15-780: Grad Al
Lecture I6 Probablllty

Geoff Gordon (this ecture)
Tuomas Sandholm
TAs Erik Zawadzki,Abe Othman



PESRSTEIRE A B L Tt g AT Prmar G AT AT A A et IS PO i e T A

Randomness
In search



Rapidly-exploring Random Trees
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o Break up C-space into Voronoi regions around
random landmarks

° Invariant: landmarks always form a tree

» known path to root

o Subject to this requirement, placed in a way
that tends to split large Voronoi regions

» coarse-to-fine search

o Goal: feasibility not optimality (*)



RRT required subroutlnes

o RANDOM CONFIG

» samples from C-space

o EXTEND(q, ')
» local controller, heads toward q’ from ¢

» stops before hitting obstacle (and perhaps also
after bound on time or distance)

o FIND NEAREST(q, Q)

» searches current tree Q for point near q



Path Planning with RRTs

RRT = Rapidly-Exploring Random Tree
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BUILT_RRT(qinit) {
T = Qinit EXTEND(T, q) {
fork =1 to K{ Onear = FIND_NEAREST(qg, T)
Jrand = RANDOM_CONHG() JQnew = EXTEND(CInear, CI)

EXTEND(T, Qrand); T =T + (dnear, qnew)
} }

}

[ Kuffner & LaValle , ICRA’00]
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Path Planning with RRTs

RRT = Rapidly-Exploring Random Tree
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BUILT _RRT(Qinit) {

T = Qinit EXTEND(T, q) {
fork =1 to K{ Onear = FIND_NEAREST(qg, T)
Jrand = RANDOM_CONHG() JQnew = EXTEND(CInear, CI)

EXTEND(T, Qrand); T =T + (dnear, qnew)
} }

[ Kuffner & LaValle , ICRA’00]



RRT example
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Planar holonomic robot




RRTs explore coarse to fine
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o Tend to break up large Voronoi regions

» higher probability of grand being in them

o Limiting distribution of vertices given by
RANDOM _ CONFIG

» as RRT grows, probability that qrand is
reachable with local controller (and so

immediately becomes a new vertex)
approaches |
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RRT example
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RRT for a car (3 dof)

PESRSTEIRE A B L Tt g BT Prmar G AT SR Tty 5 N ST A IR b b s PN st mah A e AV e




Planning with RRTs

P N it Sl 3 T, o
PSR A A Tt G oot AN S K455 e Rt Ll anie s PG

o Build RRT from start until we add a node that
can reach goal using local controller

o (Unique) path: root — last node — goal

I((

o Optional:“rewire” tree during growth by
testing connectivity to more than just closest

node

o Optional: grow forward and backward
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Probability




Probability
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o Random variables
o Atomic events

o Sample space



Probability
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o Events

o Combining events



Probablllty
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°© Measure:
» disjoint union:
> e.g.:
» interpretation:
o Distribution:

» interpretation:

) e.g.:



Example
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Bigger example

AAPL price

up same dow

up same dow
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Notatlon
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o X=x:event that r.v. X is realized as value x

o P(X=x) means probability of event X=x
» if clear from context, may omit “X="
» instead of P(VWeather=rain), just P(rain)
» complex events too: e.g., P(X=x,Y#y)

° P(X) means a function: x = P(X=x)



Functions of RVs

e L e Lot PRSP ge —o PR P

o Extend definition: any deterministic function of
RVs is also an RV

o E.g.,“profit”:
AAPL price

up same down

Weather




Sample v. population
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°© Suppose we
watch for 100
days and count
up our
observations
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AAPL p.éice
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0.21 {0.35|0.14

AAPL price
up same dow

Weather




Law of large numbers
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(simple version)

o If we take a sample of size N from distribution
F, count up frequencies of atomic events,and _
normalize (divide by N) to get a distribution P

o ThenP = Pas N —

AT




Working w/ distributions
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o Marginals (eliminate an irrelevant RV)
o Conditionals (incorporate an observation)

° Joint (before marginalizing or conditioning)




Marginals
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AAPL price

up same down

Weather




Law of total probability
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also caIIed sum rule”

o Two RVs, X andY
° Y has values yi,ya, ..., Yk

o P(X) = P(X,Y=y1) + P(X,Y=y2) + ...




Conditioning on an observation
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o Two steps:

» enforce consistency

» renormalize

o Notation:



Conditionals
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Condltlonals
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o Thought experiment: what happens if we
condition on an event of zero probability?



Notatlon
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o P(X|Y) is a function: x,y — P(X=x | Y=y)

o So:

» P(X|Y) P(Y) means the function
XY -



Condltlonals |n Ilterature

b Maalt™ e Bl e wsare g o b iy e W BB O ey Yy
PORSTEITE A i L Tt G Prr B DA A It S O LT R I e 2 SN st s gala, PSPPI

When you have eliminated the impossible,
whatever remains, however improbable, must be
the truth.

—Sir Arthur Conan Doyle, as Sherlock Holmes



Exercise

PSISTETRE A DA L Tt GBS Promar o DAY S8 Tty S I LTS I IR v e S e e h M BANCR e i i PPy Bl e IO

$3%



Exercise
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