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Why do we use caching?

o Core freq: 2GHz = 0.5 ns / instr
« Core — Disk = ~ms
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Why do we use caching?

. Cache
- Large = slow
- Medium = medium
- Small = fast

10



Why do we use caching?

. Cache

- Core —- L3 = ~20ns
- Core —» L2 =~7ns

- Core - L1 =~1ns
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Typical server configurations

o Intel Xeon

10 cores @ 2.4GHz
|1: 32KB

| 2: 256KB

| 3: 24MB

Memory: 64GB

( inte|® inside™
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. AMD Opteron

8 cores @ 2.4GHz
_1: 64KB

|2: 512KB

| 3: 12MB
Memory: 64GB

OPTERON

PROCESSOR

AMD ¢
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Experiment
Throughput of accessing some memory,
depending on the memory size
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Until ~2004: single-cores

« Core freq: 3+GHz

[*l « Core — Disk

« Core —» Memory
L2 » Cache

- Core —» L2
- Core — L1
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After ~2004: multi-cores

m . Core freq: ~2GHz

« Core — Disk

« Core —» Memory
» Cache

- Core — shared
L3

- Core — L2
- Core — L1
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Multi-cores with private caches
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Cache coherence for consistency
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Core 0 has X and Core 1

- wants to write on X
- wants to read X
- did Core 0 write or read X?
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Cache coherence principles
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« 10 perform a write

- Invalidate all readers, or
- previous writer

« 10 perform a read
- find the latest copy
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Cache coherence with MESI

» A state diagram
« State (per cache line)

- Modified: the only dirty copy
- Exclusive: the Only clean copy  \ \ ddddddd i’ ’
- Shared: a clean copy

- Invalid: useless data
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The ultimate goal for scalability

o Possible states

Modified: th
Exclusive: t
Shared: ac
Invalid: use

e only dirty copy
ne only clean copy
ean copy

ess data

« Which state is our “favorite”?
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The ultimate goal for scalability

o Possible states

- Modified: the only dirty copy
- Exclusive: the only clean copy

-Shared: a clean copy

- Invalid: useless data

= threads can keep the data close (L1 cache)
= faster
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Experiment
The effects of false sharing
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Uniformity vs. non-uniformity

. Typical desktop machine

= Uniform
 Typical server machine
= non-Uniform
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Latency (ns) to access data
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Experiment
The effects of locality
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