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Figure 1. Adsorption (O) and desorption
(@) isotherms of water on SnO, at 298 K.
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Figure 2. QENS spectra of the dried
(solid line), monolayer ( O ) and
double-layer (@) samples of SnO, at 298
Kandat Q=143 A",

2}+B}®IR(Q,(0) (1)



ZIZT, QiEHHFoOEEREEL, oliTxb
XF—ZTHD. o) X7 /VFE%, HixvER
PR D BN, R(Q,0)1E/ N T A& BN
R CHIE L7225 ERE, ®1X o TOEHIAL
ZRT. ALY —I5REE, ColX2MEITXT 5

BRI DEE, BN I 7T FTHB.

MR A IR SN A F 06
DG, YEBMR I T Z NN DK F 2B D
HETOHDHEMINTED. 74T 4 71T
RO = I E R g e i [ EEEY S N L 5 UL
U —IIRBEINTWNWAT =7 AT — 7
~ IBM59H, W=7 w1 7S5 A KIWI [3] T
»%. Figure 3 2 tl EHIDOWTD T 4 T
A TR RETRT.

Figure 4 [T LERROT7 4 v T 4 712K 5T
RE ST Co DIRERFMEETT. ’IFDOR
BRIE, BRBO ml o0 HER S 2525 &
LTIEBAED Co DEZRLTWS. 74 9T 4
YT R o THE LN CoDOfER, dl BLUt]
REE BICHEMR T RENTEZELI Y NE o Tz,
&Y, ml BHOKSFO—EBIL, O
ERERY, EREHEELICHF S LTS Z
EREEMICE RSN

Figure 5§ I EFREOT7 4 v T 4 712X 5T
WE SN DM S LIEMEER O
BEERFEMEZRT. D72 91T Cre0s, SrFe,
ZnO fEEFm O Wy AKX, 2], BIUOAN
NI KAIDT =2 H R LTHD. ZORLY,
SnOz @ dl 35 & UNtl 0B O ml #4553 LISk D 7K
TFVE, SRR OKRGFIHARTENE IS
<23, Cre0s, SrF2, ZnO @ ml A DK
TR LENEOT VW bbb, 2
L, SnO2 ® ml B DKL, IFIEHEME
BELEZ 5 2 CNWDHDT, 27 &b SrFe, ZnO
® ml FEHH DK FITHRD LEjE TV,
ZDZ EIX, SnO2 OESFWAEKHT S DD
RS R -> TWAZ L 2R L TWA.

2% 30K

1 Y. Kuroda et al., J. Phys. Chem. B, 103
(1999) 11064.

2 S. Takahara et al., J. Phys. Chem. B, 106
(2002) 5689.

3 A fit program for quasi-elastic data analysis,
“KIWI ver.1.01” made by N. Fanjat

4 J. Teixeira et al. J. Phys. Rev. A, 31 (1985)
1913.

Intensity / a.u,

-0.3 0 0.3 0.6 0.9

© /meV

Figure 3. QENSD sPectra of tl sample at 298 K
and at Q = 1.43 A" Closed circles indicate the
experimental data. Thick, thin and broken lines
are for the total fit, the quasi-elastic component
and the background, respectively.
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Figure 4. Temperature-dependence of ratio of
elastic component Co for dl (O) and tl (@)
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AFICTIE, MIMD BUD W FIFHHEMEIZ I 1T 2 MBI+ 5 B it == —F VRaL
(self-organizing neural groves: SONGs) D DYERES] & WHIZHFIZ OV THRFTT 2, H
oAM= 2 —F /3%y b7 —7 (Self-generating neural networks: SGNNs) i3 & & & 5
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T —7 DEE L WL BRDNRT A —F ZWFRES B BRE LRITIVUIR R, 31T
BERRAEIEVIRL CREDT IV r—va VKRR Y NV — 7 OfFEE RS 13, 3
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(Self-generating neural networks: SGNNs) (X1 > F U — 7 REFOHEMI DI DIZHER S
T3 [1]o SGNNs & Kohonen ® H C#f#k{b~ ~ 7 (Self-Organizing Maps: SOMs) [2] D
WLETH O BaFE AW B QA= =2 — 7 /LK (self-generating neural tree: SGNT)
LLTHEEIND,
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TNAREBEBNCERT D, 4 F TOFA D SGNT 743U X AOMEESHTICE T B 5
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= 2 — 7 VA3 (self-organizing neural grove: SONG) &4 4772 [7],



