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Software Architectures for Collective Intelligence (Cl)

1. Introduction (11.01.2018)

Overview on Collective Intelligence, Crowdsourcing &
Human Computation.

What are Collective Intelligence Systems and what not.
Relevance of CIS today.
Getting started with architecting CIS.

2. System & Technology Architectures (18.01.2018)

Architecting CIS.
System and Technology Architecture Trade-Offs.

Technology Stacks.
Formats, Standards, APIs.
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What is Collective Intelligence?

* Ancient Phenomenon: Group intelligence that emerges from

collaboration, collective action, and competition of many
individuals.

« Disciplines: biology, economics, organization theory, social
psychology sociology, and computer science.




Context: Collective Intelligence & Computer Science

* Internet enables cheap, boundless communication between people.

« Web applications (social networks, wikis) introduced new
communication forms allowing people to collaborate, work and
socialize space- and time-independent.

« Social software platforms aggregate collective knowledge via
networks of user-generated content
(e.g. Twitter, App stores, Facebook, GitHub, Wikipedia).

« Wide acceptance by communities to contribute to these platforms.

« Cloud Computing (PaaS, laaS) enabled these platforms to scale to
global proportions.

« Smartphones and tablet allow people to be always “connected”.




Collective Intelligence & Computer Science (cntd.)

Definition: “Groups of individuals doing things collectively
that seem intelligent” (Malone et al.,2009).

- Connect people and computers to act collectively more
intelligently -> socio-technical (eco-)system.

» also: thrive on network effects.

Harnessing collective intelligence requires to:
stimulate, aggregate, leverage, and distribute user
contributions through an ICT system as mediator.




Collective Intelligence — Our Take

1. Achieved by hybrid systems in which humans and

computers interoperate and complement each others
capabilities.

2. Potential for highly effective collection and distribution of
hard-to-access knowledge.

3. Used for Crowdsourcing, Social Web/Media,
Social/Cognitive/Human Computing.
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Socio-Technical Software Platforms

« Complex software systems that involve interaction between
humans, machines and the environmental aspects of the
work system (Baxter & Sommerville, 2011).

« Composition of 2 sub-systems:

- Social system: set of active, autonomous groups of humans
with knowledge, skills, attitudes and their relationships
within groups who participate content.

- Technical system: technology and technological artifacts to
perform tasks related to specified overall purposes.

 Mediates the social interaction between humans.

» Important to be carefully designed: balance the needs and
expectations of an online community and the provided
capabilities of a computational system.



What is Crowdsourcing?

« Definition: “Outsourcing a job traditionally performed by a
designated agent to an undefined, generally large group of
people in the form of an open call” (J. Howe, 2006).

- Web easily enables to leverage a global pool of resources, skills, and

creativity without time/location constraints.
- Applied in different forms and domains:
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Gamification to drive employees’ motivation.
Challenges and prizes rewarding ideas for product development

and innovation.

Paid microtasks for routine content work. Make Money
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What is Crowdsourcing? (cntd.)

Platform

Task |« Crowd

API API

\ 4

\ 4

Requester

* General methodology:
- Requesters (companies, organizations or individuals) use an
API provided by the platform to post tasks for workers to
complete.

- Based on the provided incentives, workers browse available
tasks and choose which tasks to perform.

- Finally, requesters review the accomplished work and either
accept or reject it.

- The API of the crowdsourcing platform and the task itself

mediate the interaction between the requesters and workers.




Crowdsourcing (cntd.)

T1: Task Creation

» Definition of task/job by requester.

* In case of big task, breakdown in
micro tasks.

» Definition of worker requirements
& qualification.

T2: Allocation

 Task Allocation: Based on worker
qualification and collected meta
data, appropriate and available
tasks are recommended to
workers.

 WWorker Allocation: Based on task
description, appropriate and
available workers are identified.

T1
Task Creation

<

T2 Allocation

[ Tasks JO[ Workers J

Adaptation

‘ Accept Task
| T3

| Task in Progress }

‘ Provide Result
T4

Evaluation }

‘ Approve Result
T5

| Payment }

T6
Worker Profiling

|

New Allocation J
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Crowdsourcing (cntd.)

T3: Task in Progress

» After accepting a task, worker
starts to work on it.

T4: Evaluation of Work

« After finishing a task and
providing the result, the work is
evaluated by the requester.

T5: Payment of Work

» After positive evaluation of the
work, worker gets paid by the
requester.

