
Gaussian Processes for 
Regression: Models, 

Algorithms, and Applications

LABORATORY FOR 
INFORMATION & 

DECISION SYSTEMS

Tamara Broderick
Associate Professor 

MIT

http://www.tamarabroderick.com/tutorials.html



1

Why Gaussian processes (GPs)?



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression)

Why Gaussian processes (GPs)?



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example:

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]
“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]
“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]

Motif:

“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]

Motif:  • Expensive → sparse data

“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]

Motif:  • Expensive → sparse data  • Inputs not on a grid

“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]

Motif:  • Expensive → sparse data  • Inputs not on a grid 
• Current is highly nonlinear but smooth in space-time

“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]

Motif:  • Expensive → sparse data  • Inputs not on a grid 
• Current is highly nonlinear but smooth in space-time 
• Want uncertainty quantification

“predict”



1

• Often want to estimate/“predict” some continuous outcome 
as a function of certain inputs (regression) 

• GPs are good at certain types of regression problems

Why Gaussian processes (GPs)?

Example: 
• The ocean current 

(velocity vector field) 
varies by space & time 

• Scientists get sparse 
observations of the 
current from buoys 

• Goal: estimate the 
current

[Ryan, Özgökmen 2023; Zewe 2023; Gonçalves et al 2019; Lodise et al 2020; Berlinghieri et al 2023]

Motif:  • Expensive → sparse data  • Inputs not on a grid 
• Current is highly nonlinear but smooth in space-time 
• Want uncertainty quantification  • Few inputs

“predict”



Why Gaussian processes?

2

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Motif:

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Motif:  • Expensive, sparse data

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Motif:  • Expensive, sparse data 
• Potentially nonlinear but smooth function 

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Motif:  • Expensive, sparse data 
• Potentially nonlinear but smooth function  
• Few inputs, not on grid

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Motif:  • Expensive, sparse data 
• Potentially nonlinear but smooth function  
• Few inputs, not on grid • Want uncertainty quantification

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Myren, Lawrence 2021: “the Gaussian process emulators perform better 
overall than the neural network emulators. [But e]ach of these examples 
is a good match for the assumptions of the Gaussian process.”

Motif:  • Expensive, sparse data 
• Potentially nonlinear but smooth function  
• Few inputs, not on grid • Want uncertainty quantification

Surrogate model/emulator example:



Why Gaussian processes?

2

Surrogate model/emulator 
• The lift force of a rocket 

booster varies as a function 
of speed at re-entry, angle 
of attack, and sideslip angle 

• Scientists can run 
expensive simulations at 
chosen input settings 

• Goal: estimate how lift 
varies as function of inputs

Lift

[Gramacy, 
Lee 2008] 
[Gramacy 

2020]

Angle of attack

Mach (speed)

Myren, Lawrence 2021: “the Gaussian process emulators perform better 
overall than the neural network emulators. [But e]ach of these examples 
is a good match for the assumptions of the Gaussian process.”

Motif:  • Expensive, sparse data 
• Potentially nonlinear but smooth function  
• Few inputs, not on grid • Want uncertainty quantification

Surrogate model/emulator example:

see also “kriging,” 
“optimal 

interpolation (OI)”



3

Why Gaussian processes?
One last example:



3

Why Gaussian processes?
One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings



3

Why Gaussian processes?
One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.”

[Godbole et al 2023]



3

Why Gaussian processes?
One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.” 

• Motif: sparse, no grid, nonlinear, smooth, few inputs, UQ

[Godbole et al 2023]



3

Why Gaussian processes?

Bonus benefits of GPs:   

One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.” 

• Motif: sparse, no grid, nonlinear, smooth, few inputs, UQ

[Godbole et al 2023]



3

Why Gaussian processes?

Bonus benefits of GPs: • Ease of use (software, tuning)   

One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.” 

• Motif: sparse, no grid, nonlinear, smooth, few inputs, UQ

[Godbole et al 2023]



3

Why Gaussian processes?

Bonus benefits of GPs: • Ease of use (software, tuning)     
• Supports optimization of outcome

One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.” 

• Motif: sparse, no grid, nonlinear, smooth, few inputs, UQ

[Godbole et al 2023]



3

Why Gaussian processes?

Bonus benefits of GPs: • Ease of use (software, tuning)     
• Supports optimization of outcome • Predictions & 
uncertainties over derivatives & integrals

One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.” 

• Motif: sparse, no grid, nonlinear, smooth, few inputs, UQ

[Godbole et al 2023]



3

Why Gaussian processes?

Bonus benefits of GPs: • Ease of use (software, tuning)     
• Supports optimization of outcome • Predictions & 
uncertainties over derivatives & integrals • Module within 
more-complex methods

One last example: 
• Estimate (and optimize) deep learning performance as a 

function of learning rate, momentum, and other settings 
• Deep Learning Tuning Playbook: “Currently, there is an 

astonishing amount of toil and guesswork involved in actually getting deep 
neural networks to work well in practice. Even worse, the actual recipes 
people use to get good results with deep learning are rarely documented. 
[…] There is a vast gulf between the results achieved by deep learning 
experts and less skilled practitioners using superficially similar methods.” 

• Motif: sparse, no grid, nonlinear, smooth, few inputs, UQ

[Godbole et al 2023]



Roadmap

4



Roadmap
• A Bayesian approach

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)?

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference 

• Prediction & uncertainty quantification

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference 

• Prediction & uncertainty quantification 
• Using GPs to optimize a function (Bayesian optimization)

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference 

• Prediction & uncertainty quantification 
• Using GPs to optimize a function (Bayesian optimization) 
• What are the limits? What can go wrong?

4



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference 

• Prediction & uncertainty quantification 
• Using GPs to optimize a function (Bayesian optimization) 
• What are the limits? What can go wrong?

4

• Goals:



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference 

• Prediction & uncertainty quantification 
• Using GPs to optimize a function (Bayesian optimization) 
• What are the limits? What can go wrong?

4

• Goals: 
• Learn the mechanism behind standard GPs to 

identify benefits and pitfalls



Roadmap
• A Bayesian approach 
• What is a Gaussian process (GP)? 

• A particularly popular version in practice 
• Gaussian process inference 

• Prediction & uncertainty quantification 
• Using GPs to optimize a function (Bayesian optimization) 
• What are the limits? What can go wrong?

