


Agenda PartlI

[EFEFTEOHHEOMREE IREE (A H 2

[EFETE DT HEIFREE & X/, ?
EFIAVEI—2DEHEEZF VI LIRELT 5-- RIEDHLS
Mahadev®770—F (1)-- xtEEHESIEEA
Mahadev®D770—F (2)-- BES1t --



Agenda Part II

He B2
=70

o [EFBHME | ZNH<HHF

® J7AUIUDFER

® NILDTFEHEZTDEER TR

® Interactive Proof LEEBRE S D ERi
o EHMMEDOFHLWVTABQPOHEEA




Agenda Part III

1

® |earning with Errors
® Universal Quantum Circuit
® Trapdoor Claw-Free Functions



Agenda Part IV

Mahadev

® Quantum Certification Protocol






Agenda PartlI

[EFEHEDOHEEEE IBREE (TR A ?

[EFETE DT HEIFREE & X/, ?
EFIAVEI—2DEHEEZF VI LIRELT 5-- RIEDHLS
Mahadev®770—F (1)-- xtEEHESIEEA
Mahadev®D770—F (2)-- BES1t --






[EFEEOHHEMKREEIEIE?

[EFEE | ELVODIE, EFAVEI—IDTHESTHEDZETT,
[ BAREEIZ1TODIIARBTT , AR TERMFEZ([FHT,
EFIAVE 31— THS-ETENELLIVDNE I N EFIVIT S
_&F [ EFEOHHRMEIEIEEWNVET,

[EHAFERIEE, TEIZET. dE=aVE2—3DE%FELE
I, EVECHLVENELMILINERTA, FNIE. EFO
VEA—REDTEETHHEMEE HONTLNSIZIT T, FED
A—/N\—aAVE1—3ZF &L TEBENIAVEA—2NDETT,

[EFEHEOHTHRMREEI X EFIAVEL—EDITHO=5R
ANIELWNEDTHENZE, ARDNEBEDIVEL1—3%E-T, i
MOBHEEIETT,



ATDTILIVXLDIGE

EFAUEI DT NTIXLELTHBURRR S REIT
(a7 D7 VIV ALIDZETLEL, TEFF RO HHEER

sl | I EEHETI,

ADLE#ITHLTEFAVE2a—4EHALHR

X

) i N

Ea1—3TCERICHENTEZ T, FNAAALE=EDE—FL

TLWANEMNDNIELLDITTI Mo,

2. EFAVEA—EIMMTIFEDELSA, AVE21—3TH

BIZFvITEHLEERYFEE A




Google IBM;

2019F D GoogleDEFE#LEREEERERIZ DLV TD . Google
EIBMMDiaE(IL., EFEMIZIE. S08{EDOqubitFHFo>=Fay
Ea1—42D BRI DFEEHTHEDTLE,

GooglelZ. #&EFZIFA—/S—- O E1—4%&F->TE[—FE ]
MWNBELT=-DIZH LT, IBMIZWPYAEIRINIE. [ ZHH ]
THEIITEALETFRLELT =,

IBM(Z. IRTE. 400 qubitM=EFaE 1 —2ZFFFELTLVAELY
WET, OLETo U TOIEFHAEIDOMEHEMREEIE, hhD
T IBMA'GooglelZx L TEIRLI=&KIGFET. ERIETES
DTLLOIM? ZNIE, AA[EETY,



TJ7A4RDBEE

EFIAVEL—RADTATTIE. T7AOH BT
E1—2(R—/N\—aVE1—432Z&ELEENIAVEL—3FDLET
9) TlIE, EFDEAIZRSOERETUIL—FTELGEWLELOERE
EahninFEYEL,

(=i, EFDEAIZES>E=FaEa—3%EA5 ! |

ZH1FH. EFIOVEA AT EEDIAVE1—3ATUSL—FT
37‘8&H‘|’§§Té%@thf%i%hfh‘ibf:o



[ EFrEOHHEMNREF—EIEF?

