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STRATEGIC PROPOSAL
Topological Quantum Matter Initiative - Device Innovation by New Developments in Quantum Physics -

Executive Summary

“Topological Quantum Matter Initiative” aims at accelerating the recent
development in novel concept of quantum mechanics and realizing its engineering
application by noting emerging researches in topological materials group and diverse
material properties associated with topology. Typical examples of its application are
quantum computing, spintronics, photonics, in which device innovation occurs by
introduction of the novel topological concepts to go beyond the present technological
framework and contributes to the “super smart society”. Requirements for downsizing,
higher speed and lower energy consumption in electronic devices becomes stronger
world-wide in recent years, and innovative technical paradigm is strongly desired
since limitations become apparent in existing device technologies, as is seen in the end
of Moore’s Law for semiconductor devises.

In order to overcome these limitations, we propose an R&D strategy, which leads to
innovation utilizing novel phenomena and functions inherent to topological materials.
Three major directions to overcome the limitations in CMOS technology are proposed
as follows: One is three-dimensional heterogeneous integration of devices with diverse
functions, the second is introduction of novel architecture, such as neuromorphic
computing or quantum computing, and the third is device innovation by introducing
new materials, such as graphene or topological materials. In this proposal we focus
on the second and third trends. In particular, we aim at causing innovation in diverse
R&D fields such as quantum computing, non-volatile logics, and optical integrated
circuits for communication, starting from topological materials and unique physical
properties associated with topology.

Topology is the mathematical concept of the properties that are preserved through
deformation, twisting, and stretching of objects. By applying the concept of topology
to the material system, “topological material” is introduced as a novel type of the
material phase, which cannot be described in terms of the conventional category
of metal, semiconductor, or insulator. A topological insulator, a typical example of
topological material, is a material with non-trivial topological order that behaves as
an insulator in its interior but whose surface contains conducting states, which is
caused by unique electronic structure at the surface. By reclassifying materials using
the topological concepts, a new material viewpoint different from conventional one
has gradually arisen. This means topological concepts provide possibilities that new
phenomena and new functions are discovered not only in new materials but also in
known ones, and that candidate material group leading to practical applications is
expected to expand.

Based on considerations described above, this proposal aims at both technical
development of engineering application using topological properties in the materials
and strengthening of related academic basis. Subjects of R&D to achieve these aims
consist of three categories, which are “construction of theoretical framework”, “creation
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of new topological materials and establishment of technologies to control unique
properties appearing in those materials”, and “development of technology for device
application”.

Theoretical prediction of topological materials and their unique physical
phenomenon has preceded mostly their experimental discoveries. In order to promote
engineering application of those materials, establishment of a theoretical framework
and a firm stage of device technology where topological materials play a key role is
required. In addition, it is strongly required to develop technologies for creation of
novel materials, control of their functions, and characterization of their properties.
It is also desired that possibilities should be sought for application of topological
materials in the unexploited fields such as phononics, mechanics and chemical
reactions, in addition to typical applications such as quantum computing, spintronics
and photonics.

In order to conduct R&D for topological quantum initiative, it is strongly expected
to establish an interdisciplinary research involving solid state physics, elementary
particle physics and mathematics, as well as collaborations with electronics and
measurement engineers to realize novel devices based on the topological materials.
Therefore, it is expected to change gear to promote researches from the basic stage to
higher ones. For this purpose, collaborative works between scientific and engineering
researchers are important. Construction of framework of political inducement is
needed to purposely direct curiosity-driven researches at academia to engineering
application. Long-range viewpoint is also important to cultivate human resources who
bear R&D in Japan by establishing suitable environment for young researchers to
challenge the risky novel multidisciplinary field.

