16 November 4kB direct-mapped cache

* 5classes to go * 4 byte BLOCKS
* Questions? * How many BLOCKS?
* More on VM and Cache * Which bits to select the BLOCK?

* How many bits in the TAG?
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4kB Direct Mapped Cache 64k direct-mapped cache
Address (showing bit positions)
- 16 byte BLOCKS
i Tag * pata * How many BLOCKS?
index * Which bits to select the BLOCK?
Index Vaid_Tag oata * How many bits in the TAG?
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64kB Cache 4kB 4-way Set Associative Cache
R « With 4 byte BLOCKS
i . 16 Ji2 Ziyte pata ¢ How many BLOCKS?
Index Block ofiset » Which bits select the BLOCKs?
v T bua. * How many bits in the TAG?
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4kB 4-way set associative cache

Address.
3130..412111098--+3210

22 8

Index Vv Tag Daia V Tag Dala V_ Tag Data V_Tag Data
0

1
2

253
254
255

|
4-10-1 multiplexor

Data
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i
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Address Translation

* Instruction Fetch
— Use PC to get VIRTUAL address
— Lookup VIRTUAL address in TLB
* MISS > OS Trap
— Lookup PHYSICAL address in INSTRUCTION CACHE
* MISS > STALL waitingon MEMORY
— Finally deliver instruction to INSTRUCTION REGISTER
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Address Translation

« Data Fetch

— Use ALU to get VIRTUAL address

— Lookup VIRTUAL address in TLB
* MISS - OS Trap

— Lookup PHYSICAL address in L1 DATA CACHE
¢ MISS - STALL waiting on L2 DATA CACHE

— Lookup PHYSICAL address in L2 DATA CACHE
* MISS-> STALL waiting on memory

— Finally Deliver data to the STALLED pipeline
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Making Address Translation Fast

Vietual pago o e— TLB = Translation Lookaside Buffer
number I““" F Sdhress a CACHE for address translation
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H Physical memory
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Virtual Address Translation

[ Page e g |

Virual address

3130 29 2827 rivrrririiiaiiens 15141312 1110 9 8 «+«v v 3210

Vst page mumber [ e ]

20 12

Valid Physical page number

Page table

1£ 0 then page is not
present in memory

2928 27 trerninenienninns ... 15141312 11008.:)..-3210

Physical page number [ Page offset

Phusical address
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VM meets Cache
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VM meets Cache

Virtual address

TLB miss. No, Yes

exception Physical address

Write protection

exception
No Yes
Cache miss stall

Deliver data
to the CPU
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Write data into cache,
update the tag, and put
the data and the address
into the write buffer

Classes to go
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