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On Batch Learning Algorithms of Two Layered Neural Network
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Recently, the author proposed a new learning algorithm (EBP) derived algebraically
which is composed of the error back propagation to give a fictitious teacher to each
hidden layer and the update rule of each connections. The recurrent type of the
algorithm has already been examined for XOR problem by using an orthonormaliza-
tion method.

Two algorithms are proposed in this paper for two layered neural network and are
examined their effectiveness for majority functions.

Some discussions of logic functions are also presented to give an another perspec-
tive of nonlinear unit of a neural network
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Fig. 1 Interpretation of the algorithm 2
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Tablel : Initial State of Majority function of N=3

w0=1.0, wi=1.0, w2=10, w3=L0
bilb2lb3] =z d [r-rcd)y [1-17¢d)—z
0.0/0.0l0.0] 1.0 0.1] -2 19722 - 3. 19722
ofo.olo.o] 2.0 0.1]-2. 19722 - 4. 19722
0.0(1.0/0.0| 2.0 0.1 - 2. 19722~ 4. 19722
0.0/0.0[1.0] 2.0 0.1|-2. 19722 | - 4. 19722
ofi.ofo.o] 3.0 0.9] .2.19722| - 0. 80278
ofo.olio] 3.0 0.9 2.19722] - 0. 80278
0.0/1.0/t.0] 3.0 0.9 2.19722|-0.80278
Lollollol 4.0 0.9 2.19722|-1.80278
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Table 2-1 : N= 3, Algorithml. p =1
wi=-2.19722, wl=w2=w3=0.0
b1|b2|b3| =z d [£7(d) [£7(d)~z
0.0(0.0/0.0|—2.19722 (0.1|—2.19722] 0.0
1.0(0.0(0.0[—2.19722 |0.1|—2.19722} 0.0
0.0{1.0{0.0)—2.19722 |0.1 —2.197221 0.0
0.010.0]1.0 ;2.19722 0.1|—2.19722{ 0.0
1.0)1.0]0.0]—2.19722 [0.9| 2.19722| 4.39444
1.0[0.0}1.0{—2.19722 [0.9} 2.19722| 4.39444
0.01.0(1.0|—2.19722 [0.9| 2.19722] 4.39444
1.0[1.0(1.0|—2.19722 [0.9| 2.19722] 4.39444
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wi=~6.59166, wl=w2=w3=4.39444
bl{b2|b3 z d [ f"d) |f " '(d)—z
0.0(0.0/0.0}—6.59166 [0.1|—2.19722] 4.39444=0
1.0(0.0{0.0|—2.19722 [0.1|~—2.19722} 0.0
0.0§1.00.0]—2.19722 {0.1{~2.19722| 0.0
0.0(0.0(1.0{—2.19722 |0.1|~—2.19722| 0.0
[.0/1.0/0.0| 2.19722 |0.9| 2.19722{ 0.0
.0]0.0]8. 0] 2.19722 10.9] 2.19722| 0.0
0.0{1.041.0} 2.19722 0.9 2.19722; 0.0
[.01.0|1.0] 6.59166 [0.9| 2.19722|—4.39444=20
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Table 3-1 : N =23, Algorithm2, p =1
wi=—3.29582, wl=w2=w3=2.19722
bl|b2|b3 z d | f7'(d) [f'(d)—z
0.0(0.010.0)—3.29583 [0.1{—2.19722] 1.09861=10
1.0/0.00.0|—1.09861 [0.1]-2.19722]|—1.09861
0.0(1.0/0.0|—1.09861 |0.1}—2.19722]— 1.09861
0.0{0.01.0]—1.09861 {0.1|~—2.19722}—1.09861
1.0f1.0]0.0| 1.09861 0.9 2.19722| 1.09861
1.0]0.0]1.0] 1.09861 [0.9] 2.19722] 1.09861
0.0(1.0{1.0| 1.09861 |0.9} 2.19722| 1.0986!
1.0|1.0]1.0] 3.29583 |0.9| 2.19722]-1.09861=10
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Table4 : ¥eights of majority function

N b W oo W~ Wy
NSRS —6.59166 | 4.39444
2 3 fE B —2.19722 | 2.19722
VRS R —2.19722 | 4.39444
3 —6.59166 | 4.39444
YITFR |- 10. 9861 4.39444
4 3 fH B | —4.39444 | 2.19722
AR —6.59166 | 4.39444
5 —10. 9861 4.39444
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N=3Dltidw=w,=w:=w3t LT
W+0+Dw+wo=f71(0.1)=~2.19722 (21a)
Q+1+Dw+wo=f "1(0.9)= +2.19722 (2ib)
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Table 3-2 : N =3, Algorithm2. p =2
wi=—6.59166, wl=w2=w3=4.39444
blib2fb3 z d | f71(d) |f " '"(d)-z
0.0{0.0/0.0/-6.59166 |0.1]|—2.19722| 4.39444=0
1.0[0.070.0/ -2 19722 [0.1]—2.19722] 0.0
0.0/1.040.0|-2.19722 |0.1}-2.19722] 0.0
0.010.0/1.0f—2.19722 [0.1|—2.19722] 0.0
1.Of1.0f0.0] 2.19722 |0.9{ 2.19722] 0.0
1.010.041.0( 2.19722 [0.9| 2.19722( 0.0
0.0[1.0/t. 0] 2.19722 (0.9 2.19722{ 0.0
1.O|1.0[}.0f 6.59166 |0.9] 2.19722|—-4.39444=0
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Table5 Numerical values of XOR-problem

m=1{m=5 m=10{m=15{m =20
f(0)}0.1951(0.0753|0.0067|0.0006|0.0000
£ (1)10.2449}0.8453(0.9866(0.9989(1.0000
£¢2)]0.1951(0.0753 0. 0067|0. 0008 |0. 0000
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LT a=n—-1.5. b=n+1.50# % % Table6 IR
To

Table 6 Stair function
m=1 =65 im=10{m=15m =20
[ (n—38)[0.0967,0.00020 0 0
f(n-2)[0.2034,0.0379(0.0033|0.0002|0.0000
f (n—1){0.3491(0.4620(0.4966|0.49970.4999
f(n) 0.5 0.5 0.5 0.5 0.5
f(n+1)}0.6508(0.5379(0.5033|0.50020.5000

0 0

0 0

f(n+2)[0.7965(0.9620(0.9966|0.9997]0.9999
f(n+3)]0.9032(0.9997|1 1 1

4.4 %) FBE R

{(z)=X vk f(z ; k,m) (300
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Table7 Parity-check function of N =6

m=1|m=5|m=10{m=15{m=20
f(0)(0.2486(0.0753(0.00670.00060.0000
f (1)]0.3698{0.8488|0.9866(0.9985(0.9999
f(2)]0.4368(0.1506|0.0134[0.00110.0001
f (3)[0.4581|0.8494[0.9866|0.9989)0.9999
f (4)(0.4368]0.1506(0.0134{0.00110.0001
f(5)(0.3698{0.8488(0.98660.9989(0.9999
f(6)(0.2486(0.0753(0.00670.0006(0.0000
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