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Appendix: Proofs

Proof of Proposition 1:
Given the definition of data subjects’ expected utility in (1), if data subject i reports v,

then her expected utility is

. [ _ i, -f /< . /
Ui = y(min(v;)) —(vi), it v <min(vj)

0, otherwise

Therefore, if data subject ¢ truthfully reports her privacy concern, her utility is

U0l = ) = y(min(v))) —y(v;), if v <min(v))

K3
0, otherwise

From (2) we have & > 0, therefore, if m;én(v;) > v;, then fy(m;n(v;)) —~(v;) > 0. This means
J7FT VE=
that the utility of truth-telling is non-negative, that is U(v] = v;) > 0. In other words, if

the mechanism is incentive-compatible, then it is individually rational.
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Now we only need to prove that truth-telling is the dominant strategy for all data subjects.
We prove this by contradiction. Lets assume that v} # v;, then either v; > v; or v; <wv;. We
consider each case below.

If v} > v;, that is, if data subject ¢ over-reports her privacy concern, then

(
if min(v;) > v, then, U(vg) = U (vi) = y(min(v;)) —v(v:)
J7F JF
if m;n(v;) < v, then, U(v)) =U(v;) =0
JF
ifv; < m;én(v;) <, then, U(v) =0, U(v;) = v(m;n(v;)) —v(v;) >0 => U(v)) <U(v)
\ J7F1 JF

Therefore, the strategy of over-reporting the privacy concern is dominated by the strategy
of truth-telling.

On the other hand, if v} < v;, that is, if data subject i under-reports her privacy concern,

then
(if min()) > v, then, U(v!) = U(w:) =y(min(v})) (v,
if I}q#l(v;) <y, then, U(v)) =U(v;) =0
\ifvg < Iggl(@;) <w;, then,U(v)) = 7(151;{1(1;;)) —y(v;) <0, U(v;)) =0 => U(v)) <U(vy)

Therefore, the strategy of under-reporting the privacy concern is also dominated by the
strategy of truth-telling. This means that the mechanism is incentive-compatible, that is,

the optimal strategy for all data subjects is truth-telling. W

Proof of Proposition 2:
Let crsp be the compensation of the Fixed-Compensation method with equivalent Bias

as RSP, which is zero. Bf¢ = C”QT_I, therefore, solving B (c = crgp) = 0 for cgrgp yields

crsp = n~. Therefore, the Total Compensation of this method is TCFC(c = crgp) =

TCOF (¢ =n~%) =n'~“ Total Compensation of RSP is TCHF = "+2[HN+2_HN“*"], thus,

2n®

n
TCFC(C = Crsp) — TCHF = nfa[g —Hpyio+Hy o)

J/

-~

¥
To prove that the Total Compensation of RSP is less than the corresponding FC' with
equivalent Bias, we need to show that 1 > 0. v is strictly increasing in N € Z~y and n € Z~.
Substituting both n and N with 1, we can find the lower-bound of ¢ as % —H;+H,= %.
Therefore, ¥ >0 V{N,n} € Z%,.
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Bias of the Fixed-Compensation method with equivalent Total Compensation as RSP is

RSP 2[H -H —n
BF¢(¢=TC™y — BFO(¢ = mi2Mnes Mxwaonly Therefore,

T RSP H —H _n_ﬂ
_ C ) = N+2 N+2 2:—1/}7&0V{N,n}622>0

n 2n 2n

B(c
Therefore, | B (c = T€)| > 0, which means that |BC(c = T¢°0)| > |[BRF|. m

Proof of Proposition 3:

First, we compare the Total Cost of RSP with FCH. ®CH = TCIH = pl= and ¢F =
TC}?SP _ nt+2HNyo—Hy o] thus

2n™

n
QI _ P = ?”fa[g —Hyio+Hyypo ]

N J/

TV
>0 V {N,n}ez2,

Therefore, the Total Cost of RSP is smaller than the Total Cost of FCH, independent of
the per unit cost of bias (w).
Second, we compare the Total Cost of RSP with FCL. ®fYF = TCFL 1 )| BFCL|, that is,

OFCL _ n?= ol n—N |:2n2_a+w[N—n]
N1 YN O[N +1]

Solving ®FF = P for w yields @y, = [N72"+1]n+721[i\[[;1_}£i]\1’]“7HN+2*"].

Comparing @y, with w, we have

V= =20 — o, =
W — Wy, n wr, no‘[N—n]

2IN+1| n
g[g —Hpyio—Hyyoo0)

N J/
-~

>0 V {Nn}ez2,

Therefore, vy <w. N

Proof of Proposition 4:
Average cost of each method is calculated as AC = % Average cost of RSP is derived using
the approximate value of Total Compensation. From Section 5.4 we know that E(TC®F) =

nlze HN+2*HN+2—", and H, — H, ~ In(x) — In(y) — [[z — y]/2zy]. Therefore, TCORP ~

2 ne

n+ 545 — ws—n +2[In(N+2)—In(

N2-n)] Average costs of the methods are as follows:

2n®
TCFCH 1
ACFCH — -
n n<
ACFCL - TCFCL 1

n n'=«[N +1]
AR _ T RSP N n+ ﬁ — N+12_n +2[In(N +2) —In(N +2 —n)]
n 2na+i




Birkhead et al.: Market Mechanisms for Trading of Individual Data
4 ISR-2024-1115.R3

To prove Proposition 4(a), it is sufficient to show that the partial derivative of average

cost with respect to n is less than zero for FCH and greater than zero for FCL:

OAC'FCH_ «
on  notl

<0 VneZ.g&acl0,1]

DACTL  1—q

— N 72 1
o o N+ 1] >0 V{N,n}eZ,&ac]0,1]

To prove Proposition 4(c), we first derive the partial derivative of average cost with respect

to n for RSP:

9ACT™? [l — o + ) — e F Hin+ 75 — w12V +2) —In(N +2—n)]

an - 2N
_ OACESP | >0, if @ <é . ; 1 4
_— , where ¢~ ———— and a~-
on oo ifa>a NN —1] 4
ACESP | <0, if a<n 1
if@<a<d,then& , where n=N—-———. R
an aN

>0, if a>n

Proof of Proposition 5:

We know that BPH = BRSSP = () therefore, ®CH = TCH and & = TCHP, Let 7 =

QCOH _ QRSP — TCCOH _ TCRSP | then,

1-@{1 + d] ~ n+2[Hyis —Hypo ) _nd— 2Hynyo +Hpyio]
2 2n> 2n>

T=n

Solving 7(d=d) =0 yields d = 2[HN+2+nHN+2*”}. 7 is increasing in d, therefore 7(d > d) > 0.
This means that for any d > d, the Total Compensation and Total Cost of COH is larger
than the Total Compensation and Total Cost of RSP. W



