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TectoMT jako framework

modularni, open source, objektovy, Perl, Linux
o

Data Third-party Tools Visualization
» models for stochastic tools « Malt parser * TrEd
« translation dictionaries  TreeTaqager (Tree Editor with
* special-purpose lexical « fnTBL %JRF++ SVG and PDF
databases ’ export options)

~
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In-house Tools TectoMT Blocks Applications \
* taggers, parsers * Tree_tagger scenarios
: * NE recognizers j * McD_parser j + format conversions
:  language models API « Mark passives <
* machine learning tools )
| o
o
®
L T T T 3
E; TectoMT Core Classes Format Convertors (to & from tmt) g’
: * TectoMT: : Document * plain text L
: . TectoMT: :Bundle ) * HTML & various XML +
e TectoMT: : Node « corpora PDT, PennTB, EMILLE,
e TectoMT: : Scenario PADT, CONLL, vertical

* TectoMT: :Block




Ukazka prekladu - Schéma

transfer pres tektogramatickou rovinu

ANALYZA ? | SYNTEZA
tectogramaticka rovina | |

t-rovina

| analyticka rovina / | \ a-rovina
morfologicka rovina ‘ | | m-rovina

L /Zdrojovy jazyk (anglictina) cilovy jazyk (Cestina) w-rovina




~  Schéma piekladu v TectoMT

_pravidlové a | statistické | bloky

ANALYZA | | SYNTEZA
tectogramaticka rovina | |

t-rovina

morfologlcke kategorie |

stavba t-stromu (kontrakce hran) | e slovnikc

~ oznaéeni funkénich slov |
analyticka rovina

" analytické funkce |
‘parser (McDonald's MST)|

morfologicka rovina

pridénl' funkénich slov |
a-rovina

vygenerovani
slovnich tvaru

m-rovina

_ lemmatizace linearizace

F
formémy [ gramatémy e
y
i [z J[HMTM] gramaticka shoda
E

) |
tagger (Morce)]/zdrojovy jazyk (angliétina) cilovy jazyk (Zestina) w-rovina

_ tokenizace |

' segmentace |
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Ukazka prekladu — Analyza

| vstupnitext —— Machine translation should be easy. ‘{

| machine translation should be easy .
' NN NN

’ m-rovina

t Pred

k a-rovina | should

.
f

Atr

machine



Ukazka prekladu — Analyza

. vstupnitext | Machine translation should be easy. :

. machine translation should be easy .
' NN NN

Oznaceni funkcnich slov

! m-rovina

(a interpunkce)
| Pred

L a-rovina | should

Atr

~ machine



Ukazka prekladu — Analyza

vstupnitext .~ Machine translation should be easy.
'r

machine translation should be easy .
. NN NN MD VB JJ

’ m-rovina

Oznaceni hran ke kontrakci

t Pred

l a-rovina | should

!

Atr

machine easy




Ukazka prekladu — Analyza -

vstupnitext .~ Machine translation should be easy.
'r

! machine translation should be easy .
. NN NN MD VB JJ

' m-rovina

i Stavba t-stromu (jen zaklad)

l a-rovina |

|
translation

machine




4 Ukazka piekladu — Analyza

vstupnitext ~— Machine translation should be easy.
r

| machine translation should be easy .
! NN NN MD VB JJ

’ m-rovina

VyplInéni formémii

L a-rovina |

E

translation easy

n:attr n:subj adj:compl

machine




4 Ukazka prekladu — Analyza =

vstupnitext .~ Machine translation should be easy.
'r

machine translation should be easy .
. NN NN MD VB JJ

’ m-rovina

i Vyplnéni gramatémti tense = simultaneous,

_ modalita, ...
lamww
%?
translation easy
n:attr n:subj adj:compl

machine number = singular degcmp = positive
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1 Ukazka prekladu — Transfer

Stavba cilového t-stromu
(klonovanim)

i
I

’ zdrojova t-rovina

translation @n:subj

easy@ adj:compl;

' machine

- cilova t-rovina v:fin

L

'r.
3

translation @n:subj

easy@ adj:compl

machine




Vyplnéni prekladovych variant
lemmat a formému

’ zdrojova t-rovina

translation

adj:compl

’ machine @n:attr

~ cilova t-rovina
t preklad
prevod

adj:compl i

pocitaC
stroj




Vybér optimalni kombinace
| lemmat a formému

’ zdrojova t-rovina

translation

adj:compl

. machine @n:attr

cilova t-rovina

l ofeklad
]

adj:compl
: n:1
jednoduchy ;4y:

prevod

pocitaC

stroj n:attr




4 Ukazka prekladu — Syntéza

Stavba ciloveé a-roviny
(klonovanim)

