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online
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online

Uudposon untarennbckuin 6mner

https://library.hse.ru/ticket ot
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Bu6nunoreka dneKTPOHHbIE pecypcbl 6uGNNoTEKN KaTtanor neyatHbiX nsgaHui

Aoctyn K neyatHomy poHAy
6n6nmnoTeKn

KaTanor neyaTtHbIX n3aaHum éubnuotekmn HAY BLLU3

eng|rus

KaTanor neyatHbIX usgaHun

http://opac.hse.ru/absopac/app/webroot/index.php r
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Bu6nunoreka dneKTPOHHbIE pecypcbl 6uGNNoTEKN Katanor neyaTHbix nsgaHui

Aoctyn K neyatHomy poHAy
6n6nmnoTeKn R

4 KHUr1 B Nonb3oBaHuu
MH¢OPM3““’| O BbljaHHbIX KHUrax OcTanocs 7 aHeil 1o caaun

Nerkuit cnocob ebly4nTts Python 3
oy 3. A

KaTtanor neyaTtHbIX n3aaHum bubnuorekn HAY BLLD Octanocs 7 awe 4o caat

Nerkuit cnocob ebly4nTs Python 3
eue rnybxe

Woy 3. A

eng|rus

Hoebie nocrynnexua TekyuMe 3aKasbl UcTopuna KHMMXHaA nonka MeyaTb Bbigay APXMB

MpocToi Nnouck
PacluMpeHHBIA NOWCK CpaHo

YWUTaTenb! © oo e e - ~ .
UuTaTenLck BineT NE: Lyman kak MnoH Mack : v gpyrve

ABTOpPDI NPOCTble CTpaTeru ona ruraHTCKoro
WzpaTenbcrea 3a6pOHMpPOBaHHbIE [JOKYMEHTDI: ckayka B paboTe v XU3HK

Cepun

v HeT 2a6poHMPOBaHHEIX AOKYMEHTOR Bapon O.
Tezaypyc (Pybpukn)

CnaHo

Tekyuwme Boigaun:
LITpux-Kop | ®unuan ABTOp |3arnaeue Poccus M 3anaf;: HeCOCTOSABLUMIACA anbsHC,

01016492 MokpoBckui B-p, Hayy. ab-T : Pokrovsky blvd., Academic collection lending department | Loy, 3. A. | Merkwii cnoco6 BbiyunTb Python 3 MNW NPOTUBOCTOAHUE Kak Hem3bexHoCTb
Wrons B. B.

3NEeKTPOHHbIA KaTanor
MaHgenbuTaMoBCKOTO

LeHTpa
MoMowb 01016532 Mokpoeckki 6-p, Hayd. ab-T : Pokrovsky blvd., Academic collection lending department | Woy, 3. A. | erkwii cnoco6 BeiyunTs Python 3 ewe rnybxe

CpaHo

M3o06peTeHne HOBOCTEN : Kak MUP y3Han o
MpoCMOTP KapTOUKKH camMom CEGB
Boixopg MeTturpu 3.

:

KaTanor neuyaTHbIX nsgaHui Ckayatb HSE App X moxkHo B
Google Play v App Store



https://play.google.com/store/apps/details?id=com.hse.app2&hl=ru&gl=US
https://apps.apple.com/ru/app/hse-app-x/id1527320487

@ Bu6nunoreka dneKTPOHHbIE pecypcbl 6uGNNoTEKN

3l'leKTp0HHaﬂ AOCTaBKa AOKYMEHTOB

O<|>opmne|-w|e 3aABKN Ha nonyvyeHne gocryna K BﬂeKTPOHHOﬁ Konnn
AOKYMEeHTa U3 nevyaTHoro (I)OHAa Bbu6nuorekn

Konum Kakux J0KyMeHTOB MOryT 6bITb 3anpoleHbi?

. oTAenbHble CTaTbU N3 NepNOANYECKNX U3JAHUA N COOPHNKOB
craten (ogHa U3 Bbinycka);

OTPbIBKM 13 KHUru (He 6onee 15% ot 06 bema fOKyMeHTa).

Kaxk nonyunrs yanyry?

. YTOUHNTb HaiNuMe He06XoANMMOro AOKYMEHTA B 3JIeKTPOHHOM
Katanore bu6nunorexn HUY BLU3 no agpecy
http://opac.hse.ru/absopac, ckonuposartb ero
6ubnuorpadunueckoe onncaHne gns sanonHeHnsa Gopmboi 3aABKU.

