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,QWHUIDFLQJ�3URFHVVRUV�DQG�3HULSKHUDOV

• ,�2�'HVLJQ�DIIHFWHG�E\�PDQ\�IDFWRUV��H[SDQGDELOLW\��UHVLOLHQFH�
• 3HUIRUPDQFH�

² DFFHVV�ODWHQF\�
² WKURXJKSXW
² FRQQHFWLRQ�EHWZHHQ�GHYLFHV�DQG�WKH�V\VWHP
² WKH�PHPRU\�KLHUDUFK\
² WKH�RSHUDWLQJ�V\VWHP

• $�YDULHW\�RI�GLIIHUHQW�XVHUV��H�J���EDQNV��VXSHUFRPSXWHUV��HQJLQHHUV�
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,�2

• ,PSRUWDQW�EXW�QHJOHFWHG
³7KH�GLIILFXOWLHV�LQ�DVVHVVLQJ�DQG�GHVLJQLQJ�,�2�V\VWHPV�KDYH
RIWHQ�UHOHJDWHG�,�2�WR�VHFRQG�FODVV�VWDWXV´
³FRXUVHV�LQ�HYHU\�DVSHFW�RI�FRPSXWLQJ��IURP�SURJUDPPLQJ�WR
FRPSXWHU�DUFKLWHFWXUH�RIWHQ�LJQRUH�,�2�RU�JLYH�LW�VFDQW\�FRYHUDJH´
³WH[WERRNV�OHDYH�WKH�VXEMHFW�WR�QHDU�WKH�HQG��PDNLQJ�LW�HDVLHU
IRU�VWXGHQWV�DQG�LQVWUXFWRUV�WR�VNLS�LW�´

• *8,/7<�
² ZH�ZRQ¶W�EH�ORRNLQJ�DW�,�2�LQ�PXFK�GHWDLO�
² EH�VXUH�DQG�UHDG�&KDSWHU���LQ�LWV�HQWLUHW\�
² \RX�VKRXOG�SUREDEO\�WDNH�D�QHWZRUNLQJ�FODVV�
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%HQFKPDUNV�SDUD�,�2

• %HQFKPDUNV�GH�(�6�SDUD�6XSHUFRPSXWDGRUHV�
– DFHVVR�D�DUTXLYRV�JUDQGHV�HP�EDWFK
– XPD�JUDQGH�RSHUDomR�GH�OHLWXUD�VHJXLGD�GH�SHTXHQDV�GH�HVFULWD�

�FRQILDELOLGDGH��HP�FDVR�GH�FUDVK�
• %HQFKPDUNV�SDUD�3URFHVVDPHQWR�GH�7UDQVDo}HV�

– 'HYH�PHGLU�WHPSR�GH�UHVSRVWD�H�WKURXJKSXW
– 7UDQVDo}HV�VmR�FXUWDV��,�2�UDWH��DFHVVRV���V��PDLV�LPSRUWDQWH�GR

TXH�GDWD�UDWH��E\WHV���V�
– ,�2�UDWH�PDLV�FRQKHFLGR��73&�%���VLPXOD�UHGH�GH�$70V

• medida (throughput para transações dentro de faixa aceitável de 
tempo de resposta): TPS: transactions per second

• %HQFKPDUNV�SDUD�6LVWHPDV�GH�$UTXLYR�
– HP�XP�DPELHQWH�GH�HQJHQKDULD������DFHVVRV�D�DUT�����.������

GH�RSHUDo}HV�GH�OHLWXUD�H�����GH�HVFULWD�����5�:�
– H[HPSOR��EHQFKPDUN�FRP����DUTXLYRV��WRWDO�GH�����.%��PNGLU��FS��

PDNH��6FDQ'LU��5HDG$OO�



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch8-5

,�2�'HYLFHV

• 9HU\�GLYHUVH�GHYLFHV
² EHKDYLRU��L�H���LQSXW YV��RXWSXW�
² SDUWQHU��ZKR�LV�DW�WKH�RWKHU�HQG"�
² GDWD�UDWH

'HYLFH %HKDYLRU 3DUWQHU 'DWD�UDWH��.%�VHF�
Keyboard input human 0.01
Mouse input human 0.02
Voice input input human 0.02
Scanner input human 400.00
Voice output output human 0.60
Line printer output human 1.00
Laser printer output human 200.00
Graphics display output human 60,000.00
Modem input or output machine 2.00-8.00
Network/LAN input or output machine 500.00-6000.00
Floppy disk storage machine 100.00
Optical disk storage machine 1000.00
Magnetic tape storage machine 2000.00
Magnetic disk storage machine 2000.00-10,000.00
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,�2�([DPSOH���'LVN�'ULYHV

