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Crowdsourcing Task assignment
Using Hungarian Algorithm.

Yuxuan ZHANG
Abstract

Recently, crowdsourcing is becoming mainstream to create language resources
including bilingual dictionaries. And now, assigning more tasks to stronger workers is one
widely used solution to guarantee the correct response rate for crowdsourcing tasks.

However, assigning many tasks to a small number of people will result in the
problem of increasing the total work time. To reduce the total work time, it is necessary
to ask more workers to work in parallel.

Therefore, we devised a crowdsourcing task assignment method that extends the
Hungarian method to realize a task assignment that guarantees a correct response rate
while keeping the total work time within an upper limit. Specifically, by replicating the
Hungarian method for solving one-to-one task assignment problems with the smaller
number of workers and tasks so that it can handle one-to-many task assignment problems,
the matching matrix consisting of worker ability and task difficulty is transformed into a
square matrix to calculate the assignment result with the highest predicted number of
correct answers while controlling total crowdsourcing work time.

To this end, we address the following two problems.
Formulation as a worker/task matching problem

In this study, the correct response rate for a task differs among workers because each

worker's ability and the difficulty level of each task are different. To formulate

crowdsourcing task assignment as a matching problem, we need a matching matrix
between workers and tasks based on a prediction function of the correct response rate
that improves as the worker's ability increases and the estimated correct response rate
increases as the task difficulty decreases.

Extension of the Hungarian method to the one-to-many assignment problem

The Hungarian method is an algorithm that finds the least expensive one-to-one

assignment of tasks and workers. Therefore, the Hungarian method can only be

applied when the number of workers and the number of tasks are the same. Therefore,

it is necessary to extend the Hungarian method so that it can be applied when the
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number of workers is smaller than the number of tasks, or conversely, when the

number of workers is larger than the number of tasks. Furthermore, it is necessary to

be able to set an upper limit on the total work time so that the total crowdsourcing
work can be completed within a given time.

For the first approach, we propose a prediction function for the correct response rate
that reflects the characteristics of the matching matrix. In general, the correct response
rate is directly correlated with the worker's ability value and inversely correlated with the
task difficulty. To satisfy this property, we introduced a simple two-variable function as a
prediction function that is proportional to the ability value and inversely proportional to
the task difficulty and calculated the value of each cell in the matching matrix.

For the second approach to extend the one-to-one Hungarian method to one-to-many
assignments and to set an upper bound on the total work time, the rows corresponding to
the workers and the columns corresponding to the tasks in the matching matrix are
duplicated to form a square matrix. The existence of duplicates for workers and tasks
allows for the assignment of multiple tasks to a single worker or multiple workers to a
single task. Furthermore, by changing the number of worker replicas, the maximum
number of tasks that can be assigned per worker can be adjusted and an upper limit on the
total work time can be set.

We verified the effectiveness of the proposed method by comparing the number of
correct responses to tasks and evaluating the execution time of the assignment process
between the proposed method and the conventional method using simulations and subject
experiments.

Formulation as a worker/task matching problem

We succeeded in constructing a matching matrix that can display the correspondence
between each worker and each task according to the worker's ability value and the
difficulty of the task. Using real data, we succeeded in improving the correct response rate
by 8% compared to the random method.

Extension of the Hungarian method to the one-to-many assignment problem
By extending the matching matrix, we succeeded in extending the Hungarian method
to handle one-to-many assignment problems. In this study, we succeeded in extending the

Hungarian method so that one worker can handle multiple tasks.
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Algorithm 1 Algorithm for the improvement of Hungarian
Algorithm

Input: Matching Matrix, The number of the maximum of the
work time in crowdsourcing k
Output: The Assignment result
Initialisation :
LOOP Process:Copy each row k-1 times
I: fori=0to k—1do
2:  Copy each row one time and insert it into matching
matrix
3: end for
Insert 0 into matching matrix to let matching matrix into
a square matrix
4: m = The number of rows of the matching matrix
5: n = The difference between the number of rows and the
number of columns of the matrix
6: Insert m rows and n columns of 0 in the matching matrix
7: P = Result of the calculation using the Hungarian algo-
rithm with the matching matrix as a parameter
8: return P
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YEial—vavEET—FeMMioTHIKT 5 2 & CIEMEMEZFHTT 5.

