BAI 7

¥ BO NHO TRONG

Nguyén Héng Son
Khoa CNTT, PTITHCM

1/44


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Tong quan hé thdng bd nhé mdy tinh

= Dic trung cia hé thong bd nhé

Vi tri: trong hay ngoai, trong CPU

Dung lugng: kich thudc tir nhd, s6 lugng tit nhé
Pon vi truyén tdi: tir hay khoi

Phu’dng phép truy Xuat truy XuAt tuan ty, truy Xuat

tryc tiép, truy xudt ngau nhién, truy xuit lién két
(cache)

Hiéu suit: thdi gian truy xuit, tdc do truyén, chu ky
Dang vat1y: bin dan hay bing tir

Pic tinh vat Iy: thay doi/khong thay doi, x6a
dugc/khong thé xda

T6 chic bo nhd: sdp x&p vat 1y cdc bit d€ hinh thanh
mot tw 2
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Than
ghi

Z/ cache
/ Main memory

/ Disk cache \
/ Pia tu

/ Bing tir Pia quang
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-Giam gia thanh
-Dung lugng tang

-Tha1 gian truy
Xua't ting

-Tan suit truy
xudt cia CPU
giam
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B0 nhG chinh_cac loa1 bo nhd

i bian dan

= RAM (Random Access Memory)
= RAM ddng: 1am tir tu dién, can lam tudi, mat do cao
= RAM tinh: 1am bidng cdc flip-flop, nhanh
= ROM (Read Only Memory)
= PROM (Programmable ROM)
= EPROM(Erasable PROM)

= EEPROM (Electrically EPROM)

= Flash Memory: 14p trinh lai rAt nhanh, mat do cao,
x6a bing dién va chi can vai gidy.
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i Bo6 nhd chinh_td chic bd nhé

= Cell nhé 12 phan t cd bdn ¢6 cdc thudc
tinh:
= Hai trang thai: 1 va 0

= C6 thé cai dit trang thdi, hoat dong ghi
= C6 thé doc trang thdi, hoat dong doc
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i B0 nhd chinh_chip logic

s Mdi chip gobm mot diy céc cell nhé

» Diy dudc to chic thinh W tir B bit (vd:
16_Mbit chip dudc td chic tir IM tir 16
bit)

= 1bit chip: data dugc doc ghi mdi lan mot
bit
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i B0 nhd chinh_chip logic

s RAS (row address select), CAS (column
address select)

» Hang két n61 dé€n ngd Chon (select) cua
cell

s COt k€t ndi dén ngd vao/ra data
= SO dudng dia chi can = log,W
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i Bo6 nhd chinh_td chidc module

s Néu chip 1 bit thi can s6 chip it nhat bing
sO bit/tlr cila RAM

s TO chitc mdt RAM ciin ct vao dung lugng
yéu cau va loai chip
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e 256K 1bit
»| Decode 1/512
i Bit #1
g
& = | 256K 1bit
»| Decode 1/512
Bit #7
g
= | 256K 1bit
\ > Decode 1/512
Bit #8
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MBR

Boa nhou 256
Kbyte
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. Internal Trace Layer

" Contact Fingers

A closer look at a

[ 68-pin SDRAM DIMM.

PCB (Printed Circurt Board)
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Thiét k&€ bdo nhé DRAM dung lugng 1Mbyte vé6i cdc chip
1bit (dung lugng mot chip 1a tuy chon)? Tu nho 1 byte.
Thiét ké DRAM 1Mbyte véi céc chip 1 bit co dung luong
256Kbit? Tu nhé 1 byte.

Hay vé so do thiét k&€ DRAM 256Mbyte vdi cdc chip 2
bit ¢c6 dung lugng 128Mbit? Tu nho 1 byte.

Thiét ké DRAM 1Mbyte véi 16 chip 1 bit co dung luong
256Kbit va cac chip 4 bit co dung luong 1Mbit? Tu nhé 1
byte.

