`´^~¨˝˚ˇ˘¯^˙

Efficient Task Assignment in Distributed Tree-structured System

¸˛‚‹ : 85-2213-E-126-001 ›“”„« 84/08/01 – 85/07/31 »–— : ı ȷfffiflffiffl !fl" #$% &’»–— : ()* ȷfffiflffiffl !fl" #$%

+,-./01234 : 56789,:;8 9,<=>?,@A<=BC,DEFGH ,IJKLM89NOP,Q9R5ST U8VMWXYZ[\]^_+IJKL M‘aOPbXcd<=>?e+IJKLM f89NghOPbijklI Tt = (Vt, Et) m Tp = (Vp, Ep) n5opq<=I (task tree) mGHNI (processor tree). <=I Tt r+d n stMuvIi+d<=>?wxyzua{ M@|}~-Ă@ĄĆnČ<=>?Yrz ĎX@Ą<=>? (minimum assignment). j k+<=Im+GHNIn@Ě<=>?Ę Ğ (minimum assignment problem) YrZĹĽ lŁMŃX@Ą<=>?i

IJ<=>?ĘĞZŇfŊŐ7<= / f GHNOPbŔŘŚĽŠiZIJKLMŞ {ŤnŢŰŮŸZfŹ7ŽŃŻĹe@Ą< =>?iZĲİđXŞ{Ťn§]r h = 1 ( ăJKL ) ŢŰŮŸZ O(n log log n) ŽŃŻĹ e@Ą<=>?ąZ d = 1 ( FćKL ) ŽnŢ ŰŮŸZFćŽŃŻĹe@Ě>?i č./0 (Keywords: Distributed computing,

parallel computing, task assignment, optimal schedule, pipelining, tree-structured computer system, analysis of algorithms.)

The purpose of this project is to investigate methods of assigning tasks of a tree-structured, pipelined task system to a tree-structured network computers. Given two trees T_t = (V_t, E_t) and T_p = (V_p, E_p), called task tree and processor tree, respectively. Task tree T_t is a rooted tree with n vertices. Each node of T_t represents a module associated with an execution time (a positive integer) and each module communicates with its adjacent modules with a communication cost.

The tree tasks assignment problem naturally arises in many hierarchical task/multiprocessor systems. We can find optimal solutions in polynomial time. When h = 1, a star network, we can find the optimal solution in O(n log log n) time, and we can find the solution in linear time when d = 1.

l,8ďXěęmWX

Parallel or distributed computer system can have a performance-price ratio that is vastly superior to that of uniprocessors. However, it is usually difficult to develop efficient software that can extract this performance from a parallel/distributed system. In particular, the computation must be designed in such a way that it can be divided into modules which can be assigned to the various processors in the multicomputer [11]. One of the major problems is to allocate several tasks over the processors optimally. A number of studies have been reported in the literature. They are basically the graphtheoretical method [2, 14], the mathematical programming approach [8, 9], and the heuristic method [5, 12, 13]. Under certain constrains on the structure of the program and/or the multiprocessor system, this problem can indeed be solved in polynomial time [2, 3].

Several related research in this area is reported in [7, 1, 6]. For example, Megiddo [10], Cole [4], Becker and Perl [1] presented several polynomial time algorithms that partitions a rooted, weighted tree into q subtrees (by deleting q � 1 edges) such that the weight of the maximum subtree is minimized (the min-max problem) or the weight of the minimum subtree is maximized (the max-min problem.)

However, the previous results on the tree q-partition problem are not practical in real applications since it is neither easy nor practical to reconnect the underlying hardware (network) connection of the multiprocessor system for each given tree-structured task system every time. In practice, we shall assume that the underlying hardware (network) connection is not changed frequently. Instead, for each tree-structured, pipelined task system, we will assign each task to a special processor without changing the the underlying hardware connection [2, 14].

The purpose of this project is to investigate methods of assigning tasks of a tree-structured, pipelined task system to a tree-structured network computers. An assignment minimizing the the weight of the heaviest of the components is a minimum assignment. The minimum assignment problem is to find, for given task tree and processor tree, a minimum assignment.

ğ,ĺľłRńňŋ

U8V5ňŸŤğdŊőŕ; :

1. řďńśHšşťţXIJKLf89 NghOPŤMIJűů5?ĘĞi 2. ÿźťţşžX89NghKLżĳu ¡¿£ÀXQ9R (algorithms) i 3. _ÁÂżĳĽXQ9RÃůňŮÄ;X Å7n:ÆÇeÈÉXIJKLf89 NghOPi IJKLM‘aOPbXűů>?ĘĞb n+ÊËÌnŢŰ:ťÍÎjkX Task tree MÏ^KL1 Topologic structure) ąÐźXn Ñf89NghOPMÏ^1IJTKLÒ ŚÓuÔkÕÖŒLnťØÙØĲÚiÛÑ nŢŰ_źťţXf89NghOP1IJ TKLżĳťţXIJűů5?łRijk lI Tt = (Vt, Et) m Tp = (Vp, Ep) n5opq <=I (task tree) mGHNI (processor tree) i<=I Tt r+d n stMuvIi Tt ÁX cdstÜÝ+d‘a:ÞSSàzáMÄ; ŽŃicd‘a:myÐâ‘aãäÒå: ÞSSyŃzáMÒåŽŃiæçÁcd‘a ţŽ:;Ä;n‘aMŃŸDEFGHł7 èÑÒåiZU8V-nŢŰ_véê Tt M Ï^1IJTKLżĳťţXIJűů5? łRiŸŤŢŰ\ëÏşuÜÝćXf89 NghOP1IJTKLì ffl ăJKL1 Star Structure) i ffl FćKL1 Linear Structure) i ffl íIKL1 Complete Tree) i ZU8Vî+ŊőïňŽnŢŰuOP Xkð,řď,śHšşťţXf89Ng hOP1IJTKLnŸůqîlŊőżĳ Q9RXñòi

