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About Nema Labs “

NEMA LABS

 Mission: Easy-to-use threading tools for C/C++ programs

A spin-out from research at Chalmers University of
Technology

e Founded in 2007

« Backed by venture capital investments from Volvo
Technology Transfer and Chalmers Innovation Seed Fund

« FASThread, the first product, soon to roll out
« Several international patent filings on key technology
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« What makes threading challenging

« FASThread: Fast and reliable threading
« FASThread case study

« FASThread walk through

e SUMmMary
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The Major Obstacles in Parallelization

NEMA LABS

Seek to establish
the performance
bottlenecks (hot-
spots) and the
speedup obtained
by parallelizing
them

Selection of parallel
pattern and
implementation of
the parallel pattern
using a threading
API

Test the parallel
code to guarantee
that it is correct

Verify that the
parallel code
provides enough
speedup

Sequential

Profile

Parallelize

 These steps are particularly difficult, labor-

Intensive, and error-prone
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Parallelization Obstacles 1(2) “

NEMA LABS

Parallelize

Objective

« Use athreading API to implement the pattern chosen (e.qg.
function pipeline, task, or data-level parallelism)

Issues

« Which threading APl should | choose among the many
offered?

e Portability issues
 Requires a significant effort to be productive

e Guarding against data races and synchronization
conditions is very difficult and error-prone, especially in
C/C++ code
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Guarding against data races is important “

NEMA LABS

Parallelize

Var X VarY
PAAIN - /')T\
-7 RS Iterationi / \\ Iteration j
7 ~ / \
P A Z N|
Funcl > Func2 |[—>| Loop nest

 Function pipeline must have a predictable data flow
 Loop iterations must be independent
e Hard to analyze, particularly in C/C++ due to pointers

Difficult, time-consuming, and error-prone to get right!
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Testing Obstacles “

NEMA LABS

e Code segments that run in parallel must be
provably independent — no data races

 Trace-based data-race detection technologies are
Inherently unreliable — input dependent

 Deterministic, replay-based approaches, too slow
FASThread guarantees that the parallel code

IS data-race free — threaded version
maintains sequential semantics

Nema Labs Proprietary and Confidential Data



FASThread Threading Methodology “

Overview

NEMA LABS

Sequential Sequential
C/C++ C/C++
source source
code code

I N

Threaded
C/C++
code

I 7
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FASThread threading methodology - “
Overview

NEMA LABS

FAST: Leverages

] established software ]
Sequential engineering practices Sequential
c/Cr+ c/CH+
source source
code code
d d

Threaded
C/C++
code

d
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Overview

Sequential
C/C++
source

code

d

RELIABLE: Code is
analyzed and
data-race issues
are eliminated

U

Threaded
C/C++
code

ﬁ
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FASThread threading methodology -

Sequential
C/C++
source

code

d
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Overview

Sequential
C/C++
source

code

d

PLATFORM
AGNOSTIC:
Generates C/C++
code for any API

U

Threaded
C/C++
code

ﬁ
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FASThread threading methodology -

Sequential
C/C++
source

code

d
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FASThread workflow

Sequential
C/C++
source

code

I

Q

=
-
J
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Threaded
C/C++
code

I




Nema Labs threading methodology —

FASThread

Sequential
C/C++
source

code

I

Q

Fine granularity
(loop level)
profiler

=
e
J

Nema Labs Proprietary and Confidential Data

NEMA LABS

Threaded
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Nema Labs threading methodology — “
FASThread

Parallelize

NEMA LABS

Code Powerful parallelization
modification analysis framework
feedback to guarantees race-free
programmer code

Sequential |:> Threaded
C/C++ |:> C/C++
source E> code

code <:|
4 D 4

Q
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Nema Labs threading methodology —
FASThread

Parallelize

Threading APIs are hidden for
the programmer. Today
FASThread supports OpenMP,
but other APIs can be

~

Threading
API

supported

Sequential |:>
C/C++
source E>
code <:|
/ 4

Q

" Code changes are only made
to the sequential code -
continue using whatever test
harness and test regression
technology that ISVs are using
today.
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Nema Labs threading methodology — “
FASThread

NEMA LABS

Verify
Threading .

