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M This i1s an example of Neural network calculation.
B The neural network structure used here iIs 3-layer structure.
M |t consist of 2 input units, 3 hidden units and 2 output units.
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Students need to pass both Mathematics and Physics examination in order to pass

[1,0] the spring semester
Passing mark for each exam is 6 and total mark is 10

Students who only manage to pass only one exam is considered as failed [0,1]

Phy. score

10

) ) Passing
Tabulation for passing score range

okl
k2
k3
k4

Math. score
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Mathema
tic score
=8

Physics
score = 8

ans=1

ans=0

Mathema
tic score
=8

Physics
score = 5

Bias=-1

Bias=-1

ans=0

ans=1

Mathema
tic score
=35

Physics
score = 8

Bias=-1

ans=0

ans=1

Score sample @

Mathema
tic score
=5

Physics
score = 5

Bias=-1

Score sample @

ans=0

ans=1
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From above example, the result for four students are as below.

Students Math. Physics | Supervisor | Results Output value
[ Score K, | Score K, [t, t,] [a,3, a,°]
A 8 8 [1,0] Pass [0.76, 0.69]
B 8 5 [0,1] Fail [0.75, 0.68]
C 5 8 [0,1] Fail [0.75, 0.67]
D 5 5 [0,1] Fail [0.72, 0.66]

O Z%=W121k1+W221k2+b12

« square error: C; = %{(af [i] —t)? + @3[i] — tp)?)}

» cost function: C =C; +C, + -+ C; + -+
+ 87 =(ai —t)a'(z)

o 87 =(8wiy +8wi 4+ )a (2f)

ac

m
awij

ac

m

— ocm,_m-—1
=g a;

_sm

J

)
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: P By 32 ) 242 3
; 22 = w2 ki + w2k + b2 © 1z =wypiai +wyiay +wgal + b;

: 1 1i™1 2152 l : :

2 = a(z2)= — P a} = a(z})=——

: i = AL )= P 1+e7%

1+26 L : s

. —Z: : 3 e t
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; (7 = : L a'(#) —

E al : A

(7 +1) e )
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B C 1s all learning data’s error.

=You find weight and bias that make minimize C to
differentiate C with respect to weight and bias.

=Gradient descent

(Awfy ..., AW}y ..., AbT ..., AbT ...) = —n(

aC ac aC aC
ows, owg, T abz T obs
If this numerical expression satisfy, C is the most smaller.

But it is too difficult to calculate this parameter.

If numbers of input units:10 , hidden units:10 , output units:3,
numbers of parameter is 10*10 + 10(bias) + 10*3 + 3(bias) =143.

= want to calculate at all once, if it’s possible decrease difference...
— Back propagation.
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oC__oC 972 _oC
ow?, 0z2ow?, 072 s
(v zf=wi ks + wi,k, + wizks + - + b7)

aC

. acC 2 2
e — - =
define 522 01 2 G, 07ky

... 0C dC 0z
while — = L= §2

db? ~ 9z% db?

aC _ sm_m-—1 aC . m 8
! Wi = 6]- a; '_ab}.n = 6]- (m=2 or 3)
1 _
(af = kp)
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B Back propagation is optimization of calculation.
calculate all parameter to return output to input.

8 = (ai — t)a’(z)
= (8iwiy + 8wiq + - )a’ (zf)

dC aC

= 05k 18 =
Ows ; o N

Weight and bias is depend on output parameter.
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M 0 1s errors. it 1S unit’s error. If you can express 0 In
known parameter, you don’t have to differential the

calculation.

It is easy to calculate output layer errors.
3
3 _ aC et dC daj _ aC o (23)
dz; 0a3dz} 0da3
. 83= (a} — t)a' (@)
*+ C is made of the difference between t and as;.

But hidden layer errors is more difficult to calculate
, 0C  0C 0zi0ai OC 0z daj
Y022 973 0a%2 022 073 9a? 072

dC 3 daC <3 6z§ _ 3 aZ% = 3
(azi{ B 81’azg = oo 0az ~ M5z = W2 )

87 = 8§3w;i,a'(z]) + &3w3a’ (zF) + -
5 82= (Si’wf’l + 5%W§’1 + ...)a/ (le)
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tic score
ans

ans

Physics
score
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Mathema
tic score
=8

Physics
score =8
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87 = —4.811e-5

Bias=-1 i
| §3= —0.0438 ‘
Bias=-1 I g
- » 8= (ai —ty)a'(z])
) J . 2. 3;,,3 S 2
0.7 L 82= (67w + S3ws )a’ (z2)
0" 1.153000.7601) ans . Sw3.=g2* §3
3% = 2.91e — 5 ' ; , i l* 3
- . 5Wl]_kl 5i
1.3 Gy 3 3
=02635| - Sbij =40
0.9955 . §h%. = §2
Bias=-1  §3=0.1478 y Yy
Q.2 2 > | = 0.2635