T1
Task Creation

<

T2 Allocation
[ Tasks JO[ Workers J
Adaptation ‘ Accept Task
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T3
Task in Progress

‘ Provide Result

‘ Approve Result

New Allocation
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Crowdsourcing (cntd.)

T6: Worker Profiling

T1
Task Creation

After each work on a task, the ‘
worker profile is updated based

on the meta data collected during 12 Allocation
the whole process. [ Tasks JO[ Workers |
The updated worker profile is
used for new allocation of tasks | ‘ Accept Task
and workers. Adaptation
T3

Task in Progress }
., Provide Result

Tl\/leta Data

T4
Evaluation
‘ Approve Result
T5
Payment

. New Allocation J

T6
Worker Profiling

|
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What is Human Computation?

« Paradigm: “Utilizing human processing power to solve
problems that computers cannot yet solve” (L. von Ahn, 2005).

- Instead of trying to improve software, harness human time,
energy and brain power and leverage human skills and

abilities.
- But humans need incentives.

- Approach: use of game-like environments to encourage their
participation (e.g., points, badges, leaderboards).

I'm not a robot

0:11 The ESP Game 2100

Time Left

Taboo Words Your Guesses Select all images below
MAN HAT that match this one: & 4
BEARD ~ b 8-
i Type the two words:
5 il re CAPTCHA
Pass
Type your next guess: ‘

o)
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What are Collective Intelligence Systems (CIS)?

« Definition: “Harness the collective intelligence of connected
groups of people by providing a web-based environment to
share, distribute and retrieve topic-specific
information” (Musil et al., 2015).

- Socio- technical multi-agent system which mediates human
interaction and provides support for distributed cognitive
processes.

- Driven by users who contribute content (knowledge or
information) to a globally-shared virtual information space.

- Distribution of consolidated information back to its users.

3
= stackoverflow

Announcing Developer Story
" Show off what you've built.

fou're more than your resume.

Check out Developer Story — ==

ifs
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History of Collective Intelligence Systems

1999 - 2002 — Early Cl applications.
Systems: Wikipedia, delicious, InnoCentive.

2003 - 2008 — Web 2.0 introduced features enabling CI:

Users as Contributors — 2-way information flows between by web
application and users by means of evaluation, review, and commenting.

User Participation - users add content for others to see (e.g.
crowdsourcing).

Trust the Community - contributions are available for the world to use,
reuse, or re-purpose.

Folksonomies - free classification of information; allow users to
collectively classify and find information (e.g. tagging).

Dispersion - content delivery uses multiple channels (e.g. file sharing,
permalinks).

Mass Participation

Systems: Facebook, Flickr, Twitter, YouTube, Slideshare, \Waze.




T
History (cntd.)

2009 - Today — Wide adoption and application in novel contexts.
- Mobile apps made CI applications more ubiquitous.
- Sensors: Tracking of movement and behavior.

- Clustering of Cl platforms (e.g. YouTube/Google+/\Waze,
Facebook/Instagram)

- Enterprise 2.0 — social software in enterprise environments.
Systems: Foursquare, Google+, Instagram, Vine, Kippt.

MK UIT
x \ 1351
Johnston ~sayiorville, NE 14t Sohaib Athar ¥ folow
| \ @ReallyVirtual |
=I-80-W. @ —1-80[E— | . . .
Helicopter hovering above Abbottabad at 1AM (is a rare
Euclid’Ave E Euclid-A{ event).
: v 9:58 PM - 1 May 2011
,4% s Hickman-Rd
Y 3,579 ReTweETS 2,937 FAVORITES
6th Ave

Follow @StarWars on Instagram!

Pappajohn
Sculpture Park:
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Systems experienced massive Adoption and Growth

Growth per month
70.000 on en.wikipedia.org

60.000
50.000
40.000

30.000

20.000

10.000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

http://en.wikipedia.org/wiki/Wikipedia%3AModelling_Wikipedia%27s_growth
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5,000,000
i Social Media Growth 2006-2012
4,500,000 ’/
b . 1,200,000,000
4000000 | Numberofarticles| | | | | | | A | |
on en.wikipedia.org
1,000,000,000
3,500,000
3,000,000 800,000,000
2,500,000
600,000,000
2,000,000 /} B Facebook
400,000,000 | W Twitter
1,500,000 Linkedin
1,000,000 200,000,000 - WWordPress
/ W Tumblr
500,000 0 ¥ Google+
0 2006 2007 2008 2009 2010 2011 2012 M Pinterest
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

http://www.dstevenwhite.com

Alexa Traffic
Rank
Site s Domain
(As of Aug
2015)°!
Google google.com 1
Facebook facebook.com 2
YouTube youtube.com 3
Baidu baidu.com 4
Yahoo! yahoo.com 5
Amazon amazon.com 6
Wikipedia wikipedia.org 7
Tencent QQ qg.com 8
Twitter twitter.com 9
Google India google.co.in 10

http://en.wikipedia.org/wiki/List_of_most_popular_websites
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Key Stakeholders & Benefits of CIS

Users

Effective bottom-up communication with very large groups of
people.