It should be noted that the Station Q of Microsoft Research gathers professionals
of mathematics, computational science and quantum physics together to develop
the quantum computing technology utilizing topological phenomena. In contrast,
Japanese industries are far behind the approach to quantum computing. Therefore,
it is necessary for the research community engaged in R&D of topological materials
to announce the importance of this field to industry people and actively promote R&D
projects by involving industry people. For this purpose, “future vision concept creating
meeting (tentative name)” which consists of opinion leaders, young researchers
and industry is necessary to be held regularly with the objectives of sharing the
information, discussing the future direction of R&D, and matching of seeds and needs.
Furthermore, it is also quite important to establish strategic collaborations and

human exchanges with research organizations in overseas.
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H5,

[Z2525 HMoBEH#FD Alexei Kitaev]

[hARv OH VBT OFRIZBWNT, LR AMD 1 AL, KaT L TH
T B0V 7 HN=T TRRFEGR Y% Alexel Kitaev Th 5,

Kitaev |, FRFWHEGH CHELCEL [ELIT D050 (AEE2EZ 20
JEREZE L Z U C O RDAZBITHR TN DB AZEMN) 26 o508 [R5
(Conformal Field Theory, CFT) & ki1 % AN 2 HNAFFIZ K > THROARFED
TS D & 570 TFErTHAUERIF#i5T ] ORERZ &R FIEAT D L & bl £
DTATTwEFaALCa—T 4 I LIEEETH D, I, T OFEEE
FRICED, 20164, 77 Ry oV 7 —AEEHGYHTY v ¥ — - T4 Ty VEE,
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7 N — A RFEFZ Gregory W. Moore, A —— /L K% # Nicolas Read & & % 1Z
HERZE LT\ (1,

Kitaev X, B> 7 CHEZ%T, TAZ U TR KFTM.Sc (1986 4F), 7
A G ELIFZEAT (LITP) < Ph. D (1989 4F) #H&GL C\Wb, D%, LITP
W25 (1989 4 -1998 4F£) . Microsoft Research HF22E (1999 4F -2001 45) Z#% T,
TV 7 N=T TRRFEHSFZ (2002 45 - BIfE) & L CHAEIZE-STWD,

TR UYETRRKZTOELRSUIZETIE, BWEET VI = A~ T A4
2B 2 E RO A2 E T 5O R RT3 2 BRI 21T > T
7o MR, 1985 4F 3 HICHEA L7 SV NF g TEMENHS ERAE O - RlE
B, XL A oAl (i) EHELEDZETH S, LITP TOR LR CFZE T
V. HESE AR SR RAE S IR OB RE I BT D B R IORFSE 21T o 7228, LITP MR E & 72 >
T 244 (1991 ~ 1992 4FEH) 26  FERICE T RSB OMIIZT 7 FLTW5,
Zhud, KL<, YE= MEMPHAEL (199112 A 25 H), v 7 b DA
B A3 I L HEETH 5,

LITP #F5E B, %1%, TF AR H L« =5 —3TE] Ik TEFIHERETD
MReYaNErary a—T7 4 V7 ORI eEEZE 1997 FIEA L T 5 [2],
1999 #1Z1% Microsoft Research #ff2E 8 & 721 . #2000 Hi2i%, EF VA o~
A7 F 72 IF IOV THR LT 1 &Kot p IR EEROES (Kitaev S{#5H)
R [8] 95 & L H 12, Microsoft Station Q R\ 5 $45# Michael Freedman ©
LBl MRueYAINVETarYa—T 0 U TICET A 4] 217-72, F D%,
VT F =T TRKZCED . 2006 (21, FEERENEE ICE A B UK
x5 % % Kitaev B LA (A2 12 b OB TFAEUA 2 RITED AL T
A U T EERE LTy SR BERR LTV A [B], T ORI,
LR bR e U VB FREEER L 9 A L L CHEBNICIRESNZH O T
HDHMN, EOROBFRMNIEIZ L > T, BRIFET D H DFEOBMEMEIED R VET
WTHDH I ENGhoTND, WERFEOWMEY LY & 134 < Bk 72 WEEEY B B
BN ORE LI THLICE 00D L T, BIREZLIZZDOTV T EINLITHA
B LEEWEE R AZATEY . BFEHRIZT T, UEEORE Eifim e &
WBRZ DR % T2 3B CRERFHEZED TN D,

(B3 3CHR)

[1] Abdus Salam International Centre for Theoretical Physics, Dirac Medalists.
https://www.ictp.it/about-ictp/prizes-awards/the-dirac-medal.aspx

[2] A.Y. Kitaev, “Quantum computations: algorithms and error correction”,
Russian Mathematical Surveys Vol.52, No.6, pp.1191-1249 (1997).