A 4

0.77730.6851 ans
1.1

Physics
score
=8

0.9900
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Mathema —y - 2 2
tic score - , e Wi ikl + 114) ikZ U bi

=8
o alz = a(ziz): 1+61_le

T | CEE— Sl 2 2 2 3
~Zy = wiai + wyai +wsay + b;

. a? — a(z?): 1+:—z§’

Physics
score =5
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Bias=-1
I §3=0.1413
Bias=-1 I g
0.8581 0.7 [ s - 5f= (Cl:f - tl)a’(zf)
. 0.7464 . 82 (83,3 33 "
| 0o s 07= (67wi 1 + 65ws5)a’ (z1
= 0.2635
1.3 065%302 oo SW"ZJ:SWLZ_lj + kl* 513
0.980? N “c |~ 8bY;=biy;+ 6]
las=- 65, = —0.0701 = 0.5937 2 2 2
Q.2 \ 2 > Sbij:bi—lj-I_Si
Bias=-1 52 — 0.0014 0.
T M0.74700.678 ans
_ 1.1
Physics
score 0.9866
=5
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Mathema 2 2 2 2
tic score - . . ~zi = wy kg +wiyky + b
=5
2 2y 1
w32 = a(z-)—
i l —72
1+e Zj
Bl La o 2 28 2 3
. Z{ = wy;a; +wy;a; +wsai + b;
C R el 1
dj —a(Zi P W s
1+e

Physics
score =8
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I 53= 01413

Bias=-1 I >
0.9370
0.7
y 1.0792(0.7463) ans “ 83= (a3 —t)a'(z3)
0 : 0 2 __ 3,,,3 3.,,3 2
5% = —8.5D86e —5 s 1o s 01 P (01 W% 1163 ‘g’z 1)3a’(21)
. —_— *
13 _am s Owii=owi g+ ai™ o
' . 2 — 2 3
0.9890 oS S OW( i =0w( g ; + ki* 6;
Bias=-1  §3 = —0.0722 c » 8b7; = biy ; + 67
Q.2 >| =0.9259

N N\ # 8bf; =bi 1+ 6;
Bias=-1 52 — 0.0056 0.

0.71890.6724 ans

1.1
0.9427
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tic score
=5

Physics
score =5
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. a? = a(z?)=

- af = a(a?)-

1

1+e

1

1+e

. B2 2 2 2
--Zi _Wlik1+W2ik2+bi

2

3
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63=0.1447

Bias=-1 I >
0.8176 0.7
o 0.9642/0.7240| ans e . E .
1 . — !
05 = —4.27Q2¢ —4 : " =0.62635 o 512— (a% —3t1)a (321)3 -
1.3 — 03302 » 01 :3 (01 Wél 1T 03 ‘;VZ 1)3“ (z1)
. : v b
= 063?322 o 5Wif_5wi—1j + a;™ 0;
0.9526 =0 5 , e
C ofe L = D B . 5
63 = —0.0768 = 0_§204 5VV?: J 6M;l—1] A7 lgl 6l
> C s ObP. = b._ .+ O:
= 1.2463 LJj t—=1J L

A 4

0.65640.6584 ans
1.1

Physics
score
=5
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e

Calculation of Cost Func.

E i e e e e S S s SRR SRS R N WA e N S

Supervisor | Output value Square Error Cost func.
[t,, t] [a5", a57] Ci C
[1,0] [0.76, 0.69] 0.26
[0,1] [0.75, 0.68] 0.33

1.246
[0,1] [0.75, 0.67] 0.33
[0,1] [0.72, 0.66] 0.32
\ J
|

From the above result, we can see that the
output value is far from the state value that
we are finding. So, to obtain a suitable
output value, we use Back Propagation
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Bias=-1.0384

Mathem
atic
score

. (new)wfj — (old)wfj —n* 5Wl-3j
. (new)wizj: (old)wl?j—n * 8Wl-2j
| * (new)bi;= (old)bi;—n * 8b};
5 A G - (new)b?;= (old)b?;—n * 8b};
~n=0.1
a3
Physics
Score
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Bias=-2.5904
Mathem
atic
score

Bias=0.2074

Q85 \

Physics
score
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(new)wfj — (old)wfj —n* 5Wl-3j

(new)wizj: (old)wl?j—n * 8Wl-2j

(new)b; ;= (old)b; ;—  8b;;

(new)b?;= (old)b;—n * 8b;
~n=0.1
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B After some calculation, we can see t
changing simultaneously with the In
until the different value between out

nat the value of weight and bias is
out value. This calculation Is repeated

out and supervisor value become smaller.
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