
❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✱ ❖♣❡♥ ❙❝✐❡♥❝❡

▼♦t✐✈❛t✐♦♥✱ ❈❤❛❧❧❡♥❣❡s✱ ❆♣♣r♦❛❝❤❡s✱ ✳ ✳ ✳

❆r♥❛✉❞ ▲❡❣r❛♥❞
❈◆❘❙✱ ■♥r✐❛✱ ❯♥✐✈❡rs✐t② ♦❢ ●r❡♥♦❜❧❡

❉❡❝❡♠❜❡r ✸✱ ✷✵✶✺ ✕ ❖r❧é❛♥s
❆t❡❧✐❡r ❘✹✿ ❘❡t♦✉r ❞✬❡①♣é❘✐❡♥❝❡s s✉r ❧❛ ❘❡❝❤❡r❝❤❡ ❘❡♣r♦❞✉❝t✐❜❧❡

✶ ✴ ✸✷



❖✉t❧✐♥❡

✶ ❆ ❋❡✇ ▼♦t✐✈❛t✐♥❣ ❊①❛♠♣❧❡s

✷ ❚❤❡ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤ ▼♦✈❡♠❡♥t
❍♦✇ ❞♦❡s ✐t ✇♦r❦ ✐♥ ✧r❡❛❧✧ s❝✐❡♥❝❡s❄
❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✴❖♣❡♥ ❙❝✐❡♥❝❡
▼❛♥② ❉✐✛❡r❡♥t ❆❧t❡r♥❛t✐✈❡s ❢♦r ❘❡♣❧✐❝❛❜❧❡ ❆♥❛❧②s✐s
●♦♦❞ Pr❛❝t✐❝❡ ❢♦r ❙❡tt✐♥❣ ✉♣ ❛ ▲❛❜♦r❛t♦r② ◆♦t❡❜♦♦❦

✸ ❲❤❡r❡ ❛r❡ ✇❡ ♥♦✇❄

✷ ✴ ✸✷



❋r✉str❛t✐♦♥

❆s ❛♥ ❆✉t❤♦r
• ❆❞✈✐s♦r✿ ✧❉✐❞ ②♦✉ t❛❦❡ ❝❛r❡ ♦❢ s❡tt✐♥❣ t❤✐s❄✧ ▼❡✿ ✧❯❤❄✧
• ■ t❤♦✉❣❤t ■ ✉s❡❞ t❤❡ s❛♠❡ ♣❛r❛♠❡t❡rs ❜✉t ■✬♠ ❣❡tt✐♥❣ ❞✐✛❡r❡♥t r❡s✉❧ts✦
■ s✇❡❛r ✐t ✇♦r❦❡❞ ②❡st❡r❞❛②✦

• ❆ ♥❡✇ st✉❞❡♥t ✇❛♥ts t♦ ❝♦♠♣❛r❡ ✇✐t❤ t❤❡ ♠❡t❤♦❞ ■ ♣r♦♣♦s❡❞ ❧❛st ②❡❛r
• ❚❤❡ ❞❛♠♥❡❞ ❢♦✉rt❤ r❡✈✐❡✇❡r ❛s❦❡❞ ❢♦r ❛ ♠❛❥♦r r❡✈✐s✐♦♥ ❛♥❞ ✇❛♥ts ♠❡ t♦
❝❤❛♥❣❡ ✜❣✉r❡ ✸ ✿✭ ❲❤✐❝❤ ❝♦❞❡ ❛♥❞ ✇❤✐❝❤ ❞❛t❛ s❡t ❞✐❞ ■ ✉s❡ t♦ ❣❡♥❡r❛t❡
t❤✐s ✜❣✉r❡❄

• ✻ ♠♦♥t❤s ❧❛t❡r✿ ❲❤② ❞✐❞ ■ ❞♦ t❤❛t❄

❆s ❛ ❘❡✈✐❡✇❡r ❚❤✐s ♠❛② ❜❡ ❛♥ ✐♥t❡r❡st✐♥❣ ❝♦♥tr✐❜✉t✐♦♥ ❜✉t✿
• ❚❤❡r❡ ✐s ♥♦ ❧❛❜❡❧✴❧❡❣❡♥❞✴✳ ✳ ✳ ❲❤❛t ✐s t❤❡ ♠❡❛♥✐♥❣ ♦❢ t❤✐s ❣r❛♣❤❄ ■❢
♦♥❧② ■ ❝♦✉❧❞ ❛❝❝❡ss t❤❡ ❣❡♥❡r❛t✐♦♥ s❝r✐♣t

• ❲❤② ✐s t❤✐s ❣r❛♣❤ ✐♥ ❧♦❣s❝❛❧❡❄ ❍♦✇ ✇♦✉❧❞ ✐t ❧♦♦❦ ❧✐❦❡ ♦t❤❡r✇✐s❡❄
• ❚❤✐s ❛✈❡r❛❣❡ ✈❛❧✉❡ ♠✉st ❤✐❞❡ s♦♠❡t❤✐♥❣✳ ❆s ✉s✉❛❧✱ ♥♦ ❝♦♥✜❞❡♥❝❡ ✐♥✲
t❡r✈❛❧✳ ✳ ✳ ■ ✇♦♥❞❡r ✇❤❡t❤❡r t❤❡ ❞✐✛❡r❡♥❝❡ ✐s s✐❣♥✐✜❝❛♥t ❛t ❛❧❧

• ❚❤❛t ❝❛♥✬t ❜❡ tr✉❡✱ ■✬♠ s✉r❡ t❤❡② r❡♠♦✈❡❞ s♦♠❡ ♣♦✐♥ts ♦r ❞❡❝✐❞❡❞ t♦
s❤♦✇ ♦♥❧② ❛ s✉❜s❡t ♦❢ t❤❡ ❞❛t❛✳ ■ ✇♦♥❞❡r ✇❤❛t t❤❡ r❡st ❧♦♦❦s ❧✐❦❡

✸ ✴ ✸✷



❆ ❋❡✇ ❊❞✐❢②✐♥❣ ❊①❛♠♣❧❡s

◆❛✐❝❦❡♥✱ ❙t❡♣❤❡♥ ❡t ❆❧✳✱ ❚♦✇❛r❞s ❨❡t ❆♥♦t❤❡r P❡❡r✲t♦✲P❡❡r
❙✐♠✉❧❛t♦r✱ ❍❊❚✲◆❊❚s✬✵✻✳

From 141 P2P sim.papers, 30% use a custom tool,
50% don’t report used tool

25

50

75

0/100

Type

Chord−(SFS)

Custom

NS−2

Other

Unspecified

Simulator usage [Naicken06]

❈♦❧❧❜❡r❣✱ ❈❤r✐st✐❛♥ ❡t ❆❧✳✱ ▼❡❛s✉r✐♥❣ ❘❡♣r♦❞✉❝✐❜✐❧✐t② ✐♥ ❈♦♠♣✉t❡r ❙②st❡♠s ❘❡s❡❛r❝❤✱ ❤tt♣✿
✴✴r❡♣r♦❞✉❝✐❜✐❧✐t②✳❝s✳❛r✐③♦♥❛✳❡❞✉✴ ✷✵✶✹✱✷✵✶✺
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Article
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Build
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no
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• 8 ACM conferences (❆❙P▲❖❙✬✶✷✱
❈❈❙✬✶✷✱ ❖❖P❙▲❆✬✶✷✱ ❖❙❉■✬✶✷✱ P▲❉■✬✶✷✱

❙■●▼❖❉✬✶✷✱ ❙❖❙P✬✶✶✱ ❱▲❉❇✬✶✷) and 5
journals

• EM♥♦= the code cannot be provided

✹ ✴ ✸✷

http://reproducibility.cs.arizona.edu/
http://reproducibility.cs.arizona.edu/


❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

Pr♦❣r❛♠♠❡r ▲❡❢t

❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

Thanks for your interest in the implementation of our paper. The good
news is that I was able to find some code. I am just hoping that it is
a stable working version of the code, and matches the implementation
we finally used for the paper. Unfortunately, I have lost some data when
my laptop was stolen last year. The bad news is that the code is not
commented and/or clean.

