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« Lwu trlr so cap (primary storage / main memory
/ / Internal memory)

{7] — Thanh ghi, cache, ROM, RAM

ls Lwu trr thtr cap (secondary storage / external
memory)

,-[’[ — Pfa tr (dia cing, dia mém, bang tir), dia quang (CD,
ff DVD, BD) flash memory (USB, memory card),..

J  Lwu trir cap ba (tertiary storage / tertiary
/,/ memory)

— Tape library, disk library, optical jukebox,...



4 ~ CONGNGHE THONG TN

BH Khoa hoo T nhign TPHCHK

Dung luvong
Thoi gian truy cap
Giatién/ bon vi lwu triv

-100s Bytes
'<1ns

KB - MB

4 ns

. $150/MB
' MB-GB

| $0.58/MB
 GB

50 - 100 ns

10 ms
$0.0025/MB S

Phan cap hé thong Iwu triv

CPU

A

Tbc do truy xuét
Gia tién / Bon vi lwu triy

Can ngudn dién dé
duy tri néi dung (Volatile)
(trir ROM)

Khéng can
nguén dién
dé duy tri
ndi dung

B —-PB
second Q?V.
$0.1/GBC*)§

(Non-volatile)

Tape library Dung

lwong

3 v

Disk library, Optical jukebox,...




4

: Khoa

- CONG NGHE THONG TN Lwu trir so’ Cép

v

Tape library

Disk library, Optical jukebox,...




Khoa

, B Thanh ghi

|"|\

¢ La thiét bi lwu trir co6 dung lwong nhd nhat
| nhung téc d6 truy xuat nhanh nhat
» Buoc dung trong cac bd x ly
|~ Luu gitr 1énh va di® liéu (toan hang, két qua tinh toan,
: cac bit trang thai) de x& ly
e C6 thé dwoc lam bang nhiéu céng nghé khac
| nhau: trigger, core, thin film,...
.« Thuong dwoc to chirc thanh tap thanh ghi
| (register file)
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CONG NGHE THONG TIN R e ad O N |y M emo ry

- ROM - La loai bé nh& chi doc, khdng thé ghi, khdng can

nguon dién dé duy tri ndi dung
PROM — Programable ROM, ghi dwoc 1 1an duy nhat

EPROM — Eraseable PROM, c6 thé x6a bang tia cwc tim
sau khi ghi

EEPROM — Electrically EPROM, c6 thé x6a bang dién,
ghi, x6a trng byte

FlashROM — Khdng thé xo6a tirng byte ma phai x6a tirng
khoi, nhwng toc dd ghi, x6a rat cao

EPROM EEPROM FlashROM
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= Khoa

| CONG NGHE THONG TIN Random Access I\/IemOI’y

EE BH Khoa hoc Tuw nhign TPHCM
‘ *
y 1% loai RAM
| RAM tinh (StaticRAM - SRAM)  RAM dong (DynamicRAM — DRAM)
”
dl-'ﬁiltq.:
Address line
T, ':)— _cl T, _L
! — T5 i.n..____....-..‘ -----___,-i Tt | [ -
> ]
capacior —
T |_ —| T,
! Bit line Gromd
Grommwd 5
Bil line Adcrm:u L |

8 Ime
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B6 nhé chinh

— Viéc truy xuat dwoc dong bo bdi tin hiéu ddng hd bén ngoai
B& nhé chinh (main memory / “RAM”) dwoc lam tr cdng

Data

Khoa
CONG NGHE THONG TIN
BH Khoa hoo T nhign TPHCHK
- SDRAM (Synchronous RAM)
nghé SDRAM
T T T 1
g i s T s B i 100
gl = =| = T 9
2T T T T 1 20 80
ezt~ 4 T T T 270
w2/ IT| I| I| T Zeo
Tt g0
3 e B el B s R el @ 30
a2 = L L = 5 20
nh
T T T 1 10
— 9 T e 0
| T| T T
:i: Column Address Selection

) Charge - Discharge
/"f \
/ \
/ \
/ \
/ \
/ \
/ N\
/ N
f -‘-‘--__'h

1IRC 2RC 3RC 4RC 5RC 6RC TROC SRC 9RC
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, Dowemon SDR-SDRAM

|"|\

« SDR-SDRAM (Single Data Rate SDRAM)
+ DIMM 168-pin (Dual In-line Memory Module)
n Data bus: 64 bit i s

||

|
Ll
£

I_él‘;tandard name | Memory clock | Cycle time | I/O bus clock | Peak transfer rate
SDR-66 66 MHz 15ns 66 MHz 528 MB/s
/SDR-100 100 MHz 10 ns 100 MHz 800 MB/s
| SDR-133 133 MHz 7.5ns 133 MHz 1064 MB/s




wl

.wmﬂl

@ oo DDR-SDRAM (1/2)

