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J
0‘0

R

AN}

int sumarrayrows(int a[M][N])

{
Int 1i,j. sum=0;

for (i=0; i<M; i++)
for (j=0; j=N; j++)
sum += a[i][j];
return sum;

FEFA

int sumarraycols(inta[M][N])

{
Int 1i,j, sum=0;

for (j=0; j=N; j++)
for (i=0; i=M; i++)
sum += a[i][j];
return sum;

EEEEEEEEEEEEEEEEEE

2B

fEAEZ2E (M=3, N=4)

it [
a00 Hidk a00
+4 a0l
+8 a02
+12 a03
+16 alo
+20 all
+24 al2
+28 al3
+32 a20
+36 a2l
+40 a22
+44 al23

< Pi AR R T
>TEFA: sumBEELZIRTTH, HHa
I 1R B = [a) i
>TEFB : sumBEEZIRUTH, $dHa
Vs IRl A B & 2 B S




1.1 Al D7 1R i R B 1 SR 2

¢ SEpE/EIE (principle of locality) : KREMMEFRE/THERS
WEREKH, TREAFIIESERANEIE, b FeE et
REE - NB/PHESEHEXIES.

> B ] 5 B 14 (temporal locality): Rl a5 774 2 55 7T B

ARSI 5

> 6] R ER 4 (spatial locality): Ry i s B T I

BT AT BEAS ARV H] -

¢ FEERRE

> 8% BLEFEI
HhbESE; (EFEFBR
BT EFRERIT.

> B B A
TRER. BFUHE.

data

address % FReT | 3
*e L4 L J oee

*e
.....
eee

TR TEMPORAL LOCALITY —

If an item is referenced,
it will tend to be
. referenced again soon

SPATIAL LOCALITY —
If an item is referenced,
»* hearby items will tend

*
» to be referenced soon.

{isne—
time
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1. 1 AFIRBLFF M4 I R REOT A% 22 72

776 B A JLRLAFRR R [

SRAM 0.5 ~ 5ns $4,000~$10,000
DRAM 50 ~ 70ns $100~$200
TG4 5*106 ~ 20*106ns $0.5~%$2

<~ EIREPEESRERRIRE
> BB ERG EHNEREE SCPUMEERIE, &M
CPURBAIRE;
> B P E TR I PO A 0 P BB
> B b 1P BRI M DRAMIEEE S HREY 7 2 T B B8,

~ NIt F AT ikxa?




1.2 FIE A A% (Cache) i JR 2

HECPUMEFEIEE —S =B/ NEIREF,
S h D2 EIER (Y %w@ ObEES
i%nyﬁu RKEZHIERT, CPUBEEIEMIX
/\*‘#ﬁﬁmﬂ& SIESMEIE, MAWIAID)
FF. X ?fﬁﬁﬁtECache !

&l

Cache




1.2 FiE M AFfif4% (Cache) M R —— 82 XG4

SR 77 HU A 8] RAKE

Magnetic Disk

Magnetic Tape Optical Disk

> BIRGW: BEBR, A8, FE8/)
> TAEEHE:
1) CPUIsfTHS, TERBRIEHREILKRE FHFH
2) | () R E(R) BER, stihklcache
3) wWEIEF A fEcache, Mi5HDRAM
4) MMBVEBAIEDRAM, W5 R, BAeEBMNER SDRAM —cache
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< BMERAFE TN FEFET
% Cache K/MNFIFEFFER K /MEEE

Cache
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1.2 BB G M 4% (Cache) ) JR #

s CacheE Ak

) 7] e

> AL A B BE T 5

> 5

SYERE S E NN AR

> HTFCPUL R A EFHbE T R &S, BrblCacheM A
ZAWCPUYSHETE T RPN BER B ECache FHIRE ST,
= 7 HLBEAE Cache HP 5 9] A B B2 TG R BE /75

FEAR:

9:

i =

> BB FECache ZAENEHIBIIR T B #Cacher
WRERE ST

TN
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1.2 BB G M 4% (Cache) ) JR #

% Cache) &A= 4514
>EENA: FRESdE, FREE, —BCRASRAMME. PAEEESRBlock
(ETF) NN, CachetRR/PMEFEFHRA/PMEE;
> MUt A . sk LEE LR, HehbFEBLS], Hbbdsbsid (Tag) , —A
Block BB — Tag;