Awareness about new developments, changes and trends.

Building upon the content, knowledge and experiences of
others.

Be able to work on a common topics which are large in scope
and which requires contributions from dispersed users.

Platform Providers

Network effect makes platform more valuable over time.

Building up an active user base is time intensive and hard to
replicate by competitors.

Data collected by a CIS is extremely valuable (-> can be basis
for further services).



T
Examples of CIS

« Social network services
- Facebook, Twitter, LinkedIn, ‘
Foursquare, SinaWeibo @

 Media/ Content Sharing

- YouTube, Flickr, Soundcloud, YouRlllil] = flickr
Slideshare, Thingiverse

* Knowledge Creation P
- Wikipedia, Crunchbase, Wikia, Yelp, i\i‘i n)

Stack Overflow, Zooiverse WIKIPEDIA -QE

ee Encyclopedia
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Main Constructive Directions in CI

Building CIS which create crowds around a certain topic/
concept of interest.

- Social network services
- Crowdsourcing

- Media / Content Sharing
- Knowledge Creation

Instrument crowds from existing CIS within new contexts.

- Services using crowds, which are sieved of large social
network services or crowdsourcing marketplaces.

- Crowd-driven application software (e.g. Soylent)



W s

(!) Comparison of CIS to other Systems

x
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Aligning CIS with Communication Patterns

Pointto Point: Publish{ Subscribe Master I Worker:  “Client/ Server”: “Agentbased”:

O d a a O—»C

(] «=—»(] (Je—p(]
Nng 0 "
§ § v /G\X

(] -—»(]

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Cl-., Ch*,
:mpfact bi-directional

(no extra channei ...)
MOMIJMS:

oo

...........................................................................................................................................................................
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CIS Datamodel Example: Wikipedia

1P blocks

ipblocks -]
@ ipb_: INTEGER(8)

¥ ipb_by: INTEGER(S) (FK)

< ipb_adlcress: TINYBLOB

& ipb_user: INTEGER ()

© ipb_reason: TINYBLOB.

< ipb_timestamp: CHAR(14)

< ipb_auto: TINVINT(1)

% ipb_anon_orly: TINYINT(1)

© ipb_create_sccount: TINYINT(1)
< Ipb_expiryi CHAR(14)

% ipb_range _start: TINVBLOB,

© ipb_range_enct: TINYELOB

& ipb_enable_sutcblock: TINVINT(L)
% ipb_deleted: TINVINT(1)

IPBLOCKS table stores detals of IP adresses
nd usars who have been blocked from edting.

Statistics and Logoing

User _id of adrmir

o added the Biock

Users

Flease refer to [[mw:ManualiDatabase layout]] for specific detals on each of these tables

User Acco

ey

chist

watchist

user
@ user_id: INTEGER(S)
& user_name: VARCHA

& user_newpassword:

 user_options: BLOB

& user_rea_name: VARCHAR(255)
& user_password: TINYBLOB

< user_emai: TINYTEXT

& user_touched: CHAR(14)
& user_token: CHAR(32)

Watchist us

A
L]

R(255)

10 [ wl_user: INTEGER®) ()
wi_namespace: INTEGER(11)
.
& wi_notificationtimestamp: VARCHAR(14)

itle: VARCHAR(255)

Thveos P group user i

tration: CHAR(L4

& user T 14)
% user_editcount: INTEGER(11;

ser_grous
¥ v NTEGERE) )
¥ ug_group: CHAR(16)

it

expicit
User Tak

USER table [contans bisic account information
about userg (name, passwor Preferences”
Settings, erhal addresd etc)

ste_stats

Fitcounter

permisers

The WATCHLIST table contans for each
regitered user s or he i, and for l the
pa 1e5, the namespace
Fuimber, the paos it wihout narmespace
and a notification timestamp, used for
change natification.

s et

e \rr Jhm / i ihe o and

 istet o5 by mermbers of

User wha matle this edit]

