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change-making problem(CMP) in which polynomial time algorithms are not known as NP-hard problem.

Abstract This paper proposed a division algorithm of performance complexity O( ) for a

CMP seeks to minimize the sum of the x; number of coins exchanged when a given amount of money
C is exchanged for ¢;j=1,2,~,n coins. Known polynomial algorithms for CMPs are greedy
algorithms(GA), divide-and-conquer (DC), and dynamic programming(DP). The optimal solution can be
obtained by DP of O(nC), and in general, when given C>2", the performance complexity tends to
increase exponentially, so it cannot be called a polynomial algorithm. This paper proposes a simple
algorithm that calculates quotient by dividing upper triangular matrices and main diagonal for kxn
matrices in which only j columns are placed in descending order of ¢; of n for ¢;< Cand i rows are
placed k excluding all the dividers in ¢;. The application of the proposed algorithm to 39 benchmarking
experimental data of various types showed that the optimal solution could be obtained quickly and

accurately with only a calculator.
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CMP, : ¢; ={10,50,100,500}, C'=4,300 — —
CMP; c;:{1,5,10,25,50), C=91,500 ¢ ~~110.50.1005001, C8.600
CMP, - ¢; ={10,50,100,500}, C'=1,300,000 8600 | 500 | 100 | 50 | 10 z
CMP, = ¢; ={10,50,100,500}, C'=548,770 500 17 L 18
CMP,, © ¢; ={15,1020), C=36""" (@ CMP,
CMP,, = ¢;=11,5,10,25,50}, C=29"""% ¢; ={10,50,100,500}, C'=3,600
CMP,; : ¢;=11,510,12,25,50}, C=29°'" 3,600 500 100 50 10 2
CMP, : ¢;={15,12), C=15""" 500 7 1 8
CMPy5 = ¢;={1,2,3), C=5"" (b) CMP,
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CMPy; = ¢; =15,10,25,50}, C=80"" ¢; ={10,50,100,500}, C=4.300
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Fig. 4. DA for experimental data
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