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Preface

;IPGSQI tS tLI ǲVst Superconducting Qubits and Algorithms (SQA) Conference 

MR ,IPsMROM� *MRPERH� 8LMs RSt�JSV�TVSǲt sGMIRtMǲG GSRJIVIRGI JSGusIs SR sGMIRGI� 

tIGLRSPSg]� ERH EPgSVMtLQs VIPIZERt JSV suTIVGSRHuGtMRg UuFMts� 8LMs t[S�ERH�E�LEPJ�

HE] GSRJIVIRGI Ms TEGOIH [MtL MRtIVIstMRg tEPOs� gVIEt TSstIVs� ER I\LMFMtMSR� ERH [MPP 

SȋIV TPIRt] SJ RIt[SVOMRg STTSVtuRMtMIs�

8LI GSRJIVIRGI Ms SVgERM^IH F] -51 5uERtuQ 'SQTutIVs� E )uVSTIER GSQTER] 

FuMPHMRg suTIVGSRHuGtMRg UuERtuQ GSQTutIVs� MR GSSTIVEtMSR [MtL tLI sGMIRtMǲG 

GSQQuRMt]� ;I EVI LETT] tS [IPGSQI SZIV 2�0 TEVtMGMTERts SR�sMtI ERH IZIR QSVI 

SRPMRI� ERH [I LSTI ]Su [MPP LEZI E stMQuPEtMRg ERH tIGLRMGEPP] VI[EVHMRg I\TIVMIRGI� 

,S[IZIV� tLMs IZIRt [SuPH RSt LEZI FIIR TSssMFPI [MtLSut tLI gVIEt suTTSVt SJ SuV 

sGMIRtMǲG GSQQuRMt] EVSuRH suTIVGSRHuGtMRg UuERtuQ GSQTutMRg� 8LIVIJSVI� [I 

[SuPH PMOI tS tLERO ]Su� [LItLIV ]Su GSRtVMFutIH F] sTSRsSVMRg tLI IZIRt� TEVtMGMTEtMRg 

MR tLI sGMIRtMǲG GSQQMttII SV EHZMsSV] FSEVH� suFQMttMRg ER EFstVEGt� TVIsIRtMRg 

]SuV [SVO� SV EttIRHMRg Es E guIst� ;I [SuPH EPsS PMOI tS tLERO tLI QIQFIVs SJ tLI 

SVgERM^MRg GSQQMttII ERH ZSPuRtIIVs JSV tLIMV ZEPuEFPI suTTSVt�

 

-t JIIPs gVIEt tS FI TEVt SJ tLMs MRGVIHMFPI GSQQuRMt] ERH [I [MsL ]Su EPP ER IRNS]EFPI 

sGMIRtMǲG gEtLIVMRg MR ,IPsMROM� (S RSt QMss tLI STTSVtuRMt] tS I\TPSVI tLMs FIEutMJuP GMt] 

tLVSugL tLI tSuVs [I LEZI TPERRIH� 

 

;I PSSO JSV[EVH tS sIIMRg EPP SJ ]Su Et tLMs uRMUuI GSRJIVIRGI�

Mikko Möttönen �'SRJIVIRGI 'LEMV


Stefan Seegerer �1IQFIV SJ tLI 3VgERM^MRg 'SQQMttII
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IMAGE: SUPERCONDUCTING QUANTUM COMPUTER FROM IQM QUANTUM LAB IN ESPOO, FINLAND.
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PROF. JUKKA PEKOLA

AEPtS 9RMZIVsMt]

PROF. WILLIAM D. OLIVER

1EssEGLusItts -RstMtutI SJ 8IGLRSPSg] 

PROF. MIKKO MÖTTÖNEN

-51 5uERtuQ 'SQTutIVs 

�4VSJIssSV Et AEPtS 9RMZIVsMt] ERH :88
 

PROF. FRANK WILHELM-MAUCH

*SVsGLuRgs^IRtVuQ .¿PMGL

DR. KUAN YEN TAN

-51 5uERtuQ 'SQTutIVs 

SCIENTIFIC COMMITTEE 

CHAIR

Details 

8LI GSRJIVIRGI Ms LIPH JVSQ 25–28 August 2022 MR ,IPsMROM� *MRPERH� ;I EVI I\GMtIH tS 

[IPGSQI SZIV 2�0 VIsIEVGLIVs ERH I\TIVts JVSQ tLI ǲIPH SJ suTIVGSRHuGtMRg UuFMts 

ERH EPgSVMtLQs tS ,IPsMROM� 

8LI GSRJIVIRGI tLIQIs MRGPuHI tLI JSPPS[MRg� 

• 5uERtuQ IVVSV GSVVIGtMSR ERH QMtMgEtMSR 

• ,MgL�ǲHIPMt] IPIQIRtEV] STIVEtMSRs� gEtIs� VIEHSut� VIsIt  

• 2SR�GSQTutMRg ETTPMGEtMSRs SJ suTIVGSRHuGtMRg UuFMts  

• 9RGSRZIRtMSREP UuFMts 

• APgSVMtLQs ERH ETTPMGEtMSRs 

• &IRGLQEVOMRg ERH IREFPMRg sSJt[EVI 

• (IsMgR ERH QSHIPMRg 

• 1MPPMOIPZMR IPIGtVSRMGs ERH StLIV suTTSVtMRg tIGLRSPSgMIs  

• *EFVMGEtMSR ERH QEtIVMEPs
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DR. STEFAN SEEGERER

-51 5uERtuQ 'SQTutIVs

RAGHUNATH KODUVAYUR

-51 5uERtuQ 'SQTutIVs

MAI NGUYEN

-51 5uERtuQ 'SQTutIVs

EKATERINA MILCHAKOVA

-51 5uERtuQ 'SQTutIVs

LOCAL ORGANIZING COMMITTEE

PROF. JOACHIM ANKERHOLD

9PQ 9RMZIVsMt]

PROF. ALEXANDRE BLAIS

9RMZIVsMt¬ HI 7LIVFVSSOI

DR. ALESSANDRO BRUNO

5uERt[EVI 

DR. YONATAN COHEN

5uERtuQ 1EGLMRIs 

PROF. ARKADY FEDOROV

9RMZIVsMt] SJ 5uIIRsPERH

DR. JEFFREY GROVER

1EssEGLusItts -RstMtutI SJ 8IGLRSPSg]

 

PROF. BENJAMIN HUARD

)27 0]SR

PROF. CHRISTIAN KRAGLUND ANDERSEN

89 (IPJt

DR. ANJA METELMANN

/EVPsVuLI -RstMtutI SJ 8IGLRSPSg]

DR. RUSSELL LAKE

&PuIJSVs 

PROF. DANIEL LIDAR

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME

PROF. MIKIO NAKAHARA

/MRHEM 9RMZIVsMt]

PROF. YASUNOBU NAKAMURA

9RMZIVsMt] SJ 8SO]S

DR. SORIN PARAOANU

AEPtS 9RMZIVsMt]

DR. ADRIAAN ROL

3VERgI 5uERtuQ 7]stIQs

DR. MATTI SILVERI

9RMZIVsMt] SJ 3uPu

DR. DEBORAH BEREBICHEZ

:88

DR. VISA VESTERINEN

:88 

SCIENTIFIC ADVISORS 
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The event is a scientific conference structured around scientific talks and poster
sessions.The conference program is outlined as follows (all times in EEST):

THURSDAY,25AUGUST

16:00 Registration opens
17:00 Opening and Keynote byPedramRoushan
18:00 Welcome reception

FRIDAY, 26AUGUST

09:00 Opening Day 2 and Keynote byAndreasWallraff
09:40 Scientific session:Quantum error correction and mitigation
10:40 Coffee break
11:00 Scientific session: Non-computing applications of superconducting qubits
12:30 Lunch break - 1
13:15 Lunch break - 2
14:00 Scientific session (posters)
15:30 Coffee break
16:00 Keynote byVladimirManucharyan
16:40 Scientific session: Unconventional qubits
17:20 Scientific session: IQM Quantum Computers
18:10 Excursions (Helsinki Tour, Bluefors FacilityTour, or IQM Visit)

SATURDAY,27AUGUST

09:00 Opening Day 3 and Keynote byWill Oliver
09:40 Scientific session: Fabrication and materials
10:40 Coffee break
11:00 Scientific session: High-fidelity elementary operations: gates, readout, reset
12:30 Lunch break - 1
13:15 Lunch break - 2
14:00 Scientific session (posters)
15:30 Coffee break
16:00 Scientific session: Algorithms and applications
17:10 Scientific session:Millikelvin electronics and other supporting technologies
19:00 Conference aperitivo and dinner
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SUNDAY, 28 AUGUST 

0��00  7GMIRtMǲG sIssMSR� Benchmarking and enabling software

�0�00  'SȋII FVIEO

�0��0  7GMIRtMǲG 7IssMSR� Design and modeling

����0  'PSsMRg

�2�00  0uRGL ERH *EVI[IPP
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;I EVI HIHMGEtIH tS FuMPH IEs] tS STIVEtI SRI TusL FuttSR GSSP�HS[R GV]SgIR�

JVII HMPutMSR VIJVMgIVEtSV QIEsuVIQIRt s]stIQs� 3uV HIHMGEtMSR ERH I\TIVtMsI [MPP 

QEOI suVI tLEt IEGL ǲREP TVSHuGt Ms tVSuFPI JVII [MtL E guEVERtIIH PSRg PMJItMQI� 

;I SȋIV E ZEVMIt] SJ QSHIPs SJ HMPutMSR VIJVMgIVEtSV QIEsuVIQIRt s]stIQs ERH 

tLIsI QSHIPs GER FI JuVtLIV IUuMTTIH [MtL E [MHI VERgI SJ STtMSRs� JSV I\EQTPI� 

I\TIVMQIRtEP [MVMRg� STtMGEP EGGIss� ERH QEgRIt MRtIgVEtMSR� 3uV s]stIQs GER 

FI GustSQM^IH tS QIIt tLI VIUuMVIQIRts SJ IEGL MRtIRHIH usI F] EPPS[MRg tLI 

GustSQIV tS gIt MR HMVIGt GSRtEGt [MtL tLI sGMIRtMsts ERH IRgMRIIVs tLEt HIsMgR 

tLIMV s]stIQ�

&PuIJSVs Ƌ 'SSP JSV 4VSgVIss�

Exhibition

COFFEE
EXHIBITION
AREA

1

2

3
4

7

8

9

10

TALK AND POSTER
SESSIONS

5
6

EN
TR
AN
CE

EXHIBITORS

1 Qblox

2 Bluefors

3 Intermodulation Products

4 QpiAI

5 Zurich Instruments

6 Rohde & Schwarz

7 IQM Quantum Computers

8 IBM

9 QuantrolOx

10 Quantum Machines
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5uERtuQ 1EGLMRIs Ms E TVSZMHIV SJ JuPP�stEGO GSRtVSP s]stIQs JSV UuERtuQ 

TVSGIssSVs� IRH�tS�IRH LEVH[EVI� ERH sSJt[EVI� QEHI F] TL]sMGMsts JSV 

TL]sMGMsts� 51Ǝs 5uERtuQ 3VGLIstVEtMSR 4PEtJSVQ �534
 VIHIǲRIs tLI PMQMts SJ 

UuERtuQ GSRtVSP [MtL E sPIIO sMRgPI�FS\ sSPutMSR tLEt VITPEGIs QuPtMTPI gIRIVEP�

TuVTSsI tSSPs ERH SȋIVs uRTEVEPPIPIH MRtIgVEtMSR SJ UuERtuQ ERH GPEssMGEP 

VIsSuVGIs� 8LMs RI[ TEVEHMgQ SȋIVs IZIV] GSQTSRIRt SJ tLI stEGO HIHMGEtIH 

ERH STtMQM^IH JSV VIEP�tMQI UuERtuQ GSRtVSP TVSGIHuVIs� 8LI 534 GER VuR IZIR 

tLI QSst GSQTPI\ sIUuIRGIs� JVSQ QuPtM�UuFMt GEPMFVEtMSRs tS UuERtuQ IVVSV 

GSVVIGtMSR� VMgLt Sut SJ tLI FS\� 5uERtuQ tIEQs GER RS[ GSHI sIUuIRGIs Es 

IEsMP] Es [VMtMRg TsIuHS GSHI ERH VuR tLIQ [MtL tLI MRHustV]Ǝs PS[Ist JIIHFEGO 

PEtIRGMIs [LMPI sGEPMRg sIEQPIssP] MRtS tLI �000s SJ UuFMts�

;MtL E HIHMGEtIH tIEQ SJ sGMIRtMsts� IRgMRIIVs� ERH HIZIPSTIVs� [I EVI TusLMRg 

UuERtuQ tIGLRSPSg] tS suTTSVt sGMIRtMsts [SVPH[MHI [MtL SuV sGEPEFPI UuFMt 

GSRtVSP ERH VIEHSut IUuMTQIRt JVSQ uPtVEstEFPI (' tS �8�5 +,^ JSV EGEHIQMG 

ERH MRHustVMEP UuERtuQ PEFs� 8LI 5FPS\ GSRtVSP stEGO GSQFMRIs uRPIZIPPIH 

RSMsI TIVJSVQERGI� PS[�PEtIRG] EVFMtVEV] GSRtVSP ǳS[s ERH GER FI sGEPIH 

uT tS �00s SJ UuFMts� 3uV GSQTER] Ms FEsIH MR tLI 2ItLIVPERHs Es E sTMRSȋ 

SJ 5u8IGL� [LMGL IREFPIs us tS MQTPIQIRt tLI PEtIst sGMIRtMǲG MRsMgLts ERH 

tEOI E TSsMtMSR uTJVSRt MR tLI [SVPH[MHI VEGI tS[EVHs UuERtuQ EHZERtEgI� 

9sMRg tLI tIGLRSPSg] HIZIPSTIH Et 5u8IGL Es E sTVMRgFSEVH� tLI 5FPS\ tIEQ 

LEs JuRHEQIRtEPP] VIMQEgMRIH tLI EVGLMtIGtuVI SJ UuERtuQ GSRtVSP tS GVIEtI 

E sMRgPI MRtIgVEtIH GSRtVSP stEGO tLEt TVSZMHIs EPP tLI JuRGtMSREPMt] RIIHIH tS 

QERMTuPEtI ERH QIEsuVI UuERtuQ GSQTutIVs� 8LI 5FPS\ tIEQ Ms MRtIVIstIH MR 

QIItMRg I\TIVMQIRtEP UuERtuQ TL]sMGMsts tS PIEVR EFSut tLIMV ETTPMGEtMSRs ERH 

LS[ 5FPS\ GSuPH suTTSVt tLIMV sGEPMRg RIIHs� 
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5uERtVSP3\ Ms E sTMRSut JVSQ tLI 9RMZIVsMt] SJ 

3\JSVHƎs AVIs 0EF� 5uERtVSP3\ Ms FuMPHMRg EutS-

QEtIH GSRtVSP sSJt[EVI JSV UuERtuQ tIGLRSPS-

gMIs FEsIH SR QEGLMRI PIEVRMRg tS tuRI� stEFM-

PMsI� ERH STtMQMsI UuFMts� 5uERtVSP3\Ǝs sSJt[EVI 

Ms tIGLRSPSg] EgRSstMG ERH ETTPMGEFPI tS EPP 

t]TIs SJ UuERtuQ tIGLRSPSgMIs� LS[IZIV MRMtMEP-

P]� tLI GSQTER] Ms tEVgItMRg sSPMH�stEtI UuFMts 

[LIVI tLI tIEQ LEs EPVIEH] HIQSRstVEtIH suF-

stERtMEP TVEGtMGEP FIRIǲts�

8LI 6SLHI 
 7GL[EV^ tIGLRSPSg] gVSuT Ms 

EQSRg tLI tVEMPFPE^IVs [LIR Mt GSQIs tS TEZMRg 

tLI [E] JSV E sEJIV ERH GSRRIGtIH [SVPH [MtL Mts 

PIEHMRg sSPutMSRs MR tIst 
 QIEsuVIQIRt� tIGL-

RSPSg] s]stIQs� ERH RIt[SVOs 
 G]FIVsIGuVMt]� 

*SuRHIH QSVI tLER 85 ]IEVs EgS� tLI gVSuT Ms 

E VIPMEFPI TEVtRIV JSV MRHustV] ERH gSZIVRQIRt 

GustSQIVs EVSuRH tLI gPSFI�

7MRGI >uVMGL -RstVuQIRts NSMRIH 6SLHI 
 

7GL[EV^� tLI VERgI SJ sSPutMSRs JSV 5uERtuQ 

8IGLRSPSg] LEs I\tIRHIH JVSQ gIRIVEP TuVTSsI 

tS s]stIQ PIZIP�

>uVMGL -RstVuQIRts QEOIs GuttMRg�IHgI MRstVu-

QIRtEtMSR JSV sGMIRtMsts ERH tIGLRSPSgMsts MR EH-

ZERGIH PEFSVEtSVMIs [LS EVI TEssMSREtI EFSut 

TLIRSQIRE tLEt EVI RStSVMSusP] HMȌGuPt tS QIE-

suVI� 8LI GSQTER]Ǝs LEVH[EVI SȋIVMRg MRGPuHIs 

PSGO�MR EQTPMǲIVs� UuERtuQ GSQTutMRg GSRtVSP 

s]stIQs� MQTIHERGI EREP]^IVs� ERH EVFMtVEV] 

[EZIJSVQ gIRIVEtSVs�

>uVMGL -RstVuQIRts FVMRgs MRRSZEtMSR tS UuER-

tuQ GSRtVSP s]stIQs MR tLI JSVQ SJ IȌGMIRt 

[SVOǳS[s� tEMPSVIH sTIGMǲGEtMSRs ERH JIEtuVI 

sIts� ERH E LMgL HIgVII SJ VIPMEFMPMt]� 8LI GSQTE-

R]Ǝs gSEP Ms tS suTTSVt UuERtuQ VIsIEVGLIVs ERH 

IRgMRIIVs F] EPPS[MRg tLIQ tS JSGus SR HIZIP-

STMRg ERH sGEPMRg uT UuERtuQ TVSGIssSVs ERH 

StLIV IPIQIRts SJ tLI UuERtuQ stEGO [LMPI FIR-

IǲtMRg JVSQ tLI QSst EHZERGIH GPEssMGEP GSRtVSP 

IPIGtVSRMGs ERH sSJt[EVI�

-&1 5uERtuQ Ms ER MRHustV]�ǲVst MRMtMEtMZI tS 

FuMPH UuERtuQ s]stIQs JSV FusMRIss ERH sGM-

IRGI ETTPMGEtMSRs�

+SSgPIƎs QMssMSR Ms tS SVgERM^I tLI [SVPHƎs MRJSVQEtMSR ERH QEOI Mt uRMZIV-

sEPP] EGGIssMFPI ERH usIJuP� ERH [I EHZERGI tLEt QMssMSR IZIV] HE] MR MR-

GVIHMFPI RI[ [E]s� 6IsIEVGL EGVSss +SSgPI TVSZMHIs RI[ [E]s SJ PSSOMRg 

Et SPH TVSFPIQs ERH LIPTs tVERsJSVQ LS[ [I EPP [SVO ERH PMZI� ERH [I tLMRO 

tLI FMggIst MQTEGt GSQIs [LIR IZIV]SRI MR tLI [SVPH GER EGGIss Mt� 8S tLEt 

IRH� [I usI stEtI�SJ�tLI�EVt GSQTutIV sGMIRGI tIGLRMUuIs tS sSPZI TVSF-

PIQs JSV SuV usIVs� SuV GustSQIVs ERH tLI [SVPH� QEOMRg Mt IEsMIV JSV ]Su 

tS HS tLMRgs IZIV] HE]� [LItLIV MtƎs sIEVGLMRg JSV TLStSs SJ TISTPI ]Su PSZI� 

FVIEOMRg HS[R PERguEgI FEVVMIVs� SV LIPTMRg ]Su gIt tLMRgs HSRI [MtL ]SuV 

S[R TIVsSREP HMgMtEP EssMstERt�
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Thursday, August 25

-R 20��� Mt [Es I\TIVMQIRtEPP] HIQSRstVEtIH tLEt E UuERtuQ TVSGIssSV GSuPH TIVJSVQ 

GIVtEMR GSQTutEtMSREP tEsOs I\TSRIRtMEPP] JEstIV tLER E GPEssMGEP GSQTutIV ?�A� +SMRg 

FI]SRH tLMs QMPIstSRI� [I sIIO tS utMPM^I tLIsI 2SMs] -RtIVQIHMEtI 7GEPI 5uERtuQ 

�2-75
 TVSGIssSVs tS stuH] GSQTutEtMSREPP] MRtVEGtEFPI TL]sMGs TVSFPIQs�  8LI GPEss SJ 

TVSFPIQs tLEt sIIQs RIEV tS us MR tLMs VIgEVH EVI UuERtuQ H]REQMGs MR MRtIVEGtMRg sTMR 

s]stIQs JEV E[E] JVSQ IUuMPMFVMuQ� - [MPP TVSZMHI ER SZIVZMI[ SJ SuV TVSgVIss F] HIsGVMF-

MRg sIZIVEP SJ SuV VIGIRt [SVOs ?2-�A� 8LI tEPO LSTIJuPP] [MPP TVSZMHI E sIRsI SJ [LEt 2-75 

HMsGSZIVMIs tS ERtMGMTEtI ERH E tMQI sGEPI JSV tLIQ� 

 

?�A 2EtuVI 5��� 505ɡ5�0 �20��
 

?2A 7GMIRGI ���� �5�� �202�


?�A 2EtuVI �0�� 5��ɡ5�� �2022


?�A 7GMIRGI ���� �5�2 �202�


?5A EV<MZ� 220��0525�

?�A EV<MZ� 220������2

/)=238)

TOWARD DISCOVERING NOVEL 

PHYSICS WITH A NISQ PROCESSOR

/I]RStI F] Pedram Roushan (TIHVEQV$gSSgPI�GSQ
� +SSgPI

mailto:pedramr%40google.com?subject=
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Friday, August 26

7uTIVGSRHuGtMRg IPIGtVSRMG GMVGuMts EVI MHIEPP] suMtIH JSV stuH]MRg UuERtuQ TL]sMGs ERH 

Mts ETTPMGEtMSRs� 7MRGI GSQTPI\ GMVGuMts GSRtEMRMRg LuRHVIHs SV tLSusERHs SJ IPIQIRts 

GER FI HIsMgRIH� JEFVMGEtIH� ERH STIVEtIH [MtL VIPEtMZI IEsI� tLI] EVI SRI SJ tLI TVMQI 

GSRtIRHIVs JSV VIEPM^MRg UuERtuQ GSQTutIVs� 'uVVIRtP]� FStL EGEHIQMG ERH MRHustVMEP 

PEFs ZMgSVSusP] TuVsuI tLI VIEPM^EtMSR SJ uRMZIVsEP JEuPt�tSPIVERt UuERtuQ GSQTutIVs� 

,S[IZIV� FuMPHMRg s]stIQs [LMGL GER EHHVIss GSQQIVGMEPP] VIPIZERt GSQTutEtMSR-

EP TVSFPIQs GSRtMRuIs tS VIUuMVI sMgRMǲGERt GSRGITtuEP ERH tIGLRSPSgMGEP TVSgVIss� 

