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ON AFFINE INVARIANT AND LOCAL LOOMIS-WHITNEY
TYPE INEQUALITIES

DAVID ALONSO-GUTIERREZ, JULIO BERNUES, SILOUANOS BRAZITIKOS,
AND ANTHONY CARBERY

ABSTRACT. We prove various extensions of the Loomis-Whitney inequality
and its dual, where the subspaces on which the projections (or sections) are
considered are either spanned by vectors w; of a not necessarily orthonormal
basis of R™, or their orthogonal complements. In order to prove such inequal-
ities we estimate the constant in the Brascamp-Lieb inequality in terms of the
vectors w;. Restricted and functional versions of the inequality will also be
considered.

1. INTRODUCTION AND NOTATION

The classical Loomis-Whitney inequality [16] states that for any convex body
K CR"™ (i.e., a compact convex set with non-empty interior) and any orthonormal
basis {e;}"_;, we have that

n

(1.1) K| <] IP.. K7,
=1

where | - | denotes the volume (i.e. the Lebesgue measure) in the corresponding
subspace and, for any k-dimensional linear subspace H € G, , Pg denotes the
orthogonal projection onto H.
In [I7], Meyer proved the following dual inequality:
()™ 1 .
(12) |K|>jH|Kﬂ€i|"’l-
-

A remarkable extension of the Loomis-Whitney inequality is provided by the
Bollobés-Thomason inequality, which was proved in [6]. Before stating it let us fix
some notation and terminology. We denote by [n] the set {1,...,n}. Forany m > 1
and subsets Si,...,S,, C [n], not necessarily distinct, we say that (S1,...,Sm)
forms a uniform cover of S C [n] with weights (p1,...pm), (p; > 0 for all j) if for
every ¢ € S we have that

ijXSj (1) = 1.
j=1

Bollobéds and Thomason considered the case S = [n] and weights equal to %
Then, the above condition means that each index i € [n] appears exactly k times
within the family Si,...,S,,. They proved that for any uniform cover (Si,...,Snm)

Date: February 17, 2020.
2010 Mathematics Subject Classification. Primary 52A23, Secondary 60D05.
Partially supported by Spanish grants MTM2016-77710-P and DGA E-64.

1


http://arxiv.org/abs/2002.05794v1

2 D.ALONSO, J. BERNUES, S. BRAZITIKOS, AND A. CARBERY

of [n] with equal weights ( ey %), any orthonormal basis (e;)?_; and subspaces
H; :=span{e; : k € S;}, for any compact set K C R" we have
(1.3) (K| < [ 1Pu, KI*
j=1
The case m = n, S; = [n]\ {j} and k = n—1 recovers the classical Loomis-Whitney

inequality (TI)).
Very recently, Liakopoulos [I5] proved the following dual Bollobds-Thomason

inequality: given a fixed orthonormal basis (e;)?_; and any m > 1, if (S1,...,Sm)
forms a uniform cover of [n] with equal weights (£,...,%), d; = [S;| and H; =
span{ey : k € S;}, then for any compact K C R™ we have
H;‘nzl(dj!)% - 1
=

Again, if m=n, S; = [n]\ {j} and k = n — 1 we obtain Meyer’s inequality (L2]).

In [I4], the following restricted (or local) version of Loomis-Whitney inequality
was proved: given a fixed orthonormal basis (e;)?_;, for any convex body K C R"
and any i # j,

2(n—1
(15) 1P K| < 20D

|P. K||P,L K],
i i

where H = span{e;,e;}. Inequality (IZ) has been extended in several different
ways. On the one hand, in [7], it was proved that for any distinct vectors wy, wq €
S™~1 not necessarily orthogonal, if H = span{w;,ws} then

2(n—1)
1-— <’LU1, w2>2
On the other hand, in the same work [7], the following generalisation of (L3 was

obtained: if S C [n] has cardinality |S| = dand (Si,...,Sy) forms a uniform cover
of S with the same weights ( s %), where m > k, then for every convex body
K CR"
il
Py K| K[ < e H|PHLK|IC

where H; = span{ey : k € S;}. The value of the constant in the latter inequality
was improved in [I] in the case where m = 2 and S7, So are disjoint, which implies
k = 1. Moreover, in [I] functional versions of these inequalities were proved in the
setting of log-concave functions.

Regarding dual versions of restricted Loomis-Whitney inequalities, two situations
have been considered: when the convex body K is centred and when the maximal
intersection of K with translations of H= is attained at 0.

On the one hand, it was proved in [7] that if S C [n] has cardinality |S| = d and
(S1,...,Sm) forms a uniform cover of S with the same weights ( ey %), where
m > k and the cardinality of S; is equal to d;, then for every centred convex body
K CR”

ds

., a?

K0 H||K|[F > 22 T K nHF

j=1
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where H; = span{ey, : k € S;}.

On the other hand, it was proved in [I] that if S C [n] has cardinality |S| = d
and S7 and Sy are two disjoint subsets of S, with cardinality d; and ds respectively,
forming a uniform cover of S (therefore with weights equal to 1), and if H =
span{ey, : k € S}, then for every convex body K such that max,er» |[K N (z +
H1)| = |K N Ht| we have that

d —1
(1.7) KK > () K OEIK 0 A,

where H; = span{ey, : k € S;} and H = span{e, : k € S}. Also a functional
version of this inequality was obtained for log-concave functions.

In this manuscript we consider the more general situation, in the spirit of the
extension (6 of inequality (3], in which we fix a basis in R™ which is not
necessarily orthonormal.

Let us point out the fact that (Si,...,S,,) forms a uniform cover of [n] with
weights (p1,...pm) if and only if (S¢,...,S¢,) forms a uniform cover of [n] with
weights (p},...,p),), where p} = p’f and p = 7" p;. In addition, if {e;}},

is an orthonormal basis of R", H; = span{e, : k € S;} and H; = span{e; :
k & S;}, then H JL =H ; and hence the projections onto the subspaces which are
orthogonal to the ones generated by the vectors given by the uniform cover are
simply the projections onto the subspaces generated by the vectors given by the
uniform cover (S5,...,Sg,) with weights (p!,...,p),). However, if {w;}! is not
an orthonormal basis, it is not generally the case that the orthogonal subspace
to H; = span{wy, : k € S;} is H; = span{wy : k ¢ S;}. Therefore, different
extensions of the inequahtles can be considered.

Our starting point is the following functional inequality due to Finner [I1], which
recovers the Bollobas and Thomason inequality.

Theorem 1.1 (Finner’s inequality). Let (Si,...,Sm) be a uniform cover of [n]
with weights (p1,...,pm) and let H; = span{ey : k € S;}. Then, for all integrable
functions f; : H; — [0,00) we have

(1.8) /n_Hf’” (Py 2)d <ﬁ</Hf>

In the framework of subspaces generated by vectors given by a uniform cover with
weights and a (not necessarily orthonormal) basis of R™, we obtain the following
affine-invariant Finner inequality.

