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A HETEROGENEOUS REALITY
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THE REAL SOFTWARE BURDEN:
HETEROGENEOUS PROGRAMMING
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THE LIQUID METAL PROGRAMMING LANGUAGE
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Artifact Store
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Lime Runtime
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CO-EXECUTION AND MIGRATION
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• N-Body simulation, dynamic migration from CPU to GPU

• 9x performance improvement (CPU: 1GFLOP, GPU: 9GFLOP)
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LIVE DEMO
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ECLIPSE-BASED IDE
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Runs on Windows, Linux, and Mac OS X
(anywhere Eclipse/Java can run)
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INTEGRATED COMPILE & RUN
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• AMD & NVidia GPUs

• FPGA/RTL simulators

• Xilinx & Altera FPGAs
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FPGA CO-EXECUTION & SIMULATION
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THE LIME LANGUAGE
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LIME CORE LANGUAGE FEATURES
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A LIME EXAMPLE
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flipBits: 1101b   0010b
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A LIME EXAMPLE - FEATURES 1/2
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local static bit flip(bit b) { return ~b; }
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A LIME EXAMPLE - FEATURES 1/2
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value types
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A LIME EXAMPLE - FEATURES 1/2

16

local static bit flip(bit b) { return ~b; }

PURE FUNCTION = VALUE + LOCAL + STATIC

value types

user defined operators

local side-effects
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A LIME EXAMPLE - FEATURES 2/2
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local static bit flip(bit b) { return ~b; }

	 static bit[[]] flipBits(bit[[]] input) {

! ! bit[] result = new bit[input.length];

! ! var flipit =  input.source()
! !            => task flip 
! !            => result.<bit>sink();

! ! flipit.finish();

! ! return new bit[[]](result);
! }
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A LIME EXAMPLE - task, =>
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VIRTUALIZATION OF DATA MOVEMENT

=>
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VIRTUALIZATION OF DATA MOVEMENT
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x 3

months
+
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RELOCATION BRACKETS
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class NBody {

! static void simulate() {
! !! float[][4] particles = ...; // initial state

! !! Task nbody!!=! task NBody(particles).particleGenerator 
         ! !=>! ([ task forceComputation ])
         ! !=>! task NBody(particles).forceAccumulator;
! !!!nbody.finish();
! }

! float[][4] particles;

! NBody(float[][4] particles) { this.particles = particles; }
! ...
}

float[[][4]] float[[][3]]
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ELABORATE GRAPH CONSTRUCTION
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LIQUID METAL SUMMARY

• Single set of parallel abstractions for all devices
• Canonical unit of migration and adaptation
•A framework for introspection and adaptation 

•No magic
• parallel programming is not easier
• one version of a program may not run well on all devices
• vanilla Java programs will not run on accelerators
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