> B4 ERBlockIERELL, BESRES, AR (v) BN NEHE

B BEREE R
E Data Block O -
Wéfd v JIRER Data Block 1 |B|OCk' S
v [INEF Data Block2 | | =eeees
Eq Data Block M -1 Block N -1
Cache HJEAZW Main Memory

AT LT X4 T T 2 12
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1.2 BB G M 4% (Cache) ) JR #

¢ CacheH)BXANIF

> HFEEL (block) : Cache 5XFHIEARH#8AL, HRFEFECache—IR
THBERIR/DNEA, HENFET (F) 4, HRTEFRIZSHRIE
Free eI BIE Z 18, R FEFE CacheZ [ R ETE LR HI T8

>Frid (tag) « ®|—CacheBIEIRE — M FE, FRRFZCachefiiz
Pt M ) E SR SR B RIS 2 .

> BRI (valid bit) : Caches4—BlockE —NME AL, FTFIHRHENMNE
EHRFREEEHBEIE

>4T (line): Cache® —/ block XX tag. valid bitF 117 -

>4 (set) : BHTFER(Block)fg— N, Huhk LB — R RE7EZH P &-HE R Bt
#H1T.

> (way) : CachefHREXHIHH, ®—BEAMIIKHNE BN, &
bk LR BE R #E1T (—REHSES) , BREEME— AN .

> FE (hitrate) : BAEIEECache R KIFAAE U7 ] B EL .

>REZE (missrate) : HIREIEATECacheF HIFEAE 15 18] B EL1

e venatr [
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1.2 BB S M 4% (Cache) ) JR #

RHILT BT agrridggse (BAFHD)

— == CE G
< CacheZEHIR~E LSO -
aafc| | tag || 0 | 1 | e BT
> 43 S4
6} H ‘ﬁ%ﬂﬁ ‘ tag H 0 ‘ 1 ‘ ...... ‘B_l ‘
> HEST 40 - HHAEST
>§§iﬁﬁ%@38/]\$% ‘;ﬁ?&ﬁ ‘ tag H 0 ‘ 1 ‘ ...... ‘B—l ‘ |
] [ tag || 0 [ 1 [ e b1
mp | 28] [tag J[ 0 [ 1 [ v Bl
] [ tag || 0 [ 1 [ e Bl
] [ tag || 0 [ 1 [ e b1
meq | [FEE][[tag [[ 0 | 1 = Bl
] [ tag || 0 [ 1 [ e Bl

CacheF & (14 : B xE xS

o 9t F AT AR 14
e venat [
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1.2 BB G M 4% (Cache) ) JR #

< CachefViEIR{ELTE

N
l

LWk B CPURIAF
fii s il

l

O g 2 > #a

'

l Yes
f+Cache
MCacheF 132 HUEL Hh A3 ie — e e
R 2ZCPU

v v

e A A7 S B R
Q:I:EE él HIJ é&?EXQ/E}CPU i&?}%ﬁ%@mache
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o BhUR RSN >

—. CacheHljE= 3
1. BRGNP RRERE
2. CachelI4 5 T/EEH

—. CacheRJBrE#LE

1. SAHBCHLET
2. ZHAHBEMLET
3. HiEmg

=. CachefjZ#HER
JU. Cachef:fes#r
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2.1 Cache5 E1FZ [6] BBk gt

& H4 RCachelJ g} ?
> 3 A R E EHEX BB Cache i, Zi 3| Cachef itk ?
> CachefJEREE EFHD, A THFHBE B —4Cachedt

Word

EEEEEEEEEEEEEEEEE

E Data Block O

v [IER Data Block 1

E Data Block 2

Y, |.a
Data Block M -1

Cache

Block

=)

Block O

Block 1

Block N -1

Main Memory




e
2.1 Cache5 E1FZ [6] BBk gt

& QAT REAT BREY 2
> B EFFRIG BR/MEER EFR (Block)
» Cache I — > EFF RN B BALFR Ay Cachedk (Block)
»Cachet K/N 5 LFFRAK/PHESE
> M CacheR BT 5 A :
= £MEK (Full Associate) : BANEFRBATB|CacheEREHRF
= B4t (Direct) - BANEFHBET BlCachef [E sk

= ZHAEE (Set Associate) : AT FHRME FCacheIE €A F
FIfER B

EEEEEEEEEEEEEEEEE -~ ...
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2.1 Cache5 17 2 [6] FI BB —2 H BE

% 2 FHBE (Full Associative)

> X4 NETFBlock, CacheZ[FEEKR /M & FBlock
> CacheH {¥)Block¥t B B4R L = FKIBlock¥i /b 1E £
> A7 B —Block ] PABR 4t B Cache H 4L E —Blcok

Main Memory

Block O

Tag Cache /

\— Block O Block 1

\— Block 1 Block 2
\— Block 2 . —
\_/_\

\_/_\

— ] Y Blocki
\— Block € -1 L
- \Block 2M-1

19
-~ .




