Lecture 11: Cache lll



TR BRI, BRARIR

¢ Hit: ZipiolpE2&ECache
— Hit Rate (i #): F£Cache RRYHLER
— Hit Time (#p9rA$[E]) : fECache aYifFEIATE), BFE:
Time to determine hit/miss + Cache access time
(BD: #I|#rRtE] + Cacheijia))
¢ Miss: EHEE A 1ECache
— Miss Rate (HR%k®) =1 - (Hit Rate)
— Miss Penalty (FR&IfZK): JriE]l—EFRTEATIE
¢ Hit Time << Miss Penalty  (Why?)
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Cache contains TEMFORARY COFIES of selected

main memory locations... eg. Mem[100] = 37

GOALS:
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1) Improve the average access time
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o HIT EATIC: Fraction of refs found in CACHE.
(1-c)  MISS RATIO: Eemaining references.
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2) Transparency (compatibility, programming ease)

Cache X ERFGAEIEH, UHERE!

-
Challenge:
To make the
hit ratio as
high as

possible.
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How high of a hit ratio?

Duppose we can easily build an on -chip static memory
with a 4 nS access time, but the fastest dynamic
mermories that we can buy for main memory have an
average access time of 40 nS. How high of a hit rate do
we need to sustain an average access time of 5 nS5?

P R i =1—5;4=9?.5$;
t_ 40

WOW, a cache really needs to be good?
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o HHESHE, WPHIHERET = HT+ (L- H)(Te+ T)
=T+ (1 - H)T,,

+ 1. #H=0.85, Tc=1ns, T,,=20ns, MTHHEL?
Z: T=4ns

o 2. ZEahEHIZESF|0.95, MILER 1?2
Z: T=2ns

* 3. ZirhER0.990 ?

- —
&1 T=1.2ns R S h R L RIEEA !
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¢ =HERET TR
— EFEMRE: M—RE (RE— A E)
— ZHHERRRST: EEME (B MMLEERATRE
— N-PRZHFHERRRSGT: N-BSARGT (ANNAIREROGLE)
¢ fTAMXELE?
— —ANEFRMETR|Cache BT, AJREFEMBIALE NI
- EFEIRET: KELEHE, Al
« £HHEARRST: KEXE RS, ACachei{TH#
o N-E&¢AFHEXRRET: XEXEFEH, AN
¢ KEBLE Fmiss rate Bt AXARZNE? FdphATEgIXRE?
- BEWLE, MG LEMA? (Cache X/ A/N—ER )
o FREER . BERMEIRS, £HKMSTRIC
o nHATIE]: EEMRSTR/, SHEEKMRERX
— F{5I-F> 5 BA




One-way set associative
(direct mapped)
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Two-way set associative

Set Tag Data Tag Data

WN =0

KEKEAZL? 2
Four-way set associative

Tag Data Tag Data Tag Data Tag Data

KEEARZD? 4

Eight-way set associative (fully associative)

Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data

XKEKERZL? 8
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Contents of cache blocks after reference

Address of memory
block accessed | or miss “n““
0 | miss | Memony(0]
8 s Memﬁry.Bl]'
0 miss | Memon{0]
6 miss | Memory[0) Memony(6)
§ miss | Memory(8] Memory(6

Cache R E=FFHRS mod 4 FREE5IR



#l5: Cacheti 5 Al Bk

Contents of cache blocks after referance

Address of memory
block accessed m m mm
0 s W[ ] [
8 miss | Memory0] | Memory[8]
0 hit | Memory[0] | Memory(8]
6 miss | Memony0] | Memon[6
8 | miss | Memon(8] | Memory(6]

CachefHS = £FHRS mod 2  Hr&4)R



#l5: Cacheti 5 Al Bk

Address of memory

i Contents of cache blocks after reference
block accessed

S CICICICD

miss | Memon(0)
miss | Memory[0] | Memon(8
hit | Memory0] | Memony8]
miss | Memory(0] | Memory8] | Memon/6
hit | Memory[0] | Memory/8] | Memory[6)
BRKRIR  XBEES, SR
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Address
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PRIC LR /NE RERE

BIfR . HEFHUE324L, AN HI6FET, Cache B K/IMNAAKET, 19):
FRICAR BB E SR D ?

HIEZMS AT : HETRALT, H4KE, F7E5H32-4-12=161L
BLE AKX 16=64K4iL

KEEEIEIM—{Z(2-way) : ®4R21T, H2K4R, FrEG32-4-11=171x
B 54KXx17=68K{iL

KEXEEM2{E(4-way) : 82417, FH1KEE, #FEH32-4-10=18(1
BT 5 AKX18= 72K L

S FRERET: EEANR12R, T|LRAKIT, frsh32-4=281i1
BAIE HAKXx28=112K L

KEKEWS, SHRCUBES, B EFiHK!