[3] A. Kitaev, “Unpaired Majorana fermions in quantum wires”, Physics-Uspekhi
Vol.44, No.10 Supplement, pp.131-136 (2001).

[4] M. H. Freedman, A. Kitaev, M. J. Larsen, and Z. Wang, “Topological Quantum
Computation”, Bulletin of the American Mathematical Society Vol.40, No.1,
pp.31-38 (2003).
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[5] A. Kitaev, "Anyons in an exactly solved model and beyond", Annals of Physics
Vol.321, No.1, pp.2-111 (2006).

[Z25246 MoOHEEHE?2 Hermann Weyl]

Hermann Weyl I%, TBUREFDA] L IFIEALS David Hilbert (2 &> THESZ S 4L
72T T 4 T REOE T O A kKT 5 A\¥ (1885 4F -1955 4F) TH D, 7 v
T AU REOREE LT, a0 RMEE 722 [ a7 2% —220 (MKt

ZEff) | THIH L% Hermann Minkowski X°, 1412 Weyl N7y s & L CTIKHL L
= [H5%) CTHHi5d Edmund G. A. Husserl 230 7=,

WX, Hilbert 25012, Husserl Z# DRI Y - 72 Weyl 1X, FF D5
ANEFEEN, ZDME %ﬁ&%ﬁﬁ IEBWTHOBMZFFS 2 WIE EHRER L O TH -
Tt EbNTWD, Lirb, ERTHOWIEERA IR L. WA TFIZES 2
BATRITFHED OIS Thole, TOERIZILICOIZY | $hx DBF E
DTNz, B IO ERGR2 EOWEF O3 T, ez b L
ft#FEE2 L T2

il Z 1, E':“&A*Hfd’ﬁﬁﬁODZIK%’UN%FJT&—VTﬁﬁt LWV ) ZEEHRMITEDNTED
., Weyl Th b, 22T, Fr—IUREME T, BEOKEEIC, BRFOEMEOY
ZLOEME (F—) 282 TH (F—Y%#). 0L OOWMEERNIZED L 220
ETHMETH D, 1918 4FIC, I f~90%@%§AL\ﬁﬁﬁ~9ﬁ%th
BN TWAIRYIOW 25 2 72, Weyl 47— JBRiRIL, —RFHxHERRG & BRI
EREOfHT A Z &2 HEEL T, w%kiﬁ%%ﬁ @&ﬁ%%i &Lf%Twm

LED2ETHLDOTHoT=N, ZORATIKD L) o7-, L6, Z ofkik
N, V=< %R BITATA N - T VOB ENEE, L /%%{T%O)%EE
MEPNT-DOTH 5,

1929 4, Weyl 1%, T4 7 v 7 FFRERICBW TEEA Yo &L Lz & DM aTER L,
SWILZER TOHEEE D7 =V Ik T (VAR T) ZiEE LTz, BEZEFDOU AL
WX A7 V7 4 (RO E &R OIEB) 7 [0 D3 AT NOEAT A R T HEEE)
DKV T=D E VD bR e Pl v (MRS FH)) 728 2>, MEHD U A
NWRIANIIA T VT 4 DEIRD T ODORANMT X7 THIAL, ZILOIEAEWIZEZE
LRWRDEEEZFSZ LD, FBHTFELTOIANPTFITELER D> TEDL
P =2a— b BT OFENREHTHLEEZ LN TWER, =a— I JIEEHO
BINZEY, ZOREEHIIENEB L LN TS, L LEEIZRY, ZOT A VAL
FEWENICNG LB LWEEOWE [T A4 V48R DNEGRICIRE S, EH
ZEOTND, ZORET, bLAEOYERIZBVWTEFOAE UHMHBEMH 2 & T
WENIZU A NVKRLFDERSIND E W) TR RIS &, ZOMEERKE T
A NVKL T D EBRIOBGEN R HFHLEEN TV DHEN, 3RTEM TOEEYeD 7 =L
KT (TANVKLT) OFFHIBES Z RONIRE L= DIX, FF07FA Weyl TH 5,
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(&35 3CHik)