T T NEBEIEL DATHEEE =2 — TV Ry MU —7 OFREZEIC L > THF
FLIN T %, Breiman (I CART 8] DHEEZWET DDA I FRIGRZREL,
SR [9] THEE L EUR ORI LC CART EMOFIEICB T 2AF L 72 RE L
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AFHICTHE, s id MIMD B oW HIEHE#IC IS T D 08B 5 SONG OfF DK
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AETIZ, EOLIITTERELZNY RS NIZONTIRRS, ZLHIZ, SGNT 0%
BIZRBITBA Y TA BRI OWTCHAT 5, KIZ, SONG ##EE T 2B 0#E b
FEIZOVWTCRRT 5, HEZIC, BHEARZKITO 7 7 A5EMEICHT 2 ARKFEOR
N T

2.1 BHEBZ-a21—JILKDAUTA HENYiE

SGNTIESOMIZES &, BE¥EZIT Y. SGNT I E X bNFIBET — & HEEEH
BHICAFENSTIEE T DN TED, SGNT 7 I Y XA ZFERT DRI, W
K OMPDOERFELHEZ LLTITRY,

ANT =7 Fv: e, € R™.

SGNT NDiR, %, B I UHIA: n;.

e n; 0)%#/\7 Fov: w; e IR™.

n; LT DEDH: ¢;.
o IREEMIEE: d(e;, w;).
o SGNT N Te; IZxI L THE & 72D nyin.

SGNT 7Y XAIBER 7 S22 T T7Nd) XA Thb, #ECSEDSGNT
TTY XN ELLTFIZRT,

Algorithm (SGNT Generation)

Input:
A set of training examples E = {e_i},
i=1, ..., N.
A distance measure d(e_i,w_j).
Program Code:
copy(n_1,e_1);
for (i =2, j=2; i<=N; i++) {
n_win = choose(e_i, n_1);
if (leaf(n_win)) {



# 1: SGNT 7w =2 U AAIZBIT L EIFH &

Sub procedure Specification

copy(n;, €;/Wyin) | Create nj, copy €;/Wyin as w; in n;.
choose(e;,n1) Decide nyin for e;.

leaf(nwin) Check Ty, whether ny;, is a leaf.
connect(nj, Nwin) | Connect n; as a child leaf of nyin.
prune(Nyin,) Prune leaves if they have the same class.

copy(n_j, w_win);
connect(n_j, n_win);
jtrts;

}

copy(n_j, e_i);

connect(n_j, n_win);

j++s

prune(n_win) ;

}

Output:

Constructed SGNT by E.

SGNT 7 /v =Y XAIZENT, WL O 0RIFHE AMEM ST %, TABLE 112 SGNT
T AATHEAINTWIEIFRRE & 2O ERT,

BIFHi X choose(e i,n 1) BT, BsE LA n,,, FIRET BT, BEFY
RS, bLbn; 5 SGNT ADFERE LT ny, 2RO 51T, ny OEH wyy, (k =
L,2,...,m)IZRDOLICEHF IND:

wjk<_wjk+clj'(€ik_w‘jk), 1<k<m. (1)
ETCOT—FNEL L TSGNT OFIZHAINTHE, BIIHAELTENENI TRXT
NN EREDL, BEREIED /) — RUTIREENILTOEDOEEERFTHZ IR D,
SGNT DEERDF v v U —27 BEDNABEEIZ L > TEH X b= illT — & ORF®RZER %
KBELTW5, SGNT OFEFIE L ERRICET 23 M. ZoxmasRanL 3. &
Z T, SGNT OHEED L EZNERNIT O 72D, BxIEb b EDSGNT 7A=Y X
I (3] DEEBERAIEIZESWTIEOHEZIHT 272D LEVEZIRY E-Tn5, ZDHE
BEREICE S FETIE, REERLPEBEIC ML — NI 70BRRH 5, ZOMEY
BT D7D, Bxldr T AT NI E S F v T A A IE% B FHE & prune (n_win)
PICEE Lz, bLBELRSTHEDL DI TRATULLEEZ ENTHIET — % OFF-
I IZATNAUNELCRBIE, TOBELRSTFEEZNNDVRD, ZOERDOELEZNLLD
JITATYVEBEWMZ DI ETAUTA L THMY 2179,

2.2 Bof#iit=1—FI/ILKRIDHEEE

The SGNT has the capability of high speed processing. However, the accuracy of the
SGNT is inferior to the conventional approaches, such as nearest neighbor, because the
SGNT has no guarantee to reach the nearest leaf for unknown data. Hence, we construct



1: The SONG which is constructed from K SGNTs. The test dataset T is entered
each SGNT, the output o; is computed as the output of the winner leaf for the input
data, and the SONG’s output is decided by voting outputs of K SGNTs

1 begin initialize j = the height of the SGNT
do for each subtree’s leaves in the height j
if the ratio of the most class > «,
then merge all leaves to parent node
if all subtrees are traversed in the height j,
then j «— j—1
until 7 =0

0 3 O Ut W N

end.

