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Figure 1. Substance amounts in the water of a virtual
river. The vertical axisis the substance amountsthat have
adimension of [mass]. The[mass] isageneric-dimension
of [kg] etc. The horizontal axisis sampling points, which
are numbered. The points are located by the accumulated
distances. The left side is the upper stream. Whole data
are generated by uniform random numbers. In the figure,
digits are the river purification coefficient, K, which are
multiplyed by (-).
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Table 1. Neura network learning datafor simple discrete
river model. The d1,2,3 are descriptors. The d1 is fipi.
The term fipi is substance amounts from branches into
the main stream. Where the branches are a generic name
of branch rivers' water and sewage and rainwater. The d2
is distances between observation points, i.e., di. The d3
is substance amounts at Xi point in main stream, i.e., si-1.
The T isteaching data, si.

K=-0.2 di d2 d3 T
1 0.7399 1.4803 0.0000 0.4438
2 04795 12653 0.4438 0.6703
3 0.9468 1.0436 0.6703 1.4083
4 05422 0.6244 14083 1.8256
5 02720 0.8682 1.8256 1.9240
6 0.9507 05127 1.9240 27721
7 0.0566 1.6193 27721 25048
8 1.0308 0.7241 2.5048 3.3908
9 11093 15378 3.3908 4.1926
10 0.1438 1.1489 4.1926 4.1066
11 11838 19709 4.1066 4.8962
12 05434 1.7954 4.8962 5.0806
13 1.0854 0.9882 5.0806 5.9684
14 13816 0.6495 59684 7.2201
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Figure 2. Inflow substance amounts from the branch in
the virtual river system. The vertical axis is the amount
whose dimension is [mass]. The branch is one at an
‘observation’ point in the main stream. The branch is a
generic name of all inflow. Therefore, we avoid no branch
stream. The horizontal axis is the number of the branch,
1<Bi<14. We set water quality of the branch is to be
clean at upper stream; and we set many kinds of branches
flow into the main stream.

Table 2. Learning parameters for vector data in Table 1.
The number of neurons on the second layer is only 3 that
are decreased from initial value 8. One of the three neu-
ronsisabias. The bias neuron is on thefirst layer, too.

# of data(descript., teach.) (14x3, 14)
Neurons on 1,2,3-layers 4,31

Emulation on 2nd-layer sigmoid
Emulation on 3rd-layer linear
# of learning 3K
Learning Constant 0.2,0.2
Reconstruction 60 times
Erasing factor 0.04
Square of BP error 0.025

23 ODO00O0OO0OO0OKOOO

02100000000000000000000
00000 XiD00O000000000 fipidXi-10
000000d000 Xi-100000si-100000
(descriptor) D0 0000 XiDOOOO siDO0O0O
000000000000000000000000
000000000000O0Table200000000
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Figure 3. Maximum and average BP error in learning iter-
ations. The vertical axisisthelogarithm of the error. The
horizontal axis is the learning iterations' number. The
learning data are generated by the coefficient, K=—0.2.
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Figure 4. Neural network outputs and the teaching data
after learning iterations of 3K. The vertical axis is sub-
stance amounts that are calculated by K=-0.2. The di-
mension is[mass]. The horizontal axisis the observation
points, Xi. The left sideis the upper stream. The black
points are the teaching data, and the bend lines are the
outputs. The error line is the difference.
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Figure 5. Partial derivatives of three descriptors and a
bias. The vertical axisisindex for changes of substance
amounts. The changes are calculated by partial deriva
tives of a neural network on K=-0.2. The dimension is
[mass]. The horizontal axisis the observation points, Xi.
The left side is the upper stream. The curves d1-3 are
partial derivatives of {si-1}, {di}, {fipi}. The B showsa
partial derivative of abias.
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Table 3. Self consistency of the simple discreate model
asfor descriptorsand abias. The d1-3 are same as Figure
5.

dl d2(K) d3 B
0.0063 00002 0.0057 0.0046

Table 4. Partial derivative coefficients for descriptors d1-
3and abias.