KaTanor neyaTHbIX nspaHuii

3asiBKka Ha Moay4eHHe J0CTyNa K 3 1eKTPOHHBIM KOMHAM T0KYMeHTOB 13
nedatHbIX pontoB budamorekn HUY BIID.

Gavimmsg Iva Otaectro

Hom €p YITaTeIbCKOTO bruteta

e-mail (KopmopaTIEHas
anmeKTpoHHas noura HITY
BIIIS (@hse.ru, @edu.hse.ru)

Buomrorpadiraeckoe
OIIICAHIE JOKYMEHTa I13
3MEKTPOHHOIO KATanora
Brbmrotekir.

CrpaHrs

] cabne) . - ISBN ._.I
L B &R __§ N N _§B N N §N N &R _§B B §B _§ ]}

A

(4 o3rakoMIITCs 11 06s3y0Ch BEIIONEATE «[lOPATOK MPENOCTABTEHIIS 10CTVIIA K SMEKTPOHHEIM
KOTITIAM TOKVMEHTOB 113 MewaTHery dhornos brbmorern HITY BITD»

3ano/IHUTb U OTNPABUTb 3aABKY, PasMeLL,eHHYI0 Ha caiite no agpecy https://elib.hse.ru/Scan/zakaz_scan.php



http://opac.hse.ru/absopac

Bu6nunoreka dneKTPOHHbIE pecypcbl 6uGNNoTEKN Mopapok nonyvyenns yaaneHHoOro

poctyna

AocTyn K 3/1IeKTPOHHbIM pecypcam

6nénnoTekn

nopﬂnox nojsiyueHuA ygajseHHoro gocryna

https://elib.hse.ru/e-resources/ez/appl_form.htm

PerHCTpauun Ana yaoaneHHoro ucnonb3oBaHUA
3NeKTPOHHOW noanucku HUY BLLUD
English version
VeamaeMsIi NoNL30BaTeN: SNeKTPOHHLIX pecypcoe HUY BLU3I

Bbl 33M0SHAETE PErUCTPaLMOHK YD hopiy, YTobl MOAYYMTE NOMMH M NaPOMe ANA YAANEHHOMD WCMIONE308aHNA 3EKTPOHKON NOANMCKU. YKaXHTe, NoXanyicTa, ceegeHus o cebe (Bce nona ABNAKTCA 0GA3aTeNbHBIMK):

DAMANAR |

L’\Ms||

QruecTzo |

JOMmKHOCTS,/ | Kypc|

HomMep uuTaTensckoro 6w1e'ra| Kak nonyunTb umraTenbckmii Gunert

|
|
|
PaKynsTeT/nogpazaeneHne | |
|
|
|

e—mail’l
“PexoMen/lyem yKaseigaTs e-mail CTygeHueckoit NouTsl mnW coTpygHuka BLID

WmMerTe B BUAY, YTO JONYCTUML! TONBKO NIMYHLIE NOTHHLI/NAPONH, Napony Ha Lenoe NoapaseneHue He BulfaioTca.

Mpy paboTe C 3NEKTPOHKEIMK DECYPCAMH M3BHE YHWEEDCWUTETA B NONHOA MEPE ASACTSYHIT OrPaHYerMs NMUEH3M0HKBIX COMMALLERHA C BNagensUamy pecypcos. Npexe BCero, KaTerop TCA b CBOM YUYETHbIE laHHbIe
(noruH-napons) noboMy MHOMY nuLy. [pyrie TpefoBaHUR BAPLMPYKITCR OT PECYPCA K DPECYPCY (0HM MOTYT BsiTh HalAeKsl H3 CaMTax COOTBETCTBYXOWMX B3z AakHen B pazgene Terms and Conditions Wnu zanpolexs! y GubnuoTeky), a oblwWe ans
BCEX WM HauBONee BaXHLIE YCNOBHR TakoBsl:

— 3anpeuwaeTcs OCYIWECTBAATD <« Ma (B yacTHOCTH, BCEX CTAaTeH OJHOIO HOMEpPa MYpPHasad, BCeX [1aB OHOH 3/IEKTPOHHOW KHUIM KW /1M BCEX Pe3y/bTaTtoB NOMCKOBOID 3anpoca) AW co3jaBaTtb

