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TRANSPORT-ENTROPY INEQUALITIES
ON LOCALLY ACTING GROUPS OF PERMUTATIONS

PAUL-MARIE SAMSON

AssTrACT. Following Talagrand’s concentration results for permutations picked
uniformly at random from a symmetric group [Tal95], Luczak and McDiarmid
have generalized it to more general groups G of permutations which act suitably
‘locally’. Here we extend their results by setting transport-entropy inequalities
on these permutations groups. Talagrand and Luczak-Mc-Diarmid concentra-
tion properties are consequences of these transport-entropy inequalities. We also
consider transport-entropy inequalities on G for a larger class of measures. By
projection, we derive transport-entropy inequalities for the uniform law on the
slice of the discrete hypercube and more generally for the multinomial law. The
transport-entropy inequalities settled in this paper are new examples, in discrete
setting, of weak transport-entropy inequalities introduced in [GRST14].

1. INTRODUCTION

Let S, denote the symmetric group of permutations acting on a set € of car-
dinality n, and u denote the uniform law on S, u(o) := %, o € §,. A seminal
concentration result on S,, obtained by Maurey is the following.

Theorem 1.1. [Mau79] Let dy be the Hamming distance on the symmetric group,
forall oyt e s,
du(o,7) = Z Loiyetiy-
i€Q
Then for any subset A C S, such that u(A) > 1/2, and for all t > 0, one has

2
/‘l(At) 2 1 - 2e_ma
where A; :={y € S,,dg(x,A) <t}

Milman and Schechtman [MS86] generalized this result to some groups whose
distance is invariant by translation. For example, in the above result we may replace
(up to constants) the Hamming distance by the transposition distance dy (o, T) that
corresponds to the minimal number of transpositions #q, ..., #; such that ot - - - =
7. The distances dr and dy are comparable,

1
EdH(O-’ 7) <dr(o,7) <dy(o,7) -1, Yo #1.
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(We refer to [BHTO06] for comments about these comparison inequalities).

A few years later, a stronger concentration property in terms of dependence
in the parameter n, has been settled by Talagrand using the so-called “convex-
hull” method [Tal95] (see also [Led01]). This property implies Maurey’s result
with a slitly worse constant. Let us recall some notations from [Tal95]. For each
AcS,and o €S, let V(o,A) c R be the set of vectors z = (z)) jeq € R® with
Zj = Lg(j)zyj) for y € A. Let conv(V(o, A)) denote the convex hull of V(o A) in
RS,

V(o,A) = {x = (xj)jeq,Ip € P(A),Vj € Q,x; = /]lo-(j);&y(j)dp(y)} ,

where P(A) denotes the set of probability measures on A. Talagrand introduced the
quantity

f(o, A) := inf{||x]}3; x € conv(V(c, A))}.

with ||x||§ =0 xl-z, that measures the distance from o to the subset A.

Theorem 1.2. [Tal95] For any subset A C S,

1
f(0,A)/16
e du(o) £ ——.
/s,, u(A)

Maurey’s concentration result easily follows by observing that

2
f(o,A) > l <inf {Z X, X € conv(V(o-,A))}) = ld%I(O',A)
n i€Q n
and applying Tchebychev inequality with usual optimization arguments.

Talagrand’s result has been first extended to product of symmetric groups by
McDiarmid [McDO02], and then further by Luczak and McDiarmid to cover more
general permutation groups which act suitably “locally” [LMO03].

For any o € S, the support of o, denoted by supp(o), is the set {i € Q, (i) # i}
and the degree of o, denoted by deg(o), is the cardinality of supp(o), deg(o) =
|supp(c)|. By definition, according to [LMO3], a subgroup G of S, is ¢-local,
£ € {2,...,n},if for any o € G and any i, j € Q with o (i) = J, there exists T € G
such that supp(t) C supp(o), deg(t) < £ and 7(i) = j.

As explained in [LMO3], any 2-local group is a direct product of symmetric
groups on its orbits, the alternating group (consisting of even permutations) is 3-
local, and any 3-local group is a direct product of symmetric or alternating groups
on its orbits.

In the present paper, the concentration result by Luczak-McDiarmid and Ta-
lagrand is a consequence of a weak transport-entropy inequality satisfied by the
uniform law on G. We also prove weaker type of transport entropy inequalities for
a larger class of probability measures on G, denoted by M.

For a better comprehension of the class of measures M, let us first consider
the case of the symmetric group S, on [n] := {1,...,n}. Let (i, j) denote the
transposition in S, that exchanges the elements i and j in [rn]. One may easily
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check that the map
{1,2} x{1,2,3} x--- x{l,...,n} — §,
T: (12,13, ..., 0n) = (i2,2)(i3,3) - - - (i, ),
is one to one.

The set of measures M consists of probability measures on S, which are pushed
forward by the map T of product probability measures on {1,2} x {1,2,3} X --- X
{]’ AR n}’

M= {T#),9 =P, ® --- ® 9, with 9; € P([i]), Vi € [n]},

where by definition T#/(C) = w(T~'(C)) for any subset C in S,. The uniform
measure y on S, belongs to M since u = T#i with it = i, ® - - - ® fi,, where for
each i, fi; denotes the uniform probability measure on [i].

Let us now construct the class of measures M for any £-local group G. To clarify
the notations, the elements of Q are labelled with integers, Q = [n].

The orbit of an element j € Q, denoted by orb( ), is the set of i € Q connected
to j by the elements of G,

orb(j) := {o(j), 0 € G}.
Let us observe that for any j € [n], j € orb(j) since the identity id belongs to G.
Lemma 1.1. Let G be a {-local subgroup of S,. For any j € {2,...,n} letI; =
orb(j) N [jl. There exists a fixed family of permutions T~ = (t;; ;) with j € {2,...,n}
and ij € I; with t;; = id and for every i; # j
ti; ji;) = Jj supp(t; ;) C [jl, and deg(t;;;) < ¢,
such that the map
1) LxhLx---xI, —» G
T'T . (iZa i3a ) ln) = li2,21i3,3 e ti,,,ns

is one to one. Such a family T is called “{-local base of G” in the present paper.

As for the symmetric group, the class M is made up of all probability measures

on G which are pushed forward of product probability measures on I, X I3 X - - - X1,
by a map Ty defined by (1),

Q) M:={T#.9=9 o -0, with; e PU), Vi {2,....n}},

where 7 is a ¢-local base of G. The class M contains the uniform law on G,
obtained by choosing for each ¥; the uniform law on /;.

In this paper, the concentration results are derived from weak transport-entropy
inequalities, involving the relative entropy H(v|u) between two probability mea-

sures u, v on G given by
d
Hp) = /log (—V) dv,
du

if v is absolutely continuous with respect to u and H(v|u) := +oo otherwise.
The terminology “weak transport-entropy” introduced in [GRST14], encom-
pass many kinds of transport-entropy inequalities from the well-known Talagrand’s
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transport inequality satisfied by the standard Gaussian measure on R” [Tal96], to
the usual Csizar-Kullback-Pinsker inequality [Pin64, Csi67, Kul67] that holds for
any (reference) probability measure ¢ on a Polish metric space X, namely

3) e =VliFy <2HOW), — ¥vePX).
where ||u — v||rv denotes the total variation distance between u and v,

llu = vliry =2 sup lu(A) = v(A),

where the supremum runs over all measurable subset A of X. We refer to the survey
[Sam16b, Sam16a] for other examples of weak transport-entropy inequalities and
their connections with the concentration of measure principle.

