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Abstract

This booklet includes notes and material from the talks presented at the meeting.
Most of the contributions have been prepared by the speakers, some consist of an
‘organizers’ choice’ of a few significant transparencies. In either case we refer to the
complete set of trasparencies, available on the conference WEB site:

http://www.lngs.infn.it/site/meesem/pcnets2000.htm



Foreword

Pc-Nets2000, the second workshop on applicative, software, hardware aspects of cluster
computing, took place at the Gran Sasso National Laboratory, in Italy, from April 26 to
April 28, 2000.

Our invitation to participate in this informal gathering was accepted by many colleagues
working in many different areas, from computer sciences, to fundamental physics, either
in academic and commercial environments. We are grateful to all of the participants for
their contribution to the success of this meeting.

It is a great pleasure to thank those who agreed to advise us in setting up the program:
Giovanni Chiola (DISI, University of Genova), Thomas Lippert (University of Wupper-
tal), Agostino Mathis (HPCN-ENEA, Roma), Mirco Mazzucato (University and INFN,
Padova), Roberto Petronzio (University and INFN, Roma II), Agostino Poggi (Univer-
sity of Parma), Vittorio Rosato (HPCN-ENEA, Roma), Klaus Schilling (University of
Wuppertal and NIC, Juelich), Hubert Simma (DESY) and Raffaele Tripiccione (INFN,
Pisa).

We also gratefully acknowledge the support of the Istituto Nazionale di Fisica Nucleare
and the Laboratori Nazionali del Gran Sasso. In particular we wish to thank the LNGS
Scientific Secretariat, Vincenzo Fantozzi and FErsilia Giusti, as well as Barbara Sartini and
[laria Spagnoli of the Consorzio Ricerca del Gran Sasso.

Some of the contributions included in this booklet have been prepared by the speakers,
some consist of an ‘organizers’ choice’ of a few significant transparencies. In either case
we refer to the complete set of trasparencies, available on the conference WEB site:

http://www.lngs.infn.it /site/meesem /pcnets2000.htm

for full information.

We do hope that these proceedings as well as the conference itself fulfil their main purpose:
fostering communication among people who share an interest in computers and computing.

Giuseppe di Carlo, Andrea Donati, Maria-Paola Lombardo, Pietro Rossi

October 2000
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Program

26 April

Chair : Stefano Fantoni

11.15-12.00 | G. Bilardi Universality and portability in high performance computing
12.00- 12.30 | R. Petronzio QuantumChromoDynamics
12.30-13.10 | T. Lippert The ALICE project at Wuppertal
13.10- 13.30 | N. Eicker Operating a cluster system in an University environment

13.30 - 14.30 Lunch

Chair : GianCarlo Rossi
14.30- 15.10| G. Visconti Atmospheric Physics
15.10- 15.30 M. . Real time weather forecast
Verdecchia
V. Rosato. E Heterogeneous Computing as a key feature for high performance
15.30- 16.20| ,, S computing. The GENESI-2 project and applications on
Valentinotti . .
environmental modeling
16.10 - 16.30 coffee break
16.30 - 18.30 | APEmille Tutorial - 1st part
18.30 - 19.30 Buffet
19.30 - 21.00 | APEmille Tutorial - 2nd part
27 April

Chair : Aurelio Grillo
9.30- 10.10 | S. Fantoni Quantum Monte Carlo
10.10 - 10.30| E. Pederiva New perspectivesin Quantqm Monte Carlo methods for many

fermion systems

10.30- 10.50| E. Panizzi The C++ language for APEmille
10.50- 11.10| G. Ciaccio GAMMA on Gigabit ethernet
11.10-11.30|V. Di Martino GROMACS, atestbed code for the MPI-GAMMA library

11.30 - 12.00 coffee break




Chair ;: Edwin Lagrmann

12.00- 12.30| K. Jansen Fermion algorithms
12.30- 12.50| P. Rossi Data mining
1250-1310| C. Best Improving cache performance on _cI uster computers using multigrid
algorithms
13.30 - 15.00 Lunch
Chair : Steven Gottlieb
15.00 - 15.40| B. Monien Graph partitioning
15.40-16.00| R. Lueling Hpc-line, a new cluster system
16.00 - 16.20| W. Schroers What do wegain frpm systolic algorithms for long-range
interactions on cluster computers

