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EECS 16A Designing Information Devices and Systems I
Summer 2022 Discussion 07A

1. Cool Predictions

You have just been contracted by PG&E to predict daily energy use by the UC Berkeley campus based on
local weather conditions. They have provided data of last year’s daily energy usage along with corresponding
weather reports.

(a) You hypothesize a linear model based on the phase of the moon (represented as an integer between 0
and 8) and the season (represented as an integer between 0 and 3).

E = αP xP + αS xS (1)

where E is the daily energy usage (in kilowatt-hours), xP represents the moon phase, and xS corre-
sponds to the seasons. To get an initial approximation for the model parameters αP and αS, you
sample data from 3 days to set up a linear system; the data have been printed in Table 1 below.

xP xS E
1 0 4
0 2 2
1 1 5

Table 1: Campus daily energy-usage(xP is the moon phase, xS is the season, and E is the energy usage)

Explicitly set up the linear system of equations D~a = ~E, then from this system compute the least-

squares solutions for ~̂a =

[
αP

αS

]
.

(b) After speaking with the on-campus facility experts, you realize that a majority of energy is actually
used for heating/air conditioning for indoor facilities (affected by outdoor temperature) and the outdoor
pools (affected by wind conditions). This guides you to a new prediction model

E = αT (xT −15)2 +αW xW +αR (2)

where E is daily energy usage (in kilowatt-hours), xT corresponds to temperature (in Celsius), xW

corresponds to wind speed (in meters per second), and αR accounts for all non-heating-related energy
usage. Now you would like to use data from last year’s logs to identify the least-squares solution for

the parameters of this new model~a =

αT

αW

αR

.
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xT (◦C) xW (m/s) E (kWh)
25 4 300
20 5 220
10 1 250
15 5 280
12 9 350

Table 2: Selected energy/weather data logs.
(xT is the temperature, xW is the wind speeds, and E is the energy usage.)

Provided the data in Table 2 above, explicitly set up the linear system D~a = ~E needed to solve
for the least-squares solution of the parameter vector ~a. This means you must write out all of the
matrix D and vector ~E elements for full credit.

Note: you are not asked to actually find the least-squares solutions for this part!

(c) Now that you spent some time playing around with different prediction models, you have finally de-
veloped a surprisingly simple model (with only 3 parameters) that accurately fits last year’s the energy
and weather data.

Your next task is to test the model against this year’s weather and energy data. Unfortunately the
latest data (matrix D below) keeps causing your code to crash! Checking the data, you try tweaking a
single entry (denoted by η) in D and re-running. Lo and behold... it works!

D =


30 25 5
25 21 4
10 6 4
10 η 5
20 15 5


The original error message said "Math error: Solution cannot be computed." Explain what is likely
causing this error. Then use this reasoning to identify the original value of the data entry η that
causes the code to crash.

(d) As a final test, you apply all 3 of your developed models (from question parts a, b, c) to predict
daily energy usage over the last 3 days from the most recent weather data. These models generate
the following daily energy usage estimates ~̂Ea, ~̂Eb, and ~̂Ec, shown below along with the actual energy
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values ~E.

~E =

 1
3

0.5

 ~̂Ea =

1
1
1

 ~̂Eb =

 0
2

1.5

 ~̂Ec =

2
2
1


Compute the squared error for each of the models. Based on that, which model best agrees with
the actual daily usage data?
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