L s UAN (), BRIER GR), THEARE GO, REHE GO, e e Bk
Brods) CA, 1969).

Lo T AV (3F), WILEERE GR), 1250 - el - 8 B & (SEERE, 2007).

3—3. F/NA ARk 3

L a—HFOEEEE I IoT CEMEET — BN THE ERINTEY,
ZOMRPROBEME L TR AL Ea—T 4V ITRAE Y ha=J R E~OHIfFNRKE
W, LLRE, fERkOEfFa s Ba—T 4 U I7RAE Y hr =7 R TFEMICITAERD
PEIZE 602 Th > THBEFHAMT OIEER ETIETERE~DEITEZE N,

I 2 TCIHERTOHEM L 1T B2 LWEIY O TOMERRET e —Fick - T, %
JERBEIK CHEIR A TWAAR MRy 7 ZfRET 2 R ERET 5, T70bb, WENE
D RRa IV E EIERT 5 2 & CHANPIMFA A DL 2 S L R 726
R EIMESEDLZ L2 HNE TS,

FPIE. BERRISHEL LTEFa v Ea—TFT v/, AV R=V A, 74 b=
JAD 3 OEZHICELN, SORHIFMEDRIN bR SNLZ b, 74 /) =7 R,
AT =7 A ALFRIGR E . OIS HERICOWT B RET %,

(1) EFav¥a—g4 7

BAEDE a3V a— X FEBEDOREREL 72> TWHIRY ETIE 2 KIEICIKET 2 2 & 23
FEESNTWD MR INEFaAY Ea—T 4 7 B FRET 5720120, FErTHsaHE
RO~ 3 7 k& N T ﬁ@?éz%#%&kw&%@n%@ﬁﬁﬁkbf
U — %, Ry AR, RS #Uaﬁn@k@ﬁ%m&émi%ﬁ%%ﬁ%m
FIERLIE L 725, 757%ﬂ%%%wt FE v N EERT D EEREONRIT, &
m@ﬁﬁ XL THHRFFIND Z ENHEFRMICRIESN TR Y, FREIZIZROT

6T DIEELIC T L TRRD THRAZ 2R S AT LEREI N ATRE T D, v AT LAKEFD

% iK\%0/?Aﬁ%ﬁﬁbfwég%kﬁl%ﬁk%i%@%ﬁ®%@ﬁTTk
ThbH, M, ITERKCKZ HFLITREANHFIEN 2 STV D RE1RR Y 5T IEHAT & ORIfRIC
DWTIE, a7 A 7TIZ8EHLTWA,

c A TFTRFDT VAT 4 T EHBAZE M O OIS %

MR PAINBFI L Ea—T 4 7BV TE, B0~ 3 7R3 x 7207
ETBHEWEIRY BT E &bl 2 Rzl #8< = & T, ﬂ3%1@;5V
ZTNENDO~ T T TR (ZOFEITIT2M) B EE2RBISHRAZEND L HIC

Fﬁﬁ%ﬁok.\r%¥ﬁﬁU%Jk@ihéo_®g%ﬁﬁ0%%ﬁOT\%
% IR RE D> D E D B IR AE %E&ﬁﬁ ENTREIC 2 B, ZOEMERT T LA T 4
V7 LR, W OB HEICBIT BT — Fﬁﬁuﬁﬁﬁé TVvAT 4T
&ﬁ@%ﬁm/ﬁwi%ﬂ/t;~74/7%%%?5LTTTK@&%T%5O
FHT, ZOTvAT 47 HREHMAL L, X0 EBFREMEO S WO bED
TWSE LB D,
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oo
3