4
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• p(unknowns | data)     p(data | unknowns) p(unknowns)<latexit sha1_base64="IfssuVaKVWgzBHwbK2y9I+0LCSU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmAckS5idzCZDZmeGmV4hhHyEFw+KePV7vPk3TpI9aLSgoajqprsr1oJbDIIvr7C2vrG5Vdwu7ezu7R+UD49aVmWGsiZVQplOTCwTXLImchSsow0jaSxYOx7fzv32IzOWK/mAE82ilAwlTzgl6KR2TxulUfXLlaAaLOD/JWFOKpCj0S9/9gaKZimTSAWxthsGGqMpMcipYLNSL7NMEzomQ9Z1VJKU2Wi6OHfmnzll4CfKuJLoL9SfE1OSWjtJY9eZEhzZVW8u/ud1M0yuoymXOkMm6XJRkgkflT//3R9wwyiKiSOEGu5u9emIGELRJVRyIYSrL/8lrYtqWKvW7i8r9Zs8jiKcwCmcQwhXUIc7aEATKIzhCV7g1dPes/fmvS9bC14+cwy/4H18A6Ztj8s=</latexit>/

Given the data we’ve 
seen, what do we 
know about the 
underlying function? 

x data 
f(x) best guess 
f(x) 95% interval

x

y

5



A Bayesian approach
• p(unknowns | data)     p(data | unknowns) p(unknowns)<latexit sha1_base64="IfssuVaKVWgzBHwbK2y9I+0LCSU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmAckS5idzCZDZmeGmV4hhHyEFw+KePV7vPk3TpI9aLSgoajqprsr1oJbDIIvr7C2vrG5Vdwu7ezu7R+UD49aVmWGsiZVQplOTCwTXLImchSsow0jaSxYOx7fzv32IzOWK/mAE82ilAwlTzgl6KR2TxulUfXLlaAaLOD/JWFOKpCj0S9/9gaKZimTSAWxthsGGqMpMcipYLNSL7NMEzomQ9Z1VJKU2Wi6OHfmnzll4CfKuJLoL9SfE1OSWjtJY9eZEhzZVW8u/ud1M0yuoymXOkMm6XJRkgkflT//3R9wwyiKiSOEGu5u9emIGELRJVRyIYSrL/8lrYtqWKvW7i8r9Zs8jiKcwCmcQwhXUIc7aEATKIzhCV7g1dPes/fmvS9bC14+cwy/4H18A6Ztj8s=</latexit>/

Given the data we’ve 
seen, what do we 
know about the 
underlying function? 

5

x data 
f(x) best guess 
f(x) 95% interval

x

y



A Bayesian approach
• p(unknowns | data)     p(data | unknowns) p(unknowns)<latexit sha1_base64="IfssuVaKVWgzBHwbK2y9I+0LCSU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmAckS5idzCZDZmeGmV4hhHyEFw+KePV7vPk3TpI9aLSgoajqprsr1oJbDIIvr7C2vrG5Vdwu7ezu7R+UD49aVmWGsiZVQplOTCwTXLImchSsow0jaSxYOx7fzv32IzOWK/mAE82ilAwlTzgl6KR2TxulUfXLlaAaLOD/JWFOKpCj0S9/9gaKZimTSAWxthsGGqMpMcipYLNSL7NMEzomQ9Z1VJKU2Wi6OHfmnzll4CfKuJLoL9SfE1OSWjtJY9eZEhzZVW8u/ud1M0yuoymXOkMm6XJRkgkflT//3R9wwyiKiSOEGu5u9emIGELRJVRyIYSrL/8lrYtqWKvW7i8r9Zs8jiKcwCmcQwhXUIc7aEATKIzhCV7g1dPes/fmvS9bC14+cwy/4H18A6Ztj8s=</latexit>/

Given the data we’ve 
seen, what do we 
know about the 
underlying function? 

A (stats/AI/ML) 
model that can 
generate functions 
and data of interest

5

x data 
f(x) best guess 
f(x) 95% interval

x

y



A Bayesian approach
• p(unknowns | data)     p(data | unknowns) p(unknowns)<latexit sha1_base64="IfssuVaKVWgzBHwbK2y9I+0LCSU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BLx4jmAckS5idzCZDZmeGmV4hhHyEFw+KePV7vPk3TpI9aLSgoajqprsr1oJbDIIvr7C2vrG5Vdwu7ezu7R+UD49aVmWGsiZVQplOTCwTXLImchSsow0jaSxYOx7fzv32IzOWK/mAE82ilAwlTzgl6KR2TxulUfXLlaAaLOD/JWFOKpCj0S9/9gaKZimTSAWxthsGGqMpMcipYLNSL7NMEzomQ9Z1VJKU2Wi6OHfmnzll4CfKuJLoL9SfE1OSWjtJY9eZEhzZVW8u/ud1M0yuoymXOkMm6XJRkgkflT//3R9wwyiKiSOEGu5u9emIGELRJVRyIYSrL/8lrYtqWKvW7i8r9Zs8jiKcwCmcQwhXUIc7aEATKIzhCV7g1dPes/fmvS9bC14+cwy/4H18A6Ztj8s=</latexit>/

Given the data we’ve 
seen, what do we 
know about the 
underlying function? 

5

x data 
f(x) best guess 
f(x) 95% interval

x

y

x

y

x
x x

x

A (stats/AI/ML) 
model that can 
generate functions 
and data of interest



• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite

Bivariate Gaussian distribution review

6

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)



Bivariate Gaussian distribution review

6

• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)



Bivariate Gaussian distribution review

6

• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:
?



Bivariate Gaussian distribution review

6

• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)
<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:

?
<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)

<latexit sha1_base64="u2NsG2UNU9XwmPT1aDoSnUuHm0I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukeqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9puXo+7RdLbsWdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8BSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwis/ZTJODJVksShMODIRmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtgQvOWXV0mrWvFqldrdRal+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QMX2Y/2</latexit>

µ(2) ?
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)

<latexit sha1_base64="u2NsG2UNU9XwmPT1aDoSnUuHm0I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukeqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9puXo+7RdLbsWdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8BSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwis/ZTJODJVksShMODIRmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtgQvOWXV0mrWvFqldrdRal+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QMX2Y/2</latexit>

µ(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="TE6j2EN6pqkxGiCu6nZrvuAUm88=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKVI9FLx4r2A9IQtlsN+3S3U3YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkobm1vbO+Xdyt7+weFR9fika5JMU9ahiUh0PyKGCa5YBzgI1k81IzISrBdN7uZ+74lpwxP1CNOUhZKMFI85JWAlP0glbgSGjyQZVGtu3V0ArxOvIDVUoD2ofgXDhGaSKaCCGON7bgphTjRwKtisEmSGpYROyIj5lioimQnzxckzfGGVIY4TbUsBXqi/J3IijZnKyHZKAmOz6s3F/zw/g/gmzLlKM2CKLhfFmcCQ4Pn/eMg1oyCmlhCqub0V0zHRhIJNqWJD8FZfXifdRt1r1psPV7XWbRFHGZ2hc3SJPHSNWugetVEHUZSgZ/SK3hxwXpx352PZWnKKmVP0B87nD7yAkOs=</latexit>±2�

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)

