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&KDSWHU�6HYHQ
6LVWHPDV�GH�0HPyULD
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• 65$0�
– YDOXH�LV�VWRUHG��RQ�D�SDLU�RI�LQYHUWLQJ�JDWHV
– YHU\�IDVW�EXW�WDNHV�XS�PRUH�VSDFH�WKDQ�'5$0����WR���WUDQVLVWRUV�

• '5$0�
– YDOXH�LV�VWRUHG�DV�D�FKDUJH�RQ�FDSDFLWRU��PXVW�EH�UHIUHVKHG�
– YHU\�VPDOO�EXW�VORZHU�WKDQ�65$0��IDFWRU�RI���WR����

0HPRULHV���5HYLHZ

GDWD GDWD

VHO

Capacitor

Pass transistor

Word line

Bit line

Ver arquivo: revisão de conceitos de memória
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• 8VHUV�ZDQW�ODUJH�DQG�IDVW�PHPRULHV��
65$0�DFFHVV�WLPHV�DUH���� ��QV�DW�FRVW�RI������WR������SHU�0E\WH�
'5$0�DFFHVV�WLPHV�DUH�������QV�DW�FRVW�RI����WR�����SHU�0E\WH�
'LVN�DFFHVV�WLPHV�DUH����WR����PLOOLRQ�QV�DW�FRVW�RI������WR������SHU�0E\WH�

• 7U\�DQG�JLYH�LW�WR�WKHP�DQ\ZD\
– EXLOG�D�PHPRU\�KLHUDUFK\

([SORLWLQJ�0HPRU\�+LHUDUFK\

����

CPU

Level n

Level 2

Level 1

Levels in theı
memory hierarchy

Increasing distance ı
from the CPU in ı

access time 

Size of the memory at each level
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&XVWR�
�FL ��ELW�

maior

menor

0HPRU\�+LHUDUFK\

CPU

Memória

Memória

Memória

9HORFLGDGH
rápida

lenta 

7DPDQKR
(Si)

menor

maior

b1

b2

b3
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+LHUDUTXLD�GH�PHPyULD��FXVWR�H�YHORFLGDGH�

• &XVWR�PpGLR�GR�VLVWHPD����ELW�
6� &� ��6� �����««���6Q &Q6� ��6����««���6Q

• 2EMHWLYRV�GR�VLVWHPD
– &XVWR�PpGLR�| FXVWR�GR�QtYHO�PDLV�EDUDWR��GLVFR�
– 9HORFLGDGH�GR�VLVWHPD�| YHORFLGDGH�GR�PDLV�UiSLGR��FDFKH�

• +RMH��DVVXPLQGR�GLVFR����*%�H�PHPyULD�GH�����0%
– &DOFXODU�R�FXVWR�PpGLR�SRU�ELW
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/RFDOLW\

• $�SULQFLSOH�WKDW�PDNHV�KDYLQJ�D�PHPRU\�KLHUDUFK\�D�JRRG�LGHD

• ,I�DQ�LWHP�LV�UHIHUHQFHG�
WHPSRUDO�ORFDOLW\���LW�ZLOO�WHQG�WR�EH�UHIHUHQFHG�DJDLQ�VRRQ
VSDWLDO�ORFDOLW\����QHDUE\�LWHPV�ZLOO�WHQG�WR�EH�UHIHUHQFHG�VRRQ�

:K\�GRHV�FRGH�KDYH�ORFDOLW\"

• 2XU�LQLWLDO�IRFXV���WZR�OHYHOV��XSSHU��ORZHU�
– EORFN����PLQLPXP�XQLW�RI�GDWD�
– KLW���

• data requested is in the upper level (hit ratio - hit time)

– PLVV���
• data requested is not in the upper level (miss ratio - miss penalty)
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3ULQFtSLR�GD�ORFDOLGDGH

espaço de
endereçamento

tempo

freqüência de
acesso em ∆T

espaço de endereçamento

7HPSRUDO

(VSDFLDO



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch7a-8

9LVmR�HP�GRLV�QtYHLV

Processador

Transferencia de dados (bloco)

