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Trees and TreebanksTrees and Treebanks

�� Tree:Tree:

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

�� Treebank:Treebank:

The collection of trees for a particular text:The collection of trees for a particular text:The collection of trees for a particular text:The collection of trees for a particular text:

–– Hebrew treebank of the Old TestamentHebrew treebank of the Old Testament

–– Greek treebank of the New TestamentGreek treebank of the New Testament

–– Chinese treebank of a Chinese translation of the BibleChinese treebank of a Chinese translation of the Bible

–– English treebank of an English translation of the BibleEnglish treebank of an English translation of the Bible
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A Hebrew TreeA Hebrew Tree
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A Greek TreeA Greek Tree
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An English TreeAn English Tree
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A Chinese TreeA Chinese Tree
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TreeTree--Based ApplicationsBased Applications

Supporting the CSB translation project:Supporting the CSB translation project:

�� Tree alignmentTree alignment

�� TreeTree--based translation memorybased translation memory

�� TreeTree--based concordancebased concordance�� TreeTree--based concordancebased concordance

�� TreeTree--based interlinear viewbased interlinear view

�� Probabilistic Hebrew Synonym FinderProbabilistic Hebrew Synonym Finder

�� Probabilistic Similar Verse FinderProbabilistic Similar Verse Finder
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Tree AlignmentTree Alignment

�� Node linking between source languages and target Node linking between source languages and target 
languageslanguages

�� The linked node can be a word, a phrase, or a clauseThe linked node can be a word, a phrase, or a clause

�� WordWord--toto--phrase, phrasephrase, phrase--toto--wordword

�� Trees make automatic alignment more accurateTrees make automatic alignment more accurate

Asia Bible SocietyAsia Bible Society
The Living Bread for All AsiaThe Living Bread for All Asia

�� Trees make automatic alignment more accurateTrees make automatic alignment more accurate

�� A tool for checking the accuracy of Bible translationA tool for checking the accuracy of Bible translation

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

�� Linked data enables many other applicationsLinked data enables many other applications



Aligned Hebrew and English TreesAligned Hebrew and English Trees
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TreeTree--based Translation Memorybased Translation Memory

�� Traditional translation memory:Traditional translation memory:

–– WordWord--basedbased

�� TreeTree--based translation memory:based translation memory:

–– ChunkChunk--based based –– ChunkChunk--based based 

(a chunk can be word, a phrase, or clause)(a chunk can be word, a phrase, or clause)

–– RelationRelation--basedbased

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

�� Chunks Chunks 

The fear of the LORD is the beginning of knowledge ; The fear of the LORD is the beginning of knowledge ; 

fools despise wisdom and discipline.fools despise wisdom and discipline.

……

the fear of the LORDthe fear of the LORDthe fear of the LORDthe fear of the LORD

the beginning of knowledgethe beginning of knowledge

wisdom and disciplinewisdom and discipline

despise wisdom and disciplinedespise wisdom and discipline

……
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TreeTree--based Translation Memorybased Translation Memory

�� HeadHead--Modifier Pairs Modifier Pairs 

The fear of the LORD is the beginning of knowledge ; The fear of the LORD is the beginning of knowledge ; 

fools despise wisdom and discipline.fools despise wisdom and discipline.

fearfear--LORDLORD

beginningbeginning--knowledgeknowledgebeginningbeginning--knowledgeknowledge

foolfool--despisedespise

despisedespise--wisdomwisdom

despisedespise--disciplinediscipline

wisdomwisdom--disciplinediscipline
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TreeTree--based Translation Memorybased Translation Memory

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

�� TreeTree--Based Translation: getting an overview of Based Translation: getting an overview of 
the translations for a chunk or relational pairthe translations for a chunk or relational pairthe translations for a chunk or relational pairthe translations for a chunk or relational pair

�� TreeTree--Based Concordance: viewing the chunks Based Concordance: viewing the chunks 
and pairs in their contexts.and pairs in their contexts.

�� DemoDemo

Asia Bible SocietyAsia Bible Society
The Living Bread for All AsiaThe Living Bread for All Asia



Translations of a chunkTranslations of a chunk
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Concordance of a chunkConcordance of a chunk
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Translations of a collocationTranslations of a collocation
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Concordance of a collocationConcordance of a collocation
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TreeTree--based Interlinearbased Interlinear

�� Dynamic linkingDynamic linking

�� Zoom in or out to view correspondences Zoom in or out to view correspondences 
at different granularityat different granularity

�� DemoDemo�� DemoDemo
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TreeTree--based Interlinearbased Interlinear
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Probabilistic Hebrew Synonym FinderProbabilistic Hebrew Synonym Finder

Why build a probabilistic synonym finder Why build a probabilistic synonym finder 
automatically?automatically?