<latexit sha1_base64="u2NsG2UNU9XwmPT1aDoSnUuHm0I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukeqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9puXo+7RdLbsWdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8BSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwis/ZTJODJVksShMODIRmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtgQvOWXV0mrWvFqldrdRal+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QMX2Y/2</latexit>

µ(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="TE6j2EN6pqkxGiCu6nZrvuAUm88=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKVI9FLx4r2A9IQtlsN+3S3U3YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkobm1vbO+Xdyt7+weFR9fika5JMU9ahiUh0PyKGCa5YBzgI1k81IzISrBdN7uZ+74lpwxP1CNOUhZKMFI85JWAlP0glbgSGjyQZVGtu3V0ArxOvIDVUoD2ofgXDhGaSKaCCGON7bgphTjRwKtisEmSGpYROyIj5lioimQnzxckzfGGVIY4TbUsBXqi/J3IijZnKyHZKAmOz6s3F/zw/g/gmzLlKM2CKLhfFmcCQ4Pn/eMg1oyCmlhCqub0V0zHRhIJNqWJD8FZfXifdRt1r1psPV7XWbRFHGZ2hc3SJPHSNWugetVEHUZSgZ/SK3hxwXpx352PZWnKKmVP0B87nD7yAkOs=</latexit>±2�

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0

<latexit sha1_base64="xCUZK4yYKvrKyiQTFYe994e7edI=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrWr0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO7V94/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo9up33qiSjMpHsw4oUGMB4JFjGBjpceuGkp0jTz3oleueK43A1omfk4qkKPeK391+5KkMRWGcKx1x/cSE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZxRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fR91GeKEsPHlmCimL0VkSFWmBgbUsmG4C++vEyaZ65fdav355XaTR5HEY7gGE7Bh0uowR3UoQEEBDzDK7w52nlx3p2PeWvByWcO4Q+czx+plo+e</latexit>

⇢ = 0.5
<latexit sha1_base64="ksLLGyJMumb6+re51WUif3C2TkU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrUvUgFL14rGA/sF1KNs22odlkSbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6nfuuJKs2keDDjhAYxHggWMYKNlR67aijRNfLcq1654rneDGiZ+DmpQI56r/zV7UuSxlQYwrHWHd9LTJBhZRjhdFLqppommIzwgHYsFTimOshmF0/QiVX6KJLKljBopv6eyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNP3UZ8pSgwfW4KJYvZWRIZYYWJsSCUbgr/48jJpnrl+1a3en1dqN3kcRTiCYzgFHy6gBndQhwYQEPAMr/DmaOfFeXc+5q0FJ585hD9wPn8Ar6aPog==</latexit>

⇢ = 0.9

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)

<latexit sha1_base64="u2NsG2UNU9XwmPT1aDoSnUuHm0I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukeqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9puXo+7RdLbsWdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8BSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwis/ZTJODJVksShMODIRmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtgQvOWXV0mrWvFqldrdRal+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QMX2Y/2</latexit>

µ(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density: ?
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="TE6j2EN6pqkxGiCu6nZrvuAUm88=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKVI9FLx4r2A9IQtlsN+3S3U3YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkobm1vbO+Xdyt7+weFR9fika5JMU9ahiUh0PyKGCa5YBzgI1k81IzISrBdN7uZ+74lpwxP1CNOUhZKMFI85JWAlP0glbgSGjyQZVGtu3V0ArxOvIDVUoD2ofgXDhGaSKaCCGON7bgphTjRwKtisEmSGpYROyIj5lioimQnzxckzfGGVIY4TbUsBXqi/J3IijZnKyHZKAmOz6s3F/zw/g/gmzLlKM2CKLhfFmcCQ4Pn/eMg1oyCmlhCqub0V0zHRhIJNqWJD8FZfXifdRt1r1psPV7XWbRFHGZ2hc3SJPHSNWugetVEHUZSgZ/SK3hxwXpx352PZWnKKmVP0B87nD7yAkOs=</latexit>±2�

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0
<latexit sha1_base64="xCUZK4yYKvrKyiQTFYe994e7edI=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrWr0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO7V94/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo9up33qiSjMpHsw4oUGMB4JFjGBjpceuGkp0jTz3oleueK43A1omfk4qkKPeK391+5KkMRWGcKx1x/cSE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZxRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fR91GeKEsPHlmCimL0VkSFWmBgbUsmG4C++vEyaZ65fdav355XaTR5HEY7gGE7Bh0uowR3UoQEEBDzDK7w52nlx3p2PeWvByWcO4Q+czx+plo+e</latexit>

⇢ = 0.5
<latexit sha1_base64="ksLLGyJMumb6+re51WUif3C2TkU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrUvUgFL14rGA/sF1KNs22odlkSbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6nfuuJKs2keDDjhAYxHggWMYKNlR67aijRNfLcq1654rneDGiZ+DmpQI56r/zV7UuSxlQYwrHWHd9LTJBhZRjhdFLqppommIzwgHYsFTimOshmF0/QiVX6KJLKljBopv6eyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNP3UZ8pSgwfW4KJYvZWRIZYYWJsSCUbgr/48jJpnrl+1a3en1dqN3kcRTiCYzgFHy6gBndQhwYQEPAMr/DmaOfFeXc+5q0FJ585hD9wPn8Ar6aPog==</latexit>

⇢ = 0.9

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)

<latexit sha1_base64="u2NsG2UNU9XwmPT1aDoSnUuHm0I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukeqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9puXo+7RdLbsWdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8BSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwis/ZTJODJVksShMODIRmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtgQvOWXV0mrWvFqldrdRal+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QMX2Y/2</latexit>

µ(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

• Probability density:



Bivariate Gaussian distribution review
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• Gaussian: 
• Observations                          ; mean 
• Covariance matrix K is symmetric, positive semidefinite 
• A common choice: 

<latexit sha1_base64="PHQWHJTCyqA7CX7MTV1kL78pfFw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EitCAlKVLdCEU3LivYC6RpmUwn7dDJhZmJEEIWbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz53dCRoU0jG+tsLa+sblV3C7t7O7tH+iHR10RRByTDg5YwPsOEoRRn3QklYz0Q06Q5zDSc2Y3Wb33QLiggX8v45DYHpr41KUYSWWN9HIMr6AVD5OqWUvPYAaNWmoPBzIIR3rFqBtzwVUwc6iAXO2R/jUYBzjyiC8xQ0JYphFKO0FcUsxIWhpEgoQIz9CEWAp95BFhJ/MjUniqnDF0A66eL+Hc/T2RIE+I2HNUp4fkVCzXMvO/mhVJ99JOqB9Gkvh4sciNGJQBzBKBY8oJlixWgDCn6q8QTxFHWKrcSioEc/nkVeg26maz3rw7r7Su8ziKoAxOQBWY4AK0wC1ogw7A4BE8g1fwpj1pL9q79rFoLWj5zDH4I+3zB/rglm4=</latexit>