16.40 - 17.00 | N. Paschedag SW/HW recent developments of FLINK

17.00 - 17.30 coffee break

Chair : Y utaka Ishikawa
17.30-18.00| S.Kim Kool MPI
18.00- 18.30| S. Katz The PM S project: Poor Man's Supercomputer
18.30- 19.00| T. Warschko High performance cluster computing
19.00 - 19.20 B. UgOIOtt." SecureNAT Linux cluster solution

L. Genoni
Dinner
28 April

Chair : Burkhard Monien
9.30- 10.10 | S. Gottlieb | Benchmarking MILC QCD code on clusters and supercomputers
10.10-10.40| A. Vicere Computing for VIRGO
10.40- 11.10| C. Paomba | VIRGO dataanalysis for periodic sources of gravitational waves

11.10 - 11.40 coffee break

Chair : Enrico Bellotti
11.40- 12.20| Y. Ishikawa Anoverview of SCore 3.0 cluster system software
S. Morante & | Modeling biologica systems by computer simulations: the case of
12.20- 13.00 . o
G.C. Ross phospholipid bilayers

13.00 - 14.00 Lunch




Final Session

Chair: Klaus Schilling

Chairman's introduction:

Computational science along with computer scientists

P. Capiluppi

The Grid project and the LHC computing challenge

A. Ghisdlli

The Grid as advanced solution for WAN distributed computing

R. Tripiccione

APEmille & APEnext

Discussion

16:00 Conference ends




ALICE
The Alpha-Linux-Cluster-Engine at Wuppertal University

Thomas Lippert
Department of Physics
and
Institute for Applied Computer Science
University of Wuppertal
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Hyper-Systolic Matrix Multiplication

@ H-S Algorithms: for details = see talk of W. Schroers

Simple systolic example

m
Ci,j = E ai,kbk,j, Z,] = 1,...,n.
k=1

Bubul o |Bab o Babe | BubY Babul o |Babal|BubyBuby
S M b N L B A s I b I e I At
Babul |BebBube 8Dy Babul |Bebal|Buby BBy
a, b, a,, b, a,; b, a,b,, a,, b, a;h,, a,b,, a; b,
a) t=1 b) t=2

Bubal (BB Bab | Beby Bubul (BB |Bab by
Babul (BB Bub 8Dy Baubul (Bl |Beby o Buby
i S b I L I i T b I s A s
a,, b, a,b,, a, b, a,b,, a,b,, a,b, a,,b,, a, b,
C) =3 d) t=4

Thomas Lippert, University of Wuppertal



Operating a Cluster System in a University Environment

Norbert Eicker
Department of Physics
University of Wuppertal
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Real Time Weather Forecast

M. Verdecchia
University of L' Aquila
and
Parco Scientifico e Tecnologico d' Abruzzo



http://mercury.Ings.infn.it/site/meesem/pcnets2000/pio_3.html

ore 20 di Martedi 11 AP

lofl 26-Oct-00 13:44



MMS5 Real-Time Westher Forecast Maps http://mercury.Ings.infn.it/site/meesem/pcnets2000/T850_yes-h12_dom2.html
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DEPARTMENT OF PHYSICS- UNIVERSITY OF L'AQUILA

SCIENTIFIC AND TECHNOLOGY PARK OF ABRUZZO

0 121, o

12 UTC of Monday 29 May 2000 - MM5 Real-Time Weather Forecast
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MMS5 Real-Time Westher Forecast Maps http://mercury.Ings.infn.it/site/meesem/pcnets2000/T850_yes-h12_dom2.html
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Previsioni del tempo dalle ore 24 del ...gio 2000 alle ore 14 del 1 Giugno 2000 http://mercury.Ings.infn.it/site/meesem/pcnets2000/t2m1016.html

2000 ore 15.00

E¢ E

Tenperatura [C)

lofl 26-Oct-00 13:46



Previsioni del tempo dalle ore 24 del ...i0 2000 ale ore 14 del 31 Maggio 2000 http://mercury.Ings.infn.it/site/meesem/pcnets2000/t2m3016.html