• 7R�DFFHVV�GDWD�
² VHHN���SRVLWLRQ�KHDG�RYHU�WKH�SURSHU�WUDFN�����WR����PV� DYJ��
² URWDWLRQDO�ODWHQF\���ZDLW�IRU�GHVLUHG�VHFWRU�������530�
² WUDQVIHU���JUDE�WKH�GDWD���RQH�RU�PRUH�VHFWRUV����WR����0%�VHF
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Tracks
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,�2�([DPSOH���'LVN�'ULYHV

• VHFWRU� �����E\WHV���������USP����DYHUDJH�VHHN�WLPH� ����PV�����
WUDQVIHU�UDWH� ���0%�VHF��FRQWUROOHU�RYHUKHDG� ��PV

• :KDW�LV�WKH�DYHUDJH�WLPH�WR�UHDG�RU�ZULWH�D�VHFWRU"��
average disk access =   average seek 

+ rotational delay 
+ transfer time 

+ controller overhead

PVPV
0%

.%PVPV 7.1921.06.5122
sec5

5.0
6.512 =+++=+++
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,�2�([DPSOH���%XVHV

• 6KDUHG�FRPPXQLFDWLRQ�OLQN��RQH�RU�PRUH�ZLUHV�
• 'LIILFXOW�GHVLJQ�

² PD\�EH�ERWWOHQHFN
² OHQJWK�RI�WKH�EXV
² QXPEHU�RI�GHYLFHV
² WUDGHRIIV��EXIIHUV�IRU�KLJKHU�EDQGZLGWK�LQFUHDVHV�ODWHQF\�
² VXSSRUW�IRU�PDQ\�GLIIHUHQW�GHYLFHV
² FRVW

• 7\SHV�RI�EXVHV�
² SURFHVVRU�PHPRU\��VKRUW�KLJK�VSHHG��FXVWRP�GHVLJQ�
² EDFNSODQH �KLJK�VSHHG��RIWHQ�VWDQGDUGL]HG��H�J���3&,�
² ,�2��OHQJWK\��GLIIHUHQW�GHYLFHV��VWDQGDUGL]HG��H�J���6&6,�

• 6\QFKURQRXV YV��$V\QFKURQRXV
² XVH�D�FORFN�DQG�D�V\QFKURQRXV�SURWRFRO��IDVW�DQG�VPDOO

EXW�HYHU\�GHYLFH�PXVW�RSHUDWH�DW�VDPH�UDWH�DQG
FORFN�VNHZ�UHTXLUHV�WKH�EXV�WR�EH�VKRUW

² GRQ¶W�XVH�D�FORFN�DQG�LQVWHDG�XVH�KDQGVKDNLQJ�



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch8-9

2XWSXW�2SHUDWLRQ

Memory Processor

Control lines

Data lines

Disks

Memory Processor

Control lines

Data lines

Disks

Processor

Control lines

Data lines

Disks

a.

b.

c.

Memory

Proc. inicia leitura
(RD + endereço)

Memória
executa
leitura

dados da
memória
para o disco



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch8-10

,QSXW�2SHUDWLRQ

Memory Processor
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%DUUDPHQWRV

Processor Memory
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• aspectos de importância
• baixo custo
• flexibilidade
• gargalos
• compromento

• clock skew
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$OJXQV�WLSRV�GH�EDUUDPHQWRV

