Title: Lecture - Machine Learning, PHYS 777

Speakers: Mohamed Hibat Allah

Collection/Series: Machine Learning (Elective), PHYS 777, February 24 - March 28, 2025
Subject: Condensed Matter, Other

Date: March 04, 2025 - 9:00 AM

URL: https://pirsa.org/25030035

Pirsa: 25030035 Page 1/28



S

- AN - i{- sf/‘
g _.’li. LJ)'"ic\jm\bmg (1./1{;6\'3\‘( k\"iuwp
- 7 kﬁ(’. Cu 9,!(;7 C\‘I‘\\_\J\N(N\G Nﬁ\ 3 e

& Zh A
Z,_ LT\ @ U »j MA (H“ \\W\)\ | \9@(\4“} rc

( . ’"(ﬁ ‘. ;\IW\\/\“‘: \!\‘(—f‘k) \Nl' ) o //-'/ Vil
Y © \ (\N A Fe 8 G i L—“‘a @f\ﬁ”“_"\](\"--"‘C':"
ITs . = 0

f' =

b“{f‘w wUDf 0 |

WI o

\p L
- \ (o0
L = Nk

Pirsa: 25030035 Page 2/28




wf ( " .//—\
a&‘ APSCU\ ) JE: \\\u\m\vj; \‘\Nf CZJ& \wac\:,oﬁ N

Mg&m LSMJ\ an ;Mc

Pirsa: 25030035 Page 3/28




E—

— e = = -

b@\h (\chl

~

L
J\\\\ /r \)\(’\’-/\J W\C ld \,«7\ ))

Y
. i
cbwﬁf\ , o A 3\ e

\ ) J"‘ '\‘. r-;,“\(_,m.’i)\\( ,._‘){_,\

Pirsa: 25030035 Page 4/28




Pirsa: 25030035 Page 5/28




Pirsa: 25030035 Page 6/28




Al

! 45'f\k-"\"'\.\.;,’\i“2‘

oo
O AN

Pirsa: 25030035 Page 7/28




/ “’ ;‘——- | {p o g
/ ")\..H\\ NG Lu ) "_'-’\5\"
fwg“*c""‘“/ s

~ 1 |

N X
1 v o L% ,ﬂ\(( I o Lom N
(M i i c\"‘f\(}l HIWWS J W

) j;\b\ﬁ? - -

N\ “\J\JV“‘ /‘\ € -
/\\/\(\‘i m & N “C J I

Pirsa: 25030035 Page 8/28




Pirsa: 25030035 Page 9/28




LD \@& = (c\ ot qf\ wéu‘/&)

\Q\/ﬁ‘v

L.; \%ﬁ \\(E\e W\kc\‘@a g\gg «»Q P W\?\I

-—ﬂ________________

Pirsa: 25030035 Page 10/28




Pirsa: 25030035

000,000

FEATURES

X2 p

REGENERATE

ground tensorflow.org/#

0.03
+

+ -

4 neurons
p
b
y
3

Tanh

2 HIDDEN LAYERS

e
egul
None
£ =
2 neurons
'
4

133% ©¢
yulari n T Problem type
0 Classification
QUTPUT
Test loss 0.492
Training loss 0.497
0

0

Page 11/28




La [fl I:‘ A Neural Network Playground X I:‘ A Neural Network Playground X *€=

— 6] 08

b9 >l

DATA FEATURES

X2 p

REGENERATE

Pirsa: 25030035

yground tensorflow.org/#:

000,000

0.03 Tanh None

+ — 2 HIDDEN LAYERS

+ - + -

4 neurons 2 neurons
b 4
b 4
: P
»

ninaRate=0.03&r 133%  ©7 ©@ & @
Regularization rat “roblem type
0 Classification

OUTPUT

Test loss 0.511

Training loss 0.508

0N anda

Page 12/28




= | \/) 5 3
I HIA \;\‘: (/W Bﬂ/u\ 0 f\r\‘(ﬁﬂr‘\\ £ 1’? (R\,(’
| F 3 Lk
: il :

