qua ddi véi
sequential-accessfile

Tén khong gian luu trit cac con tro

Do tin cdy: pointer trong block c6 thé bi
hong

Phén médnh ndi khi don vi cap phat la
cluster (mdt hang s6 cac block)
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Bién thé clia cap phét theo danh sach lién két: FAT

directory entry

o FAT (FileAllocation Table)

— Mbi block dia dudc tudng trung bdi

mot entry trong FAT

— Block véi block nr i dudc tuong

block

test 217
name start block

0
—p 217

trung béi entry vdi chi sO (index) i
= Entry chtrablock nr ké tiép 339

trong file, néu file gdm nhiéu
618

number of disk blocks- 1 |

FAT
618
end-of-file
339 |@—— |
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Cap phét dung ch/

0 Bang index (index block)
— chura diachi cac block cuafile
— th{ tv cac diachi trén trong bang
cling latht tu cac block trong file

muc (1)

!

A

!
\

rrrrr
uuuuuuuuu

tile Index block
o] 1[0, 201 30J joer 7
4l ] 5D\‘6_ 7] Y
8] 9[",\10'5“%\115 - \\
; 9
125135&@\.\5I_I e //// 16 \
1
16[[_17|_I18569T\\I\-— f 19 ;g
coJ21J22[ A28\ j
S N -1 /
24[ ]25[]26[]27[] NC ~
v
28[ 29[ j30[ ]31[ ]
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Cap phét dung chi muc (2)

© Uu diém

— Random va sequential access

— Khéng cé phan manh ngoai
® Khuyét di€m

— Ton khong gian luu trlf bang index khi file ¢6 kich thudc chi vai block
0 Van dé: kich thudc index block bao nhiéu la pht hgp?

— Giai quyét: multilevel index
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I-node

I-node
Attributes :
| Single
1 5~ indirect
§ g B block . S ;
- resses O
g 1T iagli-:t;!:i . data blocks
o) <
© block >
(@] = -
.
™\ Triple 0
] indirect T = uidl
A block
\ _/
\ 1
T
o UNIX v7i-node: 13 pointers T~
O Linux ext2 i-node: 15 pointers 1.
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Hién thuc thuy muc

Thu muc dudc dung d€ chirabang anh xa tir tén file (chubi ky tu ASCII) dén
thdng tin can thiét d€ dinh vi cac block dir liéu chafile
T6 chifc thu muc

— Danh sach tuyén tinh (array hay linear list), bang bam,...

MSDOS
first block nr
games i attributes
mail l attributes
news i attributes
work i attributes

(@)

UNIX, Linux
I /
games |
mail l s
news i —
|
work !

Data structure
containing the

attributes
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FAT

Q Vi dU allocatifgﬁ 1
directory table 4 {\;‘\\
\)
12 //
“file1" | attr | 10|~ 0 |\ :\
=| FF I:fl:l
. 0 'jllll ll
"file2" | attr | 6 2 K ‘
o 1)
"file3" | attr  [15|— . 8
\\‘ FF }
FF 7\
4]
\ . |
Nl
6] 11 £/
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Hé théng file FAT

0 FAT dung dé€ chi bang FAT vaciling dung dé€ chi hé thdng file

0 Layout ciamot partition chita hé thong file FAT

Boot sector

FAT

Root directory

Data blocks
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Hién thuc tén file dal

o Gidi quyét van dé tén filedai (Win98, 2000, XP, *NIX,...)

(@ In-line
(b) Heap
Entry
for one
file

5

File 1 entry length

File 1 attributes

L. Pointer to file 1's name

File 1 attributes

Pointer to file 2's name

File 2 attributes

, Pointer to file 3's name

File 3 attributes

P r o j
e c t -
b u d g
e t X
File 2 entry length
File 2 attributes

p e r

o n n e
! X

File 3 entry length

File 3 attributes

o) o

p r 0 |
e c t -
b u d g
e t X p
e r s o
n e I
f (0] o

X

Entry
for one
file

> Heap
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Vidu

I-node (1)

Logical File

directory inode #1109

douvble-indirect = 2

douvbie-indirect = 3

foo.txt (10 blocks)

Telcl[o]e

G| H| 1|

access fime

ﬁwﬁhﬁi'ﬂ

indirect block = 20

riplevindirect = 32 |

14 17 18 19

29

39

single Indirect hﬁ&'#!

