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Time to strategize 

Iron out 
fundamentals

More 
Practice

Work on Details

Rock on



We noticed a 
mistake in our 

grading and fixed it!



CS109 Contest



Four Prototypical Trajectories

Something brand new…



General “Inference”
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Four Prototypical Trajectories

Review



Population



Sample



Sample

Collect one (or more) numbers from each person
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Sample Statistics

Oh my that can be thought of as a random variable
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Std(S2)?

Claim: The average happiness of Bhutan is 83 ± 2



Bootstrap Insight
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You can estimate the PMF of the underlying distribution, 
using your sample.
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Bootstrap for Any Stat

Bootstrap Algorithm (sample):
1. Repeat 10,000 times:
a. Choose len(sample) elems from sample, 

with replacement
b. Recalculate the stat on the resample

2. You now have a distribution of your stat
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A non-parametric continuous 
distribution can be represented 
in a computer as a list of 
numbers sampled from the 
distribution

Vars = [472.7, 478.4, 469.2, …, 476.2]



Four Prototypical Trajectories

End Review



Four Prototypical Trajectories

Bootstrap for p values



Null Hypothesis Test

Population 1
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3.01
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...
1.83

µ1 = 3.1 µ2 = 2.4



Null Hypothesis Test

Nepal Happiness
4.44
3.36
5.87
2.31
...

3.70

Bhutan Happiness
2.15
3.01
2.02
1.43
...

1.83

Claim: The difference in happiness between Nepal and Bhutan is 0.7 
happiness points.

µ1 = 3.1 µ2 = 2.4
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Null hypothesis: even if 
there is no pattern (ie the 
two samples are identically 
distributed) your claim might 
have arisen by chance.
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Bhutan PMF
Nepal PMF

Universal Sample

Universal PMF
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def pvalueBootstrap(bhutanSample,nepalSample):
N = size of the bhutanSample
M = size of the nepalSample

uniSamples = combine bhutanSamples and nepalSamples
count = 0   

repeat 10,000 times:
bhutanResample = draw N resamples from the uniSamples
nepalResample = draw M resamples from the uniSamples
muBhutan = sample mean of the bhutanResample
muNepal = sample mean of the nepalResample
meanDiff = |muNepal - muBhutan|
if meanDiff > observedDifference:

count += 1

pValue = count / 10,000

Bootstrap for P Values
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Bootstrap for P Values

With replacement!



def resample(samples):
# Estimate the PMF using the samples
# Draw K new samples from the PMF

Algorithm in Practice



def resample(samples):
# Estimate the PMF using the samples
# Draw K new samples from the PMF
return np.random.choice(samples, K, 

replace = True)

Algorithm in Practice

X
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Original samples

P (X = k) =
count(X = k)

n
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Bootstrap

Lets try it!



Null Hypothesis Test

Nepal Happiness
4.44
3.36
5.87
2.31
...
3.70

Bhutan Happiness
2.15
3.01
2.02
1.43
...
1.83

Claim: The difference in happiness between Nepal and Bhutan is 
0.7 happiness points (p < 0.008).

µ1 = 3.1 µ2 = 2.4



Null Hypothesis Test

Nepal Happiness
4.44
3.36
5.87
2.31
...
3.70

Bhutan Happiness
2.15
3.01
2.02
1.43
...
1.83

Claim: The difference in happiness between Nepal and Bhutan is 
0.7 happiness points (p < 0.008).

µ1 = 3.1 µ2 = 2.4

What about your 
confidence in this 

number?



Randomized Algorithms



Bootstrap

Bootstrapping



Thompson Sampling



Monte Carlo Integration
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A “Monte Carlo” algorithm 
uses randomization but 
might not get the right 

answer



A Rose by Any Other Name

Monte Carlo, Monaco

Las Vegas, Nevada



Four Prototypical Trajectories

Something brand new…



General “Inference”
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General “Inference”

Nausea

Fever
Tired

Chest Pain

Flu

Cold Cancer Undergrad

Sore 
Throat



General “Inference”

