High Performance Computing
as a Combination ol
Machines and Methods and Programming

Soutenance en vue de ["obtention du Diplome
d'Habilitation a Diriger les Recherches

Claude Tadonki

Mines-ParisTech

Université Paris-Sud / 16 mai 2013



My Research Topics so far

>

Fundamental Aspects of Algorithms and Complexity =

“A vouloir toujours aller au fond des 451"
) choses, on court le risque d’y rester."

(Formalism, proof, quantification, classification, .
Graph Theory and Applications (characterisation, modeling,
scheduling) [l ™"

Discrete Dynamical Systems (Chip Firing Game, Periodicity,
Garden of Eden, Invariants, ...) P H
Parallel Scheduling (Theory, SPMD, SIMD Systolic, ...) &
Polyhedral Model (Recurrences Equations and Scheduling)
Efficient Parallel Programming (Hybrid Parallel Computing,” "
Scalability, Load Balancing, Data Transfers & Exchanges)
Automatic Code Generation and Transformations (High-Level
Specification = Program; Program + Annotations = Program)
Power Aware Computing (Energy Efficient Programmmg Models
and I\/Iethods Cloud Computmg) 2z B
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Places where | have been (study/work/conference/cooperation/teaching)

University of Yaoundé (Cameroon) — University of Rennes/IRISA — University of Geneva (HEC/CUI)
— European Laboratory of Molecular Biology — University Paris-Sud — Ecole des Mines de Paris

\If
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Switzerland Germany Hungary
Romania Portugal Finland
Danmark  Greece USA
Canada Mexico  Cuba
Madagascar China Japan

Argentina
Madagascar
Senegal
Morroco

Egypt
Cameroon

Austria
Brazil
UK
Ireland
India
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The HPC Symphony
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@ significant advances have been achieved in each of the aforementioned aspects.

@ A skillfull combination of all HPC components is really the key to absolute efficiency.
@ This expected pluridiscipline interaction should be better done at the earliest.

@ This is the main point of my defense and the motivation behind my future plans.
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Computer vs Difficult Problem = David & Goliath

» | TRAVELING SALESMAN PROBLEM NP-complete Problem
Given a list of cities and their pairwise distances, the task is to Ei

find a shortest tour that visits each city exactly once.

n T
minimize Z Z CijTij
i=1 j=1
subject to

n
{ Yowp=1 i=1l,- ni#j (24)
=1

n
Z:l'ij=1 J]=1,.'ir1,'!5éj
i=1

= {o,1}m=m + Subtour breaking constraints

The TSP has an a priori n! complexity. Solving any instance with n = 25 using the current
world fastes:‘: supercomputer (TITA N—CRA Y XK7) might require 25 years of calculations.
TITAN in 1min ~ 6 billion peop/e Calculatlng “Tu quieres celeste que te cueste."” Method

A pplication S 24h/24h during 300 years

“ny

e (Super)Computer

Transportation, logistic, genome sequencing, benchmark for optimization methods, ...
TSP heros: Applegate, Bixby, Chvatal, and Cook

As difficult as the HAMILTONIAN CYCLE PROBLEM, which is NP-COMPLETE (Karp)

e

..

Please, forget about brute force approach! (16 cities = 653 837 184 000 possibilities)
Modern optimization method have shown optimistic performances on practical instances

Competitive solutions are parallel implementation of powerful optimization methods

v v v VvY

TSP (VLSI-Bell Labs) of size 85 900 solved in 1.5 year (2004-2006) using a cluster of 96 2.8 GHz

Intel Xeon and 32 2.4 GHz AMD Opteron connected with 100 MB ethernet.

‘ Approximation algorithm is also an interesting pragmatic way to go
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Influence of Programming on Methods

@ Quicksort is a worst-case n? algorithm, but is still preferred to the nlogn heapsort.

@ LP can be solved in a polynomial time, but the (expontial) SIMPLEX is still preferred.

P The simplex has led to the leading solver CPLEX

P We have implemented a nice interface between CPLEX and MATLAB in
cooperation with David Musicant (Carleton College) and Travis Johnson.

Our interface (started in 2004) has been used and cited in several mathematical
programming papers, including ours (P-median, Portfolio, Energy minimization ).