I}

irect M-ﬂﬂj

diract block = 35

direct block = 36

indirect block =38

/

indirect block = 39

/

direct-block = ¢

direckblock = 19

=
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I-nodes (2)

0 Layout ciamot partition chira hé thong file UNIX

boot
block

super
block

I-list

directory block

data block

data block

I-node

I-node

i-node

Aumber filename
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I-node: chiasé file (1)

Soft Links

Association of a name with a name: inode refers to a name.

¥ Tt .
27 [ 4 [Paes - s1] 5 | varc .:
'nﬁ r s
t £ g
inode 27 i mode 51
ref=1 " ref=]
S "'-._"' "ok | tfest
L]
'I..'l." rlrd'
which gives
> 1s =11
51 lrwxrwxrwx 1 (...) bar.c -> test
27T -rw-r--r-- 1 (...) test
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I-node: chiasé file (2)

Hard Links

Association of a name with a file: inode refers to data.

L >
L ]
mada X7 mode 51
ref=1 ref=1
— —
r A
L
mada 17
ref=2
——f
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Duyét path name d€ lay block nr ciafile

0o Vidu: Xac dinh cac block dir liéu cuafile/ a/ b/ c

descriptor of / — S |
(by convention) | T _ blocks with

1 ——"a"=>3 " directory contents
2 /

3 | : nbn =~ 8 ya

4 block with

5 ~| content ~— user file content
6

7

8 - "C" = 5

9

blocks of

10 file reps
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Quan ly khéng gian trong

Cac phuong phap
Q Bit vector (bit map)
Q Linked list
a Grouping
o Counting
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Phuong phap bit vector (bit map)

© Don gidn vahiéu qua khi can tim
012 n-1 khéi tréng dau tién hodc chubi khéi
trong lién tuc

— Thao tac trén bit

bit] i ] 0= blocki con tréng
itfi] = , " A : ~ e

1= block i di duoc cp @ Can khong gian luu trly. Vi du
— Kich thudc block = 212 bytes
— Kich thudc dia= 2% bytes

Vi du: _ n= 230212 = 218 hit (32K B)

bit vector 00111100...

=N

block 0, 1 trong

block 2, 3, 4, 5 @3 dudc cap
block 6, 7 trong
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Phuong phap dung linked list

Q Phuong phap P
— Lién két céac khoi tréng vai nhau N ,

— Chi can gi con tréd dén khoéi nhd
tréng dAu tién trén dia hodc cache oL] 1 Dw
trong bd nhd chinh dé ting t&c 4If

16[ 117
© It lang phi khong gian dia 20[ ]21[]22
24[ ]25

« Do biét khoang khong gian trong lién tuc?
® Khong hiéu qua: trong trudng hop x&u nhat phai 28[ 29[ ]30[]31[]

duyét toan bd dia dé tim khong gian trong lién tuc N~
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Grouping va counting (1)

a Phuong phap grouping
— Diachi cian khdi trong dudc luu trong khodi nhd dau tién.
— Khaoi nhd thi n chira dia chi ctian khéi nhd trong keé tiép.

a Phuong phap counting

— T& chirc bang chi muc, trong d6 moi phan tl ciabéng chira dia chi trén
dia ctiakhoi tréng dau tién trong nhdm khoi trong lién tuc kém theo mot
sO dém (cho biét sb khoi trong trong nhém).

