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classification H70lA fairness= classification Z21E &t
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o On Formalizing Fairness in Prediction with Machine Learning, FATML

2018
o O|™ HAR(reference.. FIH)UM= HoZ2 ES5= S& S protected attributesct
1D HOI5tH, Olol= HY, olE, =1, XY, &0, JI=9 A S0 US 4= U

=384 (fairness through unawareness): OI= UE U A protected
[R5 220 1) = T2 )M HIN2ZHA 2= 23

BEAFAI M Z2A M (counterfactual ly fairness): protected attribute 2t CIENH S
M, 22 ZU20] LI20H 0|2 BIAMIAEOZ ZHGHCHD St

™ ZA M (group fairness): unprotected attributeE JIXle & 22 &EH
CHol 2 OI=320l protected attributedt & EE0| MR S AFGHCEH.

SA
el B2A A (individual fairness): Hlsegt JHOI2 1 2] WH=3U=

NHSE= W (preferred treatment): JSEZ M=

J801 O @2 Hys 2= 20 ds5He URE N Sttt

NSE= F&H (preferred impact): K 0= Z=Z2 40| CHE 0

Hloh 2= IS0l CHoll MO & otLt Olafel EHels JHE [ 835

FOIZ Haleld S0HolA &2 JJcdotXl AE 2JHK12| fairness HES MICH.

Ko @SH(equality of resources): S& JHCIS2 QE=X0l 22X S A
U= 20 e, AISIA Glefe 22 Sst 20 2HolCH. =, 2F JHelol Xl
£9| 0|2 ol ATEHOZ L= 02D HEHN= XS 2540 H2aE £ Q
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o Equality of opportunity in supervised learning, NIPS 2016
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o Fairness of exposure in rankings, KDD 2018.

attention—based measure: AIEXZ

AHES A
= =2 o = T AN M/
&=ZE9| attention OILF ==0ILI 2HY S22 Sol 2=E = U= FWHE
attention=2 Z&3tot= 2.

Pmxn= probabilistic ranking of m items in n positions

v_j = itemt A210| j BB positionl visibility(eyetrackingSel A&8o=z
)

2

MEC-DE SKO HRUOR N,

< relevance or utility (8X2
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—

Eolf

G_0 = majority/advantaged/unprotected group
G_k = minority/disadvantaged/protected group (k>=1)

1 n AT
1G] Zi:dieGk Zj:]_ PM'UJ'

I_J(Gk)_ = ﬁ Zi:dieGk Ui

Exposure(G|P) =
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Ezxposure(Go|P)  Exposure(Gi|P)

U(Go) - U(Gy)
fairness of exposure: &=2| =& X2 AFZXL FO/EE S=5| DAMS M,
HE 20121 20 '=&50e= /oY Mo 2HL'2 LA OoF st

0 Equity of attention: Amortizing Individual Fairness in Rankings,
SIGIR 2018.
e 0™ Od?Oﬂ/\-l A g LS mgst A Z2l, 0l =22 el ==0lA

2t SIS0 A=K &= (attention)0l 2ESHH 2HHE 4= UEE 6l 2EAE
28 H(amortized fairness)S HIQHs!.

a_i = i &=9 normalized attention [0,1]

r_i = M =29 normalized relevance score [0,1].

2F 3|~EEO|

—/ o = —

SA&E attention0l =& E relevance®t dldlahH equity of amortized
attention2 2FESHCHD R OI&H(O0f2H $41).

equity of amortized attention= CtEoled™ A2 R 22X I SLollOtet2Z Ofel
£=AIO2 (un)fairness &9 Jis

unfairness(p', ..., p™) = Zn: |A; — R;i| = i af - i rll . (1)

i=1 i=1|j=1 j=1

ZIQoICHH 2| H2lE 0IS8 ranking system RAIE 22 US.

n
o

0 Measuring fairness in ranked outputs. SSDBM 2017.
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probability-based measure: HESZ ranking0l MAZIJCID S M2 =A0A
o tla SHUA EXE S&ole 2.

24 Hlw G0IHZ proteoted groupt unprotected groupll &=== relevancelt
0Kl =22 LIgst & el 2IAEE Z=HIGHH, HIZS0| AldS et & e
O80HAM =122 nJH_‘ZI =52 =ANE AL &2 UOIHE &=H|etlt.