The next theorem is one of the main result of this paper. It presents new weak
transport inequalities for the uniform measure on G or measures in the class M,
that recover the concentration results of Theorems 1.1 and 1.2.

We denote by dy the Hamming distance on G: for any o, 7 € G,

n
dy(o,7) := deg(ot) = > L(iyer(iys
i=1
and the distance dr(o, 1) is defined as the minimal number of elements of G,
t1, ..., tx, with degree less than ¢, such that ot - - -t = 7.

For any measures vy, v, € P(G), the set [1(vy, v2) denotes the set of all probabil-
ity measures on G X G with first marginal v; and second marginal v,. We denote
by Wi(v1, v2) the Wasserstein distance between v and v; according to the distance
d= d[-[ ord = dT.

Wi(vi,v2) .= inf ffd(o-, T)dn(o, T).

nell(vy,va)

We also consider two other optimal weak transport costs, fz(v2|v1) and T~ 2(valvi)
defined by

@ P = _int [ ([ e 0dn @) avico

and

nell(vy,va)

n 2
Tr(valvy) := inf /Z (/ ﬂa(i);&‘r(i)dpa'(T)> dvi(o),
i=1

where p, represents a probability measure such that 7(c,7) = vi(0)ps(7). By
Jensen’s inequality, these weak transport costs are comparable, namely

Wi, v2) < Ta(an) < nTa(nabv),
where the last inequality holds for d = dy.

Theorem 1.3. Let G be a {-local subgroup of S ,.

(a) Let u be a probability measure of the set M defined by (2). Then, for all
probability measures vi and v, on G,

(5) Kn%(f)sz(v] , V) < ( \/H(Vl ) + \/H(VZW))

2
]
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and

1 -
e T20ab) < (VG + HOak)

where
min(2¢ - 1,n) ifd =dy,
o) = :
2 ifd =dr.
When u is the uniform law on G, the inequalities (5) and (6) hold with

0 = ¢t ifd=dy,
Y= ird =4y

(b) Let u denotes the uniform law on G. Then, for all probability measures v,

and vy on G,
1 -~
sear 202 < (VEOi + VHOol)

where ¢(£)? = 2(€ — 1)* + 2.

2

The proofs of these results, given in the next section, are inspired by Talagrand

seminal work on §, [Tal95], and Luczak-McDiarmid extension to £-local groups
[LMO3].

®)

&)

Comments :

e Here is a more popular dual formulation of the transport-entropy inequality

(5): for all 1-Lipschitz functions ¢ : G — R (with respect to the distance
d),

/e"”d,u < ef“’d“+K"C([)2t2/8, vt > 0.

For the uniform measure on S, K, = n — 1 and this property is widely
commented in [BHTO6]; it is also a consequence of Hoeffding inequalities
for bounded martingales (see page 18 of [Hoe63]). The concentration re-
sult derived from item (a) are of the same nature as the one obtained by the
“bounded differences approach” in [Mau79, McD89, McD02, LMO03].
Similarly, by Proposition 4.5 and Theorem 2.7 of [GRST14] and using the
identity

(\/ﬁ+\/§)2= inf {E+ Y }

ac@O) Ll 1-«a
we may easily show that the weak transport-entropy inequality (6) is equiv-
alent to the following dual property: for any real function ¢ on G and for
anyO<a<l,

~ 1 1/(1-
(/ean{n‘Pd’u) o (/e—(l—a)‘/’d’u) = <1,

where the infimum-convolution operator étga, t > 0, is defined by

~ _ 1 2
Qwp(o) = péﬁ(fg) {/sodp 320 (/d(ay) dP(Y)) } , 0€G.
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Moreover, let us observe that following our proof of (9) in the next
section, for each a € (0, 1) the inequality (9) can be improved by replacing
the square cost function by the convex cost c,(u) > u*/2,u >0 given in
Lemma 2.2. More precisely, (9) holds replacing ékngo by é%ngo defined by

Ore():= inf { Jedr+iea (o | d(a,y>dp<y>)2},

forany o € G, > 0.

e Proposition 4.5 and Theorem 9.5 of [GRST14] also provide a dual formu-
lation of the weak transport-entropy inequality (7): for any real function ¢
on G and forany 0 < @ < 1,

~ 1/a 1/(1-a)
(10) ([er@eau) ™ ([etmmvan) ™ " <1,

where the infimum convolution operator @p is defined by

— _ 2
Qp(o) = pelg(fG) { / pdp + > {,)2 Z ( / k)2 dp(y)) } o €G.

As explained at the end of this section, the property (10) directly provides
the following version of the Talagrand’s concentration result for the uni-
form law on G.

Corollary 1.1. Let u denotes the uniform law on a €-local subgroup G of
S . Then, for all A C G and all « € (0, 1), one has

/ 77" (o) <

with ¢(€)> = 2(€ — 1)*> + 2. As a consequence, by Tchebychev inequality,
forany a € (0,1) and all t > 0,

1
p(A)Ta=)"

__at
2¢(0)2

L(A)l1=a)°

u({oeG, f(o,A) > 1)) <

For @ = 1/2, this result is exactly Theorem 2.1 by Luczak-McDiarmid
[LMO3], that generalizes Theorem 1.2 on S, (since S, is a 2-local group).

By projection arguments, Theorem 1.3 applied to the uniform law x on the sym-
metric group S, also provides transport-entropy inequalities for the uniform law
on the slices of the discrete cube {0, 1}*. Namely, for n > 1, let us denote by Xy ¢,
k €{0,...,n}, the slice of discrete cube defined by

KXin—k = {x:(xl,.. , Xxp) € {0, 1}" Zx,—k}

The uniform law on Xj ,_, denoted by i ,—k, is the pushed forward of u by the
projection map
Sn - Xk,n—k
U: o B ]la([k])s
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where o ([k]) := {0(1),...,0(k)} and for any subset A of [n], 14 is the vector with
coordinates 14(i),i € [n]. In other terms, py ,—x = U#u and py -1 (x) = (’]:)_1 for
all x € Xy ,—«. Let dj, denotes the Hamming distance on Xy, defined by

n

1
dh(xa Y) = 5 Z :ﬂ-x,-;&y,-a X,y € Xk,n—k-

i=1
Theorem 1.4. Let py i be the uniform law on Xy ,—, a slice of the discrete cube.

(a) For all probability measures v\ and vy on Xy n—x,

2
C Wi(vi,v2) < (\/H(V1|ﬂk,n—k) + \/H(V2|,Uk,n—k)) ;
k.n—k
and
Ta(valv) < H|ugp—1) + / HO 2l n—k) 2,
2Ck -k

where Wy is the Wasserstein distance associated to dy, TQ is the weak op-
timal transport cost defined by (4) with d = dy, and Cy -y = min(k, n — k).
(b) For all probability measures v\ and vy on Xy n—x,

1~ 2
(1 7202 < (VHO ka0 + VHO2hixa0)
where
- _ n 2
T = it [ 32 ( [ umnrs)) o

with m(x,y) = vi(X)px(y) for all x,y € Xy p—k.

Up to constants, the weak transport inequality (11) is the stronger one since for
all vi, v2 € P(Xin—k)s

~ n ~
Wi, v2) < Tanalvy) < 1 Tr(v2v1).

