A&D exercise class 28.09.2026

Plan for today:

Moodle quiz

Discussion of Moodle quiz
Input: Asymptotic growth
In-class exercises

Discussion of exercise sheet 1
Peer grading

Moodle quiz:
* We will start with the Moodle quiz.
* Please prepare your device and

open the quiz («<Moodle Quiz Week
3»; https://moodle-
a|o|02 let.ethz.ch/mod/quiz/view.ph

p?1d=1455045) until you only need

to give the password.

* You can choose the language of the

quiz by choosing the language on
Moodle (on Moodle, click on your
initials, then language)

If you have any problems with the
setup, please, let me know!


https://moodle-app2.let.ethz.ch/mod/quiz/view.php?id=1455045
https://moodle-app2.let.ethz.ch/mod/quiz/view.php?id=1455045
https://moodle-app2.let.ethz.ch/mod/quiz/view.php?id=1455045
https://moodle-app2.let.ethz.ch/mod/quiz/view.php?id=1455045

Moodle quiz

e Password: induction5
e Duration: 15 minutes






Moodle quiz — discussion (pasture break

Consider the pasture break problem, where the distance k to the gap in the fence is known in advance. There is an algorithm that always finds this gap
in at most 3k steps.

True

False

Consider the pasture break problem, where the distance k to the gap in the fence is not known in advance. There is an algorithm that always finds this
gap in at most 3k steps.

True

False

Consider the pasture break problem, where the distance k to the gap in the fence is not known in advance. Then, it is an efficient strategy to

..walk as far to the left as possible until the gap is found.
..walk as far to the right as possible until the gap is found.

-walk in a 'zick-zack' until the gap is found.



Moodle quiz — discussion (star search

L] L]
Consider the problem of finding a star p; among n > 2 people py, . . . , P, There is an algorithm that finds a star if one exists, using at most Q(n) R e C a l l b I S a Sta r I f
questions (meaning that there is a constant C such that the algorithm uses at most C - n questions). ® S
True

- all p; knows pq
- P Knows no p;

Consider the problem of finding a star ps among n = 2 people py, .. ., pn. Exactly one of the following statements is always true. Choose the correct
one.

There always exists no star among these people.

There may exist two distinct stars among these people.

There always exists either exactly one or no star among these people.

There always exists exactly one star among these people.

Consider the problem of finding a star ps among n > 2 people py, . . . , pr. Assume that there exists a star. With your first question you find out that py
knows po. Which of the following strategies will always correctly find the star?

Completely disregard the person py, and continue to recursively find a star among ps, . . . , Pn.

Completely disregard the person py, and continue to recursively find a star among py, Pz, Pay - - - » P

Neither of the other options, to find a star we also need to know whether or not ps knows p;.






Moodle quiz — discussion (O-notation)

n?+2n < O(n?).

True
False

1+2+43+---+n<0(n).

True
False

Enter the smallest positive integer k € N such that 2n + 10n° + 2 - (log n)® < O(nF).



Moodle quiz — discussion (asymptotic growth

The function f(n) = 100" (f : N — R™*) grows asymptotically faster than the function g(n) = 99" (g : N — R*). Recall that we say that f grows

asymptotically faster than g if lim,, ;o0 % = 0.

True

False



Induction — recap

Goal: Prove some statement A(n) foralln € N

Base case: Show A(1).

Induction hypothesis: Assume A(k) holds for some k € N.
Induction step: Prove A(k + 1) using A(k).



Moodle quiz — discussion (induction

Let A(n) be a mathematical statement (for n € N). Assume that we know the following:
« A(2) is true, and
« for every n € N, if A(n) is true, then also A(n + 1) is true.

Which of the following are then necessarily true? Select all options that are necessarily true.

A(n) is true foralln € N.
A(1) is true.
A(3) is true.

For all real numbers z > —1 and positive integers n € N, the following holds: (1 + z)™ > 1 + na.

True

False



Asymptotic Notation
O-Notation

« Describes the upper-bound of an algorithm
- To express the worst-case running time
- Describes the performance of an algorithm as the amount of data increases

 As the input size of the algorithm grows, the execution time of the algorithm
is also going to grow. (Constant, linear, logarithmic, exponential...)

» n represents the amount of data that we're passing in

« We don’t care about the differences, when those differences are constant
values. We care about n



Asymptotic Notation

O-Notation
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Asymptotic Notation
O-Notation
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Asymptotic Notation
Q-Notation

- Describes the lower-bound of an algorithm
- To express the best-case running time

« “ O-Notation reversed “ | m

» n represents the amount of data that we're passing in

« We don’t care about the differences, when those differences are constant
values. We care about n



Asymptotic Notation

0-Notation



Asymptotic Notation

Definitions

Definition 1 (O-Notation). For f : N — R,

O(f)={9g: N—=R"|3C>0Vne Ng(n) <C- f(n)}.

