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Big Data is Everywhere!

Lots of data is being collected:

Volume, Variety, Velocity
Web data, e-commerce
Purchases
Bank/credit card transactions
Video and images
Social networks




How Much Data?

Google processes 100 PB a day

Wayback Machine has 3 PB + 100 TB/month (3/2009)
WeChat has 600 M users and 20 B message per day
Facebook has 2.5 PB of user data + 15 TB/day (4/2009)
eBay has 6.5 PB of user data + 50 TB/day (5/2009)

EA LT 75 | T
i : -‘4.;

640K ought to be
enough for anybody.




Big Data Era

“In information technology, big data consists of
datasets that grow so large that they become
awkward to work with using on-hand database
management tools."

Computers are not efficient in processing certain
data (e.g., image processing)

WIKIPEDIA
The Free Encyclopedia



What is Crowdsourcing?

Coordinating a crowd (a large group of people online)
to do micro-work (small jobs) that solves problems
(that software or one user cannot easily do)

GALAXY ZGOO

Make Money
by working on HITs

HITs - Humnan intelligence Tasks - are individual tasks that

you work on. Find HITs now.
As a Mechanical Turk Worker you:
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The Benefits of Crowdsourcing

Performance

Inexpensive
Fast

Human Processing Unit (HPU)

More effective than CPU (for some apps)
I'mage labeling
Language translation
Social network survey



Basic Components

Requester

People submit jobs
Human Intelligence Tasks (HITs)

Worker

People work on jobs

Platform
Job management
Amazon Mechanical Turk (MTurk)

amazon

mechanical t“&'&
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Malaysia Airlines Flight MH 370

Holywwdlite.con  BREAKING NEWS!

I' KT Malaysia Airlines Flight 370 D o e 1_ I GI b
ick To

Pics Of

Flight 370 .

Crowdsourcing volunteers comb satellite
photos for Malaysia Airlines jet

‘‘‘‘‘

March 11 (from a CSU prof. email)

g : T just saw on our local Denver Fox news

i ( ) that a local company, DigitalGlobe,
| 5:7-: J'.'-‘f"'-,/ ~ % has reoriented their satellites to take high-
! 7 / res images in the area where the plane may

%, have crashed. Crowdsourcing efforts are on

e\ e to have people scan these images and find
P signs of debris. I was reminded of Jie Wu's
L A o talk earlier this month.



Help Find Jim Gray

Jim Gray, Turing Award
winner, went missing with his
sailboat outside San Francisco
Bay in January 2007.




DARPA Network Challenges

WE HAVE A WINNER!

MIT RED BALLOON CHALLENGE TEAM Pr'Oblem (2009): $40,000
e challenge award for the first feam
o o N to find 10 balloons.
'V Yo d MIT team won under 9 hours.
T / Winning strategy
I Y $2,000 per balloon to the first

person to send the correct location

$1,000 to the person who invited
the winner

$500 to whoever invited the
inviter

.. (or to charity) ...




Tag Challenges

Problem (March 31, 2012): Find five

suspects in Washington, D.C., New York,
London, Stockholm, and Bratislava.

Winner from UCSD CrowdScanner:
located 3 of the 5 suspects.

Winning strategy: same as MIT. Also,
recruiters of the first 2,000 get $1.

Washington DC New York City Bratislava




AI Could End Human Race (S’rephen Hawkmg)
Stephen Hawking

"Humans, who are limited by slow
biological evolution, couldn't
compete, and would be superseded.”

Recent movies . LG
Her (2014) & Ex-Machina (2015) oo THE

Inside the

AI'tIfICIa| Intelllgence

v
).
BEX macHIna

19
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Smarter Than You Think

1997 (Chess)

Kasparov vs. Deep Blue

1998

Kasparov vs. Topalov: 4:0
Kasparov + machine vs.

