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Open Source as digital infrastructure:
Needs regular upkeep and maintenance

e Everybody uses open [ == !

. How one programmer broke the
Road S source code: internet by deleting a tiny piece of
o o Fortune 500 companies poc?le
and Brldges: o major software companies

o startups
o government
@)

ur Digital Infrastructure

¢ |[f undermaintained:
» Risks for downstream users

» Slows down innovation

> -




Creating sustainable open source communities is hard

In some ways harder today than ever before

... because of how open source has
changed

/!\ Today: more problems than
CAUTION\ solutions




How has open source
changed?



Change #1: GitHub standardized the practices

e Git version control e GitHub Ul e The Pull Request model
@_ ¥ Fork 11,965
.:'- F;{l%?your own copy of rails/rails to your account @ @
n_u:k 5
-,u:’

e Lower barrier to entr
_ _ y =P  More production
e Easier to contribute



Change #2: More open source now than ever before

e Explosion of production in the past seven years GitLab @ 5
GitHub imports to GitLab are still going up!
#movingtogitlab see
about.gitlab.com/2018/06/05/git... for an
update.

= ° h b GitHub Imports Qp GitLab
\ g!(EIAL CH)ING u B it b u C ket

6 million

users

(March 2019)

4:31 PM - 5 Jun 2018




Change #3: High level of transparency

e Profile pages for users and projects

e Rich inferences about people’s
expertise and level of commitment

e Impacts collaboration, but also
recruiting and hiring

o (Dabbish et al. 2012), (Marlow et al. 2013),
(Marlow and Dabbish 2013)

Popular repositories
[J breakfast-repo

] x86-kernel
a simple x86 kernel, extended with Rust

Q

[ jsconf-2015-deck

Contributions [ Repositories 3 Public activity [l ©-

a collection of videos, recordings, and podcast...

Repositories contributed to

npm/d
208 % & npm/docs 4%
The place where all the npm docs live.

e ] mozilla/publish.webmaker.org

2%
The teach.org publishing service for goggles a...

e B npm/marky-markdown 104 %
npm's markdown parser
artisan-tattoo/assistant-frontend

32 % g artisan - - sk |

[ caolan / async

<> Code Issues 21 Pull requests 6 Projects 0 Wiki

Async utilities for node and the browser http://caolan.github.io/async/

javascript  async  callbacks

{1,629 commits ¥ 11 branches © 72 releases

EZREADME.md

@Watch~ 721 sk Star 23937  YFork 2,203

Insights

22 206 contributors s MIT

1 3SYNC M

build [passing | npm v2.6.0 gitter HOIMERAEN xamples 26348 jsDelivr 1407k hits/month

Async is a utility module which provides straight-forward, powerful functions for working with asynchronous JavaScript.
Although originally designed for use with Node.js and installable via npm install --save async , it can also be used

directly in the browser.




Change #4:. Complex socio-technical ecosystems

>
-
.\

&« %-. _m
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Can be brittle

How one programmer broke the
internet by deleting a tiny piece of
code




Change #5: Increasing commercialization and
professionalization

e Historically e Currently
» Mostly community-based projects o Lots of commercial involvement

(Python, RubyGems, Twisted) m Companies (Go - Google, React - Facebook, Swift - Apple)

m Startups (Docker, npm, Meteor)

A %& @& METE\R
pgthon @ Twisted < & docker m

e 23% of respondents to 2017 GitHub survey: job
duties include contributing to open source

[t


http://opensourcesurvey.org/2017/

Change #6: High expectations toward the quality,
reliability, and security of open source infrastructure

e Equifax (market cap $14 billion) built products Eo}:uiraé conﬁrmﬁ ApacI:OI‘Ie Strl;ts ﬁecErity flaw
) . ) t is t
on top Of Open_source Infraé‘l}ruclture’ ITtk:we?c:mepanytsoaidpthae ﬁarcklws\/ulnoerabﬁ:?vaes exoproiteigy hackers.

. .
I n C I U d I n g ApaC h e Struts 5@3 By Zack Whittaker | September 14, 2017 -- 01:27 GMT (18:27 PDT) | Topic: Security

e Equifax did not make any contributions to
open source projects

e A flaw in Apache Struts contributed to the
breach (CVE-2017-5638)

e Equifax publicly blamed (with national news
coverage) Apache Struts for the breach

https://www.zdnet.com/article/equifax-confirms-apache-struts-flaw-it-failed-to-patch-was-to-blame-for-data-breach
/



Change #7: High level of demands & stress

e Easy to report issues / submit PRs

o Growing volume of requests
12

e Social pressure to respond quickly

o Otherwise, off-putting to newcomers  (Steinmacher
et al. 2015)

e Entitlement, unreasonable requests from
users:

o “I have been waiting 2 years for Angular to track the
‘progress’ event and it still can’t get it right?121”

o “Thank you for your ever useless explanations.”
o ..

E scala / bug
Code @ Issues 1,854 Pull requests 0 Security Insights
Filters ~ is:issue is:open © Labels 82 -

® 1,854 Open 9,703 Closed Author ~ Labels

® existential type bound check fails in value class EJICERIE valuecla
#11562 opened 5 days ago by kailuowang Backlog

@® Abstract type member instantiation causes illegal cyclic reference c
fixed in dotty

#11560 opened 7 days ago by odipar

® Poor behaviour in s.c.i.HashMap#merged (2.13.0) has PR library:collec
#11559 opened 7 days ago by NthPortal 2134




Change #8: Low demographic diversity

* Gender representation * '@

reality *
e

2
2

Q\\
|=lstackoverflow SSOC.MCO.,R

€. Go gle =.

open source
10.9% 18% 16.6%

— . 5 \i\

e Expectation ﬂ}m Q

“More about the contributions to the code
than the ‘characteristics’ of the person”

|“Any demographic identity is irrelevant” |

|“Code sees no color or gender” |

« Perceptions of Diversity on GitHub: A User Survey. Vasilescu, B.,

Filkov, V., and Serebrenik, A. CHASE 2015


http://stackoverflow.com/research/developer-survey-2015#profile-gender
http://alyssafrazee.com/gender-and-github-code.html
http://www.google.com/diversity/index.html#chart
https://goo.gl/nT4YiI

