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Abstract
In this report, we reviewed ethics, regulations, technological developments and future perspectives of
artificial intelligence (AI) motivated by the two key events. The first is the 2024 amendment of the World
Medical Association (WMA)’s Declaration of Helsinki (DoH), the prestigious ethical principles for research
involving human participants, first referred the WMA’s Declaration of Taipei (DoT) on health databases and
biobanks which entered into the second revision process in 2025; the second is that the Statement on Al
issued by the WMA in 2025 required that any use and generation of patient information by Al must adhere
to the DoT. Hoping that this report will be consulted in relevant communities, it summarised our
observations in the following structure:
I . Ethics and Regulation of Al
I . History of Al Technological Innovation
I . Healthcare Singularity: Advancing Medicine
Given the rapid pace of research and development in this field, readers undertaking practical tasks of
developing or using Al are advised to examine relevant literatures directly. We also hope that deliberations
on the relationship between Al and human society will be further deepened and matured.

Key words
artificial intelligence, human-in-the-loop, technological singularity, research ethics, data governance,
machinocene

Rinsho Hyoka (Clinical Evaluation). 2026 ; 53 (3) : 511-56.

1 [ERERIE R 2k 22 R (President-Elect, International Federation of Associations of Pharmaceutical Physicians
and Pharmaceutical Medicine: IFAPP)
2K & STEEREMMERD VLT 4 v (K&S Consulting Office for Occupational Mental Health)

—5l11—



BR PR EF{f 53%&3%5 2026

FX
machina vincit humanitatem

AR, RO2DOOFEIMEINTET L
HEDOHRAZ LD LD TH 5.
(1))WMA (World Medical Association : WMA)
12k B A BN 5 K200 72 0O i B HI
TdH5 [~y Y FEHE] (Declaration of
Helsinki : DoH) 2024 -8¢31Y ¢, FES %
Wise s ABE/RIZH 5 WMAIZL 3 [BItES]
(Declaration of Taipei : DoT, ~JL AT — 4
R=ZENAF NV 2T 2ES) ? »5]
Hahr=Z k.
(i) WMA 12 & % A LHIGE (artificial intelligence :
AL 2B AP o, ALIC & b FIH
Xh, NIZEREh 3 EBEHERORD Foo
W [BAEES] IS RE L aIhzZ &,
MiA<, ALy yFES]2024%ET 7 0 2
12360 B EIBER & dim D B IC AL R 7 — & K@)y
W22 DB & HHEIZOWT LIE LIZEREIS2ET S
h7zZkd, KFEHRIZEFLLZIEE > T
5. 2Ok, ARETE LT 2 EEER AL,
FHEONSH L EBENHER TE R Shzg 0n
bt a-ThD, 222 EDRMERBFL
AR 72T —~DAeKGA LT EDOTIEL
.

ZO&S mEEICESEH o ERE, UT
DR TE & D72,

I. AIOREE & RH

0. AIEEHROESR

M. EEZELLIERIAINRTT7 - Fa

20754
A, ALICBHT 525 % 0RO SE IR T
BZLEMH->TEEDZEDTHY, MEMBOD
HEEOEN G THEZ 6, mEDFIEKIZE
LCIRREIZIB U TakM T 5 i e i b 725
ENEENS. Al AR ZOBKRIZ OV TR
XS IZHmr O OENDE Z L BT S

Lk, ARMOYPIOHNE [GILES] &I %
SRIZATO [FIH] & 0 3wFgeba s Ic B b 5 Bl
EHBNCHES AN T Th o720, JAL —fik
12 R XM BBEOREZHEAEE L Tl < 4
EHRHDBEELONTZS, ThEEHEICEED
% (Table 1). Zh#Ewuitdic, SHARTHIRL
Tl SICBGk N5 Z & &Y.

I. ATIDOfRIE &R

1. WMAILHT3 [B4tE
B89 % FEA

il

] & AT

L1 [NV xEE] & [BILEE] OHET
WMAIZE D [ALZATFT =2 R=Z L34 AN
YOS B fwE ARG IS B 5 WMA B ALE
Z1? (WMA Declaration of Taipei on Ethical
Considerations regarding Health Databases and
Biobanks, LAF [BILEF]) #"SGIEHRIZAS Z
EIZDWT, 2024 F4 AN TADEY TET
A TCOMHESTHER SN, 20259-12H4H -5H
D2HME, BEOGIIZE W TRIIOARESHES
P Sz, ZTot%, 20264F3H5-6H7 7
DY Y8 aTORE2MAMEEK, FFE6HL -
2BNNF B VHETOPREPBRICHEEZ S, 2027
FIOHRESTHIRT 2 Z &G S h T 5.
BLES] &, ThEk? [#f7%] Tidaw,
ANIAT = B NR= A LIS F Ny o R &
NB720, [NLY Y FEE] & i 5
0, HEICHTENZBRICSS. [~NLy v FES]
&, 2024 F10HIZ7 4 Y IV FDOANLY UV FT
FfE S 72T, 10 HOWETRAERIRE h 7z,
2024 4E-fid, [research subject] DEEAY [research
participant] IZEE Xh, 24 L g [WMANIL
VY FES - ARBBINT % ERERD 7280 Ofii
PERJEHI] (WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human
Participants, LA F [~L YV FEF]) NEedGE]
SNz (£ A4 b subject A B participant NDZE
HDOA).

—512—



Clin Eval 53 (3) 2026

Table 1 Precautional points for the use of artificial intelligence in any purpose
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Table 2 Outline of the WMA Declaration of Taipei
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Table 3 Outline of the WMA Statement on artificial intelligence
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Table 4 Classification of the regulatory levels according to the levels of the risks
of AI in the European Unions’ Artificial Intelligence Act
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Table 5 Timeline of the implementation of European Health Data Space (EHDS) and its merits e
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Intelligence Index Report 2025] 12 k4uf, 2024
HATH TSR A 2 2 AT ERIE, KIE
MR1,073t C1hz, WEA 1164 T2467, HAR
424E TN, LOKREAERITH 5.

5.2 KE®D AIRFIEIR

AT A4 P Z OB IREBOR IR 3 2022 4512
TATHER| MO EFE] & L TRETHRN LY
AT L, TLI)ZLRY AT LIZKBZENG
O, F—2 7543y —{%#, @R EFHW (H
B> 2T LMD TND Z EIZDNTHISBHE
), ABNzX 3R (27 212k 5MEH» 5
HEBE L AR OXTIE % 321F B HeR) &2 &, 2023
H10 H30 H{F O RARHE A 14110 [ A THIBED &4,
tF a2 V)74, BLOBEMED D 255 & F
FAL % 02 X 0 REFFBUFRBIC R LA A4 &Y 2%
TR 2 /AT, 2 0%k 4 B BORXHGA & &
nr-.

LA L20254E1 A 23 HIZ b 5 » 7 RHMEIT A
BT & 2 AHMBEA & il LYY, 2 o7 B iE o
BRIk D [ NHOER, ®R¥Ems)), TLT

E R Lt EeE s 5 720, KEO IR L
AT 2 MEFF Lok 2 | &0 5 REIOBER &
FIET BHIEBNEDmAAIC & B HEE L - &G -
322 XEZOREETEIEDE L. £ L
TZOITEAEEIZ D 22025457 H [RE D AL
7o avTIv| ERELE ZONEE,
Table 6 ICHHH ZAZFE L 2L S B3 D2DHIZXk -5
THER &N 5. EUDBGR LT IERKT, FHIEHE
KD A2 & FREDEEN 2B 2 RFFL, FEX
DR - FREREMEOMS A fET L Ak LT
WHZENRRTENS.

X510z, 2025412 A 1L HICX, AHEHIZE 5

HE TATICR S 3 ERECEHs A O R ] Y
ERELEZ. ZoOXHTIE, KEPALIZET S
) —H =y ThE BT LK DR REMRED
RRikE 2 BR %L, M%%amﬁmﬁmﬁﬁmm%
ERRECHiNe & 3 < o THCE#H & OB O
BT LERD, S00MT LIZHE B %&ﬁﬁ
MAB =T o TR¥EDI Y T4 TV X% K
IZLTCW5 7280, B RINRE & 5 EIZHUE %
M T HE LTS, [ERFENHEL NS ET

Table 6 Three pillars and items for each in the “America’s AI Action Plan”, July 2025
KEDOAIT77a>T5> (2025578) D32OFEEZThZThDIEE

BRI AlM/N=2 3> 0OMME

ﬁﬁ%&%h%k@%&mw%mk/7u/r47M#;ﬁ@ﬁmk7x0ﬁ@ﬁﬁﬁ%$5:t%ﬁ

295,/ =TI —=Z2AB XA =T 24 b AIOIEE ATBEADER AT O 7 % ) #5718
%@lyﬂvxyb/&ﬂﬁ@ﬁ@i%/mﬂmﬂimm&ﬁ/ﬂﬁa5xmﬂ%?—atyb%%/
AIRIZEONMES: ~ ATORRATREE, HI8, BREMEOZEBONORE ~ ALGH© 2 > 2 7 4 O BUiT
BB ADEADNIE EFRENTO ATEA % #idE L X OCBIFO AL ) RX—Y 3 V&EFD
EHEICB T3 b7 VAR AT AT

