



































































Scientific Computing
AnnouncementsFriday April 24

Homework 6 due next Monday April
27Office

Hours
canceled today

Email if 0S
Final Exam Monday 5 4

1pm 3pmOffice HoursJohnston Hall 417Mon 930 1030

Fri 2 00 300OnMonday I'll give you a list

of topics.Cudahy 307






































































Sample left32right 14

7

u12

1b1 µ
w7
2 21WI

frac12leftleft211right2left4left4rightright2rightfrac12leftleft22right2left8right2right274

x1 wi3 2 2
wa

hatyb414hatzb53
3

loss

u2lb23
wi07

uh
ltimeslambdaw

642x2
wr5u

3233BackpropFind

fracpartiallpartialw1fracpartiallpartialw2ldotsfracpartiallpartialw12fracpartiallpartialb1fracpartiallpartialb2ldotsfracpartialldeltab5






































































7U
w722Sampleleft32rightrightarrow14 21WI I b

j3x1 We3 22
wa

hatyb414hatzb53
274lossu2

162
Work backward from
the right.W

10I7
uh

v642 we

543233

fracpartiallpartialhaty






































































7U
1 w72Sampleleft32right 14 21w

wi3
1b1

y3x1
22

wa

hatyb414hatzb53
274loss

u2lb23
Work backward from
the right

wi07
uh

ltimeslambda

v64
leftharpoondown2 x2

wr5u3

233fracpartiallpartialhaty
lfrac12leftlefthaty1right2lefthatz4right2rightfracpartiallpartialhatyhaty122






































































7U
1 w72Sampleleft32rightrightarrowleft14right 21w

wi3
1b1

y3x1
22

wa

hatyb414hatzb53
274loss

u2lb23
Work backward from
the right

wi07
uh

ltimeslambda
WGL2x2

wr5u3

233fracpartiallpartialhatzfracpartiallpartialhaty22
lfrac12leftlefthaty1right2lefthatz4right2rightfracpartiallpartialhatzhatz4246






































































7U
W2Sampleleft32rightrightarrowleft14right 21w

We3
I b j3x1 22 wa5

b41
4
hatz
b53

274lossU2
162

Work backward from
the right.wit7uhv642x2 we

543233

fracpartiallpartialhaty22fracpartiallpartialhatz6

fracpartiallpartialomega7fracpartiallpartialhatycdotfracpartialhatypartialomega7 hatyu1cdotw7u2cdotw9u3cdotw11b4

Rightarrowfracpartialhatypartialw7u17






































































7U
W2Sampleleft32rightrightarrowleft14right 21w

We3
I b

j3x1
22 wa5

b41
4
hatz
b53

274lossU2
162

Work backward from
the right.wit7uhv642x2 we

543

fracpartiallpartialhatz6 233

fracpartiallpartialhaty22fracpartiallpartialw7fracpartiallpartialhatycdotfracpartialhatypartialw7227154

hatyu1cdotw7u2cdotw9u3cdotw11b4

Rightarrowfracpartialhatypartialw7u17






































































7U
W2Sampleleft32rightrightarrowleft14right 21w

w2 3
1 b j3x1 22

wa

hatyb414hatzb53
274lossu2

I b2
Work backward from
the right.W

10I7
uh

v642x2 W r

Su3

fracpartiallpartialhatz6 233

fracpartiallpartialhaty22fracpartiallpartialw7154

fracdeltalpartialw8left6rightleft7right42fracpartiallpartialw10left6rightleft22right132fracpartiallpartialw11left22rightleft3right66fracpartiallpartialw12left6rightleft3right18fracpartiallpartialw9left22rightleft22right484






































































7U
W2Sampleleft32rightrightarrowleft14right 21w

W23
I b

j3x1
22 wa5

b41
4
hatz
b53

274lossU2
162

Work backward from
the right.wit7uhv642x2 we

543

fracpartiallpartialhatz6 233

fracpartiallpartialhaty22fracpartiallpartialw7154fracpartiallpartialw9484fracdeltalpartialw1166

fracpartiallpartialw842fracpartiallpartialw10132fracpartiallpartialomega1218






































































7

154w7
2

4842

U1Sample left32rightrightarrowleft14right 21w

wi3
I b1 µ 22

x1

hatyb414hatz6b53

3 22
484274wa

wi0loss7u2Work backward from
the right

132
lb2 Iuhu

lambda

3u32b3
w
642x2

wr518
fracpartiallpartialhatz6

fracpartiallpartialhaty22fracpartiallpartialw7154fracpartiallpartialw9484fracdeltalpartialw1166

fracpartiallpartialbyfracpartiallpartialhatycdotfracpartialhatypartialbleft22rightleft1right22

fracpartiallpartialw842fracpartiallpartialw10132fracpartiallpartialomega1218 hatyu1w7u2w9u3w11b






































































