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Liszt Makes
Simulations Portable

CPU CPU GPU CPU CPU GPU



Soleil in Liszt

Vorticity Magnitude

800
660
520
380
240
100

4000 lines of code

- different configurations,
|O, comments

- similar reference codes
in MPl over 10,000 lines

Runs on CPUs & GPU



Liszt Supports
Diverse Domains

DX




Unified Relational
Data Model




Qutline

+ Liszt background
+ lask parallelism
- Data parallelism on one node

+ Next steps for multiple nodes
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Relational Primitives

O/O
functional: arbitrary:
head, tail of an edge edges of a vertex

grid offsets locate points in grid
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Declare Simulation
Data as Relations

local Tetmesh = L.require ‘domains.tetmesh’
local dragon Tetmesh.Load(‘dragon.veg’)

dragon.edges:NewField(‘rest len’, L.float) :Load(0)
dragon.vertices:NewField(‘mass’, L.float) :Load(1l)
dragon.vertices:NewField(‘vel’, L.vec3f) :Load({0,0,0})
dragon.vertices:NewField(‘acc’, L.vec3f) :Load ({0,0,0})



Computations
over clements

local Tetmesh = L.require ‘domains.tetmesh’
local dragon Tetmesh.Load(‘dragon.veg’)

dragon.edges:NewField(‘rest len’, L.float) :Load(0)
dragon.vertices:NewField(‘mass’, L.float) :Load(1l)
dragon.vertices:NewField(‘vel’, L.vec3f) :Load({0,0,0})
dragon.vertices:NewField(‘acc’, L.vec3f) :Load ({0,0,0})

local liszt InitLength(e : dragon.edges)
var delta = e.head.pos - e.tail.pos
e.rest len = sqrt(L.dot(delta, delta))
end



Phase Analysis

local Tetmesh = L.require ‘domains.tetmesh’
local dragon Tetmesh.Load(‘dragon.veg’)

dragon.edges:NewField(‘rest len’, L.float) :Load(0)
dragon.vertices:NewField(‘mass’, L.float) :Load(1l)
dragon.vertices:NewField(‘vel’, L.vec3f) :Load({0,0,0})
dragon.vertices:NewField(‘acc’, L.vec3f) :Load ({0,0,0})

local liszt InitLength(e : dragon.edges) READ
var delta = e.head.pos - e.tail.pos
e.rest_len = sqrt(L.dot(delta, delta)) WRITE

end



Computations
ements

over tl

local Tetmesh = L.require ‘domains.tetmesh’
local dragon Tetmesh.Load(‘dragon.veg’)

dragon.edges:NewField(‘rest len’, L.float)
dragon.vertices:NewField(‘mass’, L.float)
dragon.vertices:NewField(‘vel’, L.vec3f)
dragon.vertices:NewField(‘acc’, L.vec3f)

local liszt InitLength(e : dragon.edges)
var delta = e.head.pos - e.tail.pos
e.rest len = sqrt(L.dot(delta, delta))
end

local liszt ComputeForces(e : dragon.edges)
var force : L.vec3f = {0,0,0}
var diff = e.head.pos - e.tail.pos
var rest = e.rest len * L.normalize(diff)

e.head.force -= rest - diff
e.tail.force += rest - diff
end

local liszt ApplyForces(v : dragon.vertices)

end

:Load (0)
:Load (1)
:Load({0,0,0})
:Load ({0,0,0})



Simulation Loop

dragon.edges:.foreach(InitLength)
for 1 = 1,300 do
dragon.edges:foreach(ComputeForces) simulation Ioop

dragon.vertices:foreach(ApplyForces)

end



Running in Parallel
s Simple

dragon.edges:.foreach(InitLength)

for 1 = 1,300 do

dragon.edges:foreach(ComputeForces)

parallel “for loops”

dragon.vertices:foreach(ApplyForces)

35456
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end




Phase Restrictions

local Tetmesh = L.require ‘domains.tetmesh’
local dragon Tetmesh.Load(‘dragon.veg’)

dragon.edges:NewField(‘rest len’, L.float) :Load(0)
dragon.vertices:NewField(‘mass’, L.float) :Load(1l)
dragon.vertices:NewField(‘vel’, L.vec3f) :Load({0,0,0})
dragon.vertices:NewField(‘acc’, L.vec3f) :Load ({0,0,0})

local 1liszt InitLength(e : dragon.edges)

var delta = e.head.pos - e.tail.pos
e.rest len = sqrt(L.dot(delta, delta)) WRITE—
end

directly access

local liszt ComputeForces(e : dragon.edges) argument field
var force : L.vec3f = {0,0,0}
var diff = e.head.pos - e.tail.pos

var rest = e.rest len * L.normalize(diff)

e.head.force -= rest - diff
e.tail.force += rest - diff
end

local liszt ApplyForces(v_: dragon.vertices)

end



°rogress:
_iszt to Legion &
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Relations as
Logical Regions

field field

Relations Legion Regions



Liszt Functions as
Legion [asks

liszt InitlLength(e : dragon.edges)
var delta = e.head.pos
- e.tail.pos
e.rest len = L.len(delta)

