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Nested loops. in as'trophysmal problems =" & ¢

Many astronom|cal applications of high performace computing,*
rely-on the traversing of high dimensional parameter spaces.
The programs writen to perform this tasks have a nested Io@ at
its ‘core. This structure Is used, for example, to traverse N-
dimensional data grids, to search for a maximum of a.discrete
likelihood = function, to". search- for neighbors, to compute
properties of close object pairs, etc. The piece of code used to
perform this task is simple-and straightforward, but:

This Introduces an increase In source code complexity and
multiple nested' loop structures, wich impose limitations on the
,|m|olementatlon of parallelism. Hereby | propose a novel
algorithm to traverse grids of arbitrary ‘dimensions with a-single
automatically adaptable loop algorithm. This algorithm is based

on the binary representation of each step and on algebra
modulo the number of dimensions, and Introduces minimum
overhead, since in general the heavy part of the computations is

located inside the loop, and involves great amounts of data--1t %+ Al

also allows to obtain the ideal data decomposition for-a“given .+ % : ; ; E :
"number of threads and is trivially scalable, due to the reduction Flgure gL
- of the nested loops to a single "for .. do" strutrure, reducing, A 2-Dimensional example of. the

“starvation for a given granularity. This- allows the scalablllty of ath obtained from the algorithm.-
the problems in'parameter.space, Wlthout the néed of intensive Bpper figure: -~ pair relations

code malntamance W . - : \ between :neighboring. cells. =~ The
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: . . - “~ Wy order with W|ch the algorith geo
Thig 1% |deaIIy SUthﬁd 10" |mplement oroblems stich as The code "
- MonteCarlo Markov Chains in multiparameter spaces - ’
fitting  problems, maximum likelihood, neighbor search, \W“mber of dlrettlons in N-diggensional space
properties of pairs (e.g. correlation functlons) and others. . Obtaln\glrectlons from a. blnary scheme
e cede is easily para{ellzable using standards suchs as" Traverse th%\gr{d
enMP or I\/lPI . \ \\
. Y . ' ot 2 ““K- codé. 1
Meth'od' Binary.representation of-base vectors., - 1. for all b, € {cells} do
2 cell — TraverseGrid
A grid is constructed in_an N- dlmensmnal space. The~,. 2 Be= i ( cell) ‘
number of+bins in eachdimension‘may.he different; so 1 for all b, € {neighbors! d |
that, the total number of bins is the  product of.the bin & < b e e
_aumber on each dimension or ‘parameter.- The grid is = =% 2 i WAt psidiigory
traversed using a set of directions defined so that they 6. if b; 7 b; then .
connect each cell to all the neighboring cells. For . (Make here pair computations)
example |n two dimensions the set of directions.is: R - -,
(1,1), %1 o? (1,-1) 3. X\ . O,
0 go t roug | the cells in the.grid, the algorithm | " N, * ‘V" - -
starts*from any cell and jumps to any digection until the \ LA F
first cell is visited for'second time. Theb?another jump ‘ - R gure 2
is performed to the next direction drawn from the set of A, SCh OWIgﬂ
basie.directions (figure 1. . h ?hB D Cube and
: ' pOSSI
BT, N TR gII‘ECtIOnS Tttw)e-
In order to obtain the set of baS|c directions, thet s < g]v‘en Y,
foIIome ﬁrocedure IS Implemented.: LR ¢
Write all the natural number lesser than the number A L W
of dimensions Iin base 2. These numbers represent a AN TR TR ¢
set of vectors that span the N-dimensional space, e B N
and can be thought of the aristas of a given cell of | yaverseGrid { 1. Nbins.idxs
side=1. The all the 2-combinations of vectors are raversetaric { 1. hINS, 16xs )
obtained and included to the set of dlrectlons S e ar O
| . 1« (1index of pivot cell on the grid)
' 2. Nbins «— (Number of bins in each dimension) ,
LLe travel the g”d Startmg from any pomt (flgure 2) o’ 3. N «— (Number of (Iiuu"nsi()ns:Z(s\f'l)in.q))
thbe nextJI basic dlreCcI:tlon IS used each time a.cycle is*" TR
obtained In the gri 5. for d € {dimensions} do
| \ LA 1\ 6. P — P*Nbins(d)
The core of the algorithm is shown in fcode 2" A . Q — (-mod(1,P))/P
routine Is called from the main doop, ' 8. idxs(d) < mod(i,Nbins(d)) + 1 »
and each time the routine,@@mputes teh next cell P 9. k — idxs(d) + Q

10. return idxs

using the information of the current cell




