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Abstract: We investigate which families of quantum states can be used as resources for approximate and/or stochastic universal measurems
guantum computation, in the sense that single-qubit operations and classical communication are sufficient to prepare (with some fixed pt
and/or probability) any quantum state from the initial resource. We find entanglement-based criteria for non-universality in the approximate
stochastic case. By applying them, we are able to discard some families of states as not universal also in this weaker sense. Finally, we s
any family $Sigma$ of states that is \'close\' to an (approximate and/or stochastic) universal family $Gamma$ is approximate and sto
universal, and we prove that if $§Gamma$ was efficiently universal then also $Sigma$ is.
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3 The one-way model
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¥ State preparation and exact ¥}
universality (II)

Just how “special’ is the cluster state?

| 5“,}’% Which (families of) states still allow for
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Tntang[ement and universality*
(The exact deterministic case)

LOCC operations cannot increase entanglement!
= E(lp)) = E(hy)) for any entanglement measure E
If @ is universal, we can choose any Jy')

E *=5f:,39 E(h)  (£*=c0 in many cases)

= If @ is universal, (D )=1" for any measure E
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LOCC operations cannot increase entanglement!
= E(p)) = E(hy)) for any entanglement measure E

If @ is universal, we can choose any fy)
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= If @ is universal, 1 (P )=1" for ar > F
/ Computing
E(D)= Sup E(lp)) E(D) and E* we prove
)= that some families are not
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Some examples (I)
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D=l W) N [W,) <[100)+ |010)+ |0O1)

Consider the geometric measure: E(fy))=1-sup (Qseply)’)

U

F¥=j-oN E(Dy) =1-1/e
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Some examples (I)
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Consider the geometric measure: E(Jy))- are not
U universal!

F*=1-2" > E@w)=11/e
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. Some examples (1)
W states g

Dyy={Wa)in W) <[100)+ [010)+ I

- states
Consider the geometric measure: E(ff))-  g1ve not
U universal!
F*=1-2" > FE(Dw) =1-1/e
Some graph states Ground states

(graphs with bounded rank)  (of non-critical 1-D systems)

Use Schmidt-rank width: multipartite entanglement
measure associated to Schmidt rank

F*=c0
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F*=1-2" > EDw) =1-1/e

Consider the geometric measure: E(Jy))-

Some graph states ~ Ground states
(graphs with bounded rank)  (of non-critical 1-D systems)

Us- ?"nidi‘-rank' width: multipartite entanglement
‘Not —associated to Schmidt rank

universal F*=c0 > F bounded
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W states g“',

D=l Wa)ln [W,) <[100)+ [010)+ |-
- states
Consider the geometric measure: E(ff))-  gyve not

U universal!
F*=1-2n > F(Dy)=1-1/e

Some graph states ~ Ground states
(graphs with bounded rank)  (of non-critical 1-D) systems)

G W —— = . .
Us~ * nidi-rank width: multipartite entan, = Lroof:
‘Not — associated to Schmidt rank Sorry! not

' & enough space n
universal E*=c0 > E bounded this small margm
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Approximate and stochastic
universality (I1I)
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For all hp) there is [p)e® such that
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More precisely:

e-approximate:
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|::> Approximate/ universality
For all hp) there is p)e® such that
the output is “close enough” to ).

More precisely:

e-approximate:

/ﬁjf)) X, ;) =
ke) < : &-stochastic:
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e ——————




"Entanglement and universality” |
(The approximate and stochastic case)

Entanglement gave us criteria in the exact
deterministic case.




- ' ; -
FEntanglement and universality" |
(The approximate and stochastic case)

fntang[ément gave us criteria in the exact &
= ' i p - .
deterministic case. Recalll
F(D)=F*
for all

universal familie:




- ' ' £
FEntanglement and universality®
(The approximate and stochastic case)

Entanglement gave us criteria in the exact @

L

deterministic case. Recalll
, , F(D)=F*
And in the e-approximate for all

and d-stochastic case? -

universal familie:




- ' ;
FEntanglement and universality" |
(The approximate and stochastic case)

| —-—

Entanglement gave us criteria in the exact &
deterministic case. Recall
: / F(D)=F*
And in the e-approximate frall
and d-stochastic case? -

universal familie:

= We can still find good criteria,
but we need a new “type” of
entanglement measure




B | »
FEntanglement and universality” |
(The approximate and stochastic case)

| -

Entanglement gave us criteria in the exact -
deterministic case. Recalll
: , F(D)=FE*
And in the e-approximate for all
and &-stochastic case? -

universal familie:

= We can still find good criteria,
but we need a new “type” of
entanglement measure

Idea: we are happy to go close to the state: we
e arsones don’t need to reach maximal entanglemerd ..
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Consider a state p and a ball of radius € around it

Given an entanglement measure E,
consider:

Ep)=min{E(T) s1. D(p,T)< €}
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"Entanglement and universality®
(e-measures of entanglement)

Consider a state p and a ball of radius € around it

Given an entanglement measure I,
consider:

E(p)=min{ E(T) s.t. D(p,T)< €/

EI} The e-version of a measure is a good entanglement
measure: E. is zero on separable states
F. does not increase under LOCC

v Measures the entanglement contained in a siare 1that
s 15 known parnially (as for imperfect preparation) |
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"Entanglement and universality" |
(The approximate/stochastic case)

1) d5=0: all pp;) must be “close enough”
to hp)

U

We must be able to “reach” the
minimum entanglement contained
in a state close to )

3:D(¥ ;) <e
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1) d=0: all hp;) must be “close enough”

to hyp)
U

We must be able to “reach” the
minimum entangleme g ~taimmed

in a state close to fy) Fxact case:

E(D)>E*

= HPRE with E* >E,
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Entanglement and universality" |

(The approximate/stochastic case)

/_pz- )
o <7
P

T —

j:D(¥a;)<e

1) d=0: all ;) must be “close enough”

to )
/)

We must be able to “reach” the
minimum entangleme g ~tained

=
in a state close to hyp) Fxact case:

) E(D)>F*
= HPRE with E* >F.

General case: if 8>0, less entanglement is sufficient (some
of the outputs can be thrown away)
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“Entanglement and universality" |
(The approximate/stochastic case)

1) d=0: all hp;) must be “close enough”

P ) to hy)
o) /ﬁ' h’l) U

}’ hie) We must be able to “reach” the

—

minimum entangleme g ~tamed
- -
In a state close to h[') ;E.-"{LIL‘I_ case:

> w218l o pepr Lo

j:D(W.;)<e with E* >,

LOCC

General case: if 8>o0, less entanglement is sufficient (some
of the outputs can be thrown away)
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More examples I

Computing E; is hard in general, but can be done!
W states
(Ph:{ﬂv’_-w}}w [W;) OCIIG(J>+ /()IO>+ /()(JI)

Again the geometric measure
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More examples I

Computing E; is hard in general, but can be done!
W states
D=l Wr)in [W;) e<[100)+ |010)+ |0OT1)

Again the geometric measure

Ex(hp))21-f(€) E(Dy) =1-1/e
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More examples 4

Computing E; is hard in general, but can be done!
W states
Dyv={Wadin [W;) <[100)+ [010)}+ [001)

Again the geometric measure

Ex(hp))21-f(e) E(Dy) =1-1/e
o

Reasonable function
fleo as Eso
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Computing E; is hard in general, but can be done!
W states
D=l Wa)in [W;) < [100)+ [o10)+ [001)

Again the geometric measure

E(hy))21 j(s) > E(Dy) =1-1/€
Reasonable func’ * for € small
fteboass
W states

are not
approximate
universal!

Pirsa: 08050021 fo r 8 Sﬁl a [ [ Page 70/164




' o
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Computing E; is hard in general, but can be done!
W states

Dw=liIWa)in  [Ws) x[100)+ [o10)+ |oo1)
Again the geometric measure \;‘»

Ehp))21-f(e) -~ E(Pw) =11/ In other
- N

v

Q‘s cases, compute
Reasonable func’ * for & small E* for es0
fleroass e
W states
are not
approxumate
unwversal!
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Computing E; is hard in general, but can be done!
W states
Dw=lIWaln  [Ws) x[100)+ |o10)+ |oo1)

Again the geometric measure &:24
Et(hp))2r-fle) > E(@w) =1-1/7 In other
" ;ﬁ \ cases, compute
Reasonable func’ * for & small E’ for e»0
ftepoass = _
W states Previous examples
are not not &'-Hrp_p?’ﬂ.\'ﬁﬂﬂfé’
approxumate B o
universall universal for some
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e saiin, ™

time resources
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Different questions:
1) Can we prepare any state? (universality)
2) Is it very expensive? (efficiency)

fime resources

D is ¢ ffictently universal if, for all k) e (C°)" there
is lp)ed such that

pf;fzjg;:mu-u.q{ /‘P) e (C2)Oroty(m)

Fesources
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