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STRATEGIC PROPOSAL
Disruptive Computing - A Computing-Domain-Oriented Approach -

Executive Summary

This proposal “Disruptive Computing: A Computing-Domain-Oriented Approach”
addresses challenges in R&D on disruptive computing technologies capable of
performing the advanced data processing required for cyber-physical systems (CPSs),
which closely integrate the physical world (physical space) with cyber space, and the
method of implementing such R&D.

Realizing the advanced data processing systems needed for CPSs will require faster
speeds and lower power consumption than what current computing can achieve,
artificial intelligence (AI) technologies for real-time and robust recognition and
decision-making in edge devices, and advanced data processing technologies such as
data compression and encryption for safely transferring information of value to the
cloud.

In the meantime, semiconductor integrated circuits, which are responsible
for today’s advances in data processing performance, are up against limits in
miniaturization. Any further improvements in performance will be difficult with a
von Neumann computing technology that employs conventional CMOS digital circuits.
Consequently, it is desirable to conduct R&D on new computing technologies free from

conventional computing algorithms and architectures.

Owing to the expansion of networks and websites, the popularization of
smartphones and other mobile devices, and dramatic improvements in the
performance of computers in recent years, there i1s a growing movement to create
new services related to purchase analyses and material searches enabled by big data
processing and to image recognition, disease diagnosis, and other areas that utilize
Al technologies such as deep learning. While the current standard for these services
is to perform data processing in the cloud, the increasing prevalence of the Internet of
Things (IoT) will make it more important to perform such data processing on the edge,
including analysis of raw data from sensors and other devices, conversion of this raw
data to data with value, safe data transfers (protecting privacy and ensuring security),
and recognition and decision-making (image recognition, speech recognition, danger
avoidance, etc.). Since such data processing on the edge requires different attributes
from processing in the cloud, including a need for ultra-low power consumption,
real-time processing, and robustness, there is much anticipation for new computing

technologies capable of implementing these qualities.

Overseas there has been a growing interest in and increased R&D activity on
developing new computing technologies, including the development of neuromorphic
chips in America’s DARPA SyNAPSE Program, research on the brain and the
development of new computing technologies simulating the brain through Europe’s
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Human Brain Project, the establishment of the IEEE Rebooting Computing initiative
to conduct R&D on new computing technologies, and R&D carried out by such
corporations as Google, Microsoft, and IBM on accelerators for deep learning and
quantum computing. Japan must take this opportunity to chart a new course for
computing technologies by promoting R&D on disruptive computing.

Future R&D challenges in computing technologies that must be addressed involve
all technology layers, including algorithms/software, circuits/architecture, and devices/
materials. However, rather than including all technologies comprehensively, it will be
important from the perspective of social implementation and efficiency to select only
technologies suitable for important applications from each technology layer specific
to the computing domain and with consideration for the timeline, and to develop
technologies through a vertical integration approach. New knowledge and newly
developed technologies should be accumulated to eventually serve as Japan’s assets.
For these purposes, the following two areas of R&D are proposed.

(1) Technological development and performance verification through vertical

integration of software and hardware

The development of component technologies in specific technology layers does not
always lead to performance improvements or optimization of data processing as a
whole. Therefore, technological development must be conducted with a view toward
vertically integrating all technology layers of computing. Computing domains such as
real-time image recognition and autonomous control are particularly important on the
edge, and it is important to focus on each computing function to develop an optimal
computing technology for these domains. This type of computing-domain-oriented
approach must be utilized to emphasize ultra-low power consumption, real-time
processing, and robustness; to develop integrated technologies leveraging Japan’s skill
in hardware technology and system creation; and to verify performance advantages.
Computing-domain-oriented technology development must also be applied in the cloud
in order to develop accelerator technologies for achieving ultrafast speeds and high-
efficiency in data searches, deep learning, and route optimization.

(2) Organizing new common fundamental technologies and strengthening each

technology layer

New core technologies in each technology layer developed through a computing-
domain-oriented approach are likely applicable to more than just one specific
computing domain. It is essential that these core technologies be organized as new
common fundamental technologies to strengthen each technology layer.

Within algorithms and software, it will be necessary to define the scope of
application for new algorithms in non-von-Neumann computing, such as approximate

computing, neural nets, neuromorphic computing, and quantum computing, to
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workloads on the edge and in the cloud, and to codify this knowledge.

For circuits and architecture, it will be important to accumulate architecture-related
technologies suitable for implementing new algorithms, and to refine and organize
these technologies for use in other computing domains. This technology layer is an
important research area for linking software to hardware. As such, it will be necessary
to organize methods of utilizing new packaging and interconnect technologies and
new devices. User-friendly design tools must also be simultaneously developed with
accessible algorithms and open-source software.

In devices and materials, it is essential to organize the performance, functions,
and reliability of new devices and materials, accurately learn the range of their
applications, and clarify guidelines for their design. Japan is strong in this
technological area and is only expected to become stronger from the perspective of

computing.

Conducting this R&D will require construction of a vertically integrated system of
R&D for each computing domain. Here, project managers (domain-specific architects)
that assemble researchers and research organizations from different technology layers
will play an important role in ensuring the best team composition and facilitating
integrated, top-down R&D with close cooperation among researchers from each
technology layer. Establishing a research environment that facilitates researchers and
engineers from industry, academia, and government in developing software, designing
functions and circuits, developing tools, and manufacturing hardware prototypes will
also be important. Use of such a research environment is hoped to improved efficiency
in R&D, promote collaboration among industry, academia, and government, and foster
human resources with an interest in R&D in various technology layers.

Promoting this style of R&D and setting up a suitable research environment will
require strategic cross-ministerial funding with considerations for the innovativeness
and risk in new computing technologies, the technology readiness level (TRL),
and feasible time frames. The relevant ministries and agencies must draw up a
complete portfolio covering short-to-long term plans for R&D and what topics are
to be addressed, necessitating open sharing of strategies and an effective division
of roles. With the cooperation of industry, an ecosystem for industry, academia, and
government collaboration should be constructed to implement strategic efforts on
acquiring intellectual property rights, sharing and making available technologies, and
establishing international standards.

Since R&D on new computing technologies is expected to continue along its upward
trend, it will be desirable to utilize knowledge and human resources from around
the world to create new fields of research and to form new communities through
collaboration with societies involved in algorithms/software, circuits/architectures,
and materials/devices.
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R T 72Dl FEERFS TORRMSUER AT T LB A& m LS,
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B, WRFERTE 2 2R « hRAICAT OISR ICAHE R IR TV T2 D DA
MNEBERBRE L TBLLERH D, ARIIEHEN LA Y—OHE L ~uidE< . &5
HEE LA T — DOREOBEEITEN S TE TWHN, HiffL A Y —2 BN 55 har v
F OBV — B R B AL V) HTIEIEEREZED T, MK TIZZ ofit2 %1
HEZANPEL, RIBLENYTOHLNDADPWND Z ENRMATH DD, BRIZIZZDOL D7
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HEG oS TV AMEBRT H2HLERH D,

2—-2. #5 - EHEHRR
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4 B, 7LV AV U —2R (2016 4-8 H 10 H) http://www.group.fuji-keizai.co.jp/press/pdf/160810_16067.pdf
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httpsi//www.tractica.com/newsroom/press-releases/healthcare-wearable-device-shipments-to-reach-98-million-units-annually-
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T OFEHEREE A EBLT 57200, EE R AFEEE b AIRPIICIEA T S Z L IR S
Nz, £, M- ar Va—7 4 V7N ERERE T 50T, MHEBERCA
MOITEN I Sl v N ESTC, iR EEENEAH ISR Z b SN D, ATV
TET VI, FmEBET DR TOAE L Om X T+ 5527 L Thy, =
BE/LNT 4y IO E TR TND, IZHLBECRDILORHHITTTHY, 2D
L B COFFAEREOAHNEEND, ITER SN TS EFI LV Ea—XD—
SOFKTHLETT=—U 7%, 1998 R TROWEHRFRIAFZIC I VIE ST
LOTHY, ZHITHEK L RIERPH TS DT L2 MFF L=V,

