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Core i7
data access (64 bits) per cycle.
cores, 3.2 GHz — 25.6 x 107 access/sec
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truction demand: 12.8 x 107 of 128 bits.
ak bandwidth: 409.6 GB/sec

AM Memory

DR2 (2003): 3.2 GB/sec — 8.5 GB/sec

DR3 (2007): 6.4 GB/sec — 17.06 GB/sec
DR4 (20142): 17.05 GB/sec — 25.6 GB/sec

tions:

Llti-gate memory, pipelined caches, multi-level caches, per-core
ches, instruction/data separation.

Computer Architecture - 2014 - ARCOS@uc3m




"epeJnal vias A 1ages ojsouebey 019013) UN 8P SOYI3IaP O SBUSIC BUOIS3| O BIDI|I S8 01USWINJOP |8 U BPIUSIU0D UQIoeW IOl B IS

*200Z ap ol ap TT ap ‘021U0JI03|T 012I8WO0D) 3P A UQIDBWIOLU| B] 8P PEP3IJ0S | 9P SOIDIAISS ap A3 €| ap T'LT O|ndIuy

[e PNUIA US 0JuUBWINJ0P B)uasaid [ US BPIUSIUOD UQIDRWIOUI €] 9P 3|gesuodsal adey s Ou W0’ ggeuabeled mmm

66waﬁelma

rsiiltllcad o . . . AR_COS ‘ﬁ [ ]
R e Locality principle = g
ality principle:

‘ogram property exploited in hardware design.
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‘ograms access to a relatively small portion of
ddress space.

es of locality:

rmporal locality: Recently accessed elements tend to
> accessed again.

Examples: loops, variable reuse, ...

patial locality: Elements next to a recently accessed
ement ten to be accessed in near future.

Examples: sequential instruction execution, arrays, ...
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0 Block or line: Unit of copy.

‘0Cessor

O Usually several words.
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A

0 If accessed data present in

[

higher level:
o Hit: Delivered by higher level.

Data is transferred

® Hit rate = Hits / accesses.

0 If accessed data is missing.

O Miss: Block copied from lower
level.

® Needed time — Miss penalty.

B Miss rate = Misses / accesses =
1 — Hit rate
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Where can a block be placed in the upper
Which block should be replaced on a miss?

How is a block found in the upper level?

What happens on a write?

s ITI de Madrid FOUI’

ock placement.
ock identification.
ock replacement.
/rite strategy.

ersidad
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Selects address.

|dentifies the entry address.
Validity bit in every entry to flag if content is valid.

dex

slect data within a block.
t

brsidad

s IIT de Madrid

k Address

g

'k offset

ss bits for Index.
ore bits for Tag.
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vant for associative and set associative mappings:

andom.

Easy to implement.
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|

LU: Less Recently Used.

Increasing complexity as associativity increases.

FO: First In First Out.

Approximates LRU with lower complexity.
Misses per1000 instr.,, SPEC 2000

J Rand FIFO LRU Rand FIFO LRU Rand FIFO

4.1 1173 1155 111.7 115.1 113.3 1092.0 111.8 1104
3.4 104.3 103.9 1024 1023 103.1 99.7 100.5 100.3
p2.2 92.1 92.5 92.1 92.1 92.5 92.1 92.1 92.5
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gh latency and high bandwidth memory:

Increase block size.

w latency and low bandwidth memory:

Reduced block size.
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rage access time:
t time ; + Miss rate; x Miss penalty,
t time; + Miss rate; x
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it fime, + Miss rate, x Miss penalty,,)

| miss rate:
jsses at a cache level over accesses to that cache level.
: Miss rate;

: Miss rate|,

pal miss rate:

isses at a cache level over all memory accesses.
: Miss rate;

: Miss rate; x Miss rate,
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g0 5: Prioritize read misses over writes & &

I: Reduce miss penalties.
roid that a read miss has to wait until writes are completed.
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a-through caches:

rite buffer could contain an updated value for the read
Idress.

A) Wait until write buffer is empty.

B) Check contents of write buffer.
Continue with read miss if no conflict with buffer.

o-back caches:

read miss could replace a modified block.
Copy modified block to buffer, read, and dump block to memory.
Apply options A or B to buffer.
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Optimize the most common case (hits).
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1ge-level protection checked during virtual-to-physical
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nslation.

blution: Copy protection info from TLB o misses.

cess switch.
rtual addresses refer to different physical addresses.
Old process virtual addresses.

vlutions:
Flush the cache.

Add to cache address a PID tag.
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sildeMadrid - Problems with virtual caches (ll)
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aﬂeJmD

= |sing:

vo different virtual addresses for the same physical

ho"

Jdress.
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ti-aliasing hardware: to guarantee that every cache
ock corresponds to a unique physical address.

Check multiple addresses and invalidate.

1ge coloring: Force all aliases to have identical their n last
fs.

Makes impossible two alias to be at the same time in cache.

addresses:

O typically uses physical addresses.
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apping to virtual addresses to interact with virtual caches.
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tags = Use translated physical address.

the cache = Use page offset.
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hing as a solution to mitigate the memory wall.

he performance due to locality principle (spatial
temporal).
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5 penalty dependent on access time and transfer
' key dimensions in cache design:

ock placement, block identification, block replacement and
rite strategy.

pasic cache optimizations:

pduce miss rate: larger block size, larger cache size,
gher associativity.

rduce miss penalty: multilevel caches, prioritize reads
rer writes.

pduce hit time: Avoid address translation when indexing.
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