Static Load-Balancing for Distributed Pro cessing of Numerical Sim ulations Graduate Advisor: Sh uic hi Ichik a w a 963734 Shinji Y amashita Keywor ds: Static lo ad-b alancing, r e cursive bise ction, c ombinatorial optimization, br anch-and-b ound 1 In tro duction In the previous pap er[1], the static load-balancing of parallel PDE (Partial Di�erential Equations) solver was mo deled as an optimization problem, and solved by branch-and-bound metho d with o�-the-shelf computers. This metho d takes b oth computa- tion time and communication time into consideration. The target computer system was assumed to b e a parallel computer that consists of uniform pro cessing elements in the previous pap er[1]. On the other hand, this study deals with gen- eral parallel pro cessing environmen t that consist of non-uniform processing elements. This situation is very p opular in distributed processing environmen t. 2 Mo del Let the num ber of blo cks b e m , and the num ber of pro cessors b e n . The relationship m � n is assumed in this pap er (as in the previous study [1]). Under this assumption, we can formulate the problem in tw o stages. First, we hav e to �nd the b est allo ca- tion of n distinguishable pro cessors to m distinguishable blo cks to minimize the execution time. T o determine the b est pro ces- sor allo cation, we hav e to know the b est partitioning of a blo ck for a given set of pro cessors. Here, we decided that each pro- cessor should deal with a single subblo ck, which is a rectangular fragmen t of blo ck. Figure 1: P artitioning of a Blo ck 3 P artitioning P artitioning of a blo ck is a kind of combinatorial optimization with geometrical constraints. All heights and widths of subblo cks m ust b e integers, and the original blo ck must b e reconstructed from its rectangular subblo cks like a jigsaw puzzle (Figure 1). Under these constraints, we hav e to �nd the b est partitioning to minimize the execution time. This optimization problem is so di�cult that �ve heuristic algorithms are presented and quan- titiv ely ev aluated here against a theoretical low er b ound. The heuristic partitioning algorithms are based on recursive bisection. See my master thesis for more details. 4 Pro cessor Allo cation Next, we hav e to �nd the b est allo cation of n distinguishable processors to m distinguishable blo cks so as to minimize the ex- ecution time. Basically , every com bination of pro cessors must b e examined to solve this kind of combinatorial optimization prob- lem, but this is a di�cult computation problem. In this pap er, a branc h-and-bound metho d is adopted. A go o d approximation al- gorithm is also imp ortant for practical use of branch-and-bound method. The previous pap ers[2][3] show ed the quantitiv e ev al- uation of three approximation algorithms (Approx1, Approx2, and Approx3) with lo cal search (Lo cal12). Though the error of Figure 2: Accuracy of Pro cessor Allo cation Algorithms ( m = 4) Figure 3: Comparisons of Pro cessor Allo cation Algo- rithms ( m = 4) Approx3[2][3] is less than 5% for ( m = 4 ; n = 32), Approx3 is based on partial enumeration metho d and requires muc h time when m � n . Therefore, in this pap er, we prop ose Approx4, which allo cates pro cessing elemen ts with greedy metho d. 5 Results The approximation algorithms are quantitiv ely ev aluated against the optimal grouping derived by branch-and-bound metho d. The results of numerical simulations are shown in Figure 2 and 3. In Figure 2, approximated solutions are compared to the optimal solutions. When n > 32, it is so hard to solv e this combinatorial problem that approximated solutions are compared to Approx3’s solutions (Figure 3). Appro x3 gives go o d approximation, but requires muc h time for solution. Approx4 gives the solution in almost constant time (ab out 10ms), and the accuracy is only 10% worse than Approx3. Consequently , Approx4 is regarded as the b est approximation algorithm. References [1] Ichik a w a, S., Kaw ai, T. and Shimada, T.: Static Load Bal- ancing for Parallel Numerical Simulation by Combinato- rial Optimization, T r ans. Information Pr o c essing So ciety of Jap an , V ol. 39, No. 6, pp. 1746 { 1756 (1998). [2] Ichik a w a, S. and Y amashita, S.: Static Load Balancing of Parallel PDE Solver for Distributed Computing Environ- ment, Pro c. ISCA 13th Int’l Conf. Parallel and Distributed Computing Systems (PDCS-2000), pp. 399 { 405 (2000). [3] Ichik a w a, S. and Y amashita, S.: Static Load-Balancing for Distributed Pro cessing of Numerical Simulations, T r ans. In- formation Pr o c essing So ciety of Jap an, (submitted).