2—3—-2. HiTORE

HFroREE LT, /A~ Ok 7oy LD BRIV —hED a3
Va—T7 4 U THIN GE/ A~ M) OfENPIIGTE, %@@ﬁﬂ%ﬁ?%%%ﬁbt
A a—T 4 THEHN, =2 —TI Ry MREFEE LS a—T 0 T —
OE)LNT AT :/t;~74/7\4//&%7whiéﬂ/t;~74/?\ﬂﬁ
BFaA L Ca—T7 4 VTEOREHNR A Y a—T 7 OEBUTMT 72 BT 05T

PR 5 LI TE 2,
i//@f®%%®ﬁ%®&ﬁ:ﬂﬁbt%Lé ﬁ%%ﬁﬁ@ e P =
NAMEZENTRE SN E LT, RIEFE OHEGRR, s, vV F AT o TR R

Hham b, mreb. f~&r%&8ﬂ%@fé it 7 79 RMUITIE, 7 —& o Hig
DT 7T L—2ENE LT, By 7T — 2T, KREWTE | bR, KEES I 2
L—ya s EnERT S,

Fo, HERNAA VERTHBTIHET Y 2 — 1 CIP a7 3F OMA R THEX
PR FHREIRICE A ATRRIC 2 D & E b, T TELNDIEEA 2 RIIMMOFE R A 1 1
LERWEELEZ ALEZ ONATD ALY a—TF 4 U T EINERICHhTE 2B Dm =0,

CRDS-FY2017-SP-02 EMFRAREARZEAIREMEE MEFERB L 22—

BhemtovotZE MR MR N0 I



12

WEE 7 OKR—YN
B E1—T 42T ~EERNXA VERIC KB EREMORIL ~

D DG « BN O iR L OEG L v o Bl o Ze N B,

FRIZ, 770 L& IHTEWVOEIEEET] « BRE0) 7T Z A AP, m3 X MER
KbobnNirTyY s arta—T 4 IO TIE, BARDBRNT XA A - BPEHEFO Y
AT MEEATE LT, R EZ Y — RT3 HEFORIHA MG S D, il 21X, MRAM,
ReRAM 72 EARFEHMEA T VBELZH T 57 N4 A0, @R CHEDED &V FPGA
DARBZR T A A » F . BIRFAEAS FIRB R B EIN 2 E DO Tcra v B a—T 0 V7,
M~OIERANEEND, ZOX ) REFENOERIZEY . ELICTHARDTRNT /N1 R - Bk
Hifrev A7 Mtz b s g s L EHhic, TAITV X7 —F 7 7 F v I3 5=
YV a—T g4 T HINOBIER IS NS,

2—3—-3. AMEK

RS OEBEICLY | FHEEHENE - 5HEFE, T X M B 7T —%T7 7 F v,
TNATY XL V7 MRRICHEBREZ RS OO A > THOEIT LA ¥ —IZH TITIT
L. SRR E AT AR IT 7 —%7 7 FOBERPHIFFENS, FE AL VE
M2 Ea—7 4 7 OWERIEIZE N T, EEROKEMN LA v —ORE )72 FEkDs 24
e b L & biT, ZEkeifstiElk, 2R RIS, S oIE— AR SRl
o T 5, b OWFZEiEEICEE D HWFEE - HiT - FHERBESIEZE 72 EnIb@Eo
FZEBRARoR v b T — 7 HEEEIZ L 0 BITH ) - 8 LT, mERSRFEREE &
BTRNDEZT THED TN T ENTEIUL, MHAIHIEEN, NE., B x5 & % Bfig
L. F@EOEiia #5252 8T, AIRMRRENHIRTE 5, TORE., EHma
YV a—T 4 BT DRI BIR O T D H 43 DE DI T D N A B IR
U, BRx ZpefiiaEing, #Ham & BB, JREEMFZE) DISHFIE, & SIi3tte~nFEEE To
JRWEFICER Z R CHO AM OB RN AIREE 72D, £ OMER, HFREESIFICE E L0
Briz 2 AAFEREI A Y 0 H < A0, #ER U AT AT A1 | Fintech, BgHE - =%/
F— TATIA T A - BFREFEO B OFEMIIIEH LT AMBHHTL 5 2
EbHIfFEND,

a5A81 ZRLESHTEANZ [EEEt] hEz L7z
KF ¥ 4## John von Neumann

John von Neumann (1903 £~ 1957 4) 1T &, H LW 50 BICHF TV A
I, BN BT E TV, #1E, TNeumann & & PR 5 B =
YEa2—Z0OR] THdO, [F—L8E] ORBETLH DL, £, TEFHFORK
FHER L] IR LT BETH Y, HIEKE T DRlIBE THdH D, L, =
XY R EL 3 D Eugene P. Wigner (1902 4E/4E 41 @ 1963 4F ) — U2 E )
X Edward Teller (1908 A= F 4L : KIEBAFE) LRIUANAC T Y —DHEE T XA
MZAFN, FLTVTLATESFHBELZ T2 LY ROMETH-T-, HHIE, %
2. FF RO LY NEEEZEN 1930 FARIEIKEIC T L, 55 2 RIEARORH T
WX F AFBRBFRICRHTT 57200 [~y X2 U3 (IR - fED =0
(CHREEE - BT 2T R LCEHE) (IS oTWn D, IR TR, o Z & x, KE
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K725 PR EUC Johnny & FESZ S 1295,

w1 71% (Heisenberg D174 /)5<°> Schrodinger M) /) 5:) 23FEAE L 7= 1926
B, AT 22 5O Johnny 1X, BRI FDAL) L IFEEIL S David Hilbert (ZHfiE:
L. Hilbert “FIRDETF & U CTHIFS = FUTHT R 2 IR A A T iz, Johnny 13, £7-,
FEZS A7 7 > 72 Heisenberg @O B4 (1741/)7%) & Schrodinger O FEAE (e E) /175)
EE LT e TEFE OSEICEI VAL, B~ NEROBEEZME - T, 5
FILHZTANONDIRICESF NN FEBHERT 52 LITII L, %0 ) TIRK 2
ZESLIEEDOTH S,

Johnny OFAIMDHE S ZW)5E 5 KE v A7 7 AENMEFT TOE Y — Rixh E
DIZHL A4 THD, Johnny 28 [~y X UFHE] IZH#D > TW=HEd, Enrico
Fermi (1901 FFA=F£41:1938 4/ —~LEi 7 EH ) & Richard P. Feynman (1918
FEAFI 1965 4 ) — VB EFE) L 3 N T, A es L CoKBEORE
MR EH T~ — RN ThHD, Feynman (FH EFHHEE T, Fermi (F5tER T, *
L C Johnny (ZRHZ MW THR L7223, B _& Z LT Johnny D& 2 23 b <
EfEIE ST TH D,

2 A 8 Hix. Neumann X & FpEN D 7' 1 7T ANER OFHEHE (Neumann ! =
VB a—H) IZOWTEFITERI L7z Johnny Oy H TH D, 1%, 1955 4|
A T )V RFD LKA S Vs R O 2 L TV DI, AR ICE RIS RIE
L. LGRS EWO T v Lo Y VP REEEICET 2 RTEDREM A% L T, 1957
F2H8BICHHORZ DM E L7, A E, Kk% ik Z T, “Beyond von
Neumann” % HIF L TW2IZi@EW e, B REFEDR L ENRAKOFHFERE %
BT HHFWNRPEIRERE a2 Ea— 2%, Ta DR EZREL THICEY e b
=X, f)OTJohnny 25 Z LN TEXHEFH>THLWWME TR,

(&35 3R

v eI LA F), BUE G, FEZAEY GR), [7xr s /A= D
AJE] (TR BTR, 1998).

