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Paraphrase Definition

Introduction

What is a paraphrase? 

4

How do you define a paraphrase?

What is the meaning of the word “paraphrase”?

What can a paraphrase be used for?
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NLP applications that exploited paraphrase resources:

● Textual Entailment  e.g., Izadinia et al., 2015, Marelli et al., 2014

● Semantic Similarity Analysis  e.g., Agirre et al., 2015, Li and Srikumar, 2016

● Machine Translation e.g., Seraj et al., 2015

● Question Answering e.g., Fader et al., 2013

● Sentence Compression e.g., Cordeiro et al., 2007

● Text Summarization e.g., Cordeiro et al., 2007

● ...

Paraphrase Applications

Introduction
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Existing Paraphrase Corpora
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Introduction

Corpus Reference Example Pairs Paraphrases Acquisition 
Methodology

Granularity

PPDB:Eng 1.0 Ganitkevitch et al. 
, 2013

221,400,000 169,600,000 automatically 
extracted

phrases (max 
4-grams)

SICK Marelli et al., 2014 9,840 4,366 automatically 
extracted

sentences

PAWS Zhang et al., 2019 108,463 35,789 automatically 
generated

sentences

ParaNMT-50M Wieting et al., 
2018

50,000,000 ? (no labels) automatically 
generated

sentences

MSRPC Dolan et al., 2005 5,801 3,900 manually 
annotated

sentences

Webis-CPC-11 Burrows et al., 
2013

7,859 4,067 crowd-sourced passages

phrases (max 
4-grams)

9,840

automatically 
generated

? (no labels) automatically 
generated

5,801

7,859



2. Formal Paraphrase Definition
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Paraphrase Definition

       : “Formal representations of texts”

 : “Common domain or world knowledge”

: “Sets of deducible statements”

8

Formal Paraphrase Definition
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Textual Entailment

Is a statement entailed in a text?

9

Formal Paraphrase Definition

Example: 

“U.S. president Barack Obama enjoys playing golf” entails that “Barack Obama is the 
president of the United states”.

Can we find statements that are entailed in both texts                ?
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Forward/Reverse Entailment

: “Formal representations of texts”
: “      entails       ”
: “Every statement that can be inferred from  can also be

inferred from   ” 

     :“Barack Obama is the president of the United States”
     :“The 44th president of the United States is Barack Obama”
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Formal Paraphrase Definition



Marcel Gohsen, Bauhaus-Universität Weimar

Semantic Relations

Equivalence:

Entailment:

Exclusion:

Negation:

Intersection:

11

Formal Paraphrase Definition
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https://en.wikipedia.org/wiki/British_Airways https://en.wikipedia.org/wiki/History_of_British_Airways

Example

13

Paraphrase Acquisition
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Paraphrase Acquisition Pipeline
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Paraphrase Acquisition

https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1FlGdp5tjWA4jPVWTmzz78FEFqbTvAgpQ
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1YpBaVPPUSPydKImrsZAB2MnlkFAsKz6A
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1PQ_Y7H_musyBASAfIXUHeFRMbSWbooh6
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G19eeCxkqZEGVTup1ZvE3kW4sxj9fF9sdB
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1QCDjcBiK-_bbFuRyq92i1wp-aOEXqHI2
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1yaRUINM1perr7z5RGLe-n-Nm5grnUDzu
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G18A4kCkyRJyLMMncWeUoCwRWR16awB3vX
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1iaNNLLvgBdNczyMpm4B6n8oIY4lIlh6f
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G13FruSkPRo2VC2L9sEWkgix0Sp_CZwe_Q
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1XEu2azRzXkykdmFqlqQc5EWx5oG7iJKy
https://app.diagrams.net/?page-id=9e5PURNqj3Xq-7q1VJp6&scale=auto#G1iB72SLaS-znNcajgCDm6Gqo7zOyAGS8Y
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Web Resources

15

Paraphrase Acquisition

    Wikimedia dumps

Web pages: 20,707,605
Unique images:       3,106,419 (upper bound)
Image references:    5,745,681  (1.8 per image)
Captions:    3,389,952 (59% of references)

High textual quality manually observed from 500 randomly drawn captions.
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Web Resources
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Paraphrase Acquisition

    Common Crawl

Web pages:   2,886,236,237
Unique images:   8,419,862,945 (upper bound)
Image references:  67,615,864,465 (8 per image)
Captions:  34,078,395,690 (~50% of references)  (lower bound)

Varying text quality manually observed from 500 randomly drawn captions.
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Image Filter
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Paraphrase Acquisition

Goal: Exclude images which potentially don’t have an explanatory caption

Find distinguishable characteristics which separate positive and negative 
examples

● Randomly draw 5000 images balanced by size from Common Crawl
● Annotate images whether the annotator expects an explanatory caption

(0x0, 32x32], (32x32, 256x256], (256x256, 2048x2048), (2048x2048, 4096x4096], (4096x4096, inf]

...
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Image Filter

Manually derived heuristics for positive examples:

18

Paraphrase Acquisition
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Caption Extraction from Wikipedia
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Paraphrase Acquisition

Wikitext Image Tag Syntax

[[File:Name|Type|Border|...|alt=Alt text|...|Caption]]

“Alternative text is text associated with an image that serves the same purpose and 
conveys the same essential information as the image.” [1]