]
2.1 Cache 5 F 172 8] F) Bk B — AH B

<% 22 A R B S ) Mk
> EFRHHERE K Block Number (tag) Offset
>CachelfiTagi%: Hi%CacheBtxt Bif EFEH A B bt

£ HELCachezé 4

EHFAELI6M Bytes, CacheZFE64K Bytes, HRK/PNI6FF.

- M Cache& 4L/ bH?

- EFHIRMBRE DT KR4

- TagREBEZDAI?

fi#
- EFHR¥: 16M+16 = 22 Blocks
- MRk 2467, Hrb, B 20 AfoABHbE, K 4 AR L
— Cached¥: 64K+-16 = 212 Blocks
— CachefTaghiZ N 20 Az, FA-TFFHON B AR H ek

EEEEEEEEEEEEEEEEE




2.1 Cache5 X 1FZ [6] BBk gt

EH

i

Tag
XXXX

XXXX

Cache

o) I F IRT R ERE

S BEIHANG UNIVERSITY

A7

000000H ~
BLOCK
00000
00000FH ~
000010H ~
BLOCK
00001
00001FH -
000020H ~
BLOCK
00002
00002FH -
000030H
FFFFEFH
FFFFFOH
BLOCK
FFFFF
FFFFFFH
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2.1 Cache5 315 2 8] F) B B — AH BE

Memory Address
Tag offset CACHE
£ FECacheH R Tag Data
> [FIR 5Frf Tag
TR, =N ~BlockO
AE T .
> MR I b l l .
L ~Block1
SAFHIT vy X .
5% _J
Hit
Blockn-1
22
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2.1 Cache5 315 2 8] F) B B — AH BE

Fully Associative Cache

+ One cache “line” READ HIT:
One of the cache tags matches
TAG | Data g the incoming address; the data
associated with that tag is
.[;' returned to CPU. Update
; usage info.

Address
from CPU

READ MISS:
[‘: None of the cache tags

matched, so initiate access to
main memory and stall CPU
I until complete. Update LRU
cache entry with address/data.

Miss

o
Iy Data to CPU
Data from memory 1

AR XL T ET 23
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2.1 Cache5 315 2 8] F) B B — AH BE

4 FE Bk B

Q}fﬁ:ﬁiz
XCachefyEH AT AERARR &M :
-INCache®H, BEFRRFTIREESA
-tnCachegdi#, talGFEMEFE—{Cachet kR

c’ﬁ%&ﬁit

EHITCachelZERERN, FFEMUIPMHRbIIES
CacheR FrETag#i Ltk B R, FREABRERAMH

HFSCHX— LRI EMNBEREZ T TE SR, STIE A
NS MmMELUSLAH, Bit{NECacheRER/NHXH

AR ce g 4
(o)) 9t & SR F IR ERKE 24
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2.2 Cache 5 F 172 6] I BB —H BE L5

< BIEMST (Direct Mapping)
> EFFRFE—B ) BatB|Cache BB K, K= JMod M, HHMZ

Cache 8 & L.
> SLhR B R¥ EF# Cache I RN X, —MX WIS 75 Cache %t
L BB
Main Memory
—
Block O
Tag  Cache Block 1
— Block O R — ~ X0
I
Block 1 Block 2¢-1
- Block 2€
R
Block 2€+1
— Block 2¢-1 > X1
Block *+1- )
Block 1
Block 2" -1
25
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2.2 Cache 5 F 172 6] I BB —H BE L5

o ELERIRAY

> EfEH R R, | XHIE (Tag) | X pySbk(Index) Offset
»CachelITagIA A& : A HiZCache$dEHxt B ) BEE i X Hi bk

* HEBUN Cachezé

- FHFEAEIMFET, CacheBAE64KFT, Block K/MN16 Bytes
- Cache®B &% /b2

- EFHAE DA ARt A?

- TagMLixZ/bAr?