Can be dowloaded at
http://www.omegacomputer.com/staff/tadonki/using cplex with matlab.htm

General Linear Programming
[obj, x, lambda, status, colstat, it] = lp_cplex(c, A, b, |, u, le, ge, maxIter, optimizer)

Mixed Integer Programming
[obj, x, lambda, status, colstat, it] = mip_cplex{q, c, A, b, |, u, le, ge, binvar, genvar, maxIter, verbose)

min c' * x with linear constraints . — . : i . . .
min c' * x with linear contraints and integer variables ( binary or general )

optimizer is a variable for optimizer choice, which can be one of the following . . . . o o . . i .

0 : primal simplex Indices of binary variables are listed in binvar, and indices of general integer variables are listed in genvar
1 : dual simplex

2 : network

3 : primal - dual barrier
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A Large-Scale Particles Physics Problem

@ High-precision Lattice Quantum ChromoDynamics simulations.
@ The ANR project PetaQCD was targeting 256x1283 lattices.

@ One evaluation of the Dirac operator on a 256x1283 lattice involves

256 x 12832 x 1500 ~ 10'2 (stencil) floating-point operations

Curie Fat performance (weak scaling)

7
Fig 501: Curic Scaling Study

With 10,000 cores, we can roughly = - . e
perform 500 x 10° x 10° = 5x10”fps _|
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G.Grosdidier, « Scaling stories », PetaQCD Final Review Meeting
’ ’ ’ 500 Mflops/core
N Orsay, Sept. 27t — 28th 2012 ps/
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Important Facts about Supercomputers

TFlops PFlops
1 EFlaps !
. 16216 PFis
, The (peak/sustained) performance of supercomputers — oorioes —r™
is increasing significantly (~ x10° since 1993). Lt e /" L
st . . . . 1 PFlops - ),) ;L-Sum
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Advancing the Era of Accelerated Computing

@ When it comes to accelerators, data transfer is

critical. @Compromise and overlap (scheduling)

Chris Gregg and Kim Hazelwood, Where is the Data? Why You Cannot Debate CPU vs. GPU
Performance Without the Answer, International Symposium on Performance Analysis of Systems
and Software (ISPASS), Austin, TX. April 2011.

OAK
Ripee Gl

@ Taking advantage of all aspects of a computing TITAN CRAY-XK7 the (2012) world fastest supercomputer

. . * 299 008 CPU cores (16-cores AMD Opteron 6274)
nodes requires a complex hybrid/heterogeneous 18 688 NVIDIA Tesla K20 GPUS

rogramming . i : 1+ Peak:27.11 PFlop/s.
progra g @Code generation and transformation’ e (k)

@ Energy is major concern. {b
Power aware programming and scheduling.
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Some of my achievements

Let’s have a look on some
of my achievements

"Only those who attempt the absurd...will
achieve the impossible." M. C. Escher
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Discrete Dynamical Systems

Given a graph G = (X, A) and a transition function ¢ such that
o(G) = (X, A") with card(A) = card(A”). We study the evolution
Go = G, Gi = ¢(Go), -+, Gpy1 = ¢(Gp).

Remark: on a finite graph, such an evolution is ultimately periodic.
Any state of the graph before the period is called transcient.
Interesting questions are

» the set of period lengths for a given graph

» bounds of period lengths

» garden of eden (graph with no transcient length)

» relation between the structure of the graph and periodicity
» applications (games, simulation, graph scheduling)

This work gave an inspiration to derive a parallel scheduling
methodology for acyclic graphs with some recurrent structure.

René Ndoundam, Claude Tadonki, Maurice Tchuente: Parallel Chip Firing Game Associated with n- cube Edges
Orientations. International Conference on Computational Science (2004). , CoRR abs/1007.0381 (2010)

Claude Tadonki
Mines ParisTech
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Parallel Scheduling

A system of recurrence equations (SRE) defining a variable X has the following form

{i,j. k| k=0} aq 5
loik|li=j=k F(i.jk—1)s
; Pk — lijk|i=k#j} Pk kK)o F(ij k)
‘ . k| i=k#i) Pl k=1)© Pk k k)
-\lv\-— UE\ . qu‘\{f::\‘}: {LJ' | J ?L;J' {"‘J‘ ) { y Ky K]

Lijok|i# ki j# k}:Fijk—1)a
(F(i k. k) o Pk j.k—1))

> Algebraic and syntaxic transformations (polyhedral model framework, compiler, scheduler, symbolic analysis, ...)
= Graph based approaches easily apply to SRE through the underlying dependence graph = systematic synthesis !

