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Programming Victory

Computational problem solving ubiquitous

HW + SW for fast, reliable, cheap systems

Skilled workforce of ~ 18.5 million (2014)



f you have a hammer...

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

Father John Culkin and
Marshall MclLuhan




Programming Hammers

Integers
Trees

Hashing
Caching



Programming Hammers

Integers Modularity
Trees Testing
Hashing Proof (?)

Caching Community



Programming Hammers

Modularit

Towards Optimization-Safe Systems:
Analyzing the Impact of Undefined Behavior

‘ re e S Xi Wang, Nickolai Zeldovieh, M. Frans Kaashock, and Armando Solar-Lezama
AT CSATL
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Programming Hammers

Integers”® Modularity




Missing and Misuseo

Not everything is a nall. Tools require skKill.

What tools are we missing? Make user friendlier?



Representative examples
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A defective robot killed a woman, a lavrsuit claims, and
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These lools 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.




599/

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!)



HELLO

my name Is




Floating Point



Floating Point’'s Wild Success

Accuracy |z % yllr = Round( |[513 *Y|r)

for basic ops

rrrrr
sign (11 bt) (52bt)
l

Flexibility
vast range: 10"-324 to 10308

$1400

Performance stso

$700

cheap GFLOPS  ssso

$0
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Floating Point’'s Wild Success




Floating Point’'s Wild Success

Y
N/
Often floating point is
close to real arithmetic

But not always!



Prove you are human:

VELCOME TO
THE SECRET 0.30000000000000004




Rounding Error in Quadratic

—b+ Vb% — 4ac
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Rounding Error in Quadratic

What is rounding error?

exact computed

le]r le]r

N—— —
/7 ULPs

€Irror




Rounding Error in Quadratic

What is rounding error?

exact computed

le]r
—+—

le]lw
H—1—11

N—— —
/7 ULPs

log(ULPs) estimates # of incorrect bits

log(ULPs)



Rounding Error in Quadratic

ULPs provide nice error measure:
- accounts for distribution of ¥

- fast to compute
ulps(f1, f2) = | ((uinté4) f1) - ((uinté4) 2) |




Rounding Error in Quadratic

b+ Vb2 — 4dac
2a

log(ULPs)




Rounding Error in Quadratic

b+ Vb2 — 4dac
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Rounding Error in Quadratic

b »{ﬁ' dac
2a é

Overflow

f b is large, [b*]r overflows and the
the whole expression returns o<,

log(ULPs)
p—




Rounding Error in Quadratic
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Rounding Error in Quadratic

Catastrophic Cancellation

If bis large, but aand care small,
b~ /b2 — 4ac and the difference
IS rounded off.

log(ULPs)




Rounding Error in Quadratic
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Rounding Error in Quadratic
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Rounding Error in Sculpture

Blake Courter
@bcourter



Rounding Error in Sculpture

Blake Courter
@bcourter

Rounding error




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.

B1ll Kahan (approx)




Options Today

Futz

+ Easy
+ Fast
— Unreliable

DA

IMPFR

H

EY! GET BACK
TO WORK!
|

+ Easy
+ More Reliable
- Really Slow

Numerical
Merhods
for Scientists

and Engineers

AW Famming

oo Tt

Analyze

+ Reliable
+ Fast
— Difficult”




3D Printing



3D Printing: Industrial Origins

30 years of active development:
e focus on rapid prototyping

e diverse tech: SLS, SL, OJ, FFF
e sophisticated tooling + control




3D Printing: Industrial Origins

+ Reliable

+ Quality



3D Printing: Industrial Origins

+ Reliable

+ Quality

- Price



3D Printing: Industrial Origins

+ Reliable

+ Quality
- Price

- Expertise




3D Printing: Industrial Origins

+ Reliable

+ Quality
- Price
- Expertise

- Patented




3D Printing: Industrial Origins

+ Reliable

+ Quality

- Price




3D Printing: Desktop Market

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




3D Printing: Desktop Market

'} -printed :) ]




3D Printing: Desktop Market




3D Printing: Desktop Market
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- Expertise
- Reliabllity

- Quality



Reliability / Quality

Industrial

Affordability

Desktop




Reliability / Quality

Industrial

Affordability

Incarnate

Desktop




Reliability / Quality

Incarnate




3D Printing Workflow

Phy3|cal Part



CAD

module snowman(scale, armAng) {

: rs = [scale, scale / 1.6, scale
- eS|g n chopBase(0.65 * rs[0]) {

sphere(r = rs[0]);

translate([@, @, 0.85 * (rs[
ipher‘e(r‘ = PFEL1]};
~anslate([0@, 0, 0.85 * (
2 sphere(r = rs[2]);

] ) \ translate([@, 0, 0.8
hat(scale);

ale, armAng);