BI:7XVHDAIA T THEE

T =4k v 4 — RN REE O 72 3 ORI R FFRR RS iR e T AL X — 4 VT T ORERRE, AL
A/ R=Y g VOXR=ZIZEGbYERSY) v FRFEKEx I a3y 40 2 -8GEOETT ik K ONR
II2=2F 4 DOHHDZDDELF L) T AT — 2Ly X —EEE ATA V7 5 D7 DRI BT
SEEA VT IOV A=t 1) T4 5l BRI D R R e AL E 7 T r— v 3 VO
ATA V¥ F v bAHBO 72 DR L 723 F86E ) D ek

B : ERAISNZERLFREICE TR UK

7 A SO AL % FE RS — b =12 E AR I B 1 B hE OB I OxHT . ATEH R
HAEBED AT ARAL BEAF O B R BLE i AT FRIZ 3o 1T 23T R & B /2 a — LR ESE 0L
KIEBURF DM E L R BE O Rl IZ o W CRATRHIZ . D Z L A TfFIZT 2/ TJury T4 TEFILDY X
SIS F e F 2 )T 4 ANDOIEE

—524—




O, KWRHA TR 5 BRI 5 PN % 5
L, HITEILT 2200 EEH L 5.

B 2@ e UTEFI AR TO LS B D
Ndb.

e AR, AmAOH» 530 HEIAIZAL

PEAREEB 2 2RE L, AafaE250)¢t

IZKT B IND ATIEICK LR 5.

s WHEEIZ, AMAaORAHA» 590 HLUA
IZERENEIE 4T/ 9025 (b) 123ED<
EEOMERIZHE, AL - W55 HH 205 4% i R,
FEFFBOR Y O H A e, BEAR Y K
FREAI P B, KR B AR RE R & 1
B L, KA 254005 $H AT 5 I
HEEH, WO FEE X A0 7 — RIS
NEEFERE, BEATEO N AT OGN % 28
£75.

FMBEEIR, AefAOH»590HLANIZHE
fE BRI YRR E 2 C T, 47 USC 1702
(e)- (D) 12fevy, T BHED [HUG| DRI ] B
HIZKDFEREN-T O — PNV FAET 2
¥ 2B X OUER (BEAD) 7u s 7 4050
OB & ZINDZ T 2B EH5 7DD
ZMEMREL 2BOREM &2 T 5

B M s KO BaEBE (BBH) 13, Alb &
UMW B H X R R & ek U C IR Ml
&7 ar s L &ML, MHERGHOTTEE
IZHCfid 5 ATIEAHIEL - HUTLAWT &
EHRMAL L, YEMBEOR IO RET
5.

FRlzaw s FINTHfrEhz [7Lr3) XA
K220 ] FERIIRAS R & e 5 AN DN
WEH D PR EE RS 272012, ATET L
IZo 2AEREBO IR X 2 55, ML
T3 RUTEUR KR 2 [E BEHEE O 7§ & 13
14280 THY, TEHIETS. A T4 L=
TN (RE) &, BHER - HERTAL-
SYPEHMENMEE TH BTy F -y o 2
KABORFEE L 72 & 3656 LBORIGE 7' a2 £ 2 DR
B E AJEEL 727, RN 13, TR ) 2
2] 50 AL EDOSEER10fE F LDl LofEE %

Clin Eval 53 (3) 2026

fES H8, b - AW - BEESROBIE R, K
BEH A N — B8 AL 23 B JE 5 O il 6 2 O]k 4 %
7 N 2 TEacEl) sErfESh
2ELY ZOIMIREMARD TS,

5.3 KEDHIPAA LR GE

KEDANI 27 75D T 5 4 78y — (]
& LT [ERIRBROIEAT I & BTICB T 5 ki
(HIPAA) | #1996 f4E12#lE & h, SEEROE
TAb L, EFERE M %8 4 22 M A R 5
72D DORBBEEIZED 5Tz, BBREEH A H
WAIFZIZ DN TR RREIZ DS T I 4 vy —Hi
HiAGEH S, RAEDOR & & 3 MAERE TR
U (ZhDISHE R 2 < R ETEE), @G0 % [\
Bk TRAIHETREE &, AN EDHEAE
A 22 WA I3 R B IREEHRBI O H & =2
I, TIANY— - V2B BEARIIET T
AT —TEROHFA % BH & 2 Ml AT
LT,

ZD &S BRARMPEAA DR TRENZ AL 27
TMIC B S AR LRI AR ED 51,
ALICBAT 3 %ilidmcic L 2 am e o 6 h T %
7o, BRI O ATIZFHE U 72 BUH O Mk A3 A7
TEL A, ATHIZE 28§ R TR O el i [F &1
Eoxalicirz b cida<, MR R
R SN 2558 5D, FEEERIZHEY
FTHKREEREES OB A EH S, Z
ORWOHT, KESHEMZEHT (National Insti-
tutes of Health: NTH) TIZMEAFDHEADOMRE L
T, AIFRD 720D T4 &V 2 & GO BOR
AALRLTWEY ZomEAY 2 M, BRI
FHORE, 7T aEedy, FEERO T T4
Ny = ARV A - FINIEE - Bfiges, ¥ 7
LEa— (NIHNOHEEFIZNTI2ET L E 2 —
ETAIZEZHNS Z EIIMERMIC A 5 7205k
C2H), 41 tFa)74 &4 —-T7 4
THY, TNFIICOWTRADOENRH =k A
A ZYAIPIRINTNE,

HA LY ANERENZEWMT NTEMEET S
LEOTIE AW, KREDOEBSRORM AR I HED

—525—



BR PR EF{f 53%&3%5 2026

BB A DL ISR d. KRETIRE B E %= 520 5
MEDET -2 FEEDZF—T VA TV
BOEAHEE X T E 2" Jihoh T, NIHAE
SR L 2R R D ) 4 F — 2 1A (Genome
Data Sharing: GDS, 20144F) ', AROF— 2%
FAW B KD 7 — 4 A FHEifER (20154F) 9,
NIHEEIZ K A2 RO T — a4~ 2V x M &
R (20204F) * 2 & OF5#EASREAL X A, Gk
TEHO —XKFH (Z2D-DDRFLEEL) ~NOldH
BERDIGAEOEZERFHERNT A 4V ZAH
(20224F) Vg T\ 3.

20204 D St X TR T AV AL VT4 TV
RT T A A HATR % L OFBIE (tribal) & OIS
KAMEELHEATHD, 2022EDLHTIZ
INGEBBEOERELEWFINE LWL SN
TWab, HANFVZICR/TRREE VNS E LR
ORI N T WA, HFEBUT A E St 2 wf
P20 5 HANKEE O Be e I A S el - 15
WAEHONBHRIZO W T BERF D FEH T 5
Tk, REENLEREIC X 2B REREI
OB —D L LT, 4 - AN eGP
ENTWDBZ & AEABIIZIRGEY 5 R OF
SR FIETE) AW - MR L T 2RB1 D 5
(2017 - DEHANT K D FEARNZHIFHIZ T D & & &
NTCN7z & OIS A =T B PR A
RITENZEDEARIND T LIk 57) 2.

6. BERICET B AL - 158t - AR WIE

6.1 ALZDORIT LIRS

HATIE [ AT AR B i O WFFE B 6 S ON&
FOHEMEIZBE 3 5 ik (ALL) 23202546 H4 H
AR - —E8kEfT, 9 A 1 H&mlET s hx. [E
JRAIZ XU o &4 5 AT R IR, ERAR
Ol ERCERFEFOREIZH G577, EN
DAIFHF - WHIZERTE D, 72, £ DM
RAAIIZEDRBET Y 22 ICARARERA T
BIRD] 1ITHIBL T, 4 I/ N—=v 3 VEEKLD
DN ZZIZHIET B -0DEHETH 5. 2023
FIZHADHEEE & & 5 TG7 (Group of Seven,

77 VA, KHE, ¥E, FA4v, HK, 414217,
H & GREEIE) o757 EKORRMES (EU)
DEIT B HE) ) TRl X I [IRBAT 7 ok
2] (#ad) #E5E A2, EUT [ABORERIEKR
MRER] DR FES DBS A 5 B ISR A HIE L,
AR R A A L, kETIR [ReiikE)
Z2IZHIB L DD, HARMIZIEA / R=v 5 /%
RFERE 2B 2BOEAE S T3] IR
G L726DTH 5™,

AT [ATHBE AR ] (N B EK R & AR
E, 2ToEHBKE#MHEKAEET ) ZREL,
TATEAGH | 2@ 8, #BIRHE OB % W
LTk 0, BEREZENC & 5 F22HH 5 HEHE i 5 =
RN SIS A I OMET FHE S h 5. IR
K= XR=DIZRENBEEDONEIE Table 70D
£S5 Th5B.

