
CSE 599Z 
Accurate Computing

Spring 2017



Programming Victory

Computational problem solving ubiquitous

HW + SW for fast, reliable, cheap systems

Skilled workforce of ~ 18.5 million (2014)



If you have a hammer…

Father John Culkin and 
Marshall McLuhan

“We become what we behold. We shape 
our tools and then our tools shape us.”
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Missing and Misused

Not everything is a nail.

What tools are we missing?

Tools require skill.

Make user friendlier?



Representative Examples
Floating Point

3D Printing

Robotics
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These Tools Matter

FP: research, global policy, markets

3DP: means of production, medicine

Robo: elderly care, integrated workforce



Goal: Democratize
Today only a  few experts can 
effectively build these systems.  This 
quarter we want to study what about 
the abstractions in these domains 
prevents a more diverse group of 
programmers from working in such 
spaces and what we can do about it.



599Z
Lofty goals, friendly discussions.

~ 1.0 paper / meeting
https://homes.cs.washington.edu/~ztatlock/599z-17sp/

2  small exercises (FP, 3DP)

1 large project (related to your research!)





Floating Point



Floating Point’s Wild Success

Performance
cheap GFLOPS

Accuracy
for basic ops
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Jx ? yKF = Round(Jx ? yKR)

Flexibility
vast range:10^-324 to 10^308
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Floating Point’s Wild Success

F ⇡ R
But not always!

Often floating point is 
close to real arithmetic
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What is rounding error?
8 > > > > > > < > > > > > > :

7 ULPs

log(ULPs) estimates # of incorrect bitslo
g(
U
LP
s)

JeKR
exact

JeKF
computed

ULPs provide nice error measure: 
- accounts for distribution of  

- fast to compute 
ulps(f1, f2)     | ((uint64) f1) - ((uint64) f2) |

F
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Overflow 

If     is large,            overflows and the 
the whole expression returns     .
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Pretty Accurate
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Catastrophic Cancellation 
If    is large, but    and    are small, 
                        and the difference 
is rounded off.
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Rounding Error in Quadratic
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Rounding error

)

Blake Courter 
@bcourter



Rounding Error Impact
Numerous articles retracted [Altman 99, 03]

Financial regulations [Euro 98]

Market distortions [McCullough 99, Quinn 83]

How bad is it?  No one knows, 
but it’s not getting any better. 

-- Bill Kahan (approx)



Options Today

Futz Analyze

Big Float

+ Easy 
+ Fast 
- Unreliable

+ Easy 
+ More Reliable 
- Really Slow

+ Reliable 
+ Fast 
- Difficult*



3D Printing



3D Printing: Industrial Origins

30 years of active development:
● focus on rapid prototyping
● diverse tech: SLS, SL, OJ, FFF
● sophisticated tooling + control
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3D Printing: Desktop Market

Rapidly improving space:
● open source: RepRap, Marlin
● commercial: MakerBot, Ultimaker
● prototyping, final parts (?)



3D Printing: Desktop Market

      -printed :)
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3D Printing: Desktop Market

+ Price

- Expertise

- Reliability

- Quality

$$$
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Physical Part

Idea

? 3D Printing Workflow
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1. Design

2. Slice
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CAD STL

GCODEPhysical Part

Idea

iterate
4. OK?



Do you want to build a snowman?

1. Design

2. Slice

3. Print

4. Check

Idea





Next Meeting
Design: “worse is better” and hierarchy