Nausea

Fever
Tired

Chest Pain

Flu

Cold Cancer Undergrad

P (F = 1|N = 1, T = 1)
<latexit sha1_base64="aPC79N0PMO+WpzUCBxYweQDKcWQ=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsQgUpMyLoQqEgiCup0Be0Q8mkmTY0kxmSjFDGbvwVNy4UcetnuPNvzLRdaPVAuIdz7uXmHj/mTGnH+bJyC4tLyyv51cLa+sbmlr2901BRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7zK/OY9lYpFoqZHMfVC3BcsYARrI3XtvWrpGl0iFz2g26weo1pWjrp20Sk7E6C/xJ2RIsxQ7dqfnV5EkpAKTThWqu06sfZSLDUjnI4LnUTRGJMh7tO2oQKHVHnp5IAxOjRKDwWRNE9oNFF/TqQ4VGoU+qYzxHqg5r1M/M9rJzo491Im4kRTQaaLgoQjHaEsDdRjkhLNR4ZgIpn5KyIDLDHRJrOCCcGdP/kvaZyUXafs3p0WKxezOPKwDwdQAhfOoAI3UIU6EBjDE7zAq/VoPVtv1vu0NWfNZnbhF6yPbwVDkiY=</latexit><latexit sha1_base64="aPC79N0PMO+WpzUCBxYweQDKcWQ=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsQgUpMyLoQqEgiCup0Be0Q8mkmTY0kxmSjFDGbvwVNy4UcetnuPNvzLRdaPVAuIdz7uXmHj/mTGnH+bJyC4tLyyv51cLa+sbmlr2901BRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7zK/OY9lYpFoqZHMfVC3BcsYARrI3XtvWrpGl0iFz2g26weo1pWjrp20Sk7E6C/xJ2RIsxQ7dqfnV5EkpAKTThWqu06sfZSLDUjnI4LnUTRGJMh7tO2oQKHVHnp5IAxOjRKDwWRNE9oNFF/TqQ4VGoU+qYzxHqg5r1M/M9rJzo491Im4kRTQaaLgoQjHaEsDdRjkhLNR4ZgIpn5KyIDLDHRJrOCCcGdP/kvaZyUXafs3p0WKxezOPKwDwdQAhfOoAI3UIU6EBjDE7zAq/VoPVtv1vu0NWfNZnbhF6yPbwVDkiY=</latexit><latexit sha1_base64="aPC79N0PMO+WpzUCBxYweQDKcWQ=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsQgUpMyLoQqEgiCup0Be0Q8mkmTY0kxmSjFDGbvwVNy4UcetnuPNvzLRdaPVAuIdz7uXmHj/mTGnH+bJyC4tLyyv51cLa+sbmlr2901BRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7zK/OY9lYpFoqZHMfVC3BcsYARrI3XtvWrpGl0iFz2g26weo1pWjrp20Sk7E6C/xJ2RIsxQ7dqfnV5EkpAKTThWqu06sfZSLDUjnI4LnUTRGJMh7tO2oQKHVHnp5IAxOjRKDwWRNE9oNFF/TqQ4VGoU+qYzxHqg5r1M/M9rJzo491Im4kRTQaaLgoQjHaEsDdRjkhLNR4ZgIpn5KyIDLDHRJrOCCcGdP/kvaZyUXafs3p0WKxezOPKwDwdQAhfOoAI3UIU6EBjDE7zAq/VoPVtv1vu0NWfNZnbhF6yPbwVDkiY=</latexit><latexit sha1_base64="aPC79N0PMO+WpzUCBxYweQDKcWQ=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsQgUpMyLoQqEgiCup0Be0Q8mkmTY0kxmSjFDGbvwVNy4UcetnuPNvzLRdaPVAuIdz7uXmHj/mTGnH+bJyC4tLyyv51cLa+sbmlr2901BRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7zK/OY9lYpFoqZHMfVC3BcsYARrI3XtvWrpGl0iFz2g26weo1pWjrp20Sk7E6C/xJ2RIsxQ7dqfnV5EkpAKTThWqu06sfZSLDUjnI4LnUTRGJMh7tO2oQKHVHnp5IAxOjRKDwWRNE9oNFF/TqQ4VGoU+qYzxHqg5r1M/M9rJzo491Im4kRTQaaLgoQjHaEsDdRjkhLNR4ZgIpn5KyIDLDHRJrOCCcGdP/kvaZyUXafs3p0WKxezOPKwDwdQAhfOoAI3UIU6EBjDE7zAq/VoPVtv1vu0NWfNZnbhF6yPbwVDkiY=</latexit>

One inference question:

Sore 
Throat



General “Inference”

Nausea

Fever Sore 
Throat

Tired

Chest Pain

Flu

Cold Cancer Undergrad

Another inference question:

P (Co = 1, F l = 1|S = 1, Fe = 0)
<latexit sha1_base64="BcYAEZ7xGuvFMkoWOI+KihyVXaE=">AAACCnicbVDLSgMxFM3UV62vUZduokWoIGVGBF0oFArisqJ9QDuUTJppQzPJkGSEMnbtxl9x40IRt36BO//GTDsLbT0Q7sk595Lc40eMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkrEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+sJr6zXsiFRX8To8i4oWoz2lAMdJG6tr7tVJVwEvoHsMrllb4AG+zOzHVOeraRafsTADniZuRIshQ69pfnZ7AcUi4xgwp1XadSHsJkppiRsaFTqxIhPAQ9UnbUI5CorxkssoYHhqlBwMhzeEaTtTfEwkKlRqFvukMkR6oWS8V//PasQ7OvYTyKNaE4+lDQcygFjDNBfaoJFizkSEIS2r+CvEASYS1Sa9gQnBnV54njZOy65Tdm9Ni5SKLIw/2wAEoARecgQq4BjVQBxg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4AcHKU/Q==</latexit><latexit sha1_base64="BcYAEZ7xGuvFMkoWOI+KihyVXaE=">AAACCnicbVDLSgMxFM3UV62vUZduokWoIGVGBF0oFArisqJ9QDuUTJppQzPJkGSEMnbtxl9x40IRt36BO//GTDsLbT0Q7sk595Lc40eMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkrEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+sJr6zXsiFRX8To8i4oWoz2lAMdJG6tr7tVJVwEvoHsMrllb4AG+zOzHVOeraRafsTADniZuRIshQ69pfnZ7AcUi4xgwp1XadSHsJkppiRsaFTqxIhPAQ9UnbUI5CorxkssoYHhqlBwMhzeEaTtTfEwkKlRqFvukMkR6oWS8V//PasQ7OvYTyKNaE4+lDQcygFjDNBfaoJFizkSEIS2r+CvEASYS1Sa9gQnBnV54njZOy65Tdm9Ni5SKLIw/2wAEoARecgQq4BjVQBxg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4AcHKU/Q==</latexit><latexit sha1_base64="BcYAEZ7xGuvFMkoWOI+KihyVXaE=">AAACCnicbVDLSgMxFM3UV62vUZduokWoIGVGBF0oFArisqJ9QDuUTJppQzPJkGSEMnbtxl9x40IRt36BO//GTDsLbT0Q7sk595Lc40eMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkrEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+sJr6zXsiFRX8To8i4oWoz2lAMdJG6tr7tVJVwEvoHsMrllb4AG+zOzHVOeraRafsTADniZuRIshQ69pfnZ7AcUi4xgwp1XadSHsJkppiRsaFTqxIhPAQ9UnbUI5CorxkssoYHhqlBwMhzeEaTtTfEwkKlRqFvukMkR6oWS8V//PasQ7OvYTyKNaE4+lDQcygFjDNBfaoJFizkSEIS2r+CvEASYS1Sa9gQnBnV54njZOy65Tdm9Ni5SKLIw/2wAEoARecgQq4BjVQBxg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4AcHKU/Q==</latexit><latexit sha1_base64="BcYAEZ7xGuvFMkoWOI+KihyVXaE=">AAACCnicbVDLSgMxFM3UV62vUZduokWoIGVGBF0oFArisqJ9QDuUTJppQzPJkGSEMnbtxl9x40IRt36BO//GTDsLbT0Q7sk595Lc40eMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkrEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+sJr6zXsiFRX8To8i4oWoz2lAMdJG6tr7tVJVwEvoHsMrllb4AG+zOzHVOeraRafsTADniZuRIshQ69pfnZ7AcUi4xgwp1XadSHsJkppiRsaFTqxIhPAQ9UnbUI5CorxkssoYHhqlBwMhzeEaTtTfEwkKlRqFvukMkR6oWS8V//PasQ7OvYTyKNaE4+lDQcygFjDNBfaoJFizkSEIS2r+CvEASYS1Sa9gQnBnV54njZOy65Tdm9Ni5SKLIw/2wAEoARecgQq4BjVQBxg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4AcHKU/Q==</latexit>



How Many Things Can You Condition On?