Attached is the 〈system〉 source code of our algorithm. I’m not very sure
whether it is the final version of the code used in our paper, but it should
be at least 99% close. Hope it will help.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

Pr♦❣r❛♠♠❡r ▲❡❢t

❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

Unfortunately, the server in which my implementation was stored had a
disk crash in April and three disks crashed simultaneously. While the help
desk made significant effort to save the data, my entire implementation
for this paper was not found.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

• ❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

Pr♦❣r❛♠♠❡r ▲❡❢t

❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

Unfortunately the current system is not mature enough at the moment,
so it’s not yet publicly available. We are actively working on a number
of extensions and things are somewhat volatile. However, once things
stabilize we plan to release it to outside users. At that point, we would
be happy to send you a copy.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

• ❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

• ◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

Pr♦❣r❛♠♠❡r ▲❡❢t

❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

I am afraid that the source code was never released. The code was never
intended to be released so is not in any shape for general use.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

• ❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

• ◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

• Pr♦❣r❛♠♠❡r ▲❡❢t

❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

〈STUDENT〉 was a graduate student in our program but he left a while
back so I am responding instead. For the paper we used a prototype
that included many moving pieces that only 〈STUDENT〉 knew how to
operate and we did not have the time to integrate them in a ready-to-
share implementation before he left. Still, I hope you can build on the
ideas/technique of the paper.

Unfortunately, the author who has done most of the coding for this paper
has passed away and the code is no longer maintained.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

• ❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

• ◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

• Pr♦❣r❛♠♠❡r ▲❡❢t

• ❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

Since this work has been done at 〈COMPANY〉 we don’t open-source
code unless there is a compelling business reason to do so. So unfortu-
nately I don’t think we’ll be able to share it with you.

The code owned by 〈COMPANY〉, and AFAIK the code is not open-
source. Your best bet is to reimplement :( Sorry.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

• ❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

• ◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

• Pr♦❣r❛♠♠❡r ▲❡❢t

• ❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

• Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

✳✳✳

✳✳✳

Unfortunately, the 〈SYSTEM〉 sources are not meant to be opensource
(the code is partially property of 〈UNIVERSITY 1〉, 〈UNIVERSITY 2〉
and 〈UNIVERSITY 3〉.)

If this will change I will let you know, albeit I do not think there is an
intention to make the 〈SYSTEM〉 sources opensource in the near future.

If you’re interested in obtaining the code, we only ask for a description
of the research project that the code will be used in (which may lead
to some joint research), and we also have a software license agreement
that the University would need to sign.

✺ ✴ ✸✷



❚❤❡ ❉♦❣ ❆t❡ ♠② ❍♦♠❡✇♦r❦ ✦✦✦

• ❱❡rs✐♦♥✐♥❣ Pr♦❜❧❡♠s

• ❇❛❞ ❇❛❝❦✉♣ Pr❛❝t✐❝❡s

• ❈♦❞❡ ❲✐❧❧ ❜❡ ❆✈❛✐❧❛❜❧❡ ❙♦♦♥

• ◆♦ ■♥t❡♥t✐♦♥ t♦ ❘❡❧❡❛s❡

• Pr♦❣r❛♠♠❡r ▲❡❢t

• ❈♦♠♠❡r❝✐❛❧ ❈♦❞❡

• Pr♦♣r✐❡t❛r② ❆❝❛❞❡♠✐❝ ❈♦❞❡

• ❘❡s❡❛r❝❤ ✈s✳ ❙❤❛r✐♥❣

• ✳✳✳

• ✳✳✳

In the past when we attempted to share it, we found ourselves spending
more time getting outsiders up to speed than on our own research. So
I finally had to establish the policy that we will not provide the source
code outside the group.

✺ ✴ ✸✷



▼② ❋❡❡❧✐♥❣

❈♦♠♣✉t❡r s❝✐❡♥t✐sts ❤❛✈❡ ❛♥ ✐♥❝r❡❞✐❜❧② ♣♦♦r tr❛✐♥✐♥❣ ✐♥ ♣r♦❜❛❜✐❧✐t✐❡s✱ st❛t✐s✲
t✐❝s✱ ❡①♣❡r✐♠❡♥t ♠❛♥❛❣❡♠❡♥t✱ ❉❡s✐❣♥ ♦❢ ❊①♣❡r✐♠❡♥ts

❲❤② s❤♦✉❧❞ ✇❡❄ ❈♦♠♣✉t❡r ❛r❡ ❞❡t❡r♠✐♥✐st✐❝ ♠❛❝❤✐♥❡s ❛❢t❡r ❛❧❧✱ r✐❣❤t❄

❚❡♥ ②❡❛rs ❛❣♦✱ ■✬✈❡ st❛rt❡❞ r❡❛❧✐③✐♥❣ ❤♦✇ ❧❛♠❡ t❤❡ ❛rt✐❝❧❡s ■ r❡✈✐❡✇❡❞ ✭❛s ✇❡❧❧
❛s t❤♦s❡ ■ ✇r♦t❡✮ ✇❡r❡ ✐♥ t❡r♠ ♦❢ ❡①♣❡r✐♠❡♥t❛❧ ♠❡t❤♦❞♦❧♦❣②✳

• ❨❡❛❤✱ ■ ❦♥♦✇✱ ②♦✉r ♠❡t❤♦❞✴❛❧❣♦r✐t❤♠ ✐s ❜❡tt❡r t❤❛♥ t❤❡ ♦t❤❡rs ❛s
❞❡♠♦♥str❛t❡❞ ❜② t❤❡ ✜❣✉r❡s

• ◆♦t ❡♥♦✉❣❤ ✐♥❢♦r♠❛t✐♦♥ t♦ ❞✐s❝r✐♠✐♥❛t❡ r❡❛❧ ❡✛❡❝ts ❢r♦♠ ♥♦✐s❡

• ▲✐tt❧❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ✇♦r❦❧♦❛❞✳ ❲♦✉❧❞ t❤❡ ✏❝♦♥❝❧✉s✐♦♥✑ st✐❧❧ ❤♦❧❞
✇✐t❤ ❛ s❧✐❣❤t❧② ❞✐✛❡r❡♥t ✇♦r❦❧♦❛❞❄

• ■ ❣♦t t✐r❡❞ ♦❢ ❛✇❢✉❧ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t♦♦❧s ✭♣❡r❧✱ ❣♥✉♣❧♦t✱ sq❧✱ ✳ ✳ ✳ ✮ ❛♥❞
❜❛❞ ♠❡t❤♦❞♦❧♦❣②

■ ❣♦t s✐❝❦ ♦❢ str✉❣❣❧✐♥❣ ✐♥ ✈❛✐♥ ✇❤❡♥ tr②✐♥❣ t♦ ❜✉✐❧❞ ♦♥ t❤❡ ✇♦r❦ ♦❢ ♦t❤❡rs

✻ ✴ ✸✷



❖✉t❧✐♥❡

✶ ❆ ❋❡✇ ▼♦t✐✈❛t✐♥❣ ❊①❛♠♣❧❡s

✷ ❚❤❡ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤ ▼♦✈❡♠❡♥t
❍♦✇ ❞♦❡s ✐t ✇♦r❦ ✐♥ ✧r❡❛❧✧ s❝✐❡♥❝❡s❄
❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✴❖♣❡♥ ❙❝✐❡♥❝❡
▼❛♥② ❉✐✛❡r❡♥t ❆❧t❡r♥❛t✐✈❡s ❢♦r ❘❡♣❧✐❝❛❜❧❡ ❆♥❛❧②s✐s
●♦♦❞ Pr❛❝t✐❝❡ ❢♦r ❙❡tt✐♥❣ ✉♣ ❛ ▲❛❜♦r❛t♦r② ◆♦t❡❜♦♦❦

✸ ❲❤❡r❡ ❛r❡ ✇❡ ♥♦✇❄

✼ ✴ ✸✷



❈♦♠♣✉t❛t✐♦♥♥❛❧ ❙❝✐❡♥❝❡s

2 Reproducible Research ‘11 Juliana Freire UBC, Vancouver 

Science Today: Data Intensive 
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❈♦✉rt❡s② ♦❢ ❏✉❧✐❛♥❛ ❋r❡✐r❡ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✽ ✴ ✸✷



❈♦♠♣✉t❛t✐♦♥♥❛❧ ❙❝✐❡♥❝❡s

3 Reproducible Research ‘11 Juliana Freire UBC, Vancouver 
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❈♦✉rt❡s② ♦❢ ❏✉❧✐❛♥❛ ❋r❡✐r❡ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✽ ✴ ✸✷



