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Gradient descent

1, ,
For the cost function J(By , By, -, Br) = €X) J(Bo,B1) = %Z(h(’cl) = yl)z
i=1

We want minimize /(B , f1, .., Bn) = min J(By, 1)
:80'51

Then, how to minimize?
Start with initial 85,8, ex) (By, 1) = (0,0)

Change B, , B to reduce J(By , B4, ---, Br) until it
reaches at a minimum
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Gradient descent: convergence

0
Onew = Oo1a — a—](@) a>0
a0
0=0,1d

0 0
%](0) >0 %1(9) <0

J(® | IOR

Hold — Hnew 6
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Gradient descent: learning rate

0
Onew = Oo1a — a—-J(0) a>0
d0
0=0014
Too small Too large «
J(6) J(6)
0 0
Too slow Fail to converge, or even diverge
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Gradient descent: local optima

a>0

Onew = Oo1a — “08](9)
0=001d

J(® |
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Gradient descent: procedure

d
Onew = Oo1a — a@](@)

0=0014d

y =0:x

y y =0,x
y § D Assume y = h(x) = 0x % y =6
X X
X
% >
x X @ Define J(0) | g
> CamL Yi “am L Yi
X = L
® Choose  Opitial
Oinitiar = 0
@ Update 6

9 d 1 1
Hnew = Hold - aﬁ](e) oo where %1(9) = Ez Bxlz - EZ XiYi
old i=1 =1
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Gradient descent: questions

1(6,,0,) ,

d
Hi,new — Hi,old — aﬁ](gi)
i

0i=0;o1d

0,

Q1. What should human (engineer) do?  y = 0,x? y = 0;x+ 0,x%+ 05x3? y = 6,e%1%?

Which one is a design parameter?

Q2. Fixed learning rate?

Q3. How to determine the cost function? J(0) = — ml(h(xl) y;)3 ??
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Gradient descent: problem statement

Q1. What should human (engineer) do? Which one is a design parameter?

Yy =0,x? y = 0x+ 0,x%+ 0:x3? y = 0,e%1%?

A :
y :XXX
x X !
X 1
% X
A X
y X
X >
X
XX % X
X N .
X y l
X ‘ w X1
X X x X T
x X |
X l
X l
X
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Gradient descent: convergence

Q2. Fixed learning rate?

J(©) |

v
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Gradient descent: cost function

Q3. How to determine the cost function?

Range of predicted values: (-10,000 to 10,000) | True value: 100
1e8

MSE Loss

-10000 -7500 -5000 -2500 ] 2500 5000 7500 10000
Predictions

Plot of MSE Loss (Y-axis) vs. Predictions (X-axis)

Huber Loss/ Smooth MAE Loss vs. Predicted values (Color: Deltas)
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Loss

-10.0 -1.5 -5.0 -25 0.0 25 50 75 10.0
Predictions

Plot of Hoss Loss (Y-axis) vs. Predictions (X-axis). True value = 0
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MAE Loss

](9)—— iz (h(x) —y)° 22
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Range of predicted values: (-10,000 to 10,000) | True value: 100

-10000 -7500 -5000  -2500 0 2500 5000 7500 10000
Predictions
Plot of MAE Loss (Y-axis) vs. Predictions (X-axis)
Log-Cosh Loss vs. Predictions
-100 -75 50 -25 00 25 50 75 100

Predictions

Plot of Log-cosh Loss (Y-axis) vs. Predictions (X-axis). True value = 0
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Gradient descent: practical issues

A

- Feature scaling X,

](x1; x2)

1000 < x4 < 3000
' 0.1 < x; < 0.3 1
X9 X
1

/o000 %2

v
v

- Learning rate

J(@®)
0.001->0.01->0.1->1->10
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Gradient descent: normal equation

Size (feet?) | Number of | Number of | Age of home Price ($1000)
bedrooms floors (years)
*o T T r3 T4 Y
x —> 1 2104 5 1 45 460
1 1416 3 2 40 232
1 1534 3 2 30 215
1 852 2 1 36 178

- Gradient descent

1(6) = Z(h(x) )?

i=1

a%](ef) =0 (forevery j)

- Need to choose
- Many iterations

- Normal equation

Y = Opgxg+ 01x1 + 0,5+ O3x3+ 0,4

- Works well even large features
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2104 5 1
1416 3 2
1534 3 2
82 2 1

45 460
40 (232
30 Y= 1315
36 178

0= (XTX)"1XTy

- No need to choose «
- No iterations & feature scaling
- Large computational cost

- Invertible
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