y = [y(1), y(2)]>
<latexit sha1_base64="la0bmTXGRuXYIwSAVzkQ/zzBkDE=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhzCBjLaIdOLMPTicYJ7gbYbaZZuYUlbklQYpVcvfhUvHhTx6jfw5rcx23rQzQdCfvz/z0Py/P2YUaks69tYWV1b39gsbBW3d3b39s2Dw7aMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/PHN1O88ECFpFN6rSUw8joYhDShGSkt9E7o8gVfQ0VcvLduV7GxOtUrm9VwVxX2zZFWtWcFlsHMogbyaffPLHUQ44SRUmCEpHduKlZcioShmJCu6iSQxwmM0JI7GEHEivXS2SQZPtTKAQST0CRWcqb8nUsSlnHBfd3KkRnLRm4r/eU6igksvpWGcKBLi+UNBwqCK4DQWOKCCYMUmGhAWVP8V4hESCCsdXlGHYC+uvAztWtWuV+t356XGdR5HARyDE1AGNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/Cnj8wc9SJjP</latexit>

µ = [µ(1), µ(2)]>

<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="TE6j2EN6pqkxGiCu6nZrvuAUm88=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKVI9FLx4r2A9IQtlsN+3S3U3YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkobm1vbO+Xdyt7+weFR9fika5JMU9ahiUh0PyKGCa5YBzgI1k81IzISrBdN7uZ+74lpwxP1CNOUhZKMFI85JWAlP0glbgSGjyQZVGtu3V0ArxOvIDVUoD2ofgXDhGaSKaCCGON7bgphTjRwKtisEmSGpYROyIj5lioimQnzxckzfGGVIY4TbUsBXqi/J3IijZnKyHZKAmOz6s3F/zw/g/gmzLlKM2CKLhfFmcCQ4Pn/eMg1oyCmlhCqub0V0zHRhIJNqWJD8FZfXifdRt1r1psPV7XWbRFHGZ2hc3SJPHSNWugetVEHUZSgZ/SK3hxwXpx352PZWnKKmVP0B87nD7yAkOs=</latexit>±2�

<latexit sha1_base64="bI86yLabZi2KMG0gJOtWLW+TIi4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y3LCvaB7VAyaaYNzWNIMkIZ+hduXCji1r9x59+YtrPQ6oGEwzn3cu89UcKZsb7/5RVWVtfWN4qbpa3tnd298v5By6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++5Fqw5S8t5OEhgIPJYsZwdZJDz09UugK+VW/X664fw70lwQ5qUCORr/82RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cZTdOKUAYqVdk9aNFd/dmRYGDMRkasU2I7MsjcT//O6qY0vw4zJJLVUksWgOOXIKjQ7Hw2YpsTyiSOYaOZ2RWSENSbWhVRyIQTLJ/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCEh4ghd49Yz37L1574vSgpf3HMIveB/fogKPmQ==</latexit>

⇢ = 0.0
<latexit sha1_base64="xCUZK4yYKvrKyiQTFYe994e7edI=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrWr0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO7V94/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo9up33qiSjMpHsw4oUGMB4JFjGBjpceuGkp0jTz3oleueK43A1omfk4qkKPeK391+5KkMRWGcKx1x/cSE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZxRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fR91GeKEsPHlmCimL0VkSFWmBgbUsmG4C++vEyaZ65fdav355XaTR5HEY7gGE7Bh0uowR3UoQEEBDzDK7w52nlx3p2PeWvByWcO4Q+czx+plo+e</latexit>

⇢ = 0.5
<latexit sha1_base64="ksLLGyJMumb6+re51WUif3C2TkU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07IrUvUgFL14rGA/sF1KNs22odlkSbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6nfuuJKs2keDDjhAYxHggWMYKNlR67aijRNfLcq1654rneDGiZ+DmpQI56r/zV7UuSxlQYwrHWHd9LTJBhZRjhdFLqppommIzwgHYsFTimOshmF0/QiVX6KJLKljBopv6eyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNP3UZ8pSgwfW4KJYvZWRIZYYWJsSCUbgr/48jJpnrl+1a3en1dqN3kcRTiCYzgFHy6gBndQhwYQEPAMr/DmaOfFeXc+5q0FJ585hD9wPn8Ar6aPog==</latexit>

⇢ = 0.9

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)

<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="SY6axp8VrWSA8e4qQrSy15/oX3U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AEWU4/1</latexit>

µ(1)

<latexit sha1_base64="u2NsG2UNU9XwmPT1aDoSnUuHm0I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukeqx6MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0kNPJI9puXo+7RdLbsWdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8BSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwis/ZTJODJVksShMODIRmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtgQvOWXV0mrWvFqldrdRal+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QMX2Y/2</latexit>

µ(2)

<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)

[demo]

• Probability density:
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• Bivariate Gaussian:
<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

Bivariate Gaussian using locations



<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

• Bivariate Gaussian:  
• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

Bivariate Gaussian using locations
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<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

• Bivariate Gaussian:  
• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

Bivariate Gaussian using locations
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<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)
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<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)
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<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

7



<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

7



<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

• What if we let the correlation depend on the x’s?

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

7



<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

• What if we let the correlation depend on the x’s? 
• Let

<latexit sha1_base64="rjQN9GAL9jq6pc/xP5QhwJsa5o4=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQLiwzRaoboejGZQX7gHYsmTRtQzOTIcmIZTo7N/6KGxeKuPUX3Pk3ZtpZaOuBcA/n3MvNPW7AqFSW9W1klpZXVtey67mNza3tHXN3ryF5KDCpY864aLlIEkZ9UldUMdIKBEGey0jTHV0lfvOeCEm5f6vGAXE8NPBpn2KktNQ1DztiyOEFTEph8nAXFexifJLUcjGeFLtm3ipZU8BFYqckD1LUuuZXp8dx6BFfYYakbNtWoJwICUUxI3GuE0oSIDxCA9LW1EcekU40vSOGx1rpwT4X+vkKTtXfExHypBx7ru70kBrKeS8R//PaoeqfOxH1g1ARH88W9UMGFYdJKLBHBcGKjTVBWFD9V4iHSCCsdHQ5HYI9f/IiaZRLdqVUuTnNVy/TOLLgAByBArDBGaiCa1ADdYDBI3gGr+DNeDJejHfjY9aaMdKZffAHxucPZpmXwA==</latexit>