“Going farther together: The impact of social capital on

sustained participation in open source”
Qiu* et al, ICSE 2019

* Thanks to Sophie Qiu for slides



Skewed gender ratio: more than 90% of the 0SS
population is male

Active Contributors in All Public Projects

600 - -0.18
All unknown —o— Among all
All male —a— Among core

500 - mmm All female -015

-012

5
=)

-0.09

-0.06

(W+4)/4 = oney sjewa4

16
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Research scope - binary gender, GitHub

Male
dQ
/ Female
Unknown
17 (low confidence)

Gender diversity = Women + Men
A simplifying assumption: gender is binary



On GitHub, women disengage earlier than men

After one year ca. 70% of men are still active but only ca. 60% of women

1.00
—I Gender

H Male
0.754 =f= Female

s
""""

Survival probability

0.00-
0 12 24 36 48 60
Time in months



Low gender diversity as a challenge to OSS
sustainability: limits contributor pool

APACHE  OpenSSL

SOFTWARE FOUNDATION

20TH ANNIVERSARN|

19

https://w3techs.com/technologies
/history overview/web server

(Greenstein and Nagel, 2016)



https://w3techs.com/technologies/history_overview/web_server
https://w3techs.com/technologies/history_overview/web_server

Low gender diversity as a challenge to OSS
sustainability: harms project success

CHI'15, Seoul, South Korea April 23, 2015

Results

Productivity Gender diversity
(#ocommits/quar ter)

Lo C

Turnover (fraction team
new wrt. prev. quar ter)

@b_vasilescu @baishakhir @MarkvandenBrand @aserebrenik @devanbu @vlfilkov [Va5||escu et al" 2015]



Low gender diversity as a challenge to OSS
sustainability: limits opportunities

Employers (and job seekers) use open-source
experience to make inferences (or form (Marlow et al., 2013)
impressions) about a candidate’s technical skills.

/*for How to write up open-source
experience when you don’t have

. MORE any

Career advice for developers

https://codeformore.com/how-to-write-up-open-source-experience-when-you-dont-have-any/



Minorities face bias and discrimination.

A B
Insiders Women Il Men Outsiders

90 [ G—
2
o]
@C 80%
(]
o
c
s
=%
8
< 70%

60%

Gender'—Neuual Gcnc'icrcd Gender'—Neutral Genc'iered

[Terrell et al., 2017]



Social capital theory for sustained participation

Bonding social capital: Bridging social capital:
benefiting from strongly connected network benefiting from network with diverse info

Willingness to continue Opportunity to continue
(Coleman, 1990) (Burt, 1998, 2001)



H1: more social capital ~ more prolonged engagement

Bonding social capital: Bridging social capital:
benefiting from strongly connected network benefiting from network with diverse info

Willingness to continue Opportunity to continue
(Coleman, 1990) (Burt, 1998, 2001)



Cohesive network might foster discrimination and exclusion




H2: Teams with more diverse information ~ more
prolonged engagement, esp. for women

Information diversity should %
N

reduce the risk of demographic-
based echo chambers.




Large-scale mixed-methods study

J?
g —Y 8= —&
m —_— —_— — m —_—
GitHub Filter: Sample  Balanced sample COX.
1+ commits 300,000 ~30,000 F regression
Full name users ~30,000 M

|

o — s

Small sample ~ Survey’’
1,000 users 88 replies




Bonding social capital — Team Familiarity

TIME

Project A

(de Vaan et al., 2011, Lutter 2015)



Bonding social capital — Recurring Cohesion

TIME

Project C

Project D

—

h IO
or
JNRE
)
e

(de Vaan et al., 2011, Lutter 2015)




Bridging social capital — Language Diversity

TIME

(de Vaan et al., 2011, Lutter 2015)



Bridging social capital — Share of Newcomers

TIME

Project X .
rojec Project X

Project X

——
WA
) 2 oy
bR
Lo

\ / \
h \
<> <>

End of
data

(de Vaan et al., 2011, Lutter 2015)



COX regression model

Contributor Time Social capital Control variables

'?..::.‘;é)i 2008 Jan — Mar Team familiarity Project size
=40 Vr— Recurring cohesion Project owner
-;g@g Language diversity

Share of newcomers

Team familiarity Project size

Recurring cohesion Project owner
Language diversity

Share of newcomers

Team familiarity Project Size

Recurring cohesion Not project owner
Language diversity

Share of newcomers

2008 Jan — Mar

2009 Apr —Jun



H1: more social capital ~ more prolonged engagement

1.00 7 ——

:%;:Q;::;-¢L-¢LLL
¥ SSnansssess o
GitHub

i
E
S
|
2
G 0.50-
©
=
= Recurring cohesion
w .
~+ High
0.25-
—+ Low
33
0.00-
T T T I T T
0 12 24 36 48 60

Time in months



H2: Language diversity interacts with gender

Survival difference between contributors with high and low
language diversity

0.08-
GitHub

0.06-

0.04-

Gender
m= Female
Male

0.02-

Difference in survival probability

34

0.00-

0 12 o4 36 48 60
Time in months



Innovation and the strength of weak ties




Open-source software development is an avenue for innovation and
creative expression.

“How creative a person feels when
working on the project is the strongest and
most pervasive driver [of participation in
open source]”

(Lakhani & Wolf, 2005)

“Free software is directly
responsible for today’s current (Eghbal, 2016)
startup renaissance."

36



How to define
Innovation in
software?

How to measure it?

How does innovation
emerge?

What are its
consequences?




Key idea: Innovation as novel recombination

“We may say] that innovation
combines factors in a new way,
or that it consists in carrying out
new combinations.”

Volume
One

Business Cycles
A Theoretical, Historical, and Statistical Analysis of the Capitalist Process

Joseph Alois Schunmpeter

(Schumpeter, 1939)

38



Key idea: Innovation as novel recombination

Volume

Business Cycles

A Theoretical, Historical, and Statistical Analysis of the Capitalist Process

Joseph Alois Schunmpeter

(Schumpeter, 1939)

“We may say] that innovation
combines factors in a new way,
or that it consists in carrying out
new combinations.”