*SV JEuPt�tSPIVERt STIVEtMSR UuERtuQ GSQTutIVs Qust GSVVIGt IVVSVs SGGuVVMRg HuI tS 

uREZSMHEFPI HIGSLIVIRGI ERH PMQMtIH GSRtVSP EGGuVEG]� ,IVI� [I HIQSRstVEtI UuER-

tuQ IVVSV GSVVIGtMSR usMRg tLI suVJEGI GSHI� [LMGL Ms ORS[R JSV Mts I\GITtMSREPP] LMgL 

tSPIVERGI tS IVVSVs� 9sMRg �� TL]sMGEP UuFMts MR E suTIVGSRHuGtMRg GMVGuMt [I IRGSHI 

UuERtuQ MRJSVQEtMSR MR E HMstERGI�tLVII PSgMGEP UuFMt FuMPHMRg uT SR SuV VIGIRt HMs-

tERGI�t[S IVVSV HItIGtMSR I\TIVMQIRts ?�A� -R ER IVVSV GSVVIGtMSR G]GPI tEOMRg SRP] ��� xs� 

[I HIQSRstVEtI tLI TVIsIVZEtMSR SJ JSuV GEVHMREP stEtIs SJ tLI PSgMGEP UuFMt� 6ITIEtIHP] 

I\IGutMRg tLI G]GPI� [I QIEsuVI ERH HIGSHI FStL FMt� ERH TLEsI�ǳMT IVVSV s]RHVSQIs 

usMRg E QMRMQuQ�[IMgLt TIVJIGt�QEtGLMRg EPgSVMtLQ MR ER IVVSV�QSHIP�JVII ETTVSEGL 

ERH ETTP] GSVVIGtMSRs MR TSstTVSGIssMRg� ;I ǲRH E PS[ PSgMGEP IVVSV TVSFEFMPMt] SJ �	 

TIV G]GPI ?2A� 8LI QIEsuVIH GLEVEGtIVMstMGs SJ SuV HIZMGI EgVII [IPP [MtL E RuQIVMGEP 

QSHIP� 3uV HIQSRstVEtMSR SJ VITIEtIH� JEst� ERH LMgL�TIVJSVQERGI UuERtuQ IVVSV GSV-

VIGtMSR G]GPIs� tSgItLIV [MtL VIGIRt EHZERGIs MR MSR tVETs� suTTSVt SuV uRHIVstERHMRg 

tLEt JEuPt�tSPIVERt UuERtuQ GSQTutEtMSR [MPP FI TVEGtMGEPP] VIEPM^EFPI�

 

?�A '� /VEgPuRH ARHIVsIR It EP�� 2EtuVI 4L]sMGs 16� 8�5ɡ880 �2020


?2A 7� /VMRRIV� 2� 0EGVSM\ It EP�� 2EtuVI 605� ���ɡ��� �2022


 

� ;SVO HSRI MR GSPPEFSVEtMSR [MtL 7IFEstMER /VMRRIV� 2EtLER 0EGVSM\� ARts 6IQQ� Agus-

tMR (M 4ESPS� )PMI +IRSMs� 'EtLIVMRI 0IVSu\� 'LVMstSTL ,IPPMRgs� 7tIJERME 0E^EV� *VERGSMs 

7[MEHIO� .SLERRIs ,IVVQERR� +VELEQ .� 2SVVMs� 'LVMstMER /VEgPuRH ARHIVsIR� 1EVOus 

1¿PPIV� API\ERHVI &PEMs� 'LVMstSTLIV )MGLPIV� ERH ARHVIEs ;EPPVEȋ

/)=238) -

REALIZING QUANTUM ERROR 

CORRECTION IN THE SURFACE CODE*

/I]RStI F] Andreas Wallraff

(ITEVtQIRt SJ 4L]sMGs� )8, >uVMGL� 7[Mt^IVPERH

[[[�UuHIZ�ItL^�GL
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7GMIRtMǲG sIssMSR� 

5uERtuQ IVVSV GSVVIGtMSR ERH QMtMgEtMSR

(IRsMt] QEtVM\ I\TSRIRtMEtMSR �(1)
 Ms E tIGLRMUuI JSV usMRg E GSRtVSP stEtI ρ ̂ tS IREGt tLI UuERtuQ STIVEtMSR           SR E 

tEVgIt s]stIQ� -t [Es ǲVst TVSTSsIH MR tLI GSRtI\t SJ UuERtuQ QEGLMRI PIEVRMRg� Fut LEs sMRGI FIIR sLS[R tS LEZI FVSEH 

ETTPMGEtMSRs MR UuERtuQ QItVSPSg] ERH GSQTutEtMSR� -R tLMs TVIsIRtEtMSR� [I HIsGVMFI SuV MQTPIQIRtEtMSR SJ (1) usMRg 

t[S tVERsQSR suTIVGSRHuGtMRg UuFMts� )VVSV QMtMgEtMSR Ms GVMtMGEP JSV VuRRMRg HIIT GMVGuMts suGL Es (1)� ERH VIHuGMRg 

GSLIVIRt IVVSVs Ms TEVtMGuPEVP] MQTSVtERt sMRGI MRǲHIPMt] gVS[s PMRIEVP] [MtL MRGSLIVIRt IVVSVs Fut GER gVS[ UuEHVEtMGEPP] 

[MtL GSLIVIRt IVVSVs� 8LI ǲVst TEVt SJ tLMs tEPO HIsGVMFIs ER IVVSV QMtMgEtMSR tIGLRMUuI JSV GSLIVIRt IVVSVs GEPPIH 5uERtuQ 

1IEsuVIQIRt )QuPEtMSR �51)
 [LMGL [Es OI] JSV HIQSRstVEtMRg (1)� -R tLI sIGSRH TEVt SJ tLI tEPO� [I MRtVSHuGI tLI 

(1) EPgSVMtLQ ERH FIRGLQEVO SuV MQTPIQIRtEtMSR� 

COHERENT ERROR MITIGATION AND DENSITY MATRIX 

EXPONENTIATION USING EMULATED QUANTUM 

MEASUREMENTS

Ami Greene (gVIIRIE$QMt�IHu
� 1EssEGLusItts -RstMtutI SJ 8IGLRSPSg]

)PM 0IZIRsSR�*EPO� IPIZIRsS$usG�IHu� 

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME� 97A

)ZERgIPSs :PEGLSs� IZPEGLSs$usG�IHu� 

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME� 97A

,EMQIRg >LERg� LEMQIRg$usG�IHu� 

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME� 97A

(EVMER ,EVtsIPP� HLEVtsIP$usG�IHu� 

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME� 97A

7EGLE +VIIRǲIPH� sgVIIRJ$usG�IHu� 

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME� 97A

0IMgL 1EVtMR� GuPIMgL$gQEMP�GSQ� 

,EVZEVH 9RMZIVsMt]� 97A

.EQIs *EVQIV� NtJEVQIV$usG�IHu� 

9RMZIVsMt] SJ 7SutLIVR 'EPMJSVRME� 97A

8EQIIQ APFEsL� tEPFEsL$usG�IHu� 

9RMZIVsMt] SJ 2I[ 1I\MGS� 97A

.IȋVI] 1EVsLEPP� NQEVsLEPP$usVE�IHu� 

2A7A 5uERtuQ AVtMǲGMEP -RtIPPMgIRGI 

0EF� 97A

)RgMRIIVMRg ERH 

LEVRIssMRg RSMs] 

IRZMVSRQIRts 

tS TVIsIVZI 

UuERtuQ 

TVSGIss ǲHIPMt] MR 

suTIVGSRHuGtMRg 

UuFMts

)RZMVSRQIRtEP RSMsI Ms t]TMGEPP] tLSugLt SJ Es E PMQMtMRg 

sSuVGI SJ MRǲHIPMt] MR UuERtuQ TVSGIssIs� ,S[IZIV� 

GEVIJuPP] IRgMRIIVIH RSMsI GER FI usIH tS TVIsIVZI 

UuERtuQ TVSGIss ǲHIPMt]� 8LISVItMGEP VIsuPts LEZI sLS[R 

tLEt ER IRZMVSRQIRt tLEt MQTPIQIRts sS�GEPPIH gIRIVEPM^IH 

1EVOSZMER RSMsI GER GSuRtIVEGt 1EVOSZMER HIGSLIVIRGI 

TVSGIssIs ?�A� ;I sLS[ sMQuPEtMSRs ERH I\TIVMQIRtEP HEtE 

usMRg GPEssMGEP HVMZIs tS IQuPEtI E gIRIVEPM^IH 1EVOSZMER 

UuERtuQ IRZMVSRQIRt� TVIsIVZMRg GSLIVIRGI SJ E sMRgPI 

UuFMt� ;I HIQSRstVEtI GSVVIsTSRHIRGI FIt[IIR tLI 

GPEssMGEPP]�IRgMRIIVIH ERH UuERtuQ IRZMVSRQIRts� ERH 

UuERtMJ] MQTVSZIQIRts MR UuFMt GSLIVIRGI� -R ERStLIV 

ETTVSEGL� [I HIQSRstVEtI tLI suTTVIssMSR SJ TLStSR sLSt 

RSMsI HITLEsMRg tLVSugL IRgMRIIVIH HMssMTEtMSR� ARH [I 

HMsGuss E [IEO�QIEsuVIQIRt�JIIHFEGO FEsIH ETTVSEGL 

tS EGLMIZI LMgL�ǲHIPMt] IRtERgPIH stEtI TVITEVEtMSR� 

3uV VIsuPts HIQSRstVEtI E tSSPOMt SJ ǳI\MFPI I\TIVMQIRtEP 

tIGLRMUuIs tLEt QE] FI usIH tS TVIsIVZI TVSGIss 

ǲHIPMt] ERH stuH] STIR UuERtuQ s]stIQs IȋIGts MR 

suTIVGSRHuGtMRg UuFMts� 

?�A 1EVsLEPP It EP�� 46A �� 052��� �20��
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4ItV >ETPItEP� TItV�^ETPItEP$JEu�HI� 

9RMZIVsMt] SJ )VPERgIR�2uVIQFIVg� 

+IVQER]

2EtLER A� 1G1ELSR� REtLER�

QGQELSR$JEu�HI� 9RMZIVsMt] SJ 

)VPERgIR�2uVIQFIVg� +IVQER]

1MGLEIP .� ,EVtQERR� 

QMGLEIP�N�LEVtQERR$JEu�HI� 9RMZIVsMt] 

SJ )VPERgIR�2uVIQFIVg� +IVQER]

)VVSV�tSPIVERt 

UuERtuQ 

GSRZSPutMSREP 

RIuVEP 

RIt[SVOs JSV 

tLI VIGSgRMtMSR 

SJ s]QQItV]�

TVStIGtIH 

tSTSPSgMGEP 

TLEsIs SR 

RSMs] UuERtuQ 

GSQTutIVs

8LI HIZIPSTQIRt ERH ETTPMGEtMSR SJ UuERtuQ GSQTutIVs 

VIUuMVIs tSSPs tS IZEPuEtI RSMs] UuERtuQ HEtE TVSHuGIH F] 

UuERtuQ LEVH[EVI� ;MtL MRGVIEsMRg s]stIQ sM^I� stERHEVH 

GLEVEGtIVM^EtMSR tIGLRMUuIs usMRg HMVIGt QIEsuVIQIRts ERH 

GPEssMGEP TSst�TVSGIssMRg FIGSQI TVSLMFMtMZIP] HIQERHMRg 

FIGEusI SJ PEVgI QIEsuVIQIRt GSuRts ERH GSQTutEtMSREP 

IȋSVts� 5uERtuQ RIuVEP RIt[SVOs FEsIH SR TEVEQItVM^IH 

UuERtuQ GMVGuMts� QIEsuVIQIRts ERH JIIHJSV[EVH GER 

TVSGIss PEVgI UuERtuQ HEtE� tS HItIGt RSR�PSGEP UuERtuQ 

GSVVIPEtMSRs [MtL VIHuGIH QIEsuVIQIRt ERH GSQTutEtMSREP 

IȋSVts� 5uERtuQ GSRZSPutMSREP RIuVEP RIt[SVOs �5'22s
 

LEZI FIIR sLS[R tS IȌGMIRtP] QIEsuVI GLEVEGtIVMstMG 

sMgREtuVIs SJ s]QQItV]�TVStIGtIH tSTSPSgMGEP �748
 SVHIV 

ERH tS VIGSgRM^I 748 TLEsIs SJ I\EGt �RSMsI�JVII
 gVSuRH 

stEtIs [MtL E VIHuGIH sEQTPI GSQTPI\Mt] ?�A�

,IVI [I GSRstVuGt 5'22s FEsIH SR tLI QuPtMsGEPI 

IRtERgPIQIRt VIRSVQEPM^EtMSR ERsEt^ tLEt GER VIGSgRM^I 

HMȋIVIRt 748 TLEsIs SJ gIRIVEPM^IH GPustIV�-sMRg 

,EQMPtSRMERs MR tLI TVIsIRGI SJ MRGSLIVIRt IVVSVs� sMQuPEtMRg 

tLI IȋIGts SJ HIGSLIVIRGI uRHIV 2-75 GSRHMtMSRs� 9sMRg 

QEtVM\ TVSHuGt stEtI sMQuPEtMSRs� [I sLS[ tLEt tLI 5'22 

SutTut Ms VSFust EgEMRst s]QQItV]�TVIsIVZMRg IVVSVs MJ tLI 

IVVSV GLERRIP Ms MRZIVtMFPI� 1SVISZIV� tLI 5'22s tSPIVEtI 

s]QQItV]�FVIEOMRg IVVSVs FIPS[ E tLVIsLSPH IVVSV TVSFEFMPMt] 

MR GSRtVEst tS tLI 5'22 HIsMgRIH MR ?�A ERH stVMRg SVHIV 

TEVEQItIVs �734s
� [LMGL EVI sMgRMǲGERtP] suTTVIssIH 

JSV ER] RSR�ZERMsLMRg IVVSV TVSFEFMPMt]� )ZIR tLSugL tLI 

IVVSV tSPIVERGI Ms PMQMtIH GPSsI tS TLEsI FSuRHEVMIs HuI 

tS E HMZIVgMRg GSVVIPEtMSR PIRgtL� tLI 5'22s GER TVIGMsIP] 

HItIVQMRI GVMtMGEP ZEPuIs SJ ,EQMPtSRMER TEVEQItIVs�

8LI I\TPSMtEtMSR SJ 5'22s Es E GLEVEGtIVM^EtMSR tSSP JSV 

2-75 HIZMGIs GVuGMEPP] FIRIǲts JVSQ tLI IVVSV tSPIVERGI� 

-R E GSQTPIQIRtEV] [SVO ?2A� [I LEZI HIQSRstVEtIH tLEt� 

HuI tS tLI IVVSV tSPIVERGI� E 5'22 VIEPM^IH SR E ��UuFMt 

suTIVGSRHuGtMRg UuERtuQ TVSGIssSV HItIGts ER 748 TLEsI 

[MtL E LMgLIV ǲHIPMt] tLER tLI QIEsuVIQIRt SJ 734s� 8S 

JEGMPMtEtI tLI MQTPIQIRtEtMSR SJ 5'22s� [I sLS[ LS[ tS 

sLSVtIR E GPEss SJ PSgEVMtLQMG�HITtL 5'22s tS E GSRstERt�

HITtL UuERtuQ GMVGuMt ERH GPEssMGEP TSst�TVSGIssMRg� 

8LI GSRstERt�HITtL UuERtuQ GMVGuMt VIHuGIs sEQTPI 

GSQTPI\Mt] I\TSRIRtMEPP] [MtL s]stIQ sM^I MR GSQTEVMsSR tS 

tLI HMVIGt sEQTPMRg SJ tLI 5'22 SutTut usMRg PSGEP 4EuPM 

QIEsuVIQIRts�

?�A -� 'SRg� 7� 'LSM� ERH 1� (� 0uOMR� 2Et� 4L]s� �5� �2�� �20��


?2A .� ,IVVQERR� 7� 1� 0PMQE� A� 6IQQ� 4� >ETPItEP� It EP�� 

EV<MZ�2�0��05�0� �202�
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7GMIRtMǲG sIssMSR� 

2SR�GSQTutMRg ETTPMGEtMSRs SJ 

suTIVGSRHuGtMRg UuFMts

7uTIVGSRHuGtMRg GMVGuMts EVI E [IPP�IstEFPMsLIH TPEtJSVQs tS TIVJSVQ ZEVMSus UuERtuQ GSQTutMRg ERH UuERtuQ sIRsMRg 

ETTPMGEtMSRs� -R FStL GEsIs� MQTVSZIQIRt SJ tLI UuFMts GSLIVIRGI Ms SRI SJ tLI QSst MQTSVtERt MssuIs� -t Ms [IPP ORS[R 

tLEt t[S PIZIP s]stIQ �807
 HIJIGts EVSuRH E UuFMt EVI E FMg SFstEGPI PMQMtMRg tLI UuFMts GSLIVIRGI� APtLSugL 807 HIJIGts 

LEZI FIIR SFsIVZIH MR ZEVMSus [E]s� Mt Ms HMȌGuPt tS MHIRtMJ] tLI t]TI SJ 807 HIJIGts� ,IVI [I LEZI suGGIIHIH MR MHIRtMJ]MRg 

HMȋIVIRt t]TIs SJ GSuTPMRg FIt[IIR E UuFMt ERH E 807 HIJIGt� tLEt Ms GSuTPMRg HuI tS GVMtMGEP GuVVIRt ǳuGtuEtMSRs ERH 

GSuTPMRg HuI tS GLEVgI ǳuGtuEtMSRs� 8S SFsIVZI tLMs� [I ǲVst TVITEVIH E GETEGMtMZIP] sLuRtIH ǳu\ UuFMt ?�A ERH suGGIssJuPP] 

HItIGtIH Sȋ�VIsSRERt LMgL�JVIUuIRG] 807 HIJIGts usMRg E sTMR�PSGOMRg QItLSH ?2A� ;I tLIR HMstMRguMsLIH tLI t[S t]TIs 

SJ GSuTPMRg F] QIEsuVMRg tLI sTIGtVuQ SJ tLI 807 HIJIGts Es E JuRGtMSR SJ QEgRItMG ǲIPH ETTP]MRg tS tLI UuFMt ?�A� 8LIsI 

VIsuPts TVSZMHI E RI[ EREP]tMGEP QItLSH JSV 807 HIJIGts ERH GSRtVMFutIs tS MQTVSZMRg tLI GSLIVIRGI SJ UuFMts�

8LMs [SVO [Es TEVtMEPP] suTTSVtIH F] .78 '6)78 �.41.'6ȑȗȗȔ
 ERH .78 1SSRsLSt 6
( �.41.17ȒȐȖȗ
�

?�A 0� :� AFHuVEOLMQSZ� It EP�� ATTP� 4L]s� 0Itt� ��5� 2�2�0� �20��
�

?2A 0� :� AFHuVEOLMQSZ� It EP�� 4L]s� 6IZ� & �02� �00502�6
 �2020
�

?�A 0� :� AFHuVEOLMQSZ� It EP�� EV<MZ�2��2�05����

This session is supported by Zurich Instruments/Rohde & Schwarz.

DETECTION OF HIGH-FREQUENCY DEFECTS IN 

SUPERCONDUCTING QUBITS

0� :� AFHuVEOLMQSZȹ� -� 1ELFSSFȹ� ,� 8SMHEȹ� /� /EOu]EREgMȹ� =� 1Etsu^EOMȺ� ERH 7� 7EMtSȹ

ȹ 288 &EsMG 6IsIEVGL 0EFSVEtSVMIs� 288 'SVTSVEtMSR� /EREgE[E 2��-0��8� .ETER

Ⱥ 6IsIEVGL 'IRtIV JSV )QIVgMRg 'SQTutMRg 8IGLRSPSgMIs� 2EtMSREP -RstMtutI SJ AHZERGIH -RHustVMEP 7GMIRGI ERH 

8IGLRSPSg] �A-78
� �-�-� 9QI^SRS� 8suOuFE� -FEVEOM �05-85�8� .ETER

7LEFMV &EV^ERNIL� 

7LEFMV�FEV^ERNIL$uGEPgEV]�GE� 

9RMZIVsMt] SJ 'EPgEV] 'EREHE

1MGVS[EZI 

IRtERgPIQIRt 

gIRIVEtMSR ERH 

Mts ETTPMGEtMSR 

MR UuERtuQ 

sIRsMRg

8LI VIGIRt MRtIVIst MR QIGLERMGEP UuERtuQ s]stIQs Ms 

HVMZIR RSt SRP] F] JuRHEQIRtEP tIsts SJ UuERtuQ gVEZMt] Fut 

EPsS F] HIZIPSTMRg E RI[ gIRIVEtMSR SJ L]FVMH UuERtuQ 

tIGLRSPSgMIs� ,IVI - GSRǲVQ tLI PSRg�stERHMRg TVIHMGtMSR 

tLEt E TEVEQItVMGEPP] HVMZIR QIGLERMGEP SsGMPPEtSV GER 

IRtERgPI IPIGtVSQEgRItMG ǲIPHs� ;I SFsIVZI stEtMSREV] 

IQMssMSR SJ TEtL�IRtERgPIH QMGVS[EZI VEHMEtMSR JVSQ E 

QMGVS�QEGLMRIH sMPMGSR RERSstVMRg SsGMPPEtSV� sUuII^MRg tLI 

NSMRt ǲIPH STIVEtSVs SJ t[S tLIVQEP QSHIs F] ���0 ���
 b H& 

FIPS[ tLI ZEGuuQ PIZIP� 8LMs IRtERgPIQIRt GER FI usIH tS 

MQTPIQIRt 5uERtuQ -PPuQMREtMSR� 5uERtuQ MPPuQMREtMSR Ms E

TS[IVJuP sIRsMRg tIGLRMUuI tLEt IQTPS]s IRtERgPIH 

TLStSRs tS FSSst tLI HItIGtMSR SJ PS[�VIǳIGtMZMt] SFNIGts 

MR IRZMVSRQIRts [MtL FVMgLt tLIVQEP RSMsI� 8LI TVSQMsIH 

EHZERtEgI SZIV GPEssMGEP stVEtIgMIs Ms TEVtMGuPEVP] IZMHIRt Et 

PS[ sMgREP TLStSR ǳu\� 8LMs JIEtuVI QEOIs tLI TVStSGSP ER 

MHIEP TVStSt]TI JSV RSR�MRZEsMZI FMSQIHMGEP sGERRMRg SV 
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PS[�TS[IV sLSVt�VERgI VEHEV HItIGtMSR� ;I I\TIVMQIRtEPP] 

