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Last time: Least Squares 

• the least-squares solution “minimally perturbs” b
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How do we know when our model is good?
How to avoid fitting to noise?



How do we know when our model is good?
How to avoid fitting to noise?

Demo: ‘training-test-lecture-demo.ipynb’





Machine learning

• Using data to understand the real world (e.g. make a model!)
• Figure out whether model is any good (testing and validation)
• Models can be bad either because of a flaw in setup (e.g. wrong data) or a

flaw in assumptions (e.g. wrong physics model)

• To learn more, take:
• EECS16B
• EECS127 Optimization
• CS188
• CS189



Example application:
self-driving cars
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Back to GPS (Global Positioning System)



Which signals make good songs?
- Shifted versions of self are not very correlated
- Songs for each satellite/beacon are not very correlated
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Can I achieve this with just 1’s and 0’s?

?



Example of binary GPS “songs”

https://spotlight.unavco.org/how-gps-works/gps-basics/decoding-the-gps-signal.html
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Example of binary GPS “songs”
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3 transmitters ‘on’, each with a ‘song’
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weights

Receiver sees sum of weighted, shifted songs

-1* + 2* + 0.5*

From     we want to find which songs were received, how they were shifted, and their weights.

shifts



How to solve for GPS coordinates:

1

2

3

4

Identify which satellites are ‘on’

Find the delay/shift for each satellite

Use shifts to find distances to each satellite

Trilateration to find my coordinates



The things we know
The received signal (r) All possible songs

Sparsity level, k

In this example, k=3

…

song 1

song 2

song 3

song m



The things we want to know

shiftsweights
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Orthogonal Matching Pursuit 
(OMP)

New fancy algorithm:

Iterative: will go through same process many times
Start with iteration 1…



Cross-correlate r with all songs



Find song/shift combo with max correlation

song 2 with shift = 7
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What’s the best approx. of r with only            ? 

song 2 with shift = 7
received 
signal

2[ 7]s n −G

2[ 7]s n −G

rx =

α2
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What’s the best approx. of r with only            ? 

song 2 with shift = 7
received 
signal

2[ 7]s n −G

2[ 7]s n −G

rx = = 2.14
(the actual coefficient was 2)

Use least squares to find the weight:

α2=

α2



How did we do? Find best approx. to r

2[ 7]s n −G



Calculate the residual error 
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Rinse and repeat
(iteration 2)



Cross-correlate y with all songs



Find song/shift combo with max correlation (absolute value)

song 1 with shift = 3



What’s the best approx. of r with only           ,          ?  2[ 7]s n −G
1[ 3]s n −G
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What’s the best approx. of r with only           ,          ?  2[ 7]s n −G
1[ 3]s n −G
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song 2 with 
shift = 7

received 
signal

rx =

song 1 with 
shift = 3

α2
α1

(the actual coefficients were 2,-1)

Use least squares to find the weights:



How did we do? Find best approx. to r
song 2 with 
shift = 7

song 1 with 
shift = 3



Calculate the residual 

best approximation 
of received signal

Residual:

received 
signal



Rinse and repeat
(iteration 3)



Cross-correlate y with all songs



Find song/shift combo with max correlation

song 3 with shift = 4



What’s the best approx. of r with          ,        ,         ?  2[ 7]s n −G
1[ 3]s n −G
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α1
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α3

(these are correct!)

Use least squares to find the weights:

3[ 4]s n −G



How did we do? Find best approx. to r



Calculate the residual error 

No more error! We’re done!
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Stop when either:
1) finished k iterations (sparsity), or
2) norm of residual is lower than some threshold value

How to decide when to stop if there’s noise?



Yay! 
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