7blue partials
154w7
2

48.4Z

U1Sample left32rightrightarrowleft14right 21w

wi3
1b1 y 22

x1

haty22by14hatz66b53

3 22

484274waloss
u2lb23

Work backward from
the right.wit

1327
uhIWGL2x2 Ñwe

518u3

fracpartiallpartialhatz6 233

fracpartiallpartialb422fracpartiallpartialb56
fracpartiallpartialhaty22fracpartiallpartialw7154fracpartiallpartialw9484fracdeltalpartialw1166

fracpartiallpartialw842fracpartiallpartialw10132fracpartiallpartialomega1218






































































7

154w7
2

omega84z

u1Sample left32right 14 21w

We3
Ib1 µ223x1 haty

22by1
4

hatz6
6b53

22

484274walossU2
162

Work backward from
the right
Next

wid7

uhI
v642 Ñwe

5it43233

fracpartiallpartialW1ldots

mu1omega1X1omega4X2b1
So
fracdeltau1deltaw1x13






































































7

154w7
2
42IU

Sample left32right 14 21w

We3
I b j 22

x1 haty
22by1
4

hatz6
6 b53

3 22

484274walossU2
162

Work backward from
the right
Next

wid7

uhI
v642 Ñwe

5it43233

fracpartiallpartialw1fracpartiallpartialu1cdotfracpartialu1partialw1
not computed yet
mu1w1X1w2X2b1

So
fracdeltau1deltaw1x13






































































74501w7
2

4842

USample left32right 14 21w

We3
I b j223x1 haty

22by1
4
hatz 6
6bs 3

22

484274walossU2
162

Work backward from
the right
Next

wid7

uhI
v642 Ñwe

51843233

fracpartiallpartialw1fracpartiallpartialu1cdotfracpartialu1partialw1 Now we see that
with hidden layes
we also need derivs
of the neuron
values to keep

passing

backwardnot

computed yet
mu1w1X1w2X2b1

So
fracdeltau1deltaw1x13






































































7

154w7
2

omega84z

u1Sample left32rightrightarrowleft14right 21

haty
22

22by1
4

hatz6
6b53

w

We3
I b1 µx13 22484

wa

274loss7u2Workbackward from
the right

4
backslash

o

uh162 I
we
5
it

v64
leftharpoondown2 x2

pi3
43233

fracpartiallpartialw1fracpartiallpartialu1cdotfracpartialu1partialw1






































































7 32
U 454Wy

2
4842

Sample left32rightrightarrowleft14right Z1w

We3
I b j 22

x1 haty
22by1
4
hatz 6
6bs 3

3 22

484274walossU2
162

Work backward from
the right.wid

7

uhI
v64

leftharpoondown2 Ñwe
5183

43233

fracpartiallpartialw1fracpartiallpartialu1cdotfracpartialu1partialw1
Faa di Bruno

formulaMaffects the loss along two paths

mu1overrightarroww7hatyrightarrowl
mu1overrightarroww8hatzrightarrowl
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leftbeginmatrixdldmu1dldmu2dldmu3endmatrixrightleftbeginmatrixw7w8w9w10w11w12endmatrixrightleftbeginmatrixdldhatydldhatzendmatrixrightweights leftbeginmatrixdldw1dlpartialw4dlpartialw2partiallpartialw5dlpartialw3partiallpartialw6endmatrixrightleftbeginmatrixdldu1dlpartialu2partiallpartialu3endmatrixrightleftXright v