The Need to Replace! ({afit FEE &2 ? )

¢ Direct Mapped Cache:
— BREIME—, EXIEE, LEEESH
¢ N-way Set Associative Cache:
— BN EFHEIEEN,Cache (TR £}, EEEEHR
¢ Fully Associative Cache:
— N EHEBIETHERB|Cache (EETH, EEESH
2518 : HCache miss in a N -way Set Associative or Fully
Associative Cache , N|AJgeEER . HiIFEA:
— MNEFEH—1 R
— EFE—N B KX RBE Cache 1T
— XM EYCache ITE#H aimm BE AN TEFRET, &
M5 fEMcache ITHIFH—TEFR




2 ¥ (Replacement) 7%

o [o]FREEf
‘A HEEXRRETET, {RESFOLBRIMIT T AI#EFEFE0FM8IR &,
LR EEEAANEFEELIOR, RIFMEXER, BREEMEICache
F—H, FHik, F—HPHIAE R, A2 ELH—IRIE?
XL ERREG R, BIREBmEE,
— SeiEFeFIFO  (first-in-first-out )
— miE&/VHLRU ( least-recently used )

— MAZERLFU ( least-frequently used )
— FEH B REE (Random )
F5

X BB gy R R A S TH RV EE AR RS T F RV B R R IR K, IR LR
ERGRENERAR, FREAMERENE. BHBHRFEATLUES.




B ALt (FIFO)

BEERFTHENNA—IRFKE
fil: EBEFEHFEHPRISER{1,2,3,4,5}E]BTERETEICache [GE]—4H 7, IFF[E—
b, EE|31T/H. A1T/LRRVIENR

1 2 3 41 2 51 2 3 4 5
_ 5| 5% [5*

v 1*| [1*| x| [a ]]a]| |44 [5] /5] [5
frisd > 120 12% 1] [1| *| [1*| |2*| |3 ] [3] [3
31334 2] [2][2]12][2* |4] 4
J J J
1*| 11*| 1*| |1*| |1*| (1% |5] |5 5 ||5*% (4 4
,_ 1]1] [1# [5

2471 21 2] 2122|221
fr/ 31[3][34 (3] [3] 3+ [2|[2] [2] |2*
411411414 4] |4% 3] |3] |3
J Y

HIELAT R, FIFONR—HfEREE, Bl hRASFERIEATIES.
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1(LRU)

¢ REERIERDANAB—ELE.
B: BREEFFHISHR{L,2,3,4,5}EIRTEETE]Cache [Gl—4AF, *FTF[RE—
MihbE, E®IIT/4A. 41T/, S5TTHRRYIER .

317/4H
A1T/4H
51T/¢H

1 2 3 41 2 51 2 3 4 5
1] [2] [3]]al[1]]2]|5][2] |2][3||4] |5
1] (2] 3] ]alla]]2][5] 1] 2] [3]]4
1] 21[3] (4] |1]]2] 5|21 [2] |3
1(2][3|[a][4] [4]]5] 1] ]2
3] 3] 3]]4] |5] |1
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B Ek-min b H

o 2—MHEREE, ENGPREEENBAMES.

o HoREERMESEE(BN: FEZRTIE]| & A if o) g7 0E X) 8T
T Cache #ESER, HPRTERIK. imFEAT, |
bt E1,2,3,4,12,3,4,1,......, MiCache B4R A3
1T, B4, FERFIFO, TRELRUEL, HahZEEHO0.
X FIR R FR 9 ENEE (Thrashing / PingPong)

o ZEERASIN, FAREIBIRELINDN, Ml

dHE N cache (TIRE—MITEER, R

L

TTRERICRX

EFFRmERBER. XMTBEFRALRUIL,

b= 4SS



Pseudo-LRU

¢ One LRU bit for each way.

¢ When a set Is accessed, the bit corresponding
to the way containing the desired block is
turned on.

¢ If all the bits associated with a set are turning
on, they are reset with the exception of the
most recently turned on bit.

¢ When a block must be replaced, the processor
chooses a block from the way whose bit is
turned off.

¢ If more than one choice Is available, often
choose randomly.



B LR AR HEIA

o ZAEER (LFU) &k

F#ECache 5| AR B HLHIR., LFUBMASEANTHE
KEITT# 2SR ST

(XFHEESLRUESZEN, BARZEE2HEE. )

FEAL M M iR iE B cache {THIZEEN—1MNAIK, SERIBER
Xk

(=PI FRAR, FEVEREEZE M ERFHTETE
FIERNEEX, mMBAMK! )




