HP-CAST, November 16, 2013
Dr. Ronald Young

Outstanding Performance
Using the latest NVIDIA GPUs
In HP Z820 Workstations and SL270 Servers

FMSIlib.com - Solves BIG Problems



Focusing on:

1. Plug-and-play libraries
2. FMSIib
3. [Matrnix]Warrior
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Part 1: Scientific Plug-and-Play Libraries

Your
Application

Same + Interface

Library

v__ v

X86 | NV

Application runs on X86 (Linux | Windows)
and calls library subroutines

Want accelerator performance benefits
(floating point, massively parallel)

Want single version of your application
No programming

Accelerators have smaller faster memory
(and maybe different instruction set)

Plug-and-play libraries provide these benefits

with no programming.

» Automatically detects installed hardware

 Divides work between CPUs and GPUs

» Transfers data to/from GPUs asynchronously
in parallel with processing.
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Part 1: Plug-and-Play BLAS Library

«  Application runs on X86 (Linux | Windows)
and calls BLAS subroutines

* Relink to PnP BLAS library

Your

Application — «  Automatically detects hardware at startup and

uses what is present.

Same + Interface

«  Automatically divides work between CPUs and

BLAS GPUs, adjusted at runtime.
J 7 «  Transfers data to/from GPUs in parallel with
processing.
xge | WV :
vkl | »  Uses latest version of MKL and cuBLAS

BLAS

«  Single version of your application.

*  Requires NO programming
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Part 1: Plug-and-Play BLAS Performance
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Part 1: Plug-and-Play BLAS Perj:ormance .
Automatically increase your BLAS Performance
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Part 1: Plug-and-Play BLAS Performance
Automatically increase your BLAS Performance
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Part 1: Plug-and-Play BLAS Performance Trends
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Part 2: FMSlib

1. Form [a] and {b} for each piece FMSIib
* Rows or Columns
» Blocks
_ * Finite Elements
| More pieces gives better answer l,
Store [A],
./ More pieces = bigger matrix [A] 2. Solve [A{X} ={B} <> {X}, {B}
il !
| ~ Matrix size determines accuracy ¥
BT 3. Process solution {X} V&/

FMSIlib.com - Solves BIG Problems



Part 2: FSIib: Solving []{X}={B}

DataI Reuse

‘é GPUs

Approach Equation Accesses Reuse BLAS

Iterative  {E}=[A{X}-{B} Many Low L2(MV)
Direct [A{X}={B} Once High L3(MM)

» Data movement uses power (Not + *)
»  GPU perform best with high data reuse
« Port the science, not the code.
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Part 2: FMSIlib pPlug-and-play

Your
Application

v

FMSlib

v__ v

NV
Cu-
BLAS

X86
MKL

Asynchronous

High Reuse

Asynchronous

High Reuse

Application runs on X86 (Linux | Windows)
and calls FMSlib subroutines

FMSIib used disk to solve extremely large
problems.

Transfers blocks of data to/from disk in parallel
with processing

ADD GPUs

Automatically detects hardware at startup and
uses what is present.

Automatically divides work between CPUs and
GPUs, adjusted at runtime.

Transfers data to/from GPUs in parallel with
processing.

Uses latest version of MKL and cuBLAS
Single version of your application.

Requires NO additional programming
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Part 2: FMSlib Performance
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Part 2: FMSlib Performance
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Part 2: FMSlib Performance
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Part 2: FMSlib Performance
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Part 2: FMSlib Performance
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Part 2: FMSlib Performance
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FMSlib Performance History 1978-present

Machine Flops $/Gflop

DEC VAX 1978 97,000 | $2,000,000,000

FMSIib Is Plug-and-play

(8) NVIDIA GPUs | 2013 8,333,000,000,000 $12

86 Million times faster!

166 Million times cheaper!
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Part 2: FMSIlib Performance Monitoring

WEB pages generated dynamically during runtime

FastMatrix

Min  CPUs GFUs Memory Dsks Fiss Softva Cals P Pwommce Usg Lus Hop

Matrix Server Performance Monitor
For Node znode25

World's fastest solutions for

JA]1X5 iB§
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Part 2: FMSIlib Performance Monitoring - CPUs

