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Quality Control for
Crowdsourced Bilingual Dictionary Creation
Hiroki CHIDA
Abstract
Recently, crowdsourcing is becoming mainstream to create language re-
sources including bilingual dictionaries. Crowdsourcing is a scheme for request-
ing work from a large and open group of people via the Internet, and it can be
used to order a large amount of works that requires human labor. Crowdsourc-
ing is especially used to request tasks that are relatively difficult for computers,
but not so difficult for humans. However, in crowdsourcing, where the tasks are
executed by an unspecified number of workers the abilities of whom vary, it is
difficult to guarantee the quality of the execution results. Especially in the case
of bilingual dictionaries creation between low-resource languages, the number
of people who can speak multiple low-resource languages is limited, and the
average ability of workers is low. This results in the method of assigning the
same task to multiple workers and using majority voting has a high possibility
of obtaining wrong answers, and quality control cannot be performed well.
Therefore, we aim to improve quality in an environment with a small number
of highly reliable workers by using an answer aggregation method on hyper ques-
tions (multiple tasks that are considered together as one task). Since workers
with high ability tend to agree on the answers to hyper questions, the method
increases the possibility that workers with high ability will be in the majority.
To this end, we address the following two problems.
Selecting highly reliable evaluators
In the answer aggregation method on hyper questions, it is assumed that a
small number of high quality workers are involved. Therefore, it is necessary
to select highly reliable evaluators from a crowd.
Reducing the number of tasks
Even if a worker is able to correctly evaluate whether a bilingual text is
correct or not, if an incorrect bilingual text is produced, the worker may
have to redo the translation, which may increase the number of tasks.

Therefore, it is necessary to proactively assign tasks to workers with high



v

ability.

For the first problem, we dynamically evaluate the reliability of workers
based on their work results and selected evaluators who were estimated to be
highly competent.

For the second problem, we selected the translator based on the reliability.
In addition, when the majority vote for a hyper question fail and there are
no majority answers for some of decoded tasks, the another round of majority
voting is taken by the evaluators who voted majority answers for the rest of
succeeded tasks.

We used simulations and an actual data to verify the effectiveness of the
proposed method by evaluating the accuracy and the work quantity of the
generated dictionary.

The contributions of this paper are as follows:

Selecting highly reliable evaluators
By selecting evaluators based on the reliability calculated from the results
of each worker’s work, we succeeded in improving the accuracy by 10 to
17% in the simulation evaluation. In the evaluation using actual data, we
succeeded in improving the accuracy by 3%.

Reducing the number of tasks
By proactively assigning translation tasks to workers with high reliability,
and by reusing the evaluations when the majority vote on hyper questions
fail, we were able to reduce the work quantity by 2000-2500 units when the
number of workers with high ability was more than a certain number in the
simulation evaluation. In the evaluation using actual data, we succeeded

in reducing the work quantity by about 600 units.
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FOREEZ +17 5%

o HIEIWFER Y A 7121 &k o> THERR S L7 05123, XEREHT & R 7 D 94T
FEROLEDICE DIZL D “HE-> T3 7 LW I N5E, ZDORER
DIFRH DEEEZ -1 2

o XIREHMi & A 7128 WT, ZEIROFHi% L 72 5Hli# DS iE%Z +1 7 %

o MHGEHIEI Y A 7 I2B T, VPEIRDFHI% L 725 HiliZ oSHEiE%E -1 9 %

ZDEME%E 1 D DHFEDOXNROFHIATE T % 72 NIZfT 9.

5.2 BREICED K ZHRICK T 3 ERMEFEEFE

5.1 % LRk, BIEEZIBEMAEL VI RNIXA—YZFEL, PIEZ 0 L

T 5. SEEFORTER S 2 7 L XFRGEHT & A 7 DIEERRP S LT D X9

EEEE NG 5.

o HIXFRIERY A 712 & o TER S 170313, SHERGEHIG & 2 7 D [nl&Hf
BAOFER CIEL W7 LRl S NG, 2 DONROERE OEHHEZ +1
T3

o HIHMNIUWERY A 71T & o TR S L7 051238, WNERGE & A 7 D [R5
HORRIEL W LIHEi I N GE, 2 ONROMERE OfEEEEZ —1
15
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o HHIEEED, HIMBEESQICEFNAERI NI RFRETITH L TIC
177 > T3HiD3, ARG & 2 7 DRIE R T & 17 e i 72 5T & i
FE L L TG, Z2oiHiEofEEEZ +1 75

o HAHIEEED, HIMBEESQICEEFNAERI NI RFRETITHL TIC
177 > 13HiD3, ARG & R 7 DRIEHR A TS © 17 e i 70 5T & i
P LRG> Tw 254G, ZOfHiiFEOEREZ 17 5

COEEZ 1 DEES Q ITE TN A /FR S N0 ERA TSR 2 5Hillia35e 1

T3 7NAT ).

