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J Partial Statistical Parity Proposition (Theorem 3.2.3 in Nesterov (2018))
Introduction fo(w) Iffz(w(k)) <0 fori € [m] and wikt+l) — SSG(W(k),Ek,Tk) with
min o(wW M2 u"w(k)_ﬁ(kJrl)”? ;
Preliminary and notation W, (0p) 7 T 2 g In ( o ) it holds that
(&,¢,7) € R¥2: Data point. cp L Za(h (€M 0) > pYpel ke, go(w* D) — go(W*HY) < e, gi(wY) <, i€ [m].
¢ € R%: Feature vector. Theorem
¢ € R: Target variable. N
- . k L 8M4 f W(U) f
veG:={1,2,...,G}: Sensitive attribute (sex, race, etc.). n_k Za(hw(‘fi) —0p) <p+r(B—a),VpeLkeQ, Suppose K = {m&X{l AM?, L } olw—)= ﬂ
o i=1 k1 _ k
hyw : RY — R: Predictive model. e = §min {1, o 4Mﬂ= ST ) fk; a"(ffftgw( ) = SSG(wk), e, Ti)
Parameterized by w. J(:{:) = IIlaX{miIl{:L‘ + 0.5, 1}j O}_ along with T, = ln (#Ilw —: ” ) IDCA finds a nearly
hw(§): Prediction score for . G‘(fB) __ exp(:n)/(l 4 exp(:}j)) e-KKT point w:th an oracle complexity of O(e™%).
— . y
Goal: How to ensure h,, is fair across groups defined by y? _] _] _ _
Inexact Difference-of-Convex Algorithm Numerical Experiment
Suppose top 40% ~ 60% applicants scored by h,, will be admitted.
. Unfair . DC Constrained Optimization Problem Dataset | #lInstances | #Attributes | Class Label Sensiti;e Attribute
! l | a%a 48,842 123 Income ender
0000000 00 .i 0000000000 0 000°O i Pifiade f+(w) e (w) bank 41,188 54 Subscription Age
oai b A0 0 law school 20,798 12 Passing exam Race

i st. fi(w) == ff(w) — f{ (W) <0, i € [n]
i Group AUC Fairness (Yao et al, 2023, Vogel et al, 2021)

'Partlally fair
| % _ . ] s :
0000000000 ., ° . © 000000000000 f:" and f; f.or i =0,...,n are real-valued, Inter-Group Pairwise Fairness (Kallus et al, 2019, Beutel et al,
| convex functions. 2019)
i Convex subproblem @ Intra-Group Pairwise Fairness (Beutel et al, 2019).
i ; | Post-processing method (Kallus et al, 2019)
i Fair | w1 € argmin go(v) := f(v) — ﬁ,—(vw(k)) R i ;
: » ’ Regularization method: min W) + A max; (w
ooooooooooo.oooqooooooooooo . w Jo(W) iefm) [i(W)l,

s.t. gi(v) :== fF(v) — f; f-(viw®) <0, i€ [m]

- Pareto frontiers for classification accuracy vs pDP
Low — High where f; (v;w) := fi (w)+ (£7) (v —w) < f (v) and yUP

® :Male @ :Female f- € 0f (w). a9a bank law school

In some case, it suffices to ensure the fairness within certain Algorithm Inexact Difference-of-Convex Algorithm (IDCA) s TR R A T T T 7 091
score region (e.g., top 40%~ 60% ), known as partial fairness. 03] 4 -- h\i\*ﬂ\ .

1: Input: A feasible w(®  the number of iterations K, precision €,

k=01, . K—1
n ] ] 2: f k e 0? 15..'?}'{—_ ]_ d
—] Fairness and Partial Fairness or ©