F

’ cilova t-rovina

preklad
adj:compl

! strojovy @ adj:attr

~ cilova a-rovina |

L

preklad



4 Ukazka prekladu — Syntéza

Nekteré morfologické kategorie
| podle gramatému a formémii

’ cilova t-rovina

preklad _
adj:compl
strojovy @ adj:attr
| cilova a-rovina
L preklad
; snadny
f number = singular  degcmp = positive

strojovy@ gender = masc. inanim.
degcmp = positive  case = nominative




Shoda (vztazna a privlast. zajemena,
. podmet-prisudek, priviastek, doplnéek)

I

’ cilova t-rovina

preklad

snadny @ adj:compl

strojovy @ adj:attr

]
-

number = singular

~ cilova a-rovina gender = masc. inanim.

number = singular >
case = nominative preklad

' gender = masc. inanim, snadny

= number = singular degcmp = positive
strOJovy gender = masc. inanim. number = singular

degcmp = positive  case = nominative case = pominatiyg
| . gender = masc. inanim.
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Ukazka prekladu — Syntéza

Pridani funkénich slov
: (a interpunkce)

’ cilova t-rovina

preklad
adj:compl

. strojovy @ adj:attr

- cilova a-rovina |

preklad

by byt snadny
strojovy
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Ukazka prekladu — Syntéza

Prerovnani klitik (Wackernagel)

ir
F

’ cilova t-rovina

preklad

' strojovy @ adj:attr

~ cilova a-rovina |

preklad

byt snadny
strojovy
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Ukazka prekladu — Syntéza

Vygenerovani slovnich tvaru

i
F

’ cilova t-rovina

preklad
adj:compl

. strojovy @ adj:attr

~ cilova a-rovina |

preklad

byt snadny
strojovy




4 Ukazka prekladu — Syntéza =

Linearizace (zretézeni slov)

:

’ cilova t-rovina

preklad
adj:compl

. strojovy @ adj:attr

~ cilova a-rovina |

l preklad
!

by byt snadny

strojovy

Strojovy preklad by mél byt snadny.




Tokenization
Normalize_forms
Fix_tokenization
TagMorce
Fix_mtags
Lemmatize_mtree

SEnglishM_to_SEnglishN::

Stanford_named_entities
Distinguish_personal_names

SEnglishM_to_SEnglishA::

McD_parser
Fill_is_member_from_deprel
Fix_tags_after_parse
McD_parser REPARSE=1
Fill_is_member_from_deprel
Fix_McD_topology
Fix_nominal_groups
Fix_is_member

Fix_atree
Fix_multiword_prep_and_conj
Fix_dicendi_verbs
Fill_afun_AuxCP_Coord
Fill_afun

SEnglishA_to_SEnglishT::

Mark_edges_to_collapse
Mark_edges_to_collapse_neg
Build_ttree

Fill_is_member

Move aux_from_coord-
_to_members

Fix_tlemmas
Assign_coap_functors
Fix_either_or

Fix_is_member

Mark_clause_heads
Mark_passives

Assign_functors

Mark_infin

Mark_relclause heads
Mark_relclause_coref
Mark_dsp_root
Mark_parentheses
Recompute_deepord
Assign_nodetype
Assign_grammatemes

Detect formeme
Rehang_shared_attr
Detect_voice

Fix_imperatives
Fill_is_name_of person
Fill_gender_of person
Add_cor_act

Find_text coref
SEnglishT_to_TCzechT::
Clone_ttree
Translate LF phrases
Translate_LF_joint_static
Delete superfluous_tnodes
Translate_F_try rules
Translate_F_add_variants
Translate F_rerank
Translate_L_try rules
Translate_L_add_variants
Translate_LF_numerals_by rules
Translate L _filter_aspect
Transform_passive_constructions
Prune_personal_name_variants
Remove_unpassivizable variants
Translate LF_compounds

"Ukazka prekladu Skutecny SCENaF

SEnglishW_to_SEnglishM::