Topalov + machine: 3:3
2005 (freestyle tournament)

Who is smarter Grand-master (>2,500)
Human or computer? Machine (Hydra)

AI will redefine Grand-master + machine
What it means to be human Amateurs (>1,500) + machine *

Our Machine Masters 2016 (6o game)

NY Times, Oct. 31, 2014
AlphaGo vs. Lee Sedol: 4:1



Worker
HIT
Dashboard
Requester

MECHANICAL TURK



WS | Account Settings | Sign Out | Help

,arla/z’on mreChatnlcal turk ,'(’ Your Account | HITs Qualifications

Artificial Artificial Intelligence

Introduction | Dashboard | Status | Account Settings

Mechanical Turk is a marketplace for work.
We give businesses and developers access to an on-demand, scalable workforce.
Workers select from thousands of tasks and work whenever it's convenient.

293,089 HITs available. View them now.

Make Money Get Results

by working on HITs from Mechanical Turk Workers
HITs - Human Intelligence Tasks - are individual tasks that Ask workers to complete HITs - Human Intelligence Tasks - and
you work on. Find HITs now. get results using Mechanical Turk. Reqister Now
As a Mechanical Turk Worker you: As a Mechanical Turk Requester you:
e Can work from home ¢ Have access to a global, on-demand, 24 x 7 workforce
o Choose your own work hours ¢ Get thousands of HITs completed in minutes
« Get paid for doing good work ¢ Pay only when you're satisfied with the results
Find an Work Earn Fund your Load your Get
interesting task account tasks results
|__Find HITs Now | (__ GetStarted |
or learn more about being 3 Worker
As a worker, make an average of As requester, set up simple

$0.03 per task tasks for workers to complete

Paid directly fo Amazon account Quality control is possible
through MTurk services



Worker: Contrac

amazonmecnamca; tl,!fl(

HITs

All HITs
1-10 of 1982 Results

Sort by: | HIT Creation Date (newest first) E] @

Your Account HITs . Qualifications

All HITs | HITs Available To You | HITs Assigned To You

Show all details

Hide all details

t fora HIT

293,115 HITs
available now

]

[

12345 > Next » Last

Copy Text from Coupon Image
Requester: Coupon Vision

\
.

HIT Expiration Date:

Time Allotted:

Jun 21, 2014 (51 weeks 2 days)

10 minutes

Not Qualified to work on this HIT (Why?)

View a HIT in this urouD\

Reward: $0.08

HITs Available: 14

Proofread OCR Data

Requester: Brian Robertson

.

HIT Expiration Date:

Time Allotted:

Jul 3, 2013 (6 days 23 hours)

2 hours

Take Qualification test (Why?)
Reward: $0.30

HITs Available: 2

View a HIT in this group

A

Get product codes and prices from receipt image

Requester: Shoppin

\
.

et bonuses for long receipts

HIT Expiration Date:

Time Allotted:

Jul 1, 2013 (4 days 23 hours)

45 minutes

Reguest Qualification (Why?)

View a HIT in this qrouD\

Reward: $0.03

HITs Available: 2

Click and provide fast feedback B-US RHL-003

Requester: CrowdFlower

\

HIT Expiration Date:

Time Allotted:

Jul 3, 2013 (6 days 23 hours)

30 minutes

Not Qualified to work on this HIT (Why?)
Reward: $0.01
HITs Available: 219

View a HIT in this group

(" Basic Caption Reguirements

Requester: Redwood

\
.

HIT Expiration Date:

Time Allotted:

Jun 26, 2014 (52 weeks)

15 minutes

Reward: $0.02
HITs Available: 11

View a HIT in this group

J/

(R e T Ty e

Select a HIT
By creation date, payment amount, time allotment

Aad Aualifind ba wvemcls A dhin UTT flarkom)

Vfimiie = UTT (m blaim —-A..—\



Worker: Reviewing a HIT

Want to work on this HIT? ~ Want to see other HITs? Total Earned: $4.72
|_AcceptHIT_| Skip HIT Total HITs Submitted: 7

Timer: 00:00:00 of 10 minutes
~

Copy Text from Business Card
Requester: Oscar Smith Reward: $0.02 per HIT HITs Available: 39 Duration: 10 minutes
Qualifications Required: None

Your Current Quality Score is:

Please Copy Text from Business Card: If you have a high enough score, you will be 2 ==
considered for promotion to a Trusted Worker.