41 7)) —T 14—k

7V =T 14—, FHROBERE TR OAREDO K E LTI ZEA THE,
205 DR ZMAGOE b D2 RN REE T 27NV T ) ALTH 5. Eik
M, 7)) —F 4 =Ty F v 70 o YT 7o v R ENT AR E LY R
ZHIERZT SN AEREERTITICRIVOMED - FEH R VDEEEZ 2 TDY R
ZHYTEETDTOEATITL. 7Y —T 4 —EEHBACTIEEFICRED D D
ZIBATOL T DT, HHERUEZ L TNy 7 EI DN ETH
2.L0L, 7V =T 4 —HIERETROHAGDE ZEATL £ 9 RIELH 52D
T, NYH T VERREGRHAGDEEROT SN0 v Th B,

HSR91  HRY2  HRY3 S291 | 9RJ2 | HRU3
TE%E fE%E
0.264 0.708 0.458 0.264 0.708 0.458
[(E3-7) fE%E2
0.515 0.561 0.864 0.515 0.561 0.864
(K] fERES
0.733 0.556 0.456 0.733 0.556 0.456

ZLTTS5Y: [2.3)]

A1 HRI2 YAU3 571 A2 H2R93

fE%E fE%E
0.264 0.708 0.458 0.264 0.708 0.458
fE%E2 ! {E%E2
0.515 0.561 0.864 0.515 0.561 0.864
fE%ES E ST
0.733 0.556 0.456 0.733 0.556 0.456
EHTTSV: [(2,3),3,1),(1,2)] YT V: [2,9,8,1)

10: 7Y —7 4 —IETEY CTF T 2R 241
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4.2 RERERTE
AWFETIEHEE 104, YA 30 EFREINT0 S, KBIEEEDOREIIME
BZNZFNEL>T, FIAVDOHGELEH Z L TH 5.

4.3 FHEER
RETFEZEOTIEICH LT, BRSO B & 5 21T 9
1..3% —> 1 (Hungarian Method)

N AT RO A7 DEFETFEDOET L.
2 .34 — 2 (Random Method)
7V LEEROIY A7 DEETFIEDE T L.

4.4 Y2 alb—oa vk S

4.4.1 185 *—4

TERBEDRNIDBECIZE Y X7 DFEITHRERDOMEIZE L &5, 22T, 1EE
FOWN %S ZHEIIBT2ERNEL, X(0<x<1)TET. x X1ITEILIFL,
Z DIEEEDTHE L T BEERENL D, S A7 2IEL {179 2 EWREICZ: 5,
—77, X BPOIEDCIFE, FEBEORRL CO3HEENRDLRD, YA %2R
%ﬁj‘ﬁ“é‘l‘%i)i‘mi 5. AWHETIR AT, (SRR DRI 2 X—F iz v
THETI6]. ARUETIZREIED N — & 34 IHE ) 136 10 A2 HwTe S 2L —
yay%nm@%%@wﬁﬁ®$%iazhea7iﬁmﬂﬁm?%a

757 Y =2 I TNREEEZER T 28,9 2 7 13 FEERIOBRS 2 7.2
T, Y AT DEEGIE R HEEOHBISHIE L L,y v € {0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0}
TERTY D LIGEIIEE, ZDF A7 OBEIFEL 72 D IEL {fTb 5 AJRgMED
T23%. 77,y 0.1 I IEE, 2D 9 A7 DHEIZEL & EL {frbihi s 1]
REMEDSR £ 2 AR TIE, HE S a2 — 2 (BCCWJ) "CHHFEDHIE 2 %
L BHEEDOHED 6 ¥ A7 D5 % FRE S 2 HEEDOHED o M5 % A D
2IHEITFR 1 DD TH B.

