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Research on Fairness in Deep Learning Models

WANG Yu-Ying"’, ZHANG Min"?, YANG Jing-Ran"’, XU Sheng-Kai"*, CHEN Yi-Xiang'”
'(Software Engineering Institute, East China Normal University, Shanghai 200062, China)
*(Shanghai Key Laboratory of Trustworthy Computing (East China Normal University), Shanghai 200062, China)

Abstract: In recent years, deep neural networks have been widely employed in real decision-making systems. Unfairness in decision-
making systems will exacerbate social inequality and harm society. Therefore, researchers begin to carry out a lot of studies on the
fairness of deep learning systems, where as most studies focus on group fairness and cannot guarantee fairness within the group. To this
end, this study defines two individual fairness calculation methods. The first one is individual fairness rate /FR; based on labels of output,
which is the probability of having the same predicted label for two similar samples. The second is individual fairness rate /FR, based on
distributions of output, which is the probability of having similar predicted output distribution for two similar samples respectively, and the
latter has stricter individual fairness. In addition, this study proposes an algorithm IIFR to improve the individual fairness of these models.
The algorithm employs cosine similarity to measure the similarity between samples and then selects similar sample pairs via the similarity

threshold decided by different applications. Finally, the output difference of the similar sample pairs is added to the objective function as
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an individual fairness loss item during the training, which penalizes the similar training samples with large differences in model output to
improve the individual fairness of the model. The experimental results show that the proposed IIFR algorithm outperforms the state-of-the-art
methods on individual fairness improvement, and can maintain group fairness of models while improving individual fairness.

Key words: deep learning; model bias; individual fairness; group fairness
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P/ A R ARADURE A2 52 1 SR 75 A B AT o SCAR AR BLRE T B2 8, SCARARMBARE 1y T S e 0 52 K AN SO A
AR 5 I ) 1) 51 e A A I B B 1) 8, 0 A R ABAFR) ) 0 ) B, AR5 (Ll 1 1, RPN SO A B O AH
LEE, AR 5ZAEE T 0 MR AN SCAA HATHIUNE. 58 3 A2t e A A SRR Aoer b A7t 2B ok, 5o — 8
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WA PR BELA, B R REAS x AU ZRAEAS &, B AT AT REAN I AL AL SR, TR A ST A P ARBLAE B € ext
AR ZRRE A A e — 25 BRI, B A4 (KT € M AR AR A0 A e HI K48 SRR S AR A S

AL ZRAEAST: X T NGB PR R A x = {u,a) € X, JLRARIUIZRFEA R RO T 5 x R
THIK I o — N UIGRREA, BARLIZRRE A 12 (nx), 3 2 = XO[argmax{cos x- x'|x € XP\x} ], x© KR H
SR IER § OB B SRR AN I A 54K T AT PR € B, Bl cosx-x” > €, XA (x,x) AR ZRE A
X, 8K (g, x57)

KRS 3 MNEERFEAT R ZARRL AT 2B B Ch T WAL FEAR R IR, 3 LR R AV A S Ah o B 3 T
ORI T IH— 4 3AE), HAR AR € 2 0.9.

x1:[56,1,9,15,6,2,2,0,5,3]
%yﬁ@L%Bﬁl&Liﬂ,
x3:[26,0,5,40,9,2,2,1,5,3]

FE IR 3 AR, xp 2 x AN I ZRRE AR, AR LA A 0.999, KF AR € , A SCRXFE R B A
GRREARTR AR BN GAE AN 20 4 x5 BV BAR I ZAE AR, I RSZARBIE R 0.752, D THERT R € , ASCIGIXAE )
PN ZRRE A TR R A AN Zr A AR %)

4.2 BRI

IIFR S5 T APRAS T TN ZRAE Y, 565 1 AN D5 T2 A AP T A 5 H A, LI AN IR 4 /N T0IU o 25 R B S AR 28
Z N ZE 00K T8 o AT 55 BRI A B 3 s (23 43, K TIUA JLR 4341k Ji5 1 B804t 1) B2 i N 380 B o 25 DY %
Hh AT R AR, 8 W2 10 2 A3 BRE A TION, f5 i A8 SR CER oH SRR A TN 5 BLSe bR &8 2 Tl 28, 13
EFRETMAR K LosSpred -

LosSprea = CE(f(X?,0),Y?) (©6)