expectation  0.00

-010 020 -030 -0.40

di 107 107 106 106 105
d2 (K) 002 -008 -019 -029 -040
d3 102 102 103 103 104
B -163 -128 -091 -043 -0.13
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Table 5. Dam model data for a neural network. These
data are generated by uniform random data in algorithm
(1-9). Descriptor d1: inflow substance amounts at ob-
servation points, {fipi}. Descriptor d2: distances among
observations, {di}. Descriptor d3: substance amounts at
upper observations, {si-1}. Descriptor d4: dummy vari-
ablefor existence of adam. Teaching data: {si}. K=-0.2,
L=-0.15;

di d2 d3 d4 T
1 07399 14803 00000 O 0.4438
2 04795 12653 04438 1 0.5203
3 09468 10436 05203 O 1.2583
4 05422 06244 12583 0 16756
5 02720 08682 16756 0 1.7740
6 09507 05127 17740 1 24721
7 00566 16193 24721 0 22048
8 10308 0.7241 22048 0O 3.0908
9 11093 15378 3.0908 0 3.8926
10 01438 11489 3.8926 1 3.6566
11 11838 19709 3.6566 0O 4.4462
12 05434 17954 44462 0 4.6306
13 1.0854 09882 4.6306 0 55184
14 13816 06495 55184 1 6.6201
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Table 6. Partial derivative coefficients for descriptors d1-4 and a bias in the
dam model. Descriptor d1: inflow substance amounts at observation points,
{fipi}. Descriptor d2(K): distances among observations, {di}. Descriptor d3:
substance amounts at upper observations, {si-1}. Descriptor d4(L): dummy
variable for existence of adam. "B” isthat of abias neuron.

expectation 0/-0.15 -0.1/-0.15 -0.2/-0.15 -0.3/-0.15 -0.4/-0.15
di 1.00 1.01 1.01 1.01 1.01
d2 (K) -0.04 -0.12 -0.22 -0.31 -0.40
d3 1.00 1.00 1.00 1.01 1.01
d4 (L) -0.13 -0.13 -0.13 -0.13 -0.14
B -4.25 -3.52 -2.73 -1.96 -1.30

-1 5 g 3 7

Figure 6. Substance amounts calculated by the dam
model. The vertical axis is the substance amounts that
have a dimension of [mass]. The horizontal axisis sam-
pling points, which are numbered. The points are located
by the accumulated distances. The left side is the upper
stream. Whole data are generated by uniform random
numbers. In the figure, digits are the river purification
coefficient, K, which are multiplyed by (-). Ther dam co-
efficient, L, isfixed as—0.15.

0000 ooooooboobooooooooooo
godoooooboboobuobuoboobuoobobo
000dbOooood+: 4000000000000
+ 200 00000000000000000000O4d
Table70 000000 sef consistency O O O O d2(K),
dL)00 O4)00000000000nononoon
0ooooobooooooooooooboooooo
doooooooooooo
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Table 7. Self consistency of d1-d4 and bias, in case of
K=-0.20, L=-0.15.
di d2 (K) d3 d4 (L) B
0.0030 0.0001 0.0027 0.0001 0.0247
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s; = 8i_1 + fipi + Kd; + Lh; — ¢i_1y; (13)
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00000hOODDO00000000000000
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0002100031000 40000000000
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Table 8. Learning data for the underground-penetration
model. These data are generated by uniform random data
in algorithm (1-10). Descriptor d1: inflow substance
amounts at observation points, {fipi}. Descriptor d2(K):
distances among observations, {di}. Descriptor d3: sub-
stance amounts at upper observations, {si-1}.Descriptor
d4(L): dummy variable for existence of adam. Teaching
dataisT, {si}. The descriptor for {g;_1yi} isnot given.

dl  d2(K) d3 d4L) T

1 0.7399 1.4803 0 0 0.8879
2 07949 11492 0.8879 1 1.4106
3 00919 0.6848 1.4106 0 1.5015
4 02582 08682 1.5015 0 1.8440
5 04866 17244 1.8440 0 2.4889
6 02062 14851 2.4889 1 2.5818
7 10336 15378 25818 0 3.6001
8 0.0202 0.7137 3.6001 0 3.3069
9 10437 11885 3.3069 0 4.1506
10 1.0353 0.9882 4.1506 1 5.0930
11 04466 1.9617 5.0930 0 5.3559
12 0.1531 0.6278 5.3559 0 5.5334
13 05765 18577 5.5334 0 6.1387
14 0.0724 14772 6.1387 1 6.0167
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Table 9.
penetration model. The number of neurons on the second
layer is 3 that are decreased from initial value 8. One of
the three neuronsis abias. The bias neuronis on the first
layer, too.