Theorem 1.2. Fiz a basis {w; }1, of R™ and let (S1,...,Sn) form a uniform cover
of [n] with weights (p1,...,pm). If Hj = span{wy : k & S;} and p = 3771, pj,
then for any integrable f; ﬁj‘ — [0, 00) we have

(1.9)

m m pj
/nHpr](PﬁJJ_JJ)d(L'<BL1((’LU1);Z:1,[TL],(S )J 1 p] j 1 H ( (E) ’
j=1 Jj=1
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where, for any basis {w;}"_, of R™, S C [n] and any uniform cover (S1,...,Sm) of
S with weights (p1,...,pm), we denote

H;‘nzl | /\keS\Sj wk|pj
| Nies w;|P~1

(1.10) BLi((wi)i=1, 5, (S5) 711, (py)q) =

Here, for any vectors wy, . .., wy, | AF_ w;| denotes the volume of the k-dimensional
parallelepiped spanned by the vectors w.
Moreover, for every integrable f: R™ — [0,00) and f; : — [0,00) such that

flx) > HT:l ffj (xj) whenever x = Z;-n:lpjxj for some x; 6 H , we have

1 P;
R f(@)dz > BL([n], (S5, (P1)7%1) H ( x> |

Remark. Notice that if (w;)!, = (e;)?, is the canonical basis then fNI]J- =H; =
span{ey : k € S;} and this inequality becomes ([.8). Additionally, once we have
proved the first inequality, then we can use the fact that any Brascamp-Lieb in-
equality gives a reverse Brascamp-Lieb inequality with inverse constant (see [3]).

The following theorem, which is an inequality when projecting on different sub-
spaces from the ones considered in the affine Finner inequality, is an equivalent
version of Theorem

Theorem 1.3. Let {w;}?_, be a basis of R™, let m > 1 and let (S1,...,5m) be
a uniform cover of [n] with weights (p1,. .. ,pm) Let H; = span{wy : k € S;}.
Then, for every integrable f; : H; — [0,00), 1 < j < m, we have

/n_Hf’” (Pa, ) < BLa((w)ly, 0] ()7 (21)0) (/ fila )

where, for any basis {w;}1—; of R™, S C [n] and any umform cover (S1,...,Sm) of
S with weights (p1,...,pm), we denote

H;'n:1 | Nkes; wi |Pi

| Nies wil

(1.11) BLa((wi)izy, 5; (55)75, (Pi)jr) =

Moreover, for every integrable f: R™ — [0,00) and f; : H; — [0,00) such that
f(@) 2 TT)% £} (x5) whenever x = 377" pjx; for some x; € Hj, we have

1
Rn fe)de > BLa([n], (55)721, (P5)21) </ he )

Remark. Notice that if we call M the matrix whose columns are the vectors (w;)};,
and we denote by v; the rows of the matrix M !, then we have that for every
I<jsm

H; = span{wy, : k € S;} =span{v;, : k¢ S, }+.
Therefore, a Brascamp-Lieb inequality projecting on the subspaces H; can be ob-
tained from Theorem [[2 with constant BLi((vi)i_y, [n], (Sj)7Ly, (p)jL,). Since it
turns out (see Lemma [B] below) that

BLi((vi)i=1, [n], (S5)jL1, (pj)1) = BLa((wi)izq, [n], (85)71, (P) 1)
we have that Theorem and Theorem are equivalent. From now on we will
omit the arguments in BL; and BL9 whenever they are clear from the context.
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In order to prove Theorem we will use the so-called factorisation method,
which was introduced and developed in [10]. The idea of the factorisation method is
that to prove our inequality we first test on a function, call it M, then we factorise
M appropriately as a product of functions to use Holder’s inequality. In [I0] it was
proved (under mild hypotheses) that a positive multilinear inequality holds if and
only if such a factorisation exists.

In the Appendix we provide a proof for Theorem [[.3] which is different from the
one described above. It seems that each proof is tailored for the construction of
appropriate families of subspaces.

It is interesting that we can find an explicit formula for the constant in Theorem
and Theorem [[L2 since in general is difficult to compute the Brascamp-Lieb
constant. These inequalities will provide different affine invariant versions of Bol-
lobas-Thomason inequality and its dual. In particular we will prove the following
different extensions of Bollobds-Thomason inequality:

Theorem 1.4. Let {w;}!; be a basis of R™ and let (S1,...,Sm) be a uniform
cover of [n] with weights (p1,...pm). If Hj = span{wy, : k € S;}, H; = span{wy, :
k¢&S;} andp = Z;-n:lpj, then, for every compact K C R™ we have the following
four inequalities:

(1.12) K| < BLy ] |1Pg. K1,
7j=1

p—1 Pj

(1.13) K| <BL2H|PH;K| )
j=1

(1.14) |K| < BLy [ [ |Pu, K177,
j=1

(1.15) K"t < BLy [ [ |Pg K™
j=1

Using (LI2) in Theorem [[4] we obtain a generalisation of Gagliardo-Nirenberg
inequality. Moreover, for log-concave functions we can achieve a better constant
which also leads to a sharp generalisation of an inequality obtained by Bobkov and
Nazarov in [5], implying the boundedness of the isotropic constant of log-concave
unconditional measures.

In general, we will make an extensive study of the different affine invariant exten-
sions of Bollobds-Thomason inequality that we obtain. We will also provide func-
tional versions of the geometric inequalities obtained in the context of log-concave
functions, which will recover their geometric versions when applied to functions
of the form e~II'lx where || - | x denotes the Minkowski functional associated to
a given convex body K containing the origin in its interior. These will be differ-
ent from the ones we get when considering the characteristic function yg, as is
the case with Brascamp-Lieb inequality. These functional inequalities cannot be
directly obtained from the stated Brascamp-Lieb inequality as in this setting one
would have to consider an extra dimension and the subspaces on which one would
have to project would not form a covering of [n + 1]. Rather than that, they will
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be restricted Loomis-Whitney type inequalities in R**!. We will also prove affine-
invariant local versions of both geometric and functional inequalities. In particular,
we will prove the following different extensions of inequality (6.

Theorem 1.5. Let {w;}!, be a basis of R™ and let S C [n] with cardinality
|S| = d. Let (Si,...,Sm) form a uniform cover of S with weights (p1,...,pm). If
H =span{wy : k€ S}, H; = span{wy, : k € S;}, H;j = span{wy, : k € S\ S;},
d; = dimH; = |5}, and p = Z;-n:lpj. Then, for every convex body K C R™ we
have the following four inequalities:

Hm (n d+d Pi
(1.16) \Py K[P~K| < BLy - —2=" @l HI e K1

Hm (n d])pJ m
2l=1\n-d/

(1.17) |PyoK||K[P~ < BLy - — 11 | P K77,
(d) Jj=1
HWL (nfderj)pj m
(1.18) Py KPP~ K| < BLy - —— (n)dj 11 1Pu,en K-,
d j=1
Hm (n d; ;D] m
(1.19) |Py. K||K[P~' < BL, - === n=d/ H| en K.