SHAYNTENbHYKO N0 YHCNY WK oﬁ'henv KOMNHWIO MaTepHanos Ha 3INeKTPOHHOM WK NeYyaTHOM HoCcUTeNe, B TOM uKuchne cofepXumoro 36P;

— 3anpelaeTcA MCMOMb30BaTh «NPOrPaMMbl-poboTbl», T.e. NPOrpaMMbl, BbINONHAKLHE ABTOMAaTUYECKH, WM NO 33JaHHOMY PAacNMCaHUI0 KakWe-nWBo AedCTBHA, aHANOTHYHbIE JeACTBWAM MONbIOBATENA, B TOM UMCIE NOWCK,

OTKpPbITUE WAM 2arpyzKy MaTepuanoB C caiToe 36P;

- A UC Tb 3BP n 3a npeAenaMu NCCNeoBaTeNbCKON MAM aHANNTUYECKOHA ek, a Takie He B CBA3M C NOATOTOBKOH Ny@nnKauwnii, cTatedd u MHBIX MAaTepuanos, B TOM YKCie ANA Uenu npogaxmu/
3arpy M C Uesblo NOYYEHHA IKOHOMWYECKON BbIrofbl B MHON hopme;

— 3anpeuw@eTcs pasMewarb MaTepranbl B OTKPbITOM OCTyNe B ceTh MHTEepHET, B COUMabHbIX CETAX W Ha WHbIX canTax bes A M MHBIX NOCT: 36P;

- Tb MaT noc| M 3M1eKTPOHHOW NOUTHI MK WHBIX CPEACTE NULAM, He MMEKLHM AoCTYN K 3BP HUY BLLU3;

Al o3nakoMMUNcA ¢ MopAAKOM NONb30BAHWA INEKTPOHHBIMU GUBnnoTeUHbIMK pecypcamn HWY BLU3.

QTnpasw



https://elib.hse.ru/e-resources/ez/appl_form.htm

Bu6nunoreka dneKTPOHHbIE pecypcbl 6uGNNoTEKN LocTyn K 3/IeKTPOHHbIM pecypcam
6ubnuotekn

AocTyn K 3/1IeKTPOHHbIM pecypcam
6nénnorexn

Pasuble > Pacwwupenuna > Proxy Library HSE

YaaneHHblii 4OCTYN BO3MOXX@H NPU UCNONIb30BaHUM

6paysepa Chrome Ha CTaLMOHapPHOM KOMNbIOTEPEe WK 2l Proxy Library HSE
HOyTOYyKe.

VcTaHoBMTe pacluMpenne gia 6paysepa Chrome n
“Cnonbsﬁ're JIOrMH M Napo’ib, NoAyuYeHHble Npy
per“ﬂpa“““ yAaneHHoro Aoc‘l’yﬂa. Mepbi No o6ecrneyeHnio KOHGUAEHUMANLHOCTH OT3biBLI Mopaepxka Moxoxwue

YWk % % % ' O | Cneuvanshbie BosmoxHocTu | Monszosatenei: 371

B diyyae BOSHNKHOBEHMA npoﬁnem npm ycraHoOBKe
pacluMpeHMA M3 MHTepHeT-Marasuia Chrome ycranosure AnexTpoHHble pecypcsl bubnuorexu HAY BLLD
pacuimpenve c camTa 6“6"“01'@'(“, MNCcnoJib3yA NHCTPYKLIMIO >>CTapas BepC#s CTP2HHLIb IMEKTPOHHBIX PECYPCOB<<

O nonyyeHHM yaaNeHHoro AocTyna EBSCO Discovery Service: nowex Publication Finder: caoasw
K 3N1GKTPOHHOM NOANKHCKE 110 BCEH INBKTPOHHOM NOANMCKE KaTanor aNeKTPOKHbIX H3BaHMH

Ocofiertoe evmarie 8 uavareke HYY BLLIS yaensercs anekrpoksomy komnnecrosakuic. OopmieHa NOANHCKa Ha paantusie CHAATHoBsIe

HgopmaLMCHHSIE pecyDCs v Bask AaHraix. [TpH UCTIONs3082HIA ANEXTPOHHsX PECyDcoB Heobixonamo cobniopars yeTakoanenksie Mpasknz.



https://chrome.google.com/webstore/detail/proxy-library-hse/cjnbibjejbceccoalmohlmjldjpnnhmo?hl=ru&authuser=0
https://elib.hse.ru/proxyLibrary/LibraryHSE.pdf