The proof of Theorem 1.4 is given in section 3. The transport-entropy inequal-
ity (11) is derived by projection from the transport-entropy inequality (7) for the
uniform measure u on S,. The same projection argument could be used to reach
the results of (a) from the transport-entropy inequality of item (a) of Theorem 1.3,
but it provides worse constants. The constant Cy,_ in (a) is obtained by working
directly on Xy, and following similar arguments as in the proof of Theorem 1.3.

Remark : The results of Theorem 1.4 also extend to the multinomial law. Let
E = {ej,...,ey} be a set of cardinality m and let ki,...,k, be a collection of
non-zero integers satisfying ky + - -+ + k,, = n. The multinomial law gy, «, is by
definition the uniform law on the set

.....
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For any x € Xy, ,,one has y, 4, (x) = L,k'"' As a result, the weak transport-
entropy inequality (11) holds on X, ., replacing the measure i, by the mea-

sure g, ...k, - Lhe proof of this result is a simple generalization of the one on Xy ,,
by using the projection map V : S, — Xy, ., defined by: V(o) = x if and only if

x;i=e¢, VYle[m], Vield,

.....

where J; := {i € [n],ko+ -+ +ki_y <i<ko+---+k}, with ko = 0. The details of
this proof are let to the reader.

A straightforward application of transport-entropy inequalities of Theorem is
deviation’s bounds for different classes of functions. For more comprehension, we
present below deviations bounds that can be reached from Theorem 1.3 for the
uniform law p on a ¢-local subgroup of §,,. Obviously some of these results extend
to the class of measures M and a similar corollary can be derived from Theorem
1.4 on the slices of the discrete cube. For any 4 : G — R, the mean of / is denoted

by u(h) := [ hdu.
Corollary 1.2. Let u be the uniform law on a €-local subgroup G of S ,,. Let g be a
real function on G.
(a) Assume that there exists a function 8 : G — R* such that for all 7,0 € G,
8(1) — g(o) < B(n)d(z, o),
where d = dy or d = dy. Then for all u > 0, one has

2 2
p(g > p(g) +u) < exp <_ Kac(0)? subri cﬂ(‘f)2) .

and

2u?
11 (g < p(g) —u) < exp (_ Kpc(€)2 min(sup, g S0 4u(ﬂ2))) ’

where the constants c¢(€) and K,, are defined as in item (a) of Theorem 1.3.
(b) Assume that there exist functions oy : G — R*, k € {1, ..., n} such that for
all t,0 € G,

n
g(r) —glo) < Z A () Lr(kyo(k)-
k=1

Then, for all u > 0, one has

l/t2
u (g > u(g) +u) <exp <_ 2C(5)2 SUPyeG |a/(0')|%> ’

and

2
T

where |a(o); 1= > az(0) and c(€)* = 2(€ = 1)* + 2.
k=1
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Comments :

e The above deviation’s bounds of g around its mean u(g) are directly derived
from the dual representations (8),(9),(10) of the transport-entropy inequal-
ities of Theorem 1.3, when a goes to O or @ goes to 1. By classical argu-
ments (see [Led01]), Corollary 1.2 also implies deviation’s bounds around
amedian M, of g, but we loose in the constants with this procedure. How-
ever, starting directly from properties of type Theorem 1.1, one simply get
the following bound under the condition of (b): for all u > 0,

1 u
12 M 5 B
(12)  u(g=M(g) +u) < Fexp < v ( V2¢(£) sup e Ia((ﬂlz)> ’

where w(h) = h(h —2+log2), h > 0, and ¢(€)> = 2(£ — 1)*> + 2.
The idea of the proof is to choose the set A = {0 € G, g(07) < M(g)} of
measure u(A) > 1/2 and to show that under the conditions of (b),

{oceG, flo,A) <1t} C {(r € G,g(0) < M(g) + tsup |a(o-)|2} , t>0.
oeG

Then, the deviation bound above the median directly follows from The-

orem 1.1 by optimizing over all @ € (0,1). With similar arguments, the

same bound can be reached for u(g < M(g) — u).

e In (a), the bound above the mean is a simple consequence of (8). As settled
in (a), this bound also holds for the deviations under the mean, and it can
be slitly improved by replacing sup, g B(c)> by 4u(8?). This small im-
provement is a consequence of the weak transport inequality with stronger
cost fg. The same kind of improvement could be reached for the devia-
tions above the mean under additional Lipschitz regularity conditions on
the function g.

e Lety:[0,1]" - Rbea 1-Lipschitz convex function and let x = (xq, ..., x,) €
[0, 1]" be a fixed vector. For any o € G, let x5 = (Xp(1), .- . Xo(n)).- By
applying the results of item (b) (or even (12)), to the particular function
g«(0) = ¢(xs), o € G, we recover and extend to any ¢ subgroup G,
the deviation inequality by Adamczak, Chafai and Wolff [ACW14] (Theo-
rem 3.1) obtained from Theorem 1.2 by Talagrand. Namely, since for any
o, TeQ,

n n
0(xr) = (xs) < Y Op(xe)(Xe(ty = Xory) < O 10k ety
k=1 k=1

with Y7, 10kp(x)> = [Vo(x)P? < 1, Corollary 1.2 implies, for any choice
of vector x = (x1,...,x,) € [0, 1],

2
gy — u(go)l = u) < 2exp <_ #) , u=0

This concentration property on S, (¢ = 2) plays a key role in the approach
by Adamczak and al. [ACW14], to study the convergence of the empirical
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spectral measure of random matrices with exchangeable entries, when the
size of the matrices is increasing.

The aim of this paper is to clarify the links between Talagrand’s type
of concentration results on the symmetric group and functional inequal-
ities derived from the transport-entropy inequalities. For brevity’s sake,
applications of these functional inequalities will not be examined in the
present paper. However, let us briefly mentioned some other applications
using concentration results on the symmetric group: the stochastic travel-
ling salesman problem for sampling without replacement (see Appendix
[Paul4]), graph coloring problems [McDO02]. We also refer to the surveys
and books [DP09, MRO02] for other numerous examples of application of
the concentration of measure principle in randomized algorithms.

Proof of Corollary 1.2. We start with the proof of (b). Under the conditions on the
function g, for any p € P(G)

n 1/2
[ 202 413" ax(@) [oparndp(@ 2 @)@ ( [Lowrindp®)
k=1

Let A > 0. Plugging this estimate into the definition of Q(/lg), we get for any o € G

Q(1g)(0) = Ag(0r) — sup {/lla(O')lz -

2

Pla(o)3el)?
2e()? '

2

u>0

} = Ag(0) -

As a goes to 1, (10) applied to the function Ag yields

/ 200 gy < MO

and therefore

13)

A2¢(0)? SUp e |a(cr)|%)

/eﬁgdu < exp (/lp(g) + 5

As a goes to 0, (10) yields

/ ey < MQUS),

and therefore

(14)

AZC@’)%U(ICXI%)) .

/e‘ﬁgdu < exp <—/l,u(g) + 3

The deviation bounds of (b) then follows from (10) and (14) by Tchebychev in-
equality by optimizing over all 4 > 0.