Scheduling a system of recurrence equations onto p processors is the task of finding a valid timing function T (i.e.
T(z) > T(f(z))) and an allocation function A such that [T(z;) = T(22)] = [A(z1) # A(22)].

Theorem 1. Let (1 = (X,17) and Gy = (X3, I's) two isomorphic graphs, and
let ¢ an isomorphism from G to Gy. If (t,a) is a valid schedule of GG, where
t is a timing function and a an allocation function, then (t o ¢, a0 ¢} is a valid

schedule of Gs.

Theorem 2. Let G = (X, A) be a directed acyclic graph. If G 1s self isomorphic
with the decomposition X XeyUXaU---UX, and the set of isomorphisms

{ek,. k= 2,--- 7}, then the schedule specified by the timing function t and the
allocation function a given by (6-7) 1s valid,

Applications: sorting, APP, Cholesky, tensor product of matrices

Our scheduling method (already published) opens the following perspectives

Y Implementation as a scheduling module into a polyhedral model based framework.
9 Study of an appropriate graph clustering (hybrid parallelism or modularity)
¥ Inclusion of hardware parameters
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LOGILAB (University of Geneva)

Inside the LOGILAB, Operation Research Laboratory
founded by Pr Jean-Philippe Vial and Pr Alain Haurie
at the University of Geneva (Switzerland)

Dealing with modern, efficient, and somehow pragmatic approaches
for modeling and solving difficult real-world problems

Think about gaussian pivoting vs iterative methods

Claude Tadonki

Mines ParisTech



Optimization

cutting planes

v 4 objective
/ y N objective
optimum of IP optimum x /
— LP relaxation ~7 optimum of
I . / - \E - __,f‘.‘:ﬂ;;":" LP relaxation
Branch separation SR
ﬁ?ﬂ.‘{]bh - - - - . l;:aslhlc
solutions = * solutions =
X X
Integer Program: Cutting Planes Integer Program: Branch and Bound
(or Divide and Conquer)
> Practical instances of discrete (pure or mixed) optimization problems
are better solved though a skillfull combination of continuous optimization '

techniques and branch&bound-like mechanisms.

’ For a pure discrete problem, a relaxation is used.
For a mixed formulation, a decomposition approach can be considered. \

’ In number of cases, the objective function is (or becomes) non differentiable .

’ We then need a good non differentiable optimization method and solver.
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ProxACCPM - Canonical Problem

min{f(y) = fi(y) + by + f2(y) |y € C}, (1)

where

e f1 and f> are convex functions on R" defined over C C R"
e f1 is nonsmooth and f> is twice differentiable

e (' is a convex domain

e bc R" is a constant vector

Remark 1 The nonsmooth function f1 is often a positively weighted sum of p

nonsmooth functions

Ay =) mifuy).

i=1
This property can be exploited in the method.

Remark 2 For a given convex function f, there are many combinations of the
form f(y) = fi(y) + b’y + fo(y). The appropriate choice is left to the user

convenience.

(2)

Project funded by the Swiss National Science Foundation
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ProxACCPM - Oracles

In order to accomplish the optimization task, ProxAccpm runs in conjunction with
user defined oracles.

An oracle is a user defined routine (black box for ProxAccpm), which computes
and returns informations about feasibility and/or optimality.

We consider tree types of oracle:
Feasibility oracle: Check if the current point y belongs to the optimization do-

main. Otherwise, its returns a so-called feasibility cut, we denote (£,7) € R" x R,
which satisfies

'y —y)+7<0,¥ €C. (3)

First order oracle: Given a feasible point y, it returns fi(y) and one subgradient
u € df1. This yields the following relation:

u'(y' —y) + (f1(y) — fr(y)) <0, ¥y € C. (4)

Second order oracle: Given a feasible point y, it returns f2(y), f5(y), and fJ(y).

