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Announcements

21 W  3/19  Polynomial & Step Functions 7172
Step Functions; Basis
Last timE' 22 . 32 functions; Start Splines 7274
- 23 M 324 Regression Splines 7.4
. HW #6 Due
. 24 W 3/26 Decision Trees 8.1 Q7
e Ch 8: Random Forests ed 325
25 [JEN a8 Random Forests 821,822 HW#7 Due
26 M 331  Maximal Margin Classifier 9.1 Sun 3/30
27 W 4/2 svc 9.2 Qs
. 28 BN 44 SVM 9.3,9.4 HW #8 Due
ThlS |ecture: 29 M 47 Single Layer NN 10.1 Sun 4/6
30 W | 49 Multi Layer NN 10.2 Q9
. . s 31 DY 41 CNN 10.3
HW #9 Due
@ Maximal Margin Classifier B TR o
. . . B Q1o
33 W 4/16  Virtual: Project Office Hours
@ No jupyter notebook for this class B e vioct OF
M 421 Midterm #3
Announcements: w4z
B 425 Project Due
e HW #8 Due Sunday 4/6

No final exam
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Section 1

Maximal Margin Classifier
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The goal
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What is a hyperplane?
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Mathematical definition of a hyperplane

Bo + B1 X1+ BoXo + -+ -+ BpXp =0
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Hyperplane for p = 2

Xy
14+2X;+3Xo=0
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There are two sides to every hyperplane

Bo + B1X1 + BoXo + -+ + Bp X, <0 Bo + B1X1 + foXo + -+ -+ BpXp >0
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Classification Setup

Data matrix:

-
— X - ) )
1T Observations in one of two classes,
_ X _
2 .
X = _ yi € {-1,1}
- x,;r - yi
nxp
y2
Y=1]"
X11 Xn1 Vo
X1 = : 3ty Xp =
X1p an
Separate out a test observation
* * *\ T
X = xp)
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Separating Hyperplane

Bo + Bixi1 + Baxio + -+ Bpxip > 0if y; =1
Bo + Bixi1 + Baxio + -+ Bpxip < 0 if yj = —1
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Another way to say it

Bo + Bixi1 + Baxio + -+ Bpxip > 0if y; =11
Bo + Bixi1 + Poxiz + -+ + Bpxip < 0 if yj = —1

For all i:

yi(Bo + Bixi1 + Boxiz + -+ - + Bpxip) > 0
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Separating hyperplane becomes a classifier

If you have a separating hyperplane:
@ Check

X
;
1

f(x*) = Bo+B1x] + 5255+ -+ Bpx;

o If positive, assign y =1

o If negative, assign y = —1 T
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How do we pick?
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Distance from an observation to a hyperplane

i ° b °
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Maximal margin classifier
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Example

4 X X X
X @ Sketch the maximal margin
® hyperplane.
b 4 @ What is the equation of this line in
2 X the form By + B1.X1 + BoXo = 07
° o Circle the support vectors. What is
1 ® Py Py their distance from the line?

desmos.com/calculator/lqms253gfq
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https://www.desmos.com/calculator/lqms253gfq

Extra work space

¢ X 3
X
 J
2 X
[ ]
®
1 L ] L

desmos.com/calculator/lqms253gfq
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https://www.desmos.com/calculator/lqms253gfq

Mathematical Formulation

maximize M

607517~~76va
P
subject to Zﬂf =1,
=1

yi(Bo + Bizin + Paxia + -+ Bpzip) > M Vi=1,...,n
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First constraint
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Second constraint

\ Yi(Bo + Bixi1 + Baxiz) > M
23 X X
X
L ]
X
2 b3
[ ]
o
1 ® @
@ Blue circles: y; = —1

@ Red Xs: y; =1
o —2V2+ Y2X) + 2X =0
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An example with a bad choice of hyperplane

What is y,'(,BO + Bixi1 + BzX,‘z) for the point x; = (0, 3)?
3 X X
X
®
\ X
3
°
°
L
@ Blue circles: y; = —1

@ Red Xs: y; =1

4 1 2 _
) —%—}—ﬁxl—i-ﬁxl—o
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Second constraint extra space

\ X X X
X
L ]
X

2 3

°
L

1 ® ®

SRR EEREERREEAREERERERREAN
@ Blue circles: y; = —1

@ Red Xs: y; =1
o —2V2+ Y2X) + X =0

Dr. Bao (MSU-CMSE) Lec 26

yi(Bo + Bixi1 + Paxi2) > M

Mon, Mar 31, 2025

2227



Mathematical Formulation

maximize M

607517~~76va
P
subject to Zﬂf =1,
=1

yi(Bo + Bizin + Paxia + -+ Bpzip) > M Vi=1,...,n
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Section 2

Issues with Maximal Margin Classifier

Dr. Bao (MSU-CMSE) Lec 26 Mon, Mar 31, 2025 24 /27



But what if....
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Sensitivity to new points

-1
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Next time

21 W | 3/19 Polynomial & Step Functions ~ 7.1-7.2
Step Functions; Basis
22 . 321 functions; Start Splines 7274
23 M 3/24 Regression Splines 74
- HW #6 Due
24 W 326 Decision Trees 8.1 Wed 3/26 Q7
25 NN 328 Random Forests 821,822 HW#7 Due
26 M 3/31 Maximal Margin Classifier 9.1 Sun 3/30
27 W 42 svc 9.2 Q8
28 [JFN 44 SVM 9.3,9.4 HW #8 Due
29 M 47 Single Layer NN 10.1 Sun 4/6
30 W 49 Multi Layer NN 102 Q9
31 RN a1 . QNL\AI - 10.3 W #0 Due
nsupervised learning Sun 4/13
32 M 414 clustering 12.1,12.4
33 W 4/16  Viual: Project Office Hours Qo
P a8 Review
M 4721 Midterm #3
W 423
- 4125 Project Due
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