U8VîlŊőXótZôżĳu¡¿ £ÀXQ9RiŸŤŢŰ_êťţXf89

NghKLn5oõöU8VœøXQ9ł 7i 1. ăJKLì źôùuăJKLXf89Nghúõn ŢŰœø parametric search Xł7úû8 Q9RiŢŰę leaves e root n+d sub-

tree +d subtree üýãę+dþ+89

NÄ;nŸße�Ĺ@Ě� (optimal solu-

tion) iQ9RXÀCÁá0 O(n log log n)

XŽŃi

2. FćKLì źôùuFćKLXf89Nghúõ nŢŰŸ dynamic programming Xł7ú û8Q9Ri@�nZQ9RXÀCÁ ŢŰĹe+d linear-time XQ9Ri

3. íIKL1 Complete Tree) ì źôùuíIKLXf89Nghúõn ŢŰ�ÁÂlş�nwÇ parametric

search ń dynamic programming Xł7ú

GHíIJKLXXĘĞi@�ŢŰx e+dfŹ7ŽŃXQ9Ri

@�nU8V_�ÂîlŊőzżĳX Q9RnÃůňŮÄ;XÅ7:ÆÇeÈÉ XIJKLf89NghOPiOPwÇ C Å 7�Ì�Ëňi

ff,Këm\ë

+ÊËÌn@Ě<=BCZ89Áfifl ffiXűůiZffl+łınȷÅ7 / 89NOP M`Kł7qIJKLn@A<=BC´Ę ĞYŮˇZfŹŽŃŻĹe˘¯iU8Vî lŊőXót˚Zôżĳu¡¿£ÀXQ9 RnŸ�¸ťţf89NghKLMŤX@ ĚĆĘĞiŢŰ_uOPnË¿ęßæœX żĳğaQ9RnŸÛÆğşf89Ngh OP1IJTKLXá0i

U8Vÿź�ÂXğşf89NghO P1IJTKLøuOPXkð,řď,Ÿ ńśHiřďńśHšşťţXIJKLf 89NghOPŤMIJűů5?ĘĞ SSÆŒØÁ;56789NOPM!

;nŸń”#nØ`KM|$f89NOP %&’ńn@A<=BCĘĞM�¸()Æ *+ó0iU8V,8_�ÂîlŊőzż ĳXQ9RnÃůňŮÄ;XÅ7:ÆÇe ÈÉXIJKLf89NghOPì+-Ÿ IJKLgh`K.úXűů/1d012 Ti3´4OPÃůïň�nŢŰ_wÇ´ 4OP5Èůô+678úX<=IM5? n:9:y¡ˇnůq*�ÚŕXêéiÐ ;´4OPXïňnˇq%&’ńX|$f 89NOP¡=MÀC,¡ˇM¿?n¿@ +AuBCXňŋi

D,Eü.F

GHIJ

[1] R.I. Becker and Y. Perl. Shifting algo-

rithms for tree partitioning with general

weighting functions. J. Algorithms, 4:101–

120, 1983.

[2] Shahid H. Bokhari. Partitioning problems

in parallel, pipelined, and distributed com-

puting. IEEE Transactions on Computers,

37(1):48–57, January 1988.

[3] Chi-Lok Chan and

Gilbert Young. Scheduling algorithms for

a chin-like task system. In Proceedings of

the 4th International Symposium on Algo-

rithms and Computation – Lecture Notes

in Computer Science 762, pages 496–505.

Springer-Verlag, December 1993.

[4] R. Cole. Slowing down sorting networks to

obtain faster sorting algorithms. J. ACM,

30:852–865, 1983.

[5] K. Efe. Heuristic models of task assignment scheduling in distributed systems. IEEE Transactions on Computers, 15:50– 56, 1982.

[6] G.N. Frederickson. Optimal algorithms for partitioning trees and locating p-centers in trees. Technical report, Purdue University, 1990.

[7] S. Kundu and J. Misra. A linear tree tree partitioning algorithm. SIAM J. Computing, 6:151–154, 1977.

[8] V.M. Lo. Heuristic algorithms for task assignment in distributed systems. IEEE Transactions on Computers, 37:1384– 1397, 1988.

[9] P.Y. Ma, E.Y.S. Lee, and M. Tsuchiya.

A task allocation model for distributed computing system. IEEE Transactions on Computers, 31:41–47, 1982.

[10] N. Megiddo. Applying parallel computation algorithms in the design of serial algorithms. J. ACM, 30:852–865, 1983.

[11] M.G. Norman and P. Thanisch. Models of machines and computation for mapping in multicomputers. ACM Computing Surveys, 25(3):263–302, September 1993.

[12] C.C. Shen and W.H. Tsai. A graph matching approach to optimal task assignment in distributed computing system using a minimax criterion. IEEE Transactions on Computers, 34:197–203, 1985.

[13] J.B. Sinclair. Efficient computation of optimal assignments for distributed tasks. J. Parallel and Distribute Computing, 4:342– 362, 1987.

[14] H.S. Stone. Multiprocessor scheduling with the aid of networkflow algorithms. IEEE Transactions on Software Engineering, 3:85–93, 1977.