Localidade temporal:
guardar os mais usados

Localidade espacial:
transf. em blocos em vez de palavras
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&DFKH

a. Before the reference to Xn

X3

Xn –  1

Xn –  2

X1

X4

b. After the reference to Xn

X3

Xn –  1

Xn –  2

X1

X4

Xn

X2X2

Referência à posição Xn
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• 7ZR�LVVXHV�
– +RZ�GR�ZH�NQRZ�LI�D�GDWD�LWHP�LV�LQ�WKH�FDFKH"
– ,I�LW�LV��KRZ�GR�ZH�ILQG�LW"

• 2XU�ILUVW�H[DPSOH�
– EORFN�VL]H�LV�RQH�ZRUG�RI�GDWD
– �GLUHFW�PDSSHG´

3ROtWLFDV��
• mapeamento de endereços entre cache e memória
• escrita: como fazer a consistência de dados entre cache e memória
• substituição: qual bloco descartar da cache

)RU�HDFK�LWHP�RI�GDWD�DW�WKH�ORZHU�OHYHO��
WKHUH�LV�H[DFWO\�RQH�ORFDWLRQ�LQ�WKH�FDFKH�ZKHUH�LW�PLJKW�EH�

H�J���ORWV�RI�LWHPV�DW�WKH�ORZHU�OHYHO�VKDUH�ORFDWLRQV�LQ�WKH�XSSHU�OHYHO

&DFKH
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• 0DSSLQJ���DGGUHVV�LV�PRGXOR�WKH�QXPEHU�RI�EORFNV�LQ�WKH�FDFKH

'LUHFW�0DSSHG�&DFKH

00001 00101 01001 01101 10001 10101 11001 11101

00
0

Cache

Memory

00
1

01
0

01
1

10
0

10
1

11
0

11
1

cache: 
8 posições
3 bits de endereço

memória: 
32 posições
5 bits de endereço



Index    V       Tag            Data

000

001

010

011

100

101
110

111

N

N

N

N

N

N

N

N

Index    V       Tag            Data

000

001

010

011

100

101
110

111

N

N

N

N

N

N

Y

N

10 M(10110)

Index    V       Tag            Data

000

001

010

011

100

101
110

111

N

N

Y

N

N

N

Y

N

10 M(10110)

11 M(11010)

Index    V       Tag            Data

000

001

010

011

100

101
110

111

Y

N

Y

N

N

N

Y

N

10 M(10110)

11 M(11010)

10 M(10000)

Index    V       Tag            Data

000

001

010

011

100

101
110

111

Y

N

Y

Y

N

N

Y

N

10 M(10110)

11 M(11010)

10 M(10000)

00 M(00011)

3UHHQFKLPHQWR�GD FDFKH�D�FDGD PLVV

end10 end2 endcache Hit

22 10 110 110

26 11 010 010

22 10 110 110 H

26 11 010 010 H

16 10 000 000

3 00 011 011

16 10 000 000 H

18 10 010 010
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'LUHFW�0DSSHG�&DFKH
Address (showing bit positions)

20 10

Byte
offset

Valid Tag DataIndex

0

1

2

1021

1022

1023

Tag

Index

Hit Data

20 32

31 30 13 12 11 2 1 0

• mapeamento direto

• byte offset: 

• só para acesso a byte

• largura da cache:v+tag+dado

• cache de 2n linhas:

• índice de n bits

• linha da cache: 1+(30-n)+32
v tag    dado

• tamanho da cache= 2n*(63-n)
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9LD�GH�GDGRV�FRP�SLSHOLQH

• 'DWD�PHPRU\� �FDFKH�GH�GDGRV
• ,QVWUXFWLRQ�PHPRU\� �FDFKH�GH�LQVWUXo}HV
• $UTXLWHWXUD�

– GH�+DUYDUG�

– RX +DUYDUG�PRGLILFDGD

• 0LVV"�VHPHOKDQWH�DR VWDOO
– GDGRV��FRQJHOD R�SLSHOLQH
– LQVWUXomR��

• quem já entrou prossegue
• inserir “bolhas” nos estágios seguintes
• esperar pelo hit