Claude Tadonki
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ProxACCPM - Localization Set

Localization Set: At a given step, the localization set is defined by

Li={(y,2,0) | ATy —ET2< ¢, 772+ bTy+ ¢ <0, fo(y) <¢, y € Ya}, (7)

where
e 0 is the current upper bound
e A is the matrix of cuts ( columnwise )
e E is a binary banded matrix

Methods differ in

e the management of the localization set (objective cut, updating, spatial
transformations, etc...)

e the selection of the query point from the localization set

e the lower bound and the termination criterion

Claude Tadonki
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ProxACCPM - The heart

Accpm and Proximal Accpm

The Analytic Center Method: The query point is obtained by minimizing
(over the localization set) the weighted logarithmic barrier given by

F(5) = —Zwi log s; — wlogo, (8)

with 5 = (sg,s,0) > 0 defined by

so = 0—(7"z2+b"y+¢)
si = c¢i— (ATy—ET2);, icI={1,...,m},
o = (— f2(y).

The Proximal Analytic Center Method: The barrier function is augmented
with a proximal term to yield the augmented barrier

W=D~ 1) + F(3) (9)

where Q is a positive definite matrix and y the so-called proximal center..

Claude Tadonki
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ProxACCPM — The machinery

The main concerns are

e force the global convergence

vatives

minimize the number of oracle calls

.j,]
g

optimize the computation time and memory space

Feasibiliy Check

L AAAAN I,

Unfeasibility Oracle] [ Feasibility Oracle

improve the computation accuracy

feasibility cut(s)

e take care of numerical stability

.~ objective + deri

P

Babonneau, F., Beltran, C., Haurie, A., Tadonki, C. and Vial, J.-P., Proximal-ACCPM: a versatile oracle based optimization method, In
Optimisation, Econometric and Financial Analysis, E. J. Kontoghiorghes editor, vol. 9 of Advances in Computational Management Science, 2006.

Achievements
Y Implementation of the method in a complete framework (https://projects.coin-or.org/OBOE).

? Implementation as a query point generator for connection with other packages (branch and bound)

Y Several case studies published in journal and conferences

Some perspectives
> Deep investigation of the parallelization on supercomputers (scheduling, scalability, load balance,...)
Y Study how to deal with updates instead of performing matrix computations from scratch at each step

. . . . . Sherman-Morrison formula
9 Investigate on numerical issues with large-scale ill-conditioned systems

Y Approximation algorithms

Claude Tadonki
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Energy Minimization

Power consumption is a crucial concern with embedded

systems and supercomputers

Fujistsu K-Computer ~USS10 millions/year for electricity

® We focus on memory energy

® The memory is partitionned into several banks

® Each bank can be put into a specific power mode

¥ We assume regular (uniform) power state transitions
® We formulate and solve the optimization problem

Pr Jose Rolim

Theoretical Computer Science Laboratory (TCS Lab)
Centre Universtaire Informatique

University of Geneva (Switzerland)

My work on Power Aware Computing and Distributed Algorithms
were initiated from my stay at the TCS-Lab.
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Good collaboration with Mitali Singh and Viktor Prasanna (University of Southern California)
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Energy Minimization

Input Model and Optimization Output

Hardware parameters : W, O, H, p, q, and © ~ Optimal Energy £
_ "'%‘ arey Power aware
Program parameters - 7, C p o A )5 . Optimal transition repartition X » program design
> ©® 4 v

and monitoring

Memory management parameters : o, ¢, 77 Optimal time repartition v

Some perspectives are:

‘ Design a methodology that will use the output of our work for a systematic synthesis of energy efficient policies

. Extend and adapt our model to current and future memory systems (multilevel and shared)

‘ Use a similar formal approach to analyse the energy issue on the cloud systems (user and provider)
. Investigate on other approaches (dynamic scheduling, compilation, ...)

One of our proposal on this topic received an important grant from the
Swiss National Science Foundation

We have been also investigating on:
¥ Distributed algorithm in sensors networks (localization and information retrieval)

¥ Dual-power management problem (mathematical programming approach and heuristics)
¥ Algorithms for the web (search engines and social networks)

Claude Tadonki
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PetaQCD - Overview

d ANR Project (HPC & Particles Physics)

¥ Origin of the universe (matter) National: G. Grosdidier ( ), P. Roudeau, O. Péne, C. Tadonki,
K. Petrov, D. Barthou, M. Kruse, C. Eisenbeis, B. Blossier, L. Morin,

F. Bodin, F. Touze, O. Brand-Foissac, J. C. Angles d’Auriac, A. Seznec,
> Multidisciplinary collaboration A. Cohen, C. Bastoul, and more.

