Phan 1: Céu truc logic ciia dia: Master Boot Record
I: CAu trdc mét phan tir cia bang phan chwong

Sttt Offset  Size Description

1 0 1B Phén viing tich cuc? 80h néu ding; 0: Data

2 1B S hiéu mat dia dau cda phan ving

3 2 1w S@ hiéu sector va cylinder dau cha phdn ving

4 4 1B M4 nhén dién hé thdng. 05/0F: Partition md réng; 06:Big Dos; 07:NTFS; 0B: FAT32,..
5 5 1B S@ hidu dau doc cudi

6 6 W S6 hiéu sector va cylinder cudi cia phén ving. (S6 hiéu sector chi ding 6 bit thip)
7 ] 1DW  Bija chi d3uy, tinh theo s8 hiéu sector

8 12 1DW  S& sector trong phén viing

I1: Bang phan chwong Master Boot Record

80010100 0107 14000000 0OC 3F 0000
00000165 5107 20 3F 00 00 40 1F 00 00
00000197 5107 60 5E 00 00 CO05D 00 00
@ 000041 2D 5107 20 BC 0000 007D 0000
CHS Address | CHS Address
Partition | Boot | (Vi tri dau) ( Vi tri cudi) LBA S0 | Partition
#sector | sector type
Hdr | Cyl | Sec | HdR
Yes
P1 (80n) 1 0 1 7 20 16140 | FAT 12
NG Ontrack
P2 0 |101] 1 7 16160 8000 Disk
(00h)
Manager
No Ontrack
P3 0 |151] 1 7 24160 | 24000 Disk
(00h)
Manager
NG Ontrack
P4 0 |301] 1 7 48160 | 32000 Disk
(00h)
Manager




I11: Giai ma bang phan chwong MBR

Chuy:

CHS Address (Cylinder-Head-Sector): Dia chi vat ly cua partition.
LBA — Logical block addressing: Dia chi dau tinh theo s hiéu sector.

Khi giai ma bang phan chuong MBR (Master Boot Record) ta can chl y t&i cac bytes lién quan
dén Sec (Sector) va Cyl (Cylinder). Khi tinh toan, chuyén d6i cac bytes nay ta s& doc theo kiéu
little-endian (reversed) tirc 1 cac bytes s& dugc doc tir phai qua trai trong qua trinh chuyén doi tir
hé co s hexa sang hé thap phan.

Dia chi vat 1y phan ving duoc xac dinh bang dia chi CHS bao gom:

e 8 bits (1 byte) biéu dién H

e 16 bits (2 bytes) biéu dién C-S

e trong 16 bits bidu dién C-S: 6 bits thap biéu din S 80) va hai bits
e s&duogc chuyén dén 2 bits cao cua C thanh

Giai thich:

Xét 80010100 0107 14000000 0OC 3F 0000

Ta co:

80h - phan vung tich cyc, 00h phén ving Data.

01h - sb hiéu mit dia - head: 0000 0001 (2 - hé nhi phan) => H = 1 (10 - h¢ thap phan).

01 00h - sé hiéu C va S: do ghi cht ¢ trén khi tinh toan C, S ta doc theo kiéu little-endian do vay:

01 00h sé thanh 0000 0001(2)(00 01h - little-edian) => S =1 (10 - hé thap phan) (6 bits
thép 00 0001 (2 - h¢ nhi phan)), C = 0 (10 - hé thap phan) (00 (2 - hé nhi phan)).

01h - m& nhan dién hé théng (Partition type): 0000 0001 (2) = 1 (10) = FAT 12.
07h - s6 hiéu dau doc cudi: 0000 0111 (2) => H = 7 (10).

- 56 hiéu C va S: 64 14h (reversed) = 0001 0100 (2) => S = 20 (10), C =
(10).

1400 00 00h - LBA: => little-edian 00 00 00 14h (reversed) = 0001 0100 (2) = 20 (10).

0C 3F 00 00h - s6 sector: => little-edian 00 00 3F OCh (reversed) = 0011 1111 0000 1100 (2) =
16140 (10).

Twong tu cach tinh nhu trén d6i véi cac , , ta c6 dugc bang giai ma MBR ¢ trén.



