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From Peter Denning’'s CACM paper,
July 2005 (Vol. 48, No. 7, pp. 19-24)
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.03 213AY SRAM )s 1) a3losud

_ Current

Speed Processor Size Cost ($/bit) technology
Fastest Memory Smallest Highest SRAM
Memory DRAM
re) L
Slowest Memory Biggest Lowest Magnetic disk
w

1 M. V. Wilkes, “Slave Memories and Dynamic Storage Allécacrorm
\ IEEE Transactions on Electronic Computers, vol. EC-14, no. 2,
¥ pp.270-271, April 1965.
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Direct Mapped Cache .
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Cache
gszsS8s=-  (Block address) modulo (#Blocks in cache)
: DA
A S s (St CS@CHV AT ACIPCL
7k u\ 0‘” O/ Ty /O'@C:‘U AC Q) // *’i@;
i8%aY Nb s cpp Sl Copl @ T ESE T
Y b Azlpp CH Yao® & (1)
1\l
// / \ \\ \\ % &b
o / \ N u@ﬁ&
00001 00101 01001 01101 10001 10101 11001 11101 q

Memory



sk 0000xX

Cache o000

Index Valid Tag Data - 1001 1xx
00 L 10100xx
01 o 0101xX
[ o 5 Qe OT].0xx
11 CnnI e 11X

s 1000XX
S 1001xx
IﬁhOxx

_::1011xx
EfgllOOxx
1101xx

‘IIhOxx

consninniee 111 IXX

oalS e lass (block address) modulo (# of blocks in the cache) Jo
PERL c5)
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oo a5 (laSely o1 )l Soly 338185 30 podis tag
B oo s silme olgd sabédls Sgly A ) )
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B oled sABSB ) (Soly a5 33048 oS0 oL © o
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» 8-blocks, 1 word/block, direct mapped

Index
000
001
010
011
100
101
110
111

Tag Data

Z|I1Z2|Z2|Z2|1Z2|2|2|2|<

Word addr Binary addr | Cache block

22 10 110 110 '
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Word addr

Binary addr

Hit/miss | Cache block

22

10 110

Miss 110

Index

Tag Data

000

001

010

011

100

101

110

10 Mem[10110]

Z|<|Z2|I1Z2|Z2|Z2|2|2|<

111

Word addr

Binary addr

26

11 010

Cache block
010
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Word addr Binary addr Hit/miss | Cache block
26 11 010 Miss 010
Index V Tag Data
000 N
001 N
010 Y 11 Mem[11010]
011 N
100 N
101 N
110 Y 10 Mem[10110]
111 N
Word addr Binary addr | Cache block | :
22 10 110 110
26 11 010 010 <t
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Word addr Binary addr Hit/miss | Cache block
22 10 110 Hit 110
26 11 010 Hit 010
Index V Tag Data
000 N
001 N
010 Y |1 Mem[11010]
011 N
100 N
101 N
110 Y 10 Mem[10110]
111 N
Word addr Binary addr | Cache block
16 10 000 000
3 00 011 011
16 10 000 000  |at




(. a0)s)) DY csaldla j) ¢ Jlo=—

Word addr Binary addr Hit/miss | Cache block
16 10 000 Miss 000
3 00 011 Miss 011
16 10 000 Hit 000
Index V Tag Data
000 Y 10 Mem[10000]
001 N
010 Y 11 Mem[11010]
011 Y 00 Mem[00011]
100 N
101 N
110 Y 10 Mem[10110]
111 N
Word addr Binary addr | Cache block
18 10 010 010 #
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Word addr Binary addr Hit/miss | Cache block
18 10 010 Miss 010
Index V Tag Data
000 Y 10 Mem[10000]
001 N
010 Y 10 Mem[10010]
011 Y 00 Mem[00011]
100 N
101 N
110 Y 10 Mem[10110]
111 N o
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3130

1312 11 ...

Byte

21 2/ offset

Tag

0
Index

10 Data

Index Valid

Tag

Data

Pl csjlosa

Mary Jane lrwin ( www.cse.psu.edu/~mji )
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/ 1 Chb Cpol O}@‘ C v CS(‘AO@ Address (showing bit positions)
il ol CSakoes 3130 - --

Hit

: (tag) csp

W) by b pj=—

CJ"//’ < C)_su (Iﬂd@X)/owb
ekl CSpboe - Cowed b Corpf
S o ) CSpboes

Data

131211---2 10
Byte
offset
..\_20 .\\10
Tag
Index
Index Valid Tag Data
0
1
2
[ ] L ]
1021
1022
1023
~ 20 -\._\32
(=
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)5 2™ (Soly yo (50)Iadl —

L dofpp Cw > e 20 Coe Csolul ’

7t 32-(n+m+2)

S Ao |y s Csndbotr sy i ypo Cspldots CStiocav e W la 5
: & &

: : . . . .
v 2"x(block size + tag size + valid field size) u@d

Z/ =2"%(2Mx32+ (32-n-m-2)+1) =2nx(2m x32+31-n-m) =
Po

o S Croted CMfpic v CS o) cGarly (e Sano . XD g 0]
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Byte
i 3130 ... 131211 ... 43210
Hit ~ offset Data

Tag ~20 ~3 Block offset
Index

Data

IndexValid Tag <
0
1
2

253
254
255

. lS S
JHLEIE €S JIey Mary Jane Irwin ( www.cse.psu.edu/~miji )
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31> 392 u»)ﬁ
16KB — 212 word (3113 3009
16KB — 219 Block

1 Block — 4 word (22)

32-(10+2+2)=18 bit for tag
1 bit for valid bit 3@2

L el b

- .U
210x[4x32+18+1] — 147Kbits [ w
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31 10 9 4 3('5)'35(-5“)
Tag Index Offset
22 bits 6 bits 4 bits

Block address = /1200/16 /= 75

5 SHS
Block number = 75 modulo 64 = 11 “@“
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