t BCCWJ: https://ccd.ninjal.ac.jp/beew;j/freqg-list.html
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£ 1:HEEOHEE L ¥ R 7 DS EOMNICER

B HES R B B B K
10 J5 B4 E 0.1 10-5 1 0.2 5-1 7 0.3
10000~5000 0.4 5000~1000 0.5 1000~500 0.6
500~100 0.7 100~50 0.8 50~10 0.9
10-1 1.0

F 7, HARGE 2 — 8 20 6 FHEEOHED & FHFEOMS E# 5T 5.2 L ¢,
FHES DO HEEDO B 2 a5l U, KL O HEESHBL T 2 MR 25T 5 KL EO
HEED HBUERITER 2 D@D TH 2 . AWFETIE, 2 DR TH A7 30 iz HWwT
PIal—vavEir).

K 2 T O HEED HBIER

HRE R HHE R HHE R
0.1 0.0005 0.2 0.0004 0.3 0.0042
0.4 0.0051 0.5 0.0268 0.6 0.0221
0.7 0.1262 0.8 0.0730 0.9 0.2377
1.0 0.5271
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4.4.2 FHEFER

AT, BFEFEICNIE T 2EDO AR E Y S 2 L — a YO IR L T % A
ZE T MEHEZE DREIMED DY 0.2-0.7 DA DIRET I LIEET O EEE 10
%, A7 30 DG EDES A7 BD EROEE O IEMENE: 2 851 L 7 AFERH X
3205 30 £ T 1 I CHRRIMTH 5. ZDOFMERIZK 11 225K 16 TREINT
3.

Predicted value of Hungarian and Random methods(0.2)

—— Hungarian
—— Random

Predicted value
o o = =
(@) (0] (@] N
1 1 1 1

o
>
1

o
N
1

T T T T T T

5 10 15 20 25 30
Maximum number of tasks per worker

X 11:5E 1A D KL 0.2 DIFE O MM
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Predicted value

Predicted value

Predicted value of Hungarian and Random methods(0.3)

2.0 A

1.8 1

1.6 1

1.4 A

1.2 A

1.0 A

0.8 1

0.6 4 —— Hungarian
—— Random

0.4 -

5 10 15 20 25 30
Maximum number of tasks per worker

B4 12: B8 E D)L 0.3 DG O IEMEMEXT L

Predicted value of Hungarian and Random methods(0.4)
2.8 1

—— Hungarian
2.6 4 — Random

2.4

2.2

2.0 A

1.8 1

1.6 A

1.4

1.2 4

T T T T T T

5 10 15 20 25 30
Maximum number of tasks per worker

X 13:RESME D)1 0.4 DIGE D IEMEM %L
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Predicted value

Predicted value of Hungarian and Random methods(0.5)
2.8

—— Hungarian
—— Random

2.6

N
H
1

N
N
1

N
o
1

=
o]
1

=
(@)]
1

=
H
1

T T T T T T

5 10 15 20 25 30
Maximum number of tasks per worker

X 14:RE JMEDO 1T 0.5 DA O IEREMEXT L

Predicted value of Hungarian and Random methods(0.6)

3.50 1 —— Hungarian
—— Random
3.25
3.00 A
2.75 A

2.50 -

Predicted value

2.25 A

2.00 -

1.75 -

5 10 15 20 25 30
Maximum number of tasks per worker

X 15:RE SIE DX 0.6 DIGE O IERENERT L
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Predicted value