2: The merge phase

the SONG by taking the majority of plural SGNT’s outputs to improve the accuracy
(Figure 1).

Although the accuracy of the SONG is superior or comparable to the accuracy of
conventional approaches, the computational cost increases in proportion to the increase
in the number of SGNTs in the SONG. In particular, the huge memory requirement
prevents the use of the SONG for large datasets even with latest computers.

In order to improve the classification accuracy, we propose an optimization method
of the SONG for classification. This method has two parts, the merge phase and the
evaluation phase. The merge phase is performed as a pruning algorithm to reduce dense
leaves (Figure 2). This phase uses the class information and a threshold value « to decide
which subtree’s leaves to prune or not. For leaves that have the same parent node, if the
proportion of the most common class is greater than or equal to the threshold value «,
then these leaves are pruned and the parent node is given the most common class.

The optimum threshold values « of the given problems are different from each other.
The evaluation phase is performed to choose the best threshold value by introducing
10-fold cross validation (Figure 3).



1 begin initialize a = 0.5

2 do for each «

3 evaluate the merge phase with 10-fold CV

4 if the best classification accuracy is obtained,
5 then record the a as the optimal value

6 a«— a+0.05

7 untila=1

8 end.

3: The evaluation phase

2.3 ZRITZHUSABREIZRT BEKH

We show an example of the pruning method for the SONG in Figure 4. This is a two-
dimensional classification problem with two equal circular Gaussian distributions that
have an overlap. The shaded plane is the decision region of class 0 and the other plane is
the decision region of class 1 by the SGNT. The dotted line is the ideal decision boundary.
The number of training samples is 200 (classO: 100,classl: 100) (Figure 4(a)).

The unpruned SGNT is given in Figure 4(b). In this case, 200 leaves and 120 nodes are
automatically generated by the SGNT algorithm. In this unpruned SGNT, the height is
7 and the number of units is 320. In this, we define the unit to count the sum of the
root, nodes, and leaves of the SGNT. The root is the node which is of height 0. The unit
is used as a measure of the memory requirement in the next section. Figure 4(c) shows
the pruned SGNT after the optimization stage in o = 1. In this case, 159 leaves and
107 nodes are pruned away and 48 units remain. The decision boundary is the same as
the unpruned SGNT. Figure 4(d) shows the pruned SGNT after the optimization stage
in a = 0.6. In this case, 182 leaves and 115 nodes are pruned away and only 21 units
remain. Moreover, the decision boundary is improved more than the unpruned SGNT
because this case can reduce the effect of the overlapping class by pruning the SGNT.

3 AR

Because each expert of the SONG can train and test independently, the SONG has a
possibility of the parallel computation at the training process and the testing process.
Hence, we allocate each of experts to each of processors on the MIMD computer. The
procedure of the parallelization of the SONG is presented as follows:

Stepl: In a master processor, read the training set D and the test set 7" in the disk.
Step2: In the master processor, broadcast D and T for all K — 1 slave processors.

Step3: In all processors, generate the SGNT from D, then test the SGNT using 7', and
compute the o, independently.

Step4: In all processors, each output o for T' is collected in the master processor by all
to one communication.

Step5: In the master processor, compute o by voting and write to the disk.

_8_
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4: An example of the SONG’s pruning algorithm, (a) a two dimensional classification
problem with two equal circular Gaussian distribution, (b) the structure of the unpruned
SGNT, (c) the structure of the pruned SGNT (a = 1), and (d) the structure of the
pruned SGNT (« = 0.6). The shaded plane is the decision region of class 0 by the SGNT
and the doted line shows the ideal decision boundary

Because the number of the communications between the master processor and each
slave processor is only two times (Step2 and Step4), the parallel efficiency is approximately
expected the linear speedup (See Figure 5). In our case, all computations are performed
on the Intel Paragon (Paragon XP/S15). This is a distributed memory multicomputer,
and the architecture is multiple instruction multiple data (MIMD). The Paragon we use
has 296 processors. Each processor is Intel i860XP (50MHz). The network topology of
the Paragon is adopted the two-dimensional mesh.