Learning parameters for the underground-

# of data(descript., teach.) (14x4, 14)
Neurons on 1,2,3-layers 531

Emulation on 2nd-layer sigmoid
Emulation on 3rd-layer linear
# of learning 3K
Learning Const. 0.2,0.2
Reconstruction 60 times

Erasing factor 0.04
Square of BP error 0.034*

* in case of K=+0.1, L=-0.15.

7
3
or
0 “K&E_‘_&——i—fﬁr— /-A———&_\\u/zr“ iy 14
1 10

Figure 7. Neural network outputs and the teaching data
after learning iterations of 3K. The vertical axis is sub-
stance amounts that are calculated by K=+0.1, L=-0.15.
The dimension is [mass]. The horizontal axis is the ob-
servation points, Xi. The left side is the upper stream.
The black points are the teaching data, and the bend lines
are the outputs. The error lineis the difference.
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Table 10.
underground-penetration model.

River and dam purification coefficients calculated by the

expectation 0.1/-0.15 0.0/-0.15 -0.1/-0.15 -0.2/-0.15 -0.3/-0.15

di 0.99 0.99 0.99 0.99 1.00

d2 (K) 0.01 -0.08 -0.16 -0.25 -0.33

d2(K+q; 1yi) 007 003  -013 023 033

d3 0.96 0.96 0.96 0.96 0.97

d4 (L) -0.13 -0.14 -0.15 -0.15 -0.16

B —4.08 -3.31 —2.62 -1.90 -0.97

0
. di% e
/ZZFZ?&_’I d3 -0.2

%
2.5 T\“‘_ Mﬁ——a——a{fﬁ——iﬂ

1 5 10 9
d4
——o—n o o . 4 . oo 00

Figure 8. Changes of partial derivatives of four descrip-
tors. The vertical axis is an index for changes of sub-
stance amounts. The changes are calculated by partial
derivatives of aneural network on K=+0.1, L=-0.15. The
dimension is [mass]. The horizontal axis is the observa-
tion points, Xi. The left side is the upper stream. The
curves d14 are partial derivativesof {si-1}, {di}, {fipi},
and dummy variable for existence of a dam.
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Figure 9. Changes of partial derivativesfor abias neuron.
The vertical axis is amplitude of partial derivatives cal-
culated by K=+0.1, L=-0.15. The horizontal axisis the
observation points, Xi. The left side isthe upper stream.
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Table 11. Self consistency of the underground-penetration model.

K L

di

d2(K)

d3

d4(L)

B

+0.1 -0.15

00 015
-01 -0.15
-02 -0.15

0.0029
0.0024
0.0022
0.0025

0.0000
0.0000
0.0001
0.0001

0.0026
0.0024
0.0022
0.0026

0.0001
0.0001
0.0001
0.0001

0.0482
0.0268
0.0159
0.0102

Table 12. Correlations between river/dam purifications
and underground-penetration terms.
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Table 13. Leave-n-out method ex-
pression for the slope of arithmetic

progression.

leave-n-out  expression
1 2K/N*
2 6K/(N-1)
3 12K/(N-2)
4 20K/(N-3)
5 30K/(N-4)
6 42K/(N-5)
7 56K/(N-6)

* N isthe number of data
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Table 14. Learning data to calculate variable river-purify
coefficients {ki}. The d1,2,3 are descriptors. The d1 is
fipi. The term fipi is substance amounts from branches
into the main stream. Where the branches are a generic
name of branch rivers water and sewage and rainwater.
The d2 is the multiplyed values, kidi, which are calcu-
lated by distances and river-purify coefficients. They are
unknown variables, however, they are processed as a de-
scriptor here. The d3 is substance amounts at Xi point in
main stream, i.e., si-1. The T isteaching data, si.