3/IeKTPOHHbIX pecypcoB

@ Bu6nunoreka dneKTPOHHbIE pecypcbl 6ubnnoTekn Cneunduka akagemmnyecknx ‘ 1 o

JNeKTPOHHbIe pecypcbl 6MGnMoTeKn

INeKTPOHHbIE
CHEI.IIII(I)IIIKa aKaeMNn4yecCKnx 3JIeKTPpOHHbIX pecypcoB: “ H(I)OpMa ““0“ H ble pechCbl

HeaHOHMMHOCTD.
— CNCTeMbl, peannsywujne

YHNPULMPOBAHHbIN NOAXOA K
MocToAHCcTBO (AONrOBpEeMEHHOCTb XpaHeHna). NponN3BOACTBY, XpaHeHUIO U
OnepaTuBHaA N NOIHaA MHAEKCALNA, C BO3SMOXHOCTbIO opraHnsaumun pa3|-|oo6pa3|-|oii|
MNOJIHOTEKCTOBOro NnonckKa no scemy “H¢opma“““ C “e"blo I'IOIIICKa,
nHpopMmaLMoOHHOMY MacCUBY. v
dHa/In3a N foctyna K Heun ¢
NCNoNb30BaHNEeM rnob6anbHbIX
KOMMNbIOTEPHDbIX ceTei.

CTPYKTYpUpPOBaHHOCTD.

Alexander J. Gates, Qing Ke (2019). Nature’s reach: narrow work has broad impact. Nature 575, 32-34 (2019).
https://doi.org/10.1038/d41586-019-03308-7



https://doi.org/10.1038/d41586-019-03308-7

Bn6nuoreka dneKTpoHHbIe pecypcbl 6ubnnoTexn CocTaBnAiowme 31eKTPOHHOM
NOANNCKN

JNeKTPOHHbIe pecypcbl 6MGnMoTeKn

CocTraBnsaioume 3/1eKTpOHHON NOANMNCKN

DneKTpoHHbIe BUBNNOTEYHbIE pecypcbl:

MNonHoTexkcTroBbIE BGPVGE)I(HI:IQ 6a3bl faHHbIX s =] a

MpeameTHas obnacTe Tun pecypeca flasik pecypca

MNonHoTexcTroBbIe OTEHECTBEHHDbIE 6a3bi AaHHbIX Bee Bee Bee

Bece
NuccepTauun

PedepaTuBHbie 6a3bl U 6a3bl faHHbIX HAYYHOrO ;  Hopian

KHuru

" NarenTHele B
“HTHPOBaHHﬂ “| PechepatupHbie B
CnpaBo4HWKW
A Cratuctuyeckne b

CneumanusupoBaHHbie 6a3bl JaHHbIX I Srmonern v enosapi

. B/l Hay4HOro LMTMPOBaHUA

TONOMMM, CTATUCTUKE,

W, BHTHUHEIM

SHUMKNIONeAUM, CIOBApH U CPaBOYHMUKM

% Copepmur Bonee 1700 wypHancs uspatenscTea Elsevier no scem Temariueckim

. :
UncTpymenTbl A paboTbi ¢ NOANNCKOM KaK e AMHbIM SR R 1 KO, B, NI Y, IO

MATEMETAKE, MHBOPMATHKE, MHKEHEpHOMY aeny, dusnke, xnmav, Buonornn u gp. Oxsar

“Hq,opma““ouublm MacCUBOM ScienceDirect BAPEMPYETCA O M3gEHMS K M3aEHI, vawe acero — ¢ 2000 1. no HacToALEE Bpems; Ans

MHOMAX M3AAHUT AOCTYNHS TaKKE «fnyBokue apxussi, ¢ 1994 £ A0 caMoro nepsoro

HOMEPE.

