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@ All of the sets we will consider will be convex.

@ We will usually deal with convex bodies: i.e. convex, compact sets with
non-empty interior.

@ We will denote by |K| - volume of K C R".

o We will often use notion of Minkowski sum:
K+L={x+y:x€eKand y € L}.
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volume estimates, by using certain reverse Holder inequalities that hold for convex
measures.

Artem Zvavitch Sumset estimates in convex geometry.



Inspired by Information Theory

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful and quirky
inequalities on sets and convex bodies. For example

Artem Zvavitch Sumset estimates in convex geometry.



Inspired by Information Theory

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful and quirky
inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and Bjy,...,Bm be convex bodies in R". Then

m

m
A+ZB;‘ <@+myJJ1a+8i.
i=1

=1

|A|m—1

Artem Zvavitch Sumset estimates in convex geometry.



Inspired by Information Theory

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful and quirky
inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and Bjy,...,Bm be convex bodies in R". Then

m

m
A+ZB;‘ <@+myJJ1a+8i.
i=1

=1

|A|m—1

This is a part of very rich theory of different links between theorems and ideas in Convex Geometry
and Information theory. For example Bobkov, Madiman and Wang asked

A -compact, is it true that
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Inspired by Information Theory

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful and quirky
inequalities on sets and convex bodies. For example
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This is a part of very rich theory of different links between theorems and ideas in Convex Geometry
and Information theory. For example Bobkov, Madiman and Wang asked

A -compact, is it true that

Or simply | #‘ < }L%HA ’

@ Fradelizi, Madiman, Marsiglietti and Z.: BMW Conjecture is true, for n = 1 (the proof is
adaptation of combinatorial results of Lev and Gyarmati-Matolcsi-Ruzsa).
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@ Fradelizi, Madiman, Marsiglietti and Z.: BMW Conjecture is true, for n = 1 (the proof is
adaptation of combinatorial results of Lev and Gyarmati-Matolcsi-Ruzsa).
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Inspired by Information Theory

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful and quirky
inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and Bjy,...,Bm be convex bodies in R". Then

m
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A+ZB;‘ <@+myJJ1a+8i.
i=1

=1

|A|m—1

This is a part of very rich theory of different links between theorems and ideas in Convex Geometry
and Information theory. For example Bobkov, Madiman and Wang asked

A -compact, is it true that

N AtA ALALA
Or simply |%| < }%’
@ Fradelizi, Madiman, Marsiglietti and Z.: BMW Conjecture is true, for n = 1 (the proof is
adaptation of combinatorial results of Lev and Gyarmati-Matolcsi-Ruzsa).
@ FMMZ: BMW Conjecture is not true for n = 12 (and higher) and m = 2.

@ Fradelizi, Langi, A.Z. The conjecture is true for a compact star-shaped set A C R” when
n=2,3 for any m and n > 4 and m large enough (i.e. m > (n—1)(n—2)).
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from
entropy to volume estimates, by using certain reverse Holder inequalities that
hold for convex measures. This technique allows to create a number of
beautiful inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and By,...,Bm be convex bodies in R". Then

m m
A ALY B < (1+m)"[]1A+Bil.
i=1 i=1
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from
entropy to volume estimates, by using certain reverse Holder inequalities that
hold for convex measures. This technique allows to create a number of
beautiful inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and By,...,Bm be convex bodies in R". Then

m
| <@+m)"TJIA+8il
i=1

|A|m71

The above theorem can be also seen as inspired by facts from Additive
Combinatorics! Inequalities of this type are well known for set cardinalities in
the context of finite subsets of groups.
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from
entropy to volume estimates, by using certain reverse Holder inequalities that
hold for convex measures. This technique allows to create a number of
beautiful inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and By,...,Bm be convex bodies in R". Then

m
Amt <@+m)"T[IA+Bil.