ATIEIZHED < A THIBERIE AR 1 M 2413
2025 F9 H 12 HBHfE & f, 11 H21 HOZE 2nlkf
B A TAIESE 13RS [ATHIBER
TR OB 7E B 7 K OV FH o i (EPERECR 12 BE 5 %
Rét] (ALfREH oF2REh, FHFE12H5~11
HERSHE AR T12 A 19 B ATRIE A S E &
%572, fEHOMEMNTIE, [EHTE 5 A0
FENZT T, H¥ER, BRFOETOTKRICE
VY B ATOBFFERRE - 36 FH O IE & F2 612 % % A
T2 DRI A HGH 2 23 72012, [EIFEI 2 Bl
HOBFICHLTRET D60 LS.
BRI iR - e BlET 28 0TERL, 1B
e L THEREATZHHL 2D THS. £
DOFELI, [IKEBTax ] # HANEGILTE
e ERICE KL, ik 2 85 BE T8 A
(Organization for Economic Co-operation and
Development : OECD) & DHEIZ X > THAEX
h= (AR AL 70 v 2GR BORFELA | 12D0
TRF XN T3,

6.2 BETICELDHANTA>

ATHRIE AR IZ & 5 ATSRSHER LI 2 6, &8
JFCiEHA N T4 VEFEEFERLTE, ThbD
HA R T4 103, WEFFA— &= D12 ATIEE

—526 —



Clin Eval 53 (3) 2026

Table 7 Outline of the Act on Promotion of Research and Development, and Utilization
of Al-related Technology (AI Act), with small description arrangement from

the government’s material
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Table 8 Contents of the Guideline for Ensuring the Appropriateness of Research & Development
and Utilization of Artificial Intelligence-Related Technologies
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Table 9 List of Guidelines and related documents on artificial intelligence issued

by Ministries and Agencies
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Table 9 List of Guidelines and related documents on artificial intelligence issued
by Ministries and Agencies (cont’d)
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Table 10 List of international norms regarding artificial intelligence
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K25 REFRIZ DI TH B EDHEDE LIGH L
TW5,

202546 H, Creative Commons i CC ¥ F L -
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Fav s FORGETFY Y ALEY, CcCyv
TFME, T—2Yy FORAEED, HHEDweb
2T Y & ALS AT % BRI 4D ORI
OhPEHGDTVF VY YRAIIZE > TED &L
HITHMHEI NS Z L 2 IFL IOV TORM %
EZHTZS2LH51I25280& LTHAESED SR
T3, TN - NGy — L ThH B LT
Wi, 7— 2256 HLT -2 AIET L
DEFIZRHAT 5% & ORBIOH 72 e %KD 3
HEMEEETE 5 5%, ZoRME, HEIKAT
DEARHFHN K > THERO R TR S h TE /2
web I VT VY OREEENBIKL, F-—HTiE
webZE DX Z2DY =)L & LT KREMIEITAL
ETFTLRBEEICHHINS Z LICXBHEFICHHL
THRRAR I L2D, MRICHIA T 2% JE
FRIZT 4L [HVIAAR] OEjZRALGNhS Z
LT AHMFRELTEFEINZEDTH
6 87)'

ZORAKE, webI VT VY ERAT HEN
Creative Commons 2 2K 9 5 Hi 7z~ — 7 TN
ENDZLUTOLDDRENE»SESZ LIZLD,
ATBHRH M AZRD 2052 RT LV EDTH
%2 (7L Vy MIVWThoBRRETERD 5N S
P, o 3D PEbREIRIETH 5) *.

e LYy bR, T, RSB T
Wi ovYy M EM5TS

o LR Zs B 0 B RE O LRI & AR L&
B L 72k FE G 3D & s O B RER
J8 L AMERFD 72 DIZEEOUIBMIC K B XD
Rt AkD 5.

e LIV AT ANDOEM - DM AR E I
IR A BRE U 7238 e dH s o &, B

ZFTB Ty 27 A3 L CeEk R
BWic kX 5 ROFMEEKRD 5.

e =TV AV AT LEA =T THBI L
%Kk 5. Model Openness Framework (MOF)
Class II, MOF Class I, X3 Open Source Al
Definition (OSAID) ZHEHLL Ty 5 HE A
»H5.

ZOMRAIEZHFERTH 508, Rl e 2
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AlZ Y 2T LW 288enwsavk
T L, A=T YA Ty 2 2 K E O
FOIUCLBRFORENRY nEHISED SIS
HTo, AMOKEARMER] O IRGE & AT O i
WeDRRAEMET LT ETHEETSH 5.

I. AIEWTEHROESE

ALOWMIEFIZ 2E IS h 7z ) Bkt (77—
L) EZOBROER (4] LTEEEND) 2#D
WL (AT A4 ZJ)L: Al cyele), % DFEY (Table
16) 13 Gartner . @ Jackie Fenn2® % & L 7=
Gartner hype cycle ™ () 4 Tt L iRx 3 Z &
NEV) TEHHTEI LI TVEY, Thb
b, HafEm s T ((Hahiosl 6] B, Th
T 58K S A (R 2B
Y—2 | W), WA BRI IR S %
AR, RN TZ OGN 2900 ([%)9&
DE] M) MEEBZ 5T, ZOHMOEMAE
FOMRICHRLTITE (RSO W), il
NET 5 ([EmEttoi] ). Zos5BBo
i FAFE D REHI ThER S B HdliD T 4 794 2
LM2MHED B X N=D A, THE TOAIDMEE
HOMETH 5.

72720, FELSAIOFELZRTOL L, AID
HHFHA T AL, KEMICh - TE e
BT CHIFR SRR IZIT b TR D, R
W THENTH 5. ZOFFMERNIZE DS
CIXFIIR DN, ALXFEBENSHTHD, 2V
Yoo — 2 B, REIRRE - REE - DB, BeE -
AT & OIS HBEN MRS ED 6 h, 2K
W AEE RO LT3N SR, Thih
DAt EIC B E 5 A2, &fkE L TAI
DAL TS, ZOAIO#EHIZRNET
—HIZREZ20TIEAEL, »DOWCHELER
Nd5E, OB THEIZITT b TR
WRBEZFCRIETS. LEBoT, ATV 42
MATFEE T S U7z ATBIHE G/ B O Bl R - 3R %
WRHIZ A D Z & T, AIERDOREDRE SR 14
A2, BN E LTRERENhS 8 Dbh s,

AT B 9 2 {18 1 oD il 1 # 7 eae A5 He gl 12 &
Gartner hype cycle (2> TIEH L TW3 & DN
H 5. % & 7Y Gartner hype cycle 211995 ££12%]]
OIS Nz, o LRz 3Hfo 74 7
FAINDSDODOERMEERL, RO T HIZIEZ
NZNDOEREIZEEY T 2 i H i 25m S T
7z, TG & D, BAEICHE < Gartner Hype
Cycle for Emerging Technology 234 A% X T
W5, 72h, 202440 Economistic D 3T & 5
&, TR E I35 O 555 O 1R %% hype
cycle lIZiR - CTRUE - 2% L, T -2UBERICLIK
kg 728l 5 B, 1050613E%KxETES
rnakns

T, 19704 REFDOBEIRAIZL DR, 5
SOFERDE 2K AL 7 — L12h0F, [EHEEAL (artifi-
cial intelligence in medicine: AIM) #fZEDHTY,
B (knowledge representation: KR) % fiff %%
FTHIFZA— | - VAT LGN ET -7 T
Hotz. ZHBEH»E Ly, F1KAI
ZORERIZIZERO L F 23— b - V2T LT %
NAIMFREREE LTV EELZONS. £
UTHIWRALT — Ll 2, WREHEORNLIS
L0, BHESIHTELOAIDIBH P EAZ.
W HI)LT (electric health record: HER), &%
[%J%# (precision medicine), &SYRE D HAT Ml -
DA RIRED ) A 7 Gl 7 £ il R (preemp-
tive medicine), R, Al oK b Fhhi,
EESELEROm L, FoakRy bEESN
T TN = UNEYTFT—v gy, KiE
Y - U - R e & EMERER OB - R, BE
DOIEFEE PO P %47 5 IEHEET > 2 4 Vb
(Virtual Health Assistant: VHA), W =7 5 7))L
YA (wearable device) %W zERIERTE =4
Vvl RHE oy B TR AL R B 12
LMD > T3 ATORERIEEFEA OGS
X, KRR 2T 4, 27 28—
Mk 2BEEDOY 72 4 THA, FBEBOTH%
THIETIL, FEERE, ZA~v— 7+ v Eflis7
Fr v bRy MIKZD0DEEELRE, $xFEh
RAaB b 5.
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Table 16 History of artificial intelligence in medicine (AIM)
E&EICHT3AIOEE (ERATIIEHEER, HFHEIRTOXESHB)

EFEA

T HRE

1726 4F-

1914 4

19214

1939 4F-

19454

19454

1948 4F-

1950 4

1951 4F-

1954 4F-

1956 4F-

1957 -

1959 4F-

1959 %
19614
1963

1964 ~ 66 &

1965 1

1966 4F-

1966 ~ 724

1968 ~ 70 4F-

19714
19715

T AT Y FOJESNESR Jonathan Swift /NG [ 4 1) 73— figk475C]) (Gulliver's Travels) O 3 Lagado K7 71 7
I =125 % “The Engine” &\ 20720 [ B BEFEM A i 704 7=

24 NECES - 5l O Leonardo Torres Quevedo 237X JFIEME X2 F = 2 O HBEH4 EL Ajedrecista (2
NAVET[FA - TLAY—]| OE) #HE.

F = 2O/NEEFK Karel Capek 28 “R.U.R.” (Rossumovi univerzalni roboti) (F = 2T [0 v LD TEET R
b D) TuRy bEn) NEARERW.

