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DSA-CL lll course overview

What is DSA-CL III?
* Intermediate-level survey course.
 Programming and problem solving, with applications.
- Algorithm: method for solving a problem.
- Data structure: method to store information.
e Second part focused on Computational Linguistics

Prerequisites:
e Data Structures and Algorithms for CL |
e Data Structures and Algorithms for CL Il

Lecturers: Tutors: Slots:
e Cagri Coltekin  Marko Lozajic e Mon 12:15 & 18:00 (R 0.02)
 Claus Zinn e Michael Watkins e Wed 14:15 — 18:00 (lab)

Course Materials: https://dsacl3-201 8.github.io



https://dsacl3-2018.github.io

Coursework and grading

Reading material for most lectures

Weekly programming assignments

Four graded assignments. 60%
 Due on Tuesdays at 11pm via electronic submission (Github Classroom)
* Collaboration/lateness policies: see web.

Written exam. 40%
 Midterm practice exam 0%
 Final exam 40%



Honesty Statement

Honesty statement:

* Feel free to cooperate on assignments that are not graded.
* Assignments that are graded must be your own work. Do not:
- Copy a program (in whole or in part).
- Give your solution to a classmate (in whole or in part).
- Get so much help that you cannot honestly call it your own work.
- Receive or use outside help.
* Sign your work with the honesty statement (provided on the website).
 Above all: You are here for yourself, practice makes perfection.



Organisational issues

Presence:

A presence sheet is circulated purely for statistics.
 Experience: those who do not attend lectures or do not make the
assignments usually fail the course.

Do not expect us to answer your questions if you were not at the
lectures.

Office hours:

o Office hour: Monday, 14:00-15:00, please make an appointment!
 Please ask questions about the material presented in the lectures
during the lectures — Everyone benefits

 We will discuss each assignment that is not graded during the next
lab.

Registration:
* Do the first assignment, AO.



Assignment Process

Walk-Through
GIT Classroom



Resources (textbook)

Required reading.

e Algorithms 4th edition by R. Sedgewick and K. Wayne,

Addison-Wesley Professional, 2011, ISBN 0-321-57351-X.

- Readable from university network thru Safari books:

- see proquest.tech.safaribooksonline.de/
9780132762571

 Speech and Language Processing, Jurafsky & Martin, 2nd
Edition, Prentice Hall
- Draft chapters of 3rd. edition available
- see web.stanford.edu/~jurafsky/slp3/

 Dependency Parsing, Kiibler, McDonald & Nivre, Morgan
& Claypool

SPEECH AND
LANGUAGE PROCESSING

Dependency Parsing



http://proquest.tech.safaribooksonline.de/9780132762571
http://proquest.tech.safaribooksonline.de/9780132762571
http://proquest.tech.safaribooksonline.de/9780132762571
http://web.stanford.edu/~jurafsky/slp3/

Resources (web)

Book site for first part of class
* Brief summary of content.
 Download code from book.
* APIs and Javadoc.

Algorithms

ETH FPDITION

ALGORITHMS, 4TH EDITION

essential information that
every serious programmer
needs to know about
algorithms and data structures

Textbook. The textbook Algorithms, 4th Edition by Robert Sedgewick and Kevin
Wayne [ Amazon - Addison-Wesley ] surveys the most important algorithms and

B e b N T R data structures in use today. The textbook is organized into six chapters:

ALGORITHMS, 4TH EDITION
Fundamentals

Sorting

Searching

Graphs

Strings .
Context

PE] RN | e | A | N s

http://algs4.cs.princeton.edu

Chapter 1: Fundamentals introduces a scientific and engineering basis for
comparing algorithms and making predictions. It also includes our
programming model.

Chapter 2: Sorting considers several classic sorting algorithms, including
insertion sort, mergesort, and quicksort. It also includes a binary heap
implementation of a priority queue.

Chapter 3: Searching describes several classic symbol table
implementations, including binary search trees, red-black trees, and hash
tables.



Why study algorithms?

Their impact is broad and far-reaching.

