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This paper reports the feature of the integration routine DICE 2.1 being developed for efficient

sampling by the method evenly dividing the integration region into two parts recursively and shows

the results obtained when applying the method to some definite integrals. The new method is useful

for computing multiple integrals of functions with singularity as well as those of nonsingular functions.
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J1 = 0.16299721 1% L C DICE 2.1 DfERZRT,
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MigR1. = / e-i-ad-ad-ad gy I EER
\%

auto.f IFUNC = 1, ERRIN = 0.1E-01, ANTITH = T
auto.f ( J1 ), NDIM = 4, ANTITH = T, HSTSCT =T

JGRID, JSAVE, JMONIT, JCOMPR = 0, O, O, O
* *
* D I C E *
* Version 2.1Vh *
* June 1993 *
* Revised  Aug. 2022 *
* *
sk ok ok ok ok 3k ok 3k ok ok ok k sk okok ok ok k
* *
* JFLAG = 0 CPUMIN = 50000.0min. *
* NODEMX = 512 NDIM = 4 *
* ITMAX = 500 ERRIN = 0.01000 % =*
* NSAMPL = 100 JGRID = 0 *
* *
* XL( 1) = 0.00E+00 XU( 1) = 1.00E+00 =*
* XL( 2) = 0.00E+00 XU( 2) = 1.00E+00 *
* XL( 3) = 0.00E+00 XU( 3) = 1.00E+00 =*
* XL( 4) = 0.00E+00 XU( 4) = 1.00E+00 *
* *
< Current > < Cumulative 1 > < Cumulative 2 >
IT Estim._Error Exp10 Acc % Estim._Error Expil0 Acc % Estim._Error Expl0 Acc %
0 1.6507419_0.0300715E-01 1.821698
1 1.6314601_0.0017917E-01 0.109824 1.6314601_0.0017917E-01 0.109824 1.6314601_0.0017917E-01 0.109824
2 1.6291600_0.0004641E-01 0.028487 1.6293046_0.0004493E-01 0.027574 1.6291600_0.0004641E-01 0.028487
3 1.6305340_0.0004696E-01 0.028800 1.6298922_0.0003246E-01 0.019917 1.6298389_0.0003301E-01 0.020253
4 1.6301482_0.0004645E-01 0.028497 1.6299762_0.0002661E-01 0.016325 1.6299427_0.0002691E-01 0.016508
5 1.6298010_0.0004635E-01 0.028437 1.6299327_0.0002308E-01 0.014158 1.6299070_0.0002327E-01 0.014277
6 1.6291222_0.0004607E-01 0.028276 1.6297701_0.0002063E-01 0.012660 1.6297474_0.0002077E-01 0.012745
7 1.6297090_0.0004699E-01 0.028834 1.6297603_0.0001889E-01 0.011592 1.6297412_0.0001900E-01 0.011657
8 1.6308304_0.0004784E-01 0.029333 1.6299046_0.0001757E-01 0.010780 1.6298895_0.0001766E-01 0.010833
9 1.6302198_0.0004673E-01 0.028664 1.6299437_0.0001645E-01 0.010090 1.6299308_0.0001652E-01 0.010133
10 1.6301301_0.0004646E-01 0.028502 1.6299645_0.0001550E-01 0.009512 1.6299532_0.0001556E-01 0.009548
IT day/hh:mm:secnd Lmin Lmax Limit #sampling0 #samplingl #sampling2
0 0/ 0: 0: 0.01 4 4 10 255.00000 3000.0000 1600.0000
1 0/ 0: 0: 0.02 5 10 13 13107.000 154200.00 77200.000
2 0/ 0: 0:0.22 5 13 13 78523.000 923800.00 462000.00
3 0/ 0: 0: 0.54 5 13 13 85255.000 1003000.0 501600.00
4 0/ 0:0:0.74 6 13 13 81447.000 958200.00 479200.00
5 0/ 0: 0: 0.95 5 13 13 83385.000 981000.00 490600.00
6 0/ 0: 0: 1.12 5 13 13 80257.000 944200.00 472200.00
7 0/ 0: 0: 1.36 5 13 13 88315.000 1039000.0 519600.00
8 0/ 0: 0: 1.60 5 13 13 91511.000 1076600.0 538400.00
9 0/ 0:0:1.78 5 13 13 84609.000 995400.00 497800.00
10 0/ 0: 0: 1.96 5 13 13 81311.000 956600.00 478400.00
Total: 767975.00 9035000.0 4518600.0