HIQSRstVEtIH UuERtuQ MPPuQMREtMSR Et QMGVS[EZI 

JVIUuIRGMIs�

;I gIRIVEtI IRtERgPIH ǲIPHs usMRg E .SsITLsSR 

TEVEQItVMG GSRZIVtIV Et QMPPMOIPZMR tIQTIVEtuVIs tS 

MPPuQMREtI Et VSSQ�tIQTIVEtuVI ER SFNIGt Et E HMstERGI SJ

SRI QItIV� 8LIsI VIsuPts EVI I\TIVMQIRtEP TVSSJ�SJ�

TVMRGMTPI SJ FMstEtMG VEHEV sItuT�

'LVMstSJSVus (MQEs 7EtV]E� 

GLVMstSJSVus�sEtV]E$EEPtS�ǲ� 4MGS 

gVSuT� 58* 'IRtVI SJ )\GIPPIRGI� 

(ITEVtQIRt SJ ATTPMIH 4L]sMGs� AEPtS 

9RMZIVsMt] 7GLSSP SJ 7GMIRGI� 4�3� &S\ 

��500�000�� AEPtS� *MRPERH

ARHVI[ +utLVMI� ERHVI[�gutLVMI$

EEPtS�ǲ� 4MGS gVSuT� 58* 'IRtVI SJ 

)\GIPPIRGI� (ITEVtQIRt SJ ATTPMIH 

4L]sMGs� AEPtS 9RMZIVsMt] 7GLSSP SJ 

7GMIRGI� 4�3� &S\ ��500�000�� AEPtS� 

*MRPERH

=u�'LIRg�'LERg� ]u�GLIRg�GLERg$

EEPtS�ǲ� 4MGS gVSuT� 58* 'IRtVI SJ 

)\GIPPIRGI� (ITEVtQIRt SJ ATTPMIH 

4L]sMGs� AEPtS 9RMZIVsMt] 7GLSSP SJ 

7GMIRGI� 4�3� &S\ ��500�000�� AEPtS� 

*MRPERH

.uOOE 4IOSPE� NuOOE�TIOSPE$EEPtS�ǲ� 

4MGS gVSuT� 58* 'IRtVI SJ )\GIPPIRGI� 

(ITEVtQIRt SJ ATTPMIH 4L]sMGs� AEPtS 

9RMZIVsMt] 7GLSSP SJ 7GMIRGI� 4�3� &S\ 

��500�000�� AEPtS� *MRPERH

4EuP 1IRG^IP� TEuP�QIRG^IP$VMOIR�NT� 

8LISVItMGEP 4L]sMGs 0EFSVEtSV]� 6-/)2 

'PustIV JSV 4MSRIIVMRg 6IsIEVGL� 

;EOS�sLM� 7EMtEQE �5�-0��8� .ETER

*VERGS 2SVM� JRSVM$VMOIR�NT� 8LISVItMGEP 

4L]sMGs 0EFSVEtSV]� 6-/)2 'PustIV 

JSV 4MSRIIVMRg 6IsIEVGL� ;EOS�sLM� 

7EMtEQE �5�-0��8� .ETER

A 'SSTIV�4EMV 

&S\ 'SuTPIH tS 

8[S 6IsSREtSVs� 

AR AVGLMtIGtuVI 

JSV E 5uERtuQ

6IJVMgIVEtSV

7uTIVGSRHuGtMRg GMVGuMts TVIsIRt E TVSQMsMRg TPEtJSVQ 

[MtL [LMGL tS VIEPM^I E UuERtuQ LIEt IRgMRI� 1StMZEtIH 

F] tLMs� [I JEFVMGEtI ERH TIVJSVQ sTIGtVSsGST] SJ E 

gEtIH 'SSTIV�TEMV FS\� GETEGMtMZIP] GSuTPIH tS t[S 

suTIVGSRHuGtMRg GSTPEREV [EZIguMHI VIsSREtSVs [MtL 

HMȋIVIRt JVIUuIRGMIs� ;I I\TIVMQIRtEPP] HIQSRstVEtI tLI 

stVSRg GSuTPMRg SJ E GLEVgI UuFMt tS t[S suTIVGSRHuGtMRg 

VIsSREtSVs� [MtL tLI EFMPMt] tS TIVJSVQ ZSPtEgI HVMZMRg SJ tLI 

UuFMt Et +,^ JVIUuIRGMIs� *uVtLIVQSVI� [I TVSTSsI ERH 

tLISVItMGEPP] HMsGuss LS[ tLI QIEsuVIH HIZMGI GSuPH FI 

usIH tS STIVEtI Es E G]GPMG UuERtuQ VIJVMgIVEtSV F] EHHMRg 

RSVQEP�QItEP VIsMstSVs Et tLI sLSVt�GMVGuMt IRHs SJ tLI FStL 

VIsSREtSVs [LMGL EVI EGtMRg Es LIEt FEtLs�

6IJIVIRGI TETIV�

+utLVMI� A�� 7EtV]E� '� (�� 'LERg� =� '�� 1IRG^IP� 4�� 2SVM� *�� 
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JSV tIGLRSPSgMIs suGL Es UuERtuQ�PMQMtIH EQTPMǲIVs ERH 

MRHuGtMZIP] sLuRtIH UuFMts�

;I VIsSPZI tLI REtuVI SJ suTIVGSRHuGtMZMt] MR .SsITLsSR 

GLEMRs F] I\tIRsMZIP] GSQTEVMRg tVERsTSVt ERH GMVGuMt 

UuERtuQ IPIGtVSH]REQMGs QIEsuVIQIRts� AREP]sMRg 

SFsIVZIH sGEPMRg FILEZMSuV MR tVERsTSVt [MtL GSRstVEMRts 

JVSQ QMGVS[EZI QIEsuVIQIRts� [I ǲRH tLEt ETTEVIRt 

suTIVGSRHuGtMZMt] Ms MR JEGt tLI LMgL�tIQTIVEtuVI JEtI SJ E 

QIPtIH MRsuPEtSV�
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7GMIRtMǲG 7IssMSR �4SstIVs


APPLICATIONS AND ALGORITHMS

AFLMsLIO AgEV[EP

2EtMSREP 4L]sMGEP 0EFSVEtSV]

EFLMsLIO�EgEV[EP$RTP�GS�uO

-ZER 6uRggIV

2EtMSREP 4L]sMGEP 0EFSVEtSV]

MZER�VuRggIV$RTP�GS�uO

5uERtuQ 

suFsTEGI 

I\TERsMSR 

EPgSVMtLQ 

JSV +VIIRƎs 

JuRGtMSRs

5uERtuQ IQFIHHMRg ETTVSEGLIs JSV QEtIVMEPs sMQuPEtMSRs� suGL 

Es tLI H]REQMGEP QIER�ǲIPH tLISV] �(1*8
� TVSZMHI GSVVIGtMSRs tS 

ǲVst�TVMRGMTPIs GEPGuPEtMSRs JSV stVSRgP] GSVVIPEtIH IPIGtVSRs� [LMGL 

EVI TSSVP] HIsGVMFIH Et PS[IV PIZIPs SJ tLISV]� 8LIsI IQFIHHMRg 

QItLSHs EVI GSQTutEtMSREPP] HIQERHMRg SR GPEssMGEP GSQTutMRg 

EVGLMtIGtuVIs ERH LIRGI VIQEMR VIstVMGtIH tS sQEPP s]stIQs� 

PMQMtMRg tLI sGSTI SJ tLIMV ETTPMGEFMPMt]� 5uERtuQ GSQTutIVs 

LEZI tLI TStIRtMEP tS SZIVGSQI tLMs PMQMtEtMSR� ;I TVIsIRt E 

QItLSH tS GSQTutI tLI +VIIRƎs JuRGtMSR MR E GSRtMRuIH JVEGtMSR 

VITVIsIRtEtMSR usMRg E /V]PSZ FEsMs� ;I GSRsMHIV t[S QItLSHs 

tS GSRstVuGt tLI /V]PSZ FEsMs� 8LI ǲVst Ms FEsIH SR tLI /V]PSZ 

ZEVMEtMSREP UuERtuQ EPgSVMtLQ �/:5A� EV<MZ�2�05���2�8
� [LMPI tLI 

sIGSRH QItLSH usIs tLI UuERtuQ suFsTEGI )\TERsMSR JSV tLI 

+VIIRƎs JuRGtMSR �57)-+
 �suFQMttIH SR AV\MZ SR 1E] 2RH
�

0uGMERS 4IVIMVE

PuGMERS�MZER$Mȋ�GsMG�Is

-RstMtutS HI *°sMGE *uRHEQIRtEP 

-**-'7-'� 7TEMR

.uER .Ss¬ +VEGME 6MTSPP

NuERNSsI�gEVGME�VMTSPP$GsMG�Is

-RstMtutS HI *°sMGE *uRHEQIRtEP 

-**-'7-'� 7TEMR

8SQ¤s 6EQSs HIP 6°SQ

t�VEQSs$GsMG�Is

-RstMtutS HI *°sMGE *uRHEQIRtEP 

-**-'7-'� 7TEMR

4EVEPPIP 52( 

QIEsuVIQIRt 

tSQSgVETL] 

SJ QuPtM�UuFMt 

UuERtuQ 

HIZMGIs

)ȌGMIRt GLEVEGtIVM^EtMSR SJ 52( QIEsuVIQIRts Ms ER MQTSVtERt 

MRgVIHMIRt tS[EVHs GIVtMJ]MRg ERH MQTVSZMRg tLI TIVJSVQERGI 

ERH sGEPEFMPMt] SJ UuERtuQ TVSGIssSVs� ;I MRtVSHuGI tLI 52( 

QIEsuVIQIRt tSQSgVETL] �52(-18
 ?�A Es E sIPJ�GSRsMstIRt 

VIGSRstVuGtMSR SJ tLI 'LSM STIVEtSVs JSV E gIRIVEP 52( HItIGtSV� 

HIsGVMFMRg tLI QIEsuVIQIRt TVSGIss� Mts H]REQMGs� VIPIZERt 

UuERtMǲIVs ƌǲHIPMt]� 52(�RIss� HIstVuGtMZIRIssƌ� ERH sSuVGIs 

SJ IVVSV� ;I stuH] F] RuQIVMGEP sMQuPEtMSR tLI GLEVEGtIVM^EtMSR 

ERH GEPMFVEtMSR SJ E HMsTIVsMZI QIEsuVIQIRt SJ E sMRgPI 

suTIVGSRHuGtMRg UuFMt� ;I VIGIRtP] I\tIRHIH tLI 52(-18 tS 

E QuPtMUuFMt UuERtuQ TVSGIssSV F] E TEVEPPIPM^IH tSQSgVETL] 

tLEt EHHVIssIs sMRgPI� ERH t[S�UuFMt QIEsuVIQIRts ?2A� ;I 

HIQSRstVEtI tLI IȌGMIRt sGEPMRg SJ tLMs TVStSGSP I\TIVMQIRtEPP]� 

JuPP] GLEVEGtIVM^MRg E ��UuFMt -&1-5 UuERtuQ TVSGIssSV JSV HMVIGt 

QIEsuVIQIRts ERH QIEsuVIQIRt�ERH�VIsIt sGLIQIs� ;I EPsS 

MRtVSHuGI UuERtMǲGEtMSR sGLIQIs tLEt VIZIEP tLI MRǳuIRGI SJ 

GVSss�tEPO SR tLI QIEsuVIQIRt SutGSQIs� 3uV TVStSGSP MHIRtMǲIs 

sSuVGIs SJ IVVSVs tLEt PMQMt tLI TIVJSVQERGI SJ tLI HIZMGI JSV 

VITIEtIH 52( QIEsuVIQIRts ERH IREFPIs tLI s]stIQEtMG stuH] SJ 

PEVgIP] uRI\TPSVIH IȋIGts MR suTIVGSRHuGtMRg UuFMt VIEHSut suGL 

Es tLI stVSRg HVMZMRg VIgMQI JSV JEst QIEsuVIQIRt� tLI PIEOEgI tS 

LMgLIV UuFMt PIZIPs� ERH GVSss�tEPO�

?�A 'SQTPItI TL]sMGEP GLEVEGtIVM^EtMSR SJ 52( QIEsuVIQIRts ZME 

tSQSgVETL]� 0� 4IVIMVE� .�.� +EVG°E�6MTSPP� 8� 6EQSs� EV<MZ�2�0��0����

?2A 4EVEPPIP 52( QIEsuVIQIRt tSQSgVETL] SJ QuPtM�UuFMt 

UuERtuQ HIZMGIs� 0� 4IVIMVE� .�.� +EVG°E�6MTSPP� 8� 6EQSs� 

EV<MZ�220���0���

APFIVt 7SPERE� EPFIVt�sSPERE$

UMPMQERNEVS�tIGL� 5MPMQERNEVS� 

Spain

5MFS� tLI 

STIR sSuVGI 

UuERtuQ 37

;I EVI GuVVIRtP] JEGMRg E GSRtMRuSus IZSPutMSR SJ tLI tIGLRSPSg] 

MRZSPZIH MR tLI UuERtuQ GSQTutMRg MRHustV]� ERH sTIGMEPP] MRsMHI E 

PEF� [LMGL QEOIs Mt ZIV] GLEPPIRgMRg tS GS�HIsMgR EPgSVMtLQs tLEt 

tEOI EHZERtEgI ERH tIst Et tLI sEQI tMQI tLI PEtIst HIZMGIs ERH 

UuERtuQ GLMTs QERuJEGtuVIH�

*SV sSPZMRg Mt� 5MPMQERNEVS Ms TVIsIRtMRg 5MFS� tLI STIR sSuVGI 

STIVEtMRg s]stIQ JSV UuERtuQ LEVH[EVI �UuERtuQ TVSgVEQQMRg� 

sMQuPEtMSR� GSRtVSP ERH VIQStI EGGIss
� Es E NSMRt GSPPEFSVEtMSR
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JVSQ 8IGLRSPSg] -RRSZEtMSR -RstMtutI JVSQ AFu (LEFM� tLI 

'IRtVI SJ 5uERtuQ 8IGLRSPSgMIs JVSQ 7MRgETSVI� &EVGIPSRE 

7uTIVGSQTutMRg 'IRtVI JVSQ &EVGIPSRE� ERH 5MPMQERNEVS 

5uERtuQ 8IGL� EPsS JVSQ &EVGIPSRE�

;I [MPP TVIsIRt tLI JSuV PE]IVs SJ 5MFS tLEt QEOI Mt GSQTPItIP] 

sGEPEFPI� LEVH[EVI EgRSstMG ERH VIEH] tS usI JSV tLI IRH usIVs 

�FusMRIss usIVs� VIsIEVGLIVs ERH JSV tLI I\TIVMQIRtEPMsts
�

� 5MFS PERguEgI� tLI HIǲRMtMSR SJ E UuERtuQ GSQTutMRg PERguEgI 

JSV tLI GSRstVuGtMSR SJ ERH I\IGutMSR SJ UuERtuQ EPgSVMtLQs 

FEsIH SR IMtLIV gEtI�FEsIH GMVGuMts SV ERRIEPMRg QSHIPs

� 5MFS PEFSVEtSV]� 7It SJ PMFVEVMIs tS GSRtVSP ERH GEPMFVEtI tLI 

UuFMts� STIVEtI [MtL tLI LEVH[EVI PEF HIZMGIs ERH sIt tLI 

FEGOIRHs tS I\IGutI tLI I\TIVMQIRts SR HMȋIVIRt UuERtuQ 

LEVH[EVI tIGLRSPSgMIs�

� 5MFS 5uERtuQ�Es�E�7IVZMGI� 5MPMQERNEVS sIt SJ FEGOIRH 

sIVZMGIs tS TVSZMHI EGGIss tS tLI 5MPMQERNEVS 5uERtuQ +PSFEP 

7IVZMGI TPEtJSVQ�

� 5MFS ATTPMGEtMSRs� 5MPMQERNEVS [IF sIVZMGI JSV usIVs tS EGGIss 

tLIMV TVSǲPI ERH GSHI EPgSVMtLQs usMRg 5MPMQERNEVS EPgSVMtLQ 

TSVtJSPMS ERH PEuRGL I\TIVMQIRts tS sIZIVEP FEGOIRHs�

� 7MQuPEtMSR� RuQT] FEGOIRH� UMFSNMt FEGOIRH usMRg Nust�MR�

tMQI �.-8
 GustSQ OIVRIP [MtL RuQFE� GuT]� Gu5uERtuQ� ERH E 

GSRRIGtSV tS ,4's�

� 5uFMt 7MQuPEtMSR FEGOIRH� 8VERsQSR ERH *Pu\�UuFMt sMQuPEtSV

� 5uERtuQ ,EVH[EVI FEGOIRH
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ERH 4VSGIss 

8SQSgVETL] 
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;MtL tLI gVS[MRg MRtIVIst ERH VETMH HIZIPSTQIRt MR RIEV�tIVQ 

UuERtuQ HIZMGIs� tLI QMgVEtMSR SJ tLISVItMGEP ERH I\TIVMQIRtEP 

ETTVSEGLIs JVSQ I\MstMRg HIZMGIs tS RIEV�tIVQ

UuERtuQ HIZMGIs Ms MQTIVEtMZI� ;I TVIsIRt ER I\TIVMQIRtEP 

sGERRMRg�FEsIH tSQSgVETL] ETTVSEGL MR tLI GSRtI\t SJ ǲRMtI�

HMQIRsMSREP ;MgRIV VITVIsIRtEtMSRs� 8LIsI VITVIsIRtEtMSRs 

GLEVEGtIVM^I ERH ZMsuEPM^I UuERtuQ STIVEtSVs suGL Es HIRsMt] 

QEtVMGIs� TVSGIssIs� ItG� usMRg sLETIs EssIQFPIH JVSQ PMRIEV 

GSQFMREtMSRs SJ sTLIVMGEP LEVQSRMGs ?�A� 8LI sLETIs GER FI 

VIGSZIVIH I\TIVMQIRtEPP] F] QIEsuVMRg tLI I\TIGtEtMSR ZEPuIs SJ 

VStEtIH E\MEP tIRsSV STIVEtSVs ?2A� ,IVI� [I VIJSVQuPEtI tLI tLISV]
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TuVTSsI TuVI stEtI UuERtuQ GSQTutIV� ;I� tLIVIJSVI� TVIsIRt tLI 

I\TIVMQIRtEP ETTVSEGL JSV MQTPIQIRtMRg tLMs sGERRMRg�FEsIH 

tSQSgVETL] tIGLRMUuI SR tLI -&1 UuERtuQ I\TIVMIRGI ERH 

sLS[GEsI tLI VIsuPts� ;I EPsS sLS[ tLI QItLSHSPSg] JSV IstMQEtMRg 

tLI HIRsMt] ERH TVSGIss QEtVMGIs JVSQ tLI I\TIVMQIRtEPP] GVIEtIH 

HVSTPIt JuRGtMSRs�
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EPgSVMtLQs 

JSV tLI PEttMGI 

&SPt^QERR 

QItLSH MR 

GSQTutEtMSREP 

TL]sMGs� 8S[EVHs 

2-75 IVE 

MQTPIQIRtEtMSRs

3RI SJ tLI QENSV GLEPPIRgIs MR GSQTutEtMSREP TL]sMGs tSHE] Ms 

tS VIHuGI tLI sMQuPEtMSR tMQI SR SRI LERH ERH tS TVSZMHI QSVI 

HItEMPIH QSHIPs MR tIVQs SJ gVMH VIsSPutMSR ERH RuQFIV SJ uRORS[R 

ZEVMEFPIs SR tLI StLIV� -R tLMs tEPO� [I TVIsIRt RSZIP UuERtuQ 

EPgSVMtLQs JSV tLI RuQIVMGEP sSPutMSR SJ GSQTutEtMSREP TVSFPIQs 

MR TL]sMGs� 4EVtMGuPEVP]� [I TVSTSsI UuERtuQ EPgSVMtLQs JSV 

sSPZMRg tVERsTSVt TVSGIssIs ?�A ERH tLI 2EZMIV�7tSOIs IUuEtMSRs 

?2A� FEsIH SR tLI PEttMGI &SPt^QERR QItLSH �0&1
� ERH HMsGuss 

tLI TSssMFMPMtMIs tS I\tIRH tLI EPgSVMtLQs tS StLIV ǲIPHs� 8S 

MQTPIQIRt tLI EPgSVMtLQs� [I utMPM^I -&1Ǝs UuERtuQ GSQTutMRg 

sSJt[EVI HIZIPSTQIRt JVEQI[SVO 5MsOMt� ;I GSQTEVI tLI VIsuPts 

[MtL ER EREP]tMGEP sSPutMSR ERH [MtL VIsuPts SFtEMRIH utMPM^MRg E 

GSVVIsTSRHMRg GPEssMGEP GSHI� SFtEMRMRg I\GIPPIRt EgVIIQIRt� 

8LI GSQTutEtMSREP GSQTPI\Mt] JSV FStL EPgSVMtLQs ERH tLI JuPP 

TVIsIVZEtMSR SJ tLI GSQTutEtMSREP stVuGtuVI SJ tLI GPEssMGEP 0&1 

HIQSRstVEtI E LMgL TStIRtMEP JSV gEMRMRg E UuERtuQ sTIIHuT [MtL 

UuERtuQ 0&1� *MREPP]� [I GSRsMHIV tLI TSssMFMPMtMIs ERH guMHIPMRIs 

JSV MQTPIQIRtMRg SuV EPgSVMtLQs SR suTIVGSRHuGtMRg RSMs] 

MRtIVQIHMEtI�sGEPI UuERtuQ �2-75
 HIZMGIs� 

?�A &uHMRsOM� 0N� 5uERtuQ EPgSVMtLQ JSV tLI EHZIGtMSRƋHMȋusMSR 

IUuEtMSR sMQuPEtIH [MtL tLI PEttMGI &SPt^QERR QItLSH� 5uERtuQ -RJ 

4VSGIss 20� 5� �202�
�

?2A &uHMRsOM� 0N� 5uERtuQ EPgSVMtLQ JSV tLI 2EZMIVƋ7tSOIs IUuEtMSRs 

F] usMRg tLI stVIEQJuRGtMSR�ZSVtMGMt] JSVQuPEtMSR ERH tLI PEttMGI 

&SPt^QERR QItLSH� -Rt� .� 5uERtuQ -RJ� 20� 2 �2022
�

8IMOS ,IMRSsEEVM� tIMOS�

LIMRSsEEVM$Ztt�ǲ� :88 8IGLRMGEP 

6IsIEVGL 'IRtVI SJ *MRPERH 

0tH� *MRPERH

(ERMIP 6IMt^RIV� HERMIP�

VIMt^RIV$Ztt�ǲ� :88 8IGLRMGEP 

6IsIEVGL 'IRtVI SJ *MRPERH 

0tH� *MRPERH

APIssERHVS 8SMgS� EPIssERHVS�

ARtMGMTEtMZI 

QIEsuVIQIRts 

MR L]FVMH 

UuERtuQ�

GPEssMGEP 

GSQTutEtMSR

;I EVI GSRsMHIVMRg E GPEss SJ tEsOs [LIVI SRI Ms VIUuMVIH tS 

GSQTutI tLI ZEPuI SJ E JuRGtMSR �J�< @tS =� SR ER] gMZIR MRTut JVSQ 

�<� ;I HSRƎt GSRGIRtVEtI SR ER] sTIGMǲG TVSFPIQ� Fut VEtLIV SR E 

QItLSH ETTPMGEFPI tS E ZEVMIt] SJ suGL tEsO�

;I JSGus SR E sGLIQI [LIVI tLI GSQTutEtMSR LEs t[S TEVts� 

GPEssMGEP TEVt ERH UuERtuQ TEVt� 8LI IssIRtMEP EssuQTtMSR MR SuV 

MRZIstMgEtMSR Ms tLEt tLIsI GSQTutEtMSRs EVI VuR MR TEVEPPIP� QIERMRg 

tLEt tLI] tEOI ER MRTut Et tLI sEQI tMQI ERH tLI] EVI GEVVMIH Sut 

sMQuPtERISusP]� 8LI ǲREP MRJIVIRGI LETTIRs SRP] EJtIV FStL TEVts 

LEZI FIIR GSQTPItIH� 8LI QStMZEtMSR JSV tLMs TEVEPPIP GSQTutMRg

f : X → Y

X
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tSMgS$TSPMQM�Mt� 4SPMtIGRMGS HM 