Martedi®™ 3@ Haggio 2066 ore 15:EHEH
141 E

lofl 26-Oct-00 13:47



Heter ogeneous Computing as a key feature for high
per formance computing. The GENESI-2 project and
applications on environmental modeling

V. Rosato, F. Vaentinotti
HPCN - ENEA
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APEmille architecture

A. Bartoloni
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TAO compiler chain and functional simulator

A. Lonardo
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Profiler and Perfor mances

A. Petricola
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Speedup of APE programs

H. Smma



GIF image 620x877 pixels

APEmille ...

http://mercury.Ings.infn.it/site/meesem/pcnets2000/simma0l.gif

b TV -

e is a Micro-Programmed Architecture:

assembler instruction = micro-program

e has many concurrent functional units, e.g.

- flow-control

— Address Generation Unit (addresses, constants)
= Arithmetic Logical Unit (integer)

— FP-Unit

— Memory-Access

e is heavily pipelined

teff = lezee + Lstart
3 1 2
4 1 3
10 1 9
12 L 11
124+2+N N 1242
8+N N 8

integer

localint add

localint mul
complex norm
complex read access

complex write access

lofl

27-Oct-00 10:50



GIF image 620x877 pixels

lofl

http://mercury.Ings.infn.it/site/meesem/pcnets2000/simma02.gif

tidint oplintzation Lask

understand characteristics of code

calculus vs. memory access

data dependencies

maximise concurrency + hide tgq,4

—

unrolling

extract /replace

re-order memory access
pre-load physical registers

pre-calculate addresses

minimise dependencies

re-order arithmetics (e.g. tree summation)

— vectorisation
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- b ¥ v T e | | WP S,
EVdilidllon o D OE- P ETTDN I A

ma'm(t il tmEm) 5 tef_f E teale + tomem

Missing Concurrency

Memory dominated:

tmem = Nro/ BV + Burst Latency

-. \

latency dominated
|
Ill BW dominated
\L’

Calculus dominated:

toale = N/ Flops 4+ FP Startup

)

startup/dependency
dominated

lofl
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GIF image 620x877 pixels

http://mercury.Ings.infn.it/site/meesem/pcnets2000/simmae.gif

ffor i =0to N { ... }
extract matrix from array

Declaration of physical registers:
physregz FP-type varname

Assignment complex-from-real:
c=(rl, r2) (NOT c.re = ...)

Complex Conjugation “on the fly":

p=:cf i ]

Latency Optimization for local memory access:

r = local(ali] )

Remote Communications with arbitrary distance:
set remote myneighbour =[2,0, 27 ]
r = a[ i + myneighbour |

lofl
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GIF image 620x877 pixels http://mercury.Ings.infn.it/site/meesem/pcnets2000/s mma07.gif

Summary

APEmille codes can be tuned to similar efficiency as
on APE100, but ...

e might be slightly harder

e needs learning somewhat different tricks

— memory latencies larger
+ more registers available
+ custom communications

e compiler chain needs further fine tuning

lofl 27-Oct-00 10:52



APEmille topology
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APEmille operating system and run

D. Rossetti
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Quantum Montecarlo

S. Fantoni
SSSA, Trieste
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The Algorithm

. Sample |R,S) initial walkers from {¥r|R, S}

using Metropolis Monte Carlo.

. We propagate in the usual diffusion Monte Carlo

way with a drifted gaussian for half a time step.

. For each walker, we diagonalize the potential matrix.

. Loop over the eigenvectors, sampling the

corresponding Hubbard-Stratonovich variable and
update the spinors for half a time step. We use
the expectation value of (Tr|5;|R, S) to introduce
approximate importance sampling of the Hubbard-
Stratonovich variables.

- Repeat 2, 3, and 4 in the opposite order to produce

a reversible propagator to lower the time step error.

. Combine all weight factors and evaluate new value

of (¥r|R,S). If the real part is less than 0 enforce
constrained path by dropping the walker.
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7. Evaluate the averages of (U7|R,S), and
(Ur|H|R, S) to calculate the energy.