Accuracy

3: Find w(*+1) as an e -optimal solution of the subproblem, i.e, o'gs'f%m
StatiStical Pal'ity gn(W{k+1}) _ g{](w(k‘l‘l]) ..,—;: €. QE( (k+1}) .q_: €k, 1 € [m] i Pangfoemog;phicvggrity F:iir?ness I i Pa();;al E;)etfnogcl):phigt;aritgtiairgfss R Par(:;zl Degtigra:hZc Pa(r)i%y Faig;igess ;
Definition
4: end for i iti
hy satisfies statistical parity (also called distributional parity) if the Predicted Positive Rates vs Threshold &
LA L)) (LR E PR T i Ll 2 Algorithm Switching Subgradient (SSG) Method: SSG(v"), €, T') unconstrained e — 0.1 - — 0.05 . — 0.01
SPg k(W) 1: Input: Infeasibility tolerance ¢ > 0, initial solution v(?) with g;(v(?)) < = N Y N o
:=max |Pr(hw(€) > 0y = k) — Pr(hw(£€) > 6|y = k') ;for zme /m], and number of iterations 7. S | S suf Sodf S s /
0 2.' — = 04 / ’ 03 w04 I 0.3 i o4 : 03 = 04 03
=0 3: fort =0toT —1do T P ETE ".;I";ﬁz'”'u;;"'.;;"';fs""fﬁ % o3 o1 o5 w1
4. if g(viP) <e then - o o Y
’ -
for any k and k" in G. ) 5: Compute g\ € dgo(v®) unconstrained k=0.3 k= 0.08 k= 0.01
6: {t—l_l} % v(t) _ " {i} "‘agl{]t} xc 10 0.25 / 1ﬂ 0.25 // 1l] 0.525 y 1'0 0.25 ;
Partial Statistical Parity 7: T « TuU{t} 3| s Sos / Sesl | e Ses /
D f. cnC 8: EIEE ‘:"u _____/,// 0-25 "“u _,/‘f_/ 0.25 Imo.z /”/ 0.25 :hn.zf// 0.25
efinition 9: Cﬂmpute g[t} - SQ(V(ﬂ) % _;;__;F_}“,,._IL;? s 1 % o2 nﬁ\qw_l(gf 08 1 ao—_)nzl %‘4“_-1{3,]5 08 1 % o2 %‘4‘1{;)5 08 1
hw satisfies partial statistical parity with respect to interval 10: V(D) (0 _ ev) g(®
. : ' Ilg™®]2 : _ _ _
T :=|a,B) C[0,1] if 11 end if B unconstrained k= 0.2 k=0.1 k = 0.005
12: end for _§ o 11, 1
k k' (W) 13: Qutput: v(7) with 7 = arg lt:m?q Q{}(V{t}) O e Pl oo / . B R
-~ € S S Sos g
— | Pr((©) > By = b Fua(t(€) € D 3| X/ 2l W R
_Pr(hw(g) :} Blr}' — k’: F—w’k’ (hw (E)) E I) |"'a- 02 04 06 08 1 % o2 04 06 08 1 onl 02 04 05 08 1 % /uz 04 06 08
— 0 “ | Complexity Theorem o
— Distributions of predicted scores of different sensitive groups on a9a
for any k and £ in G. Definition
>
onstrained =0.1 =0.05 =0.01
A point w is an e-KK'T point if there exist f;r = 3fz-+(w), —— = - -
Optimization Problem f- e df, (w), and \; > 0 for i € [m] satisfying . . _\ “ -
£ — £ + 37 A(E . 2 / T/ \ “ /
/ — f (£ —£) / o ,
min fo(w) s.t. DPf w(wW) <k Vk k' €0, It 0 + 2= Ailf; I <e (1) - N\ - -
f ( ) f ( ) < E ?’ 6 [m] (2) n_-lﬂ./ L] M‘O \‘l_ . 'I? E ] mﬂ T o .10_; e ] mﬂ \.‘_b ° -ICI_.'/ L] nm"-{I "‘_5
. M(EF(W) = £ (w))| <, i € [m] 3 . . - .
fo(w): Loss function. il (w) = Ji (W)l < ¢ i € [m) (3) o ) )
o -
E 0.18 / 1B f o018 - [ .
k € R;: Tolerance level. — 4K \ ,, \ ’ \ / \
Definition oon : ase . - \ - .
EehiA A point w is a nearly e-KKT point if there exist w, £~ € df (W), | . | . | - | o
SPy (W) < k,Vk, k' € G if and only if, for any f; €0f; (w), and Ai 20 for ¢ € [m] satisfying |[w —wl| <€ (1), Optimization Performance of ICDA
p € |a, B — k(B — a)), there exists 8, € R such that (2) and (3). )
a%9a bank law school
Pr(hw(§) > 0p|y =k) > p, Vk € G, | 0
Pr(hw(€) > 0,/y=k) <p+ k(B —a), Vk €G. Assumption S| __ _
The following statements hold. o o — os} -sse ]
> 1
’ Functions in {f;"}™, and {f;”}™, are real-valued and B osl’ 2
Training data: p-strongly convex on R™. %’ " \L - 1 N M_h\.
- E ¢k g e 7 . There exists constant v > 0 such that, if f;(w) <0 for i € [m], © o 1 E—— W I U_zuk ———
k — {(S’L )}’L 12 - 9ty mune gy ' there ex'sts v e W SUCh that - Iterations «10% Iterations «10% lterations =104
+ r— . y 0.5 T T f 0.5 T T T v T 0.5 ™ T r
fir(v) = fi (viw) < —v, Vi € [m]. = o | ol —oc y o
Constraints with empirical distribution: fip := miny fO(W) > —00. -'E, 03 - 0| - o3}
g 2B fj(w) and f. (w) are M-Lipchitz continuous for any i € [m)]. qu) o . o . 9 I I N
_Zlhw(ﬁf)>9p = P - — Qe ————— 0 e —— 0
Nk =1 0.1 - 01} 0.1
i nZk ]-h (&k)>0 < Pt f‘é(ﬁ - a), D | Itar:ﬂms 3 Mf D | 2 ltmilons o -10"6 D 2 It&raﬂ:m E o
nk | Wesg P
Vke G, Vpela,f— k(B —a)).
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Approximate 1.~ by a continuous surrogate o(x).

Approximate [a, 8 — k(8 — «)) by a finite set x
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