* Robert Jungk, Brighter than a Thousand Suns: A Personal History of the
Atomic Scientists (Mariner Books, 1970).

Var Ty A~y (F), RHHZ GR), TFHHEE LK (FEERE,
2011).
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RN G RARSERE

ABED TR E AR MEIIIX 1-1 IR L= 2 CORIMMCEb 52, & ToOH %
HEFERIZAT 5 O TIX7e <, #2RFREOMRCE 22 0 I mNT T, Refiih 2 %58 L CiE
Ul 7e Bl 2 O Bl L A v —f 2 B\ CRER SR MR AT Y 2 ERNEETH D,
TITIE, myURI I NIIBITAI LV a—TFT 4D U— u— RERAMLT A2
LR HARDBRWEAT 2150 LT AR 217 9 é:u\omﬁﬂrbxjwb%néo D,
HERAALVEMZEY, OV 7 b« "= FOEEHS BT & HREMGE. @#Fi7-2adk
WA E I OERIL E BEM LA Y —oifk, [ZIRVHELZ ENRMETHDL, LT, 20D
2 O0T 7 a—F TOMFERIIREIZ DN TR D,

3—1. J7b - N—FOEEFHRSHABF & ERIRET

3—1—1. TYyVHADFHE XA EEOHEMFERE

M 3-1ic=y VIZB T AICHfEKE EERHE RA A L OBRERT, 2 Ea—
?4y7&mﬁigﬁmmﬁﬁ®m:omfiHﬁSTﬁ%LTwé Ty UCEEH
HRAALELTIE, BERIE, U7X A AEGE, 20 - TRl owesE . Redh
ﬁﬂ%%b?F&E%ﬁEﬁ%D\%M%nwﬂﬁmﬁﬁ%ﬁﬁb_@4%ﬁz/t1
T THROBRBNLETH D,

It> FA pE sk

HEHE ORyk = Rv— fE- f#£4 VR BE)
e L7 BFiE +IE EE 75 FER
FAL> BReF
B {3
Y7 ILEA L
B4 c o O O
SEEE 0O ')
Lt o o
Sk o O o

3-1 TyPICEFDICABEEEHE KX 1 2 EORR

AR SOWTIE, BB BENERE L ~r 4 (G A #ERR) O L-uL s (Bl
BdEes) TARAIREZRYD . £ EERNASIERTIEZ B THWT L TEI S EEXEM m AR »
R ABNCEE Z2 5 2 FENIVIIRDL « BRETICKT L THIREICENES 52 A~—brdR v b
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R EOISHECEEIC/R S, T2 TIE, 77U Ml o GE(E) AatlihTh, &
A TRKFEE YD OEHR (BREE, HEe L) oA (AEiE, aRy ) TRE
ERRAHINHIW U, TEGE AT, Mas (77 Fax—%) 26T 52 &R0 EIZ
o ZIZTIE, AlRFHRMEENVLETH Y . IMOMEEA L - EESYE, —a2—n
ENT 4T AL a—T 0 U TEHMNR ENERICRD,

Z O BAFIE OMFIER T O % X 3-2 17T, BREOZEIZH L CHBIFICKHE TE 5 X
O 7 A A2 KBS 572010, MER/NRORE CIHERUEZ1TH L35, BIEOHH
AREZRFL AT & LTV 2D CMOS T3 R EF U VAR A TR L, 4 LERERA 7228
Mie LTt & A2 Ut e 82 ZROTHIIZER L TNy RIEOHER ] R AL
ZRENTE 5 3D HES RBUCAE DY CTHAORBEZFRBENGCHBE 8 vy b3 By
F, 28y MR EICB LS ONAELHEZERT L LD THD, 2D XD 22
ZEBAE T, 5 FERRE OB P HINICEIARE L B 2 DD, 10 FFRE O RN 22158
AL LTS bt mil - IRERE/IMELEZEE LT, =a—aELVT7 4y 7 OT7 NI
ALETFTuREEHNDLDORELEZ LD,

U T NEA LNEGREHEHIC OV T, BENEE, vAR > b, g - BJL. VR 05 A EK
THFEICEETH D, §FIELTWDIEER GEK & l) CEWTW MR (B EH,
N72 ) BMAITH D0 EWERORE DB ISR T 5 Z E RN BT/ D, T OMREITK
27N DW=, BHAERIENZ S, > TR 2T O MERH D720, U T XA L
(R A T v—) PDEFICEETHY, EEE OSBRI, TLEHEIC L S &
RO a—T 4 TR EAT ) Hili7e ENTEENZ /25, 2OV TIVH A LNEBZEHED

HBAT—rtt£&(Society 5.0)
R—L I*ﬁ 7]'742 IrILF— E REE-EER 28

e : CEBEE Y1757 EBEE
pEY . Al ERER FinTech
|ET$-E“]?§~$| I
"l Sl sl - Cnlhel — ik — e =
7”/:" - >t
JATUE | = Za—nA AT
WAL (FRISLHR fd oy || z70 || RFHE
7k
RE-

2D SEcs R, EREE

[

1B
F—%

Tl\'fZ

tﬁﬂ
D000 00
X 3-2 EERXA2EEOMIEFHFEDG

ZZTCIX TEEMREIE & T T Z A AEEEE D2 >DOFEF
ZRLTWAN, FERIIEORNGTO 2 Rm L2 Tho . il
DILELZ RO D TRLICK W . BHZERDAHRETH 5,
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WFFEBRFE DBNZ DOV TK 3-2 IR LTV D, U TV Z A LAEGER A TRIE 78 CHEET 5
TRl L EIC, BEORAMRESRHEME LT 20 CMOS 731 2 & FPGA %
AW AfamBiEg 23R U, 2 LR 280 & U CRadilElig & A £ Y L O NiE%
KIEIZIER TE DS ZRATHLE LEEbDTH D, 20X 5 2R F7ERR%IE. 54F
REOHPHIMICEIRAEE LB 2 DN 50, 10 FREOFEMA MR & L TiE
S HITHIEWO @RI EE 2 B L, Bl HalE R 2 &I L, Al
A ORDVICT T ZaEEEZEIRT 5 Z 20, CMOS Ofp iz b VERZE b
Z Y A% (Tunnel Field Effect Transistor : TFET) . AR OMREZ oI ZE1L
RIRRT AL TR EOFHT A ZAZFHT DL, Ha v A4 v —oAaa0
EREZLND,

ZWr -« TRNZOWTIX, A~— b T3, @ - B, (LA o7 TR5Fe £ os AfER
THETHD, TNETICEBINTAHEDOT —& L, BIIEOREEZ/RTT —X L DLk
2R, BENRRWNE S DOHEEITH 2 L0, REEOZE ) b BB 72 B b0l iz
EOWM R EEZ AL Z ENMETH S,