Nausea

Fever
Tired

Chest Pain

Flu

Cold Cancer Undergrad

Sore 
Throat

N things:

3N
<latexit sha1_base64="PQnW9rLlvER+GKAu7nt6A4xVTMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSzvzThBP6IDyUPOqLHS3enDTa9ccavuDOQv8XJSgRz1Xvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5skqfhLGyJQ2ZqT8nMhppPY4C2xlRM9SL3lT8z+ukJrzwMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZf/kuaJ1XPrXq3Z5XaZR5HEQ7gEI7Bg3OowTXUoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BzPKNdw==</latexit><latexit sha1_base64="PQnW9rLlvER+GKAu7nt6A4xVTMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSzvzThBP6IDyUPOqLHS3enDTa9ccavuDOQv8XJSgRz1Xvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5skqfhLGyJQ2ZqT8nMhppPY4C2xlRM9SL3lT8z+ukJrzwMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZf/kuaJ1XPrXq3Z5XaZR5HEQ7gEI7Bg3OowTXUoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BzPKNdw==</latexit><latexit sha1_base64="PQnW9rLlvER+GKAu7nt6A4xVTMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSzvzThBP6IDyUPOqLHS3enDTa9ccavuDOQv8XJSgRz1Xvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5skqfhLGyJQ2ZqT8nMhppPY4C2xlRM9SL3lT8z+ukJrzwMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZf/kuaJ1XPrXq3Z5XaZR5HEQ7gEI7Bg3OowTXUoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BzPKNdw==</latexit><latexit sha1_base64="PQnW9rLlvER+GKAu7nt6A4xVTMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSzvzThBP6IDyUPOqLHS3enDTa9ccavuDOQv8XJSgRz1Xvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5skqfhLGyJQ2ZqT8nMhppPY4C2xlRM9SL3lT8z+ukJrzwMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZf/kuaJ1XPrXq3Z5XaZR5HEQ7gEI7Bg3OowTXUoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BzPKNdw==</latexit>

Possible conditions



N is large…



Simple WebMd

Fever Tired

Flu Undergrad



Piech, CS106A, Stanford University

Naively specifying a joint is 
often impossible…



Probabilistic Model

Fever

Flu Undergrad

Describe the joint using causality!

Tired

P (Fl = a, Fe = b, U = c, T = d)?
<latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit>



Probabilistic Model

Fever
Tired

Flu Undergrad

P (Fl = a, Fe = b, U = c, T = d)?
<latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit>

P (U = 1) = 0.8
<latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit>

P (Fl = 1) = 0.1
<latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit>

P (Fev = 1|Flu = 1) = 0.9
<latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit>

P (Fev = 1|Flu = 0) = 0.05
<latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit>

P (T = 1|Flu = 0, U = 0) = 0.1

P (T = 1|Flu = 0, U = 1) = 0.8

P (T = 1|Flu = 1, U = 0) = 0.9

P (T = 1|Flu = 1, U = 1) = 1.0
<latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit>

Describe the joint using causality!



Bayesian Network

Fever
Tired

Flu Undergrad

P (Fl = a, Fe = b, U = c, T = d)?
<latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit><latexit sha1_base64="zxBniPUpyaExNesgQ/u9rjQGPzA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoUMqMCLoRi0JxWaHTFtqhZDK3bWjmQZIRytCtG3/FjQtF3PoH7vwb03YW2nohnMM593JzjxdzJpVlfRu5ldW19Y38ZmFre2d3z9w/aMooERQcGvFItD0igbMQHMUUh3YsgAQeh5Y3up36rQcQkkVhQ41jcAMyCFmfUaK01DNxvVTj+AqTMq6BRq+MHQ20jBsa/NPrnlm0Ktas8DKxM1JEWdV75lfXj2gSQKgoJ1J2bCtWbkqEYpTDpNBNJMSEjsgAOpqGJADpprNLJvhEKz7uR0K/UOGZ+nsiJYGU48DTnQFRQ7noTcX/vE6i+pduysI4URDS+aJ+wrGK8DQW7DMBVPGxJoQKpv+K6ZAIQpUOr6BDsBdPXibNs4ptVez782L1Josjj47QMSohG12gKrpDdeQgih7RM3pFb8aT8WK8Gx/z1pyRzRyiP2V8/gCjL5Uz</latexit>

P (U = 1) = 0.8
<latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit>

P (Fl = 1) = 0.1
<latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit>

P (Fev = 1|Flu = 1) = 0.9
<latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit>

P (Fev = 1|Flu = 0) = 0.05
<latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit>

P (T = 1|Flu = 0, U = 0) = 0.1

P (T = 1|Flu = 0, U = 1) = 0.8

P (T = 1|Flu = 1, U = 0) = 0.9

P (T = 1|Flu = 1, U = 1) = 1.0
<latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit>

Describe the joint using causality!



