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Supplementary meterial
A Bayesian nonparametric procedure for comparing algorithms

1. Proof of Theorem 1

A probability measure sampled from the posterior DP (9)
has the following form:

P = w0P0 +

n
∑

j=1

wjδXj
,

with P0 ∼ Dp(s, α∗). Let us considerE[R(Xm)] w.r.t.P ,
we have that

E[R(Xi)] = w0Rm0 +

n
∑

j=1

wjRmj = w0Rm0 +R
T
mw,

whereRm0 =
∫
∑m−1

k=1 I{Xm>Xk}(X)dP0(X), Rmj =
∑m−1

k=1 I{Xmj>Xkj} + 1 and R
T
m = [Rm1, . . . , Rmn].

Assuming P0 = α∗ = δx, we have thatRm0 =
∫
∑m−1

k=1 I{Xm>Xk}(X)dα∗(X). By defining the vector
R0 = [R1l, . . . , Rm0]

T and the matrixR whose rows are
the vectorsRT

m, we obtain (15).

Since the weights are Dirichlet distributed(w0,w
T ) ∼

Dir(s, 1, 1, . . . , 1), it follows that

E
[

E[R(X1), . . . , R(Xm)]T
]

= EDir[w0R0 +Rw]

where the r.h.s. expected value is taken w.r.t. the Dirich-
let distribution above. FromEDir [w0] = s/(s + n) and
EDir [wi] = 1/(s + n) for i > 0, we obtain the mean
vectorµ in (16). The covariance matrix can be obtained
in a similar way by computingEDir[w

2
0 ], EDir [w

Tw0],
EDir [ww

T ] etc..

2. Proof of Theorem 2

From (13) we can write

P
[

P (X2 > X1) +
1
2P (X2 = X1) >

1
2

]

= PDir

[

w0

(

P0(X2 > X1) +
1
2P0(X2 = X1)

)

+
∑n

i=1 wiH(X2i −X1i) >
1
2

]

= PDir

[

w0

2 +
∑n

i=1 wiH(X2i −X1i) >
1
2

]

,

(1)

where we have used the fact thatα∗ = δX1=X2
and thus

P0(X2 = X1) = 1. By denoting withθt = w0 +

∑n

i=1 wiI{X2i=X1i}, θg =
∑n

i=1 wiI{X2i>X1i} andθl =
1 − θt − θg, and considering a partition of the spaceX of
the formB0 = {(X2, X1) : X2 = X1},Bg = {(X2, X1) :
X2 > X1} andBl = {(X2, X1) : X2 < X1} it can easily
be verified thatθ = (θt, θg, θl) has a Dirichlet distribution
with parameters(s+ nt, ng, n− nt − ng). Then we have

PDir

[

w0

2 +
∑n

i=1 wiH(X2i −X1i) >
1
2

]

= PDir

[

1
2

(

w0 +
∑n

i=1 wiI{X2i=X1i}

)

+
∑n

i=1 wiI{X2i>X1i} > 1
2

]

=

∫

I{0.5θt+θg>0.5}(θ)

Dir(θ; s+ nt, ng, n− nt − ng)dθtdθg

= K1

1
∫

0

dθt

1
∫

0.5(1−θt)

θs+nt−1
t θng−1

g

(1 − θt − θg)
n−nt−ng−1dθg,

(2)

whereK1 = Γ(n+s)
Γ(s+nt)Γ(ng)Γ(n−nt−ng)

. By the change of

variablesθ′g =
θg

1−θt
we obtain

PDir

[

w0

2 +
∑n

i=1 wiH(X2i −X1i) >
1
2

]

= K1

1
∫

0

θs+nt−1
t (1− θt)

n−nt−1dθt

1
∫

0.5

(θ′g)
ng−1(1 − θ′g)

n−nt−ng−1dθ′g

= K1K2K3

∫ 1

0.5

Beta(θ;ng, n− nt − ng)dθ,

(3)

whereK2 = Γ(n−nt)Γ(s+nt)
Γ(s+n) andK3 =

Γ(ng)Γ(n−nt−ng)
Γ(n) .

This proves the theorem, sinceK1K2K3 = 1.

3. Matrix of the ranks of Example 1

Table1 gives the ranks inn = 30 datasets of the four algo-
rithms in Example 1.
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Supplementay material - Bayesian nonparametric comparisons

Table 1.Ranks of the algorithms in Example 1.
X1 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3 2 2 2 2 4 4 3 3 4 3
X2 3 3 3 3 3 4 4 4 4 4 2 2 2 2 2 2 2 2 2 2 3 3 4 4 3 3 4 4 2 2
X3 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 3 3 1 1 1 1 1 1
X4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 3 4