1MPERS� -tEP]

EssuQTtMSR Ms tLEt tLI SZIVEPP gSEP Ms tS QMRMQM^I tLI tStEP GSQTutMRg 

tMQI ERH tLI EZEMPEFPI UuERtuQ GSQTutIV QE] FI PIss IȌGMIRt Es 

VIUuMVIH� LIRGI E GPEssMGEP GSQTutIV QE] TVSZMHI E usIJuP EMH�

8LI UuERtuQ GSQTutIV STIVEtIs [MtL E d�PIZIP UuERtuQ s]stIQ ERH 

tLMs sM^I PMQMts Mts TS[IV� ;I EssuQI tLEt tLI UuERtuQ GSQTutMRg TEVt 

Ms gMZMRg E TVSFEFMPMstMG guIss SJ tLI GSVVIGt ZEPuI �J�\
� 8LI GPEssMGEP 

TEVt Ms EFPI tS VuPI Sut SRI SV QSVI [VSRg ZEPuIs� 8LI ǲREP stIT Ms tS 

GSQFMRI tLI VIsuPts JVSQ tLI t[S TEVts ERH QEOI tLI ǲREP guIss� 8LI 

suGGIss SJ tLI JuPP GSQTutEtMSR Ms GLEVEGtIVM^IH F] tLI I\TIGtEtMSR 

ZEPuI SJ LEZMRg �]!J�\
� [LIR tLI MRTut x Ms sEQTPIH uRMJSVQP] JVSQ X�

-J tLI t[S TEVts EVI STtMQM^IH MRHITIRHIRtP]� tLIR tLI GPEssMGEP 

GSQTutEtMSR GERRSt LIPT tSS QuGL� AR EPtIVREtMZI QItLSH Ms FEsIH 

SR tLI MHIE tLEt [I GER STtMQM^I tLI UuERtuQ ERH GPEssMGEP stITs 

tSgItLIV MRstIEH SJ tVIEtMRg tLIQ sITEVEtIP]� IZIR MJ tLI] EVI VuR 

MRHITIRHIRtP] MR TEVEPPIP�8LMs QIERs tLEt [I EHNust tLI QIEsuVIQIRt 

TIVJSVQIH MR tLI IRH SJ tLI UuERtuQ GSQTutEtMSR� 8LI GVu\ Ms 

tEOI MRtS EGGSuRt tLEt tLIVI [MPP FI MRJSVQEtMSR MR tLI JSVQ SJ [VSRg 

ERs[IVs FIJSVI [I LEZI tS QEOI tLI ǲREP HIGMsMSR� EPtLSugL [I 

GERRSt ORS[ tLI sTIGMǲG [VSRg ERs[IVs FIJSVI [I LEZI tS TIVJSVQ 

tLI QIEsuVIQIRt� ;I [MPP GEPP tLI QIEsuVIQIRt anticipative if it is 

STtMQM^IH [MtL VIsTIGt tS tLMs PEtIV EVVMZMRg EHHMtMSREP MRJSVQEtMSR�

3uV QEMR gSEP Ms tS sLS[ tLEt tLI ERtMGMTEtMZI QItLSH GER FI FIttIV 

tLER tLI stERHEVH QItLSH ERH Ms tLIVIJSVI E ZEPuEFPI tSSP MR L]FVMH 

UuERtuQ�GPEssMGEP GSQTutEtMSR�

;I EPsS IPuGMHEtI tLI UuERtuQ REtuVI SJ tLI ERtMGMTEtMZI QItLSH 

F] HIQSRstVEtMRg tLI VIUuMVIH UuERtuQ VIsSuVGIs JSV tLI EGLMIZIH 

FIRIǲt ERH [I I\TPEMR LS[ tLI ERtMGMTEtMZI QItLSH [SVOs MR TVEGtMGI� 

8LMs TVIsIRtEtMSR Ms FEsIH SR [SVO MR TVSgVIss VIsIEVGL�

4EFPS (°I^ :EPPI� TEFPS�

HMI^$GsMG�Is� -RstMtutI SJ 

*uRHEQIRtEP 4L]sMGs -**�

'7-'� 7TEMR

5uERtuQ 

ATTVS\MQEtI 

3TtMQM^EtMSR 

APgSVMtLQ 

TsIuHS�

&SPt^QERR 

stEtIs

-R tLMs TSstIV [I TVIsIRt tLI QEMR VIsuPts SJ ?�A� 8LI 5uERtuQ 

ATTVS\MQEtI 3TtMQM^EtMSR APgSVMtLQ �5A3A
 [Es SVMgMREPP] TVSTSsIH 

Es E L]FVMH ZEVMEtMSREP EPgSVMtLQ suMtEFPI JSV sSPZMRg GSQFMREtSVMEP 

STtMQM^EtMSR TVSFPIQs SR 2-75 HIZMGIs ?2A� )ZIR tLSugL Mt LEs FIIR 

sLS[R� JVSQ VIEsSREFPI tLISVItMG EssuQTtMSRs� tLEt tLI sLEPPS[Ist 

ZIVsMSR SJ tLI EPgSVMtLQ EPVIEH] IRgMRIIVs E UuERtuQ TVSFEFMPMt] 

HMstVMFutMSR tLEt Ms GPEssMGEPP] LEVH tS sEQTPI ?�A� tLMs JSVQEP sEQTPMRg 

EHZERtEgI QE] SV QE] RSt tVERsPEtI MRtS E TVEGtMGEP EHZERtEgI MR tLI 

STtMQM^EtMSR sGIREVMS� -R SuV [SVO ?�A� [I stuH] E sMQTPI� sMRgPI�PE]IV 

gIRIVEPM^EtMSR SJ tLI 5A3A ERsEt^� ERH [I EREP]sI Mts TIVJSVQERGI 

FStL JVSQ tLI STtMQM^EtMSR TSMRt SJ ZMI[ � M�I� tLI TVSFEFMPMt] tS ǲRH 

tLI gVSuRH stEtI � ERH EPsS F] uRHIVstERHMRg tLI t]TIs SJ stEtIs Mt 

TVITEVIs � M�I� tLI TVSFEFMPMt] HMstVMFutMSRs tLEt EVI LEVH tS sEQTPI� 

;MtL E RI[ tLISVItMGEP ETTVSEGL� SuV stuH] VIZIEPs tLEt tLI sLEPPS[Ist 

5A3A SR uRMZIVsEP -sMRg sTMR QSHIPs GVIEtIs TuVI� Fut tLIVQEP�

PMOI stEtIs [MtL +EussMER TIVtuVFEtMSRs� ;I ǲRH tLEt tLIsI stEtIs 

VIsIQFPI &SPt^QERR HMstVMFutMSRs [MtL E tIQTIVEtuVI PS[IV tLER GER 

FI IȌGMIRtP] sMQuPEtIH GPEssMGEPP] EGGSVHMRg tS stEtI�SJ�EVt

f(x)

y = f(x)
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tIGLRMUuIs� suGL Es 1EVOSZ 'LEMR 1SRtI 'EVPS �1'1'
 EPgSVMtLQs� 

1SVISZIV� [I GSRRIGt tLI sEQTPMRg EHZERtEgI ERH tLI STtMQM^EtMSR 

TVSTIVtMIs� TVIsIRtMRg tLEt tLMs PS[ tIQTIVEtuVI EPsS MQTPMIs ER 

EHZERtEgI [MtL VIsTIGt tS STtMQM^EtMSR Es GSQTEVIH tS GPEssMGEP 

stSGLEstMG EPgSVMtLQs� [MtL ER EPgIFVEMG �+VSZIV�PMOI
 IRLERGIQIRt SJ 

tLI gVSuRH stEtI TVSFEFMPMt]� 

6IJIVIRGIs� 

?�A 4� (°I �̂:EPPI It EP�� EV\MZ� 220��0��58 �2022
� 

?2A )� *EVLM It EP�� EV\MZ�������028 �20��
� 

?�A )� *EVLM It EP�� EV\MZ���02�0���� �20��
�

7ERtSsL /uQEV 6EHLE� 

sERtSsL$EgRSstMU�EM� AgRSstMU� 

'EREHE

'EsI] .ES� GEsI]$EgRSstMU�EM� 

AgRSstMU� 'EREHE

+IRIVEPM^IH 

UuERtuQ 

sMQMPEVMt] 

PIEVRMRg

8LI sMQMPEVMt] FIt[IIR SFNIGts Ms sMgRMǲGERt MR E FVSEH VERgI SJ 

EVIEs� ;LMPI sMQMPEVMt] GER FI QIEsuVIH usMRg Sȋ�tLI�sLIPJ HMstERGI 

JuRGtMSRs� tLI] QE] JEMP tS GETtuVI tLI MRLIVIRt QIERMRg SJ sMQMPEVMt]� 

[LMGL tIRHs tS HITIRH SR tLI uRHIVP]MRg HEtE ERH tEsO� 1SVISZIV� 

GSRZIRtMSREP HMstERGI JuRGtMSRs PMQMt tLI sTEGI SJ sMQMPEVMt] QIEsuVIs 

tS FI s]QQItVMG ERH HS RSt HMVIGtP] EPPS[ GSQTEVMRg SFNIGts JVSQ 

HMȋIVIRt sTEGIs� -R tLMs tEPO� [I [MPP gS SZIV tLI VIGIRt TVSTSsEP 

?�A SJ usMRg UuERtuQ RIt[SVOs �REQIH� +57MQ
 JSV PIEVRMRg tEsO�

HITIRHIRt �E
s]QQItVMG sMQMPEVMt] FIt[IIR HEtE tLEt RIIH RSt LEZI 

tLI sEQI HMQIRsMSREPMt]� ;I [MPP EREP]^I tLI TVSTIVtMIs SJ suGL 

sMQMPEVMt] JuRGtMSR EREP]tMGEPP] �JSV E sMQTPI GEsI
 ERH RuQIVMGEPP] �JSV 

E GSQTPI\ GEsI
 ERH sLS[ tLEt tLIsI sMQMPEVMt] QIEsuVIs GER I\tVEGt 

sEPMIRt JIEtuVIs SJ tLI HEtE� *MREPP]� [I [MPP GSRGPuHI F] ETTP]MRg tLMs 

tIGLRMUuI JSV tLVII VIPIZERt ETTPMGEtMSRs � 'PEssMǲGEtMSR� +VETL 

'SQTPItMSR� +IRIVEtMZI QSHIPMRg�

EV<MZ TVITVMRt EV<MZ�220��02��0 �2022
�

API\ERHIV +IRg� EPI\ERHIV�

gIRg$Mt[Q�JVEuRLSJIV�

HI� *VEuRLSJIV -RstMtutI JSV 

-RHustVMEP 1EtLIQEtMGs -8;1� 

+IVQER]�

APM 1SgLMsIL� EPM�QSgLMsIL$

Mt[Q�JVEuRLSJIV�HI� *VEuRLSJIV 

-RstMtutI JSV -RHustVMEP 

1EtLIQEtMGs -8;1� +IVQER]�

'PEuHME 6IHIRFEGL� 

VIHIRFEGL$QEtLIQEtMO�uRM�OP�

HI� 9RMZIVsMt] SJ /EMsIVsPEutIVR� 

+IVQER]�

/EtNE 7GLPEHMt^� OEtNE�

sGLPEHMt^$Mt[Q�JVEuRLSJIV�

HI� *VEuRLSJIV -RstMtutI JSV 

-RHustVMEP 1EtLIQEtMGs -8;1� 

+IVQER]

A L]FVMH 

UuERtuQ 

MQEgI IHgI 

HItIGtSV JSV 

tLI 2-75 IVE

)HgIs EVI MQEgI PSGEtMSRs [LIVI tLI gVE] ZEPuI MRtIRsMt] GLERgIs 

suHHIRP]� 8LI] EVI EQSRg tLI QSst MQTSVtERt JIEtuVIs tS uRHIVstERH 

ERH sIgQIRt ER MQEgI� )HgI HItIGtMSR Ms E stERHEVH tEsO MR HMgMtEP 

MQEgI TVSGIssMRg� sSPZIH JSV I\EQTPI usMRg ǲPtIVMRg tIGLRMUuIs� 

,S[IZIV� tLI EQSuRt SJ HEtE tS FI TVSGIssIH gVS[s VETMHP] ERH 

TusLIs IZIR suTIVGSQTutIVs tS tLIMV PMQMts� 5uERtuQ GSQTutMRg 

TVSQMsIs I\TSRIRtMEPP] PS[IV QIQSV] usEgI MR tIVQs SJ tLI RuQFIV 

SJ UuFMts GSQTEVIH tS tLI RuQFIV SJ GPEssMGEP FMts� -R tLMs TETIV� [I 

TVSTSsI E L]FVMH QItLSH JSV UuERtuQ IHgI HItIGtMSR� -t Ms QStMZEtIH 

F] GPEssMGEP ǲPtIVMRg ERH QEOIs usI SJ E UuERtuQ EVtMǲGMEP RIuVSR 

EPgSVMtLQ� ;I usI tLVII ǲPtIV QEsOs LMgLPMgLtMRg LSVM^SRtEP� ZIVtMGEP� 

ERH HMEgSREP IHgIs� *SV IEGL SJ tLI tLVII HMVIGtMSRs� [I FuMPH E 

UuERtuQ GMVGuMt� QIEsuVI tLIQ� ERH GPEssMGEPP] VIEssIQFPI tLI 

TEVtMEP VIsuPts� ;I IZEPuEtI SuV QItLSH SR suTIVGSRHuGtMRg UuERtuQ 

GSQTutIVs SJ tLI GuVVIRt RSMs] MRtIVQIHMEtI�sGEPI UuERtuQ IVE� *SV 

tLEt� [I GSQTEVI sM\ ZEVMERts SJ tLI QItLSH tS VIHuGI tLI RuQFIV SJ 

GMVGuMts ERH tLus tLI tMQI VIUuMVIH JSV tLI UuERtuQ IHgI HItIGtMSR� 

;I TVSGIss tLI tLVII HMVIGtMSRs ERH sIZIVEP TM\IPs MR SRI GMVGuMt� 

8EOMRg EHZERtEgI SJ tLI sGEPEFMPMt] SJ SuV QItLSH� [I GER TVEGtMGEPP] 

HItIGt IHgIs MR MQEgIs GSRsMHIVEFP] PEVgIV tLER VIEGLIH FIJSVI�

;I VITSVt SR E TETIV TuFPMsLIH SR EV\MZ ?�A ERH suFQMttIH tS tLI 

.SuVREP SJ 5uERtuQ 1EGLMRI -RtIPPMgIRGI� 
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?�A +IRg� API\ERHIV� It EP� ƐA L]FVMH UuERtuQ MQEgI IHgI HItIGtSV JSV tLI 

2-75 IVE�Ƒ EV<MZ TVITVMRt EV<MZ�220���20�2 �2022
�

.MĚ° 8SQÐEPE� NMVM�tSQGEPE$

ZsF�G^� -8Ȕ-RRSZEtMSRs� 

:7& - 8IGLRMGEP 9RMZIVsMt] 

SJ 3stVEZE� ��� PMstSTEHu 

2��2��5� �08 �� 3stVEZE� 

'^IGL 6ITuFPMG

A /I] 

'SQTSRIRt 

SJ tLI 7LSV�s 

APgSVMtLQ ERH 

-ts 4SssMFPI 

5uERtuQ 

-QTPIQIRtEtMSRs

A JuRHEQIRtEP TVSFPIQ MR JEGtSVM^EtMSR F] 7LSVƎs EPgSVMtLQ ?�A Ms tLI 

MQTPIQIRtEtMSR SJ tLI QSHuPEV I\TSRIRtMEtMSR JuRGtMSR� 8LI TIVMSH SJ 

tLMs JuRGtMSR Ms MQTSVtERt JSV HItIVQMRMRg tLI MRHMZMHuEP JEGtSVs� sS Mts 

EGGuVEtI MQTPIQIRtEtMSR Ms JSV suGGIssJuP JEGtSVM^EtMSR GVMtMGEP�

8LI MQTVIGMsMSR SJ GuVVIRt UuERtuQ GSQTutIVs VIUuMVIs tLEt ER] 

UuERtuQ GMVGuMts sLSuPH FI Es sMQTPI Es TSssMFPI� &StL MR tIVQs SJ tLI 

RuQFIV SJ UuFMts usIH� tLI RuQFIV SJ UuERtuQ gEtIs ERH tLI HITtL SJ 

tLI UuERtuQ GMVGuMt� 8LIVIJSVI� Mt Ms RIGIssEV] tS sIEVGL JSV ER STtMQEP 

ZEVMERt JSV tLI MQTPIQIRtEtMSR SJ tLI EFSZI�QIRtMSRIH QSHuPEV 

I\TSRIRtMEtMSR JuRGtMSR�

8LI stERHEVH QItLSH Ms tS MQTPIQIRt MRHMZMHuEP EVMtLQItMG JuRGtMSRs ?2A 

[LMGL GER FI GSQFMRIH tS EGLMIZI tLI HIsMVIH QSHuPEV I\TSRIRtMEtMSR 

JuRGtMSR� 8LMs TVSGIss� LS[IZIV� GVIEtIs E ZIV] GSQTPI\ UuERtuQ GMVGuMt� 

sS tLEt Mts QIEsuVIH VIsuPt �TVSFEFMPMt] HMstVMFutMSR
 [MPP FI sS sOI[IH 

tLEt Mt [MPP RSt FI TSssMFPI tS VIPMEFP] SFtEMR tLI TIVMSH SJ sSugLt�

ARStLIV [E] Ms tS GVIEtI E sTIGMEP UuERtuQ GMVGuMt JSV SRI TEVtMGuPEV 

QSHuPEV I\TSRIRtMEtMSR JuRGtMSR ?�A� 7uGL E GMVGuMt Ms SJ GSuVsI sMQTPIV 

tLER tLI GMVGuMt GVIEtIH F] tLI EFSZI uRMZIVsEP MQTPIQIRtEtMSR� Fut 

MR TVEGtMGI Mt SRP] QEOIs sIRsI JSV tIstMRg tLI JuRGtMSREPMt] SJ tLI 

suVVSuRHMRg UuERtuQ GMVGuMt JSV TIVMSH HItIGtMSR�

A ZIV] MRtIVIstMRg TSssMFMPMt] JSV tLI MQTPIQIRtEtMSR SJ EVMtLQItMG 

JuRGtMSRs Ms tS usI tLI HMVIGt ERH MRZIVsI UuERtuQ *SuVMIV tVERsJSVQ 

?�A� *SV E UuERtuQ GSQTutIV� tLIsI tVERsJSVQEtMSRs EVI ZIV] IEs] 

STIVEtMSRs� ERH tLMs MRtIVIstMRg JIEtuVI GER tLIR FI usIH tS EHZERtEgI 

MR tLIsI ZEVMSus MQTPIQIRtEtMSRs� 

8LMs GSRtVMFutMSR [MPP I\TPSVI tLIsI TSssMFPI ETTVSEGLIs ERH sLS[ tLIMV 

EHZERtEgIs ERH HMsEHZERtEgIs tLVSugL GSRGVItI I\EQTPIs�

6IJIVIRGIs�

?�A 7LSV� 4�;� APgSVMtLQs JSV UuERtuQ GSQTutEtMSR� HMsGVItI PSgEVMtLQs 

ERH JEGtSVMRg� 4VSGIIHMRgs �5tL ARRuEP 7]QTSsMuQ SR *SuRHEtMSRs SJ 

'SQTutIV 7GMIRGI� -))) 'SQTut� 7SG� 4VIss� �2�ɡ��� �����
�

?2A 4EZPMHMs� A� ERH +M^STSuPSs� (� *Est 5uERtuQ 1SHuPEV )\TSRIRtMEtMSR 

AVGLMtIGtuVI JSV 7LSVƎs *EGtSVM^EtMSR APgSVMtLQ� LttTs���EV\MZ�SVg�

EFs��20��05�� �20�2
�

?�A 2MIPsIR 1�A� ERH 'LuERg -�0� 5uERtuQ 'SQTutEtMSR ERH 5uERtuQ 

-RJSVQEtMSR� �0tL ARRMZIVsEV] )HMtMSR� 'EQFVMHgI 9RMZIVsMt] 4VIss 

�20�0
�

?�A >EPOE� '� *Est ZIVsMSRs SJ 7LSVƎs UuERtuQ JEGtSVMRg EPgSVMtLQ� LttTs���

EV\MZ�SVg�EFs�UuERt�TL��80�08�Z� ����8
�
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,EMQ ,SVS[Mt^� LEMQ$EgRSstMU�EM� 

