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A guided search sooroach known as the gradient
descent algorthm for finding optimality
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BROADBAND ENERGY RENTAL

ID Si1zZE FLOOR RATE RATING PRICE
1 500 4 8 C 320
2 550 7 50 A 380
3 620 9 7 A 400
4 630 5 24 B 390
5 665 8 100 C 385
6 700 4 8 B 410
7 770 10 7 B 480
8 880 12 50 A 600
9 920 14 8 C 570
10 1,000 9 24 B 620




RENTAL § o °
ID Sz PRICE a
1 500 320 2 -
2 550 380
3 620 400 g 8-
4 830 390 a o
5 665 385 E 3
6 700 410 =
7 770 480 S o °
8 880 600 ° ©
9 920 570 3 -
10 1,000 620 o

From the scatter plot it appears that there is a linear
relationship between the S1ze and RENTAL PRICE.

The equation of a line can be written as:
y=mx-+b



RENTAL PRICE = 6.47 + 0.62 x SIZE

Rental Price
350 400 450 500 550 600

500 600 700 800 900 1000
Size

Using this model determine the expected rental price of the
730 square foot office:

RENTAL PRICE = 6.47 +0.62 x 730
= 459.07



Rental Price
350 400 450 500 550 600

|
o .

1

Mw(d) = w[0] + w([1] x d[1]

L
~O

500 600 700 800 900 1000
Size

A scatter plot of the Szand R Paccfeatures from the office rentals dataset.
A collection of possible simple linear regression models capturing the
relationship between these two features are also shown. For all models
w|[0] is set to 6.47. From top to bottom the models use 0.4, 0.5, 0.62, 0.7
and 0.8 respectively for w[1].



Cost Function based L2 Norm
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Rental Price

350 400 450 S00 550 600

Lo(Mw,D) = %Z(tf—lww(di[”))z
=1

_ %Z(t,- — (W[0] + w[1] x d;[1]))?

500 800 700 800 900 1000
Size

RENTAL Model Error Squared

ID PRICE Prediction Error Error
1 320 316.79 3.21 10.32
2 380 34782 32.18 1,035.62
3 400 391.26 8.74 76.32
4 390 397.47 -7.47 55.80
5 385 419.19 -34.19 1,169.13
6 410 44091 -30.91 955.73
7 480 484.36 -4.36 19.01
8 600 552.63 47.37 2,243.90
9 570 577.46 -7.46 55.59
10 620 627.11 -7.11 50.51
Sum 5,671.64

Sum of squared errors (Sum/2) 2,835.82

with w[0] = 6.47 and w[1] = 0.62




For every possible combination of weights, w[0] and w[1], there is a
corresponding sum of squared errors value that can be joined together
to make a surface.
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Error Surface

The x-y plane is known as a weight space and the surface is known as
an error surface.

The model that best fits the training data is the model corresponding to
the lowest point on the error surface.

Optimal Condition

dw[O] 5 Z(r, — (W[0] + W[1] x di[1]))* =
and

5‘“’[1] 5 Z(t, (w(O] + w[1] x di[1]))* =

A guided search approach known as the gradient
descent algorithm for finding optimality



BROADBAND ENERGY RENTAL

ID SiZzZE FLOOR RATE RATING PRICE
1 500 4 8 C 320
2 550 7 50 A 380
3 620 9 7 A 400
4 630 5 24 B 390
5 665 8 100 C 385
6 700 4 8 B 410
7 770 10 7 B 480
8 880 12 50 o 600
9 920 14 8 C 570

10 1,000 9 24 B 620

We can define a multivariate linear regression model as:
Mw(d) = w[0]+w[1] xd[1]+ ---+w[m] x d[m]

w(0] + > _ wij] x d[j]
j=1

Example
RENTAL PRICE = w[0] + w][1] x SIZE -~ w|[2] x FLOOR
+ w/[3] x BROADBAND RATE




We can make the equation abovelook a little neater by inventing a
dummy descriptive feature, d[0], that is always equal to 1:

Mw(d) = wi[0] x d[0] +w[1] x d[1] +...
= > w[j] xd[]
j=0

w-d

The sum of squared errors loss function

= 3 Z(t; —(w-d;))?
=1



w([/] < w[j] + a x errorDelta(D, w[/])

e Each weight is considered independently and for each one
a small adjustment is made by adding a small delta value
to the current weight, wi/].

* This adjustment should ensure that the change in the
weight leads to a move downwards on the error surface.



Imagine for a moment that our training dataset, D
contains just one training example: (d, t)

s, 0
= (t-Mu(d) » mf,’m(r—mwm))

0

= (t—Mw(d)) x —d[/]

multiple training instances

0
- o] Lo(Mw, D) = Z((tx Mw (d;)) x d;i[/])




W] < W[ +a ) ((t —Mw(d)) x di[f])
i=1

errorDelta(D,w|j])

The learning rate a determines the size of the adjustment
made to each weight at each step in the process.
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Cost Function based L2 Norm

ADADBAND NERGY ENTAL

1] SIZE  FLOOR RATE RATING PRICE
1 500 4 B o 320
2 550 7 50 A 380
a 620 El 7 L) 200
4 B30 El 24 =] 390
5 685 a 100 c 305
L] 700 4 g a8 a0
7 T 10 7 8 80
a Ban 12 an A 00
] 520 14 ] c 570
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