**xk*x Execution completely finished ***xx
CTIME = 1.96sec
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[ — e 2ey H &
I}ﬁ'ﬁ 2. I f/o /0 (m—i—y—dmdy DFEER

—a)2+62
examl.f A = 1.0, EPS = 0.1E-07, ANTITH = T

sk sk sk ok sk ok ok sk ok sk ok ok s ok sk ok sk ok sk ok ok sk ok ok ok sk ok ok sk ok sk ok ok ook

* *
* D I C E *
* Version 2.1Vh *
* June 1993 *
* Revised  Aug. 2022 *
* *
3k ok ok 3k ok ok sk ok ok sk ok ok sk ok ok ok ok kkkk
* *
* JFLAG = 0 CPUMIN = 50000.0min. *
* NODEMX = 512 NDIM = 2 *
* ITMAX = 200 ERRIN = 0.00100 % =*
* NSAMPL = 100 JGRID = 1 *
* *
* XL( 1) = 0.00E+00 XU( 1) = 1.00E+00 *
* XL( 2) = 0.00E+00 XU( 2) = 1.00E+00 *
* *
< Current > < Cumulative 1 > < Cumulative 2 >
IT Estim._Error Expl0 Acc % Estim._Error  Expl0 Acc % Estim._Error  Expl0 Acc %
0 5.6528090_2.3876014E-05 42.237434
1 4.0957808_1.7431776E+00 42.560326 4.0957808_1.7431776E+00 42.560326 4.0957808_1.7431776E+00 42.560326
2 3.1415700_0.0000533E+00 0.001696 3.1415700_0.0000533E+00 0.001696 3.1415700_0.0000533E+00 0.001696
3 3.1417365_0.0001354E+00 0.004310 3.1415923_0.0000496E+00 0.001578 3.1417365_0.0001354E+00 0.004310
4 3.1417615_0.0001354E+00 0.004310 3.1416123_0.0000465E+00 0.001482 3.1417490_0.0000958E+00 0.003048
5 3.1413469_0.0001354E+00 0.004310 3.1415843_0.0000440E+00 0.001401 3.1416150_0.0000782E+00 0.002489
6 3.1416283_0.0001354E+00 0.004310 3.1415885_0.0000419E+00 0.001333 3.1416183_0.0000677E+00 0.002155
7 3.1415394_0.0001354E+00 0.004310 3.1415842_0.0000400E+00 0.001273 3.1416025_0.0000606E+00 0.001928
8 3.1415804_0.0001354E+00 0.004311 3.1415839_0.0000384E+00 0.001221 3.1415988_0.0000553E+00 0.001760
9 3.1417793_0.0001354E+00 0.004311 3.1415984_0.0000369E+00 0.001175 3.1416246_0.0000512E+00 0.001629
10 3.1414857_0.0001354E+00 0.004311 3.1415906_0.0000356E+00 0.001133 3.1416072_0.0000479E+00 0.001524
11 3.1418011_0.0001354E+00 0.004310 3.1416042_0.0000344E+00 0.001096 3.1416288_0.0000451E+00 0.001437
12 3.1414313_0.0001354E+00 0.004310 3.1415937_0.0000334E+00 0.001062 3.1416090_0.0000428E+00 0.001363
13 3.1416022_0.0001354E+00 0.004310 3.1415942_0.0000324E+00 0.001031 3.1416084_0.0000408E+00 0.001300
14 3.1414424_0.0001354E+00 0.004310 3.1415860_0.0000315E+00 0.001003 3.1415946_0.0000391E+00 0.001244