“... how scientists search for
ideas is premised in part on the
idea that teams can span
scientific specialties, effectively
combining knowledge that
prompts scientific
breakthroughs.”

468

Atypical Combinations and

Scientific Impact

Brian Uzzi,? Satyam Mukherjee,™? Michael Stringer,2* Ben Jones™**

Novelty is an essential feature of creative ideas, yet the building blocks of new ideas are often
embodied in existing knowledge. From this perspective, balancing atypical knowledge with
conventional knowledge may be critical to the link between innovativeness and impact. Our
analysis of 17.9 million papers spanning all scientific fields suggests that science follows a
nearly universal pattern: The highest-impact science is primarily grounded in exceptionally

features an intrusion of unusual

of prior work yet si

combinations. Papers of this type were twice as likely to be highly cited works. Novel combinations
of prior work are rare, yet teams are 37.7% more likely than solo authors to insert novel

combinations into familiar knowledge domains.

cientific enterprises are increasingly con-

comed that research within narrow bound-

aries is unlikely to be the source of the most
fruitful ideas (7). Models of creativity empha-
size that innovation is spurred through original
combinations that spark new insights (2-10). Cur-
rent interest in team science and how scientists
scarch for ideas is premised in part on the idea
that teams can span scientific specialties, cffec-
tively combining knowledge that prompts scien-
tific breakthroughs (1/-15).

“Kellogg School of Management, Northwestern University,

2001 Sheridan Road, Evanston, L 60208, USA. *Northwester

Institute on Complex Systems, Northwester University, 600

Foster, Evanston, IL 60208, USA. *Datascope Analytics, 180

West Adamms Street, Chicago, L 60603, USA. “National Bureau of
G

02138, USA.
o \ding author. northwestern.
edu

Yet the production and consumption of
boundary-spanning ideas can also raise well-
known challenges (16-21). If, as Einstein be-
lieved (21), individual scientists inevitably become
narrower in their expertise as the body of sci-
entific knowledge expands, then reaching ef-
fectively across boundaries may be increasingly
challenging (), especially given the difficulty
of scarching unfamiliar domains (17, 18). More-
over, novel ideas can be difficult to absorb (19)
and communicate, leading scientists to inten-
tionally display conventionality. In his Principia,
Newton presented his laws of gravitation using
accepted geometry rather than his newly de-
veloped calculus, despite the latter’s impor-
tance in developing his insights (22). Similarly,
Darwin devoted the first part of the Origin of

between exten
binations of k
advantages of
ing is critical t
and impact. H
composition ¢
can achieve it
In this stuc
search articles
see how prior v
that indicate (i
pers reference
nations of prio
papers based
upon, and (iii)
collaboration.
‘We conside
ences in the bil
‘We counted tI
pair across all
WOS and com
to those expec
citation netwo
networks, all «
in the WOS we
Carlo algorith:
serves the total
paper and the
counts forwarc
that a paper (c
observed netw
randomized ne
the randomizec
we aggregated
respective jour

Species to ll-accepted knowl-
edge about the selective breeding of dogs, cat-
tle, and birds. From this viewpoint, the balance

(
over 122 milli
by the 15,613

25 OCTOBER 2013 VOL 342 SCIENCE www.sciencemag.org

(Uzzi et al, 2013)

39



Software innovation as novel recombination of software libraries

@ icse.py X

DERNING

Users > bogdan > Downloads > @ icse.py

import
import
import
import
import
import
import
import
import
import
import

bs4 as BeautifulSoup
fuzzywuzzy
flask
twisted
bottle
black
SERDETS
pillow
nose
pyjokes
turtle

Lots of combinations:
twisted, bottle)
turtle, nose)

black, pandas)
fuzzywuzzy, pillow)

(
(
(
(

C(n,2) unique pairs of packages.

Some of these may be highly innovative
because they are atypical.

4



Software innovation as novel recombination of software libraries

icse.py X

import
import
import
import
import
import
import
import
import

Lots of combinations:

>v @& -

Users > bogdan > Downloads > icse.py (tWISted bOttIe)
bs4 as BeautifulSoup ° (turtle nOSe)
fuzzywuzzy
e - (black, pandas)
twistedy e (fuzzywuzzy, pillow)
bottle s
black %" N3 °
pandas v
pillow A i’ N . :
nose S /i C(n,2) unique pairs of packages.

import
import

ALLGE

turtle MR

Dark chocolate + apple strudel is

arguably innovative because it is atypical.

42



Key idea from network science: Comparison to null (random) model

Observed reality:

Projects: A B C
(o) Project A adds a dependency on package |.
M u u New combinations are formed, e.g., (i, j).

How atypical is (i, j)?

Libraries: i J k

43



Key idea from network science: Comparison to null (random) model

Counterfactual:
Projects: C
Preserve:
= .
.! « all the projects
o all the libraries
/1 « the distribution of imports per project
? « the distribution of imports per library
0_' * O_I

Libraries:

- e

44



Key idea from network science: Comparison to null (random) model

Counterfactual
:Projects: A B C
. Preserve:
.1*- x « all the projects
R ! J J o all the libraries

/1 « the distribution of imports per project
I « the distribution of imports per library
1 *le d
# - :* But randomly rewire the network.
Libraries: i ] k

45



Key idea from network science: Comparison to null (random) model

Counterfactual
:Projects: A B C
Preserve:
.! .! .! « all the projects

o all the libraries

/1 « the distribution of imports per project
I « the distribution of imports per library
1 *le d
# 5 :* But randomly rewire the network.
Libraries: i ] k

And repeat many times.



This z-score estimates if two packages are used together more, less,
or about as much as could be expected by chance.

W o

Observed number of times packages Average (i.e., expected) number of times packages
i and j appeared together until year t. i and j appeared together over N simulations.

X ¥

zijt = (obsijr — expijt)/(0ijt)

47



This z-score estimates if two packages are used together more, less,
or about as much as could be expected by chance.