• &38�0HPyULD
– JHUDOPHQWH�HVSHFtILFRV
– FXUWRV
– DOWD�YHORFLGDGH

• %DUUDPHQWRV�GH�,�2
– ORQJR
– PXLWRV�GLVSRVLWLYRV
– QmR�WHP�LQWHUIDFH�GLUHWD�FRP�D�PHPyULD
– SRGH�VHU�SDGURQL]DGR

• %DFNSODQH
– REMHWLYR��EDUUDPHQWR�SDGUmR�SDUD�SHUPLWLU�D�LQWHUFRQH[mR�GH�

YiULRV�WLSRV�GH�GLVSRVLWLYRV
– SRGH�VHU�SDGURQL]DGR
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&RPXQLFDomR�VtQFURQD

• 6LQDLV��GDGRV�H�FRQWUROH��VmR�VLQFURQL]DGRV�SRU�XP�UHOyJLR
• &RQWUROH�SRGH�VHU�IHLWR�SRU�XPD�GDV�XQLGDGHV��EXV�PDVWHU�
• &DGD�LWHP�p�WUDQVIHULGR�HP�WLPH�VORW�SUHGHILQLGR�H�FRQKHFLGR�SHODV�

SDUWHV
• 9DQWDJHP�

– FRQWUROH�VLPSOLILFDGR
• 'HVYDQWDJHP�

– SRXFD�IOH[LELOLGDGH
– YHORFLGDGH�OLPLWDGD�SHOR�GLVSRVLWLYR�PDLV�OHQWR
– FORFN�VNHZ
– p�QRUPDOPHQWH�XVDGR�QD�FRPXQLFDomR�&38�0(0



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch8-14

([HPSOR GH�FRPXQLFDomR�VtQFURQD

clock

endereço
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clock
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master
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status
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•bordas do clock:

•delimitam o time slot

•definem o instante para a amostragem
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%DUUDPHQWR $VVtQFURQR��,�2�� 0HP

1- memória percebe ReadReq, lê 
endereço no barr. de dados e 
ativa Ack para indicar que já 
leu

2- I/O percebe Ack ativo e baixa 
ReadReq e libera o barr. de 
dados

3- memória vê ReadReq baixo e 
baixa o Ack

4- memória coloca o dado lido no 
barr. de dados e ativa o 
DataRdy

5- I/O percebe DataRdy, lê o dado 
do barr. de dados e ativa Ack 
para indicar que já leu

6- memória vê Ack ativo, baixa o 
DataRdy e libera o barr. de 
dados

7- I/O vê DataRdy baixo e baixa o 
sinal Ack, completando o ciclo

•Vantagens:

•não tem problemas de clock skew

•flexibilidade

•velocidade

•Desvantagens:

•complexidade do controle

•Normalmente usado em barr. de I/O

endereço dado
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6RPH�([DPSOH�3UREOHPV

• DV\QFKURQRXV�KDQGVKDNLQJ�SURWRFRO�� UHDG�GDWD�LQ�PHPRU\�DQG�
UHFHLYH�LW�LQ�DQ�,�2�GHYLFH

• /HW¶V�ORRN�DW�VRPH�H[DPSOHV�IURP�WKH�WH[W
³3HUIRUPDQFH�$QDO\VLV�RI�6\QFKURQRXV YV��$V\QFKURQRXV´
³3HUIRUPDQFH�$QDO\VLV�RI�7ZR�%XV�6FKHPHV´

DataRdy

Ack

Data

ReadReq 1
3

4

5
7

642 2
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)60�� +DQGVKDNLQJ�SURWRFRO

1
Record from
data lines
and assert

Ack

ReadReq

ReadReq
________

ReadReq

ReadReq

3, 4
Drop Ack;

put memory
data on data
lines; assert

DataRdy

Ack

Ack

6
Releasedata

lines and
DataRdy

________

___

2
Releasedata

lines; deassert
ReadReq

Ack

DataRdy

DataRdy

5
Read memory
data fromdata

lines;
assert Ack

DataRdy

DataRdy

7
Deassert Ack

Put address
on data

lines; assert
ReadReq

________

Ack
___

________

New I/Orequest

NewI/Orequest

,2�'HYLFH
0HPRU\
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$UELWUDJHP�GH�%DUUDPHQWRV

• %DUUDPHQWR�p�FRPSDUWLOKDGR�
– FRPR�JDQKDU�DFHVVR"