1

al
X
ue

2

s leftbeginmatrixdldb1dldb2dldb3endmatrixrightleftbeginmatrixdldu1dldu2dldu3endmatrixright
d valuesd valuesdbiasesdvaluesd weightsd
values7Sample

left32rightrightarrowleft14right And now backprop

is doneu1w722
21WI 1b1 yvarepsilon8hatyx1 274W2 33 22 We don't need fracdldx1afracdldx2wawi0

b414hatzb53
loss7u2

uh lb2 ubackslash We don't need or

anymore they were

just middle steps
v642x2 I wr

su3

233
Let's

rearrange the rest
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leftbeginmatrixdldmu1dldmu2dldmu3endmatrixrightleftbeginmatrixw7w8w9w10w11w12endmatrixrightleftbeginmatrixdldhatydldhatzendmatrixrightweights leftbeginmatrixdldw1dlpartialw4dlpartialw2partiallpartialw5dlpartialw3partiallpartialw6endmatrixrightleftbeginmatrixdldu1dlpartialu2partiallpartialu3endmatrixrightleftbeginmatrixX1X2endmatrixrightleftbeginmatrixdldb1dldb2dldb3endmatrixrightleftbeginmatrixdldu1dldu2dldu3endmatrixrightvaluesdvaluesd valuesdbiasesdvaluesd weightsd values

7 Sample left32rightrightarrowleft14right

u1w722
21W1 1b1

3w8hatyx1 274wi33 22

wawi0
b414hatzb53

loss7u2
uh lb2ltimes

2x2 64 3lambdawru35
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leftbeginmatrixdldmu1dldmu2dldmu3endmatrixrightleftbeginmatrixw7w8w9w10w11w12endmatrixrightleftbeginmatrixdldhatydldhatzendmatrixrightweights leftbeginmatrixdldw1dlpartialw4dlpartialw2partiallpartialw5dlpartialw3partiallpartialw6endmatrixrightleftbeginmatrixdldu1dlpartialu2partiallpartialu3endmatrixrightleftXright v

1

al
X
ue

2

s leftbeginmatrixdldb1dldb2dldb3endmatrixrightleftbeginmatrixdldu1dldu2dldu13endmatrixright
d valuesd valuesdbiasesdvaluesd weightsd values

7 Sample left32rightrightarrowleft14rightWe have the
gradient now

Adjust all biases

byfrac1100cdotnabla1 and

repeat a lot

u1w722
21WI 1b1

3w8haty3x1 274wi3 22

wawi0
b414hatzb53

loss7u2
uh lb2ltimes

3v642x2
lambdawr5u3

leftbeginmatrixdldomega1dldomega4dldomega2dlpartialomega5deltaldomega3partiallpartialomega6endmatrixrightleftbeginmatrix96644832354236endmatrixright2b3 leftbeginmatrixdldb4nicefracdldb5endmatrixrightleftbeginmatrix226endmatrixright
leftbeginmatrixpartialldb1dldb2dldb3endmatrixrightleftbeginmatrix3216118endmatrixrightleftbeginmatrixfracdl0w7fracdldw9fracdlpartialw11nicefracdlw8nicefracdldw10partialldw12endmatrixrightleftbeginmatrix154484664213218endmatrixright
















































































































































































































Activation Functions

Easy derivatives that go between the layers
xxgeq0ReLUleftxright
0x0

ignore
the discontinuity

1xgeq00x0fracpartialReLUpartialx
u1x1

1l

x2 u2
22

u3x3
01

RelUvaluesvalues






































































Activation Functions

Easy derivatives that go between the layers
xxgeq0

ReLUleftxrightfracpartialReLUpartialxfracpartialu1partialx11fracpartialu2partialx21fracpartialu3partialx30

0x0

ignore
the discontinuity

1xgeq00x0
u1x1

1l

x2 u2
22

u3x3
01

RelUvaluesvalues




























































































































































































































































































































































































Sigmoid Activation

overlinesigmaleftxrightcdotleft1sigmaleftxrightright











































































































































Done

We know how to make a NN match thetrainingdataa little bit better

Pass it all through in a forward pass

then compute the gradients going backward

Update weights biases based on those gradients

then repeat optimizers






































































Well one more thing mini batching

Usually you don't
send all the training data through

in are big batch

Shuffle the order of the data Then do forward
and backward passes of 64 or whatever inputoutput
pairs at a time until all have been used

Shuffle again and repeat

Faster less memory usage and often trains better






































































3 Bike sharing there is a bike share explanation and
markdown

fileDatafrom a bike rental service in Washington D.C

rentals per day
registered casual

Date Time
Season

Holiday
Workday
Weather
Temperature

Feels like temp

Humidity
Wind Speed




