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Advanced Caching
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lecture slides: http-ilinst.eecs. berkeley. edu/~cs152/
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Recap: Set Associative Cache

“ N-way set associative: N entries for each Cache Index
- M dirssd mapped cachet oparaisc In parsiial
“ Example: Two-way set associative cache
- Caohs index sedeats a “cet” from the oache -
- The tao tage in the cat are comparsd to the Inpat in parabsl
- Data |c calecdind bacad on ihe tag rmoult

Cache [ndax
Walkd Cacha Tag Cxcha Tan Cadhve Dacy Cacha Tag walid
Cachas Bizck @ Cacha Blzck
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Recap: Cache Performance
Expcution_Tims =

inatruchon_Count x Cyche Tima x
[ieal CP1 + Memory _Stslainset + Other_Stallsmnat)

Memcry_Staliafinst =
matruction Misa Rate x Instructon Mias Panalty +
Loacsinst ¥ Load Mies Rabs x Load Miss Penalty +
Storasinst £ Store Miss Rate ¢ Slons Mias Pa

Axarags Memory Accass fms [AMAT) =
Hit Tima, ., + (Ml2= Rats, . x Miss Penalty, ) =
i{Hit Rats, , x HIt Tima, .} + (Mise Rate,, = Mz Tima,,]
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Recap: A Summary on Sources of Cache Misses

“Com pulinr%[l::ull:l start or process migration, first
reference]: first access to 3 block

« “Cold™ fact of iha: not a whobe lot you can do about 1t

« Note: If you are going to run “blillons” of Instruction,
Compulaory Mizees are Insignificant

* Conflict [collision):

« Multiple memaory locations mapped
fo Hlilt]'uma cache location o

+ Sglutlon 1: Incrages cachsa slze
« Splutlon 2: Incraass aseoclativity
" Capacity:
« Cache cannct contaln all blocks access by the program
+ Splution: Increass cachs alze

* Coherence [Invalidation): other process (e.g., 0} updates
MEmory
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The Big Picture: Where are We Now?

* The Five Classic Components of a Computer

Freosn=s

p ]
Comral

D posh

Cregert

* Today's Topics:
+ Recap last lecturs
+ Wirtual Memory
+ Protaction
« TLE
+ Busas
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How Do you Design a Memory System ?

® Set of Operations that must be supported

« raad: data <= Mem[Physlcal Addrees]
= write: Mem[Phyakcal Address] < Data

[T T H
I"hrpmicwl Addreas — lag-Luts Shorags,
Bunsd,
HeadWirrie —* LCormparsbon, .

i =i

* Determine the internal register transfers

® Design the Datapath
* Design the Cache Controller
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Impact on Cycle Time

| -Cactw
Cache Mt Time: — —

directy Hed to olook rats miss

Inmraacesc with caohs clos

Inmraacess with sccoolafdby

irrasilid

Lverage Mamary Accass Hme =

Hit Tima + Mise Rate x Mias Panalty | o

“yr
Time = IC x CT x [ideal TP - memary aialla) Miss
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Improving Cache Performance: 3 general options

4001

Avarags Memory Accaes fima =
HIt Time + [Mise Rate x Mizs Panaity) =

{Hit Rate = HIE Time) « (Miss Rate x Mias Tima)

Options to reduce AMAT:

1. Reduce the miss rate,

2. Reduce the miss penalty, or

3. Reduce the time to hit in the cache.
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Impraving Cache Performance

1. Reduce the miss rate,
2. Reduce the miss penalty, or
3. Reduce the time to hit in the cache.
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JCs Absolute Miss Rate ( SPECSE)
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Cache Sizz (KE)
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21 Cache Rule

miss rate 1-way associative cache size X
= miss rate #-way associative cache size X2
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Cachr: S (KE)
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JCs Relative Miss Rate
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Cache Sazc (KE])
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