Phan 2: Hé théng FAT

FAT16 Ving hé théng _ Viing dir liéu
[BS] Fat1 [ Fat2 rooT [[{][[THEESIIIIT
FAT32 Cluster-_
[BS] [rati[raT2 RGO

Ving hé théng ' Vung dir liéu

I: Boot sector
Cau tric gom 3 phan:

e Bang tham s dia (BPB: Bios Parameter Block)
e Chuong trinh moi (Boot strap loader)
e Chit ky hé thong (ludn 1a 55AA)

I1: Bang tham sé dia (BPB: Bios Parameter Block)
1: Phan chung cho FAT 12/16/32

Stt  Offset  Size Description

1 0 3B Nhay dén dau chugng trinh mai

2 3 8B Tén hé théng file da format dia

3 11 W K/thudc 1 sector, thudng la 512

4 13 1B S8 sector cho mét cluster (32K-Cluster)
5 14 W 58 scts ditng trudc FAT/SG scts d€ danh
6 16 1B S6 bang FAT

7 17 W S6 phan tr ca ROOT. FAT32: 00 00

8 19 W Téng sector trén dia (< 32M) hoac 0000
9 21 1B Khuén dang dia (F8:HD, FO: Dia1.44mM)
10 22 1w S@ sector cho mét badng FAT

11 24 1w S@ sector cho mét rénh

12 26 1w S6 dau doc ghi

13 28 1DW  S& sector dn- Sectors trudc volume

14 32 1DW  Téng s@ sector trén dia



2: Phan danh cho FAT 12/16

Stt

15

16

17

18

19

20

21

3: Phan danh cho FAT 32

stt
15
16
17
18
19
20
21

22
23
24
25
26

27

4:Vidu
EB 3C 90

02 F4 0100 00

Offset  Size Description
36 1B SG hiéu & dia vat Iy 0: 6 A; 80h: 6 C
37 1B D€ danh/Byte cao cho trudng #6 dia
38 1B Boot sector md rong 29h
39 1DW  Volumn Serial number
43 11B Volumn Label: nhan dia
54 8B D€ danh, thudng 13 doan text miéu ta dang FAT
62 - Bootstrap loader
Offset  Size Description
36 1DW  Téng s6 sector cho bang FAT
40 1w Flags: #FAT chinh
42 1W  Version: Phién ban FAT32
44 1DW  S6 hiéu cluster bat dau caa ROOT
48 1w #sector chifa File System information
50 1w S6 hiéu sector dung backup Bootsector
52 12B DE danh
64 1B S@ higu & dia vat Iy 0: 6 A; 80h: 6 C
65 1B Bé danh/Byte cao cho trudng #Driver
66 1B Boot sector md réng. Ludn co6 gia tri 29h
67 1DW  Volumn Serial number
71 11B Volumn Label: Nhan dia
82 8B D#£ danh, thuding 14 doan text miéu ta dang FAT
00 02020200
2400 28 00

80320200 800029 D5 135B 2444 554E 4720

50512020 2020

33C9



Giai ma bang tham sé:
EB 3C 90h - 3 bytes dau: Nhay dén dau chwong trinh mdi (bét dau tir byte 33).
- 8 bytes: Tén hé théng file dé format dia:

00 02h - 2 bytes: Kich thudc mét sector: 512B (10 - hé thap phan) (little-edian: 02 00h = 0010
0000 0000 (2 — hé nhj phan)).

02h - 1 byte: S4 sector cho mot cluster: 2 sector cho mat cluster.
02 00h - 2 bytes: S6 sector ding truéc bang FAT tha nhat: 2.
02h - 1 byte: Sb bang FAT: 2.

F4 01h - 2 bytes: S6 phan tir caa ROOT: 500 (kich thuéc mot phan tr ROOT la 32B) => kich
thuéc ROOT chiém 31.25 sectors = 500*32/512.

00 00h - 2 bytes: Téng sb sector trén dia hodc 0000.
- 1 bytes: Ma nhan dang khudn dang dia F8.
- 2 bytes: S sector cho mét bang FAT: =1100 1000 (2) = (20).
24.00h - 2 bytes: Sb sector cho mét ranh: 00 24 = 0010 0100(2) = 36 (10).
28 00h - 2 bytes: S6 dau doc ghi: 00 28h (reversed — little-edian) = 0010 1000 (2) = 40 (10).
- 4 bytes: S sector an: = 0010 0000 (2) = ~ (10).

80 32 02 00h - 4 bytes: Tong sb sector trén dia: 00 02 32 80h (reversed) = 0010 0011 0010 1000
0000 (2) = 144000 (10) = 72000KiB = 70.3125MiB (1 sector = 512B).