8. Repeat as necessary.
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New perspectivesin Quantum Monte Carlo methods for
many fermion systems

F. Pederiva, M. H. Kalos
Department of Physics and INFN
University of Trento
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THE SIGN PROBLEM

Diffusion Monte Carlo (DMC) calculations for
fermionic systems suffer of the so-called sign
problem .

Diffusion Monte Carlo projects the state with
lowest eigenvalue out of a trial [imerion which
in general is a superposition of eigenstates of a
given many body problem.

7{I"l'_ — Z C-n@n
1

The projection 1s obtained propagating the
trial function in imaginary time

= _&—E - —T"En._E . .
e {IJ‘I’T:%CnG { ﬁj@n - oo

T ka0
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When we deal with fermions, we seek the antisyrumet-
ric solution with lowest eigenvalue. Usually in DMC one
computes the energy as

. HtI.ri} y
B = < qfﬂﬂffﬁu = f "fR@nT%--in
0= < Uity > jf fer,."J“Lp;f_

Because W7 is antisymmetric, the components along sym-
metric ¢, disappear, and we are left with the correct an-
tisymmetric ground state, provided we choose a proper
EA

What happens to the variance of 17 7

FIED= | &l $=& B |

This expression contains terms like

(aes)
[ dRey "Ll
i

f d Ry ‘-IJ’TJ'

which diverge exponentially with 7 |, because they con-
tain components along the symmetric states
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TEST CASES

e He atom triplet state
wave functions with the correct nodes, but
modified.

Eigenvalue: -2.175227(58) au. (exact: -
2175229 a.u. )

e Be atom

wave function from optimized VMC calcu-
lations both for the bosonic and fermionic
ground state.

Eigenvalue: -14.78(30) a.u. (exact: -14.667
a.u.)

e 7 Free Fermions
trial functions: ¢, = 1, ¢4 = Slater de-
terminant of modified plane waves (in or-
der to start with the wrong nodal structure).
Eigenvalue: 2.91285 £ 0.00049 (analytic re-
sult: 2.912712)
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e 14 3He atoms

Trial functions:
5
b
I | ===
1<y \T'i]
Eigenvalues:

b By
1.15  -2.256+0.001
1.145 -2.258540.017
1.135 -2.2581 +0.020

Ps = €Xp

G4 = Pglle”*T||

— Runs are found to be stable for a total
imaginary time >> 1000 decay times

— Long runs may show a sudden qualita-
tive change in stability, with a strong re-
duction of the fluctutaion in energy and
improved linearity in the growth of the
denominator (“superstability”). We are
attempting to obtain superstability in a
systematic way using a sccond stage im-
portance sampling.
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e

CONCLUSIONS

e Correlated dyvnamics, cancellation and dif-
ferent importance sampling for plus—minus
walkers give a walkers distribution with a
stable overlap with an antisyvmmetric solu-
tion of the many body Scrodinger equation.

e [t works for physically meaningful systems.

e We need more efficient sampling (understand-
ing the origin of superstability is one possi-
ble way).
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The C++ language for APEmille

A. Lonardo, E. Panizzi, B. Proietti
Department of Electric Engineering
University of L' Aquila
and
INFN-Roma |



TiOT

T2:T 00-P0-92

ST TN e ], ] .
Mq@?ﬁ&@ﬁ& Al e kLN

™. “._. L i .r....\: ¥ -]
B S e e
,h w. .. . | 1 !
e . Y«
I i x.\.n i P a__._.ﬁ ] &.1 ;
LT TR et lA] s '} ._._......_.._ e f_..
o f

W} se) Bendur) Faidrewe
o ke éeiﬁefu.