A

aE

C

2

B

J

Observed number of times packages Average (i.e., expected) number of times packages
i and j appeared together until year t. i and j appeared together over N simulations.

Iow\ higry = atypical combination

zijt = (obsijr — expijt)/(0ijt)

48



Project-level aggregation is the average of pairwise atypicality

Z-SCOres

On average, projects are quite conventional.

More unconventional

(atypical)

Density

06

04

N
o

Q
o

Project Z-score distribution

django-hstore
s keras-vggface

Googletrans

f

/ ggans
/ l pyfolio
2 "'T'

o

-2 0

Aggregated Z-score

T
2

4 More conventional

d

(typical)

49



displayio )
busio
board

Sanity checking

Computing,
Data Process

No ground truth on

atypical package Geo-data
combinations, but at R
least the typical e
combinations should bmesfi

be meaningful! e

3D Visualization

Focal package Top five mostly combined pacakges

numpy matplotlib, scipy, sklearn, pandas, tensorflow
tensorflow keras, cv2, numpy, sklearn, scipy

django rest, dj, south, whitenoise, celery

OpenSSL ntlm, cryptography, ndg, pyasnl, idna
pymysql MySQLdb, aiomysql, pstat, psycopg2, pymssql

Fine print: Starting data consists of all Python projects in World of Code with an official GitHub e \
release (75,388 projects and 7,728 packages total). The size of each node represents the Astronomy \
number of projects that imported the package by 2019. Colors represent Louvain communities. X 51

0 i i ) nibahel \
Only top O.QOG/o of edges with the highest z-score shown, and only the largest connected niBvoe “



Software innovation as novel recombination of software libraries

Combining software libraries that are not often used
together is like using unusual ingredients in your
cooking.

e People may be impressed by your culinary
creativity.

e Serving unusual dishes can be risky if the
chefs are unable to perfect the recipes and
the customers are unwilling to try new
things.

52



Software innovation as novel recombination of software libraries

Combining software libraries that are not often used
together is like using unusual ingredients in your
cooking.

e Hyp: Projects that use more atypical
combinations of libraries tend to be
more popular.

e Hyp: More innovative projects tend to
be less sustainable in the long term.

53



Atypical (novel) projects tend to have more stars.

num_stars = ... + 3 x atypicality + ...
| 4
0.04;
0.02
0.00;
-0.02

54



Atypical (novel) projects tend to have smaller teams (and higher
probability of becoming abandoned).

num_stars = ... + 3 x atypicality + ...
0.04
0.02]
0.00
num_developers = ... + 3 x atypicality + ...
-0.02;

55



Tension between innovation and open source sustainability?

Incentive to create

. The “grunt work”
ever-new things

of maintaining
existing systems

« Creative expression is a main driver of contributing to open source
« Innovation seems to be rewarded with increased popularity

Will it become increasingly harder to ensure that sufficient maintenance attention
(developers, funding, etc) is being allocated to the projects that need it the
most?

56



Now, how does innovation emerge?




Once upon a time, a PhD student at Harvard University was writing
their dissertation ...

Stanford

Sociology
SCHOOL OF HUMANITIES AND SCIENCES

The Strength of Weak Ties'
Mark Granovetter

Joan Butler Ford Professor
in the School of Humanities
and Sciences; Professor of
Sociology

Mark S. Granovetter
Johns Hopkins University

Analysis of social networks is suggested as a tool for linking micro
and macro levels of sociological theory. The procedure is illustrated
by elaboration of the macro implications of one aspect of small-scale
History interaction: the strength of dyadic ties. It is argued that the degree
Ph.D. Harvard University 1970 of overlap of two individuals’ friendship networks varies directly
Sociology with the strength of their tie to one another. The impact of this
principle on diffusion of influence and information, mobility oppor-
tunity, and community organization is explored. Stress is laid on the
cohesive power of weak ties. Most network models deal, implicitly,
with strong ties, thus confining their applicability to small, well-
defined groups. Emphasis on weak ties lends itself to discussion of
relations detweern groups and to analysis of segments of social struc-
ture not easily defined in terms of primary groups.

A.B. Princeton University 1965
Modern European and American

https://sociology.stanford.edu/people/mark-granov
etter



Weak ties are more
effective in job
searches because
they act as bridges.

The majority of people
found their jobs through
acquaintances (weak ties)
rather than close friends or
family (strong ties).

In a random sample of recent professional, technical, and managerial job
changers living in a Boston suburb, I asked those who found a new job
through contacts how often they saw the contact around the time that he
passed on job information to them. I will use this as a measure of tie
strength.'® A natural a priori idea is that those with whom one has strong
ties are more motivated to help with job information. Opposed to this
greater motivation are the structural arguments I have been making: those
to whom we are weakly tied are more likely to move in circles different
from our own and will thus have access to information different from that
which we receive.




Do OSS developers also find their new ideas through weak ties?

@ icse.py X >y M & - .'

Users > bogdan > Downloads > @ icse.py v/
import bs4 as BeautifulSoup v /
import fuzzywuzzy Vs

import flask
import twisted @ @"

import bottle
import black \
import pandas \
import pillow

import nose

import pyjokes

import turtle . '




Do OSS developers also find their new ideas through weak ties?
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https://github.com/opengeoscience/geonotebook



Do OSS developers also find their new ideas through weak ties?

Reproducible workflows for
Jupyter notebooks
(jhamrick/nbflow) -

Visualization tool »\

(python-visualization
folium)

-

.~ Example data science notebooks
(donnemartin/data-sci enyce—'ipython—notebooks) i

Gscience/geonotebook ©

‘ " -\ Image manipulation tools ST e

Time series analysis tool \(kitware/candela, memex—exp]qrer/image_space)i." s :
(blue-yonder/tsfresh) SN X~ . - . 2. #Collection of free APIs
j Lo : S WE ™ (public-apis/public-apis)

Lightweight
database
(msiemens/tinydb)

Geographic data analysis tool
(geopandas/geopandas) Interactive packet manipulation
(secdev/scapy)

Anecdotally, yes



Do OSS developers also find their new ideas through weak ties?

