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Used an Algorithm Today?




Reseplaneraren - Vasttrafik
rlC O np/ www. / [7rom=&t0=02005170'-Q [EY ~ Q- Google

P vasttrafik

At resa / Reseplaneraren

Startsida Aft resa Trafikldget Priser & Kort Om Vastirafik Aktuellt Kontakta oss Mina sidor

Attresa

Helgtrafik Reseplaneraren
Kompletteringstrafik = -

Sokt resa: {lorsdag 18 okdober
Ledsagarservice 2008)

Linjenats- & haliplatskartor My sékning | Andra sékning
+ Mobila tjdnster

Avging  Ankomst Restid Byten  Trafiksiag

Nartrafik
Omiottzoner 0 1750 18:19 0029 1 Spérvagn 8, Spérvagn 7
Pendelparkering
Resa med bamvagn O 1808 1838 0030 1 Spérvagn 8, Spérvagn 7
Resa med Swebus Express 0 1825 18:48 00:24 ° Spérvagn 8
Resa med tag ) 1831 19:02 003 1 Sparvagn 6. Sparvagr 7
yeavidors 0 1835 1807 w2 1 Sparvagn 8, Sparvagn 1
segaranti A << Tigare resor | Senare resor>>
‘olaneraren
“angar fran hallplals  pgtajerad resvag | Resvsg som text | Melanigaande hilpatsor | Skicks (3 e-post | Sk ul resor
1 genvéagar
-erare pa din sida
Detajerad resvag.

Korsvigen - Opaltorget (torsdag 16 okiober 2008)

1s
“npassad?

Linje Fran/Til

Sodrvagn 8 Korsvigen Lige F
Eml;rl-.bﬂ n 1818

v Erounda Torg Lige B Avg: 182¢ Mo~
Ogpatorget Lage B Ank: 1828

Used an Algorithm Today?



Used an algorithm
today?

Bake a cake
Google translate
Internet banking
Google search

Origami Swan
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Used an algorithm
today?
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What is an Algorithm?

A set of steps that defines how a task is performed.

An algorithm is an ordered set of unambiguous, executable steps
that defines a terminating process.
Brookshear



What is an Algorithm?

An Algorithm is a well-defined computational procedure that takes
some value, or a set of values, as input and

produces some value, or set of values as output.

An algorithm is thus a sequence of computational steps

that transform input into output. | ¥ |
L : , * Q
* More formal definition uses Turing machines o= ‘
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Algorithms in relation to modelling and problem solving

real - the mathematical

problem S » problem we
[situation ~ actually solve

/I
\/

— .
real = :\ solution

solution // /

An iterative and creative
design process!



First Known Algorithm?

* Greatest common divisor (GCD) algorithm by Euclid
ca 300 B.C.

Euclid’s Elements

* Prime numbers: Sieve of Eratosthenes, ca 200 B.C.

SR 3

Animations: (sorting and prime numbers)

https://www.youtube.com/watch?v=2ZuD6iUe3Pc
https://en.wikipedia.org/wiki/Sieve of Eratosthenes




Sieve of Eratosthenes
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Telephone operator problem (real applied problem)

A Swedish mobile phone operator

needs to connect all base station to its
main switch.

How can we best rent communication
lines from the national fixed network?

e
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The Shortest Path Problem

Reseplaneraren - Vasttrafik

<|r|le](z ©nmy

Sajtkarta | English
Y visttrafik

At resa | Reseplaneraren

Attresa
Helgtrafik
Kompletteringstrafik
Ledsagarservice
Linjenéts- & hallplatskartor
+ Mobila tjéinster
Nértrafik
Omlottzoner
Pendelparkering
Resa med bamvagn
Resa med Swebus Express
Resa med tag
Resa vidare
+ Resegaranti
- Reseplaneraren
Avgangar fran hallplats
Smarta genvagar
Reseplanerare pa din sida
Ardin hallplats
tlganglighetsanpassad?
+ Resevillkor
+ Sarskild kollektivtrafik
+ Tidtabeller
Vanliga fragor om resan

Webbguiden

170-© [E8 » (@~ Google

Startsida Attresa Trafikiiget Prisor & Kort Om Vistirafik Aktuellt Kontakta oss Mina sidor

Reseplaneraren
Soki resa: Korsviigen, GOTEBORG (Hallplats) - Opaltorget, GOTEBORG (Hallplats) (lorsdag 16 oklober
2008

by sionng | And ssining

Avging  Ankomst Restid  Byten  Trafiksiag

0 150 16:18 w028 1 ‘Spanvagn 8, Sparvagn 7

0 1808 18:38 w030 1 ‘Sparvagn 8, Sparvagn 7

0O 1825 16:49 w2 o Spérvagn8

0 83t 18:02 w03 1 Sparvagn &, Sparvagn 7

0 135 1807 w32 1 Sparvagn 8, Sparvagn 1

Reluresa =< Tulgare msor | Sanare msor>>

Detsijrad resvag | Resvaq som text | Melaniggands halpitser | Skicka til &-pos | Sk ut resor.

Detalierad resvag:
Korsvigen - Opaltorget (torsdag 16 okiober 2008)

Linjs Frin/Til Tia Information

Sparvagn 8 Korsvagen Lige F Avg: 1759 Mot: Frolunda Torg
Erolunda Torg Lage B Ak 18:18

Sparvaon7 Erdlunda Torg Lage B Aug: 1824 Mot: Tynnered
Opaorget Lage B Ak 18:28

Siwutresa

NG

How solve?