T3 7 THI A AR ST 00 £ B HH R, ST AN W 45 /N AR I AR A o F 0000 445 SR oA ik 380 A AR ) A4 B i A7
ARACLA 45 B i — H 1, RS B MA A TR ZEsRk. BARRFE NI 3 s (g 4y, Wk 28 4.1 1 AN ZR AN AT
SLTTVEAR BIARAL I ZRRE AN, ARBL YN ZRAE A 0) i N B9 BE AR 28 0 2 1, 43 39115 B IR AR x (K TIUIABE 2 p FHAH AL
WIEEREAS x TR p7 , FLURAS T IS BB VLTI A 2R p 1 pr 22 1) 1R 22 B, 45 302500 AE ALY 2008 AR 1) i WLAH,
ot Je AT AVABL N 250 At R F0300 22 B 2 R BEANAA i LB 2K Lossing -

Lossinai = Dis(f(X O (XS, 0)) ™

ARSCHEA IE MBI AT AR A TE S S AR R PR R, RIS 1) H R PR ECA Losspred + A+ LOSSingis
it AdaDelta £ R BRI PY, 43 5 BRARAR &S T KA A WA 2K, I AT HUEA T S50 B S sk, &4
FIEAEUF LR FIA A AT R 2 IR, e S R .
) OL0SSpreq + A - LOSSingi

90

0=6-1Ir ®)
IIFR Hyk a0k 2 o,
Bk 2 s MR PR S TIFR.

BN WERLE Train = {6y}, KRR S max_epoch , K/ batch_size , TEWLSE A, H{E € ;

1. for epoch from 0 to max_epoch do

2 L = N/batch_size

3. KU A LU, 20 X©, . x @
4. for i fromOto L do

5 Lossing =0

6

for x in X© do
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7. similar_x = XP[argmax{cosx-x'|x' € X?\x}]

8. if cosx-similar_x > € then

9. LosSingi = LosSingi + Dis (f(x,0)||f(similar_x,0))
10. end for

11 Lossyea = CE(f(X?),Y0)

12. /ARG LA H b R 5 S BT S S
L = LosSpeq + A LOSSing;

13.  end for

14. end for

5 SCRLarAR

TEARTT R, ASCKAE 3 ANRATEIESE Adult. COMPAS FIl German b 3FAEASHIFSTHE L () 2 FlAMA A SF4T B 4G
BRIFR, A IFR , UL AR AR AR AS A SR R 535 TIFR (9 R0, AR 40 (R SE B BIF9E T LUK 4 A i)

© RQI: A[FIFEAEBRL S A VAT TV AEA R A Vi 3645 IFR, F1IFR, FEEILLA]?

® RQ2: IIFR 572 15 RS 4R sy B (AR A2 5 EIDIG J7 A B TIFR SR Ak ISR 1 g 75 5 42

® RQ3: IIFR HVERETT Z MR B B e W AR I I A 2

® RQ4: £ XA A F 1) EIDIG J7 v IIFR SETERAAA 2 FHaks FR L2 N TIFR H 22 ot Husi sy
PN R0 /NS O =B T s B NN R R SR R Y Y
51 ZWWE
S SIS A

ARICAEATF AR S FEAT S0, AHE DL I AE A BUsk s v 1) Adult B4R DO g S U @ v 1
COMPAS ¥ 4 LU A R B0 B E I German B4R, BATE A T PEMGURF 75 Hh J5 8 FH M S5 A B 48 31
2 Al T 3 MR ERANE B

£ ZKMBURE M Adult I COMPAS HRAE IS THE B

Hntk FEAZL P(A=0) PY =1 P(Y=1A=0) PY=1A=1)
Adult 45222 0.675 0.248 0312 0.114
COMPAS 6172 0.486 0.455 0.383 0.523

®2  ZRMEURETE German HlE R G HE R

BEAS P(A=0) P@A=1) P(A=2) P(A=3) P(A=4)
1000 0.190 0.398 0.226 0.115 0.071

P(Y=1) P(Y=1A=0) P(Y=1A=1) P(Y=1A=2) P(Y=1A=3) P(Y=1A=4)
0.3 0.421 0.296 0.243 0.243 0.268

Adult P4 1994 4232 [E N 10 & 5088 22 N D488 (https:/archive.ics.uci.edu/dataset/2/adult),
SR BRI M. ZEERESE 14 AN B, P2/ B R T, 4E BV (4=0), Lotk (4=1). HAr%
TR NEE RS T S0k, B SR AT ™ = A A, thin: 67.5% Mg h 54k, B 55 s
31.2% I B3 PERFE IO BRI 50k, 1T 2 PEEU s N L S0k (K1 2 11.4%. B4k Adult B 5L IFRR 45 0 A AN Sy
iy, 1 24.8% (N BAT B K T