i=1

The above theorem can be also seen as inspired by facts from Additive
Combinatorics! Inequalities of this type are well known for set cardinalities in
the context of finite subsets of groups.In fact, they are important inequalities in
the field of additive combinatorics, where they are called Pliinnecke-Ruzsa
inequalities.
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from
entropy to volume estimates, by using certain reverse Holder inequalities that
hold for convex measures. This technique allows to create a number of
beautiful inequalities on sets and convex bodies. For example

Theorem (Bobkov-Madiman)
Let A and By,...,Bm be convex bodies in R". Then

m
| <@+m)"TJIA+8il
i=1

|A|m71

The above theorem can be also seen as inspired by facts from Additive
Combinatorics! Inequalities of this type are well known for set cardinalities in
the context of finite subsets of groups.In fact, they are important inequalities in
the field of additive combinatorics, where they are called Pliinnecke-Ruzsa
inequalities. Just for illustration here one of the forms if A, By,..., By are finite
sets in a commutative group and #(A+ B;) = a;j#(A), for 1 <i < k, then
there exists a non-empty set X C A such that

#(X+Bl+...+Bk)§oz1...ak-#(X).
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful inequalities on sets
and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and By, ..., By be convex bodies in R”. Then

m m
A+ZB,-‘ <@+myJJ1a+8i.
i=1

i=1

|A|m71

Theorem (Bobkov-Madiman)

Let A and Bj, B> be convex bodies in R”. Then
|A+ B1+ By||A| <3"|A+ Bi||A+ Ba|.
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful inequalities on sets
and convex bodies. For example
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Theorem (Bobkov-Madiman)

Let A and Bj, B> be convex bodies in R”. Then
|A+ B1+ By||A| <3"|A+ Bi||A+ Ba|.

Is the constant 3" sharp?
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful inequalities on sets
and convex bodies. For example

Theorem (Bobkov-Madiman)

Let A and By, ..., By be convex bodies in R”. Then
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Theorem (Bobkov-Madiman)
Let A and Bj, B> be convex bodies in R”. Then
|A+ B1+ By||A| <3"|A+ Bi||A+ Ba|.

Is the constant 3" sharp? From Pliinnecke-Ruzsa inequality we really want it to be 1!
We "pay" 3" to use Bobkov-Madiman technique and to get it directly from what we
know in information theory.
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful inequalities on sets
and convex bodies. For example

Theorem (Bobkov-Madiman)
Let A and By, ..., By be convex bodies in R”. Then
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Theorem (Bobkov-Madiman)
Let A and Bj, B> be convex bodies in R”. Then
|A+ B1+ By||A| <3"|A+ Bi||A+ Ba|.

Is the constant 3" sharp? From Pliinnecke-Ruzsa inequality we really want it to be 1!
We "pay" 3" to use Bobkov-Madiman technique and to get it directly from what we
know in information theory. There yet is another reason take - log:

log|A+ By + Bz| +log|A| < nlog3+log|A+ By|+log|A+ Bs|.

The above would represent log-submodularity of volume, if we could remove the
constant!
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Inspired by Information Theory & Additive Combinatorics

Around 2012 Bobkov and Madiman developed a technique for going from entropy to
volume estimates, by using certain reverse Holder inequalities that hold for convex
measures. This technique allows to create a number of beautiful inequalities on sets
and convex bodies. For example

Theorem (Bobkov-Madiman)
Let A and By, ..., By be convex bodies in R”. Then
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Theorem (Bobkov-Madiman)
Let A and Bj, B> be convex bodies in R”. Then
|A+ B1+ By||A| <3"|A+ Bi||A+ Ba|.

Is the constant 3" sharp? From Pliinnecke-Ruzsa inequality we really want it to be 1!
We "pay" 3" to use Bobkov-Madiman technique and to get it directly from what we
know in information theory. There yet is another reason take - log:

log|A+ By + Bz| +log|A| < nlog3+log|A+ By|+log|A+ Bs|.