— Cache: 64K—+16 = 22 Blocks
- EHFHH. 16M=16 = 220 Blocks

- FHESRK: 220 + 212 = 28, W[4rEL28ANX, EMX212Blocks
- XHHHE: 2447, HAE 8 fLXHHE, HrEI12A0 8 X N B,

fRAALAE A Huhk
- CachefTaghiiz A 86, FTFABON RLEFHA X Hiht
26
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2.2 Cache 5 F 172 6] I BB —H BE L5

Memory Address
Tag Index | Offset CACHE
BEiZEME Cachedd R Tag Data
> RES5—ATagi#
— ~BlockO
ITHE .
—
l ~Block1
v X - -~
B3 _
Hit ’ ‘ ’
Blockn-1
CALEE XL EEL 2 27
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2.2 Cachet5 7722 [a] f) B &t

=K 305 )

fl: FEFMCacheZ B R EIEME 53N, K/ A16B. Cache I
[EH64KB, EEHNEF324L, RFIHYRUL

31 Memory Address

- | e
Hit Tag ®~ 1ED“~H12 42 2 @ Byte offset , @E
Index Block offset
16 128 e
v_tag data ' o
- 1 4K
Entries
16 432 32 J32 J32
1 1
( Mux
1‘32 @ Data

28
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2.2 Cache 5 F 72 6] BB —H BE LT

k305 ]
’:"ﬁt):lf'::

SKEEE, REFMMAS
NRICacheirfiTag ;

0:04(3{):5::
BREY R RN RIE,

ERCachetk, £HICacheq

PSE

SN

E PR RE

[w]

5 RE R B 2K

- it K bk, SiRitilxd
ATDREER, RIAfEREwH

SRETH, EFRATEE

BEEEAMBESHNAR, CacheZFEIMFIARTS




-
E+/\ik

fJLt FIRE IR EKE
B '. BEIHANG UNIVERSITY

30




]
b —i3 18 22 [] Joi
¢ SIRERFERFCache
> Cache4. R [REFEIRE (FigHE. B, SRAM)
> CachefBfEARIBIRA, &y, TIEEE (76, Hboik. B4

> CachetfXH)—LARIEFMIELR (R, valid, tag. 7. H/EK)
> FFERECache BB A (2B, ERMEH)

Block O
v IR . siocko
: Block Block 1
Word E . Data Block 1

v IREEM pata Block 2 -

V |.q
Data Block M -1 Block N -1

Cache Main Memory

EEEEEEEEEEEEEEEEE




E—ifEREM — £k

< 2Bt (Full Associative) : A EFEH AT BT B Cache T S

Main Memory ’:‘ ,ﬁt).‘l;—(: EFHE;E
Block O
a9 cache -fCacheZiH, BEM
Block O Block 1 —
REFREESA
Block 1 // Block 2 - ﬂuCGCheEﬁ, ﬁ?’ﬁ_l'
B Elock 2 / - FERFE— IR EHE
- - B Xt
ot Bt E 5 Cacher
Block -1/ R FrETag#BLER, FRE
A\ MERERRH. KT
| Block 2M-1 BENE, 4/, XA
FCacheFER/
% EHRAHARAE R Block Number (Tag) Offset




E—#E

=Zalm —

=K:3DS%)

< HEEWST (Direct Mapping) : AN EFHRBLET B Cache [l & H

Tag

Cache

Block O

Block 1

1 111

J\
J\

Block 2¢-1

< EFHIHBERE

o 9t F AT AR

EEEEEEEEEEEEEEEEEE

Coowo || fRAE. xmmE, ABFH
Block 1 o Fi E bt g X #tdik,
— 5ttt ZpICachek
Block 2¢-1 hTag #{T1 R EE®:, BIFA]

Bt MERE Y
Block 2%+1
S| e R B ERFRE,
sy =hICacheFRE XN
Block £+ - , [EFRAEEEEAM
BEHMNIAR, CacheZ
Sock 2 1 BFHEARIES
XHuhtk (Tag) | X AEHHE(Index) Offset




o BhUR RSN >

—. CacheHljE= 3
1. BRGNP RRERE
2. CacheW4gET/E)RE

—. CacheRJBrE#LE

1. S FHEEmE
2. BEHEMRLGT
3. fHIEEXMRET

=. Cachel)&#u%
JU. Cachefkgeortr
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2.3 Cache 5 47 2 8] i) Bt B —2H AH B

o HFHEE (Set Associative)
>BRETRR: Cache -k K H, BAHSAL L B EHERE I PLUT 5 R Tt
%12 Cache B4 | HH4EfAT—He,
= J mod K