'Name
Title Company

:Email Website

Please Accept

Address: ?

H IT FI rSt Address Line 1

add line

NOTE: This is a Sample |City | |State |Zip Code

Phone: click here ifnota U.S. phone number 2

Work | |Ext.
Please select/crop company logo or T
. . 0DIle
image from the business card above. —
Fax

Click + Drag to select the company logo.
add phone

Review the HIT before accepting
Shown full task, allotted time (10 minutes), reward amount ($0.02)



Worker: Completinga HIT

ed: $4.72
ed: 8

imer: 00:00:00 of 10 minutes Want to work on this HIT? ~ Want to see other HITs? Total Earn $4.72
Accept HIT Skip HIT Total HITs Submitt

@ Your results have been submitted to Oscar Smith and will be approved or rejected shortly.

Confirmation message in green

Automatically shows the next HIT submitted by the
same requester

Check Dashboard to see if HIT is accepted



Worker: Sample Dashboard

Al TUTK ( Y4 292,650 HITs

ntelligence TOUL ACCOUIT HITs Qualifications available now

for which you are qu4
Find [HN™ containing that pay at least $ [} require Master Qualif]

Dashboard - WNEINEIM (If you're not BT, click here.) Your Worker ID: SutSamamuty
Total Earnings (what's this?)

Approved HITs $4.72
Bonuses $0.00
Total Earnings $4.72

Your HIT Status (what's this?)

0 0

Today 1 1 $0.00
Jun 3, 2013 7 7 0 0 $4.72

HIT Totals (what's this?)

HITs Accepted

— HITs Submitted

9 8 =
... Submitted 8 88.9% ... Approved 7 100.0%
... Returned 1 11.1% ... Rejected 0 0.0%
... Abandoned 0 0.0% ... Pending 1 —

FAQ | Contact Us | Careers at Amazon | Developers | Press | Policies | Bleg
©2005-2013 Amazon.com, Inc. or its Affiliates



Avoid Shady Requester

How Turkopticon works:

Turkopticon adds ~ \ment and vote on an article. Easy!
functionality to

Amazon Mechanical Quester:  Product Search HIT Expiration Date:
Turk as you browse T i

for HITs and review communicativity: I 1.00 /5

status of work youve ————— generosity D 2.57 /5

done. As you browse 32 website c¢ fairness : 2.86 /5

HITs, Turkopticon promptness . 2.00 /5

places a bu?ton T RO | 0 thians scores raan’? i
to each requester and ' d:
highlights requesters |

for whom there are ———— Scores based on 7 reviews —
reviews from other nmm Report your experience with this requester » |
r;gg(:gsévso%dsrﬁ;':;vs gquester: ¢ Mr Movie Quore mir expirauon Date:
employers and good Timam Allabbad,
reviews help you find fair ones. You can view reports made against requesters with a quick

click.

As you review HITs you've completed, are there HITs you weren't fairly paid for?
Turkopticon adds a button that lets you review requesters from your "Status Detail” page.



EteRNA
Galaxy Zoo
Fine-grained Recognition

APPS: IMAGE PROCESSING



iology: EteR

Aim: to gain mastery

over the way RNA
molecules folds.

& -C is the strongest pair.
Al (highest brightness)

<
1
Ce -A is the next strongest.
:ﬁ (medium brightness)
-

’

-U is the weakest.
(lowest brightness)

A:. CMU, Stanford

®
0]

¢~ Make Molecules Advance Science

Challenges Go To Player Puzzles

Simple Hairpin
2 41264 © 25

Loop Strategy - Learn
about the 1-1 Loop

i’ 21728 © 55

Oryza sativa 4 -
Difficulty Level 0

2 18010 © 100

a.eferna

sort by Post date Number of psopie cieared Reward Length

g oo s oy e |

Hairpin Series
2 36007 © 35

Y RNA - Difficulty
Level 0

* 24720 © 100

Oryza sativa 5 -
Difficulty Level 0

2 16226 © 100

Roadmap

Hairpin RNA
2 34643 © 50

Synthetic RNA-
Difficulty Level 0
2 26334 © 100

Chlamydomonas
reinhardtii - Difficulty
Level 0

2 13233 © 100

r Lost password? Facebook connect

RNA Lab Community About

Anonymou..
Chat !