Il

d DDR_SDRAM Dl'ah!lf::.l';lﬂﬂ'qumr t:l-:l:!t“ft;;;u.lflq Huz:;;.ll:md
(Double Data Rate) LI L1 JUUU 1353
— DDRI-SDRAM Venory [
- (DIMM 184-pin) el ey

il DDRII-SDRAM DRAM Clock I Data b d
. (DIMM 240-pin) o Toai T 20aMbpe

DDR-I Menmory 1o

Cell ) d ﬁ
SDEAM Erret Pl

DRAM core frequency Clock frequency Dats bus speed
1080 Hz 10851 Hz 1080 bps

- DDR”I'SDRAM SDR Memory

SDRAM Lo




¢ CONG NGHE THONG TIN

%g BH Khoa hoo T nhign TPHCHK D D R-S D RAM (2/2)
« Data bus: 64 bit
Standard | Memory | Cycle | I/O Bus | Datatransfers | Module Peak
name clock time clock per second name |transfer rate
DDR-200 |100MHz | 10ns |100 MHz | 200 Million PC-1600 | 1600 MB/s
DDR-266 |133MHz | 7.5ns |133MHz | 266 Million PC-2100 | 2133 MB/s
DDR-333 |166 MHz | 6ns |166 MHz | 333 Million PC-2700 | 2700 MB/s
DDR-400 [200MHz | 5ns |200MHz | 400 Million PC-3200 | 3200 MB/s
DDR2-400 | 100 MHz | 10ns | 200 MHz | 400 Million |PC2-3200| 3200 MB/s
- PC2-4200
DDR2-533 | 133 MHz | 7.5ns | 266 MHz | 533 Million PC2-4300 4266 MB/s
- PC2-5300
_DDR2-667 166 MHz| 6ns |333MHz| 667 Million PC2-5400 5333 MB/s
DDR2-800 [200MHz | 5ns |400MHz| 800 Million |PC2-6400| 6400 MB/s
. PC2-8500
DDR2-1066 | 266 MHz | 3.75 ns | 533 MHz | 1066 Million PC2-8600 8533 MB/s

11




CONG NGHE THONG TN BO nhé cache

7a

FOOO | oo (pPrOC
60%/yr.
100 ......................................................... Processor_l\/lemory

Performance Gap:
(grows 50% / year)

~— DRAM
pram 01y,

1980
1981
1982
1983
1984 T
1985
1986
87
1988
1989
1990 |
991
1992
1993 T
1994
1995
1997 T
1999 T
00

« Dung cdng nghé SRAM, co6 tdc dd cao hon bd nhé chinh (ding
cong nghé DRAM)

« Déng vai tro 1am bd nhd dém truy xuat nhanh (trung gian gitva CPU
va bd nhé chinh)

e Luwu trlr tam ban sao mét phan ndi dung cta bd nhé chinh nham

- X N ~ ’ s, 12
giam truy xuat vao b6 nhé chinh
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Khoa

=N oweeroe  Nguyén ly hoat dong cua cache
* ®
~ Khi CPU /10 can doc 1 6 nhé tir bd nhé chinh
// — Kiém tra xem c6 trong cache chwa ?
[l * “= Néu da co (cache hit): doc ndi dung trong cache, kndng can truy
f xuat bd nh& chinh

— Néu chwa c6 (cache miss): chép khdi nhé chira 6 nhé can doc tur
bé nhé chinh vao cache réi vao CPU / 10. Thoi gian dé xu ly
cache miss goi la miss penalty

~ e 2nguyénly

| — Cuc bd vé thdi gian (Temporal locality)

U « Néu mét 6 nhé dwoe dung dén trong thdi diém hién tai thi n6 dé co
/7 kha nang dwoc ding dén Ian nira trong twong lai gan

— Cuc bd vé khdng gian (Spatial locality)

« Néu mét 6 nhé dwoe dung dén trong thdi diém hién tai thi nhirng 6
“ lan can co6 kha nang sap dwoc dung dén

{

o —— -
—

13



: Khoa

| Seeroon  Thiét ké bd nhé cache

« T6 chirc bo nhé cache

| = Khi lwu tam mét ndi dung nao do tr bé nhé chinh vao cache thi
f lwu thé nao ?

—~-Lam sao dé biét 6 nhé can truy xuat da nam trong cache hay
chwa ? Nam & dau ?

“+ Chién lwgc thay thé

|~ ~— Khi cache khéng con ché trong ma lai can ché dé chira mot ndi
I dung khac ttr b6 nh& chinh thi néi dung nay sé thay thé néi dung
M nao trong cache ?

Pong bd hoa ndi dung nam trong cache va bd nhé chinh
Kich thwdc bd nhd cache

Kich thwéc mét phan tlr ctia bd nhé cache

/'[ « S lwong va loai cache

®

, —
®

14
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: Khoa

| CONGNGHE THONG T T6 chire bd nhé cache

J

*
4

b. .
I"bits B words _ " - Oits d
‘ N\ 1 Block of
i A [ ¢ B words
ag
/ > L lines .
A » Direct-mapping
/ J * Fully Associate
Cache i « Set Assoclate
Cache line
RAM
fl
CPU m Cache  |eLuXudt B
u11g tLPnE]
byte/word block

15



g‘% i o TN T Direct-mapping (1/2)
Pia chi Bia chi wordBai sc“"HDiachiLine.I.ag W1 WO N
blo?[/g 1 0 W’O i

i ke 2

/fZ 15 3

Bia chi block Bo nhé Cache
[

rO OVO ()T 11 a Tag=0, Line=0,W=1

OOO~NOYOIR~W

Y e mal
NWONEFRO

0110 0/0]| & Tag=1, Line=0,wW=0

(S (S
’ /7 v /
/
Vs /
P /
, /
/

00|01 1| a Tag=0, Line=1,w=1

0110 10| & Tag=1, Line=1,w=0
Boi s6 Dia Pija chi

Cache chi  word

line

15 WY B nhé chinh 16

3

—_—
— SR -
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N By Direct-mapping (2/2)

% M0i khoi (block) bd nhé chinh

B, dwgc anh xa vao duy nhat

; vao mot phan tlr cache (line) L,

/' theo nguyén tac

L;=B;mod L

Cache line | Main Memory blocks
0 o, L, 2L, 3L, ..

