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Matches bugs with proposed “fixes”
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Instead of ASTs, etc. — Vector-based IR

〈 x, y, z, dx, dy, dz 〉from → to

1. converts each cell to reference vectors: 
unifying dependence & spatial relationships

Geospatial static analysis

2. combine vectors to form “fingerprints”
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What about fixes?
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Rectangular Decomposition

Good decomposition = low entropy
Bad decomposition = high entropy
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1st part: Binary minimal entropy decomposition

Algorithm: Recursively subdivide spreadsheet 
by split that minimizes sum total Shannon entropy, 

until splits contain only equal value fingerprints.
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2nd part: Minimal entropy ranking

Every pair of rectangles that, when merged, 
remains rectangular, is a “potential fix.”
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2nd part: Minimal entropy ranking

“Fixing” an error means 
changing the error’s fingerprint 

so that the whole rectangle maintains one invariant. 
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Rank fixes by three factors.  
First: we want fixes that reduce entropy (the least). 



2nd part: Minimal entropy ranking

Rank fixes by three factors.  
First: we want fixes that reduce entropy

The two on the right are better than the one on the left. 
(the least). 



2nd part: Minimal entropy ranking

Second: The distance between fingerprints.   



2nd part: Minimal entropy ranking

Second: The distance between fingerprints.   
E,g., =SUM(A1:A10) is a more probable fix 
for =SUM(A1:A9) than =MAX(B20:B30) 



2nd part: Minimal entropy ranking

Third: The size of the invariant cluster.  



2nd part: Minimal entropy ranking

Third: The size of the invariant cluster.  
I.e., strongly-held invariants are better candidates 

than weakly-held invariants.   



2nd part: Minimal entropy ranking

Finally, threshold and return ranking. 
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Finally, threshold and return ranking. 

1
2 3



Empirical Results 



Average precision: 76% (vs. 60%)

High precision 
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Fast analysis

73% of analyses done under < 30 seconds 
Median analysis time: 7.83 seconds 
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http://ExceLint.org 

ExceLint
Introduces geospatial static analysis 

to find formula errors (& fixes) 
with high precision

http://ExceLint.org

