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Which of the following statements are true?

T . . . use . .
i A. Regular induction might regutre-prexrg multiple base cases.
¥ B. Strong induction always requires proving multiple base cases.
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Proving algorithm correctness (or a property). )

ol
Prove that the algorithm below draws a total length of d(1 — ") /(1 — ). = & —

Recursive Spiral with the turtle A _+ d A \ — °<
1 import turtle \\
2 \ S d *
3 def spiral(n, d, alpha): .
4 if n = 0: 1 " \ A \ - i‘d ""d
return x — DC P S—
turtle.left(30) Sample output of = A \ + il — T _g—
turtle.forward(d) spiral(Se, 50, 0.95). \ —d
spiral(n - 1, alpha * d, alpha) S
- \

Proof. We use a proof by induction on the number of generations n. Let the induction hypothesis

bep(n):"spiral(n, d, alpha) drawsatotal length of d+=2-".

e Base case: Ourbase caseisatn = 0 in which case nothing is drawn. Line 5 correctly draws nothing at n = 0, which
agrees with p(0) since d 11__‘(’;0 = 1= =0.

e Inductive step: Assume p(n) is true. That is, the total length drawn by spiral(n, d, alpha) =d 11_‘:: We need

® N o wun

toshow gicat (g, & o.l?kq) Arad® d () .-q"") /
Sy L\V*‘-:T Acouts A . V=B g {oN® o(AQ____,___.>

L\mG A0S 6?\\’“'( n\-\, o' loq Swr@(h,\___,d)

o ) P
Lo [V P AV A & 4 & + — 9O ~0oo®. K lb%m )




Goal for today:

1. Describe graphs as a pair of (1) a set of edges and (2) a set of vertices.
2. Identify properties of graphs: weighted, simple, directed.
3. Represent graphs using adjacency matrices and adjacency lists.




Our first graph!

Definition: A graph G is a pair of _$€[ S G = (V,E)whereVisa
nonempty set of items called _ V¥ T} oS (or_W 23¢S ) and
E'is a set of 2-item subsets of V called _ea \QJCS

OpenStreetMap contributors

Data available under the Open Database License (ODbL) ¥
https://opendatacommons.org/licenses/odbl/
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The degree of a vertex v is the number of edges
incident to v, denoted deg(v).

, O n ov deg(v) =
o

Ao_a(\q i L)

Exercise: (two minutes) Turn and talk to a few people. Ask each other a quick
question such as "what is your favorite animal or color?". Record the number of
people you talked to m. Click a button on our website m times.
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The handshaking lemma: the total sum of the vertex degrees
is equal to twice the number of edges in a graph.

4>

Proof. We use a direct proof. Let G = (V, E) be a graph. Traverse every edge
e € E and add the contribution of that edge e = {v;, v;} to the total degree of

the endpoint vertices v; and vj. The ool d%griee Can be caenlatdd O
2 sy =t agree= 2 (141) = 52 < z|g] .
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Properties of graphs: weighted, simple, directed.
P
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Is this graph simple?iA: Yes)\B: No
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Representing graphs with an adjacency matrix.

v |0 O

vs/0 0 0 0 O
vwLlO 0 0 0 0 0 O

v, |0 0 0
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|

Representing graphs with adjacency lists.
Srel L 6% of nede (or pane of (V\OAC ,W%V‘T))

(I Wy Wis Vertex | List

Wy 7 ws (-\/ W1z Vo [(vi, wy), (vo,w;)]
e V1 [(vs,wg)]

@ w, v | [ ws), (vs,w3)]
v :i/ wy " V3 [(v7,w1p)]
v [(vs,w,)]

\ R s
o Ve | [(vs,wy)]

¢ v, | (0w, (Ve wyy)]

Ws v Vg [(v6: W7)]
@/ Vo [(ve, w13)]

0* [ (\Iz, u)\) 1(‘11 J\’)")}
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Example: write the adjacency matrix and adjacency

lists for this graph.
' U1 V2 V3 U4
(:)—1 (Vy) I M
A'\(e()ﬂ.& A v1 [0 % % %
wexam 1/3 1/3 vy 0 0 3
v3 |10 0 0 1
/&é 1/ V4 ‘_O 0O 0 1
1/2 1/3
* U1 :(’U2a %)7 (’03, %)7 (’04, %)]
vz [(v1, %), (va, %)]
vz |(vg,1)]
vg  [(vg,1)]
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