1 1, L+1, 2L+1, ...

L-1 L-1, Lm-1, Lm-1, ...

: v&i L 1a s6 phan t&r cache
|

[ |
|

‘' Tin hiéu dia chi truy xuat bd nh& sé c6 cau tric nhw sau

Tag s-r Cache line r

Word w

— s - s0 bit xac dinh dia chi block

— w - sd bit x&c dinh dia chi ttr nhé trong mot block
— r-sd bit xac dinh dia chi phan tl cache
— (s-r) - sb bit déng vai tro xac dinh block dang nam trong phan td

cache nao

17




CONG NGHE THONG TIN

i

BH Khoa hoo T nhign TPHCHK

imiss in cache)

5
s
Cache
r Memory Address N Tag Drata
E Ling | word |
5T [ W
Iy y Iy
I .
.
T I .
s
I
l';':' - L
Compare
(hit in cache} I .
.
I
.
Ln-1

2 WidjrD)

Qua trinh truy xuat b nhé theo
t6 chwrc Direct-mapping

Main Memory

WD
Wl
W2
W3
| |
[ ]
1, 1
1, |
| |
i Wi
Widj+1})
Widj+3)
. |
| o
| I
[ ]
I——ﬂ

Hy

i



Vi du t6 chirc Direct-mapping

'''''''

§ CONG NGHE THONG TIN
) 8 bits
[0
! Block of
’ 4 bytes
16 Mbytes <
= 222 blocks
! r bits 4 words )
N
/,)v
\2%-1 Tag /‘
64 KBytes
. / >= 214 lines
| / j
I Cache line
19

Cache



Vi du td chirc Direct-mapping

g}l |

4 — CONG NGHE THONG TIN

1 BH Khoa hoo Tw nhién TPHCM (2/ 3)
Tag s-r Cache Line r Word w
3 14 2
/Y /
/7 bit addres
24 bit address

¢ Tin hiéu dia chi 24 bit
— 2 bit dinh vi word (4 byte / block)
—--22 bit dinh vi block
* 14 bit dinh vi cache line
| « 8 hittag (= 22-14)
-« Khoéng co 2 block nao cung cache line co6 Tag gidong nhau
| Cache line Starting memory address of block
0 000000, 010000, ..., FFO000
000004, 010004, ..., FFO004

214 -1 OOFFFC, O1FFFC, ..., FFFFFC 20




S Vi du to chuwe Direct-mapping
BH khoa hoo Tw nhign TPHCHK (3/3)

Time +
s Tag Word s
.’ 0000 [T3579286 F—— —1
[ Doo4 "
|I I
[ i i I
/| 0 — = "
= I
,rlIr 1
[ FFFH [
[ FERC I
[ * I
@ ¥ I Lins
— 1 g 1hata Number
poaa p FFTTITIT == ==00 [1357%246 | DOOO
DOO4 | 11235813 pre= = = = = = - 16 | 11235813 | 0001
| il = g U 1
[ |
JI ! 16 FIC| FEDXZCBASE p———— — — — o 1l | FEDCBASH | OCEY
.'I === FF | 11223344 | 3FFE
FEFC | 12345678 ===k === 16 | 12345678 | 3FrF
| L] 1
:..!I " 1 . .
i':;': - 1 & hits 12 bhis
I noan0 1 e wosrd Cache
| o004 I 16 Kword Cache
[ | [
|| I
FF T T I
1
1 1
' FFFa | 11223344 |- — = =1
rere | 24682468

|II 'd_.'

12 bins

[ MBwie WMain Memory



G

geeewen  HANh gia Direct-mapping

wﬂ
il

*

gﬂr) Pon gian
+) Chi phi t6 chirc thap

>

(=) Khdng uyén chuyén

o M@&i block phai cd dinh tai mét cache line

o Néu 1 block (vi du block L) can dwoc nap vao line
(line 0) ma line nay dang chira mét block khac (vi du
block 2L) thi phai thay block 2L ra dé gianh chd cho
block L, mé&c du c6 thé cache con rat nhiéu line trong

o Trwdng hop mét chwong trinh can ca 2 block cing 1
line (vi du L va 2L) tai mdt thoi diém thi sao ?

T e

22



|

|
[ |
| |
Li

F I-LI-{I._I

| dteeen Fully Associate Mapping

s Mot block cé thé dwgc nap vao bat ky line nao
" a khac phuc dwoc han ché cua direct-mapping

* Tin hiéu dia chi truy xuat bo nhé sé cé cau tric

nhw sau

Block, Tag s Word w

— s - s0O bit xac dinh dia chi block, dwoc dung dé xéac
dinh block nao dang nam trong phan t& cache

— W - sO bit xac dinh dja chi tr nhé trong mét block

| » Do 1 block c6 thé dwoc nap vao bat cir line nao

nén dé xac dinh block da nam trong line hay
chwa thi phai duyét tat ca cac line

23
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4 — CONG NGHE THONG TIN

|

W

Qua trinh truy xuat b nhé theo

.