COMPAS Zfi 4 72 5 [ 4 B BLIK P AT 577 YR 48 B 1¥1 8% 2518 3¢ (https:/github.com/propublica/compas-analysis), it


https://archive.ics.uci.edu/dataset/2/adult
https://github.com/propublica/compas-analysis
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AR W ERTISERE P, FRAE 12 M@k, 2R B R M, BEEE A (4=0), ERPA
(A=1). AT 25 J2 UM B 35 76 P AE 9 J2 5 & PR RJEEE. AFE 1 AT %1, COMPAS in 4R 10 2 AR J8 M RIAR 25 (1 43 A 1
R 418

German #5422 117 = Hofmann 18 WA HIE 194 [ 5 FH K %8s (https://archive.ics.uci.edu/dataset/144/statlog+
german+credit+data), TR OFEIIEF FFRE . MRTeIRES . D EHES. RSS20 AN g, Ho
ZARY R AR TR, WHE 19-75 &, ASCIRIFR W 3 A1 0, K200 19-25 8 (4=0), 25-35 & (4=1), 35-45
% (A4=2), 45-55 % (4=3), 55-75 % (A=4). ZHHEE AT 55 42 TS FH-R 3G & 2 B SO 7E ISR P B i
ZIH 7. WG 2 W41 German 04 AR TEAR 50 A0 LB, (RAEZ R JE 1 B A i 3 4.

5.1.2  PEhfRbR
AR SC A ML PE R 2 -k AN 5 T VA AR (M R 5 2 BT T AEAR TR U222, A SR ACC SRty R R )
IEfYE, BEIREE (I R B, IE ST A R
ACC = TP+TN o
TP+FP+FN+TN
Horp, TP FR BRI FRIN 45 SR b, W BRI 0 E 928, TN R BEAUE R R 5 0 Sz @l [ $c i, FP AT FN WY 5] 2%
TN B SR 1 S TR A R TR A

TEAPETT T, AR ST AR AP 5 AR AP S A P br >k 25 SRR RLYE R, MR A T HER R A
SCHE H 0255 T4 H AR 2 AR A1 28 TFR, FNEE T4 3 A AR A2 IFR, XA BERARARAESE 3 Wi O
924,

FEAR SR FE AR RIS 2 BT AR P2 ), SRH G042 DP AN LR EO A8 (R A 1. 48
T1¥% (statistical parity/demographic parity, DP) "5t 1 U 9 B2 G @ vk A M7, BRGE T 25 Al A
[RIAEAAR [0 4 HE O T S M e A 45

P =1A=0=PF=1A=1)=...=PF =1A=5) (10)

THAZ SR BRLE AR B SE R AN ] R I 3 40 6 AH A%, 33X A2 R 7 s B0HE A B (1) 90 A AN 3878 3 ) 1. DR e 2 i
F18) A el A X PR A MR (1 Z2 (LA A DPAN AL AP E IR FRfE, 10 AE ADP . ADP IAMERR/INR BB RGER AF. A
SCEE X 2 R BURR R MR AR, B ADP T8 SN BT BRI P(f’ =1A= a) HIbRUEZE.

JLE %% (equalized odds/positive rate parity, EOdd)! "V sk 4 HH 1K) P § A2 4497 JRE 4 AEFTAT 280 Y R 4AF
BUST, $0 55 2, AN [FVRE A 10 F it 5 5L 7 A [0 1 B 2 R B 42k

P =14=0,Y=y)=PF =1A=1,Y=y)=...=PT =1|A=5,Y =y),¥y€{0,1} (11)

AR SCAE FH 12 RE AR A7 AL ATEAN [ R [ R T ZE A D AR A PR P A, 3 A E AEOyo R AEO,-, .
[FRE AEO,—o Rl AEO,—; [P BN ISR 201 130 22 SR USRS M B8 42, AEO,—o I AEO,—; 53 5 8 I A A4
i P(? = 11A =a,¥ = 0) MbsHEZR P(F = 1A = a,¥ = 1) RhRIEZ.