❈♦♠♣✉t❛t✐♦♥♥❛❧ ❙❝✐❡♥❝❡s

4 Reproducible Research ‘11 Juliana Freire UBC, Vancouver 

Science Today: Data + Computing Intensive 
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❈♦✉rt❡s② ♦❢ ❏✉❧✐❛♥❛ ❋r❡✐r❡ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✽ ✴ ✸✷



❈♦♠♣✉t❛t✐♦♥♥❛❧ ❙❝✐❡♥❝❡s

5 Reproducible Research ‘11 Juliana Freire UBC, Vancouver 

Science Today: Data + Computing Intensive 
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Data 

Analyze/ 

Visualize 
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❈♦✉rt❡s② ♦❢ ❏✉❧✐❛♥❛ ❋r❡✐r❡ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✽ ✴ ✸✷



❈♦♠♣✉t❛t✐♦♥♥❛❧ ❙❝✐❡♥❝❡s

6 Reproducible Research ‘11 Juliana Freire UBC, Vancouver 

Science Today: Incomplete Publications 

  Publications are just the tip of the 
iceberg 

-  Scientific record is incomplete---

to large to fit in a paper 

-  Large volumes of data 

-  Complex processes 

  Can’t (easily) reproduce results 

 

❈♦✉rt❡s② ♦❢ ❏✉❧✐❛♥❛ ❋r❡✐r❡ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✽ ✴ ✸✷



❈♦♠♣✉t❛t✐♦♥♥❛❧ ❙❝✐❡♥❝❡s

7 Reproducible Research ‘11 Juliana Freire UBC, Vancouver 

Science Today: Incomplete Publications 

  Publications are just the tip of the 
iceberg 

-  Scientific record is incomplete---

to large to fit in a paper 

-  Large volumes of data 

-  Complex processes 

  Can’t (easily) reproduce results 

 

“It’s impossible to verify most of the results that 
computational scientists present at conference 

and in papers.” [Donoho et al., 2009] 

“Scientific and mathematical journals are filled 

with pretty pictures of computational experiments 

that the reader has no hope of 
repeating.” [LeVeque, 2009] 

“Published documents are merely the 

advertisement of scholarship whereas the 

computer programs, input data, parameter 

values, etc. embody the scholarship 
itself.” [Schwab et al., 2007] 

❈♦✉rt❡s② ♦❢ ❏✉❧✐❛♥❛ ❋r❡✐r❡ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✽ ✴ ✸✷



❲❤② ❆r❡ ❙❝✐❡♥t✐✜❝ ❙t✉❞✐❡s s♦ ❉✐✣❝✉❧t t♦ ❘❡♣r♦❞✉❝❡❄

❍✉♠❛♥ ❡rr♦r✿

• ❊①♣❡r✐♠❡♥t❡r ❜✐❛s

• Pr♦❣r❛♠♠✐♥❣ ❡rr♦rs ♦r ❞❛t❛ ♠❛♥✐♣✉❧❛t✐♦♥ ♠✐st❛❦❡s

• P♦♦r❧② s❡❧❡❝t❡❞ st❛t✐st✐❝❛❧ t❡sts

❚❤❡r❡ ✐s ❥✉st ♥♦ r❡❛❧ ✐♥❝❡♥t✐✈❡ ✐♥ ❞♦✐♥❣ s♦✿

• ▲❡❣❛❧ ❜❛rr✐❡rs✱ ❝♦♣②r✐❣❤t ✭♠❛♥② ♦♥❣♦✐♥❣ t❤♦✉❣❤ts ♦♥ t❤✐s ✐♥ t❤❡ ❯❙✮

• ❈♦♠♣❡t✐t✐♦♥ ✐ss✉❡ ✭r❡s❡❛r❝❤✇❛r❡✱ ❜✐❜❧✐♦♠❡tr②✱ ✳ ✳ ✳ ✮

• P✉❜❧✐❝❛t✐♦♥ ❜✐❛s ✭♦♥❧② t❤❡ ✐❞❡❛ ♠❛tt❡rs✱ ♥♦t t❤❡ ❣♦r② ❞❡t❛✐❧s✮

• ❘❡✇❛r❞s ❢♦r ♣♦s✐t✐✈❡ r❡s✉❧ts✱ ♥♦t ❢♦r ❝♦♥s♦❧✐❞❛t✐♥❣ r❡s✉❧ts

❚❡❝❤♥✐❝❛❧ ❞✐✣❝✉❧t②✿

• ❍❛r❞✇❛r❡ ❛♥❞ s♦❢t✇❛r❡ ❡✈♦❧✈❡ t♦♦ q✉✐❝❦❧②✳ ■t✬s ♥♦t ✇♦rt❤ ✐t

• ◆♦ r❡s♦✉r❝❡s ❢♦r st♦r✐♥❣ s♦♠✉❝❤ ❞❛t❛✴✐♥❢♦r♠❛t✐♦♥

• ▲❛❝❦ ♦❢ ❡❛s②✲t♦✲✉s❡ t♦♦❧s

✾ ✴ ✸✷

http://web.stanford.edu/~vcs/talks/SC15-Nov182015-STODDEN.pdf


❊✈✐❞❡♥❝❡ ❢♦r ❛ ▲❛❝❦ ♦❢ ❘❡♣r♦❞✉❝✐❜✐❧✐t②

• ❙t✉❞✐❡s s❤♦✇✐♥❣ t❤❛t s❝✐❡♥t✐✜❝ ♣❛♣❡rs ❝♦♠♠♦♥❧② ❧❡❛✈❡ ♦✉t ❡①♣❡r✐♠❡♥t❛❧
❞❡t❛✐❧s ❡ss❡♥t✐❛❧ ❢♦r r❡♣r♦❞✉❝t✐♦♥ ❛♥❞ s❤♦✇✐♥❣ ❞✐✣❝✉❧t✐❡s ✇✐t❤ r❡♣❧✐❝❛t✐♥❣
♣✉❜❧✐s❤❡❞ ❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts✿

❼ J.P. Ioannidis. Why Most Published Research Findings Are False PLoS
Med. 2005 August; 2(8)

• ❍✐❣❤ ♥✉♠❜❡r ♦❢ ❢❛✐❧✐♥❣ ❝❧✐♥✐❝❛❧ tr✐❛❧s✳
❼ Do We Really Know What Makes Us Healthy?, New-York Times —

September 16, 2007
❼ Lies, Damned Lies, and Medical Science, The Atlantic. Nov, 2010

• ■♥❝r❡❛s❡ ✐♥ r❡tr❛❝t❡❞ ♣❛♣❡rs✿
❼ Steen RG, Retractions in the scientific literature: is

the incidence of research fraud increasing?
J Med Ethics 37: 249–253.

❈♦✉rt❡s② ❱✳ ❙t♦❞❞❡♥✱ ❙❈✱ ✷✵✶✺
✶✵ ✴ ✸✷

http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.0020124
http://mescal.imag.fr/membres/arnaud.legrand/teaching/2011/EP_epidemiology.pdf
http://mescal.imag.fr/membres/arnaud.legrand/teaching/2011/EP_lies.pdf
http://dx.doi.org/10.1136/jme.2010.040923
http://dx.doi.org/10.1136/jme.2010.040923


❆ ❘❡♣r♦❞✉❝✐❜✐❧✐t② ❈r✐s✐s❄

❚❤❡ ❉✉❦❡ ❯♥✐✈❡rs✐t② s❝❛♥❞❛❧ ✇✐t❤ s❝✐❡♥t✐✜❝ ♠✐s❝♦♥❞✉❝t ♦♥ ❧✉♥❣ ❝❛♥❝❡r

• Nature Medicine - 12, 1294 - 1300 (2006) Genomic signatures to guide the
use of chemotherapeutics, by ❆♥✐❧ P♦tt✐ ❛♥❞ ✶✻ ♦t❤❡r r❡s❡❛r❝❤❡rs ❢r♦♠ ❉✉❦❡ ❯♥✐✈❡rs✐t②

❛♥❞ ❯♥✐✈❡rs✐t② ♦❢ ❙♦✉t❤ ❋❧♦r✐❞❛

• Major commercial labs licensed it and were about to start using it before two
statisticians discovered and publicized its faults