Memory Address N

| Tag

| word |

W

RE:

‘ Compare \

(hit in cache)

bt

.

(miiss in cache)

‘=1

=== 10 chire Fully Associate Mapping

Main Memory

Wi
Wl
W2
W3

<l W
Widj+l})

Widj+3)

B

L el Widi2) B

L1



7 - Vi du té chirc
s memmmr Fully Associate Mapping (1/2)

||||\
X
>
=0
Gy i
=
G2
=
.r['[.
—
o
-
=
G2
= |
=

) 8 bits ‘
[0
1 Block of
2 4 words
16 Mbytes <
= 222 blocks
/| I bits 4 words ‘
N
//J
\224-1 Tag /‘
64 KBytes
RAM / >: 214 lines
] J
| Cache line
25

Cache



....... Vi du té chirc

CUHG NGHE THONG TIN
BH Khoa hoc Tuw nhigén TPHCh . .
e Fully Associate Mapping (2/2)
Auldress Data
000000 EEEFIEE
pambue : Tag 22 bit Word 2 bit
~1 . . : SN— — __
! 24 bit address
1
1 7 TN . 2> .
| s 1IN iéu dia chi 24 bit
Tag | BETF ) be . . .
R o e e T — 2 bit dinh vj word
- = pF = —=4d0s8CcE7| FERCEASS | 0001
s ~ 4 byte / block
.%Egzgf“ FEDCBAGE | =1 : : -~ ~ . ( yt . . )
163320 ’ Lo — 22 bit dinh vi block,
R o] B e ol B chinh la Tag
.I-' : _—k = SFFERE ] 24682468 3FFE
I L . - ot — -
I I I 22 hins 2 hits
I.' |=' : : : 14 Kword Cache
[ | 1 1 |
' . = . ! ! Mem 1 6 3 3 9 C (hex)
I T Addr 0001 0110 0011 0011 1001 1100 (binary)
FFFF4 | 33333333 | =1 I 1
| eived |assdges fZZZ57 Tag 00 5 8 0 C B 7 (hex)
[ I — 00 0101 1000 1100 1110 1011 (binary)
A2 hiis

26
6 MBwvie Main Memory



CONG NGHE THONG T Déﬂh glé _
Fully Associate Mapping

|"|\

= BH Khoa hoo T nhign TPHCHK

(=) SO bit Iam Tag phai Iwu trong cache nhiéu hon
(-) Chi phi tim kiém cao

(=) Néu mét block can nap vao cache ma khong
' con line nao trong ?

27
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s ieEroe  K-way Set Associate Mapping (1/2)

| BH Khoa hoo Tw nhign TPHCH

J

DPia chi

A
oD

\

S e
OCO~NOUIRWNEO
RFRLOO

O
-—

2-way set associative cache

——

"_'_._.":‘__—':_—,In___‘___:
PR R
WNEFO

=
(6 QAN

Bo nhé& chinh 28



g—_‘g—z
=

: Khoa

CeNGHETHNGTN - K-way Set Associate Mapping (2/2)

J

*

- Két hop y twdng gitra direct mapping va associate
mapping

— Céc phan tr cache dwoc chia lam S tap hop bang nhau, mdi tap
hop co K phan t

— MOoi block B; dwoc énh xa (direct-mapping) vao duy nhat mét tap
line S, theo nguyén tac
J Si=B;mod S
/ — Cé&c line trong mdt tap dwoc quan Iy theo kiéu fully associate
'« Tin hiéu dia chi truy xuat bd nh& sé co cau tric nhw sau
g Tag s-d Cache set d Word w
/7 — s - s0 bit xac dinh dia chi block
— w - sd bit x&c dinh dia chi ttr nhé trong mot block
“ — d - s0 bit xac dinh dia chi tap phan ti cache

— (s-d) - s6 bit déng vai trd xac dinh block dang nam trong tap
phan t&r cache nao

= -‘_—-—-_._“_‘_-_‘__:ﬁ}E—_._\_‘_::_‘_‘:__‘_\_,l

29



Qua trinh truy xuat b nhé theo

CONG NGHE THONG TIN

|I'I|

>
BH Khoa hoc Tuw nhigén TPHCh A r . .
16 chirc Set Assocliate Mapping
h+‘l':'|l'
Cache Main Memory
4 Memory Address A Tag rata B
| Tag] Set | Word | | Fy ') b
i
“-";'ff -;If w L | Iy |
L]
, , >-5-e1u I . I
1o,
I I Lo
A [ | |

( [— |h i) sw,

Compre (!J i .
3 .
| - '
{hit in cache) I— P
I

(miss in cache)

'l-?;l'_-:ll
Y
4
N




|u|\

16-|Mbytes <
= 222 blocks

e BH Khoa hoo T nhign TPHCHK

L

=
|
|I |
|

|||||||

CONG NGHE THONG TIN

N EF O

2241

Vi du td chirc

Set Associate Mapping (1/3)

8 bits

»
»

