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morse coge

International Morse Code

- 1 dash = 3 dots

- The space between parts of the same letter = 1 dot

The space between letters = 3 dots.

The space between words = 7 dots.
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def: prefix code

Ve,y € C,x #y = CODE(x) not a prefix of CODE(y)
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orefix code
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use tree to encode messages
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property
Lemma:optimal tree must be full.
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divide & conquer?
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counter-example
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exchange argument
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exchange argument

|em ma: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T” for C' in which x,y are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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exchange argument

|em ma: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T” for C' in which z,y are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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exchange argument

|emm ' Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T" for C in which x,vy are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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exchange argument

|emm ' Let z,y € C be characters with smallest frequencies f,, f,. There exists an
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exchange argument

|emm ' Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T"” for C' in which x,y are siblings. That is, the codes for

x,1y have the same length and only differ in the last bit.
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exchange argument

|emm ' Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T"” for C' in which x,y are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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optimal sub-structure
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optimal sub-structure
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optimal sub-structure
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optimal sub-structure
[N AR

problem of size n

f problem of size n-1

I_emma: The optimal solution for T' consists of computing an optimal solution for T’
and replacing the left z with a node having children z, y.












Suppose [ 'is not optimal
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SupposeT is not optimal
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Suppose’[ 'is not optimal

=1 b B(U) < B(T)
= nee
B(U') = BU) = fu — fy
< B(t) - fx - fy
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d éb But this implies that B(T") was not optimal.
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summary of argument
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connecting houses
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connecting houses
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representation G=(V,E)
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representation

space: @ < \J V)
time list neighbors: %(v)
time check an edge:

OC )

G=(V,FE)

adjacency matrix




definition: path

a seqguence of nodes V1,0V, ..., Uk
with the property that (Vi, Vig1) € B
simple path:

cycle:



definition:tree

connected graph:

a tree is (s W«&A jrow \,J//\!» 9/&;?




what We want:
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mIiNnimMum spanning tree

looking for a set of edges that1 € E
(a) connects all vertices
(b) has the least cost

min Z w(u, v)



looking for a set of edges thatl’ € &
(a) connects all vertices
(o) has the least cost

min Z w(u,v)
facts

how many edges does solution have 7

does solution have a cycle”?



strategy

start with an empty set of edges A

repeatﬂte@ tirres:
add lightest edge that does not create a W
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why does this work’

1 T« 10
2 repeat V — 1 times:
3 add to 1 the lightest edge e € E that does not create a cycle



definition: cut
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definition: crossing a cut



definition: crossing a cut

an edge e = (%rg8ses a graph cut (S,V-9) if
ueS veV -85
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example of a crossing
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definition: respect



theorem: cut property



thm: cut property

suppose the set of edges  is p%rt of an m.s.t.
et (S,V—35) be any cut that respeds

let edge € be the min-weight edge acrdss V — 5)

then: AU{e} is part of an m.s.t.



example of theorem
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Theorem 2 Suppose the set of edges A is part of a minimum spanning tree of G =
(V,E). Let (S,V — S) be any cut that respects A and let e be the edge with the minimum
weight that crosses (S,V — S). Then the set A U {e} is part of a minimum spanning tree.
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KRUSKAL-PSEUDOCODE(G)

C correctness

2 repeat V — 1 times:
3 add to A the lightest edge e € E that does not create a cycle



KRUSKAL-PSEUDOCODE(G)

C correctness

2 repeat V — 1 times:
3 add to A the lightest edge e € E that does not create a cycle

oroof: by induction. in step 1, A is part of some MST.
suppose that after k steps, A is part of some MST (line 2).
in line 3, we add an edge e to A.

@GR ar ax-



3 cases for edge €
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3 cases for edge €

e must be lightest edge crossing

----------
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analysis?

KRUSKAL-PSEUDOCODE(()

1 A«
2 repeat V — 1 times:
3 add to A the lightest edge e € E that does not create a cycle



GENERAL-MST-STRATEGY(G = (V, F))

1
2
3
4
5

A—(
repeat V — 1 times:
Pick a cut (S,V — 5) that respects A

Let e be min-weight edge over cut (S,V — 5)
A— AU{e}



DriMm
GENERAL-MST-STRATEGY(G = (V, F))

1 A0
2 repeat V — 1 times:
3 Pick a cut (S,V — 9) that respects A

4 Let e be min-weight edge over cut (S,V — 5)
D A— AU{e}

A IS a subtree
edge e Is lightest edge that grows the subtree






























mplementation

idea:



mplementation



new data structure



pbinary heap

full tree, key value <= to key of children



pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children

how to extractmin®
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pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children
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pbinary heap

full tree, key value <= to key of children
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mplementation

use a priority queue to keep track of light edges

insert:
makequeue;:

extractmin:

decreasekey:



algorithm



mplementation
PRIM(G = (V, F))

Q«— 0 > Qisa Priority Queue
Initialize each v € V' with key k, < oo, m, «+ NIL
Pick a starting node r and set k. < 0
Insert all nodes into () with key k,.
while Q # ()
do u «— EXTRACT-MIN(Q)
for each v € Adj(u)
do if v € Q and w(u,v) < k,
then 7, «— u
DECREASE-KEY(Q, v, w(u,v)) > Sets k, «— w(u,v)
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