Cut_variants

Rehang_to eff parents
Translate_LF_tree Viterbi
Rehang_to orig_parents
Fix_transfer_choices
Translate_L_female surnames
Add_noun_gender
Add_relpron_below_rc
Change_Cor_to_PersPron
Add_PersPron_below_vfin
Add_verb_aspect

Fix_date time
Fix_grammatemes_after_transfer
Fix_negation
Move_adjectives_before _nouns
Move_genitives_to_postposit
Move_relclause _to_ postposit
Move_dicendi_closer_to_dsp

Move_ PersPron_next_to verb
Move_enough_before adj
Fix_money

Recompute_deepord
Find_gram_coref for_refl_pron
Neut_PersPron_gender_from_antec
Override_pp_with_phrase_translation
Valency_related_rules
Fill_clause_number

Turn_text_coref to_gram_coref
TCzechT_to_TCzechA::
Clone_atree
Distinguish_homonymous_mlemmas
Reverse_number_noun_dependency
Init_morphcat
Fix_possessive_adjectives
Mark_subject

Impose_pron_z_agr
Impose_rel_pron_agr
Impose_subjpred_agr
Impose_attr_agr
Impose_compl_agr
Drop_subj_pers_prons
Add_prepositions
Add_subconjs '
Add_reflex_particles
Add_auxverb _compound_passi
Add_auxverb_modal
Add_auxverb _compound_future:
Add_auxverb_conditional
Add_auxverb_compound_past |
Add_clausal_expletive _pronou
Resolve verbs
Project_clause_number
Add_parentheses
Add_sent_final_punct
Add_subord_clause punct
Add_coord_punct
Add_apposition_punct
Choose_mlemma_for_PersPro
Generate_wordforms
Move_clitics_to_wackernagel
Recompute_ordering
Delete_superfluous_prepos
Delete_empty nouns

Vocalize prepositions
Capitalize_sent_start
Capitalize_named_entities
TCzechA_to_TCzechW::
Concatenate_tokens
Ascii_quotes
Remove_repeated_tokens




Anotace prekladovych chyb
. vzorek 250 vet, celkem 1463 oznacenych chyb 1
Type lemma, formeme, gram., w. order,... |
Subtype gram: gender, person, tense,... "

~ Seriousnhess serious, minor
' Circumstances coordination, named entity, numbers

Source tok, lem, tagger, parser, tecto,
trans, non-iso, syn, ?

SYNTHESIS 3% o
chyby zplisobené predpokladem
ANALYSIS Izomorfismu t-stromt 8%
30%
TRANSFER
67% ostatni chyby v transferu 59%
Detaily viz [Popel,2009].
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Novinky v TectoMT — Analyza

- Analyza anglictiny

 Lemmatizace (70krat zrychlena)

 Parsing — pravidlove opravy
— oddeleny parsing parentezi v zavorkach




-

Parsing parentezi

~ This sentence (excluding the long parenthesis,
~ which was added as an example) is short.

SEnglishA M\

&£
ol BB i

VYBZ . i\éBZ )
Bred AuxK Pred  AuxK
l|:.|N : Elgll'l eeeee ;ﬁort
sentence s]!lort Sb Pnom
Sb Pnom
@
- o
o1 K= fxiplucing
xhls —
tr ]

; E}gmple
b Rozdil: / Adv
i 0,3 bodu BLEU ¢
or AlixA



&£
h 4
=  _§ =

Novinky v TectoMT — Analyza

Analyza anglictiny
 Lemmatizace (70krat zrychlena)

:

r  Parsing — pravidlové opravy

' — oddeleny parsing parentezi v zavorkach
|

* Analyticke funkce (pravidlovy blok, chybi manual)

I do pyxy notNeg want to pyxy make up pyxy an poyxa example.

want



~ Analyza anglitiny

" Novinky v TectoMT — Analyza

&£
ol BB

Lemmatizace (70krat zrychlena)

Parsing — pravidlové opravy
— oddeleny parsing parentezi v zavorkach

Analyticke funkce (pravidlovy blok, chybi manual)
Budovani t-roviny — vydelena jazykove nezavisla Cast
Pojmenovane entity ve zvlastnim strome
Rozpoznavani zenskych a muzskych jmen
Koreference



[

.+ noveé slovniky (Maximum Entropy)

' * Hidden Markov Tree Models (HMTM)

", » Casté fraze (neizomorfni t-stromy), napr.