AgRSstMU� 'EREHE

4SSNE 6ES� TSSNE$EgRSstMU�EM� 

AgRSstMU� 'EREHE

7ERtSsL /uQEV 6EHLE� sERtSsL$

EgRSstMU�EM� AgRSstMU� 'EREHE

A UuERtuQ 

gIRIVEtMRg 

RIt[SVO JSV QuPtM�

HMQIRsMSREP tMQI 

sIVMIs

7]RtLItMG HEtE gIRIVEtMSR LEs TVSZIR tS FI E TVSQMsMRg 

sSPutMSR JSV EHHVIssMRg HEtE EZEMPEFMPMt] MssuIs MR ZEVMSus 

HSQEMRs� )ZIR QSVI GLEPPIRgMRg Ms tLI gIRIVEtMSR SJ s]RtLItMG 

tMQI sIVMIs HEtE� [LIVI SRI LEs tS TVIsIVZI tIQTSVEP 

H]REQMGs� M�I�� tLI gIRIVEtIH tMQI sIVMIs Qust VIsTIGt 

tLI SVMgMREP VIPEtMSRsLMTs FIt[IIR ZEVMEFPIs EGVSss tMQI� 

6IGIRtP] TVSTSsIH tIGLRMUuIs suGL Es gIRIVEtMZI EHZIVsEVMEP 

RIt[SVOs �+A2s
 ERH UuERtuQ�+A2s PEGO tLI EFMPMt] tS EttIRH 

tS tLI tMQI sIVMIs sTIGMǲG tIQTSVEP GSVVIPEtMSRs EHIUuEtIP]� 

-R tLMs tEPO �FEsIH SR ?�A
� [I [MPP MRtVSHuGI E tIGLRMUuI [LMGL 

I\TPSMts tLI EFMPMt] SJ UuERtuQ GSQTutIVs tS I\TPSVI LEVH�

tS�GPEssMGEPP] sMQuPEtI TVSGIss sTEGI� tS PIEVR ERH QSHIP 

E gMZIR GPEssMGEP tMQI sIVMIs� ;I stEVt F] EssuQMRg tLEt E 

gMZIR tMQI sIVMIs GER FI gIRIVEtIH F] E UuERtuQ TVSGIss� 

EJtIV [LMGL [I TVSGIIH tS PIEVR tLEt UuERtuQ TVSGIss usMRg 

ER uRMUuIP] HIǲRIH TEVEQItIVM^IH ERsEt^� ;I tLIR usI tLI 

PIEVRIH QSHIP tS gIRIVEtI Sut�SJ�sEQTPI tMQI sIVMIs ERH 

sLS[ tLEt Mt GETtuVIs uRMUuI ERH GSQTPI\ JIEtuVIs SJ tLI 

PIEVRIH tMQI sIVMIs�

EV<MZ TVITVMRt EV<MZ�220��02��0 �2022


0MSV )PPE� PMSV$UuERtuQ�QEGLMRIs�

GS� 5uERtuQ 1EGLMRIs 08(� 8IP AZMZ� 

-sVEIP

'LEVPMI +uMRR� GguMRR$TVMRGItSR�

IHu� (ITEVtQIRt SJ 4L]sMGs 

ERH (ITEVtQIRt SJ )PIGtVMGEP 

)RgMRIIVMRg� 4VMRGItSR 9RMZIVsMt]� 

4VMRGItSR 2.� 9RMtIH 7tEtIs

=uZEP 8SVIR� ]uZEP$UuERtuQ�

QEGLMRIs�GS� 5uERtuQ 1EGLMRIs 

08(� 8IP AZMZ� -sVEIP

7EVE 7ussQER� sEVEJs$TVMRGItSR�

IHu� (ITEVtQIRt SJ 4L]sMGs 

ERH (ITEVtQIRt SJ )PIGtVMGEP 

)RgMRIIVMRg� 4VMRGItSR 9RMZIVsMt]� 

4VMRGItSR 2.� 9RMtIH 7tEtIs

=SREtER 'SLIR� ]SREtER$

UuERtuQ�QEGLMRIs�GS� 5uERtuQ 

1EGLMRIs 08(� 8IP AZMZ� -sVEIP

ARHI[ ,SuGO� EELSuGO$TVMRGItSR�

IHu� (ITEVtQIRt SJ 4L]sMGs 

ERH (ITEVtQIRt SJ )PIGtVMGEP 

)RgMRIIVMRg� 4VMRGItSR 9RMZIVsMt]� 

4VMRGItSR 2.� 9RMtIH 7tEtIs

3R�tLI�ǳ] QuPtM 

UuFMt VERHSQM^IH 

FIRGLQEVOMRg JSV 

suTIVGSRHuGtMRg 

UuFMt EVGLMtIGtuVIs

1uPtM UuFMt VERHSQM^IH FIRGLQEVOMRg �6&
 Ms E GIRtVEP 

FIRGLQEVOMRg tIGLRMUuI MR UuERtuQ GSQTutMRg� ERH Ms 

ER MRHMsTIRsEFPI TIVJSVQERGI EssIssQIRt tSSP JSV IVVSV 

GLERRIPs MR tLI s]stIQ� )\IGutMRg 6& sIUuIRGIs [MtL 

QMRMQEP tS RS GSQTutEtMSREP SZIVLIEH Ms GVMtMGEPP] MQTSVtERt� 

1uPtM�UuFMt 6& VIUuMVIs QSVI VERHSQ sIUuIRGIs tS SFtEMR 

suȌGMIRt sEQTPMRg SJ tLI 'PMȋSVH gVSuT� -R EHHMtMSR� Mt Ms 

JEZSVEFPI tS EZIVEgI SZIV QER] sIUuIRGIs Et SRGI tS 

QMRMQM^I FMEs MRtVSHuGIH F] PS[�JVIUuIRG] HVMJt� -R tLMs [SVO� 

[I HIQSRstVEtI JSV tLI ǲVst tMQI E 2 UuFMt 6& I\TIVMQIRt tLEt 

Ms MQTPIQIRtIH SR�tLI�ǳ] [MtL QMRMQEP SZIVLIEH� [MtL 'PMȋSVH 

gVSuT GSQTutEtMSRs TIVJSVQIH MR VIEP tMQI ERH MR TEVEPPIP 

[MtL tLI TuPsI gIRIVEtMSR� *uVtLIVQSVI� tLI GSQTutEtMSRs 
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UuERtuQ GSQTutIV�
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 HEtE JVSQ suGL sIRsSVs ERH 

ER SRFSEVH GSQTutIV tLEt IREFPIs HIGMsMSR�QEOMRg FEsIH SR tLI sIRsSV 
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LEZI QER] VIEP�[SVPH ETTPMGEtMSRs ?2A� 3uV :5As EVI FEsIH SR ǲRHMRg tLI 

QMRMQuQ IRIVg] IMgIRstEtI �tLEt VITVIsIRts ER STtMQEP sSPutMSR SJ tLI 
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-R tLMs TSstIV� [I HMsGuss UuERtuQ GSQTMPEtMSR� tLI TVSGIss MR [LMGL tLI 

LMgL�PIZIP UuERtuQ TVSgVEQQMRg PERguEgI Ms STtMQM^IH ERH tVERsJSVQIH 

MRtS PS[�PIZIP MRstVuGtMSRs� JSGusMRg SR GSQTMPEtMSR JVSQ PSgMG gEtI PIZIP 

�I�g� 3TIR5A71
 MRtS 59A� SuV TuPsI TVSgVEQQMRg PERguEgI� AHHMtMSREPP]� 

[I HMZI MRtS tLI sSJt[EVI ERH LEVH[EVI EVGLMtIGtuVIs� [MtL tLIMV EHZERtEgIs 

ERH FSttPIRIGOs� 2-75 ZEVMEtMSREP EPgSVMtLQs ERH GSRsMHIVEtMSRs EFSut tLI 

GSQQuRMGEtMSR FIt[IIR GPEssMGEP ERH UuERtuQ VIsSuVGIs� ;I GSRGPuHI 

F] HMsGussMRg E uRMǲIH JVEQI[SVO JSV GSRtVSPPMRg UuERtuQ TVSGIssSVs ERH 

LS[ tLI GSQTMPEtMSR ERH GSRtVSP EVGLMtIGtuVI suTTSVt tLI L]FVMH UuERtuQ�

GPEssMGEP STIVEtMSRs VIUuMVIH tS VIEPM^I Mts JuPP TStIRtMEP� MR 2-75 EPgSVMtLQs 

PMOI :5) ERH 5A3A�
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FABRICATION
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BRING OUT
THE BEST OF

YOUR QUBITS

quantum-machines.co

Quantum Orchestration Platform:
Breakthrough Control Systems for 

Quantum Computers

Any Scale. In Record Time.
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HIGH-FIDELITY ELEMENTARY OPERATIONS: GATES, 

READOUT, RESET
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MILLIKELVIN ELECTRONICS AND OTHER SUPPORTING 

TECHNOLOGIES
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� GSRsMstMRg SJ 

SZIVPETTMRg suTIVGSRHuGtMRg IPIGtVSHIs sITEVEtIH F] 

E RERSQItIV tLMR S\MHI PE]IV� TVSZMHI E TVIGMSus sSuVGI 

SJ RSRPMRIEVMt] JSV suTIVGSRHuGtMRg UuERtuQ GMVGuMts 

ERH EVI Et tLI LIEVt SJ stEtI�SJ�tLI�EVt UuFMts� suGL Es 

tLI tVERsQSR ERH ǳu\SRMuQ� ,IVI� [I sLS[ tLEt MR E 

ǳu\SRMuQ UuFMt tLI VSPI SJ tLI .. GER EPsS FI TPE]IH 

F] E PMtLSgVETLMGEPP] HIǲRIH� sIPJ�stVuGtuVIH gVERuPEV 

EPuQMRuQ �gVAP
 RERS�NuRGtMSR� E suTIVGSRHuGtSV�

MRsuPEtSV�suTIVGSRHuGtSV �7-7
 .. SFtEMRIH MR E sMRgPI 

PE]IV� ^IVS�ERgPI IZETSVEtMSR� 8LI QIEsuVIH sTIGtVuQ 

SJ tLI VIsuPtMRg UuFMt� [LMGL [I RMGOREQI gVEPQSRMuQ� Ms 

MRHMstMRguMsLEFPI JVSQ tLI SRI SJ E stERHEVH ǳu\SRMuQ 

UuFMt� 6IQEVOEFP]� tLI PEGO SJ E QIsSsGSTMG TEVEPPIP TPEtI 

GETEGMtSV gMZIs VMsI tS ER MRtVMRsMGEPP] PEVgI gVAP RERS�

NuRGtMSR GLEVgMRg IRIVg] MR tLI VERgI SJ �0ǐȑȐȐ+,^� 

GSQTEVEFPI tS Mts .SsITLsSR IRIVg]       � ;I QIEsuVI 

EZIVEgI IRIVg] VIPE\EtMSR tMQIs SJ                        ERH ,ELR 

IGLS GSLIVIRGI tMQIs SJ                          � 8LI I\TSRIRtMEP 

sIRsMtMZMt] SJ tLI gVEPQSRMuQ tS tLI        SJ tLI gVAP RERS�

NuRGtMSR TVSZMHIs E LMgLP] susGITtMFPI HItIGtSV� -RHIIH� 

[I SFsIVZI sTSRtERISus NuQTs SJ tLI ZEPuI SJ       SR 

tMQIsGEPIs JVSQ QMPPMsIGSRHs tS HE]s� [LMGL SȋIV E 

TS[IVJuP HMEgRSstMGs tSSP JSV QMGVSsGSTMG HIJIGts MR 

suTIVGSRHuGtMRg QEtIVMEPs� 

6IJIVIRGI� EV\MZ�2202�0����
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QuPtM�UuFMt FPSGOs� 8LI (A5' GSRGITt HMstMRguMsLIs FIt[IIR t[S ZEVMERts� stIT[MsI ERH FERgIH (A5'� [LIVI tLI 

sMRgPI UuFMt gEtIs EVI TPEGIH MR FIt[IIR EREPSg FPSGOs SV ETTPMIH sMQuPtERISusP] [MtL tLI EREPSg �IRtERgPMRg
 IZSPutMSR� 

VIsTIGtMZIP]� 

;I LEZI MQTPIQIRtIH tLI TVITEVEtMSR TVStSGSP SJ E QE\MQEPP] IRtERgPIH t[S�UuFMt stEtI �&IPP stEtI
 SR -51Ǝs 5�UuFMt 
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JSV FStL (A5' TVStSGSPs� ERH [I VIEGL sMQMPEV ǲHIPMtMIs Es MR tLI TuVIP] HMgMtEP GEsI [LIR TVITEVMRg E &IPP stEtI usMRg 

IMtLIV stIT[MsI (A5' SV FERgIH (A5'� 

8LI QuPtM�UuFMt ZIVsMSR SJ tLI MQTPIQIRtIH GMVGuMt EPPS[s us tS GVIEtI +,> stEtIs F] TEVEPPIPM^MRg sIZIVEP t[S�UuFMt 

MRtIVEGtMSRs� *SV tLI QMRMQuQ I\EQTPI� tLI GEsI SJ tLVII UuFMts� [I LEZI MRZIstMgEtIH MRǲHIPMtMIs EVMsMRg HuI tS tLI QuPtM�

UuFMt REtuVI SJ tLI MRtIVEGtMSR� MRGPuHMRg TEVEsMtMG ERH LMgLIV SVHIV GSuTPMRgs�
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DIGITAL-ANALOG QUANTUM COMPUTING (DAQC)

Julia Lamprich� NuPME�PEQTVMGL$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Nicola Wurz� RMGSPE�[uV^$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Manish Thapa� QERMsL�tLETE$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Vicente Pina� ZMGIRtI�TMRE$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Stefan Pogorzalek� stIJER�TSgSV^EPIO$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Antti Vepsäläinen� EZITsEPEMRIR$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� *MRPERH

Miha Papic� QMLE�TETMG$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Jayshankar Nath� NE]�REtL$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Florian Vigneau� ǳSVMER�ZMgRIEu$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Daria Gusenkova� HEVME�gusIROSZE$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Ping Yang� TMRg�]ERg$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Hermanni Heimonen� LIVQERRM$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� *MRPERH

Hsiang-Sheng Ku� LsMERg�sLIRg�Ou$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Adrian Auer� EHVMER�EuIV$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

Johannes Heinsoo� NSLERRIs�LIMRsSS$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� *MRPERH

Frank Deppe� JVERO�HITTI$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER] 

Inés de Vega� MRIs$QIItMUQ�GSQ� -51 5uERtuQ 'SQTutIVs� +IVQER]

.SLERRIs ,IMRsSS� NSLERRIs$QIItMUQ�

GSQ� -51 5uERtuQ 'SQTutIVs� *MRPERH

7tEtI SJ tLI EVt 

UuFMt VIEHSut 

ERH t[S�UuFMt 

gEtIs Et -51

;I TVIsIRt VIGIRt EHZERGIs MR VIEHSut ERH t[S�UuFMt 
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1SHIPs SJ PMgLt�QEttIV MRtIVEGtMSR [MtL REtuVEP EtSQs t]TMGEPP] MRZSOI tLI HMTSPI ETTVS\-

MQEtMSR� [LIVIMR EtSQs EVI tVIEtIH Es TSMRt�PMOI SFNIGts GSQTEVIH [MtL tLI [EZIPIRgtL 

SJ tLIMV VIsSRERt HVMZMRg ǲIPHs� -R tLMs tEPO� [I TVIsIRt E HIQSRstVEtMSR SJ ƐgMERt EVtMǲGMEP 

EtSQsƑ VIEPM^IH [MtL suTIVGSRHuGtMRg UuFMts MR E [EZIguMHI 5)( EVGLMtIGtuVI� 8LI su-

TIVGSRHuGtMRg UuFMts GSuTPI tS tLI [EZIguMHI Et QuPtMTPI� [IPP�sITEVEtIH PSGEtMSRs� -R 

tLMs GSRǲguVEtMSR� tLI HMTSPI ETTVS\MQEtMSR RS PSRgIV LSPHs� ERH tLI gMERt EtSQ QE] 

UuERtuQ QIGLERMGEPP] sIPJ�MRtIVJIVI� 8LMs s]stIQ IREFPIs tuREFPI UuFMt�[EZIguMHI 

GSuTPMRgs [MtL PEVgI SR�Sȋ VEtMSs ERH E GSuTPMRg sTIGtVuQ tLEt GER FI IRgMRIIVIH F] 

HIsMgR� 1uPtMTPI� MRtIVPIEZIH UuFMts MR tLMs EVGLMtIGtuVI GER FI s[MtGLIH FIt[IIR TVS-

tIGtIH ERH IQMssMZI GSRǲguVEtMSRs� [LMPI VItEMRMRg UuFMt�UuFMt MRtIVEGtMSRs QIHMEtIH 

F] tLI [EZIguMHI� 9sMRg tLMs EVGLMtIGtuVI� [I gIRIVEtI E &IPP stEtI [MtL ��	 ǲHIPMt]� HI-

sTMtI FStL UuFMts FIMRg stVSRgP] GSuTPIH tS tLI [EZIguMHI� 8MQI TIVQMttMRg� [I EPsS 

HMsGuss VIGIRt EHZERGIs MR ȓ( MRtIgVEtMSR SJ suTIVGSRHuGtMRg UuERtuQ GMVGuMts�       

/)=238) -

GIANT ARTIFICIAL ATOMS AND 

WAVEGUIDE QED
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(ITEVtQIRt SJ )PIGtVMGEP )RgMRIIVMRg ERH 'SQTutIV 7GMIRGI� (ITEVtQIRt SJ 4L]sMGs
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1EssEGLusItts -RstMtutI SJ 8IGLRSPSg]

'EQFVMHgI� 1A 02���

[MPPMEQ�SPMZIV$QMt�IHu

IUus�QMt�IHu



SUPERCONDUCTING QUBITS AND ALGORITHMS (SQA) CONFERENCE - CONFERENCE GUIDE 48

7GMIRtMǲG sIssMSR� 

*EFVMGEtMSR ERH QEtIVMEPs

;I JEFVMGEtI ERH GLEVEGtIVM^I suTIVGSRHuGtMRg tLVSugL�sMPMGSR ZMEs ERH IPIGtVSHIs suMtEFPI JSV suTIVGSRHuGtMRg 

UuERtuQ TVSGIssSVs� ;I QIEsuVI MRtIVREP UuEPMt] JEGtSVs SJ E QMPPMSR JSV tIst VIsSREtSVs I\GMtIH Et sMRgPI�TLStSR PIZIPs� 

SR GLMTs [MtL suTIVGSRHuGtMRg ZMEs usIH tS stMtGL gVSuRH TPERIs SR tLI JVSRt ERH FEGO sMHIs SJ tLI GLMTs� 8LMs VIsSREtSV 

TIVJSVQERGI Ms SR TEV [MtL tLI stEtI SJ tLI EVt JSV sMPMGSR�FEsIH TPEREV sSPutMSRs� HIsTMtI tLI TVIsIRGI SJ ZMEs� :ME stMtGLMRg 

SJ gVSuRH TPERIs Ms ER MQTSVtERt IREFPMRg tIGLRSPSg] JSV MRGVIEsMRg tLI TL]sMGEP sM^I SJ UuERtuQ TVSGIssSV GLMTs� ERH Ms 

E ǲVst stIT tS[EVH QSVI GSQTPI\ UuERtuQ HIZMGIs [MtL tLVII�HMQIRsMSREP MRtIgVEtMSR�

QUBIT-COMPATIBLE 3D-INTEGRATION METHODS FOR 

LARGE QUANTUM PROCESSORS
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MRHMuQ FuQTs 

JSV sGEPEFPI ȓ( 

MRtIgVEtMSR SJ 

suTIVGSRHuGtMRg 

UuFMts�

5uERtuQ GSQTutMRg tS FI JEuPt tSPIVERt� Mt Ms RIGIssEV] 

tS VIEGL tLI RuQFIV SJ UuFMts tS Et PIEst tLSusERHs� 8S 

tLMs IRH� Ms MQTSVtERt tS HIZIPST PS[�PSss MRtIVGSRRIGts 

FIt[IIR tLI HMȋIVIRt GSQTSRIRts SJ tLI UuERtuQ 

TVSGIssSV� ;I VITSVt LMgL UuFMt GSLIVIRGI QEHI [MtL ǳMT�

GLMT FSRHIH IPIGtVSTPEtIH MRHMuQ FuQTs� 8LI IQTPS]IH 

QItEP stEGO� FuQT ERH sIIH PE]IV� I\LMFMts IPIGtVMGEPP] ERH 

GV]SgIRMGEPP] Es gSSH Es tLI tLIVQEPP] IZETSVEtIH MRHMuQ 

FuQTs� -R EHHMtMSR� tLI JEFVMGEtMSR TVSGIss Ms GSQTEtMFPI 

[MtL .SsITLsSR NuRGtMSR QERuJEGtuVMRg TVSGIss � OIITMRg 

tLI EZIVEgI GSLIVIRGI tMQI 8ȑ b �5 xs� )PIGtVSTPEtMRg 

tIGLRSPSg] EPPS[s gVS[MRg FuQTs Es tEPP Es 20 xQ� [LMGL 

VIHuGIs GVSsstEPO ERH MRGVIEsIs JVIIHSQ MR HIsMgR 

GLSMGIs� EPPS[MRg JSV I\EQTPI stVSRgIV GSuTPMRg FIt[IIR 

IPIQIRts F] VIHuGMRg stVE] GSuTPMRg tS tLI gVSuRH TPERI�
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JSuRHV]�
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suTIVGSRHuGtMRg 

UuFMt TPEtJSVQ

7tEtI�SJ�tLI�EVt suTIVGSRHuGtMRg UuFMts EVI 

EPQSst I\GPusMZIP] JEFVMGEtIH usMRg sLEHS[ 

IZETSVEtMSR ERH PMJt�Sȋ tIGLRMUuIs� 8LIsI 

tIGLRMUuIs ]MIPH MQTuVMt]�JVII .SsITLsSR 

NuRGtMSRs ERH GETEGMtSV stVuGtuVIs [MtL VIPEtMZIP] 

GPIER suVJEGI MRtIVJEGIs� ,S[IZIV� HuI tS TSSV 

TVSGIss GSRtVSP sLEHS[ IZETSVEtMSR ERH PMJt�Sȋ 

EVI RSt GSQTEtMFPI [MtL EHZERGIH PMtLSgVETLMG 

TVSGIss ǳS[s HIZIPSTIH JSV sGEPEFPI JEFVMGEtMSR 

SJ MRtIgVEtIH GMVGuMts� -R tLMs tEPO - [MPP TVIsIRt 

-1)'Ǝs TPEtJSVQ JSV sGEPEFPI suTIVGSRHuGtMRg 

UuFMt JEFVMGEtMSR FEsIH SR JSuRHV] GSQTEtMFPI 

tLMR ǲPQ TVSGIssMRg ?��2A ERH SZIVPE] .SsITLsSR 

NuRGtMSR JEFVMGEtMSR ?�A� 7uTIVGSRHuGtMRg 

8VERsQSR UuFMts [MtL SZIVPE] NuRGtMSRs LEZI 

IRIVg] VIPE\EtMSR tMQIs uT tS �00 us [MtL E QIER 

SJ 8ȑ ! �0-�0 us� &EsIH SR tLI gISQItV] ERH 
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NON-COMPUTING APPLICATIONS OF 

SUPERCONDUCTING QUBITS
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QIGLERMGEP VIsSREtSV ERH tVERsQSR UuFMt GER FI MQTPIQIRtIH F] 

QSHuPEtMSR SJ 759-( MRHuGtERGI� Es HIQSRstVEtIH MR tLI VIGIRt 

I\TIVMQIRts� 8LI UuFMt stEtI VIEHSut GER FI TIVJSVQIH MR E tVEHMtMSREP 

G�5)( sItuT� -R suGL E tVM�TEVtMtI s]stIQ� [I EREP]^I tLI stIEH]�

stEtI SGGuTEtMSR SJ tLI QIGLERMGEP QSHI [LIR EPP tLVII QSHIs 

EVI HMsTIVsMZIP] GSuTPIH� ;I GER EGLMIZI E PEVgI GSuTPMRg FIt[IIR 

QIGLERMGEP ERH UuFMt QSHIs [MtL E ǳu\ FMEs MR tLI HMsTIVsMZI 

VIgMQI SJ GEZMt] ERH UuFMt� ;I usI UuERtuQ RSMsI ERH 0MRHFPEH 

JSVQEPMsQ tS sLS[ tLEt GSSPMRg QIGLERMGEP QSHI tS tLI gVSuRH 

stEtI Ms TSssMFPI� 8S EHHVIss tLI MssuI SJ QIGLERMGEP VIEHSut MR tLI 
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tS GVSss�/IVV MRtIVEGtMSR� Mt EPPS[s VIGSVHMRg SJ tLIVQEP QStMSR� 3uV 

