
Algorithms - Spring 25

Inductin

Pseudocoder
Runtime



Recop
· Reading due by Sam , every
day we have class
↳ no excuses

,
but I'll drop

lowest 3 to allow
for

illness/forgeting/travel
· HWO : doe next wed

· No class or
office hourMonday

· Extra office hour
onTuesday

from 35pm
Lasttime:

-Big-O
- Identities&Summations
- Induction



⑪ Induction :

There is a template !

Basecase :
Prove statement

for

small value

Enhypothesis : Assume
true for

values EK.

Estep : Prove true for next
value kit

Think of this
as "automating"

a proof
.

IH
· P(1) -
-> YKIl ,

if P(k) then
P(k+)
-

↳

Leit,
use
it
,
clove it !



"Structural" inductor :

-

#Tomos
an

&# ⑰ 4
-

Base
: Dxt

54 No matter
which
removed,

square isover the
I can
other 3



IH : Assume I can
tile

any
2"x2" board with

any 1 square
removed

2k
- -

.
TS : Show I can

do a2 ytH
-

(a
+ board : cell
z -When

2

this smallerFo
a

)



cut 2xykboard into

4 smaker ones,
each 2x2t

One of them is missing
a

cell. The other 3 share

a common center which
can

be covered by a trionimo
:

Remove those 3

centercellst
Now have 4 2

*
x2" boards,

each
missing

a square

↳ te by EH
.

E Tile the largerboard :
use the IH 4 solution,

plus center tronmo. A



#
A(n) =4A() + 1



Induction on graphs/tree
Let n(T)= height of

T tree
↓ a full binary
W
k· every mode has 0 or

2 children

If Tis an(t)= 20- singlemoderad
T

Claim : The number of nodes
-

in a fill binary free
is

[2h(t) +1
n = 2 +1 = h=Ollogn)



Claim : The number of nodes

tree is
in a fill binary Mistake ;

↳s
Proof induction on size of
-

tree
,
n

Base case : n=1
-

height =O (bydfr)
and 20 +1 = 2

1 D
X xz

H

It : If we haven

vertices
,
then

k = (h(t) + 1



Ind step :
Consider n notes :

⑨
-

#]
nCt) = max[h(ti) , hCTaS

+ 1

n nodes root

2 subtrees
TOT,

desi
Use It :

# nodes inT,(t+
# modes inT+



H = 1 + Godes ints)
+ (nodes inPr)

=1 +()
+)

max Sh(t), htr)
=1 +)

mcEnCTi), U(Tr)7+1
= 1+ 2 ⑫-

n(T)=+ 2

↑ staytured ...
n(t) -1
2



⑤ Pseudo code a runtime :

Discrete math examples
(from Rosen textbook)

-
Ovonabe assignment
--

- Pascal-like

-



Pseudocode conventions · Here :

Variable assignment :X72-
Varrow

Boolean comparison
:

)Tor
F

-

rays : A[0 ..n-1] n S
each A[i] sizeof
-

W array=>

↓ Isome
value of a set type for arrai)

·16100
OLoops:[for
-

Assume "basic data structures"

Again,takesprac Reda
HWO/HW1 a try



Pseudocode format :
·

In a pinch , pretend you're
in Python/Ruby,
High level a readable.

I realize this is not a "definition"
-

Getis the point !

It's about effective communication.

Initially :

- lots of examples
- lots of practice-
-reach out if you have
questions

- in a pinch-peer S
evaluation !



Example (f fie to runtimes) :

Multiplication :

Input : 2 numbers
-> in decimal
umdigit -n digt

X0 . m-1] , Y[0. n-1]

↓ X=x Y=Y
j
=0

]Example :C Y = 1365

X= 8+ 6 - 10 + 9.102+ 5
. 103

+2. 104

X[0, 0 ·4] = [8, 6, 9, 3,27
01234



Back to rade school :
↳4

25968

*
Abstract :

Find all digits :

↓ how
many powers of

10 they get :

X .Ym



Another view : Instead of just
adding all, seach for all that
land in one spot ki

5

Space a runtime :



More complex : recursion !

Any function
which calls

itself

Con a smaller

size)



Mplication : How?

1

Why? Proof by cases :

If X is even
:

If X is odd :



&
Note : historical name ! Not a commentary.

Runtime :

-



Correctness



RusiveAlgorithms : Chapter1
&

↑

1st half :
-

Setup, plus (hopefully
familiar examples :

-Towers of Hanoi
- Merge sort

ha of recurrences

& "Master theorem"
- Linear time selection

- Multiplication (again)
- Exponentiation


