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Trees and Treebanks

m [ree:

A representation of the syntactic/grammatical structure
of a sentence in the form of a tree diagram

m Treebank:
The collection of trees for a particular text:
— Hebrew treebank of the Old Testament
— Greek treebank of the New Testament
— Chinese treebank of a Chinese translation of the Bible
— English treebank of an English translation of the Bible
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A Hebrew Tree
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A Greek Tree

CL

g
} }

=] &
np
. ‘/ \.El
np Pp
- w \,B
" o
P np np

n conj np
=] * g ' B8 4 \ﬂ a .
noun noun np np np
v . y . ' % i
noun noun noun np np

| \ 2 ' . {
noun noun

v v

Madhoc  kai  Zhouavoc kol TwoBeoc T £kkhnola OeoouhoviKEw e fed natpl Ko Kuplu Inool  Xpiotdy

conj np

N B - \‘E
noun det np np
v

Paul and  Silvanus and  Timothy tothe  church of (the) Thessalonians  in~ God  (the)father  and  (the)lord  Jesus  Chnst

Asia Bible Society
The Living Bread for All Asia




An English Tree
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A Chinese Tree
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Tree-Based Applications

Supporting the CSB translation project:
m Tree alignment
m Tree-based translation memory

m Tree-based concordance

m Tree-based interlinear view

m Probabilistic Hebrew Synonym Finder
m Probabilistic Similar Verse Finder
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Tree Alignment

Node linking between source languages and target
languages

The linked node can be a word, a phrase, or a clause
Word-to-phrase, phrase-to-word

Trees make automatic alignment more accurate

A tool for checking the accuracy of Bible translation

An objective way of measuring how literal/dynamic the
translation is

Linked data enables many other applications
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Aligned Hebrew and English Trees

5

/// The fear of the LORD is the beginning of knowledge :fools despise wisdom and instruction .
g \\k_‘EI

CL CL

/ The fear of the LORD is the beginning of knowledge / fools despise wisdom and instruction
—~a a g B

P @] S v
I I | |
=] = =] =] =
np np np np vp
/ " The fear ofthe LORD /,7 ‘| the beginning of knowledge / | B sdanand eruckan)| | ol y | T

= B | h=) =l B..
np np np np np cip np noun verb

| The fear | the LORD | the beginning | knowledge | wisdom | and | instruction

noun noun noun noun noumn cj noumn

g mm A 7

g
P

: \\\EI NP
i -iu
N

NP
U

fools despise wisdom and instruction

Asia Bible Society
The Living Bread for All Asia




Tree-based Translation Memory

m Traditional translation memory:
— Word-based

m Tree-based translation memory:
— Chunk-based
(a chunk can be word, a phrase, or clause)
— Relation-based

(pairs of words in certain grammatical
relations)
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Tree-based Translation Memory

m Chunks

The fear of the LORD is the beginning of knowledge ;
fools despise wisdom and discipline.

the fear of the LORD

the beginning of knowledge
wisdom and discipline
despise wisdom and discipline
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Tree-based Translation Memory

m Head-Modifier Pairs

The fear of the LORD is the beginning of knowledge ;
fools despise wisdom and discipline.

fear-LORD
beginning-knowledge
fool-despise
despise-wisdom
despise-discipline
wisdom-discipline
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Tree-based Translation Memory

m The translators/editors have access to all the
existing translations for a given word, phrase or
clause.

m Tree-Based Translation: getting an overview of
the translations for a chunk or relational pair

m Tree-Based Concordance: viewing the chunks
and pairs in their contexts.

m Demo
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Translations of a chunk
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Concordance of a chunk
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Hosts
1k19:10 ¥ He replied , " I have been very zealous forthe LORD God of « | but the [sraelites have abandoned Your covenant , torn down Your altars , and killed Your prophets with the sword
Hosts left . and thev are looking for me to take my life .~
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¥ LORD Godofe | Youare the God of Israel , 7 rise up to punish all the nations ; 7 do not show grace to any wicked traitors . + Selah
Hosts
* LORD Godof+ ¥ how long will You be angrv 7 with Your people’s pravers ?
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Translations of a collocation
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Concordance of a collocation
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anl6:3 because Abraham listened to My voice and kept My mandate , My commands , My statutes , ~

and My instructions
exl6:28 Then the LORD said to Moses . * How long will vou refuse to keep My commands and instructions
1c22:12 Above all , may the LORD give vou insight and understanding when He puts vou in charge of [srael so that vou may keep the law of the LORD vour God .
ps119:44 1 will always obey Your instruction . ¥ forever and ever .
ps119:33 T Yahweh , I remember Your name in the night , 7 and I obey Your instruction
ps119:136 ¥ My eves pour out streams of tears ' because people do not follow Your instruction X
pr28:4 ¥ Those who reject the law praise the wicked , 7 but those who keep the law battle against them .
r29:18 ¥ Without revelation people run wild , 7 but one who listens to instruction will be happv .
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Tree-based Interlinear

m Dynamic linking
m Zoom in or out to view correspondences
at different granularity

m Demo
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Tree-based Interlinear
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Probabilistic Hebrew Synonym Finder