MRMtMEP I\TIVMQIRtEP VIsuPts sLS[ tLI TVSsTIGts SJ QIEsuVIQIRts SJ 

tLIVQSQIGLERMGEP QStMSR [LMPI QEMRtEMRMRg E PEVgI GSuTPMRg FIt[IIR 

UuFMt ERH QIGLERMGs� 3uV tLISVItMGEP QSHIPMRg suggIsts tLEt suGL 

E GVSss�/IVV MRtIVEGtMSR GER FI E ZEPuEFPI VIsSuVGI JSV tLI UuERtuQ 

GSRtVSP SJ tLI QIGLERMGEP VIsSREtSV�
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QIRt ?�A� 8LI IRtERgPIQIRt QIGLERMsQ IssIRtMEPP] GSR�sMsts SJ tLI 

I\GMtEtMSR tS E LMgLIV PIZIP tLVSugL E RSR�VIsSRERt TVSGIss FEsIH SR 

0ERHEu�>IRIV tVERsMtMSRs� [MtL tLI EHHMtMSR SJ tLI tuR�MRg SJ E JEst�

VIPE\EtMSR GLER�RIP tS tLI HIsMVIH ǲREP stEtI� 8LI QIGLERMsQ HSIs RSt 

VI�UuMVI tLI ǲRI�tuRMRg SJ sTI�GMǲG TLStSR VIsSRERGIs ?2A� ;I EPsS 

ǲRH tLEt F] E TVSTIV HIsMgR SJ tLI s]stIQ TEVEQI�tIVs ERH tLI HVMZMRg 

TVStSGSP� tLI t[S�UuFMt stIEH]�stEtI GSRGuVVIRGI GER EttEMR ZEPuIs 

GPSsI tS � MR E [MHI VERgI SJ HVMZMRg EQTPMtuHIs� 'MVGuMts SJ GSuTPIH 

sQEPP�gET suTIVGSR�HuGtMRg UuFMts� [MtL GSRtVSP SJ tLI s]stIQ�FEtL 

GSuTPMRg� EVI TSssMFPI GERHMHEtIs JSV tLI MQTPIQIRtEtMSR SJ tLI IRtER�

gPIQIRt gIRIVEtMSR QIGLE�RMsQ TVSTSsIH LIVI�
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QUANTUM ERROR CORRECTION AND MITIGATION
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JVII SJ UuEsMTEVtMGPIs 
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9RTEMVIH IPIGtVSRs ORS[R Es RSRIUuMPMFVMuQ 

UuEsMTEVtMGPIs EVI GSQQSRP] JSuRH MR 

suTIVGSRHuGtMRg HIZMGIs MR I\GIss SJ tLISVItMGEP 

TVIHMGtMSRs� GEusMRg� JSV I\EQTPI� HIGSLIVIRGI MR 

suTIVGSRHuGtMRg UuFMts� [LMPI tLIMV SVMgMRs EVI RSt 

JuPP] uRHIVstSSH� ;I LEZI VIGIRtP] HIQSRstVEtIH 

tLEt E suTIVGSRHuGtSV GER FI GSQTPItIP] JVII 

SJ UuEsMTEVtMGPIs JSV TIVMSHs uT tS sIGSRHs 

?�A� ;I QIEsuVI tLI MRstERtERISus RuQFIV SJ 

UuEsMTEVtMGPIs SR E QIsSsGSTMG suTIVGSRHuGtMRg 

MsPERH F] QSRMtSVMRg Mts GLEVgI stEtI MR VIEP 

tMQI� 8LI MsPERH Ms JVII SJ UuEsMTEVtMGPIs JSV 

UuMIt TIVMSHs SJ uT tS sIGSRHs� MRtIVVuTtIH F] 

'SSTIV TEMV FVIEOMRg IZIRts GVIEtMRg t[S SV 

QSVI UuEsMTEVtMGPIs� -R SuV I\TIVMQIRt� tLI VEtI 

SJ 'SSTIV TEMV FVIEOMRg HIGVIEsIH SZIV [IIOs 

JVSQ tLI stEVt SJ E GSSPHS[R� VuPMRg Sut JSV 

MRstERGI GSsQMG SV PSRg�PMZIH VEHMSEGtMZI sSuVGIs 

SJ UuEsMTEVtMGPIs Es tLI HSQMRERt SRI MR SuV 
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SJ QEgMG JSV 

UuERtuQ GSQTutIVs

1EgMG GLEVEGtIVM^Is tLI HIgVII SJ RSR�

stEFMPM^IVRIss SJ UuERtuQ stEtIs� -t Ms E GVuGMEP 

VIsSuVGI JSV VIEPM^MRg JEuPt�tSPIVERt UuERtuQ 

GSQTutIVs� *uVtLIV� QEgMG Ms E RIGIssEV] 

GSRHMtMSR tS EGLMIZI UuERtuQ EHZERtEgI� 

,S[IZIV� UuERtMJ]MRg tLI QEgMG SJ UuERtuQ 

GSQTutIVs FI]SRH E JI[ UuFMts LEs FIIR E QENSV 

GLEPPIRgI� 

,IVI� [I MRtVSHuGI &IPP QEgMG tS IȌGMIRtP] 

QIEsuVI QEgMG JSV ER] RuQFIV SJ UuFMts ?�A�

3uV QItLSH GER FI IEsMP] MQTPIQIRtIH 

MR I\TIVMQIRts tSgItLIV [MtL E GSst�JVII 

IVVSV QMtMgEtMSR sGLIQI� ;I I\TIVMQIRtEPP] 

HIQSRstVEtI tLI tVERsMtMSR SJ GPEssMGEPP] sMQuPEFPI
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stEtIs [MtL E PS[ QIEsuVIQIRt GSst� *uVtLIV� ZEVMEtMSREP UuERtuQ 

EPgSVMtLQs GER QE\MQM^I tLI QEgMG SJ UuERtuQ stEtIs ZME tLI 

sLMJt�VuPI� 3uV VIsuPts TEZI tLI [E] tS uRHIVstERH tLI RSR�

GPEssMGEP TS[IV SJ UuERtuQ GSQTutIVs� UuERtuQ sMQuPEtSVs ERH 

UuERtuQ QER]�FSH] s]stIQs�
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'SVVIGtMRg RSR�
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RSR�MHIRtMGEPP] 

HMstVMFutIH IVVSVs 

[MtL suVJEGI GSHIs

A GSQQSR ETTVSEGL tS stuH]MRg tLI TIVJSVQERGI SJ UuERtuQ 

IVVSV GSVVIGtMRg GSHIs Ms tS EssuQI MRHITIRHIRt ERH MHIRtMGEPP] 

HMstVMFutIH sMRgPI�UuFMt IVVSVs� ,S[IZIV� IVVSVs MR I\TIVMQIRtEP 

QuPtMUuFMt HIZMGIs EVI t]TMGEPP] RIMtLIV MRHITIRHIRt� RSV MHIRtMGEP 

EGVSss UuFMts� ,IVI [I HIZIPST ERH MRZIstMgEtI tLI TVSTIVtMIs SJ 

tSTSPSgMGEP suVJEGI GSHIs EHETtIH tS E ORS[R RSMsI stVuGtuVI� 

;I sLS[ tLEt tLI suVJEGI GSHI PSGEPP] tEMPSVIH tS sMRgPI�UuFMt 

RSMsI F] 'PMȋSVH HIJSVQEtMSRs ]MIPHs I\TSRIRtMEPP] suTTVIssIH 

suFtLVIsLSPH JEMPuVI VEtIs� *uVtLIVQSVI� [I stuH] tLI FILEZMSuV 

SJ tLI tEMPSVIH suVJEGI GSHI uRHIV PSGEP t[S�UuFMt RSMsI ERH 

sLS[ tLI MQTSVtERGI SJ GSHI HIgIRIVEG] JSV GSVVIGtMRg suGL 

RSMsI� 8LI TVSTSsIH QItLSHs HS RSt VIUuMVI EHHMtMSREP SZIVLIEH 

MR tIVQs SJ tLI RuQFIV SJ UuFMt ERH usI E stERHEVH QEtGLMRg 

HIGSHIV� LIRGI GSQI Et RS I\tVE GSst GSQTEVIH tS tLI stERHEVH 

suVJEGI�GSHI IVVSV GSVVIGtMSR�
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I\IGutMSR SJ 

UuERtuQ GMVGuMt

)\GMtIQIRt EFSut tLI TVSQMsI SJ UuERtuQ GSQTutIVs 

Ms tIQTIVIH F] tLI VIEPMt] tLEt tLI LEVH[EVI VIQEMRs 

I\GITtMSREPP] JVEgMPI ERH IVVSV�TVSRI� JSVQMRg E FSttPIRIGO 

MR tLI HIZIPSTQIRt SJ RSZIP ETTPMGEtMSRs� -R tLMs tEPO� [I [MPP 

HIsGVMFI E TVI�TVSGIssMRg TMTIPMRI GSRsMstMRg SJ GSQTMPEtMSR� 

GVSsstEPO QMtMgEtMSR� STtMQM^IH gEtI VITPEGIQIRt SR ER] 

gMZIR UuERtuQ GMVGuMt EPSRg [MtL E RSZIP QIEsuVIQIRt IVVSV 

QMtMgEtMSR TVStSGSP MR TSst�TVSGIssMRg EJtIV tLI I\IGutMSR 

SR tLI UuERtuQ HIZMGI� ;I TVIsIRt EutSRSQSus t[S�UuFMt 

gEtI GEPMFVEtMSR usMRg GPSsIH�PSST GEPMFVEtMSR tIGLRMUuIs 

ERH TVSZMHI E TVStSGSP JSV sMQuPtERISus tuRI�uT EGVSss tLI 

JuPP HIZMGI� ;I sLS[ E HItIVQMRMstMG H]REQMGEP HIGSuTPMRg 

QStMJ tLEt QMtMgEtIs >> GVSsstEPO ERH UuFMt HITLEsMRg [LMGL Ms 

uFMUuMtSus MR suTIVGSRHuGtMRg HIZMGIs� ;I EPsS TVIsIRt E RSZIP 

sGEPEFPI QIEsuVIQIRt IVVSV QMtMgEtMSR sGLIQI F] GSQFMRMRg 

tLI tIRsSVIH QMtMgEtMSR ERH RIuVEP RIt[SVO tIGLRMUuIs ERH 

ZEPMHEtI Mts TIVJSVQERGI SR E ���UuFMt suTIVGSRHuGtMRg HIZMGI� 

;I HIQSRstVEtI tLEt GSQFMRMRg EPP tLI EFSZI MQTVSZIQIRts 

PIEH tS HVEQEtMG MQTVSZIQIRts SR GuVVIRt 2-75 HIZMGIs� ;I 

SFsIVZI SZIV ȑȐȐȐ< MQTVSZIQIRt MR tLI suGGIss TVSFEFMPMt] SJ 

FStL HItIVQMRMstMG EPgSVMtLQs� suGL Es 5*8 ERH &:� ERH L]FVMH 

EPgSVMtLQs suGL Es 5A3A ERH :5)�



SUPERCONDUCTING QUBITS AND ALGORITHMS (SQA) CONFERENCE - CONFERENCE GUIDE 61

ARHVI 'EVZEPLS� ERHVI�

GEVZEPLS$U�GtVP�GSQ� 5-'860� 

AustVEPME

=uZEP &EuQ� ]uZEP�FEuQ$U�GtVP�

GSQ� 5-'860� 97A

4VEREZ 1uRHEHE� TVEREZ�

QuRHEHE$U�GtVP�GSQ� 5-'860� 

97A

1EggMI 0Mu^^M� QEggMI�PMu^^M$

U�GtVP�GSQ� 5-'860� AustVEPME

8LSQEs 1IVOL� tLSQEs�

QIVOL$U�GtVP�GSQ� 5-'860 

97A

1MGLEIP ,usL� QMGLEIP�LusL$

U�GtVP�GSQ� 5-'860 AustVEPME

1MGLEIP .� &MIVGuO� QMGLEIP�

FMIVGuO$U�GtVP�GSQ� 5-'860 

AustVEPME

)VVSV�VSFust 

UuERtuQ PSgMG 

HIsMgR SR E 

suTIVGSRHuGtMRg 

UuERtuQ 

GSQTutIV

5uERtuQ GSQTutIVs TVSQMsI QEssMZI MQTEGt EGVSss 

ETTPMGEtMSRs Fut� HIsTMtI GSRtMRuMRg TVSgVIss SR LEVH[EVI 

IRgMRIIVMRg� VIQEMR VIQEVOEFP] IVVSV TVSRI� -R suTIVGSRHuGtMRg 

UuERtuQ GSQTutIVs IVVSVs QERMJIst Et HMȋIVIRt PIZIPs� JVSQ 

PIEOEgI SV HITLEsMRg MR MRHMZMHuEP tVERsQSR UuFMts tS IVVSVs 

MR t[S�UuFMt gEtIs EVMsMRg JVSQ HITLEsMRg� MQTIVJIGt GSRtVSP 

sMgREPs� ERH uR[ERtIH GVSss�GSuTPMRgs�

-R tLMs tEPO [I [MPP sLS[ LS[ GEVIJuP HIsMgR SJ GSRtVSP Et tLI 

TL]sMGEP PE]IV GER GSQFEt tLIsI IVVSVs MR GuVVIRt UuERtuQ 

LEVH[EVI usMRg t[S HMȋIVIRt TEVEHMgQs� *MVst� MR E QSHIP�FEsIH 

ETTVSEGL� [I usI tIGLRMUuIs JVSQ STtMQEP ERH VSFust GSRtVSP 

tS HIsMgR PSgMGEP gEtIs [MtL TIVJSVQERGI gEMRs SJ b�0\ EGVSss 

QuPtMTPI VIPIZERt QItVMGs� MRGPuHMRg stEFMPMt] SZIV tMQI ERH 

VIsMPMIRGI tS GVSss tEPO� -R SuV sIGSRH ETTVSEGL� [I usI HIIT 

VIMRJSVGIQIRt PIEVRMRg tS HIsMgR IVVSV�VSFust UuERtuQ PSgMG 

gEtIs MR ER EutSQEtIH� VIEP�tMQI JEsLMSR� ;MtL tLMs QItLSH Ƌ 

[LMGL LEs tLI LugI EHZERtEgI SJ RSt VIUuMVMRg ORS[PIHgI SJ 

E sTIGMǲG ,EQMtSRMER QSHIP SJ tLI s]stIQ� Mts GSRtVSPs� SV Mts 

uRHIVP]MRg IVVSV TVSGIssIs Ƌ [I I\TIVMQIRtEPP] HIQSRstVEtI 

sMRgPI UuFMt gEtIs uT tS �\ JEstIV tLER HIJEuPt (6A+ STIVEtMSRs 

[MtLSut EHHMtMSREP PIEOEgI IVVSV� ERH I\LMFMtMRg VSFustRIss 

EgEMRst GEPMFVEtMSR HVMJts SZIV [IIOs� ;I EPsS TVIsIRt 2�UuFMt 

gEtIs usMRg tLI GVSss�VIsSRERGI MRtIVEGtMSR tLEt SutTIVJSVQ 

LEVH[EVI HIJEuPt gEtIs F] SZIV 2\� EPsS I\LMFMtMRg suTIVMSV 

GEPMFVEtMSR�JVII TIVJSVQERGI uT tS 25 HE]s TSst STtMQM^EtMSR�



SUPERCONDUCTING QUBITS AND ALGORITHMS (SQA) CONFERENCE - CONFERENCE GUIDE 62

Building Machine Learning
Based Software for
Quantum Control

quantrolox.com

Learn more at our booth or website

8690_QuantrolOx_Press Advert_A5_FINAL copy.pdf   1   25/07/2022   15:54

QpiAI Opt, ML, Sim

Logistics
& SCM

Financial
Services

O&G, Energy 
and Materials

Healthcare &
Pharma

Automotive &
Aerospace

App
lic

at
io

ns

QpiAI Quantum

QpiAI Explorer

www.qpiai.tech QpiAI India Pvt. Ltd

Developing India’s most powerful full-stack quantum 
computing solution to vertically integrate AI and 
quantum applications from PoC to production. 

Enabling enterprise adoption of quantum solutions and 
commertialization of quantum-inspired technologies. 
 
Democratizing quantum computing to accelerate 
workforce development in India and globally. 

• Quantum Inspired Optimization
• Quantum Machine Learning
• Quantum Simulation

• Circuit Simulator
• Algorithm Libraries
• Quantum Programming

• Supporting 25/50
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processor and CMOS 
semiconducting qubits

• High-speed integrated 
readout & control electronics

• Capability for QEC
and error mitigation
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QpiAI Quantum based 
end-user applications
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QpiAI Quantum
Processor 

Quantum Computing as a Service 
(QCaaS) for users to build and deploy 
quantum and hybrid applications 
over the cloud and on-premises. 

Quantum processor

Classical control chip
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for optimization
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UNCONVENTIONAL QUBITS
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;I TVSTSsI HIZMGIs tLEt I\tIRH tLI '547 UuFMt ?�A ERH ǳu\ UuFMts ?2A 

utMPMsMRg tLI .SsITLsSR NuRGtMSR �..
 ERH UuERtuQ TLEsI sPMT NuRGtMSRs 
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 VIsTIGtMZIP]� [LMGL EVI HuEP RSR�PMRIEV IPIQIRts STIVEtMRg 

SR tLI tVERsJIV SJ 'SSTIV TEMVs ERH ǳu\ UuERtE VIsTIGtMZIP]� ;MtL 

tLI EHHMtMSREP SJ s]QQItVMGEP suTIVGSRHuGtMRg PSSTs ƐQMVVSVMRgƑ tLI 

HIZMGIs EFSut tLI GIRtVEP E\Ms� [I EttIQTt tS QEOI tLI s]stIQs VSFust 

tS gPSFEP QEgRItMG ǲIPH ǳuGtuEtMSRs�

8LI ƍt[MRƎ ǳu\ UuFMt GSRsMsts SJ E s]QQItVMGEP TEMV SJ suTIVGSRHuGtMRg 

PSSTs� [MtL t[S .SsITLsSR NuRGtMSRs MR IEGL� NSMRIH F] E GSQQSR 

.SsITLsSR NuRGtMSR ?�A� A GLERgI MR gPSFEP ǳu\ sLSuPH VIsuPt MR 

STTSsMRg GMVGuPEtMRg GuVVIRts SR tLI TIVMTLIVEP FVERGLIs� QEOMRg Mt 

QSVI VSFust tS QEgRItMG RSMsI tLER E stERHEVH ǳu\ UuFMt� ;I TIVJSVQ 

E HItEMPIH EREP]tMGEP EREP]sMs SJ tLI HSuFPI�PSST s]stIQ� VIZIEPMRg 

Mts TVSTIVtMIs ERH GSQTEVI I\TIVMQIRtEP VIsuPts [MtL RuQIVMGEP 
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1ER] ETTVSEGLIs JSV L]FVMH UuERtuQ MRJSVQEtMSR EVGLMtIGtuVIs 

FEsIH SR suTIVGSRHuGtMRg GMVGuMts MRZSPZI QEgRItMG ǲIPHs uT tS 

sIZIVEP �00 Q8 ERH� tLIVIJSVI� VIUuMVI GMVGuMt IPIQIRts VIsMPMIRt tS 

suGL ǲIPHs� *SV tLMs TuVTSsI� gVERuPEV EPuQMRuQ �gVAP
 TVSZIs tS FI 

E TVSQMsMRg suTIVGSRHuGtSV HuI tS Mts PS[ QMGVS[EZI PSssIs ERH 

GVMtMGEP ǲIPH MR tLI tIsPE VERgI� -RHIIH� gVAP VIsSREtSVs LEZI FIIR 

sLS[R tS FI VIsMPMIRt tS QEgRItMG ǲIPHs uT tS ȑ8 [LMPI TVIsIVZMRg 

LMgL MRtIVREP UuEPMt] JEGtSVs SJ �0B5 ?�A� 8LI LMgL OMRItMG MRHuGtERGI 
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gVAP GER FI GSQFMRIH MRtS E sMRgPI�PE]IV gVAP ǳu\SRMuQ GMVGuMt� 

RMGOREQIH gVEPQSRMuQ� [MtL E gVAP RERS�NuRGtMSR VITPEGMRg 

tLI GSRZIRtMSREP UuFMt .SsITLsSR NuRGtMSR ?�A� )\tIRHMRg tLI 

gVEPQSRMuQ GMVGuMt [MtL E gVEHMSQItVMG HIsMgR ?5A� STIRs tLI 

STTSVtuRMt] tS FuMPH E gVAP ǳu\SRMuQ GSQTEtMFPI [MtL QEgRItMG 

ǲIPHs VIPIZERt JSV L]FVMH EVGLMtIGtuVIs�
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7MRgPI 

.SsITLsSR 

NuRGtMSR 

H]REQMGs MR 

ZEVMSus LMgL�

MQTIHERGI 

IRZMVSRQIRts

8LI VEtMS FIt[IIR GLEVEGtIVMstMG MQTIHERGI >G ERH 'SSTIV�TEMV 

VIsMstERGI UuERtuQ 6U HItIVQMRIs [LItLIV tLI gVSuRH stEtI 

[EZIJuRGtMSR MR suTIVGSRHuGtMRg UuERtuQ GMVGuMts Ms HSQMREtIH F] 

GLEVgI �  �
 SV TLEsI ǳuGtuEtMSRs �""�
� 7MRGI GSRZIRtMSREP GMVGuMts 

EVI PMQMtIH F] tLI ZEGuuQ MQTIHERGI� tLIVI LEs FIIR E gVS[MRg 

MRtIVIst MR VIEPM^MRg TuVIP] VIEGtMZI GMVGuMt GSQTSRIRts� GEPPIH 

suTIVMRHuGtSVs� [MtL E +,^ sIPJ�VIsSRERt JVIUuIRG] ERH >G�6U ""��

A sQEPP�GETEGMtERGI .SsITLsSR NuRGtMSR �..
 Ms ER MHIEP tIstFIH 

tS MRZIstMgEtI tLI IȋIGts SJ tLI I\tIVREP GMVGuMtV] SR UuERtuQ 

H]REQMGs SJ GLEVgI ERH TLEsI� 8LI .. FILEZMSV GLERgIs 

HVEQEtMGEPP] QSZMRg JVSQ tLI SZIVHEQTIH PS[�MQTIHERGI VIgMQI 

tS tLI uRHIVHEQTIH LMgL�MQTIHERGI PMQMt� -R tLI JSVQIV� [I LEZI 

suTTVIssIH TLEsI ǳuGtuEtMSRs ERH GSLIVIRt tuRRIPMRg SJ 'SSTIV 

TEMVs� tLI .. EGts Es E RSR�PMRIEV MRHuGtSV� -R tLI PEttIV� GLEVgI Ms 

[IPP�HIǲRIH� GSLIVIRt 5uERtuQ 4LEsI 7PMTs �G547s
 IZIRts SGGuV 

ERH tLI .. GER FI QSHIPPIH Es E RSR�PMRIEV GETEGMtSV� 

-R GuVVIRt�FMEsIH tVERsTSVt QIEsuVIQIRts� E GLEVEGtIVMstMG 

QEGVSsGSTMG QERMJIstEtMSR SJ G547s Ms tLI SFsIVZEtMSR SJ ^IVS 

GSRHuGtERGI FIPS[ E GVMtMGEP ZSPtEgI :G ?�A� ;LIR ER A' GuVVIRt Ms
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suTIVMQTSsIH� TLEsI�PSGOIH &PSGL SsGMPPEtMSRs EVI TVIHMGtIH tS 

sLS[ Es GuVVIRt TPEtIEus MR tLI -: GLEVEG�tIVMstMG� tLI sS GEPPIH 

HuEP�7LETMVS stITs� 

-R VJ�759-( UuFMts� tLI MRHuGtMZI sLuRt QEOIs tLI HIZMGI 

MRsIRsMtMZI tS GLEVgI RSMsI� [LMPI ǳu\�RSMsI suT�TVIssMSR GER 

FI VIEGLIH JSV PEVgI ZEPuIs SJ tLI suTIVMRHuGtERGI� PEVgIV 

MQTIHERGI HIPSGEPM^Is tLI TLEsI ZEVMEFPI JVSQ tLI ǳu\�UuFMt 

ERH ǳu\SRMuQ VIgMQIs EPP tLI [E] tS tLI UuEsMGLEVgI VIgMQI ?2A� 

1SVI gIRIV�EPP]� suTIVMRHuGtSVs EVI EPsS E OI] MRgVIHMIRt JSV RSZIP 

ERH MRtVMRsMGEPP] TVStIGtIH suTIVGSRHuGtMRg UuFMts ?�A?�A� 

;I TVIsIRt SuV TVSgVIss MR stuH]MRg tLI TL]sMGs SJ sMRgPI uPtVE�

sQEPP ..s MR ER uPtVE�LMgL MQTIHERGI IRZM�VSRQIRt� ;I VIP] 