Matt Indykiewicz:
prob [10:2s am)
Spanda: ... [10:36 AM]
Matt Indykiewicz: -
_ - [10:37 AM]
Matt Indykiewicz:
my random quote
[10:37 AM]
Spanda: -_- (10:37 aM]
Matt Indykiewicz:
you kill the people
driving [10:37 am
Spanda: my random
quote: [10:38 am
Spanda: "Let me tell
you something you
already know. The
world ain't all
sunshine and

Latest News

News] Dev chat scheduled
on 6pm EST, June. 26th.

News] TEBOWNED puzzie
results published

News] Cloud Lab results from
5/28 published

Blog] How well can Ph.D.
students play EteRNA?
Blog] Want to preview lab
resulis?

Blog] Getting EteRNA into

PO —




EteRNA: cmu, stanford

By assigning different colors (RNA nucleotides), a RNA
chain will fold into different structure
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GalaxyZoo: Zooniverse

SRR (11111 70) (S

Classify

SHAPE
Is the galaxy simply smooth and rounded, with no sign of a disk?

® = ¥

Features or disk Star or artifact




GalaxyZoo: Zooniverse

Classify




Fine-Grained Recognition: Tohme

(b) Results of computer vision curb ramp 5 ; ’
detection Ilght erred is h|qhercon |dence) ‘1“ : Afr"— T

"-~

'*--I;:P”

¢) Results after crowdsourced '.fermcatlon
- 3

K. Hara et al, "Tohme: Detecting Curb Ramps in Google Street
View Using Crowdsourcing, Computer Vision, and Machine
Learning,” UIST 2014



GWAP.com
OnToGalaxy
reCAPTCHA
ChaCha
Crowrdsourcing

APPS: COMMONSENSE
KNOWLEDGE



GWAP.com: cmu

ESP Game Tag a Tune
Labeling images Labeling tunes

s Tag a Tune

Hear Here

How to Play Ve How to Play a

tune and must describe it. il ~

1 Youand a partner see . Got—it,fLetisfPlay!_ T You and a partner hear a m - : Got it’ Let’s Play!
\—/

the same image.
W A

ilew Top'Scores * View Top Scores
——

2 Eachof you must guess 2 Based on the descriptions,

ke

what words your partner — you have to figure out if

is typing. E you're both listening to
the same tune!

3 There are several other
bonus rounds which are
self descriptive. Enjoy!




OhTOGC('ClXYl University of Bremen

Given a keyword
e.g., ‘tourism”

Collect pods with
words related to
keyword

e.g., "voyage"

Shoot down pods
with unrelated 4
wor.ds If the callsign: resist is r'»::\atv.:fri to tourism

collect it press (c)

e.g., resist”

An experimental
game platform




reCAPTCHA: cmu

2l - reCAPTCHA IS A FREE
CAPTCHA ANTI-BOT SERVICE THAT
HELPS DIGITIZE BOOKS.

=5 WHAT IS reCAPTCHA
- GET reCAPTCHA (cRmooatl Ltrain, JIrom
Lis| mornming |ran off the
=% PROTECT YOUR EMAIL {ow-Lon
= MY ACCOUNT

=4 RESOURCES: DOCS & PLUGINS

bn., Four cars plun

yadtaing. Upon
L[ . [

= LEARN HOW reCAPTCHA WORKS

USE reCAPTCHA ON YOUR SITE

B STRONG SECURITY
¢ ACCESSIBLE TO BLIND USERS
4l 30+ MILLION SERVED DAILY

(0 See how accurate reCAPTCHA is at
digitizing content!

Blog | About Us | Contact | FAQs | Terms | Privacy
@ 2008, all rights reserved.



ChaCha Search Engine:
powered by people

ChaCha is a human-
guided search engine. Will Rose

Questions are answered
real-time in an "ask a
smart friend” format.

How much is a frozen pizza at costco?