A

RAM

Block of
4 words

2-way set associative

r bits 4 words ‘
\
/,X
Tag /‘

> 64 KBytes
/ = 214 lines

/ )

|
Cache line
31

Cache



Vi du té chirc

¢

Khoa
- CONG NGHE THONG TIN

%ﬁ% BH Khoa hoc Tuw nhigén TPHCh . .
- Set Associate Mapping (2/3)
f Tag 9 bit Cache Set 13 bit Word 2 bit
I

—
24 bit address

—;:im::%:.____

J
f
« Tin higu dia chi 24 bit

Il.-"= 2 bit dinh vi word (4 byte / block)
) L .
| =22 bit dinh vi block
« 13 bit dinh vi tap phan tl cache
e Cac block c6 dia chi 000000, 008000, ..., FF8000 duwoc
anh xa vao cung tap O

e O bit tag (= 22-13)

————

32



Vi du té chirc

ya

'y 1FF

CONG NGHE THONG TIN
; BH Khoa hoc Tuw nhigén TPHCh . .
= Set Associate Mapping (3/3)
lag  SesWord  Daia Memory Address 1111 11111111 1111 11111100
poee[TETEEE === Tag  Set + Word Set Number  Data
| 1FF /FFC 1FFF 24682468
000 T T ' Memory Address 0001 011001111111 1111 1100
- ! Tag Set + Word Set Number Data
TFF
) L.y 02C ____/FFC_________1FFF
. | T Se |
. [ I Tag Data Mumber Tag Iata 1
pooo [Fa777777 =1 e ===Jd000] 13575246 | 0000 [O01] 77077777 | =1
D004 | 11235813 === = = = = 4 001 | 11235813 | 0001
000 e 3390 | FEDCBAGE | == = = = = = - 02C DCET
r==1rr| 11223344 | 1FFE
7EFC 12345678 - = === +=—-001) 12345678 | 1rrr |1EF] 54683468 |- 4
. | |
: U bits A2 biis L bils A2 bits :
::832 : 16 Kword Cache :
| |
. — . ! |
| |
| |
| |
7EFA | 11223344 b= == == 1 I
TErC | 24682468 Fmmm e e e e e e e e e e e - - -
12 bis

33
6 MBwvie Muain Memory



ﬁEIHGNGHETHGNGTIN banh gla 10 ChU’C.

ll PRI Set Assoclate Mapping
« S=L, K=1 a direct mapping

'-" S=1, K=L a fully associative mapping

*» (-) Néu mot block can nap vao maot tap line ma
khong con line nao trong ?

|"|\

34



<

ST Chién lwoc thay thé

J

-
T Van dé
Z/ — Khi can chuyén mot block méi vao trong cache ma
khéng tim dwoc line trdng theo yéu cau cua kieu to
ﬁ chirc cache thi phai thay line nao ra ?
'« Direct Mapping
)[[ — Khoéng co6 lwa chon
[/ * Fully Associate Mapping va Set Associate
| Mapping
" — Random
— FIFO (First In First Out)
f/ — LRU (Least Recently Used)
— LFU (Least Frequently Used)

35



Khoa

oo  HENg bd hda cache va bd nhé chinh

BH Khoa hoo T nhign TPHCHK

il

|

*

— Néu ndi dung line/block bi thay dbi trong cache/bd nhé chinh, khi
nao sé thwe hién cap nhat thay doi nay lén block/line twong rng
trong bé nh& chinh/cache ?

e Write through

— Khi mét line/block bi thay dbi trong cache/bd nhé chinh bdi
CPU/I0O, block/line twong wng trong bé nhd chinh/cache sé 1ap tie
dwoc cap nhat

— Cham
/7 » Write back
— Khi mét line bi thay ddi trong cache, st dung bit danh dau

-' — Khi phai thay thé line bi danh dau, thi cap nhat lai block twong ng
/{ trong bé nh& chinh

— 10 phai truy xuat bd nh& chinh théng qua cache

&
- Van dé
— CPU c6 thé thay dbi line. 10 c6 thé truy xuat trwc tiép bd nhé chinh

36



siesenoen  Kich thwde block va cache

BH Khoa hoo T nhign TPHCHK

"mem

=

|

*

— Nhé qua: gidm tinh 1an can vé khdng gian (spatial locality)
— L&n qué: thei gian chuyén block vao cache 1au (miss

penalty)
' — Kich thwée block thuwdng tir 8 t&i 64 bytes

o Kich thwéc cache

N\ — Kich thuwéc cache ti 1& thuan véi gia thanh, c6 ti 1& thuan
v&i toc dod ?

- th’) qué: sb lwong block cé thé Iwu trong cache it, dan

dén ti 1é cache miss sé cao

| — L&n qua: nhiéu ndi dung khdng can thiét lwu trong cache.