SR t[S HMȋIVIRt t]TI SJ HIZMGIs� M�I� GuVVIRt�FMEsIH ..s ERH 
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gISQItVMG suTIVMRHuGtSVs ?�A� 
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PEsIV tS HVMZI 

suTIVGSRHuGtMRg 

IPIGtVSRMGs

8VEHMtMSREPP]� sMgREPs FIt[IIR VSSQ ERH GV]SgIRMG tIQTIVEtuVIs 

EVI tVERsQMttIH F] usMRg QItEPPMG GSE\MEP GEFPIs� [LMGL MRIZMtEFP] 

EPsS tVERsQMt LIEt� ;LIR UuERtuQ tIGLRSPSg] s]stIQs FIGSQI 

QSVI GSQTPI\ MR tLI JutuVI� RI[ ETTVSEGLIs EVI RIIHIH JSV 

sMgREP ERH HEtE tVERsJIV� A TVSQMsMRg [E] tS MQTVSZI sGEPEFMPMt] 

Ms tS usI ER STtMGEP HEtE PMRO FIt[IIR VSSQ tIQTIVEtuVI ERH 

GV]SgIRMG UuERtuQ tIGLRSPSg]� 3R tLI MRTut sMHI MR tLI GSPH� 

tLI STtMGEP sMgREP Ms GSRZIVtIH MRtS IPIGtVMGEP JSVQ usMRg STtMGEP 

tS IPIGtVMGEP GSRZIVtIV �3)'
� 4VSQMsMRg MRtIVJEGIs FIt[IIR 
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-R SuV TVSSJ�SJ�GSRGITt sItuT ?�A� [I usIH E QSHI�PSGOIH 

PEsIV tS gIRIVEtI STtMGEP TuPsIs [LMGL HIPMZIV STtMGEP HEtE JVSQ 

VSSQ tIQTIVEtuVI tS tLI GSPH� 8LI TuPsIs [IVI usIH tS HVMZI E 

.SsITLsSR .uRGtMSR AVVE] �..A
� -R tLI JutuVI� [MtL EVFMtVEV] TuPsI 

TEttIVRs� tLI TuPsIs GER HVMZI E .SsITLsSR AVFMtVEV] ;EZIJSVQ 

7]RtLIsM^IV �.A;7
 GMVGuMt� As MR 7*5 GMVGuMts� tLI SutTut SJ .A;7 
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ZSPtEgI [EZIJSVQs [MtL uPtMQEtI EGGuVEG] [LIR HVMZIR [MtL TuPsI 
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-R SuV sItuT� tLI STtMGEP TuPsIs [IVI gIRIVEtIH MR VSSQ 

tIQTIVEtuVI F] usMRg E QSHI�PSGOIH PEsIV ERH E tMQI�HMZMsMSR 

QuPtMTPI\IV� 8LI TuPsIs [IVI GSRZIVtIH MRtS IPIGtVMGEP SRIs Et 

GV]SgIRMG tIQTIVEtuVIs usMRg TLStSHMSHIs� 'SQTEVIH tS
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EPgSVMtLQs ?2A GEPPIH DDZEVMEtMSREP UuERtuQ MtIVEtMZI TS[IV EPgSVMtLQsƑ 

tLEt sLS[ sTIIHuT SZIV I\MstMRg ZEVMEtMSREP UuERtuQ EPgSVMtLQs� 

;I [SuPH SutPMRI tLI QEMR MHIE SJ SuV TVSTSsEP� JSPPS[IH F] tLVII 

RuQIVMGEP I\EQTPI TVSFPIQs� ��
 TVMQI JEGtSVMsEtMSR �2
 ǲRHMRg 

gVSuRH stEtI SJ tLI ,]HVSgIR QSPIGuPI ��
 ǲRHMRg gVSuRH stEtI SJ E 

tuREFPI suTIVGSRHuGtMRg tVERsQSR GMVGuMt� 
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APgSVMtLQs ERH ETTPMGEtMSRs
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HIgVIIs SJ JVIIHSQ HIgVEHMRg tLIMV GSLIVIRGI� &] usMRg E sMQTPI stEFMPM^EtMSR sIUuIRGI [I sLS[ tLEt E suTIVGSRHuGtMRg 

ǳu\SRMuQ UuFMt Ms GSuTPIH tS E t[S�PIZIP s]stIQ �807
 IRZMVSRQIRt SJ uRORS[R SVMgMR� [MtL E VIPEtMZIP] PSRg IRIVg] 

VIPE\EtMSR tMQI I\GIIHMRg 50Qs� 

-QTPIQIRtMRg E UuERtuQ 7^MPEVH IRgMRI [MtL ER EGtMZI JIIHFEGO GSRtVSP PSST EPPS[s us tS HIGMHI [LItLIV tLI UuFMt LIEts 

SV GSSPs Mts 807 IRZMVSRQIRt� 8LI 807s GER FI GSSPIH HS[R VIsuPtMRg MR E JSuV tMQIs PS[IV UuFMt TSTuPEtMSR� SV tLI] GER FI 

LIEtIH tS QERMJIst tLIQsIPZIs Es E RIgEtMZI tIQTIVEtuVI IRZMVSRQIRt GSVVIsTSRHMRg tS E UuFMt TSTuPEtMSR SJ 80	� ;I 

sLS[ tLEt tLI 807s ERH tLI UuFMt EVI IEGL StLIVƎs HSQMRERt PSss QIGLERMsQ ERH tLEt tLI UuFMt VIPE\EtMSR Ms MRHITIRHIRt 

SJ tLI 807 TSTuPEtMSRs� 9RHIVstERHMRg ERH QMtMgEtMRg 807 IRZMVSRQIRts Ms tLIVIJSVI RSt SRP] GVuGMEP tS MQTVSZI UuFMt 

PMJItMQIs Fut EPsS tS EZSMH RSR�1EVOSZMER UuFMt H]REQMGs�

This session is supported by IBM Quantum.

A QUANTUM SZILARD ENGINE FOR TWO-LEVEL 

SYSTEMS COUPLED TO A QUBIT

Ioan Pop (MSER�TST$OMt�IHu
 � /EVPsVuLI -RstMtutI SJ 8IGLRSPSg]

mailto:ioan.pop%40kit.edu?subject=
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5uERtuQ 5uERtuQ 7MQuPEtMSRs +QF,

7MQuPEtMRg 

s]stIQ�FEtL 

t]TI TVSFPIQs 

SR E UuERtuQ 

GSQTutIV

5uERtuQ GSQTutIVs SȋIV tLI TSssMFMPMt] JSV PEVgI sGEPI 

sMQuPEtMSRs SJ UuERtuQ QIGLERMGEP s]stIQs� 8SHE] tLI 

sMQuPEtMSR EVI PMQMtIH F] RSMsI ERH MQTIVJIGtMSR SJ tLI 

UuERtuQ HIZMGIs� -R VIGIRt ]IEVs E ZEVMIt] SJ HMȋIVIRt 

ETTVSEGLIs LEZI FIIR HMsGussIH tS VIHuGI tLI IVVSV MR RSMs] 

UuERtuQ HIZMGIs� ;I MRtVSHuGI E RI[ ERH HMȋIVIRt ETTVSEGL 

tS sMQuPEtI UuERtuQ QIGLERMGEP s]stIQs SR E UuERtuQ 

GSQTutIV� 8LI MHIE Ms tLEt [I sMQuPEtI s]stIQs tLEt EVI 

tLIQsIPZIs RSMs] IREFPMRg tLI sMQuPEtMSR SJ STIR UuERtuQ 

s]stIQs suGL Es s]stIQ�FEtL QSHIPs� -R tLMs ETTVSEGL tLI 

RSMsI SJ tLI UuERtuQ HIZMGI Ms TEVt SJ tLI EPgSVMtLQ MtsIPJ� 

;I [MPP SutPMRI LS[ [I gIRIVEtI EPgSVMtLQs JSV UuERtuQ 

sMQuPEtMSRs SJ s]stIQ�FEtL t]TI QSHIPs ERH I\tVEGt IȋIGtMZI 

QSHIPs JVSQ ER STIR UuERtuQ s]stIQs [LMGL GER FI usIH tS 

VuR sMQuPEtMSRs SR E UuERtuQ GSQTutIV� *MREPP] [I GSQTEVI 

tLI VIsuPts SJ IȋIGtMZI QSHIPs [MtL E JuPP sMQuPEtMSR SJ tLI 

UuERtuQ GMVGuMt ERH HMsGuss JutuVI ETTPMGEtMSR SJ SuV QItLSH�

When we launched the world’s first quantum computer 
on IBM Cloud in 2016, we were astonished to gain 
8,000 users in a few weeks.

Today, we have a community of more than 400,000, the 
largest in the world. These open-source quantum 
developers have run more than 1 trillion circuits (and 
counting on more than 20 cloud-connected IBM 
Quantum systems. These are the best quantum 
computers in 
the world.

We now have 180+ active clients in the IBM Quantum 
Network, including Goldman Sachs, The University of 
Tokyo, Fraunhofer, and Cleveland Clinic.

In 2021 we broke the 100-qubit barrier with the 
127-qubit Eagle processor. Now we are on track 
to unveil a 433-qubit Osprey processor by the 
end of 2022 and a 1,121-qubit Condor in 2023. 
Our development roadmap now includes targets 
for creating new technology necessary to 
develop even larger quantum systems.
This is just the beginning. If you are as excited 
about what quantum computing can do for your 
organization as we are, then we should talk.

If you’d like to learn more, please contact us at: 
hmcortes@us.ibm.com
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1MPPMOIPZMR IPIGtVSRMGs ERH StLIV 

suTTSVtMRg tIGLRSPSgMIs

8LIVI EVI QER] GLEPPIRgIs tS sGEPMRg tLI sM^I SJ suTIVGSRHuGtMRg UuERtuQ GSQTutIVs� *MVst ERH JSVIQSst� FuMPHMRg 

TVSGIssSVs [MtL MRGVIEsMRg RuQFIVs SJ UuFMts ERH PSRgIV GSLIVIRGI VIQEMRs E HEuRtMRg tEsO� ,S[IZIV� tLI suGGIss SJ 

suTIVGSRHuGtMRg UuERtuQ GSQTutMRg [MPP EPsS LMRgI SR tLI HIZIPSTQIRt SJ QER] suTTSVtMRg tIGLRSPSgMIs suGL Es 

GV]SgIRMGs� sMgREP HIPMZIV]� ERH QMGVS[EZI VIEHSut� ,IVI - [MPP HMsGuss ETTVSEGLIs tS t[S SJ tLIsI FSttPIRIGOs� P]MRg Et tLI 

MRtIVJEGI FIt[IIR UuERtuQ TL]sMGs ERH IRgMRIIVMRg� *MVst� - [MPP HMsGuss tLI GLEPPIRgIs SJ [MVMRg E QMPPMSR�UuFMt TVSGIssSV 

[MtL GSE\MEP PMRIs� ERH LS[ usMRg TLStSRMG PMROs GER IREFPI tLI usI SJ STtMGEP ǲFIVs MRstIEH� 7IGSRH� - [MPP HMsGuss [L] 

suTIVGSRHuGtMRg UuERtuQ TVSGIssSVs RIIH RSRVIGMTVSGEP GSQTSRIRts� [LEt EVI tLI PMQMtEtMSRs SJ tLI GSRZIRtMSREP 

QMGVS[EZI GMVGuPEtSVs� ERH LS[ [I MRtIRH tS VITPEGI tLIQ [MtL MRtIgVEFPI RSRVIGMTVSGEP HIZMGIs FEsIH SR QuPtMQSHI 

TEVEQItVMG MRtIVEGtMSRs�

This session is supported by Bluefors.

HARDWARE FOR EFFICIENT MEASUREMENTS AND 

SCALABLE SIGNAL DELIVERY IN SUPERCONDUCTING 

QUANTUM PROCESSORS
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8S[EVHs VIEPM^MRg JEuPt�tSPIVERt UuERtuQ GSQTutIVs� tLI 

RuQFIV SJ UuFMts RIIHs tS FI sGEPIH uT tS tLI QMPPMSRs� 

8S tLMs IRH� tLI VIEHSut GMVGuMts JSV suTIVGSRHuGtMRg 

UuFMts EVI HIsMVIH tS FI HS[RsM^IH ERH MRtIgVEtIH� *IVVMtI 

GMVGuPEtSVs EVI usIH MR tLI GSRZIRtMSREP VIEHSut GMVGuMts 

tS VSutI VIEHSut sMgREPs ERH tS TVStIGt UuFMts JVSQ RSMsI� 

,S[IZIV� tLI] EVI FuPO] ERH HMȌGuPt tS MRtIgVEtI SR GLMTs� 

[LMGL EVI PMQMtMRg tLI sGEPEFMPMt] SJ tLI VIEHSut GMVGuMts� 

As ER EPtIVREtMZI tS tLIQ� sIZIVEP ETTVSEGLIs tS VIEPM^MRg 

ER SR�GLMT GMVGuPEtSV LEZI FIIR HIQSRstVEtIH ?��2A� [LMPI 

QSst SJ tLIQ [IVI EGtMZI GMVGuMts tLEt VIUuMVI EHHMtMSREP 

GSRtVSP PMRIs ERH IPIGtVSRMGs� *SV VIHuGMRg tLI SZIVLIEH JSV 

GSRtVSP� Mt Ms EHZERtEgISus tS LEZI ER SR�GLMT GMVGuPEtSV MR E 

TEssMZI GMVGuMt�

;I HIQSRstVEtI E TEssMZI SR�GLMT QMGVS[EZI GMVGuPEtSV 

FEsIH SR E .SsITLsSR VMRg� 8LI s]stIQ GSRsMsts SJ tLVII 

MHIRtMGEP VIsSREtSVs GSuTPIH tLVSugL E .SsITLsSR VMRg 

GMVGuMt ?�A� 8LI GMVGuPEtSV JuRGtMSR Ms EGLMIZIH F] sTPMttMRg 

GSuTPIH�VIsSREtSV QSHIs F] ERguPEV�QSQIRtuQ�

HITIRHIRt HMsTIVsMZI sLMJts� ;MtL RSR�̂ IVS I\tIVREP ǳu\ ERH 

gEtI GLEVgIs ETTPMIH SR tLI .SsITLsSR VMRg� tLI s]stIQ 

EGUuMVIs RSRVIGMTVSGMt] MR tLI QMGVS[EZI tVERsQMssMSRs� 

8LI SVMgMREP sGLIQI [Es tLISVItMGEPP] TVSTSsIH MR 20�0 ?�A� 

Fut Mts I\TIVMQIRtEP MQTPIQIRtEtMSR LEs FIIR IPusMZI�
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8LI SVMgMREP sGLIQI HSIs RSt LEZI E suȌGMIRt RuQFIV SJ 

tuRMRg ORSFs tS sEtMsJ] MQTIHERGI QEtGLMRg GSRHMtMSRs MR 

tLI TVIsIRGI SJ VERHSQ HIZMEtMSR SJ GMVGuMt TEVEQItIVs JVSQ 

tLI HIsMgR� ,IVI [I TVSTSsI E QSHMǲIH GMVGuMt GSRǲguVEtMSR 

VIHuGMRg tLI RuQFIV SJ VIPIZERt QSHIs ERH IREFPMRg 

MQTIHERGI QEtGLMRg JSV E ǲRMtI VERgI SJ GMVGuMt TEVEQItIVs 

[MtL E sMRgPI tuRMRg ORSF SJ tLI ǳu\ FMEs�
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MR tLI tVERsQMssMSR sTIGtVE� 8LI GMVGuPEtMSR HMVIGtMSR GER FI 

VIZIVsIH F] GLERgMRg tLI sMgR SJ tLI ǳu\ FMEs SV tLI gEtI�

GLEVgI STIVEtMSR TSMRt Es TVIHMGtIH MR tLI tLISV]� 8LI VIsuPts 

MRHMGEtI tLI TStIRtMEP SJ E .SsITLsSR VMRg GMVGuPEtSV JSV sGEPEFPI 

suTIVGSRHuGtMRg�UuFMt VIEHSut�
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FEsIH GV]S�IPIGtVSRMGs SȋIV E sGEPEFPI sSPutMSR tS SZIVGSQI 

tLI MRTut�SutTut FSttPIRIGO TVIsIRt MR tLIsI s]stIQs� 8LI 

LMgL tLVSugLTut VIUuMVIH JSV UuERtuQ TVSGIssSVs GER FI 

EGLMIZIH usMRg E RIt[SVO SJ QuPtMTPI\IVs ERH HI�QuPtMTPI\IVs 

Et tLI FEsI tIQTIVEtuVI stEgI SJ E HMPutMSR VIJVMgIVEtSV ?2A� As 

tLI QuPtMTPI\IVs EVI MRtIRHIH tS STIVEtI MR GPSsI TVS\MQMt] tS 

tLI UuFMts� tLI IPIGtVSRMG ERH tLIVQEP RSMsI gIRIVEtIH HuVMRg 

tLIMV STIVEtMSR GSuPH FI HItVMQIRtEP tS tLI UuFMt TIVJSVQERGI� 

-R tLMs [SVO� [I TVIsIRt tLI IPIGtVMGEP GLEVEGtIVM^EtMSR VIsuPts 

SFtEMRIH JSV E GustSQ�HIsMgRIH 6* QuPtMTPI\IV STIVEtMRg Et �� 

Q/ [MtL ER uPtVE�PS[ stEtMG TS[IV GSRsuQTtMSR SJ b0�� Ų;� ;I 

SFsIVZI tLEt tLI UuFMtƎs �8ȑ tMQIs EVI uREȋIGtIH ERH QEMRtEMR 

E QIER ZEPuI SJ b�� Ųs� [LMPI tLI �8Ȓ tMQIs HIGVIEsI tS b�0 

Ųs JVSQ b�5 Ųs HuI tS ǲRMtI tLIVQEP TSTuPEtMSR MR tLI VIEHSut 

VIsSREtSV� 2IZIVtLIPIss� [I sLS[ tLEt LMgL GSLIVIRGI UuFMt 

QIEsuVIQIRts [MtL sMRgPI UuFMt gEtI ǲHIPMtMIs EFSZI ����	 GER 

stMPP FI EGLMIZIH usMRg sMgREPs VSutIH tLVSugL tLI QuPtMTPI\IV 

F] usMRg EHHMtMSREP tLIVQEPM^EtMSR EttIRuEtSVs� 3uV VIsuPts TEZI 

tLI [E] JSV tLI MRtIgVEtMSR SJ GV]S�'137 FEsIH QuPtMTPI\IVs Et 

tLI FEsI tIQTIVEtuVI SJ tLI HMPutMSR VIJVMgIVEtSV JSV EHHVIssMRg 

QuPtMTPI UuERtuQ HIZMGIs ERH IREFPMRg PEVgI�sGEPI HIZMGI 

GLEVEGtIVM^EtMSR� 
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&IRGLQEVOMRg ERH IREFPMRg sSJt[EVI

-R tLMs tEPO� [I MRtVSHuGI UuERtuQ GSRtVSP MRJVEstVuGtuVI sSJt[EVI JSV LEVH[EVI TIVJSVQERGI EugQIRtEtMSR� JSGusMRg SR 

LS[ HItIVQMRMstMG IVVSV suTTVIssMSR stVEtIgMIs Et tLI gEtI ERH GMVGuMt PIZIP GER HVEQEtMGEPP] VIHuGI GSVVIPEtIH IVVSVs MR su-

TIVGSRHuGtMRg HIZMGIs [MtLSut tLI RIIH JSV EHHMtMSREP sEQTPMRg SZIVLIEH�  ;I TVIsIRt I\TIVMQIRts SR suTIVGSRHuGtMRg 

UuERtuQ GSQTutIVs MPPustVEtMRg tLIsI GSRGITts ERH HIQSRstVEtMRg LS[ tLI] QE] FI HITPS]IH MR sMtu tS EugQIRt ZEVMSus 

s]stIQ�PIZIP TIVJSVQERGI QItVMGs� 

;I FIgMR F] HIsGVMFMRg tLI ETTPMGEtMSR SJ STIR�PSST VSFust GSRtVSP tIGLRMUuIs tS tLI HIsMgR SJ sMRgPI�UuFMt STIVEtMSRs� 

]MIPHMRg MQTVSZIH gEtI IVVSVs� VIHuGIH UuFMt�tS�UuFMt ZEVMEFMPMt]� ERH I\tIRHIH GEPMFVEtMSR [MRHS[s F] uT tS ȑȐ<�  ;I tLIR 

HIQSRstVEtI LS[ HIIT VIMRJSVGIQIRt PIEVRMRg �ERH StLIV GPSsIH�PSST STtMQM^EtMSR stVEtIgMIs
 I\IGutIH MR VuRtMQI GER FI 

usIH tS EutSRSQSusP] HIsMgR QuPtMUuFMt GVSss�VIsSRERGI gEtIs SutTIVJSVQMRg tLI FIst LuQER�HIǲRIH gEtIs F] b2�ȕ<� 

ERH sEtuVEtMRg 8ȑ IVVSV FSuRHs� ;I HMsGuss LS[ tLI tVEMRMRg TVSGIss ƐPIEVRsƑ VSFustRIss MR gEtI HIsMgR MR SVHIV tS TVSHuGI 

gEtIs [LMGL HS RSt VIUuMVI VIGEPMFVEtMSR JSV uT tS 25 HE]s� [LMPI EPsS EGGSuRtMRg JSV uRGLEVEGtIVM^IH s]stIQ RSRPMRIEVMtMIs 

ERH sMgREP HMstSVtMSRs�  3[MRg tS tLI usI SJ TEVEPPIPM^EFPI EgIRts� [I I\tIRH GPSsIH�PSST gEtI STtMQM^EtMSR tS EPP MRtIVEGtMRg 

TEMVs SR E ���UuFMt HIZMGI ERH GSQFMRI tLIsI gEtI�PIZIP IVVSV�suTTVIssMSR stVEtIgMIs [MtL E RI[ JSVQ SJ GSRtI\t�E[EVI 

GVSsstEPO GERGIPPEtMSR Et tLI GMVGuMt PIZIP� FEsIH SR MRtIVPIEZIH H]REQMG HIGSuTPMRg� &IRGLQEVOMRg VIsuPts SR E �� UuFMt 

HIZMGI VIZIEP uT tS șȐȐȐ< IRLERGIQIRts MR tLI &IVRstIMR :E^MVERM EPgSVMtLQ ERH sLS[ FMREV] tVERsJSVQEtMSR SJ tLI SutTuts 

SJ HIITIV GMVGuMts suGL Es +VSZIVƎs sIEVGL�  7MQMPEVP]� [I sLS[ LS[ tLIsI tIGLRMUuIs GER FI GSQFMRIH [MtL UuERtuQ IVVSV 

GSVVIGtMSR IRGSHMRg tS MQTVSZI tLI suGGIss SJ s]RHVSQI I\tVEGtMSR usMRg E ǲZI�UuFMt '77 GSHI F] b�0	�

This session is supported by Quantrolox.