5.3 SHEEICEDKYRVEIDOYHT

FEEBEOFEMEEZH VA LIk, 2HEDOY A IHIDYTIIEITLF
ERELL .

o [z MV 7o REREHTT & 2 7 DEI H 24T
o HAFEMEREH Ay 2 7HE D YT

B ISR LT3, GG & 2 7 ISl 2 8% 7. SERIER Y A 7122w T
IEEE R S IR 2 I GEA IR IfT>TH 69 2 e e L, WEHiG S
A7 TE, BHEED 1 M EoEREEFE 2B TE 2 E LAk L, B
TELEHEEDOARDMT) T ETEL LTS, iU kD, NFREHM o EE
DYl s T EDREE NS,

BEICBE L TiE, SFER S 2 7 EXEREHIG 2 A 7 OfiFizonWT, ¥ A7
DEID M ToNLT I DIEZ LEREE DEREZ O HAMN T ITHI VT
127, 25 RV 2 FATARELARMEEE R DI n TH 51N, i HHOEEZEOHE
Hw 13 (1) DX IEHET 2,

r 13 i BHOEEZEOEHEEZELTEY, r, l3Z2DY A7 % FZIT[HER
EEEFEOEEED ) b, RH/NIWEzERL TS, A (1) DXHIEET
%2 LT, BEMEPRONIWIEEEDORERAD0ICHR S (FRAI7PHED LTS
NBMERNB0ICRD) DERITIZIENTEE, ZL T, fEEMNEDICONT
TEEHMCOBHEMEDAENRES B LI LT, BADELILRL T L,

HHEHEZ Y A7 DF) B TonbfERp IZHEAZH L2 LT, X (2)
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DEIICHFHRTE S,

Wi
pi = (2)
wy +we w3zt tw A+ Fwy

INSDEMEE, YAV BN U THEICTS) 2 LT, BHEEDECEES
(BENDSE W EHEMI S N A1EEEE) IRy 2738 Tonvd L L, (SHEE
DIRCEES (BBHMMEV EHENI I B EEE) CiZF 27 0E ) B TonD
5 T35 LT, HEWICEE MR EHEHI SN AEEEZ PR L T 2 &
WTESL, ZNUTL->TC, MEDMEE EDIZ, 2 A NDOHIRIHIRFTE 3,
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F6E YIal—Yavickdil

6.1 EFIVY

VIial—YavilkBiliEITIICHoT, KERSEENRE LR
REEEOERLZIT) 22 MEL, 77979 Y= v IOEEHR, YAIDE
TMEELT.
6.1.1 {F%E

EREBORNIDBE I E Y A7 DFEfTHIROME IZ R %5, 22T, 1F
HKFORNEZLSHBICBII2EENEL, 2(0< 2 <1)TET, 228 11ED
(I3 E, ZOMEEERFRL TOLEHENBL D, FAI7ZIEL{fTHI T L
DH[EEIC 72 5. — 7, aD30IED K IFE, EEZFORL T2 5EEE1 D
{7, PR ZHLARENEE 5. 2 L Tk iz, ¥ 27 DFEST
TERDOMEZ, FEE DRI X > THERNICIE 2 ERET 5. AL TIE,
AT ICRE S, TEREZEDRENZ N—Y 0% W TET, 7 OERE R
f(z]a,v) 133X (3) THET [10].

f(x]a,v) = Beta( a4 L —a

) (3)

min(a,1 — a)v’ min(a,1 — a)v

22T, a€e(0,1) 3EEEORIDOFEEZ IERLL 7METH D, v e (0,1)
GEEFE DR DTHEZIRET 537 XA =8 ThH 5. viZ0IEIIFETH
D0INEDE, v LITED K EFED a DR—F A DHF Tl D D HDIK E <
%%, ERofE¥EE0ET ML, [10) TRHASINKLLDTH 5.

6.1.2 YRV
ERZICEHID M TR 8 X 71%, HHANZ A7 THLZWNFIELS 27 &, B
D 2MEER Y 2 7 TH 2N GHE S 27 D2 THL LT 5.
o XFRIERL Y & 7
Hz ot YEERXEONRZICHBICER T 2 A ALY 22

o NERGHM & A 7
SFRIER Y A 7 I X o> TSN “IEL W 2 “[iiE-> T3 7 2
% 39 5 2 iEFEIRI 5 2

MARIEL S A 7 DFATRERIE, (FEEDEZ 6N HEOXEREZ R > Tw» %
BalE “IEL T R Z R L, Z OBFEOXNRZH o wniaid “RE- 727
WREEL T2 L5, 207, TEEICEESEDOBRINITKEL, EL WA
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® °
! !

