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What is the Justifiable Fairness Concept?

What's the best way to allocate the funds?]
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Renovation

More Solar Panels 5 10 5




Power Mean (Generalized Mean)

Justifiable Fairness Concepts can be represented by Power Mean (p) !
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Power Mean - Fairness Concept

New Campus

Bike Path
Re5|dent|a] Hall 4 8 8
Renovation
More Solar Panels 5 10 5

For the simplicity, assume uniform weights for groups.

New Campus 1 .
Bike Pat':'l i/% (81+31+10) =73 (83 *10)3 ~ 6.2145 min(8,3,10) = 3
Residential Hall 1[1 1 ,
Renovation \/E (4t +81+8) ~67 (4 + 8 * 8)3 ~ 6. 3496* min(4,8,8) = 4
ARG ED R RS 1\/§(51 +10'+5) ~ 6.7 (5+10 * 53 ~ 6.2996 min(5,10,5) = 5 Y




Why Power Mean

Previous work: An Axiomatic Theory of Provably-Fair Welfare-Centric Machine Learning



Distance Between Power Mean Fairness Concepts

What does it even mean to measure distance between fairness concepts?

Intuitive Solution:
Difference between welfare given same sentiment value and probability measure!

IM, (s;w) — M, (s; W)
T l



Distance Between Power Mean Fairness Concepts

IM;(s; w) — M_i(s; W)

New Campus
Bike Path

More Solar Panels 5 10 5

For the simplicity, assume uniform weights for groups.
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Distance Between Power Mean Fairness Concepts

A(pr,pi;w) = sup |M, (S w) — M, (S w)|
s€l0,1]9

Properties:
e Triangle Inequality
® Symmetric

e Positive-Definiteness
o Fxy=0iffx=y
o F(xy)=0



Problem Setup

M :)ustifiable Fairness Concept Set

M™ : Human Cardinal Fairness Concept

Query: M*(s; w) > M*(s’; w')?
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Problem Setup

M :)ustifiable Fairness Concept Set
M € Concordant Fairness Concept Set

M™ : Human Cardinal Fairness Concept
€ :ErrorTolerance



Recap & Our Contribution

We have introduced:

® Power Mean Fairness Conceptp <M,,(s; w) = p/Z?ﬂwisi”>

® Distance Metric on Power Mean Fairness Concept. (A(py, py; W)

Our Contribution for this work are:
® Upper bound on the distance between Power Mean Fairness Concept. (A1 (pr, pis W)

® Search Algorithms on the Justifiable Fairness Concepts set.
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Intuition of Upper Bounds

A(pr.pi; W) = SES[‘&I;]Q|MpT(S; w) — M, (s;w) How to compute supremum?

<MP(S: w) = ;: z:z‘g:1W"s[p>

A(pr, py; w) obeys Triangle Inequality
f (Unable to upper bound time/query complexity)
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Optimal Continuous Anti-Triangular Symmetric Bound

sup|f(a) — f(b)| + suplf(b) — f(c)| = suplf(a) — f(c)l

lim sup (M s;w)—M, (s;w)|+ sup |M s;w)—M s;sw| +-
h—>ose[0%9| pi+n(S;W) — M, ( )| e p | pi+2n(S; W) — My, 45 ( )| .




Optimal Continuous Anti-Triangular Symmetric Bound

lim Es[gp]glMpﬁh(s w) — M, (s;w)| + Sup Mo, s2n(s;w) = My s (s;w)| +-

by

h Sup |Mpl+1h(s w) — p¢+(i—1)h(5; W)l
lim 2 : s€l0,1]9 < R
h—-0 — h

P1 d
j sup — [M,(s;w)]dp
p, s€l0,1]9 dp
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Optimal Continuous Anti-Triangular Symmetric Bound

1) d
| MG w)]dp‘
pl

A(py,pi;w) = sup e

s€[0,1]9

Ar(pr,pysw) =

[4) d
f sup d—[Mp(s;w)]dp‘
p, s€l0,1]9 AP

Properties:

e Additive (Most Important I!)