OHnaiik-nocTyn co Boex komnsiotepos HAY BLUD u usske (no naponio)

&

https://library.hse.ru/e-resources
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nonb3oBartenei cnepn)

@ bu6nuoreka Moppepxka n o6yuenne MouckoBbii Tpaduk (undpposoi

MouckoBbin Tpadpuk (yudpposon cnepn)

CraTucTuka yaaneHHoro gocryna

MNoBepeHyecKnin naTrepH
120000 -

MpuopuTeT KauecTBa Haf KONNYECTBOM

JKOHOMUNYecKas onpaBfaHHOCTb 3aTpaT 100000




Bu6nunoreka Moppepxka n o6yuenne
nonb3oBaTenen

NMoBeaeHYeCKNil NATTepPH NoNnb3oBaTena

YueHbii co cTreneHblo Kanauparta (PhD) / pokropa Hayk
NmeeT yaaneHHbIll fOCTYN U3 loMa
Ot 5 fo 20 Hay4HbIX CTaTell B MecAl YNTaeT perynsapHo

Ka)KAYIO HeAen nnn vyauje nocewjaeT uspgartesibCckmne
I'Il'la'l'(I)Oprl N arperaTtopbl

MpocmaTpuBaeT cBeXxue Homepa NHTepecyoLWnX usaaHni
(de visu munn nognucaBWINCb Ha yBefOMIeHUNA)

Pacmupaer CNMNCOK UNTNpyemMmbiX NCTOYHUKOB 1 HaXoauT
HOBbIE€ N3A4aHNA NO TemMe ncaiegosaHnAa

MoBegeH4ecKnii naTTepH 1 3
nonb3oBaTens

lNoBegeHYeCKNN NATTEPH -
WwabnoHHOEe aencreue,
npuMeHAeMoe Ye/1I0BeKOM B
Ha NOCTOAHHOMN OCHOBeE




Bu6nunoreka Moppepxka n o6yuenne Camble ynTaemblie }KypHanbl
nonb3oBarenei

MpuopuTeT KauecTsa Hag KOJINYECTBOM

Camble ynraembie XKypHaJbl

Journal of

g -
. COMPUTERS IN Cleaﬂer

+ romanssiaior B Production

OURNAL OF
SINESS
RESEARCH

Science Direct American Economic Wiley
Association




Bn6nuoreka Moppepxka n o6yueHne Camble BocTpe6oBaHHbIe
nonb3oBaTenen nnatpopmbli

MpuopuTeT KauecTsa Hag KOJINYECTBOM

Camble BocTpe6oBaHHble NnaTpopmbl

Emerald
ProQuest 2.2%
2.2%

ocTansHele (16)

6.0% SpringerLink
- 29%

Taylor &
Francis
8%

JSTE)E_“\ — .. ScienceDirect
19% 22%

Kateropus «ocranbHbie» BKAtoyaeT B ce6a Oxford Journals, IEEE, Nature Journals, Cambridge Journals, APA
PsycARTICLES, Annual Reviews, OECD ilLibrary, DigiZeitschriften, Gale, ACM, AEA Journals, IOP, Science, APS, ACS, AIP




Bu6nunoreka Moppepxka n o6yuenne JKoOHOMUYecKas onpaBAaHHOCTb
nonb3oBaTenen 3aTpar

JKOHOMUNYecKan onpaBAaHHOCTD 3aTpaT

3a 2020 r. n3 3NeKTPOHHbIX PeCcypCcoB, BbiNncbiBaeMbIX

6m6n|10're|(0|7| BLL3, 6b1510 OTKpBITO 1,6 MUANMOHA 3 a rpy3 Ka OAH 0 ﬁ
ceTen NOJIHOTEKCTOBOMU CTaTbu
3arop paHHbIN NOKa3saTenb Bbipoc Ha 19%

MoXHO cKa3aTb, YTO KaXAblil CTYAEHT, aCUPaHT, cTomna 2 3 4 5 p A (ol 3 3 Ao"" . Nno

npenopasatenb, cotpyaHuk HAY BLLUD oTtkpbin B 2020 r

30 NONHOTEKCTOBbIX CTaTel N3 /1IeKTPOHHDbIX pecypcos. cpeAH e roﬂo Bo My Kyp CY) o




bubnuoreka Moppepxka n o6yuenne Moapepxka nonb3oBarteneii

nonb3oBartenen

KypaTtopbli

KypaTtopcTtBoO -
oGecneyeHmne NOCTOAHHOrO

hakhmedova@hse.ru atokhova@hse.ru
Ieuxonozus

Axmenosa Xabuba MexmaH Keisbl Toxosa AxHa PycnanosHa v Anna B, poBHa [Odeposa Onbra ApryposHa
AOCTYNA K 3/1IeKTPOHHbIM

