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“OpenMP Does Not Scale” OpenMP

A Common Misconception
But A Programming Model Can Not “Not Scale”
What Can Not Scale:

The Implementation
The System Versus The Resource Requirements
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Top 10 Of Dumb Things To Do  OpenMP

Don’t Use OpenMP

Start With A Serial Code That Performs Badly
Don’t Use A Profiling Tool
Excessive Use Of Parallel Regions

Excessive Use Of Shared Data

OpenMP Booth — Getting OpenMP Up To Speed BOZ $15
Au

Ruud van der Pas % |hpc transforms.




Top 10 Of Dumb Things To Do  OpenMP

Don’t Use The Nowait Clause
Use Locks Where They Don’t Make Sense
Ignore Load Balancing Issues
Ignore cc-NUMA
Forget All Of The Above
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Graphs In A Nutshell/1 OpenMP

vertex

* A graph consists of a set of vertices “V” and edges “E”
 The vertices “V” are the objects of interest (e.g. people)
 The edges “E” describe a relationship between vertices

— For example “Do these two people know each other ?”
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Graphs In A Nutshell/2 OpenMP

vertex

 Akey operation on a graph is to search for connections

 The performance is measured by the numbers of edges
traversed per second (TEPS)
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The Graph Analysis Benchmark OpenMP

* Written in C, parallelized with OpenMP
 The key input parameter is called “scale”
 The number of vertices is 2”*scale

* The number of edges is 16 per vertex
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The Initial Performance (35 GB) OpenMP

0.050

0.040

0.030

0.020

0.010

Billion Traversed Edges per Second (GTEPS)

0.000

SPARC T5-2 Performance (SCALE 26)

e _a B B B N N B N B N N N N N N N N §N _§ |

0

4

8 12 16 20 24 28 32 36 40 44 48
Number of threads

Ruud van der Pas

OpenMP Booth — Getting OpenMP Up To Speed ?g

C15

| hpe transforms.



OpenMP

That doesn’t scale very well

Let’s use a bigger machine !
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Initial Performance (35 GB) OpenMP

SPARC T5-2 and T5-8 Performance
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OpenMP

Oops! That can’t be true

Let’s run a larger graph !
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Initial Performance (280 GB)  OpenMP

SPARC T5-2 and T5-8 Performance
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OpenMP

Let’s Get Technical
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Total CPU Time Distribution OpenMP

Total CPU Time Percentage Distribution (Baseline, SCALE 26)
0, —
100% ¥ Atomic operations
B OMP-atomic_wait
80% B OMP-critical_section_wait
B OMP-implicit_barrier
60% - ¥ Other
B Function1
40% - ® Function 2
(]
20% -
0% -
Number of threads

OpenMP Booth — Getting OpenMP Up To Speed 2@ &15

Ruud van der Pas | hpe transforms.

1



Bandwidth Of The Original Code OpenMP

SPARC T5-2 Measured Bandwidth (BASE, SCALE 28, 16 threads)
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Summary Original Version OpenMP

 Communication costs are too high

— Increases as threads are added

— This seriously limits the number of threads used

— This is turn affects memory access on larger graphs
* The bandwidth is not balanced
* Fixes:

— Find and fix many OpenMP inefficiencies

— Use some efficient atomic functions
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OpenMP

Secret Sauce

BO —> BO
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Comparison Of The Two Version© penMP
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Time(sec)l 1.C{00 2,000 3,000 4,000 5.(1:00

o] T—— DO

1.6

O
©

1.7 ®‘ | Il.-lll.l.“i II||||‘I|III|I|||I"|I|I||IIIIII||“I'III“m""m“mmmm"
O

1.8

2.1 Atomic/critical
© W section wait

2.3
© W . Idle state

@ M“mhmmmmm“mm“mmmmmm“mm‘m"I:

2 o 1

2.2
&) » | . Implicit barrier |

I Ll L) ] L) Ll T L) I T L) Ll T I T L) Ll L) T I L Ll I T
Scale(sec) 1,000 2,000 3,000 4,000 5,000
(4] [ ]

nuuu vaii uci rad> v X[ TING ITUTIDTUILTTID.

] e R e —

| Oracle Solaris Studio Performance Analyzer y SLES
P Oracle Solaris Studlo Performance A< Note the much shorter run time for the

B0 E ST BVP@ ViewMode|u modified version i
OpenMP Parallel Region | OpenMP Task | Timeline | Experiments | J :

4
3



Performance Comparison OpenMP

SPARC T5-2 Performance (SCALE 29)
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OpenMP

More
Secret Sauce

BO MO

J
OpenMP Booth — Getting OpenMP Up To Speed 2@ &15

Ruud van der Pas | hpe transforms.

2




Observations OpenMP

First Touch Placement Is Not Used
The Code Does Not Exploit Large Pages
But Needs It ....

Used A Smarter Memory Allocator
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OpenMP

Bandwidth Of The New Code

SPARC T5-2 Measured Bandwidth (OPT2, SCALE 29, 224 threads)
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39-52x improvement
Th e Resu It over original code
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72X

: . :
Bigger Is Definitely Better! speed up |

SPARC T5-8 Graph Search Performance
(SCALE 30 - Memory Requirements: 580 GB)
Bl Search Time (minutes) =#=Speed Up
800 80
] Search time reduced i

« 700 70
g from 12 hours to 10
=2 - .
= 600 minutes 60
£ 500 - 50
()
£ 400 - 40
= /
§ 300 - 30
2 200 - 20
w

100 - 10

0 — T — T L'_—_'_—__ 0
1 2 4 8 16 32 64 128 256 384 512
Number of threads
OpenMP Booth - Getting OpenMP Up To Speed 2@ $15
Ruud van der Pas et lhpe transforms.




A 2.3 TB Sized Problem 896 Threads !

SPARC T5-8 (SCALE 32, OPT2)
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Tuning Benefit Breakdown OpenMP

SPARC T5-8 Speed Up Over OPTO |
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OpenMP

Different
Secret Sauce

MO T>MOBO
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A Simple OpenMP Change 57-75x

~improvement
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Methodology OpenMP

If The Code Does Not Scale Well

Use A Profiling Tool
Use The Checklist To Identify Bottlenecks
Tackle Them One By One
This Is An Incremental Approach

But Very Rewarding
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Summary OpenMP

OpenMP Can Not Not Scale
In Most Cases The Application Has Bottlenecks
Very Often These Can Be Eliminated Or Reduced
For Ultimate Scalability Find And Fix Everything
And Enjoy A Very Scalable Application ©
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OpenMP
Thank You And ..... Stay Tuned'!

ruud.vanderpas@oracle.com
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