=5

Caching tables

a few generi c:
operations ff ot using

& math_mathrl: TEXT

TRANSCACHE s 3 Ci
o e s

MATH table s Used by the math modis to

ifs

QUERYCACHE Is Lsed for

uerycache_info

[math 7] (Gt <] [auercache -
@ math_nputhash: VARCHAR (16) @ ac_type: CHAR(32) c_type: VARCHAR(32) @ acc_type: CHAR(32)
& math_outputhash; VARCHAR(16) © tc_contents: TEXT @ ac_value: INTEGER(S) o e NTEGERG)
& math_htrml_conservativeness: TINVINT(1) @ ac_namespace: INTEGER(11) _namespace: INTEGER(11)
@ math_htrol: TEXT  ac_tie: CHAR(25S) - INFO conta oo Cmn(z%)
L detals of updates to cact & gec_namespacetwo: INTEGER(11)

special pages,

<] [auenycschetwo -]

@ occ_titletwo: CHAR(25S)

QUERYCAGETHO & i

Memcachert kee track of previoushy-rendered items growped quenes i e grouped uer
et e o ks
(for exemple doublredrects)
Miscellneos - Stuff that does not it anywhere ebe
Parser Testing (both of these tables are optiona) o
testrun = b 3 finterw ________~]
¥ i % Job_ic: INTEGER(3)  w_prefix: CHAR(32)

eded o

+ indivicual TESTITENS
o faled,

Test Run 10

INTEGER (8)

& ss_total_edits: BIGINT(:
< s5_goor_artices: BIGIN
@ s5_total_pages: BIGIN
& s5_users: BIGINT(20)
< ss_admins: INTEGER(10)

|0 55 row_ick INTEGER(3) _
% 55_total_vews: BIGINTC

\

 s5_images: INTEGER(10)

(20)
0)

SITE_STAT
fow with some aggregate
on the state of the site

S contans 3 singe
fo

< log_timestamp: CHAR(14)

& Iog_namespacs: INTEGER(11)

logaing

¥ log_id: INTEGER(10)
% log_type: CHAR(10)
< Iog_action: CHAR(10)

¥ log_user: INTEGER(5) (FK)

< Iog_title: VARCHAR (255)

@ log_comment: VARCHAR(255)
% Iog_params: BLOB

© Iog_deletedt: TINVINT(1)

NS Content of LOGGING s
uihat you see o

hc_id: INTEGER(B) (FK)

TrelHITCOUNTER table
¥ buffer for storage of
pagl view nformation. Stare:

cresed based on the.

the o

Images and Meda

flearchive

Jser_id who uploaded mage

User who uploaded image

7 fa_id: INTEGER(11)
 fa_name: VARCHAR(255)

< fa_archive_name: VARCHAR(255)
 fa_storage_group: VARCHAR(16)
 fa_storage_key: VARCHAR(64)

< fa_deleted_user: INTEGER(11)
 fa_delsted_tmestamp: CHAR(14)
< fa_deleted_reason: TEXT

< fa_size: INTEGER(8)

< fa_width: INTEGER(S)

< fa_height: INTEGER(S)

< fa_metadata: MEDIUMELOB

< fa_bits: INTEGER(3)

< fa_major_mime: ENUM(urknown’ application”..
& fa_minor_mime: VARCHAR(32)

@ fa_description: TINVELOB

& fa_user: INTEGER(S)

 fa_user_text: VARCHAR(25S)

@ fa_tmestamp: CHAR(14)

© fa_deleted: TINVINT(1)

@ fa_mecia_type: ENUM(UNKNOWN, BITHAP', DRA. .

The FILEARCHIVE tabl stores all the media that
s been ceted, s 10 the ARCHIVE
table that makes

cldimage 4
image o ¥ oi_name: VARCHAR (255) (FK)
¥ img_name: VARCHAR(255) & ol_archive_name: VARCHAR(255)
& img_size: INTEGER(8) < oi_size: INTEGER(S)
< img_width: INTEGER(S)  oi_width: INTEGER(S)
% img_height: INTEGER(S) — © ol_height: INTEGER(S)
% img_metadata: MEDIUMBLOB < oi_bits: INTEGER(3)
< img_bits: INTEGER(3) % of_description: TINYELOB
< img_mecia_type: ENUM(UNKNOWN', BITMAP', OR... ¥ oi_user: INTEGER(S) (FK)
% img_major_mime: ENUM(unknown’,‘application.. ' ol_user_text: VARCHAR(255)
© img_minor_mime: VARCHAR(32) © oi_timestamp: CHAR(14)
% Img_description: TINYBLOB
O img_Luser_text: VARCHAR(255) OLOIMAGE table holds information about old
& img_timestamp: CHAR(14) revisions of mages. It wil be filed when ane
& img_user: INTEGER(S) (FK) 3 new version of an image to the wki,
The IMAGE table dest \hst images and other et image.