>SEfpr EEF SCache#i it K 1, EHES—HAKE S5 Cache—H A K
BEA—H, FFRAMARE RS ZECache AMA, {HA]LLRZA

MAREE—B.
Cache Main Memory
Tag Tag
Block0 | get Block k Block 0 Block k Block (m-1)k

B Block 1 Set 1 Block k+1 Block 1 Block k+1 Block (m-1)k+1
[ ]

Block k-1 | Set Block 2k-1 Block k-1 Block 2k-1 Block mk-1

K-1
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2.3 Cache5 17 2 [6] B B 5 —2H AH BE
<% ZH AE R LS

> E R H RS R H Ntk (Tag) EHMMHESet #f  Offset
>TaglINZ: EHEP5iZCacheBHEEnt M HIBHE B 4 A Heib k.

- FHEAEIM F, ABRAME (FHEEF41Block) CacheAE16KF
¥, BlockK/N256 Fi

- Cachefr%/H? SHAEESEZDH?

- XHESELHE? BHAES SO

- CachefTagHmEZ/PAL? FHA2HER?

— Cache #H¥= 214 +(28X22) =24 =16 @A
- FHREHPH = 220 (28X 24) = 28 =256 H/H
- XFF#hk. 20 iz, HPES MONHABHRE, Fa)4 ACAEMEE, K 8

AL E Ay HivhE
- CacheljTagRiZAN 8 fr. FFHCachedsf B 3 F7HR i 2 Py e ht
R ERERARE . 6
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2.3 Cache 5 F 772 [8] i) L B —2H AH B
CACHE
40 2H1 402 S
L | L | L | L |
L | L | L | L |
L | L | L | L |
L | L | L | L |
00000H 00100H 00200H O00FO0H
000FFH 001FFH 002FFH OOFFFH
01000H 01100H 01200H 01FO0H
010FFH 011FFH oFrH| | 01FFFH
Eoyia

EEE & g si .
It F ARE AR KK
EEEEEEEEEEEEEEEEE -~ e
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2.3 Cache5 3

Al

ZHAHEX

LA

CACHE
ZHO0 ZH1 ZH 2 ZHF
I — I —
— — I —
— — I —
— — I —
OO0O0OO0O0OH O0100H 00200H OOFOOH
OOOFFH OO1FFH O02FFH OOFFFH
01000H 01100H 01200H O1FOOH
010FFH O11FFH 012FFH O1FFFH
02000H 02100H 02200H O2FOO0OH
020FFH 021FFH 022FFH O2FFFH
0O3000H 03100H 03200H O3FO0OH
O30FFH O31FFH 0O32FFH O3FFFH
FFOOOH FF100H FF200H FFFOOH
FFOFFH FF1FFH FF2FFH FFFFFH
=15
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2.3 Cache 5 F7F 22 [a] f) B &t

CACHE
ZH0 ZH1 ZH2 ZHF
03 ] | 07 ] |
o1 | I
P | | |
| 03 | |
00000H 00100H 00200H OOFOOH
OOOFFH O01FFH 002FFH OOFFFH
01000H 01100H 01200H 01FOOH
010FFH O11FFH 012FFH O1FFFH
02000H 02100H 02200H 02FO0H
020FFH 021FFH 022FFH 02FFFH
03000H 03100H 03200H 03FOO0H
030FFH 031FFH 032FFH 03FFFH
FFOOOH FF100H FF200H ; ' FFFOOH '
FFOFFH FF1FFH FF2FFH FFFFFH
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2.3 Cache 5 F7F 22 [a] f) B &t

ZHAHEX

HAHEECachef 2R

> FER5—AHN
HIFTH Tagi#AT
e, NEgGAAH
EkCachelll &N
AR

> HHE VT iH 5
FHATHAT -

EEEEEEEEEEEEEEEEE

Memory Address

Tag

Set #

Offset

@

@

Tag

CACHE

Data

Block O

Block 1

vhv— ------

B3

Hit

3
|
—— Block 1
®—> E E
1

Block L

Block O

Block L

>~ Set 0

> Set 1
<

40




2.3 Cache5 3

= TR T BR A

ZHAHEX

B Cacheqfl: CacheZBZE4KB, 4RRZAHEE, FIEHA/N4AB, XHEHAE326I.

