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What Programming Language
Did They Use!?



CH+]

#include <iostream»

int main()
{
std::cout << "AUSTERITY!"

<< std::endl;
return 0;



CH++7?

#include <iostream»

int main()

{
std::cout << "AUSTERITY!"

<< std::endl;
return 9;

Nope. ~3.5 million users



|ava!

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

}



ava/!

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!");
}



ava/!

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 {

““Nope. ~9 million users

} :
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The Excel Depression
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ublished: April 18, 2013 & 470 Comments

In this age of information, math errors can lead to disaster. NASA’s Ei FACEBOOK
Mars Orbiter crashed because engineers forgot to convert to metric TWITTER

measurements; JPMorgan Chase’s “London Whale” venture went

3§ GOOGLE+

bad in.partbeedtse modelers divided by a sum instéadrofan

average. So, did an Excel coding error destroy the economies of the

Western world?

@, Enlarge This Image
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The story so far: At the beginning of

2010, two Harvard economists,
Carmen Reinhart and Kenneth @ REPRINTS
Rogoff, circulated a paper, “Growth

in a Time of Debt,” that purported to identify a critical
“threshold,” a tipping point, for government
indebtedness. Once debt exceeds 90 percent of gross
domestic product, they claimed, economic growth drops
off sharply.

(& PRINT

Ms. Reinhart and Mr. Rogoff had credibility thanks to a
widely admired earlier book on the history of financial
crises, and their timing was impeccable. The paper came
out just after Greece went into crisis and played right into
the desire of many officials to “pivot” from stimulus to
austerity. As a result, the paper instantly became famous;
it was, and is, surely the most influential economic
analysis of recent years.
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FAQ: Reinhart, Rogoff, and the Excel Error
That Changed History

By Peter Coy April 18,2013

000OOOQ =~

How big is this mistake?
Reinhart and Rogoff wrote in their 2010 paper that average annual growth was
negative 0.1 percent in countries with episodes of gross government debt equal to
90 percent or more of GDP between 1945 and 2009. Liberal economists have been
critical of their work for years (just economists being their usual cranky selves), but
now three economists at UMass say Reinhart and Rogoff made several mistakes and
omissions. According to the UMass scholars, the “corrected” number is positive 2.2
percent—which means GDP still grows, even when debt levels are very high.




FAQ: Reinhart, Rogoff, and the Excel Error
That Changed History
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at least one typo virtually guaranteed



One problem: Input Errors

1.23% of characters mistyped

5.26% of cells mistyped
| Panko and us|

L arge spreadsheets:
at least one typo virtually guaranteed

(not only source of errors)
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34.1%

No specifications

Can't assume distribution
on Inputs (+ strings!)

Can't use outlier analysis
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How CheckCell Works
sooss

B6:B9 BIO:BI |

E5[=SUM(AVERAGE(B2:B5)*E | AVERAGE(B6:B8)*E2, AVERAGE(B10:B | )*E3)]

E6[=IF(E5>85,“Pass”, “Fail”)]



How CheckCell Works

Dependence Graph:
[dentifies Inputs and Outputs
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Case Stuady

e: December 5, 2009

Reinhart-Rogoft

Number of observations Average
Real GDP growth Inflation Real GDP growth
Debt/GDP Debt/GDP Debt/GDP Debt/GDP
Country Coverage Total 30orless 30to60 60to 90 90 or abov30orless 30to 60 60to90 90 or abov30orless 30to 60 60to 90 90 or abov30 orless 30to 60 60to 90 90 or ab¢
US 1791-2009 129 59 23 5 4.0 34 33 -1.8 1.1 1.8 23 6.1 4.0 3.7 34
UK 1830-2009 3 27 82 25 22 21 1.8 0.8 4.2 1.4 2.0 2.0 2.6 1.8
Sweden 1880-2009 79 11 0 29 29 2.7 n.a. 2.8 46 42 na. 33 3.0 29
Spain 1850-2009 26 5 47 30 1.6 32 1.3 28 99 5.5 23 0.5 1.7 33 0.8
Portugal 1880-2009 42 39 0 438 2.5 1.4 n.a. 8.8 33 0.9 n.a. 5.4 24 1.4
Norway 1880-2009 98 1 0 2.9 44 10.2 na 44 0.1 0.0 na s+
New Zealand 1932-2009 9 ‘ 17 19 2.5 29 39 36 2.6 7.4 5.0 28 28 3.0 )
Netherlands  1880-2009 17 32 4.1 28 24 2.0 6.4 1.5 0.0 -2.2 4.2 3.1