I Mat nhiéu thoi gian dé kiém tra block cé nam trong cache
37

.j Kich thwéc block

chuwa



d

Khoa

CONG NGHE THONG TIN S("j IU’Q’ng va |()a| cache

BH Khoa hoo T nhign TPHCHK

J

s
7 Thwong st dung nhiéu mae cache L1, L2, L3, ...
/ — On-chip cache: nam trén cing IC v&i bd xt ly, truy xuat nhanh
Z( — Off-chip cache: nam trén IC riéng va dwoc ndi véi bd xi ly qua
ﬁ hé théng bus (BSB — Back Side Bus), truy xuit cham hon
| — L1 cache
| . Kich thuwéc 10s KB

e Hittime: 1 chu ky

o Miss rate: 1-5%

—

Z/ — L2 cache
| o Kich thuwdce 100s KB
/7 e Hittime: 1 chu ky

e miss rates: 10-20%

-+ Thuwong sty dung 2 loai cache

M — Unified cache: mét cache cho ca Iénh va dir liéu

— Split cache: cache riéng cho Iénh (Instruction cache) va di¥ liéu -
(data cache)
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Cache ctia mét s6 CPU

Nam phat

Bo xir ly Kiéu hi L1 Cache* L2 Cache L3 Cache
anh
IBM 360/85 Mainframe 1968 16 to 32 KB - -
PDP-11/70 Mini Computer 1975 1 KB - -
VAX 11/780 Mini Computer 1978 16 KB - -
IBM 3033 Mainframe 1978 64 KB - -
IBM 3090 Mainframe 1985 128 to 256 KB - -
Intel 80486 P 1989 8 KB - -
Pentium PC 1993 SKB/8 KB 256 to 512 -
KB
PowerPC 601 PC 1993 32 KB - -
PowerPC 620 P 1996 32KB /32 KB - -
PowerPC G4 PC/Server 1999 32KB /32 KB 256KB to 2MB
IMB
IBM S390/G4 Mainframe 1997 32 KB 256 KB 2MB
IBM S390/G6 Mainframe 1999 256 KB 8 MB -
Pentium 4 PC/Server 2000 8KB/8 KB 256 KB -
IBM SP High-End server/ 2000 64 KB /32 KB 8§ MB -
Super Computer

CRAY MTA ° Super Computer 2000 8 KB 2MB -
[tanium PC/Server 2001 16 KB/ 16 KB 96 KB 2MB
SGI Origin 2001 High-End server 2001 32KB /32 KB 4 MB -




@ cocuemoey Mo hinh cac mirc cache

%ﬁ” BH Khoa hoc Tuw nhién TPHCM

‘ O
Proc B §
] <

< >le——

L1 hit L2 hit

fime time L2 Miss Rate
.E >l L2 Miss Penalty
L1 Miss Rate

L1 Miss Penalty

/AMAT (Average Memory Access Time) =
| L1 Hit Time + L1 Miss Rate * L1 Miss Penalty

| L1 Miss Penalty =
L2 Hit Time + L2 Miss Rate * L2 Miss Penalty

| AMAT = L1 Hit Time + L1 Miss Rate*
(L2 Hit Time + L2 Miss Rate * L2 Miss Penalty)
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s

J

*

T' Gia suw
M — L1 Hit Time = 1 cycle
7 — L1 Miss rate = 5%
ﬁ — L2 Hit Time =5 cycles
— L2 Miss rate = 15%
Z.J = L1, L2 Miss Penalty = 200 cycles
// « Khdng dung cache L2
U/~ — AMAT =1+ 0.05 x 200 = 11 cycles
/7 e Dung cache L2
| — L1 miss penalty =5 + 0.15 * 200 = 35
|- — AMAT =1+ 0.05 x 35 = 2.75 cycles

 Dung L2 nhanh hon gap 4 lan khéng ding L2
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" CONG NGHE THONG TIN Lwu trir thtr Cép

v

CPU

=J < T
// C)O rg];’;llri]h

N}
. 0/8- Cache
I 3
};[ ~ Memory
| / \
[ X
I X Disk
| Y
} S~/ Tape, CD, DVD, BD, USB, memory card, ...
| ;
|"I %) Tape library
l Q&
@)

Disk library, Optical jukebox,...

42
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*

*
7 La thiét bi lwu trir di liéu lau dai pho bién nhat, gom mot
| hay nhiéu I&p dia phdng dwgc phi tir dé lwu di ligu
b 2 loai

ﬁ — Bia mém (Floppy disks) — cham, chi 1 1&p dia

— Pia cirng (Hard Disk Drives - HDD) — nhanh hon, nhiéu l&p dia

Cover Mounting Holes
{Cover not showm)

Base Casting
Spindle
Slider {and Head)

Actuator Arm

Actuator Axis o
Mounting
Actuatar Holes
Platters
Ribbon Cable
{attaches heads
SCS1 Interface to Logic Board)
Connector

Jumper Pins

Jumper Power Tape Seal

Connectar
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Sectoers Tracks

track ¢ -— spindle
Intersector gap
- Intertrack gap
e — Accurator
sector s .'5-'.
), %
.-4.}. <
cylinder ¢ read-write =z
|
|
| platter I e Z= :
IIIlll h) I
[ | . . rotation ~ Magnetic Field lines
- GOm nhieu I&p dia tron (platter), moi I&p phu i | _
tl 1 hodc ca 2 mat (side) et PP i gEa g e !
I A X- o P ’ A R
-IM6i mat co twong wng 1 dau doc (head) dé
doc hoac ghi di¥ liéu < <
L ~. 'v , Y - . . N N .,.,.r'_l_-r-.‘ _.'—-"l-h..‘_ .',.p.'_‘_;-." ",.-"_-_-r-.‘ _.'—-"l-.‘_
- M6i mat co nhiéu dwdng tron dong tam (track) e P N N --‘-""“é
+ MGi dwdng tron duoc chia nhoé thanh cac o
cung tron (sector), théng thwdng madi cung magnetic region
R = reverse
E N = N =noreverse

chira 4096 diém tir (~ 4096 bit = 512 byte) T !
- Mai lan doc/ghi it nhat 1 sector (512 byte) e —
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=
=

