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A Proof of Lemma/(ll

Proof. By Eq.(T) we have

TPR, = (1 — 714)TPR, + 71, TPR,,
TNR, = (1 — 19a)TNR, + 70, TNR,.

And we have EOd as

EOd = |TPRo—TPR;|+|TNRo—TNR;| = (1—710—711)|TPRo—TPR; |[+(1—790—701 )|]TNRo—TNR].

For DI, we have the positive prediction rate under noisy data as follows:
PR, = &,TPR, + (1 — 4,)FPR,,

_ {ilai=a,yi=1}|

where &, = ilareal] is the niosy base rate of group a. Corresondingly, we have DI as

DI = |PRy — PRy |
=1[(1 = do)[(1 — noo)FPRo + nooFPR1] — (1 — é1)[(1 — 101)FPRy1 + o1 FPRy]
+5[0[(1 — ﬁlo)TPRO + T]loTPRl] — dl[(l — T]ll)TPRl + 7]11TPR0”
= |[1 — (&0 + Mo0) + &omoo — Mo1 + &1mo1]FPRy — [1 — (&1 + no1) + &1701 — Moo + &omoo] FPRy
+(6[0 — 6[07]10 — dlnll)TPRO — (CAkl — do’l]lo — 6[17]11)TPR1‘ .

O

Remark 1. There is no deterministic relationship between DI and DI under group- and label-
dependent flip. Specially, under group-depedent flip, i.e., 1yq = Nyrq = Na, We have

DI =[1 — (4o +1m0) + Gono — m + drm]FPRo — [1 = (&1 + m) + damy — 10 + Aot FPRy
—l—(do — Qoo — 6&1’171)TPR0 — (dl — Qoo — dlnl)TPRll
:(1 —To — nl)Dla

where the last equality is obtained by substituting G, with Gq = (1 — Ng)Qq + Na Qo

B Proof of Theorem 1]

Proof. Since 0 < (1 — 1y — Myar) < 1, we have from Lemmathat EOd < |TPRy — TPR,| +
|ITNRy — TNR;| = EOd. For the upper-bound, we have the following relationship regarding @,

and Qyq:

1—nya A Mya A
Q = e Q + - Q !
ve 1- MNya — Nya’ ve 1- Nya — MNya’ ver

where a’ = |1 — a/. Therefore we have the total variation distance between Q,, and Q. as follows:

TV Qs Que) = [ |@a = Qs

1 / 1- TNya’ A Nya A A
= — 7@ + - Q r Q
2 ’ 1 = Nya — Nyar - Nya — Tya’ v e
Ui

M V(G Q)
1777ya77]ya/ ( Yy Y
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And we have the EOd under clean distribution as follows:
EOd

= |TPRy — TPR; | + [TNR;, — TNR, |

Z/;Qm—Qn /OéQOO_QOI

1
= /1 Q10 —Qw +Q10 - Q11 +Q11 —Qu

+

+ /ngo—Qoo-FQoo—Qm—Q01+Q01
0

/OéQAm_QOl /OéQOO_QA01

1 1 1
< / Qo — Qu1| + / Q10 — Qio| + / Q11— Qu| + +
3 3 3
< EOd + MQTV(QW Qu) + M2TV(Q007 Q(n)
1—1n10—711 1 —noo — no1

. + T + e—
< EOd + _hmoTi Dk 1(Q0,Q11) + oo Thor D r.(Qoo, Qor)s

L —mo—m 1 — 100 — 701
where the last inequality is due to TV (P, Q) < /4 Dkw(P||Q). Since Dir(Pya, Pyar) < €, we
have the following upper- and lower-bound regarding EOd under clean distribution and EOd under
noisy distribution:

~ Moo + 7Mo1 N0 + M1
EOd <EOd+ —m———— /g + ———m————— /€.
T—noo =701 ¥ ° T—mo—nu ¥

C Proof of Lemma 2]

Proof. By Eq. () we have
TPR, = (1 — 714)TPR, + 11,FPR,,
TNR, = (1 — 0a)TNR, + 70oFNR,.

And we have the following relationship regarding EOd:

EOd =|(1 — B10)TPRg + B10FPRg — (1 — 811)TPR; + 311 FPR, |
+ (1 = Boo) TNRg + BooFNRg — (1 — Bo1)TNR; + o1 FNRy|
—|TPRy — TPR; + f10(FPRy — TPRo) — f1,(FPR; — TPR, )|
+ |TNRy — TNR; + B0 (FNRg — TNR) — Bo1 (FNR; — TNR;))|

For f)vI, we have

+

/Oé QOO _QOO

DI
_ | (1= 510)TPo + BooFPo + (1 — Boo)FPo + B10TPy (1 — B11)TPy + S FPy + (1 — Bo1)FP1 + 51, TPy
TPy + TNy + FPy + FNg TP; + TN; + FP; + FN;

DI

B TP, + FP, TP, + FP; B
~ |TPy + TNy + FPy + FNy  TP; +TN; +FP; + FN; |

D Proof of Lemma[3

Proof. Let Q,, be the distribution of predicted soft labels in the clean subgroup {i|y; = y,a; = a}
and )y, be the corresponding distribution in the noisy group, let 3,, be the label noise rate of
subgroup {i|y; = y,a; = a}, we have

