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Background

• Claims over the numerical relationships 
among some objective measures widely 
exist in the published documents on the 
Web.

• These numerical relationships are often
expressed in tabular forms.

• Task: Numerical Formula Recognition
(NFR) from tables
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Census population Change, 2010-2020
Estimated 

July 1, 2020 April 1, 2010 % Absolute

Total U.S. ***** ***** ***** *****
California ***** ***** ***** *****
Texas ***** ***** ***** *****
⋯ ⋯ ⋯ ⋯ ⋯
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2019 2018

Number of 
Shareholders

Changes from the
Previous Year (%)

Number of 
Shareholders

Address
Asia ***** ***** *****

China ***** ***** *****
India ***** ***** *****

Australia ***** ***** *****
Total ***** ***** *****
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Application

• Error Correction in Tables
• Numerical errors caused by formulas are inevitable, even in published documents
which have been reviewed many times.

• These errors may cause severe consequences.
• 2012, JP Morgan suffered $6.5 billion in losses and fines.
• 2013, the paper “Growth in a Time of Debt” led to unjustified austerity policies.
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Application

• Formula Recommendation in Tables
• After users have filled in the table headers and overall table layout is developed, we
can automatically suggest the formulas among table cell.

2019 2018

Revenue Changes from the
Previous Year (%) Revenue

Address
Asia
China
India

Australia
Total =B4+B7

A B C D
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4
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7

8

Formula Recommendation
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Challenges

• Numerical values and existing formulas are not reliable.
• Values in tables are error-prone. [1, 2]
• At least one error caused by a formula was found in more than 95% of spreadsheets. [3]

• Need a more reliable method.
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Challenges

• Formula complexity
• A formula in table can be define as:

• For example ! = #$/#& can be expressed as ! = '()* #$, #& .

1. Diverse math function.
2. The number of arguments cannot be fixed in advance (e.g. SUM).
3. The order of arguments (e.g. division).
4. Commutative property (e.g. SUM, AVG, MIN, MAX)
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• Table representation complexity
• Table is a kind of language that adopts a different linguistic paradigm 

from natural language.

Challenges
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In 2019, revenue in Asia and Australia were 21,614 and 2,341, respectively,
revenue in China and India were 16,883 and 4,731, respectively, for the
total company revenue of 23,955 .

B8

B4 B7

2019 2018

Revenue Changes from the
Previous Year (%) Revenue

Address
Asia 21,614 ***** *****

China 16,883 ***** *****
India 4,731 ***** *****

Australia 2,341 ***** *****
Total 23,955 ***** *****
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21,614

21,614

23,955

23,955

2019 RevenueAsiattB8 B7B4= +



Challenges

• Table representation complexity
• Observation 1: Textual information on the header hierarchy is the key to 

understanding tables.

2018 2017

Revenue % Changes from the 
Previous Year (%) Revenue %

Registered address
China ***** ***** ***** ***** *****
Japan ***** ***** ***** ***** *****
Singapore ***** ***** ***** ***** *****
Korea ***** ***** ***** ***** *****
Asia ***** ***** ***** ***** *****
Rest of world ***** ***** ***** ***** *****

***** ***** ***** ***** *****
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(1)

(1)

(2)

(2)
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Challenges

• Table representation complexity
• Observation 1: Textual information on the header hierarchy is the key to 

understanding tables.
• Observation 2: The visual appearances serve as auxiliary information for representing 

formulas. 2018
US$M

2017
US$M

Restated
Continuing operations 
Revenue ***** *****
Other income ***** *****
Expenses excluding net finance costs ***** *****
Profit/(loss) from equity accounted investments, related impairments and expenses  ***** *****
Profit from operations ***** *****

Financial expenses ***** *****
Financial income ***** *****
Net finance costs ***** *****
Profit before taxation  ***** *****

Income tax expense ***** *****
Royalty-related taxation (net of income tax benefit) ***** *****
Total taxation expense ***** *****
Profit/(loss) after taxation from Continuing operations ***** *****
Discontinued operations ***** *****
Loss after taxation from Discontinued operations ***** *****
Profit/(loss) after taxation from Continuing and Discontinued operations ***** *****

Attributable to non-controlling interests  ***** *****
Attributable to BHP shareholders ***** *****

� � 


�

�
�
�
�
�
�

	



��

��

��

��
��
��
��
��
�	
�

��

(4)

(3)

(4)

(4)

(3) 9



Challenges

• Table representation complexity
• Observation 1: Textual information on the header hierarchy is the key to 

understanding tables.
• Observation 2: The visual appearances serve as auxiliary information for representing 

formulas.
• Observation 3: Horizontal formulas are common in tables.
• Observation 4: Multiple Formulas might appear in the same table cell.
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Solution Overview

• The formula recognition task → a relation extraction task between two 
cells
• by first detect result cells and then classify cell pairs. 