di d2 d3 T
0.7399 14803 0.0000 0.7399
04795 12653 0.7399 1.1999
09468 1.0436 1.1999 21146
05422 0.6244 21146 2.6279
02720 0.8682 26279 2.8465
0.9507 05127 28465 3.7578
0.0566 1.6193 3.7578 3.6649
1.0308 0.7241 3.6649 4.6177
11093 15378 4.6177 55377
0.1438 1.1489 55377 55224
1.1838 19709 5.5224 6.4030
05434 17954 6.4030 6.6426
1.0854 009882 6.6426 7.5456
13816 0.6495 7.5456 8.7973

©O© 0 N O O~ WDN B

R
2w N PO

10

constant X

5 10

variable &

0! 1
Figure 10. The difference between variables and a con-
stant for theriver purification. The vertical axisisthe sub-
stance amount, whose dimension is [mass/volume]. The
horizontal axis is ordered observation points, where the
left side is upper stream. Total river purification power is
same for the both conditions; i.e., K=—0.1=Xki/N.
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Figure 11. The difference between neural network’s out-
puts and the expectations. The diamond-shaped black
points are expectations, and the NN curve is outputs,
which show the fitting-ability of the neural network. The
figure shows fitting-ability even if the learning data are
incompl ete.

-0.5
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Figure 12. Partial derivatives for 3-descriptors and bias.
The d1-3s are in Table 11. The B is partia derivative
for a bias on the first layer. The vertical axis is ampli-
tude of partial derivatives, whose unit is [mass/volume];
where the denominator is uniform scaled derivatives in
[0.05, 0.95]. The biasisfixed values; however, it is same
charactersto descriptors for aneural network. Therefore,
we calculate the bias distribution to estimate neural net-
work’s function.

Table 15. Self consistency of extended
discrete river model.
di d2 d3 B
0.0045 0.0000 0.0041 0.0141
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Figure 13. Change of {Pi} that is derived from eq. (24).
The change relates the slope of {ki}; thisis a hypothesis.
Calculated slope is—0.0014, the expectation is—0.015.
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Figure 14. Coefficient {ki} estimated by descriptor-d2
from leave-one-out method and eq. (20). The vertical
axis is the river purify coefficient, [mass/distance]. The
horizontal axisis the observation points. The I€fit sideis
upper stream.

00 leveoneout D00 OO0 O00OOO0OOOOO
O00o0o0oooOoOooooOoooooooOooo
0000000000000 oOooooOUUOOOooo
000000000 o0oUooOooooooooodg
ooooooo

D000 d2kidiD0DO0OO000)0 leave-one-out O
O000oo0ooOoOooO(@o)0oo kmboooOooO
0000000000000 dkooooooooo
00000000000 O0OoO (Tablels5O d2)o0O0O
00000000 0O0O0000O Fguel4dDDOOODO
000000 o0ooUoUoooooooooooo
000000o0oouoooooooooooooooo
0OooO0oo ooo4OO0poo-00500000ooO
00044000 (200000000000CDOOO

5 OO0

ooboooobooobooobooboooooo
oobobooooooboobooboboobobooboboonog
gobooboooboooboboboooooobooooog
gbooobobooooboooooobooooooo
oooooobooboobooooooooooooo
ooboooooooooobooooooooooon
gboooooooooooobobooobooooobogo
gbobooobobooboobooobobooooobooo
ooboooobooobbooobooooooooooo
ooboooboobOooOoobooooobocooooog

J. Comput. Chem. Jpn., Vol. 5, No. 2 (2006)



ooboooboooooooboooboooooooo
gobbooooooboboboooooobobooog
gboooobooooooobooboooooobooa
ooooboooobooooboooooooboooooon
oooooooboooooobobobooooboobooo
oobooood

ooboooobooooooooooboooooooo
gobooboooobbooooboobooooboooo
ubboooooooboooobooooobooooboo
goboooooobooobooboobooooooog
oooooobooooooooboooboooooboog
gbooooboboobooboooooboboboog
gbobooboobbooooooooooobooo
ooooooooooooobobooboboooooo
ooooobooobooo

