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quantumcapabilities to commit
Squints

to
commpit

tom

om m
commitmentkey

1 Quantum commitmentscanbebasedonpotentially randomcoins

weaker assumptions thanonewayfunctions Recallthatkeysaresometimes necessaryforbindingtobepossible
whicharenecessaryandsufficientclassically e.g itComis compressing or statisticallyhiding

2 If wewantto commit to a quantumstate
quantumcommitmentsarenecessary HighlevelideaS commits wit auniformsuperposition

ofallokr and Rverifiesthesuperposition later

Canwe constructundone

d bit interactionis needed

3 OpenendedQuantumcommitmentscouldhave NotationC commitment

uniquelyquantum securityproperties Sm D decommitment
Preparethebipartitestate
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Wewon'tcover todaybut it might andsendtheCpart
Checkthatthebe a goodresearchproject
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Slm R
Binding intuition Theoriginal schemeisbinding it ckisrandom commit
sincethereceiverchecksthatthefinalstateis lot ComI D c
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Ingeneral wecanremove interactionfromany
interactive quantumclassicalcommitmentbyhaving

Notation dmdenotesthestate Comlmlot

Sm R Defining securitycanbesubtle butfornowwe'lluse

In19 it thefollowingdefinitions assumingme0,13
Com 7

Hiding computational dolcedi toanyQPTadversary
commitphase

D C Binding statistical TDdote tic lnegix
tradedistance

Note statisticalhidingi.eTDcookolionests decommits bysending D which Rcanverify
isincompatiblewithstatisticalbindingbyrunning Comtand measuring tosee it allancillasare0

whichchecksthatS followedtheprotocol



WhatAssumptionsareNeededforQuantumBitCommitmentQBc

Classicallyonewayfunctions owesare necessary andsufficient Insteadwe'lltryto develop moreintuitionforwhat
QBCs basedon nonoweassumptionsmightlooklike
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Intuition If Com is comphiding statbinding then
fmir Commir is aOWF sinceinverting f breakshiding Detour HaarRandomStatesandUnitaries

ButforQBCs there'sno obvioushardtoinvertfunctionsince Haarmeasure Uniquetranslationinvariantmeasureonunitarygroup

If Uis a Haardistributedrandomunitarythenforany
fixedunitaryA theunitariesUAandAUareHaarrandom

Thiswasrecently formalizedwithanoracleseparation
HaarrandomstateV14forUtHaarandanyfixed147

KQST23 ClassicaloracleOstrelativetoO Alternatively randompointonunitsphere in 6
PNP inparticular classicalcryptodoesn'texist
QBCsexist Cansample a Haarrandomstatebysampling 2
I

exist whichimplyapes

dependent Gaussian amplitudesandnormalizing
Technically Kats23showedthatsinglecopypseudorandomstates

Then1017Comon and 10,7Com1710 7are

Whatdobipartite purestateslooklike
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Exmaximallyentangledstate onAB ConsidertheSchmidtdecompositionof1407

100 FildigIci where ldibieczny Kilian'sEar Ii lil dima dimBN
IsiYuki aresetsoforthonormalvectorsand Pit

In general anybipartitestatehasa similarform
Any147amcanbewrittenas 147am Xilai bit where
laB and IbisareorthonormalstatesofAandB 2 Ici is a setof 2 Haarrandom

iarenonnegativerealssatisfying gypsy

Ha random1 7 1Eachpit112ns

ProofWrite1474dialalla tsingularvaluedecompositionon a aside itemsEhThis
Highlevelidea WhatifComwere a Haarrandomunitary

µ LetTio span ki and Tispan ki ants
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Com
D noqubits

keypointThereceiver's view either old orColic
Assume allpartieshaveoracleaccessto ComComt is essentially a randomstate in ToorTi
which isenoughto commitverity



Isn'tthischeating Haarrandomunitariesareexponentially
butintuitivelywe'dexpectToTlto havetinyoverlap

Thusbindingisstatisticalandhidingmustbecomputational FixreplacetheHaarrandomunitarywithapolyxsize

lie distinguish

thisisn't a realistic scheme

randomquantumcircuit basedondiscussionswSamGunn

InformalClaimBreakinghidingseemsveryhard
Exampledistributions

2qubitHaarrandomgatesappliedto randompositions

anyfixedarchitecture t random universalgates
Whatcantheadversarydo manymore

It cantrytolearnToTl usingitsoracleaccessto Whopickstherandomcircuit We'llusethesame
ComCont butthistakes 2 queries trickfrombeginningoflecture

thisisn'tactuallythesetupof Kast233 Thesenderprepares a superpositionoverallcircuitsUofsome
Morally KQST23 saysthatevenif theadversaryisalso
givenanoracle thatcananswer arbitraryNPqueriesabout

10m IF'm spigtion
ofcircuitu

the descriptionof Com i.etheentriesoftheunitary this
taskisstillhard NotesuchanoraclebreaksanyOWF TendsofthesequbitsandIhc

Sendtherestof1dm toopen

Receivergetsdescriptionofrandom Uand213ofthe
qubitsof Ulmo's

Claim won'tproveThisisstatisticallybinding

ComputationalAssumption Giventhedescriptionof a random
circuitU it's computationallyhardto distinguish

Ulo't usUlio
givenonly213ofthequbits
GunnMaunpublished alsomentionedinJLS18cnzz.beazz
VeryOpen Giveevidenceforagainsthardnessofthistask
Sofarour evidenceforhardnessisthatrandomcircuits
havebeenstudied inmanyotherfields andseem

togiveriseto otherhardcomputationaltasks
quantumsupremacyexperimentsblackholeradiationdecoding

Naturalstartingpoint Considerthestrongest assumption
thatwedon'tknowhowtobreak

StrongAssumption SameasabovebutUis a random tdesign