• 6ROXomR�PDLV�VLPSOHV��
– FHQWUDOL]DGR��EXV�PDVWHU�
– &38�0HP��0DVWHU�6ODYH

• 3UREOHPD��VREUHFDUJD�SDUD�D�&38
– DOWHUQDWLYD��YiULRV�EXV�PDVWHUV

• $UELWUDJHP��5HTXHVW�� *UDQW
• 2EMHWLYR��MXVWLoD��VHP�GHDGORFNV�RX�VWDUYDWLRQ
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1- envia sinal

2- mede o meio

3- se OK -> FIM

4- espera tempo aleatório

5- volta -> 1

6- FIM

7LSRV�GH�$UELWUDJHP

• &HQWUDOL]DGR��EXV�PDVWHU�FHQWUDOL]DGR�UHFHEH�P~OWLSORV�UHTXHVWV�H�
WHP�P~OWLSODV�OLQKDV�GH�*UDQW��GHVYDQWDJHQV��JDUJDOR�H�
FRQILDELOLGDGH

• 'LVWULEXtGR��P~OWLSODV�OLQKDV�GH�5HTXHVW��GLVSRVLWLYRV�H[DPLQDP�R�
EDUUDPHQWR�H�MXOJDP�D�VXD�SUySULD�SULRULGDGH��1X%XV�

• 'LVWULEXtGR�F��GHWHFomR�GH�FROLVmR��H[��(WKHUQHW��&60$��&'��FDUULHU�
VHQVH�PXOWLSOH�DFFHVV���FROLVLRQ�GHWHFWLRQ��PHLR�ItVLFR��FDER�FRD[LDO��
SDU�WUDQoDGR��ILEUD�ySWLFD��UiGLR�
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7LSRV��FRQW����'DLV\�&KDLQ

• 3ULRULGDGH�
– KDUGZLUHG�SHOD�SRVLomR

• ([SDQVmR��VLPSOHV��RQOLQH�
• &RQILDELOLGDGH�

– UXLP

%XV
$UELWHU

'HYLFH��
+LJKHVW
3ULRULW\

'HYLFH�1
/RZHVW
3ULRULW\

'HYLFH��

*UDQW *UDQW *UDQW
5HOHDVH
5HTXHVW
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&RPSDUDomR�HQWUH�PpWRGRV�GH�DUE�

• &HQWUDOL]DGR�
– SULRULGDGH��SURJUDPiYHO��RII�OLQH�
– H[SDQVmR
– FRQILDELOLGDGH�H�GHDGORFN��2.�VH�FRQWUROH�2.

• 'LVWULEXtGR�H�HWKHUQHW�
– PDLV�IOH[tYHO��H[SDQVtYHO�H�FRQILiYHO
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Opção Alto Desempenho Baixo Custo

Largura de barr. endereço e dados
separados

endereço e dados
multiplexados

Largura de dados >= 32 bits 8 bits

Bloco de transf. múltiplas palavras uma palavra

Bus master múltiplos masters um master

Clocking síncrono assíncrono

(VFROKD�GH�EDUUDPHQWRV

• 3ULRULGDGH��IOH[LELOLGDGH��H[SDQVmR��FRQILDELOLGDGH��YHORFLGDGH� WLSR�
GH�WUiIHJR��GLVWkQFLD�H�³VWDUYDWLRQ´
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'RLV�SDGU}HV�GH�EDUUDPHQWR��SDJ�����

&KDUDFWHULVWLF 3&, 6&6,
Bus type backplane I/O

Bus width 32-64 8-32

Addr/data mux´ed muxed muxed

Number of bus masters multiple multiple

Arbitration centralized, parallel
arbitration

self-selection

Clocking Synchr. 33-66 MHz Synchr. 5-10  MHz or
Asynchr.