*

e Disk Latency = Seek Time + Rotation

/} Time + Transfer Time

— Seek Time — Thoi gian di chuyén dau doc toi
dung track can doc, phu thudc vao sob track
trén mot mat va toc do cla actuator

T“" « Trung binh < 10 ms

— Rotation Time — Thoi gian quay dia sao cho
sector muon doc nam dwéi dau doc, phu
thudc vao toc dé quay cla dia

« 7200 rpm (Revolutions Per Minute) & 120 Rev/sec

e 1 revolution = 1/120 sec ~ 8.33 milliseconds
« Trung binh (1/2 revolution) = 4.17 ms

— Transfer Time — Thi gian doc va truyén diy

PoLabi

: liéu, phu thudc vao mat doé pha tir ctia sector
va chuan giao tiép (ATA, SATA, SCSI,... P
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| CONG NGHE THONG T Ky thuat RAID

- BH Khoa hoc Tw nhién TPHCM

/ — Két ho’p nhiéu 6 dia (vat Iy) thanh mot hé thdng dia
I (luan ly) duy phat bang phan cing (RAID controller)
ﬁ' ho&c phan mém
é’ Muc dich:
- — Dam bao an toan dir liéu
[l.f — Tang tdc dd truy xuat ctia hé thong
,,- Hoat dong:

}’ — D@ liéu lwu trén dia sé duoc lwu df‘)ng thei 1én tat

f ca cac dia

— Hoat déng cla hé thdng trong sudt véi nguwdi ding

+ Loai RAID: 0, 1, 0+1, 1+0, 2, 3, 4, 5, 5+0, 6...

—_—
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7

RAID 1

Mirror Data, most expensive solution

RAID O

No redundancy, stripping

||

| RAID O RAID 1

= ':___; -u_.___,__.-_h‘ L |:"= oI

If AL A2 Al Al

[ T AN R s

] A5 AR Bt O et
ey e Bty - AT L A3

Disk 0 Disk 1

RAID 5
RAID 3 . .

= : : : _ Rotated parity across all drives
| Parity drive protects against 1 failure _

[
II |
I| II
[ | RAID 3 .
> Stripes 0, 1,

. " . 7 .
0 Stripe 1 Stripe 2 Stripe 3 Parity 2, 3 Parity
Generation Parity
A1l A3 A parity Generation
B1 B3 B parity
1 ] C parity .
D1 D3 D parity
COPYRIGHT & 1556, 1957, 1558, 1555 ADVANCED COMPUTER & NETWORK CORPORATION

COPYRIGHT & 1556, 1557, 1558, 1955 ADVANCED COMPUTER & NETWORK CORPORATION
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gicerosn  Cor ché kiém tra 16i va stra 10i

Nguyén nhan gay ra 16i: do cac xung dién hodc dién tir tredng...
Phwong phap stra 16i: s dung ma kiém tra bang cach thém cac bit
vao dé phat hién 16i (Vi du: Parity bit, CRC - cyclic redundancy
check, ECC - error correction circuitry, Hamming Code,...)

Parity bit 7 bits of data 8 bits including parity
{number of 18}  ayen odd

aoooooo @y | odoooooo | 10000000
1010001 ¢3) | 110100071 | 010710001

1101001 (4) | 01101001 | 11101001
Hamming code | 1111111y | 11111111 | 01111111

Bit position 1 23 4|5 6 78 9 10111213 14 |15 16 17 18 19 20
Encoded data bits p1 p2 d1 pd d2 d3 d4 p8 d5 db6 d7 d& d9 d10 d11 p16 d12 d13 d14 d15

pl | x| x| ] [H | x| | x| | X ® X A

P arity b2 A Ak ks Al s
bit p4 K| | % | x MK K| X X

coverage g KRR KR K] K| K
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Pia quang (1/3)

*

. Compact Disc (CD)

artwork layer

;/ layer of lacquer

U -

i shiny layer
o2x / 32x / 52X . speed polycarbonate layer
for CD-R /CD-RW / CD

A laser beam (E)

o D

©
4""’.

Y

Transfer Speed |Megabytesis | Megabits/s bases
1 0.15 12 e
2 0.3 2.4 halbdurchléssiger
A 06 48 Spiegel NN Fotodiode
ax 1.2 4 6 N\
10x 1.9 12
12x 1.8 14 .4
20 3 24
32 4.8 284 Type | Sectors | Data max size (MB) | Audio max size (MB)
36 54 432 8 cm 94,500 193 536 222264
A0 G 48 650 MB | 333,000 681.984 783.216
48x [ alg 700 MB | 360,000 737.28 846.72
S0x 75 B0 800 MB | 405,000 829.44 952 .56
52x 78 62.4 900 MB | 445500 912.384 1.047 82
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Pia quang (2/3)

=

———

|I"IJ-'.'IT.|H:I]'EHI|1[ Sttt

—

D_f”

Ii[ CORDING Layer |

b~

[SPMIN Layer \\:\._’,—--

Sommi lransparent
| FEFLECTIVE Laye

Digital Versatile Disc (DVD)

_.__._,_,—-—________-_‘--\-\-
_--'-'-.-

. 1
[Lnam BEAM |

HELURLING Layer O

LABEL

" [POLYCARGONATE Sueirate ]

.