® HPC & numerical challenges

Y Good cooperative effort

Abroad: K. Urbach, K. Jansen, L. Scorzatto, D. Pleiter, R. Tripiccione

Lot of materials and outputs of this
project can be found here

https://www.petagcd.or AD-HOC HAND WRITTEN
> // . d B METHODS g PROGRAMMING

RUNNING TESTS

MODELLING DATA B
ﬁ; ARCH + DATA NIRRTV A PARAMETER TUNINGS
Q e FORM;L:I.;M v \ )
“ )-." 7 ; INTERMEDIATE TEMPLATES BASED g EFFECTIVE . R
o 4 REPRESENTATION %W  PSEUDO-CODE CODE PEEIEE
ALGORITHMS
X ( !5 c ‘J SEVERAL VERSIONS CHECKPOINT
N symsoLic  INTERPRETER | &
PROCESSING — ERROR HANDLING

o sy Y
PETAQCD WORKING CHAIN
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PetaQCD - Contributions

Y Hybrid extension of the reference package (tmLQCD) using Pthread library

Y Accelerated algorithm & implementation of the Dirac operator and other linear algebra kernels

[llustrative results
A 32x163 configuration solved using the CGR algorithm on the PPU in 138 seconds
The same configuration and algorithm on the (PPU + 8 SPEs) double precision in 4.58 seconds

CGR: 57 iterations in  4.58 s (QS20) 3.68 s (QS22) 28.34s s (Intel 2.83Ghz)
CG: 685 iterations in 51.70 s {QS20) 38.80 s (QS22) 362.45 s (Intel 2.83Ghz)

Compare to the PPU, a speedup arocund 30 was obtained (also valid per iteration)

C. Tadonki, G. Grosdidier, and O. Pene, « An efficient CELL library for Lattice Quantum Chromodynamics »,
ACM SIGARCH Computer Architecture News, vol 38(4) 2011.

> Block decomposition C. Tadonki, «Strengthening deflation implementation»
for large scale LQCD inversions, Orsay, Sept. 27th — 28t 2012 Main system

We have implemented a generic block decomposition (multidimensional and with no e
restriction on the number of blocks per axis) within the tmLQCD package. The aim is to Little system
increase the basis of the deflation method (to solve large ill-conditioned systems) without

Stop ?
> Code generatlon QIRAL i COMPILATION 1 VIRTUAL MACHINE
- symbolic processing BRIDGE - specific C++ classes Executable code
Lafex' —>| - algebraic analyses - items inventory - external libraries from C++ and
description - code optimiations - operational code - back-end code gene specialized libs

rators (HMPP, ...)

l - Executable code
from standard C

- code prototype

D. Barthou, G. Grosdidier, M. Kruse, O. Pene and C. Tadonki,

« QIRAL: A High Level Language for Lattice QCD Code Generation »,

Programming Language Approaches to Concurrency and Communication-cEntric Software (PLACES'12) in conjunction
with the European joint Conference on Theory & Practice of Software (ETAPS), Tallinn, Estonia, March 24-April 1, 2012.

Claude Tadonki
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Accelerated Computing

cxvaenn

ON-chip coherent bus (up to 96 bytes per cycle)

SPE

2 PPE Bus interface
'y controller
\ Power
L [ core

| start investigating on this topic from my collaboration with Dr Lionel Lacassagne
(ANR project Ocelle 2007-2009), also SIMD and Image Processing stuffs.

Good collaboration with Dr Joel Falcou, Tarik Saidani, Khaled Hamidouche, and Pr Daniel Etiemble

T. Saidani, J. Falcou, C. Tadonki, L. Lacassagne, and D. Etiemble,
« Algorithmic Skeletons within an Embedded Domain Specific Language for the CELL Processor »,
Parallel Architectures and Compilation Techniques (PACT), PACTQ9, Raleigh, North Carolina (USA), September 12-16, 2009.

Claude Tadonki
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Accelerated Computing — Generic DMA

ﬂ | #
Main memory: n, = 6, m, = 10, i, = 2, j, =4

Local store: ng =25, me =7, is =2, jo =2

a=3, b=4

DMA issues related to tiling

Fig. 4. Generic DMA pattern

Performing the transfer expressed in figure 4 raises number of problems:

e the region to be transferred is not contiguous on memory, thus list DMAs are considered

e the address of one given row is not aligned, thus the global list DMA is not possible

e the (address, volume) pair of a row does not match the basic DMA rules (the above two
ones), thus the entire list DMA cannot be carried out

e misalignment could come from both sides (main memory and/or local store)

e the target region on the local store might be out of the container limits

We have designed and implemented a routine which performs this task very efficiently
Claude Tadonki
Mines ParisTech