Min  CPUs GPUs Memory Disks Fies Softvwe Cas Pameio Pefomace Use Liks  Hip

CPU Description
MNumber of processing cores 16
Cores used by FMS 16
Cores per processor g
Minimum Clock Speed (Ghz) 2594
Maximum Clock Speed (Ghz) 2594
Processor Model Genuine Intel(R) CPU @ 2.60GHz
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Mazin  CPUs  GPUs  Memory Disks Files  Software  Calls  Parameters  Performance  Usage  Links  Help CPUs Used All All
PCI Bus ID (hex) 6 41
Properties for GPU's 0 fo 1 Used by FMS PCT Device ID (hex) g v
GPU RTL 0 1 Bus 6 41
Number NVML 0 1 Device 0 0
GPU Temperature 36C 41C Domain 0 0
PCI
Fan Speed 30 % 30 % All inform t il bl f Device Id 102210DE 102210DE
Gpu 0% 0% ormation avarlable from Bus Id 0000:06:00.0 | 0000:41:00.0
Utilization * Run Time Library (RTL) Sub System Info | 982105C | 982105C
Memory 0% 0% o ] -
Total 5032 e * Nvidia Management Library (NVML) |Capability(manor.minor) ) 33
Memory Multiprocessors 13 13
Usage Used 13 13 o - = =
(Mbytes) arp size 2 2
. Free 5018 5018 Cores p— o
Graphics 324/758 324/758
Clocks p Clock Rate (GHz) 0.71 0.71
Cur./Max SM 324/758 324/758 Global Memory (bytes 5032706048 | 5032706048
(MH: y (bytes)
) Memory 324/2600 324/2600 Display Mode Enabled Enabled
Persistence Mode Enabled Enabled
Power State P8 P8
o i 80.10.11.00.08 | 80.10.11.00.08
(milliwatts) | praw 13401 12830 ClE e
Clocks Throttle R GPU Idl dl OFM - -
ocks Throttle Reasons e GPU Idle
ﬁffsﬂﬁl; ECC 3.0 3.0
ECC Enabled Yes Yes Power m—— —
ECC Errors |Single Bit g 2 Supported Clock Throttle Reasons N/A N/A
Volatile Double Bit 0 0 Compute Mode Default Default
ECC Errors |Single Bit 0 0 Power Management Enabled Enabled
Aggregate Double Bit 0 0 Default 235000 235000
P
Compute Mode NonExclusive | NonExclusive L(i)l‘:ietls: Current ZRINTE HSIY
q illi Minimum 150000 150000
Device Type (RTL) Tesla K20c Tesla K20¢ b e
Maximum N/A N/A
Product Name (NVLM) Tesla K20c Tesla K20¢ Ives BIG Problems
Serial Number 0333712000480 0333712000473 P “iﬁfgd,gf;“ﬁ;lfi;jﬂ?%‘iﬁfr;fi;f:02 Tue Feb 192013




Part 2: FMSIlib Performance Monitoring - Disks

Main CPUs GPUs Memory Disks Files Software Calls  Parameters  Performance Usage Links  Help
FMS Directory | Free GBytes |, . Access|,. . Number |Avg. Transfer|Performance
Link Total GBytes| * A7212ble |y e |Direction| | cesses| (MBytes) | (MB/Sec)
FMSDISK 734 430 Read 1353 7135 I 551
.-"data-‘FMSDISKI 2200253 3| A= Write 12 7073 I 190 Tl‘anSfer Rate (M B/SEC)
Disk Performance by File Type
File Tvpe Number |Avg. Transfer|Performance
i Accesses| (MBytes) (MB/Sec.)
Read| 687 7140 350
[AL] [Asvnc.
Write| 103 7140 491
[D] | Sync. |Write 1 0 865
Read| 665 7140 552
[AU] [Asyne.
Write| 105 7140 489
Read 1 5 2232
SEG.| Sync.
Write 1 5 786
Overall Disk Performance
Total Overall
Transfer Type
MBytes | Time(Sec.) | MBytes/Sec
Read |9633618( 17525 551
Async.
Write [ 1499452 3058 490
Read 5 0 2232
Svnc.
Write 11 0 816

Page updated 2 times: Last Updated 03:08:00 Wed Feb 20 2013
Copyright © 2013 Multipath Corporation
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Main CPUs GPUs Memory Disks Files  Software Calls  Parameters  Performance

Help

Usage  Links

Times and Problem

Job Started 0[12:42:02 Wed Mar 13 2013 | Equations 50000
Routine Started 43112:42:46 Wed Mar 13 2013 | Vectors 0
Current Time 59]12:43:02 Wed Mar 13 2013|Block Size|12544 X 12544
Estimated Completion| 1056 12:59:38 Wed Mar 13 2013 | Data Type | Complex