— Cb thé cap phét hoac thu hoi dong thdi nhiéu khéi nhd lién tuc
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Grouping va counting (2)

Vidu

free-space list head

28] J29[]30[ ]31[]
w

Grouping
Block 2 2 3,4,5
Block 5> 8,9, 10
Block 10 = 11, 12, 13
Block 13 = 17, 28, 25
Block 25 = 26, 27

Counting
2 4
8 6
17 2
25 3
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Open file structures

a Thubc tinh toan cuc (global attributes)
— Disk location, size
— Times
— Buffers
— Open count
— Lock(s)
0 Thubc tinh riéng cua process
— File pointer

— Access permissions P1

System
open filetable

8.54



UNIX:

file

open file structure

descriptor

r/w

_ Kernel space
open file
table
resident

file structure in-core

table I-nodes

/\.
/\
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Sao luu va phuc hoi dif liéu

o Kiémtrasu nhat quan di¥ liéu (consistency checker) — so sanh dif liéu trong
cau trac thu muc vdi cac khoi dif liéu trén dia va stra chira céc 16i khong nhat
guan dir liéu gitra hai bén.

0 Dung chuong trinh hé thOng d€ saoe lwu (backup) di¥ liéu tir dia sang céc thiét
bi luu trlt phu khac nhu dia mém, dia quang, bang tr,... va phuc héi di¥ liéu bi
mat t&r ban sao luu.
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Céc kiéu sao luu dif liéu

o Norma O Incrementd

Day 3

Day 3
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Journaling file system

2 Journaling file system

— Ghi nhan céc l1an cap nhat trén file system thanh céc giao téc (transaction)

— Moi transaction déu phai dudc ghi nhan trong log file

— M6t transaction duoc xem la hoan tat (commit) <> da duoc ghi nhan day
du trong log file (IUc nay, file system cé thé chua dudc cap nhat)

— Khi file system dugc cap nhat véi day di moi tac vu trong transaction thi
transaction s& dudc xoa di trong log file.

— Néu file system bi hdng — hé diéu hanh duavao céc transaction trong log
file d€ stra chira

O Tham khao thém Linux-ext3, JFS, NTFS
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MOT SO HE THONG QUAN LY TAPTIN

FAT (File Allocation Table)

< Pwoic s&f duing boiii Ms-Dos, Windows.

< Theo phwong phaup baiing chi muic.

« Cou 3loali FAT : FAT12, FAT16, FAT32.

+ M6i phaan t& cula FAT qualn lyd moét cluster.

<« Phaan t{f daau tién cou soa th tu lag?

<+ Thwoeng bao goam 2 baiing

< Pwoic dinh vi sau phaan khetii doing cuiia dia logic
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O 00 1 N Lt A W N = O

e e e e e
B AW = O

FAT

FAT

EOF

13

FREE

12

FREE

EOF

EOF

FREE

BAD

}Kich thudc dia

Tép tin A

T4p tin B

96

12

T4p tin C

10

et S
P S

13

<— Chua cdp phdt

<« K&t thic tdp tin

<“— Khdi bi héng
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FAT

0 Cluster con trong

(0)002 - (FHFEF | Cluster chira dirlieu ctia cac tap tin

(HFR) - (F)F6 | Danhriéng, khong dung

133 Cluster hong

(HFFS - (F)FFF | Cluster cudi cuing ctia chudi
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FAT12

+Dia 1.44Mb si¥ duing hei dieau haenh MS-DOS

BXot Sector (1) FAT 2(9) \

RDET(14)

FAT 1(9)
DATA(2847)

Cluster 2

% 1 Cluster =1 sector
« Cluster 2 <=> Sector logic 33
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00 rm2

+Dia 1.44Mb si¥ duing hei dieau haenh MS-DOS

2 4 « Giaitri FAT
4 = 000000000100
3 FF7 B —
. FF7 = 111111110111
7 A\ 4 A\ 4

o 00000100 | 01110000 | 11111111
2 I ﬁ;%l;/: ; iOFAT lwu trw6 trong ting byte

|

240 255 | 255 | 4 | 112 | 255 5 |112 O | 240 | 255 | 255

Kyu hiedu nhadn
dieéin dia 1.44Mb
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HE THONG TAP TIN CUA UNIX