® Symmetric

® Positive-Definiteness
o Fxy=0iffx=y
o Fxy=0
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Upper Bounds on Power Mean

Upper bounds on Power Mean Fairness Concepts:

.1
® M(pnpuw) ==In Z—} for any py,p, > 0

b1—py
ptpy

. 1
o Ai(prpsw) = ( )ln o forany pip, >0

Extreme case (p = +):

o M(eop;w)=—-In(;)

Wmin

° AT(pT»_OOiW):_iln( - )

[25) Wmin

(log ratio)
(harmonic difference)

(Wnin = 1r2iisr}g w; )
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Binary Search -y

pr<p |€

A 4

(Start with [py, pT]}P Compute Midpoint p

M(py,py;w) < 2¢

Yes

Terminate with
(pu, P, 01)

Query Complexity (Ng):

A(py, pi; W A (pr,puw
log (pTZIj )SNEslog T(pTZIZl )

po pl p2 pP* p3 p4 p5 p6 p7 p8

Suppose p* € [p,,p3]l and Ar(p;, piv1; W) < 2¢ 19




Binary Search -y

pr<p |€

A 4

(Start with [py, pT]}P Compute Midpoint p

Yes

Terminate with
(p1, D, 01)

Require Starting Interval [py, p1]
Power Mean Fairness Concept p € [—o0, ]




Unbounded Binary Search

At(Poos Dis W)
S AT(pi; pO! W)

v Yes

Start with Assign Next o
(Po, Pd» Peo) Exploration Point p; Pi < Poo

A1 (p1,po; W) = pa2e ‘

[ (pi, pi-1; W) = D1 (pi—1, po; W), for i = 2 }
PP W= By Do T Binary Search on
[pi—1,pi]

Query Complexity (Ng):
gA(pOJ p*: W) AT(pOr p*x W)

< <
2lo P < NE < 2log e

pO pl p2 p3 p4 PS p* p6 p7 p8

Suppose p* € [ps,psl and Ar(p;, pir1; W) < 2¢ 21




Unbounded Binary Search

A 4

Start with
(0, Pds Poo)

D

Assign Next
Exploration Point p;

A1 (p1,po; W) = pa2e

£ (D, pi—1; W) = M (Pi—1, Pos W), for i = 2

Power Mean Fairness Concept
Also Require Starting points

p € [—0, 0]
Po€E ilrpd € ilr P € {O; ioo}

At(Poos Dis W)
S AT(pil pO! W)

Yes

Pi < Poo

v

Binary Search o
[pi—1,pi]

[ o o o @
_o0 -1 0 1 0
Poo Po Peo Po Poo
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Conclusion

We have presented:

® Upper bound on the distance between Power Mean Fairness Concept.

o A(pnpsw) = f P sup dd [Mp(s;w)]dp (Optimal Continuous Anti-Triangular Symmetric Bound)
s€f0,1]9
o A(pypw) = ;ln o) for any p;,p; > 0 (log ratio)

b1—Dy

o M(rpsw) = (mm

) In WL., for any p1p, > 0 (harmonic difference)

(Wnin = IZH%W i)

® Search Algorithms on the Justifiable Fairness Concepts set.

o Binary Search (logM < NE < IOgM:lW))

o Unbounded Binary Search (2 1Og—A(Wl ™) < NE < Zlog—AT(p;:l ))

23



Thank You
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Constraint on Sentiment Value

A(pr,pw) = sup [M (s;w) — M) (s w)|
se[0,1]9 Py

A'(prpsw) = sup M, (s;w) — M, (s;w)]

se[0,a]9

M,(as;w) = aM,(s; w) = A(p;, pi; w) = aA'(pr, py; w)

25



Composite A; Function

Harmonic difference, (p;_pm) lnw1 , depends on weights
TPl min

What happen if wy,;, too small? Super loose bound!!

Compositing log ratio and harmonic difference bound together:

1

)

Woin = Mmin w,, D =eln
( Wmin 15ieg ir P W

( P1-DL 1 .
( PPl ) ln Wmin p S pi
. 1 P ~
M(pr oy W) = 5 gt 5> p
p1—p 1 1, §
k(pTPl) In Wmin + e In DL P € [py il
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