❉r✳ ❇❛❣❣❡r❧② ❛♥❞ ❉r✳ ❈♦♦♠❜❡s ❢♦✉♥❞ ❡rr♦rs ❛❧♠♦st ✐♠♠❡❞✐❛t❡❧②✳ ❙♦♠❡ s❡❡♠❡❞ ❝❛r❡❧❡ss ✖
♠♦✈✐♥❣ ❛ r♦✇ ♦r ❛ ❝♦❧✉♠♥ ♦✈❡r ❜② ♦♥❡ ✐♥ ❛ ❣✐❛♥t s♣r❡❛❞s❤❡❡t ✖ ✇❤✐❧❡ ♦t❤❡rs s❡❡♠❡❞ ✐♥❡①♣❧✐❝❛❜❧❡✳
❚❤❡ ❉✉❦❡ t❡❛♠ s❤r✉❣❣❡❞ t❤❡♠ ♦✛ ❛s ✏❝❧❡r✐❝❛❧ ❡rr♦rs✳✑

❚❤❡ ❉✉❦❡ r❡s❡❛r❝❤❡rs ❝♦♥t✐♥✉❡❞ t♦ ♣✉❜❧✐s❤ ♣❛♣❡rs ♦♥ t❤❡✐r ❣❡♥♦♠✐❝ s✐❣♥❛t✉r❡s ✐♥ ♣r❡st✐❣✐♦✉s
❥♦✉r♥❛❧s✳ ▼❡❛♥✇❤✐❧❡✱ t❤❡② st❛rt❡❞ t❤r❡❡ tr✐❛❧s ✉s✐♥❣ t❤❡ ✇♦r❦ t♦ ❞❡❝✐❞❡ ✇❤✐❝❤ ❞r✉❣s t♦ ❣✐✈❡
♣❛t✐❡♥ts✳

• Retractions: January 2011. Ten papers that Potti coauthored in prestigious
journals were retracted for varying reasons

• Some people die and may be getting worthless information that is based on
bad science ❈♦✉rt❡s② ♦❢ ❆❞❛♠ ❏✳ ❘✐❝❤❛r❞s

✶✶ ✴ ✸✷

http://www.nytimes.com/2011/07/08/health/research/08genes.html
http://en.wikipedia.org/wiki/Anil_Potti
http://en.wikipedia.org/wiki/Anil_Potti


❉❡✜♥✐t❡❧②

❆ r❡❝❡♥t s❝❛♥❞❛❧ ■♥ ✷✵✶✸✱ ❉♦♥❣✲P②♦✉ ❍❛♥✱ ❛ ❢♦r♠❡r ❛ss✐st❛♥t ♣r♦❢❡ss♦r ♦❢
❜✐♦♠❡❞✐❝❛❧ s❝✐❡♥❝❡s ❛t ■♦✇❛ ❙t❛t❡ ❯♥✐✈❡rs✐t② ✇❛s ❞✐s❣r❛❝❡❞✿

• ❋❛❧s✐✜❡❞ ❜❧♦♦❞ r❡s✉❧ts t♦ ♠❛❦❡ ✐t ❛♣♣❡❛r ❛s t❤♦✉❣❤ ❛ ✈❛❝❝✐♥❡ ❤❡ ✇❛s ✇♦r❦✐♥❣ ♦♥
❤❛❞ ❡①❤✐❜✐t❡❞ ❛♥t✐✲❍■❱ ❛❝t✐✈✐t②

• ❍❛♥ ❛♥❞ ❤✐s t❡❛♠ r❡❝❡✐✈❡❞ ≈ $✶✾ ♠✐❧❧✐♦♥ ❢r♦♠ ◆■❍
• ❘❡tr❛❝t✐♦♥ ❛♥❞ r❡s✐❣♥❛t✐♦♥ ♦❢ ✉♥✐✈❡rs✐t②
• ❍❛♥ ✇❛s s❡♥t❡♥❝❡❞ ✐♥ ✷✵✶✺ t♦ ✺✼ ♠♦♥t❤s ✐♠♣r✐s♦♥♠❡♥t ❢♦r ❢❛❜r✐❝❛t✐♥❣ ❛♥❞ ❢❛❧✲

s✐❢②✐♥❣ ❞❛t❛ ✐♥ ❍■❱ ✈❛❝❝✐♥❡ tr✐❛❧s✳ ❍❡ ✇❛s ❛❧s♦ ✜♥❡❞ ❯❙ ✩✼✳✷ ♠✐❧❧✐♦♥✦
❲❡ s❤♦✉❧❞ ❛✈♦✐❞ ✇✐t❝❤✲❤✉♥t

• ❆✉❣✉st ✺✱ ✷✵✶✹✱ ❨♦s❤✐❦✐ ❙❛s❛✐ ✭st❡♠ ❝❡❧❧✱ ❝♦♥s✐❞❡r❡❞ ❢♦r ◆♦❜❡❧ Pr✐③❡✮ ❤❛♥❣❡❞ ✐♥
❤✐s ❧❛❜♦r❛t♦r② ❛t t❤❡ ❘■❑❊◆ ✭❏❛♣❛♥✮✳ ❋r❛✉❞ s✉s♣✐❝✐♦♥✳ ✳ ✳

• ■♥ ✶✾✽✻✱ ❛ ②♦✉♥❣ ♣♦st❞♦❝t♦r❛❧ ❢❡❧❧♦✇ ❛t ▼■❚ ❛❝❝✉s❡❞ ❤❡r ❞✐r❡❝t♦r✱ ❚❤❡r❡③❛
■♠❛♥✐s❤✐✲❑❛r✐✱ ♦❢ ❢❛❧s✐❢②✐♥❣ t❤❡ r❡s✉❧ts ♦❢ ❛ st✉❞② ♣✉❜❧✐s❤❡❞ ✐♥ ❈❡❧❧ ❛♥❞ ❝♦✲s✐❣♥❡❞
❜② t❤❡ ◆♦❜❡❧ ❧❛✉r❡❛t❡ ❉❛✈✐❞ ❇❛❧t✐♠♦r❡✳ ❬✳✳❪ ❉❡❝❧❛r❡❞ ❣✉✐❧t②✱ ❯♥✐✈✳ ♣r❡s✐❞❡♥❝② r❡s✲
✐❣♥❛t✐♦♥✱ ❛♥❞ ✜♥❛❧❧② ❝❧❡❛r❡❞✳ ❚❤✐s ♣✉t t❤❡ ❝❛r❡❡rs ♦❢ t✇♦ ♦✉tst❛♥❞✐♥❣ r❡s❡❛r❝❤❡rs
♦♥ ❤♦❧❞ ❢♦r t❡♥ ②❡❛rs ❜❛s❡❞ ♦♥ ✉♥❢♦✉♥❞❡❞ ❛❝❝✉s❛t✐♦♥s✳

❙❝✐❡♥t✐✜❝ ❢r❛✉❞ ✐s ❜❛❞ ❜✉t ❧❡t✬s ❜❡ ❝❛r❡❢✉❧ ❍❛✈❡ ❛ ❧♦♦❦ ❛t t❤❡ ✇✐❦✐♣❡❞✐❛ ❧✐st ♦❢ ❛❝❛✲

❞❡♠✐❝ s❝❛♥❞❛❧s✳ ❖♥ ❛ t♦t❛❧❧② ❞✐✛❡r❡♥t ❛s♣❡❝t✱ ❞♦ ♥♦t ❢♦r❣❡t t♦ ❛❧s♦ ❤❛✈❡ ❛ ❧♦♦❦ ❛t t❤❡
♣❧❛❣✐❛r✐s♠ ❛♥❞ ♣❛♣❡r ❣❡♥❡r❛t✐♦♥ ✇✐❦✐♣❡❞✐❛ ❡♥tr✐❡s ❛♥❞ ❛t ❤❛✈✐♥❣ ❢✉♥ ✇✐t❤ ❤✲✐♥❞❡①

❚❤❡ ❇❛tt❧❡ ❛❣❛✐♥st ❙❝✐❡♥t✐✜❝ ❋r❛✉❞ ✐♥ t❤❡ ❈◆❘❙ ■♥t❡r♥❛t✐♦♥❛❧ ▼❛❣❛③✐♥❡
✶✷ ✴ ✸✷

https://en.wikipedia.org/wiki/Dong-Pyou_Han
https://en.wikipedia.org/wiki/Category:Academic_scandals
https://en.wikipedia.org/wiki/Category:Academic_scandals
https://en.wikipedia.org/wiki/Plagiarism
https://en.wikipedia.org/wiki/Paper_generator
https://hal.inria.fr/file/index/docid/713564/filename/TechReportV2.pdf
http://www.cnrs.fr/fr/pdf/cim/CIM36.pdf