[FOpucnpydenyus Punocogus Jluzaiin

pecypcam

\ V4

Yeriorosa Ekareputa BukroposHa Bapsosa Tatbsia BacunbesHa

Koponesa Jiuaus AnekcaHaposHa Kapnos Cepreit Bnaaummposuy
eustyugova@hse.ru tbarzova@hse.ru

lakoroleva@hse.ru karpov@hse.ru

Hnocmparmste aabixu SroHomuxa HHoemparHsie 936U U MEHKYABMYPHAR Hemopus

KOMMYHUKQUUA




@ Bubnuorteka JneKTPoHHbIE pecypcbl 6MGNOTEKU MHcTpyMmenHTDbI AN pa6oTbi ¢
MHGOPMaLIMOHHbIM MaCcCHBOM

JNeKTPOHHbIe pecypcbl 6MGnMoTeKn

UncTpymeHTDI ANA paboTbi ¢ NOANNCKON KaK @ANHbIM
MHPOPMALMOHHBIM MaCCUBOM

Publication Finder: cBogHblit KaTaNnor 3/1€KTPOHHbBIX
M3JaHMN

EBSCO Discovery Service: nOMCK nNo Bcel 3/1IeKTPOHHOMN
nognmcke

Telegram-60T no nomcky oTeyecrseHHbIX KHur Book
Detective



https://publications.ebsco.com/?custId=s4954272&groupId=main&profileId=pfi-n
http://search.ebscohost.com/login.aspx?authtype=guest&custid=s4954272&groupid=main&profile=eds
https://t.me/library_hse_bot
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Abstract

This study explores bank screening incentives under credit market competition between tra-
ditional banks and a Fintech startup. The bank screening incentives increase with the cost
of the Fintech startup’s screening technology, decrease with the performance of that tech-
nology, and increase with the cast of entreprencurs” conveying information to the Fintech
startup. However, when the preparation cost of entrepreneurs applying o the banks for loans
falls with Fintech, the bank screening incentives are eroded; while when the bank screen-
ing cost decreases with Fintech, those incentives are enhanced. We also discuss the role of
capital regulation and several extensions for robustness.

Keywords Fintech - Banks - Credit market competition - Screening incentives -
Capital regulaion

JEL Classification G18 - G21 - G23

1 Introduction

Fintech is the use of technology 1o provide new and improved financial services (Thakor
2020). This phenomenon has been drawing much atiention due Lo s rapid development in

We are deeply grateful to the R_ Prabhala and y ferees for their
valuable suggestions. Jonathan Moore is appreciated for his cditorial assistance. All remaining errors
are ours.
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A Metaverse: Taxonomy, Components,
Applications, and Open Challenges

SANG-MIN PARK"™" AND YOUNG-GAB KIM "2, (Member, IEEE)
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ABSTRACT Unlike previous studies on the Metaverse based on Second Life, the cument Metaverse
is based on the social value of Generation Z that online and offline selves are not different. With the

of decp learning-based high-

and natural generation

models, Metaverse is being strengthened with various factors, from mobile-based always-on aceess to

connectivity with reality using virtual currency. The integration of enhance

vitics and neural-

net methods requires a new definition of Metaverse suitable for the present, different from the previous
Metaverse. This paper divides the concepts and essential techniques necessary for realizing the Metaverse
into three components (i.c., hardware, software, and contenis) and three approaches (ic., user interaction,
implementation, and application) rather than marketing or hardware approach to conduct a comprehensive
analysis. Furthermore, we deseribe essential methods based on three components and techniques 1o
Metaverse’s representative Ready Player One, Roblox, and Facebook research in the domain of films, games.

and studics. Finally, we summarize the li
as social influences, constraints, and open challenges

INDEX TERMS Anifici

L INTRODUCTION
Metaverse is expanding rapidly, as seen in Geppetto serving
200 million subscribers and Animal Crossing running an
election campaign in a virtual space. In particular, Roblox’s
monthly active users (MAU) is 150 million, which is used
by 2/3 of children aged 9-12 in the US, and 1/3 of them are
under 16 [1}-3]. Early studies for the Metaverse focus on
Second Life in 2006 [4]-[6]. However, the current Metaverse
is based on the social values of Generation Z that online ego
is no different from offline ones [7]. Therefore, since the
proportion of social activities and contents grows, it differs
from the previous Metaverse, and a new definition is necded
for the present
The novel Metaverse differs from the earlier Metaverse
in three ways. First the rapid development of deep
ally improves the accuracy of vision and
language recognition, and the development of generative

for i the immersive Metaverse

nce, metaverse, cyber world. avatar, extended reality.