oboobooooooooooboobobooooo
goboooOooooooooooooboobooon
gobboooooboboooooobobobooooog
OOooooOOO0OOO0O0O0OO00O0x 20 4%0
oooboooooboooboooobooooboobooog
ooboooobooobooboooooooboooooo
goboooobobooo

gobO0oobOoobooboooooooobooboo
gbooooboooboooobooooooooboboo
goooobboobooboooobooboboooon
obOobOoobOoooooboooooobooooo
goooooobooooooobooobboooboonog
dbooooooooboooboooboooboooon
gbooboooooooooobooooooooo
ooboobooooooooooooboooooog
oobooobOobOobOooobooooooooon
gboobooooooobobooobooooooooo
gboooobooboobooooboooobooboooon
ooobooooooooobooboooooooon
oboooooboooboooobobooogobooo
oooooooobooooboooobooobooon
ooooboooboobooooooboooooon
gboooOoobOoooooooooooooooo
oooooooooobobobooboboboboogo
gobooooooooooooboobooboooobooo
gboooooooooooboboooooooooon
oboooooooon

http://www.sccj.net/publications/ JICCY

(1

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Jodd

ogoodbooo,oo0o0oooboo,ooooo
000 MOD0OO00004d ofoundation of river
and watershed environment management, 0 0O 0O O
O (2005), ISBN4-7655-3403-0.

oooooooo,0oo0boboob0 moooo
OO0,00000 (2000), 1ISBN4-7655-3167-8.

gboooboooooooooboooo,oooo
gobooobobooooboboobooooobooooa,
0000000,0 37130 (2000, 000000
O OO0 ISSN 0386-5878.

00000000000000000,0000
000000000000000000000O,
000000, 44, 151-156 (2000).

Goloka B. Sahoo, Chittaranjan Ray, Jack Z. Wang,
Stephen A. Hubbs, Rengao Song, Jay Jasperse,
Donald Seymour, Use of articial neural networks
to evaluate the effectiveness of riverbank filtration,
Water Research, 39, 2505-2516 (2005).

www.el sevier.com/locate/watres

oooooooooo,eMmOooooooooboo
0o00oO0oU0DOo,0000,1SBN4-8115-5701-8.
000000000 WebO O
http://stat.eco.toyo.ac.jp/"michiko/em/emohp(0)/
emohp.ppt

gooobbobobooooooo:
http://mww2.kankyo.metro.tokyo.jp/kansi/mizu/
sokutei/sokuteikekka/suishitu.htm. (CSV O O)
00oo0oogg HP.
http://www2.kankyo.metro.tokyo.jp/kansi/mizu/
sokutei/sokuteikekka/suishitu.htm.
doo00ooooooo oo .00
04000000000000000
http://www.gesui.metro.tokyo.jp/gijyutou/jgl16/
jigyougaiyoul6/no4.pdf. (PDF O 00 )

00000 (Geographical Survey Ingtitute)
http://mapbrowse.gsi.go.jp/airphoto/indexmap200k/
5339/533934.html.

/40000 vzo0000 000000 @O)OOO
http://www.ikutoko.com/

115



[9 OODOOOOOoOooooooOoO,0D0o0o0oo0o0on
00000000 CQSARO Compensation Quan-
titative tructure-Activity Relationships O O O, J.
Comput. Chem., Jpn., 0 O O (2005.10.27).

[10) D0O00D00000,000000000 @O0
0000000000000000 MOoo
000 1220,000,00 (1979).

[11] O0O0oooooOooooooo,00o0o0o00d
oooooog, J. Comput. Chem,, Jpn.,, 00O O
(2005.10.13).

[12] J. Kambe, Y. Yuan, T. Aoyama, U. Nagashima,
Neural network analysis of water pollution for a
main river, Tamagawa, in Tokyo metropolis, Pro-
ceedings of International Conference on Control
Automation and Systems 2004, TP04-4 (2004).

[13] J. Kambe, T. Aoyama, U. Nagashima, Comparison
with Water Quality of main Rivers in the world,
based on OECD reports, Proceedings of Interna-
tional Conference on Control Automation and Sys-
tems 2005, FE10-4 (2005).