— AT, ERBOOVEA—ZIZGWEFaE1—32DaE HIZHA
FLEMNG, AT, ZOBEFTE RO E2—3%EL T,
ANEIDFIHTESEEZEZATLNSDITTY,

[EFarEr—42 1 gHaO E1—42+ ARBIOX L TESE
AIELREBDEREAITBASHZEL>TWVET . B BN
Eai—2&LRHRIZ. ABDREAIL. THEMIGEEDTHAHZ &I,
FELTLESLY,

[EFETEOTHRMBRIIBREIELDOSDIE. COMEZ . [RERIC
FFUOEBEZLDENNDTETY  BEEIIZIE. ZDDIEEDEES
ENKETEC, EFTEOHEMRILIIAAREIZERZET,




[ & FETEOH HEAIREEHRE | D

IRER - ZEERRIER

FNTIE.IREDLD LY, SHICKEGREFOEI—9D TR
L7=BF. AT ENDNELEIMEL TS ETTF VI T HAE
H. FDEFAVE 1IN To=EENELL\ O DRSS,
RIBRICIZEELEWNELS ZEIZBYET,

HLE. K. EFarvEa—20OF AN ED LS, BEoltnit
HD5OREDEFIAVE1—RIZ AEDNTORRT BRI HEE
BSOTIN. FOE. EFaE1—2HYTEL-AODEF
aAVE -3, TNEFEMERMAAEITLLNDT
LM 7?

Iz, HLE EFAVE1—FLGAMNMELLEL [ EVLVDS ADTETE
Lf=b. FDAIZ. EFAVEA—2D/INT—EMBSE S HEIE
HEDTLEOIMN?



[ EFETE O HAREERFE DR

Urmila Mahadev®) %15

[EFETEOHHMIREIRE L. 20044E(ZGottesmaniZ&k-
TERESNTI=ETHNTULVET, (XD 5, BREIXER N
TWT, BHEIZHEINTEEL -,

f=1=. COBENEREIN-DITFRIEDZETT  EENDSSIC
EIZEL-EWLWKEREE Urmila Mahadev I & > T2 DERE.
BEMNICEREINIDTY,

"SRR OHERREEILPIEETH D |

EFIAVEI—RESTEARBIZESTEEKDH S, ETEX
SRR TL-,



Urmila Mahadev







2T I [ EFEFEOTH MR E 1% ##<

Mahadevild. EFa E1—42TIEEIZDODLVTHDFRLER
HEEIRETHS. [EFSTEDO TR IIRIE 1 EEFE L =,

A2 ABED, EFAVE1—ZIHSETETIE-RK. EF
OAVE 31— E L DIETBRYIZEEZIT =0, A<D T8
HLED S -EFDIFWLIRSABEVNVTHEADEREILESITZS
AR (FRICESTV)SEZLI-DOMIE, 2 ABIFT VI TES
DMELVSRBIEIL, WEET TR K, ABDAFvITES &L
S THRERSINFELT -,

CCTIE.FT . COMBENELVVEETHAZLEZHERELTHI=-
WERLVET,



EENDIEL—4%2-TOFS5L%E

FIv)9 B, HRMNITOIZE

A, TOTSLET/INVILEOIETBRE., £9.70554
DHRDEBHMNE DELSLEEZR>TLNSAINEFTVILET, IO
G LETHROAVEL—RADKEE E, BREHAED IOHIE
NEYLTOENTULENTREYET,

RIZ. TOATSLDATIYITDEATFRED ., EHDOEDELE
FrvILET . EHDENLTILIE. A E1—32DIREDELE
15T DTITA, AVE1—FDIS5BFELIELNSDIE, ZDIK
REDEIEDMEET HRH(THGYEH A