One can access ChaCha
via its website, text
message, or mobile apps.

Allison

Like 14




Crowdsensing: Smart City

Traveling safety Activity census

9:49 pm ; 9:51T pm 9:51T pm

Activity?

I @ ParticipAct I @ ParticipAct

Please follow this route from start
to end while answering the survey
questions.

Do you think that viale
Risorgimento is safe or
unsafe?

® Safe
Neutral
Unsafe

Tap here to take a photo of this street

Next question

G. Cardone et al, "The ParticipAct
Mobile Crowd Sensing Living lab: : _
The Testbed for Smart Cities,” R. Vaish et al, "Twitch Crowdsourcing:
TEEE Communications Magazine Crowd Contributions in Short Bursts of
2014 Time," CHI 2014



Waze Social GPS, Maps & Traffic

Waze is the world's largest community-based
traffic and navigation app.

SEND YOUR ETA & REAL-TIME REPORT REAL-TIME TRAFFIC GET ALERTED BEFORE YOU SEE FRIENDS HEADING TO
DRIVE TO UPDATE THOSE & ROAD CONDITIONS TO APPROACH POLICE, ACCIDENTS, THE SAME DESTINATION &
YOU'RE MEETING IMPROVE DRIVING FOR ALL HAZARDS & MORE WHEN THEY’LL ARRIVE

1 mi ahead

Police
Near Wilson Way,
Dayton, DE




Smartphone-based Crowdsensing

Smart city Some challenges

Personalized recommendation

P. Organisciak et al, "A Crowd of Your Own:
Crowdsourcing for On-demand
Personalization,” AAATI 2014

Public transportation

Z. He et al, "High Quality Participant
Recruitment in Vehicle-based

Crowdsourcing using Predicatable
Mobility,” INFOCOM 2015

Indoor map construction

X. 6uo et al, "ShopProfiler: Profiling Shops
with Crowdsourcing Data,” INFOCOM
2014

Speaker counting

C. Xu et al, "Crowdsensing the Speaker Count
in The Wild: Implications and
Applications,” TEEE communications
magazine 2014

GPS-less (energy efficient)

X. Sheng et al, "Leveraging GPS-less sensing
Scheduling for Green Mobile Crowd Sensing,”
JIoT 2014

Trustfulness & Game

Z. Feng et al, "TRAC: Truthful Auction for
Location-aware Collaborative Sensing in Mobile
Crowdsourcing,” INFOCOM 2014

T. Luo et al, "Crowdsourcing with Tullock Contests:
a New Perspective,” INFOCOM 2015

Coverage

M. Karliopoulos et al, "User Recruitment for
Mobile Crowdsensing over Opportunistic
Networks,” INFOCOM 2015

Privacy

L. Pournajaf et al, "Spatial Task Assignment for
Crowd Sensing with Cloaked Locations,” MDM
2014



Sequential

Iterative and Parallel
Divide-and-Conquer and Aggregate
Map and Reduce: a Special Case
Publish/Subscribe

PARADIGMS



Sequential: Collaborative Workflow

O g
Lexical translation
(weak bilinguals or machine) ‘ —

. . . -y Bilinguals
Assistive translation

(strong bilinguals)
Refine Sen.rence 5 -- Mor'\(?linguals
(monolinguals) L 'E . “\ -

V. Ambati et al, "Collaborative Workflow for Crowdsourcing
Translation,”" CSCW 2012




Iterative and Parallel

Iterative improve and vote

it sl b Lo o 50 b A
Tl ek ok ey

PPy PR O S

* Plase smpeone S yasscrpon of Se handurtng
o People wil vote whether 1o appecne vour Changes

GUARRATLAAL RATARRS, Owerall your writis

Fhty 1 TRl dinsdy ’i’“'

ekt

pood (pomts), but they pot lont smadit the (writing) (vpgnatre)