Pirsa: 25030035 Page 13/28




Pirsa: 25030035 Page 14/28




Pirsa: 25030035 Page 15/28




Pirsa: 25030035 Page 16/28




=
3 ® <3 ¢ <
o
a
-
g
[
=
8 _
2 \
& =
=
-
Q
; B
7]
: 5]
S2
e
a
>
; @
2 °
g ¢ e
s1d G
o
snmm B G 8
2 5 5 2 -
:scx MG 0
g I 4 £ 3
= ﬁﬂmdh - = ha.M -
= sSEEE & P LA
M G238 M E = W K
E B EREE
o 5] s

Gradient Descent Visualization
1

AR
B S O S
d!!#ddfﬂﬁwuwwﬁﬁﬁ

[ Jekdl | EJE

Playback speed:  0.2x[E Q Q
an
4

=.mmumu
Restart
=08~

Pause

WO T
EETETE 5T g
1 .!\\\&\N\“W.“W“\\\\\N

lization

visual

gradient_descent

Page 17/28

Pirsa: 25030035



= TueMard 9:36AM

gradient_descent_visualization
Gradient Descent Visualization

Global Minimum 2]

Gradient Arrows
Adjusted Gradient Arrows
Momentum Arrows

Sum of Gradient Squared
Path

¥ Gradient Descent

Learning Rate: 1e -2 2
ss Learning Rate: 1e -2 &
Qs_ : Decay rate: 0.800 2

E&8

Suu

By, Adagrad

NSS0

SNa
SRES = 3 ~
e Learning Rate: e -2 -

S

S,
Learning Rate: 1e -2 <
{ "
Decay rate:  0.990 &
Learning Rate: 1e -2 &
Betal: 0.900 &
Beta2: 0.999 =)

Restart  Playback speed: 0.2xE) Q Q

Page 18/28

Pirsa: 25030035



_descent_visualization

Pirsa: 25030035

Pause

Restart

QA ——

040

Playback speed:  0.2x[E Q Q

Gradient Descent Visualization

Hills

L3
Gradient Arrows
Adjusted Gradient Arrows
Momentum Arrows
Sum of Gradient Squared
Path

Gradient Descent
Learning Rate: 1e -2
Learning Rate: le -2
Decay rate: 0.800

Adagrad
Learning Rate: 1e -2

& RMSprop
Learning Rate: 1e -2
Decayrate:  0.990
Learning Rate: 1e -2

Betal: 0.900

Beta2: 0.999

= TueMard 9:37AM

~
~

Page 19/28

<>

<>



Pirsa: 25030035 Page 20/28




Pirsa: 25030035 Page 21/28




Pirsa: 25030035 Page 22/28




Pirsa: 25030035 Page 23/28




Pirsa: 25030035 Page 24/28




Credit: Lauren Hayward

Overfitting

Training data:

N _train = 10 6

X = np.linspace(0.05,0.95,N_train)
s = np.random.randn(N_train) -
Yy = 2*%x+s
2 4
Models for fitting: _
Polynomials of degree 1, 3, and 10
-2 4
Training
-4 Linear
— Poly 3
Question: which model will give the  _¢- —— Poly 10
best fit (lowest error) to the training data? : ; = . . ;
0.0 0.2 0.4 0.6 0.8 1.0
X
PERIMETER
; . = SCHOLARS
See Section II of arXiv:1803.08823 and the corresponding Notebook 1 I INTERNATIONAL
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Credit: Lauren Hayward

Overfitting

Testing data (from the same

distribution as the training data): ract.data
N _test = 10 7 linear
x_test = np.random.random(N_test) N — 3rd order
s_test = np.random.randn(N_test) —— 10th order
y_test = 2*x test+s_test 64
4.
>
= 21
Questions:

e Which model from the previous slide
will make the best predictions on the
testing data?

e What would happen if we increased the iy
number of data points in the training
dataset? -6
X
l I , PERIMETER
. . > SCHOLARS
See Section II of arXiv:1803.08823 and the corresponding Notebook 1 INTERNATIONAL
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