Bilingual text produced by
translation task is given

Target word is given

orker knows No((1 — z)%)
the translation of
given word

Yes(z%) Yes(z%)
Y Y
'Correct' bilingual text '‘Wrong' bilingual text Evaluate as 'Correct' Evaluate randomly
is produced is produced
® ®
X 4: NFEKSY 27 DET IV X 5: NFRFHM S R 7 DET I

PER S NS0, 29 ThOPPHEICHREINS LTS (K4) . LarL, &
ARGl 5 A 713 2 EHERRL Y 2 7T 570, (EEEVHZoNTHEDIEL
WRIERZ RIS T 25403 “1IEL W 7 G-I 21T 9 23, Z OHEEOXRZH S 4
Dol BAE, “IELW " 2 “HEES T3 7 20 21l & A IERT 5 &
T2 (M5). 200, WNRFMY 2 7I2BWTIE, (EEEDOBIRENET
L TH, 50% EOMERT “IEL W ” $Hli#4T9 2 & I3RIEI T 3,

6.2 BREDREL
PIal—yavitkBiHliziToICHi-o T, KERSEEZNRE LN
RIER 2419 2 & 2 8E L, EREICIHD < S8k % FGEHE & 2 7 O RS
HIRHEL ST 208D 5.
6.2.1 INTA—%
1 ODRJEEGE QICEENE IR T DE g &, Q DHTEETH 5 ERED
WHEKE 2L T, HEZEDANEn D=DONEZ 55,
6.2.2 EERERTE
6.2.1 THHL 732D 7 A —F 2wl T 57012 ¢ % [3,4,5,6,7,8,9)],
k% (2,3,4,5,6,7,8] ICZL I THEEZIT> 7%, 10 ADEFEEZ DY 1000 §EDIE
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RENZAFRUTRH L TEIEL W 2 “fliE->Tw 2 7 22 iHiiz L T 28546%
MEL, EMRE, FERE2EH L. £703, HMEZEOAE N % 3 ICHEE
LT, BMROBDEME D ANED (2,3,4] DBHEITOWTOFEEZ TV, B
KDNEDIG- 2 282N, 2D, HYIROANEZ 3ICHEL T, §F
filigr DNELDI [3, 4, 5] DEHEIZDOWTOFEEEZIT, JHIIE D ANBDYE: 2 5 52
RN, RBIC, ¢ L kE2BED L) BRI T O E2FT, FFEM
FKix7 v F LM & L, HMEROILMEIZ0.85 & L (BEIH0.7 DY
B DREREHI 2 A 7 DIERR) |

6.2.3 &R

2, 3, 41%, FHliE DO NEDI3 N, HMRDOEZ (2,3, 4] DR ILHEN: & 1R
KREBDETH D, INoDERIPS, HIRDOEIMEZ UL, [ERENEL %
%, fEEMBUCBIL TIX, k23T ORIZEMFR O ZHP L THEMIZD
ot Lo L, k234D EDKE, MR OEH Y Z UEEE R B 7
{2 B H - 7z,

73,5, 613, HMIRDO A3 AN, FHliED AN (3,4, 5] DR IEMENE & 73
HBDOELTHZ., ZNoDEPS, FHliHD A2 THIEMHEEICIZHE D
WENZWZ ERbhrol, L L, FHiEDONEPEZ 2 L, FERED D
BB Enbhrol,

SR, k2 RELTIUR, IERED EN20, (EENENL 5. ¢l
BIL CIEIEMB L ERERE RO E L 51 b F VBRI E¥bd ok, L
L, k24D EDRE, k233 AN DI & AR TIEERBDIRIRICIEZ T L £ 9.
ZD®, Shllig=4k=3n=5ZRHT 3
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2. n =3, EMFE O = 2 DO IEREN: & 1EFEMI%L

k=2 k=3 k=4 k=5 k=6 k=7 k=8

=3 65.97 ) ) ) ) ) )
6586.8

o= 62.47 | 66.72 ) ) ] ] )
4770.6 | 11422.2

=5 63.36 | 68.14 66.88 ) ] ] )
6006 | 14030.1 | 28731

(=6 62.0 65.36 70.84 69.7 ) ) )
4669.2 | 9327 40680 | 53581.8

(=T 64.64 | 67.21 71.66 70.36 71.15 ] )
5688.3 | 10817.1 | 35593.8 | 79057.8 | 95809.5

=8 62.62 68.46 67.89 74.84 74.27 73.47 )
4643.1 | 11977.2 | 23438.4 | 91704.6 | 144061.8 | 166977.6

=9 64.12 66.96 70.99 75.19 70T 79.62 79.74
5519.4 | 9721.5 | 29232 | 90760.8 | 267559.8 | 296641.2 | 297824.3
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763 n =3, EMFE O = 3 DO IEMEN: & 1EMI%L

k=2 k=3 k=4 k=5 k=6 k=7 k=8

(=3 73.23 ) ) ) ) ] )
6307.5

=4 69.83 75.64 ) ) ) ) )
4542.6 | 10258.8

=5 72.21 78.22 76.94 ] ] ] ]
5628.6 | 12382.2 | 22837.5

=6 69.54 74.26 80.45 79.87 ) ) )
4557.6 | 8541.0 | 31653.6 | 39588.6

(=T 71.9 75.92 82.37 82.28 ) ]
5360.1 | 9425.7 | 26271.3 | 53030.7

=8 82.57 77.85 78.15 84.75 86.73 85.45 ]
63101.7 | 11079.9 | 19518.9 | 60927.6 | 88812.0 | 103048.8