5.1.3  SZIGAAY

AATEAN A AT I 4 D TIRAER, S 1 AR AR AT AV I AR B MLP F1 3 AN AR A4 (i
LR PR TY ALFR, LAFTR, CFAIR. ot MLP BE8AE g FEAEAR Y, 25 BB IO L5 it 1R 1 B 5 HE, H 747 5 1IRF
SR v, I 5 AT SR BT AN A A SEPEER T D5 V2 EIDIG HE4T HUA, BIAE Rl —A> MLP iR RS 5 548 1)
IIFR 5L LL ) BIDIG BEAT H ISR )T, P e 28 AR AR AL (R 1 B8 bR JLARASE AR AR D B A PR Y, L F-40F
J¥ TIFR SVEBETE SRR AR B4 P 38 114 i DL

A BRI 4845 B0 T BT,

o MLP: Z JZ AL, B4 ReLU WG BT 22 |2 A 1 W 45 2B IR A FH A2 SR 40 AR AT )1 4.

o ALFR": ZATS XU, BIAAT — AL Bk 2 RS0 282 B2, JEAR AN 20282 000k B/ M3 AT
25 OO0 2R (1) A T 2 AN B/ MG SZ AR TR M P A5 R PRy e e 2. 1B R P M 253468 A SUIR L R A T VNN 25

o LAFTR™: ZATA X PR, 55 ALFR S5 RIAHL, DX AL T2 BORE AN ] (R 2 1 3 o il A 216 e ok H



https://archive.ics.uci.edu/dataset/144/statlog+german+credit+data
https://archive.ics.uci.edu/dataset/144/statlog+german+credit+data
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P e B (B R 1 FI000 52 CRA e 45 2k o), B TN K0 AT 55 v A5 L A8 SOJR A %, 0TI A2 R4 e 1 (AT
ZHER L1 k.

o CFAIR™: ZAT45 XM, i A7 — A FESERBUZ AN Al + 1 AN Z M 48, 53 E 5 — MM o 2R AT
G5 TR A3 5% 1) 4 e 42 o A AL A dse /M TN HEAA P9 1R 52 ORAP T8 A T2 % 1) 4 e 42 . A2 (AT 25 3 1 P 28 X
REB BT YIS

3 MRS Adult. COMPAS Fll German (A 2 505 & 4 3 s,

®3 OESHWE

ZH Adult COMPAS German
FEUERE R G54 [114, 30, 20, 15, 15, 10, 2] [11,30, 10, 5,2] [30, 50, 30, 15, 10, 5, 2]
AT AdaDelta AdaDelta AdaDelta
LK 0.1 1 1
(PN 256 128 30
PLIEZRC 10 20 5
AFARLI A 5 SR e 0.001 0.001 0.001
AT 2 A T R 0.8 0.8 0.8

52 LRSS/
5.2.1 IFR $545H0 IIFR SVE R RO VEAL

RQUL: ANJFI ARSI J2 APPSR T 5 VELEAN R 2 iy B4 bs IFR, R IFR, b 2RI fi?

T AR A BB, A SC S T BRI LB MLP . &0 ANMA A F) EIDIG J5 3 A0EE 0 BEAR A F1 3 A4
XU AL AR PP B — ML AR 2P 8 R AN A T SR B b AR B, BRI TFR, FIIFR,, ({88 5, U3 B
BT (AR L PR, AH S 023 WA AL A7 A0 T T (AR R, % 4 4 T 4 AN SEMERLAL K EIDIG [ 150 L,
Xt T ARAE I TIFR Sy iR, 1 S5 i 45 280 10 T ASE 28 e A7 A S 000 A 285 [ P00 KR 23 K 222 265 K £ AL AL 38
FEAKE. 10 3T Adult B S I ZR1F) MLP AL v, BR8] (AR AL IIRRE A6 i 97.3%, SR IX Lel i FE A
HUAT 61.4% [FIREARIH AL TR AE AT, 33X 38 W MILP A5 36 AR B AR AT SR A7 72 R 17 0. FL 38 I B AR X6 it
AR o B Ay U, R W AR A A (i L RS B A 86 T — D OB R ) A s L. 911 ALFR X HiAR 2L ) MR A T
R IFR, 7] LLEH) 87.1%, (HAE S 410 IFR, Firhr , oA T3 R 4 30.5%. FoAtT HUA B0 772 AN R R B2 1)
AR R DS A AL DI 5 At 7 AR v ) S0 AR 26 A 30T e 488 e B R A e A P R () B2 4% 4. ] EIDIG J7 kA
ALK MLP A58 (AN AT 28 IFR, AR T IS B 48T, AN 7 VEAE IFR, 1% R ILFH AT 2, Ui EIDIG i
P75 AR th T i 5 S50 A 1A SR