Japan
Italy
Ireland
Greece
Germany
France
Finland
Denmark
Canada

Belgium
Austria
Australia

Minimum
Maximum

1885-2009
1880-2009
1949-2009
1884-2009
1880-2009
1880-2009
1914-2009
1880-2009
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8
13
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26
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39
32
11

0
19

6
17
23
32
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445
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5.4
44
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49
32
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1.6
54

3.7
49
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03
0.9
27
3.0
1.7
45
2.6
3.0
4.1

3.0
03
49
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1.9
4.0
438
na.
28
43
24
3.0
2.1
23
23

35
1.3
10.2

0.7
0.7
24
25
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23
1.9
na.

)
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na.
4.6

6.0
5.6
29
13.3
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wh
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2.1
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438
194

1.5

32
10.6
1.3
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13.2
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-1.1
13.1
53
2.8
na.
1.2
32.7
na.
6.0
32
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3.7

6.2
5.8

35
3.1
4.1
0.5
1.2

27

3.2
0.8
42
2.8
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Formula errors

B C
1 PROPOSED FINANCIAL OUTLOOK STATEMENT
2 TOBACCO SETTLEMENT TRUST FUND

3 FY 2003-04 and FY 2004-05
4
5

(Dollars in Millions)

Nonrecurring
6 [2003-04 Total Recurring Funds Funds
7 Funds Available:
8 | Balance forward from 2002-03 49 0.0 49
9 | Initial settlement estimate 364.0 364.0 0.0
10 | Profit adjustment 0.0 0.0 0.0
11| December 31, 2003 Reversions 3.7 0.0 3.7
12 | Transfer from LCETF - Regular 37.5 375 0.0
13 | Transfer from LCETF - BioMedical 3.5 3.5 0.0
14 | Transfer from General Revenue 23.1 0.0 231
15 | Interest earnings 1.0 1.0 0.0
16
17 Total 2003-04 Funds Available 437.7 406.0 31.7
18
19 EFFECTIVE APPROPRIATIONS 2003-04
20 | Agency for Health Care Administration 183.4 183.4 0.0
21| Department of Children and Family Services 163.4 163.4 0.0
22 | Department of Elder Affairs 243 248 0.0
23 | Department of Health h24 524 0.0
24 | Transfer to General Revenue (Sec 39, 2002 GAA) 10.2 0.0 10.2
25 | Transfer to Biomedical Research TF (Sec. 215.5601) 3.5 3.5 0.0
26
27 |Total 2003-04 Appropriations 437.7 427.5 10.2
28
29 Unencumbered Reserves (0.0) (21.5) 21.5

TN



Formula errors

CheckCell finds data errors:
what about formulas?

Nonrecurring
2003-04 Recurring Funds Funds
Funds Available:
Balance forward from 2002-03
Initial settlement estimate
10 | Profit adjustment
11| December 31, 2003 Reversions
12 | Transfer from LCETF - Regular
13 | Transfer from LCETF - BioMedical
14 | Transfer from General Revenue
15 | Interest earnings
16

17 Total 2003-04 Funds Available

18

19 |[EFFECTIVE APPROPRIATIONS 2003-04

20 | Agency for Health Care Administration

21| Department of Children and Family Services

22 | Department of Elder Affairs

23 | Department of Health

24 | Transfer to General Revenue (Sec 39, 2002 GAA)
25 | Transfer to Biomedical Research TF (Sec. 215.5601)
26

27 |Total 2003-04 Appropriations

28

29 Unencumbered Reserves




7

8

9

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29

Formula errors

CheckCell finds data errors:
what about formulas?

Nonrecurring

2003-04 Recurring Funds Fundg
Funds Available: ]
Balance forward from 2002-03 ) rO < | I ' .