E50| Ao 8101 p2t j HMIIXI2l protected groupll &= = 0I&al, 30t
=X 82 (rND, rkL, rRD)S HIQHE .



r
un
(=)
pal
HL
Hel
to
>
>
ML
Ho
]
o
£l
Qu
HT
e
K
>
10
10
]
Jon
o
o
4>
0
alo

o Fairness and transparency in ranking, CIKM DAB 2018

« 0l =22 THE ra

e 2. individual fairnessE ZHFE o~ UTE, H|=xct &==0 HolA= L2
2lE ollOFSHCE.

e 3. SY3| Xt &S (disadvantaged group/ protected group)2l &<=0 CHoll
At HEE AFZOHOFEHCH

o FAxIR: A Fair Top—k Ranking Algorithm, CIKM 2017

e J|ZE ranking systemt BlSH0 2 utility &4 8i0l, utilityE =U3lct
A0l ranked groupll 884= Bt=6t= top—k rankingES 2t= 0
(FAxIR)S HICt.
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e selection utility = 28 &

e ordering utility = 22 2= A0| topk0l Z&& A0l O &5&.
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e ZX21. ranked group fairness: 2 r& protected group= S&SIAH represent ol

Ot

0o

o X242, selection utility: r & J& qualifiedes EE2E ILEHHOFSHCEH.
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e X23. ordering utility: r& qualification? W&EXE= &=

b et
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Ct.

e protected group 2 non—protected group O] Hl==8t 22| qualification & I}

& 230let) JHEGHAl %23,

e W po XHZS Soll fairness @ utility AFOl trade-offJt Jis.
+ =% ZQ0oltE HMOtoh= ranking system O ZAE 2R US.

(1 JI& recommender HZ20IAS2l fairness(Z2&4) &9

o LHEZ collaborative filtering =4!.
0 Multi-sided fairness for recommendation, FATML 2017.
o =M AAEOUAM Oef DA 2EQ Z2H MMl Uil TS

o (4IIA AH|XHconsumer)= =S 2= AIZS0l1, MZXH(provider)= =

&0

[aid

| &l



e AEE, & FHEHE &3 2¢E AMES0I0L

& 0l

C-fairness: protected classl AHIANAEHWAS FSHEE IH Dal0Fote =&
AMAEUHAS SEH J9.
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P-fairness: M3A LHOAMS SEHLEL 1NeHE00F ot S8, (0 AIE O
i o

=
A0 S X0 2 (0

CP-fairness: AHIAIR HIEZA 25 25 A80 8 32, & 18 259 234
rn |
o

= 1doli0F of= ES2

o0 Fairness Objectives for Collaborative Filtering, NIPS 2017.
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memory-based col laboative filterings M= 220 =& 2= A2 (subject)E
St group fairness &=+

= b5JIXIQ fairness metric2 O0OlZ3dl0, protected groupEI ols 2k 3t
(prediction error)Ol unprotected group2l OIS 2Xtgf Hi==& W4 fairotCt A
9l
1. value unfairness: & E& 0F 2Xtato o B,
1 n
Ut = = 3| (Bo ;= By ];) = (B ), — By 1))
j=1
2. absolute unfairness: &8 ZE2 UZ X2 EOHgQ X2 BH.
Z [Ba [, — B 7], | = |Eny l]; — B 1| -
3. underestimation unfairness: & 18 2t A XMEZCH EH =otes R0 278

under = Z |max{0 Eg [T] g [y]g} - maX{O? E—'Q [r]j - E—'g [y]]}‘ :

0

4. overestimation unfairness: & & 2t &HECH 3H dSole 2 =28

Uover = = 3 max{0, By [y — By ], } — max{0, g [y, By 1]}

5. non—parity unfairness: 2t 182 ZEF W=gt2 Xt

Upar = |Eq [y] — E—g [y]] -

=3

212l unfairnessE JIE loss functionOl GioHAl, collaborative filtering2
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o Balanced Neighborhoods for Multi-sided Fairness in Recommendation,
FAT 2018.

Zz‘EU+ Zpepz@k’Y(P)/Wﬂ
E.Qk = _
AHIX =09 SSE4 A Yicu- 2pepar V(P)/IU|

y: p — {0,1} g3t 25 2= F=0/H 1

Pitk = p1, p2, ..., px X i topk =& ==

o SLIM: Sparse Linear Methods for top-N Recommender system, |COM
2011.

A= AW,

A = user-item 0l0] StHLE B4 002! matrix

W = aggregation coefficient sparse matrix(Oteh ==3 2dHS Soff &5)

A= userd item =& E2 matrix
=X AZ OIZdH Ofl XN UHS Soll WS SrSAI2ID, ANA AZ M &
S=2 WEXE2Z N =5,

.. 1
minimize _ |4 — AW/[%+ 5 W% + AW

subjectto W >0
diag(W) =0,

o Calibrated Recommendation, RecSys 2018.