RQ2: IIFR 543 2 15 RS AR sy B (AR A SF0E2 5 EIDIG J5 A B TIFR SR Ak RS0 1 i 75 B8 42

by T IR XA ) B, A SR EG T 4 AN BEUERIE SR TIFR SEVERT 5 I PEfE, 9F Ht T 76 [ JEuER MLP |
i H TIFR 1% 5 BIDIG JyvA19 BIMARALBERL Pk B, IIEHERSRL (0 A T, 36 4 IR0 B RS F TIFR 545,
EATHIAME AT 3 I ATt Bl s COMPAS dli 4, MLP f8 )M A V- 2R IFR, $5F5 A 93.7% 127+ 4
95.1%, HEET=#I¥ IFR, $8F5 N 73.5% $2T1 3 93.4%. X T ALFR S5 BEAE PR, AT TIFR S R AEHS B
HARTIAA N PR RS, HLAE IFR, $9hs RIS, Bl LAFTR BERSE T AMA A EEVEIE, IFR, {5 59.4%, iX
YA AT 59.4% HIAH AL AR A Xyl 2 A 0 (19 RO R 28 43 A1 . R P AR SCHR HH 1) TIFR 80955, W2 IFR, AL
PP TR I AAE AR S TE B T 82.6%. F German HE A b, FEUERLAY MLP 0 HL A BRI AMA A P, T AR SCIY)
IIFR S m] ATERUNMOUER R B R, b D3R m B A& AP PR . & 4 h EIDIG J7i% 5 IIFR S n)
LRI T EIDIG J5 A8 10 IE B e bs B T A SO TIFR 52325, {BAEAMR A SPPEF b5 BRSO TIFR S50 A5 7y
(KL THEAR. 5341 EIDIG J5ikAE IFR, Fabs bRIIFATRE, XA t1 18 1A AR S R A7) AR 25 (1 J22 1 3F
FPARAR, %75 I % BB U5 U AT (R 1 3 A1 10 2 5. T A SCAKS TIFR 5 30 000 2 A 1 A (0 £ J3E HH R, A 280
AL I Gt At T A Hh A, T8 B i A A 201 1 H 1.
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R4 ANFBRLEAE ] TIFR SERT 5 A IERTEAT A2 EXT EE (%)

