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An Interactive Workbench for Floating Point Analysis
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Edward Misback & Ben Wang, University of Washington
In collaboration with the Herbie project (Pavel Panchekha, U of Utah, + Zachary Tatlock, UW)
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Rounding error
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Rounding error
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Rounding error
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Rounding error
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Rounding error

= 1.0000…0001e16
Too long!
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Catastrophic Cancellation
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Catastrophic Cancellation
For A - B = C,

if magnitude(A) ≈ magnitude(B),
error in C will be much greater than 

in A or B!
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Catastrophic Cancellation
For A - B = C,

if magnitude(A) ≈ magnitude(B),
error in C will be much greater than 

in A or B!
= 1e16 with

.000000…1% error
= 1e16

0% error

Should be 1!
100% error 21



What is floating-point expression rewriting?
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What is floating-point expression rewriting?
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9th c.

x + 1 = 1 + x

The Compendious Book on Calculation 
by Completion and Balancing aka 

al-Jabr, by Al-Khwarizmi

https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
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9th c.

x + 1 = 1 + x

The Compendious Book on Calculation 
by Completion and Balancing aka 

al-Jabr, by Al-Khwarizmi

(x + 1) - x

https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
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(x + 1) - x
=(x - x) + 1

9th c.

x + 1 = 1 + x

The Compendious Book on Calculation 
by Completion and Balancing aka 

al-Jabr, by Al-Khwarizmi

https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
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(x + 1) - x
=(x - x) + 1

✔

9th c.

x + 1 = 1 + x

The Compendious Book on Calculation 
by Completion and Balancing aka 

al-Jabr, by Al-Khwarizmi

https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
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(x + 1) - x
=(x - x) + 1

✔

= 1

✔

9th c.

x + 1 = 1 + x

The Compendious Book on Calculation 
by Completion and Balancing aka 

al-Jabr, by Al-Khwarizmi

https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing


Courtesy of True North Floating Point
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Floating Point Tools

Herbie FPTaylor

…and many more: 
https://fpbench.org/community.html

29

https://fpbench.org/community.html


Floating Point Tools

Herbie FPTaylor

…and many more: 
https://fpbench.org/community.html

30

https://fpbench.org/community.html
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● User-friendly web app
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● User-friendly web app
● Tool integration
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● User-friendly web app
● Tool integration
● Iterative user experience
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DEMO
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Compound Interest
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Compound Interest

Total value of all payments with interest in a period of time
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Total value of all payments with interest in a period of time

Payment: $100
Interest rate: 5%

Periods: 12 (Monthly)
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Payment: $100
Interest rate: 5%

Periods: 12 (Monthly)
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Total value of all payments with interest in a period of time



Payment: $100
Interest rate: 5%

Periods: 12 (Monthly)

Total: $1227.89
Interest: $27.89
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Areas of Error

What if small i, large n?
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Areas of Error

What if small i, large n?
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Areas of Error

What if small i, large n?

i/n ≈ 0
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Areas of Error

What if small i, large n?
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LARGE + small



Areas of Error
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DEMO
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Transition to Part-2…
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Quadratic

50



History
● 1960’s - Kahan identified cancellation errors in 

quadratic formula

● 1977 - Franklin: “Fundamental formulas of 
physics”

● 1986 - Hamming: “Numerical methods for 
scientists and engineers”
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More History
● 2004 - Kahan: “On the cost of floating-point 

computation without extra-precise arithmetic”

●  2005 - Einarsson: “Accuracy and reliability in 
scientific computing”

● 2015 - Panchekha et al: “Automatically improving 
accuracy for floating point expressions”
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Areas of Error
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Cancellation

54



Cancellation
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Cancellation
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Cancellation
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Cancellation
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Cancellation
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Similar magnitudes!



Cancellation
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Cancellation
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Cancellation
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Similar magnitudes!



Overflow/Underflow
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DEMO
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Odyssey’s Attempt

● ~62% → ~97% for + operation
● ~61% → ~96% for - operation
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Odyssey’s Attempt
● Uses Taylor Expansion and FMA’s 
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Odyssey’s Attempt
● Uses Taylor Expansion and FMA’s 
● Rewrite is not algebraically equivalent, 

rather an optimized implementation 
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DEMO
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Discussion

● Survey

● Potential use cases

● Features you would like to see
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Thank you!
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Odyssey: Explore Floating-Point Error

This work is supported by the U.S. Department of Energy, Office of Science, Office of Advanced 
Scientific Computing Research, ComPort: Rigorous Testing Methods to Safeguard Software 
Porting, under Award Number DE-SC0022081.

Edward Misback
misback@cs.washington.edu
Ben Wang
benwang3@cs.washington.edu

Website:
https://herbie-fp.github.io/odyssey/ Contacts:

Github: 
https://github.com/herbie-fp/odyssey
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