models cnables a more immersive environment and natural
movement.
reduced us
solutions with a multimodal pre-trained model. Second,
Metaverse previously served based an PC access and had low
due to time and space constraints, but now it is
possible to easily access the Metaverse anytime, anywhere
due to the mobile devices that can coanect o the Internet
at all times. There are 50 million games in Roblox and
the accumulated monthly usage time is 3 billion hours
People consums more time than social network services
(

in which the inflow

users and usage ti

and thus sales of digital advertisements increase. Lastly

current Metaverse differs from the previous one because the

program coding can be done in the Metaverse world, and it

is more bonded to real life with virtual currency. Metaverse

expands with various social meanings (c.g. fashion, cvent,
ime, education, and office ) based on immersive interaction.
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New theories of wormholes—postulated tunnels through
spacetime—explore whether they could be traversable by
humans.
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Robust and Efficient High-Dimensional Quantum State Tomography

Markus Rambach®, "> Mahdi Qaryan Michael Kewming®,"* Christopher Ferrie.”
Andrew G. White®,"* and Jacquiline Romero®'*
Australian Research Council Centre of Excellence for Engineered Quantun Systens, Brisbane, Queensland 4072 Ausiralia
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The exponential growth in Hilben space with increasing size of a quantum system means that accurately
characterizing the system becomes significantly harder with system dimension d. We show that self-guided
tomography is a practical, efficient, and robust techmique of measuring higher-dimensional quantum states.
The achieved fidelities are over 99.9% for quinits (4 = 3) and quguints (d = 5), and 99.1% for guviginis
{d = 20)—the highest values ever realized for qudit pure states. We also show excellent performance for

mixed staies, achicving average fidelities of 96.5% for quirits. We demonstmic robustness against

experimental sources of noise, both statistical and environmental. The technique is applicable to any
higher-dimensional system, from a collection of gubits through to individual qudits, and any physical
realization, be it photonic, superconducting, ionic, or spin.

DOL: 10.1103/PhysRevLen 1 26. 100402

Quantum systems are often naturally high dimensional,
and indeed in most gquantum information architecwures it is
sary to collapse this dimensionality to realize qubits.
s where high dimension-
applications like quan-
implementing gudits rather than
cr information Lup.nll\ 1 d)lll
3

m computation, gudits can lead to efficient d of

Here we implement self-guided tomography on three-,
five-. and 20-dimensional photon-shape qudits, achieving
the highest measurement fidelities ever realized [m qudits,
from ‘J‘)‘J‘ % for quirits, d=3. w 99, for
quvigints, d —20. We show that in high dimensions
self-guided tomography outperforms standard tomography,
bath in terms of achievable fidelity for the same number of
copies of the unknown state and in overcoming crors due

respurce states 3] and simplified gates [4]. For quantum
foundations, qudits afford more robust violations of Bell [5]
and entropic inequalities [6]. Qudits have now been
realized in a variety of physical architectures including
photon shape [7.8]. trapped ions [9.10]. superconducting
circuits [11,12], and color-center spins [13].

In order to benefit from qudits, we need to be able to
physically impl control, and measure them. Measuring
the full guantum state via quantum state tomography is
particularly challe as the parameter space for qudits

chere d is the qudit dimension and n is the
numh.r of qudits [14-16]. Alternative methods for state
tomography that require fewer measurements have bheen
proposed and implemented, including compresses
[17.18] and adaptive [19-21] tomography, but these are
computationally itive to noise and exper-
imentul ermars. A recent proposal, self-guided quantum state
(henceforth referenced as self-guided
aphy), offers the promise of high accuracy and
ion with fewer measurements, high robustness, and
no postprocessing, but has been tested anly in low dimension
(two qubits, d = 4 [23]), and is untested—particularly in
terms of robusiness and sensitivity—{or systems of high
dimensionality.

0013194007 / 260100/ 100402(6) 100402-1

losses. which often prevents standard
g on the true state. We test the

phy against statistical

or different dimension-

alities, and show excellent agreement between theory

L e Lt
(N /
o oy

FIG.1. Schematic representation of sclf-guided tomography for
an arhitrary dimensional qudit in a Hilbert space H,. Starting
from e (lefi, green), we are trying 1o estimate the unknown state
w (right, red). The algorithm caleulates two directions, o, in blue
and #_ in purple, and determines their projections. The next state
&, is found by updating &, according to Eq. (). This process is
repeated for a set number of iterations. with decreasing step size,
following the opague path of highest overlaps, uniil a final state
estimate (here very close 1o the unknown state ) is obtained.

