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Testing poblem 2

Input

- Specibcatiamathematical description of a cuit

- Plysical dgicesacting on arunknown Hilbert spaceH :

Goal
- Decide if the plgsical deicessinulatetheir specibcation

Constraints

- No other quantum trusted esources
- Efbciency is needed

Tomography?
- On the circuit:exponential im (same as testing all possible inputs)

- On the gatesrequires trusted souces/measw@ment gparatuses
(otherwise does not compose)
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Self-testing @proach

Self-testing constraint@ster has éw resource

- Uniwersalitytest independent of the ptsical implementation

- Simplicityno use of deices of sam&complexityO than the testedick
Efbciencyhas to be fast (so that testing is a chgaocedue)

- Robustnesxan measuw the quality of the deces

not only perect / not perect
Known self-testers (natonlyp perkch)

- EPR statefVlayers-Yao0O98]
untrustedsources measuements
trusted locality and epeatability
no robustnesgesult
- 1-qubit gates and c-ND[Dam-M-Mosca-SanthaO00]
untrustedgates
trusted computational basis  sources and measaments
trusted locality and epeatability
trusted dimension of pysical qubits = 2
no explicitrobustnesgexcept br specibc gates)



Our results 4

A theory of testing

- Sinulationt probability of measus ae correct
- Equivalencallows composition and implies siration

physical G physical
Hilbert space > Hilbert space
ul [ U
logica T logical
Hilbert space > Hilbert space

- Self-testerfew experiments whose siolation implies equivalence

Few assumptions

- trusted localitytrusted repeatability
- trusted classical contl (does not induce entanglement)

Main results
- Design of gate tests whose sitation implies equivalence
- Test can be composed Test of circuits
- Robustnesspproximate sinulation implies jpproximate equivalence

(cloSe to a deice that is equivalent to its specibcation)



Conspiracydr the Hadamad Test of [ DMMSO00]
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Theorem [pmmsoo]
- If dim(H) = 2
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Conspiracydr the Hadamad Test of [ DMMSO00]

TheTest
1
10!—| G }—| g |[—|Measue—— |0! 2 |0
| 0l—1{ G —>|Measue<:|
|1!—{ G }—{ G |—Measue|— |1 1!
Theorem [pmmsoo]
_ If dim(H) = 2

- If[OI' " |1! andMeasue = (|0!"0|, [1!"1])
- Then G = H, brsome! {.eHwhere|1) — e |1))

Conspiracy with an extra qubit
- |O! "# |0O!, |1! "# |11
- G :|00! "# |O1!, [11! "# |10!, |O1! "# |OO!, |10! "# |11!
- Measue = randomy outputs one of the tw bits
- Gpasses the test butis not equivalent to the Hadamadugate



Mayers-Yao test 6

Trustedlocality and epeatability

T

Theorem myoos]
- If some plgsical deices implement an experiment

— I A
! )aB that simulates I
—

| + | = |OO!,,+ |11'

Then they are equivalento their specibcation 2



Mayers-Yao test 6

Trustedlocality and epeatability

T~

Theorem myoos]
- If some plgsical deices implement an experiment

; ; m
! )aB that sinulates |1+ ‘ ‘

| +| — |OO|+|11'

Then they are equivalento their specibcation 2

DePnition of equivalence (brst attempt)
1! A# B PAa! IDE?;A! B

Ua l Up (UA '[ UB)

N1 C2# C? > C* ® C?
a"a| # |b"b
- Ingpropriate we would like to sy that|! * ! " |! " I is equivalent tgf * !

if measuements ony obsewne prst egisters



An adated notion of equivalenc@ased orimY9s) 7

Extract the logical qubit of the pBical space
- Tensor the plysical space with its logical space
Al" B= A#C? BI" =B # C?

- Embedling
A~ARQIO)CA B ~B®0)CB
- Equivalence
(P21 PP)! Id
1" 100! 2 e
@xtractionO of | | . @ncodin® of
logical qubits Ue !l Up (Ug!l Ug) logical qubits
(NP >R B

ldag ! ([aa|! [b%D])



An adated notion of equivalenc@ased orimY9s) 7

Extract the logical qubit of the pBical space
- Tensor the plysical space with its logical space
Al" B= A#C? BI" =B # C?