("

Remark. Notice that if S = {1,2} C [n], S; = {1}, and Sz = {2}, then nec-
essarily pj = py = 1. Taking any linearly independent wy,w, € S™" !, H =
span{wi,w, } and an orthonormal basis {ws, ..., w, } of H*, we have that w; Awy =

1 — (wy,w7)? and if v; € S"~! spans wi N H and va € S"~! spans w3y N H, then
also v1 Ave = w1 Aws and applying either (LI0) or (LI7) to {w1, we,ws, ..., wy,}, or
(CI]) or (LIY) to {v1, v, w3 ..., wy,}, any of the previous four inequalities recovers
inequality (LG).

Regarding dual Loomis-Whitney type inequalities, we will prove the following
different extensions of inequality (L4]).

Theorem 1.6. Let wy,...,w, be n vectors spanning R™, let m > 1 and let
(S1,...,Sm) be a uniform cover of [n] with weights (p1,...,pm). Let H; = span{wy, :
ke S;t, ﬁj =span{wy : k ¢ S;}, dj = dimH; = |5/, EJ = dimﬁj =n—d;, and
p= Z;n:lpj. Then, for every convex body K C R™ containing the origin we have
the following inequalities:

(1.20) K| > le RItE id A Jl—[1|KﬁHL|pJ
(121 s e Y 1H|Kmm|m
(1.22) K| > BlL 1I- 175 Jl_[llKﬂHV”]
(1.23) |K|”‘1>B21 Hﬂ(nl!)( il H|KﬁH|pﬂ.

=1
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Some restricted versions will be proved too. For instance, we will prove the
following

Theorem 1.7. Let {w;}!, be a basis of R™ and let S C [n] with cardinality
|S| =d. Let (S1,...,Sm) form a uniform cover of S with weights (p1,...,pm). Set
H =span{wy : k€ S}, H; = span{wy, : k € S;}, H; = span{wy, : k € S\ S;},
d; =dimH; = |5;|, d; = dimH; =d—d; and p = Z}n:lpj. Then, for every convex
body K C R"™, we have the following four inequalities:

R ) N P LI
.H_]fl( J) H|KﬂHJL|p]7

(1.24) max [K N (z+ HH [P K| >
xe

BL, d? ]
7j=1
- 1 H’ﬂzl(cfj)m@) m ,
(1:25) max K (@ + HOIKP™ > g =20 [T15nm;,
Jj=1
1 ™ (dj)Pidi ™ ,
(1:26) ma [ 01 (o + HO)P K] > 20 Il ——— [ 1K nHE e,

Jj=1

1 Hm:1(dj)pjgj . ~ ,
5L g LUK e mhpe.

j=1

(1.27) max |K 0 (@ + H)||K[~ >
xTE

Remark. Notice that no assumption on the barycentre was made. Taking into
account (see [12]) that if K is a centred convex body and H € G, 4 then

n +1 n—d
max|KN(z+HY| < [ ——— KnH*
16131(| (z+ )|\<n—d+1> | |
we can obtain estimates in terms of the volume of sections through the centroid.
If we assume that the section of maximal volume with subspaces parallel to H*
is the one through the origin, then the value of the constant in the inequalities
in Theorem [[L7 is better in some special cases, providing extensions of inequality

@1).

The paper is structured as follows. In Section [2] we introduce the notation that
we use, as well as provide the necessary known results that we use in the paper.
In Section [B] we collect various versions of the affine invariant Finner inequality
and its reverse, as well as the proof of Theorem [[L2] which we will use in order to
prove several extensions of the aforementioned inequalities. Sections @ and [5] will be
devoted to the proof of the Loomis-Whitney and dual Loomis-Whitney inequalities,
respectively, as well as their functional and restricted versions.

2. PRELIMINARIES

In this section we provide the necessary background that we will use in order
to prove the different versions of Loomis-Whitney and dual Loomis-Whitney type
inequalities.

2.1. Log-concave functions. A function f: R™ — [0,00) is called log-concave if
f(z) = e @) where v : R — (—o00, 0] is a convex function. It is well-known that
any integrable log-concave function f: R™ — [0,00) is bounded and has moments
of all orders (see, for instance [8 Lemma 2.2.1]). If K C R™ is a convex body then
its characteristic function y g is integrable and log-concave, with integral |K| and
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if K is a convex body containing the origin, then e~ I'lx where ||z|x = inf{\ >
0 : x € AK} is the Minkowski functional associated to K, is integrable and log-
concave, with integral n!|K|. The set of integrable log-concave functions in R™ will
be denoted by F(R™).

For any f : R” — R and any H € G, j, the projection of f onto H is the
function defined by

Pyf(x)= sup f(z+y) =x€H.
yeH L

Notice that || Pe fllee = || flleo and that if f € F(R") f(x) = ||f|lcce™ ) where v :
R™ — [0,00) is a convex function then Py f is the log-concave function, integrable
on H, Py f(x) = || f]lece™™® where w : H — [0, 00) is the convex function whose
epigraph, epi(w) = {(:v,t) € H x [0,00) : w(z) > t}, is the projection onto H =
span{H, e, +1} of epi(v) = {(z,t) € R" x [0,00) : v(z) > t}. If K CR™ is a convex
body, then for any H € G, we have that Pyxx = xp,x and if in addition K
contains the origin then Pye~l'lx = ¢~I'lPrx  Given any integrable log-concave
function f on a linear subspace H € G, we will denote by || f||1 its integral on
the subspace H.

2.2. Berwald’s inequality. Berwald’s inequality, which was proved in [4] for 0 <
v1 < 2 and was extended to the range —1 < 1 < 2 in [I3] Theorem 5.1], states
the following.

Theorem 2.1. Let —1 < 71 < v2, K C R"™ a convex body, and f: K — [0,+00)
be concave, continuous, and not identically zero. Then,

V2+n 1/ v1+n
( AT d) << AR d)

Equality holds if and only if f is a roof function over a point in K.

1/m

Functional versions of the above for functions in F(R™), the set of integrable
log-concave functions on R™, was proved in [I, Lemma 3.3] for the range v > 0, and
was extended to the range v > —1 in [2] Theorem 1.1].

Lemma 2.1. Let f € F(R™) and let C be the convex set C' = {(z,t) € R" x [0, 00) :
fx) = e Y flloo}. Let h: C — [0,00) be a continuous, concave, not identically
zero function. Then,

. (h) = (F(l ) }C ey /Lh'y(a:,t)etdxdt>%

is decreasing in vy € (—1,00).

The following result can be seen as a degenerate version of Lemma [2.1] and its
proof can be found in |2, Lemma 2.1]. In this case we can characterise the equality
cases.

