Briefly on CPA/PDEV

and Czech Translational Equivalence

Jan Popelka

basic idea: search for relations between PDEV patterns
and their translational equivalents

term project in the scope of Lexical Analysis course
brought to the topic and led by Dr. Holub

quite a current topic

Patrick Hanks working on CPA/PDEV
automatic pattern recognition addressed in Lenka's thesis



Hypothesis and Goals

Hypothesis

Knowledge of PDEV pattern for a given English verb
occurrence possibly makes the choice of a Czech
translational equivalent easier, i.e. decreases the
number of possible translations, thus could help in
the course of machine translation.

Goals

either falsify the hypothesis or discover some
characteristic relations between patterns and
translational equivalents



Data Acquisition

Data required.

English-Czech parallel sentences, each English verb
occurrence of interest annotated with PDEV pattern
and matched with corresponding Czech equivalent

Data sources used:
PEDT & PCEDT corpora

WSJ articles and their Czech translations
manual praguian PDT-like annotation up to t-layer



Verb Selection (1) - Criteria

the task

10-20 verbs (out of 615 finalised PDEV verbs)
500-1000 occurrences total

verb selection criteria

pattern rich verbs, higher pattern perplexity
rich set of possible Czech translations
enough occurrences in PEDT (at least 50)

occurence = t-node with the given lemma and
lexically corresponding a-node tagged as verb



Verb Selection (2) - Limitations

only 19 verbs matching PEDT occurrence
criterium alone, criteria reconsidered

at least 25 occurrences

PDEV characteristics not taken into account

33 verbs to choose from

Inaccurate statistics extracted by means of TectoMT and
automatic t-alignment

first observations

non-verbal translations, both verbal aspects, "synonymity”,
(obvious alignment errors)



Verb Selection (3) - Results

abandon, acknowledge, admit, anticipate,
argue, call, claim, deny, execute, fire, handle,
launch, lead, say, signal, tell, treat, urge

18 verbs manually chosen on the basis of their
translational richness (by agreement of JP & MH)

1075 occurrences total
100 random occurrences of frequent verbs
all occurrences of less frequent verbs

manually annotated Czech t-tree requirement lifted in
order to slightly increase occurrence count



Data Annotation (1) - Patterns

Pattern annotation

credits to Patrick Hanks and Silvie Cinkova

pattern exploitation classified either as unprecise match
or figurative use

exclusion of occurrences erroneously tagged as verbs,
with undecideable pattern

Inter-annotator agreement for patterns

dataset annotated twice independently, far from 100%
agreement; both datasets however leading to the same
conclusions



Data Annotation (2) - Translations

abandon ?7??|*brat v potaz V|v-w202f13|T-wsj0118-001-p1s72a6

abandon dokoncit|dokoncCit_:W V|v-w598f1|T-wsj1146-001-p1s82a5

abandon odmitnout|odmitnout_:W V|v-w2785f1|T-wsj2130-001-p1s2a20
abandon odvratit_se|odvréatit :\W  V|v-w2975f1|T-wsj0456-001-p1s25a6
abandon odvrhnout|odvrhnout_:W V|v-w10418f2|T-wsj0114-001-p1s14a24
abandon opustit|opustit_:W V|v-w3161f1|T-wsj0118-001-p1s13a22
abandon opustény|opustény A(*5stit)  A||T-wsj1685-001-p1s5a5

abandon opustény|opustény A(*5stit)  A||T-wsj2136-001-p1s7a21

abandon ukonceni|ukoncCeni_"(*3it) N|v-w7115f1|T-wsj2427-001-p1s2a20

abandon ukoncitjukondit_:W V|v-w7116f1|T-wsj0146-001-pi1s7ai
abandon upustitjupustit_:W V|v-w10600f2|T-wsj0101-001-p1s15a17/
abandon vzdat_se|vzdat V|v-w8641f1|T-wsj0456-001-p1s10a19
abandon vzdat_se|vzdat V|v-w8641f1|T-wsj1474-001-p1s26af

abandon vzdat|vzdat V|v-w8640f1|T-wsj1410-001-p1s25a24



Data Annotation (3) - Translations

Translational equivalent annotation

two complex atributes, including:

Czech translation as both m-lemma and t-lemma
basic part of speech, valency frame (where applicable)

not always trivial, most frequent peculiarities:

no equivalent can be found in the translated sentence
many-to-many and one-to-many t-node relations
preposition as significant or the only part of translation
verb as part of an idiomatic expression

opposite use of negation or passive voice (equivalents?)