• HQTXDQWR�LQVWUXomR�QmR p�OLGD��PDQWHU�
HQGHUHoR RULJLQDO��3&���

IM CPU DM

Harvard

IM

CPU

DM

Harvard modificada

Memória
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7KH�FDFKHV�LQ�WKH�'(&6WDWLRQ ����
Address (showing bit positions)

16 14 Byte
offset

Valid Tag Data

Hit Data

16 32

16K
entries

16 bits 32 bits

31 30 17 16 15 5 4321 0
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/RFDOLGDGH�HVSDFLDO��DXPHQWDQGR R�WDPDQKR GR�EORFR
Address (showing bit positions)

16 12 Byte
offset

V Tag Data

Hit Data

16 32

4K
entries

16 bits 128 bits

Mux

32 32 32

2

32

Block offsetIndex

Tag

31 16 15 4 32 1 0
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• 5HDG�KLWV
– WKLV�LV�ZKDW�ZH�ZDQW�

• 5HDG�PLVVHV
– VWDOO�WKH�&38��IHWFK�EORFN�IURP�PHPRU\��GHOLYHU�WR�FDFKH��UHVWDUW�

• :ULWH�KLWV�
– FDQ�UHSODFH�GDWD�LQ�FDFKH�DQG�PHPRU\��ZULWH�WKURXJK�
– ZULWH�WKH�GDWD�RQO\�LQWR�WKH�FDFKH��ZULWH�EDFN�WKH�FDFKH�ODWHU�

• também conhecida como copy-back
• dirty bit

• :ULWH�PLVVHV�
– UHDG�WKH�HQWLUH�EORFN�LQWR�WKH�FDFKH��WKHQ�ZULWH�WKH�ZRUG

• &RPSDUDomR
– GHVHPSHQKR��ZULWH�EDFN
– FRQILDELOLGDGH��ZULWH�WKURXJK
– SURF��SDUDOHOR��ZULWH�WKURXJK

+LWV�YV��0LVVHV��SROtWLFD GH�DWXDOL]DomR�RX�HVFULWD�
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/DUJXUD�GD�FRPXQLFDomR�0HP � &DFKH�± &38

de
zati

CPU

Cache

Bus

Memory

a.One-word-wi
memoryorgani on

CPU

Bus

b. Widememoryorganization

Memory

Multiplexor

Cache

CPU

Cache

Bus

Memory
bank1

Memory
bank2

Memory
bank3

Memory
bank0

c. Interleavedmemoryorganization

• 6XSRU��
• ��FORFN�SDUD�HQYLDU�HQGHUHoR
• ���FORFNV�SDUD�OHU�'5$0
• ��FORFN�SDUD�HQYLDU�XPD�SDODYUD�GH�YROWD
• OLQKD�GD�FDFKH�FRP���SDODYUDV
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&iOFXOR�GD�PLVV�SHQDOW\�YV�ODUJXUD�FRPXQLFDomR

• 8PD�SDODYUD�GH�ODUJXUD QD PHPyULD�
– ������������� ����FLFORV��PLVV�SHQDOW\�
– %\WHV���FLFOR�SDUD�XP�PLVV������������ ������%�FN

• 'XDV�SDODYUDV�GH�ODUJXUD�QD�PHPyULD�
– ������������� ����FLFORV
– %\WHV���FLFOR�SDUD XP�PLVV������������ ������%�FN

• 4XDWUR�SDODYUDV GH�ODUJXUD�QD�PHPyULD�
– ������������� ����FLFORV
– %\WHV���FLFOR�SDUD XP�PLVV������������ ������%�FN
– &XVWR��PXOWLSOH[DGRU�GH�����ELWV�GH�ODUJXUD�H�DWUDVR