80h -1 byte: S6 hiéu 6 dia vat ly: 80 =6 C.
00h - 1 byte: Pé danh.
29h - 1 byte: Boot sector m¢é rong 29h.
D5 13 5B 24h - 4 bytes: Volume serial number: 245B-13D5.
- 11 bytes: Volume label - nhén dia:

- 8 bytes: Kiéu FAT: (chuyén d6i
sang m& ASCII).

33 C9h - bit dau chuong trinh mdi (boostrap loader).

I11: Bang FAT (File Allocation Table)
Mot 6 dia co 17 cluster, kich thuéc cua mdi cluster 1a 1024 byte. Gia st 17 phan tir dau
cua bang FAT c6 gia tri cho ¢ bang sau:

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 |2 [3]-1]0o]0 |13][8 ]9 |-1]0 [12]-1]14]16]0 |-1]




Va 3 entry dau cua Root Directory c6 gié tri sau:

Filename | Ext | Attrib | Start cluster Size
Music D 11

Autoexec | bat 6 4032
Vidu txt R 7 3018

Caéc clusters dir liéu ctua thu muc Music, file Autoexec.bat, Vidu.txt twong (ng la:

Root entry
Music D Time Date 11 Size
Autoexec bat Time Date 06 4032
Vidu txt R Time Date 07 3018

Music: [M], Autoexec: A, Vidu: M, Free space: [F, Other: 0]

FAT
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Special | )21 9 10|00 | @8 |08 |09|-1 |00 12| 5 | 4|06 | 00| H
values

DATA

#2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16
lololF[F[A]JVIVIV]IFIMIM[ATA F[A]

Tir bang FAT ta thiy 6 dia da sir dung 11 clusters dé phan cap bo nhé cho céc files va con lai 4

clusters con trong.

Céc clusters 7, 8, 9 duoc str dung dé phan cap cho tap tin Vidu.txt (R Attribute: Read only), clusters
6, 13, 14, 16 sir dung phan cap cho tap tin Autoexec.bat va clusters 11, 12 phan cap cho thu muc

Music (D Attribute).

File Autoexec.bat dugc phan cap bo nhd & vi tri cluster dau la cluster thir 6 vai kich thudc 4032B

chiém gan hét 4 clusters (4096B) duoc phan cap.

File Vidu.txt duoc phan cap bo nhé & vi tri cluster dau 1a cluster thi 7 véi kich thude 3018B chiém

gan hét 3 clusters (3072B) duoc phan cap.

O dia con du 4 clusters (4096B) do vay néu cap phéat bo nhé cho file boot.ini c6 kich thudc 4318B

nhu viy 1a khong du. Do vay yéu cau thém méi tép tin boot.ini 1a khong thuc hién duoc.



IV: The muc goc (Root Directory)

48 4554 48 4F 4E 47 20 00 |00 00 00 00
00 00 00 00 |296D OE 71

42 4F 4F 54 202020 20 00 |00 00 00 00
00 00 00 00 |19 8F 0AB5

56 49 52 55 5320 20 20 00 |00 00 00 00
00 00 00 00 13210 1262

Giai ma thong tin 3 phan tu trong thu muc gdc:
48 45 54 48 AF 4E 47 20h - 8 bytes: Chudi ASII chira tén file: HETHONG.
- 3 bytes: Chudi ASII chira phan mé rong:
00h - 1 byte: Thuoc tinh cua file: 00h = 0000 0000 (2) = used.
UuADMEHR
ooldpidlod

U: Unused (), A: Archive, D: Subdirectory, V: Volume label, H: Hidden, R: Read only

00 00 00 00 00 00 00 00 |- 10 bytes: Khong diing véi FAT 12/16. St dung véi FAT 32,

29 6Dh - 2 bytes: Thoi gian cap nhat cudi cing: 6D 29h (reversed) = 0110 1101 0010 1001 (2).

Céu trac truong thoi gian: 5 bits (bits 15-11) cho truong gid , 6 bits (bits 10-5) cho truong phat
M, 5 bits (bits 4-0) cho truong gidy || = giay/2.

M54 M3 M2 M1 MO
OfEorEoEeEE0Loil
31
Nhu vay thoi gian cap nhat file HETHONG. la 13 gior 41 phat 18 giay.
OE 71h - 2 bytes: Ngay cap nhat cudi: 71 OEh (reversed) = 0111 0001 0000 1110 (2).

Céu trac trudng ngay thang: 7 bits (bits 15-9) cho truong nim E + 1980, 4 bits (bits 8-5) cho
truong thang M, 5 bits (bits 4-0) cho truong ngay D).