Internet. Web search, packet routing, distributed file sharing, ...
Biology. Human genome project, protein folding, ...

Computers. Circuit layout, file system, compilers, ...

Computer graphics. Movies, video games, virtual reality, ...
Security. Cell phones, e-commerce, voting machines, ...
Multimedia. MP3, JPG, DivX, HDTV, face recognition, ...

Social networks. Recommendations, news feeds, advertisements, ...

Physics. N-body simulation, particle collision simulation, ...




Why study algorithms?

Their impact is broad and far-reaching.

Mysterious algorithm was 4% of trading activity last week

October 11, 2012

A single mysterious computer program that placed orders
— and then subsequently canceled them — made up 4
percent of all quote traffic in the U.S. stock market last
week, according to the top tracker of high-frequency
trading activity.
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The motive of the algorithm is still unclear, CNEC reports.

The program placed orders in 25-millisecond bursts
involving about 500 stocks, according to Nanex, a market
data firm. The algorithm never executed a single trade,
and it abruptly ended at about 10:30 a.m. ET Friday.

Generic high frequency rrading chart (credit: Nanex)
“My guess is that the algo was testing the market, as

high-frequency frequently does,” says Jon Najarian, co-founder of TradeMonster.com. “As soon as they add
bandwidth, the HFT crowd sees how quickly they can top out to create latency.” (Read More: Unclear What Caused
Kraft Spike: Nanex Founder.)
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Why study algorithms?

For intellectual stimulation.

“ For me, great algorithms are the poetry of computation. Just
like verse, they can be terse, allusive, dense, and even mysterious.
But once unlocked, they cast a brilliant new light on some

aspect of computing. ” — Francis Sullivan

“ An algorithm must be seen to be believed. © — Donald Knuth

THE DY OF ALGORTHMS
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Why study algorithms?

To become a proficient programmer.

“Iwill, in fact, claim that the difference between a bad programmer
and a good one is whether he considers his code or his data structures
more important. Bad programmers worry about the code. Good
programmers worry about data structures and their relationships. ”

— Linus Torvalds (creator of Linux)

“Algorithms + Data Structures = Programs. ©° — Niklaus Wirth
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Why study algorithms?

They may unlock the secrets of life and of the universe.

“ Computer models mirroring real life have become crucial for most
advances made in chemistry today.... Today the computer is just as
important a tool for chemists as the test tube. ”

— Royal Swedish Academy of Sciences
(Nobel Prize in Chemistry 2013)
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Martin Karplus, Michael Levitt, and Arieh Warshel
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Why study algorithms?

For fun and profit. p C|sco SYSTEMS
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Why study algorithms?

e Their impact is broad and far-reaching.

* Old roots, new opportunities.

* For intellectual stimulation.

 To become a proficient programmer.

 They may unlock the secrets of life and of the universe.
 To solve problems that could not otherwise be addressed.
 Everybody else is doing it.

Why study anyw

* For fun and profit.
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What's ahead

Week Monday (lectures) Wednesday (lab)
Oct 22 Oct 24

01 A: Introduction lab: Language Guessing
B: Complexity theory
Oct 29 Nov 1

02 A: Elemenary sorts No class
B: Quicksort
Nov 05 Nov 07

03 A: Undirected graphs lab: Sorting
B: Undirected graphs
Nov 12 Nov 14

04 A: Directed graphs lab: Undirected graphs
B: Directed graphs
Nov 19 Nov 21

05 A: Distance measures lab: Directed graphs
B: Binary heaps & heapsort
Nov 26 Nov 28

06 A: Binary heaps & heapsort lab: Burkhard-Keller trees
B: Exam practice
Dec 03 Dec 05

07 A: Formal languages and automata lab: TBA
B: Formal languages and automata
Dec 10 Dec 12

08 A: Regular grammars and finite state automata lab: TBA

B: Regular grammars and finite state automata

16



What’s Ahead

Dec 17 Dec 19
09 A: Finite-state transducers lab: TBA

B: Finite-state transducers and computational

morphology
Sem. break

No class No class

Jan 7 Jan 9

A: Context-free languages and constituency lab: TBA
10 parsing

B: Context-free languages and constituency

parsing

Jan 14 Jan 16
11 A: Dependency grammars and treebanks lab: TBA

B: Dependency grammars and treebanks

Jan 21 Jan 23
12 A: Dependency parsing lab: TBA

B: Dependency parsing

Jan 28 Jan 30
13 A: A gentle introduction to classification lab: TBA

B: Transition-based dependency parsing

Feb 04 Feb 06
14 A: Exam review [ practice lab: TBA

B: Exam review [ practice

Feb 11 Feb 13
15 A: Exam lab: TBA

B:

17



Sorting

A N
Bundesarchiv, Bild 183-22350-0001
Foto: Junge, Peter Heinz | 20. November 1953
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Directed Graphs
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String Distance

> malorca
wb

All Images Maps News

About 114.000.000 results (0,64 seconds)

Showing results for mallorca
Search instead for malorca

Shopp
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Finite State Automata




Parsing

< C & https://weblicht.sfs.uni-tuebingen.de/Tundra/?tcfurl=http://ws1-clarind.esc.rzg.mpg.de/drop-off/storage/result-1538660565119.tcf.xml&nomsg&tbsent=1

TCF-Dep | File v Navigate « Help «

Search

Enter Query Here. Use double quotes around strings or use TUNDRA query syntax.
.

Tree
Browse Treebank
<>
#1: Die Besetzer werden mit Gewalt von Polizei und Militar vertrieben.
+ [RooT]

&

O«

DET SUBJ /I\ /I\ /.\ /I\ H_.pUNCT-
Y
Die Besetzer werden mit Gewalt Polizei Militar vertrieben
PoS ART PoS NN PoS VAFIN PoS APPR PoS NN PoS APPR PoS NN PoS KON PoS NN PoS VVPP PoS $.
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First Dive

Language Guessing
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Language Guessing

Applications:

 Spamassassin uses the guessed language as a feature in spam
identification.

 Web browsers language identification to offer you to translate a page
when it is not in your native language.

 Google Translate uses language identification to determine the source
language of a text to be translated.

 The CLARIN Language Resource Switchboard uses language
identification (together with the identification of the resource’s media
type) to determine tools that can process the resource.

25



Language |

De lambdacalculus, soms 0ok als A-calculus geschreven, is een formeel systeem dat in de
wiskunde en theoretische informatica wordt gebruikt om het definiéren en uitvoeren van
berekenbare functies te onderzoeken. Hij werd in 1936 door Alonzo Church en Stephen Kleene
geintroduceerd als onderdeel van hun onderzoek naar de grondbeginselen van de wiskunde, maar
wordt tegenwoordig vooral gebruikt bij het onderzoeken van berekenbaarheid. De lambdacalculus
kan worden gezien als een soort minimale programmeertaal die in staat is elk algoritme te
beschrijven. De lambdacalculus is Turing-volledig en vormt de basis van het paradigma voor
functionele programmeertalen.

De rest van dit artikel gaat over de oorspronkelijke, ongetypeerde lambdacalculus. De meeste
toepassingen gebruiken varianten daarvan met een type-aanduiding.
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Language ||

NAamb6aa-ucuncnénme (A-ucuncneHmne) — hopmanbHan cucTema, paspaboTaHHan aMepuKaHCKMM MaTtemMaTukoMm ANoH30 Yépuem, aAnA
hopmanusaymm 1 aHanmsa NOHATUA BblYUCITUMOCTM.