Time ® l

X 3-3-1: FHICHS 2DOOYIATFHF. LOFEIE. HHFREEOTFEMOIREZRL. —
ADYITZTHFTHOTITFHFER)ES KD LRBRFROREEZRLTVD. BB,
BYIATTHFIRRICDOBDPNIELDICHENICKRRINTE Y. RIEDOIITTHUFEHD
B [EFHEAVE] PRITTES.

cHLWEE T ALY XARRT —FT 7 F ¥ DB

MR HNVES AL Ea—T 4 7 TiE, TIVETHE - T ed o I #akiGt
WEFFO~va T TR TFEHOTETE Y NEERT ALERS D, T LAT 1
THAE & Do T BRI AN AR IR CTH D720, B LWEHET LT X ADBIR N
BEThD, FRZ, ~T3 T FTRADT VAT 4 TR MR a YV ARGE S e
JTIEHRERETHREIIRETHL LW IH ML H Y, v~V v ZIREEEYE LI D
KPR BE L MMAGDOE A Z ENEETH D, TNHEHEBTLHOOH LT LT
U RXLDOBREMNEL D, £/, PRIV ESfa L Ea—T 47132 ZNET
DBIEEETE Y NRET T ==V U BT B v AT AN ERIND
728, MR OINVEA I Ea—T 4 I LT —F% T 7 F ¥ OHEENR LT
Hb, IO, AL EMEDOMEEZEBET L L, BETHRVFTERNSE EkT s &
WEELRD,

(2) <V N w el 3 4
%f@%%)&ﬁ@@ﬁ%ﬁzét . REE - mE - RIHERET) - AERME - K
:x%%%mmKt&ﬁﬁxhv~vﬁf%)kbf%ﬁ#mwv ANT w7 AEY
SDAFXN I A VG, NERMEZEFD, 2D, 2="—H L2 AEV L LTHERS
TV D MRAM ~O bR a ¥ B VEGBEBEMEROISHERZ B3, /2. rFnTh
VB DR THH ALY ERRD v XV EEN LTZEIRAY U - BRI
B O EELRRETH S, IbIT, AEVLSMNI G IMREGTH 2 & OB EBERSE e
BERZ T ~OIHEROAEEMEIZ OV T HIERTHRETH D,
c AXNIAVERAVEL—RA T v 7 AV SBT3
AF NI AL, BTFOFOAE U BRE BN HMAEER TH Y . HEE nm ~
BE nm ORXZIZ L0 Thbd, “IVAEHI L > TER - HESED 2 ERF
BETH D, Fio. AR ORI K - THUNREBIE TSNS 5 2 & A Alj &t
L—ZA Ty 7 AEY ELTOICHBEIFFSNATWD, LivL, SRR TIImgE
kh5m£ﬁ§T®x%wiﬁy@%$\%%\ﬁﬁﬁgwﬁ$ﬁﬁva®QWK
MESTWD, ETET 1 bEATEZERL, 74 AT LTEBROZEMECEEMEL
BAFT AL NI ETAT =7 v FEREDZZENEETH D, IHIC, @EEIC
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(3)

BT CAFNAVI AL ORLH/NUEERT 52 ERHETH D,

© AR\ VAV ERGREVER & FH V72 MRAM e Bt B 56

BT, T AR TE O ROREVE R 2 iV 72 MRAM W L 0] ) 72 WFZE B 238 2315 78
ELTW5, 22T H#RmAH UICRER—VREFHL LD &L LTWDHA,
BIRERD M AR DUV IRMEE T H 5 AR D mdE AU RIS EORREF S LT
LD FRANIHGEST DL ENH D, £, BAH LOEOR—VEEME IV
UNZETHRSEL2OIZ, FMEOURSHHRMWEDIRER. 751 AL OW
B8z T, RREEZENRT 5 2 ENBETH D,

