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Find the maximum margin hyperplane
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Find the maximum margin hyperplane

o
I
o

Which are the support vectors?
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Walkthrough example: building an SVM over the data shown

Working geometrically:
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Walkthrough example: building an SVM over the data shown

Working geometrically:
= |f you got 0 =.5x 4 y—2.75, close!
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Walkthrough example: building an SVM over the data shown

Working geometrically:
= |f you got 0 =.5x+4 y—2.75, close!

= Remember that prediction has to be %1
for support vectors

3
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Walkthrough example: building an SVM over the data shown

Working geometrically:

= If you got 0 =.5x + y —2.75, close! ST Q
= Remember that prediction has to be %1
for support vectors 2T
W1+W2+b:—1 (1) 1 = .

3
“wi+2w+b=0 2)
2 0 | & i
2wy + 3w, + b= +1 (3) 1 e 8

The SVM decision boundary is:

NI
= —X -y — —
575V 5
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Cannonical Form

Wi Xq + Wo Xo + b
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Cannonical Form

Axy+.8x,—2.2
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Cannonical Form

Axy+ .8x,—2.2

" 4-1+4.81-22=—1
"= 4-34+.82=0

" 4-24.8-3-22=41
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What’s the margin?

= Distance to closest point
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What’s the margin?

= Distance to closest point
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What’s the margin?

= Distance to closest point

= Weight vector
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What’s the margin?

= Distance to closest point
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Reminder: Logistic Regression

1

Py =0ix)= 1+exp[fo+ >, BiXi] ©
o exp[Bot 2, BiXi]
PY=1)= 1+exp[Bo+ >, BiXi] d

= Discriminative prediction: p(y|x)
= Classification uses: ad placement, spam detection
= What we didn’t talk about is how to learn 8 from data

Computational Linguistics: Jordan Boyd-Graber | UMD Computational Linguistics | 8/7



Logistic Regression: Objective Function

£=mp(Y|X,B)=> Inp(y?|x", ) (8)
7

— Zy(f) (/30 + Zﬁix,(j)) —In|1+exp (ﬂo + Zﬁ,xi(/)ﬂ
7 i "

9)
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Algorithm

1. Initialize a vector B to be all zeros
2. Fort=1,...,T
o For each example X;, y; and feature j:
= Compute 7; =Pr(y; =1[X;)
w Set B[] =Bl] +Alyi—m)x
3. Output the parameters f34,..., By-
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Example Documents

B =Bl + Alyi—mi)x
B =(Bbias =0,B4=0,B5=0,Bc =0, Bp=0)

=1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

You first see the positive example. First, compute 74
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Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

You first see the positive example. First, compute 74

expBTx
my=Pr(yy =11%) = 12200 =
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Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

You first see the positive example. First, compute 74

o 12y expBTx; _ exp0
Ty = Pr(y1 =1 |X1) - 1+exp[J’TIx, — exp0+H1 — 0.5
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Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

¥ =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

4 = 0.5 What's the update for Bp;,s?
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Example Documents
BU =B+ Ayi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A = 1.0.)

What'’s the update for Bp;as?
Bhias = Bhias + A+ (Y1 —71) * X1,pias = 0.0 +1.0-(1.0—0.5) - 1.0
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Example Documents
BU =B+ Ayi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A = 1.0.)

What'’s the update for Bp;as?
Bbias = Bfios + A+ (¥4 —T1) * X1 pias = 0.0+ 1.0 (1.0—0.5)- 1.0 =0.5
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Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

¥ =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for 5,7
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Example Documents

Bl =B+ A(yi—mi)xi
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for §,?
Ba= PB4+ A (y1—m1) x1,4=0.0-+1.0-(1.0—-0.5)-4.0
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Example Documents
BU =B+ Ayi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for §,?
Ba=Pr+A-(y1—m1) x4=0.0+1.0-(1.0—0.5)-4.0 =2.0

Computational Linguistics: Jordan Boyd-Graber | UMD Computational Linguistics | 11/7



Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

¥ =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for Bg?
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Example Documents

Bl =B+ A(yi—mi)xi
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for Bg?
Bs=PBh+ A (y1—m1) x,5=0.0+1.0-(1.0-0.5)-3.0
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Example Documents
BU =B+ Ayi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 5?
Be=Ph+A (y1—m1) % 5=00+1.0-(1.0-05)-3.0 =15
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Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

¥ =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for 3.7
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Example Documents

