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This is very much Work In Progress

• About problem, data collection, approach

Impetus for this work I find exciting,
a real, grounded task

• Table Irregularities

• Related Work

• Broad description/Plan of work

• Share More?
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Years ago, consulted for a pharma company

Task: Paragraph retrieval from corpus of

New Drug Application docs submitted to FDA. 

[+ Nice-to-have: retrieval from tables]

• Each doc: PDF, more than 300 pages each, 

with text, figures and tables

• Scanned PDF, not “born-digital” PDF

• Tables:
• Mostly complex

• Captions & footnotes often attached

• Several tables multi-page, or split across pages

• Some in landscape format

Impetus: QA over
Text + Tabular Pharma Info
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Ozempic (R) Novo Nordisk package insert

https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/209637s012lbl.pdf#page=27
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[Focusing on tabular info]

• Used multiple hand-crafted tools 

and heuristics to extract info from 

tables

• Reasonable results but not perfect, 

for a variety of reasons

• Can we do better?

• With Generative AI, specifically?

What was achieved

4



|

Goal: Question answering (QA) 
on irregular tabular data

• Lot of work on QA on data in text + regular tables, HTML tables

• Irregular tables common

• Especially in scientific, medical, and pharma documents

• Have not received as much attention

Proposal: create a large corpus of tables, 
extract & represent canonical table structure,

learn mapping from table to structure,  
develop QA on info in these (irregular) tables

5

Goal now
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Table Extraction Tasks  ➔ QA

https://arxiv.org/pdf/2110.00061.pdf / PubTables-1M 

PDF 

document

QA etc. 

tasks

https://arxiv.org/pdf/2110.00061.pdf%20/
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In addition, 
an Interlingua for document representation

allows us to deal with many other issues.

Consider cut-and-paste:

• Google Sheets  PowerPoint

• PowerPoint equations 
     on Mac, becomes  on PC …

• Can we cut and paste across applications?

• If not perfect, close enough with some edits?
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Stretch Goal: Document Representation
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Table Irregularities
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Headers spanning multiple columns (or rows)
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• Irregular columns or rows, 

leading to irregular cells

• multicolumn/multirow

• Color used here to set apart cells. 

Not our focus.

Irregular Cells

https://guides.hostos.cuny.edu/bio140/6-21
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Common, especially in 

business, scientific, medical, 

pharma documents

Nested Tables

This Photo by Unknown Author is licensed under CC BY-SA
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Ozempic (R) Novo Nordisk package insert

http://stackoverflow.com/questions/35044300/html-how-to-reproduce-this-nested-table
https://creativecommons.org/licenses/by-sa/3.0/
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Captions & footnotes attached to tables

https://guides.hostos.cuny.edu/bio140/6-21
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• Tables with and without lines dividing rows and columns

• Tables that have images in some cells (check marks, product images)

• Landscape orientation vs. Portrait orientation

• Text in non-horizontal directions

• Tables split across pages
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Other Variants in Tables
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Related Work
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• Minghao L et al 

(Microsoft Research Asia ++), 2020 

• 417K tables from ArXiv, 

Word and LaTeX markup.

145K tables with annotations. 

• Focus: table detection (TD)  & 

           table structure recognition (TSR)

• TD: Used image methods Faster R-CNN 

with ResNeXt. Tested on 8K images. 

Best results 98+%

• TSR: Used image-to-text method 

in OpenNMT. Metrics: 4-gram BLEU. 

Results almost 70-78%

TableBank

Minghao Li, Lei Cui, Shaohan Huang, Furu Wei, Ming Zhou, and Zhoujun Li. 
Tablebank: Table benchmark for image-based table detection and 
recognition. 
In Proc 12th LREC, pp. 1918–1925, 2020. 
https://arxiv.org/pdf/1903.01949.pdf 

Highlighted portions suggest scope to

 improve perf on tables

https://arxiv.org/pdf/1903.01949.pdf
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• Smock et al, Microsoft Redmond, Nov 2021

• PDF and XML files (with semantic 
description, hierarchical doc organization) 
PubMed Central Open Access (PMCOA)

• Table content and structure as HTML tags

• Detection Transformer (DETR) applied to 
table detection (TD), structure recognition 
(TSR), and functional analysis(FA)

• 948K tables for TSR, 
53% with at least one spanning cell, 
multi-page tables not considered

• Perf overall on TD 96.6% AP, 
TSR+FA 91.2%. 
DETR perf on TSR accuracy was ~69.4% 
on complex tables, overall 81.4%
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PubTables-1M