© bR v ViR ERE 2 TR L@ R A i - B A BT OfENT

MR e O h AR OREIREICBT 2 A VEEEr v X 72 H 0D I LT,
BIAHH AN LB, BTOAE L OMEE2HZ 52 ENAMEEICARY . FHEIC
AU HTODHIENTEDL, ZORMREDO AL L ZHEK2IEHTAHZENTE
AU, BEARRIIZIE 100% D ENE TEIRE AL U IMICERTE 5, ThETIEHAAE
RSP T AT U EHNT 10%REDERN R 120, T, hARa U vigE
BIAZ WD Z & TRB2% EWIBIERNELN TS, S5, ZOAE VAl
WMERIZIER S ® 5 2 £ T, AV Y MY I X DL SN EE ) CHEBET 5 2
ENHFFEN TS, SHBOMEE L L, FARr2mdR{bEHET L EbIC, FE
BRIZAE Y MV B bR 2 & OREEDIREIL CEBLTX 500, £7BEFD STT-
MRAM 7 /34 ZOHIZED XD ITHABATeONEEZEFEL T ZERKETH D,

T+ b= R
FBARICBITD bR —oaz 7+ b=7 AFMIC#EHAT 2 2 Lok, ey

Bk DarvBa—20R— K/ F v 7B OB EOEERZDBEEREICL. -,

BRI 2D BBIR 2 HEH 2 Z LIS XD EDBAERIEE AT VISR E%2 BfEd,

B LW ERER (AR ORESL S I U BIBERE DR SR

Y (7 by) FERLTETEEFREITBERDIA—ARFTHDHT-D, H—RKL
T ORFHEIHE - T2 B AR OREER L O BSEEIR R AL ETH D, BlzIE, 7+
=y 7RI N AR VR 2 EA LTz & E OB EDO v 2 MEDKK
AIE G AR IARIR D 7= & D i 72 W E R R 3% 5 7 A ARFHH Y I 2 b— 3
VREORRERENFETOND, Fo. T F=v I N ROV R KEES
PN REFEAE & LTI D FIEBREINTEY, ZOHAICIE7 =V Ik
FHIWE Y BT ROBGRERNZOEFRATEZ 200 E ) DORAEDBLETH D,

« BT s OGS A F O 7o AR RN O BHJE

MR —OEEISHT 5 2 & T, =X —RHEOD RV TGS
FEOMERMATREIZ 72 5 2 ENFEBRINICOBEES o255, A%IT LV ERORIED =
W7 b=y 7R ERIC A TR« SR RO R EIR R 2D 5 L bic,
SRR ORI AT T EA BN R R Z R T D 2 LN EETH D,

« JCEIER T 2 VA U T3 A ZAOER

TERENREBIEAITIR L TV D1 v ¥ —xy OB CTH L7 7 A 13—
Ty FU =780, REEOI/ STy FOFik, o3, 3Bl % EI T > T
%o BUE, ZNHIFEFEEICL > TEITSNTODA, s v b ZEHEICH D
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JEEIEE TH B T 5247 T & UL HELEE O KlE 72/ MY« 2 27 Afflg(b 7S FEHL
TEX5, TOREHICIE, KOHEEEZZLIESTS, b LITZERELIEL L
L CIEMAE S - REFT 28 A T VRES N BIEHEEZ M LS 2 MERSH D, 74
M=y Z7fEMmO MR IV BWEEZFIHT 52 & T, @mhERIEOA LiADONE
R 2SI T D Z EMEETH D,

s R —F— R« L—H% X7 ML E—ADBR%

T h=v IR ROBIEEEZFIHA L7 KEEOR—F—F « L—F O3, Yil
WHEZ W=7 L E— AR L — VORI NAIEETH 5 Z & 5 Nature Physics
% (L. Lu et. al., Nature Phys. 12, 626-629 (2016)) TiREIN T\ 5, HiLICE
WCIE, MR YN T ¢ F =7 ADOREENT SA A~O BB AT 7 HABRS XX &
AWERINTWRWRILTH S, KR JHE—F— R« L—F IRk io BEjE~ >
K74 FAXFESLEBIAMTH L —V & LT, X7 ML E— A8 & A% TR
FYERE LTHIFF STV D720, BEENT /A RAEBIAMT 72 5CR % & et 9~ %
WETH D,