Accelerated Computing — Harris Algorithm

The Harris-Stephen algorithm is
* a corner (point of interest) detection algorithm
* an improved variant of the original algorithm by Moravec
* used in computer vision for feature extraction like
* motion detection
* image matching * 3D reconstruction
e tracking * object recognition
Technically, the Harris algorithm is based on a pixelwise autocorrelation S given by

S(z,y) =Y wlw,v)(z,y) - I(z —u,y — )]

u,v

where (x, y) is the location of the pixel and I(x, y) its intensity (grayscale mode).

|t1’lethilew‘t.otal t.ime(s)| |tileh‘|tilew‘t.otal time(s)‘

s 512]  0.0494 8 512 0.108 @~ I —- Six

16]| 256 0.0598 16]| 256 0.238 el
32| 128 0.0485 32| 128 0.187 Ix \
64 64] 0.0345 64 64  0.110 - \@_

I Ixy Sxy = K

128] 32 0.0517 128|| 32 0.180 N P
256| 16 0.0699 256( 16 0.218 ty /
512 8 0.0734 512 8 0.352
Table 1. Timings on a 512x 512 image Table 2. Timings on a 2048x 512 image \@_ Iyy ,__ Syy

[tilen][tile, [total time(s)] [tilen[[tile, [total time(s)] Fig. 3. Harris algorithm diagram
5[/ 1200 0.494 8| 512 0.985
10|| 600 0.360 16|| 256 0.726
20(| 300 0.264 32| 128 0.643 ' ' '
om0 oo C. Tadonki, L. Lacaslsagne, E. ngl, M. Daoudll, |
SO 75 0183 8] 32| 0.692 «Accelerator-based implementation of the Harris algorithmy,
60 3 0.24 256 16 0.866 . 0
20| T8 09 S R 5th International Conference on Image Processing (ICISP 2012),
Table 3. Timings on a 1200x 1200 image Table 4. Timings on a 2048x 2048 image June 28'30 201 2

We observe 50% improvement between square tiles and full row tiles.

Claude Tadonki
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PetaQCD - Algebraic Path Problem

Warshall- Fond + Shift-toroidal

NNRNREREE x , L-toroiddl
NRRRRRRNR Ganelts of the SHift-Lo.
N NN X ! /,gma/nsonfoﬂ
x x NARRRRREN [ X e pivol oW (2 1anoously,
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R : : N 'Q : : Al step s become Iigourously ident
tep kil k: tep ki1&2
Wa?sﬁgll-r-’lovd Sh?fft?oro?dal Warsshgl‘lj-Floyd+shift \'/ The overhead of the shift can be h/dden‘

Analytical expression of the shift-toroidal

MAPPING OF OUR ALGORITHM ON THE CELL

' Does not change the Olh3) complexty @

7"’&)1,]'—1 =m;; ® ('7712(:_1) R 771,561;_1))

") PPE-DMA is issued only by the first and the last processor

PPU Y Inner SPEs communicate and synchronize locally
Y Computation-communication overlap occurs for all communications
s i ") Can run on more SPEs or CELL Blades by natural extension
M M
i I SPE 2 SPEs 8 SPEs DMA timings (1024 x 1024 matrix)
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C. Tadonki, « Ring pipelined algorithm for the algebraic path problem on the CELL Broadband Engine »,
WAMMCA 2010 - SBAC PAD 2010, Petropolis, Rio de Janeiro, Brazil, October 27-30, 2010. (IEEE digital library)
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Accelerated Computing — LQCD library

1 Performance results

computation task, the user does =

The PPU masters the whole PPU
not care about the SPUs mechanism

All our experimentations are performed with
double precision data. We used a 32 x 162 lattice
(hence 131 072 sites)

spinor field ( big array on memory) ZSDPEs || time(s) | speedup | GFlops
e l,..l 'H...I ||...| 1 0.100 | 100 0.05
‘ == 0.054 2.00 1.92

0.036 3.00 2.89
0.027 3.99 3.85
0.022 4.98 4.73
0.018 5.096 5.78
0.015 6.93 6.94
0.013 7.88 8.01

05 o o
A A i A

Each SPU performs

a loop on its portion
GET + COMPUTE + PUT
using a double buffering
mechanism Figure 1: 32 x 16* Wilson-Dirac on a QS20