Reproducible workflows for
Jupyter notebooks
(jhamrick/nbflow) -

Visualization tool »\

(python-visualization
folium)

~ Example data science notebooks
(donnemartin/data-sci enyce—'ipython—notebooks) %

Time series analys|s tool (k1twar'e/cande1a memex- exp]orer/1mage space)

(bTue-yonder/tsfresh) * Collection of free APIs

, :(pub1 ic-apis/public-apis)

Lightweight
. database
Geographic data analysis tool (msiemens/tinydb)

(geopandas/geopandas)

Interactive packet manj
(secdev/scapy)

Amazingly, statistically also yes!



People interact with artifacts and with each other. This creates ties.

Pa ' [ ] [T | =
ap ge's / el ~ gs's
) = P ~. qp



Hypothesis 1: The bigger developers’ networks are, the better
informed they are, and the more innovative their projects are.
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Hypothesis 2: The greater the informational diversity of developers’
networks, the more innovative their projects are.
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Measure: First, we generate Node2Vec embeddings for each project



Measure: First, we generate Node2Vec embeddings for each project
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Measure: First, we generate Node2Vec embeddings for each project



Measure: First, we generate Node2Vec embeddings for each project



Measure: Then, we compute the average pairwise distance (inverse
cosine similarity) between a focal project’s direct neighbors




From interactions to ties of varying strength

ny

(I 1file changed +1 -1 lines changed &

Vv js/config/resolve.js LlT—l -3 +1-1 @8

@@ -1,6 +1,6 @@

1 var path = require('path'); 1 var path = require('path');

2, 2

3 - var renderer = 3 + var renderer =
process.env.GEONOTEBOOK_MAP_RENDERE process.env.GEONOTEBOOK_MAP_RENDERE
R || 'geojs'; R[] '62';

4 4

5 module.exports = { 5 module.exports = {

6 alias: { 6 alias: {

Commits to the codebase
(relatively deep understanding of the codebase)



From interactions to ties of varying strength

' commented on Dec 7, 2017 Assignees

No one assigned
Hello,

| am new to GeoNotebook, | am at the
stage where | try to understand how
GeoNotebook works, or more precisely None yet
what each of the python libraries that

are used in GeoNotebook do.

Labels

Projects
What | didn't understand is how | can None yet
change the projection of the rasters
overplayed in Mapnik? What is the Milestone
library that does this, is it Mapnik or .

No milestone

Rasterio? For the vectors, is Shapely, if |
am not mistaken.

®

Development

No branches or pull requests

Issue reports
(some understanding of the project)




From interactions to ties of varying strength

5

Stars
Q. Search stars Search Type: All  Language Sort by: Recently starred
o
OpenGeoscience / geonotebook Starred

A Jupyter notebook extension for geospatial visualization and
analysis

@Python ¢ 1,081 %141 Updated on Jan 21, 2019

Stars
(awareness of the project)




Many interactions are possible, these were just three examples.

commented on Dec 7, 2017 Assignees
No one assigned
Hello,
| am new to GeoNotebook, | am at the
stage where | try to understand how Labels
Sta rs GeoNotebook works, or rr.|ore Frecisely None yet [ 1filechanged +1-1 lineschanged
what each of the python libraries that
are used in GeoNotebook do. Projects v js/config/resolve.js (B 3 +1-188
Q search stars Search Type: All  Language Sort by: Recently starrec T
What | didri't understand s how | can Hleneyee : ! var D;th =' require('path'); 1 var path = require('path');
change the projection of the rasters 2 2
OpenGeoscience / geonotebook Starred  ~ overplayed in Mapnik? What is the Milsstona 3 -var renderer = 3 +var renderer =
\ibrary that does this, isit Mapnik or ; process.env.GEONOTEBOOK_MAP_RENDERE process.env.GEONOTEBOOK_MAP_RENDERE
A Jupyter notebook extension for geospatial visualization and Rasterio? For the vectors, is Shapely, if | Rl - R || 'geojs'; . R || 'ol';
analysis sm: nok rigkaken, 5 module.exports = 5 module.exports = {
Devalopment 6 alias: { 6 alias: {
@Python 1,081 % 141 Updated on Jan 21, 2019 © No branches of pul requests =

Stars Issues Commits

Weaker ties Stronger ties




In strongly-tied social networks, triads are unlikely.

Triad Triangle
A C A



There is ~an order of magnitude (10x) difference in transitivity values
between each pair of networks.

: B : B
Triad Triangle
A C A C
Interaction #Nodes #Edges Transitivity (x10~2)
Commits 763,062 1,926,978 30.04
Issues 278,945 727,255 3.42
Stars 480, 394 3,658, 543 0.23

Transitivity = 3 * N

triangles

triads

Commits >> Issues >> Stars



Now what?

Commits

lssues

Stars

Information diversity index x37?

Out-degree centrality x 37




The first two PCs cumulatively explain over 80% of the variance.

Out-deg. centrality Diversity index

PC1§{ PC2 PC3iPC1 § PC2 PC3
Dcommit - 0.60 045 0.67] 0.63 +0.36 0.69
Dissue 0.61 +0.28 —0.74; 0.64 +0.24 —0.72
Dstar 052§ 085 0.1170.43 § 0.90 0.08

PC1: Average volume of information available /
Average diversity of the knowledge space (hyp 2)



The first two PCs cumulatively explain over 80% of the variance.

Out-deg. centrality Diversity index

PC1; PC2i PC3 PCl; PC2i PC3
Dcommit 0.60{—0.451 0.67 0.63{—0.364 0.69
Dissue 0.61{—0.28§ —0.74 0.64{—0.24§—0.72
Distar 0.52% 0.85§ 0.11 043% 090§ 0.08

PC2: Where the connectivity / diversity comes from
(The strength of weak ties)



Hypothesis 3: The more the informational diversity can be attributed
to weak ties, the more innovative the projects are.