Single layer {(GB)

Double layer (GB)

12 em, single sided 4.7 8.5
12 em, double sided a4 171

8 cm, single sided 14 26
8 cm, double sided 28 5.2

V'S

Data rate

Drive speed

{Mbit's) (MB/s) (MiB/s)
1x 1080 135 1.29
2 21600 270 2A&7
2.4x 25920 324, 309
2.6x% 2803 3581 335
4 43200 540 515
b k480, 510 V.72
Bx o640 10.80) 10.30
10x 108.000 13.50 1287
12x 129600 16200 15.45
16 17280 2160 2060
18x 194400 243500 2317
20 XMB0O0 27000 25T5
22x 237600 29700 2832
24 % 200200 32400 3090

50




¢ HD DVD & Blue-ray Disc

|||||||

BH Khoa hoo T nhign TPHCHK

PHILIPS

Pia quang (3/3)

Biit-rogy Dise S S <

HD DVD

BD

L

Single layer Dual layer
12 em, single sided 15 GH A0 GCE
12 em, double sided 30 GB 60 B
8 cm, single sided 4.7 GB 94 GB
8 ¢m, double sided 94 GE 188 GB
Single layer Dual layer
12 cm, single sided 25 GB 50 GB
8 cm, gingle sided 7 8GE 156 GB

51
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G e Flash memory (1/3)

J

*

7 M6t loai cdng nghé Iwu trir dwoc st dung phd bién nhat
/ hién nay

Z( — USB, Memory card, ROM,.

f' Khéng can nguén dién de duy tri dir liéu (non-volatile)

i — M@t bit di¥ liéu dwoc tao tr NMOS transistor v&i mét chat dan
dwoc thém vao gitra G(gate) va S(source)/D(drain) dé duy tri
| cac electron. Co electron twong ng véi bit 1, khdng co electron
| twong wng voi bit 0
|« Wu diém
, — Duy tri dir liéu lau dai
/7 ~ It tén dién nang

e Nhuwoc diém
“ — Sb6 chu ky ghi/ x6a di liéu bi gi¢i han (do sw hao mon)

— Hau hét khoang trén 100 ngan, mot sb trén 1 triéu chu ky ghi/
x0a dir liéu

*
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(I

ieoE TG Flash memory (2/3)

*

. USB (Universal Serial Bus)
|




CONGNGHE THONG T Flash memory (3/ 3)

BH Khoa hoc Tu nhign TPHCH

. Memory card

|
/| MName Acronym |Form factor
. ." PC Card PCMCIA 1856 =54 =33 mm
|'I [ CompactFlash | CF-I 43 = 36 = 3.3 mm
| CompactFlash Il CF-ll 43 = 36 x 5.5 mm
M Srnarthviedia SM I SMC |45 = 37 = 0.76 mm
[ Memaony Stick M5 200 =215=28mm
I.' I|' hMemony Stick Duo MSD AMO0=200=16mm
; Memaony Stick Micro b2 M2 150x125= 1.2 mm
Multimedia Card MW 32=x24=x15mm
, Reduced Size Mulimedia Card [RS-MMC |16 x 24 x 1.5 mm
II' | MMCmicro Card MMCrmicro [12 = 14 x 1.1 mm
| Secure Digital Card sD 32 x 24 =3 1mm
: miniSh Card min’sD 215 =20=14mm
| microsD Card micro=sD (11 =15 =1 mm
' *D-Picture Card xD 20x 25 =17 mm
Inteligent Stick IStick 24 x18x 2 8 mm
u card pcard 32x24 x 1 mm Card reader
CompactFlash,
Memory Stick,
Secure Digital,
and xD

54
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Lwu trir cap ba

Tape library

Disk library, Optical jukebox,...
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Tape library

¢ Thiét bj cho phéprkét hop hang ngan bang ti dé
tao thanh maot thiét bi lwu trlr co dung lvong l1én

dén Terabyte, Petabyte

HP StorageWorks

Ultrium 960

Recording Technology

LTOUltnum 3

Compressed Capacity *

800 GB

Sustained Transfer Rate (compressed) "

976 GB/hr

Buffer Size

128 MB

Interface

Ultra320 SCSI (LVDS)

Form Factor

9.25 inch half-height

WORM Capability

Yes

I o i B B T




Khoa

_ COBNGETHOIGTN Disk library

=,
=

*
4

« Thiét bi cho phép két ho’p
xﬂ/ hang ngan dia cing dé
7 tao thanh mot thiét bi lwu
// trir c6 dung lwong 1én dén

- Terabyte, Petabyte
!

f
i
[

——
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L Goooen Optical jukebox

¢« Thiét bj cho phép két hop hang ngan dia quang
(CD DVD, Blue-ray disk) dé tao thanh mot thiét

bi lwu trir c6 dung lwong 1én dén Terabyte,
| Petabyte
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Phan 7.1, 7.2, 8.1, 8.2. P&H
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