Predicted value of Hungarian and Random methods(0.7)
3.2 1

3.0 A

2.8 1

g
(o))
1

N
IS
1

o
N
1

g
o
1

—— Hungarian
1T —— Random

=
©

T T T T T

5 10 15 20 25 30
Maximum number of tasks per worker

16:RE TE DT 0.7 DG DO IEMEMXT t

18



4.5 BT —3 12 & 57
COBTIR,ET =YL o TIRETFEOIEMIEZREIE L, 7 v ¥ Lk R THR
EFEOERMEZFHL 7.

4.5.1RT—4

A TIE, RHEFEDONRI R 7% 7 79 B =V ITDYR T EL, AT D
HESEIZTRR DL LTI B IO L X)L CHRHEOHGE%S 4.4.1 fiLFL
BB CRRIET 2 .05 L ~Lds 1 BUSiED 13 & OB ENRNE £ 5. —17,
HEEOR I 7 0P ) OTRWHEE L EWHEEICT T TRL L XLVORWHEED
GRS I X D RE CRIET 2. BEN R WIGBHRIZE 3 oMb T
bHb.

AWHFETIE, KHES O RGE—D> T Ohhi L, T 0 SHEi I %2 ZAFHEH ORE ) fE
ZH o7 FHHIFEBTE LS BIRS N Y A7 DS E%E d CMEEZEDENEEZ A
TETFEHEORNMEIINE)THE SN 5.

A=Yd (4)

FAEELZEORIMEIZE 4 DEY TH 5.

FHGEDZ A7 % 10 O U, FEBEDOIMEEH 10 /Ity 77 Py —v v
TZ®D 100 FBIAT B RFRZER L TH 5 o7, Z2NFNOEFEELIC 100 FEET
DRFRZERLTH 5\, 512 IELV 700 B#E-> T3 "OhiHliZ {1 -
TH 6o,

1 gefR : https://www.eiken.or.jp/eiken/
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F 3: % A7 OHESE &k L ~UL O %S B

B L~ 5 ) 4 i 3 HE2 (FV>) 1 2(R\v)
e L 0.1 0.2 0.3 0.4 0.5
Fef L~ 2 B v>) 2#(R\) # ] (k) 1 (Rv) 1 %
L 0.6 0.7 0.8 0.9 1.0
K 4 BNERE OREE
== =0k
A 0.1
B 0.4
C 0.6
D 0.9
E 1.3
F 1.6
G 1.6
H 2
I 2.4
J 2.6
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4.5.2 FHii /7%
REFEZEOFEICN LT, MRS NIEROIEREED & FHli 2179 .
1.,3% — 1 (Hungarian Method)

NYAN T VERAGTY 27 DFMTTEDET IV
2.,3% — > 2(Random Method)
5V LNERGTY 27 DEYTTREDE T IL
ZNENDTIRIC L o TRK S (U NEROIEMEIEIZDIT O X 5 IZFHE T %,

LA y R0 H (5)

FEETEHA L Z2BlRUIC O W T OiHii 21T ) 701, FFETI IaLl—varz
18 o7. ZDEEDFMIL T DM TH 5.

® ¥ ZA7¥:301H

® Y RIVDMGENAR:0.1 026 1 FTZENZN 3

o {EEFE:1I0 AN

o (FEFHDM I FHHIFER CKIEELT DRI 2 M- 72

F7, HRMERBET 272012, REEZLICS T 2L —3 3 v 20 [HlfT- 72455
DNME % 7z,

4.5.3 &R

IRZ—=2 1 DHE—NET2) DZ A7 D LROGE O EMEM TR 3, 27—
Y o2DE—NYUTZ DX AT IOBEDEMIEITIRADEY THDH. #ETHED
IEMEVEIZ S — NS T2 DX 273D FIRDOGEDIERENEIEZ 7 v ¥ 2E L D Ed &
5(X17).
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KINVT) T UEREIK—ANUT-20 DX X7 D EROSGA OIEMENMT