(=9 71.71 76.6 82.13 87.12 88.83 89.01 89.53
5285.7 | 8687.7 | 22168.5 | 59193.6 | 137662.2 | 159159.9 | 160093.3
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Fed: n =3, EMIFROE = 4 DO IERENE: & 1EFERI%L

k=2 k=3 k=4 k=5 k=6 k=7 k=8

=3 78.65 ) ) ) ) ) )
5920.2

=4 75.76 82.45 ) ) ) ] )
4349.4 | 9096.6

=5 7727 | 84.31 84.42 ) ) ] ]
5274.0 | 10426.2 | 18045.0

=6 74.98 79.99 86.32 86.25 ) ) )
4318.5 | 7335.6 | 22834.8 | 29190.0

=T 7773 82.88 90.04 88.64 88.41 ] )
4955.7 | 8030.4 | 20025.3 | 35941.2 | 43559.7

=8 75.95 85.03 86.49 92.02 91.86 91.83 )
4234.2 | 9154.8 | 14637.9 | 40358.4 | 55188.0 | 66043.2

4=9 77.28 82.36 88.28 92.85 92.31 92.45 93.5
4822.8 | 7350.3 | 16596.6 | 38304.6 | 80604.6 | 93725.4 | 94562.5
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75

n =4, BMFEOR = 3 O IEREN: & (R

k=2 k=3 k=4 k=5 k=6 k=7 k=8

=3 7177 ] ) ) ) ) )
6623.6

=1 71.95 | 74.95 ) ) ) ) )
5476.0 | 6976.8

=5 71.15 | 74.63 76.74 ) ] ) )
797.6 | 7862.4 | 16358.0

=6 72.54 | 7424 | 78.99 79.81 ) ) ]
5791.6 | 7304.0 | 16770.0 | 26000.8

(=T 72.29 | 75.02 77.86 84.78 83.12 ) )
5807.6 | 6962.0 | 13402.4 | 30671.2 | 43532.4

=8 71.33 | 75.74 | 77.47 86.72 86.85 86.07 )
5619.2 | 6979.2 | 12798.8 | 31314.8 | 4376.4 | 72339.2

=9 71.37 | 73.56 | 80.19 83.57 90.25 90.16 89.57
5906.8 | 6919.6 | 13630.8 | 28017.6 | 83781.2 | 106211.2 | 107150.0
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£6: n =5, EMFEDOE = 3 DO IEMEN: & 1EFRI%L

k=2 k=3 k=4 k=5 k=6 k=7 k=8

=3 74.83 ) ) ] ) ) )
10732.0

=4 72.06 | 72.47 ) ) ) ) )
6871.0 | 7355.5

=5 75.03 | 73.96 77.59 ] ] ] ]
8649.0 | 8315.5 | 12415.5

=6 72.33 74.0 78.93 81.08 ) ) )
6561.0 | 7592.5 | 12106.0 | 20125.0

=T 73.99 | 75.27 79.3 83.21 82.68 ] )
7663.5 | 7079.0 | 10902.0 | 21666.5 | 34568.5

=8 72.48 | 74.64 77.93 84.33 87.63 86.02 )
6329.5 | 6891.0 | 10497.0 | 20835.5 | 37445.0 | 52688.0

=9 73.54 74.6 80.95 83.18 88.45 88.03 88.34
7041.5 | 7076.0 | 10993.5 | 20269.0 | 51442.5 | 76268.5 | 78381.5
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6.3 EHEAE
REFEZECFHRICH LT, RS NRNROEME, 2ToOXERPES
N5 LTI > AR DOBIN D S il 2179 .
1. #ZEF1 (Reliable_hyper_reuse)
HEZ e BIEE Tk L, BREICED 7 2 7810 ¥ TFikz A
Ho¥e T, HEEOLEIBEM L 756 1 I3FHioHAH %2179 .
2. PFETF2 (Reliable_hyper)
HEREZ 2 RIERAGTE L, BEIEICEDC Y 27810 B TFEZ
AL ET I,
3. #F1 (Random_ hyper)
HREZ o zRERaTE2ZHBEET L, 22270804 Ti1E, T
TEEZ D & MIEAITIT .
4. HWHEF2 (Reliable)
B R 7D B CFEE -7V, WFGEHTEG S 2 7 o]
EAICIZ MR S B RE VS,
5. g FiE 3 (Random)
TEREE 2ED S IIERIC Y A 7 EI D B T2iT», WEGEHI S R 7 DRI
EIIIHH R SRR 2 V5 ET L,
FRETHHAL TRz LT, DNICRTHEEZ o TR I Lk
RO IEHENE, 2 TOMRBIER NS ETICHBEREERDOMEEZIT.
1. fERR & 17 MER O 1IEHENE:
ZNZTNDOFIEI & > TER S N NROIEMEEIZLLT O X 9 ICEHRT %,
RS N iRD 9 B, IE L W%
TR 5 17 SRR @)
ZHUCE D, BTFETOHRMAEREYOMEZ KT 5 2 L8 TE 5,
2. ETOMNRE S NS F ClobhB iR
EERIZ, TRTONRPME SN2 FTHIEIT SNSRI Y A 7 L3R
Tl 7 A7 b A=y P YA L THDET S, 2=y b YA LI
K A7 DI D HEER > S BH S, WFRIE S A 7 13 GE
fili ¥ A 7 IR THEHGENE D, WFWEERY A 713 2=y F, %R
S 2 7131 2=y F ORI EEL L, ZOETIVIE (11T
EHINZbDTH S, T kD, FFETOMEENLE2 KT 52 &

