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1. Plug-and-play libraries 

2. FMSlib 

3.   

Focusing on: 
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What is Plug and Play? 
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Graphics Engine 
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 Your 
Application 

PnP Library 

• 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. 

Part 1:  Scientific Plug-and-Play Libraries 

X86 NV Phi 

Library 

Same      Interface 

Asynchronous 

GPUs 

CPUs 

Data Staging 
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Your 
Application 

PnP BLAS 

• Application runs on X86 (Linux | Windows) 

and calls BLAS subroutines 
 

• Relink to PnP BLAS library 
 

• 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 programming 
 

Part 1:  Plug-and-Play BLAS Library 

X86 
MKL 

NV 
cu- 

BLAS 

Phi 
MKL 

BLAS 

Same      Interface 

Asynchronous 

CPUs 

GPUs 
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SL390 SL390 SL270 

• BLAS performance scales 

with more GPU cores 
 

• Single node (without MPI) 
 

• Linux or Windows 
 

• <$12/Gflop 

Z800 Z820 

Servers Workstations 

Part 1:  Plug-and-Play BLAS  Performance Trends 
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Part 2: FMSlib 

2. Solve [A]{X} = {B} 

3. Process solution {X} 

1. Form [a] and {b} for each piece 

• Rows or Columns 

• Blocks 

• Finite Elements 

• Rows or Columns 

• Blocks 

• Finite Elements 

2. Solve [A]{X} = {B} 

FMSlib 

Store [A], 
{X}, {B} 

FMSlib 

More pieces gives better answer 
 

More pieces = bigger matrix [A] 
 

∴ Matrix size determines accuracy 
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Part 2: FMSlib: Solving [A]{X}={B} 

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. 

CPUs 

Data    Reuse 

GPUs 



FMSlib.com - Solves BIG Problems 

 

 

Your 
Application 

• Application runs on X86 (Linux | Windows) 

and calls FMSlib subroutines 
 

• FMSlib 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 
 

X86 
MKL 

NV 
cu- 

BLAS 

Phi 
MKL 

FMSlib 
Asynchronous 

High Reuse 

CPUs 

GPUs 

Part 2:  FMSlib Plug-and-play 

Asynchronous 

High Reuse 
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FMSlib Performance History 1978-present 

86 Million times faster! 

166 Million times cheaper! 

Machine Year Flops $/Gflop 

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

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

FMSlib is Plug-and-play 

SL270 
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WEB pages generated dynamically during runtime 

Part 2:  FMSlib    Performance Monitoring 
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Part 2:  FMSlib    Performance Monitoring - CPUs 
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All information available from 

• Run Time Library (RTL) 

• Nvidia Management Library (NVML) 
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Disk Space Transfer Size Transfer Rate (MB/Sec) 

Part 2:  FMSlib    Performance Monitoring - Disks 
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Performance 1 
Status Bar 

% Time 

Performance 

Application 
specific 
graphic 

Subroutine 
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Performance 2 
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Performance 3 
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Performance 4 
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Performance 5 



FMSlib.com - Solves BIG Problems 

Performance 6 
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(2) C2075 (2) K20c 

(8) M2070 (8) M2090 (4) K20 (8) K20X 

Part 2:  FMSlib            BENCHMARKS 



FMSlib.com - Solves BIG Problems 

PnP FMSlib 

PnPBLAS 

MKL cuBLAS 

                                                       Application 

IO Display 

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

 

2. Uses FMSlib to solve [A]{X}={B} 

- An application which benchmarks and demonstrates FMSlib Part 3: 
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1. Help setup and configure a machine 
 

2. Demonstrate machine performance 

        (Easily change CPUs, GPUs, Memory, Disks) 
 

3. Benchmark different machine configurations 
 

4. Burn-in a new machine 
 

5. Serve as a hardware acceptance test 
 

6. Validate new hardware designs 
 

7. Demonstrate state-of-the-art performance for direct matrix solutions. 
 

[Matrix]Warrior is an application that can: 
Part 3: [Matrix]Warrior 
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Running [Matrix]Warrior 
Do you want to open your browser to view them(y or n)[Y]?> 
 

Part 3: [Matrix]Warrior 



FMSlib.com - Solves BIG Problems 

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 

   3 = Complex Hermitian 

   4 = Complex Symmetric 

   5 = Complex Nonsymmetric 

(1-5)[5]> 
 

Storage Processing 

1. Real Symmetric 1 1 

2. Real Nonsymmetric 2 2 

3. Complex Hermitian 2 4 

4. Complex Symmetric 2 4 

5. Complex Nonsymmetric 4 8 

Running [Matrix]Warrior 
Part 3: [Matrix]Warrior 
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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 

   3 = Complex Hermitian 

   4 = Complex Symmetric 

   5 = Complex Nonsymmetric 

(1-5)[5]> 
 

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

Top 500 

Benchmark 

Running [Matrix]Warrior 
Part 3: [Matrix]Warrior 
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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 

   3 = Complex Hermitian 

   4 = Complex Symmetric 

   5 = Complex Nonsymmetric 

(1-5)[5]> 
 

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

Enter the size of the matrix[12676]>5000 
 

A11 A12 A13 … A1n 

A21 A22 A23 … A2n 

… … … … … 

An1 An2 An3 … Ann 

Computed from: 
• Data Type & Matrix 

Symmetry (1-5) 
• Storage Location 

(Memory, Disk) 

Running [Matrix]Warrior 
Part 3: [Matrix]Warrior 
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A11 A12 A13 … A1n 

A21 A22 A23 … A2n 

… … … … … 

An1 An2 An3 … Ann 

B1 

B2 

… 

Bn 

= 

X1 

X2 

… 

Xn 

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 

   3 = Complex Hermitian 

   4 = Complex Symmetric 

   5 = Complex Nonsymmetric 

(1-5)[5]> 
 

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

Enter the size of the matrix [12676]>5000 
 

Enter the number of solution vectors [0]> 

Running [Matrix]Warrior 
Part 3: [Matrix]Warrior 
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A11 A12 A13 … A1n 

A21 A22 A23 … A2n 

… … … … … 

An1 An2 An3 … Ann 

B1 

B2 

… 

Bn 

= 

X1 

X2 

… 

Xn 

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 

   3 = Complex Hermitian 

   4 = Complex Symmetric 

   5 = Complex Nonsymmetric 

(1-5)[5]> 
 

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

Enter the size of the matrix [12676]>5000 
 

Enter the number of solution vectors [0]> 
 

You may now alter any FMS Parameter. 

When you are finished, type the letters RETURN 

FMSSET> 

Running [Matrix]Warrior 
Part 3: [Matrix]Warrior 
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NVIDIA GTC Presentations 
 
FMSlib 

More Information 

FREE Download 
 

fmslib.com 
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What’s Available for FREE 

•   
 

• For FY2014 

− CPU Version of FMSlib 
 

− GPU version of FMSlib on 

configured Z820 and SL270 