QU E 1 —ADEBENA, ELLEOA L. BIERHIZ T HA
DIEDEY S TIRET BREOELEBVMFNIEFIVIT
xET,



EFIVE1—FMNESHIREE

NEDqubithbESEFIAVEL—2ADHEE . TNHESNIKEE ]
X ROEIIZRITITHIENTEFT,

1-qubit DFE
ap|0 >+ aq|1 >

2-qubit DHE
a00|00 > + a01|01 > + a10|10 > + a11|11 >

3-qubit DFE
0(000|000 > + a001|001 > + a010|010 > + a011|011 >



n-qubit MEES5EFaAE1—FDIREE

—fi%(Z. n-qubit NS EEFIAVEI—FDIKREEIE. KD LS
[CRENFET, ZZT{0,1}" L. 0&1 A SHEHNED L VNEZE
LTWET, CNIF2MEFEELE T,

n-qubit Mo bHEFIaE1—FDIKEE

Ay |x >
xe{ 0,1}

CDI&lF. n-qubit ASELHEFIAVELI—FDHEL—DODIR
Tl 2MEAFET D o, DIETRFAHCLEZERLET . 5ED
AVE1—A3TEAMR. 2MEADE#NHAHEITHAELET,



=EFaE1—3DEIZE%E

Frv)LEET 6 EDEHLE (1)

EFIAEI—EDIREZRDOTLEDI(E. CO2MEADETET
T, HRE, CO2MEDEHRDEILEF —RTEDTLEIM?

EFENIVEL—R-TAOTSLTEHOHEND 505 8B25HDIE
LG ELNFER A I212. NV KELLGSIZDON., 2MED
ZHOM—XRIF. BERDFIZRALOIGZALADIFEHLMNTY,



=EFaE1—3DEIZE%E

Frv)LERET 6 EDEHLE (2)

EFIAVEL—3DBEEFIVILIRILT S EDEL SR, E(J.
£32—D0HYFET . ThIE. ERIE. EFIAVEL—FDIREFIE
FEICKI D EILTSRENELVORRETT

EFIAVEI—20IRREIL., KIZRF=ESI2MEADIKREEDT Fta
BHEIITTHO>TNADTI A, ZTDIRREZRNAHDELTERIT S
E.ZDIEREHLEIDIRETEXHONTLEIVET,

Al THELoNADIE, nED T EDit 217TT,



ERICHAESNSIEFIVEL—XDIRRE

n-qubit hoGHEFIAE1—2DIKRE

a,lx > 2" bit
xe{ 0,1}

n bit
FAlEShsEFa Ea—2DIKEE



REEEZTDEILZIEMEICHNLIELNT,

ZTDIRAFEVDREEIXTELDLY

EBEDIAVELI—F T EDRDFVDIELSZEIRELT 570
21, AVEA—2DREBEZDEILZMNHGENFRIRTI . £
nliE. EFarEa—43TEREILTY,

EBOOVELI—2DT /NI TlE, AVEA—3DIRELFDE
elk. ERMIZIZZEBDEEZ N —R T B ETRIBELRD TI A,
EFIOVEaL—43THE. FH57d. REBZRELTWSEHDIEIC
BET7IERTEHIENTELLDTY,

TINT 1L SOL-ELEEEDSSIZHEBRLI-OTLEOIMN?



Mahadev®770—F (1




FRENELGLIZDODDVRATLD

RRATOHEEEH

giEl, F@EDAVE 13D T/ \ T OEMERREED ZOEPY AL,
EFIAVE 3 —32DREEIZITFERZOELE L ELSEEFLFELT -,

T EE. BAENDEFIAVELI—42H ., TFRBDIVEa—32EXtLTE

TLVWDE N—FREVTRDREEL SN TULVEWLL, OSET T r—
AV ORAIBEVIRREICH DL, DLERIEHYET , 1=1-.
EFIAVEA—RIZITARTINET/NAYA—ELENWZEEE LV
ho=hlTTIEHYEE A,