Z DA I IR BT 72 WF 58 B 76

TL 7 hr=7 AZBWTCE, AR U RERRE 2 BEXHICHIET 2 LIk 5 E
KIBED AL v F o T ~DA[RerE, 2L ATV & bR P—oBEM:, B IO ER
HIZAELDZY 7 MLy FOFRMERZRERERINLTEY ., S%OBRMBER SALTWY
%o Fiz, BTRER—VHROFENRHIZI T 5 BHRAESCE T A B U R — L 2h R
BIFDAE U, 777 2 BB ER N2 ALEMIZBIT AL L B
SRCIHRIEMEIR CORFBE L TV A BSGNEEMEE CHLRIATE 5 Lo Iceiux, oA
~O AR IEN D E WSS,

EHIC, BIfio MARa LT+ b= 2D LI, PR Y —OlAEZIENT5 2
& T, o eRRE A R CE DDA~ DR O EETH D, FlxiX, HIirseniE
LI TWD T 4 ) ANMEBEZRIET 57+ /= VI bR e U— &%
52 COmHGR T k) EART D 2 E AR iR, B, ST A Y L—v 3
VRE R E~DICHERREZ NS, MR aY—OE&E A =7 258~
HZET, JENREIRR S RELESED 2 ENAREICAR Y B LW~ B
HAREMEN B D, ALFEDBFICBWN T, Bl2E hdR e OB ViR £ m O A v L EE)
0y X T AW H T e R EE OB ENRBE 2 BN, ZO XD ICHRERTIRE
DX REHN D D DONTH G TEIRWER A 7238 ~O I RTREME © & o 72 B FER 22 4
PR EZFEMT DL HEETH D,
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(2527 Brarv¥a—7+4 vy 7EBCNIZ2o007 7u—F]

Brarvbta—T7 4 v 7OEROERERE T, By b (EHIHROR/NENT)
NEFELRWVHAEHSCEREREDORESICK > TEHERLDN, BTy FELTH
BELRLS 8% =T7ak—L 2 R) Thbd, 72— LV RAIZHHL L r N R
BEravEa—T 4 U EFERTLIHFEL FI2o00T7 e—Fn"bH5, 1 OHD
T 70 —FIIARE TT =D AL TND bR P ARH# Sz FE T i st o it
I = UHERI T (I T FRIT) OREEIEN LT T a—F (LUF, §Er T 7
B—FLMES) THDH, O —oD7 Fu—Fid, 1PV MENLTWLE TR
DETIEHANCE SV B TERN T e —F LIMEFEINS DO TH D, AiEIT==4
R FIZH LT T VAT A v T E VNI BEERFATTH 2 L2 » T, &FEED MR
B HARE LR HITE S L T56DTH LN, BE IR EEIC X - T
R OEFELUIZK LT AN N RMWE &2 FF ORI EMIC & FIEM A2 DAL b
DThD, RITThH 2507 Fa—FOERICHHBFIEEIZL BIC AR U —
WL > TH—MICEHESNLS Z LB TWND,

2007 7 —FORURIZONTE 50 LaFizak <25,

BV TIER BSOS, MR e D VI WE 249 2 8572 72 AR D vk &
CIREIN, TOE B REENHIRINTND, ZOMRFEHE LT, Kitaev 2
BELEFN=V v IBFERB LN EORD S, 277 L, ZOBEIT 4 K E/EM
BEd, WEWICERT L ENRRETH LD, BEFIHERBELZFIHATLIZ LI
EoTh—=V v 7 fFaBERORERIRIE (REFSREE DIFFEND) 2EBL, T2
E— L RZRLTRrAR N TG &7y FE2EHRL LS &35 ERIRAN
Google X° IBM & W o 7mE K IT REZHOXZEO T, AT TEAIIIT b TS,

