Proceedings of the Thirtieth AAAI Conference on Artificial Intelligence (AAAI-16)

Efficient Collaborative Crowdsourcing

Zhengxiang Pan', Han Yu!, Chunyan Miao!, Cyril Leung'*
, 1Joint NTU-UBC Research Centre of Excellence in Active Living for the Elderly, Nanyang Tech. Univ., Singapore
2Department of Electrical and Computer Engineering, the University of British Columbia, Vancouver, BC, Canada
{panz0012, han.yu, ascymiao} @ntu.edu.sg, cleung @ece.ubc.ca

Abstract

We consider the problem of making efficient quality-time-
cost trade-offs in collaborative crowdsourcing systems in
which different skills from multiple workers need to be com-
bined to complete a task. We propose CrowdAsm - an ap-
proach which helps collaborative crowdsourcing systems de-
termine how to combine the expertise of available workers
to maximize the expected quality of results while minimiz-
ing the expected delays. Analysis proves that CrowdAsm can
achieve close to optimal profit for workers in a given crowd-
sourcing system if they follow the recommendations.

Introduction

In recent years, intelligent task allocation has been recog-
nized as a useful approach to make efficient quality-time-
cost trade-offs in crowdsourcing. Existing approaches as-
sume that a task can be effectively completed by an in-
dividual worker (Yu et al. 2013c; 2013a; 2014; 2015). As
populations age, inter-generational crowdsourcing platforms
start to emerge. Workers with diverse skills need to form
teams to collaboratively complete crowdsourcing tasks re-
quiring heterogeneous skills. An example is to proof-read
traditional Japanese scripts where elderly workers contribute
linguistic expertise while the young assist them with techni-
cal knowhow (Kobayashi et al. 2013).

To make efficient quality-time-cost trade-offs in collab-
orative crowdsourcing systems through intelligent task al-
location, we propose the crowd assemble (CrowdAsm) ap-
proachlt dynamically assembles teams of workers consider-
ing the budgets, the availability of workers with the required
skills and their track records in order to complete collabo-
rative crowdsourcing tasks. It maximizes the expected rate
of success for the tasks, minimizes the expected time elapse,
and stays within the given budget. Through rigorous analy-
sis, we prove that CrowdAsm can achieve near optimal profit
for workers in a given collaborative crowdsourcing system if
they follow the recommendations.

The CrowdAsm Approach
For a given crowdsourcing system, the availability of work-
ers with a given skill m can be modeled as a queueing
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system gm(t + 1) = gm(t) = pm(t) + am(t). pm(t)
Zszl N kT (t) — @m(t) where ng, j is the number of
workers with skill m required to complete a task of type
k, and T} (t) is the actual number of tasks of type k com-
pleted during time step ¢. The range of values for T} (¢) is
0 < Ti(t) < dip(t)Tx(t). Tx(t) is the number of tasks
of type k demanded by the crowdsourcers at time step t.
di(t) is an indicator function reflecting the ability of the
crowdsourcing system to satisfy demands for tasks of type k.
di(t) = 1if g, (¢) can support n,, , > 0 for all m required
by a task; otherwise, dj(t) = 0.

Due to the physical limitations of a crowdsourcing sys-
tem, we assume that there exists an upper bound to i, (t)

which can be expressed p'**(t) = Zkl,(zl Mo e L% (2).
anm (t) is the number of workers with skill 7m who have be-
come available at time step ¢ (e.g., those who have com-
pleted previous tasks allocated to them or new workers join-
ing the system). a, (t) € ZTU{0}, is the number of workers
to be mobilized by the CrowdAsm approach at ¢. For a given
crowdsourcing system, the number for registered workers is
finite. Thus, we assume that there is an upper bound a;.**
for a,, (t) such that 0 < a,, () < a%®.

Let ¢, (t) be the cost required to attract workers with
skill m to become available under a given worker supply
condition. The quality of the available workers, as mea-
sured by an average reliability value 0 < 7,(¢) < 1,
is also taken into account. Such a measure r;(¢) for a
worker ¢ can be computed based on his past performance
using reputation-based approaches (Yu et al. 2013b). Thus,

out

T (t) = W Zf\]:"i “ ri(t), where NoU!(t) is the to-
tal number of workers with characteristic m who are not
currently logged in to the crowdsourcing system and whose
r;i(t) > €. € is a reliability threshold set by the crowdsourc-
ing system or a crowdsourcer (e.g., the minimum “approval

rate” in mTurk).