[EFFEOHHEMNKRIOMREIL. RENEGHIZDOVAT LA
DIEFTOREERIIVLDICLTAIRELZED D, HHLME. TN
[FEDIILGRANHLIDMNEND EFAVEL—FEHLDE
RICEOTHBHTARENGRETY




Mahadev®D AE~DEARF

EFAVEI—SDREDERZTERKICIXEZGEWEITTESHY
FEA BRIE, RKTIE. EFAEOHEERELGD, EFED
qubitOREEEFIVEL—F EITEYRT HELNITIETAT
TEETE., ToFEIZEHNE. BLWBYICFEFarEa—
F%AbA—LTETLVELDTY,

MahadevD ! £ FEtE O H HIREIBBO B B RIL. C
SLE-BRRELEZ T EFaEa—2(Zxdd B3 ABNDaVa—
ILEENZF KEIL KT HAIREMEZT O TLNADTY,



Mahadev®D Z DN F7JHA—F

Mahadevid. TR IIREICZD2OARMNSTITO—FL
*9,

E—O770—FIX. SRIOEYL 3 THBNT S EEE SR

= Interactive Proofjd)ilf’&ﬁl,\iﬂ' [ FREEFEI =8 | D %R
FAREICT 5. EFarvEa—2LEABDIEOTARIIILIZR
O(ﬂ:’)&biﬂ' 0

FEZ0O770—FIF. EFOEAI—AITEENGWEEZSNT
L5, TPostEFIES 1. St B2 —%1T>o7-LWE(Learning
with Errors)&{#EWLVEY , EFaE1—2DHI(Z, EFaV
E1—423WETEL, BRITH->TLNSNEFavEa—4IC
[XHEZEDIKREFEYE T, cIZDOVWTIXXREID Y3V T,




Interactive Proof #&4y

Interactive Proof O E (. LNSESHFWEED T,
CCTld. ZOBBZBITLEO2ERNVET,




Interactive Proof D&%

Interactive ProofIZld. Z AD A EZLET

® — AIXIEEEAZE ProverITY,
KL, EFEEET. EFALEIRELEFICEZEZZTIRITEENZE-
TWET, =1L, BIEHETIIHL Bar NZHEEZDOE
*x9,

® t5— A&, I#&5EFE Verifier]TY,
RIE. FEDABTYT, BMEZE->TULT, GERABE D I RZEHE
EELESELFET  RKIE EERABEDESZEE. §EIXLEE A,




[ FEGEed 1N EEHDH AR

Z ANDXFEII R ZBHLMNZT o 7

® Interactive Proofld. COMBTI AELEREE I LBENILE
SN TSN EBEME AR EEFFEYIRT ZET., A
EEBHL D ELVHO UV AT LTY,

® EARMICIX, BMELAMIEAE DERZTRITANTFF, T30
5. GEBAE A GERAE DX /RN ELWERFEBZMGIE DL
M TET =0, SERRIERHYFET,

® 1=1-L. HAEGEICIE, GEAA DIRELE DERfFIF KL . 3L
BILFIBABE D ERZHEELT, sEANRDOYZFET,



EEBAE . 22 8ThH D,
EALEBLERICE 25 RTEED
=t D, =1L . FREZE DL,

Vi

Answer Interactive Proof

ZAD, HEEERYRT &

Question AT TE M ?

*ﬁglE%o %ﬁd)k&ﬁf%%}o
H4Z24->TWT, GEAE D E5R%E
REELELDET B, BIEIELIELY,




Interactive Proof® & ¥ M R Ih {5

[952MIERZRERE ]

® FLTERH n EHDUSIG LG MERNIE, COZD
DY FIGoEG AR TN EFRET HMBEEER S, C
NEMTSIOFRBMBEIENS,

e VSOMIRERIEIX. [T57GEG,XRETHS IELDEE
BANGZ o=k, ZTOEAMNELWN EDIREEIIEHEIZT
T2, itANGZAHITERETER DX IG, IBEDDRIG 1%
FrvIdTnIEEN, FS5T7DIREEERE L. NPRIBETH S,