T A & T I KRZFEDOYIEREH John Vincent Atanasoff & K*#[¢/E Clifford Edward Berry % Atanasoff-Berry com-
puter (ABC) %%,

Pennsylvania K% Moore 8% L.%% X 7 — )L ® John William Mauchly &

J. Presper Eckert2* 712 25 3 ¥ 7 u[ R & LM 2 ¥ ¥ 2 — # ENIAC (Electronic Numerical Integrator and
Computer) % %5t - FFLL 7.

KEFRFEF4EBA%E R (Office of Scientific Research and Development: OSRD) @ Vannevar Bush %% Atlantic z&lZ T
4 “As We May Think” #%&EL, I V14N IE AP TABELL 5 AKETH.

KIE Massachusetts LEFKZ: (Massachusetts Institute of Technology: MIT) D% Norbert Wiener 4324 & Bhk
2B BEME - HIE - LR A BRI R T B MR T H B 4 /N T 4 7 X (cybernetics) ZREARL, ¥
i “Cybernetics or Control and Communication in the Animal and the Machine” % TIl47.
HEOBEE - K548 Alan Turing 28 Turing test (imitation game) &%, [BWIZEZ 5 ZLnTEX 507 ]
("Can machines think?")
KED T V¥ 2 — 4B} Marvin Lee Minsky 5 #MEHMN = 2 — L - 74 1 2@ {LEH R SNARC (Stochastic
Neural Analog Reinforcement Calculator) Z#§. [HAYIDAT=2—F) - v b T —2]
Georgetown K & IBMAHIZ &K O, a7 k% SEEIC HEIBIER 3 % il A Georgetown-IBM F2I5% 48 A B D 5 ¢ F2 s &
h-.

(81 RAIT— L (1950 R FE~ 1970 FERF(F) RFR L HRDEFR]
KE D REAIEFE# John McCarthy 25 A T.HIBE (Al artificial intelligence) &9 4% & — b~ 2 2k (Dartmouth
Summer Research Project on Artificial Intelligence) (2 TR THID THH, ALHBENSHIZETE & LT L 72,

MIT @ 5 #5&%%% Avram Noam Chomsky 7332 “Syntactic Structures” % Hii, 4% ¥ (generative grammar) %
PRI L, ZOHPEGRTdH 5 W 03 (universal grammar) amtd, ARNZIES BRI ESIZ D> Tnb &9
BLINHET, FRHIFF ISR E B e 5.4 7.

KIEIBMAED T v 2 — & FH22 4 Arthur Lee Samuel 238K %% (machine learning) & W95 SHAZF R L /2.
[Samuel 8 Z #1% "field of study that gives computers the ability to learn without being explicitly programmed" &
EFELzLEdhsh, ZOHME EN 55 (Some Studies in Machine Learning Using the Game of Checkers.
IBM Journal of Research and Development. 1959;3(3): 210-29.) 1213 EFH I L TZ D &k 9 Lid#uid . ]

Hubert V. Pipberger 787 * V) 71 02 (American Heart Association: AHA) T/OFE X E ST 2 #is.

General Motor (GM) #LAMHARYIDOFEZE 2 R » b Unimate % [ 78,

KIEE2EXEEE (National Library of Medicine: NLM) 73 Index Medicus % 2 ¥ ¥ 2 — # {t. L 72 MEDical Literature
Analysis and Retrieval System (MEDLARS) % BH#.

MIT D2 ¥ ¥ 2 — 4 Fl*E% Joseph Weizenbaum 233G AR S HEALEL 7 v &7 5 4 ELIZA %%, ZHIZDOCTOR
VI SREREHORED Y T E A FOREEET AL L 22 ) T b kS8 [IHAP)O chatbot, AT+ T E X ]
Stanford K3 ¥ ¥ 2 — # FP#HM Edward A. Feigenbaum 5 2 RMOFELAEMO 5 PR A g5 70 s 5
&, HRYIOTF 28—t -~ A7 4 DENDRAL (Dendritic Algorithm (ZHIK$ % #dif) OFHYE % Bilks.

2KFE7 7157 3 — (National Academy of Sciences: NAS) H &) 5 B AWHEAMIZ B2 (Automatic Language Processing
Advisory Committee: ALPAC) #'#{f52 “Language and Machines: computers in Translation and Linguistics” (ALPAC
report) I[ZHEMBIFRIC T EN A R E2 £ L0, BIFPHRAKZ S HIRE 7.

Stanford il 72T A LRIE X ¥ &4 — BRI AR » b [2Ky F DY = —F — ] (Shakey the Robot) ZBi¥. 1970
12 Z M Lifesss "first electronic person” & #3717

MIT @ Terry Allen Winograd 28 A S 36U (natural language processing: NLP) DJE8K) & 7% % SHRDLU % B
7.

NLM #'MEDLARS onLINE (MEDLINE) system D4 ¥ 5 4 V&4 — & 2 ORI
Rutgers K*F 3 ¥ ¥ 2 — 2 BRI Saul Amarel 2V EYIE ARSI 2 a2 v ¥ o — 2 RO JIEE HI & 3 50

Z¢#lls5 Research Resource on Computers in Biomedicine % fll7%.
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Table 16 History of artificial intelligence in medicine (AIM) (cont’d)

BFHA EhHRE

19725 KIENE 7 £ 6228 (National Institutes of Health: NIH) Offf7¢hia% - I (Division of Research Facilities and
Resources: DRFR) @ William F. Raub 2338 & 0 % & 7z 05 TR0 & WA RO Bk A %54 2 20 0t
S % v b7 —2 PROPHET ¥ % 5 4 A% B

19724 Leed KFZEIMEL - 2V € 2 — 2B F. T. de Dombel & 2 2WMERIH DA NT & 2 7 4 AAPHelp % Bi% (AAP=
acute abdominal pain).

19725 Stanford K%% Stanford Artificial Intelligence Laboratory (SAIL) DfEffiFH% Kenneth Mark Colby 2255 / 4 7 D
I ¥a2—4 - EFLPARRY Z1E L7z, PERRY 13#%IZELIZA & ORI CI1E Ak FEFRER & hre.

1972 ~ 745 Stanford K %% @ [% 2% F Edward H. Shortliffe 2 I ~ ¥ 2 — % F} 2% Bruce G. Buchanan & #1{z °# # Stanley N.

1973 ~ 1992

19734F-

1970 ~ 744F-

19755

1976 5

1976 %
19784
19794
1970 FARF I~

80 ERFTF
1979 4F-

1980 %

1970 FREFE~
1980 FEARF(E
19824

1983 %

1985 4F-

1986 £

1986 4F-

1987 &

Cohen DIFHD T, PUEABEIRTF 28— 1 - ¥ 27 4 MYCIN % B %.

R ATRFZEBARFHOAE T Y ¥ 2 — & - 1) Y — 2 SUMEX-AIM (Stanford University Medical EXperimental com-
puter for Artificial Intelligence in Medicine) [,

[51 RAIZDBER (1970 FKEIE D S 19804F) AINDKE - #3) & B L DHIHE]

Cambridge K2ZIG B Lucasian #8572 James Lighthill D5 3¢ “Artificial Intelligence: A General Survey” (Lighthill
report) A% ¥ o A ) CHEEBUG A ALFFZENDE LT % Kk % < HIK.

1970 4E B EMERR AT rIv%:  (Military Authorization Act) 2%, FESHFENIC EREINIZHE 0D < MRS D& St 4
21k 9 3 1969 - Mansfield 8 IE 4 & & & 12 U, KIEE B & S iF 525 /5 (Defense Advanced Research
Projects Agency: DARPA) @ ATMIREANDESHEESIZ L AL B Ko7,

Pittsburgh K##¥E K#Pi Harry E. Pople, Jr. 57238, [RIERGKZKOY v —v v s - h— 24X | DRZ{EMN S 724
[% Jack D. Myers (Pittsburgh K*FRIEFEIR) DSWith4 FHBIS 2 —MNBHLIW % > 2 7 4 INTERNIST-1 %
[H¥E.