A-UCHUCNEHME MOXET paccMaTpuBaTbCA Kak CeMeNCTBO NPOTOTUMNHbLIX A3bIKOB NporpaMmMupoBaHunA. VIX oCHoBHaA 0CO6E@HHOCTb
COCTOWMT B TOM, YTO OHW ABNAIOTCA A3bIKaMU BbICLUMX NOPAAKOB. TeM caMbiM obecne4ynBaeTCcA CUCTeMaTUYecKui noaxon K
nuccnenoBaHuio onepaTopoBs, apryMeHTaMm KOTOpbIX MOryT ObiTh Apyrie oneparopbl, a 3Ha4eHueM Takoke MoOXeT ObiTb oneparop.
H3blKM B 3TOM CEMENCTBe ABNAIOTCA (DYHKUMOHANbHBIMW, NOCKONbKY OHWM OCHOBAaHbI HA NpeacTaBNeHun 0 (DyHKUUK UnNu oneparope,
BKNOYaA hyHKUMOHANbHYIO anninkauuio U hyHKUMOHANbHYIO abCTpakumio. A-ucumcnedme peanusosaHo [DKoHOM MakkapTu B A3blke
Jlucn. BHayane peanuaauvA naeun A-ucymcneHuA 6bina secbma rpoMosakon. Ho no mepe passuTuA JIMCn-TexHoNnoruu (npowealuen
aTan annapaTrHou peanu3auvu B suae JIucn-malmHbl) naeu Nony4YMnn ACHYIO U YeTKYIO peanuaauuio.
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Language llI

A lambda-kalkulus (vagy A-kalkulus) egy formalis rendszer, amit eredetileg matematikai figgvények tulajdonsagainak (definialhatésag,
rekurzid, egyenléséq) vizsgalatara vezettek be. Az elmélet kidolgozbi Alonzo Church és Stephen Cole Kleene voltak az 1930-as
években. Church, 1936-ban, a A-kalkulus segitségével bizonyitotta, hogy nem létezik algoritmus a hires Entscheidungsproblem (dontési
probléma) megoldaséara. A A-kalkulus (akarcsak a Turing-gép) lehetdvé teszi, hogy pontosan (formalisan) definialjuk, mit is értlink
kiszamithato fliggvény alatt.

A A-kalkulust nyugodtan nevezhetjik a legegyszer(bb altalanos céll programozasi nyelvnek. Csak egyfajta értéket ismer: a fliggvényt
(absztrakciot), és csak egyfajta mivelet van benne: a figgvény alkalmazéas (valtozé-behelyettesités). Ezen latszblagos egyszeriisége
ellenére minden algoritmus, ami Turing-gépen megvalbdsithatd, az megvaldsithatd tisztan a A-kalkulusban is. Ez az azonossag a A-
kalkulus és a Turing-gép kifejezd ereje (expressive power) kdz6tt adja egyébként a Church—-Turing-tézis alapjat.

Mig korabban a A-kalkulus elsésorban a kiszamithatésagelmélet (Theory of Computation) miatt volt érdekes, napjainkban ez mar

kevésbé hangsulyos, és sokkal inkabb a funkcionalis programozasi nyelvek elméleti és gyakorlati megalapozasaban jatszott jelentds,
mondhatni kdzponti szerepe kerult el6térbe.
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Language IV

ARE (&iE: lambda calculus, A-calculus) B2—EBATHAREEN . RENBANRANTERRS. cHEE - BHNMAZERS
3% - NUR - T BE20HA30FRE|IAN. BEFEHANRFE1936FLEHH 2O (Entscheidungsproblem) B—MNEERNER. X
WH AR EMBEXH AR P AIHHEE. TR NMOMbdOEHREREFENMNGBLEELE—) “BHANE" RkBR, X
BATHEMAESITRNL— Mo, REFRESVOES &. LombdoORENZE R REBESEEANEN, HlispiEs. MUESH
HaskeliE =,

LambdaiR T A A A B/NIBEAEFBTES. EB8E—FTHRAN (ZRFR) N—FBEEXFHH, LombdaiRfF ZBEHET,
FEA— PN HREHMEAZIHEIRKENKRE. Bif, EEFNTERIN. RENL, LambdaiRFEBRERMNIEZER,
U N REYEE. TRUARXR—FMEZARGFMIFEFISE .

