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WHO ARE WE AND WHAT WE DO?7

SCIENTIFIC COMPUTING LABORATORY OF
THE INSTITUTE OF PHYSICS, BELGRADE,
HTTP:/SCL.PHY.BG.AC.YU/

NUMERICAL SIMULATION OF COMPLEX
PHYSICAL SYSTEMS.

O PATH INTEGRALS IN QQUANTUM FIELD THEORY
AND CONDENSED MATTER

GRANULAR MATERIALS
PLANETARY SYSTEMS FORMATION

STRONGLY CORRELATED QUANTUM SYSTEMS

O O O O

DYNAMICS OF NETWORKS
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GRID INFRASTRUCTURE @ SCL

PARTNERS IN EGEE-Il AND SEE-GRID

EGEE AND SEE-GRID LGCG-2 7 0O GRID
SITE AEGISO1-PHY-SCL

100 CPUs oN WNsSs — XEONS ON 2.8
GHz witTH 1 GB ar RAM

CONFIGURED SERVICES: Ul, CE, SE,
MON, BDII, RB, PX

VOMS FOR AEGIS vO (ACADEMIC AND
EDUCATIONAL GRID INITIATIVE OF
SERBIA)
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PATH INTEGRAL FORMALISM

GENERAL FRAMEWORK FOR ALL QUANTUM
THEORIES INTRODUCED BY RICHARD

FEYNMAN

SPECIALLY SUITED FOR MONTE CARLDO

NUMERICAL CALCULATION OF PATH
INTEGRALS 1S ONE OF THE MOST
CHALLENGING PROBLEMS (E.G. QCD
SIMULATIONS)

ALL OBSERVABLES (EXPECTATION
VALUES) CAN BE REPRESENTED AS SOME
PATH INTEGRALS
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PATH INTEGRALS AT LARGE

THEY CAN BE THOUGHT OF AS MULTIPLE
INTEGRALS WITH INFINITELY MANY
INTEGRALS, OR AS INTEGRALS OVER ALL
POSSIBLE TRAJECTORIES/CONFIGURATIONS

EXPECTATION VALUES ARE CALCULATED
USING WEIGHTS OF THE TYPE e_S

NUMERICALLY THEY ARE CALCULATED AS
LIMITS OF DIFFERENT DISCRETIZATIAONS

TYPICAL CONVERGENCE IS sLOW - 1/N

IMPORTANT PROBLEM — SPEEDUP OF THE
CONVERGENCE BY IMPROVING THE ACTION S5
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ORDINARY INTEGRALS (1)

DEFINITION

Ilf) = [, f(t)dt =limy o0 In[f]

In[f] =0 ftn)en
EN — T/N tn = nNen

BAD FOR BRUTE FORCE NUMERICAL
CALCULATIONS

In[f] =1[f] + O(1/N)
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ORDINARY INTEGRALS (2)

TO ANALYTICALLY SOLVE EVEN THE SIMPLEST
INTEGRALS YOU NEEDED T0O.

FIND USEFUL DISCRETIZATION
DO GENERAL N-FOLD SuUM

DO THE CONTINUUM LIMIT

EULER’S SUMMATION FORMULA

SPEEDS UP CONVERGENCE TO THE CONTINUUM LIMIT
AS FAST AS YOU WANT

WASN’T OF MUCH USE NUMERICALLY — NO
COMPUTERS IN THE 18™ CENTURY

POINTED TO AN UNDERLYING SIMPLICITY —
PRECURSOR TO INTEGRATION THEORY

RIEMANN’S INTEGRATION THEORY

»#" SCIENTIFIC
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EULER’S FORMULA (1)

DISCRETIZATION IS NOT UNIQUE.
INsTEAD OF f(f) WE CONSTRUCT AN
EQUIVALENT FUNCTION f*(t;en) :

f*(t;eny) — f(t) OUN CONTINUUM LIMIT)

SUCH THAT

=1 ( N)
In|f*] = FOR ALL
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EULER’S FORMULA (2)

THUS f* — f DEPENDS ONLY ON f7 f) .

2 2

In[t] =Yy teen = 5 + 5
2
Init— <)=L

* GNf’ f
THUS f f — > DEPENDS ONLY ON e
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EULER’S FORMULA (3)

STEP 3: f(t) = t?