1EAENE =
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NTZ 5,
FRECEH L 22 BURIC O W T ORHIli 2179 72912, FFETY I 2L —v 3
VERiTRo T, ZDOBOFMEIILITOED TH 5.
o XIERZERT 2 BEE DA% : 1000
o TEEZDNE: 20N
o TFEEZEDREN 1611 DEFNICHE S OTITIREL, (FEEZEDREN DV o
1202756 0.7 DRITEL IS THIKZIT). D8 X05 LT 5. 5
DRESHED 73 IZIX 6 DY TH .
o 1 DODREEHRQICEENE Y AV H ¢ A
o HMEDIZL K : 3{H
o HliHED AN N5 A
7, Ak BED 2HER T B 2010, FIREEZLICy I 2L —Yar?
100 [T > 7= SR DV 2 H v 7z

6.4 #ER
6.4.1 IEHEME

R TFILTH % Reliable_hyper_reuse & Reliable_hyper O IEfEMED G <, Reli-
able, Random_hyper, Random & ft\>7z. Reliable_hyper_reuse & Reliable_hyper
DIEMEMEIZ 2 E A EFRIU 7257223, Reliable_hyper DJ5 0345 &> 72, IEMEM:
B—& 0> > 72 Reliable_hyper_reuse, Reliable_hyper &, 3 & H® Reliable D
1213 5~15%12 L DA D o7 (K7T) .
6.4.2 fEEE

Tz W 22 B & Tk 2 9 %, Reliable_hyper_reuse, Reliable_hyper,
Random_hyper DIEZEED% 2 2 fHIAICH 57z, L L, Reliable_hyper_reuse
& Reliable_hyper (2B U TIREFEZ DREIMED 23 0.5 DL LD, Hiffith%
BikzHe2ET7 VK000 ko7 (M8) .
6.4.3 {SHEfE

BREIC D < &7 2 7810 4 TFiE %2 Hv 5 Reliable, Reliable_hyper, Reli-
able_hyper reuse (22 TlE, {EEZEDORIME L FEBEORICOVWTOHEZ
o7z (9,10, 11). EOFEICBAL THREINDEWIEEEZEDEEEIZE L 5
fEmicdH o7z, L L, @iEE O NEHET %28 H3 %, Reliable_hyper
& Reliable_hyper reuse (2B L T3, EREFZFDRRIED VT a30.3 LT DA,
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FERH E D@ o7z, 2L 7T, Reliable_hyper & Reliable_hyper_reuse IZ
BWTa2304 D LDYE, MBMED 0.6 DALIC 7 5 LBl L ASHEMEDHEE DS

Ho s, BEHED0,6 AT OFEHOEHIICIE LA LR D> 72,

number of workers

number of workers

number of workers

Distribution of Workers' Abilities (a = 0.2, v = 0.5)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ability

Distribution of Workers' Abilities (a = 0.4, v = 0.5)

01 02 03 04 05 06 07 08 09 1.0
ability

Distribution of Workers' Abilities (a = 0.6, v = 0.5)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ability

number of workers

number of workers

number of workers

Distribution of Workers' Abilities (a = 0.3, v = 0.5)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ability

Distribution of Workers' Abilities (a = 0.5, v = 0.5)

01 02 03 04 05 06 07 08 09 1.0
ability

Distribution of Workers' Abilities (a = 0.7, v = 0.5)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ability

6: TESEE DBEIMED 74T



Accuracy

100
90 1
801
>
[}
o
]
g 701
©
Random
601 —— Reliable
—— Random_hyper
50 —— Reliable_hyper
—— Reliable_hyper_reuse
0.2 03 0.4 05 0.6 0.7
average ability of workers
7: 1EAfEE
Work Quantity
30000 1 —— Random
—— Reliable
27500 —— Random_hyper
—— Reliable_hyper
25000 Reliable_hyper_reuse
ey
S 225001
C
©
>
S 20000
<
[e)
17500 1
15000 +
12500 1
10000

0.2 0.3 0.4 05
average ability of workers

8: fE¥E
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6.5 EE
6.5.1 IEREME

Reliable & Random_hyper I &% 5 % Random & O IEMEMED G- 722 &
5, [BEEICED K F A 7EID YT L L, #HifEZ v BEHAGFEI G
TH5H I EDPLIo7, Z LT, Reliable & Random_hyper Z X% &, Reliable
DITPIEFEED E D27 2 L6, RIERADOHEZHD 2 LD, IO
TERBICT A7 2E D B THTDRIRNTH 5 2 Ld¥bhrotz, 61T, {EiEE
IHED K 27 E ) YTFE L, BilEzZ v BlEREG TFEzlaGbE 7
Reliable_hyper_reuse & Reliable_hyper D IEMEHEDRF ICE -7 2 005, 215
DFEZMLZICHCE LD b, HAGOETGEICRICERITH S Z LD
7z. 2 LT, Reliable_hyper_reuse & Reliable_hyper % ttX% &, Reliable_hyper
DI TIEMEEDMED > 72 2 &6, FHEIOHAHZ T2 &, 2 LHEDE
FAMEDY T35 2 Db o7z,
6.5.2 fEXE