4 RHEER

We allocate a SGNT to each of processors on the Paragon, and compute 100 trials
for each single/ensemble model. The number of processors (SGNTs) K for the ensemble
averaging is changed from 1 to 201 (1,3,5,7,9,15,25,51,101,151 and 201), and the threshold
value « is 1 for each SONG. In order to reduce the redundant execution, we repeated 100
trials from Step3 to Step5 in prior section continuously.

In order to investigate the parallel performance of the SONG, we select three typical
classification problems which are given as benchmark problems in UCI repository [10].
Next, we describe the brief explanation of these problems.

breast-cancer-wisconsin : this problem is a binary classification task for classify a
tumor as either benign or malignant based on cell descriptions gathered by a mi-
croscopic examination. Input attributes are :



bT Training phase Testing phase

b1 Parallel process ok

" —_—
Time

5: Parallelization of the SONG. Horizontal lines are the processors on MIMD parallel
computer

the clump thickness,

the uniformity of cell size,

cell shape,
e the amount of magical adhesion,

e the frequency of bare nuclei, etc.

This problem has 9 attributes, 699 examples. Each attribute consists of continuous
real value.

ionosphere : this problem is a binary classification task for a radar as either good or
bad based on the complex electromagnetic signals. The targets were free electrons
in the ionosphere. “Good” radar returns are those showing evidence of some type
of structure in the ionosphere. “Bad” returns are those that do not; their signals
pass through the ionosphere. This problem has 34 attributes, 351 examples. Each
attribute consists of continuous real value.

letter-recognition : The objective is to identify each of a large number of black-and-
white rectangular pixel displays as one of the 26 capital letters in the English
alphabet. The character images were based on 20 different fonts and each letter
within these 20 fonts was randomly distorted to produce a file of 20,000 unique
stimuli. Each stimulus was converted into 16 primitive numerical attributes (statis-
tical moments and edge counts) which were then scaled to fit into a range of integer
values from 0 through 15.

In this paper, we use below defined classification accuracy.

. . number of correct
classification accuracy =

(2)

We evaluate the classification accuracy using 10-fold cross-validation [11] for above prob-
lems.

number of test data

Figure 6, Figure 7, and Figure 8 show the influence of the number of processors on classi-
fication accuracy for breast-cancer-wisconsin, ionosphere and letter-recognition problems
respectively. Classification rates are improved by computing the ensemble averaging of
various SGNTs for all problems. Here, each misclassification rate shows the average of
100 trials and its error-bar. It is shown that the classification accuracies are improved
by computing the ensemble averaging of various SGNTs for all problems. Especially, the
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minimum classification accuracies are largely improved for all problems. The improve-
ment ability is obtained from small K most effectively. The classification accuracy of
larger than 51 SGNTs is convergence for all problems. From these results, it seems to be
decided the number of SGNTs K < 51.

Figure 9, Figure 10, and Figure 11 shows the relation between the number of processors
and the execution times for breast-cancer-wisconsin, ionosphere, and letter-recognition
problems respectively. The execution times are gradually saturated as the number of pro-
cessors increase. As the scale of the dataset grows, the proportion of the communication
time, i.e. the difference of the total time and the training time + the testing time, for
the total time is decrease. This means that this method have an approximately linear
speedup for large scale datasets.

Consequently, a parallel distributed computing using SONG can obtain more higher
classification accuracy than the single SGNT by allocating each of SGNTs to each of
processors, go on maintaining the high speed processing property of the single SGNT.
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Statictics values of parameters and non-linear functions
— mean of paleomagnetic direction data —

Fe L Mg
(FNLFRR A G IR > 2 —)
Tadahiro Hatakeyama
(Information Processing Center, Okayama University of Science, Okayama 700-0005, Japan)

Abstract

There is a disagreement between the statistics values (mean,
variance, ...) of a nonlinear function and its fluctuating pa-
rameters. As an example of the mismatch we show here
a problem in the averaged paleomagnetic direction and the
mean of the Gauss coefficients representing the field char-
acteristics. It is thought that the mean inclination is corre-
sponding to the paleolatitude often used for the plate tec-
tonics, paleoclimatology, study on the hot spots, and so on.
The usual application of the paleomagnetic direction dataset
to those studies through the mean inclination is not exactly
correct because the GAD hypothesis which is implicitly as-
sumed in those procedures is wrong and the nolinear effect
above mentioned is not so small as to be ignored. We also
indicate a simple formulation for the correction of the pale-
olatitude. It shows a good estimation of the true paleolati-
tude from the mean inclination.
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