Peak Bandwidth 133-512 MB/s 5-40 MB/s

Estimated Bandwidth 80 MB/s 2.5-40 MB/s (sync)
1.5 MB/s (async)

Max. # devices 1024 (32 / bus segment) 7-31 (bus width - 1)

Max. bus lenght 0,5 meter 2,5 meter

Standard PCI ANSI X3.131
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,QWHUIDFH (�6�� 0HP�� &38�� 26

• 4XHVW}HV�
– FRPR�R�XVXiULR�FRQWUROD�D�(�6"
– GDGRV���!�PHPyULD�"
– TXDO�p�R�SDSHO�GD�&38"

• 3DSHO�GD�&38�p�JUDQGH�
– PXOWLSURJUDPDomR
– GLVSRVLWLYRV�GH�(�6�QRUPDOPHQWH�XVDP�LQWHUUXSomR�H[HFXWDGD�QR�

PRGR�VXSHUYLVRU�GR�26
– FRQWUROH�GH�EDL[R�QtYHO�GH�(�6�p�FRPSOH[R
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&RPXQLFDomR�&38�� (�6

• 3URJUDPPHG�,�2��&38�LQLFLD��FRQWUROD��VXSHUYLVLRQD�H�WHUPLQD�D�
FRPXQLFDomR
– 0HPRU\�PDSSHG��DFHVVR�j�PHPyULD�H�,�2�p�IHLWR�FRP�DV�PHVPDV�

LQVWUXo}HV��HVSDoR�GH�HQGHUHoDPHQWR�GHILQH�R�GLVSRVLWLYR�

– ,�2�PDSSHG��Ki�LQVWUXo}HV�H�OLQKDV�GH�FRQWUROH�GHGLFDGDV�j�
FRPXQLFDomR�GH�,�2

CPU

Mem I/O 1 I/O 2

D
Addr
WR
RD

CPU I/O

D
Addr

Mem
WR M

RD M

WR IO

RD IO
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&RPXQLFDomR�(�6�� &38

• $OWHUQDWLYD����SROOLQJ
– D�&38�SHULRGLFDPHQWH�FRQVXOWD�RV�GLVSRVLWLYRV
– GHVYDQWDJHQV�

• desperdício do tempo da CPU
• dispositivo pode ter que ficar muito tempo aguardando o serviço

• $OWHUQDWLYD����LQWHUUXSomR
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&RPXQLFDomR�(�6�� &38��FRQW�

• ,QWHUUXSomR�
– GLVSRVLWLYR�GH�(�6�DYLVD�D�&38�TXH�SUHFLVD�GH�DWHQomR��SRU�PHLR�

GH�VLQDO�DVVtQFURQR
– D�&38�GHYH�FRPSOHWDU�D�H[HFXomR�GD�LQVWUXomR�DQWHV�GH�DWHQGHU�

D�LQWHUUXSomR�
• (pipeline: é necessário stall e tratamento de todas as instruções 

no pipeline)
– IRUQHFH�LQGLFDomR�j�&38�VREUH�R�WLSR�GH�LQWHUUXSomR�H�D�

LGHQWLGDGH�GR�GLVSRVLWLYR
• solução comum: vetor de interrupção usado para decidir o 

endereço da rotina de tratamento da interrupção
– HP�FDVR�GH�P~OWLSORV�GLVSRVLWLYRV��

• priorização para decidir qual pedido será atendido
– (é possível o uso de um controlador de interrupção)
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0RXVH
taxa de polling = 30 / s

30 polling/s = 30 * 400
ciclos/s = 12000 c/s

% ciclos da CPU = 
12000 / 500*106 = 

0,002 %

ACEITÁVEL

)ORSS\�'LVN
blocos de 16 bits; 
taxa 50 KB/s

pollings / s = 
50 KB /s /(2 B / polling) =
25 k pollings / s

400 ciclos /polling ->
25 k *400 =
100*105 ciclos de polling / s

% de ciclos da CPU =
107 / 500*106 = 2%

ALTO MAS +- OK para 
sistemas de baixo custo

'LVFR�5tJLGR
blocos de 4*32 bits; 4 MB / s

pollings / s = 
4 MB /s /(16 B / polling) =
0.25*106 pollings / s

400 ciclos /polling ->
100*106 ciclos de polling / s

% de ciclos da CPU =
100*106 / 500*106 = 20%

Tempo inaceitável de 
ocupação da CPU para 
polling

([HPSOR��SDJ�����

• ,PSDFWR�GR�SROOLQJ�SDUD���GLVSRVLWLYRV��IFN� ���� 0+]��FLFORV�S��
SROOLQJ� �����
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Taxa de acessos é o mesmo de polling = 250 K / s