> You (D)) (work) () () () work (o) (seme) | (T (7) & fow grammanicdl mestakes
Overall your writing shle is a 5 %00 (phoany) You do (7) have good (pomts), bat ey pot

lost smadist the (writng) (vgnatare)

improvement $0.05

@

3 votes @ $0.01

\' E E o [E =

G. Little et al, "Exploring Iterative and Parallel Human Computation
Processes,” HCOMP 2010



Divide-and-Conquer and Aggregate

Divide-and-Conquer and
Aggregate

Decompose a problem
statement and aggregate
the results

Two special aggregates
Merge
Reduce

i
'

P,

Divide and Conquer

P
é&ﬂl
t \
P~

Merge

1

Sa

Aggregate

D —__|

Reduce

P. Minder et al, "Crowdlang - First Steps Towards Programmable
Human Computers for General Computation,” AAAL 2011,



Map and Reduce: A Special Case

(outline) Altractions l Briel HS1Ory |
Map
(facts)

The Empire - MOSt populer The Statue of
State BulIIng ones include the Literty ras
coledrated its Emoire Stote beccme an

75t Bulang, the American symbol

Anniversary Statue of Liberty of freadom and

on May 1, and the Qrend woicome to tho
2006. Cantral Terminal immigrants

Final

Reduce
(paragraph)

pe

cestnaton,

Ask most people who plan 1o travel 10 New York City what
mey want 10 see whil2 thay are Tere and invanadly you will
hear about the 10D ours! attractions: the Empire State
Builcing. the Statue of Liberty, and the Grand Cental
Terminal, wih the Empire Stata Buildng probably coming in
23 number ong on the kat of "must ace” for visitors to the city.
NO wender: the Empire Stat2 Bullding has a long history,
having celabratad i's seventy-fifth annivarsary on May 1,
2006. Ye!the Statue of Liberty is also a popular tourist

A. Kittur et al, "Crowdforge: Crowdsourcing Complex Work," ULST

2011



Publish and Subscribe

Pub/Sub middleware-based task assignments

Sub Pub
Crowdsensing Smart phone
users users
(Requesters) (Sensors)

I. Zarko et al, "IoT Data Management Methods and Optimization Algorithms for
Mobile Publish/Subscribe Services in Cloud Environments,” EU FP 7 OpenIoT
Project 2013



Challenges
Opportunities

CHALLENGES AND
OPPORTUNITIES



Each set has S/2 items
| r workers l I

Challenges

Each set has S/10 items
ryr)yrjrrnr | r|rrr

Trade-offs: time, cost, and quality

Max algorithm with human error (with a probability)
Maximize quality (via redundancy) subject to cost and time

P. Venetis et al, "Max Algorithms in Crowdsourcing Environments,” WWW 2012

R. Kawajiri et al. "Steered Crowdsensing: Incentive Design Towards Quality-
oriented Place-centric Crowdsensing”, UBICOMP 2014

Incentive: money, glory, and love
Platform-centric:a Stackelberg game
User-centric: auction-based incentive mechanism

D. Yang et al, "Crowdsourcing to Smartphones: Incentive Mechanism Design for
Mobile Phone Sensing,” MobiCom 2012.



Challenges: HPU + CPU
CrowdDB:

General
Query Quer3/¢Parser Output Manager #Result
Optimizer = L

Turker
t{ Relationships
HPU

CPU <+—> Crowdsourcing
Templates ¢

Files Access
Methods

— ¥
e
s

M. Franklin et al, "CrowdDB: Answering Queries with Crowdsourcing,”
SIGMOD 2011




CPU-assisted HPU

Entity Matching Radiology

e.g. JHU matches John Hopkins Univ. Filter
CPU generates -
matching rules
Expert-
free * .
CPU: rule- CPU.
based matching
Rule *
pruning
HPU verifies .
Apply match results D 'ngose
Rules * Ve . CPU tuberculosis> |
CPU: rule- HPU—>tuberculosis
based matching >

C. Gokhale etal, "Corleone: Hands-off Crowdsourcing for Entity
Matching," SIGMOD 2014



Challenges: Collaborative Workflows

Turkomatic

Complex works require
careful and accurate
design workflow

Problems:
Loop subtasks
Task starvation

Multi-stage task
with limited budget

Create a new blog about Mechanical Turk with at least two posts.