—J5. WMER T 7 u—FIZB Wi, Kitaev b—VU v 7 F SR OK T 2L ¥ —
BRI CdH 5 2 RFE AR B C Kitaev 7~ = 7 AR LIR30 5 88 A2 VW C
FRE DI IRESNTRE (MR PO ARFHE) 2ERHT 52 LN BESH
TWo, BT, ZORFMEELZHWT1IRILT AR AT EZFERT H 1 KT
Kitaev ¥ 3 7 TR L TN DB IR S, TOEERED 0 AR MeEf vy
e LTEHEFMBETHDLZ ENMONTWS, FARa U UVERFAEIZE T D2 =
WRDIERHAFEFHIE D = =4 LRI Th D, BfE. T DHEEH ToH 5 Microsoft 73
Station Q &9 UV A DOH T, HFF OHFIEHE %2 85 LEBIIZHEE L T\ b,

A% OFIMEE LTI R EESL KV U » F 72 ME 2 R o UERL & F 3 24858
BLO, L0HBEICEFERIEZRET D Z LN TED bR B VDIV EoRR & B -
ICBRRT O ERN DD, £io, L, & FRVTIENF T2 HWT, &5/ i
BT OEERBLEEIONTWDHLES) - F—VHEEGRORSB IOV 7o 7 v
JFHEOBMREZIRD D Z L b EETH D,
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4. MERROHESES SURREEH

4—1. HiEWEE. HF. FTFHIEE. IZ20RS

20 HACWIBE D f 1~ )RV Bk, Wyt Bkl T ES, BT, SHINC R &
DOIFEME - BIBIFREZW Y 285, ZNENOERICB W TR 2D TEZEWVWR 5,
ZOZFEDN, 21 I A>T AR e Y VW E O HEBLE ZREIZ B ODIZBEIfR E FE D IR0 T
W5, ZNET IR Y HVPVEONEITEEREITIC L > TRELTETRY ., it
PARRRTHSTEMARBIRNTH D, ZOHEMELR>TNDON, BFPFHFHHFET
BN TEE - HEBR Th D, 4%, SOICHMESHBILORKR ZED T <
T, BFEOBRAWHF e ORI & OBENBEE R EEZ R-T LD EEZ BN
% GEMZ =7 A 3I12F#E),

L% OB & L CHEET R Frand, & 2 BIORTHS - BRFOR RIS
THZETHDIN, TOEDITIE BT = OBAEFFEN R E720, 2016 4ED J —~L
WEEE N MR A AEROBEERIFRICR L TE 2 b 2 LR L S, AL
B ORENMRICRMEIN, BB R e PV E R EE T —~ & L CEn
2008 FE L AT R LT\ 5 GasCEhim & 8k 2 1ICFidk) ., £0—FH 7T, T TICHtR
BT DB XZ 10 FOMEEREN L, —RRBE O CIT BRI 2 2508 7 v B
NI DD D, S%IT. X0 EMRBEESCHRIER R EOWERE~ ORI &
E BT, TR NET T LW D AT — P~ X T F 2 o DT HMERD 5,
INETOREZ, AWK L CEICRIFEIC L 5 BRI L - THEHEEMIC S EE R
¥ima bl T&E T, Lo LEUROWMED IR 2 TRl &3 D4RH17200 Tk, R CRig 2
L LTV 2SR, 372 b7 72 iiise A2 2RO TS A~ 5 2 L I3R
HThDH, B NFOHTRERICK U0 —fE ok 2 X 5 72 o | TR B,
BUF OIS R 2 RO EEHE OSBBRAI R TH Y . S ITIFH 2 Lt %=X 5
72 DX TR E M TR OB BB LT > T D, &< B D Y 5
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