' take place — konat se, probehnout
prime minister — premier

L + pfechylovani zenskych prijmeni

!

:
 pravidla pro slovesny vid, Cislovky,...

Novinky v TectoMT - Transfer “




" Novinky v TectoMT - Syntéza

~« Upraveno deleni vety na klauze,
’ vkladani interpunkce, presun Kklitik

» Pridan morfologicky model (trénovan na SYNu)

nalezeni slovniho tvaru pro dané lemma
s danym omezenim na tag

nektere pozice tagu po prekladu nezname,
netreba je specifikovat, vybere se nejcastejsi tvar

» Potize s morfologii omezeny, byt ne zcela




4 Slovniky - MaxEnt

e Slovnik natrénovan na paralelnim korpusu
| CzEng pomoci metody Maximum Entropy

’ * Pro slovnik lemmat pouzit kontext (features):

pro dany uzel a jeho rodicCe:
tlemma, formeme, voice, negation, tense, number,
degcmp, sempos, short_sempos, person, is_capitalized

pro dany uzel:
| position (pfed/za rodi¢em), is_member, tag,
L has left child, has_right child,
prev_node tlemma, next node tlemma,
child_formem_7*, child_tlemma_*, determiner (a/the)




Slovniky — Noveé rozhrani

» obecné — totez rozhrani pro lemmata i formemy

: Sdict->get_translations ($Sinput_label, S$features)
' vrati seznam prekladovych variant vCetné pravdépodobnosti

» Slovniky jsou objekty, v konstruktoru Ize zadat
jeden Ci vice jinych slovniku — hierachie

« Zakladni typy slovniku:

Staticky data ze souboru, ,Jemma — lemma“

L
s

data ze souboru, ,lemma.features — lemma*“

Derivaéni preklady odvozeny dynamicky, vstupni slovnik

- kombinace vice vstupnich slovniku










Prefixes

multi-core — vice-jadrovy
vice-jadro
multi-jadrovy
multi-jadro




y Slovniky — Hierarchie (lemmata)

Prefixes 3
Deadjectival_adverbs

Static
(CzEng)

deaf — hluchy — hluse
necitlivy — necitlivé

N—

— Nouns_to_adjectives

Human

water — voda — vodovy
vodni




Slovniky — Hierarchie (lemmata)

high-water — vodovy — vysoko-vodovy
vodni — vysoko-vodni

Prefixes
3 Static Hyphen_compounds
Deadjectival_adverbs (CzEng)

" {

— Nouns_to_adjectives




- Slovniky — Hierarchie (lemmata)

ﬁ'
|
:

Numbers

Suffixes

Human

RN

Transliterate

Verbs to _nouns

Prefixes

_

3 Static
Deadjectival_adverbs (CzEng)

| Deverbal_adjectives

—rre——

Hyphen_compounds

*

Nouns_to_ adjectives




HMTM — Motivace

Vybér optimalni kombinace
| lemmat a formému

zdrojova t-rovina |

translation

adj:compl;
machine @n:attr
' cilova t-rovina
l pteklad adj:compl
a prevod n-1

ok jednoduchy ;q4y:
pocitac

stroj n:attr




HMTM - Motivace

Vybér optimalni kombinace
: lemmat a formému

F

| amy——

zdrojova t-rovina |

translation @n:subj easy® adj:compl|
f
' machine @n:attr |
=; oyt|v:fin, byt|v:inf,
' cilova t-rovina | mit]v:fin, mit|v:inf
l preklad|n:1,
i prevod|n:1

snadny|adj:compl,

pocitac|n:2, jednoduchyl|adj:compl, ...

\pocitac|n:attr,
HQ,_ / d




HMTM - Teorie

« HMTM zavedl [Crouse,1998], pouzivano pro signal processing 1
segmentaci obrazu apod., viz [Durand,2004].

 (V,E) — zakoreneny strom
’ « X — sekvence nahodnych proménnych (skryté stavy vrcholu V)
Y —sekvence nahodnych proménnych (viditelné symboly)
' (Xv | Xrodi&(v)) — Prechodova pravdepodobnost (transition prob.)

(Yy | Xy) — emisni pravdepodobnost (emission prob.)

