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Task and Applications Speech Synthesis

Speech synthesis generates speech from frext. The main

) i components of a Text-to-Speech system:
We have discussed several types of natural language processing

(NLP) techniquesin Inf2a; e Speech databaséRecordings of speakers segmented into

. - . . diphones or larger units;
e Part of speech tagging: assigning lexical categories to words;

e Parsing: assigning syntactic structure to strings;
e Language Modeling: assigning probability to a string;

punctuation, etc.);

e Semantic Analysis: assigning an interpretation to a string. (phonetic and prosodic) to the text;
Here, we'll look at where these techniques can be used in NLP e SynthesisiTo select speech units from the database and
applicationsto do practical things. assemble them based on the pronunciation information.

Most of these components are trained @orpus datausing

probabilistic (machine learning) models.
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e Text processingTo normalize the input text (numbers,

e Linguistic processinglo add pronunciation information
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Speech Synthesis Speech Synthesis

Demos of deployed TTS systems:

TEXT . , )
Soidir e e AT&T System, male voice, American Englis )
Diphone Sk R T Language o AT&T System, female voice, British Englis ¥ \
: Linguistic analysis achine iy @ CereProc System, female voice, Scottish Eng b))
Recording
e CereProc System, male voice, American Eng 2
Segmentation Phonetic Prosodic
o S (— Most commercial systems now useit selectionand can sound
s T very natural in limited domains.
Voice definition Synthesis parameters
SPEECH
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Speech Synthesis
Information Retrieval
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Summarization Summarization

Information Retrieval Information Retrieval

Information retrieval (IR):Given a query, nd all and only A i
. . @- - A [l mpy " PrE——,
documents that are relevant to it, assuming:
Web images Grows New Froode mever
e There's a large document collection to search; Google wi |~ " s
Web Results 1 - 10 of about 98,700,000 for tiger [definition]. (0.05 seconds)

e The user has an information need.
e The user's need can be formulated in terms of a query

(typically keywords);

Tiger.gov.uk
The TIGER (Tailored Interactive

ince on Employment Rights) web site is designed to
it aw.

cted lions & tigers
dopt a

Example: search engine

Document collection: web pages.

Information need: Pages on a particular topic.
Query: user-speci ed keywords

Output: a ranked list of relevant web pages.

N TIGEN Wi ol CARN i mge i) . TS TIOER
jtal geographic products, downloads, and FAGH

Other examples: bibliographic information systems; electroni
newspaper archives.
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Machine Translation

Information Retrieval: Bene ts from NLP

e Stemmingcan improve performance by mappingdlk, walks
walking walked) onto the same query term.

e Stop word removatan improve performance by removing
words likea, the, of, etc. that don't discriminate between
documents.

o NLP can resolveambiguities:

e word sense ambiguity (set@er in previous example);
e part of speech ambiguitywalk as noun or verb;
e syntactic ambiguity:make her duck

e Logical formof query text and document text might provide
an even better basis for matching, but currently not feasible.
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Machine Translation

Noisy channel model

SOURCE  >ENGLISH -~

NOISY CHANNEL

uess original
~ FRENCH anguage

e Key idea:treat French output as encrypted English input.

e Largebilingual corporawhich re ect similar \noise" can serve
for learning how to break the encryption.

e These are available, e.g., in the form of parliamentary
proceedings (Canadian Hansard, Hong-Kong Hansard, EU
Parliament).
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Machine translation (MT) systems turn a text in aource language
into a text in atarget languagge.g., English to French).

To reach human levels of translation requires:

e linguistic knowledgdlexicon, syntax, semantics, pragmatics);

e world knowledgeo gure out which how to translate an
expression in a given context.

e Harder to formalize than linguistic knowledge.

Current solution: learn from corpora that are translations of kac
other: machine translation as encryption.
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Machine Translation

Mathematical formulation of thenoisy channel modeto translate
a source language sentenEkeinto a target language sentende
compute:

E = arg maxP (E)P (FjE)

whereP(E) is alanguage modeof the target language and
P(FjE) is the translation model.