# ciclos / s = 250 k * 500 = 125* 106 ciclos / s

% da CPU = 125 *106 / 500 *106 = 25%

perto do Polling, MAS, levando em consideração que o HD não está ativo 
apenas 5% do tempo:

impacto 5% * 25% = 1,25 %           (bastante razoável)

Interrupção só envolve a CPU se houver atividade

([HPSOR��FRQW�

• ,PSDFWR�GD�LQWHUUXSomR�VREUH�R�'LVFR�5tJLGR�GR H[HPSOR�DQWHULRU�
�FRP�RYHUKHDG GD�WUDQVIHUrQFLD�GH���� FLFORV��LQFOXLQGR�D�
LQWHUUXSomR��DVVXPLQGR�TXH�R�+'�HVWi�DWLYR�DSHQDV����GR�WHPSR��



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch8-30

'0$��GLVSRVLWLYR�� PHPyULD

• 8VDQGR�SROOLQJ�RX�LQWHUUXSomR�D�&38�p�HQYROYLGD�GLUHWDPHQWH�QD�
WUDQVIHUrQFLD
– LQWHUUXSomR�SRGH�VHU�2.�SDUD�SHTXHQRV�EORFRV��&38�VH�RFXSD�

GH�RXWUD�FRLVD�HQTXDQWR�R�GLVSRVLWLYR�HVWi�WUDEDOKDQGR�PDV�D�
HVFULWD�OHLWXUD�HQYROYH�GLUHWDPHQWH�D�&38

• 6ROXomR��'0$��'LUHFW�0HPRU\�$FFHVV�
– QmR�Ki�SROOLQJ�H�D�&38�QmR�SDUWLFLSD�GD�WUDQVIHUrQFLD
– 3DVVRV�

• 1- CPU informa: identidade do dispositivo, qual é a operação, 
endereço inicial da memória, Nº de bytes da transferência

• 2- Controlador de DMA inicia a operação. Solicita e ganha 
controle do barramento. Faz a transferència entre o dispositivo 
(endereço, RD/WR, incrementa endereço, etc) e a memória. 

• 3- Controlador de DMA interrompe a CPU e avisa que a 
transferência está completa
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DC IODRIOAR

Controle

DMA REQ
DMA ACK

INT ACK
INT REQ

end.
dados

controle

CPU

Mem

Controlador de DMA

Disp. de I/O

7tSLFR�&RQWURODGRU�GH�'0$�



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch8-32

7LSRV�GH�2SHUDomR�GH�'0$

• %ORFN�7UDQVIHU��VHT�rQFLD�GH�SDODYUDV��XVDGR�SRU�GLVFRV��ILWDV��YHO��
GR�GLVS��p�LPSRUWDQWH���D�&38�QmR�XVD�R�EDUUDPHQWR��
– &38�H[HFXWD�LQVWUXomR�GH�,2��HVFUHYH�HP�,2$5�H�'&
– &RQWURODGRU�ID]�'0$�5(4��&38��!�'0$�$&.
– &RQWURODGRU�ID]�WUDQVIHUrQFLD�FRP�,QF�,2$5��'HFU�'&
– 6H�R�GLVSRVLWLYR�IRU�OHQWR��UHWRUQD�R�FRQWUROH�SDUD�D�&38�FRP�

'0$�5(4� ����HVWDQGR�SURQWR�'0$�5(4� ��
– )LP�VH�'&� �

• &\FOH�6WHDOLQJ��XPD��RX�PDLV�SDODYUDV�WUDQVPLWLGDV��H�R�FRQWUROH�
GHYROYLGR�j�&38

• '0$�WUDQVSDUHQWH��F\FOH�VWHDOLQJ�VLQFURQL]DGR�GH�PRGR�D�XVDU�
EDUUDPHQWR�VRPHQWR�QRV�FLFORV�HP�TXH�D�&38�QmR�XVD
– FRQWHQomR�GH�PHPyULD�GHL[D�GH�VHU�SUREOHPD�VpULR�FRP�R�XVR�GH�

FDFKH
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'0$��&DFKH�H�0HPyULD�9LUWXDO