[14] DOoODOOOO0OOOOOOODOOOoOOoOo
o0,0000000,00,00 (2003), 1ISBN4-
621-07335-4.
oooooo,0000000020,00,00
(2006.1.182003), | SBN4-621-07641-8.

[15] T. Sekiya, in T. Fujita, ed., Structure-Activity Re-
lationship and Drug Design, Kagaudojin, Kyoto
(1986).

[16) 000,000000000,000,00 (1980),
3043-4140-6955,

[17] Environmental Performance and Information Divi-
sion, OECD Environment Directorate, “OECD En-
vironmental data, compendium 2002".

A 00O [MOdgd

Al O0000O0O0OOOOO

oobooooobooooooooobooooobooon
00000000 20 sgmoid0 000 300000

116

O000000oobooboOoo FOoO
F(z) =Y ff(w;:,6;) + B, (A1)

0000 sigmoid00000000fO00 (8000
0000000000000000O0

ﬁ(m;ai,&) = 1/{1+exp(—aim+9i)}, (AZ)

000000000 o0 BPOOOOODO 11,2000
Jddooo0oooooogooooooooe; 0o 1
JdO00000dboooooodoi2000000004d
ooooOoooOooOoooOooooOoo (o BOO
0200000000000000 230000000
000000 0ooooooooooo (220 Fooo
00000000 X={Xi, X2, -, X8}, Y={y1, Y2, -,
yv}O0O0oooooo

Y - F(X)=¢#0, (A3)

O00D0O0e={el,€2... eN}ODDDOO0O0OOOO
average(e)=, 00000000000

pz;o,n) = {1/(0(2m)™)} exp[-0.5{(z — ) /0}?],
(A4)
0000000000000 600

o =2 (- p?*/(N=2), (A5)
00000000000 N 0000040 Tioo

T; = |ei — p|/o"® > 0, (A6)
gooao

| satmde=Pw) <1720 20,
[,n+v]
(A7)

00000000 w00 v000 0000000
000000 1-2P(v)=P'(») 00000000000
0OP(M)0O000«{00000000000000
P’(Ti) <0.01(or 0.05) 00 ci0 0000000000
000000000 000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
00OMOOOODO000000 (A3)00

Y_F(XlaX27"'aXM):E7£07 (A8)

J. Comput. Chem. Jpn., Vol. 5, No. 2 (2006)



0oooo
0 (A4 0 (A7)0000000000000000
000000000000000000000000
0oQ

A.2 LeaveoneoutOOOOOOOOOOO
Ooooooouoooog

Leveoneout 00 OO0 00 O0O0O0DOODOOOOO
do0odoooooooooooooooooooog
0o0do00dodooooooooooooooooo
od0Ddooooooooooooooooooog
0dbDoddooooooooobDboOoooooog
ooooooogo

OO0000oooDm(«N)DOoDOooooooogo
000000000000 000oonD {x}o0oo
000 {y}0OooooOOoOooooooooooooo
OO0 Fmx)0ood

ym,j = Fm(z;),j ={1,2,---,N;except m},
(A9)

O00O0ON-1O00000O0O {ym,j}0000D0100O
O0OoooooooooOooooo(NDOO)Oo {Yoj}
ooooooboooooooooboobooooooo
oooooooooboono

om={1/(N-1} ¥

j(except m)

{ym7 .7 - YO]}Za

(A10)

emOOONODODOOODOODOOOODO

Tar = (1/N) Y _om, (A11)
T=(1/(N=1)) {om -0}, (A12)
Tm =|om— Ua7,,|/7'0'5, (A13)

00000000000000000000000
00000000000 TmO0O0O00000000
OOO0OP(TmOO00000

http://www.sccj.net/publications/ JICCY

mOOOOO0OO0OO0O0OO0OO0O0O0OO0O00ooOoOoooo
gobobooobobooooboobooooobaooog
gooo

A3 OODOODOOODOOOO

Al200000000000000OO00OO0OO
OooOooooOooooooooOooo

000000000o0U0oOooooooooooo
0000000000000 00 (traning data) O O
00000000000 (checkingdata)D OO OO O
00o000o00U000o0OoO0oooooooog GMDH
(Group Modeling of DataHandling) O [16]0 0 00O
O0o000o00o0ooooOoooooooooooo
O0ooooooooooooo eGuvbHOOOOO
oooooooooooooooo