. i_ ' " _' . v_ - ' _— V : v_,,, V ’ [ #SPEs [ time(s) | speedup | GFlops |
Cresrocss o SPU | SPU | SPU | | SPU | | SPU | | SPU | S| | S R 7 R

subroutines

0.0134 2.79 7.76
0.0105 3.56 9.90
0.009 4.81 13.27
0.0081 5.75 15.87
0.0076 6.84 18.88
0.0075 7.82 21.59

Co| =1 S| W d=| 3| b2

GENERIC LQCD COMPUTATION MECHANISM ON THE CELL

e SIMD implementation of the basic opera-
tors (intensive use of SPU intrinsics)

¢ double buffering technique to overlap DMA Figure 2: 32 x 16° Wilson-Dirac on a Q522
and computation (ideal in double precision)

e optimal list DMA organisation by an algo- 1‘:220‘11 iffes - cg:h -'SLSCEores
rithm similar that used for the bin packéng 0.0820 | 0.0370 | 0.040 | 0.0280
problem (significant latency reduction)

GOl =1 S| | =] L8| b2

Figure 3: 32 x 16 Wilson-Dirac timings (sec-
onds) on an INTEL i7 quadcore 2.83 Ghz

C. Tadonki, G. Grosdidier, and O. Pene, «An efficient CELL library for Lattice Quantum Chromodynamics»,
HEART - ACM/ICS, Epochal Tsukuba, Tsukuba, Japan, June 1-4, 2010.
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UNIVERSAL REPORT: A Universal Source Code Analysis and Documentation Software

{ Basic, C, C++, COBOL,

double s[3] ,x,y,z,yy,22,r; . A UNIVERSAL AND AUTOMATIC CODE ANALYSLS AND DOCUMENTATION TOOL w’w
inti; Fortran, Java, Javascript,

F=00; Matlab, Pascal, Visual Umversal Remrt 2008

’ ST of She 20T NN AL othn

{ Delphi, Kylix, Perl, PL1,
x = ppli) ; Python, Visual C++, Visual
sli}=x; Basic .Net, Visual C#, Visual

for(i=0;i<3;ies) 5 i Basic, Borland C++ Builder, | momwiil . | oowntosd | puchase |  products |  afbates | comac |

Peogle wwvelved with Drop/ammng sDvbed Know mMmantaweng (large’comolex) codes o tedwus.
Programas that you have written yourself are dfficut encugh to urderstand ahen you come back to them
later. Things are mece dificult when the pregram have Been wntten By somecre eise of & 5o team, and

re=x*x: has Been madfied and added 50 many times thet the exxtng Jooumentation a0 nger accurately reflects
’ the program code and strectuce. This & » nightmane swsting those mwolved wih grogram mantenanca,
J++, and more comprebengion, sude, ¢¢ analymis. Thecefore, tocls that automate the process of code anshyms and
documentanon dearty held 1o overcome this svoblem pavlessly
} UNIVERSAL REPORT @ 8 high gualty code acalyss and
decumentanon sotware, [ts psel i 1o analyse and pererate 3 .
sructered and wel foomatted documantstion of 8 Qven 0!
program. Urwersal Report can Muﬂt VANOoUS Srogrameming
lengsages (Bnc C, Coe, COBOL, Forrran, Java, Javescret, ’
r=sqrtir) ; Matad, Pascal, Visus! Basi. Doclans Cee Buider, Teiph

Kybx, Perl, PLY, Sython, Vicusl C4+4, Vieusl Sasic .Net, Visust TANERSAL REPORT
Ca, visual Jee, and m:'tl. and generates homl, latex, and
plam  taxt  doCUMentatons  weeng  state-cf-the-art  pattern
matching algonthms and complabion techmigues. The tocl is
perameterizable Both in the behavisr ot of view and the
quaity/layont of the ovtpuns, [Features)
{ epsiin()2000) ; Key Features & Beselits The intotive terface makes Usiversal Repeet the perfect tool
for bath rew and experenced users. with an excepbona

o7\ ® < e
>

DVGCGSS( S, ) =1 ) H ¥ Fully 0mane with 80 wlulive werace flextiey provded by s wde range of opticrs and parameters.
? Covers many programmeg languages The sttiractive pad cptrmted Sutpul saves e and morey by
epsiin()) ; * Srovdes severs! cptons and perameters Wreasing technical ST Srodutivly 80d COMMILCAtO