<« Pialogic

< Partition

« Block , 1 block = 1024 bytes

< |node

< Kiedu

» Quyean truy xuaat

* Soa lwoing keat noai
» Ma cula chul nhan

*» Kich thuouc taip tin

L)

4

L)

L)

L)

L 4

4

)

L)

4

¢ Ngagy : caip nhait, thay doai, boa sung
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HE THONG TAP TIN CUA UNIX

« So doa vi tri culla cauc | _node

H_J V
\ Data block

Super block | nodes

« Super block :
¢ Kich thwotuc cuiia toaen hei thoang taip tin

L)

4

L)

> Dia chi cufia khoai dud lieiu daau tién

L)

4

)

» Soa lwroing vae danh sauch block, I node coon troang
» Ngagy super block caap nhaat

L)

)

o0
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Chuong 10
Hé thong quan |y nhap xuat
(10)



NOI dung

a Thiét bi phan cing 1/0

a Giao dién 1/O cap rng dung
o Cac dichvu cuaOS

a Hiéusuat 1/0



Thiét bi phan cirng 1/0

Cauc loaii thieat bi I/0 théng thwoeng

AN
f‘/
- Zds 2 - O
Thiét bi khéi Thiét bi tuan tu Thiét bi khac
f‘J
) VD) - - s
Thiét bi giao Thiét bi giao Thiét bi truyén

ti€p ngudi ding tiép may tinh théng



Thiét bi phan cirng 1/0

Céc thiét bi I/0 khéc biét vé nhiéu mat (hinh dang, kich thudc,
chlfc ning, tdc d9,...) = can c6 cac phuong thirc quan 1y, diéu
khién tuong (ng khac nhau. Cac phuong thi*c ndy tao nén |16p
|/O subsystem cua kernel.

Két ndi gilra hé thong may tinh va céc thiét bi 1/0

— Port (connection point)

— Bus (daisy chain, shared direct access)
biéu khién

— Controller (device controller, SCSI host adapter)
Giao tiép gitra CPU vathiét bi I/0

— 1/O port: dting 1énh I/O dé€ tac ddng truc ti€p 1én céc thanh ghi (di

liéu, trang thai, |énh) cltia controller.
— Memory-mapped I/O



Cau truc bus trong PC

D068

monitor processor
cache
graphics controller bridge/memory memory SCSI controller
controller
U PCI bus
IDE disk controller expansion bus interface keyboard
@ @ | expansion bus
@ @ parallel serial
port port




Mot sO port trong PC

/O address range (hexadecimal)

device

000-00F

DMA controller

020-021

interrupt controller

040-043

timer

200-20F

game controller

2F8-2FF

serial port (secondary)

320-32F

hard-disk controller

378-37F

parallel port

3D0-3DF

graphics controller

3F0-3F7

diskette-drive controller

3F8-3FF

serial port (primary)




Cac co ché thuc hién 1/0 (1)

a Co ché polling (busy waiting) hay programmed 1/0
— Kiémtratrang thd chathiét bi khi muén thuc hién 1/0
= ready hoac busy hoac error
— Tiéu ton thai gian 1&p quay vong d€ ki€m tratrang théi (busy-wait)
vathuc hién 1/0O.



Cac co ché thuc hién 1/0 (2)

a Co ché 1/0 dung ngat quang (interrupt-driven 1/0)

— CPU c6 mot ngd Interrupt Request (IR), dudc kich hoat bdi thiét bi
/O

— Né&u c6 ngat xay ra (IR = active) = chuyé&n quyén diéu khién cho
trinh phuc vu ngat (interrupt handler)

— Céc ngat co thé che duoc (maskable) hodc khong che duoc (non-
maskable)

— Hé théng cé mdt bang vector ngat chira dia chi cac trinh phuc vu
ngat

— Co ché ngat cling cé thé dung x& ly cac su kién khac trong hé
th&ng (16i chiacho 0, 16i vi pham ving nhd,...)