Thiét k&€ bd6 nhé DRAM dung lugng 4Mbyte vé6i cdc chip
2bit (dung lugng mot chip 1a tuy chon)
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i B0 nhd cache

= Nguyénly:

Bo nhé cache la mot giai phdp tdng toc truy xuat bo
nhé chinh. Cache chita mot phan bo nhé chinh. Vi vay
khi muon truy xuat mot tir nhé, CPU s& tim trong
cache, néu cé s& lay tir nhé rat nhanh, néu khang
thay sg lay tr bo nhé chinh va nap nguyén khoi nhé
chia tir d6 vdo cache. Ly do nap ca khoi nhé vdo
cache: trén co sé du dodn cdc truy xuat tiép theo s8
tham chiéu dén cdc tir nho lan can tir nhé vira truy
xuat va nhu vay truy xuat ké tiép sé nhanh.

cccccccccccccccc
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CPU

B0 nhé chinh
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Truyén vao tirng tir
(word)

Truyén vao tiing khdi

(block)
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Nhan dia chi tr CPU

C6 block chtra

khong

Hoat dong doc cache

Truy xudt bd nhé chinh

dia chi
nay khong?

LAy noi dung
chuyén cho CPU

A 4

A\ 4

A 4

CAp line cho khoi
bd nhéG chita dia chi nay

A 4

Chuyén noi dung
cho CPU

A 4

Nap khdi nhg

{ K&t thic }
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Kich thuéc cua cache

= BO nhd c6 kich thude 27, chia lam M khoi, moi
kho1 ¢6 K tor => M=2"/K

o Caghe c6 C line, moi line chita mot tag va mot
kho1 K tur

s M>>C

s Cache di nhd dé€ chi phi ~ main memory va
khong trd nén chim

s Cache du 16n dé€ truy xudt nhanh
s Phim chit cachee cong nghé vi mach

= Hé so tim thay (hit ratio): khd ning 14y dudc s6
11éu can thiét tu cache. 20
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i Anh xa bd nhd chinh vao cache

s TO chitc cache phu thudc vao phuong
phap anh xa dugc dung

s C6 ba phuong phdp 4nh xa chud yéu
= Truc ti€p
= Lién két toan bo

= Lién két nhém
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Anh xa truc tiép

= 1= j modulo ¢

= 1 :chiso line

= j :chiso khoi bd nhd chinh

= c:s0 luong line cla cache
sHam 4nh xa dé dang thuc hién bing dia chi. P&
phuc vu cho viéc truy xudt, moi dia chi bd nhd chinh
c6 thé dudc chia thanh ba phan:

=W bit/thé'p nhAt dinh danh cho 1 tir hay mot byte trong

mot khoi

= s bit con lai chi ra mot trong 2% khdi bd nhd chinh

= Trong d6 s-r bit cao nhat 1a danh dinh ctlia tag

= 1 bit con lai la danh dinh cia cache line.
22
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Anh xa truc tiép....

B6 nhd chinh

S-T

S+W
WO
W1
Cache W2 By
Line Tag NoOidung W3
0
DPia chi bd nhé K,
tag line tur
1
r \YY%
S-T S» W4
@? W(dj+1)
vy v . Yol W) B,
, W(4j+3)
So sanh > K;
\YY%
Co trong cache
C-1
c-1

Khong c¢6 trong cache
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i Anh xa truc tép.....

Cache line |C4dc khoi bo nhé dude gdn
0 0,c,...,.25-c
1 I,c+1....,25-c+1
c-1 c-1,2c-1,....,25-1
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i Anh xa truc tiép...

= Don gidn, chi phi thuc hién thip

s M6t khoi bd nhd cho trude chi duge gdn
moOt vi tri cache ¢6 dinh => hé so tim thay
s& thap trong mot sO trudng hop, khong
tin dung t6i da hiéu suat cache
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i Anh xa truc tiép...

O Vi’ dLl
= Kich thuGc cache 64Kbyte
= K=4byte
= B nhG chinh 16Mbyte=2°* (24 dudng dia chi)
- M=2%?Block, C=2!4

Trinh bay hoat ddng dnh xa va cho biét cdc khéi

bo nho chinh nao vao line nao cua cache?
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Line +
Tag Whord

,_.
o

FFFC

0000
0004

FF

FFF8
FFFC

Biiiiiiii
11235813

— -

FEDCBAY9CE

- -~

————h———

123456768

11223344

— — - -

24682468

4>
32 bits

16-MByte main memory
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13579240
11235813

P

FEDCBA9SS

11223344 ‘ 3FFE
12345678 | 3FFF

8 bits

32 bits

16-Kline cache
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Anh xa lién k€&t toan bd

i (full associative mapping)

= Cho phép moi khoi bd nhé dudce 4nh xa
vao bat ky line ndo cda cache.