ATISRBEBER “EEBlambdai@it” |, R, SEMRERT —LHEFH Iaombdai .
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Language V

BEERRIDACNFEILY (A) ZESEVWSBENSZOENH D, 7AVY - Fyr—FERT4—TJ> - =)L 7
U—XRICEX>TI930FRICERS NI, 1936FICFvr—FRILYFRZANWT— %ﬁmmﬁwﬁijﬁﬁﬁﬁi(éﬁﬂ
IC) BWe, SLYFREIE FHRUERGREE) C3RBREHNZEERTILHICAVSNEILHH D, StHOBEKRVPEER

E, FFHBHRZOVWAINWBREISTEDLNTED. FICLISP. ML, HaskellE W IcEBEE 7O/ 53V é%@ﬂm%%
BEUT, ZORECKERREZERIC UL,

FLYEREEBI DOXERA (EHER) 1 D0BEPEEERRVOH+ZRH D, /IO (A=Z/N—H)LR) FOATZIVJ/EET
HBDEWSIZIEDHTEDS, TITWS MAZ/NN—=HI)LRR) £, 2TOFEIRGEENRETCZEELSFMENEIEVWSE
BkTH D, CNE. FLFFRENF2 UV IITIV EEMBEBETINTHSIEZBHRLTWS, Fa—UVIII N
N=ROz7RRBRETFTIVETHADICHL, ZLAFFREBEDY 702707 7O0-F2E->TWS,

CORXFTRFr—FHRIBLULTROWDW S TRFEL S LTEHHE) KOVWTHERTWS, E0RINETICLT EfHE
ZLYEH) EWSERBBRIESN TV,
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Any Ideas

Language Guessing

 Any ideas
* (Brainstorming)
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Method

« We can make a computer guess the language:
- Using simple n-gram statistics
- Using a small amount of training data
- With high accuracy

e Here we will discuss the method of Cavnar and Trenkle, 1994

 We can usually identify a language using only a very short fragment.
E.g.:
- German: ploétzlichen Ausbruch des Vulkans Ontake in Japan
- English: cross-country navigational exercise and made a banking
- Spanish: provenientes del idioma japonés que describen una

« Some examples of n-grams that frequently occur these languages:
- German: ung, chen, der, die, 6
- English: th, y_, ed_, wh
- Spanish: la, que, io, los_
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How much information is needed

* If we were to build a model of a couple of languages, how much
information do we need per language to classify most texts correctly?
 To find an answer to this question, we look at Zipf’s law:

- The frequency of a word is inversely proportional to its frequency-
based rank

 That is,
- the most frequent word will occur approximately twice as many times
as the second most frequent word,
- thrice as many times as the third most frequent word etc.

33



Distributions of tokens in TiBa-D/Z
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Distributions of character trigrams in TéBa-D/Z
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Lessons Learned

A small number of n-grams pop up ’all over the place’;
* consequently, only a small number of n-grams are effective indicators;

documents from a language should have similar n-gram frequency
distributions.

Cavnar and Trenkle create a profile of a language using a small amount of
text in the following manner:

- Count each 1..5-gram in the text

- Sort the n-grams by frequency (most frequent first)

- Retain the 300 most frequent n-grams

* Note: Cavnar and Trenkle discard all characters that are not letters or
quotes.
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Example: bananas

T, TE,EX,XT, T _
tri-grams: _TE, TEX,EXT,XT_,T__
quad-grams: _TEX, TEXT, EXT_, XT T

bi-grams:

In general, a string of length k, padded with
blanks, will have k+1 bi-grams, k+l1tri-grams,
k+1 quad-grams, and so on.

n-gram freq

n-gram freq

d

an
dna

n

na
danan
dNana
anas
as

= = = P DD DN DN DN

D4

DAN
DANA
DANan
nan
Nnana
Nnanas
nas

S

e = e e e e e
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Example: bananas

n-gram rank n-gram rank
a 1 ba 11
an 2 ban 12
ana 3 bana 13
n 4 banan 14
na 5 nan 15
anan 6 nana 16
anana / nanas 17
anas 8 nas 18
as 9 s 19
b 10
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Language identification

* Generate a profile for each language, based on a longer text. When
classifying the language of a document:
- Create a profile of the document.
- Compare the profile of the document with the profile of each
language.
- Choose the language with the most similar profile.
« How do we compare two profiles?