• To do the classification, a table cell encoding model TAFOR is proposed 
which considers both textual and visual information.

• We leverage the text and visual appearance of table headers and table 
layout structure, which are more reliable features.
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Solution – Problem Conversion

• Main idea: a formula→ several relations between " and #.

• Triplet:

• A formula →
• For example, " = %&'( #), #+ → ", %&'() , #) , ", %&'(+ , #+
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Solution – Framework

1. Result Cell Detection
2. Cell Pair Classification
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2018 2017

Revenue % Changes from the 
Previous Year (%) Revenue %

Registered address
China ***** ***** ***** ***** *****
Japan ***** ***** ***** ***** *****
Singapore ***** ***** ***** ***** *****
Korea ***** ***** ***** ***** *****
Asia ***** ***** ***** ***** *****
Rest of world ***** ***** ***** ***** *****

***** ***** ***** ***** *****

� � 
 � � �

�

�

�

�

�

�

�

	




��

(1)

(2)

Formula:

B8 =

C4 =

Predicted:

Result cell: B8, C4



Solution – Framework

1. Result Cell Detection
2. Cell Pair Classification
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2018 2017

Revenue % Changes from the 
Previous Year (%) Revenue %

Registered address
China ***** ***** ***** ***** *****
Japan ***** ***** ***** ***** *****
Singapore ***** ***** ***** ***** *****
Korea ***** ***** ***** ***** *****
Asia ***** ***** ***** ***** *****
Rest of world ***** ***** ***** ***** *****

***** ***** ***** ***** *****
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(1)

(2)

Formula:

B8 = +B4+B5+B6+B7

C4 =

Predicted:

B8, $±, B4 , B8, $±, B5
B8, $±, B6 , B8, $±, B7

(1)



Solution – Framework

1. Result Cell Detection
2. Cell Pair Classification
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2018 2017

Revenue % Changes from the 
Previous Year (%) Revenue %

Registered address
China ***** ***** ***** ***** *****
Japan ***** ***** ***** ***** *****
Singapore ***** ***** ***** ***** *****
Korea ***** ***** ***** ***** *****
Asia ***** ***** ***** ***** *****
Rest of world ***** ***** ***** ***** *****

***** ***** ***** ***** *****
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(1)

(2)

Formula:

B8 = +B4+B5+B6+B7

C4 = B4/B8

Predicted:

C8, $%&'( , B4 , C4, $%&'+ , B8

(2)

(2)



Solution – Cell Encoding model

Embeddings for tokens
in each header

C

R ……
…

…
…
… Embedding Layer

Bi-LSTM

Hidden vector
for each header

#$%

#&'

(a) Text module

(b) Vision module (c) Combination and classification

RowHeader

Column Header

!

"##$

%& %':	(+ ∗ '- ∗ 16)

Segment
Pooling

Segment
Pooling

123

%4: (+ ∗ '- ∗ 16)	

"##5

Pixel Phase Cell Phase
Only row
header area

LSTM% LSTM&

'()

*()

*+,

ℎ()

ℎ+,

Result Cell 
Detection

Cell Pair 
Classification

…

./00( ,+
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Experiments
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Experiments
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2018
Paid

shares %

Alan ***** *****
Jason ***** *****
Bob ***** *****
Alice ***** *****
Tom ***** *****

***** *****

	 
 �

�

�

�

�

�

�

�

�

Revenue 2019 2018 2017
Prime operating revenue ***** ***** *****

Infrastructure ***** ***** *****
Water ***** ***** *****
Food ***** ***** *****
Transport ***** ***** *****

Other ***** ***** *****
Total ***** ***** *****
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Future Work

• Named entity recognition in tables.
• Consider the common sense and prior knowledge.
• Combine deep learning and symbolic knowledge.

23



THANK YOU

24