To compute the translation model, we need tign the bilingual
training corpus on the sentence level and on the word level.
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Machine Translation
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Google Translate

Google Translate

French Source

L'anree 1866 fut marquee par unewenement bizarre, un
prenonene inexpligee et inexplicable que personne n'a saitoute
ouble. Sans parler des rumeurs qui agitaient les populatioas d
ports et surexcitaient I'esprit public l'inerieur des conents les
gens de mer furent particulerementemus. Les regociants,
armateurs, capitaines de navires, skippers et masterskierdpe et
de I'Anerique, o ciers des marines militaires de tous payd, e
apes eux, les gouvernements des divEtats des deux continents

se peoccuperent de ce fait au plus haut point.

W
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English Target

The year 1866 was marked by a bizarre event, a phenomenon
unexplained and inexplicable that no one has probably forgotten
without about the rumors which agitated the people of the ports
and overexcited public opinion within the continents of people sea
were particularly moved. Traders, shipowners, captains afsets,
skippers and masters of Europe and America, o cers the navies of
all countries, and after them, governments the various stateshaf|t
two continents, were concerned of this fact highest point.

<
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Google Translate

English Target

The year 1866 was marked by a bizarre event, a phenomenon
unexplained and inexplicable that no one has probably forgotter
without about the rumors which agitated the people of the ports
and overexcited public opinion within the continents of people s
were particularly moved. Traders, shipowners, captains asets,

skippers and masters of Europe and America, o cers the navies
all countries, and after them, governments the various stateshef

=

ea

5 of

two continents, were concerned of this fact highest point.

Excerpt from a famous book. Can you guess its title?
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Human Translation

F. P. Walter

THE YEAR 1866 was marked by a bizarre development, an
unexplained and downright inexplicable phenomenon that sunel
one has forgotten. Without getting into those rumors that upset
civilians in the seaports and deranged the public mind even fa
inland, it must be said that professional seamen were esgdgcial
alarmed. Traders, shipowners, captains of vessels, skiard
master mariners from Europe and America, naval o cers from

every country, and at their heels the various national governraent

on these two continents, were all extremely disturbed by the
business.

Can you now guess the book's title?
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F. P. Walter

THE YEAR 1866 was marked by a bizarre development, an
unexplained and downright inexplicable phenomenon that sunel
one has forgotten. Without getting into those rumors that upset
civilians in the seaports and deranged the public mind even fa
inland, it must be said that professional seamen were esggcial
alarmed. Traders, shipowners, captains of vessels, ski@erd
master mariners from Europe and America, naval o cers from
every country, and at their heels the various national governree
on these two continents, were all extremely disturbed by the
business.
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Two Owl Tales

Owls are the order Strigiformes, comt
prising 200 bird of prey species. Owl
hunt mostly small mammals, insects
and other birds though some specie
specialize in hunting sh.

Tale 1

An owl is a bird. There are about 200
kinds of owls. Owls' prey may be birds
large insects (such as crickets), sm

reptiles (such as lizards) or small mam-
mals (such as mice, rats, and rabbits).

Tale 2
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Two Owl Tales Two Owl Tales

— Owils are the order Strigiformes, com — Owils are the order Strigiformes,om-

o prising 200 bird of prey species. Owls o prising 200 bird of prey species. Owls

©  hunt mostly small mammals, insects, ©  hunt mostly small mammals, insects,
and other birds though some species and other birds though some species
specialize in hunting sh. specialize in hunting sh.

«~ Anowlis a bird. There are about 20C «~ Anowlis a bird.There are abou200

@ kinds of owls. Owls' prey may be birds, o kinds of owls. Owls' prey may be birds,

© large insects(such as crickets)small © large insects (such as crickets), smalll
reptiles(such as lizardspr small mam- reptiles (such as lizards) or small mam-
mals(such as mice, rats, and rabbits) mals (such as mice, rats, and rabbits).

Explain unfamiliar words or concepts Substitute rare words with more familiar words or phrases
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Two Owl Tales

Two Owl Tales

Simplify deep syntactic structures
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— Owils are the order Strigiformes, com -, Owils are the order Strigiformes, com

@ prising 200 bird of prey specie@wils o prising 200 bird of prey species. Owls

©  hunt mostly small mammals, insects, ©  hunt mostly small mammals, insects,
and other birds though some species and other birdsthough some specieg
specialize in hunting sh. specialize in hunting sh

«~ Anowlis a bird. There are about 20C «~ Anowlis a bird. There are about 200

@ kinds of owls.Owls' prey may be birds, o kinds of owls. Owls' prey may be birds,

i large insects (such as crickets), small © large insects (such as crickets), smalll
reptiles (such as lizards) or small mam- reptiles (such as lizards) or small mam-
mals (such as mice, rats, and rabbits). mals (such as mice, rats, and rabbits).