28R OHele] SEdE defots A0l OtLich, AHIAS| Cheket Al SEES

p==XMKult = g2 S0l o AHN 2 =22
a==Mduwt 2= 2 g2 F3t 2|AE 22X
oglu) = YicH Wu,i - plgli) a(ohe) = 2iel Wr(i)  P(g])

2ieH Wu,i Yiel Wr(i)
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KL-divergenceES Ol&0ll calibration metricS OfcHet 20| ESE £ QU



CkL(p. q) = KL(pllg) = Zp(glu) log p((g: ;

o Bias Disparity in Recommendation Systems, CIKM DAB 2018

o ALEXR 2 gl U= BEtE BESS FE AIAHO0 O SEAIA He
|.

_ PRs(G,0) = b2
L preference ratio = Z

e where S(u,i) =1 (| uJt &5 £ g Z2=2), 0 (AKX &2 Z2=2)

Br(G,C) — Bs(G,C)

BD(G,C) =
e bias disparity = Bg(G,0)
PRg(G,C)
Bs(G,C) = —32)
« where G,0) P(C)

o P(C) = ICl/m (MHMOIA category CE HEGIH DE =E)
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e UserkNN algorithmE 0|20 A& & =& M2t jaccard similarityJl Bl
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o Fairness in Package—-to—group Recommendations, WWW 2017.

« FHEE Y0 6 (08)Y RN LS US
« 152 ZE AES0l 28 &= =0l 2ol =BT, 0] &0l 5806

M= 0l EMIE coverage problemezE ZE!

greedy algorithm2 HMIAIE!.
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SME0l fair package

* m-proportionality of fairness: SX uet == 0L0I& = (package) POl CHal, P

of SX ut Eotoles =501 mH(m>=1) 0l ZMotH, P= |M ulll

m-propor tional GtCk.
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Foron(G, P) = 125,

e envy-free: R u 2 == OIOIES P, 18 GIF FHNE M, M vl 0™
&= |0l CHSE OI= rating 840l DS AS2l 0= ratingl AR x%CH0l £ M, OIS
envy-freect) &tCH.

e m-envy-freeness: P 2| BT mif Ol&atel &=&0| envy-freeOlH P= ulll CHOH
m-envy—freenesscti] StCt.

|G|
G|’

Fet(G,P) =

o Fairness aware group recommendation with pareto—efficiency, RecSys
2017.
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e [ctM Ol =22 0| SHIE multi-objective optimization 2= oHZ 3ot 1E!.

e relevance: rel(u, i) € [relmin , relmax ]

e individual utility: M uOl CHoHl &= 08 I(li] = K)0l FEECD S O,
Ulu, 1) : U xI — [0, 1]. S 22 & ItXl semanticOl AS = UAS.
. — 1 ;
(1) Average: U(u,I) = o Doicrrel(u, @)
. sl . D icr rel(u,i)
. (2) Proportionality: U(u,I) = SRR ity
=X, =

* 0l =202 fairness= €2 18 W =XNIt 0Lt @S0kl &=
M AOIS utilityel XHOIJF HEE 20Ig.
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Least Misery : Frum(g,I) = min{U(u,I),Vu € g}

Variance : Fyar(g,1) =1—Var({U(u,I),Vu € g})
(Pue, U, 1))?

Ul 2 uey Uy, I)?

min{U(u, I),Yu € g}

max{U(u,I),Vu € g}

Jain's Fairness : Fy(g,I) =

 Min— Maz Ratio: Fu(g,I) =

e 5t social welfare & 1024ot0d, fairness@ social welfare 25 I = U3 E = &
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e« social welfare: 118 U2 RE RHS2 utiliyel B,

o Top—N Group recommendations with fairness, SAC 2019.

« FAYE A0l KHE(O8)2 ER0UAM SBES US

e member utility: &M ul top-k =& OI0IBIS S u2l ground truth 2t & [H,
829 =& 00le 2221 X4 ull ground truth SAF=E ull member utilitycetd
StC}.

= zlslol

. S 02 JI& &2 member utilityE fairnessetl) &2|otL], Ol
PSS

S
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o Fairness in recommendation ranking through pairwise comparison, KDD

2019.

e S RN 80 tHof 0I0 2= &=0| =&E Jis4g0l &
22 832 =& Its4d 20 =010k pairwise fairnessE Jt

e Ofch aloz EE JIs.

P(Cq(j,j’”yq’j > Yq,j»8j = 0,2qj = %)
. = P(Cq(_],j’)lyq,J > yq,jl’Sj = qu,j - 2), V3.

SIS o

e HIEXESZ pairwise fairnesstiiAl 22 15 WHUHIA &S2 =

Nz Og

JS0M &S=X0l et intra-pairwise fairness@t inter-pairnessz &2 Jts