■s ❋r❛✉❞ ❛ ♥❡✇ ♣❤❡♥♦♠❡♥♦♥❄

• ●❛❧✐❧❡♦ ✭❞❛t❛ ❢❛❜r✐❝❛t✐♦♥✮✱ Pt♦❧❡♠② ✭♣❧❛✲
❣✐❛r✐s♠✮✱ ▼❡♥❞❡❧ ✭❞❛t❛ ❡♥❤❛♥❝❡♠❡♥t✮✱
P❛st❡✉r ✭r✐❣♦r♦✉s ❜✉t ❤✐❞ ❢❛✐❧✉r❡s✮✱ ✳ ✳ ✳

✶✸ ✴ ✸✷

http://lascienceenfraude.blogspot.fr/2012/05/limposture-de-pasteur.html


❖✉t❧✐♥❡

✶ ❆ ❋❡✇ ▼♦t✐✈❛t✐♥❣ ❊①❛♠♣❧❡s

✷ ❚❤❡ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤ ▼♦✈❡♠❡♥t
❍♦✇ ❞♦❡s ✐t ✇♦r❦ ✐♥ ✧r❡❛❧✧ s❝✐❡♥❝❡s❄
❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✴❖♣❡♥ ❙❝✐❡♥❝❡
▼❛♥② ❉✐✛❡r❡♥t ❆❧t❡r♥❛t✐✈❡s ❢♦r ❘❡♣❧✐❝❛❜❧❡ ❆♥❛❧②s✐s
●♦♦❞ Pr❛❝t✐❝❡ ❢♦r ❙❡tt✐♥❣ ✉♣ ❛ ▲❛❜♦r❛t♦r② ◆♦t❡❜♦♦❦

✸ ❲❤❡r❡ ❛r❡ ✇❡ ♥♦✇❄

✶✹ ✴ ✸✷



❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✿ t❤❡ ◆❡✇ ❇✉③③✇♦r❞❄

❍✷✵✷✵✲❊■◆❋❘❆✲✷✵✶✹✲✷✵✶✺

❆ ❦❡② ❡❧❡♠❡♥t ✇✐❧❧ ❜❡ ❝❛♣❛❝✐t② ❜✉✐❧❞✐♥❣ t♦ ❧✐♥❦ ❧✐t❡r❛t✉r❡ ❛♥❞ ❞❛t❛
✐♥ ♦r❞❡r t♦ ❡♥❛❜❧❡ ❛ ♠♦r❡ tr❛♥s♣❛r❡♥t ❡✈❛❧✉❛t✐♦♥ ♦❢ r❡s❡❛r❝❤ ❛♥❞
r❡♣r♦❞✉❝✐❜✐❧✐t② ♦❢ r❡s✉❧ts✳

▼♦r❡ ❛♥❞ ♠♦r❡ ✇♦r❦s❤♦♣s
• ❲♦r❦s❤♦♣ ♦♥ ❉✉♣❧✐❝❛t✐♥❣✱ ❉❡❝♦♥str✉❝t✐♥❣ ❛♥❞ ❉❡❜✉♥❦✐♥❣ ✭❲❉❉❉✮ ✭✷✵✵✷✲✷✵✶✹ ❡❞✐t✐♦♥✮

• ❆▼P ❲♦r❦s❤♦♣✳ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✿ ❚♦♦❧s ❛♥❞ ❙tr❛t❡❣✐❡s ❢♦r ❙❝✐✲
❡♥t✐✜❝ ❈♦♠♣✉t✐♥❣ ✭✷✵✶✶✮

• ❲♦r❦✐♥❣ t♦✇❛r❞s ❙✉st❛✐♥❛❜❧❡ ❙♦❢t✇❛r❡ ❢♦r ❙❝✐❡♥❝❡✿ Pr❛❝t✐❝❡ ❛♥❞ ❊①♣❡r✐❡♥❝❡s ✭✷✵✶✸✮

• ❘❊PP❆❘✬✶✹✿ ✶st ■♥t❡r♥❛t✐♦♥❛❧ ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜✐❧✐t② ✐♥ P❛r❛❧❧❡❧ ❈♦♠♣✉t✐♥❣

• ❘❡♣r♦❞✉❝✐❜✐❧✐t②❅❳❙❊❉❊✿ ❆♥ ❳❙❊❉❊✶✹ ❲♦r❦s❤♦♣

• ❘❡♣r♦❞✉❝❡✴❍P❈❆ ✷✵✶✹

• ❚❘❯❙❚ ✷✵✶✹✱ ✷✵✶✺

• ❚❛❧❦ ❛t ❙❈ ❜② ❱✳ ❙t♦❞❞❡♥ t✇♦ ✇❡❡❦s ❛❣♦

❙❤♦✉❧❞ ❜❡ s❡❡♥ ❛s ♦♣♣♦rt✉♥✐t✐❡s t♦ s❤❛r❡ ❡①♣❡r✐❡♥❝❡
✶✺ ✴ ✸✷

http://www.eecg.toronto.edu/~enright/wddd/
http://cag.engr.uconn.edu/isca2014/workshop_tutorial.html
http://www.stodden.net/AMP2011/
http://www.stodden.net/AMP2011/
http://wssspe.researchcomputing.org.uk/
http://hunoldscience.net/conf/reppar14/pc.html
https://www.xsede.org/web/reproducibility
http://www.occamportal.org/reproduce
http://www.ctuning.org/cm/wiki/index.php?title%3DEvents:TRUST2014
http://web.stanford.edu/~vcs/talks/SC15-Nov182015-STODDEN.pdf


❘❡♣r♦❞✉❝✐❜✐❧✐t②✿ ❲❤❛t ❆r❡ ❲❡ ❚❛❧❦✐♥❣ ❆❜♦✉t❄

✶✾✸✹✿ ❑❛r❧ P♦♣♣❡r ✐♥tr♦❞✉❝❡s t❤❡ ♥♦t✐♦♥ ♦❢ ❢❛❧s✐✜❛❜✐❧✐t② ❛♥❞ ❝r✉❝✐❛❧ ❡①♣❡r✐✲
♠❡♥t ❛♥❞ ♣✉ts r❡♣r♦❞✉❝✐♥❣ t❤❡ ✇♦r❦ ♦❢ ♦t❤❡rs ❛t t❤❡ ❝♦r❡ ♦❢ s❝✐❡♥❝❡

❘❡♣r♦❞✉❝✐❜✐❧✐t② ♦❢ ❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ✐s t❤❡ ❤❛❧❧♠❛r❦ ♦❢ s❝✐❡♥❝❡
❬❉r✉♠♠♦♥❞✱ ✷✵✵✾❪

△✦ ❚❡r♠✐♥♦❧♦❣② ✈❛r✐❡s △✦

Replicability

Precisely  replicate  exactly  

what  someone else has done, 

recreating their artifacts 

(same results)

Reproducibility

Recreate the spirit of what 

someone else has done, using 

your own artifacts

 (same scientific conclusions)

■♥s♣✐r❡❞ ❜② ❆♥❞r❡✇ ❉❛✈✐s♦♥ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮ ❛♥❞ ❬❋❡✐t❡❧s♦♥✱ ✷✵✶✺❪

✶✻ ✴ ✸✷

http://www.site.uottawa.ca/ICML09WS/papers/w2.pdf
http://mescal.imag.fr/arnaud.legrand/readings/acm_sigops_si_rsea/p3-feitelson.pdf


❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✿ ❚r②✐♥❣ t♦ ❇r✐❞❣❡ t❤❡ ●❛♣

❘❡❛❞❡r

❆✉t❤♦r

✭❉❡s✐❣♥ ♦❢ ❊①♣❡r✐♠❡♥ts✮

Pr♦t♦❝♦❧

❙❝✐❡♥t✐✜❝

◗✉❡st✐♦♥

P✉❜❧✐s❤❡❞

❆rt✐❝❧❡

◆❛t✉r❡✴❙②st❡♠✴✳✳✳

■♥s♣✐r❡❞ ❜② ❘♦❣❡r ❉✳ P❡♥❣✬s ❧❡❝t✉r❡ ♦♥ r❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✱ ▼❛② ✷✵✶✹

■♥ t❤✐s s❡r✐❡s ♦❢ ❧❡❝t✉r❡s✱ ✇❡✬❧❧ ❣♦ ❢r♦♠ r✐❣❤t t♦ ❧❡❢t ❛♥❞ s❡❡ ❤♦✇ ✇❡ ❝❛♥
✐♠♣r♦✈❡✳