The above would represent log-submodularity of volume, if we could remove the
constant! Maybe we could do it for some interesting class of convex bodies???
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3 body inequality

S. Bobkov, M. Madiman (2012)

Let A, B, C be convex
|A||[A+ B+ C| <3"|A+ BJ||A+ C|
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3 body inequality

S. Bobkov, M. Madiman (2012)

Let A, B, C be convex
|A||[A+ B+ C| <3"|A+ BJ||A+ C|

Define

AllA+B+C
M and ¢, = sup C(A7 B, C)'

c(A,B,C) =
(A8 )= AT Blar | W
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3 body inequality

S. Bobkov, M. Madiman (2012)

Let A, B, C be convex
|A||[A+ B+ C| <3"|A+ BJ||A+ C|

Define

AllA+B+C
M and ¢, = sup C(A7 B, C)'

c(A,B,C) =
(A8 )= AT Blar | W

T. Courtade’s question (2016):

c(Bj,B,C) <1, for any (convex) B, C and Euclidean ball Bf = {x € R" : |x| < 1}.
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3 body inequality

S. Bobkov, M. Madiman (2012)

Let A, B, C be convex
|A||[A+ B+ C| <3"|A+ BJ||A+ C|

Define

AllA+B+C
M and ¢, = sup C(A7 B, C)'

c(A,B,C) =
(A8 )= AT Blar | W

T. Courtade’s question (2016):

c(Bj,B,C) <1, for any (convex) B, C and Euclidean ball Bf = {x € R" : |x| < 1}.

M. Fradelizi, M. Madiman, A.Z. (2019+):

Q@ =1, c3=4/3 and ¢(3/2)"/* < ¢, <2"2. (you can do, asymptotically, a bit
better then 27—2)
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3 body inequality

S. Bobkov, M. Madiman (2012)

Let A, B, C be convex
|A||[A+ B+ C| <3"|A+ BJ||A+ C|

Define
|A||[A+ B+ C|

c(A,B,C) = and cn= sup ¢(A,B,Q).

|A+B||A+C| A,B,CCRn

T. Courtade’s question (2016):

c(Bj,B,C) <1, for any (convex) B, C and Euclidean ball Bf = {x € R" : |x| < 1}.

M. Fradelizi, M. Madiman, A.Z. (2019+):

Q =1 c=4/3 and c(3/2)"/4 < c, <2032 (you can do, asymptotically, a bit
better then 27—2)

@ c(Bj,B,C) <1, Bis a zonoid (finite Minkowski sum of segments) and C -any
convex set.
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@ c(Bj,B,C) <1, Bis a zonoid (finite Minkowski sum of segments) and C -any
convex set.

O c(AB,C)<1if A=A and n=2,3,4.
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3 body inequality

S. Bobkov, M. Madiman (2012)

Let A, B, C be convex
|A||[A+ B+ C| <3"|A+ BJ||A+ C|

Define

AllA+B+C
M and ¢, = sup C(A7 B, C)'

c(A,B,C) =
(A8 )= AT Blar | W

T. Courtade’s question (2016):

c(Bj,B,C) <1, for any (convex) B, C and Euclidean ball Bf = {x € R" : |x| < 1}.

M. Fradelizi, M. Madiman, A.Z. (2019+):

Q@ =1, c3=4/3 and ¢(3/2)"/* < ¢, <2"2. (you can do, asymptotically, a bit
better then 27—2)

@ c(Bj,B,C) <1, Bis a zonoid (finite Minkowski sum of segments) and C -any
convex set.

O c(AB,C)<1if A=A and n=2,3,4.

Note: the lower bound for ¢, and some improvements of upper bound 3" was also
done by P. Nayar and T. Tkocz,
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3 body inequality

M. Fradelizi, M. Madiman, A.Z. (2019+)

Consider convex compact sets A, B, C CR"”, n> 2, then

|A|JA+ B+ C| <2"?|A+B||A+C|.