⇢ = ⇢(|x(1) � x(2)|)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

7



<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

• What if we let the correlation depend on the x’s? 
• Let 

• Where the correlation goes to 1 as the x’s get close

<latexit sha1_base64="rjQN9GAL9jq6pc/xP5QhwJsa5o4=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQLiwzRaoboejGZQX7gHYsmTRtQzOTIcmIZTo7N/6KGxeKuPUX3Pk3ZtpZaOuBcA/n3MvNPW7AqFSW9W1klpZXVtey67mNza3tHXN3ryF5KDCpY864aLlIEkZ9UldUMdIKBEGey0jTHV0lfvOeCEm5f6vGAXE8NPBpn2KktNQ1DztiyOEFTEph8nAXFexifJLUcjGeFLtm3ipZU8BFYqckD1LUuuZXp8dx6BFfYYakbNtWoJwICUUxI3GuE0oSIDxCA9LW1EcekU40vSOGx1rpwT4X+vkKTtXfExHypBx7ru70kBrKeS8R//PaoeqfOxH1g1ARH88W9UMGFYdJKLBHBcGKjTVBWFD9V4iHSCCsdHQ5HYI9f/IiaZRLdqVUuTnNVy/TOLLgAByBArDBGaiCa1ADdYDBI3gGr+DNeDJejHfjY9aaMdKZffAHxucPZpmXwA==</latexit>

⇢ = ⇢(|x(1) � x(2)|)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)

7



<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

• What if we let the correlation depend on the x’s? 
• Let 

• Where the correlation goes to 1 as the x’s get close 
• And goes to 0 as the x’s get far

<latexit sha1_base64="rjQN9GAL9jq6pc/xP5QhwJsa5o4=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQLiwzRaoboejGZQX7gHYsmTRtQzOTIcmIZTo7N/6KGxeKuPUX3Pk3ZtpZaOuBcA/n3MvNPW7AqFSW9W1klpZXVtey67mNza3tHXN3ryF5KDCpY864aLlIEkZ9UldUMdIKBEGey0jTHV0lfvOeCEm5f6vGAXE8NPBpn2KktNQ1DztiyOEFTEph8nAXFexifJLUcjGeFLtm3ipZU8BFYqckD1LUuuZXp8dx6BFfYYakbNtWoJwICUUxI3GuE0oSIDxCA9LW1EcekU40vSOGx1rpwT4X+vkKTtXfExHypBx7ru70kBrKeS8R//PaoeqfOxH1g1ARH88W9UMGFYdJKLBHBcGKjTVBWFD9V4iHSCCsdHQ5HYI9f/IiaZRLdqVUuTnNVy/TOLLgAByBArDBGaiCa1ADdYDBI3gGr+DNeDJejHfjY9aaMdKZffAHxucPZpmXwA==</latexit>

⇢ = ⇢(|x(1) � x(2)|)

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

Bivariate Gaussian using locations
• Bivariate Gaussian:  

• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)
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Bivariate Gaussian using locations
<latexit sha1_base64="JpMVlXVESrMjE0oNHkGDcVw8/f4="></latexit>

K = �2


1 ⇢
⇢ 1

�
correlation

1 2

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="NlwRDd4OehECqXSkaSPV/zoyMTA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2Adi3ZNNuGZrMhyQrL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbmd56o0iwWDyaV1I/wSLCQEWys1Ekfs6p3Ph2UK27NnQOtEi8nFcjRHJS/+sOYJBEVhnCsdc9zpfEzrAwjnE5L/URTickEj2jPUoEjqv1sfu4UnVlliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyrZELzll1dJ+6Lm1Wv1+8tK4yaPowgncApV8OAKGnAHTWgBgQk8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/yPHA==</latexit>

y(1)
<latexit sha1_base64="74CI/x2CUvL+0D6YAJ5MWtRUgeU=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9ktUj0WvXisYD+gXUs2zbah2WxIssKy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5geRMG9f9dtbWNza3tgs7xd29/YPD0tFxW8eJIrRFYh6rboA15UzQlmGG065UFEcBp51gcjvzO09UaRaLB5NK6kd4JFjICDZW6qSPWaV2MR2Uym7VnQOtEi8nZcjRHJS++sOYJBEVhnCsdc9zpfEzrAwjnE6L/URTickEj2jPUoEjqv1sfu4UnVtliMJY2RIGzdXfExmOtE6jwHZG2Iz1sjcT//N6iQmv/YwJmRgqyGJRmHBkYjT7HQ2ZosTw1BJMFLO3IjLGChNjEyraELzll1dJu1b16tX6/WW5cZPHUYBTOIMKeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6J1zclnTuAPnM8fnYKPHQ==</latexit>

y(2)

<latexit sha1_base64="TpztQBCl9Drg7lYuaosbGwulccc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5v4jxw=</latexit>

x(2)
<latexit sha1_base64="zEbmCYtQD5pvlxUAihWUpp0wg3U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmnKPGw==</latexit>

x(1)

• What if we let the correlation depend on the x’s? 
• Let 

• Where the correlation goes to 1 as the x’s get close 
• And goes to 0 as the x’s get far

<latexit sha1_base64="rjQN9GAL9jq6pc/xP5QhwJsa5o4=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQLiwzRaoboejGZQX7gHYsmTRtQzOTIcmIZTo7N/6KGxeKuPUX3Pk3ZtpZaOuBcA/n3MvNPW7AqFSW9W1klpZXVtey67mNza3tHXN3ryF5KDCpY864aLlIEkZ9UldUMdIKBEGey0jTHV0lfvOeCEm5f6vGAXE8NPBpn2KktNQ1DztiyOEFTEph8nAXFexifJLUcjGeFLtm3ipZU8BFYqckD1LUuuZXp8dx6BFfYYakbNtWoJwICUUxI3GuE0oSIDxCA9LW1EcekU40vSOGx1rpwT4X+vkKTtXfExHypBx7ru70kBrKeS8R//PaoeqfOxH1g1ARH88W9UMGFYdJKLBHBcGKjTVBWFD9V4iHSCCsdHQ5HYI9f/IiaZRLdqVUuTnNVy/TOLLgAByBArDBGaiCa1ADdYDBI3gGr+DNeDJejHfjY9aaMdKZffAHxucPZpmXwA==</latexit>

⇢ = ⇢(|x(1) � x(2)|)

[demo]

<latexit sha1_base64="9zx1uN4GGSLPyaRFFJU32/GxXtc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1QdOOygn1AEstkOmmHziPMTAol9E/cuFDErX/izr9x2mahrQcuHM65l3vviVNGtfG8b2dldW19Y7O0Vd7e2d3bdw8OW1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDf12yOiNJXi0YxTEnHUFzShGBkrdV035Bm8gYF37kVPoZFp1614VW8GuEz8glRAgUbX/Qp7EmecCIMZ0jrwvdREOVKGYkYm5TDTJEV4iPoksFQgTnSUzy6fwFOr9GAilS1h4Ez9PZEjrvWYx7aTIzPQi95U/M8LMpNcRzkVaWaIwPNFScagkXAaA+xRRbBhY0sQVtTeCvEAKYSNDatsQ/AXX14mrYuqX6vWHi4r9dsijhI4BifgDPjgCtTBPWiAJsBgBJ7BK3hzcufFeXc+5q0rTjFzBP7A+fwBoBiSYg==</latexit>