• 3HUJXQWDV�
– '0$�GHYH�WUDEDOKDU�FRP�HQGHUHoR�ItVLFR�RX�YLUWXDO"
– FRPR�WUDQVIHULU�VH�RV�GDGRV�QmR�HVWmR�HP�XPD�~QLFD�SiJLQD"

• 6ROXo}HV�
– VH�RV�GDGRV�HVWmR�HP�XPD�~QLFD�SiJLQD��WUDEDOKDU�FRP�HQGHUHoR�

ItVLFR
– FDVR�FRQWUiULR��WUDEDOKDU�FRP�R�HQGHUHoR�YLUWXDO��R�SUySULR�

FRQWURODGRU�GHYH�ID]HU�R�PDSHDPHQWR��SHTXHQD�SDJH�WDEOH�
LQWHUQD�

• 2XWURV�SUREOHPDV�
– 2�VLVWHPD�RSHUDFLRQDO�QmR�GHYH�PRYHU�SiJLQDV�DIHWDGDV�

HQTXDQWR�R�'0$�HVWi�HP�RSHUDomR
– SRGH�DFRQWHFHU�LQFRHUrQFLD�GH�FDFKH�PHPyULD�GHYLGR�D�

DWXDOL]DomR�GD�PHPyULD�SHOR�'0$
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tempo por transferência:    8 KB / 4 MB/s = 2 ms

Para atividade constante do HD: 

(1000 + 500) ciclos / transf.  =  750 *103 ciclos /s

2 ms / trans.

(750 *103 ciclos/s) / (500 *106 ciclos/s) = 1,5 *10-3 = 0,15%

CPU é só envolvida no início e no final

como atividade < 100 % este percentual é ainda menor

([HPSOR��LPSDFWR�HP�+DUG�'LVN

• 0HVPR�H[HPSOR�DQWHULRU�
– EORFR���%��WD[D�GH�WUDQVIHUrQFLD�GH�� 0%���V��FORFN�GH���� 0+]
– VHWXS�GR�'0$��RYHUKHDG�GH������FLFORV
– LQWHUUXSomR�GR�'0$�����FLFORV
– WDPDQKR�PpGLR�GH�WUDQVIHUrQFLD��� .%
– DWLYLGDGH�GR�+'�������GR�WHPSR��LJQRUDU�FRQWHQomR�GH�EDUUDPHQWR�
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([HPSOR��,�2�6\VWHP�'HVLJQ����

• Dados:
– CPU com 300 MIPS e 50K instruções (no OS) por operação de I/O
– Memory backplane: taxa de transmissão de 100 MB/s
– Controladores SCSI-2: 20 MB/s e capacidade para 7 discos
– HD com taxa de 5 MB/s e atraso seek+rotational = 10 ms
– workload de IO: leituras de 64 KB (100 K instruções de usuário / Operação de I/O)

• Encontrar: máxima taxa de I/O e o número de (HD+controladores) necessário

• Dois componentes (CPU e memory bus), qual é o gargalo?
– cada op de I/O precisa de 50 K + 100K instruções

IO rate da CPU = (Instr rate) / (Instr. / IO) = 300*106 / (100+50)*10*3 = 2000 IO/s

IO rate do bus = (bus bandwidth) / (bytes / IO) = 100*106/64*103 = 1562 IO/s

gargalo é o barramento

agora, configurar o resto do sistema para acomodar 1562 IO/s -> quantos HDs?
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([HPSOR��,�2�6\VWHP�'HVLJQ����

• Meta: 1562 IO/s 

• Tempo por IO no disco: 10 ms + 64 KB / (5 MB/s) = 10ms + 12.8ms = 22.8ms

cada disco: 1/22.8ms = 43.9 IO/s

para ocupar totalmente o barramento

1562 /  43.9 = 36 discos

• Número de controladores SCSI

Taxa de transf. / disco = 64 KB / 22.8ms = 2.74 MB /s

possível colocar 7 discos por controlador (7*2.74 < 20 MB/s)

Número de barramentos de IO e controladores SCSI =

36 discos / (7 discos / barramento) = 6 (barramentos + controladores

• Grande número de hipóteses simplificadoras: melhor precisão somente com simulação