Vermont A * 3 Ik [ % °7 Lawrence L. Weed A% [ % 1§ 2 iC $% > 2 7 4 PROMIS (Problem Oriented Medical
Information System) % BH¥E. [T 7L T DER] (Weed 1 1969 412 B 516154 > 2 5 & (Problem Oriented
System: POS) & SOAP (Subjective, Objective, Assessment, and Plan) fo@ihkat 2205 L 72 A9, )

Tufts K22 Stephen G. Pauker (#%12 Jerome P. Kassirer & & & IZ[Al K21 HEIR P 5 % Alvr) & 23 ER
Wi~ 2 7 4 PIP (Present Illness Program) % 6.

Rutgers K% 3 ¥ ¥ 2 — 2 FI2#EB") Sholom M. Weiss & Casimir A. Kulikowski 235878 U 7= fkNBES T 1% 2 7 &
CASNET (Causal ASsociational NETwork) 2V KENREFES TH:%E X 7.

Stanford K%% 3 ¥ ¥ 2 — Z B William van Melle %8 MYCIN O Hf%EB 53 4> & Alak 2z B0 HEAm S RE DO LR A 7= 0
EPH L2+ 28—+ - ¥ X5 4 - ¥ 2 LEMYCIN #B%. Zh2%(2 PUFF OF%ICRE.

Bayes E 7 ILIZ Xk 2 E#2W > 2 7 4 MEDAS (medical emergency decision assistance system) %% ) 7 4 L=
T REEHRIG#E YV 4 — D Moshe Ben-Bassat & Edward H. Lipnick 23B %§.

NHK BOERE 7 HERENFSE T O 125 A3 [ O tHAEEF O g [l & B L 2= el e 70, x4 a3 =1 v
¥ (neocognitron) % %K. HBOBAAA=2—F ) 1y bT—2 (CNN) OJFFL k3.

[E2XRAIT—L4 (1980 M) FHFRIFDEFK]
INTERNIST-1 0 #% kD N EHZEEZ W > 2 7 4 QMR (Quick Medical Reference) #% Pittsburgh K 2% #& A& Nt
Randolph A. Miller 512 &k > TR & 7.
Harry E. Pople, Jr. INTERNIST-1DF¥#) A MYCIN %8 UARHER A ORI I L 72 CADUCEUS %
Fizb1c
AV ¥ 2= 2 BWidEY 27 4 ARG LY — L] (Diagnosis Reminder) % SBUERARES (BL - RLIRFFE T - B
WREERE) 3% [HAD AIM WFZE OS]
Stanford K& - 3 ¥ © 2 — Z FPEHM Janice S. Aikins, Edward H. Shortliffe (MYCIN OBI%#) 512k - T,
fitifHE 7 — 4 2 & MR A B4 5 > 2 7 4 CTd % PUFF 2B S iz,
Cellular One f£.® Peter T. Lewis 2% 5@ 5 €/ (R&E - BhK) 24 4 — 3o ML, £/ RL LI
WAL CHIE TS [|£F DA Y& —% v 1] (Internet of things: IoT) & W29 544 B A A # Y4
(Congressional Black Caucus Foundation: CBCF) O2ATHHL, ZOM&EEHRL 7.
JERCRARE R E AT 5 L@yt 1 s WWW _ED B %1% 2 7 4 DXplain #* Massachusetts #8574
Fta v ¥ 2 — 2 BEEFZET D G. Octo Barnett 512 & - CTHIFE & /.
Miinchen #¥H K2~ (Universitit der Bundeswehr Miinchen : UniBwM) @ Ernst Dieter Dickmanns 5 23 AW O H
H)#EfiLH VaMoRs % i 78.

Pittsburgh K*FHEMIEZEB"] Gerhard Werner 28 &N HIEEGS N 4% & 2 7 4 Methuselah % 6 2.
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Table 16 History of artificial intelligence in medicine (AIM) (cont’d)

R | EHHRE
[BE2RAILDER (1987 ~ 1993) AAT A by FALE2—2DRBE LISP T2 > HiGDHE,
IF /= b - Y27 LDRR, BELOHIR]

1987 4F- LISP Machines tf: (LMI) OflpE.

1989 - GTE #£® Gregory 1. Piatetsky-Shapiro 28 [7 — & X — Z %> 6 O HIFkF R ] ("Knowledge Discovery in Databases:
KDD) &5 FHEEAIM. [KDDDER A LBRRETT -4 - ¥4 =~ (data mining) & 15, ]

1990 4F- 1985 IS B PERE B FETIhE 5723 7u Y = 7 b (Software Industrialized Generator and Maintenance Aids) 743
RELERRE LT A< T.

1991 % Stephen A. Berger (Bl Telaviv K2E[RFE £ >V & —) & HUREGYED BT - 16 - ek - 5% 7 — 2 12§23 2% 28—
I« ¥ 25 4 GIDEON (Global Infectious Diseases and Epidemiology Network) ¢ HIFIH % B4,

1992 4 HARDMERGEESE A T E OB A T > ¥ 2 — 2 Bt FermE (ICOT) 23k 72 1982 F MG DERK T u Y = 7 M5
MRIYE2—% - Tuvzs b 6GTUV 2 1) BREERREE LT VE FHT.

1993 - Symbolics tEDEIFE. [LISP v ¥ v OIHR DO E]

1993 4+ HARDSG 7 a ¥ = 7 MMIfif & T 19834 12hh & - 72 K[EIDARPA B&ARHEOMISH I v ¥ a—T 4 V& - 4 =
> 7 7 4 7 (Strategic Computing Initiative: SCI) 254% 1.

19955 ~ 2005 %F | A ITHBEIE WM >~ 2 7 & (Hospital Information System: HIS), HaH##EHEH > 2 7 4 (Radiology Information
System: RIS), {48 2 7 4 (Picture Archiving and Communication System: PACS) Oftf 2k & 117z,

1997 5 NLM %34 ¥ &4 — % v I T PubMed DO HIBAAA.

1997 4 Maryland K2#AEEAf 2%+ ~ 4 — O Mark Avrum Gubrud 23U A LAIGE (Artificial general intelligence: AGI) &
WS B & Foresight IF2E AT B D E5RIy T 2 727 v ay — 12T 2 7+ — %A 23 (Fifth Foresight
Conference on Molecular Nanotechnology) THH T THiH.

1998 4 AT&T Bell if%%) Yann André LeCun BEAIAAL =2 —F )L « 1w b7 —2% (convolutional neural network: CNN)
DT & 75 5 LeNet-5 %, CNNIZ4 HOM{GREREMi OB % &2 LT\ 5.

1998 4- 1956 -2 A LAIRE & W 5 S 44 A THID TH W 22K EI D FEAIENE# John McCarthy 43, AN T & 2 MIry1E3E
EAIDRTRTCTES L1258 09 [ARBL LD AL (human-level AT : HLAI) ZHIEE LCiBF2~. Zhid
PUHALAIBE (AGD) &LEFHTDH 5.

2000 KIE SIS S (Food and Drug Administration: FDA) 232K w b F4li 75 v b 7 + — 4 da Vinei Surgical
System (= & 2 MEWEREFAii 20 & & 7KGE L 7=

2001 % Vermont K2EDEZEAERRIZ Lawrence L. Weed O 3% % I\ TG % 5213 72 Art Papier (248 Rochester KRR}
REFERRBM) 2SR OB %% Y 7 b o L7 VisualDx % Fi%S.  ZTh & RARE/ LU (Office of Public
Health Preparedness: OPHP) Jaj& Donald A. Henderson D#1& T x v 7 L CTHIFIWHEIZ L 7=

2002 NSRRI FA W I 44 RO Uy — L ISABEL 2376 & WS [E CRIFARTBE & 7 > 72 (BRI AR O I TS
LHRELIE X 7). 2DV =)L %13 Jason Maude (AXA Investment Managers LD T 7 4 7 1 SAEHM &2 T
W72) RO Isabel Maude 23 KJG DA DFHIE T db 2 HEFEVEMIE R OFRBIZEH LAE Z 0 b IEHEF v ) 7 4 Mk
Isabel Medical Charity ##I7% U, BRIRMEGR SR Y — L &2 BFE L 72 Z LIZIK .

[553RAI 7 —L (20064 ~) FEFET D]

2006 - [AIOT vy K7 7 —=%#—] Z &, Toronto K¥ 3 ¥ ¥ 2 — & FFEHM Geoffrey E. Hinton 5 0 2 KD IZ & 0 %k
7 (deep learning) 2SEHRERH S 7z, ZHIC KD, EGENT - WPLRBW, WK, EREEE=42) V2,
[ERERIED 3B, F# I (precision medicine), FEGUHIHIZ EANDAIFEHOEA K Z < /=,

2007 4 IBM 4L D42 E1T# David A. Ferrucci ° DeepQA {1l DB 7 % Bt (D ERSFEILE Y 2 7 4 IBM Watson) .