Initial settlement estimate
Profit adjustment
December 31, 2003 Reversions

Transfer from LCETF - Regular | h O W d O We
Transfer from LCETF - BioMedical :

Transfer from General Revenue
Interest earnings

Total 2003-04 Funds Available /<n O W a

EFFECTIVE APPROPRIATIONS 2003-04
Agency for Health Care Administration

Department of Children and Family Services : O I/.m u /a IS
Department of Elder Affairs :

Department of Health

Transfer to General Revenue (Sec 39, 2002 GAA)

Transfer to Biomedical Research TF (Sec. 215.5601) - ) ' WrO ' )g7
[ |

Total 2003-04 Appropriations

Unencumbered Reserves



Excelint

[dentifies locally-anomalous
formula shapes and indicates likely fixes

5

Nonrecurring

2003-04 ExceLint thinks that Recurring Funds Funds

7 Funds Availabl¢ =5UM(D6&:D16)
8 | Balance forward should look more like

address: SBS17, formula: =SUM(B7:B16)

9 | Initial settleme
or address: SES17, formula: =SUM(ET:E16)

10 | Profit adjustme
11| December 31, 2
12 | Transfer from L(
13 | Transfer from L(
14 | Transfer from G

15 | Interest earnings

16

17

18

19 EFFECTIVE APPROPRIATIONS 2003-04

20 | Agency for Health Care Administration

21| Department of Children and Family Services

22 Department of Elder Affairs

23 Department of Health

24 | Transfer to General Revenue (Sec 39, 2002 GAA)

25 | Transfer to Biomedical Research TF (Sec. 215.5601)

26

27 Total 2003-04 Appropriations

28

29 \Unencumbered Reserves

30




Excelint

[dentifies locally-anomalous
formula shapes and indicates likely fixes

7

8 4.9

9 |363.98
10 |0

11 (3.7
12 (375
13 (3.5
14 1231
15 |1

16

171

18

19

20 |183.4
211634
22 248
23 |52 4
24 10.2
25 3.5
26

27 =SUM(B19:B26

28

29 |=B17-B27

=B8-ES8
=B9-E9
=B10-E10
0
=B12-E12
=+B13

0
=B15-E15

=B20-E20
=B21-E21
=B22-E22
=B23-E23
=B24-E24
3.5

=SUM(D19:D26

=D17-D27

Recurring Funds

=B3
0

0
3.7
0

0

=SUM(E19:E26

=E17-E27

Nonrecurring Fun




Excelint

[dentifies locally-anomalous
formula shapes and indicates likely fixes

Recurring Funds Nonrecurring Fun

=B3-E8
=B9-E9
=B10-E10
0
=B12-E12
=+B13

0
=B15-E15

183.4 =B20-E20
163.4 =B21-E21
243 =B22-E22
524 =B23-E23
10.2 =B24-E24
3.5 35

=SUM(B19:B26 =SUM(D19:D26 =SUM(E19:E26

=B17-B27 =D17-D27 =E17-E27



Excelint

[dentifies locally-anomalous
formula shapes and indicates likely fixes

8 49

9 |363.98 =B9-E9
10 |0 =B10-E10
11 (3.7 0

12 |37.5 =B12-E12
13 3.5 =+B13
14 1231 0

15 |1 =B15-E15

16
17
18

No hard-coded rules:

purely statistical analysis
over structures & locations




cxcelint Spectral Analysis

o SpectralPlot

Feature: |ShallowlnputVectorMixedL2NomSum v] Condition ;' Sheet: C:\Users\Dan Barowy\Desktop\:




Excelint Spectral Analysis

Finds nearest transtormation
over vector encoding —
fixes that maximally reduce entropy




Excelint Spectral Analysis

Finds nearest transtormation
over vector encoding —
fixes that maximally reduce entropy

vector

¥ cncoding
28| captures
28| structure &
m ocality




Excelint Spectral Analysis

Finds nearest transtormation
over vector encoding —
fixes that ma><|maHy reduce [Slaligels)’

vector

¥ cncoding

captures
Structure &

locality




Infrastructure




INnfrastructure
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https://github.com/plasma-umass/parcel

\nfrastructu re



https://github.com/plasma-umass/parcel

\nfrastructu re

httDs_g”EHuB com?ggarowﬂﬂepends



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

\nfrastructu re

https://github. com755arovvy/ Eepends

c)e enaenc analysis ?or Fxcel
WOrKDOOKS to graphs


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

\nfrastructu re

https: 77g|%ﬁu5 com/ a Barovvy/ 5eDends

Nt

C;e enaenc ana7 SIS ?or Efxce/
WOrKDOOKS t0 graphs

Ds://github.com/

blasma-umass/DataDebug



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

\nfrastructu re

COHVé\; S Exce
&

Ce# formu as t@ ASTS

https://github Com/d Barovvy/ 5eDends

ht

C;e enaenc ana7 SIS ?or Efxce/
WOrKDOOKS tO graphs

Ds://github.com/

blasma-umass/DataDebug

CheckCell codebase


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