The deviation bounds of (a) are also obtained from (9) by Tchebychev inequal-
ity. As above, the improvement for the deviation under the mean is a consequence
of (9) applied to Ag, as @ goes to 0, and using the estimate

2B()?c(6)’K,

O, (A9)(@) = Ag(0) - 5
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Proof of Corollary 1.1. Take a subset A C G and consider the function ¢, which
takes the values O on A and 4 > O on G \ A. It holds

— . 1 n 2
Opio) = int {ﬂ(l ~PA)+ 3 Y ([ 2t dp) }
= inf (A1 =B) + ¥R,
denoting by

: 1< 2
Y(B, o) = inf 202 ; ( / Loty dp(y)) p(A) =8¢
So it holds
Qg =min(_inf (A1 =)+ 9B, _inf (A(1 = B)+ y(B.0), )

> min (/lg; inf y(B, o-)) — inf ¥(B,0),
B=1-¢ pzl-¢

as 4 — oo. Itis easy to check that for any fixed o, the function (-, o) is continuous
on [0, 1], so letting £ go to 0, we get liminf,_, @p,l((r) > Y¥(1,0). On the other
hand, Qg (o) < y(1,0) for all 2 > 0. This proves that lim . Qpa(c) = (1, o).
Applying (10) to ¢, and letting A go to infinity yields to

/em//(l,rr) dut - (A < 1.

f(oA)
2002 *

It remains to observe that ¥/(1,0) =

2. Proor oF THEOREM 1.3

Let G be a ¢-local subgroup of S, and 7, = (ti;.jsJ €1{2,...,n}ij € I;) be a
{-local base of G. Let u be a probability measure in the set M. By definition of M,
there exists a product probability measure v = ¥ ® - -- ® ¥, such that u = T #
where the map Tz is defined by (1).

Each transport-entropy inequality of Theorem 1.3 is obtained by induction over
n and using the following partition (H;)eorb(n) Of the group G: for any i € orb(n),

(15) H, ={oceG,o0() =n}.

If H, = {Id}, then orb(n) = {n} and if H, # {Id}, then orb(n) 2 {n}. In any case,
from the definition of the ¢-local property, we may easily check that H, is a {-local
group that realizes a natural embedding of a ¢-local subgroup of S,_; and 7,,_; is
a {-local base of this subgroup.

Moreover, it is rather easy to get that for any i € orb(n), H; is the coset defined
by H; = H,t;,. From the definition of y, if o € H;, then there exist i, ..., ,—; such
that o = t;, 2+ - - ti,_, n—1ti,n and therefore

(o) = a(in) -+ V1 (1 )V (D).
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As a consequence, one has u(H;) = v,(i). Let y; denote the restriction of u to H;
defined by

u(o)
(o)=—7"=1 .
ﬂl( ) /,l(Hl) o€H;
From the construction of u, u, = Ty, #({1 ®---®V,_1). Moreover, for all o € H,,
oti, € H;, one has

uo) pot)
w(Hy ~ ) M)

This property is needed in the induction step of the proofs.

Let us note that if i and / are elements of orb(n), then from the £-local property of
G, there exists t;; € G such that #;;(i) = / and deg(?;;) < {. We also have H; = H;t;;.
If moreover the measure y is the uniform law on G, then for any i,/ € orb(n),
wi(Hy) = w(H) = |Or|g(|n)|. In that case we will use in the proofs the following
property: for any o € Hy, 0t 5t} 11 € H;and

(16) pn(0) =

(17) pn(0) = pi(otinti).

Proof of item (a) of Theorem 1.3. Since the distance W) satisfies a triangular in-
equality, the transport-entropy inequality (5) follows from the following one: for
all probability measures v; on G,

2
mW%(W,#) < H(vilp).

A dual formulation of this property given by Theorem 2.7 in [GRST14] and Propo-
sition 3.1 in [Sam16a] is the following: for all functions ¢ on G and all A4 > 0,
(18) / APy < of WK P8,

with
Qp(o) = inf {/ wdp + /d(o-, 7) dp(‘r)}

PEP(Sn)

We will prove the inequality (18) by induction on 7.
When n = 2, either G = {id} and the inequality (18) is obvious, either G = S is
the two points space, £ = 2 and one has

0¢0) = int { [ wdp+c [1oadpo].

In that case, (18) exactly corresponds to the following dual form of the Csiszar-
Kullback-Pinsker inequality (3) (see Proposition 3.1 in [Sam16a] ): for any proba-
bility measure v on a Polish space X, for any measurable function f : X — R,

(19) /eﬂRcfdv <A FarBEBs oy s,

with R f(x) = pelg(fx) {/fdp + c/]lx;&ydp(y)} ,xeX.
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The recurrence step will be also a consequence of (19). Let (H,)icorb(n) be the
partition of G defined by (15). Any p € P(G) admits a unique decomposition
defined by

20) p= > p@p.  with pePH)  and pQ) = p(H).

ieorb(n)

Thus, we define a probability measure p on orb(n). In particular, according to the
definition of the measure u € M, one has

p= D Paldpi.

ieorb(n)

It follows that
/eﬂde’u — Z lf)n(l-)/e/lQ‘/’(O')dﬂi(o.) — Z lf)n(l-)/e/lQ‘P(O't,',n)dﬂn(o-)’

ieorb(n) ieorb(n)
where the last equality is a consequence of property (16). Now, we will bound the
right-hand side of this equality by using the induction hypotheses.
For any function ¢ : G —» Rand any ¢ € G, let g’ : G — R denote the function
defined by g'(0) := g(o1).
For any function f : H, — R and any o € H,, let us note

O f(or) := inf { / fdp+ / d(o-,T)dp(T)}.

PEP(H,)

The next step of the proof relies on the following Lemma.

Lemma 2.1. Let i € orb(n), for any function ¢ : H; — R and any o € H,, one has

(1) Qp(otin) < inf > M a)p)+c(6) Y Lip(l) ¢
PEPOOM) | 1eorpin) Ieorb(n)
where ¢(€) = min(2€ — 1,n) ifd = dy and c(€) =2 ifd = dr .

-1
(2) Qp(otin) < inf > QM i (@)pl)+c(€) D Liip(l) ¢
pep(orbm) leorb(n) leorb(n)
where c(€) = L ifd = dy and c({) = 1 if d = dr, and t;; denotes an element
of G with deg(t;;) < € and such that t;;(i) = L.

This lemma is obtained using the decomposition (20) of the measures p € P(G)
on the H;’s. Let o € H,. By the triangular inequality and using the invariance by
translation of the distance d, one has

Jdctnnapn = 3 [ detydp@po)

leorb(n)

< > dotipot)p)+ > / d(0ty . T)dpi(7) (D)
leorb(n) leorb(n) 7 1

= 3 b+ Y [ denihdppo

leorb(n) leorb(n) H
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and therefore, since d(f;,,11,) < c(f) with ¢(€) = min(2¢ — 1,n) if d = dy and
c(t) =2ifd = dr,

ey [dotndp@ < Y [ doeihdpop +e© Y 1w

leorb(n) leorb(n)

It follows that

Q‘,D( t,n) peP(orb(n)) pieP(H,),lcorb(n)

{ > / @dp+ /H d(fT,TtZ,f)dpz(T)} P +c®) > ﬂl#ﬁa)}

leorb(n) L leorb(n)

= inf inf
peP(orb(n)) qieP(H,),lcorb(n)

{ > / o dgy + /H d(o, r)dqlm} D +c0) Y Jlliiﬁ(z)}

leorb(n) L leorb(n)

=ﬁ€7,i(gfb(n»{ > o @pl) +el) Y 11#13(1)}-

leorb(n) leorb(n)

The proof of the second inequality of Lemma 2.1 is similar, starting from the fol-
lowing triangular inequality