CROWDSOURCE IT!

mtworker

Flease create a new
\ Pl

How much should | pay for my HIT?

Kulkarni et al, "Collaboratively Crowdsourcing Workflows with Turkomatic,” CSCW

2012

C. Fofi et al, "Design Patterns for Hybrid Algorithmic-Crowdsourcing Workflows," CBI

2014



Challenges: Multi-dimensional Data

Multi-dimension Integrate all context

Personal activity data:

Eating hobby
Shopping preferences
Incomes

Emotional state

Social data:
Close friends

Similar users

Envmonmen’ral dC\TC(: X. Hu et al, "Multidimensional Context-aware Social

Locations Network Architecture for Mobile Crowdsensing,” IEEE

Communications magazine 2014
Climates



Opportunities

Beyond simple workflows
Graph search
Graph match

Beyond simple worker selection
Dynamic procurement

Beyond independent workers
Social networks



Beyond Simple Workflows

Graph search
Human-assisted graph search
Best sequence of questions with simple Y/N answers

A. Parameswaran et al, "Human-Assisted Graph Search: It's
Okay to Ask Questions,” VLDB 2010

Graph match

People graph (who knows and/or communicates with whom)

Puzzle graph (ideas are compatible and can merge)
Natural dynamic for people to merge their compatible ideas

C. Brummitt et al, "Jigsaw Percolation: What Social Networks
Can Collaboratively Solve a Puzzle," 2012



Beyond Simple Worker Selection

Dynamic Procurement
(multi-armed bandit)

A gambler facing a row of slot
machines

Which one to play, how many
times, and in which order

Each machine having a random
reward from a fixed distribution

A. Badanidiyuru et al,

Objective: maximizing the sum of ~"Bandifs with Knapsacks:

rewards earned through a sequence Dynamic Procurement for
of lever pulls Crowdsourcing,” 2013



Beyond Independent Workers

Social network of workers

Iterative recruitment of workers through
social ties

Challenges
Graph searching
Timeliness of responses
Stoppage condition




Computational Surplus Around
QQ Example

SOCIAL CROWDSOURCING



Computational Surplus Around

‘ i L0 5 10
Friends help friends |A) 3 e
Fixed individual capability N , it .
listic friends’ = | )
Pr'obapu.lls’nc friends ((./ | @/{E/
capability £=0 | t=4
Makes dissemination
decisions S. Zhang et al, "Minimum Makespan

Workload Dissemination in
DTNs: Making Full Utilization
of Computational Surplus
Around ," MobiHoc 2013

Based on the estimations
of the fixed and potential
computational capacities



Water Filling Schedule

Speed

Response delay d;: response + reply
: : S,=3
Computation (by a friend) | Time
d=2_—— ol
Reply delay S0_1/52_2
d,=4 d, [
y : Task=16
M. Xiao et al, "Multi-task Assignment Task=16 Si=4 “r
for Crowdsensing in Mobile Social .

Networks,” INFOCOM 2015

Scheduling across time: assign jobs to workers

Medium
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QQ Example

Tencent QQ, or QQ

Instant messaging A
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Exploring social status of
QQ users by responses




Recursive Doubling (reduce)

Initial label is L = "2" (subtract L by 1 when forwarding this

request to QQ friends)

When L = O, return the
total number of QQ friends

L=0
When L > O, do the following:

So1

Forward this request to all QQ friends

After receiving the first 10 replies, compute the average
number of friends, and send them back to me

So




Recursive Doubling (merge)

Initial label is L = "2" (subtract L by 1 when forwarding this
request to QQ friends)

L=2 So

When L = 0, return the following: ,_.@FV
Basic information (B) -

Number of friends (N)

Timestamps (T) ‘@%‘_ @-‘

L=0 S21 - S22 S23

When L > 0, do the following:
Forward this request to all QQ friends

Pack the first 10 replies, together with your own
information (B, N, T), and send them back to me
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Summary

HPU as a new paradigm to compliment the
traditional CPU-based computing for big data

Many unexplored algorithmic problems
Worker selection

Social connections of workers
Workflow design
Cost-time-quality trade-offs

Incentive mechanisms
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