µ = [0, 0]>

• Bivariate Gaussian:  
• With                     and

<latexit sha1_base64="dhBUFBuFEnyNzqJv7UAI3vH31uw=">AAACGXicbZDLSsNAFIYnXmu9VV26GSxCC6UkRarLohtBkAr2AklaJtNpO3QmCTMTIYS8hhtfxY0LRVzqyrdx0nahrT8MfPznHOac3wsZlco0v42V1bX1jc3cVn57Z3dvv3Bw2JZBJDBp4YAFoushSRj1SUtRxUg3FARxj5GON7nK6p0HIiQN/HsVh8TlaOTTIcVIaatfMO24l5SsclqBGdTKqdtzVBBCR1IOHY7UGCOW3KYlh0cVeFPuF4pm1ZwKLoM1hyKYq9kvfDqDAEec+AozJKVtmaFyEyQUxYykeSeSJER4gkbE1ugjTqSbTC9L4al2BnAYCP18Bafu74kEcSlj7unObFW5WMvM/2p2pIYXbkL9MFLEx7OPhhGDKoBZTHBABcGKxRoQFlTvCvEYCYSVDjOvQ7AWT16Gdq1q1av1u7Ni43IeRw4cgxNQAhY4Bw1wDZqgBTB4BM/gFbwZT8aL8W58zFpXjPnMEfgj4+sHliSe0Q==</latexit>

[y(1), y(2)]> ⇠ N (µ,K)
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Multivariate Gaussian using locations

8



• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions

Multivariate Gaussian using locations
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order):

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random 

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                      

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with              

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M

8



• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

8



• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:              

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1?

8



• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:              

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�?
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases 
• And                  as 

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�
<latexit sha1_base64="+XuvXi21YKd8xCvY0Wq36khG+Bk=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegxqAePEcwDsiHMTmazQ2ZnlpleJYSAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHcFieAGXPfbySwtr6yuZddzG5tb2zv53b26UammrEaVULoZEMMEl6wGHARrJpqROBCsEfSvxn7jnmnDlbyDQcLaMelJHnJKwEqd/IGvI1X0r5kAcoJ9zXsREK3VA3Y7+YJbcifAi8SbkQKaodrJf/ldRdOYSaCCGNPy3ATaQ6KBU8FGOT81LCG0T3qsZakkMTPt4eSHET62SheHStuSgCfq74khiY0ZxIHtjAlEZt4bi/95rRTCi/aQyyQFJul0UZgKDAqPA8FdrhkFMbCEUM3trZhGRBMKNracDcGbf3mR1E9LXrlUvj0rVC5ncWTRITpCReShc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7Q148xm9tEfOJ8/3oaXCw==</latexit>

⇢(�) ! 0
<latexit sha1_base64="JqvYnJK5phi4XxUNMqDXnbMoWh4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEpHos6sFjBfsBTSib7aZdutmE3YkSSvHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxheTfzWPVOax/IOsoT5EelLHnJKwEhd+8C7ZgII9hTvD4AoFT9gj8sQsq5ddirOFHiRuDkpoxz1rv3l9WKaRkwCFUTrjusk4I+IAk4FG5e8VLOE0CHps46hkkRM+6PpC2N8bJQeDmNlSgKeqr8nRiTSOosC0xkRGOh5byL+53VSCC/8EZdJCkzS2aIwFRhiPMkD97hiFERmCKGKm1sxHRBFKJjUSiYEd/7lRdI8rbjVSvX2rFy7zOMookN0hE6Qi85RDd2gOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwBGWZdh</latexit>

� ! 1?
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases 
• And                  as 

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�
<latexit sha1_base64="+XuvXi21YKd8xCvY0Wq36khG+Bk=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegxqAePEcwDsiHMTmazQ2ZnlpleJYSAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHcFieAGXPfbySwtr6yuZddzG5tb2zv53b26UammrEaVULoZEMMEl6wGHARrJpqROBCsEfSvxn7jnmnDlbyDQcLaMelJHnJKwEqd/IGvI1X0r5kAcoJ9zXsREK3VA3Y7+YJbcifAi8SbkQKaodrJf/ldRdOYSaCCGNPy3ATaQ6KBU8FGOT81LCG0T3qsZakkMTPt4eSHET62SheHStuSgCfq74khiY0ZxIHtjAlEZt4bi/95rRTCi/aQyyQFJul0UZgKDAqPA8FdrhkFMbCEUM3trZhGRBMKNracDcGbf3mR1E9LXrlUvj0rVC5ncWTRITpCReShc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7Q148xm9tEfOJ8/3oaXCw==</latexit>

⇢(�) ! 0
<latexit sha1_base64="JqvYnJK5phi4XxUNMqDXnbMoWh4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEpHos6sFjBfsBTSib7aZdutmE3YkSSvHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxheTfzWPVOax/IOsoT5EelLHnJKwEhd+8C7ZgII9hTvD4AoFT9gj8sQsq5ddirOFHiRuDkpoxz1rv3l9WKaRkwCFUTrjusk4I+IAk4FG5e8VLOE0CHps46hkkRM+6PpC2N8bJQeDmNlSgKeqr8nRiTSOosC0xkRGOh5byL+53VSCC/8EZdJCkzS2aIwFRhiPMkD97hiFERmCKGKm1sxHRBFKJjUSiYEd/7lRdI8rbjVSvX2rFy7zOMookN0hE6Qi85RDd2gOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwBGWZdh</latexit>

� ! 1
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases 
• And                  as 

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�
<latexit sha1_base64="+XuvXi21YKd8xCvY0Wq36khG+Bk=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegxqAePEcwDsiHMTmazQ2ZnlpleJYSAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHcFieAGXPfbySwtr6yuZddzG5tb2zv53b26UammrEaVULoZEMMEl6wGHARrJpqROBCsEfSvxn7jnmnDlbyDQcLaMelJHnJKwEqd/IGvI1X0r5kAcoJ9zXsREK3VA3Y7+YJbcifAi8SbkQKaodrJf/ldRdOYSaCCGNPy3ATaQ6KBU8FGOT81LCG0T3qsZakkMTPt4eSHET62SheHStuSgCfq74khiY0ZxIHtjAlEZt4bi/95rRTCi/aQyyQFJul0UZgKDAqPA8FdrhkFMbCEUM3trZhGRBMKNracDcGbf3mR1E9LXrlUvj0rVC5ncWTRITpCReShc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7Q148xm9tEfOJ8/3oaXCw==</latexit>