✶✼ ✴ ✸✷



❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✿ ❚r②✐♥❣ t♦ ❇r✐❞❣❡ t❤❡ ●❛♣

❆♥❛❧②t✐❝

❉❛t❛

❈♦♠♣✉t❛t✐♦♥❛❧

❘❡s✉❧ts

▼❡❛s✉r❡❞

❉❛t❛

◆✉♠❡r✐❝❛❧

❙✉♠♠❛r✐❡s

❋✐❣✉r❡s

❚❛❜❧❡s

❚❡①t

❘❡❛❞❡r

❆✉t❤♦r

✭❉❡s✐❣♥ ♦❢ ❊①♣❡r✐♠❡♥ts✮

Pr♦t♦❝♦❧

❙❝✐❡♥t✐✜❝
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Our Approach: An Infrastructure to Support 
Provenance-Rich Papers [Koop et al., ICCS 2011] 

  Tools for authors to create reproducible papers 
–  Specifications that encode the computational processes 

–  Package the results 

–  Link from publications 

  Tools for testers to repeat and validate results 
–  Explore different parameters, data sets, algorithms 

  Interfaces for searching, comparing and analyzing  

experiments and results 
–  Can we discover better approaches to a given problem? 

–  Or discover relationships among workflows and the 
problems? 

–  How to describe experiments? 

 

Support different approaches 
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An Provenance-Rich Paper: ALPS2.0 

[Bauer et al., JSTAT 2011] 

The ALPS project release 2.0:

Open source software for strongly correlated

systems
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Figure 3. In this example we show a data collapse of the Binder Cumulant in the

classical Ising model. The data has been produced by remotely run simulations and

the critical exponent has been obtained with the help of the VisTrails parameter

exploration functionality.
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Chronicing computations in real-time

VCR computation platform Plugin = Computation recorder

Regular program code

figure1 = plot(x)

save(figure1,’figure1.eps’)

> file /home/figure1.eps saved

>
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Chronicing computations in real-time

VCR computation platform Plugin = Computation recorder

Program code with VCR plugin

repository vcr.nature.com

verifiable figure1 = plot(x)

> vcr.nature.com approved:

> access figure1 at https://vcr.nature.com/ffaaffb148d7
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Word-processor plugin App

LaTeX source

\includegraphics{figure1.eps}

LaTeX source with VCR package

\includeresult{vcr.thelancet.com/ffaaffb148d7}

Permanently bind printed graphics to underlying result content
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create new 
record

find dependencies

get platform information

run simulation/analysis

record time taken

find new files

add tags

has 
the code 
changed?

store diff

code 
change 
policy

raise 
exception

yes

no

diff

error

❈♦✉rt❡s② ♦❢ ❆♥❞r❡✇ ❉❛✈✐s♦♥ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✷✸ ✴ ✸✷



❙✉♠❛tr❛✿ ❛♥ ✧❡①♣❡r✐♠❡♥t ❡♥❣✐♥❡✧ t❤❛t ❤❡❧♣s t❛❦✐♥❣ ♥♦t❡s

$ smt comment 20110713-174949 "Eureka! Nobel prize 

here we come."

❈♦✉rt❡s② ♦❢ ❆♥❞r❡✇ ❉❛✈✐s♦♥ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✷✸ ✴ ✸✷



❙✉♠❛tr❛✿ ❛♥ ✧❡①♣❡r✐♠❡♥t ❡♥❣✐♥❡✧ t❤❛t ❤❡❧♣s t❛❦✐♥❣ ♥♦t❡s

$ smt tag “Figure 6”

❈♦✉rt❡s② ♦❢ ❆♥❞r❡✇ ❉❛✈✐s♦♥ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✷✸ ✴ ✸✷



❙✉♠❛tr❛✿ ❛♥ ✧❡①♣❡r✐♠❡♥t ❡♥❣✐♥❡✧ t❤❛t ❤❡❧♣s t❛❦✐♥❣ ♥♦t❡s

❈♦✉rt❡s② ♦❢ ❆♥❞r❡✇ ❉❛✈✐s♦♥ ✭❆▼P ❲♦r❦s❤♦♣ ♦♥ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✮
✷✸ ✴ ✸✷



❙♦ ♠❛♥② ♥❡✇ t♦♦❧s

New Tools for Computational 
Reproducibility

• Dissemination Platforms:

• Workflow Tracking and Research Environments:

• Embedded Publishing:

VisTrails Kepler CDE

Galaxy GenePattern Synapse

Sumatra Taverna Pegasus

Verifiable Computational Research Sweave knitR

Collage Authoring Environment SHARE

ResearchCompendia.org IPOL Madagascar

MLOSS.org thedatahub.org nanoHUB.org
Open Science Framework The DataVerse Network RunMyCode.org 

❈♦✉rt❡s② ♦❢ ❱✐❝t♦r✐❛ ❙t♦❞❞❡♥ ✭❯❈ ❉❛✈✐s✱ ❋❡❜ ✶✸✱ ✷✵✶✹✮

❆♥❞ ❛❧s♦✿ ❖r❣✲▼♦❞❡ ✱ ❋✐❣s❤❛r❡✱ ❩❡♥♦❞♦✱ ❆❝t✐✈❡P❛♣❡rs ✱ ❊❧s❡✈✐❡r
❡①❡❝✉t❛❜❧❡ ♣❛♣❡r ✱ ✳✳✳

✷✹ ✴ ✸✷



❖✉t❧✐♥❡

✶ ❆ ❋❡✇ ▼♦t✐✈❛t✐♥❣ ❊①❛♠♣❧❡s

✷ ❚❤❡ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤ ▼♦✈❡♠❡♥t
❍♦✇ ❞♦❡s ✐t ✇♦r❦ ✐♥ ✧r❡❛❧✧ s❝✐❡♥❝❡s❄
❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✴❖♣❡♥ ❙❝✐❡♥❝❡
▼❛♥② ❉✐✛❡r❡♥t ❆❧t❡r♥❛t✐✈❡s ❢♦r ❘❡♣❧✐❝❛❜❧❡ ❆♥❛❧②s✐s
●♦♦❞ Pr❛❝t✐❝❡ ❢♦r ❙❡tt✐♥❣ ✉♣ ❛ ▲❛❜♦r❛t♦r② ◆♦t❡❜♦♦❦

✸ ❲❤❡r❡ ❛r❡ ✇❡ ♥♦✇❄

✷✺ ✴ ✸✷



❙t❡♣ ✵✿ ❚❛❦✐♥❣ ◆♦t❡s

❉♦❝✉♠❡♥t ②♦✉r✿

• ❍②♣♦t❤❡s❡s✿ ❦❡❡♣ tr❛❝❦ ♦❢ ②♦✉r ✐❞❡❛s✴❧✐♥❡ ♦❢ t❤♦✉❣❤ts

• ❊①♣❡r✐♠❡♥ts✿ ❞❡t❛✐❧s ♦♥ ❤♦✇ ❛♥❞ ✇❤② ❛♥ ❡①♣❡r✐♠❡♥t ✇❛s r✉♥✱ ✐♥❝❧✉❞✐♥❣
❢❛✐❧❡❞ ♦r ❛♠❜✐❣✉♦✉s ❛tt❡♠♣ts✳

• ■♥✐t✐❛❧ ❛♥❛❧②s✐s ♦r ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ t❤❡s❡ ❡①♣❡r✐♠❡♥ts✿ ✇❛s t❤❡ ♦✉t❝♦♠❡
❝♦♥❢♦r♠ t♦ t❤❡ ❡①♣❡❝t❛t✐♦♥ ♦r ♥♦t❄ ❞♦❡s ✐t ✭✐♥✮✈❛❧✐❞❛t❡ t❤❡ ❤②♣♦t❤❡s✐s❄

• ❖r❣❛♥✐③❛t✐♦♥✿ ❦❡❡♣ tr❛❝❦ ♦❢ t❤✐♥❣s t♦ ❞♦✴✜①✴t❡st✴✐♠♣r♦✈❡

❙tr✉❝t✉r❡✿

✶ ●❡♥❡r❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❞♦❝✉♠❡♥t ❛♥❞ ♦r❣❛♥✐③❛t✐♦♥ ❝♦♥✈❡♥t✐♦♥s
✭❡✳❣✳✱ ❞✐r❡❝t♦r② str✉❝t✉r❡✱ ♥♦t❡❜♦♦❦ str✉❝t✉r❡✱ ❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧t st♦r✲
✐♥❣ ♠❡❝❤❛♥✐s♠✱ ✳ ✳ ✳ ✮