@ LIAN, 1957 IERBIBREIZDLTIX, ERETHSZ
CE BB TFIVvIITE7IL T X LN EZSNEELE
Y. CORIEED . NPIZET HME. K<hhnZily,



Interactive Proof D X2 AJL T

J27DERBHEBEZEZD

ZCTlE. kD &LS5%Interactive Proof O 7aRa LT, 57D
ERERIEEZEZ D,

1. 957G,&G, &, ProverlZtVerifierlcH 525 TULVA,

2. VerifierlZ. 524 LI1Z0,1D1E | ZRA T, GG, DLVT
NHDG, (ilk, 0F=IFDIERERIZVTIILLI=Y FTH
ZProveriZixd, GEHIZRIETHS,

3. Proverld, Eonf-HM., GhoEonf=1D%H50%. G,
Moo=t DE61%.j ELTRT,

4. Verifierld. i=j2b2E L., €2 THLVEbrejectd 4,




7570 3IEREE [ RE | D fF R

19864 Goldreich, Micali, and Wigerson

® V357G G A RIE TGS, Proverld, #EEIZ, HMBjE
BLIEMTES, ProverD/NT—T, HAG G, D EBLH
[CEEMNZIRARNILLLY,

® f-1=. V357G, LG A RIEDIHS. Proverld, #EXEIZIE, H
M5jEEBLEMTELLY, HIZGELG EBLRABEMS,
D5, ProverldVerifier(Z, 5% LIZOMM1FESZEITLHS,
iI=j CTHHEZRIL1/2(2155,



[Bell®EIE | EInteractive Proof

19904 1% . Interactive Proof(ZRiEZEEILD B,

Shamir® IP=PSPACE®:LEEA. BabaioMMIP=NEXP®
REBA (L, TDRKRLERRTH S

21tH%2[Z A>T, Interactive ProofEBellD EIE | ) #E{U
NERIND,




19904 Shamir
IP =PSPACE

Answer

Question

Interactive Proof

/7




Multi Prover
Interactive Proof



[Bell®EH |&Interactive Proof DEELIDFE R

20044, avEa—4A2- YA T4 AXLDRIichard Cleve,
Peter Hoyer, Ben Toner, John Watrousi(Z. Bell® &
FE&HInteractive Proof EBH T TS ZEIZR DK,

5. EFHIEMulti-Prover Interactive Proof MIP* &
RIHLTIRET S,




Belld)miﬂd)CHSH’T — 1
A,BldentangleLi-2F&HEFT 5

1
EPR >= —(]00 > +|11 >
| ﬁ(l 11 >)

OF7=I%1







Answer a Answer V
Question x \ / Question y

/M/p* Multi Prover

Interactive Proof




Interactive Proof @

MIP*= RE

ERRIERK
19914 Babai, Fortnow, Lund
MIP= NEXP
19904 Shamir . &
IP =

PSPACE | (Wi, M
™ A \A nswera Answerb
Question N ‘/A:OHV

Entanglement

\A nswera Answer b
Questi °"N / Questiony

20204 INVWY

I HEHED ISR




Mahadev®770—F (2




ANfEF. EFaEa—42ZaA— )L TESH?

'EFEEOEHEIREE BEE WS DI, BHEICE X,
EFAvEa—YZABEOI>MO—-ILDBEICEI D E
lL;\j —C:E)tﬂ\b\fdxb\/u\j J: 5 (I(_-_- {13:\1\75\7‘8: L) t \1\5 Fﬂ%ﬁ’f’é_

o

%h ifEEEIb\ES’Oi'é'o BEMIPINEZIEET DEENICLT
b FHEENICLTH. BAE fAI— Dg?j/tz I
175\731073\/\0)'5‘3'75\50

FD L, BSEWMEBEERT. BoOFORZ ABICIIEETX
‘ti‘/v EHLEAEDREZF v LLDET D E, FIDZE
Ic. MERRENTIC. B2ZZZTUERWVET,



B, BS{ERMNADELZRDH?