2007 & EBIMILRFEOMSEE - ZAID Thomas William Ferguson 234218 L 7z e-patient (1Y — L & T H 5 Ry
12 [RBEE R A PUE T 5 [RBENEE) 12OV T DR “e-patients: how they can help us heal healthcare” 73 Ferguson
DIEOBAEFT S iz,

20114 McKinsey Global Institute (MGI) 23#i55 “Big data: The next frontier for innovation, competition, and productiv-
ity” ¥, [Ey - F—2 L0 SHEORJFIII S A TH A, Silicon Graphics 1L T ¥ ¥ 2 — 2 F1#3# John
R. Mashey 28 1990 {E-{IC IR 7= & ¥ h 5. ]

2011ECA WHLENRBRETT v ¥ 2 — 2 IR %S 2 7 4 (computer-aided diagnosis: CAD) DFAFEAMEA 7=,

20135 MD AndersonZ3A ¥ ¥ & —, Memorial Sloan-KetteringZ23A ¥ ¥ & — 75 & TIBM Watson O 2 S M 7% 23 F2 i X
hr-.

2015 % 7 4 ) ¥V T2EKE (Polytechnic University of the Philippines) @ Benilda Eleonor V. Comendador 5 V/NgH Y «

)y 7 REEGEEINEIRF v v bR v b Pharmabot 2 FH¥E & 7z,
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Table 16 History of artificial intelligence in medicine (AIM) (cont’d)

REHA EhHRE

20165 WRFERPEIZEN - WA 5 2 IBM Watson CHEAYED SV BE1E 05 O 35 OMIA TG W A L, £
1055 T Z M S HIR I S U 7 “ RS M s T d 5 S I L, G35 A 258 LRI SGE.

20165 KEDHFEZRK Elon Reeve Musk 6 A HHKMEIED AR T L 4 ¥ - w2 v - £ V4T 2 — A % [i%E 9 5 NeuraLink
&R (AR I3 AR 325§ (transhumanism) (ZEWEIAEAZ HIEE LTW 3. ]

20174 Auckland K% 3 Y ¥ 2 = 2R Lin Ni 5437 7 4 <) 7 7 TOPRSMBEEMF v v bR v b MANDY % %

20175 275 RRWRRGEE 7 770 7 — 3 3 ¥ Arterys Cardio DL 2V K[E FDA 7 5 KGR & 7z,

2017 - Google £ 3 Jacob Devlin & 23 Bl 7§ L 72 W5 A 8 7% b 2% % € 7 )L BERT (Bidirectional Encoder Representations
from Transformers) % FH¥E.

2018 4% OpenAl tf: Alec Radford 6 2V ABUR S #EE€ 7 )L (Large Language Model: LLM) 124 % GPT (Generative Pretrained
Transformer) % FZ.

2018 % KIET 2016 412 21 5L (21st Century Cures Act) 2307 U, FSEES - RIES - {LPESNE (Federal Food,

Drug, and Cosmetic Act: FD&C Act, FDCA) {Z real world evidence (RWE) D% 2B 5 43 Section 505F A%
&7z (21 U.S. Code section 355g). Z %321} C, FDAMHKIE LH “Framework for FDA’s Real-World
Evidence Program” % J§{i L 7-.

20195 Bk N R IR Blianlian Wu 5 28 W &1k & U 7L 2 4 4 THGEMIZ B A TRE A ALY 2 7 4 WISENSE
(wise+sense) (Z D%, THMLENPEIZ & 6 X W ENDOANGEL & #5i% 25) % FH%E.

20204 SARS-CoV-27 7 F v OFFE % &1 AT SMRE A 58] % 7= L 7.

2021 Medtronic £t A23K[E FDA 2> & AL SZARIKIGNHEHRES Y — L GI Genius DK% 321} 7=.

2022 4- OpenALfEASZERVAER AL F + v AR v b ChatGPT % 2.

20222 PR T S EOR A A RIS AL 2 IRBE RIS AT 2 - 7 ¥ 2 LA S HEME AT IR - BRI 2 7 AHEEA TR PT AYHL

DE Ll [EBEDXAHIEY 2 »2030] #7192 [[ERDXAHE Y 2 2030] O#E] £%E [EHEDX
(medical digital transformation) (% HALIZMCTl&, digital transformation in medicine X digital transformation of
medicine, digital transformation in healthcare, digital transformation of healthcare 7 & EMHEHM T 5. ]

2023 4- Google tEAVERCALF v » bR b Bard % 25 (2024 412 Gemini [Z¢UFR) .
2024 4 Apple #E23A LI AN THIBE (generative Al: GenAl) 7 F » b 7 5 — 4 Apple Intelligence % 5%,

LT Ok %E S5 IT/F.
1) ATHIBEDWES (https://www.ibm.com/jp-ja/think/topics/history-of-artificial-intelligence) *
2) Kaul V, Enslin S, Gross SA. History of artificial intelligence in medicine. Gastrointestinal Endoscopy. 2020; 92(4): 807-12. %)
3) MFsE. ATHIAE (AD OBURE AR, In: W50 -1 28 4 7
4) BAGAEB, AREES, AIRHEEZWEORRKIZH L > T—ATBWIEHEY 27 4 JRAEOI LY =L, Y2250 2 MK
HIV Y=V 7 4, 20205 14 : 84-93. %
W a) KIEHIOKRFIIEY: - REHZBIFRT 5 ALO LRI RS & 724 A TR §
b) A DRUEHEHNT TR L 7.
o) H2RATZ DI A 198719934 CTh 5 Z & id, sl CHEAR L T\ 252, T OMOKEIZ DWW TR AT
WEIIXEXETHS. £z, BIXALT — 2DOBIHH 2006 F-OURGEE DG ThH 5 Z L & WES—HL T 5.
L72h 5T, 199447005 20054E F CTOMIMNL [4] T8 [T —a] Tl ns 2Ltk 3.

BOREY BRHROEM 75O T, #6474

M. EEZELSEIANILZATT - 7R X ([Htwitter) #1ZLC®HET BV - v -

D EE YL
1. AlPEMEEET 5K
Z D REF- ORI R E ] - A2 o AT D

FERH 22 BETN - RETE SO, ALHIEE
(artificial intelligence: AI) D XEHI1Z & % [KffiZ

Fw b T —F v - - XA TRERED TR L
SNTB YRR 58 £ R E 2 S
2 HIRRHI ISk > TREL BAESTNWB T
L EERE 7 b DD ETH 0, MEIHIC
WLA, LDEEBELUTKRE - KELTLEY, O
SOAMABKZNAGOEM B2 5 L I
W DFFNFEANY B 5 ATEERE R 5 8
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< DOEA, FHCHEHMMEORWEBRICRERSEL T
X 7-RTF 5 VEAITIE, COHEMMEEET, HH
U 7= F5RE % WG C & 2 a2 BL & B CIRITARR
ERD B O¥EBIZEL 2L 2EKT 5. 50
(5] (WIHE %, ®MHEZ LIS SICER
RECHE RS 5 Z &), [RE] "™ WIpHES
SITPERERE LTiEFET B 2 &), (AL (WIHIHF
BHRTICHEBERICKEETZ L), [FHY
AN (@I % CIZY Y F =Y 3 VI
ey a L), [k @GRS I8
HIERIZGE RS 5 2 &), TR (WInHE %
FITHRKERER ISt F 45 2 &), [ #)
WHE% T SCICPET 22 &) L Ln o 72kEaE
MAFA TR =yl by bT—F -
Y- 2B TRICHISNBIZE, PIHHE
B & 0 BT HEAMDMEr 5720, BEHE
W7 5720 F 50 BIEDE TR W LT
3.