A AMELT
il ok i e ACC

IFR, IFR,

FEERLY MLP 85.5 97.3 61.4

ALFR 83.6 87.1 30.5

SV AR LAFTR 83.1 88.3 253

CFAIR 84.4 92.0 415

Adult (PE51) Hof AR AR MLP+EIDIG 84.1 98.5 82.0
MLP+IIFR 80.1 98.6 90.6

ALFR+IIFR 80.3 97.6 61.5

HALBUELHIFR LR LAFTR+IFR 79.9 96.6 9

CFAIR+IIFR 82.0 98.3 83.7

BEAERIAY MLP 68.4 93.7 73.5

ALFR 67.0 79.9 95

LU R LAFTR 68.9 79.9 59.4

CFAIR 68.3 84.7 29.9

COMPAS (Fltjig) Ko HE AR MLP+EIDIG 68.2 94.3 68.2
MLP+IIFR 64.4 95.1 93.4

ALFR+IIFR 63.9 78.6 45.7

FALBURAIFR LI LAFTR+IFR 64.4 82.6 82.6

CFAIR+IIFR 67.8 85.4 79.4

kAR MLP 81.5 98.0 93.0

ALFR 81.2 96.0 735

LU iR LAFTR 80.5 97.3 90.7

CFAIR 81.2 97.7 82.3

German (4£#%) X AR MLP+EIDIG 77.0 94.8 55.0
MLP+IIFR 78.8 98.8 98.8

ALFRHIFR 79.5 93.8 76.0

FALBRATFR LAFTR+IFR 78.8 99.0 98.0

CFAIR+IIFR 78.5 100.0 89.8

1T EIDIG 35 1 1E AL S B AR 2, AR AR AE Y R e mh 2 20 SN AP RREAS, AT AS e 22 50 e Tt
SRR GRS i UL, DR A% 5 T RS AE AT BR RS BE AR KR $E T AR 2P 0 SCAR IR ik I AR e AR AT
fEIE, TIFR S0 e 300 B 5Kl S mh AR AT ABUREAS 1) i 20 AR ORFRAT 21X 4am 1 2028, DT I 38 S A5 i DL 11 1
(0, (A% P35 T RE 2 T BN S AR AR ZEAN— B0 A SCNEHE S () 1 FEREAT 20 #7, 33 cos AHUEE $R 3] Adult
RS FANCINGRREA, K 5 R T A HUEAR AT IR A

5 Adult B AT LRI 2R A
R AR ZEERRE ZEE W SIRE TF SRERR AR MR BOAREA BASUL TARRK (h) K A

21 BN KRR 10 KU R A X 0 0 45 #EH <50K
22 RN REEREN 10 KIS A Rl AMA B 0 0 25 F%H >50K

—A47 21 B — A TAERK A 45 NS 2R 2228, HOOMET TAER- KSR 22 % 5 K246, i+ MLP %
T 2 LS B e N R FTEIE N 1R 22 54 53 55 B 8, ERLIE MILP 50K % 21 % b4y 2 <50K, 45 22 2 B3 2%
J>50K. MMiAEASCER ¥ IIFR S0 N, XA FEAR M R 9ZAHBLE 2 0.808, ZEYIZRIT AR i 244 A TR A AHABA I
ZRREAR, TIFR 2 T 11 B3k 5 AN R A 19 i DL, 388 5 300 AWM AAT D 70 %t 2 A1 AR i BRS04, o A4 3 14 4
H<S0K X —FH. IRIIR S 3T —ME R IEEAR 2, i S E A 1 R .

RQ3: TIFR 515 GG AT G MR HUAS AR 3¢ e (00 A4 A 350 R AN 202
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F 6 T AFIRIRIEE T Adult B8 4R R A A A P-PER I, JErf CFAIR S585 PR 2L i MR A1
KT JE A FHE Y MLP A28, 3 158 BF o B A 280 2 38 I e a4 pa 30 iR B, DU IR N T Lo PEAFAA P9 350 14 BE 0. EIDIG
J5VEFD TIFR SR T DR KFRE MR T BHA I A, 856K 4 WAL R R R, XA ANME A SF 7
) BB R TS 20 PP A 19 /A 2 S P R AAS P9 (9 /N4 A SR 9 BAR SC I TIFR ST TFR, $ebs BRI AL,
7 CFAIR FEM | M1 TIFR SL3E0E B ERER A B TFR, N 30.5% $2TH 5 73.4%, LHERER A TFR, J4ETH T
19%, 3K 158 WH Lo PEREVR P SR A7 AE AR 21, ASBIFFTIA b3k 2 b B8 k3 B 1), ) S SR AT TR B0 26518
17 R POV R A9 3 e B 0 W 5 .

X6 AL TFR SB35 RT G RBER N EBRANE A EE (%)

BRI 28 o .

- IFR, IFR, IFR, IFR,

MLP 97.4 712 973 415

ALFR 83.8 19.6 86.8 5.8

Adult (EIIFR) LAFTR 88.3 283 88.3 19.3
CFAIR 85.0 30.5 91.4 18.0

MLP+EIDIG 97.9 89.2 99.6 78.4

MLP+IIFR 98.4 94.4 98.8 82.8

) ALFRAIIFR 97.7 734 97.1 37.0

Adult (HIFR) LAFTR+IIFR 96.9 545 95.9 2.1
CFAIR+ITFR 97.7 734 97.1 37.0

5.2.2 IFR SENREBIREAR S P10 1) 5%

RQ4: #4441 EIDIG J5 i1 IIFR SEAEREA A Foabs BRI 2 5 IIFR S5 S A b ok 20
PRI A TG, BB (R A 2 P 8402

T RS IXAN ), AR SO T AR IR R UERL A MLP |4 ISR EIDIG 53 5 TIFR S29E 13 3 (kAR A0 A8 7Y
MR AA A PR R T, O HLLGAS T B OB BRI ) TIFR ST AR AL AR P28 S5 I A 2 (R B A ST R IR —
ANBRRL IR 2 P i 2 SR IIAEAS [F) R A T T00) &85 SR (10 ARHABLESE DA% TR — 2 ) AN [ A4 (1] 00 &5 SR (R ARABLEE,
Rl ADP FIAEO LI O, IR BRI (R HEAR 2 PR A, 2 W) 38 AR A B A7 A A A4 O AL, 200 30 A ..