AﬁAﬂ_ome E@ﬁ% 2Ry b, VR, HEIFIERZR ETEHETH 5, Ok
BIRHEOB#E 2 ETENCTHIET 22X, 77U FETITY 2 EBMENTH D,
%m@k@%@%ﬂﬁﬂht%ﬁﬁﬁﬁﬁ&_ﬁﬁé%“i@%;ﬁoﬁ@@4mf%b
ZUZiE= y VAT OFEE N VB @&_ﬁioﬁi//%T HETO =0IZiE, =—
W —DFH DO, FIRREN O, BB O ElTkbiE U TRkRrIc =8
LTW BERDH Y | BRI TO gﬂiﬁ_ﬁéo

Kz oW TiE, BENER, Ry b BE - B, fhsA v 7 TIRSFR S TEHE
Thbd, A A= 0OEBRIERD OEFRICEN D 8HHMHEZIT o720 . K72
AN OB EOFMRESZENLZV T2 ERROLND, ZORET, THFROLED
WDAT 7 Th DHidik. HWr, ZEHZORDB55DThHDLIeH, VT NAE A LERRD
%hé

FAEIZHOWTIEL, BERERE, 2 - I, A~— M1, R/ - BERERETHETH
é Ty VITHEG LT — 2 22227 77 MUK L LA, MEST 74 N0 —I(C
DT =2 ERFELTEBLGAIL., T4 &2 b L TEBL ZEBRARTH D, FH
B S Bt SNV E T HZ ENMATH LN, =y PMTHRE BT D Z L0 b,

S DRGSR EE ML RO b D,

T EREIZ OV T, i - BHIE. ﬁA4/77%ﬁ‘VR&kTEET%5 IoT
D YRR E T, @zé EHVBERE - BEHENGIRI NI HGENEL . A
BT EEN L TR LY, iS5 T — 2 RUCEH L2055 2 L ITIER
WCEHECTHD, 7 —XEMEIE S bE LD, BEOHINEEZEL T, &KL LT
I & 70D KO RN N LETH 5,

3—1-2. 77 RBAO7 /L7 L— MR

770 RICBITLRIAETIE, By 77 =2, ATLHO=—XPNERICEHE D 77,
ETNEEBT LN — R =70, HEIC X D&K= 2 b« StER ki <20 2o5bH
%, 77U ROHBEREETHLT —2 % —7Tld, FPGAX° GPU 0EANIZHNZ., HH
RatTF v Z7EEAT2E &0, FHRERICS U THEMEATICAEEZB T LW FEL L S
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T,

o, PR, ARNar PR E L TERFHEMGRRICOVWTH, BT —2 v 3=
L—ya o7 =2k, T EICL SV I2ab—3a bV ONRSANRNA L RET =405
DEEFE R L, T =22 =it & ORMECINTT — & L O 2 HET 28 & A
bId, DD, FEEROEEZHLE L OOFERLHIT 2 HIEL, B LWEHE R
WCEDSLSFEFREOT 787 L—y g U ~OHIFHTEY, 7 T 7 RAITONFZERSE (b2
Z b OWFZEREIREDOREHNI TRENZET b D,

(1) REEZB7/7t€5L—%

WEFEOEEZ RS T2 NEEYE T 787 v—2 ] ZBEETmRAINEL Th b,
Google I3 FE 7 L — 247 —2 [TensorFlow] [MJD==2—F /Ly hU— 7 @HEH
MA7ety¥ ITPU] Z2MAMB L, AT —& o2 —CEH L7z & X OMEEFHN %
CPUXGPU &b L C 1050 E /ML TH L Z L E2RE L, =a2a—T /LRy b
U — 7 &AW R A TR 21788 (BEE) omdbR’Fd— L5 2 ENHL
. OEE - ARIEE BB -T2 7 —F7 7 F ¥ 522033 CTlZ ISCA (International
Symposium on Computer Architecture) <> ISSCC (International Solid-State Circuits
Conference) 7 & DEFEFE TEHAHE I TN D,

R 2 B/ MBICHNAUE, 7T — 2 &MNED , BRGNS TTA, 2ffE LTHE
BHEMZD Z L2’ b, Jeilkd Google ® TPU OHEITIE, FHRIET DT X —
ZI8Ey MEETHD, LinL, POREE THELZKE L THHERMARORMEICEE
LBRWDNET —ANRNAL T —ATHY, n— Ry =TI bsHEmomiEt - (KEEE b
I THFZEBHR DR+ 3128 D, GPU I L DH#Esm o X E 738 1 Fk L7 GPU 7 —
XTI Ty EREOBEEFE 7 L — 22U — 7Tk LTeEBZERE [CUDA) (124D
NVIDIA 3 5EE L T4,

T O Ed LI HERR (PR e I SE B R T o B, TR E ORSE R RIZiX, X
DREWFEETFT =L L LIDEZDNRTA—FEFEIETANRMLELEEZOLNTEBY, &
DD OFHERFFIIE KRR b D L2 5, Fiz, FETIINT A —F OIEEZHEGRIFIZ LI
T L ERNGEDRZ Y, BUKRTIIRFOMNEETHHTE S GPU UV Y —XATiX 1 HD
FRIEGEB DAL 5, FEHFHZEMECEXUX, LT AT 7 ORRGE - 39T
PERR A R T E HITZ D X 2D, =a—F %y NU—27 Z HW T
DOWFFEBEAE & LT, FHOEEIImO CTEELPFETH D,

HIZ L8O GPU 25k L TH GPU M OEEA—3—~y NIZ LV RER L7
BHHEOR LIFREHNTH D, Lo T, SRR TE 2~ /v F ) — R TEEMICAT
DTN Y XLBAFE & OMWEREMGEN KD b D, T4, Tesla P100 GPU % 1024 S5
L RE S E A A %2 v % Preferred Networks £238/@ £ 5. ResNet-50 O3 %
15 CRTT 5 EALARBENIBD TG, EEFEICHE L GPUT —%7 7 F ¥
W, 7477V 0%, 7v—2rT—7LtoarF¥Lr B—ERELTORRESEE
(Deep Learning as a Service : DLaaS) ##3T 572007 77 KV 7 Fy =T HIFS
HEMERBEZETH D, £, EBEFEHOAAN L LFE, w8 FE ., b= ol
~OHERLEEDY, TNENOREIZHE LT —XT7 7 T v O L 2 b EE
R HMETH D,
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(2) Approximate Computing GE{LIETE)

By 77 —4% c AT OFEERN/HRT S & THINTEY, xE&e L Tark
RATY N RIEEZHERE L CTHINT D ENNETH D, L, EREFEEDHON,
FRAEATRE /e N— R = THREDH R LA D AR TH D, LB -> T, HEMEROEIX
Hoo, EWRFREEL RIS T2 & T xMEAMREL Kign LS5 FERR
AR ETRD, ZOHMODBELRRTAT T L LT, HEMBROELPSCEZLZH HRRETFT 2
CAZ Ko Tl - (R EE b3 2 EEt A (Approximate Computing : AC) 72371 H
EhTna,

AR L~V TiE, BEBELZ2WIEEDRWHEEE CRREI S 574 8, N—FRu =7
DARZERFH ZFEMAICHALZYD, AL =YL TliE, SRAMDOY 7Ly ia
L—F&2FiF70, SSD T —al sy a rZ{ThR\WREDFIENROND, AF
VT BANE =R ENLT =2 OBEEEZHEEL, AEVar b —J 2k THEHHE
RYDEEEEEOAETVIC, £ TRWVWHDZREHEED AT VICHEIIZIRY 2175
FEifrx, =y PHBET TR, == IZHWONDA ML=V 7 T AAEY THET
PEREHLZ M LS AR FEEEXOND, YT MU =T LV T, BT —F U
OCH LR EZBAHT 5 AEA E— 3 (Memoization) <°2/L— 7LD —{ 2 A % v
TTHN—T « X—T L —3 7 (Loop perforation) 72 ENRH LN TWNSE, ET
NEIERHEIRT VT XA IRFEDOEP a2 B a—T 4 U TIZEEND,