Lemma 2.2. Let h: [0,00) — [0,00) be a continuous, concave, not identically zero

function. Then,
1
1 o0 ;
D (h) = 7/ ho(t e_tdt)
+ ) (F(l +7) Jo ()

is decreasing in v € (—1,00). Furthermore, if there exists —1 < 1 < 2 such that
O, (h) = @,,(h) then h is a linear function and @, is constant in .
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3. AFFINE INVARIANT FINNER INEQUALITY

In this section we prove the affine invariant Finner inequality, already mentioned
in the introduction, together with its reverse inequality.

Theorem 3.1. Let {w;}?, be a basis of R™ and let (S1,...,Sm) form a uniform
cover of [n] with weights (p1,...pm). If Hj = span{wy, : k & S;} andp =377, pj,
then for any integrable f; : IA{'JL — [0, 00) we have

m . H"il | /\kQS,- wk|pj m Dj
[ (Pgoa)de < == — / fi(x)dz | .
/Ul rem Ayl 131 iy

Moreover, for every integrable f: R™ — [0,00) and f; : ENIJL — [0,00) such that

f(@) = TT]% ] (x5) whenever x = 377" pjx; for some x; € flj‘, we have

| Afy wilP! M "
da > (2)dz |
[ @ > II(A%ftww>

[T520 [ Args, wilPr 5

Proof. Let Q = | Ay w;|~'/". Given M € LP (R"™) with || M|, = 1 we write it as
a telescoping product

where for every 1 <i < n

_0 f]R"*i M(x + Sip1Wiy1 + 0+ Snwn)pldsn coodsipr

i\
,Yl( ) fRn—i+l M(I + sjwi + -+ Snwn)pldsn -o-dsg

Notice that the numerator in 7, is just M (z)?" while the denominator in v, is Q™.
Moreover for every 1 < ¢ < n and every x € R"”

/ %-(ac + twi)dt = Q
R
Let, for every 1 < 7 < m,
M; () = [T ite)™
i=1

where b;; =1 — xs;, (i) = xs¢ (i), and notice that
M(x) = [ [ M;(z)P/7.
j=1

For x € R" we write z = Z Apwi + Z spwr and we have
k€S, k¢S;

N Mj(x)dv = | Nkgs, wkl/nf\s.\ Z AsWi + Z SpWr H dsy,.
H; RE20 \ kes; k¢ZS; kgs;

So we consider for every 1 < j < m

Mj(slwl + -+ Snwn) H dSk
RS54
kZS;
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and look for uniform bounds in s; for i € S;.

Now, for each 1 < j <m

/ . M;(s1w1 + -+ + spwp) H dsy,
Rn*\ ]\ k&Sj

/ 1551 1_[/7Z (siwr+ -+ Snwn)bij H dsy,
_—

k¢S,
/ H Ye(s1w1 + -+ 4 spwh) H dsy.
k&S, kgS;
However, for every 1 < i < n, and every (s1,...,5,) € R"

Vi(s1W1 4 - + Spwy)
Jon—s M(5101 + -+ + Spwy + tig1wign + -+ Lo )P dbn .. dbigy
Jpn—ivs M(s1w1 + -+ + Spwp + tiw; + -+ - + tpwy )P dty, ... dt;
_0 Jon—: M(s1w1 + -+ + Snwn)? dsp . .. dsiy
fRn,Hl M(s1wi + -+ + Spwn )P dsy . .. ds;

is a function 7;(s1, . . ., s;) only of the variables s1, . .., s;, and for every (s1,...8;,-1) €

R~ the integral [ 7;(s1,...,s;)ds; is exactly Q.
R

Therefore, for each 1 < j < m, if S = {i1 <iz < <i,}, withr = [S§| = n—|S;],

we have that
/ Mj(siwr + -+ + spwn) ] dsk
Rnf\sj\
k¢S,

:/ oy T (S0 8i)Fia (81500 800) o i (1, 80, )dsi, - dsipdsi, = Qi
RIS
Therefore, for every u € H ]l

_ Mj(uv)do = | Nigs; wil Q5.

H;
Finally,
p
/ I 5iPaya)de = | T £i(Pgs 7"
R j—1 =1
p
P
/ Hf; )P M (2)da
\M||p/ 1 "

and for a given M € LP (R™) with ||M||p/ =1,

/ ﬁfj(Pg];w)Pj/PM(w)d:c:/ ﬁ [fj(Pﬁfx)Mj(.’I])}pj/pd(E
K R j=1
: ﬁ ([ strapamsio )d:c)pj/p.
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Now, for each 1 < j <m

fj(PHj#x)Mj(x)d‘T:/HL /H.fj(u)Mj(u—l-v)dvdu

R’Vl
< / fi(u)du sup[Mj(u+v)dU: /~ fi(u)du |/\;€€sjwk|Q|SJC".
Hi}- ueH; / H, H3-
Therefore,
m m m pj
R EHAN
Hfj(Pij)deSHO Negs; wi|Q J) It/ #) -
" =1 =1 j=1 \Hj

Now, because of the covering, notice that
m m
> pilS51 = pi(n—1S;]) =np—n,
j=1 j=1

therefore
m

[T @51 = @ o=) = | Ay w70,

j=1
We conclude that

- [T | Nigs, wilPh & "
(P~ Pj J= J .
/nj_HlfJ(Pij) =l | /~+fg

j=1 \"H

as stated.
Since the constant in the reverse Brascamp-Lieb inequality is the inverse of the
constant in Brascamp-Lieb inequality, see [3], we also obtain the reverse inequality.

O
Taking into account that (Si,...,S,,) forms a uniform cover of [n] with weights
(p1,---,pm) if and only if (Sf,...,SS,) forms a uniform cover of [n] with weights

(p},...,pl,) we have the following equivalent theorem.

Theorem 3.2. Let {w;}7, be a basis of R™ and let (S1,...,Sm) form a uniform
cover of [n] with weights (p1,...pm). If Hj = spanfwy, : k € S;} andp =377, pj,
then for any integrable f; : HJL — [0, 00) we have

Pj i
LA T Akes; we|PT & -1
/ H fjp—l (Py.z)ds < ijl | kes; k| H / fj(ac)dac '
" =1 ! j=1 Hjf

| ATy wil?