⇢(�) ! 0
<latexit sha1_base64="JqvYnJK5phi4XxUNMqDXnbMoWh4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEpHos6sFjBfsBTSib7aZdutmE3YkSSvHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxheTfzWPVOax/IOsoT5EelLHnJKwEhd+8C7ZgII9hTvD4AoFT9gj8sQsq5ddirOFHiRuDkpoxz1rv3l9WKaRkwCFUTrjusk4I+IAk4FG5e8VLOE0CHps46hkkRM+6PpC2N8bJQeDmNlSgKeqr8nRiTSOosC0xkRGOh5byL+53VSCC/8EZdJCkzS2aIwFRhiPMkD97hiFERmCKGKm1sxHRBFKJjUSiYEd/7lRdI8rbjVSvX2rFy7zOMookN0hE6Qi85RDd2gOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwBGWZdh</latexit>

� ! 1
Note: our previous example was 

the special case where M=2
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases 
• And                  as 

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�
<latexit sha1_base64="+XuvXi21YKd8xCvY0Wq36khG+Bk=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegxqAePEcwDsiHMTmazQ2ZnlpleJYSAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHcFieAGXPfbySwtr6yuZddzG5tb2zv53b26UammrEaVULoZEMMEl6wGHARrJpqROBCsEfSvxn7jnmnDlbyDQcLaMelJHnJKwEqd/IGvI1X0r5kAcoJ9zXsREK3VA3Y7+YJbcifAi8SbkQKaodrJf/ldRdOYSaCCGNPy3ATaQ6KBU8FGOT81LCG0T3qsZakkMTPt4eSHET62SheHStuSgCfq74khiY0ZxIHtjAlEZt4bi/95rRTCi/aQyyQFJul0UZgKDAqPA8FdrhkFMbCEUM3trZhGRBMKNracDcGbf3mR1E9LXrlUvj0rVC5ncWTRITpCReShc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7Q148xm9tEfOJ8/3oaXCw==</latexit>

⇢(�) ! 0
<latexit sha1_base64="JqvYnJK5phi4XxUNMqDXnbMoWh4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEpHos6sFjBfsBTSib7aZdutmE3YkSSvHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxheTfzWPVOax/IOsoT5EelLHnJKwEhd+8C7ZgII9hTvD4AoFT9gj8sQsq5ddirOFHiRuDkpoxz1rv3l9WKaRkwCFUTrjusk4I+IAk4FG5e8VLOE0CHps46hkkRM+6PpC2N8bJQeDmNlSgKeqr8nRiTSOosC0xkRGOh5byL+53VSCC/8EZdJCkzS2aIwFRhiPMkD97hiFERmCKGKm1sxHRBFKJjUSiYEd/7lRdI8rbjVSvX2rFy7zOMookN0hE6Qi85RDd2gOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwBGWZdh</latexit>

� ! 1
Note: our previous example was 

the special case where M=2[demo1, demo2]
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• Next: Similar setup but an M-dimensional Gaussian instead 
of just 2 dimensions 
• We have M locations (need not be in order): 

• We’re going to generate a random  
• Let                       with               and K such that 

• Let’s try 
• Check:               ,         is decreasing as     increases 
• And                  as 

Multivariate Gaussian using locations

<latexit sha1_base64="DbhYG2ZqmyxTQ78YDU9M5hOvm2g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQgpYZkeqy6MZlBfuAdiyZNNOGJpkhyYjD0JUbf8WNC0Xc+g3u/BvTdhZaPZDcwzn3ktzjR4wq7ThfVm5hcWl5Jb9aWFvf2Nyyt3eaKowlJg0cslC2faQIo4I0NNWMtCNJEPcZafmjy4nfuiNS0VDc6CQiHkcDQQOKkTZSz96/v01LvDyGXSpg6djcgU6O4KyWe3bRqThTwL/EzUgRZKj37M9uP8QxJ0JjhpTquE6kvRRJTTEj40I3ViRCeIQGpGOoQJwoL52uMYaHRunDIJTmCA2n6s+JFHGlEu6bTo70UM17E/E/rxPr4NxLqYhiTQSePRTEDOoQTjKBfSoJ1iwxBGFJzV8hHiKJsDbJFUwI7vzKf0nzpOJWK9Xr02LtIosjD/bAASgBF5yBGrgCddAAGDyAJ/ACXq1H69l6s95nrTkrm9kFv2B9fAMpVZet</latexit>

x(m) 2 (�1,1)
<latexit sha1_base64="Ehz5kaheHNeyMHsPRLOrzmNh9Gc=">AAACC3icbVDLSgMxFM34rPVVdekmtAgtlDIjUt0IRTduhAr2Ae20ZNK0Dc1MhuSOMAzdu/FX3LhQxK0/4M6/MX0stPXAhZNz7iX3Hi8UXINtf1srq2vrG5uprfT2zu7efubgsK5lpCirUSmkanpEM8EDVgMOgjVDxYjvCdbwRtcTv/HAlOYyuIc4ZK5PBgHvc0rASN1MNsaXuBV3krxTGBfboidBF/HkfVsYu502yLCbydklewq8TJw5yaE5qt3MV7snaeSzAKggWrccOwQ3IQo4FWycbkeahYSOyIC1DA2Iz7SbTG8Z4xOj9HBfKlMB4Kn6eyIhvtax75lOn8BQL3oT8T+vFUH/wk14EEbAAjr7qB8JDBJPgsE9rhgFERtCqOJmV0yHRBEKJr60CcFZPHmZ1E9LTrlUvjvLVa7mcaTQMcqiPHLQOaqgG1RFNUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/ggOZfQ==</latexit>

y = [y(1), . . . , y(M)]>
<latexit sha1_base64="MYlFK2jyCbuNBHANu+HK3sTR3CM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpREpLosuhEEqWAf0IQymU7aoTOTMDMRQii48VfcuFDErT/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJO53GxOdoIGhIMdJG6tl7KfQU5dDjSA8xYtnNuOLx5BheH/XsslN1JoB/iTsjZTBDo2d/ev0IJ5wIjRlSqus6sfYzJDXFjIxLXqJIjPAIDUjXUIE4UX42+WEMD43Sh2EkTQkNJ+rPiQxxpVIemM78VDXv5eJ/XjfR4bmfUREnmgg8XRQmDOoI5oHAPpUEa5YagrCk5laIh0girE1sJROCO//yX9I6qbq1au32tFy/mMVRBPvgAFSAC85AHVyBBmgCDB7AE3gBr9aj9Wy9We/T1oI1m9kFv2B9fANlR5a6</latexit>

y ⇠ N (µ,K)
<latexit sha1_base64="vv9gFzEMqBLnzsXzhYrAVpagsj4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1Y1QdONGqGAf0IQwmU7aoTOTMDMRS8ivuHGhiFt/xJ1/46TNQqsHBg7n3Ms9c8KEUaUd58uqrKyurW9UN2tb2zu7e/Z+vafiVGLSxTGL5SBEijAqSFdTzcggkQTxkJF+OL0u/P4DkYrG4l7PEuJzNBY0ohhpIwV23eMpvIQeR3oSRpmTB7eB3XCazhzwL3FL0gAlOoH96Y1inHIiNGZIqaHrJNrPkNQUM5LXvFSRBOEpGpOhoQJxovxsnj2Hx0YZwSiW5gkN5+rPjQxxpWY8NJNFRrXsFeJ/3jDV0YWfUZGkmgi8OBSlDOoYFkXAEZUEazYzBGFJTVaIJ0girE1dNVOCu/zlv6R32nRbzdbdWaN9VdZRBYfgCJwAF5yDNrgBHdAFGDyCJ/ACXq3cerberPfFaMUqdw7AL1gf3/ovk8c=</latexit>