• 7XGR�FRP�XPD�SDODYUD�GH�ODUJXUD�PDV���EDQFRV�GH�PHPyULD�LQWHUOHDYHG�
�LQWHUFDODGD�

– 7HPSR�GH�OHLWXUD�GDV�PHPyULDV�p�SDUDOHOL]DGR��RX�VXSHUSRVWRV�
• Mais comum:endereço bits mais significativos

– ������������� ����FLFORV
– %\WHV���FLFOR�SDUD XP�PLVV������������ �����%�FN
– IXQFLRQD�EHP�WDPEpP�HP�HVFULWD����HVFULWDV�VLPXOWkQHDV��

• indicado para caches com write through
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&iOFXOR�DSUR[LPDGR�GD�HILFLrQFLD�GR�VLVWHPD
• REMHWLYR��

– WHPSR�GH�DFHVVR�PpGLR� �HVWiJLR�PDLV�UiSLGR
• VXSRU�GRLV�QtYHLV�

– W$�  �WHPSR�GH�DFHVVR D�0�
– W$�  �WHPSR�GH�DFHVVR D�0���0��PLVV�SHQDOW\�
– W$  �WHPSR�PpGLRGH�DFHVVR GR�VLVWHPD
– U� �W$� ��W$�
– H� �HILFLrQFLD�GR�VLVWHPD� �W$� ��W$

W$  �+��W$� �����+���W$�
W$ ��W$�� �+������+���U� ���H

H� �����>�U���+�����U��@

M1

M2

W$�

W$�

0%

20%

40%

60%

80%

100%

0% 20% 40% 60% 80% 100%

r=2

r=10

r=100

H

+



8VH�VSOLW�FDFKHV�EHFDXVH�WKHUH�LV�PRUH�VSDWLDO�ORFDOLW\�LQ�FRGH�

0LVV�UDWH�YV EORFN�VL]H

1 KB
8 KB
16 KB
64 KB
256 KB

256

40%

35%

30%

25%

20%

15%

10%

5%

0%

M
i s

s
ra

t e

64164

Block size (bytes)

3URJUDP
%ORFN�VL]H�LQ�

ZRUGV
,QVWUXFWLRQ�
PLVV�UDWH

'DWD�PLVV�
UDWH

(IIHFWLYH�FRPELQHG�
PLVV�UDWH

gcc 1 6.1% 2.1% 5.4%
4 2.0% 1.7% 1.9%

spice 1 1.2% 1.3% 1.2%
4 0.3% 0.6% 0.4%

pior

menos local. 
espacial

pior

• fragmentação interna
• menos blocos
• miss penalty
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3HUIRUPDQFH

• 6LPSOLILHG�PRGHO�
H[HFXWLRQ�WLPH� ��H[HFXWLRQ�F\FOHV���VWDOO�F\FOHV��u F\FOH�WLPH
VWDOO�F\FOHV� �5'���:5�VWDOOV
5'�VWDOO�F\FOHV� ���RI�5'V u 5'�PLVV�UDWLR�u 5'�PLVV�SHQDOW\
:5�VWDOO�F\FOHV� ���RI�:5V u :5�PLVV�UDWLR�u :5�PLVV�SHQDOW\��PDLV�

FRPSOLFDGR�GR�TXH�LVWR�
• 7ZR�ZD\V�RI�LPSURYLQJ�SHUIRUPDQFH�

– GHFUHDVLQJ�WKH�PLVV�UDWLR
– GHFUHDVLQJ�WKH�PLVV�SHQDOW\

:KDW�KDSSHQV�LI�ZH�LQFUHDVH�EORFN�VL]H"
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([HPSOR�SDJ������ ���

• JFF��LQVWUXFWLRQ�PLVV�UDWLR� �����GDWD�FDFKH�PLVV�UDWH� ���
• &3,� ����VHP VWDOOV�GH�PHP���PLVV�SHQDOW\� ����FLFORV
• ,QVWUXFWLRQV�PLVVHV�F\FOHV� �,��������� �����,
• 6DEHQGR�TXH�OZ�VZ ����

– GDWD�PLVV�F\FOHV� �,�������������� ������,
• 1��GH�VWDOOV�GH�PHP� �����,��������,� ������,

– &3,�WRWDO� ���������� �����
• 5HODomR�GH�YHORFLGDGHV�FRP�RX�VHP�PHP�VWDOOV� �UHO�GH�&3,V

– ��������� �����

• 6H�PHOKRUiVVHPRV�D�DUTXLWHWXUD��&3,��VHP�DIHWDU�D�PHPyULD
– &3,� ��
– UHODomR� ���������� �����
– HIHLWR�QHJDWLYR�GD�PHPyULD�DXPHQWD��/HL�GH�$PGKDO�

• YHU�H[HPSOR�GD�SDJ������DXPHQWR�GR�FORFN�WHP�HIHLWR�VHPHOKDQWH
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'HFUHDVLQJ�PLVV�UDWLR�ZLWK�DVVRFLDWLYLW\

1

2
Tag

Data

Block # 0 1 2 3 4 5 6 7

Search

Direct mapped

1

2
Tag

Data

Set # 0 1 2 3

Search

Set associative

1

2
Tag

Data

Search

Fully associative
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'HFUHDVLQJ�PLVV�UDWLR�ZLWK�DVVRFLDWLYLW\

Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data Tag Data
Eight-wayset associative(fullyassociative)

Tag Data Tag Data Tag Data Tag Data
Four-wayset associative

Set
0
1

Tag Data

One-wayset associative
(direct mapped)

Block
0

7

1
2
3
4
5
6

Tag Data
Two-wayset associative

Set

0
1
2
3

Tag Data
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$Q�LPSOHPHQWDWLRQ
Address

22 8

V TagIndex
0
1
2

253
254
255

Data V Tag Data V Tag Data V Tag Data

3222

4-to-1 multiplexor

Hit Data

123891011123031 0
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3HUIRUPDQFH

0%

3%

6%

9%

12%

15%

Eight-wayFour-wayTwo-wayOne-way

1 KB
2 KB
4 KB
8 KB

M
is

s
ra

te

Associativity 16 KB
32 KB
64 KB
128 KB
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3ROtWLFD�GH�VXEVWLWXLomR

• 4XDO�LWHP�GHVFDUWDU"
– ),)2
– /58
– $OHDWRULDPHQWH

• YHU�VHomR����
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'HFUHDVLQJ�PLVV�SHQDOW\�ZLWK�PXOWLOHYHO�FDFKHV

• $GG�D�VHFRQG�OHYHO�FDFKH�
– RIWHQ�SULPDU\�FDFKH�LV�RQ�WKH�VDPH�FKLS�DV�WKH�SURFHVVRU
– XVH�65$0V WR�DGG�DQRWKHU�FDFKH�DERYH�SULPDU\�PHPRU\��'5$0�
– PLVV�SHQDOW\�JRHV�GRZQ�LI�GDWD�LV�LQ��QG�OHYHO�FDFKH

• ([DPSOH��SDJ �����
– &3,�RI�����RQ�D����0+]�PDFKLQH�ZLWK�D����PLVV�UDWH�����QV�'5$0�DFFHVV
– $GG��QG�OHYHO�FDFKH�ZLWK���QV�DFFHVV�WLPH�DQG�PLVV�UDWH�WR���
– PLVV�SHQDOW\��Vy�/��� ����QV�SHUtRGR� �����FLFORV
– &3,��Vy /�� �&3,EDVH���FORFNV�SHUGLGRV� ������������� ��
– PLVV�SHQDOW\��/�� ���QV�SHUtRGR  ����FLFORV
– &3,��/��H�/�� �����VWDOOV�/����VWDOOV�/�� ���������������������� ����
– JDQKR�GR�VLVWHPD�HP�YHORFLGDGH�FRP�/�� ����������� ����

• 8VLQJ�PXOWLOHYHO�FDFKHV�
– WU\�DQG�RSWLPL]H�WKH�KLW�WLPH�RQ�WKH��VW�OHYHO�FDFKH
– WU\�DQG�RSWLPL]H�WKH�PLVV�UDWH�RQ�WKH��QG�OHYHO�FDFKH