ZD &S24 HOBRED @RI, WEYT
) & GO T 4 85512, & 0 a2
X, ¥VEZDOETOA LN (HEVIZEEDE
W) FEIBREEA & ER - 5 OERAY 7 P LTE
D, Fv)T7SZEEREMKE L TORE - %
BEOFGIC K E AFREAR L T3, 29 LzE
RO RN S AE$ 2 7B BREE O AL I K B REEHER
DIFRMEITH T 2 A%, AIOMESHICKD, B
MiARET 2D TIE RN L WS X 5 IZEE X
THNZ DB, 2 LKA 5 OB0IE,
AL DS TIRANZRZFET 2 RA A et 3 5 29
FHR M2, & 203578 2 LIRS 5 57 B934T
MEWS ZEIZHR S, ALIC X BIRAI DK
MRS 57—~ & o™ 25t 0 3,
BHOMIIKETH A 5. ZHEEREF I
AZF R A IO 22 BRSO IUE, R
B U 7z IS ZE O FIl 22 &, BUIRO AT T & 72
F 2 HEMEAR R B HEETS - N2 V15T
b5, EFHICET B AIOR AN, A0
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AR Wi A%EITH S, LarL, KA
b EALBHED, FEGOEMISRE L 25 5 KL
DEIKIZ, AIOERD A - F 25 L5 &, I
U THEZE T &0,
m3tEDEE T 5 RBAERHE & IR & T 5 EH
A—=2)LHY4 bm3.comA[E Y4 bDERAIZE %
RBRIZ20234F2 HIZ T - 72 FA T, ATICKD
kXN B Z RPN BHFNE, B
AEEUHIC, WERL, BRI NHREEEL R
BeRt, 2 OMONETH 5721, m3ttoKE T2
#1 MDLinx 2025 45 H 8 #% o iC 9% % m3.com =
HEBER Uinik L =it ™ s kU, AToMES:
2k b, BaHERL EIREERL, REO3OD%
WRIAREMOH:F A2 AILES & FPHL TV 5.
ZOFEHETIE, Zofth, ATOMESPHHTIE %
WEDOD, FEREDIKOBERE U TREEE
VBRI, OHARIES S, LR - IR 3 %
LENTW5.
FTIZ2010 R4 5 A2 &2 W 2 7=
HATIE, i ARRR/NIR % 254 5 KRS
DD U TA LW s bR - — s R
HENEHLAREMER S T3 5BThy, Z
NS OFHIZHEF T 2 EAIBULAE % A L Tn
2 ULal, Z5LESBIRAITRE TS
LU, LA, REREROMESIZKD, 1
KDIEFEFEM OIZANEE L 2> 720, HrlldEic
PERTAE RS 5 BB D 5 Z &k & NS HROME
Thb. h, ZhoDOFHEAIOESIZXD,
WFHZEBORAIOBEEIAE LK T2 T
HAS.

2. FBHEEICETIO>Xao5UTq
(singularity in psychiatry)

KR - DFAENE, 29 LzRiof it
B AIOME OB E2Z TN OV L DT
bHrErHEIN TR Larl, 2hiEZ0
BEBRAZ T RIEETN BN L0 6T
b0, —REMLHEOBELHLELL TS E
Bbhah»oThsd. LrL, BHEIZF, EHC
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LEBNEDS FHMMAO»E Lhkv., 20
—OOENY, KRR L Lol 2§12
KR CHE B BRI/t H T 3 IRMOFMLT D
219 Faubb, HAOHSHERR R R
ORELOFHEN S, Z5 LIIEEFIZEZHRL
7 W ER A E BRSO TR I 4 5 1%
SHEATHY, XFXELMEEIHELLD0D,
T ERELSICESEL TS,

Z 9 LIAEEENBE R IZEAEZT Tk
WEATA A ¥ T 4V TRIERR ISR L T K&
EFESEELZVOTHIE, TOHFEELAIT
BERL LS ET5DIFARBMNTHS. T TI
HIRAL T — 20 & D 196445 5 1966 412
P, v F 22—+t oY TREKY (Massachusetts
Institute of Technology: MIT) @2 ¥ ¥ 2 — & F}
% Joseph Weizenbaum 23 % 555 H 2R 5 Gl ALEL 7
v AELIZA %% L, Z4UZDOCTOR &
I KRB OREDOEEET ML) T
FEELETHD, AWK OIS, ATICOM
BEETHDEBL LV TAT A THH 5721,
HATEBMMIZA P L 2N, £y v T AT
BE™ K EITHTEF vy bRy b AL
BAEZHAT AR, F 2 AMER R L 2 < — b
7 o VBKUTENR LY OBRESEA TS (72
2L, FEEFRRIHF/THEY), £/, 1Ak
PSEEREDS LI LI L AR R G125 Z & A
BE o> Th D, IafgSEowEf A IC Al 205
AT 2 2 LAl XT3 2 KRR G
PRI, AR A b & U 2k, Rk
BHRE OB OXTEEZ oD &8 5 DEREOM, B
Bigils, (EERELERH D0, WTFREAID
WSS T 0 2 RGOS D
IR A B TR B B, Z AU KGR
SIS DWW T B AT, AR LU %
W KBRS XIS 27 4 O 123 L X
D, WBAEBROBBAETHRIY T4 74 —DF
R - g ATOWEHAEE A TS, Th
G EAIDFREIZ KD, A5 ORI D B
O TTREVES B B, BUEDRERIRHZ (254
ZERE DSORGB AT O Ko 5

NOERPIFRT D08 Lk, ADREFHE
At E B L, EATE L COREEFEDOR
AR IUE, EGORIBHRIES 5 k2572
595, ATHMFHEIZEHE L OB TRE 74K -1
EL, FECHEREFAEEZES 2B TESZDT
& 2 130,130

=72l BEDOEZ A, Fv v bRy FOFH
12k b 2 AR AT MAE (Al psychosis, Al
induced psychosis) *? R E D WTHEVE Y & WS
ENTHD, ALIZ K 2 0BHREMN T AR X v 4
AN Z DA EDO 7D ORHIZIE, Ak HES
ARDEND. 72770, %77 ADEAEO G a%E
EOMGEHE, WHE -2 E»DTH B, b, KE
DY v &y RANDWFREF @G IZ Kiud, Al
FREDIEIR B Z A R EZ 2 50, XIHOH
BEROPE &, F 7, ADRSHEIZH
29 % Rk TXIFE (hallucination) &4y5 S,
TEHA, Fy v bRy PMESET A8 448
TV - 2RPHEBEOL GRS 5 Z LITHRE
LaFhdzas 73‘«\135’ 136),

2O LZRMERICE T2 X127 T+
(35 il Ry o 2 i [technologlcal singularity]) »%F
FHFHE %13 U 8 &9 2 R EREAE G DBy 2%
¥ (technological unemployment) ZJA% L B 5
MIIRBEMRIE 512 &5 5 v &4 I #HiB) (Luddite
movement) ¢ A E B0 g Lhzv, LaL,
2D &5 & ATKGAFHE 3% B § % RIS
YRR RIE 2, 2 A D < EUE IR Z 1
SN B, REREEE RS ALIZ K D [
ENTVEIHEMES 5 5. THICIFALICK ST
NFHD Y0 2 R 2 RS LT (ATA A
% [Mft] &, posthuman 2B %), KiehiR
AR CREE LS $ R E &Y.
2L, THTEENEMFR TNV Z X
(moral bioenhancement: MBE) ™2 (2 B3 2 ffi iy
BREEE D, 720, TR L TREHETIE .
WV, 2016 FITKIEI DS Elon Reeve Musk 5 4
PR AAR T LA Y - vy Yy - 4 v A
7 = — A %A% ¥ % NeuraLink tt % &l 37 U 7=.
Musk RIS [FLORMIMHEEE LT, A& ATE
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DI (human/Al symbiosis) %% Tk b Y,
ZHIZBAR £ (transhumanism) ™ 1230V E
ANHTHBEW., 25 LERREELLE, §TT
IZ posthuman ™ @B & B IC AN TAI %GRS
NEBFECRALZOTEEWD., bS50, Kb
RO 2R - LS R 2 HE L, RERN
K0 SR AE T 2 R 2 M FEN) 2 B
5, AIVMMERAIEA L L, MrEROHt
BT BHEMRRERANIZEATLE S 2
L/#/LZKL\LW)‘

Y Y¥a279Y 74 (Table 17) &, KEIOE
% John von Neumann 2 EAH L 1 KE D SFIER
Vernor Steffen Vinge ¥ % ALIZBI¥ 2 WK T
& 0 KK # T b % Raymond Kurzweil ™ (2012
LD Googleth) RIAD & XN TWB M, 5H,
YUyX 2TV T 4 Dk, NHATHIEE (arti-
ficial general intelligence: AGI) X A . Al BE
(artificial superintelligence: ASI) 7Z& &, AFH®D
Hig 2 Al BV 2 2hDicirbhTu
B 7=, EML72& 91D, ZEEREOBEM
2 HId, FHORMEETIE, ¥ 748
WEASRIZFBIT 2 A e ik U TR < i 2,

3. ANNVRFT - X257 UTg
(healthcare singularity)

—ICAIDORFEICKDZ Yy F 27T 1413,
NHEMRE 4 & U TN 7= X 25 ATEE (superin-
telligence) 2DV ¥ a2 — 42k > THRE»S
BENZARMEIIOVWTIRE SN TS, ZLT,
DWW, EEO/NHZEK Samuel Butler 28 [T L
F VY OFE21E [ OE] (The Book of The
Machines) (Z#W 72Xk 512, B EHRE b,
AT [HER D HIHEIZ 3517 5 AHO RO ik #]
(man’s next successor in the supremacy of the
earth) * 12 Z0hE Lk, LhL, Th
3o -2 v EROREOPHEATRIBE
(artificial general intelligence: AGI) 23 AFHD
DEME ERHIBEZ BWRE, HEOEEIANE KL
DIRAMIZZERT 20w 2Lk, ARDA
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WHOXFIFARET, ZHEFTABBHELT
EREBPAIZ R OEM CERI N TOL &0
ST, WERIHRPZENML TOS DTIRE N
A9 .