Piech, CS106A, Stanford University

Bayesian Network:
If you know causality, 

Make a network of assumed 
direct causality for your 
random vars. 

You simply need to give:
P(values | parents) 
for each random variable.

Prob can be a conditional probability table or 
an equation!



Probabilistic Model

Fever
Tired

Flu Undergrad

P (U = 1) = 0.8
<latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit>

P (Fl = 1) = 0.1
<latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit>

P (Fev = 1|Flu = 1) = 0.9
<latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit>

P (Fev = 1|Flu = 0) = 0.05
<latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit>

P (T = 1|Flu = 0, U = 0) = 0.1

P (T = 1|Flu = 0, U = 1) = 0.8

P (T = 1|Flu = 1, U = 0) = 0.9

P (T = 1|Flu = 1, U = 1) = 1.0
<latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit>



Alg #0: Straight Math

Too many possible inference
questions one could ask…



Alg #1: Joint Sampling





Recall: Probabilistic Model

Fever
Tired

Flu Undergrad

P (U = 1) = 0.8
<latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit>

P (Fl = 1) = 0.1
<latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit>

P (Fev = 1|Flu = 1) = 0.9
<latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit>

P (Fev = 1|Flu = 0) = 0.05
<latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit>

P (T = 1|Flu = 0, U = 0) = 0.1

P (T = 1|Flu = 0, U = 1) = 0.8

P (T = 1|Flu = 1, U = 0) = 0.9

P (T = 1|Flu = 1, U = 1) = 1.0
<latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit>











Alg #1: Joint Sampling
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Alg #1: Joint Sampling



Piech, CS106A, Stanford University

Lets try it! 





Piech, CS106A, Stanford University

If you can sample enough 
from the joint distribution, 

you can answer any 
probability question

Each one of 
these is one 
joint sample:

[Flu, Undergrad, Fever, Tired]



Piech, CS106A, Stanford University

With enough samples:
• Probability estimates will be correct
• Conditional probability estimates will be 

correct
• Expectation estimations will be correct

Because your samples are a representation of
the joint distribution…

Alg #1: Joint Sampling



Piech, CS106A, Stanford University

Four Prototypical Trajectories

What’s the matter with 
joint sampling?



Piech, CS106A, Stanford University

Probabilistic Model

Fever
Tired

Flu Undergrad

P (U = 1) = 0.8
<latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit>

P (Fl = 1) = 0.1
<latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit>

P (Fev = 1|Flu = 1) = 0.9
<latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit><latexit sha1_base64="4QSw0DtHoAUC/gdIGzqoP0lp3zs=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoW7KjBTUhVAQissK9gLtUDJppg3NXEgyhTIW3Pgqblwo4taXcOfbmGlnoa0HEj7+/xyS87sRZ1JZ1reRW1ldW9/Ibxa2tnd298z9g6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaOb1G+NqZAsDO7VJKKOjwcB8xjBSks986heqtExukY2ekA1Hqd0pi+rfNUzi1bZmhVaBjuDImRV75lf3X5IYp8GinAsZce2IuUkWChGOJ0WurGkESYjPKAdjQH2qXSS2Q5TdKqVPvJCoU+g0Ez9PZFgX8qJ7+pOH6uhXPRS8T+vEyvv0klYEMWKBmT+kBdzpEKUBoL6TFCi+EQDJoLpvyIyxAITpWMr6BDsxZWXoXletq2yfVcpVitZHHk4hhMogQ0XUIVbqEMDCDzCM7zCm/FkvBjvxse8NWdkM4fwp4zPH8z7k7Y=</latexit>

P (Fev = 1|Flu = 0) = 0.05
<latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit><latexit sha1_base64="iKhnTIDAax4SslStv8YZTbOTiQA=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyxC3ZQZqehGKAjFZQX7gHYomTTThmYeJJlCGbtw46+4caGIWz/CnX9jpp2Fth5I7uGce0nucSPOpLKsbyO3tr6xuZXfLuzs7u0fmIdHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzep355QIVkY3KtpRB0fDwPmMYKVlvpmsVGu0wm6RjZ6QHUea2adpVfFuuibJV3mQKvEzkgJMjT65ldvEJLYp4EiHEvZta1IOQkWihFOZ4VeLGmEyRgPaVfTAPtUOsl8iRk61coAeaHQJ1Borv6eSLAv5dR3daeP1Ugue6n4n9eNlXflJCyIYkUDsnjIizlSIUoTQQMmKFF8qgkmgum/IjLCAhOlcyvoEOzllVdJ67xiWxX7rlqqVbM48lCEEyiDDZdQg1toQBMIPMIzvMKb8WS8GO/Gx6I1Z2Qzx/AHxucPOW+T6w==</latexit>

