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Admin

Lab 3 due Wednesday night

Next TA Hours TODAY 8-10pm in H110

Next Office Hours Monday 12-1pm in L302

Video on if possible!



Outline

SGD (Stochastic Gradient Descent)

Handout 6 (SGD solution example)

Analytic vs. SGD (pros and cons)

(if time) Polynomial regression



Outline

* SGD (Stochastic Gradient Descent)



Small example from class on Tues

Goal: minimize the function f(w)=w?—-6w + 11
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Small example from class on Tues
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Cost Function (mini-quiz)

h,(x) = wix J(w,)

(assume w,=0 for this example)
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Cost Function (mini-quiz)

h,(x) = w;x J(w,)

(assume w,=0 for this example)
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[(0.5— 1)+ (1 —2)* + (1.5 — 3)%] = L.75

J(0.5) = 3



Stochastic Gradient Descent for Linear Regression
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Linear Model and Cost Function J
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Linear Model and Cost Function J
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Slide: modified from Jessica Wu
Based on slide by Andrew Ng



Gradient Descent: walking toward the minimum
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Choosing the step size alpha

o too small « too large

slow convergence increasing\value for J(w)

* may overshoot minimum
* may fail to converge (may even diverge)




SGD with our small dataset from
the handouts

Note: this is with the original order of the points



Small example, iteration 1

iteration: 1, cost: 0.410000
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Small example, iteration 2

iteration: 2, cost: 0.350001
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Small example, iteration 12

iteration: 12, cost: 0.138047
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Small example, iteration 40

iteration: 40, cost: 0.014064
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Small example, iteration 100

iteration: 100, cost: 0.000105

1.0 -
...
°
o
%
°
e
0.8 1 %
%
[
%
°
°
°
0.6 %

°

o
°

> %
[
°
%
04 7 o
0.2 -
0.0 -
0.0 0.2 0.4 0.6

X

°
0.4 1
°
034 ®
[ ]
[ ]
[ ]
) e}
-~ 0.2 7 .
[ ]
°
[ ]
[ ]
[ ]
[ ]
0.1
0.0 1
0 20 40 60

iteration



Outline

 Handout 6 (SGD solution example)
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Handout 6
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Outline

e Analytic vs. SGD (pros and cons)



Pros and Cons

ol

Gradient Descent

requires multiple iterations
need to choose o
works well when p is large

can support online learning

(Analytic Solution)

Normal Equations
* non-iterative
* no need for «

 slowifpislarge
— matrix inversion is O(p3)
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Linear Regression Runtime

p o nxm e “
e T=#iterations of SGD SR ?(“3
* n=#examples X {ﬂ] 20 } _ KO \
R =
p = # features e b, o
e anlvie s
1) What is the runtime of SGD? O (np)
2) What is the runtime of the analytic solution?

Mo.\\ {\ WA\ \L

) (‘““‘\(J\ jv@

~ N
Challenge outside of class!




Outline

* (if time) Polynomial regression



Polynomial Regression

e Can be thought of as regular linear regression with a
change of basis
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Polynomial Regression
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