\vel[¥5 [v4) 3 v fval [va (M8 (w2 (M1 Md [D4 D3| D2 D1/ Dd
AL ealae

Nhu vay ngay thang nam cap nhat file HETHONG. la: 14 thang 8 nam 2036.

- 2 bytes: S6 hiéu cluster bat dau cua file: = 1100 1000 (2) = 200 (10).



Cha y: Néu hé théng file 1a FAT 32 thi s6 hiéu cluster bing 2 bytes & phan cao véi vi tri Offset 1a
20 + 2 bytes ¢ phan thap véi vj tri Offset 1 26.

Vi du: Gia sir ta lay ludn bang thu muc gc ¢ trén lam vi du (khoéng phai FAT 32) thi sé hiéu

cluster néu 13 FAT 32 vi tri twong ung s& Ia: h h (reversed).
- 4 bytes: Kich thudc file tinh bang byte: = 0101 1101
1010 0111(2) = (10).

Tuong tu cach tinh todn trén ta cd thdng tin vé hai phan tir con lai theo thir ty trén xudng trong
bang thu myc goc la:

e File BOOT.INI véi thudc tinh nhu HETHONG. , Thoi gian cap nhat cudi cung: 17 gio
56 phut 50 gidy, : Ngay cap nhat cudi: 10 thang 8 nim 2070, S6 hiéu cluster bat dau caa
file: 428, Kich thudc file tinh bang byte:

e File VIRUS.EXE véi thugc tinh nhu HETHONG. , Thoi gian cap nhat cudi cing: 2
gio 1 phat 36 gidy, : Ngay cap nhat cudi: 18 thang 0 nam 2029, Sb hiéu cluster bat dau
cua file: 428, Kich thudc file tinh bang byte:

Phan 3: Quan ly by nhé
I: Chién lwec phan trang
1: Nguyén tic
e B0 nhd vat Iy dugc chia thanh ting khéi c6 kich thudc bang nhau: trang vt Iy (frames).
o Trang vat Iy dugc danh s 0, 1, 2, ...: dia chi vat ly cua trang.
o Trang dugc dung lam don vi phan phdi nho.
e B nh¢ logic (chwong trinh) dugc chia thanh ting trang c6 kich thudc bang trang vat Iy:
trang logic (pages).
e Bang quan ly trang (PCB: Page Control Block) dung dé xac dinh mdi quan hé giira trang
vat ly va trang logic.
e Dia chi truy nhap dugc chia thanh:
o S hiéu trang (p): Chi s6 trong PCB dé tim d/chi co s trang.
o Do léch trong trang (d): Két hop dia chi co so cia trang dé tim ra d/chi vat ly.

2: Vidu
Vi du 1: Mot tién trinh dugc nap vao bd nhé theo mé hinh phan trang véi kich thudc trang 1a
512B. Bang trang nhu sau:

Hay chuyén céc dia chi logic sau thanh dia chi vat ly:
a) 689
b) 1613



Do kich thuéc trang 1 512B, bang quan ly trang (PCB) ¢6 bén phan tir do d6 sé hiéu trang logic
(p) lan luot 14 0, 1, 2, 3 twong (ng véi sb hiéu trang vat Iy (f) trong bang PCB 1: 2, 6, 5, 3.

Dé hiéu 15 hon vé dia chi logic, dia chi vét ly va su lién quan cua ching dén sb hiéu trang logic,
vat Iy (p, f) két hop véi do léch d ta xem hinh minh hoa dudéi day.

frame
number
page 0 0
0[] i
page 1 | n 1| page 0
page 2 2 2
3 A
page 3 page table 3| page?2
logical 4| page1
memaory
5
6
7| page 3
physical
memaory

O hinh vé trén ta c6 bo nhé logic (logical memory) dugc chia thanh timg trang c¢6 kich thudc bang
trang vat ly cua bo nha vat ly (physical memory).

B6 nhé logic gom ¢6 bén trang vai sé hiéu trang duoc danh dau 1a 0 (page 0), 1 (page 1), 2 (page
2), 3 (page 3) - xem trong bang quan ly trang (page table).

Véi mdi sb hiéu trang logic s& twong ¢ng véi sb hiéu trang vat Iy bén canh trong page table.

Nhu vay trong hinh ta thiy duoc page 0 ¢6 s hiéu trang logic 1a 0 twong tng vaéi s6 hiéu trang vat
ly lal, page 1: <p, f> =<1, 4>, page 2: <p, f> =<2, 3>, page 3: <p, f> =<3, 7>.