£ 2021 American Physical Society
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Synthesis, Structure, and Reactivity of C;-Symmetric

Bis(ph

pholyl)zirconi

and Bis(ph

IyDhafnium

Complexes
Stéphane Bellemin-Laponnaz,’ Michael M.-C. Lo,"1 lhomas H. Peterson,!

Jerry M. Allen

* and Gregory C. Fu*!

of Chemistry, Massachusetts Institute af Technelo
Cambricge. w.as;arbu;prs 02139, and Dow Chemical Company, Chemical Seiences Division,
South Charlestan, West Virginia 23303

Received March 28. 2001

Several € symmetric bis{phospholyl) adducts of group 4 metals, including the first example
af an 1-phospholyl complex of hafnium, have been synthesized and structurally character-

ized. These complexes undergo rac/meso

somerization in a process that is accelerated by

biases. A Ci-symmeiic bis(phaspholy)zirconium dichloride binds as a bidentate ligand

to Mo(CO),. In the presence of mel

onium serve

as active catalysts for ethylene— hexene copolymerization reactions

A few years ago. we initiated a program directed at
the development of applications of planar-chiral het-
eracycles as ligands for enantioselective transition
metal-catalyzed processes.** As part of this effort. in
1998 we reported the synthesis and resolution of Ce-
symmetric 1,1"diphosphaferrocene 1, a potentially use-
ful chiral ntate ligand 45 Of course. the essentially
parallel relationship between the two phaspholyl rings
of complex 1 {6 deviation from coplanarity) is not the
ideal geametry for bidentate complexation to a transi-
tion metal.® On the other hand, we felt that the bent
geometry of a bis(phaspholyl) complex of a grou, ap 4 metal
(2) might be better predisposed for ehelation ? In 1999,
we therefore initiated an investigation of the chemistry
of such complexes. the results of which we describe in
this article.

A

MeTiZLH
2] 2
Results and Discussion
of C of
4 Metals. We chose to synthesize 2-phenyl-3.4-di-

} Massachinietts stitute of Technolegy
! Daw Chemical Camy
i porsience cancerning the X-say crystal structures shoakl
be mrmmi ML CL
) Far ligands based on phospharus heteracycles,see: (3) Shintani,
: 530

X X
T ST ST e Ghon S Fu G 1
1168

3) For npm hased n nitrogen beterayces se: (2) Lo, M.
C:Fu. 1
La,

o 1988 45

. mom & e DA P

151 Far an averview of phasghalyl chemistry see: Mathey. F. Canr
Chiem. Rev: 1994, 137, 1

10.102 Lam0102561 CCC: $20.00

methyl-substituted phospholyl complexes, because of the
ready accessibility of precursor phospholide 4 by the
procedure of Mathey.® Treatment of ZrCly with 4
furnishes racemic bis(phosphelyl)zirconium complex 5
in 39% yield after recrystallization from pentane (eq 1 r ,
The same procedure provides the corresponding C;-
symmetric bis(phospholyllhafnium adduct (6) in 25%
L“H after recrystallization from pentane/Et:0; to the

est of our knowledge, complex 6 is the first example of
an 3 phospholyl complex of hafnium. Attempts to apply
this route to the synthesis of the corresponding titanium
adduct instead afforded 3,3 4,4" tetramethyl 2 2" diphen-
ylbiphosphaole, which was fully characterized. including
an X-ray structure determination.'®

Ma  Me

A
Me
M = Zr: rac§
W 0B

We have abtained an X-ray crystal structure of
zirconium complex rac5, which is illustrated in Figure

16} Chelation by a 11" diphesphaferrocene & rare. () For an
cxample of omplexation of the phonghorys aiom 1o tan different
ser excinmge, B Mathey. - N L i
1680, % 63685, Tl For an rxam‘elr of complesation ta the a
metal, see: Atwood, D. A.; Cowl . Derns, 5. M. Jnorg: Che

ng study 1
B A - Orgasomet. Chem,
78

hey. F. Angew. Chem. It Fd.

tzed in oae step

from commercially available PRPCle and 2.3 dimethyl-1. 3 butacienc:
Breque, A.: Mathey, I Savignac. P. Synthests 1981, 953

© 2001 American Chemical Society
1
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