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THE REAL SOFTWARE BURDEN:
HETEROGENEOUS PROGRAMMING

VHDL
Verilog
System(C

CPU Compiler
Synthesis

p
bitfile '




THE LiquiD METAL PROGRAMMING LANGUAGE

Lime C&mpiler

CPU Backend
GPU Backend
FPGA Backend

p
bytecode bitfile )
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LIME ARTIFACT STORE

Lime Compiler

bytecode

) (Come)

Artifact Store
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LIME VIRTUAL MACHINE

e

~~

Lime Compiler

bytecode

e )

Artifact Store

Lime Runtime

HBUS”
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Co-EXEcuTION AND MIGRATION

Lime
Runtime




Co-EXEcuTION AND MIGRATION

Lime
Runtime
N




Co-EXEcuTION AND MIGRATION

Lime
Runtime




LivE DEmMO

Computation O Lime Runtime System

Factory Euler Galileo: Task | GalileoSingleCollective.computeForces

Nodeal KeplerDisk (N

Stepsisec 19.2

- Migrate JVM GPU
Flops (avg) 355 G

Fop: 6-9:) W

Step Num 598

Platform GPU
Step Size 0.000e+00

Error

Energy 7.832e-01
Nomentum 0.000e+00

Ang. Mom 0.000e+00

@ e

* N-Body simulation, dynamic migration from GPU to GPU

e Ox performance improvement (CPU: 1GFLOP, GPU: 9GFLOP)
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ECLIPSE-BASED IDE

e 0o | Lime - bitflip/src/examples/Bitflip.lime - Eclipse SDK - /Users/rabbah/workspace/eclipse/workspace
S i B Qr GO 4 v ' =10 v s a’Jnv.\ @) Lime %5 Debug &UTeam Synchr... -
() Package Explorer &3 IS Package Explorer = 0| |@ sithiplime 22 = B || &5 outline 3 BRYexXY"0D
=& v I package examples; 4 examples
: . v O, sitflip
v @ bitflip public class Bitflip { "o S maintSuinglD : vo
v (W . . . . . . gll) : void
src J public static void main(String[] args) { a S flip(iv) : bit
¥ & examples : print(mapFlip(110101010b)); $ maoFi B
= Bitflip.ir | print(taskFlip(1101010106)); A mepRIpRIID
» =4 JRE System Library [JavaSE-1.6] } A " taskFlip(bit(llD

» = Liquid Metal Libraries A " print(bit({ip : void

> G5 LimeArtifacts local static bit flip(bit b) {

return ~b;
}

local static bit[[]] mapFlip(bit[[]] input) {
var flipped -~ Bitflip @ flip(input);
return flipped;

}

static bit[[]] taskFlip(bit[[]] input) {
bit[] result « new bit[input.length];
26 var flipit = input.source(l)
@21 «> ([ task flip 1)
. »> result, <bit>sink();
flipit.finish();
return new bit[[]](result);
}

static void print(bit[[J] bits) {
if (bits !« null) {
for (int 1 : bits.domain().reverse())
System.out.print(bits[i].toString());
System.out.println("b"+bits.length);

Runs on Windows, Linux, and Mac 0S X
(anywhere Eclipse/Java can run)

10
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INTEGRATED COMPILE & RUN

| ® O O Run Configurations
Create, manage, and run configurations —
Run a Lime application @
X ‘ = Name: | Bitflip Example . AMD & NVldla GPUS
type filter text ® Main (9= Arguments | =, JRE | “%; Classpath O Accelerations E;;;::» Source | 72
[c|C/C++ Applic Sources to include:
g togvial} C L XTE 8 et * FPGA/RTL simulators
. :Jjava App:et lg v (# src
| J | Java Applicatic @
> JuJUnit 83

» Ji JUnit Plug-in T

b ok 0 e Xilinx & Altera FPGASs

i) Lime Applet Target accelerations:
¥ ) Lime Applicati -
& Bitflip Exan | GPU (OpenCL) o FPGA (HDL)
4 e .| Native Binary . .
& 0SGi Framews Details | Details |
Build-time verbosity:
' Some verbosity + | | Advanced Options |
Runtime verbosity:
' Quiet unless something fatal happens + | | Advanced Options | ap
;'_ H-}..u \._.E:., !
|0 "gl l -): :
\ Apply || Revert \
Filter matched 103 o
7\
'\?/| | Close | | Run |
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FPGA Co-EXECUTION & SIMULATION

‘user_ip_i

examples_Bitflip_flipexamples...