17 stk
| tag (22b) | set(8h)|2h |
£y 22 a
i R AN SR T e S U AT e R frad il R0 g G
0
|
= 2 * i s 4 1 * 1 .
| (. i | = (I i |
| ([ | ] I I
A 22 £ 3
v .f‘“!r
=—"*~,: }'\_::> =—'*-,:)
HE1 B
A i 4% (3267
rrITITEL 41
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2.3 Cache53

ZH AR R BRS
* HHERIR ST B H R RST M ETHEXBRIN IR

R

BRSTT, BT L
<+ FERSNEABHCache 2T R X

*EHFRECache Az AIR—MNXRER, FUE

NES

FEHEEBEN TR, BB T —ERRENE
" ZHAHBRRRET SR 1 SEBL R AR 75 14




o BhUR RSN >

—. CachelJH#
1. TRV R R
2. Cachefi&m5TiER#E
—. CacheHJBrEHLHF]
1. A HBRHLGT
2. HAHMERRGT
3. EEmut

=. Cachef & &g
JU. Cachel®:fes#r




Cache &k S Ab 3

S EES

»>CPUijja)Cachefiiseit, CPUMNMEEHHIERE N Cachelf
ZAgEisalCache, XHABIAYRTEJRALFR ALK,

> EVHRAIEE]:  SE—FRIEIRRTE (FFfERFTEED +
BREVF R FB 5> HOFRIERTIE] .

»CacheRFFHi#ZHAXR

LR X4 T EL 2

EEEEEEEEEEEEEEEEEE

RRIR R BIRARF M.
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Cache )Gk Ab 28
KT3I HEN

BE: FHSEFRMEIRAT; £EMUFINT, HIEIDRAMEFEEILST, £
—PNFEEEIANT, Cachelr KN KAZFE,

HE MR A AR R
" BFEMBREIRE =

CPU CPU
14+4*15+4*1 = 65T iﬁ {} i;

m OB IR Cachs —— Cache
1+2*15+2*1 = 33T i; jﬁ jﬁ jﬁ jﬁ iﬁ
Cache
B AFETRRIGRK K T il
1+1*15+1*1 = 17T ‘ | jﬁ jﬁ jﬁ jﬁ
S T T . i
1+1*15+4*1 = 20T
s Lo g AL NS

EEEEEEEEEEEEEEEEE




Cache &k S Ab 3

m R (LUEHR(ERSI, SHRIELLBER)

FRENGTIE: BREABIER P& FIZINF£8BR A Cachelg,
B MCacheripEl frigKaF (LEISIEEREF)

>REER (early restart) : SREEIBRAPEFIRIRFEN
Cache, —BEFERBIFEE N Cache, CPUILENIFEIZE, ¥
FN A BBREAER K EHER|cache

>ERFEMSE (requested word first) : FRiEREIFESEEN
Cache, CPUALBMIAIEIZFE, EHINIIEZRTEMTERTFR
T— ik, BRIBRAG A B B9 IF R 15 2% T S BiE E

cache
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Cache &k S Ab 3

m LR

CPUiJj [alCache CPUj 7]
PR R Frig R 5
YN l T ‘ LSS ABIEEE LIRS Féiﬁﬁ%i
5 1A OEE AT CAF | EAE AE =
CPUJjj Al Cache CP‘UD‘J_‘ IE:]
o A Jeh o FIT i >R 7
i FEIEZE  fRIESE FE3% BT i 3% B¢
REER T ogmmty Sy gy L3 CRE
CPUVj ] 5k CPUU‘? i)
R A e FITid sk 7K
T KT l e i 3% 7 3% 8% 4%1%? {1k
e BREK T kn CEE 0 K1
AT T L, 47
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Cached i) 3 #1

B HERRIEETEE

> HiEMETCache: TiEIEREKRT, #iIERBIBMERRREHEAN
CachefI— MU B, HAZMENBIERLMBZHE;

>¢A{8EkCache: J5R)ERET, HUIEKREBIBREFEEIR AT LA Cache
H—ENERIAE, Bk, M7ECacheXtMBARIEFE—EIELR
HITE;

2Bk Cache: 1ElERKES, WIFKEBERAERALIHEACache
REMAGLE, BEit, AT#ECacherh{EE—MNEBRIFITER,
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Cache ] & # IR 1E

m H R

>EBiIEE/P{ERE (LRU, Least-Recently Used) : ig@E—/ HiIERHIHE
SERER, RILXBHERNREER.

>Feitkde ik (FIFO, First—In—-First-Out) : SRAZBANBENRERE IR,

> B /MERINEE  (LFU, Least-Frequently Used) : idFE—HiEHR
HfERZER, ERXBRDOBER.

