
Story of the Intel 
Pentium fdiv bug

Warmup question: what is 
the point of  floating point?



(Literally… not editorializing)

● 1976: Intel 8800 (iAPX 432) 
development begins; with huge 
teams of PhDs; touted as the 
permanent future of Intel

● 8800 development ambitious and 
takes forever

● 1979: need stop-gap 16-bit 
competitor to Motorola et al; 
extends 8080 in three calendar 
weeks – called 8086

● 1981: IBM goes with version of 8086 
over Motorola; sells 100 million units

x86 was actually a mistake

source

source

https://dl.acm.org/doi/10.1145/3282307
https://link.springer.com/chapter/10.1007/978-3-031-51436-4_11


source
more

https://www.chipsetc.com/intel-advertising-campaigns.html
https://www.reddit.com/r/90sdesign/comments/10q5jbu/intel_magazine_ads_from_1992_national_geographic/


Floating-point coprocessor for 8086/8088

Heavily influenced the IEEE 754 FP standard

 

At the same time: Intel 8087



Representing approximate numbers was not standardized

Same code produced different results on different computers … but 
rounding error is inevitable, so maybe this is OK

“Portable” software packages (Linpack, Eispack) cost a lot ($100/LOC) to 
develop

Led to issues when people upgraded their computers (IBM 7094 → 
System/360 meant doubles worked worse than single-precision)

See P&H 3.11 for more of the story

Before then: Wild West of FP



Intel doing very 
well, FP is 
standardized…
Fast-forward to 
1994



Prof. Thomas Nicely

yo why is my prime 
number program 

outputting weird results 
on my shiny new 

Pentium?!

image source

shut up nerd, 
weird of you to do 
obscure divisions

https://www.vice.com/en/article/how-a-minor-calculation-error-cost-intel-half-a-billion-dollars/


New York Times

https://www.nytimes.com/1994/11/24/business/company-news-flaw-undermines-accuracy-of-pentium-chips.html


Naive algorithm: shift-and-subtract (mimics human mechanics)

Modern implementations: Sweeney, Robertson, Tocher (SRT)

● Approximation at each step
● Allow negative “digits” for adjusting
● Truncated approximation allows for lookup table

Image source and incredible blog post explainer

FP division algorithms

https://www.righto.com/2024/12/this-die-photo-of-pentium-shows.html


Pentium SRT 
table mistake

source/another explainer paper

https://math.mit.edu/~edelman/homepage/papers/pentiumbug.pdf


Lookup table fix

Programmable Logic Array – how 
combinational functions get synthesized 
to hardware (matrix of OR/AND gates)

Original                             Fixed



Public backlash

New York Times, Nov 24 1994

New York Times, Dec 13 1994

source

https://www.nytimes.com/1994/11/24/business/company-news-flaw-undermines-accuracy-of-pentium-chips.html
https://www.nytimes.com/1994/12/13/us/ibm-deals-blow-to-a-rival-as-it-suspends-pentium-sales.html
https://www.ardent-tool.com/CPU/Intel/fdiv/white11.pdf


source

source

A delightfully snarky article from the time

https://web.archive.org/web/20190618044444/http://www.trnicely.net/pentbug/pentbug.html
https://www.crn.com/news/components-peripherals/229400535/lessons-learned-pentium-flaws-aid-intel-in-sandy-bridge-chipset-recall
https://archive.org/details/1995-01-01_W5YI_Report/page/n9/mode/1up


But shouldn’t 
they have 
tested?



Retrospective with nicely presented 
opinions on hardware testing

source (Pentium 4 
came out in 2000)

source (Nehalem came out in 2008)

https://ieeexplore.ieee.org/document/372360
https://ieeexplore.ieee.org/document/372360
https://ieeexplore.ieee.org/document/1459841
https://ieeexplore.ieee.org/document/1459841
https://link.springer.com/chapter/10.1007/978-3-642-02658-4_32


TOP TEN NEW INTEL SLOGANS FOR THE PENTIUM (source)
--------------------------------------------------------------------------

9.9999973251 It's a *FLAW*, not a Bug
 8.9999163362 It's Close Enough, We Say So
 7.9999414610 Nearly 300 Correct Opcodes
 6.9999831538 You Don't Need to Know What's Inside
 5.9999835137 Redefining the PC -- and Mathematics As Well
 4.9999999021 We Fixed It, Really
 3.9998245917 Division Considered Harmful
 2.9991523619 Why Do You Think They Call It *Floating* Point?
 1.9999103517 We're Looking for a Few Good Flaws
 0.9999999998 The Errata Inside

RE:RE:FWD:FWD:RE:FWD:

https://groups.google.com/g/aus.jokes/c/72sZitg-bTY/m/LCMN-LRD6egJ