Idea of the proof: use mixed volumes!
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Main Definitions: Mixed Volume

Ki,Ka,..., K, be convex bodies in R" and Ag,...,Ar >0

Then [A1K1 +X2Ko+ -+ A-Kr| is @ homogeneous polynomial (in Ag,...,\;) of
degree n and
r

IALKL + doKa 4+ A K| = Z V(Ki, - KA Ay - i -

i1yinse i =1

Then V(Kj,,...,K;,) is called the mixed volume of Kj,...,K;

.
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Main Definitions: Mixed Volume

Ki,Ka,..., K, be convex bodies in R" and Ag,...,Ar >0

Then [A1K1 +X2Ko+ -+ A-Kr| is @ homogeneous polynomial (in Ag,...,\;) of
degree n and
r

IALKL + doKa 4+ A K| = Z V(Ki, - KA Ay - i -

i1yinse i =1

Then V(Kj,,...,K;,) is called the mixed volume of Kj,...,K;

.

They satisfy millions of great properties and inequalities, for example
o V(K,...,K) = Vi(K).
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Main Definitions: Mixed Volume

Ki,Ka,..., K, be convex bodies in R" and Ag,...,Ar >0

Then [A1K1 +X2Ko+ -+ A-Kr| is @ homogeneous polynomial (in Ag,...,\;) of
degree n and
r

IALKL + doKa 4+ A K| = Z V(Ki, - KA Ay - i -

i1yinse i =1

Then V(Kj,,...,K;,) is called the mixed volume of Kj,...,K;

.

They satisfy millions of great properties and inequalities, for example
o V(K,...,K) = Vi(K).

@ Mixed volume is symmetric in its arguments.
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Main Definitions: Mixed Volume

Ki,Ka,..., K, be convex bodies in R" and Ag,...,Ar >0

Then [A1K1 +X2Ko+ -+ A-Kr| is @ homogeneous polynomial (in Ag,...,\;) of
degree n and
r

IALKL + doKa 4+ A K| = Z V(Ki, - KA Ay - i -

i1yinse i =1

Then V(Kj,,...,K;,) is called the mixed volume of Kj,...,K;

.

They satisfy millions of great properties and inequalities, for example
o V(K,...,K) = Vi(K).
@ Mixed volume is symmetric in its arguments.

@ Mixed volume is multilinear (A, > 0):
VMK +ul, Ky, ..., Kn) = AV(K, Ko, ..., Kn) + uV(L, Ka, ..., Kn).
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Main Definitions: Mixed Volume

Ki,Ka,..., K, be convex bodies in R" and Ag,...,Ar >0

Then [A1K1 +X2Ko+ -+ A-Kr| is @ homogeneous polynomial (in Ag,...,\;) of
degree n and
r

IALKL + doKa 4+ A K| = Z V(Ki, - KA Ay - i -

i1yinse i =1

Then V(Kj,,...,K;,) is called the mixed volume of Kj,...,K;

.

They satisfy millions of great properties and inequalities, for example
o V(K,...,K) = Vi(K).
@ Mixed volume is symmetric in its arguments.
@ Mixed volume is multilinear (A, > 0):
VAK+pul, Ko,y ..., Kn) = AV(K,Kz,y...,Kn) + V(L Ka,...,Kn).
We would need the following formula

n
n
At B|= V(A[i], B[n— i),
A+B|=_ (7) V(AL Bln—i])
i=0
Here we use the notation
V(A[i],B[n—i]) = V(A,...,A, B...,B).
—— ~—

i—times (n—i)—times
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3 body inequalities

Find ¢, such that for any convex compact sets A, B,C C R", n > 2: |A||A+ B+ C| < ch|A+B||A+C|. J
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3 body inequalities