BU =Bl +Ayi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8c?
Be=BL+A(y1—m1) X1, =00+1.0-(1.0—0.5)-1.0
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Example Documents
B =B+ Alyi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8c?
Be=BL+A(yi—m1) X1, =00-+1.0-(1.0—05)-1.0 =0.5

Computational Linguistics: Jordan Boyd-Graber | UMD Computational Linguistics | 11/7



Example Documents

BU =Bl +A(yi—mi)x
B =(0,0,0,0,0)

¥ =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for B,?
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Example Documents

Bl =B+ A(yi—mi)xi
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for $5?
Bo=Bp+A(y1—m1) x1,p=0.0+1.0-(1.0—0.5)-0.0
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Example Documents
BU =B+ Ayi—mi)x
£ =(0,0,0,0,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8p?
Bo=Bp+A-(y1—m1) x1p=0.0+1.0-(1.0—-0.5)-0.0 =0.0
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Example Documents
B =B+ Alyi—mi)x
B =(5,2,1.5,0.5,0)

yp =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

Now you see the negative example. What's 7157
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Example Documents

B D] =p D] + A(}/,'—7'1.',-)x,-
B =(5,2,1.5,0.5,0)

yp =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

Now you see the negative example. What's 7157
_ 412y expBTx, _ exp{5+1.5+1.5+0F
T =Pr(ya=1|%) = THexpBTx — EXP{5+15+15+01+1
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Example Documents

B D] =p D] + A(}/,'—7'1.',-)x,-
B =(5,2,1.5,0.5,0)

yp =1 Y2 =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

Now you see the negative example. What's 7157
_ 412y expBTx, _ exp{5+1.5+1.5+0F
T =Pr(ya=1|%) = TrexpBTx — explsri5i15t0+7 — 0-97
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Example Documents

BU =Bl +Alyi—mi)xi
B =(5,2,1.5,0.5,0)

yy =1 ¥> =0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

Now you see the negative example. What's 77,7
o =0.97
What's the update for Bp;as?
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A = 1.0.)

What'’s the update for Bp;as?
Bbias = Bfios + A+ (Y2 —T2) * Xo,pias = 0.5+ 1.0+ (0.0—0.97) - 1.0
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A = 1.0.)

What'’s the update for Bp;as?
Bbias = Bfios + A+ (Y2—T2) * Xo,pias = 0.5+ 1.0+ (0.0—0.97) - 1.0 =-0.47
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Example Documents

BUI=BU1+ Alyi—mi)x;
B =(5,2,1.5,0.5,0)

=1 y2=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for 5,7

Computational Linguistics: Jordan Boyd-Graber | UMD Computational Linguistics | 11/7



Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for §,?
Ba= B4+ A (y2—72) Xp0 =2.0+1.0-(0.0—0.97)-0.0
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for §,?
Ba= PB4+ A (Ya—T2) Xp0=2.0+1.0-(0.0—0.97)-0.0 =2.0
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Example Documents

BUI=BU1+ Alyi—mi)x;
B =(5,2,1.5,0.5,0)

=1 y2=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for Bg?
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 5?
Bs=PBh+ A (Yo—T2) X5 =1.5+1.0-(0.0—0.97) 1.0
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 5?
Be=PBh+A (ya—2) Xp5=1.5+1.0-(0.0—0.97)-1.0 =0.53
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Example Documents

BUI=BU1+ Alyi—mi)x;
B =(5,2,1.5,0.5,0)

=1 y2=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for 3.7
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Example Documents
Bl =Bl +A(yi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8c?
Be=BL+ A (ya—72)  Xo.c =0.5+1.0-(0.0—0.97) -3.0
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Example Documents
Bl =Bl +A(yi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8c?
Be=BL+ A (ya—72) Xo.c =0.5+1.0-(0.0—0.97)-3.0 =-2.41
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Example Documents

BUI=BU1+ Alyi—mi)x;
B =(5,2,1.5,0.5,0)

=1 y2=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What's the update for B,?
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8p?
Bo=Bp+A-(yo—72) Xe,p =0.0+1.0-(0.0—0.97) - 4.0
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Example Documents
BU =B+ Ayi—mi)x
B =(5,2,1.5,0.5,0)

yy =1 ¥>=0

AAAABBBC BCCCDDDD
(Assume step size A =1.0.)

What'’s the update for 8p?
Bo=Bp+A(yo—72) Xep=0.0+1.0-(0.0—-0.97)-4.0 =-3.88
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