, @

116-Z012z1Ued 000zsBUOd Lesssw IS uusBu | Ainoewy/:dny sipxid 0zox//8 afew! 419



2¢y1 00-P0-9¢

TiOT

$16'7012Z1Ued /000ZS USSR AYS A UL SBU | Andew/:dny

L._\..Un\..umw.}

g Mo

)W)

LA W]
gyl D
ATV

HaH vard
Y IIVL NO

GRAWIXTTIY
A

0P

=" oy
¥orr PnEe)
sadhny_ - PO

spxid 0zox//g abew! 419



- TT

B ,___.x_. w
", _,..n.....T:.,__;ﬁ__ ___H *
4 TU:_; o
Jﬂﬁ%\uﬂf\ﬁ L,. q_.. S /b : \f.,_.uf_.?,_.

i -
A VI s 3

- MO YPMED Af.wixhu FOP) we ..u.uw_ﬂ.ﬁ._ e oo R

..I.nv..._.__ ﬁ.‘.f..

() e) )

th‘x Q2T T
.wﬂﬁm m 21 NANCALSH I wn_ m:;ﬂ..w._.w&iﬂu .wﬂu .%Mwb.@m. .
e *,
| 4.
el ,w_
.xﬁ-.\_ w.:
smen vease) )2 WsUEWeD uo PAEG - QJJQ__MO N
..msﬂu.uwwwzﬁu

416°9012z1Ued /000ZS USSR AYS A UL SBU | Andew/:dny spxid 0zox/ /g sfew! 419



2¢y1 00-P0-9¢ TiOT

1 _ doopon o ~ AN

- 3 1 i
_\....\, z __,ﬁl\f} u.,\\ws_n_..f_._ Xy

Wy -
— a2 -
R XOGOXD  d0TAAON M

LA mlﬁna D4 A= D .Wumufﬁmnn @u\_ 5 m&.ﬁ_

$16°201zz1Ued /000ZS USSR AYS A1 UL TSBU | Andew/:dny spxid 0zox/ /g sfew! 419



£2:7T 00-100-92

TiOT

$16°0T 1ZZ1Ued /000ZS U /LS AYS A UL SBU | Andew/:dny

a2

iy _r_*.___nm.f_mw.uw\.... &{
AP WP ﬁﬁﬂ.ﬁn = ”.“_.

LY 4 :._E:_ _.

ot weelt YL

——

P 24008
+23,/0

i k.bw
NS

spxid 0zox/ /g sfew! 419



GAMMA on Gigabit Ethernet

G. Ciaccio
CASPUR - University of' Roma "La Sapienza”
and
DIS - University of Genova
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sender receiver

{ user process } { user process
USER GAMMA
........... {socket. .}E@'ﬁ'ﬁ".'le. .3.... socket. .| oaafreceiver | ...
send handler
KERNEL [ tcp TCP
I= 1=
[ driver ] ( driver
NIC NIC

GAMMA Driver + “lightweight’” system calls:
Point-To-Point and Broadcast communications

GAMMA user-level library:
Collective Communications (SPMD parallel model)

Preserve standard environment (multi-task, TCP/IP),
simply add a new kind of network abstraction

Supported Fast Ethernet NICs:
DEC DES500, 3COM 3c905.
Experimental: Intel EtherExpress Pro/100

Supported Gigabit Ethernet NICs:
Packet Engines GNIC-Il (no longer in production)
Alteon AceNIC (Netgear GA620, 3COM 3c985)
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Ping-Pong (end-to-end throughput)
AMD Athlon 500 MHz, Alteon AceNIC, back-to-back

gamma_send_fast flowctl(), Jumbo frames: latency 31.4 usec ——
TCP/IP, Linux 2.2.12, acenic.c v038, Jumbo frames: latency 68.2 usec ——

| | | | | | | |
120 =
100
@
Io)
> 80 |
=
2
2 60 |
(@)}
>
o
= 40
20
O | | | | | | |

32 5121500 4K8K 32K 128K M 10M

Message Size (byte)



Throughput (Mbyte/s)

Unidirectional stream (transmission throughput)
Pentium Il 450 MHz, Packet Engines GNIC-II NIC
Intel Express Gigabit switch

gamma_send_fast_flowctl() —
TCP/IP sockets, Linux 2.2.13, hamachi.c vO14 modified —

120 .

100 .

80 —

60 .

40 + -

20 .