ATIZ X D BRI R, BBy v ¥ a5
) F 4 DFEX 5558 (sector-specific singularity)
E LT, DR - B - 14 & ORI (8
Hezs 7 — 2 DHH, W UWRGOER, 71t X
OEE b L) B L UE DI FEEIRE [pre-
cise medicine] REBOMF MM, vR v b F
hins [fHDOF| ZHONPEZE# TS a8 b
[Z#EEHidr [robotic revolution on surgery] 7 &),
2) <l (FTIZHEMEREICH % FinTechid & 5 5
A, D AZER, RIERE A ETEATIZE S H
Bbpitdr), 3) W8 - @S - KEET ) (TEHRIE -
SR IIa ==Y a vERLETAEER
ATHpcy 7 M55, HEREROKE &1 9
3. AV UIHIER IV IA T4 T - TV
EAIHATS), HBEY —E 2 - —Mefip (&
¥EDK—LX=V ETF v v bRy P BEEHID
FTEH5ZLRTTII—MLLTW3), 51
wO(AEERERL Fuo— v & Y), 6) 8% (o
Ry MREE THROABLAE) 28d 5.

KEDOIYE2—-2FR2HE- KEREHED
Raymond Kurzweil IZAI23F 2 —V V7 F X MIC
B UABEATE BRI TELNL RV E KD
DN20294-T, Al%fS Z LIk s AROBEN
NHERECVEREZRTD [V rF27)74] D
FK & 20454 & TRMIL TV 3™ 2 O
TiE, AMoFmid120 &0 LRI h, Iz
T Y2 — XKL TL00 iffod & TRET
EHEWMLUTWA, T2, AHF20264£1H4H,
Elon Musk (¥ “We have entered the Singularity”,
5 HIZIE “2026 is the year of the Singularity”
EXITHRLET. v vFa 5057 4 OIS
RALZZDO»E D H, KEHPTIT S5 2026 4
1Z2Z OJkMEA Elon Musk O & 5 A RKF 721 Th
<, BBl 57255 ».

O THARTIE, 1990 1% 12 5 2000 1K
M2, TERERE v 73y 199 LS BRI
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Table 17 Definitions of technological singularity
HifffESREA0ESR

John von Neumann
(In the eulogy for
Neumann by Stanistaw

Marcin Ulam, 1958) *¥

“One conversation centered on the ever accelerating progress of technology and changes in the
mode of human life, which gives the appearance of approaching some essential singularity in the
history of the race beyond which human affairs, as we know them, could not continue.”

(VA vy L13) [HalioE A B 20 & 2 s tE S ABOAEFERADZIZD
WCRAE L2 R H 5720, Thid, ThE R AHORERIZBE T & 2 OAREN &
FFEISOEDVWTWA K5 ICR A, TOREBLAAHASL L, BAbrM->Twa k5%
AR ZEERRTE R BB7EAHI NI E D572, |

Vernor Steffen Vinge,
1983 149)

(Associate Professor of
math sciences at San
Diego State University)

“We will soon create intelligences greater than our own. When this happens, human history will
have reached a kind of singularily, an inlellectual transition as impenelrable as the knotted
space-time at the center of a black hole, and the world will pass far beyond our understanding.
This singularity, I believe, already haunts a number of science-fiction writers.”

[Fa7=BidM e <, BAH5OMEELD SENLHBEEZEANTZAS. 25 kg,
ANHORERIE—FORRAICEETS2THAH. Thid, 77 v rFx—LDOhdiid b
K22 DR H O & 5 IZPRARE AR TH O, MFRIITA= S DR A4 5E» 15 A
DL EBEAS. ZORFERML, B, $TCICELDOSFEROLENEETH
5Z2&7759.

Raymond Kurzweil,
2005 150)

(recipient of the
Lemelson-MIT Prize)

“What, then, is the Singularity? It's a future period during which the pace of technological
change will be so rapid, its impact so deep, that human life will be irreversibly transformed.
Although neither utopian nor dystopian, this epoch will transform the concepls that we rely on to
give meaning lo our lives, from our business models to the cycle of human life, including death
itself.”

[T, REALBMZS5 2. ZHEEIEHFON— 25300 T, /0200
NETEHEROBO AT, NFHOEEAATRNCERT T EAKORTH 5. HART
LIEEIF TR VW ORHIE, VX2 - EFALSNEDH A I, FLTHEDY
DIZEDET, WADPANEIZE®REZGZ D721l CE M EE2EREIREELTH A
5. ]

Basarab Nicolescu,
2016 152)

(Babes-Bolyai and
Stellench University,
Cluj-Napoca, Romania)

“The technological singularity is defined as a hypothetical event in which artificial intelligence
would be capable of recursive self-improvement or of autonomously building smarter and more
powerful machines than itself, up to the point of an intelligence explosion, that yields an intelli-
gence surpassing all current human control or understanding.”

[Fefi R R &1, ALHBEA RN ZACSCE21T->720, B L0 e B<@N%
WA EABMICRESE L 220 TE 3 X 51285 S RS EoHkF Lk Eh, wikm
1A 25 | &2 LU, BUED ARNC & 5 HlH=0 B 48k 2 2 HIfE % pEd. |

Vyacheslav Mantatov et
al, 2018

(East Siberia State
University of Technology
and Management,
Ulan-Ude, Russia)

“Technological singularity is defined as a cerlain moment or stage in the development of man-
kind, when scientific and technological progress will become so fast and complex that it will be
unpredictable.”

[FeiRirRE 2 0%, FEEhi oM IERFICH S EMEIC 2 D, PHIREEE & 2 AHHO
RIBIZBT 5 b 30 EOMHN 2 3BM e E#H I T3,

Boosarapu Asmika et al,
2020 154)

(Assistant Professor,
Department of Computer
Science and Engineering,
School of Technology,
GITAM)

“The term Technological Singularity is defined as the time when Human level Intelligence is
achieved by a computer machine, where technological growth becomes uncontrollable resulting in
unpredictable changes in human civilization.”

(TR & WO HIFEIE, TV B2 — 2B ARLY L ORI E MR § 2 m 2L,
Bl O FEE A HIHAGE L 22 0, AFCCHIC PHIARROZE N E 7257 ]

Bonab AB et al, 2021 155)
(Department of
Management, Sapienza
University of Rome,
Rome, Italy)

“The point of technological singularity is defined as the moment in the history of human devel-
opment beyond which, according to the futurologists, it will be impossible to foresee any impor-
tant outcome of technological progress.”

TR 7251 AU, AL L 1, AHOREIS 51T, 2 LI il
HELOERE A FER A PRS2 Z EARAREIC R AN s EFK SN S,

[ EEERIC L 2R
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Table 18 Transformation from the Anthropocene to the Machinocene

AFTiH D S BT HA DT
Nt FEMHT
(anthropocence) (machinocene)

UNE T RS IV Rea B Y 7
b /1 12,000 4F- i O 2 Bk A 518 ~ 19
AL O PEE N dr, 1960 R LARE & 3 % 33

HEb Y AT & 0 &R s
A, NHEORETE 3
= kXA, HEROBER

»0. M % SRS B IR
J = AL E ZE O Paul J. Crutzen 6 At & ot ciEtiR S h
A2000 IR, EFEEHVE RIS TIE T3,
RUTHET E T3 RO

EORUEENSIEE XNz, TS e R 1+ &

BRSBTS 2720, EFRBEEOBF4EL TE
BWOBLEAEDDL L EHIEL-HMETH
3. EEITIE, [Eo sy ] EnSIFEERDN
PORBESEIfTbh VW E FIZSHIZE ST
WAR, ZO [EEY v 7NV ] #BFEDEDIC
TH5DN, AIDEZ6FTALZATT - VU Fa
FVT 4 ThD. ZHIBURRIEREERDOFET
BRMIZFEET 250 TIEEL, SHAIOMEE
ARG - TR L BRTH S, £ LT,
ZOAIDE 725 THDOEKRTORERFEY v 73Ny
&, HAZFICHEAEDTIELEL, W, &L
2, HAWFEEEGY 12T, HAREREIC
¥ ) 2 A 2 Bl s 2 AL D Rk O WIS SIS
B EBHZLIZHD, ALIZEDIEESRDOVIZIE
ERLL EOMENCHLEZ R EDTH L. 2H
ZhE Z o A#E (anthropocene) 7 & FMHT {H
(machinocene) D47 (Table 18) ' Dk %
BRSO, Lk,

FIFHER
ARFUAEZ & 72 0 FI/R 9 2 FIZRHH S,

BE&iE

KRRFERIZ D20, SCBRIE A FERA A &
Wi XA N =2 T 4 WRBREIFEBIA =277 1 7|
A6 4F- 15 B E MR T b B E L ECH RIS v 4 —
DRE M) — &4 —HWTa Y 22 s OLEEZT 7.
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* Gemini 2.5 Flash
e Chat Gpt 4.1
FOER ¢ A B - HURIBE M 0 %S0 & B S HORIERIZH
WA, TRTOTFF A MEFELEHEA LRLUE
LTk, CHORMLEFIGL 2= EFO—EO
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