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IF ID EX Mem Wi Inst. i
IF 1D EX Nlem WB Inst. i+1
IF D EX Mem WB Inst. i+2
IF D! EX Mem WB Inst. i+3
1F 1D EX Mem WB
IF ID EX Mem WB
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Branch instruction

IF

_— Branch decision known at this stage
~—|: These 2 instructions are wrong if branch

is taken

Figure 02-08.
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Figure 02-11.
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64-128 ALU Registers

On-chip Level 1 caches.
Split I-cache, D-cache  8-64 KB
Access time 1-2 cycles

Unified level 2 cache
256 KB -4 MB
Access time 5-10 cycles

Off-chip level 3 cache
1 MB -8 MB
Access time 10-20 cycles
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Main Memory
Upto 4 GB
Access time 100 + cycles

Archival Storage

Secondary Memory
10-100 GB’s
Access time Millions of cycles
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<4— Cache line

Tag to match
with tag from

Tag data
Tag data
Tag data
Tag data

address
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Cache

(a) Fully-associative cache.

Any memory block can map

to any cache line

Cache

lines

(b) Direct-mapped cache.
All addresses mod C map to
the same cache line

Cache

(c) Two-wayset-associative cache.
A memory block maps into a
specific line in either set
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Tag data
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17Eti 128 bits

Yes; cache hit

No; cache miss; data to ALU
to main memory
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Shared bus

Main memory

Figure 02-15.
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virtual page number offset

A\ V2

Page table 1

\ vy
A 7

Physical frame number  offset
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