Out-deg. centrality Diversity index

PCl1 PC2 PC3 PC1; PC2i PC3
D commit 0.60 —045 0.67 0.63{—0.36% 0.69
Dissue 0.61 —0.28 —0.74 0.64§—0.24§—0.72
Distar 0.52 085 0.11 0.43% 0.90§ 0.08

PC2: Where the connectivity / diversity comes from
(The strength of weak ties)



Finally, the novelty regression: Model III Model IV

Variables of interest

o Hypothesis 1 (greater connectivity): Deg... (H1) -
weak/inconsistent effects (0.001)
« Hypothesis 2 (greater info diversity): Degueakness _?6(.)(())3:)**
small but clear effects (25—75
percentile: 4% change in the Divaye (Ha) 0.007***  0.008***
distribution) (0.001)  (0.001)
Divipeakness (Hz) — 0.005***  0.007***
o Hypothesis 3 (strength of weak ties): (0.001)  (0.001)
clear effects, comparable size Observations 35060 28104

*p<0.05; **p<0.01; ***p<0.001



Exposure to diverse ideas through weak ties predicts novel
combinations of packages.

e Lurking on the GitHub platform seems to have

quantifiable benefits. Redesign the Trending page?
ﬁ

o Automated project recommendation tools may be P ﬁ\?ﬁ
counterproductive? \ & e
o Well-informed but not necessarily highly active - / N &
. s
developers may also be experts at their craft? .i . &
o How to track and give credit to ideas? 5? .’3“ /s';
o Surface-level vs deep-level diversity? & ;/-‘-! — &

o Al-generated code: novel or regression to the mean?



“Ecosystem-level determinants of sustained activity in

open-source projects: A case study of the PyPl ecosystem”
Valiev et al, FSE 2018




g Mentimeter

How do you screen open source libraries to make
sure they would still be maintained in the future?

Other Bt
How long the library already exists o
Platform support (Scala version) "y

Few transitive dependencies e

Code quality & style )
Activity on Gitter (Q&A) et
Freshness of dependencies B

| don't sk
Company support / sponsorship [ i ]
Reputation of maintainers it
Number of forks L
Documentation guality and quantity T
Has major 1.x release; release cadence IS
Number of maintainers .

Issue tracker and PR activity NOte- tOp factors are
Rich commit history (active development) a” are prOjeCt-leV6|
Number of (active) contributors

Popularity (stars, downloads)
Recent commits

0% 5% 10% 15% 20% 25% 30
Percentage respondents
ge resp & 290



But projects are often part of larger ecosystems




Transitive downstream dependencies are ..........

I have a
problem

g!aFP¢uniPy

J.mport numpy

Pandas

S

import pandas

Let me help!’

Interviews V

' \
« Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A y

Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J.
ESEC/FSE 2018




Transitive downstream dependencies are harmful

I have a
problem } Survival models
5 Early stage: -12% survival
Nu Long term: -27% survival
mport numpy Interviews:
e |ess likely to fix
Pandas ® just as likely to complain
imp‘}t B Let me help!’
Interviews 14
/ A
" Gase Study of the PyPI Ecosystem. Valev, M, vasiesdu b and Horosion 5. torge

ESEC/FSE 2018



Commercial involvement is ...........

I have a
problem

K.

Let me help!

4

Interviews

« Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A
Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J.
ESEC/FSE 2018



Commercial involvement is harmful

I have a
problem Survival models
4 Early stage: -51% survival

!‘3 X 2 Long term: -15% survival
B e
67 o BN

- @ Interviews:

® more resources
¢ but can withdraw anytime

Let me help!

Interviews

J

« Ecosystem-Level Determinants of Sustained Activity in Open-Source Projects: A
Case Study of the PyPI Ecosystem. Valiev, M., Vasilescu, B., and Herbsleb, J.
ESEC/FSE 2018



Take away: Network effects!




“Mining Email Social Networks”

Bird et al, MSR 2006




Email social networks are scale free

Number of Participants

10 31 100 316

3.1

%)
1=
(]
o §
S £
o) ©
o) 2
(o] —
o 2
o [}
Qo
o oo ;
o z
o
o o)
o
o
[ I I I T
3.1 10 31 100 316

1

Out Degree

100 316

31

[
1

I
3.1

10 31 100

In Degree

Out degree is an indication of status, as it indicates the number of different
people who replied to the ego’'s messages.
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“Latent Social Structure in Open Source Projects”

Bird et al, FSE 2008




Do 0SS projects have some latent structure?

Are there dynamic, self-organizing subgroups that spontaneously form and evolve?

Hypothesis 1 — Subcommunities of
participants will form in the email : @{;i
social networks of large open source O\é{

projects and the levels of modularity
will be statistically significant.

Figure 1: A network with strong community structure.
Modularity, the measure of strength of community structure,
which ranges from 0 to 1, has a value of 0.493 for the given

division of nodes in this graph.
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Two types of discussions on the development mailing lists

“Product” — development activity, function interfaces, APIs, bug fixes, feature
implementation, etc.

“Process” — policy decisions, high-level architectural changes, release plans,
licensing issues, and admission of newcomers.

Hypothesis 2 — Social networks constructed from product-related discussions will
be more modular than those relating to non-product related discussions or all
discussions.
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The subcommunities should be related to the software engineering
activities in a meaningful way.

Hypothesis 3 — Pairs of developers within the same subcommunity will have more
files in common than pairs of developers from different subcommunities.

Hypothesis 4 — The average directory distance between files committed to by
developers in the same subcommunity will be less than similar sized groups of
developers drawn different subcommunities.
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Mining the developer mailing list archives and source code
repositories for a set of popular 0SS projects.

Name Apache Ant Python Perl PostgreSQL
Begin Date 1995-02-27 2000-01-12 1999-04-21 1999-03-01 1998-01-03
End Date 2005-07-13 2006-08-31 2006-07-27 2007-06-20  2007-03-01
Messages 101250 73157 66541 112514 132698
List Participants 2017 1960 1329 3621 3607
Files 1092 7682 4290 13308 6083
Developers 57 40 92 25 29
Commits 28517 58254 48318 92502 111847

Table 1: Information on the data gathered for the projects studied.
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Finding community structure

“To find and quantify the latent community structure that exists in the OSS
networks, we have created a variant of the Newman algorithm.”
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Finding community structure

“To find and quantify the latent community structure that exists in the OSS
networks, we have created a variant of the Newman algorithm.”