— AU DY X 7ED LR LA
3 50%
4 61%
5 61%
6 64%
7 63%
8 59%
9 61%
10 61%
11 61%
12 60%
13 61%
14 62%
15 60%
16 61%
17 59%
18 58%
19 58%
20 57%
21 59%
22 56%
23 60%
24 58%
25 58%
26 55%
27 58%
28 60%
29 57%
30 56%
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K317V LERM)F— NYT2D DX A 7D FIROGE OEMENE

— AU DY X 7ED LR LA
3 48%
4 49%
5 50%
6 47%
7 46%
8 52%
9 50%
10 50%
11 54%
12 53%
13 53%
14 56%
15 51%
16 44%
17 45%
18 50%
19 52%

20 43%
21 46%
22 43%
23 44%
24 42%
25 44%
26 49%
27 56%
28 40%
29 34%
30 50%
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Accurancy

0.8

Accurancy of Hungarian and Random methods

o
~
1

©
(e)]
1

o
(9}
1

o
H
1

o
w
1

0.2

—— Hungarian
——— Random

5 10 15 20 25 30
Max number of task per worker

17 R R FiE L 7 7 DIEDIEMetExT
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FrE EE

PIal—yavOfiRr S H A LIRETFIERZMWE ) LA IIEREE - ADHD
DYATED LRV Z 512 o0T, 779 FY =V 7TOIEREEDL Tw L.
7 v LERM) GG, IEHEMEIIEESE - AHD DI A7 HO HREBRLR W C
Lo o EELEDEIED D02 705 0.7 £ TED LA ITIIIRETES
il 9 IEMEMEDSH IS 7 v & DEZ ) IEHEE L D KRE W I Ld¥bh o,

T =PIk D RETFEDOIEMEEOR RS W2 E2TD—-AY7 ) DY R
B0 EROGEDREFEDEMERE > 2 o NV Y 7 vikzE v
H 27 DEBTTERGNTH 2 I EBbhrol. 7 vy MEOIEMEE & T
ETRIIEEDIEMERE 2%-23%A L5 2 L0 ol —J5,9 A 75D LR
B U TIEMEMEIZIE A 2 DRI ARFEBR DB ORI AZIZ L THREC KT L
THEMED R OIEER Z A T REMEDMR DL X D IEEBED S v 2 LR TH
3.
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FO6E HNHYIC

70 RV =3 P THEEZRAT O G A IR IR 7R EER 2 B 5 1T
TIEZRV. BUMEEBRTZ LR ZRELEFEOHDBRONTVDLE, W LT
O EMMEEZ R T D0 E WIS RAIRTh 5.

Z 2T, R TIE, Ny B T UEREROCTAEEE - ANH D) DY R 7D
IRENZHEADEEDIEMHERZ A EIEE I LICRL .2 LT,y F v 7175
ZIIRT 5 2 LTV A T v ikE NS OFEY CRIEICOWETE 2 X ) ISR
52 LRI 7.

AXDEHRIZUT D 2 HTH 5.

EEHLE YA D2y F 7T E Lol

TEEBDRIMEE ¥ A7 DEERIEIC X ) FAEEH L 55 A 7 ORIBEIREZ FR
TELRyF U ITDOWET 2 Z LICRI L L ETF—2Ick D), 7 v ¥ hikE
NCIFERE 2-23% M 32 2 I L 7.

— N DFYCREND N B 7 iEDHER

2y F U TR EIERT 5 2 LTV T Uik R RS OEIS CRIEICHIR T
E DX HITHRRT 5 2 LTI L 7 AR TR, NV A 7 ke R N
DY ATICRIETES X IHRIRT 2 2 LIS L7z,
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AR ZITIHIICH2D, B JIHE, JBhEZ2B0 £ L 7N LG FESE,
Mondheera PITUXCOOSUVARN Bh#UCESEH L HIFE T, 72, HE» S Bl
EEIC T2 o TV A HAHIBENTIEE DRI X D - L £ 9.
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