T (1 J LT U TRIE S T, AR [ (10 2 SV M 1) A AR AS AR R 49020, 4 2 ) (1 A L AS R A5, ) 4% e A
T AN ] i ) P A A 1 (B 2 S0 RAR [0 (B B 26 R A TR R IR (R R AR L BN IR, AR A T 48 4% DP
EO [A R AT AT e AIPE U7, (E A — AR (5 00 T, B 1 ) DLk 358 438 5, WL ALY BT AT (R RE AR 3 49 4
1E3E, WADP 5 AEO %% 0, X A& LR TS84 (0 43 28 M e, BRI R IE I 5 ACC %6 TR bR
IEZRA LAY DRIHASE IR £ 8 SR A P A TR N, 75 R — i (9 IE A S 97 1 S5 R (B BE M b 4o 0 5 1 .
GEAER 1. R 2 IFEAR D AFIR 4 B 0 IE AR PE SR, UEWT T A S0 TIFR S0 LA 4026k

AHEL T EIDIG, ITFR SRR IR AN R AR 2 4 b (] 1 M e 140 7E COMPAS #idls4ih, EIDIG J7i2:4Y
BERT T AEO,. 1T TIFR 500K MLP JEVERERL 4511 3% ADP A 0.325 [ 45 0.155, 5 LRI E AEO,-o A
0.303 [# % 0.087, AEO,—; M\ 0.258 [#42 0.177, ixPERESZTH& W] TIFR HILRE 05 525 FRAIC AN REAR R REAA BT
DAy BACZ 1) [ 22 A 2 % 5 20 S R F0 (A R0 B N AT 4. #F Adult F1 German i8££+, TIFR SLVLAH LE
+ EIDIG, AW S UF AU A R A PFehs. J5 303 7 5 TIFR SR AEX HUss AL (g R BB T i A3 T )
PRI AP RIS, BEAS DR REST PR ) AR R R AP 42 7T
523 AMEEURANTE S H A AL )

T FRAVHE TFR Fk 2B S H 5, A SCE A FANAES R ACE S804 (B 2 38 12 47 P IS4
BEAT S8, MERRL M AR AR (b, B 4-18 6 2> IR T 1IFR S957E Adult. COMPAS. German $#li4E -, 25k
HAABURBCE A SR IR . AR T DL R A P IR 5 .
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R T ANFBBLAEAE ] TIFR S5 BOREAR P PEXT B

- ) B AT
g/ et Z 5
ADP AEO,- AEOy
FEERE Y MLP 0.192 0.083 0.038
ALFR 0.040 0.038 0.272
HYE R LAFTR 0.023 0.046 0.296
CFAIR 0.111 0.014 0.078
Adult (71531) pogE e it MLP+EIDIG 0.027 0.088 0.159
MLP-+IIFR 0.059 0.011 0.063
ALFR+IIFR 0.015 0.005 0.192
YRR J
HAEBURATIFR S LAFTRAHIFR 0.004 0.014 0.259
CFAIR+IIFR 0.082 0.016 0.032
FEAEAE Y MLP 0.325 0.303 0.258
ALFR 0.041 0.010 0.007
HYE R LAFTR 0.009 0.019 0.028
CFAIR 0.084 0.014 0.064
COMPAS (i) X Ll R MLP+EIDIG 0.266 0.187 0.265
MLP-+IIFR 0.155 0.087 0.177
ALFRHIFR 0.028 0.040 0.087
EoR7irpidl y
HHEBURAITFR 135 LAFTRHIFR 0.009 0.019 0.027
CFAIR+IIFR 0.076 0.034 0.052
eI MLP 0.038 0.051 0.074
ALFR 0.068 0.077 0.056
HYE A LAFTR 0.037 0.052 0.064
CFAIR 0.035 0.030 0.064
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