Jd@tnnrdpn = 3 [ detodpp)

leorb(n)
< > [d@trpdpop+ [ detsndppo
leorb(n) leorb(n) H,
=) / d(o, ity )dpi(DpM) + > d(ti, id)p(l)
leorb(n) leorb(n)
(22) < > / d(o, Ttit,)dpi P + (€)Y Lip(D),
leorb(n) H, leorb(n)

with ¢(€) = € if d = dy and ¢(€) = 1 if d = dr. The end of the proof of the second
inequality of Lemma 2.1 is let to the reader.
The induction step of the proof of (18) continues by applying consecutively
Lemma 2.1, the Holder inequality, and the induction hypotheses to the measure .
If I, = orb(n) = {n} then K,, = K,,_1 and

/ Ay = / AL gy () < ef Wt Knac 218 _ [ AedurKoe07/8
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If I, = orb(n) # {n} then K,, = K,,_; + 1 and for any i € orb(n),

0]
A0¢(0tin) ; Qi gltn (DAL Lizipd)
e "du,(o) < inf ( / e d ) e =1
/ n (o) s P(orb(n)){ [ i

leorb(n)

[ 2
<exp| inf {,1 3 ( / SDn,ndﬂn) () + Kn_lc(f)z% o0 Y Liip(D)

peP(orb(n)) Ieorb(n) leorb(n)

peP(orb(n)) leorb(n) leorb(n)

- | N A 2
=exp [4__inf { > @ply+cl) Y ﬂz¢ip<l)} + Kn_lc(f)2§] :
where, by using property (16), ¢(I) = [ ¢"du, = [ ¢du;. Let us consider again the
above infimum-convolution R} defined on the space X = orb(n), with ¢ = ¢(¢),
one has

R°p(i)= _inf > epy+c Y Lpipd) p .
PEPODW) | corbiny Ieorb(n)
By applying (19) with the probability measure ¥,, on orb(n), the previous inequality
gives

/ A% =3 9,0 / Ty, (o) < < 3 eﬂRc“)@(")an(i)) oK1 2/8
icorb(n) icorb(n)
2c(6)?
8
The scheme of the induction proof of (18), with a better constant ¢(£) when u is

the uniform measure on G, is identical, starting from the second result of Lemma
2.1 and using the property (17). This is let to the reader.

<exp lz O, (0) +

S A2 o A2
+ K,_1c(f) ) = exp /l/godp+l(nc(€) ruk
i=1

We now turn to the induction proof of the dual formulation (9) of the weak
transport-entropy inequality (6). The sketch of the proof is identical to the one of
(18).

For the initial step n = 2, in the non-trivial case G = §; and ¢ = 2, and one may
easily check that

01¢(0) = pei7>n(£2) {/ wdp + % (/ Lozr dp(T))z} )

In that case, the result follows from the following infimum-convolution property.

Lemma 2.2. For any probability measure v on a Polish metric space X, for all
a € (0, 1) and all measurable functions f : X — R, bounded from below

~ 1/ 1/(1-
(/ eaR‘dev) ¢ (/ e—(l—a/)fdv) (o <1,

where for all x € X,

RYf(x) = , eir?;fx) { / fdp(y) + ca ( / ﬂx#ydp())))2} ;
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and c,, is the convex function defined by

a(l —wlog(l —u) — (1 — au)log(l — au)

ca(l =6) = o1 - a)

Observing that cqo(u) > u?/2 for all u € [0, 1], the above inequality also holds
replacing R f by

2
@3) Rfw= it { [ 10390+ 5 ( [ 1ssp) } L xeX
The proof of this Lemma can be founded in [Sam07] (inequality (4)). For a sake
of completeness, we give in appendix a new proof of this result on finite spaces X
by using a localization argument (Lemma 4.1).
Let us now present the key lemma for the induction step in the proof. For any
function f : H, — R and any o € H,, we define

~ . 1 2
O fo) = inf { [ far+ s ([ denape) }

Here, writing Qf{” f, we omit the dependence in c(¢) to simplify the notations. The
proof relies on the following Lemma.

Lemma 2.3. Let i € orb(n). For any function ¢ : H; — R and any o € H,, one has

(1) Qo< _int &S @ gropn 5 (Y 1I¢,p<z))
PP | 1o Ieorb(n)
with ¢(€) = min(2€ — 1,n) ifd = dy and c(€) =2 if d = dr .

@) Orptonn< _inf LS 0 g opn s 3 RS
PP | 1o leorb(n)
where c(€) =L ifd =dy and c(€) = 1ifd =dr .

The proof of this lemma is similar to the one of Lemma 2.1. By (21) and the
inequality
2 2
(u+v)? < Ly
s

, u,veR, s5€(0,1),
1-s

we get for any s € (0, 1),

IA

2
2
([ dtin0rdpo) < |, e dp@p + o) Y Lﬂp(l))
leorb(n)

leorb(n)

2
1 0)?
- (lzb:() ], de szn)dpl(T)P(l)> LS o)

S —_
leorb(n)
1 c(C )2
< 3 (|, denrihp p(l>+ (% 1p0)
S
leorb(n) leorb(n)
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It follows that for any o € H,,,

Ok, 9(T11,)

< inf inf
peP(orb(n)) pieP(H)),leorb(n)

1 2
{ Z [/‘Pdpl"'m( Hld(O',sz_J})dPl(T))

leorb(n)

= inf inf
peP(orb(n)) qieP(H,),lcorb(n)

2
{ > [ [ da+ s (], donoaco) ]p<l)+ e (3 1) }

leorb(n) leorb(n)

pE?D(orb(n)){ Z QK' l¢tlrl(a)p(l)+_( Z ]llizp(l)) }

leorb(n) leorb(n)

p0+ 5= (X 1) }

leorb(n)

where the last equality follows by choosing s = K,,_1/K,,, which ends the proof of
the first inequality of Lemma 2.3. The second inequality of Lemma 2.3 is obtained
identically starting from (22).

We now turn to the induction step of the proof. By the decomposition of the
measure y on the H;’s, we want to bound

/edéKnS"d’u — Vn(l)/ GQKnso(O')dﬂ (o) = Z f,n(i)/eaéknso(o'tf,n)dﬂn(o_),

zeorb(n) ieorb(n)

where the last equality is a consequence of property (16).

If orb(n) = {n}, then the result simply follows for the induction hypotheses apply
to the measure y,,.

If orb(n) # {n}, then applying Lemma 2.3, the Holder inequality, and the induc-
tion hypotheses, we get

0 ! P(l)
aQk, ¢(0lin) < : (},/QZ” Ln ( )
/ ¢ (@) < ﬁe@l(grfb(n)) { ]-_-[ / 1 d“” exXp Z 12 p(D)

leorb(n) leorb(n)
— b
inf ]._.[ / —(1- d)sl’”"dﬂ i exp ( Z jllilp(l))
pEP(orb(n)) {le orb(n) leorb(n)
—expla_inf { Y so(l)p(l)+—( > 11#19(1))
[ peP(orb(n)) { leorb(n) leorb(n)

where by property (16),

__1 S
@) = log (/ e_(l_a)wrl’"dﬂn) ™ = log ( / e‘“—a)wdul) o
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According to the definition of the infimum convolution R on the space X = orb(n)
given in Lemma 2.2, the last inequality is

/ e(ZéKnSo(O'ti,n) dﬂn(O') < eaﬁg@(i)’

and therefore Lemma 2.2 provides

n

> g < (Y e tnon,p)

ieorb(n) ieorb(n)

9(0) / ~(-ae g, )_m - ( / e_(l_")""dp)_m.

zeorb(n)

The proof of (9) is completed for any measure ¢ € M. To improve the constant
when u is the uniform probability measure on G, the proof is similar using the
second inequality of Lemma 2.3 together with property (17). O