{J

A4

Threaded
C/C++
code

/4

e —
source E>
code P <:|

Q

]

The programmer can decide if
speed-up is sufficient and if
more time should be spent on
extracting more parallelism
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Case studies “

NEMA LABS

Nine applications from the following domains
 Seismic processing (1 application)
 Bioinformatics (1 application)
 Biometrical analysis (1 application)

« Media/signal processing (6 applications)

Test system:

« AMD eight-core system

« Compilers: icc with best-case optimization levels
 Kubuntu O/S

Nema Labs Proprietary and Confidential Data



Speedup results “

NEMA LABS

Geometric mean speed-up
6.00

5.00

4.00

i 2 cores
3.00

Speed-up

= 4 cores

2.00 ki 8 cores

1.00

15 minutes 2 hours 8 hours

Significant speedup results in a few hours of "threading”
« FASThread generated results for four out of nine apps immediately < 15 min
« Two out of nine benefitted from code rewriting for another 2 hours

 Another two benefitted from another few hours of code rewriting
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FASThread status “

NEMA LABS

FASThread available for evaluation

e Supports C

* Integrates with Eclipse

e O/S support: 32/64 bit Ubuntu/Kubuntu/SLES
« Compilers: gcc and icc

 Threading API: OpenMP

Early 2010, FASThread will be released for
e C++

e Windows, Visual studio

Nema Labs Proprietary and Confidential Data



| @i~ 65 > G- |[&K- ®- [F-0- Q- |&5 &~ | 40 B & # = -2

e e

= FASThread is a plug-in to Eclipse
Beotanions asmpoarof | e 0 2 2 Difficult-to-thread source code

[R lbm_1d_arrayh 1599 4/15/09 #pragma nema parallel
R lbm.h 1589 4/15/08 9:07 AM ¢ L
[% Ibm.pre.c

[# main.c 1599 4/15/09 9:07 AM

[ main.h 1598 4/15/09 8:07 AM

5100100 130_cf a.of 1648 4/3
[5,100_100_130_cf b.of 1599 4/

(g Ibm

[55 LBM_spec2006.gprof

[53 Ibm.edg.sourcelines

|55 Ibm.pre.edg.sourcelines

[ Ibm.pre.threadingreport.pb

[5 Ibm.threadingreport.pb

[s nemacompilerarguments

Ea README 1648 4/22/09 11:30 4
[5; statusReport.pb

m

m
WWWwWwmwwwwun

Fr++ft+tt+trttrtrot

=

[2! Problems (@ Tasks (E Console fl’:l Properties r" FASThread = % call Hlerarchﬂ 4 seart

[ Profile ][ Threading ][ Race ][ Performance ]Selected project: LBM_spe M H H
e FASThread is a plug-in to Eclipse
|| Function \ \ Self\ | Include \ calls | Analze | Status | Thread safe |i | Description Override

LBM_perform§treamCollide 87.57% (3.1s) 87.6% (3.10s) 5 O

loop0 - - Parallel
LBM_initializeGriy 5.93% (0.21s)

loop0 - - Qf_Analyzed
LBM_showGridSta A X 3.4% (0.12s)

loop0 - - Not Analyzed
LBM_handlelnOutFlo 2.54% NQ.09s) 2.5% (0.09s)

loop0 - - Mot Analyzed

loopl - - Mot Analyzed
LBM_|loadObstacleFile b b 0.6% (0.025)

loopO - - Not Analyzed

N

FASThread workflow: 1. Profile 2. Analyze & thread 3. Check for race conditions 4. Performance
verification
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Summary “

NEMA LABS

 Threading legacy code in C/C++ is difficult, labor-
Intensive and error-prone

e Nema Labs FASThread threads code in hours that
programmers might not even be able to thread,
ever

 Reliable — no race or synchronization issues
thanks to the auto-parallelizing framework

 Threading obstacles hidden — easy to learn
 Threads fasts — hours, not days or weeks
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