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Quantum Compression  relative to

a set  of measurements

Given : Set  of  measurements Yc MD

Aim : Compress to  smaller  system  s .t
.

an measurements from
9 are preserved .

For free : Classical info .

.

.

qudit
compression decompression

S 7 TLS )
E : Mo 's Maroc

"

logn bits D: MDQE
"

' ' Md

T :=D°E : M
,

→ M
,

Def . : Compression dimension  of 9 is the smallest d s .t
.

there  is such a  map  T for  

which
V. 5 V. E E 9 :

tr[ Es ] : tr[ ETCS ) ]



: qudit
compression decompression

S >  TLS )
E : Mo 's  Maroc

"

( ogn  bits D:  MDQE
"

' '  Md

T :=D°E :  M
,  → M

,

Prop . : [ 4l°gD bits  suffice ]

ST.
 a :=f 'T:  Do E / he :M

,
's Maroc

"

,
D : Maoxe

"

→ M
, cptp )

Then U I. a
" I.  a

with m :  D4
.

HEN

proof : ( idea )

3 :-. Choi matrix  of TE I ,d

has Schmidt  rank  at  most d

D4
C watheodory 3 = [ I

;
with

;= ,

Schmidt - rank ( I ;) ±d) ⇒ I
;

I element  of
"

F. a

"

rank ( I ;) = 7

Cor
.

: [ Stability ]

For  every  compact YCMD there  is  an E > 0 st
.

the

compression dim
. does  not  change  if  we  allow for

/tr[Es ] - tr[ F- Tls ) ]|±e



Operator  algebraic bounds  on d

CTLS ) :  - C
it

.

 algebragenerated by 9 = ( )

b

Thin
. : If C

*

( 9) = 0+17
,

; ,
then  Yin TD ; } e d em ,axtD ; }

i. n

Proof exploits  a  result from Arneson
'

72
. . .

Remarks : o  Bounds  are essentially tight  in terms  of (
*

( 9) .

° If 9 contains  effects  of two binary  VN measurements
.

then  D; I 2
.

°  The  set  of hvmitian pairs ( E
, ,E ,

) C. Mpx MD st
.

C
*

( { E
, ,E , } ) ⇐ MD has  measure  zero

.

Thin
.

: de ID;] can be  computed via  a SDP

main  ingredient :  check  whether there is  a  unital cp map
st

.

I I I 1

( or .i Compression to dim d is feasible with neb
.



Complex  analytic bound

Thin. : et E
, ,E ,

c. 9
.

The smallest  

among
the degrees

of the irred
. factors  of

p( t
,

z ) : : det ( tk - E
,

. z Ez )

is  a lower bound on d.

proof L idea ) : H E. +  2- EZH
.

- iflz )

÷
-

analytic  continuation

. :

- "

K - valued
'

Riemann

surface  where

k= degree  of  an

irred
. factor  of p

If there  is  a  compression to dim
.

d
,

there  are F. F
,

E Md

st
. flz ) = H F

,
+ z F

, Hoo . Hence
,

K ± d
.

Note :  This bound still holds for  multiple copies SO M

&

positive  maps D. C
.



Open problems

o D=  a

° Efficient  algorithm for ( e.d) - tradeoff

° Variations  of the problem :

- restrict  set  of  States & observables

- allow to  use different  observables

( or prepare different  States ) PSD  rank



Information - disturbance tradeoff



Incompatible tasks :

-  measuring a POVM ( E
, ,  

. .  .
.

Em )

- not disturbing the system

what's the  optimal tradeoff ?

distance  T
,

a id

5 instrument ILS )

accessible

region
probli ) = tr[ SE

;

'

]

distance
0

E # E
'

Examples for distance  measures : A ( I ) ' 
'

= AT
,

.  idlk ,

SCE
'

) :=  minxHE ;
 - Eillo

Prop .
: In this  case the  accessible region  is the

feasible set  of  an SDP
.

proof : Scheiderer '
12 : SER

'

convex  semi algebraic
⇐ 's S is feasible set of  an SDP

.
a



Sharp  measurements

5 T T
,

(5)

÷
I

;

'

= TICE ;)

A : . Htiidlle
,

|0 if F. s  n .

at⇒mllh.
 ¥im.nl"

. LEFT

o

Siem
.geHE ;

- Eilla
→ independent  of dimension

More general distance measures :

S ( E
' )

,
A ( Tn ) in Rt

,
zero  in  ideal case and

( i ) convex

( ii )
'

basis independent
'

*
A ( UT,lu* . a) Ut ) : SCE ) tfueucdy

. S ( ( u.n. .

, EI. .
, ; , UI , : , ) ! ) : SIE ' ) ktesm

( i : ;)
.

ess
. diagonal

'

° S ( ( UE
: 'U*) .% ) = 81 E ' ) V.  diag .

UEUCD )

( true  it 8 comes from
'

worst - case
'

or
1

average
. case

'

w.it . 5)



Sharp  measurements - symmetry  reduction

Lemma : [ a
'

( a Werner ]

w.l.org .

T : ( UOU

)T(u*
.  a) ( uau )* V. UEG

( G. generated by permutations & diagonal unitaries )

⇒ T
,

= x

,tr[
. ]±a + B.id + p, Felix :L e it . Ii >

⇒ S is  monotone function  of xz

Set  of  

symmetric

T has dim
.

92
.

Relevant Choi matrices  are
'

contraction tensors
'

;

:= §
,

liixjjl  011 :=

Idsd

:-. § liixiil @ 11 := HAQ ? liixiil
d

generate algebra

:= :
\

> dim (A) = 7

= :
t ' A = Mto¢3

A non . com
'

)

\ )= :

no  more  

elements

,



T : Md → Md @ Md T =

§[
P

:
. P

;
+  he :L . l : > ( 1-

lixil
)] ox lixil

P; :=µ1+uli×il , µ ,v ,
her

Choi - Sami olkowski
^:

d3

7 ^

sym .

i.

e

"

'

. S =  const
.

A C '±is°
.

m
,

@ ¢3
'

✓L
'

,

U ,

i.
← S :O\States . .

.

:

.. e

:a.
•o

' 'no disturbance

/
opt . for Hilla

,
Hillan .

worst / average  case fidelity ,
etc

.

A

accessible computable by going
region ver a 2. dim

.
 set

for  all s
,

S satisfying L i ) -  l iii )

0 S



Summary

A

| ) | )
accessible

region

. :

n

- .

.

o s
:

 \

:iff:*
•• •

THE END