Proof of item (b) of Theorem 1.3. We prove the dual equivalent property (10) as a
consequence of the stronger following result, for any real function ¢ on G, for any
jell,..., n}

; 1/a 1/(1-a)
(24) ( / @ S%lu) ( / e_(l_")"”du) <1,

with where the infimum convolution operator Q¢ is defined by, for o € G

} 2
25 Q'p(o) = inf { / pdp + ({,)2 ( / 1a(j>¢y<j>dp(y))

26(5)2 > / a(k);ty(k)dP(Y)) }

ke[n]\{j}

The proof of (24) relies on Lemma 2.2 and the following. For this proof, for any
o € G, we define

Q””so<a>=p€i7,n(g"){ [+ (5)22( / a(k#y(mdp(y)f},

and for j € [n — 1],

. 1 2
Hn, — 1
Q" p(0) = pegbfqn) { / @dp + (0P ( / ]la'(j)iy(j)dp(y))

1
zGe kel Z1]\{1 / U(k#}(k)dp(y)) }
Lemma 2.4. Let j € [n]. For any o € G, one has
Qlp(0) = 0"V e,
where o1 (z) = p(z71),z € G.
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This result follows from the change of variables o(k) = [ in the definition (25)
of Q’/¢(0), one has

. _ 1 ?
Q'p(0) = inf { / ¢dp + —C(g)z ( / ]ly-‘wu))w-]<o(j>>dl’(y>)

2c(€)2 2 (/ ]1’”(““(’))‘{1’@))2}

LI#o(j)

2
- inf { [ o0 + 55 ( [ Lot ot da)

2c(£’)2 > ( / Z(l)irr-l(Z)dCI(Z))z},

LI#o(j)

where for the last equality, we use the fact that the map that associates to any
measure p € P(G) the image measure ¢ := R#p under the application R : o €
S, +— o', is one to one from P(G) to P(G).

Here is the key lemma for the induction step of the proof of (24).

Lemma 2.5. (1) Let j € orb(n). For any o € H,,, one has
Qlp(atjy) < Qglin(0).

(2) If orb(n) # {n}, let i, j € orb(n) with i # j, and let t;; € G such that
t;j(i) = j and deg(t; ;) < €. We note D; = supp(t; ;) \ {i} and d = |D;|. For
any o € H,, for any 0 € [0, 1] one has

. 1 .
Ot <5 > [00™ (@) +(1-0)Q gl )] + 51 - 07

letin(D;)

Proof. The first part of this Lemma follows from the fact that P(H;) C P(G) and
the fact that [ 14,,(j#y(»dp(y) = 0 for o € H, and p € P(H,). Therefore, accord-
ing to the definition of 0/ ¢, one has for o € H},

Qlp(atn) Speisz>n(£1,-) { / @dp + 2c(£)2 > / a-t,,l(k);&)(k)dp()’)) }

ke[n\{j
1 2 H.
= inf / ndg + ——— (/1 —— ) _ OHnglin (),
qeP(H,) ¥ 2 (5)2 ke%{]} O_lj,n(k)iylt,n(k) q(y) Q "% ( )

For the proof of the second part of Lemma 2.5, let us consider pf,l € D;, a
collection of measures in P(H;), and p; € P(H;) (j # i). For 6 € [0, 1],

Z[ep, +(1-0)pjl,

leD
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is a probability measure on G. Therefore, according to the definition of Q'¢p, for
any o € Hy,

i 1 ! 1
Qi < 3 3|0 [ s+ -0 [ sap] +5 G a s B )

with
2

2
A=Y ( / ]lm,-,,l(k)#y(bdp(w) . B=) ( / Loty w200 dp (y)) :
ke[n]\supp(t;,;) keD;
2
and C =2 ( / Jlm,-,"(i);ty(i)dp()’)) .

Since o € H, and pf < P(H,'), one has f ]]-Uti,n(i)iy(i)dpi(y) = 0and f lg(i);&},(i)dpj(y) =
1. It follows that

C=2(1-0)>
For any k € [n] and [ € D;, let us note
Uik, 1) := / Low, toeydpi(y),  and  Uj(k) := / Lot (02t dp ()
By the Cauchy-Schwarz inequality, one has

1
A§22[9 Yo UkkD+(A-0 > Uik

leD; | ke[n]\supp(t; ;) ke[n]\supp(#; ;)

We also have

2
B=3_ (SUi(k,k) + 1 -0U k) +g > Uik, 1))

keD; leDi\{k}
0 2 92 5
< d (—Ui(k, k) + (1 - e)Uj(k)) +— > Uik,D)
p d d
eD; | leDi\{k}
[ 262 6?
< 7U,?(k, +21-07%+— Y Uik
keD; | leDi\(k)

0
<21 -0+ =
< 2d%( 9)+dlz:

eD;

R+ > Uik, D)
keD\{l}

All these estimates together provide

A+B+C<Q2d*+2)(1-06)>

1
3 9(2U?(l,1)+ > U,-Z(k,l)> +1-6 > Uik

leD; ke[n]\{i,l} ke[n]\supp(#;,j)
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Since 2d% +2 < 2(€ - 1)*> +2 = ¢(£)?, we get by optimizing over all p} € P(H;) and
all pj € P(Hj),

i 1 1 2
Qe(tin) < 5 12 [0V, + (1 - )W) + 5 =07,
eD;
with

1
V;:= inf dp; + ——= | 1,4 Adpi d
] p,-elg(H,-) { / wdp; 0P / atin(D2yDAPi(Y) + % (5)2 ke[n;ll / Ttin(k)#y(k) Pz(y)}

1 1
— : f [i,nd 4 _ / d + — / 1,4 y d 1
q,-el'II’l(H,l) { / ¥ g C(€)2 o(t; n(l)):ﬁ)(tl n(D) %(y) 2 (5)2 E O't,’,,(k);ﬁ)(k) Di (y)

ke[n_l]\{ti,n(l)}

— QHn tlll(l) tlll(o-)

and

1
= f dpi + — 1., ndp:
pjel'g(H) {/90 pj+ 2C(€)2 / otin(k)£y(k) pl(y)}

ke[n]\supp(#; ;)

1
T 202 ) / tiakty (kAP j(y)}

ke[n]\supp(t ;)

e
p,e%(fm{ / * 2 (g)z > / crrm<k)¢>r,,(k>dpj(y)}
(v

= inf
pjEP(H})

ke[n]\{i}
lnf t("l] q / “lk;t ”’kdp (y)
q,eP(H,l) 77 2 (5)2 ke% Olin(K)#ylin ()P j
= lnf / ti nt, Jj d / d
‘Ije'P(Hn){ L (5)2 kE[Z kP
— QH"QDIi"l[i_’J]

where we use successively the following arguments: #; j(k) = k for any k € [n] \
supp(#;,j), the set [n] \ supp(z; ;) is a subset of [n] \ {i}, for any y € H; one has
¥t jtis € H,. This ends the proof of Lemma 2.5. O

We will know prove (24) by induction over n. For n = 2, in the non-trivial case,
the set G is the 2 points space S, = {Id, t»} which is 2-local. For i € {1, 2}, and for
any p € P(G),

1

O ( / Jla(i);ay@clp(y))2 + ﬁ k,;;ti ( / Jlg(k)iy(k)dp(y))z
= % ( / 1U¢ydp(y))2 < % ( / ll(#ydp(y))z.