uoecd fes.
ot e otber pages

, the image description

The IMAGELINKS table stares al the irl
toin
functions, from
functions to the "

3ges. This s goo
Ik caching in t
what Inks here

d for 3 varety
output
paze.

text and assoclafed information

The REVISION table holds metadata for &
et dors to 2 e v e wis

t0 the new wikitext in the TEXT table,

user_d that meds this edt,

The TE
of indvih

XT table holds the
) page revisions,

recentchanges -
¥ rc_id: INTEGER(8)

& rc_timestamp: VARCHAR(14)

@ rc_cur_time (14)
° EGER(S) (FK)

& C_user_text; VARCHAR(2SS)
& rc_namespace: INTEGER(11)
G 1C_tile: VARCHAR(255)

& rc_comment: VARCHAR(255)
% rc_minor: TINYINT(3)

% rc_bot: TINVINT(3)

& rc_new: TINVINT(3)

& rc_cur_id; INTEGER(S) (FK)

% rc_this_oldic: INTEGER(8) (FK)
& rc_ast_old: INTEGER(10)
o

o

o

o

o

o

o

o

o

o

o

o

rc_type: TINVINT(3)
vunuved to_ns: TINYINT(3)
c_moved_to_title: VARCHAR(255)
e e TIVINTS)
re_ip: CHAR(15)

rc_old_len: INTEGER(10)
fe_new_Jen: INTEGER(10)
_deleted: TINVINT(1)
rc_logid: INTEGER(10)
rc_log_type: VARCHAR (255)
fc_log_action: VARCHAR(255)
rc_params: BLOB

@

@ rev_user: INTEGER(S)

@ rev_minor_edit: TINVI
@ rev_deleted: TINYINT
 rev_len: INTEGER(8)

Links to new & old page content,

rev_id
\7 reu}aue INTEGER(8) (FK)
text_id: INTEGER(S) (FK).
& rev_comment: TINVELOS

O rev_user_text: VARCHAR(255)
© rev_tmestamp: CHAR(14)

)

INT(1)
(e]

EMPLATELINKS contans for each curer
fn the id of the hast page, 1

number of the nclude:

5 ttle without namespace,

page el
namespa
and i

templatelrks

 ti_from: INTEGER(8) (FK)
@ t_nemespace: INTEGER(11)
@ tl_titl: VARCHAR(255)

Summary of 3 when It was
it A eroem, L o, e

N
R date: CHAR(14)

tr_mw_version; BLOB
M tr_php_version: BLOK
 tr_do_version: BLOB
% tr_uname: BLOB

TESTRUN

d pagy

The CATEGORTLINS tals sores e o
 the 11, w

Ceainy
age may or may not o

ame: vAR(NAR(zSS)

Stores TRACKBACKS fiom

extemal sites - provides

otification when sameone
= O the wiki's pa:

which pla

categonyinks

 4_fom: ITEGER®) () |
 ol_to: VARCHAR(255)

' d_sortkey: VARCHAR(35)
@ cl_timestamp: TIMESTAMP.

o

@ ob_c: VARGHAR (255

FHE

O w_ual: CHAR(127)
< iw_local: TINVINT(1)
@ iw_trans: TINYINT(1)

z o

L4

\J

2085 perfomed by pardkl ache

m s o a cor

age

INTERYK] tble st
i e with

@ rev_parent_id: INTEGER(8)

5 table s used to store

most notal re
e Gf Cascaring page protections
Y page:

Page that was viewed

&

for high-

idia.
Article Pages

tictions ~|
# pr_page: INTEGER(S) (FK)
@ pr_type: VARCHAR(255)

' pr_level; VARCHAR(255)

@ pr_cascade: TINYINT(4)

@ pr_user: INTEGER(9)

<

Page containing the Ik

achive

o ar_tite:
o ar_text

o ar_user
O ar_user
& ar_timest

© ar_flags: TI
?a

& ar_deets
o aren: I

& ar_namespace: INTEGER(11)

& ar_comment; TINYBLOB
r_text: VARCHAR(255)
@ ar_minor ¢ am anwm)

v id: nmscsm) )
< ar_text_id: INTEGER®)