Remove unnecessary and complicating detail
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Why simplify? Why simplify?
1993 US National Adult Literacy Survey (grades 1-5) Percentage of the adult population for each literacy grade
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How to simplify? How to simplify?

From Wikipedia, the free encyclapedia

Simple English Wikipedia is a sort of \spin-o " of Wikipedia.
WELCOME TO WIKIPEDIA

LA S friem il gL heuen Shs thivge e Treat SimpleEW edits as instances of simpli cations?
Search . L . .
Search the 72,509 articles in the Simple English Wikipedia ° BUt many edlts aren t Slmpll Catlons
How to write Simple English pages + Useful pages + Simple talk + Categories + Help o On|y consider revisions accompanied by \Simp|" comments
Schools Gateway (for users who want to make changes from a school)
N/.&"

About Wikipedia w1 | selected article (5

" ’ . — N/.&"2/1$" | N/.&"2/$'
This is the froni e of the Simple English Jupiter is the * )& 0, 6
Wikip:ﬂia. Wflk?::m‘as :ue plac:s where people N \an;elsl |]|ﬂ:l€[ in i*é )gg:(y B N/.&"2/1$' "\g///éz)'z N/.&"2/$' /9)2‘://'" /9)2'://"I
work together to write encyclopedias in different the Solar T |0) 19)2"/"C" AR /9)2"/"C" 8,%1". /" 8,%1"./"
languages. We use Simple English words and System. It is the /9)2 /e /9)2 H/A® 1"12&C" &F)$$&C "
grammar here. The Simple English Wikipedia is for fifth planet from
everyone! That includes children and adults who are the Sun. Jupiter " ! nt "~ = Ud
v sty e Son e S)9,&,/- WJ S)9,&,/-X" S)9,&/-Y'S)9,&,/"  S)9,&,/Z S)9,&][
There are 72,509 articles on the Simple English . ~ X gas giant. This "W'&*<&" Nt "
Wikipedia. Al of the pages are Fee to use. They is because it is very ?]ug and made up of D&)Z W 8?,,*,& . . D&)2 )”(' &*'<8€ )
have all been published under both the Creative gas. The other gas giants are Saturn, \7,F($,G)"*'&)-%)-0)] \S)8/2"'%/'6)'&,F($)2]

e you a developer? Try out the HTML tn POE A  poterowd.cl
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Synchronous grammars are a way of simultaneously generating
pairs of recursively related strings.

Originally invented for programming language compilation

Generalization of context-free grammar formalism to
simultaneously produce strings in two languages.

Have been used extensivelysgntax-based SMT:

inversion transduction grammar (ITG; Wu 1997), head transducers
(Alshawi et al., 2000), hierarchical phrase-based translati@migng,
2007), synchronous tree substitution grammar (STSG; Eisner, 2003),
guasi-synchronous grammar (GSG; Smith and Eisner, 2006).

Idea: Use the synchronous grammar formalism to learn
simpli cation paraphrases.
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NNP  NNP VP C VP
5
VBD NP ADVP VBD NP,
PN |
PRP$ NN RB NNP
I I I I
John Smith  walked his dog and afterwards met Mary
John Smith walked his dog He met Mary later
| I I |
PRP$ NN NNP RB
I I
NNP  NNP VBD NP PRP VBD NP ADVP
2" |
NP VP NP VP
S (main) S (aux)

Sample Applications
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NNP  NNP VP CcC VP
VBD NP ADVP VBD NP
7N | ,
PRP$ NN RB NNP

John Smith walked his dog and afterwards met Mary

John Smith  walked his dog . He met Mary later
| I I |
PRP$ NN NNP RB
~ | |
NNP  NNP  VBD NP PRP VBD NP ADVP
N~ |

S i I SR

S (main) S (aux)
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NNP  NNP VP C VP
<
VBD NP ADVP VBD NP
/\ |
PRP$ NN RB NNP
I I I
John Smith  walked his dog and afterwards met Mary