As a consequence, we get the expected result from Lemma 2.2 applied with X = G.
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Let us now present the induction step. We assume that (24) holds at the rank
n—1forall j € {l,...,n—1}. By symmetry, we may assume without loss of
generality that j = n in (24) since y is the uniform probability measure on G.

We assume that orb(n) # {n}, otherwise the induction step is obvious. We first
apply Lemma 2.4,

3 o (1. - — D—*l n —
/eaQ Ydu = /e“Q W e l)d,u(O') = /eaQ N 1)(‘T)dy(a').

Let g = ¢!, According to the decomposition of the measure y on the sets Hj, i €
orb(n),

(26) / "y

3 / ey,

|orb(n)| icorbn)

where y; is the uniform probability measure on H;. For k € orb(n), let us note

-1/(1-a)
8(k) := log ( / e_(l_“)gdpk) .

We choose _] € orb(n) such that
k g()).
k I(l;l%)r(ln) g( ) g(])

By property (16) and then applying Lemma 2.5, we get
/eangdﬂj — /eang(o-ti’")d,un(O') < /ea/QHngtj,n d’un

By the induction hypotheses applied to the measure p,,, it follows that
i tin —a/(1-a)
/eaQ Sy < (/ (- dun)

—a/(1-a)
@7 - ( / (o) dﬂj) _ 080,

Let us now consider i # j, i € orb(n), property (16), the second part of Lemma 2.5
and Jensen’s inequality yield: for any 6 € [0, 1],
@ 2
+—=(1-6
5(1-0) }

/eaQigdﬂi - /eaQig(rrti,,l)dﬂn
<exp 1 > |olog / 2™ i, + (1 - 0) log / e“QH"gti’"ti_’} du
- d n n
By the induction hypotheses applied with the uniform measure y, on the £-local
subgroup H,, and from property (17), it follows that

leti n(D;)

(28) / "8 du; < exp {eag(i) +(1 - 0)ag()) + %(1 - 9)2} .
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According to the definition (23) of the infimum-convolution operator Rg defined
on the space X = orb(n), we may easily check that for every i € orb(n),

N o )
Re() = inf. {oa+ -0 Jmin 20+ 5(1- 07

Therefore optimizing over all 8 € [0, 1], we get from (27) and (28): for all i €
orb(n),

/ 08y, < o™R0),

Finally, from Lemma 2.2 applied with the uniform probability measure i on orb(n),
the equality (26) gives

~ —a/(1-
/e“Q”%"dp < /eaRgdﬂ < (/ o102 dﬂ) a/(1-a)
—a/(1-
1 ~(1-a) e ~(1-a) —o/dm
~{ oy 2o [ = (fetronan)

ieorb(n)

The proof of (24) is completed. |

3. TRANSPORT-ENTROPY INEQUALITIES ON THE SLICE OF THE CUBE.

Proof of item (a) of Theorem 1.4. We adapt to the space Xy, the proof of item
(a) of Theorem1.3. In order to avoid redundancy, we only present the main steps

of the proof.

By duality, it sufises to prove that for all functions ¢ on X ,—x and all 2 > 0,
(29) /e’lQ"Dd,uk ek < ef /lﬂodﬂk,n—k"'ck,n—k/lz/z,
where

0e = it {[edp+ [dendp}, e X

PEP Xy n—k)
and forany 0 < a < 1,

~ l/a 1/(d-a)
(30) (/ ea/QCk,n—k‘pdﬂ) (/ e—(l—a)‘/’dﬂ) <1,

where for ¢t > 0,

O = _inf { [ear+5(/] dh<x,y)dp(y))2}, xe X

PEP( Xk n—1)

The proof is by induction over n and 0 < k < n.

Forany n > 1, if k = n or k = 0, the set X}, is reduced to a singleton and the
inequalities (29) or (30) are obvious.

Forn =2 and k = 1, Xy, is a two points set, (29) and (30) directly follows
from property (19) and Lemma 2.2 on X = X ;.

For the induction step, we consider the collection of subset €; ;, with i, j €
{1,....n},i # j, defined by

Q"= {x e Xpppoxi=0,x; = 1}.
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Since for any x € Xy ,—,
> Lgu(x) = k(n — k),
@i
any probability measure p on X} ,—; admits a unique decomposition defined by

Lgiip . _ p@H)
m and p(l ) ( k)

p= > plpp,  with p=
(L]
Thus, we define probability measures p*/ € P(Q"/) and a probability measure p on
the set I(n) = {(i, j) € {1,..., n)?,i # j}. For the uniform law u on X} ,—¢, one has

- - S,

”(” ) . hettm)

where "/ is the uniform law on Q%/, y; J(x) = (i- 1) for any x € Q/.

For any (i, j), (I,m) € I(n), let s¢ jim) : Xiknk — Xin-k denote the map that
exchanges the coordinates x; by x; and x; by x,, for any point x € X} ,,—. This map
is one to one from Q"/ to Q. For any (i, j) € I(n), the set Q>/ can be identify to
Xi_1.n-t—1 and therefore the induction hypotheses apply for the uniform law w*/ on
Q"/ with Hamming distance

d;;}(x’ )’) =3 Z ]]-xk;&)k, xay € Qi’j‘
kE[n]\ i.j}

For any function f : Q*/ — R and any x € Q"/, we define

0™ 1w= int | [ rap+ [diwndpwf,

PEP(Q!)

and

0% fx) = inf { [rav+ ([ dj;j(x,y)dp(x))2}.

PEP(Hy)

The key lemma of the proof that replaces Lemma 2.1 and 2.3 is the following.
Lemma 3.1. For any function ¢ : Q* — R and any x € Q"J, one has
Qp(x) < _inf > 0% (g o sipum@plm) + D Lamzapplim) ¢,
PEPU) ' pietn) (Lmyel(n)
and

Oc,, #(x) < _inf { S0 (@0 sinam)0pm)

PEPUM) ) it

1 . 2
+§( > 1(l,m>¢<i,j>p(l,m)) }

(I,m)el(n)
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The proof of this lemma is obtained by decomposition of the measures p €
P(Xk.n—k) on the sets Q"/, and using the following inequality

dp(x,y) < d;;j(x, G, j)am) D) + dn(si jyam) ), y) < d;{j(x, (i, m) ) + 2,

for any x € Q" y € QM
Finally, the proof of the induction step by using Lemma 3.1 and the identity
Cin—k = Ck—1.n—k—1 + 1 is let to the reader. m]

Proof of item (b) of Theorem 1.4. We will explain the projection argument on the
dual formulations of the transport-entropy inequalities. According to Proposition
4.5 and Theorem 9.5 of [GRST14], the weak transport-entropy inequality (11) is
equivalent to the following property that we want to establish: for any real function
fonXi,—randforany O < a <1,

~ 1/a 1/(1-a)
(3D ( / e/ dﬂk,n—k) ( / e I=of dﬂk,n—k) <1,

where

- . 1 2
0/(x) = pd;(gg;’”{ [edv+ 52 ([ e ap)) } * € Kt

Let us apply property (10) to the function fo U : S, — R. Since py ,—x = U#u,

we get
~ 1/a 1/(1-a)
(/ e“Q(f°U)d/1) (/ e_(l_")fduk,n_k) < 1.

The inequality (31) is an easy consequence of the following result.
Lemma 3.2. Foranyo €S, Q(f oU)(o) > Qf(U(o-)).