Solving the directed shortest path
problem with dynamic programming

\8/:3.\2/1 /:.\
. /2(‘ ® — @
T

8\2\:

Traverse nodes from left to right and mark with
distance from origin. Dijkstra’s algorithm 1956 .

Circumvents the combinatorial explosion!
(not possible for all kinds of problems)



The Shortest Path Problem

polynomial growth

1 c n?
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Omlottzoner 0 150 16:18 029 )

S0kt resa; Korsvgen, GOTEBORG (Hallplats) - Opaltorget, GOTEBORG (Hallplats) (arsdag 16 otaber
2008)
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Pendelparkering W Tse 18:28 00:29 1 ‘Sparvagn 8, Sparvagn 7
Resa med bamvagn ) 1808 1838 w030 1 Sparvagn 8, Sparvagn 7
Resa med Swebus Express [ 1a25 1840 w2 o Spirvagn8
Resa med tag 0 et 18:02 00:31 1 Sparvagn &, Sparvagn 7
Resa vidare 0 1e3s 1807 w2 1 Sparvagn 8, Sparvagn 1
+ Resegaranti )
Raturesa =< Tilgare resor | Sanare resor>>
- Reseplaneraren

Avgangarfran hallplats
Smarta genvagar
Ressplanerare pa din sida

Detalierad rasvag | Resvag som text | Melaniggands halpiatser | Skicka tl e-post | Siv ul esor
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The Travelling Salesperson Problem

no known polynomial algorithm!

exponential growth

\

c2"

10 0,001 s

20 1s

30 18 min

40 13 days

50 36 years

60 36600 years
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minimize

subject to

lhe resulting Hptiwaization problem

2¢1 + 2%, 4 2x3 + 2T4 + T5 + T6 + T7 + T8 + 209 + 2T10
+2x11 + 2712 + 2213 + 214 + 2215 + 2216 + 2217

1 4+ 22+ 23+ T4+ 29 + T10 = 1
Ty + a2 + T3+ x4 + 29 + 710 =1
T2 + x5 + X6 + T8 + T11 + T12 + T13 + T1a + T15 =1

To+ T3+ xs +Ts+ 21 + 213+ 2214+ 2015 + 16 +T17 =1
T3+ Ta+T7+Ts+Trwo+T13+ 14+ 2015 + 16+ 2217 =1

T+ T+ 7 + 28 + Tro + 12 + T13 + T15 + 17 =1

L1, T2, T3, Ta, L5, Te, L7, T8y L9, £10, T11, 12, T13, T14, T15, T16, 217 € {0, 1}

PAROS

“halmers

E.P. 20.115 6 (27)
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* Algorithms TINO93/DIT602
 Algorithms, advanced TDA251/DITDIT281

Related:

 Algorithms for Machine learning and inference TDA231/DIT380
* Applied Machine learning DAT340/DIT866
* Discrete optimization TDA206/DIT370

* Mathematical modelling and problem solving, Applied mathematical
thinking

P;:{:‘;;?jgﬁ“ﬁ> Courses and Programs
Core: Q



More Courses

* Introduction to data science and Al DAT405 (new)

* Techniques for large scale data DAT345/DIT871

* Design of Al systems (new)

e Computational methods for bioinformatics TDA507/DIT741
* Natural language processing with machine learning (new)

* Bachelor thesis and master’s thesis projects

* Project course and seminar course



Research Areas within the Division DSAI

Machine learning, Artificial intelligence,
Bioinformatics, Algorithms, Graph theory, Randomized
algorithms, Combinatorial optimization, Natural
Language processing, Reinforcement learning,
Unsupervised learning, Neural networks, Self-driving

cars, Applications of machine learning in health,
Mathematical modelling ... o
this seminar
series

https://www.chalmers.se/en/departments/cse/organisation/ds/Pages/default.aspx



Division Data science and Al

Graham Kemp, Alexander Schliep, Dag Wedelin, Birgit Grohe, Ashkan Panahi,

Christos Dimitrakakis, Devdatt Dubhashi, Richard Johansson, Claes Strannegard, Fredrik Johansson
NMortae7za Chehreoani Pater Damaccrhlive (2PDhA ctiidente and noactdncc)



Algorithms Courses —What's in it?




Course Content — Algorithms Toolbox

Algorithm design principles
* Greedy

* Divide and Conquer

* Dynamic Programming

* Complete Search

* Heuristics




Course Content: Standard Problems

e Searching

* Sorting

* Finding shortest path (SP)

* Finding longest path

* Max flow problem

* Travelling salesperson problem (TSP)
* Graph Coloring

e Satisfiability problem (SAT)




Course Content: Standard Algorithms

Binary Search

Insertion Sort, Quicksort ...
Bredth first search ...
Dijkstras Algorithm

Floyd Warshall Algorithm
Ford Fulkerson Algorithm

Randomized Algorithm for Scheduling Multi-Resource Jobs in the Cloud?




Good Algorithms?

”[...] We want good algorithms in
some loosly defined aestetic sense.
One criterion is the length of the time
to perform the algorithm [...] Other
criteria are adaptability of the
algorithm to computers, its simplicity
and elegance etc”

Knuth 1973:3