HafTEZ W 7 g A& Tk 2 9 %, Reliable_hyper_reuse, Reliable_hyper,
Random_hyper DRV L L2 MHBICH -7 2 225, PHEL IS
FEL TV EWEZICBETE 2. Jhid, BIETOSERIE, d@F
DL EHRTRE D D6, WG & 2 7 ORIE A TR E S 7%
WEEDRH B EBERIZEZEZ NS, L L, FHliOHAMNZ1T9 Reli-
able_hyper_reuse DE3 &3 Reliable_hyper, Random_hyper & EbXTA %2
ED 5, FHOBAAHILDEL DHIBICIRDYH 5 2 L3brb, 2L T, 1F
FEHZDBEIEDYI03 0.5 DLEDEA, Reliable_hyper_reuse, Reliable_hyper ®
RSB ZHOCE2ET VLD AR ko, 2O EDS, HE
NDOEAMANEEZE D BB LFEET 20RO 6, R E 2 EEE ITNEREE
fliy 27 2EH2MT2 I epnTEUL, HEHABMETOLEIII—EL P,
FERIRE D % Bk CRHlIDSRE 6 B WHHEDOPRDIE LR ELISbwEEZI N
%, Z 512, Reliable_hyper reuse, Reliable_hyper Tl&, NFRIEK S R 7 {55
EDE O ITEENICHID Y ToND 720, ZHZ bHEES 72 ERDMER
SN EBL LI ELEERDHIRS NABHO D72 EEZ NS, &
AR (3 (BB 0.7 BLEDIEREE) D ABIZOW TR, 6D a=04
Ea=05D7770RT XHIT, EREEDRIED 0.4 DIFIF 2 A, 0.5 DI
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FAANTHoR, TDILEDD, HEMWHBIEEEN 2 ANTEPLTELLER
55, ¥, 2 NORMELEERINRIER S 2 712H D Y Tons
ZENE L, NFEHEY A7 13HEDHE DU To5NLh v, NRIEKS R 7
WKWEDIEL KRR SN & LT, BEREEOLE) £ (L Tv
B THDLEZEALND,
6.5.3 {S¥E(E

Reliable, Reliable_hyper, Reliable_hyper_reuse D> 31U L CTdH, BEHDE
WIEEZOEFIEE 2 HEHAICH > 2 &6, EHEEZHETLIILET
) ELMEEORNZHET A ENTERLEEZoNS, L, HEEZH
W& aFiEZ M T %, Reliable_hyper & Reliable_hyper_reuse (25§ L T
&, fEEBEDORIMED VYT a 2503 L T D86, KEXRHE DL %<, EHE
WA F AL STRS s, BHDEAEREELIGBRAED % Hikic
BOTHER—HLO50w7d, BEENTROHITTHwEEEIGNS, I
%, HifliZe L8k % v % Reliable ICB W T, a 2303 U TOHETHLH 512
FERE M &SI R o N 2 6 bF 2%, 2L T, Reliable_hyper
& Reliable_hyper_reuse I2E T, a 7304 ML EDEA, #BIES 0.6 DL EIZ%
% LEEIfE & EIEMEOMBED R S 228, #8IESY 0,6 LU T DIE¥EE oS E
WIZEAEZE D57z DIZH LT, Reliable IZEWTIE, o lZBIfR%RL, H5
PR RIS D TR A IC BE B AN 8 MRS (B HRME D < 722 2 AN & -
7. 2O Eps, BiEZHWREERA TS LEBEICESIC S X 7ED
YTFHEZHAGDES 2 LT, MHNNICRERIDOECIEEEDAZHIN T2
EIITEDLLEEZAOND,
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BTE ErF—YIcK S

7.1 ErF—4%

EERDEFEHZ 204127 77 BV —2 v 7T 1000 FEICRT 5 /ERZ /BB L <
b 6o, ZNZFNDOMEHEFIT 1000 B2 TONRZERL TH 5w, fFlIh
TRERO T2 5 BEZ RO DDICH LTI 51 “IEL W O “[HiE-o T
27 DiHiizZfT>Th 6 o7,

FEIEDIEEZ DONFTUER S A 7 DL L W FREHT & A 7 DIEfRFRIZER T D
WO TH B, MEEFHEDORFIER Y R 7 DIEERDFE 3K 66.3%, *EREH &
27 DIERER DT I 68.6% TH o 7. 1EEZ DX R ¥ A 7 DIEfRFED
STHI3FN 02T TH o 72,