Find ¢, such that for any convex compact sets A, B,C C R", n > 2: |A||A+ B+ C| < ch|A+B||A+C|. J

n

|AlJA+B+C| = Z (:) |A|V(ALK], (B+ C)[n — K])

k=0

n n

|A+B| = ") V(AL Bln — i]) and |A+C| = ") V(AL Cln — )
> () > ()

i=0 j=0
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3 body inequalities

Find ¢, such that for any convex compact sets A, B,C C R", n > 2: |A||A+ B+ C| < ch|A+B||A+C|. J

n

|AlJA+B+C| = Z (:) |A|V(ALK], (B+ C)[n — K])

k=0

n n

|A+B| = ") V(AL Bln — i]) and |A+C| = ") V(AL Cln — )
> () > ()

i=0 Jj=0
Taking the product of the last two equations we will compare it with the first sum. We will do it term by term
comparing terms i+ j = n+ k, i.e. the terms for which A has homogeneity n+ k:

n

(D) iveam, @+ o=k < (7) (4 ) VAL Bln— V(AL +k~1,Clj - )

=k
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n

|AlJA+B+C| = Z (:) |A|V(ALK], (B+ C)[n — K])

k=0

n n

|A+B| = ") V(AL Bln — i]) and |A+C| = ") V(AL Cln — )
> () > ()

i=0 j=0

Taking the product of the last two equations we will compare it with the first sum. We will do it term by term
comparing terms i+ j = n+ k, i.e. the terms for which A has homogeneity n+ k:

n

(D) iveam, @+ o=k < (7) (4 ) VAL Bln— V(AL +k~1,Clj - )

J
=k
or
n—k n—k
Z (O k) IV (K], Bln— k — m], Clm]) < an (0 )0, ) ViAlm K Bln— m— k) V(AL —m], Clm).
m=0 m=0
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3 body inequalities

Find ¢, such that for any convex compact sets A, B,C C R", n > 2: |A||A+ B+ C| < ch|A+B||A+C|. J

n

|AlJA+B+C| = Z (:) |A|V(ALK], (B+ C)[n — K])

k=0

n n

|A+B| = ") V(AL Bln — i]) and |A+C| = ") V(AL Cln — )
> () > ()

i=0 j=0

Taking the product of the last two equations we will compare it with the first sum. We will do it term by term
comparing terms i+ j = n+ k, i.e. the terms for which A has homogeneity n+ k:

n

(D) iveam, @+ o=k < (7) (4 ) VAL Bln— V(AL +k~1,Clj - )

J
=k
or
n—k n—k
Z (O k) IV (K], Bln— k — m], Clm]) < an (0 )0, ) ViAlm K Bln— m— k) V(AL —m], Clm).
m=0 m=0

Again we can not do to much better than "term by term" comparison! l.e. comparing terms with fixed m. After
simplifications we need to find ¢, such that for m,j > 0 and m+j < n:

1Al V(A[n — m —j], B[m], C[j]) V(Aln — m], B[m]) V(A[n—j], C[j])
nl (n—m—j)! = (n—m)! (n—Jj)!
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3 body inequalities

Find ¢, such that for any convex compact sets A,B,C C R", n> 2:
|Al|A+ B+ C| < cp|A+ B||A+C|. J

It is enough to ¢, such that for m,j >0 and m+j < n:
1Al V(Aln—m—j], BIm], Cli}) _ _ V(Aln—m],Blm]) V(A[n—J], C[j])
n! (n—m—j)! = (n—m)! (n=j)! ’

Artem Zvavitch Sumset estimates in convex geometry.



3 body inequalities

Find ¢, such that for any convex compact sets A,B,C C R", n> 2:
|Al|A+ B+ C| < cp|A+ B||A+C|. ’

It is enough to ¢, such that for m,j >0 and m+j < n:
1Al V(Aln—m—j], BIm], Cli}) _ _ V(Aln—m],Blm]) V(A[n—J], C[j])
n! (n—m—j)! = (n—m)! (n=j)! ’

There are some simple cases, for example if m=0 or j =0 (you get just an equality
with ¢, =1).
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Amazingly the above inequality is true with constant ¢ = 1.

V(B,C) < e, V(A,B)V(A,C).

Artem Zvavitch Sumset estimates in convex geometry.