15 3.1417449_0.0001354E+00 0.004310 3.1415941_0.0000307E+00 0.000977 3.1416061_0.0000376E+00 0.001195
16 3.1416090_0.0001354E+00 0.004310 3.1415949_0.0000299E+00 0.000953 3.1416063_0.0000362E+00 0.001152
17 3.1417414_0.0001354E+00 0.004311 3.1416017_0.0000292E+00 0.000930 3.1416153_0.0000350E+00 0.001113
18 3.1416042_0.0001354E+00 0.004310 3.1416018_0.0000286E+00 0.000909 3.1416146_0.0000339E+00 0.001078
19 3.1417866_0.0001354E+00 0.004310 3.1416097_0.0000280E+00 0.000890 3.1416248_0.0000328E+00 0.001045
20 3.1417976_0.0001354E+00 0.004310 3.1416174_0.0000274E+00 0.000871 3.1416344_0.0000319E+00 0.001016
21 3.1415729_0.0001354E+00 0.004311 3.1416156_0.0000268E+00 0.000854 3.1416311_0.0000311E+00 0.000989
IT day/hh:mm:secnd Lmin Lmax Limit #sampling0 #samplingl #sampling2
0 0/ 0: 0: 0.01 4 4 21 75.000000 3000.0000 1600.0000
1 0/ 0: 0: 0.35 7 21 48 671885.00 26875400. 13437800.
2 0/ 0:27:21.03 4 48 47 0.10866986E+10 0.43467945E+11 0.21733973E+11
3 0/ 0:45:44.46 5 47 47 0.77252378E+09 0.30900951E+11 0.15450476E+11
4 0/ 1: 4:10.16 4 47 47 0.77256160E+09 0.30902464E+11 0.15451232E+11
5 0/ 1:22:29.44 5 47 47 0.77252918E+09 0.30901167E+11 0.15450584E+11
6 0/ 1:40:46.69 5 47 47 0.77246968E+09 0.30898787E+11 0.15449394E+11
7 0/ 1:59:12.84 4 47 47 0.77252834E+09 0.30901134E+11 0.15450567E+11
8 0/ 2:17:54.03 4 47 47 0.77254648E+09 0.30901859E+11 0.15450930E+11
9 0/ 2:36:35.02 4 47 47 0.77253164E+09 0.30901265E+11 0.15450633E+11
10 0/ 2:55:34.92 4 47 47 0.77255782E+09 0.30902313E+11 0.15451156E+11
11 0/ 3:14:41.47 4 47 47 0.77248674E+09 0.30899469E+11 0.15449735E+11
12 0/ 3:33:43.72 4 47 47 0.77253086E+09 0.30901234E+11 0.15450617E+11
13 0/ 3:52:52.34 4 47 47 0.77254950E+09 0.30901980E+11 0.15450990E+11
14 0/ 4:11:29.78 4 47 47 0.77253846E+09 0.30901538E+11 0.15450769E+11
15 0/ 4:30:16.66 4 47 47 0.77252438E+09 0.30900975E+11 0.15450488E+11
16 0/ 4:49: 4.91 4 47 47 0.77256966E+09 0.30902786E+11 0.15451393E+11
17 0/ 5: 7:50.62 4 47 47 0.77252868E+09 0.30901147E+11 0.15450574E+11
18 0/ 5:26:38.29 4 47 47 0.77247954E+09 0.30899181E+11 0.15449591E+11
19 0/ 5:45:23.93 4 47 47 0.77257874E+09 0.30903149E+11 0.15451575E+11
20 0/ 6: 4: 8.31 4 47 47 0.77252132E+09 0.30900853E+11 0.15450426E+11
21 0/ 6:23: 0.73 4 47 47 0.77247406E+09 0.30898963E+11 0.15449481E+11