3.1. Bridge removal

Key idea: Find links with high betweenness and remove them.

Link betweenness defined similarly to node betweenness centrality in previous
lecture — fraction of shortest paths that run through that link.
Link betweenness should be higher for bridges than for links inside a cluster.

. 102




Finding community structure

“To find and quantify the latent community structure that exists in the OSS
networks, we have created a variant of the Newman algorithm.”

Girvan-Newman algorithm (similar to hierarchical clustering)
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Finding community structure

“To find and quantify the latent community structure that exists in the OSS
networks, we have created a variant of the Newman algorithm.”

Modularity

The difference between the number of links internal to all clusters and the
expected equivalent number in a randomized network.

Randomization strategy: maintain number of ®)

nodes and degree sequence, shuffle links. Q\ Q
=

@ O
U

(© (d)
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Finding community structure

“To find and quantify the latent community structure that exists in the OSS
networks, we have created a variant of the Newman algorithm.”

The higher the modularity for a partition, the better the
corresponding community structure

OPTIMAL PARTITION SINGLE COMMUNITY

M=0.4
; M=0 ;

SUBOPTIMAL PARTITION NEGATIVE MODULARITY

M=0.22 ; 012
i 105




Finding community structure

“Girvan and Newman'’s original algorithm [...] doesn’'t handle networks with
weighted edges. Our social networks contain weighted edges, representing the
number of emails exchanged between two participants in each time period. A high
number of messages between a pair of participants should increase their
likelihood of being in the same group.

[...] we modified our social networks by introducing one edge between each pair of
nodes per email sent between them (i.e. creating a multi-edge network) and
modified Newman's algorithm above to handle multi-edge networks."
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Community structure exists

Boxplots of Modularity in Projects

e _
- — ° R
2 o | : ' .
5 © —_— ' '
g ] S
q. ] —_—
g o7 : 0 |
N
o
o _
= | | 1 | |
Ant Apache Perl Postgres Python

project
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The community structure of Perl from April to June 2007/

avarab@gmail.com

tim bunce

ivan heffile :

sadahiro tomoyuki
andpehs j. koenj
joshua ben jore
9 aul johnson

[/

david cantrell
david Ixdgres

- jerry d. hedden
craig a. berry

steve peters

D

brandon black

Fet)

108



The distribution of modularity values for 100,000 random graphs
with the same degree distribution as the observed network.

Ant, April to June of 2006

Probability Density

0.0 0.2 0.4 0.6 0.8 1.0

Modularity 109



Grouping into subcommunities is much stronger for discussions
directly related to the source code.

Modularity of PostgreSQL over time

o ]
T — Product Topics
- - Process Topics
0
Q-
=2 9 _
a o
=
8 < |
= O
Al
g
o ]
= N Y Y I Y I
1998-01 2000-01 2002-01 2004-01 2006-01

Date 110



“From developer networks to verified communities: A

fine-grained approach” — Joblin et al, IGCSE 2015




Developer activity (a) recorded in a version control system at the
granularity of functions is abstracted as a two-mode network (b)

A Dev 1 Dev 2 Dev 3
File File 1 commit A!A
SAEEEE0N ey ___ L. N )
| [ o O A ww B vy
| S s
Funcion2 _ _ _
6 ————
£ commit | | L commit @ — e
N N T =] ] S
Dev 1 Dev 2 |Function 1 |Function 2
(a) Developer Activity (b) Two-mode Network

(Joblin & Apel, TOSEM 2022)
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https://dl.acm.org/doi/pdf/10.1145/3504003

File-based vs function-based community detection

Method O File-based (old) ¥ Function-based (new)

1.00 - :
50.75- %% O%@K g
S sk d # of ook o
20.25- * - % © % ®
O O :
e 0.2 | 0.4 0.6

Mean conductance

Fig. 2: Scatter plot of projects analyzed using both file-based and
function-based methods for two different revisions. A clustering by
crosses (left) and circles (right) is visible; the function-based approach
is able to resolve more significant communities without compromising

density.
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“Validity of Network Analyses in Open Source

Projects” — Nia et al, MSR 2010




0SS communication and coordination networks

“One can derive social networks from the online mailing list archives.
The nodes are the people sending messages on the list.

If a person A replies to a message from another person B, then there is an edge
connecting the node representing A to that representing B.”
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Incorrect information flow due to temporal aggregation

How much temporal data aggregation can be tolerated before SNA results
become unreliable?

Fig. 1: The same topology, left, may apply to two different cases based on the order in which the messages were posted. If

t1 < to, then information can flow from A to C. But if ¢; > ¢» no information can flow from A to C 16



Information flow in the presence of inadequate or missing data

“ . . . Observed
Typically, social networks are derived Communication

from mailing list archives, using the
‘reply-to’ field in messages.

Unobserved /

[...] If B read’s a message posted by A, information Flow
but does not reply, then there is /

/
information flowing from A to B, but

there is no way for us to know that.”

Fig. 2: Observed communication (solid edges) is evidence of

TO What extent doeS missing data information flow from B to A. However, C may read B’s

message and B may have read A’s response, which indicates

influence SNA metrics? unobserved information flow (dashed edges).
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It doesn’'t matter?

“We find that while transitive B Network Measures

faults can be as frequent as In this paper we use the following SNA measures.

50%, their frequency is highly e Number of 2-paths (2P) — The number of 2-paths
) ] through a node is a measure of local social status as

dependent on the time interval defined previously [27].

of aggregation, and that even o Betweenness Centrality (BW) — The betweenness cen-

when very frequent, they do not trality of a node is a function of the how many commu-

nication paths a node lies on and is often used a measure

. - of global social status [28].

analysis critically.” o Clustering Coefficient (CC) — The clustering coefficient
measures the local connectivity density, or local structure
in the graphs [29].

change results from SNA
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Su m ma ry Tons of data and research

opportunities in OSS, join us!