Smock, Brandon, Pesala, Rohith and Abraham, Robin.  
“PubTables-1M: Towards comprehensive table 
extraction from unstructured documents.”
2022 IEEE/CVF Conference on Computer Vision and 
Pattern Recognition (CVPR) (2022): 4624-4632.
https://arxiv.org/abs/2110.00061 

https://arxiv.org/abs/2110.00061
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• Blecher et al, Meta AI, 
25 Aug 2023

• Neural Optical Understanding for 
Academic Documents

• arXiv++:  PDF and 
   LaTeX→ HTML → MD files 

• Convert text + tables + equations
   to a version of markdown
Focus on pages + equations

• Nougat-small (250M)
Tables:  F1    77.3

   Text+Tables+Equations: F1    92.9

Nougat-base:
Tables:  F1    78.0

   Text+Tables+ Equations : F1    93.1
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Nougat 

Blecher, Lukas, Guillem Cucurull, Thomas Scialom and Robert Stojnic. 
“Nougat: Neural Optical Understanding for Academic 
Documents.” ArXiv abs/2308.13418 (2023)
https://arxiv.org/abs/2308.13418 

https://arxiv.org/abs/2308.13418
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Work in progress
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Parallel Corpus Methods?

• First plan: Create parallel corpus 

of arXiv papers, LaTeX  PDF,

over 2 million papers

• Content critical, 

exact layout not as important

• Treat as a translation task,

• Extract tables

• Align LaTeX tables to PDF tables

• Learn mapping PDF  LaTeX
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Rosetta Stone, 196BC

3 versions of decree in Egyptian-hieroglyphic,

Egyptian-Demotic, Ancient Greek
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Extract all tables from

LaTeX files

• Multirow, multicolumn, 

nested tables

• Dealing with LaTeX macros

arXiv Source files

• Size: 2.93 TB

• 2,080,363 files + related 

     (images, style files)

• LaTeX files with at least 1 table: 

1,004,368 (~48%)

Creating Parallel Corpus: LaTeX files

20



|

• Detect, extract tables from PDFs

using Table-transformer

• Confidence threshold: 0.99  

to minimize False Positives

• Heuristics to deal with margin errors

• Extract table content from each 

image using Tesseract OCR

• Extract text content from the PDF 

(for later use) using PyMuPDF

arXiv PDF files

• Size: 2.84 TB

• 2,253,795 files + related 

     (images, style files)

• Processed so far: 442,970 (~20%)

Creating Parallel Corpus: PDF files
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Percentage of LaTeX files with tables
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Alignment Example
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OCR from PDF image

Image from PDF

Table from LaTeX file

Alignment Code



|

• Match LaTeX tables to table images from PDF

• Leveraging OCR: order of tables in LaTeX file
may not be the same as in PDF tables

• Tried several algorithms, settled on
Jaccard similarity

• with conservative threshold

• Total papers processed: 391,623

• Papers with detected tables: 100,322 (~26%)

• Total number of tables: 300,018

• Total aligned tables: 131,485 (~ 43%)

Table Alignment, Results
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Next steps

• Finish extraction, alignment

• Wrap up parallel table corpus as 
shareable resource
• Deliverable: all tables we can extract 

with LaTeX, JPG, OCR versions; 
mapping between LaTeX and PDF 
versions

• Model tables, using generative AI

• QA on table content

• Where do “humans in the loop” fit in?

• Evaluate
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Additional Goal: A Community to 
Share Even More?

• Similar ideas and approaches, some differences
in data, structuring, focus:

• arXiv, PubMedCOA, …

• Word/LaTeX, PDF/XML-HTML, PDF/LaTeX-HTML-MD

• Focus on pages/tables/math/irregular tables, …

• Lots of underlying tools

People working on portions will solve the problem!

• More data is better  (Banko & Brill/ACL2001, etc.)

• Emphasize data collection and sharing, advancing field

• Can we do something to help in sharing partial solutions, 
datasets, tools for this and other tasks?

• Huge topic, how we do get others to join in the fun, 
and address portions of problems? 

• Ideas? Please reach out: to me, to like-minded folks
Discuss tomorrow?
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Church, Kenneth Ward, Annika Marie Schoene, John E. 
Ortega, Raman Chandrasekar and Valia Kordoni. 
“Emerging trends: Unfair, biased, addictive, dangerous, 
deadly, and insanely profitable.”
Nat. Lang. Eng. 29 (2022): 483-508.

Church, Kenneth Ward and Raman Chandrasekar. 
“Emerging trends: Risks 3.0 and proliferation of spyware 
to 50,000 cell phones.”
Nat. Lang. Eng. 29 (2023): 824 - 841.

Risks 2.0 and 3.0
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