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The Data Pyramid

@ Applied [What should | do? What can we do
to make it happen?)
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',\' Context  [Indicators: Will Increase?)

Data @ Raw [Field Names: Amount = [36, 38, 40, 42])
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Directed graph vs. undirected
graph

* Both graphical model
— Specify a factorization (how to express the joint distribution)

— Define a set of conditional independence properties

Cc

D F
PC|AB s
o atlon
0109 0.1 — :

01 0.5
110.2 0.8

10 0.5
0/]09 01 11 2.0
1|0.01 099

E P(A,B,C.D.E) = x,(A,B8)n,(8,C,E)n (C.D)x (A.D)
B P(A,B,C.D,E)=P(AP(BP(C| A BPD| APE | C) Z

Parent - child Maximal clique
Local conditional distribution Potential function
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p(IC] )p($2)p(x3)p(x4|$l s L2, 3:3)
p(zs|x1, x3)p(xe|Ts)p(27| 24, T5)

=~
-]
~——

I

BNs, General Factorization

K
p(x) = | | p(axlpa)
k=1

Chain Rule: p(®1,...,%x) = p(Ex|®1y. .. ;BR-1) - .. PlEs|2i )plz1)
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(i) Gund) &

Student Example:
Causal reasoning, Prediction

Jolao o Culs JY il

> Pz (1Y) = 0.502
e P, (1']i®) = 0.389

dl

e P,(11]i% d°) = 0.513

b4
i%d°| 03 |04 | 03
i%d' | 005|025 07
it.d® | 09 | o008 | 002
ittd'|os |03 |02

G@%

0.6 04 0.7 0.3
Drﬁ‘iculty Intelligence
1 s

Grade> @ SA%

s° s!
i |oo9s5 | 0.05
il o2 0.8

I® P’
gt |lo1 |09
g |04 |06
g3 ]| 099 | 001

PGM, D. Koller
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2 Time-Slice Bayesian Network

°* B_, is a 2-TBN for the process
— It defines P(X;|X;—_1)
— Using a DAG as P(X;|X;_1) = [T\, P(X{|Pa(X}))  rom.o.koller

-

Weather >@

. ( Velocity

-

Location >(_Location'

Failure Failure'

0000

- 0
mammmm  Time slice ¢ Time slice 7 + 1 = Time slice 0 Time slice 1 Time slice 2 EE—
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P(playTennis= yes) = %4 — 64
P(playTennis=no) = %4 — 36

P(wind = strong | playTennis= yes) = 39 =.33
P(wind = strong | playTennis=no) = % = .60

P(yes)P(sunny| yes)P(cool | yes)P(high| yes)P(strong | yes) =.0053
P(no)P(sunny| no)P(cool | no)P(high| no)P(strong | no) =.0206
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Student Example, Inference

* Ps(Y =y|E =e) {°

P, D, G,8; L)=

P(I)P(D

dl

071 03

SO Sl
i°1095 | 0.05
il o2 |08

06 | 04
i){ﬂ‘icuh’;v Intelligence
gl gl gS -
> rade
i%d°|03 |04 |03
i%d' | 005|025 07
it.d’| o9 | 008|002

etter

itd'los |03 |02 —\

10 I
gt]o1 |09
g2l04 |06

)P(G | I,D)P(S|I)P(L|G) 231099 | 0.01

PGM, D. Koller
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K J i H G F E D C B
bpms 1331 6,5
shotel| (o3 capd | CMMN G St | 5htel| (g vapd | DMN 51 bty | Lol (55 cuyed | BPMN 1 Lty
celio! 4l
0.72 0.08 S 1 0.1 10 2 0.2 10 Camunda
0.24 0.08 3 0.7 0.1 7 2 0.2 10 Flowable
0.32 0.08 4 0.7 0.1 7 18 0.2 9 Bizagi
0.24 0.08 3 0.7 0.1 7 16 0.2 8 Bonita
0 0.08 0 0 0.1 0 1 0.2 5 processmaker
0 0.08 0 0 0.1 0 0 0.2 0
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