21 N 2 T3 T3 T3
IN[t*] =) —ithen = F + ox + a2

IN[t? —ent, — 263 = T
N | Ntn 3 3
[ ] 2 L X ]
* EN 2ey
s fT = -SSR
ETC.
ICTP/INFM-DEMOCRITOS WORKSHOP ON PORTING SCIENTIFIC APPLICATIONS ANTUN BALAZ .f" SCIENTIFIC
ON COMPUTATIONAL GRIDSs, ICTP, TRIESTE, ITALY, 6-17 FEB 2006 PATH INTEGRAL MC @ s COMPUTING

® LABORATORY



EULER’S FORMULA (4)

THEREFORE
Jy F@)dt = S0 f(tn)en—
—e S0 flta)ew — 25 00, Flta)ew + -

WE DENOTE THE FIRST P TERMS OF [*
BY f(P) . THEN

I[f] = In[fP] + O(1/N?)
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PATH INTEGRALS (1)

AMPLITUDES ARE THE N — 00 LIMIT OF
N

An(a,b;T) = (52 ) 7 [dgr - dgy e

ACTION S = fo dt (3 ¢*+V(q))

NAIVE DISCRETIZED ACTION
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PATH INTEGRALS (2)

GOAL: TO CONSTRUCT EQUIVALENT
DISCRETIZED EFFECTIVE ACTIAON

« _ ~=N-1/[ 62 «
v =00 (o +en )

SUCH THAT

Ay (a,b;T) = A(a,b;T)

THIS IS DONE uUuP TO P=10

ANTUN BALAZ " SCIENTIFIC
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P=3 EXAMPLE

THE LEVEL p=3 soLuTION FOR S* s

o v/ 9 _V/Q V(4)
go=V +en3 "‘EN[ 51 T 940

. v V(4)
91 = 57 t €N 435
_v®
92 = 1920

SIMILARLY FOR HIGHER LEVELS pP. NOTE THAT
THE LEVEL P SOLUTION SATISFIES

Ala,b;T) = AP (a,b;T) + O(1/N?)

THIS 1S THE EULER SUMMATION FORMULA FOR
PATH INTEGRALS.
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MG CODE

SERIAL AND MPI CcCOoDE DEVELOPED
AND TESTED

EXECUTED AS AN MPI APPLICATION ON
MPI| ENABLED SITES SUPPORTING
SEE-GRID AND AEGIS VO

COMMUNICATION MINIMAL — JUST AT
THE BEGINNING AND AT THE END

DAG 0B MAYBE THE SOLUTION FOR
PORTING ON GRIDS

CODE AVAILABLE ON OUR WEB SITE
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NUMERICAL RESULTS (1)

0.21 -

0.2

0.19

0.18

0.17

0.16

ANHARMONIC OSCILLATOR WITH QUARTIC COUPLING
g=1,T=1,a=0,b=1, Ny = 107
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NUMERICAL RESULTS (2)

0.21 -

0.2

0.19

0.18

0.17

0.16

MODIFIED POESCHL-TELLER POTENTIAL
a=058=15T=1,a=0,b=1, Nyc =9.2-107
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NUMERICAL RESULTS (3)

0.1

0.01

0.001

0.0001

1e-05

1e-06

1le-07

1e-08 -

T T ©T ©
i1 11l

oA NP
o N < -
@

1le-09 -

1 10
ERRORS FOR ANHARMONIC OSCILLATOR WITH QUARTIC COUPLING
g=1,T=1,a=0,b=1, Nyo =9.2-10° (p = 1,2),
Nae = 9.2-1019 (p = 4), Nyo = 3.68 - 101 (p = 6)
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NUMERICAL RESULTS (4)

1 2 3 4 5 6 7 8 9
RELATIVE INCREASE IN COMPUTING TIME AS A FUNCTION OF )
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DiscussIioN (1)

THE GENERAL PATH INTEGRAL
CALCULATION IS NOW SPEEDED UP BY
MANY ORDERS OF MAGNITUDE.

HOWEVER, IT STILL TAKES A LOT OF
CPU TIME TO RUN REAL-LIFE
SIMULATIAONS

THIS IMPLIES THAT PORTING OF OUR
MC CODE TO THE GRID IS NECESSARY
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DiscussIoN (2)

EXTENSIONS TO MANY NON-
RELATIVISTIC PARTICLES IN
DIMENSIONS AS WELL AS T0O FIELD
THEORIES IN 0>1 ARE IN PROGRESS.

HIGHER DIMENSIONAL ANALOGUES OF
THE INTEGRAL EQUATION ARE NOT A
PROBLEM TO DERIVE. THE ALGEBRAIC
RECURSIVE RELATIONS WILL BE MORE
COMPLEX AND THIS COULD
PRACTICALLY LIMIT US TO SMALLER
VALUES OF [.
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