Given the document profile p and language profile g, the distance
function is defined as:

d(p,q)= Y |rank(ngram,p) — rank(ngram, q)
ngramep

The rank function gives the rank of an n-gram in the profile, or the
size of the profile if it does not have the n-gram.
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Example & Algorithm

P q A L <+ {(language, profile) }
th  th 0 p < document profile
Ing er 3 gUESS <— €
on on 0 guess dist <— o0
er e 2 for all (I, q) € L do
and ing 1 dist < d(p, q)
ed and max if dist < guess dist then
guess dist < dist
guess < |
FIGURE 3. Calculating The Out-Of-Place Measure Between Two Profiles e nd if
Category Document Out Of end for
Profile Profile Place
most frequent | T'H TH 0
ER ING 3
ON ZION | o
LE ER 2
ING AND|
AND ED no-match = max
least frequent | ...

sum = distance measure 40



Method Evaluation

Article Length <300 | =300 | s300 | s300 | >300 | >300 | >300 | >300
Profile Length 100 200 300 400 100 200 300 400
Newsgroup

australia 100.0 | 1000 | 1000 | 1000 | 1000 ( 100.0 | 1000 | 100.0
brazil 70.0 80.0 90.0 90.0 91.3 913 95.6 95.7
britain 969 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1000 | 1000
canada 1000 | 1000 | 1000 | 100.0 | 100.0 | *99.6 | 1000 | 1000
celtic 1000 | 1000 | 100.0 | 100.0 99.7 | 1000 | 1000 | 1000
france 90.0 050 | 1000 | *950 99.6 996 | *99.2 99.6
germany 1000 | 1000 | 100.0 | 100.0 989 | 1000 | 1000 [ 1000
italy 88.2 | 1000 | 1000 | 100.0 91.6 99.3 996 | 1000
latinamerica 013 957 | *913 95.7 975 | 1000 | *995 | *990
meXxico 0.6 | 1000 | 1000 | 1000 94.8 99.1 | 1000 | *99.5
netherlands 023 96.2 96.2 96.2 96.2 990 | 1000 | 1000
poland 93.3 633 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
portugual 1000 | 1000 | 100.0 | 100.0 86.8 976 | 1000 | 1000
span 81.5 963 | 1000 | 1000 90.7 98.9 989 | 9945
Overall 929 97.6 98.6 983 97.2 99.5 998 99.8

Note: Asterisks indicate combinations of test variables that did worse than similar combi-

nations using shorter profiles.
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Complications

The classification problem can be made more complicated by:
- Adding more languages
- Adding languages that are very similar

- Adding dialects
- ldentification of very short fragments
- Documents with multiple languages

Apache OpenNLP includes char n-gram based statistical detector and
comes with a model that can distinguish 103 languages
Apache Tika contains a language detector for 18 languages

There are newer methods that use more sophisticated statistical
modeling and/or machine learning to identify languages.
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Practicals

Maven
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Maven

Apache Maven is a tool for building and managing Java projects.
Advantages of Maven are:

* Declarative: you do not have to specify the steps to build a project.
 Dependency management: you specify the dependencies of your project
and Maven will automatically download them and make them available

in the classpath.

* IDE agnostic: all major IDEs (including IntelliJ, NetBeans, and Eclipse)
have plugins for Maven, meaning that you can open a Maven project in
any IDE.

* Plugins: the functionality of Maven can easily be extended using
plugins.
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Maven Project Layout

« pom.xml Maven project description
* src/main Main project sources

- java Main Java sources

- resources Resources
e src/test Test sources

- java Java sources for tests

- resources Resources for tests

Dependencies:
« Many Java libraries are in the Maven Central Repository

- search.maven.org

« Usually, you will find a fragment on the website of a project.

<dependency>
<groupld>com.google.guava</groupId>
<artifactId>guava</artifactId>
<version>18.0</version>
</dependency>


http://search.maven.org

Basic Maven Commands

 # Clean up a project (remove compiled Java code)
- mvn clean

 # Compile a project
* mvh compile

e # Run unit tests
- mvn test
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