P (T = 1|Flu = 0, U = 0) = 0.1

P (T = 1|Flu = 0, U = 1) = 0.8

P (T = 1|Flu = 1, U = 0) = 0.9

P (T = 1|Flu = 1, U = 1) = 1.0
<latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit>



Piech, CS106A, Stanford University

Probabilistic Model

Fever
Tired

Flu Undergrad

P (U = 1) = 0.8
<latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit><latexit sha1_base64="q04hXdQRTNZ67G98iEl4KWqq7YU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkIihfYiFLx4rGDaQhvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wQyP92bY2RcknCntON9WYWNza3unuFva2z84PCofn7RVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95pFKxWNzraUL9CI8ECxnB2kgPraqHrpF7aZpjNwblimM7C6B14uakAjlag/JXfxiTNKJCE46V6rlOov0MS80Ip7NSP1U0wWSCR7RnqMARVX62uHqGLowyRGEsTQmNFurvjQxHSk2jwExGWI/VqjcX//N6qQ4bfsZEkmoqyPKhMOVIx2geARoySYnmU0MwkczcisgYS0y0CapkQnBXv7xO2le269juXa3SrOVxFOEMzqEKLtShCbfQAg8ISHiGV3iznqwX6936WI4WrHznFP7A+vwBPNSPrw==</latexit>

P (Fl = 1) = 0.1
<latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit><latexit sha1_base64="2j89fAK6mAT2kD86ZmEJr3Jwugw=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgm6EgiAuK9gHtKFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth64l8M59zJ3TphyprTnfTtr6xubW9uFneLu3v5ByT08aqnESEKbJOGJ7IRYUc4EbWqmOe2kkuI45LQdjm9mfvuRSsUS8aAnKQ1iPBQsYgRrK/XdUqNyy9E18s9t86p+3y17VW8OtEr8nJQhR6PvfvUGCTExFZpwrFTX91IdZFhqRjidFntG0RSTMR7SrqUCx1QF2fzwKTqzygBFibQlNJqrvzcyHCs1iUM7GWM9UsveTPzP6xodXQUZE6nRVJDFQ5HhSCdolgIaMEmJ5hNLMJHM3orICEtMtM2qaEPwl7+8SloXVd8mdl8r12t5HAU4gVOogA+XUIc7aEATCBh4hld4c56cF+fd+ViMrjn5zjH8gfP5A2CrkEA=</latexit>

P (T = 1|Flu = 0, U = 0) = 0.1

P (T = 1|Flu = 0, U = 1) = 0.8

P (T = 1|Flu = 1, U = 0) = 0.9

P (T = 1|Flu = 1, U = 1) = 1.0
<latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit><latexit sha1_base64="E9irS0BZrGtwwIEWh0XFeh9uocs="></latexit>

Fev|Flu = 0 ⇠ N(100.0, 1.81)

Fev|Flu = 1 ⇠ N(98.25, 0.73)
<latexit sha1_base64="GM6v6EgG97ANBMSgpW0zkom2WTE="></latexit><latexit sha1_base64="GM6v6EgG97ANBMSgpW0zkom2WTE="></latexit><latexit sha1_base64="GM6v6EgG97ANBMSgpW0zkom2WTE="></latexit><latexit sha1_base64="GM6v6EgG97ANBMSgpW0zkom2WTE="></latexit>
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Piech, CS106A, Stanford University

MCMC
Markov Chain

Monte Carlo



Piech, CS106A, Stanford University

Four Prototypical Trajectories

This algorithm is not tested. I just want 
to have a little cheeky peek into the 

future…



Each one of 
these is one 
posterior 
sample:

[Flu, Undergrad, Fever, Tired]

MCMC is a way to sample 
with conditioned variables 

fixed

Alg #2: MCMC



Alg #2: MCMC

X

Y



Alg #2: MCMC
All Samples = []