3 body inequalities

Find ¢, such that for any convex compact sets A,B,C C R", n> 2:
|Al|A+ B+ C| < cp|A+ B||A+C|. ’

It is enough to ¢, such that for m,j >0 and m+j < n:
1Al V(Aln—m—j], BIm], Cli}) _ _ V(Aln—m],Blm]) V(A[n—J], C[j])
n! (n—m—j)! =" (n—m)! (n=j)! ’
There are some simple cases, for example if m=0 or j =0 (you get just an equality
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Amazingly the above inequality is true with constant co = 1. The above inequalities
can be seen as versions of Bezout inequality from the algebraic geometry.

V(B,C) < e, V(A,B)V(A,C).

Artem Zvavitch Sumset estimates in convex geometry.



3 body inequalities

Find ¢, such that for any convex compact sets A,B,C C R", n> 2:
|Al|A+ B+ C| < cp|A+ B||A+C|. J

It is enough to ¢, such that for m,j >0 and m+j < n:
1Al V(Aln—m—j], BIm], Cli}) _ _ V(Aln—m],Blm]) V(A[n—J], C[j])
n! (n—m—j)! = (n—m)! (n=j)! ’

There are some simple cases, for example if m=0 or j =0 (you get just an equality
with ¢, =1). But in general! It is super interesting. Take n=2, i=j=1

4]
2!
Amazingly the above inequality is true with constant co = 1. The above inequalities

V(B,C) < e, V(A,B)V(A,C).

can be seen as versions of Bezout inequality from the algebraic geometry. A lot of
work been done, including, A. Giannopoulos, M. Hartzoulaki & G. Paouris; M.
Fradelizi, A. Giannopoulos & M. Meyer; D. Hug & R. Schneider; S. Artstein-Avidan,
D. Florentin & Y. Ostrover; C. Saroglou, |. Soprunov & A.Z.; S. Brazitikos, A.
Giannopoulos & D-M. Liakopoulos; Jian Xiao; K. Béréczky & D. Hug.
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estimates to get cp =1; c3 =4/3 and ¢, < 2n=2,
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Find ¢, such that for any convex compact sets A,B,C C R", n> 2:
|Al|A+ B+ C| < cp|A+ B||A+C|. J

It is enough to ¢, such that for m,j >0 and m+j < n:
1Al V(Aln—m—j], BIm], Cli}) _ _ V(Aln—m],Blm]) V(A[n—J], C[j])
n! (n—m—j)! = (n—m)! (n=j)! ’

There are some simple cases, for example if m=0 or j =0 (you get just an equality
with ¢, =1). But in general! It is super interesting. Take n=2, i=j=1

4]
2!
Amazingly the above inequality is true with constant co = 1. The above inequalities

V(B,C) < e, V(A,B)V(A,C).

can be seen as versions of Bezout inequality from the algebraic geometry. A lot of
work been done, including, A. Giannopoulos, M. Hartzoulaki & G. Paouris; M.
Fradelizi, A. Giannopoulos & M. Meyer; D. Hug & R. Schneider; S. Artstein-Avidan,
D. Florentin & Y. Ostrover; C. Saroglou, |. Soprunov & A.Z.; S. Brazitikos, A.
Giannopoulos & D-M. Liakopoulos; Jian Xiao; K. Béréczky & D. Hug. But the best
constants are known only in a very few particular cases. We use combination of known
estimates to get cp =1; c3 =4/3 and ¢, < 27=2_ The constant in some of Bezout
type inequalities is known when A = A, this can be used got get constant one in this
particular case in dimension 3 and 4. The connection to Bezout inequality suggests
that there is much more going on!!
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Note: cp+m > cncm. Indeed, this follows immediately by considering direct
product of R™ and R".
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Note: cp+m > cncm. Indeed, this follows immediately by considering direct

product of R™ and R".
Also Note if the inequality is true in a class of convex bodies closed by linear

transformations, then
|P{u,v}lK||K‘ < C"‘PULKHPVLKL

where Py is the orthogonal projection on H.
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product of R™ and R".