SolidWorks Ty () arm(scale, armAng);




CAD STL

module snowman(scale, armAng) { y

: rs = [scale, scale / 1.6, scale / /
- eSIQ n chopBase(0.65 * rs[0]) { ) =

sphere(r = rs[0]);
translate([@, @, 0.85 * (rs[0}
;pher‘e(r‘ = PFEL1]};
ranslate([@, @, 0.85 * (
sphere(r = rs[2]);

| VG
J, \ translate([@, 0, 0.8 =
' M P/ hat(scale); \J "N
S v
v cale, armAng); |
SolidWorks : IR

"() arm(scale, armAng);

2. Slice

g CH

Gl X97.097 Y100.000 F6000

Gl E0.0000 F2400

G92 EO

Gl X97.239 Y¥99.103 E0.0136 F412
Gl X97.651 Y98.294 E0.0272
Gl X98.294 Y97.651 E0.0408
Gl X99.103 Y97.239 E0.0544
Gl X100.000 Y97.097 E0.0680
Gl X100.897 ¥97.239 E0.0816
Gl X101.706 Y97.651 E0.0952
Gl X102.349 Y98.294 E0.1088
Gl X102.761 ¥99.103 E0.1223
Gl X102.903 Y100.000 E0.1359
Gl X102.761 Y100.897 E0.1495

GCODE



CAD

. module snowman(scale, armAng) {
rs = [scale, scale / 1.6, scale /
1. Des|g N = Tl eis e
sphere(r = rs[0]);
translate([@, @, 0.85 * (rs[0}

;pher‘e(r‘ = PFEL1]};
ranslate([@, @, 0.85 * (

3 sphere(r = rs[2]);

\&y [

cale, armAng);
‘ "() arm(scale, armAng);

Gl X97.097 Y100.000 F6000

[} Gl E0.0000 F2400
G92 EO
. Gl X97.239 Y¥99.103 E0.0136 F412

Gl X97.651 Y98.294 E0.0272

Gl X98.294 Y97.651 E0.0408
Gl X99.103 Y97.239 E0.0544
Gl X100.000 Y97.097 E0.0680
Gl X100.897 ¥97.239 E0.0816

G1 X101.706 Y97.651 E0.0952
SAILFISH G1 X102.349 ¥98.294 E0.1088

G1 X102.761 ¥99.103 E0.1223
G1 X102.903 Y100.000 E0.1359
G1 X102.761 ¥100.897 E0.1495

" (Martiny  GCODE




CAD

module snowman(scale, armAng) {

= [scale, scale / 1.6, scale /

chopBase(0.65 * rs[0]) {
sphere(r = rs[0]);
translate([@, @, 0.85 * (rs[0}
;phere(r = PFEL1]};

ranslate([@, @, 0.85 * (
3 sphere(r = rs[2]);

\&y |

cale, armAng);
"() arm(scale, armAng);

1. Design

SolidWorks

Gl X97.097 Y100.000 F6000

[} Gl E0.0000 F2400
G92 EO
. Gl X97.239 Y¥99.103 E0.0136 F412

Gl X97.651 Y98.294 E0.0272

Gl X98.294 Y97.651 E0.0408
Gl X99.103 ¥97.239 E0.0544
G1 X100.000 ¥97.097 E0.0680
Gl X100.897 ¥97.239 E0.0816
WE—Y ¥ | P Gl X101.706 Y97.651 E0.0952
) SAILFISH G1 X102.349 Y98.294 E0.1088
Gl X102.761 Y99.103 E0.1223
Gl X102.903 Y100.000 EO.1359
|1 X102.761 ¥100.897 E0.1495

(Marlin GCODE




CAD

module snowman(scale, armAng) {
rs = [scale, scale / 1.6, scale /
chopBase(0.65 * rs[0]) {
sphere(r = rs[0]);
translate([@, @, 0.85 * (rs[@
sphere(r = PFEL1]};
ranslate([@, @, 0.85 * (
sphere(r = rs[2]);
translate([0, 0, 0.8
hat(scale);

cale, armAng);
"() arm(scale, armAng);

Gl X97.097
Gl E0.0000
G92 EO
X97.239
X97.651
X98.294
X99.103

X100.
X100.
X101.
X102.
X102.
X102.

X102

761

Y100.000 F6000
F2400

Y¥99.103 E0.0136 F412
Y98.294 E0.0272
Y97.651 E0.0408
Y97.239 E0.0544
Y¥97.097 E0.0680
¥97.239 E0.0816
Y97.651 E0.0952
Y98.294 E0.1088
¥99.103 E0.1223
Y¥100.000 E0.1359
¥100.897 E0.1495

 GCODE




Do you want to build a showman?