= Dia chi bo nhé gdm c6 hai phan:
= Tag: dinh danh duy nhit cho mot khoi bo nhd

= Tu: vi tri ndi dung can 14y trong khdi bd nhé

28
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Anh xa lién két toan bo....

B6 nhd chinh

S+wW
WO
Wi
Cache W2
Line Tag NOidung W3
N 0
DPia chi bd nhé K,
tag tur
1
S S w
( g S » W4
S ]
W(4j+1)
vy v ¥ q > W’ W(4j+2)
W W(4j+3)
So sdnh K.
Co¢ [trong cache
C-1
c-1

Khong c¢6 trong cache
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i Anh xa lién két toan bé...

= D€ x4c dinh khdi ¢6 trong cache hay
khong, logic diéu khi€n cache phdi ki€m
tra tag  moi line => mach thuc hién ki€m
tra kha phuc tap.

= Linh hoat chon block d€ thay thé khi doc
modt block mdi vao cache => thiét k€ cdc
thuit todn thay th& d€ t61 da hé sd tim
thay
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Anh xa lién k€t nhém

i (set assoclative mapping)

= Dung hoa vu diém cida cd hai phuong phdp trén.

= Toan bd cache dudc chia thainh v nhém, modi
nhom c6 k line.

= Phép dnh xa nhu sau:
c=v.k

1=] modulo v

i: chi sO ctia nhom trong cache
j: chi s0 ctia khoi bo nhé chinh

A A1
c: tOng sO line trong cache
31
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i Anh xa lién két nhém (tt)

= Khoi Bj dudce 4nh xa vao bat ky line ndo trong

nhom 1
= Dia chi bd nh§ cé ba phan:
= Tag
= Nhom
« TU

= d bit chi ra ¢c6 29 nhém, s-d 12 s6 bit cia phan
tag. Nhu vay bo nhdG chinh duge chia thanh 28
khai.
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Anh xa lién két nhém....
) B6 nhé chinh

S+W

By

Cache
: B,

line Tag NOidung
\
N 0 F,
bia chi b6 nhé
tag | nhém | tr : F

s-d d W

|
| [T f L
K
So sanh @v@ w :
¥ < Fy.. >Nhém 1

Co trong cache F

s-d \ S

C-1

Khong ¢6 trong cache
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Vi du 2 line/nhom

Two Way

Tag

ooo

nze

LFF

(two way associative mapping)

Set+Word  Data

b

000015759248 F == =1
aoo4g 1
1
e -~y .
1
1
]
JEFE !
7FFC '
B R L e L T
o Sel
T Tag Data Number Tag Data
o000 [ 79777777 B =! w——--J000f 135752436 | Dooo [OZCY 77777777
0004 PEEEEEENE = = == = & = o D2Cy 11235813 | 0001
339C | FEDCBA9S | = = = = = = = o 02C| FEDCHA98 | OCE7
s ¥ g W e La W Lp ™ Y
r == 1IFF] 11223344 | |FFE
JEFC | 12345678 | = = = = = + =-02C] 12345678 | 1FFF | LFF] 24682468
> 1
' <+ +>
" 9bits 32 bits 9bits 32 bits
oooo i
0004 - 16 Kline Cache
'
~ -~ I
- = l
1
1
7JEF6) 11223344 === = = -
JFFC S
32 bils
16 MByte Main Memory
Tag Set Word
Main Memory Address = 9 13 2
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i Thuat todn thay thé

m Least-recently used
= FIFO

» Least-frequently used

= Random
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Chinh sach ghi

s Hai vin dé

= Thay d6i mot tir trong cache = tif trong bé nhd khong
hgp 1&

= Thay d6i mot tir trong bd nhé-> tir trong cache khong
hop 1€
s KV thuit ghi
= Write througth
= Write back : dung UPDATE bit
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ok Chinh sch ghi..