Why build a probabilistic synonym finder
automatically?

m Translators/editors need to know the synonyms
to better align target words to source words

m Existing synonym dictionaries are incomplete

m Manual construction of the knowledge base is
time-consuming

m Synonym sets are not discrete
m Large quantities of linked data to be leveraged.
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Hebrew Synonym Finder

m Defining synonyms in terms of semantic space:

Two words are synonymous when their semantic
spaces overlap.

m Defining the semantic space of Hebrew words:

The semantic space of a Hebrew word consists of all
the words that have been used to translate this
word in other languages.
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Hebrew Synonym Finder

Semantic spaces of opr  and j¥p

indignation anger

wrath
wrath rage fury

indignation
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Hebrew Synonym Finder

Overlap between two semantic spaces

anger

insolence e

indignation
fierceness

fury

1317
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Hebrew Synonym Finder

Degree of synonymy:
intersection of sets / union of two sets
Score:

joint probabilities of several different ways of computing
the intersection

Parameters to tune:

m Chinese vs. English
m Set of words vs. bag of words
m Words vs. characters

Demo
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I ™ Hebrew Synonym Finder

Search Termmn

Hebrew Wwiord |I:ISSB

" Unicode Lernma

Range: From |18 Details
POS |Moun Count |23 Strong {0992 Uricode |12

|under$tanding[1 2841 inzight[5] wizdom(5) own understanding(4] [iz] understanding(4] have unc

f* Stong ¢ Lemma

Lemma (B.IWMNFH

Englizh

[T 88 (549) (14 (203) BRI (241) BBV (52) 58 (50) TLiR(1 ) 25 (1 0) 885 () MR (5) B8

Chineze

Scope

Get Synonyms

Spnonyms

Joun 234
2394 (27 Moun npan
0993 (83) Verb 12
1847 (61) MNoun ngy
T915 (27 Verb boi
2840 (6) Moun o4y
2451 (911 Moun nypan
3820 (263 Moun 2%
1844 (2 Moun nya
2454 (107 Moun myin
2454 (4 oun i o0
3824 (47 Moun 234
1843 (5 Moun v
4093 (1) Moun 78
2444 (23) Verb gan

Showing the top 50% of 31 records

Distance

104 1719206

107 73836568
124 77622320
127 34964455
136.17474154
141.33463665
149 15784361
156 42698138
156 81062611
15871318601
16047211645
160.9035404¢
168 98142472
17242048310
17931200914

Englizh

Chinese

inzight{40]
understanding[ 23]
wizdom(13)

zenze(l]

esteem(1)

The discretion(1]
Understanding [i=](1]
high regard(1]
name[1]

& understanding(1]

Asia Bible Society
The Living Bread for All Asia

WAR37)
BREE [26)
H&EBH[20]
|
B (5)
B (2]

B (2]
R[]
BRETRIN)
=]
&A1)
A1)
BEAEFRI()
BIEEE)
BITEISNEE()
S




Probabilistic Similar Verse Finder

m Similar verses:
— Verses containing similar clauses

m Similar clauses:

— Clauses which are not necessarily identical but
have more or less the same meaning

m A supplement to the translation memory
— Translation memory: exact search
— Similar verse finder: fuzzy search
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Similar Verse Finder

m Defining similar clauses in terms of their
semantic spaces:

Two clauses are similar when their semantic spaces
have a significant overlap.

m Defining the semantic space of a clause:

The semantic space of a clause consists of all the
head-modifier pairs found in the tree of this clause.
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Similar Verse Finder

A: Ps19:1 Better a poor man who lives with integrity than someone who
has deceitful lips and is a fool .

B: Ps28:6 Better a poor man who lives with integrity than a rich man
who distorts right and wrong .

A&B A only B only

perverse-lips
lips-him
he-fool
perverse-fool

Asia Bible Society
The Living Bread for All Asia




Similar Verse Finder

Degree of similarity:
intersection of sets / union of two sets
Score:

joint probabilities of several different ways of computing the
intersection

Parameters to tune:

m Head-modifier pairs to be included in the set
m Labeled vs. unlabeled pairs

m Clause-based vs. verse-based

Demo
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Egl Find Similar Verses
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Summary

Syntactically annotated Biblical texts (trees)
provide the foundation for many intelligent
applications in the study and translation of
the Bible.
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