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(Analysis of Weight Distribution of Feedforward
Two-Layer Neural Networks and its Application to
Weight Initialization)
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Abstract

In this paper, we investigate and analyze weight distribution of feedforward two-layer neural
networks with a hidden layer in order to understand and improve time-consuming training process
of neural networks. Generally, when a new problem is presented, neural networks have to be trained
again without any benefit from the previous training process. In order to address this problem,
training process is viewed as finding a solution point in the weight space and the distribution of
solution points is analyzed. Then we propose to initialize neural networks using the information of
the distribution of the solution points. Experimental results show that the proposed initialization
using the weight distribution provides a better performance than the conventional one.
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Table 1. Eigenvalues of the solution set with
the largest determinant along with

proportions and accumulations.

Eigenvalue Proportion(%)| Accumulation(%)
1 232.42 61.0 61.0
2 54.17 14.2 75.2
3 49.06 12.9 88.1
4 17.16 4.5 92.6
5 15.02 39 96.6
6 7.72 2.0 98.6
7 2.61 0.7 99.3
8 1.51 04 99.7
9 0.84 0.2 99.9
10 0.19 0.0 100.0
11 0.07 0.0 100.0
12 0.03 0.0 100.0
13 0.02 0.0 100.0
14 0.01 0.0 100.0
15 0.01 0.0 100.0
16 0.01 0.0 100.0
17 0.00 0.0 100.0
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Table 2. Eigenvalues of the solution set with
the smallest determinant along with
proportions and accumulations.

Figenvalue Proportion (%)} Accumulation (%)
1 786.34 84.0 84.0
2 124.27 13.3 97.3
3 13.78 1.5 98.8
4 4.94 0.5 99.3
5 3.63 0.4 99.7
6 1.64 0.2 99.9
7 0.82 0.1 99.9
8 0.29 0.0 100.0
9 0.22 0.0 100.0
10 0.00 0.0 100.0
11 0.00 0.0 100.0
12 0.00 0.0 100.0
13 0.00 0.0 100.0
14 0.00 0.0 100.0
15 0.00 0.0 100.0
16 0.00 0.0 100.0
17 0.00 0.0 100.0
o BAL TS mHAe) =) HmE B9

AmEct % 13} 2% 33 104 B gl £ v}



4 S 25 1A% AARE ¥E 54
F 2k 2 99N b Ae 92AE e o

Fozie A FEA PP 2RHA 7], AA
529 =)ol W3 8]-&(proportion), L] FAZL
(accumulation)& Z7] o2 Ui A& ReEr)
E 14 gFale] 71 £ s 2fAe 2le
A 2 N7 AA AR 9% ol dE ARIBRAL 9l
o} wbd % 29 AR AA AR 9% oS
7V 2 57 AREa 9l %% ol T & 2
Mo zHA7E ARAsk Qlek ol ATl ‘5\-‘}3;
g3Ee] A7 (AR He)Eel 7 &

Mol mgHol gk 2] (eigenvector) HFERE “}E}
A ‘-é”ﬁl(elongated) 2y s 7;1’5’_ ‘Rll = L P A
wle] Hgko 2= 15 ulgh}, wkef
el A+ EX ——?"é—% ;‘CE}'J—- 71AdE, o8
33 FAlo] a1Agte] Hd WEl(mean vector)ell §
Al e wEEY Saxis)E Wb TS Al
Fel wlEslel AA Eo13 hyperellisoid 3ele] ¥
XE ZA 2 Aolch 28 2& oy £E £4E& 2

A QAR FRALelA A2 BedEck M2 Al
o BF WEE UL 19 ot 247 duges
e 499 TR g3 afReh e E e
pil=g

Wo

A

0, O
» W

33 2. FEAF PHY mHH e} afH

Fig. 2. Eigenvalue and eigenvector of the covarance
matrix.

2% 38 ¥ 29 A Sk 173 dA%=
HEl S 7P 2 209 fASel i’ A Eia
o) o vid(mapping) A7 24 BFEH &

IH & 5 R0l WA Sole AR H“Ei—‘é—

< Wi sR 2 209 A aiF aiEEE

w4

o Hulg ulel REEERE a3 38 17381 FtelA
o} AA7%E 259 ¥EE dE¥HeE BT gk
ad 3e=yE l°ﬂ i) Aol ARk
4 A1 ATeEie A2 E HEHe M2 bE
73574 A 4 8l °1% 54 Aol A &3

=
L-8%
-

o] QAT FAHEL] o] SA|q] BEEE vigh
o

50

ol 105 TSR
SR SR SR 8
o R
2 \ku ,,,,,,,,,,,,
TLEO e
O g e
= . ‘ . . .

-50 -40 -30 —20 -10 0 10 20 30 40 50

Eigenvector 1

23 3. AR LI 54
Fig. 3. The distribution of the solution set.

2. QA= FNAMY slodd 2 X

a3 3elA B = 9lRe] AT FEE Al &

dedg o] F= AL & gk B =EelMe AT
o] #d sdg-e A FHhomogeneous solution

set) o2 Aojsty, AN BEE A A
Euclidean A2|& ©]43 Fe12El¥(clustering)S A
f3l5ch FelaEE A g R zed Akt

L AR &dF B e 2%
(combination)3re.84 shte] dA7E H& U3t

Z393& VehllE 619 AR o dA%E AEd
AZE HEE)E Jepd $ goke Aol ¥ 4=
e 2R w7 wA 2l 28 ki
dAzke W ERe AT 23 2E o o
A= welge) g4 F4E BefErh oL 174
AAZIE FelA lRdEE 7 AR A
(factorial))®l E53Hequivalent) 39S &AL 71
awu a44Q FelrEPS 8 AEAAE HES

Aol &3kE2 & Fart ek olE A skt
az}i wee] zgtozre] A& elle] 9A%

e

9

(104)



20014 5H FEFIBEWIE

£3BE CllR %38

a3 4. B9 RS P2 QA= WE: (a) 4 AAY, O~ 24F w1
o A 23 A AR 1~172 9273 = 13

Fig. 4.

The different weight vectors which produce the same output: (a) original

neural network, (b)~(f): neural networks produced by changing the order
of the hidden neurons. (number 1~17 denote the index of the weights).
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solution set and angles between

eigenvectors affter expansion
procedure.

Angles of
Eigenvalue Proportion] Accumulation| Eigenvectors

{degree)
1 36679 698 698 8
2 11642 222 920 74
3 2964 56 976 104
4 0763 15 991 78
5 0342 07 998 77
[ 0099 02 999 43
7 0019 00 1000 136
8 0007 00 1000 60
9 0005 00 1000 126
10 0.001 00 1000 50
11 0.000 00 1000 86
12 0000 00 1000 78
13 0.000 00 1000 12
14 0.000 00 1000 69
15 0000 00 1000 62
16 0.000 00 1000 119
17 0.000 00 1000 51
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Table 7. The classification accuracy
differences for test data. (D denotes
classification  accuracy  difference
between the weight selected by the
proposed method and the weight
selected randomly).
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