IMPROVING SUPERCONDUCTING QC PERFORMANCE 

>1000X WITH DETERMINISTIC ERROR SUPPRESSION

Michael Biercuk (QMGLEIP�FMIVGuO$U�GtVP�GSQ
 � 5-'860

Sunday, August 28
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&E]IsMER 

)\TIVMQIRt 

(IsMgR JSV 

AHETtMZI 

'LEVEGtIVM^EtMSR SJ 

7uTIVGSRHuGtMRg 

5uFMts

1SHIVR suTIVGSRHuGtMRg UuERtuQ GSQTutIVs EVI sIZIVIP] 

PMQMtIH RSt F] tLI RuQFIV SJ UuFMts Fut F] tLI LMgL IVVSV ERH 

RSMsI GLEVEGtIVMstMGs� 8LI HItEMPIH s]stIQ GLEVEGtIVM^EtMSR 

VIUuMVIH tS uRHIVstERH tLI uRHIVP]MRg IVVSV sSuVGIs Ms 

ER EVHuSus TVSGIss ERH MQTVEGtMGEP [MtL MRGVIEsMRg GLMT 

sM^I� 8]TMGEP tI\tFSSO GLEVEGtIVMsEtMSR VSutMRIs HS RSt 

sGEPI IȌGMIRtP] tS PEVgI QuPtM�UuFMt GLMTs� VIUuMVMRg tLI 

HIZIPSTQIRt SJ EHZERGIH tIGLRMUuIs FEsIH SR stEtMstMGEP 

ERH MRJSVQEtMSR tLISVItMG JSuRHEtMSRs� ;I TVIsIRt E 

&E]IsMER )\TIVMQIRt (IsMgR TVSGIss tLEt EHETtMZIP] 

VIGSQQIRHs tLI QSst STtMQEP I\TIVMQIRts Et IZIV] stIT tS 

QE\MQMsI tLI I\TIGtIH MRJSVQEtMSR gEMR EFSut tLI s]stIQ� 

8LI GSst SJ GEPGuPEtMRg I\TIRsMZI &E]IsMER TSstIVMSVs 

Ms EQSVtMsIH F] tLI usI SJ 6IMRJSVGIQIRt 0IEVRMRg 

EssMstIH (IIT AHETtMZI (IsMgR tIGLRMUuIs� A LMgL�ǲHIPMt] 

HMȋIVIRtMEFPI HMgMtEP t[MR tLEt QSHIPs tLI STIR UuERtuQ 

H]REQMGs� GSQTPItI IPIGtVSRMG GSRtVSP stEGO ERH RSMsI 
 

tVERsJIV JuRGtMSRs JSV ZEVMSus suTIVGSRHuGtMRg UuERtuQ 

HIZMGIs PMIs Et tLI LIEVt SJ tLMs GPSsIH PSST EHETtMZI 

GEPMFVEtMSR ERH GLEVEGtIVMsEtMSR TVSGIss� 8LI TVEGtMGEP 

usEFMPMt] SJ tLMs &E]IsMER )\TIVMQIRt (IsMgR QItLSH Ms 

HIQSRstVEtIH SR E QuPtM�UuFMt suTIVGSRHuGtMRg tVERsQSR 

GLMT Et tLI *SVsGLuRgs^IRtVuQ .¿PMGL MR +IVQER]�

6IJIVIRGIs�

�� 2� ;MttPIV� *� 6S] It EP�� Ɛ-RtIgVEtIH tSSP sIt JSV GSRtVSP� 

GEPMFVEtMSR� ERH GLEVEGtIVM^EtMSR SJ UuERtuQ HIZMGIs 

ETTPMIH tS suTIVGSRHuGtMRg UuFMts�Ƒ 4L]sMGEP 6IZMI[ 

ATTPMIH� ZSP� �5� RS� �� T� 0��080� 202��

2� A� *SstIV� (� 6� -ZERSZE It EP� Ɛ(IIT EHETtMZI HIsMgR� 

AQSVtM^MRg sIUuIRtMEP FE]IsMER I\TIVMQIRtEP HIsMgR�Ƒ� 

-RtIVREtMSREP 'SRJIVIRGI SR 1EGLMRI 0IEVRMRg� 202��

1� AHVMEER 6SP � 3VERgI 5uERtuQ 

7]stIQs� EHVMEER$SVERgIUs�GSQ

8EGOPMRg tLI 

UuERtuQ HIZMGI 

GLEVEGtIVM^EtMSR 

FSttPIRIGO

-R tVEHMtMSREP sIQMGSRHuGtSV HIZIPSTQIRt TVSGIssIs� 

JEFVMGEtMSR SJ RI[ HIZMGIs tEOIs sIZIVEP QSRtLs [LMPI 

GLEVEGtIVM^EtMSR tEOIs E JI[ HE]s� ;MtL UuERtuQ GSQTutMRg 

HIZMGIs tLMs sMtuEtMSR Ms VIZIVsIH� JEFVMGEtMRg E HIZMGI 

tEOIs SR tLI SVHIV SJ t[S [IIOs JSV E stEtI�SJ�tLI EVt 

suTIVGSRHuGtMRg tVERsQSR HIZMGI [LMPI GLEVEGtIVM^MRg 

suGL E HIZMGI uT tS tLI PIZIP [LIVI SRI GER HItIVQMRI 

Mts TIVJSVQERGI MR E UuERtuQ EPgSVMtLQ tEOIs SR tLI 

SVHIV SJ � tS � QSRtLs� 'SRsIUuIRtP]� tLI GEPMFVEtMSR ERH 

GLEVEGtIVM^EtMSR SJ UuERtuQ HIZMGIs Ms SRI SJ tLI PEVgIst 

FSttPIRIGOs MR UuERtuQ HIZMGI HIZIPSTQIRt� 

-R tLMs tEPO [I HMsGuss [LEt QEOIs GEPMFVEtMRg ERH 

GLEVEGtIVM^MRg UuERtuQ HIZMGIs sS HMȌGuPt� [LEt GER FI 

HSRI tS IPMQMREtI tLMs FSttPIRIGO� ERH sLS[ MRMtMEP VIsuPts 

JVSQ tLI -QTE58 TVSNIGt� A TVSNIGt MR [LMGL HMȋIVIRt 

GSQTERMIs GSPPEFSVEtI tS FuMPH E JuPP�stEGO HIQSRstVEtMSR 

TPEtJSVQ ERH I\IGutI E ZEVMEtMSREP UuERtuQ EPgSVMtLQ SR Mt� 
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,S[ tS GSVVIGtP] 

EGGSuRt JSV tMQI�

ZEV]MRg ǳu\Is MR 

suTIVGSRHuGtMRg 

GMVGuMts

8MQI�ZEV]MRg ǳu\Is EVI E uFMUuMtSus tSSP tS GSRtVSP suTIVGSRHuGtMRg 

LEVH[EVI� 7uVTVMsMRgP]� LS[IZIV� tLI I\MstMRg PMtIVEtuVI LEs RIZIV 

JuPP] EGGSuRtIH JSV tLI IPIGtVSQStMZI JSVGI MRHuGIH F] tLI QEgRItMG 

ǲIPH� ,IVI� [I TVSTSsI E gIRIVEP VIGMTI tS GSRstVuGt E PS[�IRIVg] 

,EQMPtSRMER� tEOMRg Es MRTut SRP] tLI GMVGuMt gISQItV] ERH tLI sSPutMSR 

SJ tLI I\tIVREP QEgRItMG ǲIPHs� ;I ETTP] tLMs VIGMTI tS tLI I\EQTPI SJ 

E HG 759-( ERH sLS[ tLEt tLI EssMgRQIRt SJ MRHMZMHuEP GETEGMtERGIs 

tS IEGL .SsITLsSR NuRGtMSR Ms TSssMFPI SRP] MJ [I TIVQMt tLSsI 

GETEGMtERGIs tS FI RIgEtMZI� tMQI�HITIRHIRt� SV IZIR QSQIRtEVMP] 

sMRguPEV� 7uGL ERSQEPSus GETEGMtERGIs PIEH� EQSRg StLIVs� tS E stVSRg 

IRLERGIQIRt SJ UuFMt VIPE\EtMSR VEtIs� 

8LIR� [I tEGOPI tLI TVSFPIQ SJ HVMZIR tSTSPSgMGEP UuERtuQ GMVGuMts� 

JSGusMRg SR t[S [IEOP] GSuTPIH /MtEIZ GLEMRs ERH stuH] LS[ tLI 

IPIGtVSQStMZI JSVGI QSHMǲIs tLI tMQI�HITIRHIRt JVEGtMSREP .SsITLsSR 

IȋIGt�

8� 6EQSs� 

t�VEQSs�HIPVMS$gQEMP�GSQ� 

-RstMtutI JSV *uRHEQIRtEP 
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FVSEHFERH 

EQTPMǲGEtMSR 

ZME E tSTSPSgMGEP 

.SsITLsSR 

NuRGtMSR EVVE]

1MGVS[EZI sMgREPs GSQMRg JVSQ suTIVGSRHuGtMRg UuERtuQ HIZMGIs 

EVI t]TMGEPP] ZIV] [IEO ERH tLIVIJSVI SRI VIUuMVIs IȌGMIRt ERH RIEV 

UuERtuQ�PMQMtIH EQTPMǲIVs tS HItIGt tLIQ� 8LI QSst EHZERGIH 

EQTPMǲIVs GuVVIRtP] EZEMPEFPI EVI .SsITLsSR tVEZIPMRg�[EZI TEVEQItVMG 

EQTPMǲIVs �.8;4A
 [LMGL EVI FuMPt SJ E GEVIJuPP] IRgMRIIVIH EVVE] SJ 

.SsITLsSR NuRGtMSRs ?�A� 9sMRg JSuV�[EZI�QM\MRg� tLIsI EQTPMǲIVs 

LEZI sLS[R I\GIPPIRt TIVJSVQERGI� IsTIGMEPP] VIgEVHMRg tLI PEVgI 

FERH[MHtLs� [LMGL EVI VIUuMVIH JSV QuPtMTPI\IH VIEHSut MR PEVgI�sGEPI 

UuERtuQ MRJSVQEtMSR HIZMGIs� 8LI QEMR HVE[FEGO Ms tLEt .8;4As EVI

7GMIRtMǲG sIssMSR� 

(IsMgR ERH QSHIPMRg

-R t]TMGEP GMVGuMt UuERtuQ IPIGtVSH]REQMGs I\TIVMQIRts� tLI UuERtuQ stEtI SJ E suTIVGSRHuGtMRg UuFMt Ms QIEsuVIH F] 

QSRMtSVMRg E VIEHSut VIsSREtSV [IEOP] ERH Sȋ�VIsSRERtP] GSuTPIH tS tLI UuFMt� As HVMZI TS[IV Ms MRGVIEsIH tS EGLMIZI 

E LMgLIV�ǲHIPMt] ERH JEstIV QIEsuVIQIRt� uR[ERtIH tVERsMtMSRs SGGuV� [LMGL� JSV I\EQTPI� HIGVIEsI tLI UuFMtƎs IRIVg] 

VIPE\EtMSR tMQI 8ȑ� -R tLMs tEPO� JSGusMRg SR tVERsQSR UuFMts� [I MRtVSHuGI E TIVtuVFEtMZI ETTVSEGL tS GEtEPSg RSRPMRIEV 

VIPE\EtMSR TVSGIssIs� ERH MHIRtMJ] stMQuPEtIH IQMssMSR Es SRI TSssMFPI QIGLERMsQ JSV sTuVMSus UuFMt VIPE\EtMSR HuVMRg 

VIEHSut ?�A� ;I JuVtLIV EHHVIss tLI VIPEtIH TLIRSQIRSR SJ IsGETI MRtS uRGSRǲRIH stEtIs ?2��A� ERH HMsGuss E sIGSRH 

QIGLERMsQ JSV VEtI IRLERGIQIRt HuVMRg QIEsuVIQIRt� F] MRtIVEGtMSRs FIt[IIR tLI PS[�P]MRg stEtIs HIǲRMRg tLI UuFMt 

suFsTEGI ERH LMgL�IRIVg] GLEStMG stEtIs� 8LMs EREP]sMs GER LIPT MQTSsI TEVEQItIV GSRstVEMRts MR GuVVIRt I\TIVMQIRts�

 

?�A A� 4ItVIsGu� 1� 1EPIOEOLPEgL� ERH ,� )� 8 ţuVIGM� 4L]s� 6IZ� & �0�� ���5�0 �2020
�

?2A 0� :IVRI]� 6� 0IsGERRI� 1� ,� (IZSVIt� >� 0IgLtEs� ERH 1� 1MVVELMQM� 4L]s� 6IZ� ATTPMIH ��� 02�00� �20��


?�A 6� 7LMPPMtS� A� 4ItVIsGu� .� 'SLIR� .� &IEPP� 1� ,EuVu� 1� +ERELP� A� +� 1� 0I[Ms� +� :MHEP� ERH A� &PEMs�Ɛ(]REQMGs SJ tVERsQSR 

MSRM^EtMSRƑ EV<MZ� 220����2�5 �2022
�

READOUT PROBLEM IN CIRCUIT QED 

Alexandru Petrescu (tuHSV�EPI\ERHVu�TItVIsGu$MRVME�JV
 � �GSPI HIs 1MRIs
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RSt tVuP] HMVIGtMSREP� QIERMRg tLEt TEVEsMtMG sMgREPs ERH ZEGuuQ 

ǳuGtuEtMSRs GER FI FEGO�EQTPMǲIH ERH GSRtEQMREtI tLI UuERtuQ 

sSuVGI� -R TVEGtMGI� tLMs Ms EZSMHIH F] IUuMTTMRg tLI .8;4As [MtL 

MsSPEtSVs� Fut tLIsI EVI FuPO] ERH PSss] I\tIVREP IPIQIRts tLEt stVSRgP] 

PMQMt tLI IȌGMIRG] ERH sGEPEFMPMt] SJ suTIVGSRHuGtMRg UuERtuQ HIZMGIs�

,IVI� [I sLS[ LS[ tS FuMPH tVuP] HMVIGtMSREP ERH PEVgI FERH[MHtL 

.8;4A F] MHIRtMJ]MRg tLI GSRHMtMSRs uRHIV [LMGL Mt IRtIVs E tSTSPSgMGEP 

EQTPMJ]MRg TLEsI ?2��A� As E GSRsIUuIRGI� QMGVS[EZI TLStSRs EVI 

uRMHMVIGtMSREPP] EQTPMǲIH EPSRg tLI .8;4A [MtL EPP FEGO�VIǳIGtMSRs 

ERH FEGO[EVH RSMsI I\TSRIRtMEPP] suTTVIssIH� 1SVISZIV� HuI tS tLI 

tSTSPSgMGEP SVMgMR SJ tLI HMVIGtMSREP EQTPMǲGEtMSR� tLI HIZMGI EGLMIZIs 

TIVJIGt TLEsI�QEtGLMRg [MtLSut HMsTIVsMSR IRgMRIIVMRg� ERH Mt Ms VSFust 

tS PEVgI EQSuRts SJ HMsSVHIV� ARStLIV tSTSPSgMGEP TVSTIVt] Ms tLEt tLI 

gEMR SJ tLI EQTPMǲIV gVS[s I\TSRIRtMEPP] [MtL s]stIQ sM^I� MQTP]MRg 

tLEt SRP] 8 sMtIs EVI IRSugL tS suVTEss 20 H& SJ RIEV UuERtuQ�PMQMtIH 

EQTPMǲGEtMSR ERH �20 H& SJ MsSPEtMSR SZIV E FERH[MHtL SJ +,^ ?5A� 8LMs 

tSTSPSgMGEP .8;4A GER FI MQQIHMEtIP] MQTPIQIRtIH [MtL stEtI�SJ�tLI�

EVt suTIVGSRHuGtMRg tIGLRSPSg]� STIRMRg tLI HSSV JSV tLI MRtIgVEtMSR 

SJ tLI UuERtuQ TVSGIssSVs [MtL GSQTEGt FVSEHFERH TVI�EQTPMǲIVs SR 

tLI sEQI GLMT�

6IJIVIRGIs�

?�A 1� )sTSsMtS It EP�� A40 ��� �202�
 �2050��

?2A :� 4IERS It EP�� 46< ��20��
 0��02��

?�A 8� 6EQSs� .�.� +EVG°E�6MTSPP� (� 4SVVEs� 46A �0� �202�
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4SVVEs� tS FI suFQMttIH
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AHHMtMSREP MRJSVQEtMSR�

'SHI SJ 'SRHuGt 

THE QUICK VERSION

3uV GSRJIVIRGI Ms HIHMGEtIH tS TVSZMHMRg E LEVEssQIRt�JVII GSRJIVIRGI I\TIVMIRGI JSV IZIV]SRI� 

VIgEVHPIss SJ gIRHIV� gIRHIV MHIRtMt] ERH I\TVIssMSR� EgI� sI\uEP SVMIRtEtMSR� HMsEFMPMt]� TL]sMGEP ET-

TIEVERGI� FSH] sM^I� VEGI� ItLRMGMt]� VIPMgMSR �SV PEGO tLIVISJ
� REtMSREPMt]� TIVsSREPMt]� TSPMtMGEP ZMI[s� SV 

tIGLRSPSg] GLSMGIs� ;I HS RSt tSPIVEtI LEVEssQIRt SJ GSRJIVIRGI TEVtMGMTERts MR ER] JSVQ� -RsuPtMRg 

SV HMstuVFMRg PERguEgI ERH MQEgIV] Ms RSt ETTVSTVMEtI JSV ER] GSRJIVIRGI ZIRuI� MRGPuHMRg tEPOs� [SVO-

sLSTs� TEVtMIs� 8[MttIV ERH StLIV SRPMRI QIHME� 'SRJIVIRGI TEVtMGMTERts ZMSPEtMRg tLIsI VuPIs QE] FI 

sERGtMSRIH SV I\TIPPIH JVSQ tLI GSRJIVIRGI [MtLSut E VIJuRH Et tLI HMsGVItMSR SJ tLI GSRJIVIRGI SV-

gERMsIVs�

THE LESS QUICK VERSION

,EVEssQIRt MRGPuHIs SȋIRsMZI ZIVFEP GSQQIRts VIPEtIH tS gIRHIV� gIRHIV MHIRtMt] ERH I\TVIssMSR� 

EgI� sI\uEP SVMIRtEtMSR� HMsEFMPMt]� TL]sMGEP ETTIEVERGI� FSH] sM^I� VEGI� ItLRMGMt]� VIPMgMSR� REtMSREPMt]� 

TIVsSREPMt]� TSPMtMGEP ZMI[s� tIGLRSPSg] GLSMGIs� MRsuPtMRg SV HMstuVFMRg MQEgIs MR TuFPMG sTEGIs� HIPMF-

IVEtI MRtMQMHEtMSR� stEPOMRg� JSPPS[MRg� LEVEssMRg TLStSgVETL] SV VIGSVHMRg� sustEMRIH HMsVuTtMSR SJ tEPOs 

SV StLIV IZIRts� MRETTVSTVMEtI TL]sMGEP GSRtEGt� ERH uR[IPGSQI sI\uEP EttIRtMSR�

4EVtMGMTERts EsOIH tS stST ER] LEVEssMRg FILEZMSV EVI I\TIGtIH tS GSQTP] MQQIHMEtIP]�

7TSRsSVs EVI EPsS suFNIGt tS tLI ERtM�LEVEssQIRt TSPMG]� -R TEVtMGuPEV� sTSRsSVs sLSuPH RSt usI MRsuPt-

MRg SV HMstuVFMRg MQEgIs� EGtMZMtMIs� SV StLIV QEtIVMEP� &SStL stEȋ �MRGPuHMRg ZSPuRtIIVs
 sLSuPH RSt usI 

MRsuPtMRg SV HMstuVFMRg GPStLMRg�uRMJSVQs�GSstuQIs� SV StLIV[MsI GVIEtI ER MRsuPtMRg SV HMstuVFMRg IR-

ZMVSRQIRt�

-J E TEVtMGMTERt IRgEgIs MR LEVEssMRg FILEZMSV� tLI GSRJIVIRGI SVgERMsIVs QE] tEOI ER] EGtMSR tLI] 

HIIQ ETTVSTVMEtI� MRGPuHMRg [EVRMRg tLI SȋIRHIV SV I\TuPsMSR JVSQ tLI GSRJIVIRGI [MtL RS VIJuRH�

-J ]Su EVI FIMRg LEVEssIH� RStMGI tLEt sSQISRI IPsI Ms FIMRg LEVEssIH� SV LEZI ER] StLIV GSRGIVRs� 

TPIEsI GSRtEGt E QIQFIV SJ GSRJIVIRGI stEȋ MQQIHMEtIP]� 'SRJIVIRGI stEȋ GER FI MHIRtMǲIH Es tLI]ƎPP 

FI [IEVMRg FVERHIH GPStLMRg ERH�SV FEHgIs�

'SRJIVIRGI stEȋ [MPP FI LETT] tS LIPT TEVtMGMTERts GSRtEGt LStIP�ZIRuI sIGuVMt] SV PSGEP PE[ IRJSVGI-

QIRt� TVSZMHI IsGSVts� SV StLIV[MsI EssMst tLSsI I\TIVMIRGMRg LEVEssQIRt tS JIIP sEJI JSV tLI HuVEtMSR 

SJ tLI GSRJIVIRGI� ;I ZEPuI ]SuV EttIRHERGI�

;I I\TIGt TEVtMGMTERts tS JSPPS[ tLIsI VuPIs Et GSRJIVIRGI ERH [SVOsLST ZIRuIs ERH GSRJIVIRGI�VI-
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Floor plan
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1 Qblox

2 Bluefors

3 Intermodulation Products

4 QpiAI

5 Zurich Instruments

6 Rohde & Schwarz

7 IQM Quantum Computers

8 IBM

9 QuantrolOx

10 Quantum Machines

NOTE

Registration desk is located on the 1st ǳSSV�

Welcome Reception, Conference Dinner 

and Lunch on Sunday will take place in 

Paasiravintola on the 2nd ǳSSV�

TALK AND POSTER
SESSIONS