I/0 Compute Ratio

Compute Rate (Gflops) 487
Read Rate (MBytes/Sec.) 0
Reuse 25088
IO Compute Ratio 0.00

Page updated 5 times: Automatically refreshed every 10 sec.: Last Updated 12:43:02 Wed Mar 13 2013

Copyright © 2013 Multipath Corporation

Subroutine
Performance Analysis for Subroutine CNDE e used=15.992
| 1% Complete k_ Status Rar
33% Other | 67% DIA €| %Time
Performance (Gflops)
Routine | An [cPu's|Gpu 1{GPU 2
Routine Overall Performance
Legend
| Und:ﬁn:dl Assembled I Factored I Reduced I Solved I Multiplied I Accessing -
Ll | a2 | a3 | A
a2t | a2z | a23 | aza Application
specific
a3l | a2 | a3 | asa .
graphic
FYRTN IUVEN IVER WY




Main CPUs GPUs Memory Disks Files Software Calls  Parameters  Performance Links

Help
Performance Analysis for Subroutine CNDI ; Time used=02:41

| 24% Complete
8% 31% MM 39% TR 13% DIA
Other

Performance (Gflops)

Routine All [CPU's|GPU 1|GPU 2

Routine Overall 08 0

Legend
Undefined I Assembled I Factored I Reduced I Solved I Multiplied I Accessing -

L1,1

12,1

131 | 132 | a3z | az4

A1 | ad2 | a43 | ag4

Times and Problem

Job Started 0]12:42:02 Wed Mar 13 2013 | Equations 50000
Routine Started 43| 12:42:46 Wed Mar 13 2013 | Vectors 0
Current Time 204|12:45:26 Wed Mar 13 2013 | Block Size| 12544 X 12544
Estimated Completion|70112:53:43 Wed Mar 13 2013 |Data Type | Complex

/O Compute Ratio

Compute Rate (Gflops) 605
Read Rate (MBytes/Sec.) 0
Reuse 25088
10 Compute Ratio 0.00

Page updated 22 times: Automatically refreshed every 12 sec.: Last Updated 12:45:26 Wed Mar 13 2013
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Main CPUs GPUs Memory Disks Files  Software Calls  Parameters  Performance  Usage  Links
Help

Performance Analysis for Subroutine CNDI ; Time used=04:10

41% Complete

6% ’ ) 8%
o 49% MM 30% TR i

Performance (Gflops)

Routine All [CPU's|GPU 1|GPU 2

Routine Overall 0 0

Lefend
Undefined | Assembled | Factored | Reduced I Solved I Multip].icdl Accessing -

Li,l | vz | vz | als

2,0 | 122 | w23 | a4

31 | 132 A3A4

a1 | oaa2 | aa3 | a4

Times and Problemn

Job Started 0]12:42:02 Wed Mar 13 2013 | Equations 50000
Routine Started 43]12:42:46 Wed Mar 13 2013 | Vectors 0
Current Time 293]12:46:56 Wed Mar 13 2013 | Block Size| 12544 X 12544
Estimated Completion|652]12:52:55 Wed Mar 13 2013 | Data Type | Complex

/O Compute Ratio
Compute Rate (Gflops) 618

Read Rate (MBytes/Sec.) 0
Reuse 25088
10 Compute Ratio 0.00

Page updated 30 times: Automatically refreshed every 24 sec.: Last Updated 12:46:56 Wed Mar 13 2013
Copyright © 2013 Multipath Corporation




Main  CPUs  GPUs

Memory  Disks  Files  Software  Calls  Parameters  Performance Links
Help
Performance Analysis for Subroutine CNDI ; Time used=05:05
49% Complete
6% o o 10%
Other 48% MM 28% TR DIA
Performance (Gflops)
Routine All [CPU's|GPU 1|GPU 2
Routine Overall 0
Legend
| Undefined I Assembledl Factored I Reducedl Solvcdl Multiplied I Accessing -
11,1 | U2 | i3 | a4
12,1 | 22 | w23 | a4
131 | 132 | 133 | a4
14,1 . a43 | A44
Times and Problem
Job Started 0] 12:42:02 Wed Mar 13 2013 | Equations 50000
Routine Started 43]12:42:46 Wed Mar 13 2013 | Vectors 0