B /RMFEBR R ER & LT, BB FRRD R H D RRIEFTAR TZ AIGHIC OV T,
FEROBELFHFE A NO N — RAET7OF—WRERE . THICESLST—FT7 7 F v
HEHESIOREERN R T N5, . RIS UREBEREOHEF o —= 27 b 7 5
R« 22 U CHERERET —~Th D,

(3) #HAEHLERBELYIL/N—

A bE R L EE BEAMBE T mond A oy 7R E LTERMEL, Z0&
INEFLF IR Z RO DHOEE LTI 7 e —F N ER S TW5, ORI
{ERIRE Y v —@E b D 7 — A DO FEIL, D-Wave Systems (LR EO TWAH R T =—1
YIICE A REIETHA S, T TIEL, 2WIGA V2 FHEBNIHT Dy B RG>
NHGEDR/NT NN 2, BT ==V 7 EMEN D FETEERICKRD D,

FITTEXDHMEDY A AT ITNN— R 7 = 7 O FEEERRICEIET D, D-wave v
DAV TAE Y (N—Ry=7 & L TUIBEEREE CHEEIND) 122000 & NREE
FTCHERENEATHDLN, By MNALIIFRREEED 777 (AT 777) IZhoT
BY, KA — VA< RETIL A7 7 — NREOMEY A XE TLMMFET 2V, et
Bl b ZE A P 7R E UCES Zodmid, BN BAERT A #ED T D CMOS A &
Y=y, BEBOTVANT =—T— NITHEREDTWDHat—Lr AT
v il Bka T e —F THRPED LTV D, ENEIL, BRA UL 7R
B, AV T A OFRERE, AV UMORER Yy NU— 7 O - BEAMSITOHR
HE, IRV —REEIRRET 5713 AL b 5,

Lo T, £/ — R EREADA T TRy MU —7 WSS 2 T H e
THDHN, WTHOEEFEET LI X LEHWDIZHE L, BEFO Y L =L i L7z
Gt DENMEDRREEIINA TH D, K2, EBRITFHEICO DT HRHEZ D b D DIE)N,
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MY A X K& LERFICHEFTHEFEA ED L 2128 bd 50 (Rr—1U 7)) HNE
EThb, Kalt—N A~ R E, EESH FEEREAES O R CRiEY
A ZXMRE WO Y VR—@dbix, 72787 L—2EilfE LTl CRERT —< &
Wz 5, BEEH SN TWD GPU BNEBEEER T v 7o 2 DR thE 722 L %
BT, T2 ZBEEDOREOREH N2 TETH-T-E LTH, I EEE R REE(LET
ST ERILIDH D, ZDd, fif NEMEEZMERBEOMM N S HMICEE L, £
R EM T L L BIIN— R = THBEITH) ZEBRFETH D, 2D XD BN
H5iZ, Y= b HROBEFa v Ea—TF 4 U I3 EOHE CRERHER L SEn 72
U X LPHGRINCRIES LTV DD, HIEIC 72> TWRenWERb H b, 7 —7 7V 2
el L. DK E R TORRE B & N TEa T % &V 9 BERIRGE (220 LIZER
FE) IC&k > T, D@2 EZ XD HENH D,

(4) KRET = 74018

KB T T 7OHETIH, ATV T 7 BANRZ = NARBANE 7257 EAHIERNEL |
GPU ITIIRA E RFAEDRKEICLERGAENZ N, LV DT, T —2 B EIHE
BRRETHY, T—FETEXHROHNITICHAET D HENRRDLND, KBS Z
THERIZRE ST L OGAETAET Y AN NIEPFIEMEREZFEEST L2 2132, AEUNA
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H5b,

—H, =2 —mELT 4 v 7L AR —m DAL TRKOMAFAEED, =2 —
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L. FPGA LIz 5% X5 Convolver complex 70 H 72 5, FPGA & L T Xilinx
Zynq706 % fEH,

® DNNWeaver (¥ a —Y 7 LFEKY) : DNN OfL4EN S FPGA [AiF D=2 — R %
HEVERT D27 L —2U—7, 707 7@ LUV TOREFEET VR ERER

Z ffit,

©® FPGA Acceleration of RNNLM (& v >/ \—7 j(?) ‘Xilinx Virtex6 LX760 %
EHLEHRE=2—7 1%y hU—2 (RNN) IZL 25 FiEET /1D FPGA 4%,
BRAUEIE1E,

@ NeuFlow (=a—3—27RK¥) : 7 —470—7—F%7 7 F¥|C B R H
7atvvt, HEHO= 31 F LuaFlow (2 X V., flow-graph %fﬁ%%ﬁfﬁianh =
INA )L,
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S BARDIKR
FERERFIE - ISR E LEEFTITONTW5, HEFE COEBREIZEMR L
TN TEIRE VBRI KB - 5817 7 7 FEE (Al Bridging Cloud Infrastructure:
ABCI) ] OBRN AL — K L7z, & Li@d Al = v [Deep Learning Unit] <°H
MO [CMOS 7 ==V 7] pE7 70 REFOEMNF v 7 « 7—%7 7 F ¥ iH5EH
ENRETLIZEA TS, FPGARASICIZE D =2—F /%y NT—27 OFEES
Za—nENLNT 4y 7 Fy FITETOOERIEITE - HE BITKRE LD LA D,

GH- siPl BB ET AT L
D=-fa=} 2014-19
NEDOMoTigH | ‘>
201621 T /
AN AT )
CRESTIE 0 F— SRl 3
2013-21

T A THRELGHE) >
FLy X | 201620
Ada- WRPE-ZWPE ZEREEHTAPT OS2 2k
Y7k 2016-27

| BRI A —AETULY )
| 201318 =
( eoryr—a )

| CRESTTE w5/ F—aM 8
201321
r';m —a-—0O

" | GeiRaraz | LIEHK ENT1vY

Eg: “ﬁti;i:ﬁzww:b { 74K s ) —
574 I e AR T
Fr CREST-E& AU /Tl SR EE
2013-21 (FPGA. DRP)
EHTEET
FNAA
#HH
2012 13 14 15 16 17 18 19 20 21 22 23 24 25
S2-1 EHWaEar—TFT« 2 JBENTOIV N
S XKE DI

Ficleary Ba—7 4 THINOSE CTRUIERRODKETH H, KA - &1
AL a—T 4 U TWREDORENIELS . FRx AR T O TS, DARPA 23
—a—nENT 4 v F v BT ST s [SYNAPSE] ZBAts (2008 4£), IBM 7%
—a—uavF T gy area—4%F v [TrueNorth] Z%3#& L7= (2016 43 H),
DARPA (377 7 TR L L7=2if9E 7' 1 7' Z & THIVE] LB L T 5 (2017 45),
NSF Tl [Expedition in Computing] 7127 7 A% i, {32 Ea—X7 —X%7
7Fx DNAa Y Ea—T v/ irarvta—T7 407 HlEH=a—nE—7 1
JRRREDSEMT B Y 27 MIHRKF 200 H FVD 7T Fa{T> T %, HPC g

B CIX. KENE Tops00 ICBWTCERM Y =72 bbb, 77V r—ra V%, V& f$
TLY T MU =TI N— RU = 7 BB b it a D MR EOT 78T L— &