>BE#L3%E (RAND, Random) : BE#LIEFE—MEIEIRIZITE R

B FMEEASSI
>—AR ST, Elt, EEMNEE, ETE4SIAT

~ AT ikk‘?‘ 49




Cache ] & # IR 1E

B LRURYSEER (3

AR IE)

RN RSO ER R E R &

>33

= CachefIB—R&PIZE —MTEES;
= WA EHEAR, Hit#E55 0, mETBRHEESMM 1;

= iiRlar e, FRARETHES b PIRAGTHERITEC R -
(1) RVHE/NTohREOTHHE, MWiZREHHEN 1;
(2) RRATHBUEXR T PRI HE, WBEFE.
REHE PR R RO,

« BEBI]E, MiEFETHESRKHRRER.

>R

= ff&Cache EAXFIR, HEE T HiHNCacheRtR, MPERIS
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Cache ] & # IR 1E

B FIFORISEIR (HHEESE)
>EN: BRFmFEANCacheHRER T X
>3k

= fFlinSolar—16/658CachesR FH4ARBE AR, THIR, &
REZ E— N FENLAY T RS

= HERBE RN E R IZRATHERE R0, MEIEHKNH
BRI REEMmL

- HEEFRNREETTRESRARNRE T RE
>RRR
- SMEZH, FHEA
A RESE—ERR#H N Cache, (BEEFERAMNR (NEFE
FF) &bk

~ NIt F AT ikxa?
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]
CacheZ54]

FHENETFEAEE 16MB, Cache B8 16KB, %H 4 FRHAEE: (F4H 4 ) MEFH
I LRU B# RS, B 2FEH 16 1. R Cache 315 8 4 (HAHb A 8) AJ 4 4
HIEHRFIZEANERL Tag HEWNMTER (BEANA 1 BREFEHEEN).

AN Tag
1 F40H
1 430H
0 218H
1 030H

(1) Cache 7% /bH? (29

(2) AHFFOHURES; (249)

(3) # CPU E{RIZEIEEHul 430082H. 2F8086H. 03008AH. F40088H.
063081H = nHAIEL, WHZEUH JLMHhk B pIEi& 74 Cache RE(? 5
MRS RN ERP BN Tag HEZRZ D,

52
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]
Cachez& 4

(1) Cache%réE¥: 16KB +16 ~ 4 =256 48
(2) AESERE: 16MB + 16 + 256 = 4096
AEMIERE:  ZAABMHE(12b) + A (8h) + BRI {RES HAE (4b)

(3) CPUFIRIEAFSR T (EF0SEAFR) AL Iag
1 FA40H

>i%E430082HE T, P, ¥IBECacheFE 2R 1 430H
0 218H

>i§2F8086H$i5 ﬂ*; lﬂ:ﬂtj‘, iimﬁi*s #%)\ 1 030H
FCachefEB3k, BHRKEANAL, Tag2Fs N Tag
>iE03008AHETT, W, BIBRFECachesE4kp i igi
>iEFA0088HETT, WA, HIBAECacheE 1k ; gﬁﬁ
>1E063081HETT, Hk, MR, EAER, HEAN | #Ak Tag
Z|Cacherh, {Bi%ZtACacheBi#, EE%E RIS 1 FAOH
SERM—SBRINE, MEE2RT; HAERE 1 -
ANiLA1, Tagiho63. 1 030H
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o BhUR RSN >

—. CacheR) 2
1. TRV B R R 2
2. Cachefg 5 TIEEHE
—. CacheRBRETHLH]
1. AAHERHLGY
2.  SHAHBRBRLST
3. EEmut

=. Cachel)&#u%
JU. Cachef®:ges#r

~_ I F T IR RRE

EEEEEEEEEEEEEEEEE




Cache I B E

B CacheIBE
> NMESFTRERBART, CacheMI B E G BCache MBI ERE;
>Cache EfRE M FHEEELR TG S tagflval id bitZFRIAIE .

Cachelfy V

b Tag Data

mfl: Rg—PEEME{%RCache, BL6KBEIE, RKNALINF (32
L) , EFHU3I20, BIYBEBREBFLUBHL, TEEMZ
Cacheff B FIARE?