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

Existing synonym dictionaries are incompleteExisting synonym dictionaries are incomplete�� Existing synonym dictionaries are incompleteExisting synonym dictionaries are incomplete

�� Manual construction of the knowledge base is Manual construction of the knowledge base is 
timetime--consumingconsuming

�� Synonym sets are not discreteSynonym sets are not discrete

�� Large quantities of linked data to be leveraged.Large quantities of linked data to be leveraged.
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Hebrew Synonym FinderHebrew Synonym Finder

�� Defining synonyms in terms of semantic space: Defining synonyms in terms of semantic space: 

Two words are synonymous when their semantic Two words are synonymous when their semantic 

spaces overlap.spaces overlap.

Defining the semantic space of Hebrew words:Defining the semantic space of Hebrew words:
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�� Defining the semantic space of Hebrew words:Defining the semantic space of Hebrew words:

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



Hebrew Synonym FinderHebrew Synonym Finder

Semantic spaces Semantic spaces ofof זַעַםזַעַם and and קֶצֶףקֶצֶף

זַעַםזַעַם קֶצֶףקֶצֶף
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Hebrew Synonym FinderHebrew Synonym Finder

Overlap between two semantic spacesOverlap between two semantic spaces

זַעַםזַעַם קֶצֶףקֶצֶף
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Hebrew Synonym FinderHebrew Synonym Finder

Degree of synonymy:Degree of synonymy:

intersection of sets / union of two setsintersection of sets / union of two sets

Score:Score:

joint probabilities of several different ways of computing joint probabilities of several different ways of computing 

the intersectionthe intersection
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the intersectionthe intersection

Parameters to tune:Parameters to tune:
�� Chinese vs. EnglishChinese vs. English

�� Set of words vs. bag of wordsSet of words vs. bag of words

�� Words vs. charactersWords vs. characters

DemoDemo
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Probabilistic Similar Verse FinderProbabilistic Similar Verse Finder

�� Similar verses: Similar verses: 

–– Verses containing similar clausesVerses containing similar clauses

�� Similar clauses:Similar clauses:

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

�� A supplement to the translation memoryA supplement to the translation memory

–– Translation memory: exact searchTranslation memory: exact search

–– Similar verse finder: fuzzy searchSimilar verse finder: fuzzy search
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Similar Verse FinderSimilar Verse Finder

�� Defining similar clauses in terms of their Defining similar clauses in terms of their 
semantic spaces: semantic spaces: 

Two clauses are similar when their semantic spaces Two clauses are similar when their semantic spaces 

have a significant overlap.have a significant overlap.

Defining the semantic space of a clause:Defining the semantic space of a clause:�� Defining the semantic space of a clause:Defining the semantic space of a clause:

The semantic space of a clause consists of all the The semantic space of a clause consists of all the 
headhead--modifier pairs found in the tree of this clause.modifier pairs found in the tree of this clause.
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Similar Verse FinderSimilar Verse Finder
A: PsA: Ps1919::11 Better a poor man who lives with integrity than someone who Better a poor man who lives with integrity than someone who 

has deceitful lips and is a fool .has deceitful lips and is a fool .

B: PsB: Ps2828::6 6 Better a poor man who lives with integrity than a rich man Better a poor man who lives with integrity than a rich man 
who distorts right and wrong .who distorts right and wrong .

A & BA & B A onlyA only B onlyB only

betterbetter--poorpoor perverseperverse--lipslips perverseperverse--wayswaysbetterbetter--poorpoor perverseperverse--lipslips perverseperverse--waysways

betterbetter--thanthan lipslips--himhim hehe--richrich

poorpoor--walkingwalking hehe--foolfool perverseperverse--richrich

walkingwalking--integrityintegrity perverseperverse--foolfool

integrityintegrity--himhim

thanthan--perverseperverse
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Similar Verse FinderSimilar Verse Finder

Degree of similarity:Degree of similarity:

intersection of sets / union of two setsintersection of sets / union of two sets

Score:Score:

joint probabilities of several different ways of computing the joint probabilities of several different ways of computing the 

intersectionintersection

Parameters to tune:Parameters to tune:
�� HeadHead--modifier pairs to be included in the setmodifier pairs to be included in the set

�� Labeled vs. unlabeled pairsLabeled vs. unlabeled pairs

�� ClauseClause--based vs. versebased vs. verse--basedbased

DemoDemo
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SummarySummary

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