0 ! ! ! L1 ! ! !
8 32 5121500 4K8K 32K 128K 1M 10M

Message Size (byte)



Fermion Algorithms

K. Jansen
CERN
TH Division

| give an overview on the two most challenging numerical problems we are facing
presently in studyingquantum chromodynamics on the lattice.The first difficulty
concerns dynamical fermions while the second is connected with simulations of
actions having an exact lattice chiral symmetry.

Dynamical fermions are already a long standing problem.However,it was only
relatively recently pointed out that besides their very large computational cost, they
also have a conceptual problem:it iswell known that accidental (almost)zero modes of
the lattice Dirac operator can appear in practical simulations. In these situations,
standard algorithms like hybrid Monte Carlo face a dilemma: either these algorithms
never accept such configurations in which case one may question the ergodicity of
these algorithms, or, if they accept such configurations, physica fermionic
observables that are proportional to the inverse of the (almost) zero modes receive
exceptionally large values, spoiling the statistical sample. In the talk, the method of
the PHMC algorithm as proposed by Frezzotti and Jansen is explained, which cures
this conceptual problem by treating the (almost) zero modes exactly through a
correction factor.

Exact chiral symmetry is very important in QCD. As became evident only recently, a
lattice chiral symmetry can be realized by lattice Dirac operators that obey the so-
called Ginsparg-Wilson (GW) relation. In the talk, the numerical treatment of one
solution to the GW relation, Neuberger’'s operator, is discussed and the practical
example of the study of spontaneous chiral symmetry breaking in quenched lattice
QCD is given. It is demonstrated that, because of the complicated form of
Neuberger’s operator, its numerical evaluation becomes very computer time
demanding with a cost that is comparable to dynamical fermion simulations
themselves. Therefore the theoretical and conceptual advantage of such operators have
to be weighed against the numerical effort before physical problems are to be
addressed.



Difficulty # 3

nature/physicists like symmetries
< we can break them

= many properties of models in physics follow from
symmetries (or from breaking them)

also QCD has a symmetry: chiral symmetry
however, naive lattice QCD does not have chiral symmetry

it took us 20 years to find out how chiral symmetry can be
implemented on the lattice

M—-D=1--2M4
MTM

complicated new matrix through the v

matrix D is evaluated by

e computing lowest and largest eigenvalues of MM
(by using a CG method, Simma'’s favourite toy
to test the APE’s)

e construct a polynomial P, (MTM)
(take a Chebyshev polynomial tailored in
the range [Amin, Amax])



the new matrix D is complicated:
to compute physical observables like
(U, U,)=TrD~!

linear solver: in each iteration we have to evaluate the
Chebyshev polynomial P, (MTM)

with the degree n of the polynomial O(100)
= cost of a quenched simulation is similar to
a full QCD simulation

collision of

e theoretical advances of having an exact chiral symmetry

e dramatic increase of computational cost

-+ - just one example of the no free lunch theorem

still, there are problems in physics where chiral symmetry
Is so important that we want to use D instead of M

10



Difficulty # 4

there are dangerous animals on the lattice

0.001
0.000
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~2 33 o=
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t

e isolated small modes of MM (+ related to topology)

e accept/reject step: AH [MTM]_l ox A7t
= AH becomes very large and the new configuration
Is not accepted

: —1
e observables: proportional to [MTM]|  as well
= achieve very large value and spoil statistical sample



A Polynomial Hybrid Monte Carlo Algorithm

let Q2 = MM : aim is to compute

[, [ d®.e=%Q "% = det(Q?)

Rewrite

det[Q*P.(Q?)]
2\ __
det(Q%) = ~et[p.(2)]

where P, (Q?) is a polynomial such that
[detQ?] 1 x detP, (Q?)

If P,,(Q?) is a Chebyshev polynomial one can find an
exponential convergence rate for all eigenvalues
in the interval

e<A<1

Bound on the accuracy

12



integrate each det separately

Z = / DUDG" DDy Dnexp {—S, — ¢' Po(Q%)¢

—n'[ Q°P(@Q%) 17}

+1—1+223Pn(Q2)

“= / DUD¢' DDy Dy exp { =Sy — ¢' P, (Q%)¢ — n'n}

with the correction factor

W= e {nf (1 [Q*R(@")] "))
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Data mining

P.Ross
HPCN - ENEA
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