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Summary

Description

@ Unsupervised learning:

© Clustering: Hierachical — Start with singleton clusters —
Merge closest (single, complete linkage) clusters — Repeat.

@ Clustering: K-Means — Start with random centers — Find
closest center to every point — Update centers — Repeat.

© Dimensionality Reduction: Principal Component Analysis —
Find varinaces — Find directions (principal components) with
the largest projected variances (eigenvalues) — Find
projection onto the principal direction (original points can be
reconstructed).
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£k 2 Bridge and Torch Game

A \ Motivation
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.8 Fourpeople with one flashlight (torch) want to go across a

AT river. The bridge can hold two people at a time, and they
must cross with the flashlight. The time it takes for each
person to cross the river:

P e—
AlB|\C|D
1|2 \4]5




0000000000 000000

Uninformed Search BFS L AD DFS S

Make-Up Midterm 12

)3
This P /\/\/9‘ ,
@ Wednesday 5 : 30 to 8 : 30, join by Zoom, same format. v

@ 28 questions, 1 question starts with "Eonsider the following
Markov Decision Proce&.", ignore the question (leave it blank

2\ “or enter -1 or something evaluate-able).

@ You can choose to start the exam but not submit it. —
————_\
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Bridge and Wame States
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Search Problem Applications

Motivation

Co Puzzles m

L O Navigation: route finding.
__5) @ Motion planning.

e Scheduling.
e
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Wolf, Sheep, Cabbage Example

Motivation




B Puzzle Example

] é Motivation
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Sizes of State Space

Motivation Pg
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" e Tic Tac Toe: 103 | //
o Checkers: 10%° — ‘)
e Chess: 10°Y —<
e Cor 10T o »
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Water Jugs Example

Definition
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Performance

Definition

J

@ Ajsearch strategy [is complete if it finds at least one solution.
@ A search strategy is optimal if it finds the optimal solution. ]
~— —

@ For uninfarmed search, the costs are assumed to be 1 for all
edges ¢ = 1. =

/w-e.H

Cosf,
@
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Complexity
Definition
| | Shtes
[‘ @ The time complexity of a seay€h strategy is the worst case
maximum number of vertices expanded. \\} b S CORSSa
The space complexity of a search strategy is the worst case
C maximum number of states stored in the frontier at a single

time. }31
@ Notation: the goals are d edges away from the initial state. Do
This means assuming a constant cost of 1, the optimal T“‘

solution has cost d. The maximum depth of the graph is D.

@ Notation: the branching factor is b, the maximum number of
actions associated with a state.

b= max s"(s)]
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Breadth First Search

Description g F_S

e Use Queue (FIFO) for the frontier.

”

e Remove from the front, add to the back.
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BFS Example 1
Quiz

@ Suppose the states are positive integers between 1 and 10,
initial state is 1, goal state |successors of i is 2i and
— e —

2/ + 1 (if exist). What a BFS expansion sequence? J
. '
ligt > Frohter  Queue \ Search troe
i
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BFS Example 1 Diagram
Quiz
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BFS Example 2
Quiz

@ Suppose the states are integers between 1 and éoz 1024.
The initial state is 1, and the goal state is 1024. The
SUCCessors of a state i are 21 2i and 2i + 1, |f exist. How many
states are expanded durlng search? 2

)
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BFS Example 3
Quiz

@ Suppose the states are integers between 1 and Q 49
210 _ 1 = 1023. The initial state is 1, and the goal state is
1023. The suctessors of a state i are 2/ and 2i + 1, if exist.
How many states are expanded during a BES search?

e A:10 .
e B:11
e C:12

CO‘D:M*
e E:1024
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Breadth First Search Performance

Discussion

e BFS is complete.

e BFS is optimal with Core &
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Breadth First Search Complexity

Discussion

@ Time complexity: the worst case occurs when the goal is the
last vertex at depth d.