It remains to prove this lemma. By definition, one has

O(f o U)(o) = peipn(gn) { / foUdp+ ; ( / 1a(j>¢r<j>dp(f))2}
n 2
= qepi&i . peS,li,rlllf;#p:q { / foUdp+ ; ( / ]la'(j)ir(j)dp(T)) }
n 2
SRV e Dol py |

Let p € S, such that U#p = q.

/ Lo(peepdP@ = Y Y Lu@=yo(ee(y PO)-

yGXk,,,,k TES,,
Fory € Xk, letus note ¥ = {i € [n],y; = 1}. Then U(r) = y if and only if
7([k]) =Y.
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Assume that j € [k], if 7([k]) = Y and o(j) ¢ Y then 7(j) # o(j). Therefore one
has

{r.r(k) =Y. o() ¢ Y} c {r.U(x) = y,0()) # 7())}.
Assume now that j ¢ [k], if 7([k]) = Y and o(j) € Y then we also have 7(j) # o (j).
It follows that

{r.r(kD) =Y. o(H e Y} c {r,U(x) = y,0()) # 7())}.

From these observations, we get

n

Z( / o(j#ru)dp(f)) > / ]lU(r)—ya(J)ezydp(T) + > / ]lU(T)—yO'(])Ede(T))

J=1 JElK] Jeln\[k]
= Z (/ o'(})ﬁqu(y) Z / o-(})eYdCI(V)
Jjelk] Jeln\Ik]
2 2
= 3 ([rwda) + > ([ tievdae)
ico([k]) i¢o([k])
= > /y,—odCI()’) + 0y / yi= 1d61(y)
i€o([k]) i¢o([k])

Setting x = U(0), it follows that

n n

2 2 2
> (/ 1a(j)¢r(j)dp(7')) >) {1)@:1 (/ 1y,~=odq()’)) + 1,0 (/ 1y,~=1dQ(Y)) }
j=1 i=1

2
([ tyenda)”.
This inequality provides

O(f o U)0) = Of(x) = Qf(U(o)).

The proof of Lemma 3.2 and item (b) of Theorem 1.4 is completed. ]

i=1

4. APPENDIX

Proof of Lemma 2.2. Leta € (0, 1) and f be a real function on the finite set X. We
want to show that for any probability measure v on X,

_ 1 1/(1—
(/ eaR(dev) o (/ e_(l_a)hdv) e <.

We will apply the following lemma whose proof is given at the end of this section.

Lemma 4.1. Let F be a real function on X and K € R. Let us consider the set

C:= {VEP(X),/FdV:K}.

If C is not empty, then the extremal points of this convex set are Dirac measures or
convex combinations of two Dirac measures on X.
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Given a real function f on X, for any K € R, let
Ck = {V € P(X), /e_(l_“)f dv = K} .
One has

~ 1/a 1/(1-a) ~ l/a
sup (/ R fdv) (/ e_(l_“)fdv) = sup (sup /e"R fdv) K-
veP(X) K.Cx#0

veCgk

The supremum of the linear function v - [ ¢*®/dy on the non empty convex set
Ck is reached at an extremal point of Cg. Therefore, by Lemma 4.1, we get

~ 1/a 1/(1-a)
sup (/ R fdv) (/ e_(l_“)hdv)
veP(X)

= sup sup ((1- R 1D 4 gk S ) v ((1 = e =0S) 4 ge=(1-/O)
x,yeX A€[0,1]

1/(-a)

Now, let x and y be some fixed points of X. It remains to show that for any real
function f on E and for any x,y € X,

(1= )R 4 e I0) v (1 = e =079 4 gmfon) = o

The left-hand side of this inequality is invariant by translation of the function
f by a constant. Therefore, by symmetry, we may assume that 0 = f(y) < f(x).
It follows that R” f(y) = 0. Therefore we want to check that for any non-negative
function f on {x, y}, for any A € [0, 1],

1/(1-
/( oz)S

(@1 = e®' 7 4 ) v ((1 = e -0/@ 4 ) 1,

—a/(1-a)

or equivalently, setting /(1) = ((1 — De~ -0/ 4 /l) A,

QR o g YD ZVD gy @ (1-e1-0r0) 41,
201  1-21 l-a

since i is a convex function on~[0, 1].
So, it suffices to check that R f(x) < ¢(f(x)), where

I
¢(h) = — log (L (1—et=om) 4 1) . hxo0.
a -«

The function ¢ is concave and ¢(0) = 0. For all 4 > 0, one has

, |-«
¢ (h’) - e(l—a)h _ Q’.

The function ¢’ is a bijection from [0, +o0) to (0, 1]. It follows that
= inf 1- >
o) = inf {6h+co(1=0). h20.

where ¢, is the convex function defined by

cl=0) = sup {—Oh+o(h)), 6¢€O1].
hel0,+00)
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After computations, we get
a(l —u)log(l —u) — (1 — au)log(l — au)
a(l —a) ’

and therefore we exactly have for any x € X,

B = inf (00 +call = 0)) = Rf(2).

co(u) =

The proof of Lemma 2.2 is completed. |

Proof of Lemma 4.1. We will show that, if v € C is a convex combination of three
probability measures vy, vo, v3,

vV =a1V] +arvy + @33,

witha; #0,a, # 0, a3 # 0, and a1 + ap + a3 = 1, and v{(X) > 0, v»(X) > 0,
v3(X) > 0, then there exists two measures 91, v, in C and A € [0, 1] such that

y =91 + (1 = D).

Setting F; = [ Fdv;, for i = 1,2, 3, we may assume, without loss of generality,
that F1 < F, < F3. Then one has either F; < K < F,, either F, < K < F3.
We will assume that F{ < K < F,. The case I, < K < F5 can be treated

identically and the proof in that case is let to the reader. Since F; < K < F; and
F1 < K < F3, there exists 8,y € [0, 1] such that

(32) K=pF +(1-p)F, and K =vF;+(l—-y)F;.

If F| = F3 then F| = F, = F3 = K and therefore vy, v,, v3 € C. We may choose
/12(1/1,171 =V and92= %.
If Fi = F, then necessarily F; = F, = F3 = K and we are reduced to the
previous case.
So, we may now assume that F'; # F3 and F; # F, and therefore F| < K <
F, < F5. In that case, we exactly have
Fr—K F3-K

and vy = .
Fr—Fq F3 - F,

ﬂ:

Let us choose
an F2 - Fl
A=——=m ,
1-. K-F,
The equalities (32) ensure that ¥; € C and ¥, € C. The proof of Lemma 4.1 ends
by checking that APy + (1 — )7, = fi. One has
(33) A+ -Dr=UB+ 1 -y + A =By + (1 =D —y)vs.
According to the definitions of 4, 5, y, we may easily check that A(1 —8) = a,, and
K- F,; F, - Fy
2 .
F3-F, F3—-F,
Since fi € C, one has (1 — (ap + @3))F| + a2 F» + a3F3 and therefore

I =01 =y = as.

n=pvi+ A =Frva, =y +{A -y

(I=-D1 -y =
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As a consequence A8 + (1 — )y = 1 — ay — a3 = @) and according to (33), we get

[ACW14]
[BHTO6]
[Csi67]
[DP09]
[GRST14]
[Hoe63]
[Kul67]
[Led01]
[LMO3]
[Mau79]

[McD89]

[McD02]
[MRO2]

[MSS86]

[Paul4]

[Pin64]

[SamO07]

[Sam16a]

[Sam16b]

[Tal95]

AV + (1 - /1)172 =@1vV] + @vy + @3v3 = V.
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