Chu ky 1/0 vdi ngat quang

CPU

— device driver initiates I/O

I/O controller

CPU executing checks for
interrupts between instructions
1

¥

CPU receiving interrupt,
transfers control to
interrupt handler

initiates 1/O

7
l 5
interrupt handler

processes data,
returns from interrupt

input ready, output
complete, or error

generates interrupt signal

le

CPU resumes
processing of
interrupted task




Bang vector ngat trén Pentium processor

vector number

description

o ~No ok~ Wwh =+ O

R T R e R e e
o~ 0o g k& WMh = O ©

19-31
32-255

divide error

debug exception

null interrupt

breakpoint

INTO-detected overflow
bound range exception
invalid opcode

device not available
double fault

coprocessor segment overrun (reserved)
invalid task state segment
segment not present

stack fault

general protection

page fault

(Intel reserved, do not use)
floating-point error
alignment check

machine check

(Intel reserved, do not use)
maskable interrupts

10



Cac co ché thuc hién I/0 (3)

a Co ché 1/0 dung direct memory access (DMA)

— Céc co ché polling vainterrupt-driven 1/Og khong thich hop
khi thuc hién di chuy&n khdi luong 16n dit liéu.

— Co ch& DMA can c6 phan cing ho tro dac biét, @6 1a DMA
controller

— Co ché DMA thuc hién truyén di¥ liéu truc tiép gilra thiét bi
1/0 vabd nhéd ma khong can su’ can thiép ctia CPU.

11



6 budc thuc hién DMA

5. DMA controller transfers
bytes to buffer X,
increasing memory
address and decreasing
CuntiC=0

6. when C = 0, DMA
interrupts CPU to signal
transfer completion

1. device driver is told to

transfer disk data to
buffer at address X

2. device driver tells disk
controller to transfer C |
bytes from disk to buffer cache

at address X

DMA/bus/interrupt
controller

CPU

)— CPU memory bus —

memory

X

buffer

PCI bus

IDE disk controller

3. disk controller initiates
DMA transfer

4. disk controller sends

each byte to DMA

SAS

controller

@ @5

12




Giao dién 1/O cap (rng dung

o Muc tiéu: OS cung cap mot giao dién 1/0 chuan hda, thuan nhat
cho cac ing dung.
— Vi du: mét ng dung in tai liéu ramay in makhong can biét hiéu
may in, dac tinnmay in,...
0 Giao diénlamviéc d6 1a cac 1/0O system call cua OS.
Q Trinh diéu khién thiét bi (device driver) sé lacau ndi gilrakernel
va céc bo diéu khién thiét bi (device controller).
0 Dactinh ciathiét bi rat da dang
— Character-stream vs. block
— Sequential vs. random access
— Sharable vs. dedicated
— Tb6c¢ do truy xuat
— Read-write, read-only, write-only (graphics controller).

13



Giao dién 1/O cap (rng dung

Q Trinh diéu khién thiét bi (device drivers)
0 MOoi device drivers ki€m soat moi loai thiét bi, hodc
mot tap hop céc thiét bi lién quan
Q Phét ra cac chi thi vakiém traxem chi thi d6 c6
dudc thuc hién chinh xac khong.

14



software

hardware

Cau tric /O cap kernel

kernel

kernel I/O subsystem

SCSI keyboard mouse PCI bus floppy ATAPI
device device device L device device device
driver driver driver driver driver driver
SCSI keyboard mouse PCI bus floppy ATAPI
device device device L device device device
controller controller controller controller controller controller
ATAPI
SCsl floppy-disk| | devices
devices keyboard mouse () PCI bus drives (disks,
tapes,
drives)

15



bac tinh clia céc thiét bi I/O

aspect variation example
data-transfer mode character terminal
block disk
access method sequential modem
random CD-ROM
transfer schedule synchronous tape
asynchronous keyboard
sharing dedicated tape
sharable keyboard
device speed latency
seek time
transfer rate
delay between operations
I/O direction read only CD-ROM
write only graphics controller
readbwrite disk