T=b+b*+..+b° A
_¥<_’
: : : — =
@ Space complexity: the worst case is storing all vertices at Pl
depth d is in the frontier.
S = b°
-
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Depth First Search

Description

e Use Stack (LIFO) for the frontier.

@ Remove from the front, add to the front.
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DFS Example 1
Quiz

e Suppose the states are positive integers between 1 and 10,
initial state is 1, goal state is 9, successors of / is 2/ and
2i + 1 (if exist). What a DFS expansion sequence?
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DFS Example 1 Diagram
Quiz
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DFS Example 2
Quiz

@ Suppose the states are integers between 1 and 210 = 1024. &6
The initial state is 1, and the goal state is 1024. The —
successors of a state / are 2/ and 2/ + 1, if exist. How many
states are expanded during a DFS search?

~ A:10 -
koB:llF X}% 5‘3 ﬁ\gm\[&
o C:12 ._, ‘ - r
o D:1023 A /2),
e E:1024
2 \ P Lo
2 2 2 = 2
o o e _

Ve
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DFS Example 3
Quiz

@ Suppose the states are integers between 1 and Q 1
210 _ 1 = 1023. The initial state is 1, and the goal state is
1023 The successors of a state / are 2/ and 2/ + 1, if exist.

many states are expanded during a DFS search?

e A:10

e B:11
e C:12
._J
1024 "‘\
b ack

Y23



Uninformed Search BFS DFS
YTy 0000000 00000800000000

Depth First Search Performance

Discussion
‘l LY

iz

@ DFS is incomplete if D = .

e DFS is not optimal.

—

DQO T
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Depth First Search Complexity

Discussion
D,
(TT A rlgL-f,\ L . p-d . T
—(1tb+b 4L 5 ) D &8

@ Time complexity: the worst case occurs when the goal |
root of the last subtree expanded in the whole graph.

—, T =pP 941 4 pP-1 4 pP

s+ RES

@ Space compfexity: theworst case is storing all vertices sharing

the parents with ices in the current path.
S=(b-1
may J.,’l/% Othe CL.‘/Jm,,
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Iterative Deepening Search
—  Description

/'\
@ DFS but stop if path length > 1

p—

e repeat DFS but stop if path length > 2

k' repeat DFS but stop if path length > d Xi




Uninformed Search BFS DFS
0000000000C 0000000 00000000800000

IDS Example 1
Quiz

@ Suppose the states are positive integers between 1 and 10,
Initial state is 1, goal state is 9, successors of / is 2/ and

2i + 1 (if exist). What a IDS expansion sequence? (
- DFS /N
Vg OFs _— 2 7

VXY Yoy N
Lg) Lsieﬁ\‘_}\?* wyi/\v")
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IDS Example 1 Diagram
Quiz
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lterative Deepening Search Performance

Discussion

prs I

e IDS is optimal with ¢ = 1.

——\

e IDS is complete.

————

———
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—* _lterative Deepening Search, Complexity

/\ Discussion % _
/ [+, [thth” I+hthol 4 ... | bt %
o e ) l
nt€ 0 Qjt ¢ ! CAt¢ 2 — _>

7 e Time complexity: the worst case occurs when the goal is the

last Vertex at depth d.

T =db+(d—1)b°+ .. +3b7% 4+ 2p7" +

=P,

e Space complexity: it has the same space complexity as DFS.
— S=(b-1)d

O‘f)’v.,- Cl\\' [0’"0‘\
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Configuration Space

Discussion
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Summary
Discussion
e Search:
/\/\Y, P§0

@ Uniformed: Depth first search-— Adéd states to the front —
“Remev? states to the front — Incomplete + Not optimal.

@ Uniformed: Itervative deepening’%egrch o Mdepth
limits 1,2, ... = Complete + Optimal.

® Uniformed: Breadth first search — Add states at the end =———
LR@E/?'sTates from the front — Complete + Optimal.
e

@ Informed: Uniform cost search : _Q L
'(Informed: Best first greedy search I* 20U
e Informed: A search Pors Close Sale

e Informed: A star search o Goal