Initial Sample = [0, 0, 101.0, 1]

Flu Undergrad Fever
Tired



Alg #2: MCMC
All Samples = []

Initial Sample = [0, 0, 101.0, 1]

Flu Undergrad Fever
Tired

S(0)



Alg #2: MCMC

Initial Sample = [0, 0, 101.0, 1]

Flu Undergrad Fever
Tired

From St make St+1

S(0)

All Samples = [S(0)]



Alg #2: MCMC

Initial Sample = [0, 0, 101.0, 1]

Flu Undergrad Fever
Tired

P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
<latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit>

P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
<latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit>

P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
<latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit>

Flu1 = Sample
h
P (Flu = 1|All others)

i

<latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit><latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit><latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit><latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit>

S(1)

All Samples = [S(0)]



Alg #2: MCMC

Initial Sample = [1, 0, 101.0, 1]

Flu Undergrad Fever
Tired

P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
<latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit>

P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
<latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit>

P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
<latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit><latexit sha1_base64="Ohs77f8dWwbGXh36E+h6K8em+3o="></latexit>

Flu1 = Sample
h
P (Flu = 1|All others)

i

<latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit><latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit><latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit><latexit sha1_base64="dwn3yM2CqoILQw154xzJRXWRJFY="></latexit>

S(1)

All Samples = [S(0)]



Und1 = Sample
h
P (Und = 1|All others)

i

<latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit><latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit><latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit><latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit>

Alg #2: MCMC

Initial Sample = [1, 0, 101.0, 1]

Flu Undergrad Fever
Tired

P (Und = 1|All others)

= P (Und = 1|Flu = 1, Fev = 98.3, T ir = 1)

= 0.91
<latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit><latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit><latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit><latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit>

S(1)

All Samples = [S(0)]



Und1 = Sample
h
P (Und = 1|All others)

i

<latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit><latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit><latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit><latexit sha1_base64="1QgVJ2Whg4mI4nzdZqWnA5n96jo="></latexit>

Alg #2: MCMC

Initial Sample = [1, 1, 101.0, 1]

Flu Undergrad Fever
Tired

P (Und = 1|All others)

= P (Und = 1|Flu = 1, Fev = 98.3, T ir = 1)

= 0.91
<latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit><latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit><latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit><latexit sha1_base64="tbvnw6tBttswEP5dS94VGWY+OPw="></latexit>

S(1)

All Samples = [S(0)]



Alg #2: MCMC

Initial Sample = [1, 1, 101.0, 1]

Flu Undergrad Fever
Tired

Let’s say you are conditioning on fever being 101.0… 
then don’t change that value

S(1)

All Samples = [S(0)]
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Alg #2: MCMC

Initial Sample = [1, 1, 101.0, 1]

Flu Undergrad Fever
Tired

S(1)

All Samples = [S(0), S(1)]



Alg #2: MCMC
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P (Flu = 1|All others)
= P (Flu = 1|Und = 0, Fev = 98.3, T ir = 1)

= 0.21
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Alg #2: MCMC

Flu Undergrad Fever
Tired

All Samples = [S(0), S(1)]

Initial Sample = [1, 0, 101.0, 1]S(2)



Alg #2: MCMC

Flu Undergrad Fever
Tired

All Samples = [S(0), S(1)]

Initial Sample = [1, 0, 101.0, 1]S(2)



Alg #2: MCMC

Flu Undergrad Fever
Tired

All Samples = [S(0), S(1)]

Initial Sample = [1, 0, 101.0, 1]S(2)



Alg #2: MCMC

Flu Undergrad Fever
Tired

All Samples = [S(0), S(1)]

Initial Sample = [1, 0, 101.0, 1]S(2)



Alg #2: MCMC

Flu Undergrad Fever
Tired

All Samples = [S(0), S(1), S(2)]
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Alg #2: MCMC

X

Y



P(B | A E) P(A | E)
P(B | E)P(A | B E) =

BAE’s Theorem?



P(F = 1 | all other rvs)
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See you soon!



Four Prototypical Trajectories

Summary



General Inference Summary

• Straight Math is fast, but can 
be prohibitively hard for 
complex models (see hw).

• Joint Sampling is really easy to 
program but fails for continuous 
variables (and when what you 
are conditioning on is rare)

• MCMC works well when 
conditioning on rare events, but 
is much harder to code / derive.

• All sampling is slow.