> CacheB##EIR A/ : 4X32 =128 bits = 24Bytes; (3RPIHdt)
> CachelR¥: 16K + 24=2103%k; (XARML)

> tagfL¥: 32 - 10 -4 = 18 bits; (X ttbdk)

> BMAL: 1T

> CacheSEfREABE: 210 X (128+18+1) = 147Kb = 18.4KB




e
Cache I B E

B ff]: RigH—14 BLEHE Cache, BIBEFHEZSIEA/N64KB, 1R
KINAR16FTS, EFBU326L, EFE—NFEANFT, 1Y
BIRFFTRANMBYAL, sd, CacheRAEEIFEE, CacheHFAF
R RR R B HIER .

B ESIMiZCache T EEGHRAE"?

mRE
> CacheS#IBIR A/ : 16X 8 =128 bits = 24Bytes (3RPIHdt)
> CachelR#: 64KB + 24=2121p
> CachefB#: 212 - 4=210% (4AHbhlL)
> tagfu#: 32-10-4 =18 bits (ZHPIBRHAL)
> E1BlockBML: 141
> B BlockBEfx: 44 (11 Block8&414F)
> CacheSLfREAE: 22 X (128+18+1+4) = 618496b = 75.5KB




Cache I RETHE

B 455 iE)EtE: X FcachefEFERMNPEREFE RS

a: T AXFHSRG0ER;
T.ACacheRyific] EHA;
HJCachefph 3

N F & RS RIFROA 0 ARIT 3

T=T.xH+T x(1-H)

m ELESP (Speedup)
RGO MELES, )

T T 1

m m

p T :HXTC+(1_H)XTm:(l—H)—I—HX-%

EEEEEEEEEEEEEEEEE

f s, e

i " Pmax

| =T,/T,

E wHEH

i r
IR EE 5 i R 2R )50 &R




Cache 5 EFRIEHE — B
< BIE—HMNLBEERSRETE
>Eifid (E&HikA, Write Through) : BECacheMEIRNBXE, MEBIEK;

>5E (Write Back) : B {ERE#FCachehI#iE, EFIBlockEikmt+4
FEANBlockBEERE, —ffEMA “BEA” (dirty bit) ERRBlockfEE
BREIEFZ AT HIERGT.

—> Cache

—p  \Wiite Buffer

Write Through B JCacheZs 4

>—R&Write Buffer FIFO




e
Cachefiy F 2 |r] &R

* RKNSapR: EBEHR.
> —RME, FEMRKMEFRERER (ARZEFEEBRM)
> (BRANEE|—ERRER, REABIBERA/DRLREE MM _EFH
(EXACache ZREIRF, RYBELTMHE, FEEREREM) ;
> BEEEMRA/NERBRE A (BREIREK) HIEBKX.

Block size vs. miss rate

Cache size
Hé&P: Figure 5.1

25 ' : (bytes)
20 - —— | K
ﬁ%j(d\—tjﬂ Miss rate 15 - / —m— 4K
REHIKR R (%) 10 ? ‘ —ar— 16K
i S - —— 64k
o]
o "‘ﬁl——s — - -, —— 2 56K
16 32 64 128 256
D. A. Patterson, J. L. Hennessy. Block size (bytes)

Computer Organization and
Design The hardware/software
Interface(3th Ediiton). Elsevier
Inc. 2007

* spatial locality: larger blocks — reduce miss rate
» fixed cache size: larger blocks

— fewer lines in cache

— higher miss rate, especially in small caches
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CACHEZS45)

s+ PowerPC 6208JCache

>RAMmECachesE#,

»CPUREBCache (Level 1 Cache) ®3E32K$§4 Cachefl32K
#iECache, RFASEELAHEE S,

% PentiumByCache

>RAMmECachesE#.,

>CPUMAIERCache (Level 1 Cache) H3ESKIES CachefISKH
#ECache, 32Bytes/Line, FH2HEEEKEMFMLRUZ R

B, #HECacheFKAWrite BackEREg (AJUARISHEE N
Write-through) ;

>49hEBCache (Level 2 Cache)256KBE{512KB, 32Bytes/Line,
64Bytes/Line,128Bytes/Line, P24 HELLEH.




e
Pentium 4H]Cachersil

> $54 cache K454 HUBUHE
64/iL, i BRI

+ Pentium 4953/ cachefFfE5e, 4.
— —%Zcache

- HIEEF (L1%HEcache) , 8KB

- 18517, 8KB
— “HBEHFE (L2 cache) , &E}H256 KB~2MB

L2
cache
(48GB/s)

2564, BRI

S L1%ticache(8KB)
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