Moreover, for any integrable f: R™ — [0,00) and f; : H]l — [0,00) such that

Pj_
flx) > HTzl [ (z) whenever x = E;nzl %xj for some x; € HjL, we have

Pj

1 m p—1
[ gty > —LPm T T </ fj<x>d””>p :
" [T72) [ Akes; w77 j=0 \/Hj

J

We continue with the different version of the affine-invariant Finner inequality
that we also presented in the introduction. The difference is in the way that we
define the subspaces.
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Theorem 3.3. Let wy,...,w, be n vectors spanning R™, let m > 1 and let
(S1, ..., Sm) be a uniform cover of [n] with weights (p1,...,pm). Let H; = span{wy, :
k€ S;}. Then, for any integrable f; : H; — [0,00), 1 < j < m we have

pi H 1| Akes, wk|p1 “
/an P 33 Jj= |/\ 1wl (/ fJ )

Moreover, for any integrable f: R™ — [0, 00) cmd fj + Hi — [0,00) such that
f(@) 2 TT)% ] (x5) whenever x = 377" pjx; for some x; € Hj, we have

2)da |/\ 1wz|
R" fa)ds > IT72: | Akes, wk|pf - (/ il )

As we already mentioned, the above theorem is equivalent to Theorem [B.1] as
we will see in the end of this section. However, in the appendix we will provide a
direct proof of Theorem B3] which is tailored for this result.

As before, taking into account that (Si,...,Sy,) forms a uniform cover of [n]
with weights (p1,...,pm) if and only if (S§,...,S5,) forms a uniform cover of [n]
with weights (p/,...,p},) we have the following equivalent theorem.

Theorem 3.4. Let wi,...,w, be n vectors spanning R"™, let m > 1 and let
(S1s. .., Sm) be a uniform cover of [n] with weights (p1,...,pm). Let H; = span{wy, :
k& S} andp= Z}n:lpj. Then, for any integrable f; : H; — [0,00), 1 < j < m
we have

SR IT751 | Args, wklp ! m o
o 1
/ [1#777(Pg 2)de < == Y /fJ :
nj:l =1 3

Moreover, for any integrable f: R™ — [O o0) and fj' H- — [0, 00) such that f(z) >

P

23
[T%, f77" (x)) whenever x = 3700, p

/ f@)de > — | Afey wil - ﬁ( : fj(;c)dx> a .

Hj:l | Akes; wi|7=T j=1 \/H;
Finally, let us show that Theorems[[.2land [[.3] are equivalent. It is a consequence
of the following:

i for some x; € H], we have

Lemma 3.1. Let {w;}_, be a basis of R™ and let M be the matriz whose columns
are the vectors w;. Let {v;}7_, be the basis of R™ given by the rows of the ma-
triv M—1. Let m > 1 and (S1,...,Sm) be a uniform cover of [n] with weights

(p1,---,Pm). Then
BLi((vi)izas [n], (S5)71, 5 (Pi)jer) = BLa((wi)is, (0], (S5)751 5 (p5)750),
Proof. We have to prove that
[T | Awgs; velP TT7S | Akes, wil”
| Njy vifP~1 | Nizy wil
where p = " pj. Since | Af_y vi| = |[detM | = | Al wy|~! and p = 377 pj,
it is enough to see that for each 1<j<m

)

(3.1) | /\kgsj ’Uk| =
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and this is easily verified (or see for example Lemma 5.a in [I§]).

4. LooMisS-WHITNEY TYPE INEQUALITIES

In this section we prove the affine-invariant versions of Loomis-Whitney inequali-
ties, as well as their functional versions for log-concave functions and their restricted
versions. We start proving Theorem [[.4], which is a direct consequence of the various
Brascamp-Lieb inequalities of the previous section.

Proof of Theorem[1.] To prove the first one, let Ly = {x € R" : Pz .z €

ngLK forall 1 < j < m}. Apply Theorem Bl to the functions f;(z) = XpﬁjL (x)

and take into account that K C Ly and that HT:l ffj (Pgrx) = xL,. The rest of
J

the inequalities are proved in the same way. 0

We can now upgrade the above geometric inequalities of Theorem [[4] to func-
tional ones. The inequalities that we obtain are in two ways (affine invariance and
general projections) a generalisation of the Gagliardo-Nirenberg inequality. In the
same way, this is a generalisation of Lemma 3.1 in [5] and Theorem 1.1 in [9].

Theorem 4.1. Let {w;}?, be a basis of R™ and let (S1,...,Sm) form a uniform
cover of [n] with weights (py,...,pm). If H; = span{wy, : k € S;}, H; = span{wy, :
k& S;} and p = Z;n:l pj, then, for every f : R" — R with compact support,
continuous on its support we have the following four inequalities:

PR rj

(11) 171 < BE TT 1P 1f117
j=1

PR rj

(4.2) Ifll.2, < BL3 1T 1P [ fI117
j=1

i m rj

(4.3) £l < BLS T I1Pa, | £1117
j=1

i m rj

(4.4 1l e, < BLE T 1Pg 1017
j=1

Proof. For any 0 < t < || f|c. let us call L; the compact set
Ly={xeR" : |f(z)| > t}.
Notice that, by Fubini’s theorem, for any p > 1

11100 e \?
/ (@) Pde = p / Y Lldt < / L)
n 0 0

where the last inequality follows from the fact that the functions

[ ] fl(S) :p/ tp_1|Lt|dt
0

et =([ |Lt|édt>p
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14(s) for every 0 < s < || f|loo and then
f2(s). In the same way, considering the

verify that f1(0 ) f2(0) = 0 and f{(s)
for every 0 < s < || f|loo we have fi(s)
functions

e gi(s :—/ t5eT |Lt|dt

o ants) = ([ 104 dt)

we have that

//\ //\

p

. p lloe 1/ lloo s\ 2!
[ @it = 2o [T g ([0 )
n p 0 0

Therefore
[1f1loo

1
o [Iflly < ; |Le| 7,

il
Il < [ L
0

By inequality ([I2]) in Theorem [[4] we have that
pj

e 2 lfllee .
/0 |L|vdt < BL{’/O H|PELLt|pdt
j=1

1 1£1lo B
BLf I I (/ |Pﬁ'¢Lt|dt> .
J

Since for every 0 <t < || flloc = [|Pg. [l
J
Py Le={x € Hj : sup |f(@ + )] >t} ={v e Hj : Py |f|() >},
yeH;

as a consequence of Fubini’s theorem we obtain the first inequalities.
The other three inequalities are proved in the same way by applying the remain-
ing inequalities in Theorem [[.4] O

Remark. Notice that if f € C()(R™) with compact support then we have (see [19],
where a convexification of the sets L; is used) that for every w € S™~!

IIwa||1:2/ Py Lildt = 2Py | |1

and taking S; = {j} and p; = 1 for 1 < j < n in the second inequality we obtain
the generahsatlon of the Gaghardo—Nlrenberg inequality proved in [I9] Theorem
5.1] corresponding to the case of n vectors.

Remark. Notice also that if we take f(r) = xx for some compact set we recover
the inequalities in Theorem [[L4

In the setting of log-concave functions we also have the following functional
versions of the previous inequalities.