Trace Type
clk_36 wire
inReady_41 wire
outReq_45 wire

reset_37

PN ~ra

wire

|92.0ns |
IIllllvllllll|IIIIIIIIIIIIIIIIIIIllllllllllll
.- Name 80ns 100ns 120ns 140ns 160ns 180ns 200ns 220ns 240ns
clk_36 UUUUUUTTUUUU UL UUUU T U U U ST U U U U U U Ui sviv iy iivd v ivvivivdivvuuiivvuvu

-“Ii‘i"arel_
inData_40[0]

outReady_44
outData_43(0]
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THE LIME LANGUAGE




LIME GORE LANGUAGE FEATURES

Programmable Stream Map/Reduce
Primitives Programming Operations

immutable & “functional” operator
bounded types core overloading




A LIME EXAMPLE

flipBits: 1101b — 0010b
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A LIME EXAMPLE - FEATURES 1/

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

16
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A LIME EXAMPLE - FEATURES 1/

value types

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

16
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A LIME EXAMPLE - FEATURES 1/

value types ]

user defined operators __'

local static flip(bit b) { return }

16
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A LIME EXAMPLE - FEATURES 1/

value types

T — — —

user defined operators '

local side-effects J

@ static flip(bit b) { return }

16
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A LIME EXAMPLE - FEATURES 1/

value types

T ——— — — —

user defined operators '

local side-effects J

@ static flip(bit b) { return }

—

VALUE + LOCAL + STATIC

PURE FUNCTION

16
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A LIME EXAMPLE - FEATURES 272

static bit[[]] flipBits(bit[[]] input) {
bit[] result = new bit[input.length];

var flipit = 1nput.source()
=> task flip

=> result.<bit>sink();

flipit.finish();

return new bit[[]](result);

}
MEs=lnvaticrbitlfliptbitib) Y. ‘retbrn.Tbrial

17
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A LIME EXAMPLE - FEATURES 272

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

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

var flipit = 1nput.source()
=> task flip

=> result.<bit>sink();

flipit.finish();

return new bit[[]](result);

}
MEs=lnvaticrbitlfliptbitib) Y. ‘retbrn.Tbrial
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A LIME EXAMPLE - FEATURES 272

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

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

var flipit = 1nput.source()
=> task flip

=> result.<bit>sink();

flipit.finish();

return new bit[[]](result);

}
MaEaisEFat e bitl . fliptbitib) Y. ‘return. byl

17
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A LIME EXAMPLE - task, =>

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

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

var flipit = input.source() | source |
=> task flip ( f]_j_El )
=> result.<bit>sink(); [Eﬂg;]

flipit.finish();

return new bit[[]](result);

}
igcal static bit flip(bit b) Y ‘return *b; !}

18
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A LIME EXAMPLE - task, =>

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

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

var flipit = input.source() | 11016 |

=> task flip [ -~ )

=> result.<bit>sink(); [ sink |

flipit.finish();

return new bit[[]](result);

}

19
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A LIME EXAMPLE - task, =>

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

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

var flipit = input.source() | 1100 |
1b

=> task flip [ -~ )

=> result.<bit>sink(); [ sink |

flipit.finish();

return new bit[[]](result);

20
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A LIME EXAMPLE - task, =>

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

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

var flipit = input.source() | 1 |
Ob

=> task flip [ -~ )

=> result.<bit>sink(); [sﬂ;i]

flipit.finish();

return new bit[[]](result);

21
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A LIME EXAMPLE - task, =>

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

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

var flipit = input.source() | 1

1b

=> task flip [ -

1b

=> result.<bit>sink(); [ ob

flipit.finish();

return new bit[[]](result);

}

22
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A LIME EXAMPLE - task, =>

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

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

var flipit = 1nput.source() [ ]
1b

=> task flip L~

=> result.<bit>sink(); [ m? ]

flipit.finish();

return new bit[[]](result);

}

23
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A LIME EXAMPLE - task, =>

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

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

var flipit = 1nput.source() [ ]

=> task flip L~

=> result.<bit>sink(); [ 01:: ]

flipit.finish();

return new bit[[]](result);

}

24
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A LIME EXAMPLE - task, =>

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

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

var flipit = 1nput.source() [ ]

=> task flip L~

=> result.<bit>sink(); [ oo1op |

flipit.finish();

return new bit[[]](result);

}

25
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VIRTUALIZATION OF DATA MIOVEMENT

=>




VIRTUALIZATION OF DATA MOVEMENT

26

Friday, November 16, 12



RELOCATION BRACKETS

) float[[][4]] float[[][3]1] ~
Particle | Force | > Force |
Generator | positions (COmputation) forces  |Accumulator,

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; }

Wola
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RELOCATION BRACKETS

float[[]1[4]] £loat[[]1[31]
Particle R Force W g Force 0
Generator | positions Computatimj forces |Accumulator,

class NBody {

static void simulate() {

float[][4] particles = ...; // initial state
Task nbody = task NBody{(particle particleGenerator
=> ([ task forceComputation ])

=> tas
nbody.finish();

Bodv(pa es). forceAccumulator;

}

float[][4] particles;

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

Wola
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ELABORATE GRAPH GONSTRUCTION

valueArray.Streamer<E> provide —%
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LiQuiD METAL SUMMARY

e Single set of parallel abstractions for all devices
e Ganonical unit of migration and adaptation
e A framework for introspection and adaptation

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

%)
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