16




Cac dichvu I/O

0 Giao dién chuan cho nhém thiét bi ¢6 lién quan
— Thiét bikhdi (block device)
= Disk
= Cac tac vu: read, write, seek
— Thiét b/ ki tur (character device)
» Keyboard, mouse, serial port, line printer,...
= Tac vu: get, put
— Thiét bi mang (network device)
» Block hoac character.
= Socket interface trén Unix, Windows/NT,...
— Clock vatimer
= Cung cap thoi gian hién tai, timer
= C6 thé€ lap trinh duac.

17



System calls

a Blocking: process bi suspended cho dén khi 1/0 hoan tat.
— Dé dang st dung
— Khoéng hiéu quéa trong moét sd trudng hop
a Nonblocking: process sé tiép tuc thuc thi ngay sau [énh
gol |/0.
— Vi du: data copy (buffered 1/0)
— Thudng hién thuc vai multithreading
— Kho kiém soét két qua thuc hién I/O
0 Asynchronous; process van thuc thi trong ltic hé théng
dang thu'c hién I/0O.
— Kho st dung
— 1/O subsystem bao hiéu cho process khi 1/0O hoan tat

18



Q

Q

1/0O subsystem & kernel

Dinh thdi céc yéu cau 1/0
— Céc yéu cau 1/0 x&p hang tai cac hang doi cilamoi thiét bi
— Béao dam codng bang, hiéu suét ceo.

Dém dit liéu (buffering): luu dI lieu tam thoi trong bo nhad khi

thuc hién I/O

— Giai quyét truong hap chénh 1éch tdc do, kich thudc di liéu khi
thuc hién 1/0

Caching

Spooling
X ly 16i (error handling)

— OS can recover from disk read, device unavallable, transient write

failures
— Most return an error number or code when 1/O request fails
— System error logs hold problem reports

19



Chu ky ciamot yéu cau 1/0

User

T I/O completed,
input data available, or
request I/O process Inpu ;
output completed
I
system call return from system call
kernel

can already I/O subsystem -

satisfy request? yes

no

send reguest to device
driver, block process if
appropriate

¥

process request, issue

kernel
I/O subsystem

transfer data
(if appropriate) to process,
return completion
or error code

&

Kernel

determine which I/O
completed, indicate state
change to I/O subsystem

T

receive interrupt, store
data in device-driver buffer
if input, signal to unblock
device driver

*

interrupt

IO completed,
generate interrupt

Hardware

commands to controller, device
configure controller to driver
block until interrupted
device controller commands Ll
handler
¥
device
monitor device, controller
interrupt when /O
completed
time

20
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Hiéu suat |/O

a Hiéu suat 1/O anh hudng rat 16n dén hiéu suat toan hé
thong. 1/0 gay tai cao do
— CPU thuc hién céc |énh diéu khién cladevice driver, ciiakernel
|/O code.
— Chuyén nglt canh vi céc 1/O interrupt, chi phi copy di¥ liéu guri
nhan.
— Network traffic gay toc dé context-switch cao.
0 Tang hiéu suat 1/0
— Giam s0 lan chuyén nglr canh, giam thi€u qua trinh copy di¥ liéu
(bang caching,...)
— Giam s 1an ngat quéng (truyén khéi dir liéu 16n, ding cac bd
controller thong minh, dung co ché polling,...)
— S dung DMA néu co thé.
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Vi du: remotelogin

I/O system call

to send the character
to the remote machine

character
typed

interrupt
generated

interrupt
handled

1

device
driver

l

kernel

user
process

context
switch

system call
completes

i

= )

interrupt
handled

iz

interrupt
generated

T

network
adapter

I

device
driver

I

kernel

sending system

network )

network
packet
received

network
adapter

1

interrupt
generated

device
driver

|

kernel

HE
SvE

network
daemon

context
switch

network
subdaemon

receiving system

subdaemon for the
remote login session
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