[1] 
https://en.wikipedia.org/wiki/Wikipedia:Manual_of_Style/Accessibility/Alternative_text_for_images

https://en.wikipedia.org/wiki/Wikipedia:Manual_of_Style/Accessibility/Alternative_text_for_images
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Caption Extraction from Common Crawl
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Paraphrase Acquisition

HTML

<img src=”URL” … alt=”Alt text” … >

Caption specification is not standardized in HTML 

“[...] the alt attribute must be specified and its value must not be empty; the value 
must be an appropriate replacement for the image” [1]

[1] https://html.spec.whatwg.org/multipage/images.html

https://html.spec.whatwg.org/multipage/images.html
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Caption Extraction in Common Crawl
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Paraphrase Acquisition

<figure>
<img src=”URL” … alt=”Alt text” … >
<figcaption>Caption</figcaption>

</figure>

<table>
<tr><td><img src=”URL” … alt=”Alt text” … ></td></tr>
<tr><td class="caption">Caption</td></tr>

</table>

<div>
<img src=”URL” … alt=”Alt text” … >
<div>Caption</div>

</div> ...
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Caption Filter
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Paraphrase Acquisition

Goal: Maintain high textual quality of captions

Filter heuristics for a quality caption:
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Proper Sentence Detection

Goal: Retain sentences and exclude sentence fragments

Procedure:

1. Sample 500 and 100 captions for training and test sets
2. Annotate both sets whether they are sentences or fragments
3. Manually derive POS-based rules for sentences

Statistics:

Training set: 500 (154 sentences)
Test set: 100 (19 sentences)

23

Paraphrase Acquisition
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Sentence Detection
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Paraphrase Acquisition
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Image Equivalence
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Paraphrase Acquisition

https://app.diagrams.net/?page-id=wa8wa1jRzTnxCyoe3HfL&scale=auto#G1l1jRiOtH9yZXGtjXBRD-4cIUCfKUWd6n
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Image Equivalence
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Paraphrase Acquisition

Perceptual Equality: Equivalent images are near perceptual duplicates

https://upload.wikimedia.org/wikipedia/commons/5/51/Schnee
gl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg

https://upload.wikimedia.org/wikipedia/commons/thumb/5/51/
Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%2
9.jpg/320px-Schneegl%C3%B6ckchen_%28Galanthus%29_%2812

714600103%29.jpg

https://upload.wikimedia.org/wikipedia/commons/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://upload.wikimedia.org/wikipedia/commons/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg/320px-Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg/320px-Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg/320px-Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg/320px-Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
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Image Equivalence
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Paraphrase Acquisition

Semantic Similarity: The content of equivalent images are semantically similar

https://upload.wikimedia.org/wikipedia/commons/5/51/Schnee
gl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg

https://images.immediate.co.uk/production/volatile/sites/18/20
17/02/JI_2011-12_Galanthus-092_JasonIngram-75b346a.jpg?qual

ity=45&resize=556,556

https://upload.wikimedia.org/wikipedia/commons/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://upload.wikimedia.org/wikipedia/commons/5/51/Schneegl%C3%B6ckchen_%28Galanthus%29_%2812714600103%29.jpg
https://images.immediate.co.uk/production/volatile/sites/18/2017/02/JI_2011-12_Galanthus-092_JasonIngram-75b346a.jpg?quality=45&resize=556,556
https://images.immediate.co.uk/production/volatile/sites/18/2017/02/JI_2011-12_Galanthus-092_JasonIngram-75b346a.jpg?quality=45&resize=556,556
https://images.immediate.co.uk/production/volatile/sites/18/2017/02/JI_2011-12_Galanthus-092_JasonIngram-75b346a.jpg?quality=45&resize=556,556
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“White snowdrops in the woods”  - Alt text

“In this season, many beautiful snowdrops can be 
found in the woods”  - Figcaption

Paraphrase Construction

“White snowdrops in the woods”  - Alt text

“In the forest, many snowdrops can be found 
during this season”  - Figcaption

28

Paraphrase Acquisition
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Word-based Levenshtein distance

Accumulation of minimum costs to transform a string to another

Paraphrase Assessment

29

Paraphrase Acquisition

n-Gram Overlap

LCP n-Gram Overlap
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Paraphrase Assessment

BLEU (adaption for paraphrases by Cordeiro et al., 2007)

30

Paraphrase Acquisition
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Paraphrase Assessment

Sumo (proposed by Cordeiro et al., 2007)

“Barack Obama is the first African-American president of the United States”

“The 44th president of the United States is Barack Obama”

31

Paraphrase Acquisition



4. Experiment and Evaluation
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Experiment
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Application of  the paraphrase acquisition pipeline on the Wikimedia dumps:

➔ 23,944 paraphrase candidates

Manual annotation of 100 randomly drawn paraphrase candidates:

● Paraphrase judgements
● Entailment relations

Experiment and Evaluation
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Evaluation
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100 candidates: 49 paraphrases / 51 non-paraphrases

Experiment and Evaluation
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Evaluation
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Experiment and Evaluation



5. Conclusion
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Contributions

● Formalize paraphrase definition

● Connect paraphrasing and textual entailment

● Develop novel paraphrase acquisition approach

● Create prototype paraphrase corpora

● Show potential of image captions as paraphrases

37

Conclusion
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Future Work

● Conduct experiments on larger web crawls 

(e.g., Common Crawl, Web Archive)

● Compare textual diversity and quality to existing paraphrase corpora

● Train classifier for paraphrase labels

● Develop paraphrase model to evaluate potential for language modeling

38

Conclusion

Thank you for listening! I acknowledge your attention!