Also Note if the inequality is true in a class of convex bodies closed by linear
transformations, then

|P{u,v}lK||K‘ < C"‘PULKHPVLKL

where Py is the orthogonal projection on H. Inequalities of this type were
studied a lot! Giannopoulos, Hartzoulaki & Paouris proved

2(n—1
1Py KIIK < 22 Wip,, 1P, K
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|A||[A+ B+ C| < ca|A+ B||A+ C].

Note: cp+m > cncm. Indeed, this follows immediately by considering direct
product of R™ and R".

Also Note if the inequality is true in a class of convex bodies closed by linear
transformations, then

|P{u,v}lK||K‘ < C"‘PULKHPVLKL

where Py is the orthogonal projection on H. Inequalities of this type were
studied a lot! Giannopoulos, Hartzoulaki & Paouris proved

2(n—1
1Py KIIK < 22 Wip,, 1P, K

and Fradelizi, Giannopoulos & Meyer observed that the inequality is optimal in
the class of convex bodies. Thus ¢, > 2 —% and, in particular, c3 > %.
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M. Fradelizi, M. Madiman, M. Meyer, A. Z. 2021+

Consider a collection K’ of compact convex sets in R” stable by sums and dilation.
Then the following statements are equivalent:

Q |A||A+ B+ Ba| < |A+ Bi||A+ By|, for every A,B1,B> in K'.
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Then the following statements are equivalent:
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o) Al |0A|
[P, L Aln—1 — [9(P, L A)

, for any A€ £ and any u € S"~ L.
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transformations. The following are equivalent.

Q |A||0(A+]0,u])| < |OA||A+[0,u]| for any A€ L and any u € R".

(2] P Jil‘n—l < |8(‘P6AJA)‘ , for any A€ £ and any ue S" L
u u
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Then the following statements are equivalent:

Q |A||A+ B+ Ba| < |A+ Bi||A+ By|, for every A,B1,B> in K'.
@ For every A,B;1,B, € K/
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M. Fradelizi, M. Madiman, M. Meyer, A.Z. (2021):

Let Z be the class of zonoids in R”, then
Q Forevery A)B;,By in Z

‘A—f— Bl+Bz||A| < |A—|— Bll‘A—f— BQ‘.
@ Forevery A;B1,B, € Z

|AIV(Aln—2], By, B2) < = V(Aln—1], By) V(A — 1], By).

O |A||0(A+]0,u])| < |OA||A+]0,u]| for any A€ Z and any u e R".

Al [0A| o=l
(4 P AL < |8(PHLA)\'f0r any A€ Z and any ue S"" .

O [Al|P,vjr Aln—2v/1—(u,v)? < |PyLAlp—1|P, L Alp—1, for any A€ Z and
any u,v e S"L

@ Define P(t) = |A+t([0,u] + [0, v])|, then P(t), as a polynomial on R, has
only real roots, for any A€ Z and any u,v € R".
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Let Z be the class of zonoids in R”, then
Q Forevery A)B;,By in Z

‘A+Bl+Bz||A| < |A—|—BlHA+BQ‘
@ Forevery A;B1,B, € Z
|A|V(A[n—=2],B1,B2) < LIV(A[n— 1], B1)V(A[n—1], By).
n—

O |A||0(A+]0,u])| < |OA||A+]0,u]| for any A€ Z and any u e R".

Al [0A| o=l
(4 P AL < |8(PHLA)\'f0r any A€ Z and any ue S"" .

O [Al|P,vjr Aln—2v/1—(u,v)? < |PyLAlp—1|P, L Alp—1, for any A€ Z and
any u,v e S"L

@ Define P(t) = |A+t([0,u] + [0, v])|, then P(t), as a polynomial on R, has
only real roots, for any A€ Z and any u,v € R".

@ For every zonoids A and B in R” and every u € 5" one has

A+ 8] A, 18
Py (A+B)ln1 = Py A1 ' [PysBlas
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