Mahadev @ TEFEIEDOHBERVREE, FENDY J7H—F
DOFFEUE. FTICRie ™ERELEER) OFEDFIAE EBIC,
"BE=1b) ORMTZ2BRNICRIBET 5 &TI,

BEZZIC TSt KB TLZDTLLS?

FhiE. FRIMNGBHDOENHDEFIVE 1 —7ICXTU T,
EosExHURWTABID U THEMICIIDFERELT T
=1t DFIBETEZSEEENHDINSTT,

O MBERLS, BADH, BSIIHLT TWE, =22
CEMNTEDE, KRIFDULEDLDET,



[FRRAEFIES 1 BT D4

sEFAvEa1—7%d. BFORBESEMNANDER E U TEB/BS
NTEF Ul 37070V X Lld. TSRO HEPEE
ﬁ"‘&F‘nﬁ BB CENHUWT EICERZEL<. RSAREE?
fEHtRES = EEICEE D25 TY,

ffi, ZORTBRENTE S TR NBTHES, K
RO & > REHERSE £ T,

EBOAE1—49 CEIRTET,
EFAE 31— THbESNEGVLWES



= FEEEIZTIVITH

EFOAVE 21— THEENLGZVWEBENGD., hD. FOES
DEETHZEHALADFA > TWBLES, Fhid,. EFIE1—
TN T DR DEDIEWNMBAIEE U THATEXT,

BIZ X, R N EFESEAM LWE( Learning with Errors )
TRt LET—%%Z2, EFAYE1—FITXDAHKT,
ZLUTEFDT—YDANBZEFIVE 1 —FICEITSEET,

EFAVE1—%d. FOBEEINcT—IDNERYIEES
WS T— OIS HWEE, BE{Ihi-xxz0D
T ZNBUERZ ABICRUET,



BLlE. FDOT—DTTOFE 2> TWEFTDT, R>TK
%KZ%ﬂDTMijoﬂF%ijtﬁE%@Dﬂﬁb\
RS> TLBEZEFRULEZAZERITNIK. D Es,
YWEDHEFENEFIVE 1 —IDNZED deb\b\ﬂ)flfmﬂ"ﬁ?b‘\’) <
KDITIED XTI,

hid., TEFETEOHERRIE, O—DDHFEETHD., |
FlF. A—/\—O2 21— hFEXEEEZ DT TIRIET 5
Ui\ TEFE8IE, OF v INBEICITTAEIEEE
LKUEXY,



EFIAVE1—3%F05KIC

TN G FWEDEE, FHENDEL T UITBELL
B St AR B ILE EREES  EVVET,

Mahadevh{Tof=C &l [TRRAFEFEEEZEREESIEL T,
FOEFIAVEL1—REE->T. ThFEELTCEFaVEL—4
FRRELT HIELNVDSDIZFEHONFET,

Mahadevo DIESLXMTIL. I EFEE O EHEBRE EL TS
[T TI3K BFAVE1—4%EIFIRELTHIRY SEER<H
REEERHTLNVSDTY,






'\ .". | e
BN

s R ..
W DR AR At
SRR ) 3 Bt

ol

S~

7AW,
ﬁ#,{_"’ﬁs”

7







Agenda Part II

He B2
=70

o [EFBHME | ZNH<HHF

® J7AUIUDFER

® NILDTFEHEZTDEER TR

® Interactive Proof LEEBRE S D ERi
o EHMMEDOFHLWVTABQPOHEEA




F Sl

==

1Z2H< 55

ERTD 108 1Z;

RE 1 LA RYE

=2

2

[, Y
(r




= FRtEOHHEAREE BB E (XA ?