Theorem 4.2. Let {w;}!, be a basis of R™ and let (S1,...,Sm) form a uniform
cover of [n] with weights (p1,...,pm). If H; = span{wy : k € S;}, H; = span{wy, :



ON AFFINE INVARIANT AND LOCAL LOOMIS-WHITNEY TYPE INEQUALITIES 15

k& S;}, dj = dimH; = [S;], dj =n—d; = dlmHJ, and p = Z;n:lpj then for
every f € F(R™) we have the following four inequalities:

p—1 n! . pj

(4.5) IFIE ) £l < BLy - HE”:MJ”’JE” A
_ (nhyP=1 15

4.6 Fllsoll P~ < BLy - ——-— Py fIIY,

(4.6) £ llsoll £11% C @ HH i fIIY
p—1 . n! m

(47) 71171 < BLa - dj!),,J]l:IlHPHJﬂ

(48) el < By - = T ey 12

| Y

Proof. Let C be the set
C={(z,t) € R" x [0,00) : f(z) > e[ f]loo}-
Since f is log-concave, we see that C' is convex. Besides,

/eftdxdt:/ eft‘{IERn3f(33)>€7t”f”oo}‘dt
C 0
1
= [ e e R 1@ > sl s

S
- / 17T

For any linear subspace F of R” let us denote F' = span{F, e, 1} and notice that

/ e~ tdxdt
P=C

F

/ e {a € F: (a,t) € PaCYdt
0

/Oe_t|{x€F sup flx+y)=e | fllootdt

yeF

_ /|{xeF Ppf(z) = 5| flo}|ds

Pr f(z)

dx.
[ flloo

By inequality (LI2)) in Theorem [T
/ e tdxdt :/ e " Hr e R™ = f(x) = e flloo }dt
c 0
< Bl [ e TP e e R fla) > e o) P
0 =

= Bl [ [ He € ) ¢ Py @) > et
j=1
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m
d.
Since Z bty _ 1, by Holder’s inequality, the latter integral is bounded above by
=1 "

I1([ e it paps) > sl Fat)

j=1
Note that the sets
Lj={(z,1) € Hf x[0,00) : P f(x) > ™" fll}

are convex for all 1 < j < m. Therefore, by the Brunn-Minkowski inequality, the
functions

- 1
hi(t)=|{z € Hj : Py f(z) > e flloc}| %
are concave and we can apply Lemma [2.2] to get

pjdj

L[~ n " L[~ 4 )
(E/o e~hy (1) dt) <(@/O ¢ hj(t)fdt) .
Combine the above to get
[e'e) Pj
(/ e thy(t)% dt)
0
n!

! Pﬁ];f(x)d P
o (@ 1 /H e )

which proves [@3]). Then ({6 is obtained from (LA by taking the uniform cover of
[n] consisting of the sets (S¢,...,S5,) with weights (p,...,p],). In order to prove
&), we apply the third instead of the first inequality in Theorem [[4] to obtain

n!

etdedt < BLj- —mo
/C 1=, (d;)Ps

s T

= BL,-

[ etande < BLa- [ et T[ o€ By 2 Pu (@) > e P
c 0 i

and argue in the same way. Finally, (L) is obtained from ({1 again by taking
the uniform cover of [n] by the sets (S¢,...,SS,) with weights (p),...,pl,)- O

Remark. Notice that if K is a convex body containing the origin in its interior, while
the Brascamp-Lieb inequality provides the inequalities in Theorem [[4] by taking
the functions f; = XPr, K this theorem provides them by taking f(z) = e~ lI#llx,

Moreover, using the inequality ([H) for a log-concave probability density p on
R™ such that p(0) = 1 and p(+1, ..., +2,) does not depend on the choice of signs,
we prove the sharp version of [5, Lemma 3.1]. More precisely, for d; = n — 1 and
pj = —5, we obtain

n!

p(z)de > —.
H /{zj—o} n

=1
This is sharp because we have equality for the density

p(x) = exp (—2n!1/" max |x]|) .
j<n

In particular, we have the following, which extends [I, Lemma 2.10].
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Corollary 4.1. Let {w;}?_; be a basis of R™ and let (Sy,...,
) ]fH = span{wk
= n—d; = dimH;, and p = Zj:ﬂ% then

cover of [n] with weights (p1, ..
kg S}, dy = dimH, = |S,], d

for any integrable log concave functzons fi;

Sm) form a uniform

ke S;}, Hj =span{wy, :

. Hj — [0,00), f1; : H; = [0,00),

faj: H — [0, 00), fg_] H :— [0,00), we have the following four inequalities:

(4.9)
f2J( Hi-x)
/ min { ————~— b dx < BL; -
R 1<5<m | fallo
(4.10)
fa.5(Ppr) "
/ min { ———X— b dw < BLy -
g 1<i<m | [ f2,5ll00
(4.11)
(P
min {fl’J B0\ gy < BLy -
re 1<9<m | [ 1,500
(4.12)

)
s

. fl J P I
min
e 198 | il

Proof. Simply take into account that f(z) = mini¢j<m {

2
12,5010

Pﬁj;fg

Next we prove restricted versions of these inequalities.

f2j

H}- Hf27.7|

I i 1l

Jj=1

f2,]

)
i 1 i T )
)

o)

(
U
(
(

H:

.

I i 1l

j=1

Hf17.7|

<.

m f17J
n » 1] , Hful\oo

Ja, ](
||f2]|\ao

1_90)

} verifies that

O

We will first prove a

functional version for log-concave functions and obtain the geometric version as a

consequence of it.

Theorem 4.3. Let {wl

', be a basis of R™ and let S C [n] with cardinality

|S| =d. Let (S1,...,5m) form a uniform cover of S with weights (p1,...,pm). If
H = span{wy, : k € S’} H; = span{wy : k € S;}, H; = span{wy, : k € S\ S,},
d; = dimH; = |S;|, d; = d —d; = dimH;, and p = > oie1pj then for every
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f € F(R™) we have the following four inequalities:

AT | Awes w|
j=1 E\S k H”

4.13 Py flP! <
( ) || HJ-le Hle |/\ Swz|p 1H

i 1Y

(ah)r—? Hj:l | Akes; wk| ! ﬁ 1Py 1P
m T ) Ht 1
| Nies wil ijl(d‘!)pj !

AT A kes; kP {5
4.15 P fIP7Y £l < =1 Lf
(4.15) [Py fIIT IS < [hees wi I (@17 HII Hyen fIY

(4.14) Py flal B <

(ahr- 1H] 1 Aresys; wk| HH a1
[ Nves w0 (s oy Aot

(416) 1P fILISITT <

Proof. Let C be the set
C={(z,t) €R" x [0,00) : f(z) > ™" fllc}

and for any linear subspace F' denote F' = span{F, e, 1}. We have that

/Cetda:dt_/Rn |Cf|30da: and /ch etda:dt_/FlTr}Jii)da:.

