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Introduction

® Binary classification problem in which y can take on only two

values, O and 1.

For example if we are trying to build a spam classifier for

email, then x(i) may be some features of a piece of email, and

y may be 1 if it is a piece of spam mail, and O otherwise.

® Ois also called the negative class, and 1the positive class, and
they are sometimes also denoted by the symbols “-"and “+.”
Given x(i), the corresponding y(i) is also called the label for

the training example.
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Introduction

N
(Yes) 14 X XX X
Malignant ?
(No) 0 1+ 6— >
Tumor Size

Classification: vy O or 1

hg(x) canbe>1or<0

Logistic Regression: 0 < hp(x) <1
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Hypothesis Representation

Logistic Regression Model
Want 0 < hy(z) <1

h, (x) = g(8"x)

1

) =
9(2) 1l4+e°

Sigmoid function
Logistic function

1

he (X) —

a(z)

T

1+e7*
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Hypothesis Representation, Cont..

Interpretation of Hypothesis Output

hg(z) = estimated probability thaty = 1 on inputx

o= [2] s |

T tumorSize
ho(z) = 0.7
Tell patient that 70% chance of tumor being malignant
V(=P(Y=1)  parametetiedby 6" -
y=0, or 1 mm) Py =0[z;0)+ P(y = 1|z;0) = 1
P(y =0lz;0) =1— P(y = 1|z;0)
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Decision Boundary

a(z)

N
] ———

Logistic regression
| 05
ho(x) = g(0" x) ® ,
_ 1 0 =
g(Z) _ 14+e—*
Suppose predict “y = 1“if hg(z) > 0.5 g(z) =0.5

when z>0

h,(x) =g(@"'x) =0
when 8" x>0
z=0"x
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Decision Boundary, Cont...

Decision Boundary let: 9=|1

y=1
x2 »: xXX (gTX>O ,_T _1 |
= g(0g + 0121 + O222)

Decision Boundary
ﬁ
h,(x)=0.5
X1
y=0 X1+ X2=3

Predict “y = 1“if -3+ 21 +22 >0 wmp X1+X2=3
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Decision Boundary, Cont...

Non-linear decision boundaries

A
I
R P O O

he(x) = g(0o + 0121 + a2
+93CE% T 9433%)
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Cost Function

Training set: {(=",y"),(=®,y®),..., (=™, y(™)}

m examples

1

T €

hO(x) = 1 b e_ng

How to choose parameters 6 ?
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Cost Function, cont...

Logistic regression cost function

B —log(hg(z)) ifty=1
COSt(hG(ZU)ay) . { _]Og(l — hg(x)) if Yy = 0

Cost =0if y=1,hg(z) =1

A fy=1 But as  hg(z) — 0

\\ Cost — oo

‘\ Captures intuition that if hg(z) = 0,
\ (predict P(y = 1|z;0) = 0), but y = 1,
L2 we’ll penalize learning algorithm by a very
~ M o large cost.
- -

0 Ng(T) 1
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Cost Function,cont...

Logistic regression cost function

_ —log(he(z)) ify=1
Cost(ho(@),y) = { —log(1l — hg(x)) ify=0
A Ify=0 ;
—r‘"/—’, >
0 hg (ac) 1
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Simplified cost function
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Simplified Cost Function

Logistic regression cost function

J(0) = 1 3 Cost(he(x®), y®)
=1

= 213 4 logho(a?) + (1~ ) log 1 ~ ho(a'9)]

To fit parameters 0 :

mein J(6)
To make a prediction given new :
_ 1
Output hy(z) = E—
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Gradient Descent
J(0) = =LY yDlog hg(zW) + (1 — yV) log (1 — he(z))]
i=1

Want ming J(0):

Repeat {
1=1
} (simultaneously update all ¢;)

Algorithm looks identical to linear regression!
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