The expected profit for the crowdsourcing
tem at time step ¢ can be expressed as d(t)
Sy & (8) Fi(pr (), 7 (£)pr(t) — c(alt),x(t)), where
a(t) is the set of workers to be mobilized by Crow-
dAsm and x(t) is the set of possible supply conditions
of workers with various skills. Using the Lyapunov drift
A(q(t)) (Neely 2010) as a metric to the overall level

Sys-



of congestion of demand on workers with various skills
in the crowdsourcing system (i.e., expected delay), we
formulate the delay-minus-profit objective function as
A(q(t)) — pE{d(t)|q(t)} which is to be minimized. p > 0
is a control variable determining the relative importance
of delay and profit which can be set by a crowdsourcing

system. A(q(t) < €+ Y0 g (®)@m(t) — ().
where € = 1 SM [(ae (1)) + (u2o% (¢))?]. Thus, the

objective function can be re-expressed as:

A(a(t)) — pE{5(t)a(t }<£+qu

K

= > kBB (Opr(B)la(t)} + E{an ()]a(t)}]

k=1

+ pZE{dk

JE{ (am (t)|a(t)}

)Beri(8)pr (8)]pr(t)|a(t) }

()

—pZE{ la(t)}

ey

By choosing only terms containing a,,(t) from
Eq. (1), CrowdAsm needs to minimize the expression

anj:l am () [gm (t) — c"gg] subject to the constraints:
D oan(t) < al®; 2) ri(t

> e,Vi € anp(t); and 3)
an\le em(t)am(t) < B(t), where B(t) is the budget
available for a given task.

To minimize Eq. (1), compute the values of the expression

[am (£) —p 22D

Pz t)] for all m. Sort all task requests in ascending

order of their [g,,,(t) — p‘mgg] values. For each group of
workers with skill m, send task requests to as many workers

anm(t) as allowed by Constraints 1 to 3.

)
)

Analysis

In this section, we analyze the performance of the Crow-
dAsm approach. Specifically, we are interested in the prox-
imity of the time averaged profit for the crowdsourcing sys-
tem to the optimal time averaged profit.

CrowdAsm observes the queues of available workers
with different skills q(¢) at any time step ¢ and helps
the crowdsourcing system determine the values of a(t)
to minimize Eq. (1). There exist at least a combina-
tion of af (t) and p,(t) values which satisfy all con-
straints and produce the optimal time averaged profit
E{6*(t)|q(t)} = &°Pt for a given crowdsourcing system
such that A(q(t)) — pE{6()la(t)} < & —pE{6" (t)|a(t)} +
Yom—y @m()E{a, (t) — 5, (H)|a(t)}. As the optimal pol-
icy results in E{a*,(t) — pk,(t)|q(t)} = 0 for all m, we
have A(q(t)) — pE{d(t)|a(t)} < & — pd°P*. Following the
definition of A(q(¢)) and taking expectations on both sides
of the above expression, E{L(q(t + 1))} — E{L(q(t))} —
PE{5(t)} < &€ — pd°Pt. Summing the above expression over
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all time steps ¢t € {0,1,...,7 — 1} yields:
T—1
S [E{L(a(t + 1))} ~ E{L(a( pZE{s Y o
t =0
< 7€ — Tpo°rt.

Asp >0, dividing both sides of the above expression by 7p
results in L 37" VE{S(t)} > 5P — £+ LE{L(a(7))} -
1E{L(q(0 ))} Smce L(q(t)) > 0 and L(q(0)) = 0, we
have:

1 TZ_IIE{é(t)} > gort _ &
T t=0 B p

Therefore, we have proven that the time averaged profit
achievable for a given crowdsourcing system following
CrowdAsm is within O(%) of the optimal profit, subject to

the physical limitations of the crowdsourcing system.

3)

Conclusions

In this paper, we proposed the CrowdAsm approach to dy-
namically assemble teams of workers considering the bud-
gets, the availability of workers with the required skills and
their track records to complete crowdsourcing tasks requir-
ing collaboration among workers with heterogeneous skills.
Theoretical analysis has shown that CrowdAsm can achieve
close to optimal profit for workers in a collaborative crowd-
sourcing system if they follow the recommendations.
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