& & LTlE, Google 238 » 7 [Tensor Processing Unit (TPU)| ZBA% L. FEE
DT —2r 2 —TCTOEAMENPEEREINDIREFANEE>TWNDE, B3 Ea—
2122 T Google, Microsoft, IBM 72 & 233 ICHkER L T\ 5, IEEE T
IZ Rebooting Computing Initiative 23i% 3. & 4v, AL, &1, NitHERicLs =
Ba—7 o VT ORF DR ST D,
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SN DR

WS B N TCE =2 —F %y N —2 | EE%E, —a—uELT 4 v 0, A
Vo=, mfarva—7 427, Approximate Computing 72 E, Hiizlra
Ea—T 4 Y THEMNRRS N, TAIT) XANLEE - 7T —F%7 7 F %, HizeT N
AR~ ME RGOV 7 b An— R =7 £ TOPFENERIEL T\ D

X 82-2 \ZRT Lo, ZhbHiiharta—T 47 OT7 N3 ) X ABRGG S
BUX B & L CHEIMENICH 5, BN 5 HEE COmEoBNERD &, K
EEFENEHLTEY, ZRLUBROEITAARDLE O TN CTHEEmIcH 5, CK
EE 1990 22 S8 L, HFEE 2000 2> & I HN)

SEMICAHAD L, BEFEIF=a—TF Vv xy NU— 7 EEFHE. Approximate
Computing ., B ¥ ¥a—T 47, —a—0E/LT (v 7R EDOSEORINNE
E\Tl o TN A,

8 EENBHRNLDLEOHROKEY
2500 +=KE =PE —RE =BF =F1Y

2000

1500

1000

500

==

1985 1990 1995 2000 2005 2010 2015 -

S2-2 FHWAE1—7 1 VICET D ERIRBOHRS

T ZLZETHUTFTOF—TU— RE2RY, /L7 O SCOPUS TR

(1) ==—7 /%y FU—7 (“neural network” AND comput*) .
(2) ®wEsE (“deep learning” AND comput*®) .

(3) Approximate Computing (approximate comput*”) .

4) Efzarta—7 427 (“quantum comput*”) .

(5) ==—wmE/N7 1 v77 (“neuromorphic comput*”).

6) 4> 277/ (“ising model” AND comput*)
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f18#3. AYEa1—7T 1 YV BBRHFERL IR

(1)

B#E#&. OKY b

@© A #hE s

HEREERSIICIX, 770 Ml =y DRORESHENLETH Y | FIRFHIZE O
DBEFMNRF—L72D, ZOWEBIZL-TZ 77 FMilé = v PROLIERE S 2N R
7o T B, T —HERIEITFE D T — H [EMEOhE 5 b 72 & OBl E A O B DS M EEZ
2%, o, TNOHAEEME 2R EBl LT AT AREREEILR D,

HENERRZ2 EE S 572010013, B ONME & BRE A [FIRFICRERR LZe 3 o  B#M (Bl
. %Ii. KEA) CEBEVWONE - HWEZFEIR LN D omEsE Wi, OuEiEELT
DT ENMWATH D, ZHIIMOEDITEI FHIZIT 5 721 T, S HITZEHEMk
FRBADOKILDIRD LIV, DRV EERY T AX A LR, CHEHEESLETH 5,
INE LV 3 (R E BENEE) TiTH L 0IE, L4 (REAENEER) &L
T, ANHoi#Els EEEFITEACEI D BR57-0 TRIZELY) ZHEFR L, £ER
WL TITOIE D) DL D MNCES TH D,

LR B #hiEds T ORI o & HF] 2 57,

(727 Ml &BBENLIG S SEBREHRZ KRG L CHIRKER, 70 R~—72
EREE 21TV, = DR TOBEBGEBR DI DRx T v R~— 7 58 S¥ 5%
b0, HxEEORIERENET DH CTHICHER L), 8 LT AR
VETH D, FHEIIZIO TRzl A TEBEEIIT S 2 LT, ERAEDFY
T—HEWNETED, ZOWEIZY THZ A LAEFSE2WNE OO, HEIEIZHEIZHE
LI 2 R G T 2 MNERNDH D, ZORICEBIIER &L D7D, WEH
FE BEORIIRE O EMESIT N LB 25,

(= ] EBRCETTL2HBEONITY TAH A DB EITOMERDL D, £
DERIZ LB 72 Ol HIX F oD B CATEFERRAEEE & BREE O —IROT SRR, 7 R~ —
7 KR - EERAERE, REREEERE. ThH D, T D OMBED B U IFHME T,
BB AT, 44— (LIDAR). GPS., IMU (IEM:fiiEERE « GPS "% T
TRV E ZOHOALEMRM AT O %E), BElkt o, EigoRERER EDE=4
Vo 7% )T NEALATHRALEL, HOMEZRH, fIE L7205 K EE BT
THIENRENRD, ZORBITIE, VT AX A DIEGED SRS 21T, #H
POt o HEREFREWEHESTDILENH D, =y VRITIE, UTAH A LDBREF T
2, BIEEEE L, BNV LMNETH D, T, BEERICRS 2V, Ty
DA > T A N ARE & e, SHURSC 10— B L TORS A S L 72528 8
AIREE R, —E AL X DM LRI TE D L5112 b, 2T A 8 NR
ARE & RIUE, T — F DI T — X v 7 I EL I S ND Z E RTINS,

@uRy b

rAy hOBEOHMH SN LEMNE, 777 ML= DRI A BhER & FRTH
Do Ry MEHOGREIL, YT o= ROA =T RS, S 512 DARPA O
RARy R Fy Ly IR, TRV ey Ty Ly VR EICRR SN DBHARET
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R—=HI
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(3)

HZLLERLTWD, ZoJRHE1/1X. ROS (Robot Operating System : YV 7 F 7 =
TREEOOR Y FT TV = a MERE SR T DT A T TV Y= )R T Y —
T, A4 77 VfbanTEY, PEHE THIUTHETHL N HEIC e R v N2 8))»
FTIENTEDREICR>TWD, BNy hON— Ry =27 bA—7 MRS
HY . ZHUZ openCV (Open Source Computer Vision Library) 72D a2 = —
ZETar07 ) —0EGEEHRT A 77 ) HAEDEHZ LT, vy MCHEEER
SRE A FIINT D Z ENTE D, EEHOBR Y hA—B EIFRRY, KRFEREE2H
DET LA =T ALERNC LB X IS5 B OEMSNER SN, Ry MIEEO®
YK DV T E A NREEERE A 2. THIHIENIC L D A IR T 7 T 2
TR A ESEDIMERH Y, VT AAA DVEOE N Ea—T 7 Hiff
DR S 5,

Efm - BHIE

ZORETIEEIIL, BRI A TR EOHBNERICIR D=0, Wi W EET —
XM 72 EOEMTC, RIS LA D, HEROEK, JEHE, el nWien LA
(AR A T DELE S HL, BHEREEICRE SN D X O IR F e E OB IEICHI A &
NTW5, ZZTOMEITT 7 A4 N — RSP F{LTH D, BHERETIE, BEBO
BT T A N —REOBSEN D, KEOEBRT — X ORG AT TE v GF
AIRMED, L, HEREZRE (R E) Tk, BUFOBSRIC L Y EAE#%Z 3 H
ICHFFEICRIATE 2 2 &bV, BERMER EOEINNAY v F TES L TV D,