OoO00oooOoOoooooOooOooooooooOo
OOooooooOo0o0oOoooOooooOoOooooo
000oo0o00o0oDoooO0o0ooooooooooo
000 19945000 Cd®, Cu®, P> 0000000
OO0o00ooo0oo0ooooooo mooooo
0000o0o0o0oo0ooooooooooooo
0000000 (1y)oooooooo

$; = 8;_1+ fipi + Kd; + Lh; + Mm;, (Al4)

0000000 KOOOO Xi-1o Xiooooooo
cooooooooooooooooooooobLo
OO00O0O0oohiOOOOoOOOoOooooOooooo
ocooooMOOOOODOOOOOODOOOoOo
OooooooOmiODoOooOoOoO{mi}oOOooOO
0000 1000 o00oOooooOoOoooooon ok
siidon

OADOOOODODODOOUODOOooooooogoo
ooboooOooooooboobooooooobooooog
gooboooobooobobooboboooboooooo
gboboobooooooboooobooooboboobooo
gobooooooooobooooboobboboooon
goboooboooboobooooobooboboooboboon
goooooo

117



Discrete Expressions for the Water Purification in a River, Based
on Neural Network Calculationsunder |ncomplete Data Set

Tomoo AOYAMA® | Junko KAMBEP and Umpei NAGASHIMAC®

aFaculty of Engineering, University of Miyazaki
GakuenKihanadaiNishi, Miyazaki, 889-2192 Japan
bFaculty of Foreign Language, Daito Bunka University
1-9-1 Takashimadaira, Itabashi, Tokyo 175-8571, Japan
®Research Ingtitute of Computational Science, National Institute of Advanced Industrial Science and Technology
1-1-1 Umezono, Tsukuba, Ibaraki 305-8568, Japan
*e-mail: t0b217u@cc.miyazaki-u.ac.jp

We propose four models for water purification in a river that flows in a big city area. All models are
discrete expressions. They are named asimple expression-, plus dam’s effects-, plus underground penetration-
, and pair unknown coefficient-models. Using a neural network, we analyze changes of the water quality in a
virtual river defined by the models. The objective is to test the simulation-ability of the discrete expressions,
and to discuss the possibility of theinverse prediction of the model. If we could predict the inverse operation,
we estimate the water purification of ariver on use of a data set only.

The neural network is a useful tool to analyze non-linear phenomena. Discrete data set is required in
the analysis, which includes observations and descriptor data. The neural network has ability to emulate the
phenomena through learning iterations. Defects in the set suspend the iteration. The defects are classified
into three cases. The first is that the existence of defect elements is certain but the value is unknown. The
second isloss of whole data for a descriptor. The third is uncertainness for the existence of a descriptor. The
first case is called “defect”, and it was studied recently. However, the latter two were not. It is necessary
to discuss the latter two for researches of environmental problems. At the same time, they are important for
significance-tests of outputs of the neural networks. We researched neural-network functions on the latter
two cases, which are for multi-regression analysis. The main point is to evaluate limits of the functions.
The statistical characters of the error are not clear; therefore, to simplify the research, we consider no-error
cases. Thus, we define a virtual river whose data are constructed by the uniform random numbers. The
defect part is made in the data set on purpose. The researches show the following; 1. A neura network
outputs reasonable water quality in ariver, even if thereis adefect descriptor. 2. The partial derivatives don’t
indicate accurate descriptor characters, when the target descriptor is not defect one. 3. The cause is another
descriptor makes up for the defect; i.e., there are interactions among descriptors. 4. The largest change of
whole partia derivatives indicates the complement descriptor. 5. It is possible to calculate characters of the
defect descriptor approximately. 6. The possibility is enabling when outlines of phenomenaare known. Thus,
the discrete expression of a river makes changes of the water quality calculable in general cases, and by the
inverse calculations, we can predict the descriptive equation of phenomena by using observation data only.

Keywords: River model, Water purification, Neural network, Partia derivatives, Missing data
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