, « Stromova Markovova vilastnost (podminka nezavislosti):
'L Vv € V\ {koren}, Yw € V \ podstrom(v) :

I:)(Xpodstrom(v) | Xrodié(v)s Xw) = I:)(Xpods’[rom(v) | Xrodic“;(v))

'r.
3

« Zname-li Y, muzeme najit nejpravdépodobnéjsi sekvenci
skrytych stavu pomoci stromoveho Viterbiho algoritmu.




HMTM - v prekladu

TRANSFER

Source tree (Czech) | ——— Target tree (English)

P(optimal_tree) = P.(strojovy | machine) - P(machine | translation)-
Pc(pfeklad | translation) - P (translation | be)-
P(snadny | easy) - P (easy | be)-
P.(byt | be) - P;(be | ROOT)

Source sentence: _ Target sentence
lStrojovy preklad by mél byt snadny. Pe Machine translation should be easy

P:(source | target) ... emission probabilities ... translation model
P-(dependent | governing) ... transition probabilities ... target-language tree model
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Vysledky - WMT (BLEU) “*

" bhojar

" tectomt
V" pctrans
" yedin

= google
< eurotran

v TectoMT:
< Rok BLEU
¢ 2008 WMT 6,9

2009 WMT 7,3
2009 zari 10,2
2010 leden 10,4
2010 unor 11,3
2010 WMT 12,6



TectoMT pred 3 lety

Translation sample

W Original text in the source language:

Turkish girl has died from bird flu, days after her brother and sister died from
the disease. The girl, 11, who lived on a poultry farm in eastern Turkey's Van
province, was being treated in hospital after her siblings became infected with
bird flu. The cases are the first human deaths from bird flu outside Asia, where
the virus has killed more than 70 people. The hospital in Van is treating 15
others, three of whom are in a critical condition, according to a doctor there.
The latest victim, Hulya Kocyigit, died early on Friday at the hospital.

WAutomatically translated text in the target language:

WVurecka divka zemfela z ptali chripky dny after, Ze jeji bratr a sestra zemfreli z
nemoci. Divka 11, kdo Zilo v driibezi farmé ve van provincii vychodniho Turecka,
jsoucno zachazet v nemocnici, ze jeji sourozenci sluseli nakazeny s ptaci
chripkou. Pripady jsou predni lidské smrti z ptaci chripky mimo Asii, kde virus
zabilo than 70 lid. Nemocnice ve Van zachazi 15 zbyvajicich, whom three of v
kritické podmince souzvuk lékare tam. Nejpozdnéjsi obét Kocyigit Hulya
zemrela brzy v patku v nemocnici.




;

R .y,

TectoMT pred 3 lety a dnes

SRC: A Turkish girl has died from bird flu, days after her brother and sister
died from the disease.

2007: Turecka divka zemrela z ptaci chfipky dny after, ze jeji bratr a sestra
zemreli z nemoci.

2010: Turecka divka zemrela ptaci chripkou, dny, ona, bratr a sestra
zemrela nemoci.

SRC: The latest victim, Hulya Kocyigit, died early on Friday at the hospital.
2007: Nejpozdnejsi obet Kocyigit Hulya zemrela brzy v patku v nemocnici.
2010: Posledni obet Hulya Kocyigit zemrela brzy v patek v nemocnici.



Ukazky piekladu

Birds of a feather flock together. Ptaci v bedernim hejnu spolu.

Great talkers are little doers. = Velci reCnici jsou mali vrazi.

As good be an addled egg = Dobrée je fetacke vejce
as an idle bird. jako Cinny ptak.

IS a miss by a mile. je sleCha milidonu.

:

. A miss by aninch = SleCna palec
r I'd rather be a hammer than a nail. = Spise bych byl kladivo nez nehet.
l A bird in the hand is worth  Ptak v ruce je cenny
two in the bush. = dvakrat v Bushovi.

;
| Bread is the staff of life. Chléb je zamestnanec zivota.

I'll come a bit later on my own. Sem cCelist jesté na své milé.




y Literatura 3

» TectoMT: http://ufal.mff.cuni.cz/tectomt fi
-+ [Popel,2009] Martin Popel: Ways to Improve the Quality |
. of English-Czech Machine Translation. Master’s thesis,
UFAL, MFF UK, Prague, 2009. 1
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Richard Baraniuk: Wavelet-Based Statistical Signal
Processing Using Hidden Markov Models. IEEE
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