CT § end

dragon.edges:foreach(InitLength)-~§§~§* I

\ cee

Control Compute
Task Tasks



Data Dependencies

Liszt ComputeForces(e : dragon.edges) vertices.pos : READ,
var force : L.vec3f = {0,0,0} EXCLUSIVE
var diff = e.head.pos - e.tail.pos VERTICES PARTN
= b3
var rest e.rest lgn | READ
L.normalize(ditt) vertices.force : REDUCE
e.head.force -= rest - diff ' ' ’
e.tail.force += rest - diff EXCLUSIVE,
end ATOMIC ADD OP,
REDUCE -

VERTICES PARTN

Phase Analysis Legion Requirements



Legion Gives
INnter-lask Parallelism

IF

for i = 1,300 do ?
dragon.vertices:foreach(ComputeForces)

dragon.vertices:foreach(ApplyForces) / \

dragon.vertices:foreach(Measurektnergy) q
end

Sequential Functions

dragon.edges:map(InitLength)
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Soleil Task Graph

critical path
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particle computations
off critical path




Soleil Task Graph

critical path

particle computations
off critical path

more phenomena (Mmulti-physics)
= more inter-task parallelism



Soleil Task Graph
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Using CPUs and GPUs:
Pin lasks
m

for i = 1,300 do ﬁi
dragon.vertices:foreach(ComputeForces)

dragon.vertices:foreach(ApplyForces) / \

dragon.vertices:foreach(MeasureEnergy, q

location = {L.CPU})

Sequential Functions

dragon.edges:map(InitLength)

end



Soleil Runs
On CPU + GPU

CPU

GPU
HEE W] | N e ANEE O | O

CPU | s w0 ml | I

GPU
BN | BNl ITEETE O ec | 5 . || B EEECEEE s .

___ |




Progress:
Data Parallelism

Liszt
Language
.'.

Relations




Data Parallelism
with Parallel Tasks

liszt InitlLength(e : dragon.edges)
var delta = e.head.pos
- e.tail.pos
e.rest len = L.len(delta)

CT § end

dragon.edges:foreach(InitLength)-~§§§§* I |esol| |

\ . eeoo

Control Parallel
Task Tasks



Non-conflicting
Parallel Tasks

local 1liszt InitLength(e : dragon.edges)
var delta = e.head.pos - e.tail.pos

e.rest_len = sqrt(L.dot(delta, delta)) prap does not conflict
end

liszt ComputeForces(e : dragon.edges) WRITE disjoint —
var force : L.vec3f = {0,0,0} directly access argument field
var diff = e.head.pos - e.tail.pos
var rest = e.rest len *

L.normalize(diff)

e.head.force -= rest - diff
e.tail.force += rest - diff

end

REDUCE — Safe atomics




Verified Correctness

« Correct results

- inter-task parallelism, CPU + GPU
- with data parallelism, on multiple cores

- Application and test benchmarks, and
Soleil give correct results




speedup

10

Soleil Performance

grid 11287
oarticles : 10°

Partitions

On Sapling, 2 sockets/ node, 6 cpus/socket



'n Progress: Performance
with Legion
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'n Progress: Performance
with Legion

nm

runtime cannot
keep up
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Done

Status

Correctly compiling Liszt to Legion

Single partition performance on CPU and GPU

Correc

‘NEess Wil

Correc

[NEeSS WIT

In Progress

N inter-task parallelism, CPU + GPU

N data parallelism

Performance on 8 and more cores on a node
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Next: HH
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Stencil Analysis

liszt ComputeForces(e : dragon.edges)

var force
var diff = e

L.vec3f = {0,0,0}
.head.pos - e.tail.pos

var rest = e.

rest len *

L
e.head. force

e.tail.force

end

.normalize(diff)

-= rest - diff
+= rest - diff



Jointly Partition
Multiple Relations

Grids

Particles | deri



Partitioning
Dynamic Relations

Grids

Particles
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