Peculiar Examples

(not) tell (the truth) - Ihat

tell — s pokyny

lead — v Cele s/ jit v Cele

say - podle

abandon - (ne)brat v potaz
treat (harshly) — (prisny) trest
fire — dat vypoved

treat — zazit pristup

signal — dat na srozumenou

all told — celkoveé vzato

all told — se vsSim vsudy
say — se slovy
lead — mit nejveétsi

fire (back) — opéetovat (palbu)

Notes:
TrEd filelist avaible

Verbal Vallex Frames
Mapping (en-cz) ... running
project of Jana Sindlerova
and Ondrej Bojar



Annotated Data Preprocessing

peculiarity handling, approx. 5% of occurrences

lemmatised string of surface word forms if needed
(not a single node, crucial use of a preposition)

technical string for all non-identifiable translations
pattern exploitation handling

non-exact pattern match merged with regular use

same sense assumed for all figurative uses
of a pattern, forming a distinct new pattern



Translation Grouping (1)

classification criteria needed

which translations to be considered distinct,
which equal, given the annotated attributes

three procedures proposed

"degrouping” ... valency frame used where available,
full translation attribute string elsewhere

"as iIs” ... always using full translation attribute only

"grouping” ... verbs differing only in aspect grouped
manually

no other grouping (synonyms, deverbative...)



Translation Grouping (2)

grouping by verbal aspect

7#pozadat|pozadat :W V|v-w4227f1
7#pozadovat|pozadovat _:T V|v-w4230f1
prezentovat|prezentovat_:T_ ‘W V|v-w42772
probehnout|probehnout_:W  V|v-w4286f1
8#prohlasit|prohlasit_:W V|v-w4354f1
8#prohlasovat|prohlasovat _:T V|v-w4357f1
8#prohlasovat|prohlasovat :T V|v-w4357f2



Data Analysis (1) - Example

Data example

verb N ¢T) H(T) G(T) H(TIP) G(TIP) c(P) H(P) G(P) H(P|T) G(PIT) MI 2%xMl MI/H(T)
call 97 31 441 2125 216 447 12 243 54 018 1,13 225 476 0,51
admit 48 15 348 11,44 169 322 9 252 573 073 1,66 1,79 3,46 0,51
lead 72 22 3,06 832 163 31 11 258 599 1,16 2,23 143 2,69 0,47
abandon 34 20 4,04 164 264 622 7 19 3,88 056 1,47 14 263 0,35
deny 62 13 2,71 654 149 28 8 259 6,01 1,36 257 122 233 0,45
fire 26 11 2,92 757 178 343 5 122 233 008 1,06 1,45 221 0,39
claim 71 24 264 625 155 294 6 157 297 048 1,39 1,09 213 0,41
handle 56 32 45 2261 349 1126 4 1,16 224 0,6 1,42 1,01 2,01 0,22
treat 31 20 3,84 1432 286 7,26 2 098 197 0 1 098 197 026
signal 37 13 28 698 1.8 362 4 147 2,77 052 1,44 095 1,93 0,34
execute 32 20 4,11 1731 323 938 3 095 1,93 006 1,04 088 1,85 0,22
tell 97 24 308 844 225 475 10 1,33 251 05 1,41 083 1,78 0,27
launch 65 26 4,13 17,48 351 11,4 3 1,09 213 047 1,39 062 1,53 0,15
urge 42 17 33 986 272 659 3 095 1,93 037 1,29 0,58 15 0,18
anticipate 4 12 2,72 658 22 459 3 1,43 2,19 061 1,53 052 1,43 0,19
argue 92 18 2,04 411 16 304 4 049 1,41 006 1,04 044 1,35 0,21
acknowledge 34 9 2,82 7,05 257 595 2 067 1,59 043 135 025 1,19 0,09
say 98 11 2,74 669 274 669 1 0 1 0 1 0 1 0



Data Analysis (2) - Statistics

random variables: P.. patterns, T .. translations

statistics calculated for each verb separately:

N ... number of occurrences used
c(T), c(P)... numbers of distinct occurrences
H(T), H(P)...entropies
H(T|P), H(P|T)...conditional entropies

MI (P, T) ... mutual information
MI(P,T) = H(P)- H(P|T) = H(T)- H(T|P)

G(T), G(P), G(TI|P), G(P|T)
... perplexities, (2 * concerning entropy)



Entropy and Perplexity - Example

Motivation: even if the number of distinct
translations is the same, the ease of guessing the
translation might not be the same:

4 occurrences, 2 translations evenly distributed:
AABB ... H(T)=1, G(T)= 2

4 occurrences, 2 translations

AAAB ... H(T)< 1, G(T)< 2

(easier to guess as A is more likely)



Data Analysis (3) - Correlations

Correlation matrix calculated

(Pearson's correlation coefficients)

c(T) H(T) H(T|P) c(P) H(P) H(P|T) MI MI/H(T)
c(T) 1. 0.6661| 0.3433 0.403 0.2566 ~0.1349 0.4476 | 0.2421
H(T) 0.6661 1. 0.6896| 0.1349 0.2193 ~0.2236 0.458 | 0.1041
H(T|P) |0.3433 0.6896 1. -0.5161 | |-0.4802 | |-0.4789| -0.3279 |-0.6348
c (P) 0.403 0.1349 -0.5161 1. 0.8505 0.5199 0.8096 | | 0.825
H (P) 0.2566 0.2193  -0.4802 0.8505 1. 0.7207 0.8756 -
H(P|T) |-0.1349 -0.2236 -0.4789 0.5199 0.7207 1. 0.2961 0.4901
MI 0.4476 0.458 ~0.3279 0.8096 0.8756 0.2961 1. -
MI/H(T) |0.2421 0.1041 -0.6348 0.825 0.912 0.4901 0.9151 1.



Grouping and Mutual Information

during incremental translation grouping mutual
information either decreases or doesn't change

degrouping thus makes more sense
minimalistic example: (no change, decrease)

{TA,TB}->TX a {TC,TD}->TY {TA,TC}->TX a {TB,TD}->TY
TA P1 TX P1 TA P1 TX P1
TB P1 X TX P1 TBE P1 X TY P1
TC P2 TY P2 TC P2 TX P2
TD P2 TY P2 TD P2 TY P2
|H{P) H(P|T) H(T) H(T|P) MI |H{P) H(P|T) H(T) H(T|P) MI
pfred 1 0 2 1 1 pred 1 0 2 1 1

po 1 0 1 0 1 Po 1 1 1 1 0



Empirical Findings (1)

pattern perplexity and mutual information strongly
correlated

H(P) and MI(P,T)
H(P) and MI(P,T)/H(T) , too

reasoning: the more bits of information are
contained in the knowledge of an actual pattern

, the more
this knowledge decreases the uncertanity about
possible translations



Empirical Findings (2)

MI(P,T) = 2 for the “best” verbs

actual pattern knowledge reduces the set of possible
translations to one quarter of its size
(in terms of perplexity)

MI(P,T)/H(T) = 0.5 for the "best” verbs

actual pattern knowledge reduces the translation
uncertainity to half its value, thus quadratically
reducing in size the set of possible translations

both this quantities strongly correlated with pattern
perplexity, as shown before



Empirical Findings (3)

degrouping on valency frame strengthens
slighty the important correlations

reasoning: Vallex dictionary of Czech verbs
shares some common aspects with PDEV,
pattern knowledge seems not only to help narrow
the selection of Czech verb lemmas for the
translational equivalent but also their valency
frames



Conclusions

Failed to falsify our hypothesis, I.e.
CPA/PDEV could possibly improve MT.

Greater payoff can definitely be expected from
verbs with rich pattern description in PDEV, as the
mutual information was found highly correlated
with pattern entropy and perplexity.

Hence, verbs having a rich set of patterns
should be of primary concern for eventual
pilot experiments.



Observation Confidence

Are our observations skewed because of the low
number of occurrences of certain verbs?

experiment: plot correlation for increasing subsets
of the 18 verbs sorted descendingly by number of
occurrences used

Fazeno sestupné dle N

lllllllll
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