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Motivation: Performance Variation

16% Performance
Variation on Edison,
Cab, Stampede!

Only 1% Variation on
Blue Waters!
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What is Dynamic Overclocking?

* Processor changes the frequency opportunistically since it
cannot run at the highest limit all the time.

E.g. Intel Turbo Boost Technology
* Factors effecting the dynamic frequency:
Type of the workload
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Motivation: Frequency Variation

Total Time (s)

Frequency and Time Correlation
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Motivation: Frequency Variation

* Distribution of steady-state frequencies on Edison

Frequency (GHz)

Application |Idle cores|2.4—2.5| 25 |25-26| 26 |26-—-27| 27 |27-28| 28
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Why there is variation?

Node Status Change Over Time
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[s it caused by temperature?

Frequency Distribution of NAIVE-DGEMM
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[s it caused by temperature?

Frequency Distribution of MKL-DGEMM
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[s it caused by power?

260 4 | F= Fast Chip =2.8 GHz

265 L | S= Slow Chip =2.7 GHz

270 60 V = Variable Chip =27 <f< 2.8GHz

275 108 1R

280 162 I

285 141 1R 2 |

200 123 N 2 | 2 |

205 107 1N 1 | 2 |

300 g0 N 71 6 | 1|

305 g3 N 60 18 1 7 1 2 | 1|

310 77 1R 41 N 19 1 7 | 5 | 5 1

315 51 18 1 14 1 10 1 5 1 3 | 1|

320 6 | 3 | 0 2 | 0 0 1|
Power (W) Total= 1024 F& F= 9001 F&S=63 F&V=36 S&S=13 S&V=09 V&V=2
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Fast processors’ power are
similar to uniform Slow and variable processors
distribution have higher power




What can we do about it?

Disable Turbo-Boost
Replacing the slow chips
Selectively idling the cores
Dynamic load balancing
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Solution 1: Disable Turbo-Boost?

Application %% Slowdown
MKL-DGEMM 0.1
NAIVE-DGEMM 18.1
LEANMD 16.8
JACOBI2D 4.2

nder Turbo
[ICS 2016]
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@ Naive-DGEMM slows down more compared to MKL because it was running at
higher frequency with Turbo Boost.
@ Jacobi2D suffers less from disabling Turbo-Boost because it’s memory intensive.




Solution 2: Replace the chips?

Chip Replacement Benefit on 1K System
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Solution 3: Idling the cores?

Throughput with Selective Idling

R R
L:g 17000 9« """ TS MKL-DGEMM ——

é 16800 —.'.'.'.'."""'*a;;'_'_; ----------------------------------- NAIVE-DGEMM =-=-%-- ..
S 16600 7—'—'—'—'—'—~-~-~~.5;.-.-_-.-3-Ié ----------------------- JACOBI2D ¥
o | 6400 T g LEANMD --+&-—- -
2 16200 |

B 16000 T

O B8O [
I—E 15600 | | | | | | | | |

O 50 100 150 200 250 300 350 400 450

Number of Chips to Leave | Core Idle

Acun, Miller, Kale. “Variation
Among Processors under Turbo
Boost in HPC Systems” [ICS 2016]




Solution 4: Speed-Aware Load Balancing!

* Runtime tracks processor speeds dynamically +LBTestPESpeed
* Balance the workload with taking into account the speed

Load Balancing Performance
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Summary & Conclusion

Software can do a lot more if the desired support and access is given.

v/': There is support and access. X: There is ho support.
©: Hardware supports, but the software does not allow.

Need Platform Edison Cab Stampede

Frequency Data
Temperature Data
Node Level Power Data
Chip Level Power Data
Core Level Power Data
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Per-chip Power Capping
Per-chip Frequency Scaling
Per-core Frequency Scaling
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Future Work

* Variation analysis on newer generation processors
* Variation in memory operations

Thank you!
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