Total: 0.15765401E+11 0.63061604E+12 0.31530802E+12

**x** Execution completely finished *k¥xx*
CTIME =  22980.73sec
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(1) Buffer information

Temporal buffer = 5540% 512 words * 16byte =  43.00 Mbyte
Accumulation buffer = 5540 words * 16byte = 86.00 Kbyte
Used buffer area = 967 words

(2) Contents of Histograms
Allowed # of histograms = 4
# of histgrams defined = 2
No. 1ID X_min X_max Xbins

1 1 0.000E+00 1.000E+00 30
2 2 0.000E+00 1.000E+00 30

No. ID # of sampling
1 1 0.293560610E+12
2 2 0.293560610E+12

(3) Contents of Scatterplots

F_min*dx F_max*dx Sum_Fi*dx
3.49044E-03 2.05961E-01 3.14163E+00
3.49044E-03 2.05961E-01 3.14163E+00

Allowed # of scatterplots = 6
# of scatterplots defined = 1
No. ID X_min X_max Xbins Y_min Y_max Ybins

1 1 0.000E+00 1.000E+00 30 0.000E+00 1.000E+00 30

No. ID # of sampling
1 1 0.293560610E+12

F_min*dx*dy F_max*dx*dy Sum_Fi*dx*dy
4.23214E-13 2.05961E-01 3.14163E+00

Hist.ID 1 : X(1) Distribution

x dI/dx sampling
(e+0) Underflow 0.000e+0
0.000 6.179e+0 9.839%e+9
0.033 5.970e+0 9.838e+9
0.067 5.760e+0 9.838e+9
0.100 5.550e+0 9.840e+9
0.133 5.341e+0 9.839e+9
0.167 5.131et0 9.839e+9
0.200 4.922e+0 9.839e+9
0.233 4.712e+0 9.839e+9
0.267 4.503e+0 9.839e+9
0.300 4.293e+0 9.839e+9
0.333 4.084e+0 9.839e+9
0.367 3.875e+0 9.834e+9
0.400 3.665e+0 9.776e+9
0.433 3.456e+0 9.776e+9
0.467 3.247e+0 9.775e+9
0.500 3.037e+0 9.775e+9
0.533 2.827e+0 9.776e+9
0.567 2.618e+0 9.774e+9
0.600 2.408e+0 9.775e+9
0.633 2.199e+0 9.775e+9
0.667 1.990e+0 9.776e+9
0.700 1.780e+0 9.775e+9
0.733 1.571e+0 9.775e+9
0.767 1.361le+0 9.774e+9
0.800 1.152e+0 9.774e+9
0.833 9.425e-1 9.770e+9
0.867 7.330e-1 9.752e+9
0.900 5.236e-1 9.746e+9
0.933 3.142e-1 9.746e+9
0.967 1.047e-1 9.407e+9
(e+0) Overflow 0.000e+0

/

z py
5: 2%@53\11(90721):/ / 128—21
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/7a)2+52

Linear Scale indicated by "*"
(e+0) 1.24 2.48 3.72 4.96 6.20
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Linear Scale indicated by "*"
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Hist.ID 2 : X(2) Distribution

Linear Scale indicated by "*"
b4 dI/dx sampling (e+0) 1.24 2.48 3.72 4.96 6.20

(e+0) Underflow 0.000e+0
0.000 1.047e-1 9.407e+9 |[*
0.033 3.142e-1 9.746e+9 |x*x*
0.067 5.236e-1 9.746e+9 |*¥x*x
0.100 7.330e-1 9.752e+9 |*x¥kxx*
0.133 9.425e-1 9.770e+9 |#xkkkxkx .
0.167 1.152e+0 9.7T4e+9 |kxkkxkskxxk,
0.200 1.361e+0 9.774e+9 |*kkskkkkkxkk
0.233 1.571e+0 9.775e+9 |*xkxkxkxkxkkxk
0.267 1.780e+0 9.775e+9 |Hkkskkkskkkkkkkk
0.300 1.990e+0 9.776e+9 |*kkxkskkkikskkkk
0.333  2.199e+0 9.775e+90 | skxxxikkkkkkkkkkk |
0.367 2.408e+0 9.775e+9 |kkxkkskkskkkkokkkokkksk,
0.400 2.618e+0 9.774e+9 |
0.433 2.827e+0 9.776e+9 |
0.467 3.037e+0 9.775e+9 |
0.500 3.247e+0 9.775e+9 |
0.533 3.456e+0 9.776e+9 |
0.567 3.665e+0 9.776e+9 |
0.600 3.875e+0 9.834e+9 | *kk
0.633 4.084e+0 9.839%e+9 |
0.667 4.293e+0 9.839e+9 |*x* *okokok
0.700 4.503e+0 9.839%e+9 |
0.733 4.712e+0 9.839%e+9 | *okkk |
0.767 4.922e+0 9.839%+9 |
0.800 5.131e+0 9.839%e+9 |
0.833 5.341e+0 9.839%e+9 |
0.867 5.550e+0 9.840e+9 |
0.900 5.760e+0 9.838e+9 |
0.933 5.970e+0 9.838e+9 |
0.967 6.179e+0 9.839e+9 |** Fkkkkokkk ok
(e+0) Overflow 0.000e+0
(e+0) 1.24 2.48 3.72 4.96 6.20

Linear Scale indicated by "*"

Scat.ID 1 : X(1)-X(2) Plot
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