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Abstract This paper deals with the programs and algorithms that generate the full data set that satisfy the
basic combinatorial requirement of combination, permutation, partial permutation or shortly r-permutation, which
are used in the application of the total data testing or the simulation input.

We search the programs able to meet the rules which is permutations and combinations, r-permutations, select
the fastest program by field. With further study, we developed a new program reducing the time required to
processing.

Our research performs the following pre-study. Firstly, hundreds of algorithms and programs in the internet are
collected and corrected to be executable. Secondly, we measure running time for all completed programs and
select a few fast ones. Thirdly, the fast programs are analyzed in depth and its pseudo-code programs are
provided.

We succeeded in developing two programs that run faster. Firstly, the combination program can save the
running time by removing recursive function and the r-permutation program become faster by combining the
best combination program and the best permutation program. According to our performance test, the former and
later program enhance the running speed by 22% to 34% and 62% to 226% respectively compared with the
fastest collected program.

The programs suggested in this study could apply to a particular cases easily based on Pseudo-code., Predicts
the execution time spent on data processing, determine the validity of the processing, and also generates total
data with minimum access programming.
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[Table 1] The fast program list and their properties.

programs attributes

Problems falgorithms | lexico | Go_G.1 | Tecursive

COMBI_Q combi( ) O a X

(M,N) cl() o X O

siC) X X O

PERMU_Q Gsj( ) X © ©

(N) p1() X &) O

p2( ) o © O

R-PERMU_Q | comGsj() | X X ©

(M,N) pl() ) a Q
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[Fig. 1] The permutation sequence in the total data by swapping two adjacent numbers (from top to bottom)
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1 int N;
2 int a[N], ai[N], dir[N];

3 sj)
/| Line 4 to 6 are iset_s;j.

4 a[0]=0, a[l]=1,., a[N-1]=N-1;
5 ai[0]=0, ai[l]=1,._, ai[N-1]=N-1;
6 dir[0]=-1, dir[1]=-1, _, dir[N-1]=-1;
7 sj_ftn(0);

8 end sj;

9 sj_ftn(x)

10 if (x > N-1) then

11 else

12 sj_ftn(x+1);

13 for i = 0 to x-1 do

14 move(x, dir[x]);

15 sj_ftn(x+1);

16 end for;

17 dir[x] = -dir[x];

18 end if;

19 end sj_ftn;

20 move(x, dir)

21 int z = a[ai[x]+dir];
22 alai[x]] = z;

23 afai[x]+dir] = x;
24 ai[z] = ai[x];

25 ai[x] = ai[x]+dir;
26 end move;

[Fig. 2] The pseudo-code of sj( ) : our best solution of
PERMU_Q(N)
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int M, N;

int a[N];

combi( )
a[0]=0,a[1]=1,_,a[N-1]=N-1; // iset_combi
while (combi_ftn( ) == true) do
end while;

end combi;

N O R W=

8 combi_ftn( )
9 int x = N-1;
10 while (a[x] == (M-N+x)) do

11 if (x-- == 0) then

12 return(false);

13 end while;

14 a[x]++;

15 int xi = x;

16 while (xi < N-1) do

17 a[++xi] = a[x] + (xi-x);
18 end while;

19 return(true);

20 end combi_ftn;

[Fig. 3] The pseudo-code of combi( ) : our best solution
of COMBI_Q(M,N)
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MUN!(M-N)!)&=  COMBI_QM,N)2] H=d|o]g]
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1 int M,N,r,ri;
int a[N], b[N], bi[N], dir[N], c[N], u[N];

3 comGsj( )

4 u[0]=0,u[1]=1,_,u[M-1]=M-1; // iset_combi
/| Lines 5 to 7 are iset_s;j.