✷ ❉♦❝✉♠❡♥t❛t✐♦♥ ♦❢ ❝♦♠♠♦♥❧② ✉s❡❞ ❝♦♠♠❛♥❞s ❛♥❞ ♦❢ ❤♦✇ t♦ s❡t ✉♣
❡①♣❡r✐♠❡♥ts ✭❡✳❣✳✱ ❣✐t ❝❧♦♥✐♥❣✱ ❡♥✈✐r♦♥♠❡♥t ❞❡♣❧♦②♠❡♥t✱ ❝♦♥♥❡❝t✐♦♥ t♦
♠❛❝❤✐♥❡s✱ ❝♦♠♣✐❧✐♥❣ s❝r✐♣ts✮

✸ ❊①♣❡r✐♠❡♥t r❡s✉❧ts ❛r❡ ❜❡tt❡r str✉❝t✉r❡❞ ❜② ❞❛t❡s ✭ ❛❞❞ t❛❣s✮

✷✻ ✴ ✸✷



❲❤✐❝❤ ❢♦r♠❛t s❤♦✉❧❞ ■ ✉s❡ ❄

• ❲✐❦✐s ❛r❡ ❡♥❝♦✉r❛❣❡❞ t♦ ❢❛✈♦r ❝♦❧❧❛❜♦r❛t✐♦♥ ❜✉t ■ ❞♦ ♥♦t ✜♥❞ t❤❡♠ r❡❛❧❧②
❡✛❡❝t✐✈❡

• ❇❧♦❣❣✐♥❣ s②st❡♠s ❛r❡ ❛❧s♦ ❛ ✇❛② ♦❢ ♠❛♥❛❣✐♥❣ s✉❝❤ ♥♦t❡❜♦♦❦ ❜✉t t❤❡②
s❤♦✉❧❞ r❛t❤❡r ❜❡ ❝♦♥s✐❞❡r❡❞ ❛s ❛♥ ❡✛❡❝t✐✈❡ ✇❛② t♦ s❤❛r❡ ✐♥❢♦r♠❛t✐♦♥
✇✐t❤ ♦t❤❡rs

• ■ r❡❝♦♠♠❡♥❞ t♦ ✉s❡ ❜❛s✐❝ ♣❧❛✐♥✲t❡①t ❢♦r♠❛t ❛♥❞ t♦ str✉❝t✉r❡ ✐t ❤✐❡r❛r✲
❝❤✐❝❛❧❧②

❍❡r❡ ✐s ❛ ❧✐♥❦ t♦ ❛♥ ❡①❝❡r♣t ♦❢ t❤❡ ❥♦✉r♥❛❧ ♦❢ ♦♥❡ ♦❢ ♠② P❤❉ st✉❞❡♥t✱
♠❛♥❛❣❡❞ ✇✐t❤ ❣✐t✴♦r❣✲♠♦❞❡✳

▲❛st ❜✉t ♥♦t ❧❡❛st✿

Pr♦✈✐❞❡ ❧✐♥❦s t♦ ❘❛✇ ❉❛t❛✦✦✦

■ ❤❛✈❡ ❛ ✈❡r② ✐♥t❡♥s❡ ✉s❛❣❡ ♦❢ ♠② ❥♦✉r♥❛❧ ❛♥❞ ■✬❧❧ ❞❡♠♦ t❤✐s t♦♠♦rr♦✇✳

▼♦✈✐♥❣ t♦ r❡♣❧✐❝❛❜❧❡ ❛rt✐❝❧❡s ❛♥❞ r❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤ ❜❡❝♦♠❡s ♥❛t✉r❛❧✳

✷✼ ✴ ✸✷

http://starpu-simgrid.gforge.inria.fr/misc/LabBook.html#sec-8-1


❙t❡♣ ✶✿ ❙❤❛r✐♥❣ ❈♦❞❡ ❛♥❞ ❉❛t❛

❲❤❛t ❦✐♥❞s ♦❢ s②st❡♠s ❛r❡ ❛✈❛✐❧❛❜❧❡❄

• ✧●♦♦❞✧ ✲ ❚❤❡ ❝❧♦✉❞ ✭❉r♦♣❜♦① ✱ ●♦♦❣❧❡ ❉r✐✈❡✱ ❋✐❣s❤❛r❡✮

• ❇❡tt❡r ✲ ❱❡rs✐♦♥ ❝♦♥tr♦❧ s②st❡♠s ✭❙❱◆✱ ●✐t ❛♥❞ ▼❡r❝✉r✐❛❧✮

• ✧❇❡st✧ ✲ ❱❡rs✐♦♥ ❝♦♥tr♦❧ s②st❡♠s ♦♥ t❤❡ ❝❧♦✉❞ ✭●✐t❍✉❜✱ ❇✐t❜✉❝❦❡t✮

❉❡♣❡♥❞s ♦♥ t❤❡ ❧❡✈❡❧ ♦❢ ♣r✐✈❛❝② ②♦✉ ❡①♣❡❝t ❜✉t ②♦✉ ♣r♦❜❛❜❧② ❛❧r❡❛❞② ❦♥♦✇
t❤❡s❡ t♦♦❧s✳ ❋❡✇ ❤❛♥❞❧❡ ●❇ ✜❧❡s✳✳✳

■s t❤✐s ❡♥♦✉❣❤❄

✶ ❯s❡ ❛ ✇♦r❦✢♦✇ t❤❛t ❞♦❝✉♠❡♥ts ❜♦t❤ ❞❛t❛ ❛♥❞ ♣r♦❝❡ss

✷ ❯s❡ t❤❡ ♠❛❝❤✐♥❡ r❡❛❞❛❜❧❡ ❈❙❱ ❢♦r♠❛t

✸ Pr♦✈✐❞❡ r❛✇ ❞❛t❛ ❛♥❞ ♠❡t❛ ❞❛t❛✱ ♥♦t ❥✉st st❛t✐st✐❝❛❧ ♦✉t♣✉ts

✹ ◆❡✈❡r ❞♦ ❞❛t❛ ♠❛♥✐♣✉❧❛t✐♦♥ ❛♥❞ st❛t✐st✐❝❛❧ t❡sts ❜② ❤❛♥❞

✺ ❯s❡ ❘✱ P②t❤♦♥ ♦r ❛♥♦t❤❡r ❢r❡❡ s♦❢t✇❛r❡ t♦ r❡❛❞ ❛♥❞ ♣r♦❝❡ss r❛✇ ❞❛t❛
✭✐❞❡❛❧❧② t♦ ♣r♦❞✉❝❡ ❝♦♠♣❧❡t❡ r❡♣♦rts ✇✐t❤ ❝♦❞❡✱ r❡s✉❧ts ❛♥❞ ♣r♦s❡✮

❈♦✉rt❡s② ♦❢ ❆❞❛♠ ❏✳ ❘✐❝❤❛r❞s
✷✽ ✴ ✸✷



❙t❡♣ ✷✿ ▲✐t❡r❛t❡ Pr♦❣r❛♠♠✐♥❣

Donald Knuth: explanation of the program logic in a natural language interspersed
with snippets of macros and traditional source code.

I’m way too 3l33t to program this way but that’s
exactly what we need for writing a reproducible article/analysis!

❖r❣✲♠♦❞❡ ✭r❡q✉✐r❡s ❡♠❛❝s✮

My favorite tool.

• plain text, very smooth, works both for html, pdf, . . .

• allows to combine all my favorite languages even with sessions

■♣②t❤♦♥✴❏✉♣②t❡r ♥♦t❡❜♦♦❦

If you are a python user, go for it! Web app, easy to use/setup. . .