VOEX tes & ueed T provie
Those be

VARCHAR(255)
MEDIUMBLOB

Fags to apply restrictions to)
age
@ page_id: INTEGER(S)

&
{0 page_namespace: INTEGER(LL)
& page_title: VARCHAR(255)
 page restrctions: TINVELOB
' page_counter: BIGINT(20)
' page_is_redirect: TINYINT(1)
@ page_is_nex INT(1)
' page_random: DOUBLE
' page_touched: CHAR(14)
@ page_| \a(at INTEGER(8)

Al e e ot TN e e the
1E08 e t9 ove co opy

INTEGER(S)

tamp: CHAR(14) Page that s indexed]

Page that was modifed
ed: TINVINT(1) pags_id of the refering page.
INTEGER(S)

The RCHIVE ttl stores ot on

deleted artel
he content

Use to generats the recent
related changes pages, watchls

and the ist o

RECENTCHANGES contars cetasof
the latest modifications done to the wiki

 page ler (®)

ey here

The articles may
i whs e i AT
time is logged n table LOGGING,

< of the
page containing the image / media link| ™ o
of the page itsei is

essentl®
stored i table TE

<

Page_id of the referg page.

pages,

Pags that s the redrect source

ralinks
2 o fom: NTESERE) ()
B8

il_from: INTEGER(8) (FK)
il_to: VARCHAR(255) (FK)

<<

< elto:
@ elindex; BLOB

REDIRECT contais for each page that
ity aredhet (o ot o ol revsons
i s rearects) the 13 of hs source page,
the target namespace number, and the target
page title without namespace.

i vd ivum INTEGER (&) (FK)
espace: INTEGER(11)
0 m tme VARCHAR(255)

NALLING table stores
and tracks externdl Irk

https://commons.wikimedia.org/wiki/File:Mediawiki-database-schema.png
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T
Challenges

1. Designing the “right” system.
- Requirement elicitation of user needs and optimization potential.
- Getting the basic workflows right.

2. Perpetual beta due to constant evolution of capabilities.
- Continuous delivery

3. Fostering an active community of contributors.
- Users are scarce resource: Competition with existing platforms.

- Engagement (incentives, motivation)

4. Scaling up to (ultra) large-scale proportions.
- Big data and Machine learning
- Cloud computing
- Global software development



Example 1: GitHub

© 0

. Collaborative, global source code repository

platform.
. Based on GIT versioning system.
. Strong, diverse community.

. Example of an active, sustainable source

code ecosystem.

. Excellent for code repositories, but not for

heterogeneous software artifacts.

Analyze forks and contributions

madebymany

jeffling
jbaiter

andrewmcdonough
dchest
matcfield
cloudgd42l

ninjabiscuit

lukeshumard

1 21 2

GitHub s revosiion

Sign in

% Star 3679 P Fork 25

rethinkdb / rethinkdb

An open-source distributed JSON document database with a pleasant and powerful query language

www.rethinkdb.corr <> Code
10,000+ 170 4% 33
[EE——
b next v rethinkdb / [#
fixing UtilsTest IPAddress for different platforms IPv6 lookup handling
B tryneus cds1sbises [
i
HTTPS
B
ersion. @
@ Clone in Desktop

Mark and build upon

% Star

3,679

P Fork

256 . . .
Discuss topics and issues

Explore new projects

Error building saucy package on launchpad
Improve unordered table scans on rotational drives

High memory consumption when writing to DB after rethinkdb dump

4 Trending Repositories this month ~
@ vhfffree-programming-books
awlrainyday.js
rops falling on

maros|
imulating raind

% Diogenesthecynic/FullScreenMario 2 598
An HTMLS remake of the original Super Mario Brothers - expan

J Sem: igners and developers by creating a sh.
HubSpot/odometer 2506 1 11
Beautiful CSS3 Number Transitions #hubspot-open-source

=29

Sometimes discussions happen on old items that aren't yet closed. Here is a list of all the Issug

No error message if table export fails with “rethinkdb export

Too many coroutines when re-sharding, node becomes unresponsive

In place migration tool for rethinkdb data

Analyze activity level

Analyze project progress

September 27th 2009 - October 20th 2013

Connect with developers

Stargazers




A
xample 2: Reuse of Software Artifacts and

Expert Know-How

Project-independent Activities

o -

Reusable
Artifacts / Standards

| |
; | 1 |
v 1 v
e R“m‘

Project-dependent Activities

Strategic

Q: How to make reuse and expert know-how sharing Corene
activities beneficial both for the project and the
organization?