5 b[0]=0, b[1]=1,., b[M-1]=M-1;

6 bi[0]=0, bi[l]=1,_, bi[M-1]=M-1;

7 dir[0]=-1, dir[1]=-1,., b[M-1]=-1;
/| Lines 5 to 7 are iset_G(in Gsj)

8 ¢[0]=u[0], c[1]=u[l],., c[M-1]=u[M-1];

9 a[0]=u[0], a[l]=u[l],., a[M-1]=u[M-1];

10 Gsj_ftn(0);

11 while (combi_ftn( ) == true) do

12-16 Put the commands in the lines 5 to 9.
17 Gsj_ftn(0);

18 end while;
19  end comGsj;

20  combi_ftn( )
21 r = N-1;
22 while (u[r] == (M-N+r)) do

23 if (r-- == 0) then

24 return(false);

25 end while;

26 ufr]++;

27 int ri =1

28 while (ri < N-1) do

29 u[++ri] = ufr] + (ri-r);
30 end while;

31 return(true);

32 end combi_ftn;

33 Gsj_ftn(x)
34 if (x > N-1) then

35 else

36 sj_ftn(x+1);

37 for i = 0 to x-1 do
38 Gmove(x, dir[x]);
39 Gsj_ftn(x+1);

40 end for;

41 dir[x] = -dir[x];

42 end if;

43 end Gsj_ftn;

44  Gmove(x,dir)
45 int bix = bi[x],
46 bixd = bix + dir;

47, 48 int z = b[bixd]; int zz = a[bixd];

49, 50 b[bix] = z; a[bix] = zz;
51, 52 b[bixd]=x; a[bixd]=c[x];
53 bi[z]=bix;
54 bi[x]=bixd;

55 end Gmove;

[Fig. 4] The pseudo-code of comGsj( ) : our best solution
of R-PERMU_Q(M,N)
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iset_combi;
iset_sj;
clil=alil=ull};
i++;

iset_sj;
clil=alil=ulil;
Gsj_ftn(0);

[Fig. 5] The flowchart of comGsj( )
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[Table 3] Parameters used in the problems and the size
of total data under test (1 means 10° unit data.)
(a) COMBI_Q(M,N) problem

(M,N) (30,10) | (30,15) | (40,10) | (45,10) | (50,10)

number of unit data| 30.0 | 155.1 | 847.7 |3190.2 | 10,272

(b) PERMU_Q(N) problem

1456

N
number of unit data

10
3.6

11
39.9

12
479

14
87,178

6,227

(¢) R-PERMU_Q(M,N) problem

(M,N) (12,8)

20

(12,10)
239.5

(16,8)
5189

(15,10)
10,897

(16,10)
29,059

number of unit data
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[Table 4] The execution time of combination programs

(unit = second)
M.N) (30,10)((30,15)|(40,10)(45,10)|(50,10)
program
A4 @ combi( ) 0.07 | 047 | 1.84 | 7.07 |21.60
Bs:c() 0.09 | 0.63 | 2.31 | 8.76 |26.29
enhancement : BijAs | 131 | 1.34 | 1.26 | 1.24 | 1.22

[Table 5] The execution time of permutation programs

(unit = second)
\ N 10 11 12 13 14
program
As @ sj() 0.02 0.17 2.06 26.20 370.04
Gsj( ) 0.02 0.20 2.38 31.22 396.45
pl() 0.03 0.34 4.03 52.70 751.06
p2( ) 0.04 0.48 5.77 75.02 | 1082.82

[Table 6] The execution time of r-permutation programs
(unit = second)

(M,N)

(12,8)[(12,10)[ (16,8) | (15,10) | (16,10)

program
Ag : comGsj( )

0.09 | 1.01 |2.28 | 46.09 |122.71

0.21 | 3.29 | 3.71 | 110.59 |264.72

Bs : 1pl()

enhancement : Be¢/As | 2.39 | 3.26 | 1.62 2.40 2.16
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[Fig. 6] Relative execution time of combination programs

based on combi( )
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[Fig. 7] Relative execution time of permutation programs
based on sj( )
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