... to be continued
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“Classifying developers into core and peripheral: An

empirical study on count and network metrics.” —
Joblin et al, ICSE 2017




“Core” vs “peripheral”

Core developers
e driving the system architecture
e forming the general leadership structure
e have substantial, long-term involvement

Peripheral developers

e typically involved in bug fixes or small enhancements
e have irregular or short-term involvement
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“Core” vs “peripheral”

Core developers
e driving the system architecture
e forming the general leadership structure
e have substantial, long-term involvement

Peripheral developers
e typically involved in bug fixes or small enhancements
e have irregular or short-term involvement

Distinction based on activity level — typically, the top 20% of contributors are
responsible for 80% of the contributions.
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Core and peripheral developers in developer networks

Degree centrality — local importance

Eigenvector centrality — global importance by either connecting to many
developers or by connecting to developers that are themselves globally central

Hierarchy — core developers should have a high degree and low clustering
coefficient, placing them in the upper region of the hierarchy

Core-peripheral block model — the core—core region of the matrix is a 1-block
(i.e., completely connected), the core—peripheral regions are imperfect 1-blocks,
and the peripheral-peripheral region is a 0-block
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Aside: The hierarchical network model

Recall the earlier scale-free property vs g
clustering discussion. (a) n=0, N=5

Small world model — short paths,
clustering, but no hubs.

Preferential attachment — short paths,
hubs, but not enough clustering.

(c) n=2, N=125

(Ravasz & Barabasi, 2003) 124


https://journals.aps.org/pre/pdf/10.1103/PhysRevE.67.026112

Aside: The hierarchical network model

Hierarchical network: scale-free W—C
property & high degree of clustering. (a) n=0, N=5

Example on the right:

e power-law degree distribution with
degree exponenty =2.16

e clustering coefficient C=0.74 is
independent of network size

e hierarchical architecture

Scaling law for clustering coefficient: (b) n=1,

C(k)~k~!

(c) n=2, N=125

(Ravasz & Barabasi, 2003) 125


https://journals.aps.org/pre/pdf/10.1103/PhysRevE.67.026112

Aside: The hierarchical network model

ER Random Network
Q [¢]
oo ° o
o [l
o) o0
— ¢ & o A (0)
o
(OXC; .. : 3 e o
o [oNG} . 4y Q
o .. ® 0
(0]
(&) <y : ©
® o
1.000—
0.1005—
S
0.010+ = - o <
0.001 ¢ i i i
1 "o o0 1600
k

Hierarchical Network

Lol T T |
1 10 100 1000

(Joblin et al, TOSEM 2023)
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https://dl.acm.org/doi/pdf/10.1145/3569949

Agreement between count metrics is fair to substantial.

1.00 -

0.75 4

Cohen's kappa
o
(o))
o

0.25-

0.00 -

Count-Based Metric Agreement

4+ Commit vs. LOC
-3 Commit vs. Mail
- =% LOC vs. Mail

02/15

03/15

04/15

05/15

06/15
Time

07/15

08/15

09/15

1015  11/15
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The linear dependence between clustering coefficient and degree

expresses the hierarchy.

Also block model:

> .
pcore—core IDcore—perlph

pperiph—periph

Role @ Core 4 Peripheral

2015-02-09

2015-05-04

1.00+ A A: A tAA
A, A %
0.50- Y A
AA, AA,
0.25- A A e e A
= A‘ﬂ' e P 3
Q P
O &)
S
g @
(@]
et 2015-08-10 2015-11-02
=
@ 1.00{a A A A A AAA A
1) 4 A, A w3
> A
S 0.50- .
AAy A A LR
0.25+ £ A A & A
® A A
A 43¢ ®e :
® > o%®
A " "
2 5 10 20 40 2 5 10 20 40

Node Degree
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Network-based and count-based operationalizations are mostly
consistent.

Also, the network perspective always

improves the agreement with

developer perception over the simple

count-based operationalizations.

TABLE II: Agreement with developer perception

Cohen’s kappa p value

‘2 Commit Count 0.387 3.12e-06
2 LOC Count 0.355 1.91e-05
© | Mail Count 0.421 2.08e-05
w | VCS Degree 0.465 4.48e-08
'%45 VCS Hierarchy 0.437  2.22e-07
3 VCS EigenCent 0.404 1.74e-06
2 Mail Degree 0.497 8.23e-07
Mail EigenCent 0.427  1.26e-05

Commit Count

LOC Count .

Mail Count 0.33 0.37
VCS Degree 0.3 052 -

VCS EigenCent 048 0.19 04 0.43
VCS Hierarchy 0.47 . 0.34 ] .

Mail Degree 0.36 0.18 0.32 0.31 0.41

Mail EigenCent 0.2 0.35

o
VCS Hierarchy = &

=
w
o)
o
N

Mail EigenCent
Mail Degree
VCS EigenCent
VCS Degree
LOC Count
Commit Count

Fig. 4: Time-averaged agreement in terms of Cohen’s kappa
for QEMU. The pairwise agreement is shown for the count-

based and network-based operationalizations 129



“Hierarchical and Hybrid Organizational Structures in

Open-source Software Projects: A Longitudinal Study”
— Joblin et al, TOSEM 2023




Hierarchical structure emerges in 0SS projects

Affords both the scale-free property and the community property.

developer on top
of the hierarchy

developer lower
in the hierarchy
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Or, rather, a hybrid organizational structure

Non-Hierarchical Part Hierarchical Part
00 ° : ‘s
E % N
) e ¢
3] :
D -1.0 T "
O |
o l
"a I
3 |
S -2.0 :
= : (B) Angle
o '(A) Percentage of Nodes
1.0 2.0 3.0 4.0 5.0

log degree 12



Over time, shift from non-hierarchical part to hierarchical part

standardized cluster coefficient

0.0

-0.5

-1.0

0.0

0.5
standardized degree

1.0

time steps

20
15
10
S

count

15
-
5
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Su m ma ry Tons of data and research

opportunities in OSS, join us!
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