Notice that, by inequality (ILI2) in Theorem [[4]

/ e tdadt = / e e N ((z,t) + H)|dtdz
c P—C

[T5%) [ Ares\s; wil?
| Nies wi|P~1

B /p & P arnm (€ N (@, 8) + H))[P dtda
o i
[T/ | Avesys, wlPs il N |
- |1/\-€56u>|10i1 /P - e 1] 1Pz, C 0 ((2,t) + (Hjf 0 H))[P dtda.
7 i , =1 j

Since Z Z% =1, by Holder’s inequality, we have that
j=1

1 / ot H ~ ,
—— |P LCm x,t) + (H;- N H)) P dtdx
Jis St e Jrme :

Pjdj

m 1 _t ) ) x
1} S B g /_C |PC 0 (1) + (H; N H))| % ded

The sets
Ly = PgzC = {(2,1) € Hy x [0,00) : P f(w) > ™[ flloo}
are convex, therefore, by the Brunn-Minkowski inequality, the functions

hy(@,t) = [P==C 0 ((a,0) + (H- 0 H))| %
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are concave. We can now use Lemma 2] and get that the j-th term of the above
product is at most

Pj
1 —t d;
e hy(x, t)% dt dx
f(x) T ’
A [y S de Jrgre
for every 1 < j7 < m. However, the last integral is equal to
pj pj
1 —t J 1 PHJ-f(x) ’
djl [, Dt 8 gy /p ey B Py vic /ﬂ e
i e T 2o i S T de °°

Thus,

Pﬁj.j()d Pj
/ e tdt < dH;n1|/\keS\s wy [PI HJ 1 fHL [P
Nies w;|P~ 1 d;!\pi P, f(z) p—1
¢S Thes P TS @0 (] Ftin )

)

which proves [13). As before, ([II4)) is obtained from (£I3]) by taking into account
that (S'\ S1,...S5\ S;) is a uniform cover of S with weights (p},...,p.,). In order
to prove ([{IZ) we apply inequality (LI4) of Theorem [[4] to obtain

/ e~ tdedt < H;nzl | /\kGSJ‘ wk|pﬂ' / et H | ((:E t) + H')|pjdtd$
c h | Nies wil i marC ’ !
and argue in the same way as for ([@LI3)). O

If K a convex body containing the origin, applying the inequalities of Theorem
A3 to the function e~ 17l we prove Theorem [[5l Let us point out that Theorem
can be proved directly, without making use of Theorem 3] by using Theorem
2T and the same technique as in the proof of Theorem A3l

5. DuAL LoOOMIS-WHITNEY TYPE INEQUALITIES

In this section we will prove dual Loomis-Whitney inequalities, as well as func-
tional and local versions of them. We start with the following consequence of the
reverse Brascamp-Lieb inequalities for log-concave functions, which extends The-
orem 1.4 in [I5]. We note also that f(0) does not play any role in the following
theorem, while it did in [15].

Theorem 5.1. Let wy,...,w, be n vectors spanning R™, let m > 1 and let
(S1,...,Sm) be a uniform cover of [n] with weights (p1,...,pm). Let H; = span{wy, :
k € S;}, H; = span{wy : k ¢ S;}, d; = dimH,, d; = dlmHJ =n-—d

i, and
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p= Z _1pj. Then, for every f € F(R™) we have the following inequalities:

1_n71 d; pid; m ba
(5.1) [ @iz 5 = in) _H( s fdﬂ<x>dx> ,
p—1 ™ (dy)Pids . P
62 ([ rwe) >0 L) _H( [ <x>dx>
(53) [ s> g LI ) H ( 7 um)

WV

(5.4) (Rnf%)da:)pl Blle;i (/ e )

Proof. For the first one, let g(x) = f”(a:/n) and for every 1 < j < m, let g;(z) =
[ (z/d;) for all x € HJ- For every z; € H , if we write z = Z | Dbjxj, we have
that z = 7" | p;d;y; w1th y; = x;/d;. Then, notice that from I, = 77" | ;i P,
we have that Z;n:l pjd; =n. Since f is log-concave,

o1 Pid;y; "
9(a) = " (#) I =TT

j=1 j=1

By Theorem [B.I] we have that

n(Y | AJy wglP? / d< >
AN dx .
/n f (n) Hj:l | Nkgs; wy |[Pi H H; I dj

Making the change of variables y = na in the integral on the left hand side and
y = d;jz in each of the integrals of the right hand side we obtain the result.
Taking into account that (SY,...,SS,) forms a uniform cover of [n] with weights
(P1,- -, D), Wwhere p; = ppjl, and applying (B.I)) to the subspaces H; we obtain
B2). The last two inequalites, (53) and (B4)), are proved in the same way, by

using the reverse Brascamp-Lieb in Theorem O

Remark. If K is a convex body containing the origin, applying the latter theorem
to the function f(z) = e~ I*I% we obtain Theorem [

The following theorem is also a consequence of the reverse Brascamp-Lieb in-
equality. It provides inequalities in the spirit of Theorem [E.1] with no powers of the
functions involved.

Theorem 5.2. Let wy,...,w, be n vectors spanning R™, let m > 1 and let
(S1,...,Sm) be a uniform cover of [n] with weights (p1,...,pm). Let H; = span{wy, :
ke S;}, Hi =span{wy, : k¢ S;}, dj =dimH; = |S}|, d; = dimH; = n —d;, and
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p= Z}n:lpj. Then, for every f € F(R™) we have the following inequalities:

5.5) A > - L@ L1115, 17
L

5.6 el > - Tt _ﬁlllle;II’fj
L

(7) I A > e - T ﬂufmjn’fj
L

6.9 Ity > o LG0T f[1||f| e
L

z & ~
Proof. Let g(z) = {;H") and for every 1 < j < m, let g;(z) = % forall z € HJl
If we write z = 377" | pjx; with a; € ENIJJ-, then we have that z = 37" | p;d;y; with
y; = xj/d;. Notice that from I,, = Z;‘n:lijH]'-? we get > 0" pjd; = n. Since f is
log-concave we obtain that

o =Y (=) i (f(yj))pj“dj . (12
T L A =

j=1 j=1

)pj = ﬁ g ().

j=1

Therefore, by Theorem [B.1] we have that

m Vi
_ y | Ny wifP? y
f’;ol/f—dy>mz . EAYAN
7] R (n) [I5=1 [ Awgs; wi|Ps 1;[1 " o\d;

J

Making the change of variables y = na in the integral on the left hand side and
y = d;x in each of the integrals of the right hand side we obtain (5.5). Then (5.6)
follows from (&.3]) by taking into account that (SY, ..., SS,) forms a uniform cover of
[n] with weights (pf,...,pl,). The last two inequalities, (B7) and (&8) are proved
in the same way, by using Theorem B3] instead of Theorem [B1] O

Applying the latter inequalities to the function f: H — [0,00) given by f(z) =
|K N (x + HL)|, which is log-concave, we obtain Theorem [[L71

If the function f attains its maximum at the origin and all the weights p; are
equal p; = £ the following inequalities can be proved, with a better value of the
constant.