Current Time

348|12:47:50 Wed Mar 13 2013 | Block Size| 12544 X 12544

Estimated Completion

657]12:53:00 Wed Mar 13 2013 | Data Type | Complex

/O Compute Ratio

Compute Rate (Gflops) 618

Read Rate (MBytes/Sec.) 0

Reuse

25088

10 Compute Ratio

0.00

Page updated 36 times: Automatically refreshed every 23 sec.: Last Updated 12:47:50 Wed Mar 13 2013
Copyright © 2013 Multipath Corporation




Main CPUs GPUs Memory Disks Files  Software  Calls  Parameters  Performance Links
Help
Performance Analysis for Subroutine CNDI ; Time used=07:27
77% Complete
7%
0, 0,
53% MM 30% TR DIA
Performance (Gflops)
Routine All [CPU's|GPU 1|GPU 2
Routine Overall
Legend
Undeﬁnedl Assembled I Factoredl Reduced I Solvedl Multiplied I Accessing -
L1 | vi2 | vi3 | U4
121 § 122 | 123 | v24
131 | 132 | L33 .
141 f 142 | 143 | A44
Times and Problem
Job Started 0]12:42:02 Wed Mar 13 2013 | Equations 50000
Routine Started 43]12:42:46 Wed Mar 13 2013 | Vectors 0
Current Time 491112:50:13 Wed Mar 13 2013 |Block Size| 12544 X 12544
Estimated Completion|619]12:52:22 Wed Mar 13 2013 [ Data Type | Complex

/O Compute Ratio

Compute Rate (Gflops) 633
Read Rate (MBytes/Sec.) 0
Reuse 25088
IO Compute Ratio 0.00

Page updated 52 times: Automatically refreshed every 23 sec.: Last Updated 12:50:13 Wed Mar 13 2013
Copyright © 2013 Multipath Corporation
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Performance Analysis for Subroutine CNDF ; Time used=09:44

Performance (Gflops)

Routine All [CPU's|GPU 1|GPU 2
Routine Overall

Legend

Undefined | Assembled Reduced

Times and Problem

Job Started 0] 12:42:02 Wed Mar 13 2013 | Equations 50000
Routine Started 43]12:42:46 Wed Mar 13 2013 | Vectors 0
Current Time 627]12:52:30 Wed Mar 13 2013 | Block Size| 12544 X 12544
Estimated Completion|627(12:52:30 Wed Mar 13 2013 | Data Type | Complex

/O Compute Ratio

Compute Rate (Gflops) 633
Read Rate (MBytes/Sec.)| 341
Reuse 25088
10 Compute Ratio 1.69

Page updated 64 times: Automatically refreshed every 10 sec.: Last Updated 12:52:30 Wed Mar 13 2013
Copyright © 2013 Multipath Corporation




Part 2: FMSlib BENCHMARKS

GPUs | Total

e -------
QM3 | 1] 297 207 257] 29| 203] 299 3] 259
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Part 3: [Mﬂt")(]warﬂﬂr - An application which benchmarks and demonstrates FMSlib

[Matrix]Warrior Application
PnP FMSIib

PnPBLAS
MKL CUBLAS

[@) Display

1. Form [A], {B} with test data

2. Uses FMSIib to solve [A[{X}={B}
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Part 3: [Matrix]Warrior

[Matrix]Warrior 1S @n application that can:

1. Help setup and configure a machine

2. Demonstrate machine performance
(Easily change CPUs, GPUs, Memory, Disks)

Benchmark different machine configurations
Burn-in a new machine
Serve as a hardware acceptance test

Validate new hardware designs

N o 0o kW

Demonstrate state-of-the-art performance for direct matrix solutions.
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Part 3: [Matrix]Warrior

Runn | N g [Matrix|Warrior

Do you want to open your browser to view them(y or n)[Y]?>

2 FAFMS\ver60\WEA\SSES2\Per O ~ & X f| & FvIS WATCH Performance ... Ll

File Edit View Favorites Tools Help

fil ~ B v & & v Pagev Safety~ Toos~ @~ | & (5 & N

M CFUs GFUs Memey Diis Fles Sefvme Cals Pamees Ftomame las Hp
[ Matl’ix | wa"i ©F Powered by FMSlib

0% Complete

1000ther
Legend
Times and Problem
Job Started 0(08:15:01 Mon Feb 11 2013 |Equations 1]
Routine Started 0]08:15:01 Mon Feb 11 2013 | Vectors 0
Current Time 3(08:15:04 Mon Feb 11 2013 | Block Size 0X0
Estimated Completion | 0 [ N/A Data Type | Undefined