_ 1 _By’a
an B (1 - ﬂya - By/a)

ﬁya

~ . 9
(1 - ﬂya - By’a)Qy ( )

vaa -
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429 And we have EOp under clean data as follows:

1 1
EOp = /1 Q1o —/1 Q11
1
_ (1-PBoo) ~ = (1=Bn) = B ~ Bio ~
B /§ (1B — 500)6210 (1= — ﬂm)Qn * (1—=pn— 501)Q01 (1 — Boo — BlO)QOO
(1—PBo0) =5  (1—=Bn) == ’ P11 el Bio e
< (1= P — 500)TPR0 (1—pun— ﬁm)TPRl * (1—pn— 501)FPR1 (1 — Boo — 510)FPRO
. (1 — Boo) (1—Bo1) } — . {‘ B B1o } ——
s min {’ (1= B0 — Boo) (1 — P11 — Por) EOp + min (1= B11 = Bo1)” (1 = Boo — B1o) DFPR

+’ (1-Boo)  (1—Pm)

0= Fro— o)~ (=B — Bopy | (TPRa + FPRa),

(10)
430 where ¢ = 0 if (19[3;?305)00) > (1—(1;31521[3)01) and a = 1 otherwise, and @ = |1 — a|. And we have

431 DTNR as follows:

1
2
/Poo—/ Po1
0 0

[N

DTNR =

=80 5 (=8 3 o1 5 Boo 5
B /0 (1= B0 — 500)P00 (1 - — 501)P01 * (1—pBun— 5()1)P11 (1 —Boo — 510)P10
. (1 - 510) (1 - 511) } TN . {‘ Bo1 Boo } NTh
S mm{’ (1= B1o — Boo)” (1 = P11 — Bor) DTNR + min (1= 11— Bo1)” (1 = Boo — Bio) DFNR
(Boo) _ (Bo1) =
+’(1 "o — o) (0= B — o) | R T FNRar). .
432 where v = 0if (1£lﬁ:0ﬂ i(,)B)oo) > (1£1B:1ﬂ ilﬁ)m) and 0 otherwise, and @ = |1 — a/|. Therefore we have
433 clean EQOd as follows:
. 1 1 — (1—PBoo) (1 —=Pn) S5 . fon
EOd < min { 1—Boo— P10’ 1= Bo1 — P11 } EOd -+ ‘ (1= f10o—PBoo) (1 —PBi1—Por) (TPR, +FPRq)
(Boo) _ (Bo1) =
* ‘ (1 =510 —PBoo) (1 —=P11—PBor) (TNRq, +FNRa)
. 1 1 —
<mm{lﬂoo — B0’ 1= Bor 511}E0d
—— Boo B Bo1 1=Poo 1= Pm
+(2+E0d)max{’1—ﬁoo—ﬁlo 1— o1 — Bu1 "1—310—%0 1— 511 — B }
. 1 1 __
mm{l — Boo — B1o 4 1—Bo1 — B +5}E0d+2ﬂ.
(12)
434 D

s E  Results under different sensitive attributes

436 We also include results under different sensitive attributes. Specifically, we choose race as sensitive
437 information for Adult dataset and sex as sensitive information for COMPAS dataset. Results are
438 shown in Table As shown in the tables, our method performs better or comparably than other
439 methods under varied sensitive attributes, which validates the effectiveness of our method.
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Method

Accuracy

Disparate Impact

EOd

Baseline

Inprocessing (Wang et al., 2022}
DLR (Celis et al., |2021])

FairExpec (Mehrotra and Celis}, 2021)
CorScale (Lamy et al.,[2019)

Ours

66.80+0.34%
63.144+0.49%
63.344+0.54%
63.264+1.45%
62.371+0.77%
63.4540.42%

19.64+1.79%
12.25+1.14%
9.47£1.24%
9.83£1.55%
11.23£1.25%
7.57£1.22%

21.24+2.17%
14.35+1.22%
8.58+1.63%
10.17£1.29%
11.19£1.75%
6.54+1.38%

Table 7: Experimental results on COMPAS dataset under sensitive attribute noise with sex as sensitive
attribute. The noise rates are set as 799 = 0.2, 1991 = 0.1, 9190 = 0.3, 11 = 0.2.

Method Accuracy Disparate Impact EOd

Baseline 84.16£0.45% 13.31+1.47% 15.13+1.24%
Inprocessing (Wang et al., 2022} 82.54+0.73% 10.26%+1.58% 11.27+1.64%
DLR (Celis et al.,[2021) 81.57£0.63% 7.42+1.36% 7.47£1.18%
FairExpec (Mehrotra and Celis}, 2021)  82.35+0.49% 8.63+1.21% 8.15+1.46%
CorScale (Lamy et al.,[2019) 80.84£0.68% 8.45+1.16% 9.23£1.58%
Ours 82.14£0.71% 6.56£1.14% 5.84+1.27%

Table 8: Experimental results on Adult dataset under sensitive attribute noise with race as sensitive
attribute. The noise rates are set as 1og = 0.15, 7p1 = 0.1, 19 = 0.1, 11 = 0.3.
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