O(n*) = {n,log(n), /n,log*(n),1,100n", - - -}




Asymptotic Notation

Definitions

Definition 1 (O-Notation). For f : N — R,

O(f)y={g: N—>R"|3C>0V¥ne Ngn)<C-f(n)}

Definition 1 ({2-Notation). For f : N — R™,
Qf)={g: N >R"| f <O(g)}-

We write g > Q(f) instead of g € Q(f).
Definition 2 (©-Notation). For f : N — R,

O(f)={9: N —=R" | g < O(f) and f < O(g)}.

We write g = O(f) instead of g € O(f).

In other words, for two functions f,g: N — R* we have

92 Q(f) & [ <0(g)

and
9=06(f) & g<O(f) and f < O(g).



Asymptotic Notation

Definitions

Definition 1 (O-Notation). For f : N — R™,

O(f)={g:N—>R"|3C>0Vne Ng(n) <C- f(n)}.

Definition 1 ((2-Notation). For f : N — R™,

Af) ={g: N->R" | f<O(g)}
We write g > (f) instead of g € Q(f).
Definition 2 (©-Notation). For f : N — RT,
O(f)={9: N >R"[g<O(f)and f < O(g)}.

We write g = O(f) instead of g € O(f).

In other words, for two functions f,g : N — R™ we have

9= Q(f) = f<0(g)

and
g=0(f) & g <0O(f)and f < O(g).

Theorem 1 (Theorem 1.1 from the script). Let N be an infinite subset of N and f : N — R' and
g: N = R*,

n— oo

« If lim 10 =0, then f < O(g), but f # ©(g).
(

<~ @

« If lim ™4 = C € R™, then f = O(g).

g
. If lim f—”) = oo, then f > Q(g), but f # O(g).



Asymptotic Notation

Mini cheat-sheet
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AsymptOtic Notation This is a work in progress!

Mini cheat-sheet

: n n
Lm - 4 < loglogm)) < lgln) < TR <M < n-logln) < (M < n? < 2 < nl < (N
Sums T by

Zf=1+2+3+...+n=”(”2“) Factorial

i=1 -

n n 5 n

2= 124224324 . 402 = ”(”H)ﬁ(z”“) 5 ° <nl<n
i=1
. 2 12
Geometric Series : From Exercise Sheet1: 1B3+2+.--4n3=" (n4+ L

n+l—1 4_1

3-1

3
3 =30431432430 =
k=0

Zq

=40



Asymptotic Notation

Mini cheat-sheet
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Asymptotic Notation

Mini cheat-sheet
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Asymptotic Notation

log,(bc) = log,(b)+log,(c)
log, () = clog, ()
log,(1/b) = —log,(b)
log,(1) = 0
log,(a) = 1 log; a
log,(a") = r logb a= 1022 b
log, 5 (b) = —log,(b)
log,(b)log,(c) = log,(c)
1
log,(a) = oz, ()
log,m(a™) = i m#£0
m

» Converting exponentials from base b to base e

Q3: How do we convert 5% to elsometaing}9

A3: Using b = e!"? we have the conversion formula: §* = (el“b)w = e““ b .

166_ (e. Inbn\‘) oo - Il . 100
Example 3| Rewrite /7 as an exponential with base e. Xos = €

YT=7k= (eln?)% — esln7

« From now on we use :
. log for loga(x)

« In for loge(x)

log(m®) = ba(m-m-m\
Log m) - logm- lo@mic;(cjm = log* tm)

* log computation togim___ Slogm 3 5

fog(m\3 ~ lgim® logi(my*™




Why log bases don’t matter in asymptotic growth?

- The general idea is that different bases for the logarithm change the function
only by a constant

. log,(n), logy(n), In(n) € Oogn).
« So they don’t change the asymptotic behavior
- |If they're not used as an exponent (But there *3 and "4 are also different)
- Why exactly ?
- Changing the base

logy(x) = i) ____

log,(b)  log,(b)

-log (x)



Asymptotic Notation

Exam question
FS20

/4P a) Landau notation: Fill out the quiz about asymptotic notation below. You get 1P for a correct
answer, -1P for a wrong answer, OP for a missing answer. You get at least 0 points in total.

claim | true false

2n+n?+3)2=0(nt) | O

log(n!) = ©O(nlogn) | O

O (0|00

Zl-ogf’ "5 > Q(nlogn) | O

1=




Asymptotic Notation
Exam Tipps

Try to gain an intuition

Mind the time! (Spend 1 min on each exercise at max)

Don’t forget the subresults of the exercise sheets

QOur “cheat sheet” to the rescue!

Remember the definitions



Non-bonus exercises of sheet 1

Exercise 1.2 Sum of reciprocals of roots.

Consider the following claim:
1 1 1
—+t—=+tt+t—==Vn
ATETT RS
A student provides the following induction proof. [s it correct? If not, explain where the mistake is.

Base case:n =1,

1 L
— < 1, which is true.

V1

Induction hypothesis: Assume the claim holds for n = k, i.e.

1 1
—+-+—=<Vk
V1 VE

Induction step: Then, starting from the claim we need to prove for n = k + 1 and using logical
equivalences:

1
—_ ...

V1

which is true, therefore the claim holds by the principle of mathematical induction.
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