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Four-Way Set Associative Cache

h
3130 1312 11 210 o Byte offset
I
Tag <2 ~+s
Index
ndex V Tag Data V Tag Data V Tag Data V Tag Data
0 0 0 0
1 \Aldae 1 V.V | 1 Wik, 0 1 V.V | )
2 'A'J yu 2 vvay | 2 VVG)’L 2 VVU)’\J
253 253 253 253
254 254 254 254
255 255 255 255
() (D () (=
|
——_4x1 select
Hit Data
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Content Addressable Memory (CAM)
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Replacement Policy ol b
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;) 060y 13) balp b oled sabsls Sy
— 4K blocks, 4-word block size, 32 bit address
iS5 obws 1) Ol sl ) sy Jdob § bacgesns shhas ©
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-33)91
16(=24) byte per block
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.c,ul)
28-log2(2K)=17
2-way associative
~><f
28-log2(1K) =18 i
4-way associative *1’“
28 S
fully associative -
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Multilevel Caches , , .
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il pdg)de 1) Clodins b el
— CPU base CPI =1, clock rate = 4GHz
— Miss rate/instruction = 2%
— Main memory access time = 100ns
os(adwl plgd sabsls pbuw Ay )l a5 ¢S)g0 ) °
JNSw

X0
T
SO
'_:j'.:';‘;' '.: .-.. 1

L ®

Miss penalty = 100ns/0.25ns = 400 cycles

Effective CPl =14+ 0.02 x 400 =9
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b oled sabdls Y0y abuw Q3 9s0)8l b °
:1y) OLoADs
— Access time = 5ns
— Global miss rate to main memory = 0.5%

Penalty = 5ns/0.25ns = 20 cycles

CPl = 1+0.02 x 20 + 0.005 x 400 = 3.4

Performance ratio = 9/3.4 = 2.6

Total CPl= Base CPIl+ Primary stalls per instructior

SouolS csjlazs Secondary stalls per instruction
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Intel Nehalem AMD Barcelona

L1 cache Split I$ and D$; 32KB for Split I$ and D$; 64KB for
organization & size | each per core; 64B blocks each per core; 64B blocks
L1 associativity 4-way (), 8-way (D) set 2-way set assoc.; LRU

assoc.; ~LRU replacement | replacement
L1 write policy write-back, write-allocate write-back, write-allocate
L2 cache Unified; 256MB (0.25MB) Unified; 512KB (0.5MB) per
organization & size | per core; 64B blocks core; 64B blocks
L2 associativity 8-way set assoc.; ~LRU 16-way set assoc.; ~LRU
L2 write policy write-back write-back
L2 write policy write-back, write-allocate write-back, write-allocate .3
L3 cache Unified; 8192KB (8MB) Unified; 2048KB (2MB) SOR
organization & size | shared by cores; 64B blocks | shared by cores; 64B blocks rﬁ;“
L3 associativity 16-way set assoc. 32-way set assoc.; evict block )

shared by fewest cores

L3 write policy write-back, write-allocate write-back; write-allocate
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16KB plg (sabbsla (sojlsil —

1-bit Read/Write — 1 s

1-bit Valid — olppadbels {—

32-bit address —» & —

32-bit data — $OMISUNIS

32-bit data <« Olg sbsls <

1-bit Ready <« L
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Write back —

@IBIws Cunlss —

1-bit Read/Write &
1-bitvalid  [FEVSPECNN
32-bit address k2

128-bit data
128-bit data
1-bit Ready
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Cache Hit
Mark Cache Ready

Compare Tag
If Valid && Hit
Set Valid, Set Tag,
If Write set Dirty

Valid CPU request

Cache Miss
Old block is
Dirty

ache Mis
Old block i
clean

Allocate Write Back £ 3
Read new block Write old block )6

Memory Read
from memory J J

\me/ sady

Not Ready

to memory

e
FeuolS csjlazo Mary Jane Irwin ( www.cse.psu.edu/~mji )



http://www.cse.psu.edu/~mji

c<)aing 22 c_slﬁaw)'}b)% 2P AlG csadla=——

Read X

Core ]
Write I to X

Read X
Core 2

LTS

LI DS

x=1 &

L11s | LLD

Unified (shared) L2 § 0.3

X =17 i -

S
cache coherence problem 2
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Processor

Control

Datapath

Memory

Devices

Input I
Output I

ayoen L L

Kowap

urep

(is1q)
Aowap
A1epuodag
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Virtual Memory B
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(3048 05 pls) ) asly yo @ @8lg )s °
0,0 31y Joliodal

ool @ Silas guyst sl shol elGis )s
Program 1 '59'6‘)(:’6 (LAA)S L‘j'l)ég

virtual addlress space
A
o N\ main memory
= AN —-»>
. \\
e
A &
\\ Program 2
\ wtual address spa

/<</§
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AP0 )0 Jole el
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Aoy, Ay «page fault»

Virtual Address (VA )

31 30

2 11 0

Virtual page number

Page offset

l

Translation
Physical page number Page offset
29 2 11
Physical Address (PA )
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Virtual page # Offset <OUZ)J.)J> Q).D)_)J C_;Mj,p-_

Physical page # |

Offset
«
'?;": Physical page
S V__ base addr —
Q 7 — e
~('QU / o )&
S
QL > ] .>< §
oY) 7 —
S
Q. 7 ——
e — &
| e = Main memory Ny
AN
g .\/ — =)
/ o« ;Erlﬂ"-;;;;gé?“
a  — \ : o
>
Page Table \
(in main memory) —

Disk storage
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Physical page

Virtual page #
V Tag base addr
1 Q
1 e\
1 <\
Q AN
1 W\
o) TLB
» Physical page
5 V  base addr
; .
I 1 —
g 1 >
(o)) ™ 1 .><
& 1 =
o 1 o—
0 .\/
1 —
0 ‘\/ \
1 o«
o — \
Page Table \
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