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Stillwater OpenKL Run-time

Separation of Concerns to improve productivity,
portability, and performance of Computational
Science Applications
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Would you like to write this
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If you could write this?
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Goals for OpenKL

* Create high-productivity run-time for
computational science and engineering

* Optimize performance for underlying platform

* Enable applications to move without penalty
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Using HPC to create intelligence
The Knowledge Processing Pipeline

DSP Perception
Sensor fusion Mining
- Image Goal setting
processing Reasoning
Feature Selection
‘ extraction - Modeling
Characterlzatlo Simulation
Prediction
‘ Matchlng Optimization
Estimation
Classification
Low-level High-level
Knowledge Knowledge
processing processing

Stillwater OpenKL is tailored to
knowledge processing workloads
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Visualization
CEP
Alarms
Motor Control

=

Visualization
And
Actuation
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Problem: Deliver Intelligence to
proliferating hardware environments

Aerospace Low Power

Robotics

HPC Al MIDs

Tablets

Automotive

High Performance
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Cloud Computing....
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A Very Successful Solution for

Applicatic
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Separation of Concerns

* To render a synthetic image you need

* A rasterizer to generate colored pixels

* A lighting model to make color visible

* A transformation model to compose a scene
* Geometry to place in the scene

* In the OpenGL Virtual Machine

* Transform and Lighting models are abstract
* Rasterization algorithm is implicit
* Data structures are managed
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OpenGL Virtual Machine
for graphics applications

glRendaerMode(GL FEEDBACK)

Vertex Vertex Frimitive
Data Qperalion Assembly

T

Display . Fragment Frame
Rast at -nn* unn*
List lErlzaton Qperation Bufter

Fixel Transfer
Qperation

gliReadPixels() glReadPixels() f glCopyPixels()
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Graphics applications are
abstracted away from hardware

glutlnlt(&argc argv);
glutinitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);

glutCreateWindow( ) Setup rendering pipeline
glutDisplayFunc(display);

glutVisibilityFunc(visible);

gINewList(1, GL_COMPILE);

glutSolidicosahedron(); Create geometry

glEndList(); and handle

glEnable(GL_LIGHTING);

glEnable(GL_LIGHTO);

glLightfv(GL LIGHTO, GL_AMBIENT, light0_ambient):

glLightfv(GL_LIGHTO, GL DIFFUSE, light0_diffuse); . .
glLightfv(GL_LIGHT1, GL_DIFFUSE. light1_diffuse); Setup lighting model
glLightfv(GL_LIGHT1, GL POSITION, light1_position);

glLightfv(GL_LIGHT2, GL_DIFFUSE, light2_diffuse);

glLightfv(GL_LIGHT2, GL_POSITION, light2_position);

glEnable(GL_DEPTH_TEST);
glEnable(GL_CULL_FACE); Setup raSter mOdel
glEnable(GL_BLEND);

glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);

glEnable(GL_LINE_SMOOQOTH);

glLineWidth(2.0);

glMatrixMode(GL_PROJECTION);

luPerspective 40.0, « ey .
oo 1.0, 10, 10.0), Setup initial transformation
glMatrixMode(GL_MODELVIEW);
gluLookAt(0.0, 0.0, 5.0,

0.0, 0.0, 0.0,

0.0, 1.0, 0.);
glTranslatef(0.0, 0.6, -1.0);

glutMainLoop(): Interactive rendering loop
0;

o= == TLAJIATED
Accelerating Innovation ™



Graphics Applications Performance

* Bottlenecks shift between transformation and
rasterization

* Transform one million one-pixel triangles
* Draw a million pixel triangle

* The data flow dynamics differ from system to
system

* Unproductive to program explicitly

* The OpenGL Virtual Machine articulates the
separation of concerns

* The OpenGL run-time dynamically maps these

abstractions onto underlying hardware
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Result

* Graphics Applications that write to the OpenGL
virtual machine

* Can leverage higher expressiveness which leads to
higher software development and maintenance
productivity

* Are decoupled from underlying hardware

* Can take advantage of hardware acceleration and
cluster parallelization without having to be rewritten
or even recompiled

Stillwater OpenKL provides these same benefits to
computational science and engineering applications
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Computational Science:
Seismic Surveying
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Separation of Concerns

* To solve a computational science problem you
need

* Discretization model and ordering to drive system
assembly

* Constraint solver
* Reduction operator to map solution

* |n the OpenKL Virtual Machine

* Discretization model is abstracted to yield a
constraint set

* Constraint solver algorithm is implicit

* Data structures are managed
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OpenKL Virtual Machine

Memory
Resources

Discretization b
(cmds,

Matrices,

Vectors,
Assembly Topology,

Etc.)

Solver G
Reduceé s
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OpenKL Types and Operators

| | |
ome sty deorsize
el chser  opmzs
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Seamless Application Deployment

] ] 1 ]

Stillwater Virtual Machine
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Stillwater Virtual Machine Abstractions

* |solates domain-specific operations

* Natural functional pipeline Knowledge Application
* Service Oriented Architecture

Knowledge Engine

* Clarifies data structure ownership
* Enables parallel algorithm performance Cloud Virtualization

* Simplifies automated optimizations
OpenKL Run-Time

* Runs as a mini-OS Multi-core

* Resource management (cpu, gpu, kpu, fpga)

* Virtualizes parallel hardware so application can scale from
multi-core to cloud without modification
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OpenKL/MTL4

Knowledge Application

FEM FVM GN&C
Knowledge Engine  Knowledge Engine  Knowledge Engine

OpenKL Run-Time

Statistics
Knowledge Engine

MTL4 CST
FFTW, OSKI MA%'BT%% e CUDA SciEngine Stillwater
DMM Intel AMD NVIDIA FPGA KPU
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OpenKL/MTL4 Projects

DOMAIN FRAMEWORK SOLVER TARGET
Molecular Dynamics FMM

CFD FVM, LBM

E&M BEM

CAE

Mechanics

Elasticity FEM

Acoustics

Geophysics

Medical Imaging

Bio-mechanics

Genomics FFT, Spectral

Proteomics DP

Logistics LP

Guidance QP

Control

Statistics I(‘QSR Gs

Web analytics

Business Intelligence

Digital Content Creation FVM, LBM,
Newton
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For more information contact
Theodore Omtzigt

theo@stillwater-sc.com
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