Page updated 2 times: Automatically refreshed every 5 sec.: Last Updated 08:15:04 Mon Feb 11 2013
Copyright © 2013 Multipath Corporation
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Part 3: [Matrix]Warrior

Runn | n g [Matrix|Warrior

Do you want to open your browser to view them(y or n)[Y]?>

Enter the type of matrix you want to solve (1 to 5)
1 = Real Symmetric

2 = Real Nonsymmetric Storage | Processing
3 = Complex Hermltlar_l 1. Real Symmetric 1 1
4 = Complex Symmetric
5 = Complex Nonsymmetric 2. Real Nonsymmetric 2 2
(1-5)[5]> 3. Complex Hermitian 2 4
4. Complex Symmetric 2 4
5. Complex Nonsymmetric 4 8

FMSIlib.com - Solves BIG Problems



Part 3: [Matrix]Warrior

R unn | N g [Matrix|Warrior

Do you want to open your browser to view them(y or n)[Y]?>

Enter the type of matrix you want to solve (1 to 5)

1 = Real Svymmetric Tob 500
2 = Real Nonsymmetric [€———— P

Benchmark
3 = Complex Hermitian

4 = Complex Symmetric
5 = Complex Nonsymmetric

(1-5)[5]>
Do you want to use disks(y or n)[N]?> !

FMSIlib.com - Solves BIG Problems



Part 3: [Matrix]Warrior .
R unnin g [Matrix |Warrior

Do you want to open your browser to view them(y or n)[Y]?>

Enter the type of matrix you want to solve (1 to 5)
1 = Real Symmetric

2 = Real Nonsymmetric Computed from:

3 = Complex Hermitian * Data Type & Matrix

4 = Complex Symmetric Symmetry (1-5)

5 = Complex Nonsymmetric | *  Storage Location
(1-5)[5]> (Memory, Disk)
Do you want to use disks(y or n)[N]?> An An A . Ay

- : Ay A, Ay .. A
Enter the size of the matriy[12676]p5000 | ** "% "% 2n
Ay A, As .. A,

FMSIlib.com - Solves BIG Problems



Part 3: [Matrix]Warrior .
Runnin g [Matrix|Warrior

Do you want to open your browser to view them(y or n) [Y]2>

Enter the type of matrix you want to solve (1 to 5)
1 = Real Symmetric
2 = Real Nonsymmetric
3 = Complex Hermitian
4 = Complex Symmetric
5 = Complex Nonsymmetric

(1-5)[5]>

A A A A, Xy B
Do you want to use disks(y or n) [N]?> o A A ) )

An Ap Ap . | R — B,
Enter the size of the matrix [12676]>5000

A, A, A, . A llx B,
Enter the number of solution vectors [0]> =" "™ " JUd B

FMSlib.com - Solves BIG Problems



Part 3: [Matrix]Warrior

Runn | n g [Matrix|Warrior

Do you want to open your browser to view them(y or n) [Y]2>

Enter the type of matrix you want to solve (1 to 5)
1 = Real Symmetric
2 = Real Nonsymmetric
3 = Complex Hermitian
4 = Complex Symmetric
5 = Complex Nonsymmetric

(1-5)[5]>

A A A A, Xy B
Do you want to use disks(y or n) [N]?> o A A ) )

An Ap Ap . | R — B,
Enter the size of the matrix [12676]>5000

A, A, A, . A llx B,
Enter the number of solution vectors [0]> =" "™ " JUd B

You may now alter any FMS Parameter.
When you are finished, type the letters RETURN
FMSSET>
FMSlib.com - Solves BIG Problems



° DESCRIPTION
More Information Solver ||

I WHY GPUS? I

] N
f I s I ‘WHY DISKS? I
I I l S I [ C O | I l World's fastest solutions for I APPLICATIONS |

I BENEFITS I
—
L]

I FEATURES I

F R E E D OW n I O a d Now Available Free I EASE OF USE I

[Matnix]Warrior —mT T — s —

DOWNLOADS

I [MATRIX] WARRIOR I I FMSLIB I

NVIDIA GTC Presentations Watch Presentations
[Matrix]Warrior e g S |

F M S I . Mar 21, 2013] | Benchmark your GPUs with MatrixWarrior
ib

May 17,2012] | Teraflop GPU Acceleration Of Large Matrix Algebra
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What’s Available for FREE

 [Matrix]Warrior

e For FY2014
— CPU Version of FMSIib

— GPU version of FMSIib on
configured Z820 and SL.270
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