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What Programming Language 
Did They Use?



C++?
#include	<iostream>	
		
int	main()	
{	
				std::cout	<<	"AUSTERITY!" 
														<<	std::endl;	
				return	0;	
}
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Nope.  ~3.5 million users



Java?

public	class	HelloWorld	{	
			public	static	void	main(String[]	args)	{	
							System.out.println("AUSTERITY!");	
			}	
}



Java?
import	static	org.junit.Assert.assertEquals;	
import	java.io.ByteArrayOutputStream;	
import	java.io.PrintStream;	
import	org.junit.Test;	
		
public	class	HelloWorldTest	{	
	 @Test	
	 public	void	sayHelloWorld()	{	
	 	 ByteArrayOutputStream	outContent	=	captureSystemOut();	
		
	 	 HelloWorld.say();	
		
	 	 assertEquals("AUSTERITY!",	outContent.toString());	
	 }	
		
	 ByteArrayOutputStream	captureSystemOut()	{	
	 	 ByteArrayOutputStream	outContent	=	new	ByteArrayOutputStream();	
	 	 System.setOut(new	PrintStream(outContent));	
	 	 return	outContent;	
	 }	
}	
public	class	HelloWorld	{	
	 public	static	void	say()	{	
	 	 System.out.print("AUSTERITY!");	
	 }	
}



Java?
import	static	org.junit.Assert.assertEquals;	
import	java.io.ByteArrayOutputStream;	
import	java.io.PrintStream;	
import	org.junit.Test;	
		
public	class	HelloWorldTest	{	
	 @Test	
	 public	void	sayHelloWorld()	{	
	 	 ByteArrayOutputStream	outContent	=	captureSystemOut();	
		
	 	 HelloWorld.say();	
		
	 	 assertEquals("AUSTERITY!",	outContent.toString());	
	 }	
		
	 ByteArrayOutputStream	captureSystemOut()	{	
	 	 ByteArrayOutputStream	outContent	=	new	ByteArrayOutputStream();	
	 	 System.setOut(new	PrintStream(outContent));	
	 	 return	outContent;	
	 }	
}	
public	class	HelloWorld	{	
	 public	static	void	say()	{	
	 	 System.out.print("AUSTERITY!");	
	 }	
}

Nope.  ~9 million users
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Spreadsheets are Everywhere

500 million users

Functional, reactive programming language + data

Hugely important but very easy to make mistakes!



Reinhart-Rogoff Spreadsheet
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1.23% of characters mistyped

5.26% of cells mistyped
[Panko and us]

Large spreadsheets: 
at least one typo virtually guaranteed

(not only source of errors)

One problem: Input Errors
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> 100,000 cells, 
~20 sheets
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Data + Formulas

I see you are 
about to destroy 
the economies of 

the Western 
world…
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How CheckCell Works



B2[84] B3[77] B4[92] B5[93] B6[87] B7[90] B8[85] B9[91] B10[84] B11[78]

B2:B5 B6:B9 B10:B11E3[0.5]E2[0.3]E1[0.2]

E5[=SUM(AVERAGE(B2:B5)*E1,AVERAGE(B6:B8)*E2,AVERAGE(B10:B11)*E3)]

E6[=IF(E5>85, “Pass”, “Fail”)]
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B2[84] B3[77] B4[92] B5[93] B6[87] B7[90] B8[85] B9[91] B10[84] B11[78]

B2:B5 B6:B9 B10:B11E3[0.5]E2[0.3]E1[0.2]

E5[=SUM(AVERAGE(B2:B5)*E1,AVERAGE(B6:B8)*E2,AVERAGE(B10:B11)*E3)]

E6[=IF(E5>85, “Pass”, “Fail”)]

How CheckCell Works

Dependence Graph:  
Identifies Inputs and Outputs







not an outlier!







Bootstrap-based Impact Analysis 
non-parametric technique

samples definitely from population
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exclude “78”
…

p < 0.05?
yes!

“unusual!”

CheckCell

in paper: string outputs, ranking, etc.
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No ground truth…

How Well Does It Work?



Injecting Errors



Generated errors representative? 
Yes.

Error( )⟶

Injecting Errors
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Transpos.Typo

Error

169,112
retyped strings
from images
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Gaussian

input data

outliers in input data

CheckCell

input data & outputs

data with unusual impact



CheckCell: correct more often
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CheckCell finds more errors
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CheckCell requires little effort
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CheckCell is fast
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Case Study: Reinhart-Rogoff



“This one extraordinary growth experience 
(Norway) contributes fully 5.3 percent (1/19) of 
the weight [...] even though it constitutes only 
0.2 percent (1/445) of the country-years in this 
category.” 
— Herndon et al. (2013)
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“This one extraordinary growth experience 
(Norway) contributes fully 5.3 percent (1/19) of 
the weight [...] even though it constitutes only 
0.2 percent (1/445) of the country-years in this 
category.” 
— Herndon et al. (2013)

Case Study: Reinhart-Rogoff

CheckCell reports 10 errors 
(all typos & methodological errors) 

CheckCell.org
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Formula Errors
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Formula Errors
CheckCell finds data errors: 

what about formulas? 

Problem:
how do we 

know a 
formula is 

wrong?  
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ExceLint



Identifies locally-anomalous 
formula shapes and indicates likely fixes 

No hard-coded rules:  
purely statistical analysis 

over structures & locations 

ExceLint
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Infrastructure

https://github.com/dbarowy/Depends
dependency analysis for Excel  

(workbooks to graphs)

https://github.com/plasma-umass/parcel
converts Excel cell formulas to ASTs

https://github.com/plasma-umass/DataDebug 
CheckCell codebase

https://github.com/dbarowy/Depends
https://github.com/plasma-umass/parcel
https://github.com/plasma-umass/DataDebug