1. Design ag"

2. Slice %

3. Print 12

4. Check =







Next Meeting

Worse Is Better

Richard P. Gabriel

The concept knowr: as "warse is better' holéz that in software making (and
well) it is Detter to start with a minimal creadion and grow it as needed. Christop
this "piecemeal growth." This is the stery of the evolution of that concept.

This is the crux of the essay: The Rise of Wozse is Detzer.

Fram 1984 unbil 199 1 haul & Lasp enmpany ealled “Laesd, Ine” o 19=5g il
business was not going well, partly because the Al companies were floundering
Al companies were starting 10 blame Lisp and its implementadcns for the
Spring 1989, I was sitting out on the Lucid porch with some of the hackers, and
thonght penple believed C and [Tnix were better than Lisp. T inkingly answerad,
Detter™ We kaglhed over il for @ while as 1 Eced o make apoan agomen| forwhy

cculd be geod.

A few months later, in Summer 1989, & small Lisp conferemr called BurnPAL(
the Practieal Applications of Lisp) inviles me la give a keynole, prubably sines
Lisp company. I agreed, and while casting about for what to talk about, I gra
explanation of the worse-is-botter ideas we joked ebout as applied to Lisp. At L
how we would do Lisp over to survive business realities as we saw them, end
"Lisp: Good News, Bad News, How o Win Bie.™ [hiol] (slightly alaadged
details ahout e Treeshaker and delivery of Lisp applieations).

I gave the talk in Merch, 1wgo at Cambridge University. I had never been to
and | owas quite nervous about spesking @1 Newlon's sehool. Tere were abaout
auditorivu, and before my talk they played the Notting Hillbillies over the so
heard the group before, and indeed, the album was not yet released in the
appropriate becanse I had decided to use a very colloguial American-style of
Notting Hillbillies played a style of music heavily influenced by traditional Am

T et o B R I T e el Bl M et A i I T e e N

'worse IS better”

and hierarchy

THE ARCHITECTURE OF COMPLEXITY

EERBRERT A. SIMON*
Professor of Administraion, Carme ziz Instinge of Teckno ogy
(Read April 25, 1562)

A NIMBE?R of proposals have been advanced 12
recent years for the deve'opmen: of “gencral sys-
semy theory” which, abstmcting from prepertics
peculiar 1o physical, biclogicsl. or social systems,
wond be appleanle to 211 of them ' We might
well feel hat, while the geal Is kadable, sysiems
of such diverse Kinds could hardly be capecied to
aave any nentrivial prooerties in coramon. Mea
phar snd analogy can he helpfid, or they can be
mislezding, All depemds on whether the smmi lan-
dcs the metaphor capturss arc sigaificant or su-
perfic:al.

It may not be entirely vain, however, o search
for comuos propertics among Everse kinds of
complex systems, The ideas tha: go by the name
of eyberretics corstitute, it not a theary, at least a
point of view !ha has been proving fuitfil over
4 mdc mux uf tﬁph.aumb Il has bean use il

oak at the behavior of acapiive systams ia
m of the cencepti ol teadback urd homecsa-

* The iceas i this seper have been the tegic of many
conversisions wih my collcagus, Alen Neacll. (,-eorw
W. Comer suggestad empotan’ mrpecvements 1 bolog«
cal vonlenl sy well s wlicrml fona. Tam dw isddnal,
for valnzble comments n he manessript, h Richand H
Meicr, Jobn R, Matt, sad Wamren Weever, Soms of the

s, and 0 analyze adspaveress in terms of the
Teory of se'ective information.’ ‘rb: ‘deas of
foecdback and mfarmation provide & frume of ref-
erence for viewing a wide range cf sinutions,
At ac do the viezs of evalntion, or relativisr, of
DDBB“C Telhod anc Ofm onalism.

In this essey | should like %o repoct on seme
‘hings we hove deen leaming aboat cuar
cinds 0 ramplec systams encorntered in the he-
auviors sciznees, The developrwrts T shall dis-
cuss arosc in tac comtext of specific pheaomena,
Sut the theoretical formu ations therrselves make
‘ile reference 1o demafls of structure. Inst2ad they
cefer primarily o the compleaity of the systeas
under view without specifyrg the omet content
of that complexity. Recanse of their abstractess,
the theorizs may have relevance—application
woukl be lu stvny 2 tere— o otz sards of
complex systems thet are obscrved i the soeial,
swlegcal, and physical sciences.

In recounting these develcpments, I shal’ avold
wchuical detail, which can gescrally be found
elsewhere, I chall describe each theory in the sar
deular context ir which it amse. Th.-n Isha'l cite
scme examples of complex sysiems, fram accas
of scicace other then the initiel epplicatcn, to

ardeirds b st aes ]

matsuehalls Ssamacmt bl