7.2 FHERE

6.3 CHHL S5 DDOFRIINLC, 7T1ETHHL FET—s2H T
22—y avaEiTho GAEDIEHENE L FEERDOFHEi 21T > 7. S&FIZLT
DHEHTH 5,

o NERZMERT 2 BEEDOMEEL 1000 1

o TEHEZDNE: 20 A

o YAVDFEKER : ET =2 ICBIF85 A7 DFEfTHER % S

o 1DODMEEEGQICHEENDI T AT H g A

o EHMEDIETE L : 3{H

o HliHEDANEn:5A

7.3 faR

KT =V IZBIT 2 ZNENOFEDIEMEN: L EERIIEI DB TH 3.
7.3.1 IEREME

HafE 2z O 72 SRS FiE 2 i3 % | Reliable_hyper_reuse, Reliable hyper,
Random_hyper D IEMEEDNE <, (2IFFAEL 572, 2 LT, Wik HikzH
\» % Reliable, & Random (4 U IEffEEDMED> > 72,
7.3.2 fEEE

TEERDA I\ 6, Reliable_hyper_reuse, Reliable, Random, Reliable_hyper,
Random_hype &\ 9 IHFF I > 72,
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: FEBEOMERZ ORNFRIER S 2 7 DIEfGHR & FEHG 2 2 7 O IEfiF=

TERHE | NFRIER S 2 7 DIEMER | EREHE & 2 7 D IEf#R
1 82.5 72.34875445
2 82 90

3 79.8 69.0747331
4 78.9 70.88967972
3 78.6 69.34163701
6 78.1 75.65836299
7 7.3 82.68683274
8 77.1 59.03914591
9 75.5 63.77224199
10 73.7 72.66903915
11 72.5 69.39501779
12 71.9 70.42704626
13 66.7 66.19217082
14 66.1 99.0569395
15 61.4 63.32740214
16 59.5 68.02491103
17 43.5 65.44483986
18 39.5 52.54448399
19 31.8 62.27758007
20 29.6 70.21352313

8 KT —FILEIT 2 Z2NENDTIEDILMEN: & EERE

SR IEMENE | fEEE
Random 80.37 | 11448
Reliable 80.77 | 11285
Random_hyper 82.03 | 14419
Reliable_hyper 82.97 | 12312
Reliable_hyper_reuse | 82.6 10813
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7.3.3 {SHE(E

BREfEICHED < & 2 781D 4TTFik %2 H\v 5 Reliable, Reliable_hyper, Reli-
able_hyper reuse I DWW I, EEFDREIME CRIER Y 2 7 DIEER) L5
HEOBIRICOVTOREZITo 7 (K12, 13,14) . EOTFHEICBI L THREN
DECEEZOEEMEIZE 22D o7, L L, HREEZHV R
AT ZMHH T %, Reliable_hyper & Reliable_hyper_reuse (2B L Ti%, AEJJ
DEVDOICHED 6T, BEMELD F D E B EEERICH. - 7%,
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7.4 EE
7.4.1 1EREME

Reliable_hyper_reuse, Reliable_hyper, Random_hyper D I1EfEH:D S>> 72 2
ED 6, HEEZ O REREGTFEPENTH S Z Ex3bhr o7, LaL,
Reliable_hyper_reuse & Reliable_hyper % [tX % &, Reliable_hyper_reuse ® 75
DT IEMEIEDMED > 7 2 &6, FHEIOHAMZ §2 &, D LNEDOEHNME
W2 T b ->7, Z LT, Random & Reliable DIEMEMEDNT & A 2
579, Reliable_hyper & Random_hyper IZBH L CHFRTH %5720, (SHHHE
ICHED K 27D B TR EMIEZA LS 20ICH ) ARITIE AW
Ebhot, Ziud, EEERONFEH S 2 7128 5 ILRRDAED S £
DRELS RV, FREEORCIEEEZELLTY, ZERORRICHED
ERR oo I EDERTH L EEILNS,
742 {EXE

Reliable_hyper, Random_ hyper DfEEEN%L k2 HAIICH -7 Z &2 5,
HRETOLEPIE, WHEOLEREHRTRE D DS, WRFHGiY 2 7 D
[AIEHA TR E S5 L WEAICPDELBFHEL Tw5 2 EDNERE LE
2605, ZL T, Random & Reliable DIFZERDVIZEA EE DS L WVIZH D
b 579, Reliable_hyper & Random_hyper DEZER % X% & Reliable_hyper
DFTBP I L6, BREEZ Hu & ae Tk L EEEICHESC Y R Y
HO B TFEZHAGOE 5 L, EEROHIBICIZERITH S 2 LBbho 7,
ZaUF, FERIER S 2 7 2 EREOE WS ITIEIcEl D T 2 & T, %
HZHMES LR BER I N Z DD BV EPHPLEEIONEI S
IZ, Reliable_hyper reuse DIEERD—HD BV I LD 6, FHMiOHHHHGR)
ThHbHIEbbNS.
7.4.3 (SHEfE