Project A

Limitations of typical reuse and sharing scenarios: e
1. Users store software artifacts

in an unstructured, incomplete manner.
2. Lack of systematic approach to store and relate artifacts.

3. No information about
artifact quality, usefulness, and traceability.

This leads to ...

« A“dump” of artifacts which buries valuable contributions.
» Inefficient search for available elements to build upon.

* Issue must be addressed on project-independent level.

User A User B
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A
xample 2: Reuse of Software Artifacts and

Expert Know-How (cntd.)

Steps
1. Actors perform contribution activity
. : . Store
(create, modify, review artifact) 0,

which codifies content and knowledge. E p
Develop Use

2. Mine relevant contributions from artifacts in
the pool to create behavioral triggers for
actors
e.g., notifications or signals.

3. Actors with incentive perform
contribution activities, creating
a constant flow of new contributions and
triggers.

4. Continue with step 1.
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Cl Design Patterns (1)

Tagging
Problem: Information is dispersed and not grouped to filter content.
Solution: It enables users to categorize content on their own using keywords.
Used in: YouTube, Stack Overflow, Flickr

tagged Tags

Rating

Problem: Users are not able to filter and differ bad/insufficient content from good

and interesting information.
Solution: It enables users to express their like or dislike about the content so that

other users can benefit.
Used in: Foursquare, YouTube, Yelp

| 10471 523 2 @ 10 Basedop 166_\'otes
I‘ Like ,l - People like this place
b 43,436 @ 3,564




Cl Design Patterns (2)

Comments

Problem: Users can’t get in contact and engage with others to hold

conversations about content.
Solution: They enable users to express their own opinion to a topic and

encourages discussions with others.

Used in: YouTube, Yelp, Flickr, Facebook

Hashtags

N

sefting in front of the Ratha
food options of all of the doze
n should be paid to the baked potato an: bow
try the Renner (cheese, ham, & garlic up stand, | can
commend the beer & bread soup with bits of speck in it. Delicious!

most festive Christmas market in all of Central Europe! With an

Problem: Users can’t easily find text that contains important/specific words.
Solution: It enables users to add keywords/tags using “#” symbol among text to

facilitate discoverability later.

Used in: Twitter, Facebook

Red Bull Stratos
felixbaumgartner reached 60.000 feet

redbull #stratos #mission




T
Cl Design Patterns (3)

Recommendations

Problem: Users invest a lot of effort to find content they might be interested in.
Solution: They seek to predict content the user might be in interested in based
on other users’ behavior and decisions.

Used in: LinkedIn, Facebook, Yelp, Foursquare, Amazon

Places people like to go after Wiener People Who Viewed This Also Viewed... PEOPLE YOU MAY KNOW

Christkindimarkt I FRESCO GRILL
o René Kachlir, Serial
B2 catcEinstei Dooo :
ey ¥ Neighborhood: Alsergrund Entrepreneur
‘ & ¢ © Connect

Stefanie Peklar, Bakk.,

- Rathausplatz Salud
9.3 4 Conference Management
— { Neighborhood: Innere Stadt © Connect
(EE - o
LSRR Cafe Landtmann ,' Mario Lehenbauer-Baum,

Clinical Psychologist, | design
© Connect

Generated Lists

Problem: Users are not aware of what is the current status.
Solution: They enable to users to get fast a status overview of trending topics

and news.
Used in: YouTube, Yelp, Stack Overflow

Best of Yelp: Wien Most Popular

icks - The Epic Split Adele - Rolling in the Deep
st 452,932,273 view

nme (Live Te
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Cl Design Patterns (4)

Follow/Subscribe

Problem: Users need to review all content regarding news and updates all over
again.
Solution: It enables users to define specific content they are interested in and

that they would like to monitor.
Used in: Twitter, Facebook, Yelp, Flickr, YouTube

I3 Subscribe MR 1,738,113 o Follow

Activity Indicator

Problem: Users do not know if certain content is actively used or not.
Solution: It enables users to assess how relevant the content is based on other

users’ actions.

Used in: Foursquare, YouTube, Stack Overflow |5 .....

uuuuuuuuuuuuuuu

asked 3 years ago
1.889 2.431 viewed 3989 times
active 3 years ago




Cl Design Patterns (5)

User-generated Collections

Problem: Users can’t organize their favorite content and share it with others.
Solution: They enable users to create their own collections of curated content

and to provide them other users.
Used in: YouTube, Flickr

Tim Taylor

i Videos

2 videos

57 | kimi196047

Antequera
4 photos

Sets

Adomos Urbanos ™

19 photos

Favorites

®1
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(1) Common Misconceptions

We are in perpetual beta, so we just start with the development
and do the system design as we go.