John Smith walked his  dog
I [
PRP$ NN

~

NNP  NNP VBD NP

0 T~——

LS

S (main)

He met Mary later
[ I
NNP RB

| |
PRP VBD NP, ADVP

|
—

S (aux)
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cc VP

NNP  NNP VP
VBD NP ADVP VBD NP

PN | E

PRP$ NN RB NNP
[ I I I

John Smith  walked his dog and afterwards met Mary

)/ S P P . T 4::___,':---—'1

John Smith walked his dog He met Mary later
| I I |

PRP$ NN NNP RB
I I

NP
/"7\
ADVP NP
ﬁ and afterwards .
~_"
NNP  NNP VBD NP PRP VBD NP ADVP
N |

\/
NP VP . NP VP .
:
S (main)

S (main)
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Text Simpli cation Text Simpli cation

NP

NNP

VP
ADVP VBD NP,
|

NNP
I I

and afterwards met Mary

John  Smith
, ,

7

R¢ R¢ . ’ ’ ____-------'a:----,.’----"
John  Smith ! He met Mary later
I I
NNP RB
I I

NNP  NNP

~—

NP

PRP VBD NP ADVP
|
—

S (malin) S (aux)
HP, VPi ! h [VP CC VP], [VP ]i
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John  Smith
, ,
, ,

John  Smith

NNP

S (main)

. .
hvP, hvP, Sii! h [VP and VP], HVP], [NP [PRP He] VP Jii .

Sample Applications

Text Simpli cation

S
NP VP
PN 7 =
NNP  NNP VP CcC VP
2]
VBD NP ADVP VBD NP
N
PRP$ NN NNP
I I |
John Smith  walked his dog and met Mary
’ ’ ’ ’ ’ SRe - ’
’ . . . ’ mmm e —m .“.p__T,- ----- -
John Smith walked his dog He met Mary
I | |
PRP$ NN NNP
~ |
NNP  NNP VBD NP PRP VBD NP, ADVP
‘\\\\’/,/’ ‘\~\\\\——’,,"' | —!5!_______J£:],—-“’—
S (main) S (aux)

hRB, RBi ! h [afterwards], [later] i
24/34
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Text Simpli cation

VBD NP

PRP$ NN
[ I
John Smith  walked his dog and
’ ’ ’ ’ ’
’ ’ ’ ’ ’
John  Smith  walked his dog
I |
PRP$ NN

-
4

NNP  NNP VBD NP

\/
NP VP
S (main)

hP, VPi! h [ADVP [RB afterwards] VBD NP], [VBD NP ADVP [RB later]] i
24134

Sample Applications

Summarization

A summarization system turns a source document (or multiple
documents) into a summary that contains its key points:

Single Document Multiple Documents

Example: search engines often return a summary with each hit.
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A typical summarization system has the following components:
sentence extractiondecides which sentences of the source
document to retain in the summary;

sentence compressiotakes the extracted sentences and
removes \non-essential* material (e.g., adjuncts);

sentence combinationcombines extracted sentences into
longer ones.

Each of these components can bene t from NLP techniques (e.g.,

POS tagging, parsing).

26/34

Speech Synthesis

Information
Sample Applications Machine Tre

Text Simpli

Summarization

Source Text

S1: Saudi Arabia on Tuesday decided to sign the nuclear weapons
non-proliferation treaty, a strong indication it will not seek near
warheads for intermediate-range missiles it recently aepiifrom China.
S2:The o cial Saudi Press Agency reported that King Fahd made the
decision during a Cabinet meeting in Riyadh, the Saudi cdpits: The
meeting was called in response to a recommendation by Princel Sau
al-Faisal, the Saudi foreign minister, that the kingdom sign the
international treaty against the spread of nuclear arns!: An account of
the Cabinet discussions and decisions at the meeting, whicleerxkfore
dawn, was issued by Information Minister Ali al-Shaer and ritistted by
the agency. The agency, monitored in Bahrain, did not elabor&ié: It
appeared the timing of the decision was designed primarily tsseire the
United States that the kingdom will not try to arm its CSS-2 mikes with
nuclear warheads. The decision also was viewed as an attemptunt
Israel's allegations that the missiles constituted a threatit® safety.
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Reduced Sentences

Extracted Sentences

S1: Saudi Arabia on Tuesday decided to sign the nuclear weapons
non-proliferation treaty, a strong indication it will not seek near
warheads for intermediate-range missiles it recently ampifrom China.
S2:The o cial Saudi Press Agency reported that King Fahd made the
decision during a Cabinet meeting in Riyadh, the Saudi cdpits: The
meeting was called in response to a recommendation by Princel Sau
al-Faisal, the Saudi foreign minister, that the kingdom sign the
international treaty against the spread of nuclear arms.