? Astractive and highly cpomaed Mmi output

* Aomanc screanshots and datadase repoing

P Au00mane Chanpes 37alysis and mul-Tes0mng
} P Mirarnam user effort and resl time processng

» Soecial character sets (arabic, chinese, hebrem, Some comganies who contdered Universal Repot
[ 1 B Jocenese, korean, e ...) A n noneer (L
|if( prtfig ==0) » HTML FlonChart far each routine (exampie) o

* Translstion of comments (Google engeme) NEW m’
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R ; »
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Orbng code formatting & INSTANT "
Money Back, Guarantee g

printf{ “ecliptic long" ) ;
dms(yy ) ;

printf( " lat" ) ;

dms(zz2);

printf( “ rad %.9E\n" ,r);
return(0) ; %>

he test soh, (f Eemter |la
tyess o 1(
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Prestigious custumers WWW.omegacomputer.com
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Claude Tadonki, « Universal Report: A Generic Reverse Engineering Tool »,
12th IEEE International Workshop on Program Comprehension, IWPC 2004 , University of Bari, Bari, Italy , June 2004 ,
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> Cooperation with Brazil CPOCC
> BioCloud project of the STIC-AmSud 1st Workshop on Cost and Performance Optimization in Cloud Computing

¥ Sandwich PhDs (Brazilia/Rio/Niteroi) 25" tematonal Symposum on Co
Y Papers, visitings, events, courses I

HOME -ClJud COMPUNG =S COMING INto VOQue 35 & Conversert Solubion 10 share high performance Compuing

= resources (CPUs storage medias and appiicabons) among & widespeead set of users The

O h I_ . A . Ch ./ = = configuration beings number of advantages refated to the cost from both end-users and prowiders sides &

Y Other Latin America partners (Chile, ...) [DEEEERTERTRR seo otes  orest opponaity o heve & beter coniol over power consuiphion ] Casbon ission

|
|
The concept of cloud computing ftsell 15 Not SO recent, but £s Implementation considenng the vanous
l knds of avadable dewices 15 stll on the way to maturty. The increasing audence and qualty of serwce
1SSUES relsted 1o cloud Systems Sress 1O INvestigate on CoSt and energy 8t vanous levels. From the user
] side, the pay-as.you-go modal together with the possbdty to choose the resource configuration offer &
way to reduce both cost and wastage. From the provider point of view, energy remains the man concem
l which needs 1o be optrmized for both proft and Metime Therefore, we need good models and

SUBMISSION

Y + INRIA and Paris-Sud University

[
[ COMMITTEES

’ Cooperation with Morocco (Oujda) e
> Sandwich PhDs [ cameraRreDY

methodologees that help 1o manage the cloud efficiently according the aforementioned keypoints, with a
special atlenton 10 cloud federation

CPOCC workshop ams at prondng a platform to present and discuss both theoretical and expenmental

nvestigabions related to Cloud computing performance and cost analyses Authors are imated 10 subme

1ci1+1 1 ongnal manuscnpts on any of the 1opics descrbed below
Y Papers, visitings, seminars l PROGRAM st
[ NEWS Topics of interest for the workshop nclude bat are not limded %o

O power consumption models for clouds and analysis
’ Cooperation at Mines ParisTech SO MO € QPRRERIE OMlES s o ompites
0 federated cloud models and benchmarking
© successiul case studes on exsstng cloucs
o data and'or compute intensve apphications on the cloud (danfonmabes.
ecology, wealther and cimale modals, asirophysics, computatona)
finance, computational chemistry, lvpe databasas, and others)
0 machine lesmng
WORKSHOP ORGANIZATION
» Claude Tadonko (Mines PansTech / France)
» Chistine Ersenbess (INRUA / France)
» Lucia Mana Drummond (Federal Flummense Unnversaty / Brazd)
» Alba Crestna MagalhSes Alves de Medo (Unneesaty of Brasha / Brarzi)
» Mana Emila Machado Teles Waker (University of Brasiia / Brazd)
» Maro ihostroza-Ponta (University of Santago de Chie / Chie)
» Carolna Bonacic (Ureverstty of Santiago de Chale / Chile)

® TIMC project (multi-target images)
> CMM (Math Morphology) and CAOR

BioCloud Partners at Orsay
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