- Wrong, though a well rounded system architecture of the “core”
system and its user-machine workflows is key.

If we built it they will come.
- Wrong, a strategy is required to get your initial user groups.

Scaling has to be considered from the very beginning of the
system design.

- Wrong, though scaling becomes quickly critical when content
growth takes on, it can be ignored in early phases, where the
user base is small and the activity level is low.

A CIS’s utility and its ability to keep users engaged is related to
using the right technology frameworks and libraries.

- Wrong, the effectiveness of a CIS to keep users engaged comes
from its system design and not its technology architecture.



TUER

Using Cl during a Software Engineering Project

Internal Perspective
« Coordination of collective development efforts.
 Awareness about progress, changes and issues.

* Improved discoverability of locally distributed knowledge and
software artifacts.

External Perspective

Premise: Thriving on the work and knowledge of communities
instead of reinventing the wheel.

* Open Source: Using work already done by others in own
project.

« Going Platform/Ecosystem: Let others extend your system.

« Accessing quality-assured knowledge of crowds.

- Finding solutions for common small programming/configuration
problems.

- Crowdsourcing of solution development.



CIS helping your SE Tasks

Issue Tracking (Internal/External)
System that manages and maintains lists of issues,
bugs and/or project management tasks.

- Jira, Bugzilla

Knowledge Management (Internal/External)
System used to collect and manage collaboratively
information/knowledge.

- Confluence, MediaWiki

Programming Q&As (External)

System that provides means for discovering and
sharing knowledge among users in the context of
computer programming.

- Stack Overflow, Stack Exchange

., Atlassian

XJIRA

Atlassian

X Confluence

[i®]]

MediaWiki

|I=l stackoverflow
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CIS helping your SE Tasks (cntd.)

Code Reviews Tools (Internal/External) MCrucible = __
System that allows developers to review each others ¥
modifications on their source code.

- Gerrit, Crucible, Review Board

H
Container Registries (Internal/External) mEEEN
System used to share and extend images for software
containers.
- Docker Hub
Extension Portals (External) @ e -
System that allows users to provide own code

solutions as extensions.
- RubyGems.org, Eclipse Marketplace
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b
CIS helping your SE Tasks (cntd.)

« Collaborative Code Repositories (External) 0
System used as collaborative management tool of
changes and version control.
- GitHub

« Digital Distribution & Updates (External)
System used to distribute apps developed by the
community and manage updates.

- App Stores (iOS, Play), Steam, Atlassian
Marketplace
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Success and Risk Factors

Success Factors:

Choosing the right type of CIS.
Appropriate set of Cl design patterns.

Provide low friction, easy to use means on contributing
content.

Effective feedback mechanisms, which make users aware
about activities of other users.

Risk Factors:

If CIS is not well integrated in users’ workflow routine, the CIS
will not be used.

Focusing more on the software side, and neglecting the user
base side.

Cannibalization of user activity by other CIS.
Handling of security and privacy of user data (logs).



TUER

Collective Intelligence Systems Research

Investigate and build applications on CI
principles.

1. Enabling organizations to reorganize work in
new ways.

2. Hybrid human-computer systems that
harness the “wisdom of crowds”.

3. Support approaches, which propagate to build
on work already being done by others instead
of reinventing the wheel.
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TUER

Collective Intelligence Systems Research (cntd.)

Foundation research on new kinds of software
architectures.

- Analysis of existing CIS.

- Design and develop novel CIS in yet
unaddressed domains.

« Knowledge management for mission-critical
know-how:
Effective and cost-efficient elicitation and
sharing of distributed and dispersed know-how.

* Process Improvement: Coordinated bottom-up,
emergent workflow mechanisms and process
risk management.
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Conclusion and Summary

Collective Intelligence Systems (CIS):

- Hybrid systems in which humans and computers
iInteroperate and complement each others capabillities.

CIS provide bottom-up, self-organization capabilities to
large, distributed groups, with respect to information
aggregation, organization and distribution.

Widely used in today’s society, yet understanding about how to
effectively design CIS is still maturing.

Human component is inherent risk factor.

Collective Intelligence and Crowdsourcing are two different
approaches that are both driven by human groups.
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