- Embedling
A~ARQIO)CA B ~B®0)CB
- Equivalence
n I [1]
S! |00 (P21 PO)I Id, S! |00
[yp!" 00! > A1 B
@xtractionO of | | . @ncodin® of
logical qubits w!l Us (Ug!l Ug) logical qubits
! Lag” " >R B
' 'ag " c* Idag ! (|a™al! [b%#D]) ! Tag " c4
- [MYO98The equivalencesmains valid o8 = Span(P2 ! P2|l " : a, b)

FactShas dimensiod



An adated notion of equivalenc@ased orimY9s) 7

Extract the logical qubit of the pBical space
- Tensor the plysical space with its logical space
Al" B= A#C? BI" =B # C?

- Embedling
A~ARQIO)CA B ~B®0)CB
- Equivalence
n ' [1]
S! |00 (P21 PO)I Id, S! |00
|p!™ |00! >Rl B
@xtractionO of | | . @ncodin® of
logical qubits w!l Us (Ug!l Ug) logical qubits
! Lag” " >R B
' 'ag " c* Idag ! (|a™al! [b%#D]) ! Tag " c4
- [MYO98The equivalencesmains valid o8 = Span(P2 ! P2|l " : a, b)

FactShas dimensiod
- Gate equivalenceeplace meases by gates (see mer)
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Trustedlocality and epeatability
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If all sinulations ae perect
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(together with souces and measas)
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Input selection

Input

- A circuit C (purposed to implement actingT"*... T on n qubits)
- An n-bit string input x

Output

- Ann-bit stringoutput ws.t. Pr( w) = [!w|T'T!=1 4841 *|x"|?

Selecting an inputyrepetition
Vi

T .

% = .
T3

—>

Repeat untilxi=y1, xo=y, andxz-=ys
I complexity inO(2")

»
>

A 4

[ 7NN

\ 4



Input selection 11

Selecting an inputyomodifying the couit

X1
NXq! 3/41/: — T! >
X2
NX2! y; e T2 —>
T3
NX3! Vs o~ >

\

Trustedclassical contl

»
>

A 4

)
|
[
I
|
4
e T
%

e

\ 4

- Test with input selection
1.add NOT gates accating to the obseved bits s.tN *1* Vi |y;! = |x;!
2.the modibed cruit on the other side and obsee its output
3.Test the modibed cauit

- Complexitylinear in the mmber of qubits and gates
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Practical testing

- Observations:
Statistics a& only goproximated with conbdenceby O(1/!) iterations
Devices cannot be peztt
- Goals:
approx. equivalence gpprox. simulation (Tolerance
agpprox. simulation! gpprox. equivalenceobustneses
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Practical testing
- Observations:
Statistics a& only goproximated with conbdenceby O(1/!) iterations
Devices cannot be peztt
- Goals:
approx. equivalence gpprox. simulation (Tolerance
agpprox. simulation! gpprox. equivalenceobustneses

Theorem n.# qubits, t: # gates
- Tolerancelif each deice is((! /(t+n))-close to adevice which is equivalent to
its specibcatiorihen the sinulation is corect up to an aditive eror !
- Robustnesdf the sinulation is corect up to an aditive error ! then
- outcome distribution is at distand®((t+n)! /8) from the specibcation
- (each deice isO((t+n)! V/8)-close to a dgice equivalent to its specibcation)
- Complexitylinear in # qubits# gates and conbdence parameterO((t+n)/!)

Remark
- The specibcation can gnthare gates withrealentries



Conclusion - Open prblems 13

Efpcient self-testing

Devices:

Source, measue, gate circuit, circuit with input
Assumptions:

trusted locality trusted repeatability

trusted classical contl (does not induce entanglement)
Complexitylinear in # qubitsn,# gatest,and1/! !  O((t+n)/!)
Tolerance - Robustnes®(! /(t+n)) - O((t+n)! 1/8)

| - tester conbdence parameter

Open problems

- Testing gates with complex entries
- Robustnesslecrease the exponent dfto 4 or 2
- EPR statesire they necessar?
- Improve the input selection
(and emove the trusted classical contl assumption)