Mot diém luu ¥ nita d6 1a cac trang logic nam & vi tri lién tiép nhau con cac trang vat ly nam rai
rac trén bo nho vat ly.

Luwu y: Di vai kién triic may tinh 32 bits, kich thudc khung trang 12 4KB = 2212B => ¢4 tat ca
2720 phan ti trong PCB. Nhu vay can téi thiéu 20 bits (thdng thuong s& sir dung 32 bits = 4B) dé
luwu trit mot phan ti trong sé 220 phan ti trong PCB => can 20*2720 = 2.5MB b6 nhé dé luu trix
bang PCB cho mét tién trinh (mdi tién trinh c6 mot bang PCB cua riéng nd) => s& ton kha nhiéu
tai nguyén bo nhg => giai phép: trang nhidu muec.



0 a 0
1| b
2l e
3|d
4| e 4 i
5| f j
6| g 015 k
71 h 16 I
8|1 21 g | m
91| j n
10| k 3 0
11 | page table 2]
12| m 12
13| n
14| o
15| p
logical memory 16
20 | &
b
(&
d
24 | ©
f
g
h
28

physical memory
Ta s& quan sat mot hinh anh méi chi tiét hon céc phan tir bén trong bo nhé logic va vat ly:

Do kich thudc trang logic bang kich thuéc trang vat ly, ma theo kién tric caa b nha vat ly thi
chung dugc cu thanh tir cdc ngin nhé véi kich thude thong thuong 1a 1B.

Nhu trén hinh v& mot trang nhé gom 4 phan tir 1a cac ki tu trong bang chix cai véi kich thuéc 4B.
C6 tat ca 4 trang nho => kich thude bo nhé logic can thiét 1a 16B véi dia chi logic tr 0, 1, ..., 15.

Vay do léch d dé xac dinh dia chi truy nhap phan tir trong bo nhé ¢ day 1a gi: d6 chinh 1a khang
cach tir vi tri dau caa trang ma phan tir thuoc vé dén vi tri caa phan tir dang dung cua trang do.

Vi du: phan ti chit cai h dang ding c6 dia chi logic 1a 7 thudc trang c6 sb hiéu trang 1a 1 véi dia
chi dau cta trang d6 1a 4 => d¢ léch d o day 1a 7 - 4 = 3.

Ma s6 hié trang logic 1 twong ¢ng véi s6 hiéu trang vat ly 6 ma kich thudc trang vat ly bang trang
logic (s = 4B) => Vi tri ciia phan tir h trong bo nhg vat Iy 1a: 6 * 4 + 3 =27 (f * s + d).

Cha y: Pé biét vi tri bat dau phan tir trong trang vat ly hay trang logic ta chi can lay sé hiéu trang
tuong (rng nhan vai kich thudc trang.



Quay tré lai vi du ban dau: ta ¢ dia chi logic 689 thugc trang c6 s hiéu trang logic p = 1 <> s6
hiéu trang vat ly f = 6, dja chi bt dau caa trang nay 1a 1*512 = 512 => d = 689 — 512 = 177 =>
dia chi Vat Iy twrong (g V6i 689 1a: 6 * 512 + 177 = 3249, Tuong tu nhr trén ta ¢ 1613 < 1613,

Vi du 2: Xét mot hé thong quan ly bo nhé phan trang kich thudc khung trang 4K. Tai thoi diém
hién tai trang thai cua bang quan 1y trang nhu hinh vé. Xac dinh cac gid tri dia chi vat ly twong tng
véi cac gia tri dia chi ao sau: 20, , 8300.

Virtual
address
space
60K-64K [ X
56K-60K [ X | }Virtual page
52K-56K [ X
48K-52K [ X
44K-48K [ 7
40K-44K [ X ol
36K-40K [ 5 momory
32K-36K X address
28K-32K [ X 28K-32K
24K-28K [ X 24K-28K
20K-24K [ 3 20K-24K
16K-20K | 4 16K-20K
12K-16K | 0 12K-16K
8K-12K | 6 8K-12K
AK-8K [ 1 > 4K-8K
OK-4K [ 2 ) }\OK-4K
Page frame

Kich thudc khung trang 1a 4KB = 4096B (c6 nhiéu tai liéu sir dung 1KiB = 1024B va 1KB =
1000B).

