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Admin

e Sit somewhere new

* Lab 2 is due tonight at midnight

* Lab 3 posted (due next Tuesday)



Outline for today

Recap simple (i.e., p=1) linear regression
Introduction to applied linear algebra
Multiple linear regression

Analytic solution to multiple linear regression



Outline for today

Recap simple (i.e., p=1) linear regression
Introduction to applied linear algebra
Multiple linear regression

Analytic solution to multiple linear regression



Simple linear regression

* Model: hyp(x) = wyg +wix =9
e Cost function:

n
1
J(wg,wy) = EZ(YL' — Wp — W1xi)2
i=1

~ _ Cov(xy) _ %Z?=1(xi_f)(37i_37) A
IS -1 Wo =y =¥
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Vectors

* Vector magnitude

X
V= [y]’ then |v| = /x2 + y2

* Different ways to write a vector

<[t or



wen =[]

vi=1(8,3)

Vector Addition

8+ 1
3+5

|- Lo




Vector Dot Product

~ -3 _ 1 - 8
V3‘[8] VZZH V1=’3

Vl-VZ=[§]-E]=8x1+3x5=23 Vi Vs =—3X84+8X3=0

el /

Positive result means vectors Result of 0 means
. 7] ” g :
point in “same” direction perpendicular



Matrices

* Matrix addition (must be exactly the same
dimension!)

A+B=[CC‘ Z+[e f _[a+e b+f

g hl lc+g d+h




Matrix Multiplication

* |Inner dimensions must match

* |f A.shape = (m, n) and B.shape = (n, p), then
AB.shape = (m,p)

G -

\

dot product of row 1 and col 1



Matrix Multiplication

* |Inner dimensions must match

* |f A.shape = (m, n) and B.shape = (n, p), then
AB.shape = (m,p)

[? Z[; ﬂ:[ae+bg ] [Ccl Z”; ﬂ:[ae+bg af+bh]

/.

dot product of row 1 and col 2



Matrix Multiplication

* |Inner dimensions must match

* |f A.shape = (m, n) and B.shape = (n, p), then
AB.shape = (m,p)

[CCL Zl; ﬂ:[ae+bg ] [CCl Z”Z ﬂ:[ae+bg af+bh]
cal N-fesa ™ el B[t v

AB—[a b”e f]_ ae + bg af+ bh
lc dllg hl |ce+dg cf+dh



Matrix Transpose

B s

Useful note: (AB)! = BT AT



Matrix Inverse

AA~L =]

el et

ad bc
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Lab 3: USA Housing data
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Multiple Linear Regression
* J = hp(xX)
= Wy + WXy + WoXp + o+ Wyx, = W+ X

1 X11 X12 X13 xlp

x = |1

First column —— 1

has “fake” ones
nX(p+1)

* Goal: minimize cost function

1 n 1 n
JWw) = EZ(%’ — ;)% = EZ(%‘ —W - x;)?
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Analytic solution to multiple linear regression

](W)—- "1(yl—W x;)?% = -(?—XvT/’)-(ﬁ—XW’)
=—(y — 2y - Xw + Xw - Xw)

 Take derivative and set to 6
dJ N
— =Xy +(XTX)W=0
7= y+ X X)w
o XTXHw = XT37

o XTX)TXTX)W = (XTX)"1xTy

— T —1vT> (Keep this formula and its
W= (X X) X y interpretation in mind!)
—_—

Variance of X Covariance
of Xand y



Handout 5



Handout 5, #1

[O 2
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Handout 5

cx=[} Y 5=

“fake” ones

38. W= (XTX)"1xTy
p -1
=(11 ollt o) i il
:[i 1-4_é]=21 : _#Hb] [ 1]