28/34

S1: Saudi Arabiaon Tuesdaydecided to sign the nuclear weapons
non-proliferation treaty, a strong indication it will not seek near
warheads for intermediate-range missilesecently acquired from China
S2:The o cial Saudi Press Agency reported that King Fahd made the
decision during a Cabinet meeting Riyadh, the Saudi capital. S3rhe
meeting was called in response to a recommendation by Pritwed
al-Faisal,the Saudi foreign minister, that the kingdom sign the
international treaty against the spread of nuclear arms.

Combined Sentences

S1: Saudi Arabia decided to sign the nuclear weapons non-prolif@nat
treaty, a strong indication it will not seek nuclear warheads fo
intermediate-range missile§2+S3: The o cial Saudi Press Agency
reported that King Fahd made the decision during a Cabinet timeg
called in response to a recommendation by Prince al-Faisal.
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Michelle Obama fever hits the UK

In the UK on her ®rst

visit as ®rst lady, Michelle

Obama seems to be mak-

ing just as big an im-

pact. She has attracted as

much interest and column

inches as her husband on

this London trip; creating

a buzz with her dazzling out®ts, her own sched
of events and her own fanbase. Outside Buckin
ham Palace, as crowds gathered in anticipation
the Obamas' arrival, Mrs Obama's star appeal
apparent.

Sample Applications
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Michelle Obama fever hits the UK

In the UK on her ®rst

visit as ®rst lady, Michelle

Obama seems to be mak-

ing just as big an im-

pact. She has attracted as

much interest and column

inches as her husband on

this London trip; creating

a buzz with her dazzling out®ts, her own sched
of events and her own fanbase. Outside Buckin
ham Palace, as crowds gathered in anticipation
the Obamas' arrival, Mrs Obama's star appeal
apparent.
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Michelle Obama fever hits the UK

In the UK on her ®rst

visit as ®rst lady, Michelle

Obama seems to be mak-

ing just as big an im-

pact. She has attracted as

much interest and column

inches as her husband on

this London trip; creating

a buzz with her dazzling out®ts, her own sched
of events and her own fanbase. Outside Buckin
ham Palace, as crowds gathered in anticipation
the Obamas' arrival, Mrs Obama's star appeal
apparent.

Summarization

Queen, Obama, Michelle,
Buckingham, London, UK

It is reported that the Queen
asked to stay in touch with Mr
Obama

Summarization

Given what you now know about Inf2a:

You'd like to know more about formal languages

You'd like to know more about NLP

You'd like to know more about both

It was a good course but you did not nd the material exciting
You'd rather switch to drama than do anything remotely

related
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How do | do well on the exam? How do | do well on the exam?
Read the slides and do the reading Read the slides and do the reading
Read the slides and go over past exams Read the slides and go over past exams
Read the slides, do the reading, and can answer tutorial Read the slides, do the reading, and can answer tutorial
guestions with ease guestions with ease
Do nothing, just chance it Do nothing, just chance it
Revise the Pumping Lemma Revise the Pumping Lemma

Tip: if we spent more than one lecture on a topic, we consider it
important, and chances are it will gure in the exam; ditto for
topics guring in tutorials.
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Further Courses Further Courses

2" Year
Informatics 2B (S2): Algorithms and Pattern Recognition 39 Year
Informatics 2D (S2): Modern Arti cial Intelligence Computability and Intractability (S1)
3 Year Compiling Techniques (S2)
Foundations of Natural Language Processing (S2): continues Language Semantics and Implementation (S2)
where Inf2a left o (more NLP algorithms, technigues, tasks) 4th year
4 Year

Advances in Programming Languages (S1)
Compiler Optimization (S2)
Computational Complexity (S2)

Speech Processing (S1), Speech Synthesis (S2)
Text Technologies (S1)

Machine Translation (S2), Natural Language Understanding
(S2), Natural Language Generation (S2)
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