❑♥✐t❘ ✭❛✳❦✳❛✳ ❙✇❡❛✈❡✮

For non-emacs users and as a first step toward reproducible papers:

• Click and play with a modern IDE (e.g., Rstudio)
✷✾ ✴ ✸✷



❖✉t❧✐♥❡

✶ ❆ ❋❡✇ ▼♦t✐✈❛t✐♥❣ ❊①❛♠♣❧❡s

✷ ❚❤❡ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤ ▼♦✈❡♠❡♥t
❍♦✇ ❞♦❡s ✐t ✇♦r❦ ✐♥ ✧r❡❛❧✧ s❝✐❡♥❝❡s❄
❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤✴❖♣❡♥ ❙❝✐❡♥❝❡
▼❛♥② ❉✐✛❡r❡♥t ❆❧t❡r♥❛t✐✈❡s ❢♦r ❘❡♣❧✐❝❛❜❧❡ ❆♥❛❧②s✐s
●♦♦❞ Pr❛❝t✐❝❡ ❢♦r ❙❡tt✐♥❣ ✉♣ ❛ ▲❛❜♦r❛t♦r② ◆♦t❡❜♦♦❦

✸ ❲❤❡r❡ ❛r❡ ✇❡ ♥♦✇❄

✸✵ ✴ ✸✷



❲❤❛t ✐s ♥❡❡❞❡❞❄

• ▼❛♥② ❧❡❣❛❧ ❛s♣❡❝ts ❛❜♦✉t ❞❛t❛✴❝♦❞❡✴✐❞❡❛ s❤❛r✐♥❣
❼ I do not really care as I am a civil servant and I strongly believe research

is a team sport
• ❈❤❛♥❣❡s ✐♥ ❢✉♥❞✐♥❣ ❛❣❡♥❝② r❡q✉✐r❡♠❡♥ts

❼ Starting ? But I hardly see how they could really enforce things
• ❈❤❛♥❣❡s ✐♥ ❥♦✉r♥❛❧✴❝♦♥❢❡r❡♥❝❡s ♣✉❜❧✐❝❛t✐♦♥ r❡q✉✐r❡♠❡♥ts

❼ Several attempts (reproducibility labels)
❼ V. Stodden seems confident (progressive policies rapidly adopted, jour-

nals with high impact factors)

• ❈✉❧t✉r❛❧ ❝❤❛♥❣❡s ✐♥ ♦✉r r❡❧❛t✐♦♥ t♦ ♣✉❜❧✐❝❛t✐♦♥

■ t❤✐♥❦ t❤❡ ❝❤❛♥❣❡ ❤❛s t♦ ❜❡ ♣r♦❢♦✉♥❞ ❛♥❞ ❝❛♥♥♦t ❜❡ t♦♣✲❞♦✇♥

❚r❛✐♥ ♦✉r r❡s❡❛r❝❤❡rs ❛♥❞ st✉❞❡♥ts t♦ ✉s❡ ❜❡tt❡r t♦♦❧s✱ ❜❡tt❡r r❡s❡❛r❝❤
♠❡t❤♦❞♦❧♦❣②✱ ❙t❛t✐st✐❝s✴❉❡s✐❣♥ ♦❢ ❊①♣❡r✐♠❡♥ts✱ ♣❡r❢♦r♠❛♥❝❡ ❡✈❛❧✉❛✲
t✐♦♥✱ ✳ ✳ ✳

❙❡✈❡r❛❧ ❝♦♠♣✉t❡r s❝✐❡♥t✐sts ❧✐♥❦❡❞ ✇✐t❤ ■♥r✐❛ ❤❛✈❡ st❛rt❡❞ ✇♦r❦✐♥❣ ♦♥
t❤✐s s✉❜❥❡❝t✳ ■♥r✐❛ ❛s❦❡❞ ♠❡ t♦ ❛♥✐♠❛t❡✴❝♦♦r❞✐♥❛t❡ t❤✐s ❣r♦✉♣ ❛♥❞ ♦♣❡♥
✐t ✇❛② ❜❡②♦♥❞ ■♥r✐❛ s♦ t❤❛t ♦✉r ❛❝t✐♦♥ ✐s ❡✛❡❝t✐✈❡ ❛t ♥❛t✐♦♥❛❧ s❝❛❧❡
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❲❤❛t ✐s ♥❡❡❞❡❞❄

• ▼❛♥② ❧❡❣❛❧ ❛s♣❡❝ts ❛❜♦✉t ❞❛t❛✴❝♦❞❡✴✐❞❡❛ s❤❛r✐♥❣
❼ I do not really care as I am a civil servant and I strongly believe research

is a team sport
• ❈❤❛♥❣❡s ✐♥ ❢✉♥❞✐♥❣ ❛❣❡♥❝② r❡q✉✐r❡♠❡♥ts

❼ Starting ? But I hardly see how they could really enforce things
• ❈❤❛♥❣❡s ✐♥ ❥♦✉r♥❛❧✴❝♦♥❢❡r❡♥❝❡s ♣✉❜❧✐❝❛t✐♦♥ r❡q✉✐r❡♠❡♥ts

❼ Several attempts (reproducibility labels)
❼ V. Stodden seems confident (progressive policies rapidly adopted, jour-

nals with high impact factors)

• ❈✉❧t✉r❛❧ ❝❤❛♥❣❡s ✐♥ ♦✉r r❡❧❛t✐♦♥ t♦ ♣✉❜❧✐❝❛t✐♦♥

■ t❤✐♥❦ t❤❡ ❝❤❛♥❣❡ ❤❛s t♦ ❜❡ ♣r♦❢♦✉♥❞ ❛♥❞ ❝❛♥♥♦t ❜❡ t♦♣✲❞♦✇♥

• ❚r❛✐♥ ♦✉r r❡s❡❛r❝❤❡rs ❛♥❞ st✉❞❡♥ts t♦ ✉s❡ ❜❡tt❡r t♦♦❧s✱ ❜❡tt❡r r❡s❡❛r❝❤
♠❡t❤♦❞♦❧♦❣②✱ ❙t❛t✐st✐❝s✴❉❡s✐❣♥ ♦❢ ❊①♣❡r✐♠❡♥ts✱ ♣❡r❢♦r♠❛♥❝❡ ❡✈❛❧✉❛✲
t✐♦♥✱ ✳ ✳ ✳

• ❙❡✈❡r❛❧ ❝♦♠♣✉t❡r s❝✐❡♥t✐sts ❧✐♥❦❡❞ ✇✐t❤ ■♥r✐❛ ❤❛✈❡ st❛rt❡❞ ✇♦r❦✐♥❣ ♦♥
t❤✐s s✉❜❥❡❝t✳ ■♥r✐❛ ❛s❦❡❞ ♠❡ t♦ ❛♥✐♠❛t❡✴❝♦♦r❞✐♥❛t❡ t❤✐s ❣r♦✉♣ ❛♥❞ ♦♣❡♥
✐t ✇❛② ❜❡②♦♥❞ ■♥r✐❛ s♦ t❤❛t ♦✉r ❛❝t✐♦♥ ✐s ❡✛❡❝t✐✈❡ ❛t ♥❛t✐♦♥❛❧ s❝❛❧❡
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P♦ss✐❜❧❡ ❙✉❜❥❡❝ts

❲❡❜✐♥❛rs ✭✶✴♠♦♥t❤ ❄✮ ✇✐t❤ ✐♥t❡r❛❝t✐♦♥s✱ ❤❛♥❞s ♦♥ ❦❡②❜♦❛r❞s ✇❤❡♥ r❡❧❡✈❛♥t✳

✶ ❘❡♣r♦❞✉❝✐❜❧❡ r❡s❡❛r❝❤✱ ❝❤❛❧❧❡♥❣❡s✱ ❡t❤✐❝

✷ Pr♦✈❡♥❛♥❝❡ tr❛❝❦✐♥❣ ♦❢ ❡①♣❡r✐♠❡♥t❛❧ ❞❛t❛

✸ ◆✉♠❡r✐❝❛❧ r❡♣r♦❞✉❝✐❜✐❧✐t②

✹ ▲❛r❣❡ s❝❛❧❡ ❡①♣❡r✐♠❡♥t❛❧ ♣❧❛t❢♦r♠s

✺ ❈♦❞❡ ❛♥❞ ❉❛t❛ ❛r❝❤✐✈✐♥❣

✻ ❲♦r❦✢♦✇s

✼ ❖♥❧✐♥❡ ❥♦✉r♥❛❧s✱ ❝♦♠♣❛♥✐♦♥ ✇❡❜s✐t❡s

✽ ❊✈❛❧✉❛t✐♦♥ ❝❛♠♣❛✐❣♥✴❝❤❛❧❧❡♥❣❡s✴❜❡♥❝❤♠❛r❦s

✾ ✳ ✳ ✳

■ ♥❡❡❞ ②♦✉r ❤❡❧♣ s♦ s❡t ✉♣ s✉❝❤ ♦r❣❛♥✐③❛t✐♦♥

✸✷ ✴ ✸✷
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