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To decrease the error, we then subtract this value from the current weight (optionally multiplied by
some learning rate, eta, which we’ll set to 0.5):

wi = ws —nx el — (04 — (0.5 % 0.082167041 = 0.35891648

Ows

We can repeat this process to get the new weights Wg, W7, and Ws:
wg = 0.408666186
wi = 0.511301270

wg = 0.561370121
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Hidden Layer

Next, we'll continue the backwards pass by calculating new values for Wy, Wy, W3, and Wy,

Big picture, here’s what we need to figure out:

OFtotal _ OFtotal doutp onetp
dw1 douty, dnetyq odw1
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chry — doutpy  Onetyy dhwry
OEotal — dEx JEq2
doutyy  doutyy dout 4
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Hidden Layer

Next, we’ll continue the backwards pass by calculating new values for W1, Wa, W3, and W4,

Big picture, here’s what we need to figure out:

OFiotal __ OFEtotar 4, Ooutn1 , Onetpy
dw1 douty, dnetyq odw1

OF:otal :( OFiotal * dout, % dnet, ) * doutp1 * 3neth1_

dw1 dout, dnet, = douly dnetyq dw1
%)
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Hidden Layer

OFtotal _ OFEiotal doutp dnetp

owq o E)Oll-f-h_] O'Jrr.ef.hl owq
OE,1 __ O0OF, % oneto
Ooutp1  Oneto,1 ~ Ooutpy
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Hidden Layer

Onet,1  Oouty Onet 1

using values we calculated earlier:

OFtotal __ OFEtotal * doutp Onetpi
owq o BOU-f-h_] 8'It.€ih_1 owq
0F, \ Onety)
doutyq doutyq

)EO

We can calculate = etl

aEnl - an] * (‘_)O'U-to]_

= (.74136507 x 0.186815602 = 0.1383498562
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Hidden Layer

OFiotal __ OFEiotal * doutp Onetp ]
dwy  Odoutp onety dwn
O0FE,1 __ OFa
Ooutp1  Onetol
We can calculate afgl using values we calculated earlier:

OEq _ 0Fq  doutar _ () 74136507 * 0.186815602 = 0.138498562

onety1 dout, Onet 1

And gz*’tf’l is equal to Ws:

net, = Ws * outpy + We * outps + by *x 1

oneto1
douty

= ws = (.40
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Hidden Layer

aEtomg — aEmmg aO'U-f.h_l a'ﬂ.cihl
Jw1 douty onetyq dw1

OFE 1 % onet,1
onety douty,

Plugging them in:

0By _ 0Bq  Onetol _ () 138498562 % 0.40 = 0.055399425

douty1  Onet,y doutpy
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Hidden Layer

OFtotal __ OFEtotal doutp Onetpi

Jwi  doutp dnetpq ow1
OE,1 __ O0OF, % oneto
Ooutp1  Onetol douty

Plugging them in:

0By _ 0Bq  Onetol _ () 138498562 % 0.40 = 0.055399425

doutp1  Onetyl douty

8502

Following the same process for Bttt

we get:

OB — _(),019049119

doutp
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Hidden Laye

OdFE¢otal ‘&mal onetp
Jdw1 onety dw1
OF 1 - OF 1 % oneto

doutyq onet 1 douty

Plugging them in:

0By _ 0Bq  Onetol _ () 138498562 % 0.40 = 0.055399425

doutp1  Onetyl douty

8502

Following the same process for Dout.y We get:

OB — _(),019049119

doutp

Therefore;

OBiorat — 0Ba1 | 0Fe2 — () 055309425 + —0.019049119 = 0.03635

doutyy  Ooutyy doutyq
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Hidden Layer

OFiotal _ OFiotal [ onetp
Jwy  Jdoutyy dwn
OF 1 - OF 1 % oneto
doutyq onet 1 douty
8Efota; C)Obbfhl ()nethl
Now that we have Z~<*, we need to figure out 7= and then 5 for each weight:
OUlp) = Tg=metny

Qoutny — oyt, 1 (1 — outpy) = 0.59326999(1 — 0.59326999) = 0.241300709

dnetjq
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Hidden Layer

OFEtotar __ OFEtotar , Ooutny |,

Jw1  Ooutp dnetp
0FEo __ _OFE, % dnet,1
doutyq oneto1 doutyq

We calculate the partial derivative of the total net input to /h; with respect to Wi the same as we did

for the output neuron:
netpy = wy x4 + Wy x 19 + by x 1

onetp1 -
St =1 =0.05
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Hidden Layer

OF;iotar , Ooutp1 , Onetpi
80ufh_1 é)neth_l au,']_

Putting it all together:

OFtotal _ OFtotal doutp onetp1
ow1 douty onety,q w1

9Botal — ().036350306 * 0.241300709 % 0.05 = 0.000438568

ow
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Hidden Layer

aEtomg — aEmmg aO'U-f.h_l a'ﬂ.cihl
Jw1 douty onetyq dw1

We can now update Wi:

w =wy —nx Zeal = 0.15 — 0.5 % 0.000438568 = 0.149780716
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Hidden Layer

8Etotai — aEtotaI (‘._)O'u-th.l 871€th.1
dwq doutp onetpq dw

We can now update Wi
w = w; — 1N * ag*—u'fi’ = 0.15 — 0.5 % 0.000438568 = 0.149780716
Repeating this for wa, W3, and Wy
wy = 0.19956143
wi = 0.24975114

wi = 0.29950229

(we should also do this for the
weights to the bias nodes...
but the tutorial forgot to!) L o2 50



Finally, we've updated all of our weights! When we fed forward the 0.05 and 0.1 inputs originally, the
error on the network was 0.298371109. After this first round of backpropagation, the total error is
now down to 0.291027924. It might not seem like much, but after repeating this process 10,000
times, for example, the error plummets to 0.0000351085. At this point, when we feed forward 0.05
and 0.1, the two outputs neurons generate 0.015912196 (vs 0.01 target) and 0.984065734 (vs 0.99

target).
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demos!

http://www.emergentmind.com/neural-network

http://playground.tensorflow.org
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