20 < 4095 (dia chi cudi cua khung trang dau bt dau tir 0 dén 4095 bao gdom ca 4095) => dja chi
a0 (logic) thudc khung trang thtr nhat véi sé hiéu trang logic p = 0, theo hinh v& sé hiéu khung
trang s& bat dau tir dudi 1én trén theo thir ty tang dan => s6 hiéu trang vat Iy tuong ung la f = 2 =>
dia chi dau cua khung trang vat ly 1a f*4K = 2*4096 = 8192 (f*s). B¢ léch d = 20 — 0 = 20 (dia
chi logic trir di dia chi dau caa khung trang ma n6 thudc vé) => dja chi vat Iy can tim 1a f*s + d =
8192 + 20 = 8212.



thudc khung trang c6 sé hiéu trang logic p = 1 (4096 < 4100 < 8191), f = 1, s = 4096, d =
4100 — 4096 = 4 => dia chi vat ly can tim la: 1*4096 + 4 =

8300: p=2,f=6,s=4096, d = 108 => dia chi vat ly: 24684.

I1: Chién lwec dbi trang (bé nhé 20)
FIFO (First In First Out): Vao trudc ra trudc.

OPT/MIN: Thuit toan thay thé trang téi uu, dua ra trang c6 1an sir dung tiép theo cach xa nhét.
LRU (Least Recently Used): Trang c6 lan sir dung cudi cach au nhat.

Vi du 1: Mét hé théng quan Iy bo nhé véi 4 khung trang trong bd nhé vt Iy, gia sir hé thong chi
c6 mot tién trinh duoc chia thanh 8 trang ao duoc nap va thuc hién. Ban dau 4 khung trang déu
tréng. Gia thiét mot chudi sé hiéu cac trang dugc tham chiéu theo trinh tu thoi gian nhu sau: 01 7
232710 3. Hoi c6 bao nhiéu lan 15i trang xay ra trong cac chién lugc thay thé trang FIFO, OPT,
LRU.

FIFO (6 16i)
0 1 7 2 3 2 7 1 0 3
0/0]0]0]3 - -13]-
Tl -]-]-]0]-
7177 - -7 -
212 -|-]1-12]-
OPT (6 15i)
0 1 7 2 3 2 7 1 0 3
00003 - -13]-
111 -]-]-]0]-
7177 - - -7 -
212 -|-]-12]-
LRU (7 15i)
0 1 7 2 3 2 7 1 0 3
00003 - -]o0]o
Tl -]-]-]1]1
777l -1-1-17]7
212 -]-1-12]3




Vidu 2: Day truy nhap: 123412512 345vai 3 frames.
FIFO (9 13i) - cac trang mau d6 1a cac trang sé& bi thay thé khi 3 frames da day.

1 2 3 4 1 2 5 1 2 3 4°5
111111414 |14]5]- 5|51 -
2121211111 -1-183]3]-
3131322 |-|-12]4]-

OPT (7 16i)
1 2 3 4 1 2 5 1 2 3 4 5
11110 -1-11)-1-13]4]-
21212 -1-12|-]1-12]|2]-
3141 -1-15]1-1-15]5]-

LRU (10 16i)
1 2 3 4 1 2 5 1 2 3 4°5
1111114141415 ]-1-13]13]3
2122|1111 ]|-|-]1]4,4
3131322 |-]1-12]2]5

Luuy:

Déi vai thuat todn FIFO: Ta c6 bang cac phan tir dugc nap vao bo nhé dau tién dén tiép theo, theo
thr tu tir trai qua phai sau mdi 1an nap hoic thay thé (cac trang mau xanh I c4c trang nap méi
hoac thay thé trang vao trudc tién trong bo nhé - cac trang mau do) trang nhu sau:

1 Nap mai 1
11]2 Nap mai 2
1123 Nap mai 3
2 13| 4] Thaythé4chol
314 ] 1] Thaythé1cho?2
411 |2/ Thaythé2cho3
1|12 | 5] Thaythé5cho4
25| 3| Thaythé3chol
513 4| Thaythé4cho2

Déi véi thuat toan LRU: Trang c6 lan duoc st dung cudi cach 1au nhat s& nam trai nhat cua day
truy nhap. Vi du ta thiy trén bang LRU bén trén c6 3 trang 5, 1, 2 tai cot tha 7 tir trai sang mau
x&m s& c6 phan tir str dung cudi lau nhat 12 1 ¢ day truy nhap. Néu tiép theo cua 5 14 trang khdng
ton tai trong frames thi trang tiép theo d6 sé thay thé 1.