Theorem 5.3. Let wy,...,w, be n vectors spanning R™, let m > 1 and let
(S1,...,8m) be a uniform cover of [n] with equal weights (Z,..., ). Let H; =

span{w, : k € S;}, ﬁj = span{w, : k ¢ S;}, d; = dimH; = |S;|, and
d; = dimH; = n —d;. Then, for every f € F(R™) with | fllcc = f(0) we have
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the following inequalities:
| Avy wil TT ()%
- % . H HleJ- ”1
F(l-i—%) HJ 1|/\k€S ’wk|mJ 1

WV

(5.9) 11111

WV

| A=y wil Hj:l (dj!)%
— s
D (142 ) " [T7 | Aves, wel% 31

_ | ARy wil T, (dj!)
(5.11) 17 [ = > - HHf|H I
F(l—‘rm) HJ 1|/\k€S wk|mJ 1

- | Aoy wil? _11_[ (dih)w 2
(5.12)  [IfllsollFIT > - H 117,115
1—‘(1++) HJ 1|/\1€€5 wk|ma 1

Proof. Let Ky, t > 0 be the convex body

Ke={z €R": f(z) > e[ fllo}-

Since || flleo = f(0), we have that 0 € K, for every ¢ > 0. By inequality (??) in
Theorem [[.6] we have that
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\Y%

\

m(p—1)
o0 - A w;| TP odil e m -
/ e_t|Kt|Tdt>| = d i —tH|KmH+|dt
0 (n!)» H |/\k§ZS wy| .

| A= Ij)
- o / / min dzy ...dx,
(nh) > 1152, | /\kQS wk| gt Jasr<ism L[ flls

me=1

AT i P d'
2' 171w| Hgl / f(x)daf

() 0 [ Augs, wnl 1k i 17T

The set
C={(z,t) e R" x [0,00) : f(z) = e || flloc}

is convex, so by Brunn-Minkowski inequality the function h(t) = |Kt|% is concave.
Moreover, £ < 1, so using Lemma [2.2] we have that

oS . T (1 —+ %) oS %
/ e Ky rdt < ————2 </ et|Kt|dt>
0 (n!)» 0
_r(ez) </ fl@) | >%
= - x )
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Therefore,
m -1
P AP w; A 1
(/ f(z) dx) > | 1w| ijl j H/~ f(x) dz,
re [ flleo r (1 + %) Hj:l | Args; wi| =17 Hj 11l

which proves the first inequality. Then (EI0) follows from (E.9) by taking into
account that (S¢,...,S%,) forms a uniform cover of [n] with equal weights %.
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The last two inequalities, (510 and (BIZ) are proved in the same way, by using

inequality (L22) instead of inequality (I20) in Theorem [[.6l O
Remark. Notice that if K is a convex body containing the origin and £ = 1,

applying (59) and (BII) to the function f(z) = e I#Ix we recover the first and
the third inequality in Theorem and if ﬁ = 1, we recover the second and
the fourth ones in Theorem

Applying Theorem [53] to the function f: H — [0, 00) given by f(z) = |K N (z +
H%)|, which is log-concave, we obtain the following.

Theorem 5.4. Let {w;}!, be a basis of R™ and let S C [n] with cardinality
|S| =d. Let (Si,...,Sm) form a uniform cover of S with equal weights (£,... £).
If H =span{wy : k€ S}, Hj =span{wy, : k € S;}, Hj =span{wy, : k€ S\ S;},
d; = dimH; = |S,|, dj =d — d; = dimH}, and p = Z;nzl pj then for every convex
body K C R" such that max,cp |K N (z+ HL)| = |K N H*| we have the following
inequalities:
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Remark. 1f S = {1,2}, S1 = {1}, So = {2}, then £ =1, p =2, m = 2 and we
obtain different extensions of (7).

6. APPENDIX

Here we present the proof of Theorem [3.21 which is totally different from the one
we gave for Theorem Bl Let us note that this proof cannot be applied to prove
directly Theorem [31} likewise the proof we gave of Theorem [B.I]in Section [Blcannot
be applied to prove directly Theorem

Proof. Let A:= %" | w;®@w;, which is a symmetric positive definite matrix. There-
fore it has a symmetric positive definite square root and

n
=1

Since the n vectors (w})™_; = (A~ 2w;)"_, provide a decomposition of the identity
in R™ we have that they form an orthonormal basis in R™. Therefore,

detA% = /\?ZlAéwé = Nz wi,



24 D.ALONSO, J. BERNUES, S. BRAZITIKOS, AND A. CARBERY

and hence
1
detA™2 = .
Nz Wi
1
For each 1 < j < m, let us denote H} = span{wj, : k € S;} and write A? for the

o _i
restriction of A2 as an operator from HJ’ to H;. Then its inverse, (4;)"2 : H; —
H, is an isomorphism and, since {wj }res; is an orthonormal basis of H}, we have
1 L
det((A;)?) = Akes,; A2w), = Akes; Wk,

which implies
1

det((4;)7%) = Mecs,0r

Moreover, since (w})™_; is an orthonormal basis of R™ we have that Zkes wiLRW), =
Py HY therefore

ijPH;. = ijZw;@)w;:ZZ pixs, (1)w; ® w;
j=1 i=1

j=1  keS; i=1
n
_ / r_
= E w; @w; = I,
i=1

Using Finner’s inequality we have that, for any integrable functions g; : H J’ —
[0, 00),

(6.1) /an (P ) a:gfj[l(/mgj(x)dg:)pj.

It follows that, for any integrable functions h; : H; — [0,00), the functions g; =
1
hjoA? : H; — [0,00) are integrable and satisfy

/ (el = /

and

ij hj(x)dx

| /\kZESj wk?|

[N

hj(Aj%x)dx:/ h(w)da|det((A;)%)| =
H H

J J J

/ Hg (P z)d ‘detA%‘/ thj(Aj%PH/_A%:v)d:v
n Rn J
Jj=1
= |A~, wi|/ [ 7 (A2 Py A2 2)da
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Combining the above we get

II i 1
Wi (B.x)dx < _ / o |
/an_l i (Bjx) | APy wil TT5Z, | Akes; wk|ij1:[< : i(2) )

1

where B; = A%PHéA% = Zkesj wy, ® wy. Notice that B; is an isomorphism
from H; to H;. Now, let f; : H; — [0,00) be integrable functions and set h;

fjo(B ) We observe that for every x € R", we have Bjz = B;Pg;x and that
fixing an orthonormal basis in Hj;, we can write B; Zkesj wr @ wg = M; M]t
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where M is the matrix whose columns are the vectors (wy)res,; written with respect
to that orthonormal basis. This implies that detB; = (Ages,w;)? and

J

"o T, | Akes, wil? ’
/ Hff](PHjx)d:c< =1 - H / fi(x)dx | .
" =1 j=1 \7H;

| APy wil

Since the constant in the reverse Brascamp-Lieb inequality is the inverse of the
constant in Brascamp-Lieb inequality, see [3], we also obtain the reverse inequality.
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