Reliable, Reliable_hyper, Reliable_hyper_reuse D\ >3 4UZEIL TH, D
EWEEHEDOEHMEIZE BR2HAICH > 2 Lo, BEMEZFIETS L
T, ) ELMEEEORNEMET S L TELLEZSNS, LrL, #H
Bz ol lE e Tz 3 %, Reliable_hyper & Reliable_hyper reuse IZ
BIL Cld, BEIDNECDICbBb 6§, FBHEERD £ D &< R OIEEERH-
7o, 22T, BEREORNMELF D B ToS Ny A7 HDOBRZ BN T
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L7 (K15, 16, 17) . % &, Reliable_hyper & Reliable_hyper_reuse {2 L
T, BAUPECOICLEDLSFTIILEAEY R 7DD B ToNT LRV
FR, TTE—EL 27 PE DB TENTUARWEEELFE L. 1,
RINSREREHT 7 2 7 DIEHEDZ 2 £ TRk Bwid, WREHG S 2 7 D
MIZEHEDREELRD E D RSBV ENRKZL LEEZ NS, HEEED LS ER
T EFHi2 R E 6T, POELMIAEL LR, BEEOHETNS. T
5L, —~EROBEIEFMEZER L T AEEZICY A7 238D 4T o il
LIREED N 7o, —HEH I A7 2EH D Y Ton TR WEESEP, EfEiEns
BRCEEZ IS A7 DEID BTN LMERMES D, 20700, LI X
IDREND B ToNLVEEDEREVFLET 2D LLEIGNS,
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E8E MBETIVICKDEEM

Va2l —va Ik BT, SEEEORIMEICEDEK Y A7 D
A ICIRET 2 L L, ZOETFATIE, BIEIZEEENEZ S N-H
FEDOWNIRZH > TV LHERE L, WIS A7 DIEEH LD b o463 S EREH
YA DIEBDEL 25 X HIKHE L (6.1.2%). Lo»L, EF—FIcBIT3
TEEE DXL S A 7 DIEMEER L FREH & R 7 D IR % X754, W4
T U b XEREHIG 7 R 7 DIERERNFTER S A 7 DIERHRE LD bE B 5 L v
I Lol (BT . 22T, BRazHOTET =5 DIEEZEDK
Y A7 DIEBROBGREFR, 2 LT, ReEFTLVERHVWSZ LT, LhHE
F—HIEWS T2l —arvZzif) LN TES,

8.1 MEBETIL

SHNIY R — bRy ¥ —RlfRzHOE, ET—=F 1B 2 SEEE OERIE
JRY A7 DIEMRR L XERFHTT 2 2 7 OIEfER (£7) OflAasbE 20HOD )
L5z T —2 L, BOos5fZzT AT —%E L7, 2LT, 28
DA — 3 IVEIEL (linear, rbf) %\ CTEEZITV, FEREE L TERE R?
L 7. ZOFEH, linear 71— 2V DT EDREH W E WIH FERIC Ko7
(K18) . 2D7=®, linear A — N ZHWibFE TV EFEHAT 3,

SVR(C=1, epsilon=0.1, ganma='auto')
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8.2 FHliAE

6.3 ETHMHL 725 2OFHEICH LT, Bkt T V2 TEREFEOR 23

L G OIEMEN: L EER O 21T > 7. S&FIEITOME) ThH 5.

o XERZ MR % HEEDMEEL 1000 1

o TEHEZEDNE 20 A

o EEZDRT I HRHET VL > TIREL, 1FEEHEDRID T ald0.2D
5 0.7 DETEIL I THKZIT). THv 13027 T 5. (FEEEDRE
EDIARIZK 19 D@D TH 5,

o YAVDEITHR : HF—2ICBIT K8 27 DFEfTHER %2R

o 1 DODMEEHRQICEENE Y AV Hq A

o EEMIEDIETE L ¢ 31

o FHIiEDANE N 5N

8.3 #ER
8.3.1 IEHEME

R TFILETH % Reliable_hyper_reuse & Reliable_hyper O IEfEM:DE <, Reli-
able, Random_hyper, Random & #i\>7z, Reliable_hyper_reuse & Reliable_hyper
DIEMEIEIZIZEA LR 7227 (1X20) .
8.3.2 {EXE

HafTE 2 W 7 nlE e & Tk 2 9 %, Reliable_hyper_reuse, Reliable_hyper,
Random_hyper DEZEREDN% { % ZHAIC H > 7. Random_hyper DIEZEE D
b % <, Reliable_hyper, Reliable_hyper_reuse & fit\>7z ([X21) .
8.3.3 f{SHAE

BEEICIED & A 7 E| D 24TF1E% H\v 5 Reliable, Reliable_hyper, Reli-
able_hyper reuse I DWW T, EEEDREIME CRIER Y A 7 DIEEHR) LE
FEDOBIRIC OV TORMEZITo 7 (M22,23,24) . EDOTIRICBE L THHEN
DEEZEZ DOEHEMEIXE 2 2RI H > 7,
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8.4 ER
8.4.1 IFFEME

PIal—YavIiZXBAFHliEFEIU &) RFERICR o 7208, AR IEREN:
Fy I al—yaryEFILEHRTHEHR
P 7 A 7 DIEREEMEN - EEZ 5N S,

PMES o Tz,
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