µ = 0M
<latexit sha1_base64="9WSSzA/Y2FUN9xkHJ+Bfi5ooigo=">AAACFXicbVDLSgMxFM34rPVVdekmWKQt1DJTpLoRim4ENxXsA/oik2ba0GRmSDJimc5PuPFX3LhQxK3gzr8xbWehrQcu93DOvST32D6jUpnmt7G0vLK6tp7YSG5ube/spvb2a9ILBCZV7DFPNGwkCaMuqSqqGGn4giBuM1K3h1cTv35PhKSee6dGPmlz1HepQzFSWuqm8jfdkOd5JoIXsCVpn6NOEbbEwMuOHzphlueik2nP5KJxrptKmwVzCrhIrJikQYxKN/XV6nk44MRVmCEpm5bpq3aIhKKYkSjZCiTxER6iPmlq6iJOZDucXhXBY630oOMJXa6CU/X3Roi4lCNu60mO1EDOexPxP68ZKOe8HVLXDxRx8ewhJ2BQeXASEexRQbBiI00QFlT/FeIBEggrHWRSh2DNn7xIasWCVSqUbk/T5cs4jgQ4BEcgCyxwBsrgGlRAFWDwCJ7BK3gznowX4934mI0uGfHOAfgD4/MHh02dMQ==</latexit>

Km,m0 = �2⇢(|x(m) � x(m0)|)
<latexit sha1_base64="kC36DYrXmSdBmGu3k5MPvFGkK4c=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWE3SLQRglpYRjAPyK5hdnI3GTL7YGZWDEu+wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vvcSPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7vJz4rXsQkoXBrRpF4PikHzCPUaK01M2XbDEIi/YVcEVK+Bzb8BAVj21PEJpY46Qynll3lVI3XzDL5hR4kVgpKaAU9W7+y+6FNPYhUJQTKTuWGSknIUIxymGcs2MJEaFD0oeOpgHxQTrJ9KUxPtJKD3uh0BUoPFV/TyTEl3Lku7rTJ2og572J+J/XiZV35iQsiGIFAZ0t8mKOVYgn+eAeE0AVH2lCqGD6VkwHRMehdIo5HYI1//IiaVbKVrVcvTkp1C7SOLLoAB2iIrLQKaqha1RHDUTRI3pGr+jNeDJejHfjY9aaMdKZffQHxucPysGcUQ==</latexit>

⇢(�) = exp(�1

2
�2)

<latexit sha1_base64="ZcuQ58mpTPE3GMjXgWqiLpH9VOE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/YLuUbJptQ7PJkmSFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknHN/N/M4TVZpJ8WgmCQ1iPBQsYgQbK/k9NZJV9xzdIK9frrg1dw60SrycVCBHs1/+6g0kSWMqDOFYa99zExNkWBlGOJ2WeqmmCSZjPKS+pQLHVAfZ/OQpOrPKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7Hw2YosTwiSWYKGZvRWSEFSbGplSyIXjLL6+S9kXNq9fqD5eVxm0eRxFO4BSq4MEVNOAemtACAhKe4RXeHOO8OO/Ox6K14OQzx/AHzucPADiPxw==</latexit>

⇢(0) = 1
<latexit sha1_base64="7yJ+1B7YPVFc303zEJCOoFjpL1k=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY1IPHCvYDukvJptk2NJssSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8e3M7zxRpZkUj2aS0CDGQ8EiRrCxku+rkaz6d5QbfN4vV9yaOwdaJV5OKpCj2S9/+QNJ0pgKQzjWuue5iQkyrAwjnE5LfqppgskYD2nPUoFjqoNsfvMUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//N6qYmug4yJJDVUkMWiKOXISDQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+S9kXNq9fqD5eVxk0eRxFO4BSq4MEVNOAemtACAgk8wyu8Oanz4rw7H4vWgpPPHMMfOJ8/TcqROQ==</latexit>

⇢(�)
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

�
<latexit sha1_base64="+XuvXi21YKd8xCvY0Wq36khG+Bk=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegxqAePEcwDsiHMTmazQ2ZnlpleJYSAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHcFieAGXPfbySwtr6yuZddzG5tb2zv53b26UammrEaVULoZEMMEl6wGHARrJpqROBCsEfSvxn7jnmnDlbyDQcLaMelJHnJKwEqd/IGvI1X0r5kAcoJ9zXsREK3VA3Y7+YJbcifAi8SbkQKaodrJf/ldRdOYSaCCGNPy3ATaQ6KBU8FGOT81LCG0T3qsZakkMTPt4eSHET62SheHStuSgCfq74khiY0ZxIHtjAlEZt4bi/95rRTCi/aQyyQFJul0UZgKDAqPA8FdrhkFMbCEUM3trZhGRBMKNracDcGbf3mR1E9LXrlUvj0rVC5ncWTRITpCReShc1RBN6iKaoiiR/SMXtGb8+S8OO/Ox7Q148xm9tEfOJ8/3oaXCw==</latexit>

⇢(�) ! 0
<latexit sha1_base64="JqvYnJK5phi4XxUNMqDXnbMoWh4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEpHos6sFjBfsBTSib7aZdutmE3YkSSvHiX/HiQRGv/gpv/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxheTfzWPVOax/IOsoT5EelLHnJKwEhd+8C7ZgII9hTvD4AoFT9gj8sQsq5ddirOFHiRuDkpoxz1rv3l9WKaRkwCFUTrjusk4I+IAk4FG5e8VLOE0CHps46hkkRM+6PpC2N8bJQeDmNlSgKeqr8nRiTSOosC0xkRGOh5byL+53VSCC/8EZdJCkzS2aIwFRhiPMkD97hiFERmCKGKm1sxHRBFKJjUSiYEd/7lRdI8rbjVSvX2rFy7zOMookN0hE6Qi85RDd2gOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwBGWZdh</latexit>

� ! 1
Note: our previous example was 

the special case where M=2[demo1, demo2]

We just drew random functions from a type of Gaussian 
process that is very commonly used in practice!8