AY—NI%H

RAYEETEDONTWVDIAS X AR —401FHARTITHAREEEGE LS
PINTWD, FHAREEEMIHICLZTHOZ L2 A~— T8 (BT L
S5 TORBIZ32HY, OBFOERIMICHIE LD AL~ A XMk, @EFECANE
FEDOV T NVEA LM @M, THhd, TELTENEERBLTHTHD I3 ODORA
M, Otr—xy NV —2IZXHAEML, Qv 7T —% & ALIZ X A 5E R L,
OF =X DB YT T A F = — DA, Thbd, (http//www.oki.com/jp/iot/
doc/2016/16vol_12.html)

ARREBAEDORRITED Y, Hx NDH AL~ A4 Z{p~ETHGORNNBED Y DD
bb, TNz, AETEROKEAS TREHIZEWNT, IEROKRET —F TiEi<,
LD BICHE L TRO HEME SRS S Tnb, flzid, EXSnzmihz 8T
Enicn Ry b, ZREDEICAEDELZT 0 ST AL R FEMOORy e L
DHFFE SR SNEED TWD, £ TS I, SV 2E L. TR0
BH ERATO, EYOREZBEIEICITZ D X ) IRESCKSCH, CO, & DE
FIEZIT O 7 E ORI H D,

AFEBRSETOr Ry MIFEIZRD SN TV D DL, BBEEE ORER L a2 VWsic
HEMLT 50T, T TICRKREOEC T —XER"HDLEZAIF, ALICEDZNG ZR
HENNRL EHTEDLHIICFEEMBITL TV D, ZOMRENRY—ERTIBM O
Watson OAEFEBRLGIZIBIT HIEHTH 5,
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(4)

(5)

(6)

R - ER

JREEm S22 T, CT <° MRI, OCT (Optical Coherence Tomography) %O {4
SUEREE IR s e A, MR Z gt & L C 3Dk L, MildoH7e &0 Rz 7y ORI
BIZ X D2 DS B RAT £l & L TR & & BT EA TV D, £o, WHEER ED
AAZEMRCLY NHOKROFLIE, 2O CTHEOURREL Y TV A L TITZ
HEICoTETCND, ZZITOX—I, "—FNU=zTOEREHLN, TOU TV
A L TOEGZWEN TH D, BF L ZET HHEMIT. IR FEICRESNDIE
GRBBEAMORENE L, T—FOERCIVERD 7 vy BRERI L T
<

e, U el T—rva LTI, AMROB & ZEdED A7 TEHIIL, 2 0F)
TEMITT DL BT, ADKRSTHERBCAARERSTEFRORE, Ay M TI#,
XETHEMATTE VD, EAOEELZER Y FRT AL, fl#sEs &
T, INEV T =g KRB ORIEIZH Y. >TWD, £, FiLETRD
NTEHBEZ RN T 5T v 72 MNICHDIATREOIE LB Z b T 5,

Kol MO Ry ML 2R, HEBEIM#E, #E - £#F, Av—hRX—-UR
E. Ty Ve arta—7 4 INERT DBGIIHSZ VW E THREND, ThbERES
FH I W LT v T o/ NE, BIKEEEMLIZZ OS5 TIIHNATHY, £
Iy Y - ara—T 4 TOEREOLTHY, BARTORERERNIIGINDS &
ZATHd D,

HE5A VT IR

ERL L TCEAEA 7T GER B, b, BEARE) OZKICIIREDT —
ABRETHY  BURTIXT — & 0BG T O MH ICMERN H 5, = PROT—4
DEFFIZIL, BBV RE B TR RE . (7B AR RE 2 F5dk L 72 A B R —
DUETH D, 2 Z CHBIKEREE N BN BREO AEBEI o R v hBLEIZ/R 5,
FENTIZIXE O REOEBRT — X ELRNT T H2MEN S L5720, BUKTIEZ 77 FMIIT
DIBENMBL L 72TV D, B LT KBEOEGSEDT — % 2185 « Ik 2 H07F
B W2 Z OB AT RS T — X BUG EFHE > THE DV FEL TV, =
DT — Z JEREEAT, WEEFOERIZE Y, KEOT — X BN EGIIThIL, 7 —
SURIED R 7 DMRTE S iU, TR L REBERICES T 5 6B X 6D,

VR

VR. #§lZ Mixed Reality Fiif O MR IZBAEMESN TE LV, ZOHEHMNT I 22— A
Y R BAEFEBIGOA VTSR BB EOSBICE LT ERERTIG LD L
DTYHEND, AREROREZBET LRI, a0 Ea—2 TERSNT VR G L
FRFZB L LEET A2 T EE T /75— ay (BEROER. EH, v ==
T, YIalb—ra R VTNE A LATORERE) 2 NIRRT 5 2 &3 AEE
L7 BYMORNRRIYOIFERIE T Tl | BEIEXD T A RO, (REER M OE
Ry BHOHWIE, 7 LAETAD 3D Forip Ll REHCRE, ZOMER~ 2B TONE A
NEZOND, N—F ¥y VEMEALALHT LT, EEOLONRRSEL, D2 20
RO ENTEBITILEN /2L 0D, TORED, ZONEIXERICHIET D HE
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WRDH D, AEROXF—1Zoy Y« av Ea—TF 4 7T, ABEET LA ITE/NV
BRI EE ) TAMICAHEO R WFRIEENVLATH S, SURTITES & A~
DAEHEPMETH D E L L TH2RYY,

£l ZOHEMIC K DERERME - BEEIN bR L TR Y . HIBEROEM T b =R ERIE
(X DEENTREL 725 2 E MO AREMEIZK Y Fi vy, RIS EEBSoTHE, AM
DAV IADIRNZERRIT 2L DTE WG ToOnRy hOMERTIEELETHL, 20
HEOx—T, vRy MUOBT 2T TR SHER-OME ., BT EIEICHY 550
ZVNICAMIC AR B4, f#EEEaELZ Ry bEARMPHAEIZZI 2= —
YalrL—KETELNTH S,

BE#EIR

Google X° Microsoft, Apple 55 DTREFE I L 5 FF kBl O R I3 <, f#
ADEF L)L TET T ERER RSN TS, SHICABFIRS Y 72 A A
THRE L v, AP OSFEORENIY b, 2 I a=r—va VRESHITRD
Z&T, HRTONEOZRMEES I, FHAHENEREDL Z LB TREIND, 2O X
VIRTNA AIAST— N T UK EDO T =7 T 7 NAT 3 A S HIZITIARIZHM
HIAFEN, HETHENEZDEDOANE BHEFRTaI 2=/ — 3 U T ARG
b,

AU, BRARBRBE T /A R b e E R AT T 28 L. SRECE WA B
T DA OERNF— LD, ZNODOERNEDIX, 1EROF—HR— N2 TidZk
<. HEWFIRR B FIFFICTCE D EFR A LU 7 HEBTE D,
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ftir4. HFIAEMEHR

JA < Mo va—H

WHtE Varv e 742 /A4~ (John von Neumann, =7 A 1%Z&MHR) [2k-o
THREINTZa LV Ea—XDOEAEROZ L, /A~ Bar Va—23, HEEE,
BIEERE, AF Y, AJERE, HAEE LS O OM AT 57 — 2 Rk D%
RENTWD, SHO—RIR A Ea—F T AT LADIFEALER, 20 A~ HT
oo, £, /A~ Ma s Ba—2OBEUANAOHEELZ L3 Ea—F T —FT 7
Fxix, /A~ BarEa—% LRI ND,

B RAAL
FERE ORFE B AR U7 =B OB £ 2 EHTHRE A . B R A A 2 LIRS, flx
E VTS A DOEGILE, EHRRE, F AR, BRI SOEE R AL O
HCThD, FEORER (KAL) FFIcar Ea—T 1 v 7 Bk it T 5 2
LT, mOPERE - BEEEA REHET D 2 LN TE D,

