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Autodesk Research

A Research activities:
I Userinterfaces
I Environment & ergonomics
I Simulation & graphics
I High performance computing
I Technology transfer

A High performance computing
research group created in 2009
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Simulation for Engineering trend
in computing requirements

A Never-ending quest for efficiency and cost
reduction

A Projects sustainability is becoming increasingly
important

A Multidisciplinary, multidimensional analysis and
simulations are required

A Design increasingly affected by simulation
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Simulation for Engineering trend
in computing requirements

1. Fromreduced complexity models to full models
2. Fromsingle-system to multi-system models

3. Fromindividual simulations to multiple combined
simulations

4. From simulation to optimization

Autodesk Research



Simulation for Engineering trend
in computing requirements

A From reduced complexity models to full models
I Simulation scalability issues
i Overall simulation performance
I Huge datasets directly from CAD and other sources
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Simulation for Engineering trend
in computing requirements

A From single-system to multi-system models

I Toreduce simulation time systems models are often
reduced to small combinations of parts

I The next barrier to increasing simulation accuracy
involves modeling all the individual parts of a system
and have them interact continuously in the simulation
environment
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Simulation for Engineering trend
in computing requirements

A From individual simulations to multiple
heterogeneous simulations

I Simulations for the various dimensions/disciplines of a
system are often conducted in isolation by individual
experts

I Only a combination of parameterized heterogeneous
simulations can provide a comprehensive view on a
project, essential to take informed decisions quickly and
effectively
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Simulation for Engineering trend
in computing requirements

A From simulation to optimization

I Simulation offers the analysis of a specific parameterized
model

I Increasing the efficiency and cost effectiveness of
engineering projects involves finding the best
combination of thousands of parameters

| Faster and more precise simulations lead to faster
convergence to optimal parameters
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Requirements

A The size of future engineering simulation efforts
requires enormousamount of computing power

A We need new methods for distributing simulations
overnumerous computing systems

A We need new methods for employing dedicated
acceleratorsto reduce the simulations time and
cost,and ultimately improve the overall projects
efficiency
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Example: Building Simulation

and beyond

A Multiple simulation disciplines/dimensions:

- Simu
- Simu
- Simu
- Simu

ation for design
ation for structural integrity
ation forinfrastructure

ation for green efficiency/lifecycle management
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Example: Building Simulation
and beyond

A So far these simulations have been conducted by
domain experts in almost complete isolation, they
need to be combined to achieve optimal results

A From a single building to a single block, to a city, to
a region, the situation just gets worse
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Example: Building Simulation for
efficiency/lifecycle management

A Some example simulation components:

I Ray tracing (sun exposure to maximize daylight exposure, heating
and cooling issues)

I CFD (HVAC to optimize air flow, temperature control and
minimize related costs)

I FEA (structural analysis, minimize bill of materials while ensuring
tolerances)

I Energy consumption/carbon footprint analysis

A Each of these simulations have both constraints and variables,

which can be adjusted within certain boundaries
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Example: Building Simulation for
efficiency/lifecycle management

A The current state of the art is a set of separate
simulations, with user-directed or brute-force
choice of parameters to identify sets of“good”
solutions

A Optimization technigues can reduce the simulations
iterations, but the computing requirements are still
verylarge
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Simulation cost breakdown

A Simulation software development cost factors:

I Code research and development cost: requirement to
reduce time to market while exploiting performance
improvement, software technology reuse

I Code maintenance and porting cost: requirement to
define “portable” algorithms, reducing the time to
exploit new platforms and accelerators
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Simulation cost breakdown

A Simulation software usage cost factors:

Required overall performance (time to answer)
Required overall precision (level of detail/optimization)
Software efficiency (tuning)

Hardware platform/s efficiency

Energy cost (running costs per simulation/optimization
Drocess)
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How do non-conventional processing units and
acceleratorsfit in all this?
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Traditional approach to
Accelerators exploitation

A So far accelerators have shown vast performance
and efficiency improvements for extremely data
parallel problems

A Non trivially-parallel algorithms still pose problems
A SaS business model emerging as new large market

A Hard to justify including acceleratorsinto
computing clouds/clustersfor mainstream Sas
usage due to development, maintenance and IT
COStS
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Traditional approach to
Accelerators exploitation

A Different architectural constraints require ad-hoc re-
architecture tuning strategies
I Programminglanguages/Instruction sets
I Problem partitioning
I Datalayout
I Memory hierarchy

A Parallel patterns and libraries contain solution to
individual problems, but often their composition into
applications often suffers badly from Amdahl’s law
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Traditional approach to
Accelerators exploitation

A OpenCL and similar languages are powerful tools, but
do not scale to accommodate very large algorithms,
especially on accelerators

A Additional software infrastructure is often required to
‘glue”different parts of algorithms to avoid incurring in
nig performance penalties

A Even stream-oriented languages don't solve all
oroblems: balancing heterogeneous
software/hardware pipelinesis hard to model, it is often
a trial and error process
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Traditional approach to
Accelerators exploitation

A Example engineering simulation scenario:

- -

Iterate thousands to millions of times
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Traditional approach to
Accelerators exploitation

A Example engineering simulation scenario:
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Traditional approach to
Accelerators exploitation

A Simulations executed serially due to data dependencies
A Granularity is extremely coarse

A DGEMM et al. too coarse if present in large sequences
A Amdahl law hits hard at all synchronization points

A Intermediate resources (hosts) in the hierarchy are
mostly unused and execute serial code or idle

A Difficult to model/predict all bottlenecks, especially due
to the variability of computing systems
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A more modern approach

Declarative language
_|_
Scalable task-based distributed software platform
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A more modern approach

A Simulations are re-engineered into declarative,
composable directed graphs; expressions of predefined
libraries of small, computing intensive tasks (graph
nodes) and data marshalling (graph edges)

A Task and data “core”libraries are written and optimized
for CPUs and accelerators to provide implementations
for the set of low-level tasks and data marshalling
facilities

A Data dependency analysis is one of the fundamental
technigues that enable optimizing compilers
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A more modern approach

A Budimlic et al. [CPC09] show that splitting macro tasks
(Cholesky factorization) to create finer-grained

deiendenci iraihs results in better usaie of resources

A

A

Autodesk Research