s T6 chic bus véi nhiéu thi€t bi (bd x& 1y) cé cache riéng
va dung chung mot main memory-> van dé mdi

s Cache coherency system

= Bus watching with Write Througth: mdi bd diéu khi€n cache
déu gidm st cdc dudng dia chi d€ phdt hién hoat dong bo nhé
vGi cdc bus master khdc, n€u cé ghi vaio mot vi tri bd nhd nao
d6 ma mot line cache c6 chita thi bo di€u khién sé dit line vao
trang thdi bat hdp 1€.

= Hardware Transparency: bd sung phan ciing d€ ddm b3o moi
ciAp nhat bd nhd déu dudgc thong bdo véi tit cd cdc cache

= No-cachable memory: chi mdt phan bé nhé dudc chia sé cho
nhi€u bo x& 1y (thi€t bi). Khong bao gid copy phan bd nhé§ chia
s€ vao trong cache.
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Kich thugc khoi

Khi mot khoi bit dau gia ting kich thudc tir nhd
dén 16n. Thoat dau hit ratio tdng, khi kich thudc
khoi 16n dé€n mot mitc nao d6 hit ratio lai giam.
Khoi 16n—~> s0 line gidm

Khi khoi 16n 2 moi tir thém vao trd nén xa véi
tor dang tham chi€u va hi€m khi dudgc tham chi€u
trong tuong lai gan.

Quan hé giita kich thuéc khoi va hit ratio rat
phuc tap, kho tim ra chinh xac quan hé nao trong
do hit ratio ludn td1 uu.
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i S6 luong cache

m Cache don

= On-chip cache (internal cache): Cache nim trén
cung chip vé1 CPU.

= Off-chip cache (external cache) : Cache cé thé doc
qua external bus

= Cache hai mifc: dung ca hai loai
= Internal cache L1
= va external cache _L2 (thuGng dung SRAM)
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Main Memory

CPU with |6KR
Internal Cache

(Primary Lewel 1)

256KB External Cache
{(Secondary Level 2)
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S6 luong cache...

= Hdp nhat
= Khi m&i xuat hién on-chip cache, nhi€u thi€t k& ding
moOt cache d€ chira data va instruction

= C6 hit ratio cao, do cé diéu kién lam viéc theo Data-
bound hay Instruction-bound

= DPon gidn cho thi€t k& va hién thuc
s Tach biét
= Nhirng thi€t k&€ gan day chia cache thanh hai phan:
mot chira data va mot chira insruction
= HO trg x& Iy song song, pipelining cdc chi thi
= Ngin chin sy tranh chap gitta bo x& 1y chi thi va don
v1 thuc thi.
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N . 0
Pi1éu khi€én cache

s Cache bén trong dugc diéu khi€n bdi hai bit clia
mot thanh ghi diéu khién, go1 la CD (cache
disable) va NW (not write-througth)

= C6 hai chi thi

= INVD: huy bo ndi dung trong cache va bao cho cache
ngoai.
= WBINVD: ciing ¢c6 chic ning tuong tu nhung bdo

cho cache ngoai thuc hién ghi vao bd nhd khoi da
hiéu chinh.
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So do cache trong Pentium IV

System Bus
Out-of-order L1 instruction < Instruction
execulion cache (12K mops) felch/decode
logic unit
ol
bits
L3 cache
l (1 MB)
| Integer register file |-1T>| FP register file |
' vy T v 1 v 1 v y 1T v 1
Load Store Simple Simple Complex FP/ FP
address address integer integer integer MMX move
unit unit ALU ALU ALU unit unit L2 cache
(512 KB)

L1 data cache (16 KB) <—/—T

256
bits
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So do cache trong PowerPC G5

L2 cache

On-chip

caches I

L1 instruction cache L1 data cache
Instruction fetch Instruction fetch Branch
and decode logic and decode unit

Instruction
dispatch group

Velocity engine

.§!

Execution
units

uopnoaxe
youveug

xa|dwo)

Bugeo|y
wod

Buneoyy

ansed

completion group

Instruction 1 2 3 4 5
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