CMOS
Complementary Metal Oxide Semiconductor (FHAfi%I4: JEEL VIR -EIK), FEF2 L
W n B ETEALARZ W pAID MOS kT 0P 2 X DFLBE X THERL S 5 -8 K A
DO—Fh, HEEID DR MUY - SERBEICET 570G X A2 RS TE D L
Wo TZHLENS, BIEOa s Ea—X ITFEHIN TS CPUDIEEA EN CMOS %
BHLTWS,

o /N A Mg
AELIZKT T 2R X 2 BT 538 T, HARGE CTIXE RO, o AT LM A Ff
D, AIERIC L A2 LA WNECRHIET 2 A ACHEE 2 BRI 2 KB, 2/3Z2 hR A
EHW o, ANELEZIT THEENZE L TV | AN OB Z R/NNBIZIZ 720
T OO L,

Ty XA
SV E 2 — 5 TR EAT ) B0, AR 720 DRI TFIEZ E 2L L7 TRBLL
bo, [FEHE OZL, MEEM Bz RIET o0 THY, 2 Ea—
S EET % 12 sb D BRI A FIRE R L2 b OB 7077 A Th 5,

T—X77Fx
A Ea—HIZBTFAENN—Ry=T, OS, Xy hU—2 TV r—var /T h
72 EDOREAREORFHEAR EEZERT L, THX] LWoiERMEbNDIZ bbb,
VI NT 2T T —=%T 7 F %, VAT AT —FT77F v, OLHITHOND, FH#HY
AT HIBNWT, T—F 7 7 F ¥ OBRCME 2 OT —F7 7 F ¥ HOEEMER ENEE
2725, Jux TR BFIZEBIT DGR EARN D Z L 2 E K L TV a3, 1964 4,
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WBE 7 A — L
o EFOHIVEI—F (2T ~FE AL RIS SRR ORI~

IBM RN ORH 2 o B a—F O GFHEBEREAT 72D 7 =T 7 F ¥ OiE% 1
W Z EIZHEET S,

J—7ua—FR

BETOIT AT DI DA EZIZZOESENEET, CPUSLAEY O LHEFR
7R TS, FHREEERERNZTORREFEICH L TEDL LWVOEIENHE - FIHEINT
WHNERT, BIIX, NREVNIGREA ) T7— 2 X — 2| TEfGALE | 7oLl 7
TV = a T EICEHEBE R DA RO A TR L THWS

Y
A2 —F Ry NU—T ORI E Ty VLS, Ry NU—7 %2 L TH——
DEINLEHNDON I T TR e av Ea—T 47 ThDHI LI LTHWLRDD
N, TV e ara—7 407 Thsb, 2 Ea—Fxy NU—7 LT, FIHEO
RICEIEWGFTIC Y — =2 0BEE L, 77U RTITEE LW E SNDAMO R0
BRI L Z XA Z ENTESL, UT AT A LU Z VT LT 25 MtoM < IoT ~®
KHSNAIREE 72 D,

7 o Al
BN LT DEEERV I EFRIEOZ L, 2T 5T VX VR
FIL0 & 1D 2L WMETE2H D, 7 e 7RI T, BIKICE Té%ﬁi
O e B 2RI L TR EZ T 5, —FH, 7 VX AR TR, »29EE (H
i) X0 KRIVEDTOD I DEHET D, B CREERNAREL WO BLENLT VX
IAEREEAL TWE N BEMR DS TIEMNT T I &80 A TIRMELE D720,
WNZT T a JBOERERKDTICT DA NEICERT D0, £ 0NNCT X NVE
OEHEROTICHMOT Fa F&IZERT 5008, 7FHa 7RIk 5, ToT
EXZDHFX—HifO—o L b,

TR L—X
A2 — X OUNEENEEHD DD BEIMLTHHAT A= R =TV 7 |k
VT DR, T 8T L— &%ﬁ&ﬁﬁ_khiof:/tlw5@%ﬁbﬁ%mw
HTEMWTED, LV EMEER CPUICESHA CTUBEEN 2505 CPUT 78T L—
B, T T4 v I RoRbmidlbt2777 40077787 L—4, KaiEE %z mdt
9% SSL (Secure Socket Layer) 77 & J L —#%_ web ¥ —/X— & O % &4
HAUE =Ry KT 7T L—FRERIBND,

TA—T=a—FNxy bT—V
AENB IR DU IERZHE A ERsTc=a2a—TF Xy FYU—7 (Neural
Network) (2 K D8 FiEoZ b, —RICEE Y (Deep Learning) & L TFHH
SNb, =2—JVFxy NT—71L, A%@%Wﬁﬂ@%@ﬁLKTWZJXAT /N
H— N TEDLITHEFFSNTWD, T—XENRNCT TAZ ) TR T
D DI,
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a—RENT 4wl ara—T 40

B FEEN— R =TI REL 2o, =a—umEnLVT 4y arvta—T 40
(Neuromorphic Computing) & B ==2—F L%y NU—INHDH, —a—1F/L
T4y ALY Ea—T 4 Y TEMD YT T ADORE L KD A LB LT 7 m—
FThDH, WHRRREMERT DRy NU—7 OMEIEENZ U T2 A L5 DHWDIEE
WL EORETHILT R TH D,

GPU

7774 v A Tuaky vV 2=v  (Graphics Processing Unit), 7T * I%

BB RHE L E Y m v B Th oo, CPU LV & IEFIEEA T 21
NTWAHZ b, BEIRLY —BREHREICIEHT 5 GPGPU (General-purpose
computing on graphics processing units; GPU (Z L 2ILHFHE) BRI 0AZIThILD
Lo TnD, WHMERNEWEREFEOWBIZZHINTEY Bﬁ%@ﬂ:’;jﬂ i~ % 5
TR WHEHARL L Z BN TWND

FPGA

FPGA (field-programmable gate array) (. BiERICEAE O GHE DB Tt
A& DORERK A 5RO » FHER CX 2RI CTh b, BIG T a0/ T AREEREIRT LA
ThHI b, TOXIITFINTND, EHE O LSI Tid, &atH 3R L 2[R
BADBERH I [EERCFR BRI 2 TERR L, RERICEE T 5 Z LT T& 20y, FPGA
ILELER TN DR FHE R Z LV AL TR OB 2Kk T 2 LN T 5%, &
oo MELFHEEWX TEMFAALERT 52 LN TE D,

Python

WHOT v 77 7EiEThY, 7V — A=V 7, a— R KR 7LTH
NWRTLKEFFENTWD L&, CEREREICHRT, SEIERTvT T L5070
A= FTHTESZLENTED LV RN D, MAIARBTE, WEB 7T 7' U 7r—
va v ECIRKFIHENTE Y, N LHRESCHM A E O 438 Cld, Python 23M#Ebi
TWABTFr—ANLL o TWA,

ARL—U I TARAE]Y

AEY AN —UOMWGOREE TR O E LT, NAND 7 7 v a2 A%
UL v@EET, KEEEN»OEHEM TARERMA DRAM & [RIZLL T OARERBME 2 £
Uz e, NAND# 75 v 2 A€V [ZHDD L Vi#EHWA, DRAM LR35 ET7 7 ®
AHEIZX v v TRHY, T—FWEDOR ML Ry 72 oTND, ZOXy v 7 &l
D DRI A TV OBIENERILLTBY, 20X Rk AT 2464, &
FL—2 275 2 XEVICIE, MRAM. ReRAM., PRAM, FeRAM. STT-MRAM 7 &
N D,

A v 7R (Ising Model)

AT AR FOAE DM X EZHET AMENRET L TH D, EEEOHMER
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