118Dtz — ’C(i E%JJI:":L—S!O)H%ZO)IEL&E o
EA—ARARFED . EBENDIAVELI—RDE) THEIFTEHADH
ELVS, Fg?#ﬁ@ﬁ&ﬂﬁ’]#ﬁ‘l‘uﬁ BEEY EITESERS,

NMESLVSBIEMNETRT 2O, §ElIE. BLOESERID
2019F D10 ICkEET -, T=EFiEHE1Z2H<SHGoogleLIBM
DimFEzrx . WHTHEBNT 5,

2020FE2H D= ILL Y https://www.marulabo.net/docs/g-supremacy/
[EFOE1—42DRE -- EFEBEDOIAILAN—20FR -- 125 BEhfzLy,



https://www.marulabo.net/docs/q-supremacy/




nature

Article | Published: 23 October 2019

Quantum supremacy using a
programmable superconducting
processor

Frank Arute, Kunal Arya, [...] John M. Martinis&

Nature 574, 505-510(2019) | Cite this article
671k Accesses | 43 Citations | 6034 Altmetric | Metrics

Abstract

The promise of quantum computers is that certain computational
tasks might be executed exponentially faster on a quantum
processor than on a classical processorl. A fundamental challenge
is to build a high-fidelity processor capable of running quantum
algorithms in an exponentially large computational space. Here
we report the use of a processor with programmable
superconducting qubitsz'z"“'s"{"7 to create quantum states on 53
qubits, corresponding to a computational state-space of

2019%10A23H
NaturelZ:/X HF 3=

circuit a million times—our benchmarks currently indicate that

the equivalent task for a state-of-the-art classical supercomputer
would take approximately 10,000 years. This dramatic increase in
speed compared to all known classical algorithms is an
experimental realization of quantum supremacy8'9'10'11'12'13'14
for this specific computational task, heralding a much-anticipated
computing paradigm.



Google confirms ‘quantum supremacy’
breakthrough

Its research paper is now available to read in its entirety

By Jon Porter | @JonPorty | Oct 23, 2019, 6:31am EDT
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QUANTUM PHYSICS
Google claimed quantum
supremacy in 2019 — and

mmmmm) sparked controversy

Competitors questioned whether the milestone had truly been achieved

Google's quantum computer Sycamore performed a calculation that would take thousands of
years with a classical supercomputer, researchers claimed in 2019. An array of quantum computer
chips is shown.

GOOGLE http://bit.ly/31MgLV6



IBME® X D151

“Leveraging Secondary Storage to Simulate
Deep 54-qubit Sycamore Circuits”

Edwin Pednault, John A. Gunnels, Giacomo Nannicini, Lior
Horesh, Robert Wisnieff 2019/10/22

https://arxiv.org/abs/1910.09534
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ON THE EINSTEIN PODOLSKY ROSEN PARADOX*

J. S. BELLT
Department of Physics, University of Wisconsin, Madison, Wisconsin

(Received 4 November 1964)

|. Introduction

THE paradox of Einstein, Podolsky and Rosen [1] was advanced as an argument that quantum mechanics
could not be a complete theory but should be supplemented by additional variables. These additional vari-
ables were to restore to the theory causality and locality [2]. In this note that idea will be formulated
mathematically and shown to be incompatible with the statistical predictions of quantum mechanics. It is
the requirement of locality, or more precisely that the result of a measurement on one system be unaffected
by operations on a distant system with which it has interacted in the past, that creates the essential dif-
ficulty. There have been attempts [3] to show that even without such a separability or locality require-
ment no ‘‘hidden variable’’ interpretation of quantum mechanics is possible. These attempts have been
examined elsewhere [4] and found wanting. Moreover, a hidden variable interpretation of elementary quan-
tum theory [5] has been explicitly constructed. That particular interpretation has indeed a grossly non-
local structure. This is characteristic, according to the result to be proved here, of any such theory which
reproduces exactly the quantum mechanical predictions.

https://cds.cern.ch/record/111654/files/vol1p195-200_001.pdf
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Noisy Trapdoor Claw-Free Functions,
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